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Foreword to the Publication of the AIST Risk Assessment  

Document Series 

 

The Research Center for Chemical Risk Management (CRM) of the National 

Institute of Advanced Industrial Science and Technology (AIST) was established in 

2001. The primary mission of the CRM is to develop risk assessment methods that 

contribute to sound and science-based regulatory decision-making processes that 

maximize the interests of various parts of society regarding the use of chemical 

substances on the basis of available results of risk assessments, and to disseminate to 

the public the results derived from employing risk assessment methods. The CRM has 

already completed very detailed risk assessments on several priority chemicals. 

Regulations on chemical substances in Japan were often designed not on the basis of 

elaborate risk evaluations, but on non-scientific, sometimes political grounds due to the 

pressure of mass opinion or by merely mimicking policies already adopted in other 

industrialized countries. We are devoted to our mission and tasks with the firm 

conviction that developing science-based risk assessment methods that are openly 

accessible and welcome evaluation by interested groups maximizes the potential of our 

country through policy-making decisions, the grounds and evidence of which are 

available for concerned parties from various sections of society. 

Major features of the AIST Risk Assessment Document Series include a review of 

the documents before publication by experts from a wide variety of fields and 

backgrounds, followed by appropriate revisions, and a record of comments from the 

reviewers and our responses thereto which are included in a separate chapter in the 

documents. This is likely the most prominent characteristic of our series. 

The AIST Risk Assessment Documents provide useful and up-to-date information to 

readers interested in any of the chemical substances assessed in the series. I would 

encourage other readers who have no immediate interest in these chemical substances 

to join us, since these documents present various types of innovative assessment, 

estimation and data-processing methods required for conducting risk assessments, 

which are of considerable help for performing data analysis and risk assessment on 

other toxic substances. 
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The AIST Risk Assessment Documents serve as a platform for launching new 

methods and techniques. The methods and techniques for assessment are either 

substance-specific or common to a large number of substances. It is our policy to 

explore substance-specific assessment methods when necessary, which we will further 

develop to meet a larger assessment framework applicable to other substances as well. 

People engaged in risk management in the field of regulatory administration and 

business enterprises are our primary target readers, as they would greatly benefit in 

terms of planning and implementing risk management of the chemical substances we 

have assessed. We would be very pleased if readers apply the risk assessment methods 

described in this series to other substances. 

These documents will provide scholars and investigators with academically sound 

information on methods and results of risk assessment. They will also serve as 

invaluable resources for educational materials and academic writing, as they offer a 

wide array of ready-to-use, practical and objective information on risk assessment of 

chemical substances with regard to emission sources, environmental kinetics, and 

models for estimating exposure and risk. 

Drawing exposure scenarios is a crucial part of risk assessment. These scenarios 

indicate the kinetics and risks of a pollutant--how and under what conditions the 

substance enters and leaves the scene and in what manner the chemical is toxic. These 

scenarios can also be affected by subjective bias, which makes it crucial for exposure 

scenarios to be developed from different perspectives before a full-fledged risk 

assessment is conducted. Lack of practice in making exposure scenarios can lead to 

overlooking chemical risks or overt psychological reactions to chemical substances. I 

would recommend that the practice of making exposure scenarios become a subject in 

college, post-graduate, and adult education programs, for which this series proves to be 

an unparalleled textbook. The instructor, first by reading through the documents, learns 

a battery of exposure scenarios and the results of risk assessment. The instructor then 

invites students to put forth exposure scenarios from their own perspectives, calculate 

corresponding risks by using data given in the text, and compare the results. Such 

simulation exercises were not practical because of the scanty data available for 

calculating the risks of the exposure scenarios which students developed. This series of 

assessment documents provides valuable data that are indispensable for instruction in 
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making exposure scenarios. It means that these documents are the fruit of painstaking 

efforts of collecting and gathering data. 

I hope that this series will be used by people from various fields who are interested 

in chemical risk assessment. 

 

This study has been conducted as part of the funded research, "Comprehensive 

Chemical Risk Management Programs--Project on Development of Methods for 

Chemical Risk Assessment and Risk Evaluation" (FYs 2001-2006) from the New 

Energy and Industrial Technology Development Organization (NEDO; Chairman: 

Tsutomu Makino) and supported by research funds of the AIST. I sincerely express my 

gratitude to NEDO and the AIST. 

 

December 3, 2004 

 

Junko Nakanishi, Director 

 

Research Center for Chemical Risk Management, 

National Institute of Advanced Industrial Science and Technology 
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EXECUTIVE SUMMARY 

 

 

 

1. Preface 

Lead has been used for approximately five thousand years since 3000 B.C. (Japan 

Lead and Zinc Development Association (JLZDA, 1992). With the characteristics of 

easy processability and high resistance to corrosion, industries have been using lead 

extensively in various applications. In Japan, lead is used for various products, such as 

batteries, solders, and water pipes, and the domestic supply was approximately 

450,000 tons in 1990 and 200,000 tons in 2000, which is much greater when compared 

with other metals. 

In contrast, since antiquity lead has been known to be hazardous, and globally its 

adverse effects on human health have been recorded since the era of Hippocrates 

(around 460 to 375 B.C.), the ancient Greek physician. In Japan, effects of lead on 

human health were initially recognized in the Meiji Era (1868 to 1912) with the finding 

that lead poisoning among children was caused by the lead contained in the face 

powder used by their mothers. Also, lead poisoning among industrial workers occurred 

in lead battery plants around the end of the Taisho Era (1912 to 1926), which 

eventually became one of the critical problems of occupational health in the period of 

high economic growth (around the 1950s to 1970s) in Japan (Horiguchi, 1993). 

Today, typical cases of lead poisoning, including lead encephalopathy and anemia 

caused by exposure to high levels of lead, are rarely found in the world with the 

introduction of use regulations on leaded gasoline and improvements in the work 

environment. Currently, however, more attention is focused on the subclinical health 

effects of lead, which may be induced by long-term exposures to low levels of lead in 

the environment and cannot be diagnosed by conventional clinical methods. The U.S. 

Environmental Protection Agency (U.S. EPA) and the World Health Organization 

(WHO) conducted risk assessments in subclinical toxicity of lead in children, 

especially with the endpoint of effects on the central nervous system. With the 
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recognition of the toxicities of lead, the European Union (EU) established the law 

regulating lead use in products, the “Restriction of the use of certain Hazardous 

Substances in electrical and electronic equipment (RoHS)” which was enforced in July 

2006. Internationally concerns about the risks of lead in the environment are extremely 

high. 

Domestically, however, no quantitative assessment has been conducted on possible 

adverse effects of lead in the environment on human health and ecosystem in Japan. 

Further, the effectiveness of measures currently taken in Japan to reduce lead in the 

environment has not been evaluated from the viewpoint of reducing human health 

risks. 

In risk assessment by the Research Center for Chemical Risk Management (CRM), 

the National Institute of Advanced Science and Technology (AIST), risks of lead in the 

general environment to human health and ecosystem in Japan are estimated 

quantitatively and evaluated based on the original analyses in addition to the review of 

existing information on risks of lead. The purpose of this assessment is to provide 

information on the current situation of risks from lead in the environment as well as 

other information that is useful for national and local authorities concerned or business 

institutions that routinely handle lead, in their decision-making: whether or not to take 

measures to reduce lead in the environment and what kind of measures are effective to 

reduce health risks of lead. 

The scope of human health risk assessment is the general population. The risks 

associated with daily exposures to lead through air inhalation and food and drinking 

water intake are to be assessed. The risks among the workers through exposure in 

plants where lead is used routinely are excluded from the scope of this risk assessment. 

The risks with accidental exposure (e.g., accidental ingestion of accessories containing 

lead among children) are not assessed either. 

The ecological risks are assessed for aquatic organisms in public water areas, but 

terrestrial organisms are excluded from the assessment. Lead poisoning of wild birds, 

however, is a critical issue in ecological risks, and therefore, current conditions and 

measures are summarized, and the future challenges are addressed for this issue. 

In this risk assessment, lead includes not only lead as an element but also its 

compounds (e.g., lead oxide, lead chloride, lead acetate). Such compounds are 
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collectively referred to as lead compounds and specific types are not distinguished. 

 

2. Global Status of Risk Assessments and Regulations 

The methods which have been applied to the human health risk assessment of 

environmental lead and the current regulatory status in Japan and other countries are 

summarized for environmental lead in each medium (air, soil/dust, food, and drinking 

water). 

For lead in the air, the WHO Regional Office for Europe established the Air Quality 

Guidelines (WHO, 2000a), and U.S. EPA published the Air Quality Criteria for Lead 

(U.S. EPA, 1978; 1986; 1990). Each approach of WHO and U.S. EPA, which is helpful 

to develop CRM’s risk assessment, is reviewed. 

For lead in soil and dust, which has been one of the major public health issues in the 

United States, the risk assessment in the U.S. (U.S. EPA, 1995a, 1995b, 1995c, 1998a, 

1998b, 2000, 2001a) is mainly reviewed. Lead-based white paint had been extensively 

used for interior or exterior coating of housing until circa 1940 in the U.S. The paint, 

which peeled off in old houses and ended up as dust, was attached to the houses or fell 

and mixed into the soil. Many cases of lead encephalopathy have been reported in the 

U.S. among the children who ingested or inhaled soil and dust containing lead. Similar 

cases have been also reported in Australia, but on a smaller scale. In other countries 

including Japan, there have been only sporadic reports of such cases. For assessment in 

Japan, the analyses by the “Study panel on risk assessment of hazardous substances in 

soil” established by the Japan Environment Agency (EA) are reviewed (ME, 2001).  

For lead in food, the risk assessment by the Joint FAO/WHO Expert Committee on 

Food Additives (JECFA) which provides international specifications for food additives 

(WHO, 2000b) is reviewed. 

For lead in drinking water, many countries follow the WHO Guidelines for Drinking 

Water (WHO, 1996). The U.S., however, developed the original guidelines based on 

their independent policy (U.S. EPA, 1988, 1991). The Canadian guidelines for lead in 

drinking water (Health Canada, 2003) are the same as the WHO guidelines in the final 

standard as well as the rationales on which the guidelines are based. The default values 

applied to the calculation of the standard, however, are slightly different from those of 

WHO. The Japanese guideline for lead in drinking water was established with 
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reference to the WHO guidelines (MHLW, 2002). 

In all existing risk assessments, the subjects for risk assessment are children aged 6 

years or younger who are the most sensitive to lead toxicity and whose exposures to 

lead per body weight are large. 

The effect of lead on the central nervous system in children, in particular a decrease 

in IQ, is selected as the endpoint for risk assessment. This is based on the recognition 

that adverse effects on the development of central nervous system are highly hazardous, 

and that in particular, a decrease in the IQ of children is highly sensitive to low-level 

exposures of lead. Decreases in IQ that have been actually found in the existing risk 

analysis, however, are extremely small, and therefore, there are substantial 

uncertainties associated with the quantification. 

To establish the standard values, the minimum blood lead level inducing adverse 

effects on the central nervous system or the TDI-based estimation procedures are used. 

In the estimation, a very conservative endpoint is selected and the subjects are the most 

sensitive population, and thus, the uncertainty factor used is the minimum value of one. 

The carcinogenicity of lead has not been sufficiently evidenced in humans, but was 

confirmed in experimental animal studies. Therefore, the possibility of carcinogenicity 

to humans cannot be ruled out. It is considered, however, that the standard value that is 

set for toxicity other than carcinogenicity, especially for the effects on infants and 

children, would also effectively prevent cancer. It is appropriate to establish the 

standard for environmental lead on the basis of the reference value of the blood lead 

levels or using the approach with TDI. 

 

3. Identification of Sources and Estimation of Releases into the 

Environment 

Lead releases into the environment are reported under the Pollutant Release and 

Transfer Register (PRTR) system from business institutions that handle lead, such as 

manufacturers. The data compiled in the PRTR system are analyzed and the amounts 

of lead releases into respective environmental media from these release sources are 

estimated. However, under the current PRTR system there has been the possibility that 

the amounts of lead releases from waste disposers were underestimated. Therefore, the 

material flow of lead is analyzed by CRM to estimate the releases into the environment 
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at disposal. The estimations made by CRM are added to the PRTR data to obtain a 

complete picture of lead releases into the environment. 

To summarize the results of analyses on sources and amount of lead releases into the 

environment, the material flow of lead and the estimation of lead release from each 

flow step in FY 2005 are shown as an example in Figure 1. 

Summarizing the amounts of lead releases into respective environmental media 

based on the results shown in Figure 1, the amount of releases into the air is 46 t/year 

in total of releases from manufacturing processes (release notified and release from 

small businesses institutions exempted from notification), from coal-fired plants, 

which is estimated by the PRTR data, and from incineration of general wastes that is 

estimated by material flow analysis. The amount of releases into water is 92 t/year in 

total of releases from manufacturing process and in use (release notified), from 

painting loss (release exempted from notification), from coal-fired plants, which is 

estimated by the PRTR data, and from landfills that is estimated by material flow 

analysis. The amount of releases into soil is 56 t/year in total of releases from the 

manufacturing process (release notified) and from painting loss (release exempted 

from notification) estimated by the PRTR data. 

Lead releases into the environment shown in Figure 1 do not include the releases in 

use of lead into the environment, such as lead dissolution from lead water pipes and 

release of lead bullets and fishing weights into the environment. Especially, lead 

bullets and fishing weights are used in substantial quantity, and the possibility has been 

suggested that non-negligible amounts of lead can be released into the environment. 

Due to very limited information currently available on their releases into the 

environment, however, these releases cannot be estimated. The estimation of these 

releases is a future challenge. 
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Figure 1. Summary of estimated lead releases into the environment in the FY 2005 

Note) Figures in parenthesis indicate the uncertainty ranges in material flow analysis. 

 

4. Concentrations in the Environment and in Food and Drinking 

Water 

The summary of lead concentrations in respective environmental media and the 

analyses on regional differences and yearly fluctuations based on the various 

monitoring data of lead concentrations in the environment, and in food and drinking 

water from national and local authorities and various research institutes in Japan are 

presented.  

For lead concentrations in the air, the available monitoring data are far greater than 

those in other media. It is possible to investigate the average lead concentrations in the 

air, interannual changes and regional differences. Up to FY 1996, the data from the 

monthly monitoring by the national ambient air monitoring stations in 16 cities in 

Japan are available and used in the analyses (EA, 1975 to 1997). After FY 1997, lead 

monitoring by the national ambient air monitoring stations has not been conducted. 
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Some local governments, however, have been conducting lead monitoring in the air, 

and it is possible to obtain and analyze the data comparable to those before FY 1996. 

Figure 2 presents the summary of the monitoring data of lead in the air for 30 years 

from FY 1974 to 2003 by the national ambient sir monitoring stations and local 

governments. It is confirmed that the concentrations of lead in the air have been 

decreasing in Japan over these years. This observation is considered to be related to the 

regulation of leaded gasoline in 1975 and the installation of exhaust gas treatment 

system of the improved efficiency in waste incineration facilities.  
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Figure 2. Interannual changes in lead concentrations in the air 

[FY 1974–1996: Compiled from the data of the EA (1975–1997). FY 1997 and after: Compiled 

from the monitoring reports of local governments shown in Table IV-2] 

 

For lead concentrations in the soil, a large-scale survey of lead concentrations in 

general soil, the “Survey for Reference Value Reassessment,” which was conducted by 

the then EA in FY 1999 (EA, 2000), is helpful to understand the distribution of soil 

lead concentrations in Japan. In this survey, lead concentrations in surface soils were 
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determined at 193 sites for 10 cities in Japan. Lead concentrations in surface soils are 

presented by district in Figure 3. The geometric mean of lead concentration in soil at 

193 monitoring points is 13.2 g/g with the geometric standard deviation (SD) of 2.2. 

 

0

20

40

60

80

100

120

S
o

il 
le

a
d

 c
o

n
c
e

n
tr

a
ti
o

n
 [μ

g
/g

]

 

Figure 3. Lead concentrations in general soil 

[Compiled from the data of the EA (2000)] 

Note 1) Expressed as 5% value – geometric mean – 95% value. 

Note 2) The figure in parentheses after city name indicates the number of sampling sites. 

 

For lead concentrations in public water, the National Institute of Environmental 

Studies (2005) has reported the monitoring results of lead concentrations in public 

water at several thousand monitoring sites in Japan, and the data for three years from 

FY 1999 to 2001 are summarized in Figure 4. In all the years, almost all of the 

monitoring data were within the range of 0.005 mg/L or less and many of them were 

below the detection limit (the detection limit differed among the monitoring sites, 

however, most of them were 0.005 mg/L). The percentage of lead detection to all 

measurements was around 10% and the percentage of monitoring sites with values 

exceeding 0.01 mg/L, the current water standard, was extremely small, being 1% or 

less in each year. Approximately 90% of the measurements were less than the detection 
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limit, and therefore, it is difficult to estimate accurate mean concentrations and 

distribution in public water. These data suggest that most lead concentrations in public 

water are less than 0.005 mg/L. 

For lead concentrations in food, several local governments have been conducting 

monitoring surveys, and many data from such surveys are obtained. However, many 

lead concentrations in food items are below the detection limits (n.d.), which vary 

according to the types of food. Thus, it is difficult to estimate the typical lead 

concentrations in food, or to compare lead concentrations among food items. For this 

reason, in estimating lead intake from food, the results of the Total Diet Study (TDS) 

by the National Institute of Health Sciences (NIHS) are used instead of individual lead 

concentrations in food.  

For lead concentrations in drinking water, the results of lead monitoring are 

analyzed separately for source water (and raw water) and tap water. This is because the 

main source of lead in drinking water is considered as the dissolution from water pipes, 

joints and other line materials containing lead, and that lead concentrations in tap water 

used are probably higher than the concentrations in source water supplied. 

Lead concentrations in source water and raw water are monitored annually at more 

than five thousand water treatment plants and the results are published by the Japan 

Water Works Association. Among the lead concentrations in source and raw water 

analyzed in FY 2003 (the Japan Water Works Association, 2005), most of the lead 

concentrations in source water and raw water are in the range of 0.005 mg/L or less, 

similar to the lead concentrations in public water, i.e., lead concentrations in 99.6% of 

source water and 99.5% of raw water are within this range. Most of the concentrations 

are below the detection limit, and overall, the detection rates in source water and raw 

water are low being 10% and 9%, respectively. Only 0.04% and 0.20% of source and 

raw water exceeds the current water quality standards of 0.01 mg/L. Therefore, source 

and raw water almost completely meet the water quality standards for lead. 

In contrast, lead concentrations in tap water are obviously higher than those in 

source and raw water. The Bureau of Waterworks, Tokyo Metropolitan Government, 

monitored lead concentrations in “first-draw water in the morning” and “water after 

running 10-L water” at 311 taps of domestic water supply from June to July 2001 and 

classified the results into four groups by the length of lead water pipe. The results are 
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summarized in Table 1. The data in Table 1 clearly indicate that the percentage of lead 

concentrations exceeding 0.01 mg/L of the current standard for drinking water was 

higher in both first-draw water and running water from taps connecting to longer lead 

water pipes. In comparison between first-draw water and running water, the lead 

concentrations in first-draw water were higher than those in running water. The same 

trends were also reported by Ogura (1998) and Nasu & Morinaga (2001). Therefore, it 

is considered that the main source of lead in tap water in Japan is lead dissolving from 

lead water pipes. There is a high ratio of tap water exceeding the current water quality 

standard of 0.01 mg/L, and thus, it is considered necessary to thoroughly investigate 

the lead intake from drinking water in this assessment. 

 

Table 1. Distribution of lead concentrations in tap water 

by the length of lead water pipe 

Length of 

lead water 

pipe [m] 

No. of 

samples 

First-draw water in the 

morning [mg/L] 

Water after running 10-L 

water [mg/L] 

≤ 0.01 0.01–0.05 > 0.05 ≤ 0.01 0.01–0.05 > 0.05 

≤ 1 47 87% 13% 0% 100%  0% 0% 

1–3 80 81% 19% 0% 100%  0% 0% 

3–6 91 65% 35% 0%  93%  7% 0% 

> 6 93 60% 32% 8%  78% 22% 0% 

[Reference: The Bureau of Waterworks, Tokyo Metropolitan Government (2001)] 

 

5. Environmental Fate 

The existing publications on the behaviors of lead in the air, soil and aquatic 

environment as well as uptake into plants and aquatic organisms are reviewed and 

summarized. Further, the behaviors of lead in the air are analyzed using the 

atmospheric dispersion model to estimate lead concentrations in the air around point 

sources of releases, which is considered not sufficiently accounted for by the 

monitoring data summarized in this assessment. 

Inorganic lead compounds, which are released into the air, are suspended mainly in 

particle phase, and subsequently eliminated from the air by dry or wet deposition 

during the advection-diffusion process. The diameter of lead particles is extremely 
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small, 0.55 m (Pirrone et al., 1995; Milford & Davidson, 1985, 1987) and it has been 

reported that it was transported to a distance of more than 1,600 km (Pilgrim & Hughes, 

1994; Evans & Rigler, 1985). The amounts of lead that are eliminated from the air by 

wet deposition depend on the amounts of releases in a site and region, and vary greatly 

from site to site; it was estimated to be 40% to 70% of the total deposition amount 

(Nielsen, 1984). Chan et al. (1986) indicated that wet deposition was the more 

important process for lead elimination from the air than dry deposition. 

Lead in soil is adsorbed to the mineral surface; its compounds deposit as solid 

without dissolving in water, or it forms stable organic metal complex and chelate with 

organics in soil. Most of the lead is retained strongly by soils, and a small amount of 

lead is transported to the surface and underground water (U.S. EPA, 1986; NSF, 1977). 

Lead is strongly adsorbed by organics in soil, and therefore, lead eluviation (transport 

into underground water in the state of dissolving in soil water) rarely occurs. It is, 

however, possible that soil particles adsorbed by lead are eroded and lead is transported 

into the surface water. Olson & Skogerboe (1975) considered that lead might not move 

in soil due to ion exchange with clay minerals and chelation with soil humic and fulvic 

acids. 

In plants, uptake of lead occurs via two routes, i.e., absorption from roots and 

deposit of lead in the air on plant surface. However, lead has a tendency to form 

water-insoluble inorganic salts and complex with various negative ions, and to bind 

strongly to the soil. Therefore, bioavailability of lead in the process through roots is 

considered low (ATSDR 2005). 

Lead is released into the surface water through atmospheric deposition, effusion and 

wastewater. Lead solubility in surface water depends on the pH of water and the 

content of dissolved salts. In most surface and underground water, the concentrations 

of dissolved lead are low. This is because lead forms compounds with anions in the 

water such as hydroxide, carbonate, sulfate and phosphate ions that have low water 

solubility and will precipitate out of the water column (Mundell et al., 1989). Lead in 

river water is considered to be mostly in insoluble state. Getz et al. (1977) reported that 

the ratio of lead of suspending particles to lead in dissolved state varied from 4:1 in 

rural rivers to 27:1 in urban rivers. 

In aquatic organisms, lead concentrations are usually highest in benthos and algae. 
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Tulasi et al. (1992) reported that in freshwater fish exposed to lead at a sublethal 

concentration for 30 days, significant amounts of lead accumulated in the blood and 

tissues. They also indicated that lead accumulation in tissues was increased with the 

lead concentrations in water up to 5 mg/L, and continued to increase at 10 and 20 mg/L 

but not proportionally to the concentrations of lead in water. High bioconcentration 

factors (BCFs) were determined in studies using oysters (6,600 for Crassostrea 

virginica), freshwater algae (92,000 for Senenastrum capricornutum) and rainbow 

trout (726 for Salmo gairdneri). The median BCFs, however, were considerably low, 

i.e., 42 for fish, 536 for oysters, 500 for insects, 725 for algae and 2,570 for mussels 

(Eisler, 1988). 

In estimation of atmospheric lead concentrations around release sources, the 

Ministry of Economy, Trade and Industry’s Low-rise Industrial Source dispersion 

model (METI-LIS) was used. A business institution with the highest lead releases into 

the air is chosen based on the amounts released into the air reported in PRTR, and lead 

concentrations around the institution were estimated. The result of the estimation, 

which is presented in Figure 4, suggests that higher lead concentrations (approximately 

300 ng/m
3
) may be found than the maximum lead concentration in the air obtained in 

the monitoring data (220 ng/m
3
). Therefore, in this assessment, considering the 

worst-case scenario, it is decided to estimate human health risks of the population 

living around the points sources of releases based on the estimation obtained with 

METI-LIS. 
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Figure 4. Distribution of lead concentrations in the air around a point source 

estimated by METI-LIS 

[Source of map: Rikuchu-Nigorigawa, Kosaka Mine, Kosaka, Kemanai, Digital map 25000, 

the Geographical Survey Institute] 

 

6. Human Exposure Assessment 

Human exposure to lead in the environment is estimated using the monitoring data 

of lead in the environment, and food and drinking water that is summarized in this 

assessment. Evaluation of the estimated human exposure levels is also presented. 

The population subject to exposure assessment is the general population without 

effect of any specific exposures, such as occupational exposures. Lead is suspected to 

pose health risks, especially to infants and children. In addition to adults, exposures are 
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estimated for children aged 0 to 6 years in this assessment. The possible exposures for 

humans to uptake chemicals include three routes, i.e., inhalation, oral and dermal. 

Based on the evidence reported by Lilley et al. (1988), the dermal exposure to lead is 

considered to be unimportant, and only two other routes, oral ingestion and inhalation 

are considered in this assessment. For oral exposure, three exposure media, i.e., intake 

from each of soil/dust, food, and drinking water, are considered. To consider the 

changes in exposures and individual differences in exposures, a distribution is applied 

to lead concentrations in the environment and exposure factors for uptake estimation 

(e.g., food ingestion, body weight) and the lead exposures are estimated as a 

distribution by Monte Carlo simulation. 

Probability distributions of inhalation exposure for children (average of 0 to 

6-year-old children) and adults are presented in Figure 5. Those of oral exposures are 

also presented in Figure 6. The 50-percentile values of inhalation exposures in children 

and adults are 0.012 and 0.0076 g/kg/day, and those for oral exposures are 1.6 and 

0.63 g/kg/day, respectively. In both routes, the exposures per body weight are higher 

in children than adults. Oral exposures are two orders higher both in adults and 

children in comparison with inhalation exposures, and it is considered that the main 

route for lead uptake is oral. Further, contributions of lead intake from air, soil/dust, 

food, and drinking water to total exposures are estimated. The results are presented in 

Figure 7, which indicates that the intakes from food are 80% or higher both in adults 

and children. Food ingestion is considered to be the critical exposure for lead. 

 



Executive summary 

 

15 

P
ro

b
a

b
il
it
y

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.000 0.014 0.028 0.042 0.056

Inhalation exposure [μg/kg/day]

Children

Adults

 

Figure 5. Probability distribution of inhalation exposures of lead 

in children and adults 
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Figure 6. Probability distribution of oral exposures of lead 

in children and adults 
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Figure 7. Contribution of each exposure pathway to total exposures 

 

7. Human Health Hazard Assessment 

Lead toxicity had already been known before the time of Christ, and much research 

has been conducted to investigate effects on humans. There are more toxicity data of 

lead available in humans compared to other chemicals. 

Comparing children and adults, children are more sensitive to lead exposure than 

adults, and thus, considered more important in human health risk assessment of lead 

exposure. 

Among the biological effects of lead exposure, the major noncarcinogenic adverse 

effects are effects on the blood and hematopoietic and nervous systems. 

Effects of lead on the blood and hematopoietic system are manifested as anemia and 

pallor through inhibition of enzymes related with heme biosynthesis, a component of 

hemoglobin. The blood lead level of 10 to 15 g/dL is considered as the minimum 

level showing effects on the blood and hematopoietic system, however, changes 

observed in this range cannot be considered hazardous. 

Effects of lead on the nervous system are manifested as lead encephalopathy with 

high-level exposure, and decline in learning and auditory function, peripheral nerve 

transmission retardation and effects on mental development index in infants with 

low-level exposure. Lead mimics the activities of calcium that works as the second 

messenger in neurons, and thus, blocks voltage-regulated calcium channel, prevents 

release of neurotransmitters, such as glutamate and NMDA, and inhibits synaptic 

transmission. Glutamate and NMDA receptors play an important role in synaptic 
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plasticity, which is a basic process of essential functions in the cranial nerve system 

including memory and learning, and experience-dependent neural network 

maintenance. It was confirmed in an international epidemiological study in children 

that an increase in blood lead levels from 10 to 20 g/dL reduced IQ, one of the indices 

for effects on the central nervous system, by 2.57 (standard error: 0.41). 

For carcinogenicity of lead, in animal studies clear evidence of renal tumor was 

confirmed both in rats and mice with various administration routes, while no evidence 

of lead carcinogenicity has been observed in humans. In a carcinogenicity study in rats 

by Azar et al. (1973), of which the results obtained are considered reliable and relevant 

for quantitative analyses, no tumor was observed at concentrations of approximately 

100 ppm (blood lead level: 35.2 g/dL) and below. Carcinogenic process generally 

supported is multistage carcinogenesis. With the renal tumorigenesis observed in the 

animal studies, the possibility of promotional effects of lead (cell proliferation) has 

been suggested, but no initiation or progression actions. When a substance is not an 

initiator but only a promoter, in carcinogenesis, tumors are induced when exposures 

exceed a certain dose (threshold). This is consistent with the observation that no tumor 

was developed with lead exposures at low doses. 

In summary, blood lead levels of 10 to 20 g/dL are the minimum level showing 

effects of lead in humans. Especially the effects on the central nervous system in 

children are the adverse effects observed in the lowest level of lead concentrations. In 

the effects of lead on the central nervous system, it could not be concluded whether the 

threshold existed or not. However, at blood lead levels of less than 10 g/dL, no 

adverse effect was observed in children, which at least supports the conclusion that it is 

critical to maintain the blood lead level not exceeding 10 g/dL. 

In conclusion, effects on the central nervous system in children are selected as the 

endpoint for human health risk assessment with the blood lead level of 10 g/dL as the 

reference value. 

 

8. Human Health Risk Assessment 

Human health risks of lead in Japan are quantitatively assessed based on the blood 

lead levels obtained from both a monitoring of actual blood lead levels in Shizuoka 

Prefecture and the estimations using a biokinetic model for humans (IEUBK model). 
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Further, the effectiveness of two measures to decrease lead in the environment is 

evaluated from the viewpoint of reducing human health risks. 

The population selected for human health risk assessment of lead is children (mainly 

0 to 6 years old) living in Japan. The reasons for this selection are firstly that exposure 

per body weight is higher in children than in adults; secondly, the absorption rate of 

lead is higher and the excretion rate is lower in children than in adults; and finally, 

adverse effects are observed in lower blood lead levels in children compared to adults. 

The population with possible highest risks of lead exposure is judged to be children 

aged 0 to 6 years. The endpoint of effects on the central nervous system in children is 

selected for risk assessment with the reference value of 10 g/dL of blood lead level.  

Using the distribution of blood lead levels obtained from biomonitoring in Shizuoka, 

the probabilities that blood lead levels exceed 10 g/dL, the concern level for lead 

toxicity are calculated. The results are shown in Table 2. The probabilities are 

estimated below 0.01% in all age groups except 0-year-old children. It is considered 

that the exceeding probability in the range of 1 to 5% is allowable risks with the 

minimum (background) exposure. Thus, it is judged that the risks in the population 

monitored are sufficiently low and not at a level which warrants any action for risk 

reduction. 

Alternatively, blood lead levels of the children with average exposure estimated with 

the IEUBK model are slightly higher than those based on the monitoring data in 

Shizuoka (see Table 3). The exceeding probability, however, is below 0.1% in all age 

groups, and it is judged that the estimated risks are not at the level which warrants any 

action for risk reduction. Further, assuming a district with high lead levels each in air, 

soil/dust, and drinking water, risks to children living in such a district are estimated 

with the IEUBK model. The estimations indicate the exceeding probabilities of 1 to 

2% for children living in dwellings with high level lead concentrations in tap water, 

slightly higher than those for the general child population. As the estimations do not 

markedly exceed the probability of 1 to 5%, the minimum risk, it is considered that the 

risks among these high exposure populations are not at a level that warrants some 

immediate action for risk reduction. 

In addition, two measures for environmental lead reduction, use of lead-free solder 

and replacement of lead water supply pipes, are considered and their effectiveness in 
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reducing human health risks are estimated. As a result, it is estimated that neither of 

them has any significant effects on health risk reduction for general population. This is 

due to the fact that lead risks to human health at present are sufficiently low and 

reducible risks are limited. Therefore, from the viewpoint of reducing human health 

risks, it is not required to urgently promote replacement with lead-free solder. For 

replacement of lead water pipes, local governments should first replace supply pipes in 

districts where lead levels in drinking water are extremely higher than the average due 

to use of lead water pipes. For populations with average lead exposure, however, the 

exceeding probability is lower than the range of minimum risks, and therefore, it is not 

required to immediately replace all lead water pipes. It is sufficient to continue 

replacement of water supply pipes currently in progress with a medium- or long-term 

perspective. 

 

Table 2. Distribution and exceeding probability of the blood lead levels 

in the monitoring in Shizuoka 

Age 
GM 

[μg/dL] 
GSD 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

Probability*[%] 

0 year 1.1 2.1 0.25 4.9  0.20 

1 year 1.4 1.6 0.54 3.5 <0.01 

2 years 1.6 1.6 0.60 4.1 <0.01 

3 years 1.2 1.7 0.40 3.5 <0.01 

4 years 1.7 1.5 0.78 3.7 <0.01 

5 years 1.5 1.7 0.55 4.0 <0.01 

6 years 1.3 1.5 0.59 2.9 <0.01 

7 years 1.4 1.5 0.61 3.2 <0.01 

8 years 1.4 1.5 0.66 2.9 <0.01 

9 years 1.5 1.5 0.67 3.3 <0.01 

10–12 years 1.3 1.5 0.56 3.1 <0.01 

13–15years 1.1 1.3 0.67 1.8 <0.01 

All subjects 1.4 1.6 0.53 3.5 <0.01 

* Probability that blood lead level exceeds 10 g/dL 
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Table 3. Distribution and exceeding probability of blood lead levels 

estimated with the IEUBK model 

Age 
GM 

[μg/dL] 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

probability*[%] 

0 year 2.4 0.94 5.9 0.10 

1 year 2.3 0.92 5.8 0.09 

2 years 2.2 0.88 5.5 0.06 

3 years 2.2 0.88 5.5 0.06 

4 years 2.3 0.92 5.8 0.09 

5 years 2.3 0.92 5.8 0.09 

6 years 2.2 0.88 5.5 0.06 

Average** 2.3 0.90 5.7 0.08 

* Probability that blood lead level exceeds 10 g/dL 

** Mean of 0 to 6-year-old children 

 

9. Ecological Risk Assessment 

Ecological risk assessment focuses on the quantitative evaluation of lead risks to 

aquatic organisms in public water areas in Japan to determine the needs of 

management and control measures. Lead poisoning in wild birds is not evaluated in 

this assessment because this is considered to be a local issue associated with specific 

human activities and risks of lead in general environment are the primary focus in this 

risk assessment. Nevertheless, the importance of this issue, among the ecological risks 

of lead is not negligible, and thus, the current conditions and control measures, and 

future challenges are briefly discussed. Risks to soil organisms are not assessed 

because there is very limited data available required for the risk assessment in Japan. 

In this assessment, population sustainability for aquatic organisms is selected as the 

assessment endpoint, and the risks of lead detected in public water areas in Japan are 

assessed in two stages: screening assessment and population-level assessment.  

In screening assessment, species sensitivity distribution (SSD) derived using 

organism-level ecotoxicity data (e.g., NOECs) for 20 species is used to determine the 

screening value (SV) of lead and the SV is compared with the monitoring data to 
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identify sites at greater or lesser risk. The SV is defined as the HC5 (hazardous 

concentration potentially affecting 5% of species). Adjusting the ecotoxicity data with 

water hardness of 50 mg-CaCO3/L, the species sensitivity data is fitted to log-normal 

distribution (Figure 8). From the derived SSD (GM: 92.11, GSD: 5.50), the SV is 

calculated to be 5.6 μg/L. In the lead monitoring data in public water areas in FY 1999, 

2000 and 2001, the number of monitoring sites where the maximum concentrations of 

lead detected are presented, and the detected concentration exceeds SV (=5.6 g/L) at 

least once is 140 (approximately 2.8%) in FY1999; 132 (approximately 2.8%) in 

FY2000; and 155 (approximately 3.2%) in FY2001, respectively. 
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Figure 8. SSD of aquatic organisms to lead 

 

In population-level assessment, three fish populations (mountain trout, big-scaled 

redfin and barbell) are targeted and, based on the reported life-history data and 

read-across toxicity data, the relationship between lead exposure concentrations and r’ 

(growth rate) for each fish population is obtained (Figure 9). Population Benchmark 

Values (PBV) defined as the exposure concentration at which the growth rate becomes 

zero (i.e., population size remains constant) are estimated to be 68 μg/L for big-scaled 
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redfin, 78 μg/L for barbell and 167 μg/L for mountain trout. Among all public water 

areas, for monitoring sites at which high-level lead was detected in the actual 

environment from FY 1999 to FY2001, there are two sites where the detected 

concentrations exceed PBVre (68 g/L) of big-scaled redfin whose sensitivity is the 

highest in fish species used for population-level assessment. There are no monitoring 

sites where the mean concentrations exceeded PBVre. Based on these results, the 

possibility is considered to be extremely low that lead has an adverse effect at 

population-level of fish species in most public water areas in Japan. 
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Figure 9. Relationship between lead exposure concentrations 

and r’ value of fish species 

 

Considering the state of lead in the aquatic environment, the level of dissolved lead 

that contributes mainly to the manifestation of toxicity is expected to be lower than 

reported concentrations (80% lower or less in specific conditions). That is, the current 

lead levels detected in public water areas are assumed to be overestimating the lead 

exposure related to adverse effects from the aspect of bioavailability. Therefore, when 

exposure levels are presented as dissolved lead levels, the number of monitoring sites 
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where lead levels exceed SV would be reduced further than the results of this screening 

assessment. 

For the monitoring sites where population-level risks are suggested in this 

assessment, there is need for further investigations, which may include continuous 

monitoring of lead levels, measurements of particulate/adsorbed lead and capacity of 

complex formation (e.g., pH, hardness, DOC, SS) in a targeted water area, field studies 

of inhabitation status, and population of organisms living in a target area, a long-term 

toxicity study using sensitive species living in a target area. 

At present, almost all monitoring data of lead are analytical values measuring total 

lead. In order to estimate more reliable exposure levels contributing to lead ecotoxicity 

in lead monitoring, it is desirable to decrease the limit of quantitation to analyze both 

dissolved and total lead by increasing sample enrichment, or by other means. In 

measurement of dissolved lead at background level, issues such as contamination exist, 

and it is necessary to improve techniques for sample clean-up. 

The measures preventing wild birds from lead poisoning have been implemented 

only recently in Japan. Voluntary and regulatory prohibitions of lead bullet use have 

certain effects on prevention of lead poisoning in eagles. Lead poisoning of wild birds 

is often limited in specific local areas, and therefore, if using lead bullets and weights 

for fishing is restricted in a target area, wild birds have fewer chances to ingest lead 

particles, which is expected to lead to reduced risks of lead poisoning. 

The amount of use for lead bullets and weights for fishing is expected to be several 

orders greater than the amount of lead released into soils and water reported in the 

PRTR data. It is necessary to determine in the PRTR system whether the release of lead 

bullets and weights for fishing into the environment is included in the subjects for 

release estimation. 

In the U.S. and Canada, the use of lead bullets for waterfowl hunting is prohibited. 

Considering international harmonization on measures to control lead poisoning of wild 

birds, the suggestion is to start discussions in Japan on implementing a total ban for 

lead bullets. 
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CHAPTER I 

 

 

 

PREFACE 

 

 

 

1. Introduction 

Lead has been used for approximately five thousand years since 3000 B.C. (Japan 

Lead and Zinc Development Association (JLZDA), 1992). With the characteristics of 

easy processability and high resistance to corrosion, industries have been using lead 

extensively in various applications. In Japan, lead is used for various products, such as 

batteries, solders, and water pipes, and its domestic supply was approximately 450,000 

tons in 1990 and 200,000 tons in 2000, which is much greater when compared with 

other metals. 

In contrast, since antiquity lead has been known to be hazardous, and globally its 

adverse effects on human health have been recorded since the era of Hippocrates 

(around 460 to 375 B.C.), the ancient Greek physician. In Japan, effects of lead on 

human health were initially recognized in the Meiji Era (1868 to 1912) with the finding 

that lead poisoning among children was caused by the lead contained in the face 

powder used by their mothers. Also, lead poisoning among industrial workers occurred 

in lead battery plants around the end of the Taisho Era (1912 to 1926), which 

eventually became one of the critical problems of occupational health in the period of 

high economic growth (around 1950s to 1970s) in Japan (Horiguchi, 1993). 

Today, typical case of lead poisoning, including lead encephalopathy and anemia 

caused by exposure to high levels of lead, are rarely found in the world with the 

introduction of use regulations on leaded gasoline and the improvements in work 

environment. Currently, however, more attention is focused on the subclinical health 

effects of lead, which may be induced by long-term exposures to low levels of lead in 

the environment and cannot be diagnosed by conventional clinical methods. The U.S. 
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Environmental Protection Agency (U.S. EPA) and the World Health Organization 

(WHO) conducted risk assessments in subclinical toxicity of lead in children, 

especially with the endpoint of effects on the central nervous system. The details of 

their risk assessments are described in Chapter II. With the recognition of the toxicities 

of lead, the European Union (EU) established the law regulating lead use in products, 

the “Restriction of the use of certain Hazardous Substances in electrical and electronic 

equipment (RoHS)”, which was enforced in July 2006. Internationally concerns about 

the risks of lead in the environment are extremely high. 

Domestically, however, no quantitative assessment has been conducted on possible 

adverse effects of lead in the environment on human health and ecosystem in Japan. 

Further, the effectiveness of the measures currently taken in Japan to reduce lead in the 

environment has not been evaluated from the viewpoint of reducing human health 

risks. 

In risk assessment by the Research Center for Chemical Risk Management (CRM), 

the National Institute of Advanced Science and Technology (AIST), risks of lead in the 

general environment to human health and ecosystem in Japan are estimated 

quantitatively and evaluated based on the original analyses in addition to the review of 

existing information on risks of lead. 

This chapter provides the basic information of lead (substance identification 

information, physicochemical properties, production and uses, and current regulations 

in Japan) and the outline of the risk assessment by CRM. 

 

2. The purpose and scope of CRM’s risk assessment on lead 

The purpose of this assessment is to provide information on the current situations of 

risks from lead in the environment as well as other information that is useful for 

national and local authorities concerned or business institutions that routinely handle 

lead, in their decision-making: whether or not to take measures to reduce lead in the 

environment and what kind of measures are effective to reduce health risks of lead. 

The scope of human health risk assessment is the general population. The risks 

associated with daily exposures to lead through air inhalation, and food and drinking 

water intake are to be assessed. The risks among the workers through exposures in 

plants where lead is used routinely are excluded from the scope of this risk assessment. 
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The risks with accidental exposure (e.g., accidental ingestion of accessories containing 

lead among children) are not assessed, either. 

The ecological risks are assessed for aquatic organisms in public water areas, but 

terrestrial organisms are excluded from the assessment. Lead poisoning of wild birds, 

however, is a critical issue in ecological risks, and, therefore, the current conditions 

and measures are summarized, and the future challenges are addressed for this issue 

(see Chapter IX). 

In this risk assessment, lead includes not only lead as an element but also its 

compounds (e.g., lead oxide, lead chloride, lead acetate). Such compounds are 

collectively referred to as lead compounds and specific types are not distinguished. 

 

3. Substance identification information 

Lead is a metal element of the IVth Group of the periodic table that has atomic 

number 82. Natural lead is a mixture of four stable isotopes: 
208

Pb (51-53%), 
206

Pb 

(23.5–27%), 
207

Pb (20.5–23%) and 
204

Pb (1.35–1.5%) (ATSDR, 1999). These isotopes 

are stable products from the decay of three radioactive elements and 
206

Pb is formed 

from uranium, and 
207

Pb and 
208

Pb are from actinium and thorium, respectively. The 

amount of lead in the earth crust, Clarke index is 1.5×10
-3

 wt % and lead is the 36
th
 of 

all elements that exist in the earth. The substance identification information of lead is 

shown in Table I-1. 

 

Table I-1. Substance identification information 

Name Lead 

Chemical symbol Pb 

Atomic number 82 

Natural isotopes 
204

Pb, 
206

Pb, 
207

Pb and 
208

Pb 

CAS No. 7439-92-1 

 

 

 

 



I. Preface 

 

28 

4. Physicochemical properties 

Lead is present in the Pb (0), Pb (II) and Pb (IV) oxidation states and exists mainly 

as Pb (II) compounds in the environment. Pb (IV) compounds are in hyperoxidized 

status and unstable, therefore, inorganic Pb (IV) compounds rarely exist in the general 

environment. On the other hand, organic lead compounds exist more frequently in the 

Pb (IV) oxidation state. Metal lead, i.e., Pb (0) also exists in nature, however, the 

amount is small (ATSDR, 2005). 

Physicochemical properties of lead and its typical compounds are shown in Table 

I-2. 

 



I. Preface 

 

29 

Table I-2. Physical and chemical properties of lead and lead compounds 

Property Lead Lead oxide Lead chloride Lead bromide Lead iodide 

Chemical formula Pb PbO PbCl2 PbBr2 PbI2 

Molecular weight 207.20 223.20 278.11 367.04 461.01 

Physical state Solid Solid Solid Crystalline powder Hexagonal crystals, powder 

Color Bulish-gray 
Reddish-yellow, 

yellow (above 489 °C) 
White White Bright or golden yellow 

Melting point 327.4 °C 888 °C 501 °C 373 °C 402 °C 

Boiling point 1,740 °C Decomposes at 1,472 °C 950 °C 916 °C Decomposes at 872 °C 

Density (20 °C) 11.34 g/cm3 
9.3 g/cm3 (Litharge) 

8.0 g/cm3 (Massicot) 
5.85 g/cm3 6.66 g/cm3 6.16 g/cm3 

Odor None No data No data No data No data 

Solubility:      

Water Insoluble 17 mg/L (20 °C) 9,900 mg/L (20 °C) 8,411 mg/L (20 °C) 630 mg/L (20 °C) 

Nitric acid Soluble Soluble (Litharge) No data No data No data 

Hot conc. sulfuric acid Soluble No data No data No data No data 

Organic solvent Insoluble Insoluble in alcohol Insoluble in alcohol Insoluble in alcohol Insoluble in alcohol 

Partition coefficient 

(Log Kow) 
No data No data No data No data No data 

Vapor pressure 1.77 mmHg (1000 °C) No data 1 mmHg (547 °C) 1 mmHg (513 °C) 1 mmHg (479 °C) 

Valence state 0 +2 +2 +2 +2 

[Compiled from: ATSDR (2005)] 
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Table I-2. Physical and chemical properties of lead and lead compounds (continued) 

Property Lead sulfide Lead azide Lead nitrate Lead sulfate Lead acetate 

Chemical formula PbS Pb(N3)2 Pb(NO3)2 PbSO4 Pb(C2H3O2)2 

Molecular weight 239.27 291.25 331.21 303.26 325.28 

Physical state 
Cubic or metallic crystals, 

powder 
Needles or powder Solid Solid Solid 

Color Black, blue, or silvery White Colorless or white White White 

Melting point 1,114°C No data Decomposes at 470 °C 1,170 °C 280 °C 

Boiling point Sublimes at 1,281 °C Explodes at 350 °C No data No data Decomposes above 200 °C 

Density (20 °C) 7.57–7.59 g/cm3 No data 4.53 g/cm3 6.2 g/cm3 3.25 g/cm3 

Odor No data No data Odorless No data Slightly acetic 

Solubility:      

Water 0.86 mg/L (13 °C) 230 mg/L (18 °C) 
376,500 mg/L (0 °C) 

565,000 mg/L (20 °C) 
42.5 mg/L (25°C) 443,000 mg/L (520 °C) 

Nitric acid Soluble No data Insoluble More than in water No data 

Hot conc. sulfuric acid Soluble No data No data Slightly soluble No data 

Organic solvent Insoluble in alcohol Soluble in acetic acid Insoluble in alcohol Insoluble in alcohol 
Soluble in glycerol, 

very slight in alcohol 

Partition coefficient 

(Log Kow) 
No data No data No data No data No data 

Vapor pressure 10 mmHg (975°C) No data No data No data No data 

Valence state +2 +2 +2 +2 +2 

[Compiled from ATSDR (2005)] 
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Table I-2. Physical and chemical properties of lead and lead compounds (continued) 

Property Lead chromate Lead fluoroborate Lead styphnate Lead phosphate Tetraetyl lead 

Chemical formula PbCrO4 Pb(BF4)2 PbC6H(NO2)3O2 Pb3(PO4)2 Pb(C2H5)4 

Molecular weight 323.19 380.81 450.29 811.54 323.45 

Physical state Solid Crystalline powder Monoclinic crystals Solid Oily liquid 

Color (Orange-) yellow Colorless 
Orange-yellow 

(monohydrate) 
White Colorless 

Melting point 844 °C No data No data 1,014 °C No data 

Boiling point Decomposes No data No data No data 
200 °C, 227.7 °C  

(with decomposition) 

Density (20 °C) 6.12 g/cm3 (15 °C) 1.75 g/cm3 No data 6.9-7.3 g/cm3 1.653 g/cm3 

Odor Faint odor (solution) Odorless No data No data No data 

Solubility:      

Water 0.2 mg/L (25 °C) No data Insoluble 0.14 mg/L (20 °C) 0.29 mg/L (25 °C) 

Nitric acid Soluble in dilute acid No data No data Soluble No data 

Hot conc. sulfuric acid No data No data No data No data No data 

Organic solvent Insoluble in acetic acid Decomposes in alcohol No data Insoluble in alcohol 

Soluble in benzene, ethanol, 

diethyl ether, gasoline 

petroleum ether 

Partition coefficient 

(Log Kow) 
No data No data No data No data 4.15 

Vapor pressure No data No data No data No data 0.26 mmHg (25 °C) 

Valence state +2 +2 +2 +2 +4 

[Compiled from ATSDR (2005)] 



I. Preface 

 

32 

5. Production and uses 

Lead is not a particularly abundant element, however, its ores are widely distributed 

throughout the world and readily accessible. With the properties such as high corrosion 

resistance, high density and low melting point, lead is used in various uses including 

battery, solder, water supply pipes and spindles (ATSDR, 2005). 

The production methods, national production and main uses in Japan are described 

as follows. 

 

5.1 Production methods 

The production methods of lead are referred and summarized from the description of 

“Lead Handbook revised edition” by JLZDA (1992) as follows. 

Lead ores are broadly classified into sulfide and oxide minerals, of which sulfide 

ores are major. Of sulfide ores, the output of galena (PbS) which yields with zinc ores 

is especially high. In contrast, cerussite (PbCO3) and anglesite (PbSO4) are main oxide 

ores, however, both of them have less outputs compared to that of galena. The major 

lead ores are listed in Table I-3. 

Following mining and concentrating steps, lead concentrate is processed into lead 

bullion through two steps, smelting and refining. In the smelting process, lead 

concentrate is desulfurized and sintered. Pig lead is produced by reduction of sintered 

ores. In the next refining process, impurities in pig lead are electrolytically separated 

(wet process) or eluted (dry process). Lead that is smelted and refined from ores is 

called as new lead. Although some of lead was produced in dry process in the past, at 

present, all is electrolytic lead produced in wet process in Japan. 

In addition to the above new lead, the primary bullion from ores, there is re-melted 

lead, the secondary bullion that is recycled from lead scraps. Re-melted lead is 

produced from scarps of lead pipes and plates, slag and battery refuses and refined 

mainly by dry process. 
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Table I-3. Major lead ores 

Name Chemical composition  Lead content [%] Crystal system 

Galena PbS 86.6 Cubic 

Boulangerite Pb5Sb4S11 55.4 Orthorhombic 

Jamesonite Pb4FeSb6S14 50.8 Orthorhombic 

Bournonite PbCuSbS3 42.6 Orthorhombic 

Cerussite PbCO3 77.5 Orthorhombic 

Phosgenite PbCl2·PbCO3 74.2 Tetragonal 

Anglesite PbSO4 68.5 Orthorhombic 

Pyromorphite Pb5Cl(PO4)3 75.7 Hexagonal 

Mimetite Pb5(AsO4)3Cl 69.6 Hexagonal 

Crocoite PbCrO4 63.9 Monoclinic 

Wulfenite PbMoO4 56.0 Tetragonal 

Linarite PbCuSO4(OH)2 51.0 Orthorhombic 

Cited from JLZDA (1992) with partial modifications. 

 

5.2 Production 

The annual lead production is reported in the “Yearbook of iron and steel, 

non-ferrous metal and fabricated metals statistics” published by the Ministry of 

Economy, Trade and Industry (METI). According to this Yearbook, lead production is 

estimated by three categories as follows. 

 

1) Electrolytic lead or dry-processed lead (new bullion including 99.95% and more of 

lead and produced from lead ores in main by electrolysis, Parkes process or other 

refining process) 

2) Re-melted lead (lead scraps and bullion including 90% and more of lead that is 

recycled or re-melted with them) 

3) Lead scraps (lead scraps and slag, lead alloy scraps and slag and bullion including 

50% and more of lead that is recycled or re-melted with them) 

 

Further, the Yearbook describes the breakdown of the above three categories by four 
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categories of origin, i.e., domestic and foreign mines, scraps and others. Therefore, the 

amounts of lead production of three categories are totaled and annual changes in lead 

production classified into domestic and foreign mines, scraps and others are estimated 

(Figure I-1). In this estimation, the lead content of “electrolytic lead or dry-processed 

lead” and “re-melted lead” is assumed as 100% and that of “lead scraps” is as 50%. 

The lead content of lead scraps actually varies and uncertain, however, the amount of 

lead scraps is around 5% of the total amount of three categories. Therefore, it is 

considered that the lead content of lead scraps has extremely little effect on estimation 

of lead amounts (hereafter in using values in the Yearbook, analysis is conducted with 

the same assumption). 

Figure I-1 shows a rapid increase in lead production from 1950, the peak from the 

late 1980s to the early 1990s, and a slightly decreasing tendency after that. The 

changes by categories indicate that lead production from domestic and foreign mines 

has been significantly decreasing after the late 1980s, and in contrast, lead production 

from scraps has been rapidly increasing. 

Lead-free products are promoted by the directives on the Waste Electrical and 

Electronic Equipment (WEEE) and the aforementioned RoHS, and, therefore, lead 

production of some categories including solder may be further reduced as a decreased 

demand in the future. On the other hand, lead recycling is also promoted. For example, 

the recycling system for automobile lead battery is now being reorganized and the lead 

supply for this industry is considered to be maintained. Consequently, it is anticipated 

that the importance of re-melted lead and lead scraps will increase in lead production 

and domestic supply. 
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Figure I-1. Annual changes in lead production 

[Figure developed based on the data from the following two references: the Research and Statistics 

Department, Minister's Secretariat, Ministry of International Trade and Industry (1963) for the data 

of 1905–1951; the Research and Statistics Department, Economic and Industrial Policy Bureau, 

Ministry of Economy, Trade and Industry (1949–2003) for the data of 1952–2002] 

 

5.3 Uses 

Main uses of lead are summarized in Table I-4. Of uses listed in the table, lead 

battery is the primary use in Japan. From past to present, domestic supply of lead 

battery has been increasing with automobile growth, i.e., approximately 30% of all 

lead uses for lead battery in FY1970 has been increased to reach around 80% in 

FY2002 (Research and Statistics Department, Economic and Industrial Policy Bureau, 

Ministry of Economy, Trade and Industry, 1971–2003). Annual changes in domestic 

supply by use category and the details are described in Chapter III. 
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Table I-4. Main uses of lead 

Uses Description 

Lead 

battery 

Lead battery basically consists of positive and negative plates, battery case, separator 

and electrolyte (sulfuric acid). Lead is used as a material for grids of positive and 

negative plates, active material and lead alloy construction material. 

Lead battery is classified broadly into three categories, i.e., automobiles (cars and 

motorcycles), industrial and civilian use; however, the main use is automobile battery, 

which is more than 80% of domestic lead battery supply (FY2002). Industrial lead 

battery is used for emergency power supply in substations and generating stations, and 

industrial vehicles like forklifts. For civilian use, lead battery is used as uninterruptible 

power supply (UPS), electric wheelchair, and small type sealed battery of 

consumer-electronics like headset stereo. 

Inorganic 

chemicals 

Of inorganic chemicals containing lead, the four major chemicals are listed below. 

Their uses are extremely variable. 

1) White lead (2PbCO3･Pb(OH)2): used for paints and pigments 

2) Litharge (PbO): used for lead glass (lamp, optical and general use), stabilizer for 

vinyl chloride and ceramics. Of lead glass, most are glass for lamp, which are used 

in cathode-ray tube (CRT) based televisions and CRT computer displays (in CRT, 

lead compounds are used to provide radiation protection in the neck and funnel). 

3) Red lead (Pb3O4): used for anticorrosive paints, lead glass (lamp, optical and crystal 

use, etc.) and ceramics. 

4) Chrome yellow (PbCrO4): used for paints, printing ink and resin colorant 

Solder 

Solder is a generic term of “tin-lead alloy for hard soldering” and tin content ranges 

widely from 2% to 95%. Zinc chloride is most popular solder flux*, however, 

ammonium chloride, tallow and rosin are also used. Solder is used for wiring of 

electronics. 

Wire 

coating 

material  

Wire coating material covers the outside of electric wires and communication cables to 

protect the inside from moisture and prevent the inside from reduction of insulation 

performance. Pure lead is too malleable and commonly used as alloy containing a small 

amount of other metals such as antimony, arsenicum, tin, and bismuth. 

* Additives used for eliminating oxides on the metal surface and reducing surface tension of 

solder. 

[Compiled from JLZDA (1992)] 
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Table I-4. Main uses of lead (continued) 

Uses Description 

Lead pipe 

Lead pipes have been used for water distribution for centuries. Lead water pipes are 

used as pipes feeding water indoor from a water supply main, connecting a water supply 

device and feeding water into indoor appliances (e.g., gas water heater.). Due to the 

problem of lead release in drinking water (the details are described in Chapter IV) use of 

the previous lead water pipes has been decreased dramatically. At present, 

polyethylene-lining lead pipes have been specified by JIS and their use is promoted. 

Lead pipes are used also for drainage of wastewater from sanitary apparatus and kitchen 

in a building/site into public sewer pipes and sewage facilities as well as chemical 

industry and gas pipes. 

Lead plate 

Lead plates are resistant to sulfuric acid, therefore, in addition to the use in industries 

including chemical industry, they are used for building materials (roof material), 

protection products from X and  ray and sound and vibration insulator. They are also 

materials for lead tape, foil and fiber. 

Low 

melting 

point alloy 

Low melting point alloy is a generic term of metals and alloy with a lower melting 

point than tin, and usually designates binary and multiple metal alloys containing low 

melting point metals such as bismuth, lead, tin, cadmium, and indium. They are used for 

plugs of safety valves in fire alarm, high-pressure and high-temperature equipment, 

automatic switch, autoregulatory section, filler metal for bending process of thin-walled 

tubes, precise mold and electroforming core. The usage is a small amount but varied.  

Hard lead 

Hard lead is lead alloy with 1-12% of antimony added to enhance the strength. It is 

used for lead batteries, hard lead plates and pipes, lead-coating wires and hard lead 

molds. Hard lead molds are used to produce pumps, valves, cocks, joints, battery grid, 

etc. Hard lead plates are used for machine lining and hard lead pipes for fluid sending. 

Bearing 

alloy 

Lead is soft and has a low coefficient of friction with other metals and is also used for 

bearing system. Lead bearing alloys are classified into white metal containing lead, tin 

and antimony in main and lead alloy added with a small amount of 

alkaline/alkaline-earth metal. Typical alloys of the latter ones are bahn metal (aluminum: 

<0.2%, calcium: approximately 0.7%, sodium: approximately 0.6%, lithium: 0.04%, 

lead: remain) and frary metal (calcium: approximately 1%, barium: approximately 2%, 

mercury: 0.2%, lead: remain), which are used for railroad. In addition, lead bronze, 

bronze added with lead, is a material for plain bearings and copper-lead alloy bearing, 

Kelmet bearing is used for high-speed and high-load bearing. 

[Compiled from JLZDA (1992)] 
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Table I-4. Main uses of lead (continued) 

Uses Description 

Turn plate 

Turn metal is lead alloy containing 8-16% of tin and turn plate is steel plate coated 

with turn metal. Compared with other surface-treated steel plates, turn plates develop 

less rust with gasoline, chemicals and petroleum fuels, therefore, they are used for 

automobile gasoline tanks, oil tanks of kerosene heater, extinguishers and containers for 

paints and thinner.  

Type 

metal 

Type metal is mainly used for printing. Type metal alloy is mainly composed of lead, 

antimony and tin, and if higher hardness is required, copper is added.  

Other use 

Other uses are lead fiber (for caulking), lead wires (for packing, caulking, fish mesh 

and thermal spray), lead sphere (fishing spindle, weight balance, free-cutting steel, 

shotgun, radiation protector), lead sleeve (lead-coating cable joint), lead powder (high 

density concrete, anti-seize, chemicals, mixture for paints of locking nut), lead foil 

(radiation protector, wrapping), and tin-coated lead foil (for cap sealing).  

[Compiled from JLZDA (1992)] 
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6. Regulations in Japan 

Current regulations in Japan on lead releases into the environment and lead existing 

in the environment are summarized in Table I-5. As shown in the table, lead is 

classified into Specified Class 1 Chemical Substance of the Pollutant Releases and 

Transfer Register (PRTR) system and the business institutions that handle over one ton 

per year of lead are required to report the amount released to the environment and the 

amount transferred in accordance with the PRTR system. The outline of the PRTR 

system and the amounts of lead reported in the system are described in Chapter III. 

 

Table I-5. Summary of regulations on lead in the environment in Japan 

(As of July 2006) 

Law Item Standard value 

Environment Basic Act 

Environmental quality standards for 

water pollution 
 0.01 mg/L 

Environmental quality standards for 

soil contamination 

0.01 mg/L (solution) 

(Reference value: 600 mg/kg)  

Air Pollution Control Law Effluent standards for soot and smoke 

10 to 30 mg/m3 

(application according to the 

type of facility) 

Water Pollution Control 

Law 

Effluent standards for health hazardous 

substances 
0.1 mg/L 

Sewerage Law 
Effluent standards for health hazardous 

substances 
0.1 mg/L 

Water Supply Law Standards for water quality  0.01 mg/L 

Soil Contamination 

Countermeasures Law 
Specific hazardous substance Class 2  0.01 mg/L 

Law Concerning Reporting, etc. of Releases to the Environment of 

Specific Chemical Substances and Promoting Improvements in Their 

Management (Law for PRTR and Promotion of Chemical 

Management) 

Specified into Class 1 
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7. Outline of the risk assessment 

This document consists of 11 chapters. The contents of each chapter and how these 

relate to each other are shown in Figure I-2. The contents of respective chapters in this 

assessment, which is shown in Figure I-2, are described as follows. 

Chapter II provides a summary of the existing risk assessment methods and 

procedures for setting standards for lead in Japan and in other countries. In this 

assessment, referring the risk assessment methods in other countries described in 

Chapter II, an original risk assessment is developed with considerations to the 

situations in Japan. 

Chapter III describes the sources of lead that exists in the environment and the 

estimated amount of release into the environment from each source. As explained 

above, under the PRTR system the amount of lead releases into the environment is 

reported from business institutions that handle lead such as manufacturers. First, lead 

releases into respective environmental media are estimated based on the total amount 

reported under the PRTR system. Secondly, material flow of lead is analyzed and the 

amounts are estimated of releases into the environment at disposal, which cannot be 

completely captured by the PRTR system, and further, the estimated amounts are 

combined with those based on the PRTR data to obtain the overall estimation of lead 

releases into the environment. 

Chapter IV presents the existing monitoring data of lead concentrations in the 

environment, and food and drinking water from national and local authorities and 

various research institutes in Japan. The lead concentrations in respective 

environmental media are summarized and analyzed to investigate the differences in 

lead concentrations between regions and the years when monitoring was conducted. 

The distribution data of lead concentrations in respective environmental media and 

food and drinking water described in Chapter IV are used for human exposure 

estimation by each exposure pathway in Chapter VI. 

Chapter V provides the review of the existing publications on lead behaviors in the 

air, soil and aquatic environment as well as uptake into plants and aquatic organisms. 

Also, with the use of model, the dynamics of lead in the air is analyzed to estimate the 

lead levels in the air around release sources, which is not sufficiently captured in the 

monitoring data described in Chapter IV. 
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Chapter VI presents the estimation of lead exposure among children and adults 

based on the monitoring data of lead levels in the environmental media (air and soil) 

and, food and drinking water described in Chapter IV. In estimating exposures, 

considering variations in lead concentrations in the environmental media and exposure 

factors for estimation of lead intake (e.g., food ingestion, body weight), distributions of 

exposures per day per body weight are calculated using Monte Carlo Simulation. 

In Chapter VII, adverse health effects of lead are assessed. Available information is 

reviewed and summarized on the dose-response relationships between exposures (or 

body burden) and adverse effects, and threshold of adverse effects, and the endpoint 

used in this risk assessment and reference values are determined. 

Chapter VIII presents the outcomes of human health risk assessment of the general 

population and of children as the population with high exposure in Japan based on the 

measured blood lead levels and those estimated with Integrated Exposure Uptake 

Biokinetic (IEUBK) Model. In the health risk assessment, the results of assessment of 

adverse effects described in Chapter VII are used, and in estimation using the IEUBK 

model, the amount of lead exposure that is estimated in Chapter VI is used as input 

data. Further, focusing on two measures to reduce lead releases into the environment, 

i.e., “lead-free solder use” and “replacement of lead water supply pipes”, effectiveness 

of these measures is evaluated from the aspect of reducing human health risks. 

In Chapter IX, risks of lead to aquatic organisms in public water area in Japan are 

assessed. Selecting “maintaining populations of aquatic organisms” as the assessment 

endpoint, a screening assessment and a population-level assessment for fish are 

conducted in a stepwise fashion. In addition, the present situations and measures for 

lead poisoning of wild birds in Japan are summarized. 

Chapter X is a summary of the major conclusions from this risk assessment on 

human health and ecology, and the issues for future research and investigations. 

Chapter XI presents the comments of the experts outside of CRM, AIST who were 

asked to review the draft risk assessment prior to the publication of the document. The 

responses of the authors to these comments are also included. 
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Figure I-2. Outline of this risk assessment 
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CHAPTER II 

 

 

 

GLOBAL STATUS OF RISK ASSESSMENTS 

AND REGULATIONS 

 

 

 

1. Introduction 

This chapter describes the methods which have been applied to the human health 

risk assessment of environmental lead and the current regulatory status in Japan and 

other countries. The methods and the regulatory status are summarized for 

environmental lead in each medium (air, soil/dust, food, and drinking water). 

For lead in the air, the WHO Regional Office for Europe established the Air Quality 

Guidelines (WHO, 2000a), and U.S. EPA published the Air Quality Criteria for Lead 

(U.S. EPA, 1978, 1986, 1990). Each approach of WHO and U.S. EPA, which is helpful 

to develop CRM’s risk assessment, is summarized. Currently, Japan has no standard 

for lead in the air. 

For lead in soil and dust, which has been one of the major public health issues in the 

United States, the risk assessment in the U.S. is mainly introduced. Lead-based white 

paint had been extensively used for interior or exterior coating of housings until circa 

1940 in the U.S. The paint, which peeled off in old houses and ended up as dust, was 

attached to the houses or fell and mixed into the soil. Many cases of lead 

encephalopathy have been reported in the U.S. among the children who ingested or 

inhaled soil and dust containing lead. Similar cases have been also reported in 

Australia, but in a smaller scale. In other countries including Japan, there have been 

only sporadic reports of such cases. The risk analyses of deterioration of lead-based 

paintwork conducted by U.S. EPA with the urgent needs to determine the risks with 

lead in soil and dust, are most helpful and summarized below (U.S. EPA, 1995a, 1995b, 

1995c, 1998a, 1998b, 2000, 2001a). For assessment in Japan, the analyses by the 
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―Study panel on risk assessment of hazardous substances in soil‖ established by the 

Japan Environment Agency (EA) are described (ME, 2001). 

For lead in food, the risk assessment by the Joint FAO/WHO Expert Committee on 

Food Additives (JECFA) which provides international specifications for food additives 

(WHO, 2000b) is referred to. The food standards regulated under the Food Sanitation 

Law are introduced as the Japanese standards for lead in food. 

For lead in drinking water, many countries follow the WHO Guidelines for Drinking 

Water (WHO, 1996). The U.S., however, developed the original guidelines based on 

their independent policy (U.S. EPA, 1988, 1991). The Canadian guidelines for lead in 

drinking water (Health Canada, 2003) are the same as the WHO guidelines in the final 

standard as well as the rationales on which the guidelines are based. The default values 

applied to the calculation of the standard, however, are slightly different from those of 

WHO. The assessments by WHO, the U.S. and Canada are described and compared. 

The Japanese guideline for lead in drinking water was established with reference to the 

WHO guidelines (MHLW, 2002). 

 

2. Lead in the air 

2.1 Procedures to establish air quality criteria in the U.S. 

The current air quality criteria for lead was proposed by U.S. EPA in 1978 and 

published as the final criteria in 1987. The conclusion (U.S. EPA, 1990) is summarized 

below. 

Pregnant women and children were considered the most sensitive populations for 

lead exposures and U.S. EPA selected children aged one to five years old as the 

subjects for developing the criteria. U.S. EPA considered that the critical endpoints of 

lead health effects were heme biosynthetic pathway, neurodevelopment and 

neurofunction. Heme biosynthesis was inhibited by lead at blood levels of 30 g/dL 

and higher, and anemia and neurological dysfunction were found at 40 and 50 g/dL 

and higher, respectively. U.S. EPA established the maximum safe blood lead level for 

any given child as 30 g/dL considering the safety margin for anemia and neurological 

dysfunction. Herein, logarithmic normal distribution in which 99.5% of the child 

population has a blood lead level of 30 g/dL or less has a geometric mean of 15 g/dL 

or less. 
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Secondly, U.S. EPA estimated the contribution of lead exposures through other than 

air inhalation in the blood lead level of 15 g/dL based on the results of blood lead 

levels in the epidemiological studies in the regions where ambient air lead levels were 

low and would negligibly contribute to blood lead levels (U.S. EPA, 1978). The mean 

blood lead levels in these regions was 12 g/dL, and therefore, the contribution of lead 

exposures through other than air inhalation in the blood lead level was assumed to be 

12 g/dL and the contribution of lead exposures through air inhalation was estimated 

to be 3 g/dL (i.e., subtracting 12 g/dL from 15 g/dL). 

Further, U.S. EPA estimated the contribution of lead exposures through air inhalation 

to blood lead levels using a formula by Angle et al. (1984) derived from the 

epidemiological data; i.e., with the formula that ―the lead level in the air of 1 g/m
3
 

corresponds to the blood lead level of 1.9 g/dL‖. U.S. EPA concluded that the blood 

lead level of 3g/dL corresponded to the air concentration of 1.5 g/m
3
. 

The U.S. EPA established the air quality criteria for lead to be 1.5 g/m
3
 according 

to the above procedures. 

 

2.2 Procedures to establish air quality criteria at WHO 

WHO has a long history of working on the hazardous effects of air pollution, 

especially to human health, and the WHO expert committee published its first report 

on air quality criteria in 1972. Also, WHO launched a project to develop environmental 

health criteria documents of approximately 60 chemicals relevant to air pollution as a 

joint effort with its affiliate, the United Nations Environment Programme (UNEP) and 

the International Labour Organization (ILO). Subsequently, many industrial countries 

in Europe started to implement their environmental policies and established respective 

air quality criteria, and gradually WHO recognized the needs to develop assessments of 

hazardous effects air pollutants through international cooperation. 

With these historical backgrounds, the WHO Regional Office for Europe promoted a 

plan for establishing air quality guidelines proposed by Netherlands’ Government in 

1983, and published the first edition of the WHO Air Quality Guidelines for air 

pollutants including lead in 1987. The guidelines were revised as new scientific data in 

toxicology and epidemiology of air pollution were reported, and the second edition 

was published in 2000 (WHO, 2000a). The current WHO guidelines of lead are 
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summarized below. 

The WHO Air Quality Guidelines established the guideline value for lead based on 

the blood lead levels associated with adverse effects. Firstly, WHO considered that the 

concern level for children was 10 g/dL and higher of blood lead level based on the 

conclusion of many international experts that blood lead levels of 10 to 15 g/dL 

caused critical effects including cognitive and hearing impairment and impaired 

vitamin D metabolism in children, the most sensitive population to lead exposure. 

WHO concluded that it was reasonable to establish the guideline value for lead in the 

air based on the lowest value of the above range (10 g/dL). WHO considered that the 

biological relevance of such effects which might be observed with the levels less than 

10 g/dL was unclear, although the possibility existed of the adverse effects even at 

lower levels on this population. Practically, it has been recommended by WHO that 

efforts should be made to realize the blood lead levels of 98% or more of the 

population including preschool children not exceeding 10 g/dL, i.e., the median blood 

lead level not exceeding 5.4 g/dL. In evaluation of toxic effects with lead, WHO did 

not consider the carcinogenicity, taking the position that the evidences of 

carcinogenicity in humans were insufficient though carcinogenic responses of lead 

were observed in experimental animals. 

Secondly, WHO estimated the allowable increment in blood lead levels due to 

contribution from the ambient air. Considering the blood lead levels of children in 

Northern Europe where lead exposures caused by human activities were considered the 

least in the world, WHO assumed that the blood lead level due to contributions from 

natural sources was 1 to 3 g/dL (WHO, 1995) and estimated that the allowable 

increment in blood lead level due to contribution from the ambient air was 2.4 g/dL, 

i.e., subtracting 3 g/dL from 5.4 g/dL. 

Angle et al. estimated in the aforementioned publication (1984) that the lead 

concentration in the air of 1 g/m
3
 corresponded to the blood lead level of 1.9 g/dL in 

children and 1.6 g/dL in adults. An increased lead level in the air, however, actually 

contributed to elevations of lead levels in soil and food. Therefore, WHO corrected the 

above formula considering increased lead exposures through these media and assumed 

that the lead concentration in the air of 1 g/m
3
 corresponded to the blood lead level of 

5.0 g/dL. Based on this formula, the lead concentration in the air of 2.4 g/dL 
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corresponded to the blood lead level of 0.5 g/m
3
. 

From the standpoint that the lead levels in the air should be maintained as low as 

possible to prevent any additional increments of lead in soil and food, and subsequent 

increases in total lead exposures, WHO established the guideline value of lead in the 

air at 0.5 g/m
3
. 

 

2.3 Summary of the air quality criteria in the U.S. and of WHO 

Table II-1 presents the summary of the air quality guideline values for lead in the 

U.S. (U.S. EPA) and of WHO as well as the rationales on which each guideline value is 

based.  

The U.S. EPA and WHO had the same approach to choose children as the most 

sensitive population to lead exposure and establish the guideline values based on the 

neurological effects as the critical endpoint for assessment. Due to the slight 

differences in the concern level of lead in blood and the procedures to establish the 

guideline value, however, the final values of air quality criteria are different. 
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Table II-1. Air quality criteria for lead and its rationales 

of the United States (U.S. EPA) and WHO 

 The United States (U.S. EPA)  WHO 

Air quality criteria 1.5 μg/m
3
 0.5 μg/m

3
 

Subject population Child aged 1 to 5 years Child aged 6 years or younger 

Major organ with 

concern to health 

effects 

Hematopoietic and nervous systems, 

kidney 

Hematopoietic and nervous systems, 

cardiac vessel, kidney 

Blood lead level 

with concern 

30 g/dL (maximum safe blood lead 

level per child) 
10 to 15 g/dL 

Outline of 

standard setting 

procedures 

1. When 99.5% of the most 

sensitive child population has a 

blood lead level of 30 g/dL or 

less has a geometric mean of 

15 g/dL or less. 

2. In the assumption that the 

contribution of lead exposures 

through other than air 

inhalation in the blood lead 

level was 12 g/dL, the 

contribution of lead exposures 

through air inhalation was 

estimated to be 3 g/dL. 

3. In the assumption that an air 

concentration of 1 g/m
3
 

corresponds to a blood lead 

level of 1.9 g/dL, a blood lead 

level of 3g/dL is 

correspondent to an air 

concentration of 1.5 g/m
3
. 

1. When 98% or more of the 

population including preschool 

children have a blood lead level 

of 10 g/dL or less, the median 

blood lead level does not exceed 

5.4 g/dL or less. 

2. In the assumption that the 

maximum blood lead level 

through non-human activities 

(naturally-derived) was 3.0 

g/dL, the acceptable blood lead 

level for human activities is 2.4 

g/dL or less in median. 

3. In the assumption that an air 

concentration of 1 g/m
3
 

corresponds to a blood lead level 

of 5.0 g/dL (considering 

exposure pathways other than air 

inhalation), a blood lead level of 

2.4 g/dL is correspondent to an 

air concentration of 0.5 g/m
3
. 

[Compiled based on the information of U.S. EPA (1990) and WHO (2000a)] 
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2.4 Air quality criteria in Japan 

At present, only four substances, benzene, trichloroethylene, tetrachloroethylene, 

and dichloromethane are regulated by the environmental quality standards in 

conformity to the Air Pollution Control Law in Japan. No air quality standard for lead 

has been established. The emission standards in smoke and soot have been established 

by the Air Pollution Control Law (see Chapter I, Table I-5). 

 

3. Lead in soil and dust 

3.1 Lead standards in soil and dust and risk assessment in the U.S. 

The reduction in lead exposures in the U.S. has been the major challenge of U.S. 

EPA over the last 20 years. In particular, infants are sensitive to adverse effects of lead 

and have high risks of exposures to lead-based coating surface, and soils and dusts 

containing lead due to their ―pica‖ behavior (a tendency to put something other than 

food into their mouth) and thumb-sucking. Protection of infants from these risks has 

been a critical issue. The recognition of the needs to prevent lead exposures was 

increased in the public, and the Residential Lead-Based Paint Hazard Reduction Act 

was established in 1992 as Title X of the Housing and Community Development Act. 

Title X proposed an extensive plan to reduce risks of lead-based paint and related 

environment and delegated the relevant authorities to U.S. EPA and the Department of 

Housing and Urban Development (HUD). 

Under these circumstances, U.S. EPA conducted risk analyses of the lead-containing 

soil and dust related with deterioration of lead-based paintwork, and in June 1998, 

proposed a regulation to establish standards for lead-based paint hazards in most 

pre-1978 housing and child-occupied facilities as proposed rule of Section 403 of the 

Toxic Substances Control Act (TSCA) (U.S. EPA, 1998a). The final rule was published 

in January 2001 (U.S. EPA, 2001a). 

The risk analysis and the method to establish rules under the TSCA Section 403, 

which are typical examples of risk analyses related to rulemaking on lead in the U.S., 

are described below. 
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3.1.1 Risk analysis method under the TSCA Section 403 

In the risk analysis of lead under the TSCA Section 403 (U.S. EPA, 1998b, 2000), 

the subjects for analysis and assessment were children aged 1 to 2 years. In general, 

children are more sensitive to lead exposure than adults, therefore, infants and children 

are more important subjects for risk analysis of lead exposure. In this risk analysis, the 

subjects were further defined as the children aged 1 to 2 years because of the two 

reasons: 1) rapid development of central nervous system during these ages; and 2) 

greater risks to directly intake lead-based coating piece due to their pica behavior. The 

reduction in intelligence quotient (IQ), of which many studies were available and the 

effects of lead was widely recognized, was chosen as the endpoint to assess effects of 

low-level lead exposure on human health. 

A distinctive feature of the risk analysis under the TSCA Section 403 is application 

of a method to estimate nationwide distribution of blood lead levels of children aged 1 

to 2 years from lead concentrations in soil and dust considering house constitutions in 

the U.S. using two models. No data were available directly showing the relationship 

between the lead concentrations in soil and dust in housing environment all over the 

U.S. and the blood lead levels of children aged 1 to 2 years. The lead concentrations in 

soil were analyzed using two methods, i.e., model analysis using the Integrated 

Exposure Uptake BioKinetics (IEUBK) model which is a lead biokinetic model, and 

non-model analysis with the data of ―Rochester lead in dust study‖, a study carried out 

in the U.S. The lead concentrations in dust were also analyzed using two methods, i.e., 

multimedia-model analysis based on the above ―Rochester lead in dust study‖ and 

non-model analysis with its data. In particular, the multimedia-model analysis based on 

the above ―Rochester lead in dust study‖ was developed for this risk analysis. The 

reason why lead concentrations in soil and dust were analyzed using two methods 

respectively was that more reliable results were thought to be obtained compared with 

the analysis using only one method. In the risk analysis under the TSCA Section 403, 

the information of lead concentrations in housing environment in the U.S. were 

obtained from the data of ―HUD Nation Survey‖ carried out from 1989 to 1990 (U.S. 

EPA, 1995a, 1995b, 1995c). According to these procedures, a nationwide distribution 

of blood lead levels of children aged 1 to 2 years corresponding to respective lead 

concentrations in housing environment was estimated. 
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With regard to the relationship between blood lead levels and adverse effects, 

considering the results of Schwartz’s study (Schwartz, 1994), a linear response 

between blood lead levels and IQ was used; from the results that an increase in blood 

lead levels from 10 to 20 g/dL reduced IQ levels by 2.57 on average, it was estimated 

that a 1-g/dL increase in blood lead levels reduced IQ by 0.257 on average. 

As summarized above, in the risk analysis under the TSCA Section 403, the mean 

reduction of IQ level in children exposed to lead in housing environment was 

estimated using the relationship between lead concentrations in housing environment 

and blood lead levels of children and the relationship between blood lead levels and IQ 

reduction. 

 

3.1.2 Lead standards in soil/dust and rationales for standard setting 

Based on the results of the aforementioned risk analysis, U.S. EPA established the 

proposed rule for lead concentrations in soil and dust (1998a). 

Firstly, as the basis for establishing standard values, U.S. EPA established the soil 

and dust lead concentrations in which the probability that a child aged 1 to 2 years 

would have a blood lead level of 10 g/dL or higher ranged from 1% to 5%. The 

reason why the blood lead level of 10 g/dL was selected as the index of adverse 

effects was that many studies, which were reviewed in the risk analysis, confirmed 

various health effects at blood lead levels of 10 to 15 g/dL. On the other hand, health 

effects observed with the blood lead levels of 10 g/dL or less were excluded from the 

analysis because these effects had not been sufficiently evidenced and the data were 

obtained from the studies with only a limited number of subjects. Even when there 

were no soil and dust contaminated with lead-based coating surface or lead, children 

could be exposed to lead from other sources (e.g., air, food, and drinking water). 

Therefore, the probability that a child would have a blood lead level of 10 g/dL or 

higher could not be 0% and thus, the probability of 1 to 5% was applied in establishing 

the standards. 

Secondly, to select each standard value from combination of soil and dust lead 

concentrations corresponding to the 1 to 5% probability that a child would have a 

blood lead level of 10 g/dL or higher, U.S. EPA conducted a cost-benefit analysis. 

The benefits were estimated in the children who had not yet developed any adverse 
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effect, and as the economic effects from: 1) IQ point loss avoided; 2) increased 

incidence of children with IQ below 70 avoided; and 3) increased incidence of children 

with blood lead levels exceeding 20 g/dL avoided. The costs included the 

expenditures on the hazard control interventions required in response to the expected 

standards. To select a value for proposed rule from combined candidate values, net 

benefits (values computed by subtracting the costs from the benefits) was the major 

criteria for the selection. To be specific, a combination of candidate values that provide 

the maximum net benefits was selected for the proposed rule. 

Finally, based on the opinions of the stakeholders on the proposed rule and with new 

information, a part of the proposed rule was revised and the final rule was published 

(U.S. EPA, 2001a). The final rules of the TSCA Section 403 are shown in Table II-2. 

 

Table II-2. Final lead standards in soil and dust under TSCA Section 403 

Media Application range Standard value 

Soil standards 
Play area bare soil  400 μg/g 

Bare soil in the remainder of the yard 1,200 μg/g 

Dust standards 

Floor  40 μg/ft
2
 

Interior window sill 250 μg/ft
2
 

Window trough 400 μg/ft
2
 

[Reference: U.S. EPA (2001a)] 

 

The procedures for setting standard values of lead under the TSCA Section 403 are 

described above. In this risk analysis for establishing the TSCA Section 403, it is 

particularly worth noting that IQ point loss in children was selected as the endpoint for 

assessment. In the risk analysis, it was estimated that a 1-g/dL increase in blood lead 

levels reduced IQ by 0.257 on average based on the results of Schwartz’s study 

(Schwartz, 1994). 

As described in Section 5 of this chapter, also in the risk assessment for lead in food 

by the JECFA (WHO, 2000b), IQ point loss in children was selected as the endpoint 

for assessment. The reason for this selection of the endpoint is the recognition that 

adverse effects in developmental of central nervous system are adverse health effects 

and that IQ point loss is a highly sensitive endpoint to low-level lead exposures. 
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Therefore, the choice of IQ point loss as the endpoint for assessment is rationalized, 

however, there is a great uncertainty in quantitation of IQ point loss for decreases in IQ 

points that are actually observed in children general are extremely small. As described 

in Chapter VII, a number of epidemiological studies reported the relationship between 

lead exposures (i.e., an increase in blood lead levels) and intellectual development in 

children, however, with many confounders their results were not always concordant 

with each other. Schwartz’s study (Schwartz, 1994) that U.S. EPA used was meta 

analysis based on the results of 8 epidemiological studies (for further details, see 

Section 3.1.2 in Chapter VII) and his conclusion was generally accepted by experts, 

however, it has been also pointed out that the epidemiological studies have many 

limitations. 

It is considered that in the situations in the U.S. where adverse health effects of lead 

related with deterioration of lead-based paintwork were actually observed, U.S. EPA 

was obliged to take the procedures described above to introduce some countermeasures 

for risk reduction. 

 

3.2 Lead standards in soil/dust and risk assessment in Japan 

As the environmental quality standard for lead in soil in Japan, the standard value 

for elution of lead from soil was established in 1991 in conformity to the Basic 

Environment Law. As shown in Table I-5 of Chapter I, the standard value for lead in 

the Basic Environment Law is 0.01 mg/L in test solution (converted to the reference 

value: 600 mg/kg). This standard value for elution of lead from soil was defined as 

―the level that causes human health hazards through life-long continuous exposures via 

intake as drinking water (2 L/day) of groundwater containing the substance eluded 

from the soil‖ based on the perspective of human health protection. The value, 

therefore, is the same as the drinking water standard for lead. 

In contrast, the Environmental Quality Standards for Soil Contamination by dioxins 

of the Law Concerning Special Measures against Dioxins, which was enforced in 

January 2000, were established considering exposure routes of direct ingestion or skin 

contact of contaminated soils as well as exposures through groundwater. Under these 

circumstances, the EA started the Study panel on risk assessment of hazardous 

substances in soil to discuss exposure routes which were not covered with the standard 
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values for elution from soil on hazardous substances including lead, mercury, arsenic 

and chrome in soils, and established the concentration level (action level) for reducing 

human health risks induced by long-term exposures through direct ingestion of 

contaminated soils. The rationales for these action levels were published in the report 

―On Risk Assessment of Hazardous Substances through Exposures via Direct Soil 

Ingestion‖ (ME, 2001) in August 2001. 

The risk analysis by ME of human health hazard resulted from long-term exposures 

through direct ingestion of contaminated soils is summarized below. 

 

3.2.1 Exposure routes and scenarios 

In the analysis by ME (2001), general exposure routes for humans from 

contaminated soil as source were broadly classified into two categories, i.e., direct 

exposure to contaminated soil and indirect exposure such as inhalation of dispersion of 

soil particles into the air and volatilized vapor, and intake through food and drinking 

water. 

 

1. Direct exposure 

a. Direct ingestion of soils 

b. Skin contact with soils 

 

2. Indirect exposure (via other media) 

a. Elution in the sources of drinking water such as groundwater 

b. Volatilization into the air and inhalation to vapor 

c. Washout of soil particles into public water and ingestion of fish with accumulated 

soil particles 

d. Accumulation in crops and livestock and their intake 

 

Of these exposure routes, direct ingestion of soils (1-a) was the only route 

considered in the establishment of lead action levels. For exposures by skin contact 

with soils (1-b), the absorbed amount of lead by skin contact was considered to be 

negligible based on the report of Lilley et al. (1988) and excluded from the estimation 

(the report of Lilley et al. (1988) is to be described in Chapter VII). 
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Indirect exposure was excluded from the analysis due to the following reasons: 2-a 

Elution in the sources of drinking water such as groundwater — the standard value for 

elution of lead from soil was separately set; 2-b Volatilization into the air and 

inhalation to vapor—inorganic lead compounds were considered  involatile; 2-c 

washout of soil particles into public water and ingestion of fish with accumulated soil 

particles―risk assessment and establishment of action levels were difficult due to lack 

of sufficient data and knowledge; and 2-d Accumulated lead in crops and livestock and 

their intake—the soil environmental quality criteria for soils (standards for agricultural 

lands) were separately set. 

As the exposure scenarios to estimate direct exposures of lead, the following 

conditions were specified. 

 

1. Subjects for estimation: general public having daily lives in permanent residents. 

 

2. Exposure period: It was described that in assessing risks of exposure to heavy 

metals, risks for short, mid and long-term exposure periods should be assessed 

separately because effects on humans depended on exposure period and amount. In 

establishing action levels, however, the ME estimated the following two cases of 

long-term exposures. 

 

Case 1: a person living in a contaminated soil area continuously all through one’s 

lifetime (70 years) 

Case 2: a person living in a contaminated soil area for 30 years including childhood 

(6 years) and in an area with background level of lead for the rest of 40 

years 

 

3. Dissipation of lead in soil: lead is inorganic chemical, and thus, neither 

photodegradable nor biodegradable. Lead in soil may move horizontally and 

vertically through soil water movement or physicochemical phenomena such as 

transpiration. However, in stable soils exposed to long-term rain and sunlight, the 

movement of lead is small. Regarding vertical movement, it has been confirmed 

that almost no difference is found in levels within 15-cm surface layer. Considering 
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these, ME set the exposure scenarios with the assumption of no dissipation of lead 

in soil. 

 

3.2.2 Exposure estimation 

In the analysis by ME (2001), the average daily intake of lead through soil ingestion 

was first estimated according to the following formula. 

 

Average daily 

 intake [g/day] 

 

= 

Soil lead concentration [mg/kg]  

× Average daily soil ingestion [g/day] × Absorption rate [%] 

100 

 

Herein, the default values of parameters for estimation of average daily intake were 

established as follows: 

 

1. Average daily amount of soil ingestion: As the amount of soil ingestion per day 

does not depend on substance, the default values used in establishing the 

―Environmental Quality Standards for Soil Contamination by dioxins‖ were 

applied and the amount for adult was set as 100 mg/day and that for child, 200 

mg/day. 

 

2. Absorption rate: The absorption rate of lead depends on age, and the reported 

values vary by references. U.S. EPA (1979) reported that the absorption rate of 

lead in drinking water for adult was 10% and that for child, 50%. WHO (1996) set 

an absorption rate of lead by soil ingestion for adult as 10% referring to some 

reports including U.S. EPA (1986). Based on these estimations, ME set an 

absorption rate of lead in food for adult as approximately 10% and that for child as 

50%. 

 

In the next step, the lifetime average daily intake of lead by soil ingestion was 

estimated according to the following formula. 
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Case 1: a person living in a contaminated soil area continuously all through one’s 

lifetime (70 years) 

 

Lifetime average daily intake [g/kg/day] 

 

= 
Intake for child × 6 years + Intake for adult × (total exposure period – 6 years) 

Total exposure period (70 years) × Body weight (50 kg) 

= 
(Cs×0.2×0.5) ×6 + (Cs×0.1×0.1) × (70-6) 

70×50 

 

Case 2:  a person living in a contaminated soil area for 30 years including childhood (6 

years) and in an area with background level of lead for the rest of 40 years 

 

Lifetime average daily intake [g/kg/day] 

 

= 

Intake for child × 6 years + Intake for adult (contaminated soil area) × 24 years 

 + Intake for adult (background level area) × 40 years 

Total exposure period (70 years) × Body weight (50 kg) 

= 
(Cs×0.2×0.5)×6 + (Cs×0.1×0.1)×24 + (Bk×0.1×0.1)×40 

70×50 

 

Herein, Cs is the soil lead concentration [mg/kg] of the contaminated area and Bk is 

the soil lead concentration [mg/kg] of the background level area. 

The lead concentration of the background level area (Bk) is 13 mg/kg, geometric 

average of lead concentrations in general soils (193 points) that was calculated by ME 

(2000). 

 

3.2.3 Criteria for hazard assessment 

As the criteria for hazard assessment (acceptable daily intake, ADI), ME (2001) used 

3.5 g/kg/day, which was the same as the tolerable daily intake (TDI) adopted for 

water quality standards in Japan, i.e., the TDI established by WHO (WHO, 1996). 
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3.2.4 Risk assessment and standard setting 

In the ME report (2001), the risk assessment for lead in soil was conducted using the 

above formulae of lead levels in soil and average daily intake, and the ADI for lead. 

With considerations to the additional intakes via oral route other than soil ingestion 

(e.g., food and drinking water intake), which were excluded from the exposure 

assessment with these formulae, ME assumed four conditions of allocating the ratio of 

ADI to lead in soil; 100%, 10%, 5% and 1%, and established respective target values 

of lead levels in soil (ME, 2000). The target values estimated are shown in Table II-3. 

 

Table II-3. Target value estimation of soil lead levels 

 

Fraction of the ADI allocated to 

soil ingestion [%] 

100 10 5 1 

Target intake [g/kg/day] 3.5 0.35 0.18 0.035 

Target soil lead level [mg/kg] (case 1)* 9,900 1,000 500 100 

Target soil lead level [mg/kg] (case 2)** 15,000 1,500 740 140 

* A person living in contaminated soil area for 70 years 

** A person living in contaminated soil area for 30 years and in background level area for 40 

years 

[Reference: EA (2000)] 

 

When 1% of ADI was allocated to soil ingestion, the target lead level in soil is in the 

range of 100 to 140 mg/kg. This level was almost equal to the maximum levels of lead 

in general soil in the aforementioned report by EA (2000). When 5% of ADI was 

allocated to soil ingestion, the acceptable lead level in soil was in the range of 500 to 

740 mg/kg, which was similar to the reference value (600 mg/kg) of the standard value 

for elution of lead from soil. The ME considered that the lead action level should be 

lower than the reference value since the risks were considered higher of the inhabitants 

in the area with soil containing lead at around the reference value. Consequently, the 

lead action level from direct ingestion of contaminated soils was established to be 150 

mg/kg. 
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4. Lead in food 

4.1 Risk assessment by FAO/WHO Joint Expert Committee on Food Additives 

(JECFA) 

JECFA has conducted the risk assessment of lead via diet several times to establish 

and revise the acceptable intake of lead in food. In the 53
rd

 meeting, where the most 

recent assessment on lead was conducted, risks of dietary lead exposure in children 

were assessed focusing on the hazardous effects in neurobehavioral development in 

children as the health effects of highest concern (WHO, 2000b). The risk assessment 

by JECFA is summarized below. 

 

4.1.1 Methods for exposure assessment and exposure scenarios 

In the assessment for dietary lead intake, JECFA referred the results of an 

international survey of dietary pollutant intake by the Global Environmental 

Monitoring System-Food Contamination and Assessment Programme (GEMS/Food) 

(GEMS/Food, 1992). This survey provided estimates of lead intake in different age 

populations including young children in Australia, Canada, China, Finland, France, 

New Zealand, Slovakia, Sweden, Taiwan, the United Kingdom (U.K.) and the U.S. 

(Table II-4). 
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Table II-4. Weekly intake of lead in population groups in various countries 

Country or 

region 
Group 

Weekly lead intake 

[μg / kg bw] 
Assumptions 

Australia 

Adults (Males) 

Adults (Females) 

12-year-olds (Boys) 

12-year-olds (Girls) 

2-year-olds 

Infants (9 months) 

Total 

 

Adults 

 

Infants 

2-year-olds 

2.6–3.4 

2.4–3.3 

1.6–2.5 

1.7–2.7 

3.1–5.0 

2.0–5.1 

4.9 (without water) 

6.3 (including water) 

4.2 (without water) 

5.6 (including water) 

 2.5 

7.0 (without water) 

11.9 (including water) 

High consumer intakes 

95
th
 percentile 

New Zealand 

Males 19–24 years 

Males ≥ 25 years 

Females ≥ 25 years 

Children 4–6 years 

Children 1–3 years 

 3.3 

 3.3 

 2.5 

 5.3 

 6.3 

 

China 

Adults (60 kg) 

Children (16.5 kg) 

Standard man (58 kg) 

Children 2–7 years (16.5 kg) 

Children 8–12 years (29.4 kg) 

Males 20–50 years (63kg) 

Females 20–50 years (53 kg) 

10.1 

24.4 

 9.8 

29.7 

24.5 

22.0 

19.9 

From total diet study 

Assumed body weight 

From model diet study 

Taiwan   2.6  

［Reference: GEMS/Food (1992)］ 
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Table II-4. Weekly intake of lead in population groups in various countries 

(continued) 

Country or 

region 
Group 

Weekly lead intake 

[μg / kg bw] 
Assumptions 

France 
Adults (60kg) 

Children 2–8 years (20 kg) 

 8.3 

19.4 
Assumed body weight 

Finland   1.4  

Sweden  2–6  

Slovakia 
Children (Vegetarian) 

Children (Non-vegetarian) 

9.9–48.6 

6.7–57 
Median–maximum 

U.K. Total population  3.3  

Canada 

Children 1–4 years (20 kg) 

Adults 20–33 years (70 kg) 

Total population (70 kg) 

  5.25 

 3.3 

 2.4 

Assumed body weight 

U.S. 

Infant 6–11 months (10 kg) 

Children 2 years (15kg) 

Children 6 years (18 kg) 

Children 10 years (22 kg) 

Females 14–16 years (60 kg) 

Females 25–30 years (70 kg) 

Females 40–45 years (70 kg) 

Females 70 years (70 kg) 

Males 14–16 years (70 kg) 

Males 25–45 years (70 kg) 

Males 70 years (70 kg) 

 0.6 

 1.1 

 1.4 

 1.2 

 0.4 

 0.4 

 0.3 

 0.4 

 0.4 

 0.4 

 0.5 

Assumed body weight 

［Reference: GEMS/Food (1992)］ 

 

As the first step, JECFA designed the following three scenarios with different lead 

levels in food to assess risks of dietary lead intake using estimates of food consumption 

in countries by the GEMS/Food (1992) and lead levels in food. 
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Scenario 1:  Lead levels in food were assumed to be equal to the mean levels in the 

FDA Total Diet Study (mean levels of 12 samples each of 234 food items 

using a market basket method) from 1993 to 1996. Lead intake other than 

via diet in each country was assumed to be equal to that of the survey 

results in the U.S. 

Scenario 2:  Lead levels in cereals were assumed to be 10-fold of the normal values to 

investigate effects of common food with extremely high levels of lead. 

Scenario 3:  Lead levels were assumed to be the half of those in Scenario 2 or the 

normal levels to investigate effects of interventions. 

 

The distributions of lead intake among the populations in the regions that were 

estimated on the basis of Scenarios 1 and 2 are shown in Tables II-5 and II-6, 

respectively. Lead intakes by food items in regions that were estimated by Scenario 1 

are shown in Table II-7. In all regions, lead intake from cereals is the highest value. 

These regions, however, were selected to compare dietary lead intake among regions, 

and therefore, attention should be paid to the fact that intake values shown in the table 

are not the actual values of international average, maximum or minimum. 
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Table II-5. Estimates of population exposure to lead in different regions [μg/day] 

(scenario 1) 

Population 

percentile [%] 

Middle 

Eastern 
Far Eastern African 

Latin 

American 
European 

 5  7.1  7.0  7.1  7.1  6.8 

50 11.4 11.2 11.5 11.5 11.3 

95 20.5 20.0 20.3 21.1 21.5 

99 29.1 25.8 28.8 26.9 32.4 

［Reference: WHO (2000b)］ 

 

Table II-6. Estimates of population exposure to a commodity that contains 

high-concentrations of lead [μg/day] (scenario 2) 

Population 

percentile [%] 

Middle 

Eastern 
Far Eastern African 

Latin 

American 
European 

 5  34  31  31  35  25 

50  73  62  58  62  52 

95 170 144 124 127 142 

99 257 238 172 170 247 

［Reference: WHO (2000b)］ 
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Table II-7. Estimated intake of lead based on WHO regional diets and average 

residues from the FDA Total Diet Study (scenario 1) 

Food category 

(no. of samples) 

Mean conc. 

[mg / kg] 

Estimated intake of Lead [mg /day] 

Middle 

Eastern 

Far 

Eastern 
African 

Latin 

American 
European 

Total cereals (32) 0.011 0.005 0.005 0.004 0.003 0.003 

Citrus fruits (2) 0.007 0.000 0.000 0.000 0.000 0.000 

Pome fruits (4) 0.012 0.000 0.000 0.000 0.000 0.001 

Stone fruits (3) 0.016 0.000 0.000 0.000 0.000 0.000 

Fruit juices 0.006 0.000 0.000 0.000 0.000 0.000 

Milk of cattle, goats, and sheep (6) 0.008 0.001 0.000 0.000 0.001 0.002 

Secondary milk products (11) 0.013 0.000 0.000 0.000 0.000 0.001 

Meat of cattle, pigs, and sheep (14) 0.013 0.000 0.000 0.000 0.001 0.002 

Edible offal of cattle, pigs, and sheep (1) 0.031 0.000 0.000 0.000 0.000 0.000 

Total vegetable oils and fats (1) 0.034 0.001 0.000 0.001 0.001 0.001 

Poultry meat (5) 0.010 0.000 0.000 0.000 0.000 0.001 

Bulb vegetables (1) 0.008 0.000 0.000 0.000 0.000 0.000 

Brassica vegetables (3) 0.009 0.000 0.000 0.000 0.000 0.000 

Fruiting vegetables, cucurbits (7) 0.013 0.001 0.000 0.000 0.000 0.001 

Total pulsed (5) 0.008 0.000 0.000 0.000 0.000 0.000 

Leafy vegetables (6) 0.011 0.000 0.000 0.000 0.000 0.001 

Fruiting vegetables, non-cucurbits (9) 0.009 0.001 0.000 0.000 0.000 0.001 

Legume vegetables (2) 0.008 0.000 0.000 0.000 0.000 0.000 

Total roots and tubers (12) 0.010 0.001 0.001 0.003 0.002 0.002 

Crustaceans, fresh and frozen (1) 0.039 0.000 0.000 0.000 0.000 0.000 

Fish (3) 0.011 0.000 0.000 0.000 0.000 0.000 

Total [mg /day] 0.012 0.009 0.009 0.010 0.017 

Total [mg/kg/week] 0.001 0.001 0.001 0.001 0.002 

［Reference: WHO (2000b)］ 
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4.1.2 Hazard evaluation and dose-response analysis 

To quantitatively estimate adverse effects of dietary lead intake, two formulae of the 

relation between dietary lead intakes and blood lead levels and the relation between 

blood lead levels and adverse effects were established, and the assessment was 

conducted using these two formulae. 

Of the formulae of the relation between dietary lead intakes and blood lead levels, 

one is a formula for estimation of blood lead levels in children (blood lead level of 

0.05 g/dL to lead intake of 1 g/day and a positive intercept of 15 g/dL) by Lacey et 

al. (1985). A positive intercept of 15 g/dL is explained as due to prenatal exposure 

through the maternal body or exposure through other than diet including dust and air. 

Other is a formula for estimation of blood lead levels in adults (pregnant women) 

(increased blood lead level of 0.023 to 0.07 g/dL to lead intake of 1 g/day) by 

Sherlock et al. (1982). 

As adverse effects induced by increases in blood lead levels, the decrease in IQ was 

chosen, and the formula by Schwartz (1994) slightly modified was used to explain the 

relationship between increases in blood lead levels and decreases in IQ. The results of 

Schwartz (1994) showed that an increase in blood lead levels from 10 to 20 g/dL 

reduced IQ by 2.57, however, to ensure better fit with the results of other studies (Yule 

et al., 1981; Schroeder et al., 1985; Hawk et al., 1986; Lansdown et al., 1986; Fulton et 

al., 1987; Winneke et al., 1990), JECFA modified the rate of IQ reduction 

approximately 40% lower (WHO, 2000b). In the Schwartz’s study, there was no 

description on the uncertainty of dose-response relationship. Therefore, JECFA used 

three relation models of blood lead levels and IQ to describe the uncertainty of 

dose-response relationship, and further weighed the estimation results using respective 

models. 

 

4.1.3 Results of risk assessment 

In three exposure scenarios, risk assessments of lead in food were conducted using 

the above dose-response relationship formulae to obtain the results presented in Table 

II-8. 

In Scenario 1 with assumption that lead concentrations in food were equal to the 

mean concentrations determined in the U.S., the mean decrease in IQ of children who 
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were exposed through the maternal body for 9 months in the population corresponding 

to 50-percentile was estimated to be 0.006 point (the estimated range due to the 

uncertainty of dose-response relationship: 0 to 0.06 point). In Scenario 2 set with 

10-fold lead levels in cereals to the normal levels, the mean decrease in IQ induced by 

lead in food was estimated to be 0.018 point (the range: 0 to 0.1 point). In Scenario 3 

with an intervention of reducing lead levels in cereals by half (i.e., 5-fold to the normal 

level), the mean decrease in IQ was estimated to be 0.011 point (the range: 0 to 0.08 

point). 

In all exposure scenarios, the estimated decreases in IQ were extremely small, and 

therefore, JECFA concluded that the current lead levels in food had almost no effects 

on neurobehavioral development in infants and children (WHO, 2000b). 

 

Table II-8. Estimated change in IQ after exposure to lead in different scenarios 

Population 

percentile [%] 

Scenario 1 

(Normal) 

Scenario 2 

(High concentration) 

Scenario 3 

(Reduction by one half) 

 5  0.003 (0.00–0.04) 0.008 (0.00–0.06) 0.005 (0.00–0.05) 

50  0.006 (0.00–0.06) 0.018 (0.00–0.10) 0.011 (0.00–0.08) 

95 0.02 (0.00–0.10) 0.042 (0.00–0.16) 0.028 (0.00–0.13) 

99 0.02 (0.00–0.12) 0.051 (0.00–0.19) 0.034 (0.00–0.15) 

［Reference: WHO (2000b)］ 

 

4.2 Food standards in Japan 

In Japan, food standards are specified by two regulations, i.e., the Food Sanitation 

Law (FSL) and the Japanese Agricultural Standards (JAS). 

The FSL is applicable to all of food distributed in Japan. To be specific, food is 

regulated by the standards on the food ingredients, manufacturing, processing and 

cooking, and preserving processes established in conformity to the FSL. No standard, 

however, is established for lead in common food. In contrast, lead in soft drinks is 

regulated by the standards on ingredients and manufacturing process of the FSL. As the 

ingredient specification, no detection of lead is required in soft drinks, and as the 

standards for manufacturing process, lead levels in source water for soft drinks and 
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mineral water are specified to be less than 0.1 and 0.05 mg/L, respectively. 

 

5. Lead in drinking water 

5.1 Procedures to establish drinking water standards in the U.S. 

In the U.S., drinking water standards are subjected to two regulations, the National 

Primary Drinking Water Regulation (NPDWR) and the National Secondary Drinking 

Water Regulation (NSDWR), which were established on the basis of the Safe Drinking 

Water Act. The former regulates items concerning to human health and the latter 

specifies factors including color, odor, appearance and other issues relevant to 

consumers. The NPDWR established the proposed standards for lead in 1988 and the 

final standards in 1991 (U.S. EPA, 1988; 1991). In these standards, the maximum 

contaminant level goal (MCLG) and action level (AL) were established, and in 

addition, technical issues including corrosion management, source water processing, 

and replacement of lead supply pipes, public health education, monitoring, reporting 

requirements and record keeping were specified. 

The lead levels in drinking water in the final standards in 1991 (U.S. EPA, 1991) are 

the following two items: 

 

・ The maximum concomitant level goal (MCLG): 0 mg/L 

・ Action level (AL): 0.015 mg/L 

 

Herein the MCLG is the final goal with appropriate safety margins only to prevent 

the public from known or predictable health problems and has no binding force. In 

contrast, the AL is a legally binding standard value. To be specific, 90-percentile of the 

measured values exceed the AL, i.e., 10% or more of all measurements are higher than 

the AL, it is required for the public water supply system to take measures such as 

preventing corrosion of supply pipes, establishing treatment facilities and providing 

consumer education. 

U.S. EPA has certain rules for setting MCLGs according to the cancer classifications 

based on various data or the reference doses (RfD) that U.S. EPA applies for health 

hazards other than carcinogenicity. 

U.S. EPA presented three rationales as follows as the basis for establishing the lead 
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MCLG of 0 mg/L: 

 

1. Lead is known to induce hematological disorders, neuropathy and mental 

retardation in children at extremely low levels and the thresholds for these hazards 

have not been definitely confirmed. 

2. A fair proportion of the sensitive population has already blood lead levels higher 

than the acceptable lead levels, and therefore, the policy of U.S. EPA is to 

minimize the contribution of lead exposure through drinking water to the total lead 

exposure. 

3. U.S. EPA classified the carcinogenicity of lead and its inorganic compounds as 

―B2: probable human carcinogen‖. 

 

Additional explanation on the third point of rationales related with carcinogenicity is 

as follows: U.S. EPA establishes cancer classification of substances, and has a rule to 

set the MCLGs according to the classifications. U.S. EPA classified lead and its 

inorganic compounds as ―B2: probable human carcinogen‖.  Although 

epidemiological studies in humans showed insufficient evidences of carcinogenicity of 

lead, more emphasis was given to the fact that in the experimental animal studies the 

incidences of renal tumor were statistically significant in rats and mice administered 

the drinking water containing lead and its soluble salts. The carcinogenic responses 

were observed in different strains of rats and in multiple organs, and were reproduced 

in a number of research facilities. As shown in Table II-9, substances of Class B2 are 

classified into Category I for setting MCLG, and therefore, the MCLGs are 

automatically set to be 0 mg/L. 
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Table II-9. Principles of setting MCLGs according 

to the U.S. EPA’ s cancer classification 

Evidence of 

carcinogenicity 

(oral exposure) 

U.S. EPA’ s cancer classification 

Category 

for 

MCLG 

Approaches for 

setting MCLG 

Strong evidence 

considering weight 

of evidence, 

pharmacokinetics, 

and exposure. 

Group A: Human carcinogen based on 

sufficient evidence from epidemiological 

studies. 

I Zero 

Group B1: Probable human carcinogen based 

on at least limited evidence of 

carcinogenicity to humans. 

Group B2: Probable human carcinogen based 

on a combination of sufficient evidence in 

animals and inadequate data in humans. 

Limited evidence 

considering weight 

of evidence, 

pharmacokinetics, 

and exposure. 

Group C: Possible human carcinogen based on 

limited evidence of carcinogenicity in 

animals, in the absence of human data. 

II 

RfD approach 

with added safety 

margin or 10-5 to 

10-6 cancer risk 

range. 

Inadequate or no 

animal evidence. 

Group D: Not classifiable based on lack of data 

or inadequate evidence of carcinogenicity 

from animal data. III RfD approach 

Group E: No evidence of carcinogenicity for 

humans. 

［Reference: U.S. EPA (1991)］ 

 

On the other hand, in setting the AL, U.S. EPA proposed a two-part approach for 

lead and copper in drinking water, i.e., source water contamination and corrosion 

by-products in the original regulation (U.S. EPA, 1988). In the regulation, two 

standards were proposed: 

 

・ (For supply water) Maximum Contaminant Level (MCL): 0.005 mg/L 

・ (For corrosion by-product) No-action level: 0.010 mg/L 
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The MCL is a standard for source water quality and established as technically and 

economically feasible level near to the MCLG and the maximum level of pollutants 

allowable for water that the public water supply system distributes to users. In contrast, 

the no-action level is the standard value related to contaminant management of 

corrosion by-products. When the average of water samples initially obtained from a 

faucet in houses is less than the no-action level and 95% and more of samples meet a 

copper concentration of 1.3 mg/L or less and pH value of 8.0 or higher simultaneously, 

the public water supply system needs no action. However, if any of these conditions 

are not satisfied, the public water supply system is required to take appropriate 

measures for corrosion prevention (e.g., establishing a new facility or reform of 

existing facilities) and for education of users to provide safety information. 

Considering the public comments, the final standards specified the AL alone and the 

MCL and no-action level were not established. Further, the final AL value was slightly 

relaxed from 0.010 mg/L (the original proposal) to 0.015 mg/L in consideration of the 

current situations. 

 

5.2 Procedures to establish drinking water standards at WHO 

The WHO drinking water standards specify that lead level in drinking water is 0.01 

mg/L. The WHO’s rationale for setting the standard is summarized below (WHO, 

1996). 

In evaluation of the toxic effects of lead, WHO considered that the carcinogenicity 

of lead in humans was yet definitely confirmed. This was based on the fact that only a 

limited number of studies were available as the epidemiological studies with a small 

cohort size and inappropriate analysis of potential confounders. In experimental animal 

studies, however, the relationship between the administration of lead salt and renal 

tumor was evidenced. Therefore, the International Agency for Research on Cancer 

(IARC) classified lead and its inorganic compounds into ―2B: possibly carcinogenic to 

humans‖.
*
 

On the other hand, regarding toxic effects of lead other than carcinogenicity, lead is 

known to have various adverse effects other than cancer on humans even at extremely 

                                                
*
 In February 2004, IARC changed the classification of lead and its inorganic compounds into ―2A: 

probably carcinogenic to humans‖ (IARC, 2004). 
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low levels. WHO suggested that attention should be paid to the effects particularly on 

infants and children. 

WHO considered that the guidelines that were set for toxicity other than 

carcinogenicity, especially for the effects on infants would also prevent cancer 

effectively, and that it was appropriate to establish the drinking water standard for lead 

based on the approach with Tolerable Daily Intake (TDI). 

As the tolerable limit of lead for infant, JECFA established the provisional tolerable 

weekly intake (PTWI) for infants and children to be 25 g/kg/week (corresponding to 

the TDI of 3.5 g/kg/day). 

The rationale for this PTWI setting depended on the study results of Ziegler et al. 

(1978) and Ryu et al. (1983). These studies reported that lead did not accumulate in the 

body at mean intake levels of 3 to 4 g/kg/day but accumulated at 5 g/kg/day and 

higher. On the basis of these results, the PTWI corresponding to the TDI of 3.5 

g/kg/day was established from the viewpoint that lead is a bioaccumulative hazardous 

substance and any increment in lead levels in the body should be avoided. The PTWI 

was reconfirmed by JEFCA in 1993 and applied to all age population. This PTWI was 

further reviewed in 1999, and is still in effect. 

The WHO drinking water standards for lead are estimated on the basis of this PTWI 

and with various conditions. The outline of estimation procedures is described below. 

First, the relationship between the TDI and the standard is expressed as follows: 

 

TDI [mg/kg/day] × Fraction of the TDI allocated to drinking water [%] 

100 

= 
Standard value [mg/L] × Drinking water consumption of bottle-fed infants [L/day] 

Body weight of bottle-fed infants [kg] 

 

Whereas, the parameters for estimation are: 

PTWI: 25 g/kg/week (converted to TDI: 3.5 g/kg/day) 

Body weight of bottle-fed infants: 5 kg 

Drinking water consumption of bottle-fed infants: 0.75 L/day 

Fraction of the TDI allocated to drinking water: 50% 
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Therefore, using the above parameter values, the standard value is estimated below: 

 

Standard 

value 
= 

TDI [mg/kg/day]×Body weight of bottle-fed infants [kg] 

×Fraction of the TDI allocated to drinking water [%] 

Drinking water consumption of bottle-fed infants [L/day]×100 

基準値 = 
0.0035 mg/kg/day×5 kg×50 

0.75 L/day×100 

 ≈ 0.01 mg/L 

 

As shown above, the drinking water standard value was established to be 0.01 mg/L 

(uncertainty factor ≈ 1). Since infants, the subjects for estimation of standard value, 

were the most sensitive population in all populations, WHO considered that this 

standard value could protect populations of other age groups and as mentioned 

previously, WHO later applied this standard value to all ages. 

 

5.3 Procedures to establish drinking water standards in Canada 

The Canadian drinking water standards specify that the maximum acceptable 

concentration (MAC) for lead is 0.01 mg/L. The Canadian MAC is equal to the WHO 

standard value and the rationales for this MAC are the same as those of WHO. 

However, the default values applied for estimation are slightly different from those of 

WHO. The outline of estimation is presented below referring to the Health Canada’s 

document (Health Canada, 2003). 

The rationales for setting MAC in Canada are summarized below, which are the 

same as those of the WHO standards. 

 

1. The evidence of carcinogenicity of lead was considered insufficient in humans but 

limitedly evidenced in animals. In such a case, the Environmental Health 

Directorate of the Canadian Department of National Health and Welfare classifies 

substances into ―III B: possibly carcinogenic to humans‖ in carcinogenicity 

categories. 
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2. For chemical compounds of Group III B, paying attention to toxicity other than 

carcinogenicity, the no observed adverse effect level (NOAEL) or the lowest 

observed adverse effect level (LOAEL) is estimated based on the results of 

toxicology studies. The acceptable daily intake (ADI) is calculated from these 

values divided by appropriate uncertainty factors Lead is known to have adverse 

effects other than cancer on humans even at extremely low levels, and therefore, it 

was considered that the standard value that was set for preventing these adverse 

effects would also prevent carcinogenicity. 

 

3. The NOAEL of lead was 3.5 g/kg/day, which was equal to the WHO standard 

value. With application of one as the uncertainty factor the ADI was established to 

be 3.5 g/kg/day. The main rationales for using an uncertainty factor of the 

minimum were that the endpoint (an increase in lead accumulation in the body) 

was conservative and that the subjects were the most sensitive population (infants). 

 

The procedures to estimate MAC are described below. First, the relationship 

between the ADI and the MAC in children at 2 years old is expressed in the following 

formula: 

 

ADI [mg/kg/day] × Fraction of the ADI allocated to drinking water [%] 

100 

= 
MAC [mg/L] × Drinking water consumption of children aged 2 years [L/day] 

Mean body weight of infants aged 2 years [kg]  

 

Whereas, the parameters for estimation are:  

 

・ ADI: 3.5 μg/kg/day (NOAEL/uncertainty factor≈1) 

・ Mean body weight of children aged 2 years: 13.6 kg 

・ Mean drinking water consumption of children aged 2 years: 0.6 L/day 

・ Fraction of the ADI allocated to drinking water (children aged 2 years): 9.8 % 
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Therefore, using the above parameter values, the MAC is estimated below: 

 

MAC = 

ADI [mg/kg/day]×Mean body weight of children aged 2 years [kg] 

× Fraction of the ADI allocated to drinking water [%] 

Drinking water consumption of children aged 2 years [L/day] ×100 

 = 
0.0035 mg/kg/day×13.6 kg×9.8 

0.6 L/day×100 

 ≈ 0.01 mg/L 

 

The MAC was established to be 0.01 mg/L. The quantitation limit of lead in 

drinking water rages 1 to 10 g/L (0.001 to 0.01 mg/L) although it depends on other 

coexisting impurities. The Health Canada (2003) considered that the MAC should be 

measurable and achieved with reasonable costs, and therefore, concluded that the 

MAC of 0.01 mg/L was valid also from the aspect of quantitation limit. 

 

5.4 Summary of drinking water standards in the U.S., WHO and Canada 

The drinking water standards for lead and its rationales of the U.S. (U.S. EPA), WHO 

and Canada (Health Canada) are compared in Table II-10. 
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Table II-10. Drinking water standards for lead and its rationales of the United States (U.S. EPA), WHO and Canada 

 The United States (U.S. EPA) WHO Canada 

Standard value 
The maximum contaminant level 

goal (MCLG): 0 mg/L 
Action level (AL): 0.015 mg/L 0.01 mg/L 0.01mg/L 

Carcinogenicity 

classification 

B2: probable human carcinogen 

(Insufficient evidence in humans but sufficient evidence in animal studies) 

2A: probably carcinogenic to 

humans 

(Insufficient evidence in humans 

but sufficient evidence in animal 

studies) 

IIIB: possibly carcinogenic to 

humans 

(Insufficient evidence in humans 

but limited evidence in animal 

studies) 

Toxicity 

other than 

carcinogenicity 

Inhibited activities of enzymes related with erythrocyte metabolism and ALA-D (blood 

lead level: 10–15 g/dL), increase in erythrocyte porphyrin related with heme 

biosynthesis inhibition (12–23 g/dL), synthesis inhibition of vitamin D and hormones 

in child (12 g/dL), EEG change (≤15 μg/dL), peripheral nervous transmission 

retardation (20–30 g/dL), effects on intellectual development such as child’s IQ (≤15 

μg/dL), effects on infant’s mental development (6–7 g/dL), newborn’s body weight 

loss, reduced initial growth (10 g/dL), etc. In general, blood lead levels of 10–15 

g/dL have adverse effects on infants. But no definite threshold is found. 

Lead has adverse effects other 

than cancer on humans even at 

extremely low levels. Especially 

in infants, lead intake of 3–4 

g/kg/day increased blood lead 

levels and that of 5 g/dL and 

higher caused lead accumulation. 

Similar to WHO, the NOAEL 

was estimated to be 3–4 

g/kg/day based on the data of 

infants. 

Rationale for 

setting standard 

According to the general rule for 

MCLG setting, MCLG of 

substances of Class B2 is 

automatically set to be 0. Toxicity 

other than carcinogenicity was 

found at low levels without 

definite threshold. Considering all 

exposure pathways, the policy is 

to minimize the contribution 

through drinking water. 

First, the U.S. EPA proposed a two-part approach 

in source water (≤0.005 mg/L) and corrosion 

by-products (≤0.010 mg/L), however, 

comprehensively considering the actual situations 

of lead levels in drinking water, prediction of 

effects such as pH increase, estimation of 

investments for corrosion measures, and 

prediction of regulatory effects, action levels 

alone were finally estimated and the standard 

value was revised into 0.015 mg/L. 

Considering the above effects 

other than carcinogenicity on 

infants, JECFA established the 

provisional tolerable weekly 

intake (PTWI) to be 25 

g/kg/week (≈corresponding to 

3.5 g/kg/day). This value is 

valid for prevention of 

carcinogenicity, therefore, the 

guidelines were established on 

the basis of this value. 

As for substances of Group IIIB, 

the standard value was generally 

estimated by the approach with 

ADI (acceptable daily intake = 

NOAEL/uncertainty factor). The 

uncertainty factor was set to be 

approximately 1 considering 

safety of assessment endpoints, 

data quality and the most 

sensitive subject population. 

[Compiled based on the information of U.S. EPA (1988, 1991), WHO (1996), IARC (2004), and Health Canada (2003)] 
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5.5 Procedures to establish drinking water standards in Japan 

The Japanese drinking water standard for lead is currently 0.01 mg/L, which is 

subject to the Article 4 of the Water Supply Law. This value was published as a partial 

revision of the regulations concerning the water quality standards in 2002 (enforced on 

April 1
st
, 2003), which was reduced from 0.05 mg/L (MHLW, 2002). The summary of 

discussion on the revision of water quality standards (MHLW, 2003) is described 

below. 

 

[General concept for water quality standards] 

・ ―a tenth concept (substances that might be detected at a tenth level of the original 

standard value or higher in source water are regulated by the standard value)‖ is 

adopted. 

・ The TDI, which is estimated from the NOAEL and uncertainty factors, is used as 

the basis for setting standards. 

 

[Specific concept for lead] 

・ Lead is classified into 2A (probably carcinogenic to humans) by the IARC, 

however, the standard value estimated on the basis of effects other than 

carcinogenicity is considered to be able to prevent also carcinogenic effects, and 

thus, the approach with TDI is adopted. 

・ The TDI for effects other than carcinogenicity of 3.5 g/kg/day is adopted, 

which is the same as the TDI of JECFA. 

 

As shown above, the establishment of drinking water standard for lead in Japan is 

completely in accordance with WHO and the standard value was the same as that of 

WHO. 
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6. Summary 

In this chapter, methods which have been applied to the human health risk 

assessment of environmental lead and the current regulatory status in Japan and other 

countries are described. 

In all of existing risk assessments, the subjects for risk assessment are children aged 

6 years or younger who are the most sensitive to lead toxicity and whose exposures to 

lead per body weight are large. 

The effect of lead on the central nervous system in children, in particular a decrease 

in IQ is selected as the endpoint for risk assessment. This is based on the recognitions 

that adverse effects on the development of central nervous system are highly 

hazardous, and that in particular, a decrease in the IQ of children is highly sensitive to 

low-level exposures of lead. Decreases in IQ that have been actually found in the 

existing risk analysis, however, are extremely small, and therefore, there are 

substantial uncertainties associated with the quantification. 

To establish the standard values, the minimum blood lead level inducing adverse 

effects on the central nervous system or the TDI-based estimation procedures are used. 

In the estimation, a very conservative endpoint compared with human death is 

selected and the subjects are the most sensitive population, and thus, the uncertainty 

factor used is the minimum value of one. 

The carcinogenicity of lead has not been sufficiently evidenced in humans, but was 

confirmed in experimental animal studies. Therefore, the possibility of 

carcinogenicity to humans cannot be ruled out. It is considered, however, that the 

standard value that is set for toxicity other than carcinogenicity, especially for the 

effects on infants and children, would also effectively prevent cancer. It is appropriate 

to establish the standard for environmental lead on the basis of the aforementioned 

reference value of the blood lead levels or using the approach with TDI. 

In the risk assessment by CRM, referring the risk assessment methods in various 

countries that are described in this chapter, human health risks of lead are 

independently assessed with considerations to the situations in Japan. 
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CHAPTER III 

 

 

 

IDENTIFICATION OF SOURCES AND ESTIMATION OF 

RELEASES INTO THE ENVIRONMENT 

 

 

 

1. Introduction 

To properly control risks of lead in the environment, the information on sources of 

lead is essential. This chapter presents the identification of sources of lead in the 

environment and the estimation of releases into the environment from these sources. 

Lead releases into the environment are reported under the Pollutant Release and 

Transfer Register (PRTR) system from business institutions that handle lead, such as 

manufacturers. First, the data compiled in the PRTR system are analyzed and the 

amounts of lead releases into respective environmental media from these release 

sources are estimated. Secondly, the material flow of lead is analyzed by CRM to 

estimate the releases into the environment at disposal, which are considered not 

assessed sufficiently by the PRTR system. The estimations made by CRM are added to 

the PRTR data to obtain a complete picture of lead releases into the environment. 

 

2. Estimation of lead releases into the environment using PRTR data 

In this section the data compiled in the PRTR system (METI & ME, 2003–2007) are 

analyzed to capture the lead releases into the environment mainly during 

lead-manufacturing and use process. 

PRTR is a system that business institutions are required to notify the amounts of 

releases into the environment and the amounts of transfers of 354 chemical substances 

that are present extensively in the environment and have adverse effects on humans 

and ecosystems (Class I Designated Chemical Substances). This system has been 

introduced since FY 2001 in conformity with the Law Concerning Reporting, etc. of 
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Releases to the Environment of Specific Chemical Substances and Promoting 

Improvements in Their Management (hereinafter referred to as PRTR law) issued in 

July 1999. Regarding lead, “Lead and its compound” are classified into Class I 

Designated Chemical Substance (Cabinet order number: 230) and the amounts of 

releases are reported annually from business institutions in 47 prefectures. 

The Japanese government not only compiles the amounts of releases that are notified 

from the business institutions in the business categories designated under PRTR but 

also estimates the amounts of releases from the business institutions in the business 

categories designated under PRTR but exempted from notification, and publishes its 

estimates. Therefore, in the analyses by CRM, first, the compiled data of releases 

notified from the business institutions in the business categories designated under 

PRTR are analyzed, secondly the estimated amounts of releases exempted from 

notification, and finally the published data are summarized. 

The amount of lead reported in PRTR data is not as lead compounds but as lead 

element. 

 

2.1 Compiled data of releases and transfers notified 

The definition of the “business institutions designated under PRTR” is those who 

meet all the following criteria among the business institutions who handle the 

designated chemical substances as manufacturers or users, or the business institutions 

who are expected to release them into the environment: 1) a business institution that 

falls under any of the 23 business categories designated by the cabinet order including 

mining, manufacturing and waste disposal business; 2) a business institution that has 

21 or more full-time employees; and 3) the annual quantity of the subjected substance 

handled is one ton or more (5 tons or more up to the FY 2002). The business 

institutions designated under PRTR are required to notify annually the amounts of 

releases into the environment and the amounts of transfers outside the works as wastes 

of the designated chemical substances. 

The number of notifications on release and transfer of “lead and its compounds” for 

5 years from FY 2001 to 2005 and the amounts notified are shown in Tables III-1 and 

III-2. 
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Table III-1. Number of notifications on release and transfer of 

“lead and its compounds” by PRTR 

Fiscal 

year 

Number of notifications on release 
Number of notifications on 

transfer 

Air Water Soil Landfill Total Waste Sewer Total 

2001 273 740 14 17 1,044 1,003  84 1,087  

2002 244 879  9 16 1,148 898  75 973  

2003 302 976  8 17 1,303 1,229  87 1,316  

2004 283 958  7 18 1,266 1,150  79 1,229  

2005 279 937  5 14 1,235 1,116  69 1,185  

[Reference: METI & ME (2003–2007)] 

 

Table III-2. Amounts of releases and transfer notified of  

“lead and its compounds” by PRTR 

Fiscal 

year 

Amount of release notified [t/year] 
Amount of transfer notified 

[t/year] 

Air Water Soil Landfill Total Waste Sewer Total 

2001 54 34 0.095 9,165 9,253 8,307 0.38 8,308 

2002 41 30 0.034 9,484 9,556 7,195 0.25 7,195 

2003 51 27 0.028 9,885 9,963 7,707 0.24 7,707 

2004 55 24 0.055 8,496 8,575 8,123 0.21 8,123 

2005 34 22 0.030 8,217 8,273 8,308 0.19 8,308 

[Reference: METI & ME (2003–2007)] 

 

As shown in Tables III-1 and III-2, no marked differences in the number of 

notifications and the amounts notified are found during these 5 years. As described 

above, the criterion for the annual amount of the designated chemical substances 

handled in the business institutions designated under PRTR was changed from 5 tons 

or more to one tons or more, however, the amounts of lead releases and transfers have 

not been significantly increased. 

The amounts of releases by media have been stable over these years. Regarding the 
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amounts of releases, the highest is that released into landfills, which accounts 

approximately 99% of the total. Regarding the amounts of transfer, almost all is 

transferred as wastes, and the amount of transfer into sewers is extremely small. 

Based on the further analyses of the latest data of releases notified in FY 2005, the 

amounts of releases by media are categorized by region and by business category 

below. 

The amounts of releases notified in FY 2005 by region are shown in Table III-3. 

Releases into the air and public water area are notified from all regions, however, 

releases into soil are only from Kanto, Koshinetu and Kyushu regions. Regarding 

releases into landfills, the amounts of releases in Tohoku region (in particular Akita 

Prefecture) are markedly high, i.e., approximately 66% of total amount of releases into 

landfills. 

The amounts of releases notified in FY 2005 by business category are shown in 

Table III-4. Business categories without notification are not included in the table. The 

amounts of releases from nonferrous metal manufacturers including smelters is 7,675 

t/year, which is the highest and occupies approximately 90% of the total amount of 

releases from all business categories. 

The comparison between Tables III-2 and III-4 suggests the possibility that the 

amounts of releases from general and industrial waste disposers are underestimated. As 

shown in Table III-2, the amount of transfer as wastes in FY 2005 is 8,307 t/year. Most 

of them excluding lead to be recycled is transferred to the sites of general or industrial 

waste disposers and released from these sites. As shown in Table III-4, however, the 

amounts of releases from general and industrial waste disposers are less than 1 t/year, 

which corresponds only 0.01% of the amount transferred as wastes (8,307 t/year). 

The possible reason is that a great deal of lead in wastes that were handled at the 

sites of waste disposers were not identified as lead. Practically, almost all of products 

containing lead except lead battery are transferred to waste disposers as mix metals and 

the current PRTR system does not require waste disposers to notify the amount of each 

metal. Therefore, it is assumed that extremely small amounts of releases were notified 

as shown in the table. 

Based on the above assumption, it is decided in the assessment by CRM to estimate 

the amounts of lead releases into the environment from sites of waste disposers, i.e., 
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the amounts of lead releases into the environment at disposal of products containing 

lead, based on the analysis of material flow of lead and to complement the PRTR data. 

The procedures for estimation based on the material flow are presented later. 

 

Table III-3. Amounts of releases notified of “lead and its compounds” 

by region in the FY 2005 by PRTR 

Region or prefecture 
Amount of releases notified [kg/year] 

Air Water Soil Landfill Total 

Hokkaido 15 1,614 0 530,001 531,630 

Tohoku
1)

 6,861 4,356 0 5,432,049 5,443,267 

Kanto
2)

 9,618 5,121 24 0 14,762 

Koshinetsu
3)

 274 220 2 0 495 

Hokuriku
4)

 1,524 473 0 0 1,997 

Tokai
5)

 4,030 1,665 0 1,000,000 1,005,696 

Kinki
6)

 6,244 1,866 0 24 8,133 

Chugoku
7)

 1,984 2,706 0 1,254,629 1,259,320 

Shikoku 926 2,047 0 0 2,973 

Kyushu 2,984 2,014 4 0 5,003 

Okinawa 28 59 0 0 87 

All regions 34,488 22,140 30 8,216,703 8,273,360 

1) Aomori, Iwate, Miyagi, Akita, Yamagata and Fukushima Prefectures 

2) Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo and Kanagawa Prefectures 

3) Niigata, Yamanashi and Nagano Prefectures   

4) Toyama, Ishikawa and Fukui Prefectures 

5) Gifu, Shizuoka, Aichi and Mie Prefectures 

6) Shiga, Kyoto, Osaka, Hyogo, Nara and Wakayama Prefectures 

7) Tottori, Shimane, Okayama, Hiroshima and Yamaguchi Prefectures 

[Reference: METI & ME (2007)] 

 

 

 

 

 

 



III. Identification of sources and estimation of releases into the environment 

 

84 

Table III-4. Amounts of releases notified of “lead and its compounds”  

by business category in the FY 2005 by PRTR 

Business category 
Amount of release notified [kg/year] 

Air Water Soil Landfill Total 

Metal mining 0 167 0 562,020 562,187 

Crude petroleum and natural gas production 0 0 0 0 0 

Textile product manufacturing 0 0 0 0 0 

Furniture and fixture manufacturing 0 0 0 0 0 

Pulp, paper and paper product manufacturing 0 0 0 0 0 

Publishing, printing and allied industries 0 0 0 0 0 

Chemical manufacturing 108 96 0 20 224 

Petroleum and coal product manufacturing 0 0 0 0 0 

Plastic product manufacturing 144 4 0 0 148 

Rubber product manufacturing 6 0 0 0 6 

Ceramic, stone and clay product manufacturing 3,523 57 0 0 3,580 

Iron and steel manufacturing 1,465 2,398 0 29 3,892 

Nonferrous metal product manufacturing 14,003 7,174 0 7,654,633 7,675,810 

Metal product manufacturing 10,266 28 4 0 10,298 

General machinery manufacturing 127 4 2 0 133 

Electrical Machinery and equipment manufacturing 507 242 0 0 748 

Transportation equipment manufacturing 3,477 42 24 0 3,542 

Precision instrument and machinery manufacturing 5 1 0 0 6 

Ordnance manufacturing 0 0 0 0 0 

Miscellaneous manufacturing 19 2 0 0 21 

Electric power 0 0 0 0 0 

Sewerage 0 11,307 0 0 11,307 

Warehousing 0 0 0 0 0 

Gasoline service stations 0 0 0 0 0 

Machine repair services 830 0 0 0 830 

Commodity inspection services 0 0 0 0 0 

Metrologic certification 0 0 0 0 0 

General waste disposal  5 125 0 0 130 

Industrial waste disposal 4 493 0 1 497 

Higher education institutes 0 0 0 0 0 

Research institutes for natural sciences 0 0 0 0 0 

All industries 34,488 22,140 30 8,216,703 8,273,360 

Note) Business categories without notification were eliminated from the table. 

[Reference: METI & ME (2005)] 
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2.2 Estimated amounts of releases exempted from notification 

As described above, in the PRTR system the releases of designated chemical 

compounds into the environment from the business institutions exempted from 

notification (hereafter “releases exempted from notification) are estimated using 

various methods and published together with compiled data of releases notified. 

Releases exempted from notification are broadly classified into three categories: 

 

1. The amounts of releases from the business institutions in the categories 

designated under PRTR but not required to notify for their business is below 

notification threshold (e.g., the number of employees, or the amounts of 

chemicals handled) (hereafter the “releases below notification threshold”). 

2. The amounts of releases from the business categories outside the scope of the 

PRTR (hereafter the “releases from undesignated business categories”). 

3. The amounts of releases from products containing a small ratio of lead (less than 

1%). 

 

The analyses by CRM of the estimated amounts of these releases reported in PRTR 

are summarized below. 

 

2.2.1 Releases below notification threshold in the categories designated under 

PRTR 

Releases from the business institutions in the categories designated under PRTR 

(designated business category) but not notified due to the number of employees being 

20 or less or annual handling amounts of the designated chemical compounds being 1 

ton per year (5 tons up to FY 2002) or less are categorized as the releases below 

notification threshold in the business categories designated under PRTR. 

The nationwide amounts of releases were estimated by business category and 

chemical substance using in principle the results of surveys for handling of designated 

chemical substances and corporation statistics up to the previous year of notification. 

The estimated amounts of “lead and its compounds” releases below notification 

threshold for 5 years from FY 2001 to 2005 are shown in Table III-5. The estimated 

amounts of releases range from 0.77 to 402 t and varied among years. Reviewing the 
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detailed data for estimation procedures including the parameters used for estimating 

releases below notification threshold, it is suggested that release factors of each 

business category significantly varied among years and had great effects on the 

estimation of releases. As shown in Table III-2, however, the amounts of releases 

notified are almost constant for three years from FY 2001 to 2005 and it is highly 

unlikely that the actual amounts of releases below notification threshold changed so 

greatly, and thus, it is considered that the uncertainties in estimation of releases below 

notification threshold are high. As described above, parameters including release 

factors have been revised every year, however, it is difficult to validate to what extent 

the latest estimates in FY 2005 properly reflect the actual status. METI and ME that 

published the PRTR data warned that the estimated data of the releases exempted from 

notification should be used carefully because of the uncertainties of parameters used in 

estimation. 

The amounts of releases below notification threshold were not published by media, 

however, it is assumed that most of the releases were those into landfills since most of 

the releases notified were releases into landfills. 

 

Table III-5. Amounts of “lead and its compounds” release 

 below notification threshold estimated by PRTR 

Fiscal year 
Amounts of release 

into the environment [t/year] 

2001 14 

2002 312 

2003 0.77 

2004 402 

2005 115 

[Reference: METI & ME (2003–2007)] 

 

2.2.2 Releases from undesignated business categories  

Releases from undesignated business categories include those from business 

institutions in the business categories excluded from PRTR for the reasons including 

that the amounts of chemicals handled in each institution are small; or that the sites of 
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chemical use or release are located outside their institutions and fluctuate. In 

estimation of these releases, the major release sources were assumed based on practical 

handling of chemicals and the amounts of releases from these major sources were 

estimated. Releases were estimated for common “products” handled by the businesses 

categories outside the scope of the PRTR not for any specific category within the 

undesignated business categories. In estimation of lead release, “release associated 

with paint” was assumed and release of lead contained in industrial paint as pigment 

from construction sites and road markings was estimated. 

The estimated amounts of releases from undesignated business categories (release 

associated with paint) for 5 years from FY 2001 to 2005 are shown in Table III-6. No 

significant changes in the amounts of releases from these sources are found among FY 

2001 to 2005. Releases associated with construction business and road marking are the 

main source. The amounts of the these release were not estimated by media, however, 

in case of “lead and its compounds", the amounts of releases were estimated only using 

a release factor of “painting loss”, one of two release factors “evaporation” and 

“painting loss” established for release associated with paint. “Painting loss” is “splash 

into the surrounding area in painting and loss in other works”, and therefore, releases 

of lead from undesignated business categories (release associated with paint) are 

considered mainly the releases into the public water and soil, but not into the air. 

 

Table III-6. Amounts of lead release associated with paint estimated by PRTR 

Fiscal year 

Amount of lead release into the environment [t/year] 

Building work 

(Housing) 

Building work 

(Non-housing) 

Construction 

work 

Road 

marking 
Total 

2001 7.0 2.5 36 35  80 

2002 4.4 1.6 53 33  92 

2003 4.9 1.9 69 25 100 

2004 4,9 2.2 76 37 120 

2005 4.6 2.1 71 35 113 

[Reference: METI & ME (2003–2007)] 
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2.2.3 Releases from products containing a small ratio of lead 

PRTR defines releases associated with the use of products containing less than 1% 

of lead as exempted from notification, and provides the estimation separately as 

releases exempted from notification. 

Fossil fuels such as coals contain traces of lead, and the amounts of lead release 

from coal-fired power plants were estimated in PRTR as the “amounts of releases from 

products containing a small ratio of lead”. 

Using emission factors for chemicals that are contained in waste gas generated with 

coal burning in coal-fired plants and wastewater generated with gas treatment, the 

amounts of releases were estimated as products of an emission factor and amounts of 

annual electricity generation in coal-fired plants. The amounts of releases were 

estimated by the following formula: 

 

Amounts of lead release from coal-fired power plants [g] 

= 

Emission factor 

for lead in 

waste gas 

[g/kWh] 

× 

Annual electricity 

generation in 

coal-fired plants 

[kWh] 

+ 

Emission 

factor for lead 

in wastewater 

[g/kWh] 

× 

Annual electricity 

generation in 

coal-fired plants 

[kWh] 

 

The estimated amounts of lead release from coal-fired plants from FY 2001 to 2005 

are shown in Table III-7. The amounts of releases are almost constant through these 

years and the amount of releases into the air is two to three-fold to that into the public 

water in each year. The amounts of releases into the air and public water from 

coal-fired plants were extremely lower than the amounts of releases notified in Table 

III-2; for example, only 1-2 % compared to the amounts of releases into the air and 

public water area notified in FY 2005 (34 and 22 t/year, respectively). Therefore, the 

release from coal-fired plants is considered unimportant for comprehensive 

understanding of releases into the environment. Ito (2002) estimated the amounts of 

lead releases from coal-fired plants in FY 2000 to be 0.518 t/year, which is similar to 

the estimate by PRTR shown in Table III-7. 
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Table III-7. Amounts of lead release from coal-fired power plants 

estimated by PRTR 

Fiscal year 
Amount of lead release into the environment [t/year] 

Air Water Total 

2001 0.63 0.23 0.85 

2002 0.67 0.24 0.91 

2003 0.73 0.26 0.99 

2004 0.77 0.28 1.04 

2005 0.80 0.29 1.09 

[Reference: METI & ME (2003–2007)] 

 

2.3 Summary of PRTR data 

The amounts of releases of “lead and its compounds” into the environment in FY 

2005 estimated by PRTR are complied by media and shown in Table III-8. Herein, the 

amounts of releases exempted from notification whose media were not specified are 

assigned to each medium based on the following assumptions: 

First, the amounts of releases below notification threshold are assigned to media 

based on the assumption that they were released to the air, public water, soil and 

landfill in the same proportion as the amounts of releases notified. Secondly regarding 

releases associated with paint, it is assumed that lead was released equally into soil and 

public water. 

Using the PRTR data, the amounts of releases of lead into the environment by media 

are obtained. As described above, however, under the current PRTR system there has 

been the possibility that the amounts of lead releases from waste disposers were 

underestimated. In addition, releases into the environment in use of lead cannot be 

neglected. The analyses by CRM on these two types of lead releases are presented in 

Sections 3 and 4. 

 

 

 

 

 



III. Identification of sources and estimation of releases into the environment 

 

90 

Table III-8. Summary of amounts of “lead and its compounds” release 

in the FY 2005 by PRTR 

Category of release 
Amount of lead release into the environment [t/year] 

Air Water Soil Landfill Total 

Releases notified 34 22 0.030 8,217 8,273 

Releases exempted from notification  

(releases below notification threshold) 
0.48 0.31 0.00042 115 115 

Releases exempted from notification  

(releases associated with paint) 
0.0 56 56 0 113 

Releases from products containing a 

small ratio of lead 

(release from coal-fired power plants) 

0.80 0.29 0 0 1.09 

Total 36 79 56 8,331 8,502 

[Compiled from and partially estimated based on the data of the METI & ME (2007)] 

 

3. Estimation of the releases into the environment using material flow 

analysis 

This section presents the analysis by CRM of material flow of lead from 

manufacturing of lead-containing products to lead releases into the environment and 

the estimation of the releases into the environment at lead disposal, which cannot be 

completely captured by PRTR, i.e., the amounts of lead releases into the environment 

from general and industrial waste disposers. 

The material flow analysis of lead is defined in this assessment, as the quantitative 

estimation of the amount of lead transfer from a stage to the next stage during the 

lifecycle from lead manufacturing to waste treatment and lead releases through use and 

disposal. With this analysis it is possible to estimate the amount of lead releases into 

the environment from past to present by media. The flow from manufacturing of 

lead-containing products to lead releases into the environment, which is considered in 

the material flow analysis, is shown in Figure III-1. 

The subject area for the material flow analysis in this assessment is across Japan and 

the subject period is 30 years from FY 1976 to 2005. 
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Figure III-1. Flow from manufacturing of lead-containing products to lead 

releases into the environment, which was considered in the material flow analysis 

 

3.1 Establishment of use categories and estimation of domestic supplies 

Regarding products containing lead, the period of use and waste disposal methods 

differ greatly among use categories, and therefore, the material flow analysis by use 

category of lead is required to precisely estimate the annual amounts of lead releases 

into the environment,. 

The “Yearbook of iron and steel, non-ferrous metal and fabricated metals statistics” 

published by METI, which is described in Chapter I, reported domestic supplies of 

lead by 11 use categories as follows: 

 

① Battery ② Inorganic chemicals 

③ Lead pipe and sheet ④ Wire coating material 

⑤ Solder ⑥ Babbitt 

⑦ Tube ⑧ Type 

⑨ Plating ⑩ Hard lead castings 

⑪ Others  

 

In this assessment, to estimate the amounts of lead releases into the environment for 

30 years from FY 1976 to 2005, the data of domestic supplies from FY 1970 to 2002 



III. Identification of sources and estimation of releases into the environment 

 

92 

described in this Yearbook, and the domestic supplies for 3 years from FY 2003 to 

2005 were estimated by extrapolating the supplies for the latest several years. 

Regarding two categories of lead pipe, and sheet and wire coating material, whose 

period of use is considerably long as more than 20 years, it is considered that the 

amounts of lead disposed from the products in these categories during the analysis 

period may include the contributions from the domestic supplies before FY 1970, and 

thus, the data for further 15 years from FY 1956 are also collected. 

In the material flow analysis of this assessment, the classification of lead use 

basically conforms to the category of the Yearbook, however, for more precise 

estimation, some modification in use category is added. 

First, lead battery, which is the main use being approximately 80% of domestic 

supply in the FY 2002 Yearbook, is further classified into three subcategories of 

automobiles, industrial, and civilian use (small type sealed batteries). In estimation of 

domestic supplies of three use categories, the values reported in the “Yearbook of 

Machinery Statistics” published by METI (1971–2003) are used. The Yearbook of 

Machinery Statistics before FY 1992, however, did not report the amount of small type 

sealed batteries as an independent category but reported the amount of lead as 

combined with industrial batteries. Therefore, the amounts of lead used for small type 

sealed batteries before FY 1992 are estimated based on the data of amounts of lead in 

small type sealed batteries and industrial batteries in FY 1993 and after. 

Secondly, inorganic chemicals are used for various products including lead glass 

(lamp, optical use and crystal glassware), stabilizer for vinyl chloride, ceramics and 

paint and some of them have specific life cycle. Therefore, those products with specific 

lifecycles are separated from the inorganic chemical category and classified into an 

independent use category. Cathode-ray tube (CRT) mostly used in TV set is the major 

use in the lead glass category, however, TV set is the subject for the Law for Recycling 

of Specified Kinds of Home Appliances (Home Appliance Recycling Law)
*
 and its 

recycling process is specific, therefore, CRT was classified into an independent use 

                                                
*
 The law to impose on retailers the obligation to collect and transfer electric home appliances (washing 

machines, refrigerators, air conditioners and CRT televisions) and on manufacturers the obligation to 

recycle the collected appliances. The fees required for transfer and recycling are paid by the consumers 

who used home appliances. The law went into effect on April 1, 2001. 
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category. Stabilizer for vinyl chloride also is used in common vinyl chloride products 

and recycled more frequently than other inorganic chemicals, therefore, classified into 

an independent use category. In estimation of domestic supplies of inorganic chemicals, 

the values reported in the “Track record and estimates of inorganic products” published 

by the Japan Inorganic Chemical Industry Association (1971–2003) are used. 

On the other hand, the amounts of domestic supplies of 5 categories, “Babbitt”, 

“Tube”, “Type”, “Plating”, “Hard lead castings” and “Others” in the “Yearbook of 

mineral resources and petroleum products statistics” are only around 10% of the total 

amount of domestic supplies in total, therefore, in this assessment, the above 5 

categories are grouped together in a category “other uses”. 

The categories of lead use established in the material flow analysis of this 

assessment are shown in Table III-9. 

 

Table III-9. Use category of lead established in material flow analysis 

 Use category Example of product used 

1 Automobile battery Car, motorcycle 

2 Industrial battery Industrial vehicles like forklift, emergency power supply 

3 Small sealed battery 
Uninterruptible power supply (UPS), small electric home 

appliance, electric wheelchair 

4 CRT Television set, glass for Computer display 

5 Stabilizer for vinyl 

chloride 

Vinyl chloride pipe and joint, wire coating material, building 

material and windowsill 

6 Inorganic chemicals Paint, ceramics, leather, glassware 

7 Lead pipe and sheet Water pipe, roof material, corrosion-resistant industrial sheet 

8 Wire coating material  Insulating coating for electric wires and communication cables 

9 Solder Various electric products including home appliances 

10 Other use Babbitt, tube, type, plating, fishing weight, bullet, others 

 

The values reported in the above yearbooks are domestic supplies for respective use 

categories after considering the amounts of products imported and exported after 

manufacturing. Therefore, basically, it is not necessary to comprehend the amounts of 



III. Identification of sources and estimation of releases into the environment 

 

94 

products exported and imported for respective use categories. When a lead product are 

installed in end products thereafter, imported or exported, the values reported in the 

above yearbooks do not correspond to the actual amounts of domestic supplies of the 

lead product. Such examples are automobiles with lead batteries, television sets with 

CRTs and electric home appliances in which lead solder is used. Therefore, to 

accurately estimate domestic lead supplies, the amounts of imported and exported final 

products should be considered. There are, however, extremely various end products 

containing lead and it is actually impossible to comprehend the amounts of all 

imported and exported end products. In this assessment, the amounts (number of units) 

imported and exported of only two products, cars and motorcycles (built-in automobile 

lead batteries) and television sets (built-in CRTs) were investigated and the amounts of 

lead included in these products are estimated. These products are selected because their 

industries have been established and running with exports and imports, and the 

amounts of exports and imports greatly influence the estimations of domestic lead 

supplies. 

The amounts of imported and exported cars and motorcycles are obtained from the 

data of the Japan Automobile Manufacturers Association, Inc. (2005) and those of 

television sets from the “Handbook of Electric Home Appliance Industry” published 

by the Association for Electric Home Appliances (2003). The amounts of lead imported 

and exported that is contained in respective products are estimated, and the domestic 

supplies before considering import and export are corrected according to the estimated 

amounts. 

 

Table III-10. Contents of lead in products 

Product Part including lead Lead content [kg/unit] 

Car Lead battery 7.8* 

Motorcycle Lead battery 2.0* 

Television CRT   0.69** 

* Compiled from the data of “Yearbook of Machinery Statistics” (METI, 1971–2003) (mean 

of the values calculated with the annual amount of lead in lead batteries sold divided by the 

number of lead batteries sold in each fiscal year) 

** Reference: Sekido et al. (1998) 
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Changes in domestic lead supplies by use category for 30 years from FY 1976 to 

2005 that are estimated by the above method are presented in Figure III-2. The total 

amount of domestic supplies reached the peak around FY 1990 and decreased 

gradually. According to use category, in almost all of categories except industrial 

battery, domestic supplies are decreasing. The largest is the domestic supplies of 

automobile battery in any year, and the percentage of automobile battery to the total 

amount of domestic supplies increased to 51% in FY 2005 compared to 35% in FY 

1976. Also, the total percentage of the whole categories of batteries to the whole 

domestic supplies has been increased from 40% to 73%, which suggests that battery is 

a key product category for the domestic lead supplies. 
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Figure III-2. Estimation of domestic supplies by use category 

 

3.2 Estimation of amounts of stock and disposed 

3.2.1 Estimation method of amounts of stock and disposed 

Using domestic supplies of lead described in the previous section, the annual 

amounts of lead stock during the analysis period (the amount of lead in products that 

are supplied domestically, used and not disposed yet) and the amount of lead disposed 

are estimated. 

Weibull distribution function is often used to explain the lifetime distribution of 
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durable goods. Tasaki et al. (2001) explained, if the ratio that a product used for y years 

is disposed at the end of year t, Wt(y), is represented by cumulative distribution 

function, Wt(y) is computed by the formula below. 
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Whereas, ty  is average period of use, Γ is gamma function, b is a parameter 

indicating the range of the distribution of period of use. 

In this assessment, using the above formula, the ratio that a product provided in 

XXXX and disposed in YYYY is calculated and the amount disposed is estimated. The 

amounts of stock are computed by subtracting the cumulative amount disposed from 

the cumulative amount supplied. 

In addition, Tasaki et al. (2001) conducted a survey on durable goods including 

automobiles, televisions, air conditioners and refrigerators and reported that a practical 

value of the above parameter b ranged from 3.0 to 4.0. Therefore, parameter b is set as 

3.5 in this assessment. 

 

3.2.2 Setting of average period of use 

To estimate the annual amounts of stock and disposed using Weibull distribution, the 

average period of use (typical value of the period of use) should be established by use 

category. It is, however, difficult to accurately determine the period of use by use 

category. 

In this assessment several categories are established for average period of use and 

assigned each category of use into any of them. 

First, as shown in Table III-11, three categories for average period of use are 

established. Automobiles and general home appliances including televisions and air 

conditioners, in which lead solder is used, are used generally for 10 years. The first 

category (midterm) including those products is established. Next, for products with the 

average period of use shorter than the first category such as batteries, the second 

category of 5 years (short term) is established. The third category of 25 years (long 
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term) is established for products such as lead pipe and sheet and wire coating material 

used for 10 to 50 years. 

 

Table III-11. Category for average period of use 

Category Average period [year] Example of product 

Short term  5 Battery, glassware, ceramics and others 

Mid-term 10 
Home appliances (air conditioner, TV set and 

others), automobile and others  

Long term 25 
Lead pipe and sheet, wire coating material, 

vinyl chloride pipe and others 

 

Finally, considering the properties of products, categories of use are assigned to one 

of values of the above three categories for the average period of use as shown in Table 

III-12. 

 

Table III-12. Average period of use by use category 

Use category Average period of use 

Automobile battery Short term (5 years) 

Industrial battery Short term (5 years) 

Small sealed battery Short term (5 years) 

CRT Mid-term (10 years) 

Stabilizer for vinyl chloride Long term (25 years) 

Inorganic chemicals Short term (5 years) 

Lead pipe and sheet Long term (25 years) 

Wire coating material Long term (25 years) 

Solder Mid-term (10 years) 

Other use Short term (5 years) 

 

3.2.3 Estimated amounts of stock and disposed 

Changes in the amounts of stock and disposed from FY 1976 to 2005, which are 

estimated by the above method, are shown in Figures III-3 and III-4. 
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The amounts of stock were constant until around FY 1990, and subsequently, 

showed a decreasing trend. In contrast, the amounts disposed reached the peak around 

FY 1995 and decreased gradually. 
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Figure III-3. Estimation of stocks by use category 
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Figure III-4. Estimation of disposal by use category 
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3.3 Estimation of waste treatment methods 

Some of the above-mentioned amounts disposed are recycled, and therefore, the 

estimated amounts disposed are not equal to the actual amounts of releases into the 

environment. In addition, the media into which lead is released are different by waste 

treatment method, i.e., incineration or landfill. Therefore, to estimate the amounts of 

releases into the environment, waste treatment method also should be estimated. 

This section presents the estimation of the waste treatment method by category of 

use and the classification of the annual amounts disposed into the amounts of recycling, 

landfill and incineration. 

 

3.3.1 Setting of waste treatment flow of each use category 

Regarding waste treatment methods, a common waste treatment flow for all use 

categories is designed as shown in Figure III-5 and different values for each category 

on distribution ratios are determined at each branch point. 

Generally, waste treatment methods differ greatly between industrial and general 

wastes. Therefore, in this treatment flow, the ratio to be disposed of as industrial or 

general wastes is first specified. 
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Figure III-5. Waste treatment flow for lead products 
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Secondly, regarding lead products that are disposed of as industrial wastes, the 

recycling ratio as industrial wastes is determined by use category and the amount 

recycled is estimated, and all of the amount not recycled is assumed to be landfilled. 

Similarly, regarding lead products that are disposed of as general wastes, the recycling 

ratio as general wastes is determined by use category and the amount recycled is 

estimated. Regarding the amounts not recycled, the ratio of segregation is determined 

by use category and the amounts disposed as combustible or non-combustible and 

bulky waste are estimated. 
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Figure III-6. Percentages of incinerated wastes 

Note) In the period after FY 2002 without actual measurement, values are extrapolated 

by formula y=a+bx with actual measurements from FY 1991 to 2001 (points in the figure). 

[Compiled from the data of the Waste Management Division, Waste Management and Recycling 

Department, ME (1977–2002)] 

 

Further, regarding general wastes disposed as combustible waste, the amounts of 

incineration is estimated by the ratios of waste incineration for years shown in Figure 

III-6 and all of the rest is regarded to be landfilled. On the other hand, general wastes 

disposed as non-combustible and bulk wastes are generally crushed at bulk waste 

disposal facilities and incinerated or landfilled, however, the percentage of crushing 
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depends on the performance of bulk waste disposal facilities of each region. Therefore, 

the amount crushed is estimated using the percentage of bulk waste transferred to bulk 

waste disposal facilities shown in Figure III-7 and all of the amount not crushed is 

assumed to be landfilled. The selection of incineration/landfill after crushing depends 

on the particle size after crushing (i.e., crushed wastes of particle sizes larger than a 

specific size are incinerated), however, accurate information of selection ratios of 

incineration/landfill is not available. Therefore, in this assessment, it is assumed 

commonly for all use categories that the half is incinerated and the rest, landfilled. 

Respective parameters for use categories are described below. 
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Figure III-7. Percentages of bulk wastes transferred 

to the bulk waste disposal facilities 

Note) In the period before FY 1990 and after FY 2002 without actual measurement, 

values are extrapolated by formula y=a×exp(bx) with actual measurements 

from FY 1991 to 2001 (points in figure). 

[Compiled from the data of the Waste Management Division, Waste Management and Recycling 

Department, ME (1992–2002)] 
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1) Automobile lead battery 

In the current recycling system for automobile lead battery, the manufacturers 

voluntarily promote recycling while the local governments in principle do not collect 

used batteries, and therefore, all of them are assumed to be disposed of as industrial 

wastes. 

The amounts recycled are estimated by product of the amounts of lead in disposed 

automobile lead batteries and recycling ratios shown in Figure III-8, which is 

developed based on the reports of Konabe (2001) and Masuda et al. (2004). 

Konabe (2001) and Masuda et al. (2004) reported that the recycling ratios of 

automobile lead battery were kept nearly 100% until late 1980s but began to decrease 

due to falling lead prices, and reduced to 63% in 1993. At the request of the then 

Ministry of Health and Welfare (MHW) and the then Ministry of International Trade 

and Industry (MITI) in 1994, the manufacturers voluntarily purchased recycled lead 

and the recycling ratios recovered to 95% and higher in 1997 and later. Herein, 

domestic supplies from domestic manufacturers were established as the denominator 

but supplies of imported battery were not included in the denominator, and therefore, it 

is possible that the recycling ratios were overestimated compared to the actual 

recycling ratios. Although 100% or higher of recycling ratios were reported in several 

years, in this assessment, the upper limit of the recycling ratio is defined as 95%. 

The METI’s Industrial Structure Council (2005) indicated that the recycling system 

should be reorganized because recent increases in imported battery would make it 

difficult to maintain the current recycling system in the future. In response to the 

suggestion of the Industrial Structure Council, it is likely that a new mandatory 

recycling of automobile lead batteries is to be implemented in near future. 

The waste treatment flow for automobile lead battery developed in this assessment is 

outlined in Figure III-9. 
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Figure III-8. Interannual changes in recycling ratio of automobile lead battery 

[Compiled from Konabe (2001) and Masuda et al. (2004)] 
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Figure III-9. Waste treatment flow of automobile battery 
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2) Industrial battery 

The waste treatment method for industrial battery is considered same as that for 

automobile battery. 

 

3) Small type sealed battery 

As described above, small type sealed battery is used for consumer-electronics such 

as camcorders, headset stereo and cleaner, communication equipment, electric 

wheelchair, private branch exchange, uninterruptible power supply (UPS), which are 

civilian use and mostly disposed as general wastes. Therefore, in this assessment, all of 

the amount is assumed to be disposed of as general wastes. 

The recycling status of small sealed battery disposed as general wastes is not 

officially surveyed. In this assessment, the recycling ratio is estimated based on the 

results of interview with the Battery Association of Japan. According to the Battery 

Association of Japan; “Small sealed batteries began to be produced around 1970 and 

had been used in various home appliances at the outset, and therefore, disposed as 

general wastes and the recycling ratio was extremely low. At present, most of small 

sealed batteries for private branch box and UPS are recycled and the recycling system 

for those for electric wheelchair has been established. Consequently, their recycling 

ratios are very high. In contrast, batteries for other products are rarely recycled and the 

recycling ratio is low, however, small sealed batteries are recently used only in specific 

use such as UPS and electric wheelchair and other batteries like lithium ion batteries 

are generally used in home appliances. As a result, the recycling ratio of small sealed 

batteries is rapidly increasing in recent years. Further, the METI’s Industrial Structure 

Council established a target recycling ratio of small sealed battery in 2005 of 75% and 

at this point (April 2005), it is highly possible that this target value will be 

accomplished.” 

In this assessment, based on the assumption that the recycling ratios in FY 1970, 

about the time when manufacturing of small sealed batteries started, and in FY 2005 

were 0% and 75%, respectively, values are interpolated between FY 1970 and 2005 

using an exponential function represented as y = a × exp (bx) (herein, a and b are 

constant). The results are presented as Figure III-10 showing a rapid increase of the 

recycling ratio from past to present. 
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Figure III-10. Interannual changes in recycling ratio of small sealed battery 

[Compiled based on the information obtained in the interview 

with the Battery Association of Japan] 

 

Next, the ratio of segregation into combustible and non-combustible wastes in 

general wastes are estimated according to the “Yearbook of Waste Disposal” by the 

Tokyo Metropolitan Government (1976 to 2001). The Tokyo Metropolitan Government 

has been conducting a component analysis of both combustible and non-combustible 

wastes. Using these results and the amounts of combustible and non-combustible 

wastes, the percentages of non-combustible materials separated into combustible and 

non-combustible wastes are estimated. The estimated results are shown in Figure III-11. 

As shown in the figure, the ratios of segregation are almost constant through years, and 

therefore, the mean is adopted as the ratio of segregation for small sealed batteries. To 

be specific, 88% of small sealed batteries are assumed to be disposed of as 

non-combustible wastes and 12% as combustible. 

The waste treatment flow of small sealed battery is outlined in Figure III-12. 
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Figure III-11. Interannual changes in percentage of non-combustible materials 

segregated as non-combustible wastes 

[Compiled from the data of the Tokyo Metropolitan Government (1976–2001)] 
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Figure III-12. Waste treatment flow of small sealed battery 
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4) Cathode-ray tube (CRT) 

Cathode-ray tube is mostly used in TV sets and computer displays in civilian use, 

and therefore, all of CRTs are assumed to be disposed of as general wastes. Before 

implementation of the “Home Appliance Recycling Law” in 2001, local governments 

generally disposed CRTs, however, after the enforcement of the law, the related 

industries have been responsible for their disposal. 

The CRTs disposed by the local governments before 2000 were crushed and 

landfilled or landfilled without crushing; in either case, CRTs were finally landfilled. 

The TV sets with polychlorinated biphenyl (PCB) were collected by the industries for 

disposal, however, also in this case, the CRTs were finally landfilled. 

On the other hand, since after the industries became responsible for the disposal of 

CRTs in 2001, it has been reported that almost all of CRTs are recycled (the Japan Oil, 

Gas and Metals National Corporation (JOGMEC), 2005, the Association for Electric 

Home Appliances, 2005). Based on the above, in this assessment, 100% of lead in 

CRTs is assumed to be recycled. 

 

5) Stabilizer for vinyl chloride 

Lead-based stabilizer for vinyl chloride is used mainly in drainage pipes, wire 

coating material and building material. These products are generally disposed as 

industrial wastes, and therefore, in this assessment, all amounts are assumed to be 

disposed of as industrial wastes. 

These products disposed of as industrial wastes are assumed to be recycled similar to 

vinyl chloride, and thus, the recycling rate of these products are assumed to be 23%, 

i.e., the recycling rate of whole vinyl chloride products shown in the data of the Vinyl 

Environmental Council (Vinyl Environmental Council, 2005). 

The waste treatment flow of stabilizer for vinyl chloride is outlined in Figure III-13. 
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Figure III-13. Waste treatment flow of stabilizer for vinyl chloride 

 

6) Inorganic chemicals 

Since inorganic chemicals other than CRT and stabilizer for vinyl chloride are used 

for various products including paint, ceramics, glassware and leather, and generally for 

civilian use, most of these products are considered to be disposed of as general wastes. 

Therefore, in this assessment, all of amounts are assumed to be disposed as general 

wastes. 

Next, these products disposed of as general wastes are considered not to be recycled 

considering their use, and might be disposed of as combustible or non-combustible 

wastes, therefore, they are assumed to be disposed of combustible and 

non-combustible wastes at 50%, respectively. 

The waste treatment flow of inorganic chemicals is outlined in Figure III-14. 
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Figure III-14. Waste treatment flow of inorganic chemicals 

 

7) Lead pipe and sheet 

Regarding lead pipe and sheet, all of amounts are assumed to be disposed of as 

industrial wastes. It was reported that generally a large amount of lead pipe and sheet 

were disposed of as industrial wastes at one time from business institutions such as 

water-supply works, however, it was difficult to segregate the lead pipe and sheet 

disposed of and no distribution system for recycled products was established (the 

Resource Information Center, Metal Mining Agency of Japan, 2001; JOGMEC, 2005). 

Therefore, in this assessment, of the total amounts of lead pipe and sheet are assumed 

to be landfilled. 

 

8) Wire coating material 

Regarding wire coating material, all of amounts are assumed to be disposed of as 

industrial wastes. It was reported that generally a large amount of wire coating material 

in relatively good condition was disposed of as industrial wastes at one time from 

electric works, and thus , almost 100% of the material disposed of was recycled (the 

Resource Information Center, Metal Mining Agency of Japan, 2001; JOGMEC, 2005). 

Therefore, in this assessment, the total amount of wire coating material is assumed to 

be recycled. 
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9) Solder 

Lead solder is used for various electric home appliances and mostly for civilian use, 

and therefore, in this assessment, the total amount is assumed to be disposed of as 

general wastes. Solder is technically difficult to separate and generally not recycled, 

and thus, all of disposed products containing lead solder as general wastes are assumed 

not to be recycled and disposed of as non-combustible or bulk wastes. As electric home 

appliances containing a large amount of lead solder are relative large, and rarely mixed 

into combustible wastes like small sealed batteries, the possibility to be disposed of as 

combustible wastes was not considered. 

The waste treatment flow of lead solder is outlined in Figure III-15. 
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Figure III-15. Waste treatment flow of lead solder 

 

10) Other use 

Among the lead products for other uses, the main products are type, plating and 

valve, i.e., products for specific use, however, some of them are products for civilian 

use such as paint tube, bullet and fishing weight. Therefore, in this assessment, they are 

assumed to be disposed of as general and industrial wastes at 50%, respectively. 

Regarding products that are disposed of as industrial wastes, all amounts are 
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assumed not to be recycled but landfilled. On the other hand, the products disposed of 

as general wastes are considered generally to be disposed of as non-combustible wastes. 

Therefore, according to the results of component analysis by Tokyo Metropolitan 

Government (1976–2001), the 88% of the disposed amount is assumed to be disposed 

of as non-combustible wastes and 12% as combustible in the same ratio of segregation 

for small sealed batteries. 

The waste treatment flow of products for other uses is outlined in Figure III-16. 
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Figure III-16. Waste treatment flow of lead products for other use 

 

3.3.2 Estimation of lead disposal according to waste treatment method 

Based on the waste treatment flow established as above, the amounts of lead 

disposed by each waste treatment method are shown in Figure III-17. The total 

amounts of lead disposed in Figure III-17 are equal to those in Figure III-4. More than 

half of lead in wastes is recycled, i.e., it is estimated that the actual amount of lead 

treated as wastes was less than half. It is also estimated that the amount of lead 

landfilled was much more than that incinerated. 
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Figure III-17. Estimation of amounts disposed of by waste treatment method 

 

Next, estimated amounts of lead recycled, incinerated and landfilled are shown by 

use category in Figures III-18, III-19 and III-20, respectively. Along with the decline in 

the domestic lead supplies in recent years, all of the amounts of lead recycled, 

incinerated and landfilled are estimated to be reduced in recent years. 
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Figure III-18. Estimation of amounts recycled 



III. Identification of sources and estimation of releases into the environment 

 

113 

 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000
1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

1
9
8
0

1
9
8
1

1
9
8
2

1
9
8
3

1
9
8
4

1
9
8
5

1
9
8
6

1
9
8
7

1
9
8
8

1
9
8
9

1
9
9
0

1
9
9
1

1
9
9
2

1
9
9
3

1
9
9
4

1
9
9
5

1
9
9
6

1
9
9
7

1
9
9
8

1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

A
m

o
u

n
ts

 i
n

c
in

e
ra

te
d

 [t
/y

e
a

r]

Fiscal year

Other use

Solder

Inorganic chemicals

Small sealed battery

 

Figure III-19. Estimation of amounts incinerated 
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Figure III-20. Estimation of amounts landfilled 
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3.4 Estimation of the lead releases into the environment at the time of product 

disposal 

This section presents the estimation of the lead releases into the environment based 

on the estimated amounts of lead recycled, incinerated and landfilled. Most of 

incinerated lead are collected as incineration ash and finally landfilled, however, some 

portion is emitted into the air during incineration process. It is also possible that 

landfilled lead dissolves from landfills and is released into water. 

In this section, first, the amount of lead releases into the air by incineration is 

estimated, and second, the amount of lead released into water from landfills is 

estimated. 

 

3.4.1 Estimation of the lead releases into the air 

The amount of lead releases into the air is estimated according the following 

procedures. 

Of incinerated lead, lead volatilized as gas or fly ash only can be released into the air, 

and lead not volatilized is collected as bottom ash. Therefore, a volatilization rate of 

lead by incineration is first specified according to the following formula and the 

amount of lead volatilized is estimated as product of the volatilization rate and the 

amount incinerated. 

 

Amount of lead volatilized [t/year] 

= Amount of lead incinerated [t/year] × 
Volatilization rate [%] 

100 

 

Most of lead volatilized is considered to be collected by exhaust gas treatment 

system. Therefore, two parameters, i.e., the rate of waste incineration sites with 

exhaust gas treatment system and the rate of lead collected with such systems, are 

established after considering several types of exhaust gas treatment systems installed at 

the waste incineration sites. As shown in the following formula, the amount of lead 

collected by exhaust gas treatment system is estimated with these parameters. Next, the 

estimated amounts of lead collected by all exhaust gas treatment systems are summed 

up and the total amount of lead collected is obtained. 
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Amount of lead collected [t/year] 

 

= 

 

Amount of lead 

volatilized [t/year] 

 

× 

Installation rate of exhaust 

gas treatment system [%] 
 

× 

Lead collecting rate [%] 

100 100 

 

Finally, the amount of lead releases into the air is calculated by subtracting the total 

amount of lead collected by exhaust gas treatment systems from the amount of lead 

volatilized estimated by the above formula. 

 

Amount of lead release 

into air [t/year] 
= 

Amount of lead 

volatilized [t/year] 
– 

Σ Amount of lead 

collected [t/year] 

 

The procedures to establish the parameters used in the above estimation is described 

below. 

First, the volatilization rate is specified as 60%, the median of the data reported in 

Kida et al. (2003). 

Secondly, with consideration to three types of emission gas treatment systems, (1) 

electrostatic precipitator, (2) dust filter (bag filter) and (3) centrifugal dust collector 

(multi-cyclone), which are general exhaust gas treatment systems used in Japan, the 

installation rate and lead-collecting rate are specified by each system. The installation 

rate of each system is identified with the following procedures. In Japan, the Law 

Concerning Special Measures against Dioxins went into effect in 2000 to reduce 

releases of dioxins, and the status of installation of exhaust gas treatment systems at 

almost all waste incinerators were surveyed in FY 1996, 1998 and 2001. The 

installation rates obtained in these surveys are presented in Table III-13. In these 

surveys, the installation rate of exhaust gas treatment systems was investigated by 

three categories, i.e., electrostatic precipitator, bag filter and other systems. In this 

assessment, others were assumed to be the systems with a performance level 

equivalent to multi-cyclone. 

Based on this information, the installation rates of each exhaust gas treatment 

system for 3 years are interpolated or extrapolated to estimate interannual changes in 

the installation rates of each system. The estimated rates are shown in Figure III-21 and 
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used for analysis. 

 

Table III-13. Installation rate of exhaust gas treatment system 

Fiscal 

year 

Electrostatic 

precipitator 
Bag filter 

Other (assumed as the 

systems equivalent to 

multi-cyclone) 

1996 77% 20% 3% 

1998 62% 35% 3% 

2001 23% 77% 1% 

[Reference: the Waste Policy Institute (2005)] 
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Figure III-21. Interannual changes in the installation rates of 

exhaust gas treatment systems 

[Compiled from Table III-13] 

 

The lead-collecting rate of each exhaust gas treatment system is estimated with the 

following information and the procedures. 

First, regarding electrostatic precipitator, Kida et al. (2003) reported its 
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lead-collecting rate of 99.73% to >99.99%. Ito (2002) estimated the rate of lead 

releases into the air from coal-fired plants (electrostatic precipitator ＋ desulfurization 

equipment) of approximately 0.4%, while Nakamura (1994) reported a similar rate of 

lead release from electrostatic precipitator based on the research results of waste 

disposal plants. When a volatilization rate of lead is assumed to be 60%, a 

lead-collecting rate of exhaust gas treatment system is estimated to be approximately 

99%. Based on these reports, in this assessment, the lead-collecting rate of electrostatic 

precipitators is considered to range from 99% to 99.9%, and assumed to be the medium 

value of 99.5%. 

Secondly, Kida et al. (2003) reported the lead-collecting rate of bag filters of more 

than 99.9%. Therefore, in this assessment, the lead-collecting rate of bag filters is 

determined to be 99.9%. 

In the report of European Commission (EC) on heavy metals in wastes (EC 2002), 

mass balance of lead after incineration was estimated and it was reported that the rates 

of lead releases into the air were less than 1% in electrostatic precipitator and 0.04% in 

bag filter. Converting the volatilization and collecting rates of lead estimated in this 

assessment into mass balance, the rates of lead release are 0.06% to 0.6% in 

electrostatic precipitator and 0.06% in bag filter, respectively, which are comparable to 

the values reported by EC (2002). 

Thirdly, regarding multi-cyclone, its lead-collecting rate varies greatly by particle 

diameter of lead. Considering the values of 75% to 85% in the report of the Japan 

Waste Management Association (1999), the lead-collecting rate of multi-cyclone is 

determined to be the medium value of 80%. The lead-collecting rate established for 

each exhaust gas treatment system is presented in Table III-14. 

 

Table III-14. Lead-collecting rate of exhaust gas treatment system 

 Electrostatic 

precipitator 

Bag filter Multi-cyclone 

Lead-collecting rate 99.5% 99.9% 80% 

[Compiled from the data of Kida et al. (2003), Ito (2002), Nakamura (1994) and the Japan Waste 

Management Association (1999)] 
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Interannual changes in the amounts of lead releases into the air, which are estimated 

by the above method, are shown in Figure III-22. From around FY 1995 to present, the 

amount of lead release has been markedly reduced. One of the factors contributing to 

the reduced lead release as shown in Figure III-19, is the reduction of incinerated lead 

itself, however, the major factor is considered to be the rapid change of the exhaust gas 

treatment systems at the incinerators from multi-cyclones and electrostatic 

precipitators to bag filters with higher collecting performance. 

As shown in Figure III-22, the estimated amount of lead releases into the air in FY 

2005 is 11 t/year, which is only around 1/20 of the releases before FY 1990 

(approximately 200 to 250 t/year). 
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Figure III-22. Estimated amount of lead releases into the air 

 

3.4.2 Estimation of releases into the public water 

In this section, as lead release into the public water from wastes, the amount of lead 

releases from landfills is estimated. The most conventional method to estimate lead 

dissolution from landfills is to multiply the amount of lead landfilled, which is 

estimated using material flow analysis, by the release factor from landfills. No reliable 

data, however, are available on the extent of lead migrating into leaching water of 

landfills. 
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In this assessment, regarding landfills for general wastes, based on the data of lead 

levels in leaching water from landfills, the amounts of lead releases into water are 

estimated under the assumption that rainfall on landfills leached in its entirety. The 

amount of lead releases into water from landfills is estimated with the following 

formula. 

 

Amount of lead release [t/year] 

= 
Lead level in 

leaching water [g/L] 
× 

Area of 

landfill [m
2
] 

× 
Amount of 

rainfall [mm/year] 
× 10

-12
 

 

Lead levels in leaching water (before effluent treatment) and treated water (after 

effluent treatment) from landfills are measured and reported as follows. Yasuhara 

(1994) reported the lead levels in leaching water from two controlled landfills for 

general and industrial wastes as 40 and 80 f/L, respectively. Ono (1997) reported that 

the lead level was 30 g/L in leaching water from a general waste landfill. Urase et al. 

(2000) determined lead levels in leaching and treated water from a general waste 

landfill in Kanto Region one year after the beginning of landfill and reported that the 

lead levels was 26 g/L and below the detection limit (0.03 g/L), respectively. 

Regarding the area of landfills, the Japan Environmental Sanitation Center (2001) 

reported that the area of general waste landfills in operation in 1998 was approximately 

51,000,000 m
2
 in Japan. The amount of precipitation is available from the data of the 

Japan Meteorological Agency and that in FY 2002 was 1,600 mm/year. 

Using a mean lead level in leaching water of the above values, the amount of lead 

releases into the public water from general waste landfills is estimated by the above 

formula as follows: 

 

Amount of lead release from general waste landfills 

= 44 [g/L] × 5.1 × 10
7
 [m

2
] × 1,600 [mm/year] 

= 3.6 [t/year] 

 

Regarding industrial waste landfills, based on the assumption that release factors of 

lead are equal between general and industrial waste landfills, the amount of lead 
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release from industrial waste landfills is considered to be proportional to the amount of 

lead landfilled. In estimation by material flow analysis, the amount landfilled as 

industrial waste is approximately 47,000 t/year in FY 2005 compared with that 

landfilled as general waste of approximately 18,000 t/year. Therefore, the amount of 

lead release from industrial waste landfills is estimated as follows: 

 

Amount of lead release from industrial waste landfills  

= 3.6 [t/year] × 
47,000 [t/year] 

18,000 [t/year] 

= 9.1 [t/year] 

 

The total amount of lead releases from general and industrial waste landfills is 13 

t/year. With the maximum and minimum lead levels in leaching water, the total amount 

of lead releases are estimated to be 7.5 and 23 t/year, respectively. 

In the actual conditions, however, waste landfills are always shielded from water and 

all amounts of precipitation do not flow into landfills. Further, if the lead levels after 

the effluent treatment are used instead of the lead levels in leaching water, the amount 

of lead release is estimated lower. With these factors, the above estimate is considered 

to be the maximum estimation based on the worst-case scenario. 

 

3.5 Discussions on the uncertainties involved in the analysis 

This section provides the sensitivity analysis of the results estimated by CRM to 

evaluate the uncertainties of material flow analysis. 

In sensitivity analysis, potential effects on analysis results are examined for the 

parameters whose range is extremely wide or whose reliability is low, by changing 

these parameters between set range of the upper and lower limits 

The subject of sensitivity analysis is the amount of lead releases into the air, and for 

the FY 2005. The parameters for subjects of sensitivity analysis and their fluctuation 

ranges (lower limits – set values in material flow analysis – upper limits) are shown in 

Table III-15. The lead-collecting rates of electrostatic precipitator and multi-cyclone 

are considered to have the possibility of great uncertainties, however, in the FY 2005, 
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the period analyzed, it is assumed that all of exhaust gas treatment system in waste 

incinerators were replaced with bag filters as shown in Figure III-21. Therefore, the 

lead-collecting rates of electrostatic precipitator and multi-cyclone have no effect on 

the analysis results. 

 

Table III-15. Parameters for subjects of sensitivity analysis 

and their fluctuation ranges 

Parameter 
Lower limit 

[%] 

Set value 

[%] 

Upper limit 

[%] 

Percentage of “small sealed battery” to be 

disposed of as general wastes 
75 90 100 

Percentage of “small sealed battery” 

crushed and incinerated 
25 50  75 

Percentage of “inorganic chemicals” to be 

disposed of as general wastes 
75 90 100 

Percentage of “inorganic chemicals” to be 

disposed of as combustible wastes 
25 50  75 

Percentage of “inorganic chemicals” 

crushed and incinerated 
25 50  75 

Percentage of “solder” to be disposed of 

as general wastes 
75 90 100 

Percentage of “solder” crushed and 

incinerated 
25 50  75 

Percentage of “other use” to be disposed 

of as general wastes 
25 50  75 

Percentage of “other use” crushed and 

incinerated 
25 50  75 

Volatilization rate of lead by incineration. 40 60  80 

 

The results of sensitivity analysis are shown in Figure III-23. As shown in this figure, 

the most effective factor for estimation of lead releases into the air is a volatilization 
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rate of lead by incineration. The estimated amounts of lead releases into the air are 

changed from +33% (i.e., the amounts of releases is increased to 1.33 fold) at 

maximum to -33% (decreased to 0.67 fold) at minimum. Other parameters (e.g., waste 

treatment methods and period of use) contribute to the analysis result (amount of lead 

releases into the air) not more than ±10%, which is considered to have little effect. 

When considering effects of all parameters, it is estimated that the amounts of lead 

releases into the air in 2005 fluctuate between the range of 4.1 to 17 tons. 

 

-40 -30 -20 -10 0 10 20 30 40

Volatilization rate of lead by incineration

Percentage of “other use” to be

disposed of as general wastes

Percentage of “inorganic chemicals”

crushed and incinerated

Percentage of “other use”

crushed and incinerated

Percentage of “solder”

crushed and incinerated

Percentage of “small sealed battery”

crushed and incinerated

Percentage of “inorganic chemicals”

to be disposed of as general wastes

Percentage of “solder” to be

disposed of as general wastes

Percentage of “small sealed battery”

to be disposed of as general wastes

Effect on the amount of lead releases into the air in the FY2003 [%]  

Figure III-23. Sensitivity analysis of estimated releases into the air in the FY 2005 

 

4. Lead releases into the environment during product use 

Since lead is used for various products, releases into the environment during the 

product use should not be neglected as well as during manufacturing and at disposal. 

As described in Section 2 of this chapter, the PRTR estimated the amounts of lead 

releases from “release associated with paint (release into the environment in use of 

paint)” and “release from coal-fired power plants”. Other lead releases into the 

environment during the product use of particular importance are discussed below. 

The most important release into the environment in use of lead that is involved in 
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human health risk is lead dissolution into tap water from lead water pipes. It is very 

difficult, however, to estimate the amounts of lead dissolved using the data of domestic 

supplies and stocks that are estimated by material flow analysis. In addition, the 

amounts of lead dissolved are minimal compared with the amounts of lead used in lead 

water pipes and lead dissolution is considered to have little effect on the material flow 

of lead. Consequently, lead dissolution into tap water from lead water pipes is not 

estimated in this assessment. Human exposure to lead dissolved into tap water from 

lead water pipes is estimated in Chapter VI based on the data of lead levels in tap water, 

which is described in Chapter IV. 

Release of lead bullets and fishing weights into the environment is an important 

release associated with the ecological risk. The Japan Mining Industry Association 

estimated their usage of approximately 2,000 t/year (see the comment by Reviewer 

Yasuo Fujii in Appendix I). There is, however, no reliable information about the 

amounts of their releases into the environment, and the amounts of releases into the 

environment can not be estimated in this assessment. Also in the PRTR, the importance 

of lead bullet release into the environment was recognized, but it was exempted from 

the estimation due to “unknown rate of release into the environment”. In addition, 

bullet release is limited in local areas around field firing ranges and it is unknown to 

what extent lead released in such areas affects lead levels in the general environment. 

Effects of release of lead bullets and fishing weights into the environment on 

ecosystem are described in Chapter IX. 

 

 

 

 

 

 

 

 

 

 

 



III. Identification of sources and estimation of releases into the environment 

 

124 

5. Summary 

To summarize the results of analyses on sources and amount of lead releases into the 

environment, the material flow of lead and the estimation of lead release from each 

flow step in the FY 2005 are shown as an example in Figure III-24. Values on the left 

side before that of domestic supply, in the figure, however, are cited as reported in the 

“Yearbook of mineral resources and petroleum products statistics” without change, and 

thus, some of them do not balance out. 

Summarizing the amounts of lead releases into respective environmental media 

based on the results shown in Figure III-24, the amount of releases into the air is 46 

t/year in total of release from manufacturing process (release notified and release from 

small businesses institutions exempted from notification) from coal-fired plants, which 

is estimated by the PRTR data, and from incineration of general wastes that is 

estimated by material flow analysis. The amount of releases into water is 92 t/year in 

total of release from manufacturing processes and in use (release notified), from 

painting loss (release exempted from notification) and from coal-fired plants, which is 

estimated by the PRTR data, and from landfills that is estimated by material flow 

analysis. The amount of releases into soil is 56 t/year in total of releases from the 

manufacturing process (release notified) and from painting loss (release exempted 

from notification) estimated by the PRTR data. 

Lead releases into the environment shown in Figure III-24 do not include the 

releases in use of lead into the environment, such as lead dissolution from lead water 

pipes and release of lead bullets and fishing weights into the environment. Especially, 

lead bullets and fishing weights are used in substantial quantity, and the possibility has 

been suggested that non-negligible amounts of lead can be released into the 

environment. Due to very limited information currently available on their releases into 

the environment, however, these releases can not be estimated. The estimation of these 

releases is a future challenge. 
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Figure III-24. Summary of estimated lead releases into the environment in the FY 2005 

Note) Figures in parenthesis indicate the uncertainty ranges in material flow analysis.
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CHAPTER IV 

 

 

 

CONCENTRATIONS IN THE ENVIRONMENT, 

AND IN FOOD AND DRINKING WATER 

 

 

 

1. Introduction 

This chapter presents the summary of lead concentrations in respective 

environmental media and the analyses on regional differences and yearly fluctuations 

based on the various monitoring data of lead concentrations in the environment, and in 

food and drinking water from national and local authorities and various research 

institutes in Japan. The distribution data of lead concentrations in respective 

environmental media and in food and drinking water in this chapter are used for human 

exposure estimation by exposure pathway in Chapter VI. 

In this assessment, the reliability of all monitoring data collected is considered to be 

equal and intercomparable in analyses. 

 

2. Air 

The available monitoring data on lead concentrations in the air are far greater than 

those in other media. It is possible to investigate the average lead concentrations in the 

air, interannual changes and regional differences. Up to the fiscal year (FY) 1996, the 

data from the monthly monitoring by the national ambient air monitoring stations in 16 

cities in Japan are available and used in the analyses (EA, 1975–1997). 

After FY 1997, lead monitoring by the national ambient air monitoring stations has 

not been conducted. Some local governments, however, have been conducting lead 

monitoring in the air, and it is possible to obtain and analyze the data comparable to 

those before FY 1996 

Interannual changes in geometric mean concentrations of lead in the air at 
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monitoring points for 23 years from FY 1974 to 1996 are presented in Table IV-1 and 

Figure IV-1, which indicate two trends. One is markedly higher concentrations at urban 

monitoring points such as Tokyo, Kanagawa, Aichi and Osaka than those at other 

monitoring points. Other trend is continuous decreases of lead concentrations in the air 

over these years. 

Table IV-2 presents the summary of the monitoring data of lead in the air for 7 years 

from FY 1997 to 2003 by local governments. The lead concentrations were annually 

monitored at many monitoring points ranging from 81 to 121 sites. The data presented 

in Table IV-2 are not individual concentrations at each monitoring point but statistics 

for all measurements (e.g., geometric means). The monitoring points covered the areas 

from urban cities to rural areas including Hokkaido, Niigata, Saitama, Tokyo, 

Kanagawa, Chiba, Shizuoka, Aichi, Shiga, Osaka, Hyogo, Yamaguchi, and Kumamoto. 

Similar to the data presented in Table IV-1, it is confirmed that the concentrations of 

lead in the air have been decreasing in Japan also after FY 1997. 

Figure IV-2 is developed based on the data presented in Tables IV-1 and IV-2, 

showing interannual changes in geometric mean of lead concentrations in the air at all 

monitoring points for 30 years from FY 1974 to 2003. There was a rapid decrease in 

the lead concentrations in the air from FY 1975 to late 1980s. After that, however, no 

significant change has been found. This observation is considered to be related to the 

regulation of leaded gasoline. In Japan, use of leaded gasoline has been regulated since 

1975, which corresponds to the decreasing period of lead concentrations in the air 

shown in Figure IV-2. 

Also, a declining trend in lead concentrations in the air is observed from FY 1996 to 

2003. The reason, as estimated in Chapter III, is that exhaust gas treatment system of 

the improved efficiency were installed in waste incineration facilities and the amount 

of lead emission from waste treatment plants into the air was markedly reduced from 

late 1990s (see Figure III-22 of Chapter III). 
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Table IV-1. Monitoring data of lead concentrations in the air from FY 1974 to 1996 

Prefecture City 
Mean air lead concentration in each year [ng/m

3
] 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

Hokkaido 
Sapporo 120 105 109 74 58 25 28 78 22 52 38 33 

Ebetsu - - - - - 9 14 49 6 30 16 21 

Niigata Niigata - 101 102 67 98 212 105 184 72 89 72 62 

Miyagi 
Sendai 98 87 83 44 55 54 26 29 58 20 30 32 

Toda - - - - - - - 19 12 22 21 38 

Tokyo Shinjuku 204 172 193 172 261 120 92 78 76 108 111 76 

Kanagawa Kawasaki 263 332 327 289 219 167 131 55 97 109 123 86 

Aichi Nagoya - - 139 107 97 23 74 55 69 76 84 77 

Osaka Osaka - 379 386 303 324 268 239 153 133 134 164 145 

Kyoto Yahata - - - - - - - 129 72 68 64 51 

Hyogo Amagasaki - - 34 135 186 124 117 100 74 85 78 76 

Shimane Matsue 46 44 48 23 46 33 16 22 12 42 16 36 

Okayama Kurashiki - - - - 121 110 120 71 48 71 56 50 

Yamaguchi Ube - - - - - - - 94 48 78 61 57 

Fukuoka 
Omuta 159 128 138 136 - 156 124 83 383 187 31 87 

Ogori - - - - - 57 49 22 33 54 52 45 

All monitoring data 138 146 131 113 128 90 74 81 53 70 67 59 

[Compiled from the data of the EA (1975–1997)] 
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Table IV-1. Monitoring data of lead concentrations in the air from FY 1974 to 1996 (continued) 

Prefecture City 
Mean air lead concentration in each year [ng/m

3
] 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

Hokkaido 
Sapporo 13 18 11 15 16 18 14 12 13 11 14 

Ebetsu 11 9 7 8 10 13 10 9 9 6 12 

Niigata Niigata 61 44 53 39 29 33 32 30 32 19 28 

Miyagi 
Sendai 15 25 15 17 19 19 18 13 20 19 29 

Toda 10 13 11 14 16 16 16 14 23 26 39 

Tokyo Shinjuku 116 91 74 78 72 81 71 62 60 81 78 

Kanagawa Kawasaki 88 66 71 77 81 96 86 76 82 85 79 

Aichi Nagoya 76 44 69 54 60 66 47 54 52 56 68 

Osaka Osaka 130 112 96 95 86 78 68 72 72 71 72 

Kyoto Yahata 64 65 56 58 66 60 53 75 70 61 69 

Hyogo Amagasaki 76 59 64 59 68 57 50 52 54 61 65 

Shimane Matsue 27 14 12 22 21 25 23 21 24 24 29 

Okayama Kurashiki 56 55 53 55 64 63 51 44 46 47 50 

Yamaguchi Ube 55 45 42 35 74 43 41 38 38 45 44 

Fukuoka 
Omuta 89 83 64 70 63 77 78 69 56 47 65 

Ogori 42 42 39 38 41 49 34 33 37 35 39 

All monitoring data 49 43 39 39 43 44 38 36 39 38 45 

[Compiled from the data of the EA (1975–1997)] 



IV. Concentrations in the environment, and in food and drinking water 

 

131 

1
9

7
4

1
9

7
6

1
9

7
8

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

0

50

100

150

200

250

300

350

400

A
ir
 le

a
d

 c
o

n
c
e

n
tr

a
ti
o

n
 [n

g
/m

3
]

Fiscal year
City

 

Figure IV-1. Monitoring data of lead concentrations in the air 

from FY 1974 to 1996 (annual mean) 

[Compiled from the data of the EA (1975–1997)] 

 

Table IV-2. Summary of lead concentrations in the air from FY 1997 to 2003 

Fiscal year 
No. of 

samples 

GM 

[ng/m
3
] 

GSD 
5%ile 

[ng/m
3
] 

95%ile 

[ng/m
3
] 

1997  81 39 1.9 10.5 143 

1998  98 35 2.2  7.2 173 

1999 112 33 2.2  7.1 153 

2000 120 29 2.2  6.1 134 

2001 121 26 2.3  5.2 132 

2002 109 21 2.0  5.0  80 

2003  89 18 1.9  5.0  67 

1997–2003 730 28 2.2  5.8 130 

[Compiled from the monitoring results of local governments in Japan] 
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Figure IV-2. Interannual changes in lead concentrations in the air 

[FY 1974 to 1996: Compiled from the data of the EA (1975–1997). FY 1997 and after: Compiled 

from the monitoring reports of local governments shown in Table IV-2] 

 

3. Soil 

3.1 General soil 

A large-scale survey of lead concentrations in general soil, the “Survey for 

Reference Value Reassessment” was conducted by the then EA in FY 1999 (EA, 2000). 

In this survey, lead concentrations in surface soils were determined at 193 sites for 10 

cities in Japan. Lead concentrations in surface soils are presented by district in Figure 

IV-3. In the districts where lead concentrations in the air are high such as Tokyo, 

Kanagawa (Kawasaki), Aichi and Osaka, the lead concentrations in soil are also high. 

The geometric mean of lead concentration in soil at 193 monitoring points was 13.2 

g/g and the geometric standard deviation (SD) was 2.2. 

The above distribution is considered to be a typical distribution of the lead 
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concentrations in general soils in Japan, and thus, is used in Chapter VI for estimation 

of human lead exposures through soil ingestion. 
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Figure IV-3. Lead concentrations in general soil 

Note 1) Expressed as 5% value – geometric mean – 95% value. 

Note 2) The figure in parentheses after city name indicates the number of sampling sites. 

[Compiled from the data of the EA (2000)] 

 

3.2 Soil of agricultural and forest land 

The above lead concentrations in general soil are determined in urban areas but not 

in agricultural and forest land. Lead in agricultural land is absorbed in crops and results 

in human exposure, and therefore, it is important to monitor lead concentrations in 

agricultural land. Asami (2001) summarized the lead concentrations in the soils of 

unpolluted paddy, crop land and forest monitored by the Japan Soil Association (1984) 

(Table IV-3). 

The geometric means of lead concentrations in soil by land use shown in Table IV-3 

are comparable to or slightly higher than 13.2 g/g, the geometric mean in general 

soils in the FY 1999 survey (EA, 2000). 
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Table IV-3. Lead concentrations in the soil of unpolluted paddy, 

crop land and forest 

Land category 
Number of 

samples 

Geometric mean of lead concentration [g/g] 

Surface soil* Lower soil** 

Paddy 231 19.9 15.9 

Crop land 166 14.8 13.3 

Forest 236 16.4 14.0 

Total 633 17.1 14.5 

* Surface soil: approximately 0–15 cm in agricultural land, 0–10 cm in forestry land 

** Lower soil: 15 cm depth of the major layer in approximately 30–60 cm below the surface 

[Reference: Asami (2001)] 

 

4. Public water 

Capturing lead concentrations in public water is important for risk assessment of 

lead exposure in aquatic organisms in public water. The details are included in Chapter 

IX, “Ecological risk assessments”. This chapter provides only a brief description of 

lead concentrations in public water. 

The National Institute of Environmental Studies (2005) has reported the monitoring 

results of lead concentrations in public water at several thousands measuring sites in 

Japan, and the data for three years from FY 1999 to 2001 are summarized in Figure 

IV-4. 

In all the years, almost all of the monitoring data were within the range of 0.005 

mg/L or less and many of them were below the detection limit (the detection limit 

differed among the monitoring sites, however, most of them were 0.005 mg/L). The 

percentage of lead detection to all measurements was around 10% and the percentage 

of monitoring sites with values exceeding 0.01 mg/L, the current water standard, was 

extremely small, being 1% or less in each year. 

Approximately 90% of the measurements were less than the detection limit, and 

therefore, it is difficult to estimate accurate mean concentrations and distribution in 

public water. These data suggest that most lead concentrations in public water are less 

than 0.005 mg/L. 
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Figure IV-4. Histogram of lead concentrations in public water 

[Compiled from the data of the National Institute of Environmental Studies (2005)] 

 

5. Sediments 

Sediments are deposits in the river, lake and seabed. Sediments are accumulated in 

layers, which reflect the history of water pollution. Therefore, lead concentrations in 

each layer of sediments and their accumulation age provide the information on the 

historical changes in lead pollution in water area. 

Matsumoto & Saito (1984) reported the historical changes in several heavy metal 

pollution including lead in Tokyo Bay based on the data of heavy metal concentrations 

and their accumulation age of sediment cores that were collected from the center of 

Tokyo Bay in 1981. Of these results, lead concentrations are presented in Figure IV-5. 

Considering a trend shown in Figure IV-5, Matsumoto & Saito (1984) indicated that 

heavy metal pollution including lead began around 1900, rapidly increased from 

around 1950, and reached the peak around 1970, however, the pollution level in 1980 

returned to the level in around 1950. Matsumoto & Saito (1984) considered that 

decreases in heavy metal concentrations during 1970s and later was mainly due to the 

control of heavy metals in effluent. 

The period in which lead concentrations in sediments were decreasing (see Figure 
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IV-5) overlaps with the period of reduction in lead concentrations in the air that is 

described in Section 2 of this chapter. Therefore, it is considered that the decrease in 

lead concentrations in sediments was resulted mainly from the decreased lead flow into 

Tokyo Bay following the regulation of leaded gasoline. 
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Figure IV-5. Interannual changes in sediment lead concentrations in Tokyo Bay 

[Reference: Matsumoto & Saito (1984)] 
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6. Food 

For lead concentrations in food, several local governments have been conducting 

monitoring surveys. Many data from such surveys are obtained and summarized as 

lead concentrations in major food items by food group in Table IV-4. 

As shown in Table IV-4, many lead concentrations in food items are below the 

detection limits (n.d.), which vary according to the types of food. Thus, it is difficult to 

estimate the typical lead concentrations in food, or to compare lead concentrations 

among food items. For this reason, in estimating lead intake from food in Chapter VI, 

the results of the Total Diet Study by the National Institute of Health Sciences (NIHS) 

are used instead of individual lead concentrations in food described in this chapter. 

Chapter VI provides the outline of the Total Diet Study and its results. 
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Table IV-4. Monitoring data of lead concentrations in food 

Food 

Group 
Food item 

No. of 

samples 

Lead concentration 

[mg/kg or mg/L] 
Quantification 

limit 
Prefecture 

Year of 

survey 
Reference 

Mean Min. Max. 

Rice 

Rice 11 0.060 n.d. 0.12  0.02 Nagano 1989–2002 Nagano Environmental Conservation Research Institute (2003) 

Unpolished 

rice 

 1 n.d. – –  0.01 Kanagawa 1995 Kawasaki City Institute for Public Health (1990–2000) 

14 0.024 n.d. 0.21  0.02 Shiga 2003 
Shiga Prefectural Institute of Public Health and Environmental 

Science (2005) 

Wheat  2 n.d. n.d. n.d.  0.02 Nagano 1989 Nagano Environmental Conservation Research Institute (2003) 

Tubers 

Taro  5 0.050 0.030  0.060  0.02 Nagano 1982 Nagano Environmental Conservation Research Institute (2003) 

Potato 

20 0.006 n.d. 0.10  0.01 Kanagawa 1990–1998 Kawasaki City Institute for Public Health (1990–2000) 

19 0.021 n.d.  0.040  0.02 Nagano 1979–1991 Nagano Environmental Conservation Research Institute (2003) 

 6 n.d. n.d. n.d. 0.1 Hyogo 2001–2005 Himeji City Public Health Center (2001–2005) 

Chinese 

yam 
 3 n.d. n.d. n.d.  0.02 Nagano 1994 Nagano Environmental Conservation Research Institute (2003) 

Sweets 

Acacia 

honey 
 1 n.d. – – 0.5 Tokyo 2003 

Tokyo Metropolitan Institute of Public Health (2005) Candy  1 n.d. – – 0.5 Tokyo 2003 

Chocolate  1 n.d. – – 0.5 Tokyo 2003 

Cookie  1 n.d. – – 0.5 Tokyo 2002 

Note) n.d.: not detected 
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Table IV.4 Monitoring data of lead concentrations in food (continued) 

Food 

Group 
Food item 

No. of 

samples 

Lead concentration 

[mg/kg or mg/L] 
Quantification 

limit 
Prefecture 

Year of 

survey 
Reference 

Mean Min. Max. 

Bean 

products 

Adzuki bean 

(bean jam) 
 3 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 

Suzuki et al. (1998) 

Green bean  1 n.d. – – 0.1 Tokyo 1992–1998 

Pea  1 n.d. – – 0.1 Tokyo 1992–1998 

Soybean  1 n.d. – – 0.1 Tokyo 1992–1998 

Soybean 

(tofu) 
 1 0.400 – – 0.1 Tokyo 1992–1998 

Fruits 

Strawberry  7 0.013 n.d.  0.020  0.02 Nagano 1983–1988 
Nagano Environmental Conservation Research Institute (2003) 

Watermelon 18 n.d. n.d. n.d.  0.02 Nagano 1982–1991 

Pear 29 n.d. n.d.  0.020  0.01 Kanagawa 1990–1998 Kawasaki City Institute for Public Health (1990–2000) 

Pineapple 14 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 Suzuki et al. (1998) 

Grape 45 0.010 n.d. 0.28 not reported Okayama 1990–2004 Okayama Prefectural Government (2005) 

Orange  4 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 
Suzuki et al. (1998) 

Peach 
 8 0.088 n.d. 0.20 0.1 Tokyo 1992–1998 

44 0.005 n.d. 0.11 not reported Okayama 1990–2004 Okayama Prefectural Government (2005) 

Apple 23 0.035 n.d.  0.080  0.02 Nagano 1985–2002 Nagano Environmental Conservation Research Institute (2003) 

Note) n.d.: not detected 
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Table IV.4 Monitoring data of lead concentrations in food (continued) 

Food 

Group 
Food item 

No. of 

samples 

Lead concentration 

[mg/kg or mg/L] 
Quantification 

limit 
Prefecture 

Year of 

survey 
Reference 

Mean Min. Max. 

Vegetables 

Asparagus  6 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 Suzuki et al. (1998) 

Pumpkin  6 n.d. n.d. n.d.  0.02 Nagano 1980–2001 
Nagano Environmental Conservation Research Institute (2003) 

Celery 18 0.046 n.d. 0.13  0.02 Nagano 1980–2001 

Tomato 

 5 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 Suzuki et al. (1998) 

15 0.027 n.d.  0.050  0.05 Shiga 1999–2002 Shiga Prefectural Institute of Public Health and Science (2005) 

30 n.d. n.d. n.d.  0.01 Kanagawa 1990–2000 Kawasaki City Institute for Public Health (1990–2000) 

Pimiento 14 0.021 n.d.  0.050  0.02 Nagano 1981–2002 Nagano Environmental Conservation Research Institute (2003) 

Spinach 
19 n.d. n.d. n.d.  0.01 Kanagawa 1990–2000 Kawasaki City Institute for Public Health (1990–2000) 

10 n.d. n.d. n.d.  0.05 Shiga 1999–2002 Shiga Prefectural Institute of Public Health and Science (2005) 

Cabbage 
 4 n.d. n.d. n.d.  0.05 Shiga 2000 Shiga Prefectural Institute of Public Health and Science (2005) 

17 0.034 n.d. 0.10  0.02 Nagano 1984–2000 Nagano Environmental Conservation Research Institute (2003) 

Cucumber 

14 n.d. n.d. n.d.  0.05 Shiga 1999–2002 Shiga Prefectural Institute of Public Health and Science (2005) 

43 0.017 n.d.  0.030  0.02 Nagano 1984–2000 Nagano Environmental Conservation Research Institute (2003) 

18 n.d. n.d. n.d.  0.01 Kanagawa 1990–1998 Kawasaki City Institute for Public Health (1990–2000) 

Radish 17 n.d. n.d. n.d.  0.02 Nagano 1981–2000 
Nagano Environmental Conservation Research Institute (2003) 

Onion 14 0.042 n.d.  0.020  0.02 Nagano 1986–2000 

Corn  6 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 Suzuki et al. (1998) 

Note) n.d.: not detected 
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Table IV.4 Monitoring data of lead concentrations in food (continued) 

Food 

Group 
Food item 

No. of 

samples 

Lead concentration 

[mg/kg or mg/L] 
Quantification 

limit 
Prefecture 

Year of 

survey 
Reference 

Mean Min. Max. 

Vegetables 

Chinese 

cabbage 
 23  0.016 n.d.  0.030  0.02 Nagano 1977–2001 Nagano Environmental Conservation Research Institute (2003) 

Mushroom   6 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 Suzuki et al. (1998) 

Lettuce  24  0.019 n.d.  0.040  0.02 Nagano 1977–1995 Nagano Environmental Conservation Research Institute (2003) 

Beverages 

Soft drink 
479 n.d. n.d. n.d. 0.1 Toyama 1986–2004 Toyama Institute of Health (1986–2004) 

 30 n.d. n.d. n.d.  0.01 Hyogo 2001–2005 Himeji City Public Health Center (2005) 

Tea and 

coffee 
  2 n.d. n.d. n.d.  0.05 Hyogo 2003 

Hyogo Prefectural Institute of Public Health and 

Environmental Sciences (2003) 

Green tea 
  7 0.21 0.10 0.36  0.02 Nagano 1988–1999 Nagano Environmental Conservation Research Institute (2003) 

  5 n.d. n.d. n.d.  0.05 Hyogo 2003 

Hyogo Prefectural Institute of Public Health and 

Environmental Sciences (2003) 

Oolong tea  11 n.d. n.d. n.d.  0.05 Hyogo 2002–2003 

Mineral 

water 
235 n.d. n.d. n.d.  0.05 Hyogo 2002–2003 

Fish & 

shellfish 

Short-neck 

clam 

 72  0.054 n.d. 0.42 not reported Tokyo 1997–2001 Onozuka et al. (2002) 

 28 n.d. n.d. n.d. 0.5 Tokyo 2000–2004 Tokyo Metropolitan Institute of Public Health (2005) 

132 0.22 n.d. 2.25 not reported Chiba 1981–2003 Chiba Health and Welfare Policy Division (2005) 

Bluefish   7 n.d. n.d. n.d.  0.01 Kanagawa 1990–1991 Kawasaki City Institute for Public Health (1990–2000) 

Note) n.d.: not detected 
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Table IV.4 Monitoring data of lead concentrations in food (continued) 

Food 

Group 
Food item 

No. of 

samples 

Lead concentration 

[mg/kg or mg/L] 
Quantification 

limit 
Prefecture 

Year of 

survey 
Reference 

Mean Min. Max. 

Fish & 

shellfish 

Sweetfish 46  0.033 n.d. 0.50 not reported Okayama 1990–2004 Okayama Prefectural Government (2005) 

Sardine 7 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 Suzuki et al. (1998) 

Eel 4  0.043 0.025  0.070  0.05 Shiga 2002 Shiga Prefectural Institute of Public Health and Science (2005) 

Oyster 
58 0.16 n.d. 0.41  0.05 Hiroshima 1998–2002 Hiroshima City Institute of Public Health (1999–2003) 

42 0.33 n.d. 3.2 not reported Okayama 1990–2004 
Okayama Prefectural Government (2005) 

Carp 43  0.044 n.d. 0.49 not reported Okayama 1990–2004 

Freshwater 

Clam 
6 0.075 0.040 0.15 not reported Tokyo 1997–1998 Onozuka et al. (2002) 

Prawn 10  0.056 0.005 0.25  0.01 Shiga 1999–2002 Shiga Prefectural Institute of Public Health and Science (2005) 

Sockeye 

Salmon 
5 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 Suzuki et al. (1998) 

Scallop 58 0.11 n.d. 0.68 not reported Tokyo 2002 Onozuka et al. (2002) 

Meats 

Beef 2 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 

Suzuki et al. (1998) Pork 6  0.075 n.d. 0.20 0.1 Tokyo 1992–1998 

Duck 4 n.d. n.d. n.d. 0.1 Tokyo 1992–1998 

Chicken 33  0.046 n.d. 0.30 not reported Okayama 1994–2004 Okayama Prefectural Government (2005) 

Note) n.d.: not detected 
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7. Drinking water 

The main source of lead in drinking water is considered dissolution from water pipes, 

joints and other line materials containing lead. Lead water pipes have recently been 

used extensively in Japan because they develop no rust, have good flexibility and 

ductility, and are easy to process and repair. Lead dissolution from water pipes, 

however, became a social problem, and the Ministry of Health and Welfare (MHW, 

current MHLW) established the “Study Team for Hygiene Problems in Water Supply” 

and notified the “Hygiene measures for Water Pipes” (the Study Team for Hygiene 

Problems in Water Supply, 1989). The four major points of the notification are 

summarized as follows: 

 

1. Pipes free from lead dissolution should be used for new pipelining. 

2. When existing lead water pipes are replaced, lead pipes attached should be 

replaced with pipes without lead dissolution as much as possible. 

3. Water supply with low pH should be improved. 

4. First-draw water that might contain lead is recommended to be used for other 

purposes than drinking and the public relations campaign to inform this fact should 

be implemented. 

 

As described in Chapter II, in conformity to the revision of the WHO Guidelines for 

Drinking Water, the MHLW revised the water standards for tap water in 2002 and 

established the standard for lead of 0.01 mg/L. The current standards for tap water 

were enforced in April 2003 and water supply corporations have been obligated to 

comply with the lead standard in tap water supplied and strongly urged to take 

measures for reduction in lead concentrations. 

According to the MHLW’s notification and the revised water standards, water 

supply corporations are currently replacing lead water pipes, adjusting pH and 

promoting public relations. However, a survey in 1999 reported that lead water pipes 

of 27,000 km and longer remained in Japan (the Japan Water Research Center, 2000). 

Lead concentrations in tap water used are probably higher than the concentrations in 

source water supplied. Therefore, the results of lead monitoring are presented 

separately, for source water (and raw water) and tap water. 
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7.1 Source water and raw water 

Lead concentrations in source water and raw water are monitored annually at more 

than five thousands water treatment plants and the results are published by the Japan 

Water Works Association. The lead concentrations in source water and raw water 

measured in FY 2003 (the Japan Water Works Association, 2005) are summarized in 

Tables IV-5 and IV-6. 

 

Table IV-5. Distribution of lead concentrations in source water in FY 2003 

 No. of samples 

≤ 0.005 mg/L 0.005–0.01 mg/L > 0.01 mg/L Total 

Detected 557 14 2 573 

Below the 

detection limit 
5,124 5 0 5,129 

Total 5,681 19 2 5,702 

[Reference: The Japan Water Works Association (2005)] 

 

Table IV-6. Distribution of lead concentrations in raw water in FY 2003 

 No. of samples 

≤ 0.005 mg/L 0.005–0.01 mg/L > 0.01 mg/L Total 

Detected 551 16 8 575 

Below the 

detection limit 
5,930 5 5 5,940 

Total 6,481 21 13 6,515 

[Reference: The Japan Water Works Association (2005)] 

 

As shown in Tables IV-5 and IV-6, most of the lead concentrations in source water 

and raw water are in the range of 0.005 mg/L or less, similar to the lead concentrations 

in public water described in Section 4 of this chapter, i.e., lead concentrations in 99.6% 

of source water and 99.5% of raw water are within this range. Most of the 

concentrations are below the detection limit, and overall, the detection rates in source 
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water and raw water are low being 10% and 9%, respectively. 

Only 0.04% and 0.20% of source and raw water exceeds the current water quality 

standards of 0.01 mg/L. Therefore, source and raw water almost completely meet the 

water quality standards for lead. 

 

7.2 Tap water 

Lead in tap water is directly ingested by humans, and therefore, it is more important 

than lead in source water and raw water from the view point of human exposure. The 

results from recent surveys with monitoring of lead concentrations in tap water are 

summarized below. 

The Bureau of Waterworks, Tokyo Metropolitan Government, monitored lead 

concentrations in “first-draw water in the morning” and “water after running 10-L 

water” at 311 taps of domestic water supply from June to July 2001 and classified the 

results into four groups by the length of lead water pipe, i.e., 1) 1 m and less, 2) over 1 

m and 3 m and less, 3) over 3 m and 6 m and less, 4) over 6 m. The results are 

summarized in Table IV-7. 

The data in Table IV-7 clearly indicate that the percentage of lead concentrations 

exceeding 0.01 mg/L of the current standard for drinking water was higher in both 

first-draw water and running water from taps connecting to longer lead water pipes. 

This result suggests that the main source of lead in tap water is dissolution from lead 

water pipes. In comparison between first-draw water and running water, the lead 

concentrations in first-draw water were higher than those in running water. To be 

specific, lead at concentrations of 0.01 mg/L and above were detected in 13% of 

first-draw water from a tap connecting to a 1-m and less of lead water pipe. On the 

other hand, lead at concentrations of 0.01 mg/L and above were not detected in running 

water from a tap connecting to a 3-m and less of lead water pipe. Lead at 

concentrations of 0.05 mg/L and above were detected in 8% of first-draw water from a 

tap connecting to a 6-m and longer of lead water pipe, while lead at concentrations of 

0.05 mg/L and above were not detected in running water from a tap connecting to a 

6-m and longer of lead water pipe. 

Based on the these results, the Tokyo Metropolitan Government recommends that 

the user of water through lead water pipes should use a bucket (approximately 10 L) of 
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first-draw water for the purposes other than drinking when using water for the first 

time in the morning or after a long interval. 

The Bureau of Waterworks, Tokyo Metropolitan Government (2001) conducted a 

lead pipe usage survey in 3.65 million households with the possibility of lead pipe use. 

In 1.69 million households, lead water pipes were used at least partially between a tap 

and water supply pipe, and in approximately 1.02 million of them, lead water pipes 

were lined between a tap and water meter. These were 29% and 17% of total 5.85 

million of households in Tokyo, respectively. 

 

Table IV-7. Distribution of lead concentrations in tap water 

by the length of lead water pipe 

Length of 

lead water 

pipe [m] 

No. of 

samples 

First-draw water in the 

morning [mg/L] 

Water after running 10-L 

water [mg/L] 

≤ 0.01 0.01–0.05 > 0.05 ≤ 0.01 0.01–0.05 > 0.05 

≤ 1 47 87% 13% 0% 100%  0% 0% 

1–3 80 81% 19% 0% 100%  0% 0% 

3–6 91 65% 35% 0%  93%  7% 0% 

> 6 93 60% 32% 8%  78% 22% 0% 

[Reference: The Bureau of Waterworks, Tokyo Metropolitan Government (2001)] 

 

Ogura (1998) reported the survey on lead concentrations in tap water in Chigasaki, 

Kanagawa Prefecture, Japan. In this survey, lead concentrations were monitored in the 

“first-draw water in the morning” and the “running water after 180-second tap 

full-opening” collected from 75 households randomly chosen from the districts of 

Chigasaki City. The data were classified into three groups by house type, 1) multiple 

dwelling (installed with either or both of water tank and elevated water tank), 2) single 

family dwelling type 1 (less than 20 year-old), and 3) single family dwelling type 2 (20 

year-old and older). The results by house type are shown in Figure IV-6. In all house 

type categories, lead concentrations in the first-draw water were higher than those in 

the running water. The percentage of lead concentrations exceeding 0.01 mg/L of the 

current standard for drinking water was 16% in the first-draw water, while 8% in the 

running water, about half of the percentage in the first-draw water. In some dwellings, 
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however, lead concentrations in the running water were higher than those in the 

first-draw water. The author indicated that the source of lead in tap water can be not 

only a tap and the pipes around, but pipes far from a tap, i.e., close to a main supply 

pipe. 

In the analysis by house type, the lead concentrations in single family dwellings 

were higher than those in multiple dwellings. The author assumed that pipes of 50-60 

mm and more in nominal diameter were used in multiple dwellings, however, pipes 

used in single family dwellings were up to 10-mm in nominal diameter and most of 

them were bendable lead water pipes. 
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Figure IV-6. Lead concentrations in tap water by house category 

Note 1) Expressed as 5% value – geometric mean – 95% value. 

Note 2) The figure in parentheses in house category indicates the number of samples. 

[Compiled from the data of Ogura (1998)] 
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Nasu & Morinaga (2001) monitored the lead concentrations in the “first-draw 

water” and the “water after 5-minute water running” in 22 households in Takamatsu, 

Kagawa Prefecture. The results are shown in Table IV-8. The geometric mean of lead 

concentrations in the first-draw water and running water were 0.0048 mg/L (GSD: 1.9) 

and 0.0037 mg/L (GSD: 2.1), respectively, and the mean in the first-draw water was 

slightly higher than that in the running water. In this survey, 3 (14%) and 2 (9%) 

households had the lead concentrations exceeding the 0.01 mg/L of the standard for 

drinking water, in the first-draw water and running water, respectively. The authors 

reported that there was no relationship between the lead concentrations and the water 

supply line, but the lead concentrations were increased with the length of lead water 

pipes. 

In some household in Table IV-8, however, the lead concentrations in water after 

water running were higher than those in the first-draw water. The authors further 

investigated the cause and elucidated that not negligible amount of lead was dissolved 

from water supply equipments including a tap and water meter as well as lead pipes. 

Based on these results, the authors concluded that lead concentrations could be reduced 

by “water running” such as not drinking first-draw water in the morning, if the length 

of pipe is short. However, it was not possible to determine the volume of the running 

water sufficient to reduce lead concentrations since there were some households with 

no correlation between the running water volume and lead dissolution. Therefore, the 

authors recommended that the measures such as to improve materials of water pipes 

and water supply equipment were the most effective and certain. 

All of these three reports indicated a clear relationship between lead concentrations in 

tap water and the length of lead water pipes, and a general trend of higher lead 

concentrations in the first-draw water compared with the running water. Therefore, it is 

considered that the main source of lead in tap water in Japan is lead dissolving from 

lead water pipes. There is a high ratio of tap water exceeding the current water quality 

standard of 0.01 mg/L, and thus, it is considered necessary to thoroughly investigate 

the lead intake from drinking water in this assessment. The estimation of lead intake 

from drinking water is described in Chapter VI. 
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Table IV-8. Lead concentrations in tap water by water supply line 

No. Water supply line 
Completion 

year 

Lead pipe 

length 

[m] 

Lead pipe 

diameter 

[mm] 

Lead concentration [mg/L] 

First draw 

water** 

Running 

water*** 

1 

Goten 

1972 4.1 25 0.0025 0.0031 

2 1981 6.3 13 0.0062 0.0025 

3 1985 11.0 13 0.0072 0.0076 

4 

Asano 

1975 4.5 13 0.0079 0.0080 

5 1979 2.0 20 0.0016 0.0010 

6 1980 8.4 25 0.0099 0.0081 

7 
Kawazoe 

1977 9.3 13+20 0.0032 0.0031 

8 1987 2.5 20 0.0034 0.0034 

9 
Prefecture-supply 

water* Gokyu 

1976 4.0 13 0.0014 0.0007 

10 1986 5.3 13 0.0103 0.0126 

11 1988 8.0 20+25 0.0049 0.0055 

12 
Prefecture-supply 

water* Okamoto 

1973 4.3 13 0.0052 0.0054 

13 1976 4.0 13 0.0070 0.0036 

14 1981 2.5 20 0.0029 0.0016 

15 
Prefecture-supply 

water* Nishiueda 

1974 4.0 20 0.0047 0.0040 

16 1982 3.8 13 0.0020 0.0032 

17 1986 2.1 20 0.0077 0.0113 

18 

Prefecture-supply 

water* + Asano 

1970 3.8 13 0.0027 0.0020 

19 1970 4.0 25 0.0053 0.0026 

20 1979 11.0 20 0.0122 0.0074 

21 1981 2.0 13 0.0046 0.0015 

22 1988 5.2 13 0.0132 0.0050 

* Prefecture-supply water indicates water supplied by Kagawa Prefectural Water Supply System 

** First draw water in the morning (assumed that the water remaining between a tap and lead pipe 

were eliminated) 

*** Water after 5-minute water running 

[Reference: Nasu & Morinaga (2001)] 
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CHAPTER V 

 

 

 

ENVIRONMENTAL FATE 

 

 

 

1. Introduction 

This chapter presents the simulation of atmospheric behaviors of lead originally 

developed by CRM with its atmospheric dispersion model, as well as the summary of 

existing data and information on the behaviors of lead in the environment. 

The existing publications on the behaviors of lead in the air, soil and aquatic 

environment as well as uptake into plants and aquatic organisms are reviewed and 

summarized. Further, the behaviors of lead in the air are analyzed using the 

atmospheric dispersion model to estimate lead concentrations in the air around point 

sources of releases, which is considered not sufficiently accounted for by the 

monitoring data described in Chapter IV. 

 

2. Summary of the existing publications on the environmental fate of 

lead 

The ATSDR (2005), Merian et al. (2004) and Baker (1997) described the behaviors 

of lead in the environment. Based on these publications, the behaviors of lead in the air, 

soil and aquatic environment are summarized below. 

 

2.1 Behaviors in the air 

Lead exists in the earth’s crust, and is released into the air by such phenomena as 

rock weathering, wind-suspended soil particles and volcano eruption, besides the 

releases from the sources relative to human activities. These natural release sources, 

however, are considered to have much less contribution than the release sources 

generated by humans (Merian et al., 2004). Inorganic lead compounds, which are 
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released into the air, are suspended mainly in particle phase, and subsequently 

eliminated from the air by dry or wet deposition during the advection-diffusion 

process. 

Large particles (aerodynamic diameter: >2 m) settle quickly in the air and deposit 

relatively close to release sources. In contrast, small particles settle slowly and are 

transported for a longer distance in the air. The diameter of lead particles is extremely 

small, 0.55 m (Pirrone et al., 1995; Milford & Davidson, 1985, 1987) and it has been 

reported that it was suspended in the air more than 64 hours and transported to a 

distance of more than 1,600 km (Pilgrim & Hughes, 1994). Also in Japan, Furuta et al. 

(2004) and Osaka Prefectural Government (2005) indicated that lead was contained the 

most in particles less than 2 m in diameter. Evans & Rigler (1985) reported that lead 

was transported for a long distance in the air based on the fact that lead was detected in 

sediment cores collected from the lakes in Provinces of Ontario and Québec in Canada 

which were far from release sources. 

It was reported that dry deposition velocity of lead particles with aerodynamic 

diameter of 0.06 to 2.0 m ranged from 0.2 to 0.5 cm/sec in coniferous forest zones in 

Sweden, which was correspondent to 0.41 cm/sec when the velocity was weighted by 

particle diameter (Lannefors et al., 1983). The National Academy of Science (NAS) 

recommended using the values of 0.6 cm/sec and 0 day as average net deposition 

velocity and atmospheric residence time, respectively (NAS 1980). In Japan, Sakata & 

Marumoto (2004a) reported the dry deposition velocities ranging from 0.35 to 1.7 

cm/sec based on their actual measurements. 

The amounts of lead that are eliminated from the air by wet deposition depend on 

the amounts of releases in a site or region, and vary greatly from site to site; it was 

estimated to be 40% to 70% of the total deposition amount (Nielsen, 1984). Chan et al. 

(1986) indicated that wet deposition was the more important process for lead 

elimination from the air than dry deposition and estimated that the ratios of wet to dry 

deposition were 1.63, 1.99 and 2.50 in the southern, central and northern districts of 

Ontario in Canada, respectively. For scavenging ratio of lead, Gatz (1976), Lindberg 

(1982), Church et al. (1990) and Kane et al. (1994) reported scavenging ratios on a 

mass basis ranging from 20 to 280. In Japan, Sakata & Marumoto (2004b) estimated 

scavenging ratios on a mass basis ranging from 87 to 119, which are within the range 
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of ratios reported in other countries. 

Available information on chemical composition of lead in the air is limited. Lead 

particles are released from lead mines and works mainly as lead-sulfur compounds 

(PbSO4, PbO-PbSO4 and PbS). Decomposition of lead compounds in the air has not 

yet been clarified. It was reported, however, that lead exists in the air in the forms of 

PbSO4 and PbCO3 (U.S. EPA, 1986). 

 

2.2 Behaviors in soil 

Lead in soil is adsorbed to the mineral surface; its compounds deposit as solid 

without dissolving in water, or it forms stable organic metal complex and chelate with 

organics in soil. These processes depend on soil pH, property, particle diameter, 

organic content, the presence of inorganic colloid and iron oxides, and cation exchange 

capacity (CEC), and the amounts of lead in soil (NSF, 1977; Reddy et al., 1995). 

Most of the lead is retained strongly by soils, and a small amount of lead is 

transported to the surface and underground water (U.S. EPA, 1986; NSF, 1977). Clay, 

silt, iron, manganese oxide and soil organics have electrostatic (cation exchange) and 

chemical (specific adsorption) metal binding capacity (Reed et al., 1995). Lead is 

strongly adsorbed by organics in soil, and therefore, lead eluviation (transport into 

underground water in the state of dissolving in soil water) rarely occurs. It is, however, 

possible that soil particles adsorbed by lead are eroded and lead is transported into the 

surface water. Olson & Skogerboe (1975) considered that lead might not move in soil 

due to ion exchange with clay minerals and chelation with soil humic and fulvic acids. 

Lead complex and deposit formation in soil depends on soil properties. In 

organic-rich soil at pH 6 to 8, lead forms a water-insoluble complex with organics. On 

the other hand, in organic-poor soil, lead forms hydrated complex of lead oxide or 

generates deposits with carbonate and phosphate ions even if the pH is the same. In 

soil at pH 4 to 6, it is possible that lead complex with organics dissolves and lead is 

eluviated or taken up by plants (U.S. EPA, 1986). 

Transportation of lead from soils to underground water that is induced by eluviation 

of lead and inorganic lead compounds is extremely slow in most natural conditions 

excluding highly acidic conditions (NSF, 1977). In the conditions that lead exists in 

soil at concentrations exceeding soil CEC, soil matrix forming water-soluble chelate 
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with lead exists, or pH of leached water is reduced (e.g., acid rain), eluviation occurs 

(NSF, 1977). It was reported that lead eluviation from lead-contaminated soils to 

underground water could be minimized by forming lead carbonate in soil and 

maintaining pH of soil water to be 8 to 10 (Mundell et al., 1989). 

 

2.3 Uptake into plants 

In plants, uptake of lead occurs via two routes, i.e., absorption from roots and 

deposit of lead in the air on plant surface. However, lead has a tendency to form 

water-insoluble inorganic salts and complex with various negative ions, and to bind 

strongly to the soil. Therefore, bioavailability of lead in the process through roots is 

considered low. The amounts of lead in soil which is taken up by vegetables depend on 

the factors including CEC, pH, amounts of organics, soil moisture content, and types of 

amendments added to the soil (ATSDR, 2005). 

Pierzynski & Schwab (1993) studied effects of soil amendments on uptake of lead 

by soybean using contaminated soils. They reported that the limestone addition was the 

most effective method to reduce bioavailability of lead. Nwosu et al. (1995) 

investigated lead uptake by lettuce and radish in the soil calcium chloride and lead 

nitrate were added to and indicated that the mean uptake of lead increased with the 

increase of lead concentrations in soil. Xian (1989) conducted a study in kidney bean 

and showed that there was a strong correlation between amounts of the lead in plants 

and lead concentrations in soil; the best relationship was found between the amounts of 

lead uptake and the concentration of exchangeable and carbonate forms of lead in the 

soil. 

 

2.4 Behaviors in aquatic environment 

Lead is released into the surface water through atmospheric deposition, effusion and 

wastewater. Lead solubility in surface water depends on the pH of water and the 

content of dissolved salts. According to equilibrium calculation, lead solubility at pH 

of less than 5.4 is approximately 30 and 500 g/L in hard and soft water, respectively. 

When sulfate ion exists in soft water, formation of lead sulfate limits lead solubility. In 

pH of 5.4 and above, lead carbonate (PbCO3 and Pb2(OH)2CO3) limits lead solubility. 

Carbonate ion level depends on carbon dioxide partial pressure, pH and temperature 
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(U.S. EPA, 1986). 

In most surface and underground water, the concentrations of dissolved lead are low. 

This is because lead forms compounds with anions in the water such as hydroxide, 

carbonate, sulfate and phosphate ions that have low water solubility and will 

precipitate out of the water column (Mundell et al., 1989). Lead in river water is 

considered to be mostly in insoluble state. Getz et al. (1977) reported that the ratio of 

lead of suspending particles to lead in dissolved state varied from 4:1 in rural rivers to 

27:1 in urban rivers. 

 

2.5 Uptake into aquatic organisms 

In aquatic organisms, lead concentrations are usually highest in benthos and algae. 

Tulasi et al. (1992) reported that in freshwater fish exposed to lead at a sublethal 

concentration for 30 days, significant amounts of lead accumulated in the blood and 

tissues. They also indicated that lead accumulation in tissues was increased with the 

lead concentrations in water up to 5 mg/L, and continued to increase at 10 and 20 mg/L 

but not proportionally to the concentrations of lead in water. High bioconcentration 

factors (BCFs) were determined in studies using oysters (6,600 for Crassostrea 

virginica), freshwater algae (92,000 for Senenastrum capricornutum) and rainbow 

trout (726 for Salmo gairdneri). The median BCFs, however, were considerably low, 

i.e., 42 for fish, 536 for oysters, 500 for insects, 725 for algae and 2,570 for mussels 

(Eisler, 1988). 

 

3. Estimation of lead concentrations in the air around point sources 

Monitoring data of lead concentrations in the air all over Japan which is described in 

Chapter IV, were obtained mainly in the general environment, and thus, locations with 

high concentrations of lead such as around a point source of releases were not 

necessarily included. When lead exposures by air inhalation are estimated using the 

distribution data of lead concentrations in the air based on the monitoring data, there is 

a possibility that the risk of inhalation exposure can be underestimated for the 

population living in areas with high concentrations of lead in the air. 

In this section, therefore, using the Ministry of Economy, Trade and Industry’s Low 

rise Industrial Source dispersion model (METI-LIS), lead concentrations in the air 
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around release sources are estimated and the result is used for risk assessment in 

Chapter VIII. 

The METI-LIS is a model estimating distribution of air concentrations of chemicals 

considering effects of buildings around a release source and climate conditions (METI, 

2003). This model can be applied to both short-term estimations under one climate 

condition and long-term estimations using Automated Meteorological Data Acquisition 

System (AMeDAS)
*
 data. In this assessment, lead concentrations in the air for a 

long-term (1 year) are estimated for the purpose of estimating the lead exposures by air 

inhalation. 

 

3.1 Parameters for estimation with METI-LIS 

The values of parameters used in estimation with METI-LIS, and the methods and 

procedures to determine these values are described below. 

The purpose of estimation using METI-LIS is to estimate not the average 

atmospheric concentrations of lead in Japan but lead concentrations at locations with 

possible highest concentrations. Therefore, only the areas around the business 

institutions with high amounts of lead releases into the air are selected for the 

estimation. Business institutions with high amounts of lead releases into the air are 

determined using the PRTR data described in Chapter III. Top ten ranking business 

institutions with high amounts of lead releases into the air in FY 2002 and FY 2003 are 

listed with the name, site and release amount in Tables V-1 and V-2 in order of the 

release amount. 

Both in FY 2002 and FY 2003, the amounts of releases notified from the Kosaka 

Smelter of Kosaka Smelting & Refining Co., Ltd. in Akita was the highest, and 

especially the amount of releases in FY 2002 was 9,100 kg/year, more than double of 

the amounts released from other institutions. 

In this assessment, approximately 2.5 km square of area centered on the Kosaka 

                                                
*
 AMeDAS is a system of automatic observation equipments installed in approximately 1,300 

observation stations in Japan. These stations, of which more than 1,100 are unmanned, are located at an 

average interval of 17 km throughout the country. Observations at manned stations cover weather, wind 

direction/speed, amount of precipitation, type and base height of cloud, visibility, air temperature, 

humidity, and atmospheric pressure. Observations are performed every ten minutes at unmanned stations, 

of which about700 stations observe four elements (precipitation, air temperature, wind direction/speed, 
and sunshine duration) and the rest of the stations, only precipitation. 
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Smelter is chosen as the subject area for estimation, and the period is for one year in 

FY 2002 when the higher amount of release was notified. For reference, the total 

amounts of lead releases into the air from domestic waste treatment plants all over 

Japan is estimated by material flow analysis in Chapter III, and the estimated value is 

allocated to the treatment plants according to their processing capacity. As a result, 

even in a treatment plant whose amounts of releases into the air estimated was the 

highest, the estimated amount of releases is 120 kg/year, which is one order smaller 

than the amounts of releases from plants listed in Tables V-1 and V-2. 

The methods and procedures to set other parameters used in estimation with 

METI-LIS are as follows. The purpose of estimation with METI-LIS is to estimate 

atmospheric lead concentrations at locations with possible highest concentrations, and 

thus, values of parameters with high uncertainties are established so as to provide 

conservative estimations on the safer side. 

In parameters related to releases, without considering time-course changes, it is 

assumed that lead is released continuously at a constant rate from the center of 

institution, and the actual stack height is set as 100 m. When waste gas temperature is 

high, plume rise is generated by buoyancy and the effective stack height is higher than 

the actual. However, the higher the effective stack height is, the more extensive the 

waste gas diffuses, which leads to the lower maximum lead concentrations and 

atmospheric lead concentrations around the release source. In this assessment, the 

effect of plume rise by buoyancy is not included in the factors in estimation. 

Regarding meteorological data (wind direction and speed, atmospheric stability), the 

observation data at Kazuno Observatory, the nearest to the release source, are obtained 

from the AMeDAS Annual Report 2002. The climate conditions at Kazuno 

Observatory are calmer than those at other observatories nearby, and therefore, 

atmospheric lead concentrations estimated with the data monitored at Kazuno 

Observatory can be higher than those estimated with the data at other observatories. 

The diameter of particles to which lead is adsorbed is assumed to be 0 to 2 m 

considering the information summarized in Section 2.1 of this chapter. The height of 

estimation point is 1.5 m in assumption of the height for human respiration. 

The parameters and their values used in estimation with METI-LIS are presented in 

Table V-3. 
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Table V-1. Top ten ranking business institutions with the amounts of lead release 

into the air in FY 2002 reported in PRTR 

Rank Name of works Prefecture Industry 

Release 

amount 

[kg/year] 

1 
Kosaka Smelter, Kosaka 

Smelting & Refining Co., Ltd. 
Akita 

Nonferrous metal 

manufacturing 
9,100 

2 
Onahama Smelter, Onahama 

Smelting and Refining Co., Ltd. 
Fukushima 

Nonferrous metal 

manufacturing 
3,800 

3 
Shizuoka Plant, Asahi Techno 

Glass Corporation 
Sizuoka 

Ceramics, stone and 

clay products 
3,600 

4 
Harima Smelter, Sumitomo 

Metal Mining Co., Ltd. 
Hyogo 

Nonferrous metal 

manufacturing 
3,400 

5 
Toyo Smelter, Sumitomo Metal 

Mining Co., Ltd. 
Ehime 

Nonferrous metal 

manufacturing 
3,200 

6 
Hachinohe Smelter, Hachinohe 

Smelting and Refining Co., Ltd. 
Aomori 

Nonferrous metal 

manufacturing 
2,700 

7 
Tamano Smelter, Hibi Kyodo 

Smelting Co., Ltd. 
Okayama 

Nonferrous metal 

manufacturing 
2,600 

8 Main factory, Tsuruya Co., Ltd. Aichi 
Ceramics, stone and 

clay products 
2,200 

9 

Saganoseki Smelter & Refinery, 

Nippon Mining & Metals Co., 

Ltd. 

Oita 
Nonferrous metal 

manufacturing 
1,600 

10 
Main factory, Tokusen Industry 

Co., Ltd. 
Hyogo Steel products 1,300 

[Compiled from the data of the METI & ME (2004)] 
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Table V-2. Top ten ranking business institutions with the amounts of lead release 

into the air in FY 2003 reported in PRTR 

Rank Name of works Prefecture Industry 

Release 

amount 

[kg/year] 

1 
Kosaka Smelter, Kosaka 

Smelting & Refining Co., Ltd. 
Akita 

Nonferrous metal 

manufacturing 
4,300 

2 
Hachinohe Smelter, Hachinohe 

Smelting and Refining Co., Ltd. 
Aomori 

Nonferrous metal 

manufacturing 
3,900 

3 Aioi Works, IHI Amtec Co., Ltd. Hyogo 

Shipbuilding and 

repair, marine engine 

manufacturing 

3,900 

4 

Saganoseki Smelter & Refinery, 

Nippon Mining & Metals Co., 

Ltd. 

Oita 
Nonferrous metal 

manufacturing 
2,800 

5 
Shizuoka Plant, Asahi Techno 

Glass Corporation 
Sizuoka 

Ceramics, stone and 

clay products 
2,700 

6 
Onahama Smelter, Onahama 

Smelting and Refining Co., Ltd. 
Fukushima 

Nonferrous metal 

manufacturing 
2,500 

7 
Harima Smelter, Sumitomo 

Metal Mining Co., Ltd. 
Hyogo 

Nonferrous metal 

manufacturing 
2,400 

8 
Hosoe Factory, Amano 

Corporation 
Sizuoka 

General machinery 

manufacturing 
2,000 

9 
Ibaraki Division, Tetsuya Kogyo 

Co., Ltd. 
Ibaraki Metal products 1,900 

10 Main factory, Tsuruya Co., Ltd. Aichi 
Ceramics, stone and 

clay products 
1,900 

[Compiled from the data of the METI & ME (2005)] 
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Table V-3. List of parameters entered in simulation by METI-LIS 

Parameter Setting value 

Molecular weight 207.2 

Property Particulate matter 

Resistivity correction factor 1 

Release amount [kg/year] 9,100 

Actual stack height [m] 100 

Operating pattern All day 

Particle size distribution 1 

Particle diameter (R) [m] 0R2 

Meteorological data (wind direction 

and speed, atmospheric stability) 

measuring observatory 

Kazuno (Akita Prefecture) 

Height of calculation point [m] 1.5 

 

3.2 Results and discussions on estimation of atmospheric lead concentrations 

using METI-LIS 

Figure V-1 shows spatial distribution of interannual mean concentrations of lead in 

the air that are estimated using METI-LIS with the parameters in Table V-3. As shown 

in the distribution chart in Figure V-1, the maximum atmospheric lead concentration 

outside the institution (i.e., the area with the possibilities of the inhabitants inhaling 

lead in air) is approximately 300 ng/m
3
. 

As described in Chapter IV, the maximum lead concentration in the air in the 

monitoring data in 2002 was 220 ng/m
3
, which is not markedly different from the 

estimation obtained with METI-LIS, although the latter is higher than the former. 

While the monitoring data were obtained from short-term (1 week) measurements, the 

estimated atmospheric lead concentrations using METI-LIS are annual means.  

Therefore, it is not relevant to simply compare these values. 

When lead concentrations are estimated using variable values of parameters within 

possible ranges (e.g., the effective stack height: more than 100 m), the estimated 

concentrations outside the institution are below the maximum concentration mentioned 
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above. Therefore, the concentrations estimated using METI-LIS are considered based 

on the worst-case scenario, although there are some uncertainties with the parameters 

used in the estimation. 

 

500m0
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300-350 ng/m3

>350 ng/m3

 

Figure V-1. Distribution of lead concentrations in the air around a point source 

estimated by METI-LIS 

[Source of map: Rikuchu-Nigorigawa, Kosaka Mine, Kosaka, Kemanai, Digital map 25,000, 

the Geographical Survey Institute] 
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4. Summary 

This chapter presents an overview of the environmental fate of lead based on the 

existing data and information. With METI-LIS, lead behaviors in the air are analyzed 

and the atmospheric lead concentrations around a point source of releases are 

estimated. 

In estimation of atmospheric lead concentrations using METI-LIS, a business 

institution with the highest lead releases into the air is chosen based on the amounts 

released into the air reported in PRTR, and lead concentrations around the institution 

are estimated. The result of the estimation suggests that higher lead concentrations may 

be found than the maximum lead concentration in the air obtained in the monitoring 

data. Therefore, in this assessment, considering the worst-case scenario, it is decided to 

estimate human health risks of the population living around the point sources of 

releases based on the estimation obtained with METI-LIS. Risk estimation is to be 

described in Chapter VIII. 
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CHAPTER VI 

 

 

 

HUMAN EXPOSURE ASSESSMENT 

 

 

 

1. Introduction 

This chapter provides the estimation of human exposure to lead in the environment 

using the monitoring data of lead in the environment, and food and drinking water that 

is described in Chapter IV. Evaluation of the estimated human exposure levels is also 

presented. 

The population subject to exposure assessment is the general population without 

effect of any specific exposures, such as occupational exposures. As described in 

Chapter II, lead is suspected to pose health risks, especially to infants and children. In 

addition to adults, exposures are estimated for children aged 0 to 6 years in this 

assessment. Further, because of the possibility that amounts of exposure and main 

exposure pathways of 0-year-old children can be quite different from those of 6-year-old 

children, estimation is made separately in each age from 0 to 6 years to analyze the 

differences in characteristics of exposures by age. 

The possible exposure routes for humans to uptake chemicals include three routes, 

i.e., inhalation, oral and dermal. Lilley et al. (1988) reported, however, that application 

of 0.5-M lead nitrate solution via skin contact on the left arm of adult male volunteers 

for 24 hours did not change the blood lead levels. Based on this report, the dermal 

exposure to lead is considered to be unimportant, and only two other routes, oral 

ingestion and inhalation are considered in this assessment. For oral exposure, three 

exposure media, i.e., intake from each of soil and dust, food, and drinking water, are 

considered. 

To consider the changes in exposures and individual differences in exposures, a 

distribution is applied to lead concentrations in the environment and exposure factors 
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for uptake estimation (e.g., food ingestion, body weight) and the lead exposures are 

estimated as a distribution by Monte Carlo simulation
*
 using Crystal Ball

® 
2000 

(Decisioneering Inc.). The trial number of Monte Carlo simulation is 10,000 and Latin 

Hypercube sampling
†
 is adopted as the sampling method. 

 

2. Estimation of inhalation exposures 

The inhalation exposure of lead are estimated using the following formula: 

 

Inhalation exposure of lead [μg/kg/day] 

 

= 
Lead concentration in the air [μg/m

3
] × Air inhalation volume [m

3
/day] 

Body weight [kg] 

 

Herein, based on the assumption that air inhalation volume of an adult with body 

weight of 50 kg is 15 m
3
/day, the parameter of air inhalation volume in the above 

formula is corrected by body weight using the following formula. Consequently, the 

parameters required for estimation of inhalation exposures are two, i.e., lead 

concentration in the air and body weight. 

3
2

33

][50

][t Body weigh
]/[15]/[  volumeinhalationAir 










kg

kg
daymdaym  

The monitoring data described in Chapter IV are used as the lead concentrations in 

the air for exposure estimation. Based on the monitoring data in Japan for 5 years from 

FY 1999 to 2003, a distribution of lead concentrations in the air is developed as shown 

in Table VI-1 with the assumption that lead concentrations in the air have a lognormal 

distribution. Since almost no data are available on lead concentrations in the indoor air, 

lead concentrations in the indoor air are assumed in this assessment to be equal to 

those outdoors, i.e., the subjects are assumed to breathe the outdoor air all day long. In 

                                                
* The method to stochastically resolve the phenomenon based on the observation of output values 

resulting from input of vast amounts of random number into variables. 
† Latin Hypercube sampling: one of sampling methods used in Monte Carlo simulation. The probability 

distribution is divided into even sections and a value is sampled from each section according to the 
probability distribution of each section.  
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Japan, no source of lead in the air generally exists indoors. Therefore, it is considered 

that assuming lead concentrations indoors and outdoors are the same would not result 

in underestimation of inhalation exposures. 

 

Table VI-1. Distribution of lead concentrations in the air 

used in estimation of inhalation exposures 

GM [ng/m
3
] GSD 5%ile [ng/m

3
] 95%ile [ng/m

3
] 

25.3 2.28 5.47 117 

 

Regarding body weights of children and adults, the means and standard deviations 

are obtained from the reports of Ogiu et al. (1997) and the National Institute of Health 

and Nutrition (NIHN) & the Japan Science and Technology Agency (JST) (2005) 

(Table VI-2). 

Table VI-2. Probability distribution of body weight 

Age Mean [kg] SD [kg] 

0 year 7.1  1.0 

1 year 10  1.6 

2 years 12  2.2 

3 years 14  1.8 

4 years 16  3.0 

5 years 18  2.6 

6 years 24  4.2 

Children* 16  5.0 

Adults 52 16.0 

* Mean of 0 to 6-year-old children 

[Reference: Ogiu et al. (1997) and NIHN & JST (2005)] 

 

Distributions of inhalation exposures in children (each age) and adults estimated by 

the above method are presented in Table IV-3. In addition, a comparison of probability 

distribution of inhalation exposures between children and adults is shown in Figure 

VI-1. In estimation of distributions, it is assumed that parameters are independent and 
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do not correlate each other. The results indicate that the lead exposures per body 

weight in children are larger than those for adults, and the younger the children, larger 

the exposure. 

 

Table VI-3. Estimated inhalation exposures of lead 

Age 
Mean 

[μg/kg/day] 

5%ile 

[μg/kg/day] 

50%ile 

[μg/kg/day] 

95%ile 

[μg/kg/day] 

0 year 0.021 0.0037 0.015 0.058 

1 year 0.018 0.0033 0.013 0.051 

2 years 0.018 0.0031 0.012 0.050 

3 years 0.016 0.0029 0.012 0.046 

4 years 0.016 0.0028 0.011 0.044 

5 years 0.015 0.0027 0.011 0.043 

6 years 0.015 0.0026 0.010 0.041 

Children* 0.017 0.0030 0.012 0.048 

Adults 0.011 0.0019  0.0076 0.030 

* Mean of 0 to 6-year-old children 
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Figure VI-1. Probability distribution of inhalation exposures of lead 

in children and adults 
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3. Estimation of oral exposures 

In this assessment, three oral exposure media, i.e., intake from each of soil/dust, 

food, and drinking water, are considered, and the total exposure with these media is 

regarded as the oral exposure. For precise estimation of oral exposures, it is necessary 

to consider the differences in absorption rate of lead in each medium. In the estimation 

of this chapter, however, the absorption rate of lead in each of soil/dust, food, and 

drinking water is not considered (the absorption rate of lead is described in Chapter 

VII). 

 

3.1 Estimation of lead intake from soil/dust 

In this assessment, the total lead intake from outdoor soil ingestion and indoor dust 

ingestion are estimated using the following formula. 

 

Lead intake from soil/dust [μg/kg/day] 

 

= 
Lead concentration in soil/dust [μg/g] × Soil/dust ingestion [g/day] 

Body weight [kg] 

 

Herein, lead concentrations in soil/dust are obtained from the data of lead 

concentrations in general soil described in Chapter IV (AE, 2000). Using all the data 

throughout Japan of this report, a distribution of lead concentrations in soil is 

developed with the assumption that lead concentrations in soil have a lognormal 

distribution (Table VI-4). 

As described in Chapter II, U.S. EPA assessed lead exposures separately for soil 

outdoors and for dust indoors. The reason for this approach was that lead-based paint 

had once been used for ordinary houses in the U.S., which caused a situation that in 

some houses the lead concentrations indoors were extremely higher than those in soil 

outdoors. In Japan, however, lead-based paint has not been used in ordinary houses. 

Therefore, it is considered that it would not lead to underestimation of exposures to 

assume that lead concentrations in soil and dust are the same. 
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Table VI-4. Distribution of lead concentrations in dust and soil 

used in exposure estimation 

GM [μg/g] GSD 5%ile [μg/g] 95%ile [μg/g] 

13.2 2.2 2.7 63.9 

 

With abundant data of soil/dust ingestion available and used in the risk assessments 

in many countries (U.S. EPA, 1997, 2002), a distribution of ingested amounts of 

soil/dust is developed with the assumption that amounts of soil/dust ingested have a 

lognormal distribution (Table VI-5). 

In estimation of distributions, it is assumed that parameters are independent and do 

not correlate each other. 

 

Table VI-5. Distribution of soil and dust ingestion 

Age 
GM 

[mg/day] 
GSD 

5%ile 

[mg/day] 

95%ile 

[mg/day] 

0 year  96 1.28 69 134 

1 year 106 1.23 71 158 

2 years 106 1.23 71 158 

3 years 106 1.23 71 158 

4 years  90 1.16 68 120 

5 years  88 1.14 68 115 

6 years  87 1.14 67 113 

Children*  97 1.12 77 122 

Adults  39 1.83 12 129 

* Mean of 0 to 6-year-old children 

 

3.2 Estimation of lead intake from food 

The lead intake from food can be estimated as products of individual lead 

concentrations in food items and their consumptions. As described in Chapter IV, 

however, it is difficult to capture accurate lead concentrations in food since most lead 

concentrations in food were below the detection limits. In this assessment, actual lead 
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intakes from food are obtained from the results of the Total Diet Study (TDS) 

conducted by National Institute of Health Sciences (NIHS) and converted into the lead 

intake per body weight. The outline of TDS is explained below. 

In TDS, 99 to 180 food items are purchased in market by 8 to 12 local public health 

institutes according to the food intake by region, which is based on the adult food 

intake by food group that are estimated by the MHLW’s National Nutrition Survey. 

Lead concentrations in the food items obtained, if necessary cooked, are analyzed, and 

with the analytical data obtained, average lead intakes per day are estimated. 

Interannual changes in national averages of lead intake from all food from FY 1977 

to 2003, which are obtained from TDS, are shown in Figure VI-2. Since FY 1981, the 

lead intakes by food group have been reported, and the interannual changes in the lead 

intakes by food group from FY 1981 to 2003 are shown in Figure VI-3. The lead 

intakes from both all food and respective food groups have been decreasing year by 

year, as shown in Figures VI-2 and VI-3. Although there might have been some 

differences in food consumption in the present and the past, the lead intakes from 

almost all food groups have been decreasing, and thus, it is considered that lead 

concentrations in food have probably been reducing. 

Based on the lead intakes from food groups shown in Figure VI-3, the contribution 

of each food group to the lead intake from all food for the recent 5 years (FY 1999 to 

2003) are summarized in Figure VI-4. The food groups which account the major 

contribution of lead intake are rice (approximately 30%), roots and tubers and cereals 

other than rice (approximately 11%), and vegetables and seaweed (approximately 

11%). 
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Figure VI-2. Interannual changes in lead intake from all food 

[Compiled from the data of the NIHS (2000, 2005)] 
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Figure VI-3. Interannual changes in lead intake from food groups 

[Compiled from the data of the NIHS (2000, 2005)] 
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Figure VI-4. Contribution rates of each food group to the lead intake 

from all food (1999 to 2003) 

[Compiled from the data of the NIHS (2000, 2005)] 

 

Based on the results of TDS, distributions of lead intakes in adults and children are 

estimated, using the following formula: 

 

Lead intake from food [μg/kg/day] = 
Lead intake reported by TDS [μg/day] 

Body weight [kg] 

 

Herein, the adult lead intakes are obtained from the results of TDS for 5 years from 

FY 1999 to 2003 and a distribution of lead intake is developed with the assumption 

that the lead intakes from food have a lognormal distribution. The TDS results, 

however, reported only the adult lead intakes. Therefore, using the Health and 

Nutrition Information Infrastructure Database System by the NIHN & the JST (2005), 

first the ratios of child consumption by food group to that of adult are computed and 

then, the ratio is used to estimate the child lead intakes by food group from those of 

adult. Although “drinking water” is included in the items of TDS as one of food groups, 
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the lead intakes from drinking water are estimated not in this section but in the 

following section with a different method to ensure more precise estimation. 

The lead intakes are represented as products of lead concentrations in food and food 

consumption, and of two parameters, food consumption has a significant correlation 

with body weight. Therefore, with the assumption that the lead intake and body weight 

are independent, the distribution range would be wider than the actual, which leads to 

overestimation of risks. The consideration of correlation between parameters, however, 

is extremely difficult. Therefore, in this assessment, a conservative approach is taken to 

estimate lead intakes from food based on the assumption that parameters are 

independent from each other. 

 

3.3 Estimation of lead intake from drinking water 

The lead intakes from drinking water are estimated using the following formula: 

 

Lead intake from drinking water [g/kg/day] 

 

 

= 

Lead level in 

first-draw 

water [g/L] 
× 

Consumption of 

first-draw water 

[L/day] 
+ 

Lead level in 

flushed water 

[g/L] 
× 

Consumption of 

flushed water 

[L/day] 

Body weight [kg] 

 

The monitoring data of lead concentrations in tap water that are described in Chapter 

IV indicate a tendency that lead concentrations in the first-draw water are higher than 

those in the flushed water. Therefore, in this assessment, the distributions of the 

first-draw and flushed waters are considered separately. Using all the monitoring data 

of lead concentrations in the first-draw and flushed waters that are described in 

Chapter IV, distributions of the first-draw and flushed waters are developed (Table 

VI-6). Herein, correlation between the first-draw and flushed waters is not considered. 

Further, it is assumed that an equal amount of the first-draw and flushed waters are 

consumed as drinking water. 
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Table VI-6. Distribution of lead concentrations in tap water 

used in exposure estimation 

Type of drinking water 
GM 

[μg/L] 
GSD 

5%ile 

[μg/L] 

95%ile 

[μg/L] 

First-draw water 3.8 2.78 0.5 28.0 

Flushed water 2.3 2.92 0.3 17.4 

 

Although drinking water consumption is considered to be a parameter correlating 

with body weight similar to air inhalation volume and food consumption, no accurate 

information about the correlation between body weight and drinking water 

consumption is available. To expedientially prevent this problem of correlation 

concerning drinking water consumption, only the mean values are obtained from the 

reports of U.S. EPA (1997, 2002) and NIHS (2000) (Table VI-7) and used for 

estimation.. 

Lately, some families do not use straight tap water for drinking but the water 

through purifiers with capacity of lead elimination, or bottled mineral water. In this 

assessment, however, these cases are not considered. 

 

Table VI-7. Drinking water consumption 

Age Mean [L/day] 

0 year 0.20 

1 year 0.42 

2 years 0.43 

3 years 0.47 

4 years 0.48 

5 years 0.49 

6 years 0.56 

Children* 0.44 

Adults 0.66 

* Mean of 0 to 6-year-old children 
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3.4 Oral exposures estimated 

The Oral exposure distributions estimated in children (each age) and adults of total 

lead intakes from each of soil/dust, food, and drinking water are shown in Table VI-8. 

In addition, a comparison of probability distributions of oral exposures between 

children and adults is presented in Figure VI-5. 

Oral exposures are two orders larger than inhalation exposures shown in Table VI-3 

and Figure VI-1. It is considered that the main exposure route of lead is oral. Similar to 

the inhalation exposure, the exposures per body weight in children are larger than those 

for adults, and the younger the children, larger the exposure. 

In comparison of estimated distributions of lead exposures with the 

WHO-recommended lead TDI (3.5 g/kg/day), in children of all age and adults, the 

mean and 50-percentile values of lead exposure are lower than TDI, however, 

95-percentile values in some age are higher than TDI. As described in Chapter II, 

however, the WHO’s TDI is set as the intake at which lead does not accumulate in the 

body, meaning that TDI is not directly related to the onset of lead adverse effects. 

Therefore, it is difficult to quantitatively assess human health risks based on the 

comparison of exposures and TDI. 

Quantitative assessment for human health risks requires assessment of adverse 

effects of lead, dose-response relationship in adverse effects, and onset threshold of 

adverse effects. The assessment of adverse effects of lead is presented in Chapter VII. 

The contribution of lead intake each from soil/dust, food, and drinking water to oral 

exposures is shown in Table VI-9. The contributions of intakes from food are 80% or 

higher in adults and children, and food is considered to be the critical source of 

exposure. The contributions of intakes from drinking water are almost constant around 

10% in all of adults and children except 0-year-old children. In contrast, contributions 

of intakes from soil and dust vary, and in children are 3 to 5-fold higher to that in 

adults. Intake from soil and dust is a critical exposure medium especially for children. 

These contribution rates, however, are estimated using the 50-percentile of lead 

intake from each medium and the possibilities of regional or individual differences are 

not considered. 
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Table VI-8. Estimated oral exposures of lead 

Age 
Mean 

[μg/kg/day] 

5%ile 

[μg/kg/day] 

50%ile 

[μg/kg/day] 

95%ile 

[μg/kg/day] 

0 year 2.5 1.3 2.2 4.4 

1 year 2.1 1.1 1.8 3.7 

2 years 2.0 1.0 1.7 3.5 

3 years 1.7  0.90 1.5 3.1 

4 years 1.7  0.88 1.5 3.0 

5 years 1.6  0.82 1.4 2.8 

6 years 1.5  0.79 1.3 2.7 

Children* 1.8  0.95 1.6 3.3 

Adults  0.72  0.36  0.63 1.3 

* Mean of 0 to 6-year-old children 

 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.0 0.9 1.8 2.7 3.6

Oral exposure [μg/kg/day]

P
ro

b
a

b
il
it
y

Children

Adults

4.5

 

Figure VI-5. Probability distribution of oral exposures of lead 

in children and adults 
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Table VI-9. Contribution of each medium to oral exposures [%] 

Age Soil and dust Food Drinking water 

0 year 13 81 6.0 

1 year 12 78 11 

2 years 11 79 10 

3 years 9.9 80 10 

4 years 8.0 82 10 

5 years 7.3 83 9.4 

6 years 6.7 83 10 

Children* 8.9 82 9.2 

Adults 2.5 88 9.4 

* Mean of 0 to 6-year-old children 
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4. Summary 

This chapter presents the estimation of distributions of lead inhalation and oral 

exposures in general population of adults and children (0 to 6 years). The 50-percentile 

values of inhalation exposures in children and adults are 0.012 and 0.0076 g/kg/day, 

and those for oral exposures are 1.6 and 0.63 g/kg/day, respectively. In both routes, 

the exposures per body weight are higher in children than adults. Oral exposures are 

two orders higher both in adults and children in comparison with inhalation exposures, 

and it is considered that the main route for lead uptake is oral. 

Further, contributions of lead intake from soil/dust, food, and drinking water to oral 

exposures are estimated, which indicates that the intakes from food are 80% or higher 

both in adults and children. Food ingestion is considered to be the critical exposure 

route for lead. 

In comparison of distributions of lead exposure estimated in this chapter with the 

WHO-recommended lead TDI (3.5 g/kg/day), the mean and 50-percentile values of 

lead exposures in adults and children of all age are lower than TDI, however, 

95-percentile values in some age are higher than TDI. As described in Chapter II, 

however, the WHO’s TDI is set as the intake at which lead does not accumulate in the 

body and TDI is not directly related to the onset of lead adverse effects. Therefore, it is 

not feasible to quantitatively assess human health risks based on the comparison of 

estimated exposures and TDI. 

The following chapter assesses the adverse effects of lead, reviewing and 

summarizing the available information on the dose-response relationships between 

exposures and adverse effects, and on threshold of adverse effects, and determines the 

endpoint used in this risk assessment.  
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CHAPTER VII 

 

 

 

HUMAN HEALTH HAZARD ASSESSMENT 

 

 

 

1. Introduction 

As described in Chapter I, it is believed that lead was already used in and before 

3000 B.C. and its human health effects in lead poisoning has been described since circa 

370 B.C., around the era of Hippocrates. Toxic symptoms associated with lead 

exposures were known as occupational hazards of workers using lead since antiquity. 

Cases of human lead poisoning have been reported as accidents in factories using lead 

compounds, intake of lead-contaminated illicit liquor and ingestion among children of 

paints and face powders containing lead. However, it is only recently that the 

information on dose-response relationship between lead toxicity and exposure became 

available. 

This chapter first presents an overview of the existing data and information about 

toxic effects of lead, followed by a detailed description of its effects on children, which 

is considered the most critical effects of lead. Subsequently, the biokinetics of lead and 

the mechanism of lead toxicity are described. Finally the endpoints for human health 

risk assessment and the reference values are determined based on the overall 

evaluation of the data and information presented in the chapter. 

 

2. Hazard information 

2.1 Human health hazards 

The following clinical symptoms in humans associated with lead exposures have 

been reported. 
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(1) Effects on the hematopoietic system 

Anemia is observed at blood lead levels of 80 g/dL in adults and 70 g/dL in 

children. A patient with severe anemia has pale face, which is called lead pallor. A 

decrease in hemoglobin
*
 level, an indicator of anemia, is found at blood lead levels of 

50 g/dL in adults and 25 to 30 g/dL in children (WHO, 2001). Anemia due to lead 

poisoning occurs as a result of inhibition of heme biosynthesis in hemoglobin. As 

described in Section 5 of this chapter on the mechanisms of lead toxicity, lead 

interferes with the activities of enzymes and iron related with heme biosynthesis and 

globin synthesis in erythrocytes, which leads to further effects on the synthesis of 

porphyrin, an intermediate in heme synthesis. The highly sensitive effect to lead 

exposures detected at low exposure levels is the inhibition of -aminolevulinic acid 

dehydratase (ALA-D)
†
 activity which is involved in heme synthesis. A negative 

association is found between ALA-D activity and blood lead levels. The relationship 

between blood lead levels and the inhibition of highly sensitive enzyme activities, i.e., 

indicators including ALA-D is described in detail in Section 3.2 of this chapter. 

 

(2) Effects on the nervous system 

Effects of lead on the peripheral nervous system are muscle pain, arthritis and 

muscle weakness in early stage and paralysis of the extensor muscles in advanced 

stage. 

The effect on the central nervous system is lead encephalopathy. Many cases of lead 

encephalopathy have been developed particularly in the U.S. among the children who 

ingested old lead paint flakes in their houses. The symptoms include being restless and 

petulant, anxiety, insomnia, excitation and deterioration of memory, and in advanced 

stage, spasm and coma, which sometimes results in death. Of 98 children who died of 

lead encephalopathy, all except one had blood lead levels of approximately 150 g/dL 

(NRC, 1972). In Japan, infants who licked mother’s face powder containing lead white 

(basic lead carbonate) during feeding died of acute lead encephalopathy in 1923 and 

the use of lead-based face powder was prohibited in 1935 (Miura, 1983). Among the 

                                                
*
 A red pigment contained in erythrocytes, consisting of heme with iron and globin which is protein.  

† Enzyme in heme biosynthesis catalyzing the reaction that 2 molecules of -aminolevulinic acid are 
condensed by dehydration into one molecule of porphobilinogen, an intermediate in porphyrin 
biosynthesis. 



VII. Human health hazard assessment 

 

181 

children with lead poisoning due to pica behavior, mental effects such as abnormal 

behaviors and mental retardation are observed at blood lead levels of 40 to 80 g/dL 

even if they do not develop encephalopathy (WHO, 1977). 

Recently, it has been recognized as a critical problem that hyperactivity, decreased 

attention span in a classroom and a slight reduction in intelligence quotient (IQ) are 

observed among the children with even lower blood lead levels. These effects can be 

detected only by neuropsychological evaluation for behaviors and are defined as 

subclinical lead toxicity. The effect of lead exposure at low levels on function of the 

central nervous system has been evidenced by changes in EEG patterns observed in 

children demonstrating neuropsychological deficits (Otto et al., 1982). 

On the effect of maternal lead exposure on neurodevelopment of infants, of 6 cohort 

studies published after 1987, 3 studies reported that decreases in mental development 

index were found in infants whose lead level in the cord blood ranged 10 to 25 g/dL 

(Bellinger et al., 1987, 1990; Ernhart & Greene, 1990). However, no relationship 

between cognitive ability of children aged 2 years and higher and prenatal lead 

exposure index was found in all studies. In other 3 prospective cohort studies, 

relationship between cognitive ability of children and maternal lead exposure was not 

found in the range of 20 to 30 g/dL of maternal or cord blood lead (McMichael et al., 

1988; Cooney et al., 1989). 

 

(3) Effects on the kidney 

It is known that damage in the proximal tubules causes aminoaciduria and 

intranuclear inclusion bodies in the tubular epithelium. These symptoms develop 

around 100 g/dL of blood lead levels in short-term lead exposures (WHO, 1995; 

Araki, 1976). A considerable number of case studies and epidemiological studies 

reported the effects of long-term occupational exposures to lead on the kidney. Several 

epidemiological studies in the general population were also conducted. 

Cramer et al. (1974) reported that chronic kidney damage was confirmed 

pathologically and intranuclear inclusion bodies were found in the tubular proximal 

epithelium in 7 workers who were engaged in cutting steel plates including lead in a 

shipyard (blood lead level: approximately 70 g/dL), however, no kidney malfunction 

was found. Wedeen et al. (1979) confirmed decreases in glomerular filtration rate, 
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focal interstitial nephritis and changes in the proximal tubules in 15 workers who were 

diagnosed with lead nephropathy (blood lead level: 40 to 80 g/dL). Following are the 

effects of lead on the kidney summarized by Araki (1976) based on the information 

reported in various reports including the above. 

“Kidney damage with a high blood urea nitrogen (BUN) level was found in several 

percent, 50% and 80% of the workers handling lead whose blood lead levels were 120, 

160 and 180 g/dL, respectively. In patients with moderate kidney damage whose 

blood lead level ranged from 40 to 140 g/dL, more than half had symptoms indicating 

poor creatinine clearance (indicator for glomerular filtration rate), damages of the renal 

artery, glomerulus and proximal tubule, and also many of them had high plasma 

creatinine and BUN levels. In contrast, patients whose blood lead level was 61 g/dL 

or less rarely had renal dysfunction. Hyperuricemia, which is considered due to flow 

disorder from the tubule induced by lead, was observed in patients with blood lead 

level of 60 g/dL and higher. In addition, there are some reports suggesting the distal 

tubular damages including urinary acidification and renin secretion disorder.” 

WHO (1995), however, indicated that many of the reports cited by Araki (1976) 

lacked indicators specific to lead exposure or had insufficient consideration of the 

coexistence of other toxic substances. 

 

(4) Reproductive and developmental toxicity 

As the symptoms of lead poisoning among workers, the decreased fertility and the 

increased abortion rate in females and the reduced virility in males have been reported 

from ancient times. For the effects on male reproduction, an effect on spermatogenesis 

in a group of workers handling lead with mean blood lead level of 52.8 g/dL was 

observed, but no effect in a group with that of 41 g/dL (Lancranjan et al., 1975). In 

other study, changes in spermatogenesis were observed at the blood lead levels of 46.1 

and 44.6 g/dL, but not below 39 g/dL. WHO (1995) evaluated that the recent studies 

presented qualitative evidences of reproductive toxicity of lead to both males and 

females, however, were insufficient to estimate a dose-response relationship in 

females. 

 

 



VII. Human health hazard assessment 

 

183 

(5) Effects on the digestive system 

In blood lead level of 60 to 80 g/dL and above, anorexia, postprandial gastric 

distress, constipation and diarrhea were observed, and further, lead colic, a sudden 

spastic abdominal pain developed (Araki, 1976). 

 

(6) Carcinogenicity 

Carcinogenicity of lead is reported as follows. 

In a survey in 184 cases of death among 425 workers aged 65 years and higher who 

were engaged in lead-related industries in the U.K. for 25 years or more and 153 cases 

of death among the workers who were working in a lead battery plant, the subjects 

were classified into three groups of lead exposure level by urinary lead level and the 

standardized mortality ratio (SMR)
*
 by cancer was estimated. SMR, however, was 87 

(27/31100) even in the high-exposure group, and no significant increase in mortality 

was found (Dingwall-Fordyce & Lane, 1963). Also in other study (Nelson et al., 1982), 

no association between occupational lead exposure and cancer mortality was found. 

The cause of death was investigated until the end of 1970 in a cohort of 7,032 

workers who were employed in one of 6 lead works and 10 lead battery plants in the 

U.S. at least for one year from 1946 to 1970 (Cooper et al., 1985). Of workers in lead 

battery plants, 344 (SMR 113) died from various cancers, of which 34 was gastric 

cancer (SMR 168) and 116, lung cancer (SMR 124) both showing statistical 

significances. In contrast, although workers in lead works had almost similar cancer 

mortality rates, no statistically significant differences were observed. In this study, 

however, workers with symptoms of lead poisoning were selected as the subjects, and 

therefore, there was a possibility that those without symptoms of lead poisoning were 

excluded. IARC indicated that the study period was insufficient for investigation of 

cancer onset because 60% of the workers in lead works were employed for less than 20 

years, and that no significant difference was found in workers in lead battery plants 

although 64% of them were employed for 20 years or longer. In addition, IARC 

suggested the possibility that workers in lead works were affected by other factors 

(coexistence of other toxic substances such as arsenic) (IARC, 1987). 

                                                
*
 Hundred-fold value of the ratio of the deaths in an exposed population to statistically expected deaths 

in the general population. 
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In other study in the workers in lead works in the U.S. (Selevan et al., 1985), SMR 

for mortality of all cancers was 95, slightly lower than statistically expected, however, 

SMRs of respiratory, kidney and bladder cancers were 111, 204 and 143, respectively, 

which were high, although no statistical significances were observed. After careful 

evaluations of the available epidemiological studies, the experts at IARC and U.S. EPA 

indicated the following problems: 

 

1. Lack of quantitative information for exposure 

2. Lack of analysis of confounders (e.g., smoking effect, mixed exposures to other 

substances such as arsenic, cadmium and zinc) 

3. Low SMRs: SMRs of gastric and lung cancers were low (less than 200) 

4. Lack of consistency across the factories investigated in various studies 

5. Lack of data on dose-response relationship 

 

IARC and U.S.EPA concluded that the results obtained from the existing 

epidemiological were insufficient to evidence carcinogenicity of lead in humans. 

Carcinogenicity of lead, however, has been confirmed in studies with experimental 

animals (Section 2.3 of this chapter), and IARC classified the human carcinogenicity 

of lead and its inorganic compounds into Category 2A: probably carcinogenic to 

humans, and U.S. EPA, B2: probable human carcinogen. 

 

In summary, various human health hazards of lead are observed with the conditions 

of high blood lead level including anemia (hematopoietic system), arthritis, muscle 

weakness and extensor paralysis (peripheral nervous system), lead encephalopathy 

(central nervous system), aminoaciduria induced by damage in the proximal tubules 

(kidney) and decreased fertility and increased abortion rate (reproduction). In many 

countries, however, improvements in occupational environment dramatically reduced 

these adverse health effects of lead after 1930, and at present, are rarely observed. On 

the other hand, there have been increasing concerns on subclinical toxicity to the 

hematopoietic and nervous system with lead exposures at lower levels. 
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2.2 Comparison of sensitivity and exposures between adults and children 

As described in the previous section, marked anemia, one of adverse effect of lead 

exposure in humans, was observed in adults with blood lead level of 80 g/dL or 

higher, while in children with blood lead level of 70 g/dL or higher. Also, a decrease 

in hemoglobin level, an indicator for anemia, was found in adults with blood lead level 

of 50 g/dL, while in children with blood lead level of 25 to 30 g/dL (WHO, 2001). 

Further, acute lead encephalopathy, the most serious neuropathy, was found in adults 

with blood lead level of 120 g/dL and higher, while in children with blood lead level 

of 80 to 100 g/dL (U.S. EPA, 1986). 

As shown above, effects of lead on the hematopoietic and nervous systems, the 

major effects, were observed in lower blood lead levels in infants and children 

compared to adults. The reason for the difference is considered that the blood-brain 

barrier does not sufficiently function in infants and children whose central nervous 

system is still in the phase of rapid development. In addition, it is thought that children 

have higher blood lead level than adults due to the following reasons: 

 

1. The average lead intake is 50.7 g/day (0.72 g/kg/day) in male adult (body 

weight: 70 kg), while 46.6 g/day (4.66 g/kg/day) in 2-year-old child (body 

weight: 10 kg), i.e., the lead intake per body weight in child is 6-fold or higher to 

that in adult (U.S. EPA, 1986). 

2. Lead absorption rate from the gastrointestinal duct was 10% in adult (WHO, 1995), 

while the rate in 1 to 3-year old child is 42% (Ziegler et al., 1978), which is higher 

than the rate in adult. 

3. Children play outdoors and have a behavior to put anything on their hands into 

their mouth as well as pica behavior, and thus, the lead intake from ingestion of 

soil and dust in children (0.6 g/day) is higher than that in adults (0.2 g/day) 

(U.S. EPA, 1986). 

 

Based on these reasons, children are considered to be more important than adults in 

assessing human health risks of lead. 
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2.3 Adverse effects in experimental animals 

Compared to other chemicals, there is more information on the adverse effects of 

lead in humans. Therefore, the toxicology studies of lead in experimental animals have 

been conducted to obtain the data which are helpful to clarify quantitative relationships 

of effects observed and lead exposures in humans, including some specific observation 

and examination parameters to lead in addition to the standard set of protocols. 

 

(1) Effects on the hematopoietic system 

The main clinical symptom induced by lead in the hematopoietic system is anemia. 

However, a considerably high level of lead is required to develop anemia, and 

therefore, effects on syntheses of heme and globin, and on formation and function of 

erythrocyte were examined in many studies. 

As a toxicity study at a comparably high dose of lead, a 7-week oral administration 

study in Wister rats was conducted with the feed containing 1% of lead acetate (Walsh 

& Ryden, 1984). In this study, body weight, urinary -aminolevulinic acid (ALA), 

creatinine, blood lead level and hematocrit were determined. The blood lead level was 

196 g/dL, which was significantly higher than 1.2 g/dL of the control group, and 

hematocrit and body weight were significantly lower. 

Azar et al. (1973) conducted a 2-year oral administration study of lead acetate in rats 

(50 males and females per group and 100 males and females in control group) and 

beagle dogs (4 males and females per group) via feed at concentrations of 0, 10, 50, 

100 and 500 ppm. Clinical symptoms, behaviors, feed consumption and body weight 

were recorded, and lead levels in the blood, urine, feces and tissues were determined 

regularly. In addition, hematological and biochemical examinations and urinalysis 

were conducted, as well as the determination of blood ALA-D activity and amount of 

ALA excreted in the urine. Further in the second study, lead acetate was administered 

in rats (20 males and females) via feed at concentrations of 0, 1,000 and 2,000 ppm for 

2 years. The results are shown in Table VII-1. 

In the studies with rats, significant decreases in hemoglobin and hematocrit were 

observed at 1,000 ppm (blood lead level: 98.6 g/dL) and above. Enzymatic activity 

of ALA-D, which is involved in porphyrin synthesis, was significantly reduced at 50 

ppm (blood lead level: 18.5 g/dL) and above. On the other hand, ALA, which is a 
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substrate, was significantly increased only with urinary lead levels of 500 ppm (blood 

lead level: 77.8 g/dL) and higher. 

It was also found in the study in dogs that ALA-D and ALA had different minimum 

levels with significant difference (p<0.05) from the control group. In dogs, 

hemoglobin and hematocrit, the indicators for anemia, had no significant difference 

from the control group even at the highest concentration of 500 ppm (blood lead 

level: 75.8 g/dL). In contrast, ALA-D activity was reduced at100 ppm (blood lead 

level: 42.5 g/dL) and higher, and urinary ALA was increased only at the highest 

concentration of 500 ppm (blood lead level: 75.8 g/dL). Azar et al. (1973) suggested 

that these differences could be explained with the standby capacity of enzymes 

observed in many biological systems. 

Table VII-1. Effect of dietary lead on hemopoietic system 

Dietary lead* 

[ppm] 

Blood lead 

[μg/dL] 

Hemoglobin 

[g/dL] 

Hematocrit 

[%] 

ALA-D activity 

[units/mL rbc] 

Urinary ALA 

[mg/dL] 

Rats 

    5 12.7 15.39 42.9 22.0 0.42 

   18 11.0 15.27 42.2 22.2 0.43 

   62 18.5** 15.42 42.3 14.4** 0.42 

  141 35.2 15.32 42.1  9.3 0.44 

  548 77.8 15.03 42.1  3.6 0.97** 

    0 16.4 15.72 45.2 17.3 0.49 

1,130 98.6** 14.73** 43.1**  2.4** 2.09** 

2,102 98.4 14.37 41.1  1.6 2.38 

Dogs 

  2 15.8 16.23 44.1 23.4 0.26 

 16 16.6** 16.04 43.1 21.8 0.27 

 57 31.5 16.12 43.6 17.8 0.29 

155 42.5 16.27 44.1 10.6** 0.27 

576 75.8 15.64 42.4  3.9 0.57 

* Measured concentration of lead in diet. 

** Lowest level at which significant difference from control occurred (p<0.05) 

[Reference: Azar et al., 1973] 
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(2) Effects on the nervous system 

In neurotoxicity studies of lead in animals, the focal issue is decline in learning 

ability and memory that were observed at blood lead level of 30 g/dL and lower. 

Bushnell & Levin (1983) administered lead acetate via drinking water at 

concentrations of 10 and 100 mg Pb/L to postnatal rats for 7 weeks and found a decline 

in learning ability at brain lead level of 0.05 g/g tissue. The blood lead level was 

estimated to be 20 g/dL considering concentrations determined in a similar lead 

exposure study. Cohn et al. (1993) administered lead acetate via drinking water at 

concentrations of 50 mg Pb/L to rats and reported effects on repeated learning ability. 

The blood lead level in this study was 25 g/dL. Altmann et al. (1993) examined 

learning ability in adult rats that were exposed to lead before weaning, and 

immediately before and after weaning and confirmed the decline in learning ability 

only in the rats that were exposed to lead after weaning and had 16 g/dL of blood lead 

level. The brain lead level in these rats was 0.09 g/g tissue. Rice (1985) examined 

cognitive learning function in monkeys and reported that cognitive impairment in adult 

monkeys due to the lead exposure during the period from newborn to infant was found 

at blood lead levels of 11 to 13 g/dL. 

 

(3) Effects on the kidney 

In nephrotoxicity studies in experimental animals, effects of lead were found in 

single and repeated exposures. Single exposure to lead reduced tubular reabsorption of 

low-molecular-weight substances, especially amino acid, glucose and phosphate. 

Morphological changes by repeated exposures were studied in rats by Goyer et al. 

(1989). In this study, rats were exposed to lead at various concentrations for 12 weeks, 

and as a result, the threshold of blood lead level to damage of proximal tubular cells 

was considered to be 60 g/dL. This concentration is almost equal to the threshold of 

blood lead level at which nephrotoxicity was observed in humans (Buchet et al., 1980; 

Gennart et al., 1992). In a 7-week toxicity study of lead in rats via feed containing 1% 

of lead acetate, increases in kidney weight and -ALA in the urine were observed 

(Walsh & Ryden, 1984). 
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(4) Reproductive and developmental toxicity 

In reproductive toxicity studies in animals, effects on males and females were 

investigated. Chowdhury et al. (1984) reported that testicular atrophy associated with 

degeneration of spermatocytes and spermatids was observed in rats at blood lead levels 

of 70 g/dL and higher, but not at 54 g/dL. Sokol et al. (1985) conducted a 60-day 

oral administration study in adult rats at 100 days of age via drinking water containing 

0.3% lead acetate solution and confirmed dose-dependent suppression in serum 

testosterone levels and spermatogenic ability. The blood lead level was 30 to 50 g/dL. 

Hilderbrand et al. (1973) reported that adult female rats that were administered lead 

had irregular estrous cycles at a blood lead level of 30 g/dL, and follicular cyst and 

reduction in the number of luteal cells at 53 g/dL. Foster (1992) confirmed in 

nulliparous monkeys that were exposed to lead for a long-term period (blood lead 

level: 35 g/dL) that luteinizing and follicle-stimulating hormones and estradiol in the 

blood were decreased but no marked effect on general symptoms and menstruation was 

found. 

 

(5) Carcinogenicity 

As shown in Table VII-2, many carcinogenicity studies have been conducted, 

including oral, subcutaneous and intramuscular studies with water-soluble inorganic 

lead (lead phosphate and lead acetate) and oral studies with drinking water containing 

diluted lead nitrate and lead chromate. The results of these studies were reviewed by 

IARC (1980) and U.S. EPA (1986). As pointed out by WHO (1995), however, most 

studies have some problems in experimental designs such as administration at a high 

dose only, inappropriate dose setting, use of either males or females only, insufficient 

number of animals and observation parameters. Consequently, it is not possible to 

quantitatively evaluate the data from these studies. Among these studies, a 2-year 

carcinogenicity and chronic toxicity study in rats by Azar et al. (1973) is considered to 

have a relevant study protocol. The results are summarized in Table VII-3. 
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Table VII-2. Carcinogenicity studies in experimental animals 

Species Lead compound Dose (route) Tumor incidence 

Rat Lead phosphate 
120–680 ppm (subcutaneous, 

whole volume) 
Renal tumor: 19/29 

Rat Lead acetate 1% (feeding) Renal tumor: 15/16 

Rat Acetite of lead 0.1, 1% (feeding) Renal tumor: 11/32 (0.1%), 13/24 (1%) 

Mouse 
Lead 

naphthenate  

20% (benzene) 

Skin application (once to 

twice/week) 

Renal tumor: 5/59 

No tumor (control) 

Rat Lead phosphate 
1.3 g (subcutaneous, whole 

volume) 
Renal tumor: 29/80 

Rat Acetite of lead 0.5 –1% (feeding) Renal tumor: 14/24 

Rat Acetite of lead 1% (feeding) Renal tumor: 31/40 

Mouse Lead tetraethyl 
0.6 mg (subcutaneous), 4 times 

(during 0 to 21 days after birth) 

Lymphoma: 5/41 (female), 1/26 (male), 

1/39 (control)  

Rat Lead acetate 
3 mg/day (2 months, oral) 

4 mg/day (16 months, oral) 

Renal tumor: 76/126 

Testis tumor: 23/94 (male) 

Hamster Acetite of lead 0.5, 1% (feeding) No significant tumor incidence 

Mouse Acetite of lead 0.1, 1% (feeding) 
Renal tumor: 7/25 (0.1%) 

Considerable mortality (1%) 

Rat Lead nitrate 25 g/L (drinking water) No significant tumor incidence 

Rat Lead acetate 3 mg/day (oral) 
Rena, pituitary, cerebral glioma, adrenal, 

thyroid, prostate and mammary tumor: 89/94 

Rat Lead acetate 
0, 10, 50, 100, 1,000, 2,000 ppm 

(feeding), 2 years 

No tumor (0–100 ppm) 

Renal tumor: 5/50 (500 ppm) 

10/20 (1,000 ppm) 

16/20 (male, 2,000 ppm) 

7/20 (female, 2,000 ppm) 

Hamster Lead oxide 1 mg (intrabronchial), 10 times 
0/30 (without benzopyrene) 

12/30 (with benzopyrene) 

Rat Lead chromate 8 mg (intramuscular), 9 months 

Lymphoma: 2/25 (female) 

Fibrosarcoma: 11/25, female: 3/25 

Rhabdosarcoma: 10/25 (female), 7/25 (male), 

Renal cancer: 3/25 (male) 

Mouse Lead chromate 3 mg (intramuscular), 4 months Lymphoma, lung cancer: 5/25 

Rat Lead acetate 
0, 26, 2,600 ppm, (drinking 

water), 76 weeks 
Renal tumor: 81% (2,600 ppm) 

[Reference: U.S. EPA (1986)] 
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As clearly shown in Table VII-3, renal tumor was found in the males at 500 ppm 

(blood lead level: 77.8 g/dL) and above, while the tumor was observed in the females 

only at 2,000 ppm (blood lead level: 98.4 g/dL). Most tumors were adenoma (benign 

tumor) derived from renal tubular epithelium. No tumor was found in the groups of 

100 ppm (blood lead level: 35.2 g/dL) and below. 

Integrated Risk Information System (IRIS) of U.S. EPA indicated that lead 

contamination in drinking water and air was not considered in the study of Azar et al. 

(1973) and that the study results had limitations. The kidney tumors, however, were 

developed in the male rats that were given feed at lead concentrations of 500 ppm and 

above and in the female rats at a lead concentration of 2,000 ppm, and these lead 

concentrations in feed were sufficiently higher than possible lead contamination levels 

in air and drinking water. Therefore, it is considered that the point indicated by U.S. 

EPA can be dismissed. 

Based on the above, it is concluded in this assessment that benign renal tumors were 

developed in rats and mice via oral administration or subcutaneous injection of lead 

compounds. 

 

Table VII-3. Mortality and kidney tumors in rats fed lead acetate for two years 

Dietary lead 

[ppm] 

No. of rats 

of each sex 

Mortality* [%] Kidney tumors [%] 

Male Female Male Female 

    5 100 37 34  0  0 

   18  50 36 30  0  0 

   62  50 36 28  0  0 

  141  50 36 28  0  0 

  548  50 52 36 10  0 

    0  20 50 35  0  0 

1,130  20 50 50 50  0 

2,102  20 80 35 80 35 

* Includes rats that died or were sacrificed in extremis. 

[Reference: Azar et al. (1973)] 
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2.4 Summary of hazard information 

Human health hazards of lead which have been confirmed include anemia 

(hematopoietic system), arthritis, muscle weakness and extensor paralysis (peripheral 

nervous system), lead encephalopathy (central nervous system), aminoaciduria 

(kidney) and decreased fertility and increased abortion rate (reproductive ability). In 

addition, there is a growing concern over the subclinical toxicity of low-dose lead 

exposures to the hematopoietic and nervous system. The relationship of blood lead 

levels with adverse effects in humans is shown in Table VII-4. Also, in experimental 

animals, as shown in Table VII-5, effects on the central nervous system (learning 

function), reproductive function and the hematopoietic system were confirmed. 

 

Table VII-4. Relationship between blood lead level and adverse effects in humans 

Blood lead  

[μg/dL] 
Effect Reference 

10–25 IQ reduction of newborn 
Bellinger et al., (1987) 

Ernhart & Greene (1990) 

25–30 
Reduction in blood hemoglobin level 

(children) 
WHO (2001)  

40–80 
Abnormal behaviors, mental retardation 

(children) 
WHO (1977)  

40–80 Lead nephropathy Wedeen et al. (1979)  

44.6 Reduction in spermatogenic ability  Lancranjan et al. (1975)  

50 
Reduction in blood hemoglobin level 

(adults) 
WHO (2001)  

60 Hyperuricemia (renal dysfunction) Araki (1976) 

60–80 Gastrointestinal disorder Araki (1976) 

70 Anemia (children) WHO (2001)  

80 Anemia (adults) WHO (2001)  

100 Aminoaciduria (renal dysfunction) 
WHO (1995), 

Araki (1976) 

150 Death from encephalopathy (children) NRC (1972)  
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Table VII-5. Relationship between blood lead level and adverse effects 

in experimental animals 

Blood lead  

[μg/dL] 
Effect Reference 

11–13 Decline in learning function (monkey) Rice (1985)  

16 
Decline in learning function (rat, 

exposure after weaning) 
Altmann et al. (1993)  

20 Decline in learning function (rat) Bushnell & Levin (1983)  

30 Irregular estrous cycle (rat) Hilderbrand et al. (1973)  

30–50 
Reduction in blood testosterone 

Decline in spermatogenic ability (rat) 
Sokol et al. (1985)  

35 

Reduction in luteinizing and 

follicle-stimulating hormones and 

estradiol levels (monkey) 

Foster (1992)  

60 Damage of proximal tubules (rat) Goyer et al. (1989)  

70 Testicular atrophy (rat)  Chowdhury et al. (1984)  

196 
Decrease in hematocrit, increases in 

kidney weight and urinary ALA (rat) 
Walsh & Ryden (1984)  

In comparison between adults and children, infants and children are more important 

subjects for human health risk assessment of lead exposure because of the following 

reasons; 1) children is more sensitive to lead exposure than adults since the central 

nervous system is still rapidly developing in children and the function of their 

blood-brain barrier is not sufficient; 2) the lead intakes per body weight in children are 

higher than those in adults; and 3) lead absorption from the gastrointestinal duct in 

children is approximately 4-fold higher to that in adults.. 

For carcinogenicity of lead, tumor development was confirmed in most 

carcinogenicity studies in experimental animals and most of the tumors observed were 

renal tumors. It is clear that lead compounds induce renal tumors in experimental 

animals, but only adenomas (benign tumors) not malignant tumors. Further, no 

evidence of lead-induced renal tumors has been found in the population of human 

patients with chronic nephropathy associated with lead exposures. 



VII. Human health hazard assessment 

 

194 

3. Effects on children 

This section summarizes the effects of lead on children. As described in the previous 

section, adverse effects of lead on the nervous system, especially the central nervous 

system of children are considered critical. Therefore, the effects on the central nervous 

system are mainly described with brief summaries of the effects on the hematopoietic 

system and others. In some of the studies, the effects on adults are also described for 

the purpose of comparison. 

 

3.1 Effects on the nervous system 

3.1.1 Decline of auditory function 

Schwartz & Otto (1987) analyzed audiometry results of children and adolescents in 

the Second National Health and Nutrition Examination Survey (NHANES II), and 

indicated that there was a relationship between blood lead levels and hearing 

thresholds. 

NHANES II was conducted from February 1976 to February 1980 and the subjects 

were selected in accordance with the population structure in the U.S. The audiometry 

was performed in 5,717 subjects aged 4 to 19 years (Among them, 4,519 had blood 

lead level data). In the audiometry, responses to tone at 4 frequencies, i.e., 500, 1,000, 

2,000 and 4,000 Hz were examined in bilateral ears. The mean, median and 

75-percentile values of hearing threshold are presented in Table VII-6. 

 

Table VII-6. Mean, median, and 75th percentile hearing thresholds* [dB HL] 

Frequency 

[Hz] 

Left ear Right ear 

Mean Median 75
th
 %ile Mean Median 75

th
 %ile 

  500 7.1 5 10 7.0 5 10 

1,000 6.0 5 10 5.8 5 10 

2,000 5.6 5 10 4.8 0  5 

4,000 4.3 0  5 3.8 0  5 

* Hearing thresholds were measures to nearest 5 dB interval, i.e., 0, 5, 10, 100dB HL 

[Reference: Schwartz & Otto (1987)] 
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The blood lead levels had a significant association with hearing thresholds at all 

frequencies, i.e., 500, 1,000, 2,000 and 4,000 Hz (p<0.0001). As an example, their 

relationship at 2,000 Hz is shown in Figure VII-1. As clearly shown in the figure, 

hearing threshold is increased with the increase of the blood lead level. 

Schwartz & Otto (1987) emphasized the importance of the fact that the effect of lead 

on the auditory system was observed at the levels lower than that recognized as over 

absorption of lead in children (25 g/dL) and suggested the possibility that a slight 

decline of auditory function, which was not detected in the early childhood, would 

cause various learning disabilities emerging only at school ages. 
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Figure VII-1. Relationship between blood lead levels 

and hearing threshold (frequency: 2,000 Hz) 

[Reference: Schwartz & Otto (1987)] 

 

3.1.2 Effects on intelligence quotient (IQ) and other cognitive functions 

Seven prospective cohort studies and several cross-sectional studies were conducted 

as international epidemiological studies to investigate the effects on intellectual 

development in children exposed to lead. These epidemiological studies, however, 

differed in subjects, study plan, data sampling and compiling methods. A 
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meta-analysis
*
 was conducted to integrate and evaluate these studies. 

Schwartz (1994) conducted a meta-analysis of 8 clinical studies to review and 

evaluate the data from these studies to clarify whether lead effect on decline of IQ was 

confounded with other factors. Studies with measurements of IQ and blood lead levels 

in school children were selected and subjected to the meta-analysis. The reason why IQ 

of school children was selected as the index is that IQ is much more stable than other 

indices such as mental development index in children. Studies selected for 

meta-analysis are listed in Table VII-7. 

 

Table VII-7. Studies included in the meta-analysis 

Study Effect* SE Design** 
Parental 

IQ*** 

Home 

score*** 
Status N 

Mean Pb-B 

[μg/dL] 

Hawk et al. (1986)  2.55 1.5 0 Yes Yes Low  75 21 

Hatzaki et al. (1987)  2.66 0.7 0 Yes Yes Average 509 23 

Fulton et al. (1987)  2.56  0.91 0 Yes Yes Average 501 12 

Yule et al. (1981) 5.6 3.2 0 No No Low 166 13 

Bellinger et al. (1992) 5.8 2.1 1 Yes Yes High 147   6.5 

Dietrich et al. (1993) 1.3 0.9 1 Yes Yes Low 231 15 

Baghurst et al. (1992)  3.33  1.46 1 Yes Yes Average 494 20 

Silva et al. (1988)  1.51 － 0 No No Average 579 11 

* Estimated loss in IQ for an increase from 10 to 20 μg/dL in blood lead level. 

** 0: cross-sectional, 1: longitudinal 

*** Yes: controlled, No: not controlled  

[Reference: Schwartz (1994)] 

 

To compare the studies on the common ground, the estimation of IQ reduction 

corresponding to the increase in blood lead levels from 10 to 20 g/dL was used as the 

index of lead effect in the meta-analysis. The blood lead levels in the range of 10 to 20 

g/dL were covered in all studies. 

In this meta-analysis, each study was weighted by the inverse of its variation. The 

meta-analysis examined whether each study in Table VII-7 was designed to be a 

                                                
*
 Statistical method to review results of plural epidemiological studies and make a comprehensive 

conclusion. 
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longitudinal or cross-sectional study, or whether other factors such as differences in 

socioeconomic status confounded with blood lead levels. After eliminating the effects 

of these factors, the relationship of blood lead levels with decline of IQ was examined. 

The result of meta-analysis indicated that an increase in blood lead levels from 10 to 

20 g/dL reduced IQ level by 2.57 (standard error: 0.41). Another important issue 

related with the relationship of blood lead levels with IQ reduction is whether a 

threshold exists or not. Figure VII-2 presents two example charts of the relationship of 

blood lead levels with IQ under the assumption that a threshold exists. The upper chart 

is a figure when all measured values are higher than the threshold. In this condition, an 

estimated regression slope (bold line) represents the true slope above the threshold. 

The lower chart is a figure when many of the measured values are lower than the 

threshold. In this condition, the estimated regression slope is smaller than the true 

slope. Therefore, when threshold exists within the range of measured blood lead levels, 

the estimated regression slope is expected to be smaller below a certain blood lead 

level. Based on this hypothesis, the relationship between the mean blood lead level 

obtained in each of 8 studies and the IQ reduction when blood lead level was increased 

from 10 to 20 g/dL was examined, and the result shown in Figure VII-3 was obtained. 

As shown in Figure VII-3, even when the mean blood lead level was low around 5 

g/dL, the slope of IQ reduction was not decreased but slightly increased. Based on 

these results, the aforementioned relationship between blood lead levels and IQ was 

considered to exist as low as around 5 g/dL of blood lead level, and no apparent 

threshold was found. 
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Figure VII-2. Putative threshold in the relationship of blood lead levels with IQ 

[Reference: Schwartz (1994)] 
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Figure VII-3. IQ reduction against mean blood lead level 

[Reference: Schwartz (1994)] 
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3.1.3 Validation of epidemiological studies on intellectual development 

Separately from the aforementioned meta-analysis by Schwartz (1994), a 

meta-analysis was performed on both prospective cohort and cross-sectional studies by 

a task group designated by WHO International Programme on Chemical Safety (IPCS) 

for a comprehensive evaluation of the data obtained in epidemiological studies (WHO, 

1995). The outcome of the evaluation is summarized below. 

The IPCS task group selected 4 prospective cohort studies and reviewed the 

relationship between the blood lead levels at several time points after birth and the IQ 

level in school age. As a result, the weighted mean IQ reduction corresponding to an 

increase of blood lead levels by 10 g/dL was 2.0 (95% confidence interval: 0.3 to 3.6) 

when the mean blood lead level for several years was used, and 2.6 (95% confidence 

interval: 1.2 to 4.0) when the mean blood lead level for a specified age or a short 

period was used. 

In the analysis of 10 cross-sectional studies, the weighted mean IQ reduction 

corresponding to an increase of blood lead level by 10 g/dL was 2.15 (95% 

confidence interval: 1.2 to 3.1). 

The task group designated by IPCS confirmed an inverse association between blood 

lead level and IQ through the meta-analysis of the prospective cohort and 

cross-sectional studies. The task group, however, raised a caution on the interpretation 

of the results, saying “Below this range, uncertainties are increased, concerning firstly 

the existence of an association and secondly estimates of the magnitude of any putative 

association.” That is to say, the detection of association and the estimation of the 

association strength are limited since blood lead levels of children obtained in many 

studies are below this range and the accuracy of the statistical and psychological 

measurement methods are limited. 

On the key question whether this statistical association is directly attributable to the 

causal influence of lead on child IQ, the task group under IPCS indicated the 

importance of considering the following alternative explanations: 

 

1. Chance: The consistency of alternative analyses and the level of significance 

achieved suggest that chance cannot be a complete explanation. However, the 

confidence intervals are relatively wide, so that the magnitude of true association 
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could be as low as a < 1-point (rather than a 2-point) deficit, or as high as > 3 

points. 

 

2. Confounding factors: The adjusted lead/IQ associations tend to be substantially 

weaker than the unadjusted associations, which indicates that confounding factors 

are important. Since none of the studies can claim to have taken complete account 

of confounders (e.g., father’s IQ is not included), it seems likely that some of the 

remaining lead/IQ relationship, after adjustment, may still be attributable to a 

degree of unexplained confounding. 

 

3. Reverse causality: One initial justification for the prospective studies was that 

they could measure early exposure to lead and relate it to later child development, 

thus removing the problem of reverse causality potentially present in the 

cross-sectional studies. However, it has turned out that very early lead exposure 

(e.g., in the perinatal period) is not related to school-age IQ. The question arises as 

to whether children of lower IQ could exhibit behavior patterns at earlier ages (e.g., 

around age 2 and older), which could enhance their uptake of lead. Perhaps, such 

reverse causality remains a possibility even in the prospective studies. 

 

4. Selection biases: The positive studies may perhaps be more likely to report in 

more quantitative details, as indicated by the absence of relevant data from 

Cleveland in the prospective studies. Post-hoc selection based on the more 

significant blood lead level may lead to exaggerated estimates. 

 

The IPCS task group raised a caution from an academic viewpoint of the experts, 

saying “It is a matter of debate and conjecture as to the extent to which these four 

issues should inhibit claims of a causal relationship in the prospective studies. The 

essential problem is that observational epidemiology cannot provide definitive 

evidence of causality when the key statistical association is weak, the temporal 

relationship is unclear and major confounders are present.” 

As summarized above, the IPCS task group cautiously indicated the limitations 

inherent to the epidemiological studies, while confirming the association between lead 
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exposure and IQ reduction of children based on the statistical analysis. In contrast, as 

described in Chapter II, U.S. EPA implemented the regulation on lead in the 

environment to prevent the possible effect of lead on the nervous system of children, 

based on the analytical results of the available epidemiological studies. It is considered 

that the difference in their attitudes in interpretation of the epidemiological data 

reflects the difference in their positions: the former raised a caution from an academic 

viewpoint; and the latter was required to implement some regulatory measures to 

protect public health at that stage as a regulatory agency. 

 

3.1.4 Peripheral nerve transmission retardation 

Landrigan et al. (1976) investigated the relationship between blood lead levels and 

peripheral nerve transmission rate in 202 children aged 5 to 9 years who lived around a 

lead melting plant or in nonurban area in Idaho, the U.S. in 1974. As many subjects as 

possible were selected among the children who lived in the targeted area and had blood 

lead levels of 40 g/dL and higher. A control child was selected to be paired with each 

subject among those who had blood lead levels of less than 40 g/dL with the same 

gender and age and the similar socioeconomic status of parents. The paired children 

lived in each area for a equivalent period of time, but not longer than 12 months. 

Children with any marked medical or neurological disorder was excluded from the 

study. 

Peripheral nerve transmission rate was measured at the right peroneal nerve using 

skin electrodes at room temperature of 21 to 24C. During measurement, no sedative 

was administered. 

The results are presented in Figure VII-4 showing a statistically significant negative 

association between blood lead level and peroneal nerve transmission rate, which is 

presented with the following formula. It was also reported that no clear threshold was 

observed within the range measured. 

 

y = 54.8 – 0.45x (r = –0.38，t = –2.12, p<0.02, one-tailed t-test) 

 

Whereas, x is blood lead level [g/dL] and y is peroneal nerve transmission rate 

[m/sec]. 
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Figure VII-4. Relationship between peroneal nerve transmission rate 

and blood lead level 

[Reference: Landrigan et al. (1976)] 

 

3.1.5 Effects on mental development index 

Bellinger et al. (1987) investigated the relationship between cord blood lead level, 

an index for fetal (prenatal) exposure and the mental development in the early infant 

period in children who were born in a hospital in Boston, Massachusetts, the U.S. from 

1979 to 1981. The subject children were classified into three groups, i.e., the low-dose 

(cord blood lead level: <3 g/dL: 85 children), medium-dose (cord blood lead level: 

6-7 g/dL: 88 children) and high-dose (cord blood lead level: 10-25 g/dL: 76 

children) groups. Of the subject children, 87% were Caucasian and 92% had a 

two-parent family. Mental development in the early childhood was evaluated at 6, 12, 

18 and 24 months old and the developmental grade was presented as mental 

development index after age correction. Blood lead levels were simultaneously 

measured. The blood lead levels and mental development index by cord blood level 

group are shown in Tables VII-8 and VII-9, respectively. 
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Table VII-8. Blood lead levels in infants classified 

according to cord-blood lead group. 

Cord-blood 

lead group 

Blood lead level (mean ± SD) [μg/dL] 

Birth* 6 months 12 months** 18 months 24 months 

Low  1.8 ± 0.6 4.6 ± 3.9 5.8 ± 5.1 6.7 ± 5.5 5.4 ± 4.8 

Medium  6.5 ± 0.3 7.0 ± 7.8 8.5 ± 7.6 8.3 ± 5.8 7.2 ± 5.0 

High 14.6 ± 3.0 7.0 ± 8.7 8.8 ± 6.4 7.6 ± 5.8 7.7 ± 8.5 

* Each value is significantly different from the other two (Tukey’ s studentized test; α = 0.05). 

** The value for the low-lead group is significantly different from the other two values (Tukey’s 

studentized range test; α = 0.05) 

[Reference: Bellinger et al. (1987)] 

 

Table VII-9. Infants’ mental development index scores 

according to cord-blood lead group. 

Cord-blood 

lead group 

Mental development index score 

6 months 12 months 18 months 24 months 

 Crude score (mean ± SD) 

Low 109.2 ± 12.9 113.1 ± 12.5 113.4 ± 15.5 115.9 ± 17.2 

Medium 108.6 ± 12.0 115.4 ± 12.9 116.6 ± 16.7 119.9 ± 14.4 

High 106.1 ± 11.1 108.7 ± 12.8 109.5 ± 17.5 110.6 ± 16.5 

 Controlled for potential confounders* (mean ± SE) 

Low  110.2 ± 1.39 114.7 ± 1.6 116.2 ± 1.9 118.9 ± 1.8 

Medium 108.0 ± 1.3 114.4 ± 1.5 114.8 ± 1.9 117.8 ± 1.7 

High 105.9 ± 1.4 108.9 ± 1.6 109.5 ± 2.0 111.1 ± 1.8 

P value** 0.095 0.020 0.049 0.006 

* Least-square mean ± SE, derived from regression equations that included 12 potential 

confounders and cord-blood lead group coded as two indicator variables. 

** Indicates P value associated with the F ratio that evaluates whether the mean Mental 

Development Index for any cord-blood lead group differed significantly from the common mean 

after potential confounders were controlled for. 

[Reference: Bellinger et al. (1987)] 
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The mean cord blood lead level of the high-dose group was more than 8-fold to the 

mean of the low-dose group, however, at 6 months after birth and thereafter, the blood 

lead levels of two groups were close to each other and the difference was not more 

than 3 g/dL. This result suggested that no significant difference in postnatal lead 

exposure was found in all children, and therefore, it was desirable to investigate the 

relationship between prenatal lead exposure (cord blood lead level) and mental 

development in the early infant period. 

The mental development index was steadily increased as month age in all three 

groups, however, the result of the high-dose group was lower by 4 to 8 points than that 

of the low-dose group at all measuring points. The low- and medium-dose groups had 

similar results. 

In the subject population, no association was found between blood lead levels for 2 

years after birth and mental development indices. The children with cord blood lead 

level of 10 to 25 g/dL were inferior to the children with less than 10 g/dL in mental 

development index by 0.25 to 0.5. 
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3.2 Effects on the hematopoietic system 

Inhibiting effect of lead on heme biosynthesis is one of the most sensitive indicators 

to detect lead effect at the minimum blood lead level. U.S. EPA (1990) summarized the 

effects of lead on heme biosynthetic pathway in children as shown in Table VII-10. Of 

these actions, enzyme activities of ALA-D and pyrimidine 5’-nucleotidase
 
(P5N)

*
, 

which are affected by low-level lead exposure, and increases in level of erythrocyte 

protoporphyrin (EP) involved in hemoglobin synthesis are described below in detail. 

 

Table VII-10. Summary of effects of lead on heme biosynthesis 

and related system in children 

Blood lead 

[g/dL] 
Effect Reference 

10–15 
Inhibition of ALA-D, P5N, 

erythrocyte, and ATPase 

Hernberg & Nikkanen (1970), Secchi et al. 

(1973), Wada et al. (1976), Angle & 

McIntire (1978), Valentine & Paglia (1980)  

12 
Decrease in synthesis of active 

vitamin D 
Mahaffey et al. (1982)  

12 
Increase in EP in children with 

iron deficiency 
Marcus & Schwartz (1987)  

15–18 
EP accumulation of blood iron 

level 

Roels et al. (1976), Piomelli et al. (1977, 

1982), Hammond et al. (1984), Rabinowitz 

et al. (1986)  

20 Globin synthesis inhibition 
White & Harvey (1972), Dresner et al. 

(1982)  

23 
Increases in blood iron and EP 

levels 
Marucus & Schwartz (1987)  

25–30 
Significant increase in EP 

exceeding normal range 
Roels et al. (1980), Piomelli et al. (1982)  

33 
Inhibition of synthesis of 

active vitamin D 

Rosen & Chesney (1983), Chesney et al. 

(1983)  

40 Decrease in hemoglobin 
Betts et al. (1973), Rosen et al. (1974), 

Adenobojo (1974), Pueschel et al. (1972)  

[Reference: U.S. EPA (1990)] 

 

 

                                                
*
 Enzyme to phosphorolyze pyrimidine 5’-nucleotides to nucleotides and orthophosphoric acid 
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3.2.1 Inhibition of heme biosynthetic enzyme activity 

1) Inhibition of ALA-D activity 

Wada et al. (1976) investigated the relationship between blood lead level and 

ALA-D activity in three populations, i.e., 30 inhabitants who lived in a suburban area 

in the northern district of Tokyo (low-level exposure group), 32 inhabitants who lived 

in a central area of Tokyo (medium-level exposure group) and 20 lens manufacturing 

workers who had the possibility of occupational exposure to lead (high-level exposure 

group). The blood lead levels and ALA-D activities of three groups are shown in Table 

VII-11. In three groups as a whole, a significant association was found between blood 

lead level and ALA-D activity and the correlation coefficient was -0.795 (p<0.01). 

 

Table VII-11. Blood lead levels and ALA-D for three group studied 

Group Average Fathers Mothers Children 

Blood lead level (mean ± SD) [μg/dL] 

1  8.3 ± 1.3**  8.3 ± 1.3  7.9 ± 0.8  8.6 ± 1.6 

2 12.8 ± 2.0** 12.7 ± 1.7 12.8 ± 2.0 12.3 ± 2.0 

3 26.5 ± 8.5** － － － 

ALA-D (mean ± SD) [n mol PBG / mL RBC / 30 min] 

1 245 ± 41*** 248 ± 51 246 ± 43 240 ± 43 

2 199 ± 40*** 207 ± 48 190 ± 48 198 ± 36 

3 120 ± 20*** – – – 

* Group 1 includes the rural population with minimal lead exposure. Group 2 consists of urban 

dwellers with no occupational exposures to lead. Group 3 includes individuals with a moderate 

exposure to lead. 

** Indicates a statistically significant difference between these mean values (p <0.01). 

*** Indicates a statistically significant difference between these mean values (p <0.01). 

[Reference: Wada et al. (1976)] 

 

Further, Wada et al. (1976) investigated the relationship between the range of blood 

lead levels and correlation coefficient (ALA-D level and blood lead level) to obtain the 

threshold above which the relationship between blood lead level and ALA-D activity 

was maintained. As shown in Table VII-12, at levels of 16 g/dL and higher, the 

association between ALA-D activity and blood lead level was established, however, at 
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levels of 14 g/dL and lower, the absolute correlation coefficient was small and the 

association was unclear. Therefore, Wada et al. (1976) estimated that the effect to 

induce inhibition of ALA-D activity had the threshold around 15 g/dL of the blood 

lead level. 

 

Table VII-12. Correlation coefficients between blood lead level and log ALA-D 

for each subgroup* 

Range of blood lead conc. 

[μg/dL] 
No. of subjects Correlation coefficient 

0–9.9 28  0.223 

10–11.9 12 – 0.041 

12–13.9 14 – 0.207 

14–15.9  7 – 0.426 

16–25  9 – 0.753 

25.1–36.5 12 – 0.761 

* Correlation coefficients when all pooled data were subdivided by the stepwise ranges of blood 

lead level. 

[Reference: Wada et al. (1976)] 

 

2) Inhibition of P5N activity 

Inhibition of erythrocyte P5N enzyme activity causes hemolytic anemia and 

stippling (a speckling of a blood cell or other structure when exposed to a basic stain as 

a result of the presence of free basophil granules in the cell protoplasm). 

Angle & McIntire (1978) investigated the relationship between blood lead level and 

erythrocyte P5N enzyme activity in 21 children aged 2 to 5 years. The blood lead 

levels of the subject children ranged from 7 to 80 g/dL and a statistically significant 

negative association was found between blood lead level (x) and P5N enzyme activity 

unit (y), which is presented with the following formula. This relationship is presented 

in Figure VII-5. 

 

y = –0.11 x + 12.3 (n = 21, r = –0.60, p<0.01) 
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Figure VII-5. Relationship between blood lead level and P5N activity in children 

[Reference: Angle & McIntire (1978)] 

 

Also in a study that 0.17-M lead acetate solution was administered to 17 rats at 36 

mg/kg/day for 24 days (Angle & McIntire, 1978), a linear relationship between P5N 

enzyme activity and blood lead level was found, as shown in Figure VII-6. The blood 

lead level of rats at 24 days after administration was increased to 36.0 ± 0.5 g/dL 

from 8.3 ± 1.3 g/dL of the control group while P5N enzyme activity unit was 

decreased from 18.3 ± 0.8 to 9.0 ± 1.0. The relationship between blood lead level (x) 

and P5N enzyme activity unit (y) was a significant negative linear relation, which is 

presented with the following formula. 

 

y = –0.34 x + 20.9 (n = 17, r = –0.85, p<0.001) 
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Figure VII-6. Relationship between blood lead level and P5N activity in rats 

[Reference: Angle & McIntire (1978)] 

 

3.2.2 Increase in erythrocyte protoporphyrin (EP) by inhibition of heme 

biosynthesis 

One of the major adverse effects of lead is to disturb heme and heme protein 

biosynthetic pathways. As a result of these disturbances, EP level is increased. 

Marcus & Schwartz (1987) investigated the relationship between blood lead and EP 

levels in children aged 2 to 6 years using the data of aforementioned NHANES II study. 

In the NHANES II, the data of 1,686 subjects on EP, blood lead level and percentage 

transferrin saturation (PTS) and 1,677 subjects on red blood count and mean 

corpuscular volume were available. 

Marcus & Schwartz (1987) developed a pharmacokinetic equation model and 

applied to NHANES II data. The result is presented in Figure VII-7. In Figure VII-7, 

curve models of three groups, low-PTS (<14% per unit surface area of erythrocyte), 

medium-PTS (14% to 31%) and high-PTS (>31%), are fitted to all data. Dose-response 

curves of three groups are widely separated each other. The curves of medium- and 

high-PTS groups (solid and dashed-dotted lines) do not fit the data of the low-PTS 

group distinctly. 
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The analysis by Marcus & Schwartz (1987) clearly showed that children with the 

given blood lead level in low-iron condition had higher EP level than children without 

iron deficiency and EP level could be higher than the baseline level in extremely low 

blood lead levels. 

While the threshold of blood lead level to increase in EP level was 17 to 18 g/dL in 

the whole group, the thresholds in children of the low- and high-iron groups were 12 

and 23 g/dL, respectively. 
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Figure VII-7. Relationship between blood lead and EP levels in children 

[Reference: Marcus & Schwartz (1987)] 

 

3.3 Others 

3.3.1 Inhibition of synthesis of active vitamin D 

Lead reduces the circulating volume of active vitamin D. Mahaffey et al. (1982) 

investigated the relationship between blood lead level and serum 1,25-CC 

(1,25-dihydroxycholecalciferol)
*
 level in children. The subjects were 177 children 

aged 1 to 16 years who lived in City of Madison, Wisconsin and New York City, New 

                                                
*
 Chemical name of 1,25-dihydroxy vitamin D, major active vitamin D stimulating intestinal absorption 

of Calcium and phosphate 
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York, the U.S. Patients with diabetes mellitus, metabolic bone diseases and renal 

diseases, which are known to have an effect on serum 1,25-CC level, and patients 

treated with steroid therapy were not included in the subjects. Age, gender, blood 

sampling date and residence of the subjects were recorded. 

Data were statistically analyzed by analysis of variance and regression analysis. No 

significant association was found between serum 1,25-CC level and sampling date, 

residence area and gender at significance level of 5%. On the other hand, in the 

relationship between age and serum 1,25-CC level, children aged 11 to 16 years had a 

significantly higher serum 1,25-CC level than children aged 10 years and less. 

The relationship between serum lead level (x) and serum 1,25-CC level (y) is 

presented in Figure VII-8 for the 2 to 3-year-old children who lived in New York City 

and had both data. The best fit regression formula is the following log-linear model. 

 

y = B0 – B1 log 10 x 

 

Whereas, B0 is the y axis intercept of the line in Figure VII-8 (74.469) and B1 is the 

line slope (34.550). With the correlation coefficient of r = –0.884, it is concluded that 

there is a significant association (p<0.05). 
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Figure VII-8. Relationship between blood lead and serum 1,25-CC levels 

[Reference: Mahaffey et al. (1982)] 
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3.3.2 Low birth weight and shortened gestation period 

Moore et al. (1982) investigated the relationship between natal cord blood and 

maternal blood lead levels and birth weight or fetal age (gestation period). The study 

was conducted in 7 maternity hospitals in the northern district of Glasgow, the UK 

from August to December 1977. The subjects were 236 mothers and children. 

The relationship between birth weight and cord blood and maternal blood lead levels 

are shown in Table VII-13 and the relationship between fetal age and the 

corresponding lead levels are presented in Table VII-14. 

The authors reported that no significant association was found between birth weight 

and cord blood and maternal blood lead levels, however, a significant negative 

association was confirmed between fetal age and these levels. 

 

Table VII-13. Relationship between blood lead levels and birth weights 

Birth weight 

[kg] 
No of cases 

Maternal blood lead 

(Geometric mean) [μg/dL] 

Foetal blood lead 

(Geometric mean) [μg/dL] 

< 2.75  29 10.8 13.5 

2.75–2.99  33 13.9 15.7 

3–3.49 103 12.8 14.3 

3.5–3.99  49 11.8 14.9 

≥ 4  22 13.1 13.9 

 [Reference Moore et al. (1982)] 

 

Table VII-14. Relationship between blood lead levels and gestations 

Gestation 

[week] 
No of cases 

Maternal blood lead 

(Geometric mean) [μg/dL] 

Foetal blood lead 

(Geometric mean) [μg/dL] 

35–37 11 16.8 22.6 

38–39 37 14.1 14.7 

40–41 67 13.1 15.5 

42 91 11.6 13.5 

43–44 28 12.2 13.1 

 [Reference: Moore et al. (1982)] 
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3.3.3 Reduction in early growth 

Lauwers et al. (1986) reported the results of study that investigated the relationship 

between blood lead level and physical growth in 312 children (150 males and 162 

females) aged 2.5 to 16 years who lived in the suburbs of Antwerp, Belgium. This 

district has been troubled by heavy metal pollution from a plant for last 25 years. 

The parameters studied for physical growth were [1] body weight, [2] height, [3] 

whole arm length, [4] biacromial diameter, [5] intercristal diameter, [6] upper arm 

perimeter, [7] thigh perimeter, [8] head length, [9] head width and [10] bizygomatic 

diameter. The distribution of blood lead levels in this study is presented in Figure 

VII-9. 
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Figure VII-9. Frequency distribution of blood lead levels 

[Reference: Lauwers et al. (1986)] 

 

In this study, the subjects were classified into low-level (blood lead level: 1 to 30 

g/dL) and high-level (40 to 60 g/dL) groups and the differences in growth 

parameters were compared. Measured values of growth parameters were calibrated in 

each age using the following formula and converted into z values. 



VII. Human health hazard assessment 

 

214 

 

z = (x – m) / s 

 

Whereas, x is a measured value, m is mean of the subject population by age and s is 

standard deviation of the subject population by age. 

To test the differences in 10 growth parameters between low- and high-level groups, 

univariate analysis of variance was performed. Mean z values by group, F values, 

significant level and power of univariate analysis are shown in Table VII-15. Mean z 

values of all parameters were lower in the high-level group than those in the low-level 

group, however, a significant difference was found in the whole arm length alone, 

followed by the head width. 

 

Table VII-15. Univariate analyses of variance of a vector of ten biometric 

variables in subgroups of high and low blood lead levels 

 

Means in subgroup 

low blood lead 

(N = 189) 

Means in subgroup 

high blood lead 

(N = 38) 

F-value 
Level 

(α) 

Power 

(1 – β) 

Weight   0.079 – 0.104 1.142 0.286 0.281 

Stature   0.157 – 0.072 1.824 0.178 0.472 

Total arm length – 0.129 – 0.540 5.738 0.017 0.181 

Biacromial diameter   0.035 0.019 0.008 0.928 0.061 

Bicristal diameter – 0.104 – 0.269 0.924 0.337 0.251 

Upper arm circum – 0.006 – 0.111 0.431 0.512 0.159 

Thigh circum – 0.127 – 0.142 0.009 0.923 0.059 

Head length   0.152 – 0.117 2.364 0.126 0.472 

Head breath – 0.555 – 0.885 3.777 0.053 0.326 

Bizygomatic diameter – 0.629 – 0.865 1.980 0.162 0.390 

[Reference: Lauwers et al. (1986)] 

 

Schwartz et al. (1986) analyzed the data of aforementioned NHANES II and 

investigated the relationship between blood lead level and physical growth in children 

aged 6 months to 7 years (mean age: 59 months). In the data of NHANES II, blood 
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lead level (range: 5 to 35 g/dL), physical growth (height, body weight, etc.) and 

related data of 2,695 children aged 6 months to 7 years were available. 

As physical growth-related factors, 27 items including blood lead level, age, calcium 

consumption, serum albumin level, hemoglobin level, race, gender and family income 

were selected, and using these factors as explanatory variables, a weighted multiple 

regression analysis was performed. 

The relationship between blood lead level and height, body weight and chest 

perimeter in 7-year-old children after adjustment of other factors is presented in 

Figures VII-10, VII-11 and VII-12, respectively. The p values were 0.01, 0.0003 and 

0.002, therefore, all physical growth endpoints had a significant association with blood 

lead level. In the range examined (blood lead level: 4 g/dL and higher), no threshold 

was detected in these relations. 
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Figure VII-10. Relationship between blood lead level and height 

in children 

[Reference: Schwartz et al. (1986)] 
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Figure VII-11. Relationship between blood lead level and body weight 

in children 

[Reference: Schwartz et al. (1986)] 
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Figure VII-12. Relationship between blood lead level and chest perimeter 

in children 

[Reference: Schwartz et al. (1986)] 
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4. Biokinetics 

4.1 Absorption 

Inhaled lead is absorbed into the blood through two phases, i.e., deposition of lead 

particles in air to the respiratory system and absorption and clearance from the 

respiratory to circulatory systems. 

It was reported that in a 5-minute inhalation study in humans using standard mouth 

piece, the absorption rates of lead chloride (aerodynamic particle diameter: 0.26 m) 

and lead hydroxide (0.24 m) in the lung and bronchi were 23% and 26%, respectively 

(Morrow et al., 1980). In a similar inhalation study of lead oxide using standard mouth 

piece, the absorption rates of lead oxide particles of 0.02, 0.04 and 0.09 m in diameter 

were 80%, 45% and 30%, respectively (U.S. EPA, 1986). Most of large particles 

deposit in the upper lung, while small particles deposit in the lower lung, thus the 

absorption rate of small particles being higher. 

The absorption rate of lead in air in adults was reported to range approximately from 

30% to 50% (WHO, 1995; U.S. EPA, 1986), however, it depends on particular size and 

ventilation condition as described above. Once deposited in the lower airway, lead 

particles are absorbed almost completely. In a subject who inhaled air containing 0.15 

mg/m
3
 of lead for 2 years (7.5 hours/day, 5 days/week), the blood lead level was 45 

g/dL (Kehoe, 1987). 

For absorption from the digestive duct, the amount and rate of absorption depend on 

physiological conditions (e.g., age, ingestion condition, iron and calcium intake 

condition) and the physicochemical properties of the ingested lead (e.g., particle size, 

solubility). Infants and children (2 weeks to 8 years old) absorbed approximately 40% 

of lead intake (Ziegler et al., 1978), while adults absorbed 10% to 15% (WHO, 1995). 

The Agency for Toxic Substances and Disease Registry (ATSDR) reported that 

absorption rate of water-soluble lead compounds in fasting adults ranged from 20% to 

70% and the rate in fed adults was 3% to 15% (ATSDR, 2005). 

In the studies in experimental animals, age-dependence of lead absorption from the 

gastrointestinal tract  has also been reported as follows. Newborn rats absorbed 40 to 

50-fold of lead through food compared to adult rats. It was confirmed in an oral 

administration study in rats that the lead absorption rates of juvenile rats aged 16 to 22 

days, 24 to 32 days and 89 days were 74% to 89%, 15% to 42% and 16%, respectively 
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(Forbes & Reina, 1972). Also in monkeys, similar absorption differences by age were 

found (Pounds et al., 1978). The main reason of higher absorption rates in younger 

animals is considered due to immature intestine although the dietary difference is 

partially involved (U.S. EPA, 1986). 

On percutaneous absorption, Lilley et al. (1988) reported that the administration of 

0.5-M lead nitrate solution via contact to the left arm of a subject (male adult) for 24 

hours did not change the blood lead level. Based on this result, lead absorption by skin 

contact is considered unimportant. 

Summarizing the above, the main absorption routes of inorganic lead are the 

digestive and respiratory systems, and the absorption rate highly depends on age. 

 

4.2 Distribution 

Inorganic lead has a same distribution pattern after absorption regardless of 

absorption route. Absorbed lead is first distributed into various organs and tissues by 

the blood flow according to each transport rate, and subsequently, redistributed 

according to the tissue affinity and toxicodynamics. 

Azar et al. (1973) determined lead levels in organs in the aforementioned chronic 

toxicity study in rats and dogs. The results are shown in Tables VII-16. The order of 

lead levels in organs was bone > kidney > liver > brain in rats, and bone > liver > 

kidney > brain in dogs. The order of the kidney and liver was reversed in rats and dogs. 

It was confirmed both in rats and dogs that most of administered lead was accumulated 

in the bone and little in the brain. 

It was also reported in studies in humans that approximately 94% and 73% of lead 

loaded into the body were detected in the bone of adults and children, respectively 

(Barry, 1975, 1981). The large amount of lead accumulated in the bone is attributable 

to the existence of lead in the blood for a long time after exposure, and the 

transmigration of lead in mothers into fetuses by catabolism. 
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Table VII-16. Average tissue lead level in rats and dogs fed diets containing lead 

Dietary lead 

[ppm] 

Blood lead* 

[μg/dL] 

Kidney lead* 

[μg/g] 

Liver lead* 

[μg/g] 

Brain lead* 

[μg/g] 

Bone lead* 

[μg/g] 

Rat 

    5 12.7  0.40 0.18 0.14   9.19 

   18 11.0  0.31 0.16   0.19**   9.00 

   62   18.5**    0.85**   0.31** 0.28    17.50** 

  141 35.2  8.32 0.60 0.38  26.75 

  548 77.8 13.20 1.87 1.06  91.40 

    0 16.4  0.17 0.13 0.11   1.87 

1,130   98.6**   13.37**   1.87**   0.88** 280.54 

2,102 98.4 11.60 2.86 1.48 409.05 

Dog 

  2 15.8 0.22 0.30 0.05  4.48 

 16   16.6**   0.41**   0.66** 0.06  6.19 

 57 31.5 0.74 1.57   0.98**  6.36 

155 42.5 1.16 2.26 0.12 10.37 

576 75.8 2.91 7.89 0.55   17.35** 

* Value at 24 months. 

** Lowest level at which significant (p < 0.05) difference from control occurred. 

[Reference: Azar et al. (1973)] 

 

In addition, lead is not distributed evenly in the bone but accumulated in a highly 

calcified site. Similar to calcium, lead is accumulated mainly in the trabeculae in 

children and both in the cortex and tarabexulae in adults. These bone components have 

active and inactive parts and lead in active parts is involved in lead equilibrium 

between the bone and soft tissues and blood, and contributes to lead toxicity. Generally, 

bone metabolic exchange rate is reduced as age, and therefore, the amount of lead in 

bones is increased with age. Actually, it was reported that lead loaded in the bone of 

males aged 16 years or less was around 8 mg while lead of males aged 60 to 70 years 

was 200 mg (ATSDR, 2005). 

Further, the study using stable isotope elucidated lead exchange between bones and 

soft tissues. In adults, approximately 40% to 70% of blood lead are derived from the 
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bone. In pregnancy, the mobility of lead in the bone is increased by calcification due to 

fetal skeletal formation, and 9% to 65% of blood lead is derived from the bone in 

pregnant women, which is involved in an increase in blood lead in the late pregnancy. 

Lead transfer from the maternal bone to fetus has been directly evidenced by the result 

of a study in cynololgus monkeys that 7% to 39% of lead transferring to fetus were 

derived from the maternal bone (ATSDR, 2005). 

 

4.3 Metabolism 

Inorganic lead ion in the body is neither metabolized nor biologically transformed 

but forms a conjugate with various protein and non-protein ligands. Lead is often 

absorbed, distributed and excreted as a conjugate (ATSDR, 2005). 

 

4.4 Excretion 

Lead in food that was not absorbed from the digestive duct in humans and animals is 

excreted in feces. After being absorbed, lead that was not retained is partially excreted 

from the kidney and partially from the bile into the digestive duct as glutathione 

conjugate through biliary clearance (ATSDR, 2005). 

In the subjects administered lead acetate via drinking water at doses of 0.3 to 3.0 

mg/day for 16 to 208 weeks, 85% or more of lead administered was excreted and more 

than 90% of lead excreted was detected in feces. Based on the results of various studies, 

it was considered that in adults in steady state 50% to 60% of lead absorbed was 

excreted in a short period with the half-life of 19 days. Compared to adults, children 

had a lower lead excretion rate. Children aged 2 years or less retained 31.7% of lead 

absorbed, while adults retained only 1% (Ziegler et al., 1978). 

 

4.5 Pharmacokinetic model 

4.5.1 Overview of pharmacokinetic model 

Kinetic process for chemicals exposed to biological organisms to be absorbed into 

the body, transferred and distributed in tissues is quantitatively analyzed using 

pharmacokinetic models. The analyses of lead kinetic process using several models 

have been reported. In this section, the outline of these models is introduced from the 

assessment by ATSDR (2005). 
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Pharmacokinetic models are classified into conventional classic kinetic models and 

recently developed physiologically based pharmacokinetics (PBPK) models. In both 

models, to quantitatively describe kinetics of chemicals, several compartments are 

established and material transfer between compartments and metabolism are 

considered. 

Various parameters are included in equations of models, and in PBPK model these 

parameters have physiological and biochemical meanings. Rate constants such as 

blood flow rate are used, and partition coefficients of each material and biochemical 

constants are included in material balance equations. Solutions of a series of 

differential equations express concentrations of materials in each compartment as a 

function of time. 

Application of PBPK models has been expanded in risk assessment because with 

PBPK model it is possible to predict a final concentration of chemicals in a target 

tissue in various conditions including exposure route, dose level and species 

differences. With classic pharmacokinetic models, similar analysis can be performed 

using compartments, which is not limited by kinetic properties of compartments 

comprising a model, and thus, values of parameters can be randomly set so as to best 

fit to experimental data. Physiological meaning of parameters, however, is not 

specified, and it is difficult to extrapolate the data to different species. 

Using PBPK models, it is possible to specifically and quantitatively understand 

complex behaviors of chemicals in biological organisms including the relationships 

between exposure and target tissue levels and target tissue level with observed vital 

responses. In PBPK models, various extrapolation (e.g., high dose to low dose, route to 

route and among species) is possible. Compared to the conventional methods using 

uncertainty factors, extrapolation with PBPK model is considered to have 

physiologically greater meanings. 

In risk assessment, the maximum permissible level of exposure to humans is often 

judged. Application of PBPK models improves the accuracy of extrapolation in 

biokinetics used for estimation. For example, when the level of a chemical in target 

tissues of humans who were exposed to that chemical at a concentration in general 

environment is predicted based on the data of humans or animals exposed to the 

chemical at a higher concentration than the concentration in general environment, a 
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scientifically rational method can be provided if a PBPK model is available. 

Structures and equations in PBPK model are highly simplified to express complex 

biological phenomenon. If biokinetics of chemicals is appropriately expressed, 

simplification is very useful to reduce the accumulation of uncertainties. To simplify 

the phenomenon, however, the relevance of the model is extremely important, and thus, 

in application of a PBPK model to risk assessment, it is necessary to confirm its 

validity. 

 

4.5.2 Analysis of lead exposure using pharmacokinetic model 

As pharmacokinetic models for lead, Rabinowitz et al. (1976) had already presented 

a three-compartment model in 1970s and subsequently, Marcus (1985a, 1985b, 1985c) 

extended this model and proposed models focusing lead diffusion in the bone and 

accumulation of plasma lead into erythrocytes in 1980s. The models of Marcus (1985a, 

1985b, 1985c) used kinetic parameters that were obtained from a study in dogs and 

expressed kinetics of plasma lead and erythrocytes with 4 kinds of blood lead 

compartments. In 1990s, three kinds of new models analyzing lead exposure and 

biokinetics (O’Flaherty model, Integrated Exposure Uptake BioKinetics (IEBK) model, 

and Leggett model) were presented, which were further extended and refined the 

earlier models (O’Flaherty, 1993, 1995; U.S. EPA, 1994a, 1994b; Leggett, 1993). The 

analysis results using these models provided new information and have been widely 

used for lead risk assessment. 

In lead risk assessment, blood lead level is considered to be a key factor because 

many epidemiological studies showed the relationship between blood lead level and 

effects on mental behaviors of children. Therefore, a kinetic model is required to 

predict blood lead levels. In predicting blood lead levels, for both PBPK model 

(O’Flaherty model) and classic pharmacokinetic models (IEUBK and Leggett models), 

a critical issue is how to handle model parameters including age-specific blood flow 

rate, volume of plural compartments, change rate constant, level in tissue and species 

differences. The outline of the above three models are shown in Table VII-17. 
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Table VII-17. Outline of O’Flaherty, IEUBK and Leggett models 

Name O’Flaherty model IEUBK model Leggett model 

Developer O'Flaherty (1993, 1995) U.S.EPA (1994a, 1994b) Leggett (1993) 

Type PBPK model 
Classical plural compartment 

model 

Classical plural compartment 

model 

Structure 

Transfer and distribution from 

the lung and digestive tract 

into the body associated with 

inhalation and ingestion are 

divided into 7 compartments 

(Figure VII-13)  

Divided into 1 central 

compartment, 8 peripheral 

compartments and 3 excretion 

pools (Figure VII-14) 

Divided into 1 central 

compartment, 15 peripheral 

compartments and 3 excretion 

pools (Figure VII-15) 

Subject Children and adults Children (0 to 6 years old) Children and adults 

Main 

estimate 

・ Blood lead level in each 

age 

・ Lead level in the bone and 

other compartments 

・ Geometric mean blood lead 

level in each age 

・ Probability that blood lead 

level exceeds concern level 

・ Blood lead level in each 

age 

Input data 

・ Mean amount of 

age-specific exposure per 

day from all exposure 

routes (regardless 

exposure route) 

・ Detailed information about 

exposure from routes such 

as inhalation, food, soil and 

dust, drinking water, etc. 

・ Mean amount of 

age-specific exposure per 

day from all exposure 

routes (regardless 

exposure route) 

Advantage 

・ Blood lead levels of wide 

age group from infants to 

adults can be estimated. 

・ High-sensitive populations 

including pregnant 

women, fetuses and 

elderly are eligible. 

・ Probability that blood lead 

level exceeds concern level 

can be estimated. 

・ If exposure amount and 

media-specific absorption 

rate are available, exposure 

routes can be added. 

・ Blood lead levels of wide 

age group from infants to 

adults can be estimated 

(estimation accuracy in 

children is uncertain). 

Disadvantage 

・ User is required to 

estimate total exposures 

from plural exposure 

routes due to lack of 

exposure modules by 

media. 

・ Probability distribution of 

blood lead level cannot be 

estimated due to lack of 

stochastic model factor. 

・ The model cannot be 

applied to subjects aged 7 

years and more 

・ User is required to 

estimate total exposures 

from plural exposure 

routes due to lack of 

exposure modules by 

media. 

・ Probability distribution of 

blood lead level cannot be 

estimated due to lack of 

stochastic model factor. 

[Compiled based on the information from O'Flaherty (1993, 1995), U.S. EPA (1994a, 1994b) 

 and Leggett (1993)] 
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The compartment structure of O’Flaherty model is presented in Figure VII-13. 
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Figure VII-13. Structure of the O’ Flaherty Model 

［Reference: U.S. EPA (2001b) and ATSDR (2005)］ 

 

The compartment structure of IEUBK model is shown in Figure VII-14. IEUBK 

model considers the following 4 components to estimate blood lead levels. 

∙ Exposure component: to calculate the amount of lead that is taken into children’s 

body using lead concentrations in the environmental media (air, food, dust, paint, 

soil, and water). 

∙ Absorption component: to calculate the amount of lead in the blood flow of children 

using the amounts of lead that are delivered in the lung and digestive duct and lead 
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absorption rate. 

∙ Biokinetic component: to determine blood lead levels considering lead transfer 

between the blood and other tissues and lead excretion from the body. 

∙ Variability component: to present a probability of the estimated results based on the 

parameters used in the model (e.g., blood lead levels exceeding 10 g/dL). 
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Figure VII-14. Structure of the IEUBK Model 

［Reference: U.S. EPA (2002) and ATSDR (2005)］ 
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The comparison of biokinetic slope factors (BKSF)
 *

 estimated by IEUBK and 

O’Flaherty models is shown in Table VII-18. 

 

Table VII-18. Comparison of BKSFs predicted from  

the IEUBK and O’Flaherty models 

Age group 

[months] 

Blood lead range 

[μg/dL] 

BKSF[(μg/dL)/(μg/day)] Difference* 

[%] IEUBK O'Flaherty 

1–84 < 10 0.36 0.32 11.1 

1–84 > 10 0.35 0.28 20.0 

25–84 < 10 0.35 0.26 25.7 

25–84 > 10 0.34 0.23 32.4 

* 100 × (O’Flaherty – IEUBK) / IEUBK 

[Reference: U.S. EPA (2001b)] 

 

The compartment structure of Leggett model is presented in Figure VII-15. The 

comparison of BKSFs estimated by IEUBK and Leggett models is shown in Table 

VII-19. 

As described in Chapter II, U.S. EPA used IEUBK model for their human health risk 

assessment and criteria setting (U.S. EPA, 1998b, 2000). IEUBK model was validated 

by other researchers in the same field and it has been confirmed that this model is valid 

when the characteristics of lead exposures in the residence area of the subjects are 

appropriately understood. 

Therefore, also in this assessment, blood lead level distribution is predicted using 

estimated results of exposures that are described in Chapter VI as input parameters for 

IEUBK model. Based on the results predicted by this model, human health risk is 

assessed. Human health risk assessment using IEUBK model is described in Chapter 

VIII. 

 

                                                
*
 Increase in blood lead level corresponding to mean lead intake in semi-steady condition 
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Figure VII-15. Structure of the Leggett Model 

［Reference: Leggett (1993) and ATSDR (2005)］ 

 

Table VII-19. Comparison of BKSFs predicted 

from the IEUBK and Leggett models 

Age group 

[months] 

BKSF[(μg/dL)/(μg/day)] Difference* 

[%] IEUBK Leggett 

1–84 0.34 0.57 68 

25–84 0.33 0.63 91 

* 100 × (Leggett – IEUBK) / IEUBK 

[Reference: U.S. EPA (2001b)] 
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5. Mechanism of lead toxicity 

The main adverse effects of lead in humans, as summarized above, are effects on the 

blood and hematopoietic and nervous systems. The former is observed as anemia and 

pallor and the latter causes lead encephalopathy at high-dose exposure and IQ 

reduction in children at low-dose exposure. The mechanisms of these two adverse 

effects are described in detail in Sections 5.1 and 5.2, mainly based on the descriptions 

of ATSDR (2005). The available information, though very limited, is presented on the 

mechanisms of lead toxicity to other organs in Section 5.3. 

 

5.1 Mechanism of action to the hematopoietic system 

Actions of lead to the hematopoietic system have been studied extensively. 

Lead-induced toxic symptoms that are observed in humans and animals are anemia and 

pallor, for which the amount of blood hemoglobin and hematocrit are direct indicators. 

Lead inhibits enzymes related with heme biosynthesis, a component of hemoglobin, 

and thus, its metabolites including urinary porphyrin, coproporphyrin, ALA, EP, free 

erythrocyte protoporphyrin and zinc protoporphyrin are indirect indicators. 

Lead interferes with heme biosynthesis by changing activities of 3 heme 

biosynthetic enzymes, -aminolevulinic acid synthase (ALA-S), ALA-D and 

ferrochetalase. Lead basically affects biochemical reaction process through 

antagonizing or promoting calcium activity, and interacting with proteins. Interaction 

between lead and protein is through bindings to sulfhydryl, amine, phosphate and 

carboxyl groups. Lead has the highest affinity with sulfhydryl group. Stability of lead 

compounds is enhanced when biding sites increase, or sulfhydrl groups spatially exist 

side by side. 

ALA-S is a rate-limiting enzyme for heme biosynthesis to catalyze the condensation 

of glycine and succinyl-CoA to form ALA and an increase in its activity is induced by 

release of feed back inhibition. Lead noncompetitively inhibits ALA-D that catalyzes 

the condensation of ALA to synthesize porphobilinogen. Lead crosslinks between 

sulfhydryl groups nearby the center of ALA-D active sites and zinc in normal binding 

status binds one of sulfhydryl groups. 

Lead noncompetitively reduces the activity of ferrochetalase, mitochondrial enzyme 

containing zinc. This enzyme catalyzes the incorporation of iron (II) into 
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protoporphyrin ring to form heme. In this reaction, it is considered that lead binds 

sulfhydryl group nearby the center of active site. Ferrochetalase inhibition by lead 

induces accumulation of protoporphyrin IX, which exists as zinc protoporphyrin in 

circulating erythrocytes. 

Other enzymes of heme biosynthetic pathway have one sulfhydryl group in the 

center of active site and less sensitive than ALA-D and ferrochetalase. High inhibition 

of heme synthesis decreases blood hemoglobin level. The decrease in hemoglobin and 

increase in broken erythrocytes possibly caused by P5N activity inhibited by lead 

induce normocytic hypochromic anemia associated with reticulocytosis. These 

symptoms are observed in workers and children who were exposed to lead for a long 

term at higher levels than the effect level for activity of heme synthesis-related enzyme 

(ATSDR, 2005). 

 

5.2 Mechanism of action to the nervous system 

Lead mimics the activities of calcium that works as the second messenger in neurons. 

Exposure studies of nervous tissues confirmed that lead blocks voltage-regulated 

calcium channel and prevents calcium influx and release of neurotransmitters and 

inhibits synaptic transmission. Lead enters through this channel into cells and acts as a 

calcium agonist, i.e., causes natural release of transmitters and increases the frequency 

of motoneuron terminal potential in small-scale skeletal muscle fibers. In dopaminergic 

system, lead inhibits release of acetylcholine, a transmitter induced by depolarization, 

and prevents dopamine uptake (Bressler & Goldstein, 1991). Lead decreases also the 

activity of brain tyrosine hydroxylase, a rate-limiting enzyme for catecholamine 

biosynthesis. In glutaminergic system, lead inhibits glutamate release induced by 

depolarization. 

Infant neuropil development process can be affected by lead-induced basic 

neurotransmitter release, increased synapse splitting retention and decrease in 

depolarization-induced neurotransmitter release. Apart from the effect on neuropil 

development, adaptation to altered neurotransmitter release changes synaptic 

transmission efficiency, and as a result, lead exposure has an effect on mental 

behaviors in children even at low levels. 

A study in rats investigated the relationship between lead effects on the 
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neurotransmission system and mechanism of mental behaviors. Lead exposure 

decreases dopamine binding sites. The decrease in dopamine binding sites is localized 

in the nucleus accumbens (dopaminergic nerve in the central limbic system). The 

nucleus accumbens is required for neurotransmission regulating behaviors that are 

shown in the fixed-interval schedule test. Dopamine and lead inducing a change in 

fixed-interval schedule have both similar and different mechanisms. It has been 

suggested in some studies that lead has a different mechanism of action from dopamine. 

For example, it was reported that lead had an effect on the excitatory 

neurotransmission system in which glutamate is involved as a neurotransmitter 

(Cory-Slechta et al., 1997). In a study using MK801, an antagonist of the 

N-methyl-D-aspartate (NMDA) glutamate receptor, it was observed that lead inhibited 

NMDA glutamate receptor. 

It is suggested that lead inhibits NMDA receptor binding by the zinc allosteric site. 

The zinc allosteric site is a site that zinc binds different site from the original protein 

substance, and as a result, changed protein form has an effect on the activity. This 

inhibition depends on age and has great effect on the early neurodevelopment. On the 

other hand, another study explained that the difference in sensitivity correlating with 

age was due to higher brain lead levels in immature rats than those in mature rats. 

Although the relationship between impaired cholinergic function and lead-induced 

mental behavior disorder has not been clarified, lead decreases depolarization-induced 

release of acetylcholine but increases its natural release and decreases choline 

acetyltransferase activity and increases sensitivity of muscarinic cholinergic receptor. 

In addition, lead is possibly involved in activation of protein kinase C (PKC)
*
. PKC 

is involved in differentiation and growth of brain epithelial cells. Calcium plays a role 

in PKC activation and it was confirmed that lead substitutes for calcium. The 

blood-brain barrier consists of brain microvascular epithelial and macroglial cells, in 

which PKC binds to the cytoplasm in immature microvessels and the membrane in 

mature ones. In PKC-activated levels, it was observed that lead inhibited formation of 

microvessels. Therefore, it is the possibility that lead-induced PKC activation in 

immature stage damages the brain microvascular formation and function, and 

                                                
*
 Intracellular signal-transducing molecule involved in many cellular functions including cell growth, 

differentiation, apoptosis. 
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especially at high levels, causes a serious failure in the blood-brain barrier and induces 

acute lead encephalopathy. Damaged blood-brain barrier allows influx of albumin, 

various ions and water into the brain, and the brain has no advanced lymphoid system. 

Consequently, the elimination of these plasma components is slow, which results in 

necrosis and intracranial hypertension. The reason why fetuses and infants are 

especially affected by lead neurotoxicity is that the blood-brain barrier is immature and 

macroglial cells have no high-affinity lead-binding protein. The results of 

trans-epithelial electric resistance measurement in mice of different ages indicated that 

lead increased ion permeability induced by cytokine (interleukin 6) in the blood-brain 

barrier. The observation is significant in young mice, reflecting the age dependence of 

lead neurotoxicity (Dyatlov et al., 1998). 

PKC activation is considered to perform long-term potentiation acting to memory 

storage. Other lead-inhibited processes associated with long-term potentiation include 

depolarization-induced neurotransmitter release, NMDA receptor-mediated activity, 

choline activity, and others. Effects of lead on these processes and PKC inhibit 

long-term potentiation and induce learning failure. A recent study in rats has shown 

that lead exposure in the developmental stage had an effect on PKC distribution in the 

hippocampus, which was related with subclinical neurotoxicity of long-term lead 

exposures at low doses in children. 

Other actions of lead to the nervous system are mediated by neural cell adhesion 

molecule (N-CAM) and recognition molecule for neural membrane-binding cell. These 

molecules regulate interactions between cells such as synapse formation. During the 

postnatal period corresponding to synapse formation, a long-term exposure to 

low-level lead damages desialylation of N-CAM and disturbs synapse selection, 

resulting in learning failure. It was also reported that lead stimulated N-CAM 

sialylating enzyme (Breen & Regan, 1988). 

High-affinity zinc/lead-binding protein, which was found in rat brain and kidney, 

attenuates lead-induced ALA-D inhibition via lead coordination and zinc electron 

release, and modulates gene expression transporting lead into the nucleus. Also in 

human brain (kidney and liver), analogous proteins exist. Lead-binding protein in rat 

brain is highly acidic and different from the protein observed in the kidney, however, is 

regulated by growth stage. The protein presents in minute amounts in newborns, 
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however, increases two weeks after birth and gives resistance against lead-induced 

cerebral diseases. The resistance is advanced because lead inclusion bodies isolating 

lead are formed in macroglial cells. This is also evidenced in a macroglial cell culture 

assay that gacroglial cells increased lead-eliminating ability with growth. Further, lead 

can bind to metallothionein that exists in the macroglial cells. 

The nervous system is indirectly affected by lead-induced inhibition of heme 

synthesis. This inhibition decreases microsomal cytochrome P450 (chemical metabolic 

system) and mitochondrial cytochrome (cellular respiratory system). Further, 

tryptophan pyrrolase, liver heme-dependent enzyme is inhibited. This inhibition 

increases plasma tryptophan and brain tryptophan, serotonin and 

5-hydroxyindoleacetic acid, and enhances abnormal neurotransmission in serotonin 

pathway. After heme was injected to lead-treated rats, the amounts of these chemicals 

returned to the normal range. Intravenous injection of hematin (heme-related 

substance) to the lead-exposed workers reduced subjective neurotoxic symptoms and 

urinary ALA levels. 

ALA interferes in neurotransmission by inhibitory neurotransmitter GABA (-amino 

butyric acid), a structural analog of ALA, i.e., plays as neurotoxin. ALA at an 

extremely high dose can bind to postsynaptic receptor and induce competitive 

inhibition against GABA. However, actual mechanism of action is considered that 

ALA acts in presynaptic GABA receptor and inhibits negative feedback of GABA 

release. It was shown that free radical that was generated by enhanced ALA 

auto-oxidation and ALA-induced oxyhemoglobin oxidation was involved in lead 

toxicity. Lead itself is considered to enhance lipoperoxidation induced by oxygen 

radical or ferrous ion that was generated by ALA. 

 

5.3 Mechanism of nephrotoxicity and tumor 

Mechanisms of action of other adverse effects with lead have not been documented 

in the existing international assessments (ATSDR, 2005; WHO, 1995; IRIS, 2004; 

IARC, 1980, 1987), except the limited information summarized below.  

For lead nephrotoxicity in humans, as described in Section 1 of this chapter, several 

histological findings (including intranuclear inclusion body formation in the renal 

tubular epithelium associated with changes in the proximal tubules) were reported, 
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however, mechanism of toxicity has not been elucidated. 

Several hypotheses for mechanism of carcinogenicity have been proposed in 

experimental animals. These hypotheses included mutagenicity (genotoxicity), PKC 

activation, cell proliferation, cystic hyperplasia and nuclear protein (inclusion body) 

(WHO, 1995). For the renal tumors in rodents, Fowler (1992) and Goyer (1992, 1993) 

proposed the following three processes as the mechanism of tumor formation. 

 

1. Lead binding to protein with affinity for lead transmits into the nuclei and changes 

gene functions. 

2. Activation of PKC by lead progresses tumors and further, growth factor receptors 

and oncogenes are phosphorylated. 

3. Cell proliferation or cystic hyperplasia is induced. 

 

It has been reported that mutagenicity of lead in mammals is weak (Gerber et al., 

1980; Winder & Bonin, 1993; Apostoli et al., 1989). In an in vitro study in human 

lymphocytes, the result was negative even at doses inducing cytotoxicity, however, in 

an in vitro study in Chinese hamster-derived cells, positive results were confirmed at 

high doses. It was reported in an in vitro study in mammals that the incidences of 

chromosomal aberration was slightly increased, however, the incidence of 

micronucleus in the marrow cells was negative (Gerber et al., 1980). Winder & Bonin 

(1993) compared lead genotoxicity study results and indicated that the results were 

negative in many studies, however, a few positive and quasipositive results were found. 

They assumed that the positive results were due to the secondary cytotoxicity related to 

the solubility. Apostoli et al. (1989) conducted a reverse mutation assays in Salmonella 

typhimurium using the urine of lead-exposed workers and confirmed negative results 

with and without metabolic activation. 

Carcinogenic process generally supported is multistage carcinogenesis including 

initiation (mutant cell expression), promotion (promotion of mutant cell growth), and 

progression (proliferation of differentiated tumor cells). Lead, as described above, is 

only weakly genotoxic, and thus, is considered to have no or weak initiation activity. 

Lead, however, has mitotic property and activates cell proliferation, therefore, has the 

possibility to induce promotion effects. Since the renal tumors observed were benign 
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and no malignant tumor was found, lead is considered to have no progression effect. 

The following findings have been also reported. Lead had great mitotic property in 

mammalian cells and in an intraperitoneal study of lead acetate with a single injection 

in rats, it was confirmed that the injected lead induced the cell proliferation determined 

to be 40 fold higher in autoradiography and more than 40 fold higher in unilateral 

nephrectomy (Choie & Richter, 1972). In a study of lead acetate with a single 

intracardiac injection in mice, renal DNA synthesis was increased by 15 fold and 

mitotic index by 45 fold in 
3
H-thymidine measurement (Choie & Richter, 1974). In an 

intravenous study of lead nitrate in rats, proliferation and hyperplasia were observed in 

hepatocytes (Columbano et al., 1987). The results of these two studies indicate not 

cellular necrosis but activated cellular growth, which suggest mitosis rather than 

regenerative response in cells. PKC activation and formation of nuclear inclusion body, 

i.e., lead-protein complex are additive factors with possibility of affecting cell growth 

and developmental control, and it is possible that these two factors play some role in 

lead-induced tumor development in experimental animals (Goyer, 1993). Cystic 

hyperplasia is a delayed morphological change of chronic lead neuropathy, however, 

also is a risk factor for renal tumor (Bernstein et al., 1987). It was reported in animals 

treated with renal carcinogen that cystic hyperplasia was observed in advance of 

adenoma formation (Dees et al., 1980; Goyer et al., 1981; WHO, 1995). 

These findings, however, do not elucidate the overall mechanism of renal tumor 

development in rodents. Further, on the relevance of these findings in humans, while 

the rats treated with lead compounds at high doses developed adenoma derived from 

renal tubular epithelium, in humans, no conclusive evidence of lead-induced renal and 

urinary tract tumor has been found in the population of patients with chronic 

nephropathy though damage of proximal tubules was observed. In conclusion, the 

experimental data in rats are not considered to relevant to humans, and at present, there 

is no mechanism of action that relates the experimental data with the observations in 

humans (ATSDR, 2005). 

 

 

 

 



VII. Human health hazard assessment 

 

235 

6. Summary 

Lead toxicity had already been known before the time of Christ, and much research 

has been conducted to investigate effects on humans. There are more toxicity data of 

lead available in humans compared to other chemicals. 

Comparing adults and children, children are more sensitive to lead exposure than 

adults, and thus, considered more important in human health risk assessment of lead 

exposure. 

Among the biological effects of lead exposure, the major noncarcinogenic adverse 

effects are effects on the blood and hematopoietic and nervous systems. 

Effects of lead on the blood and hematopoietic system are manifested as anemia and 

pallor through inhibition of enzymes related with heme biosynthesis, a component of 

hemoglobin. As shown in Table VII-10., the blood lead level of 10 to 15 g/dL is the 

minimum level showing effects on the blood and hematopoietic system, however, 

changes observed in this range cannot be considered hazardous. 

Effects of lead on the nervous system are manifested as lead encephalopathy with 

high-level exposure, and decline in learning and auditory function, peripheral nerve 

transmission retardation and effects on mental development index in infants with 

low-level exposure. Lead mimics the activities of calcium that works as the second 

messenger in neurons, and thus, blocks voltage-regulated calcium channel, prevents 

release of neurotransmitters, such as glutamate and NMDA, and inhibits synaptic 

transmission. Glutamate and NMDA receptors play an important role in synaptic 

plasticity, which is a basic process of essential functions in the cranial nerve system 

including memory and learning, and experience-dependent neural network 

maintenance. It was confirmed in an international epidemiological study in children 

that an increase in blood lead levels from 10 to 20 g/dL reduced IQ, one of the indices 

for effects on the central nervous system, by 2.57 (standard error: 0.41). Also in a study 

of cognitive learning function in monkeys, cognitive impairment was found at blood 

lead levels of 11 to 13 g/dL. 

For carcinogenicity of lead, in animal studies clear evidence of renal tumor was 

confirmed both in rats and mice with various administration routes, while no evidence 

of lead carcinogenicity has been observed in humans. In a carcinogenicity study in rats 

by Azar et al. (1973), of which the results obtained are considered reliable and relevant 
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for quantitative analyses, no tumor was observed at concentrations of 100 ppm (blood 

lead level: 35.2 g/dL) and below. Carcinogenic process generally supported is 

multistage carcinogenesis. With the renal tumorigenesis observed in the animal studies, 

the possibility of promotional effects of lead (cell proliferation) has been suggested, 

but no initiation or progression actions. When a substance is not an initiator but only a 

promoter, in carcinogenesis, tumors are induced when exposures exceed a certain dose 

(threshold). This is consistent with the observation that no tumor was developed with 

lead exposures at low doses. 

In summary, blood lead levels of 10 to 20 g/dL are the minimum level showing 

effects of lead in humans. Especially the effects on the central nervous system in 

children are the adverse effects observed in the lowest level of lead concentrations. For 

the effects of lead on the central nervous system, it is not possible to determine 

whether the threshold existed or not. However, at blood lead levels of less than 10 

g/dL, no adverse effect has been observed in children, which at least supports the 

conclusion that it is critical to maintain the blood lead level not exceeding 10 g/dL. 

In conclusion, effects on the central nervous system in children are selected as the 

endpoint for human health risk assessment with the blood lead level of 10 g/dL as the 

reference value. 
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CHAPTER VIII 

 

 

 

HUMAN HEALTH RISK ASSESSMENT 

 

 

 

1. Introduction 

In this chapter, with the results of exposure assessment in Chapter VI and human 

health hazard assessment in Chapter VII, human health risks of lead are assessed. 

The population selected for human health risk assessment of lead is children (mainly 

0 to 6 years old) living in Japan. The reasons for this selection are firstly that exposure 

per body weight is higher in children than in adults (described in Chapter VI); secondly, 

the absorption rate of lead is higher and the excretion rate is lower in children than in 

adults (described in Chapter VII); and finally, adverse effects are observed in lower 

blood lead levels in children compared to adults (described in Chapter VII). The 

population with possible highest risks of lead exposure is judged to be children aged 0 

to 6 years. 

The endpoint of effects on the central nervous system in children is selected for risk 

assessment with the reference value of 10 g/dL of blood lead level. As described in 

Chapter VII, there is a possibility that various adverse effects to the central nervous 

system may be induced in children when blood lead level exceeds 10 g/dL. The blood 

lead level of 10 g/dL is defined as the concern level. The blood lead levels in children 

living in Japan are obtained from both a monitoring of actual blood lead levels in 

Shizuoka Prefecture (described below) and the estimation using a biokinetic model for 

humans. 

However, “the probability that blood lead level exceeds 10 g/dL” is not equal to 

“the incidence of adverse effects”. Adverse effects do not develop in all children with 

blood lead level exceeding 10 f/dL, and thus, the actual incidence of adverse effects is 

lower than the probability that blood lead level exceeds 10 g/dL. Due to the difficulty 
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to estimate actual incidence of adverse effects, the probability that blood lead level 

exceeds 10 g/dL is used as the index for risk assessment. 

Risk assessment based on the results of monitoring of blood lead levels in children 

living in Sizuoka Prefecture is presented in the next section. In Section 3, risk 

assessment is conducted based on the blood lead levels estimated using a biokinetic 

model. In Section 4, the effectiveness of measures to decrease lead in the environment 

is evaluated from the viewpoint of reducing human health risks. 

 

2. Risk assessment based on the actual blood lead levels 

In Japan, there have been a number of studies on blood lead levels in adults (e.g., 

Shinagawa, 1992, Suna et al., 1994 Morita, 1996, and Arai et al., 2005), while very few 

studies have been conducted in children who have higher risks than adults. 

To obtain current data of blood lead levels in Japanese children, a monitoring of the 

blood lead levels in children was conducted in Shizuoka Prefecture and human health 

risks are estimated based on the results obtained. 

 

2.1 Outline of the monitoring 

This monitoring was conducted as a joint study of Dr. Masayuki Kaji of Department 

of Endocrinology and Metabolism, Shizuoka Children’s Hospital (current: Health 

Division, Health & Welfare Bureau Shizuoka City Government) and CRM. 

The subjects were 290 children aged 0 to 15 years who visited Shizuoka Children’s 

Hospital from July 1, 2004 to September 30, 2005. Each 25 children were selected 

from each age of 0 to 9 years and the age groups of 10–12 and 13–15 years. Of blood 

samples for health check, approximately 1 mL of blood was used for measuring blood 

lead levels after obtaining informed consent from their guardians. The children visiting 

the hospital were the residents of Shizuoka Prefecture, primarily in Shizuoka and Fuji 

cities. They were not “healthy” children, mostly having general symptoms including 

upper respiratory inflammation, asthma attack and gastrointestinal symptoms. Since 

lead is not a metal with physiological function such as iron, copper and zinc, it is 

considered that these general symptoms observed in the children have no effect on 

blood lead levels. 
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2.2 Results 

A summary of the blood lead monitoring is presented in Table VIII-1. Histogram of 

blood lead levels in all subjects is presented in Figure VIII-1. 

The maximum blood lead level determined was 7.7 g/dL and there was no child 

whose blood lead level exceeded 10 g/dL, the concern level of lead toxicity. The 

results shown in Table VIII-1 were lower than the results reported by Kaji et al. (1997) 

who conducted the monitoring in the same district in 1993. Kaji et al. (1997) 

monitored blood lead levels in 211 child outpatients aged 0 to 15 years who visited the 

pediatric department of Shizuoka Children’s Hospital in 1993 and reported that mean ± 

standard deviation (SD) in all subjects was 3.16 ± 1.5 g/dL (0-year children: 1.83 ± 

0.85 g/dL). They also indicated no gender difference in blood lead levels and 

age-dependent (month old) increases in blood lead levels in children less than 1 year. 

Also in the monitoring conducted from 2004 to 2005, no difference in blood lead levels 

was found between males and females and blood lead levels increased age-dependently 

(month old) in infants less than 1 year, however, the blood lead levels in all subjects 

were less than the half of the levels that Kaji et al. (1997) reported. 

Similar to the monitoring resulted presented in this assessment, a recent study of 

blood lead levels in adults reported lower levels. Arai et al. (2005) determined blood 

lead levels in 158 volunteer habitants aged 20 to 75 years in 5 areas in Japan (Miyagi, 

Maebashi, Tsu, Ehime and Nagasaki) in 1999 and reported that mean ± SD, median, 

minimum and maximum were 1.4 ± 0.8, 1.2, 0.3 and 3.6 g/dL, respectively. They 

compared blood lead levels in 20 to 75-year-old habitants, and found no significant 

differences between ages. 

Based on the above, it is considered that blood lead levels in children also have been 

reducing, which probably is related to the fact that lead intake from food, the major 

exposure source, has been decreasing over years as described in Chapter VI. To 

confirm this tendency, however, further monitoring over years of blood lead levels is 

required. 
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Figure VIII-1. Histogram of blood lead levels (all subjects) 

 

Table VIII-1. Summary of blood lead levels in the monitoring in Shizuoka 

Age Sample number 
Blood lead level [μg/dL] 

Mean SD Median Min. Max. 

0 year  25 1.5 1.5  0.95 0.37 7.1 

1 year  25 1.5  0.65 1.5 0.43 3.4 

2 years  21 1.8  0.96 1.6 0.56 4.2 

3 years  21 1.3  0.56 1.2 0.19 2.2 

4 years  26 1.8  0.74 1.7 0.81 3.8 

5 years  25 1.7 1.4 1.5 0.68 7.7 

6 years  23 1.4  0.48 1.4 0.36 2.2 

7 years  25 1.5  0.69 1.5 0.70 3.3 

8 years  23 1.5  0.58 1.5 0.52 3.3 

9 years  25 1.6  0.82 1.4 0.81 4.7 

10–12 years  26 1.4  0.72 1.2 0.69 3.6 

13–15 years  25 1.1  0.28 1.1 0.60 1.9 

All subjects 290 1.5  0.85 1.4 0.19 7.7 
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2.3 Results of risk assessment 

With the assumption that blood lead levels have a lognormal distribution, geometric 

mean and standard deviation of blood lead levels are calculated from the monitoring 

data, and further, the probability of blood lead levels exceeding the concern level of 10 

g/dL is estimated and presented in Table VIII-2. 

In the population monitored, the probability that blood lead levels exceed 10 g/dL 

is the highest in 0-year-old children and 0.20%, however, is below 0.01% in other age 

groups and in overall subjects. The reason that the probability in 0-year-old children is 

estimated the highest, however, is due to a high value of geometric standard deviation, 

and the blood lead levels themselves are not high with the geometric mean rather lower 

than those in other age groups. 

With endpoints of serious adverse effects directly related to death such as 

“carcinogenicity”, the criterion of 1  10
-5

 (i.e., 0.001%) of risk is generally applied for 

risk assessment. The endpoint of this assessment, however, is “subclinical effects on 

the central nervous system”, which is far conservative than carcinogenicity, and thus, it 

is not appropriate to apply the criterion of 1  10
-5

 (i.e., 0.001%) of risk in the same 

way as with carcinogenicity. In addition, lead is a natural element and a certain amount 

of lead always exists in the environment as background. Lead exposure in the 

environment could not be zero. Based on these reasons, international agencies 

conducting risk assessments including U.S.EPA and WHO established the standard 

level for environmental lead, aiming that the percentage of children whose blood lead 

levels exceed 10 g/dL ranges 1 to 5% as described in Chapter II. 

This assessment also defines the exceeding probability of 1 to 5% as the minimum 

risk and applies to risk assessment; it is determined that the exceeding probability 

obtained based on the blood lead levels from the monitoring in Shizuoka is not at a 

level which warrants any action for risk reduction. 
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Table VIII-2. Distribution and exceeding probability of the blood lead levels 

in the monitoring in Shizuoka 

Age 
GM 

[μg/dL] 
GSD 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

Probability*[%] 

0 year 1.1 2.1 0.25 4.9  0.20 

1 year 1.4 1.6 0.54 3.5 <0.01 

2 years 1.6 1.6 0.60 4.1 <0.01 

3 years 1.2 1.7 0.40 3.5 <0.01 

4 years 1.7 1.5 0.78 3.7 <0.01 

5 years 1.5 1.7 0.55 4.0 <0.01 

6 years 1.3 1.5 0.59 2.9 <0.01 

7 years 1.4 1.5 0.61 3.2 <0.01 

8 years 1.4 1.5 0.66 2.9 <0.01 

9 years 1.5 1.5 0.67 3.3 <0.01 

10–12 years 1.3 1.5 0.56 3.1 <0.01 

13–15years 1.1 1.3 0.67 1.8 <0.01 

All subjects 1.4 1.6 0.53 3.5 <0.01 

* Probability that blood lead level exceeds 10 g/dL 

 

3. Risk assessment based on the blood lead levels estimated using 

human biokinetic model 

Risk assessment based on actually data of blood lead monitoring presents most 

reliable human health risks in the population monitored. However, it is difficult to 

expand the estimated risks of one particular population to other population. 

Considering the cost and effort, it is not realistic to conduct a blood lead monitoring 

such as described above extensively all over Japan, and thus, it is difficult to estimate 

average risk levels in Japan only based on actual data of blood lead levels. 

In this section, the distribution of blood lead levels representing the whole 

population of the children in Japan is estimated using a human biokinetic model and 

subsequently, risk assessment is conducted based on the distribution estimated with the 

model. Using the distribution of lead exposure levels all over Japan as a parameter 
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entered into the model, it is possible to expand the subjects of estimation to the whole 

population of the children in Japan. By changing the parameters, it is also possible to 

estimate the risks for the children living around a release source (high-exposure 

population) in addition to the estimation for the children with average exposure,. The 

outline of the biokinetic model used, and the results of risk assessment in general and 

high-exposure populations are presented below. 

 

3.1 Outline of the model used for risk assessment 

To estimate the blood lead levels of children, the Integrated Exposure Uptake 

Biokinetic Model for Lead in Children (IEUBK model) was used. IEUBK model 

estimates distributions of blood lead levels in children aged 0 to 6 years with lead 

exposure information as input data. The outline of IEUBK model is presented again in 

Table VIII-3. IEUBK model was validated by the researchers other than those 

developed the model in the same field and it has been confirmed that this model 

provides accurate estimation of blood lead levels in children when lead exposure 

information of a subject population is appropriately entered. In addition, this model is 

freely downloadable at the website of U.S. EPA, and therefore, the estimated results 

can be verified by different users (http://www.epa.gov/superfund/programs/lead/products.htm#ieubk). 

This model, however, was developed in the U.S., and the default values included are 

not the parameter values representing the Japanese children. Therefore, when using this 

model, it is necessary to adjust values including exposure levels and indices 

appropriately without using the default values. 

IEUBK model, which is different from Monte Carlo simulation described in Chapter 

VI, cannot accept distribution data as input parameter, i.e., it is not possible to enter the 

distributions of exposure levels and indices estimated in Chapter VI directly. Therefore, 

a representative value of a parameter distribution or a value with an assumption of 

specified conditions is entered as an input parameter, and the blood lead level 

distribution is estimated separately for each case. 

 

 

 

 

http://www.epa.gov/superfund/programs/lead/products.htm#ieubk
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Table VIII-3. Outline of IEUBK model 

Name 
Integrated Exposure Uptake Biokinetic Model for Lead in 

Children (IEUBK model) 

Model type and details 

Classical dynamical model to estimate lead load in the body 

(blood lead level) from lead exposures considering 

exposure, uptake and biokinetic factors. Age-specific 

converting rate is calculated from retention time in each 

compartment. Age-specific estimates of geometric mean 

blood lead level in the exposed population are provided.  

Subject Child aged 6 years or younger 

Input parameter 

Lead exposure from air, food, drinking water and soil and 

dust, maternal blood lead level (related to placental-derived 

lead exposures), geometric standard deviation of blood lead 

level 

Output 

∙ Geometric mean blood lead level during any period from 

newborn to 6-year-old 

∙ Probability that blood lead levels exceed the concern level 

for lead toxicity (any level by user)  

Evaluation of model 

The model has already been tested by researchers in the 

same field and it was confirmed that this model is highly 

effective when lead exposure characteristics of subject’s 

residence are appropriately grasped.  

Disadvantages of model 

∙ The model is applied to children aged 6 year or below and 

cannot to subjects aged 7 years and more. 

∙ Parameter values representing Japanese children are not 

included in default values.  

[Compiled from the information of U.S. EPA (2002)] 

 

3.2 Risk assessment in general population 

The results of risk assessment in general population are described below. Herein, the 

general population is assumed to be the population with average lead exposure 

excluding those who have some specific exposures due to the reasons such as living 
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near the release source of lead. In estimation in the general population, the parameters 

described in Chapter VI, i.e., lead levels in environmental media and exposure indices, 

can be directly applied. Since it is not possible to enter distribution data into IEUBK 

model, values corresponding 50-percentile in distributions of exposure levels and 

indices described in Chapter VI are entered for estimation. 

 

3.2.1 Parameter setting in human biokinetic model 

To estimate blood lead levels using IEUBK model, the data of inhalation and oral 

exposure (lead intake from soil/dust, food and drinking water) and other parameters are 

required. The set values of parameters are summarized in Table VIII-4. The procedures 

to set these parameters are described below. 

 

Table VIII-4. Set values of the parameters used in this study 

Parameter Set value 

1) Parameters related to inhalation exposure 

Air lead concentrations [ng/m
3
] 25.3 

Indoor air lead concentrations [ng/m
3
] 25.3 

Inhalation volume [m
3
/day]  

0 year 4.08 

1 year 5.13 

2 years 5.63 

3 years 6.51 

4 years 6.90 

5 years 7.53 

6 years 8.12 

Lung absorption [%] 32 

2) Parameters related to lead intake from soil/dust 

Soil lead concentrations [μg/g] 13.2 

Dust lead concentrations [µg/g] 11.8 

Soil/dust ingestion rate [mg/day]  

0 year 85 

1 year 108 

2 years 108 

3 years 108 

4 years 91 

5 years 89 

6 years 88 

Fraction of dust ingestion [%] 45 
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Table VIII-4. Set values of the parameters used in this study (continued) 

Parameter Set value 

3) Parameters related to lead intake from food 

Dietary lead intake [µg/day]  

0 year 8.2 

1 year 9.2 

2 years 10.2 

3 years 11.2 

4 years 12.3 

5 years 13.3 

6 years 14.3 

4) Parameters related to lead intake from drinking water 

Water lead concentration [µg/L]  

First-draw water 3.8 

Flushed water 2.3 

Water intake [L/day]  

0 year 0.20 

1 year 0.42 

2 years 0.43 

3 years 0.47 

4 years 0.48 

5 years 0.49 

6 years 0.56 

Percentage of total water intake [%]  

First-draw water 50 

Flushed water 50 

5) Other parameters 

Mother’s blood lead level at childbirth [μg/dL] 1.2 

Geometric standard deviations of blood lead levels 1.6 

 

1) Parameters related to inhalation exposure 

IEUBK model requires setting outdoor and indoor air lead concentrations, air 

inhalation volume, time spent outdoors and absorption rate of lead in the lungs. 

Outdoor air lead concentration is set with 50-percentile (i.e., geometric mean) of the 

distribution of air lead concentrations used for exposure estimation in Chapter VI and 

indoor air lead concentration is also set with the same value. As the same value is 

applied to both outdoor and indoor air lead concentrations, it is not necessary to 

consider the time spent outdoors. Air inhalation volume is estimated from body weight 

in the same way as described in Chapter VI. Absorption rate of lead in the lungs is set 
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with 32%, which is the default value of IEUBK model. As described in Chapter VII, 

Morrow et al. (1980), U.S. EPA (1986, 2002), and WHO (1995) reported absorption 

rates of lead in the lungs, which ranged approximately from 20% to 50%. IEUBK 

model’s default, 32% is within the range, and considered valid. 

 

2) Parameters related to lead intake from soil/dust 

For parameters related to lead intake from soil and dust, IEUBK model requires 

setting lead levels in soil and dust, the daily amount of soil and dust ingestion and the 

ratio of dust ingestion to the total ingestion. 

Lead level in soil is set with 50-percentile (i.e., geometric mean) in lead distribution 

in general soil described in Chapters IV and VI, and lead level in dust is estimated 

from lead levels in air and soil using IEUBK model’s calculation module described 

below. In IEUBK model, lead level in indoor dust without any lead release source is 

experientially estimated using the following formula. 

 

Lead level in dust [g/g] 

= Lead level in soil [g/g]  0.7 + Lead level in air [ng/m
3
]  0.1  

 

The daily amount of soil/dust ingestion is set with 50-percentile (i.e., geometric 

mean) of the distribution of ingestion amounts described in Chapter VI, and the ratio of 

dust to the total ingestion is set with the IEUBK model’s default, 45%. 

 

3) Parameters related to lead intake from food 

For parameters related to lead intake from food, there are two options; to set lead 

levels in food and food consumption individually; or to set the total value of lead 

intake from all food by age. 

As described in Chapter VI, the amounts of lead intake from food by age are 

obtained from the results of the Total Diet Study conducted by NIHS (2000, 2005). The 

50-percentile of the above lead intake amounts is used as the parameter. 

 

4) Parameters related to lead intake from drinking water 

For parameters related to lead intake from drinking water (tap water), IEUBK model 
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requires setting lead levels in drinking water and drinking water consumption. IEUBK 

model allows to separately set lead levels in drinking water obtained from the 

first-draw and flushed water, however, in this case, the ratio of their intake is required. 

In the same way as described in Chapter VI, the first-draw and flushed waters are 

separated and lead levels in drinking water are set separately with each of 50-percentile 

values of the distributions of lead concentrations that is established in Chapter VI. For 

drinking water consumption and ratios of the first-draw and flushed waters, the values 

estimated in Chapter VI are used. 

 

5) Other parameters 

Other parameters required in IEUBK model are maternal blood lead levels (affecting 

natal blood lead levels) and geometric standard deviation of blood lead levels. 

Maternal blood lead level is set as 1.2 g/dL, which is the median of adult blood lead 

levels that were reported by Arai et al. (2005) described in Section 2.2 of this chapter. 

The geometric standard deviation of blood lead levels is set as 1.6, applying the 

geometric standard deviation of all subjects in the monitoring in Shizuoka. 

 

3.2.2 Estimated blood lead levels 

The blood lead level distribution and probability of blood lead level exceeding 10 

g/dL estimated by IEUBK model are shown in Table VIII-5. Blood lead levels 

estimated by the IEUBK model are slightly higher in all age groups than those 

obtained in the monitoring in Shizuoka and the exceeding probabilities also are high. 

The estimated exceeding probabilities, however, are below 0.10% in all age groups, 

which is more than one order smaller than the range of 1% to 5%, the minimum risk 

level of exceeding probability. It is considered that the level of blood lead levels in the 

general child population with average lead exposure warrants no action for risk 

reduction. 

To investigate which exposure pathway plays the key role in the estimated blood 

lead levels, the contribution rate of each exposure pathway to total lead absorption in 

children by age, is estimated using IEUBK model, and the results are shown in Table 

VIII-6. IEUBK model calculates blood lead levels based on lead absorption in the body 

(see Figure VII-4 of Chapter VII). Therefore, it is considered that the contribution of 
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each exposure pathway to the amount absorbed in the body is equal to that to blood 

lead level. As shown in Table VIII-6, the contribution rates of lead intake from food are 

80% or higher, i.e., the highest in all groups and it is estimated that lead intake from 

food is the key exposure, which is consistent with the results of contribution rates to 

exposures that are estimated in Chapter VI. 

 

Table VIII-5. Distribution and exceeding probability of blood lead levels 

estimated by IEUBK model 

Age 
GM 

[μg/dL] 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

probability*[%] 

0 year 2.4 0.94 5.9 0.10 

1 year 2.3 0.92 5.8 0.09 

2 years 2.2 0.88 5.5 0.06 

3 years 2.2 0.88 5.5 0.06 

4 years 2.3 0.92 5.8 0.09 

5 years 2.3 0.92 5.8 0.09 

6 years 2.2 0.88 5.5 0.06 

Average** 2.3 0.90 5.7 0.08 

* Probability that blood lead level exceeds 10 g/dL 

** Mean of 0 to 6-year-old children 

 

Table VIII-6. Contributions of each exposure pathway to total uptake in the body 

estimated with the IEUBK model [%] 

Age Air Soil/Dust Food Drinking water 

0 year 0.73 6.7 86 6.4 

1 year 0.77 7.1 81 11 

2 years 0.77 6.5 82 11 

3 years 0.82 5.9 83 11 

4 years 0.80 4.7 84 10 

5 years 0.81 4.3 85 10 

6 years 0.81 3.9 85 10 
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3.3 Risk assessment in the population with high exposure 

In the risk assessment for the general population of the children with average 

exposure, it is estimated that human health risks associated with environmental lead 

exposure is not in the level requiring any action for risk reduction. This estimation, 

however, is applied only to the children with average exposure and not to all 

populations. Risk assessment should be conducted separately for the population of 

children who have higher lead exposure than the average children through some 

specific exposure pathway. 

Especially, children living in a district with high lead levels in air, soil/dust and 

drinking water, are routinely exposed to high-dose lead through these media. Risk 

assessment is conducted for “the population with high exposure” and the results are 

presented below. 

 

3.3.1 Risk assessment for the population living in a district with high lead levels 

in the air 

The results of risk assessment for the population living in a district with high lead 

levels in the air such as areas around a lead release source into the air are presented as 

follows. 

As estimated in Chapter V, the maximum lead level in the air around release sources 

that is estimated by METI-LIS is approximately 300 ng/m
3
. As the worst-case scenario, 

risk assessment is conducted for the children living in such a district with continuous 

routine exposure of lead in the air of 300 ng/m
3
. 

The procedures of estimation for risk assessment are basically the same as the 

method for the general population of children with average exposure that is described 

in the previous section. The differences are to set the lead level in the air as 300 ng/m
3
 

and the increases in dust and soil lead levels with the increased air lead level is 

corrected, using the IEUBK model’s calculation module.  

The distribution of blood lead levels and the probability that blood lead level 

exceeds 10 g/dL estimated by IEUBK model are shown in Table VIII-7. The 

estimated blood lead levels and exceeding probabilities are higher than those of the 

general child population with average exposure shown in Table VIII-5, however, the 

maximum exceeding probability is 0.27% in one-year-old children and it is estimated 
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that the probability would not exceed 1% in all age groups. 

Based on the above, even with the assumption of a district where air lead level is the 

highest in Japan, risks are low and not at a level which warrants any action for risk 

reduction. 

 

Table VIII-7. Distribution and exceeding probability of blood lead levels 

estimated by IEUBK model (high lead level in air) 

Age 
GM 

[μg/dL] 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

probability*[%] 

0 year 2.7 1.1 6.8 0.26 

1 year 2.7 1.1 6.8 0.27 

2 years 2.5 1.0 6.3 0.16 

3 years 2.6 1.0 6.5 0.21 

4 years 2.6 1.0 6.5 0.21 

5 years 2.6 1.0 6.5 0.21 

6 years 2.5 1.0 6.3 0.16 

Average** 2.6 1.0 6.6 0.21 

* Probability that blood lead level exceeds 10 g/dL 

** Mean of 0 to 6-year-old children 

 

The contribution rates of each exposure pathway to the total absorption in the body, 

which is estimated using IEUBK model, are shown in Table VIII-8. Compared with the 

contribution rates in general population shown in Table VIII-6, the contribution rates of 

lead intake from air inhalation and soil/dust ingestion are significantly increased, 

however, even in this population, it is estimated that lead intake from food is the key 

exposure. 
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Table VIII-8. Contributions of each exposure pathway to total uptake 

estimated with the IEUBK model (high lead level in air) [%] 

Age Air Soil/Dust Food Drinking water 

0 year 7.5 13 74 5.5 

1 year 7.8 13 69 9.6 

2 years 7.8 12 71 9.1 

3 years 8.3 11 71 9.1 

4 years 8.3 9.0 74 8.8 

5 years 8.5 8.3 75 8.4 

6 years 8.5 7.6 75 9.0 

 

3.3.2 Risk assessment for the population living in a district with high lead levels 

in soil 

The results of risk assessment for the children living in a district with high lead 

levels in soil are presented below. Of the input parameters for IEUBK model, soil lead 

level is set at 63.9 g/g, i.e., 95-percentile value of the distribution, and further, 

increases in dust lead levels with the increased soil lead level are corrected using the 

IEUBK model’s calculation module. 

The distribution of blood lead levels and the probability that blood lead level 

exceeds 10 g/dL estimated by IEUBK model are shown in Table VIII-9. The 

estimated blood lead levels and exceeding probabilities are higher than those of the 

general child population with average exposure in Table VIII-5, however, the 

maximum exceeding probability is 0.38% in one-year-old children and it is estimated 

that the probability would not exceed 1% in all age groups. 

Based on the above, even with the assumption of a district where soil lead level is 

high in Japan, risks are low and not at a level which warrants any action for risk 

reduction. 
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Table VIII-9. Distribution and exceeding probability of blood lead levels 

estimated by IEUBK model (high lead level in soil) 

Age 
GM 

[μg/dL] 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

probability*[%] 

0 year 2.8 1.1 7.0 0.34 

1 year 2.9 1.1 7.2 0.38 

2 years 2.7 1.1 6.7 0.24 

3 years 2.7 1.1 6.7 0.25 

4 years 2.7 1.1 6.7 0.24 

5 years 2.6 1.0 6.5 0.21 

6 years 2.5 1.0 6.4 0.18 

Average** 2.7 1.1 6.7 0.26 

* Probability that blood lead level exceeds 10 g/dL 

** Mean of 0 to 6-year-old children 

 

The contribution rates of each exposure pathway to the total absorption in the body, 

which is estimated using IEUBK model, are shown in Table VIII-10. Even in the 

population living in a district with high soil lead levels, it is estimated that lead intake 

from food is the key exposure. 

 

Table VIII-10. Contributions of each exposure pathway to total uptake 

estimated with the IEUBK model (high lead level in soil) [%] 

Age Air Soil/Dust Food Drinking water 

0 year 0.60 24 70 5.2 

1 year 0.63 25 65 9.1 

2 years 0.64 23 67 8.7 

3 years 0.68 22 69 8.8 

4 years 0.69 18 73 8.7 

5 years 0.71 16 75 8.4 

6 years 0.72 15 75 9.0 
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3.3.3 Risk assessment for the population living in dwellings with high lead levels 

in drinking water 

The report of lead level monitoring in drinking water presented in Chapter IV 

indicated that lead levels of some dwellings were extremely high, being several tens 

g/dL. Risks among the children living in such dwellings are not considered in the 

previous risk assessment for the general child population. 

The results of risk assessment for the population living in dwelling with high lead 

levels in drinking water are as follows. Of the input parameters for IEUBK model, lead 

levels in the first-draw and flushed waters are set as 28 and 19 g/L, the 95-percentile 

values of the lead level distributions described in Chapter IV, and risks are estimated. 

The distribution of blood lead levels and the probability that blood lead level 

exceeds 10 g/dL estimated by IEUBK model are shown in Table VIII-11. In all age 

groups except 0-year-old children, the probability exceeds 1% but below 2%. 

In the children living in a district with high lead levels in tap water, the probability is 

higher compared to that in the children with average exposure, however, does not 

markedly exceed 1% to 5%, the range of minimum risk level of probabilities. 

Consequently, it is considered that the risk is not in the level which warrants some 

immediate action for risk reduction. In such a case, it should be determined whether 

any risk reduction is implemented or not considering both the cost for risk reduction 

and its effectiveness. If some measures for risk reduction are to be taken, it is 

considered the most effective measure is to replace lead water pipes with other supply 

pipes without lead dissolution (e.g., double wall polyethylene pipe, impact-resistant 

rigid PVC pipe, stainless steel pipe, corrugated stainless steel pipe, rigid PVC-lining 

steel pipe and copper pipe) as described in Chapter IV. At present, local governments 

are replacing lead water pipes with pipes of other materials. Effectiveness of lead water 

pipe replacement on risk reduction is discussed later. 

The contribution rates of each exposure pathway to total absorption in the body, 

which is estimated using the IEUBK model, are shown in Table VIII-12. In the 

population living in dwellings with high lead levels in drinking water, the contribution 

rate of lead intake from drinking water is almost equal to that from food. 
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Table VIII-11. Distribution and exceeding probability of blood lead levels 

estimated by IEUBK model (high lead level in drinking water) 

Age 
GM 

[μg/dL] 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

probability*[%] 

0 year 3.2 1.3 8.0 0.76 

1 year 3.8 1.5 9.5 1.98 

2 years 3.6 1.4 9.0 1.49 

3 years 3.7 1.5 9.3 1.72 

4 years 3.7 1.5 9.3 1.72 

5 years 3.7 1.5 9.3 1.72 

6 years 3.6 1.4 9.0 1.49 

Average** 3.6 1.4 9.1 1.54 

* Probability that blood lead level exceeds 10 g/dL 

** Mean of 0 to 6-year-old children 

 

Table VIII-12. Contributions of each exposure pathway to total uptake 

estimated with the IEUBK model (high lead level in drinking water) [%] 

Age Air Soil/Dust Food Drinking water 

0 year 0.52 4.7 60 35 

1 year 0.46 4.0 46 49 

2 years 0.47 3.8 48 48 

3 years 0.49 3.5 48 48 

4 years 0.49 2.8 50 46 

5 years 0.51 2.6 52 45 

6 years 0.50 2.3 51 47 
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4. Effectiveness of measures to reduce environmental lead 

In this section, the effectiveness of measures to reduce lead in the environment is 

evaluated from the viewpoint of reducing human health risk. The environmental lead 

levels predicted after implementation of the reduction measures are entered as input 

parameters in IEUBK model, and blood lead levels and exceeding probabilities are 

estimated. The estimations obtained are compared with those before implementation of 

the measures and the effectiveness is evaluated of each measure for lead reduction. 

Of the measures currently being implemented for environmental lead reduction, a 

typical measure is introduction of lead-free consumer products. Especially, use of 

lead-free solder is most widely known. Under the regulations including RoHS directive, 

lead in solder has been rapidly replaced with other metals including bismuth. The 

effectiveness of replacement with lead-free solder on risk reduction is considered first. 

As mentioned previously, the Japanese local governments are currently replacing 

lead water pipes with pipes of other materials. The effectiveness of replacing lead 

water pipes on risk reduction is evaluated because risks of the children living in 

dwellings with high lead levels in drinking water are estimated to be higher than those 

of the children with average exposure. 

 

4.1 Measures for lead reduction [1]: replacement with lead-free solder 

In this section, assuming that all lead in solder is replaced with other substances, the 

effectiveness of this measure on human health risk reduction is estimated. 

When replaced with lead-free solder, lead releases into the air derived from solder 

incineration will eventually become zero, and air lead level is considered to be 

decreased as reduction of lead releases into the air. The amount of lead release into the 

air after replacement with lead-free solder is estimated using the results of material 

flow analysis described in Chapter III. 

In estimation of the amount of lead release into the air by the material flow analysis, 

the average contribution rate of solder incineration to the total amounts of lead release 

from 2001 to 2003 is 6.5%. Therefore, when the amount of lead release into the air is 

reduced by 6.5%, it is assumed that 50-percentile value of air lead level is decreased 

from 25.3 to 23.7 ng/m
3
 by 6.5%. 

Actually, however, even if replacement with lead-free solder has completely 
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achieved, products containing lead solder that were manufactured in past years are still 

incinerated, and the amount of lead release into the air derived from solder incineration 

is not expected to be zero. Also, if other sources that are not considered in PRTR and 

material flow analysis play a significant role in lead release into the air, the reduction 

rate would be lower than 6.5%. Consequently, the above estimation is considered an 

estimation of the upper limit of reduction rate in lead release into the air. 

Replacement with lead-free solder can also decrease lead release into environmental 

media other than air (e.g., public water and soil). However, decreases in lead release 

into the public water are not directly involved in human exposure, and there is no route 

that lead in solder is directly released into soil. Thus, public water and soil are not 

considered. For indirect lead release into soil from deposit from lead in the air, as 

described in Chapter V, lead does not move in soil and the amount of lead now existing 

in soil would not reduce immediately, and therefore, reduction in soil lead levels by 

decreased deposit from lead in the air is excluded from the estimation. 

For lead levels in food (especially rice and vegetable), however, it is considered that 

air lead levels correlate with lead levels in food, as the decreased air lead level with the 

reduction of lead release into the air would improve the level of pollution by deposition 

of lead in the air. When air lead levels is reduced by 6.5%, it is assumed that lead 

intake from food is decreased by 6.5%. In reality, however, not all food is affected by 

the lead in the air, and the ratio of imported food is high in Japan. It is not likely that 

lead intake from food is decreased proportionally to air lead levels. It is extremely 

difficult to accurately estimate correlation between air and food lead levels, and thus, a 

method to overestimate the effect of risk reduction is adopted. 

Using these estimated air lead levels and lead intake from food as input parameters 

for IEUBK model, blood lead levels and exceeding probabilities after replacement with 

lead-free solder are estimated. The estimations are shown in Table VIII-13. The 

estimated blood lead levels and exceeding probabilities are not extremely different 

from the estimations of the general children shown in Table VIII-5. The contribution 

rate of lead solder incineration to the total amount of lead release into the air is small, 

and therefore, the amount of environmental lead reduced by use of lead-free solder is 

extremely small. Also, lead risks to health of both general children and children living 

in a district with high air lead levels are sufficiently low. From the viewpoint of human 
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health risks, it is not required to urgently promote replacement with lead-free solder in 

Japan for further risk reduction. 

For more accurate estimation of the effectiveness of replacement with lead-free 

solder on human health risk reduction, risks of alternative materials should be 

considered, which, however, is not covered in this assessment. 

 

Table VIII-13. Distribution and exceeding probability of blood lead levels 

after replacement with lead-free solder 

Age 
GM 

[μg/dL] 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

probability*[%] 

0 year 2.2 0.89 5.6 0.07 

1 year 2.2 0.88 5.6 0.07 

2 years 2.1 0.83 5.3 0.04 

3 years 2.1 0.85 5.3 0.05 

4 years 2.2 0.86 5.4 0.06 

5 years 2.1 0.85 5.4 0.05 

6 years 2.1 0.84 5.3 0.05 

Average** 2.2 0.86 5.4 0.05 

* Probability that blood lead level exceeds 10 g/dL 

** Mean of 0 to 6-year-old children 

 

4.2 Measures for lead reduction [2]: replacement of lead water pipes 

In this section, assuming that all lead water pipes are replaced with other water 

supply pipes without lead dissolution, the effect of this measure on human health risk 

reduction is estimated. When all of lead water pipes are replaced, lead levels in tap 

water are expected to be almost equal to lead levels in source water. As described in 

Chapter IV, however, lead levels in source water were less than the detection limit at 

almost all of monitoring points, which makes it difficult to estimate mean levels. In 

this assessment, the mean lead levels in source water is assumed to be 0.5 g/L, which 

is the half level of the detection limit in many monitoring points. 

Replacement of lead water pipes is not considered to have an effect on lead 

exposures from routes other than lead intake from drinking water, and possible 
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reduction of other exposures is not counted. 

Using lead levels in drinking water and source water, the distribution of blood lead 

levels and exceeding probabilities after implementation of this measure are estimated 

by IEUBK model. The estimations are shown in Table VIII-14. 

The estimated blood lead levels and exceeding probabilities are not extremely 

different from those of general child population shown in Table VIII-5. Therefore, even 

if replacement of all lead water pipes reduces dissolution from lead water pipes to zero, 

it is estimated that human health risk is not dramatically decreased. 

Consequently, the local governments should replace water supply pipes first in 

districts where lead levels in drinking water are higher than the average due to the use 

of lead water pipes. As the exceeding probability is sufficiently low in the population 

with average exposure, it is not required to immediately replace all of lead water pipes. 

Actually, considering costs for replacement of lead water pipes and its priority to other 

risks, the local governments should continue replacement of water supply pipes 

currently in progress with a medium- or long-term perspective. 

As mentioned previously, the Japan Water Research Center (2000) reported that 

27,000 km and longer of lead water pipes remained in Japan based on the survey in FY 

1999, and estimated that the cost for nationwide replacement would be 1.3 trillion yen. 

Water supply pipes from water meter to tap belong not to the nation but are positioned 

as private properties. The decision to replace water supply pipes of private properties 

and accompanied costs are borne by individual owners. When a high lead level, i.e., 

several tens g/L is detected in tap water in a house installed with lead water pipes, it 

is desirable to reduce lead levels in tap water as much as possible implementing such 

measures as replacing private lead water pipes with water supply pipes without lead 

dissolution, installing a water purifier with lead elimination or preventing the 

first-draw water from use for drinking. 
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Table VIII-14. Distribution and exceeding probability of blood lead levels 

after replacement of lead water pipes 

Age 
GM 

[μg/dL] 

5%ile 

[μg/dL] 

95%ile 

[μg/dL] 

Exceeding 

probability*[%] 

0 year 2.2 0.89 5.6 0.07 

1 year 2.1 0.84 5.3 0.04 

2 years 2.0 0.80 5.0 0.03 

3 years 2.0 0.80 5.0 0.03 

4 years 2.1 0.84 5.3 0.04 

5 years 2.1 0.84 5.3 0.04 

6 years 2.1 0.84 5.3 0.04 

Average** 2.1 0.84 5.3 0.04 

* Probability that blood lead level exceeds 10 g/dL 

** Mean of 0 to 6-year-old-children 

 

5. Summary 

This chapter provides quantitative assessment of lead risks to health of the children 

living in Japan, based on the blood lead levels from the monitoring data and the 

estimations with a human biokinetic model (IEUBK model). Further, the effectiveness 

of two measures to decrease lead in the environment is evaluated from the viewpoint of 

reducing human health risks. 

Using the distribution of blood lead levels obtained from the biomonitoring in 

Shizuoka, the probabilities that blood lead levels exceed 10 g/dL, the concern level 

for lead toxicity, are calculated for each age group of children. The probabilities are 

estimated below 0.01% in all age groups except 0-year-old children. It is considered 

that the exceeding probability in the range of 1 to 5% is allowable risks with the 

minimum exposure. Thus, it is judged that the risks in the population monitored are 

sufficiently low and not at a level which warrants any action for risk reduction. 

Alternatively, blood lead levels of the children with average exposure estimated with 

the IEUBK model are slightly higher than those based on the monitoring data in 

Shizuoka. The exceeding probabilities, however, are below 0.1% in all age groups, and 

it is judged that the estimated risks are not at the level which warrants any action for 
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risk reduction. Further, assuming a district with high lead levels each in air, soil/dust, 

and drinking water, risks to the children living in such a district are estimated with 

IEUBK model. The estimations indicate the exceeding probabilities of 1 to 2% for the 

children living in dwellings with high level lead concentrations in tap water, slightly 

higher than those for the general child population. As the estimations do not exceed the 

probability of 2%, the minimum risk, it is considered that the risks among these high 

exposure populations are not at a level that warrants some immediate action for risk 

reduction. 

In addition, two measures for environmental lead reduction, use of lead-free solder 

and replacement of lead water supply pipes are considered and their effectiveness in 

reducing human health risks are estimated. As a result, it is estimated that neither of 

them has any significant effects on health risk reduction for general populations. This 

is due to the fact that lead risks to human health at present are sufficiently low and 

reducible risks are limited. Therefore, from the viewpoint of reducing human health 

risks, it is not required to urgently promote replacement with lead-free solder. For 

replacement of lead water pipes, local governments should first replace supply pipes in 

districts where lead levels in drinking water are extremely higher than the average due 

to use of lead water pipes. For populations with average lead exposure, however, the 

exceeding probability is lower than the range of minimum risks, and therefore, it is not 

required to immediately replace all lead water pipes. It is sufficient to continue 

replacement of water supply pipes currently in progress with a medium- or long-term 

perspective. 
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CHAPTER IX 

 

 

 

ECOLOGICAL RISK ASSESSMENT 

 

 

 

1. Introduction 

It is known that high-dose exposure of lead has adverse effects not only on humans 

but also on organisms in the environment. Many studies have been conducted to 

investigate ecological effects of lead and its compounds, and there are a number of 

publications to review these studies comprehensively (e.g., Demayo et al., 1982, WHO, 

1989, and Eisler, 2000). Based on the evaluations of these data on ecological effects of 

lead, some regulatory agencies outside Japan have published enviornmental criteria 

and guidelines for lead to maintain ecosystem integrity (e.g., U.S. EPA, 1980, 1985, 

and Janus, 2001). 

In Japan, discussions on management and control measures against ecological risks 

of chemicals in general have started only recently. To strengthen management and 

control measures for ecological risks of chemicals, in 2003, the environmental quality 

standard (EQS) for zinc was first established for protection of aquatic organisms in 

Japan, followed by three chemicals including chlorofolm as substances to be monitored. 

Lead was designated to be one of substances with priority for EQS to protect aquatic 

organisms (ME, 2002a), however, as of June 2006, the standards was not yet 

established. No quantitaive assessment has been conducted on ecological risks of lead 

in the environment in Japan. 

Lead exists in the environment in various forms. Effects of lead on organisms 

depend on its form. Lead in the aquatic environment is soluble and bioavailable under 

conditions of low concentrations of suspended sediments, low organic carbon content 

and low water hardness (Eisler, 2000). It is known that heavy metal toxicity to aquatic 

organisms is inversely proportional to water hardness. Additionally, in the aquatic 
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environment, dissolved lead is the most toxic form and organic lead is more toxic than 

inorganic lead (Eisler, 2000). Many different factors have effects on lead toxicity to 

aquatic organisms, and thus, to properly assess the effects of lead on acquatic 

organisms, it is important to consider the differences in quality of surface water and 

forms of lead in water. 

In Japan, the environmental standard of lead for protection of human health (0.01 

mg/L) has been established to control water pollution. Lead concentrations are 

monitored in public water areas all over the country as one of the substances to be 

constantly monitored. The monitoring of lead began in 1971 and the number of 

monitoring sites at present is more than five thousands, and thus, large amounts of lead 

monitoring data are available. Since this is a monitoring for the EQS for protection of 

human health, the limits of quantitation are set at the standard for protection of human 

health as at “0.01mg/L” or at “0.005 mg/L”. In principle, the amounts of total lead in 

water samples are analyzed as the substance to be constantly monitored, and therefore, 

the ratio of dissolved lead, which is considered to be the major toxicity to aquatic 

organisms is not available in the monitoirng data. In the public water monitoring, no 

consideration has been given to validate quantitation limits and forms of lead analyzed 

from the view point of potential effects on aquatic organisms. 

Given the above background, this chapter provides the quantitative evaluation of 

lead risks to aquatic organisms in public water areas in Japan to determine the needs of 

management and control measures for ecological risks of lead. 

The reasons why the subject is limited to aquatic organisms in this assessment are: 

1) many chemicals containing lead finally reach the aquatic environment; 2) the 

aquatic environment is important for environmental policy as shown in setting for the 

EQS to protect aquatic organisms; 3) there is a possiblity that aquatic organisms are 

affected by lead at attainable levels in the environment; and 4) relatively large amounts 

of data on exposures and adverse effects are available, which can be applied to 

quantitative assessment. Of aquatic organisms, benthos, of which risks are considered 

to depend on the exposure routes such as intake of sediments, no detailed assessment is 

conducted since both data on exposure and adverse effects are limited, and only a brief 

screening assessment is conducted using the permissible levels established in other 

countries and the data from “Geochemical Map of Japan” (descrived later). Risks to 
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soil organisms are not assessed because there is very limited data available required for 

risk assessment in Japan. 

Lead poisoning of waterfowl and raptorial birds have been also known as ecological 

effects of lead (e.g., Honda et al., 1990, and Ochiai, 1996). Lead poisoning in wild 

birds is not evaluated in this assessment because this is considerd to be a local issue 

associated with specific human activities and risks of lead in general environment are 

the primary focus in this risk assessment. Neverthless, the importance of this issue, 

among the ecological risks of lead is not negligible, and thus, its current conditions and 

control measures, and future challenges are briefly discussed in Section 6 of this 

chapter. 

The organization of this chapter is presented in Figure IX-1. The outline of each 

section is as follows:  

 

Problem formulation: endpoints, measures of exposure and effect in assessment of 

risks to aquatic organisms of lead are defined. Presenting the assessment flow, the 

criteria to assess risks are explained. 

Exposure assessment: lead monitoring data in public water areas in Japan are 

analyzed to understand the lead pollution levels in Japan. Measures of exposure to 

assess risks are selected. 

Hazard assessment: toxicity data in aquatic organisms are reviewed and evaluated. 

Based on the review, data are selected for generating species sensitivity distribution 

applied for screening assessment. To assess population-level risks, available life-stage 

toxicity data of fish are summarized. In addition, for reference, water quality criteria 

and guidelines for lead to protect aquatic organisms that have been published by the 

regulatory agencies outside Japan are summarized. 

Risk characterization: Based on the results of exposure and hazard assessments, 

screening assessment is performed to identify sites for further assessment or minimal 

risk. For the public water areas that are selected for further assessment, 

population-level assessment is conducted with representative species of fish in the 

areas. Finally, considering the results of population-level assessment and 

environmental conditions of areas, ecological risks of lead pollution under the current 

situations are assessed. Risk assessment on a screening-level is conducted with benthos. 



IX. Ecological risk assessment 

 

266 

Discussions on the results of risk assessment are presented. 

Risks of lead poisoning in wild birds: a pathway for wild birds to be exposed to lead 

and develop lead poisoning is defined and cases reported in Japan are summarized. 

Discussing the risks of lead poisoning, the current situations of the Japanese 

regulations and control measures are sumamrized. 

Conclusion: based on the results of risk assessment and their implications, the needs 

for management and control measures for ecological risks of lead in Japan are stated. 

Further, future challenges for ecological risk assessment of lead are discussed. 

 

□Assessment Endpoint

□Def ine exposure and ef fect measures

□Conceptual model

Problem Formulation ( Ⅸ.2 )

□Understand lead pollution levels in

public water areas in Japan

Exposure Assessment( Ⅸ.3 )

□Summarize toxicity of  lead for aquatic life

□Derive SSD of  lead for aquatic life

□Compile the reference values of  lead for

the protection of  aquatic life in public institutions

Hazard Assessment ( Ⅸ.4 )

□Screening assessment using SSD

□Population-level assessment for f ish

□Screening assessment for benthos

Risk Characterization（Ⅸ.5 ）

□Needs for ecological risk managements

for lead

□Further tasks

Conclusion（Ⅸ.7 ）

□Current status of  lead poisoning for wild birds

□Regulations and controls for preventing the 

lead poisoning

Risks of lead poisoning for wild birds （Ⅸ.6）

 

Figure IX-1. Organization of Chapter IX 
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2. Problem formulation 

In this section, the endpoints to assess risks of lead to aquatic organisms are 

determined and the measures of exposure and effect in risk assessment are defined. 

The criteria for risk characterization are also explained. 

 

2.1 Assessment endpoints and measures of effects 

“Endpoint” is one of the critical elements in risk assessment. In ecological risk 

assessment, the term “assessment endpoint” is often used (U.S. EPA, 1998c). The 

assessment endpoint is defined by two sub-elements, i.e., “a defined entity in the 

ecosystem” and “its specific attributes amenable to measurement or estimation.” 

In this assessment, “population sustainability for aquatic organisms” is selected as 

the assessment endpoint. The population sustainability for aquatic organisms is 

correspondent to the population-level in the hierarchy of biological endpoints. The 

importance of selecting population-level effects as assessment endpoints in ecological 

risk assessement has been indicated by many researchers (Forbes & Calow, 2002; 

Nakanishi, 1995), and resent studies proposed a method for population-level risk 

assessment and management using the results of life-cycle test in Japanese medata 

(Hayashi et al., 2003; Lin et al., 2005). Setting the assessment endpoint at 

population-level in ecological risk assessment is becoming a common recognition also 

in Japan. For example, in setting environmental standards to protect aquatic organisms, 

the phase such as “to prevent effects at the population-level” has been included in the 

management goal statement. (ME, 2003). 

In this assessment, two measures of effect are set to assess the population 

sustainability for aquatic organisms. A measure of effect is defned as a measurement 

item or scale indicating the level of effects used in evaluating the assessment endpoint. 

The first measure of effect is effects at individual-level (survival, growth, 

development and reproduction) that are closely related with the population 

sustainability and obtained in acute and chronic toxicity studies. In screening 

assessment at the first stage of this assessment, effects at individual-level are selected 

as the measure of effect to assess whether the survival, growth, development and 

reproduction in highly-sensitive individuals of a population are affected or not. 

Increases and decreases in population size generally depend on the survival and 
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reproduction of individuals. Effects on growth and development are involved in the 

survival and reproduction and finally contribute to the population dynamics. Therefore, 

in screening assessment, it is considered relevant to assume that the effect on the 

population is negligible if no effect on highly sensitive individuals of the population is 

observed. 

The second measure of effect is the growth rate (r’) of a local population of fish. 

The procedures to calculate r’ is described later. r’ is estimated by the survival and 

reproduction rates of an organim by age, and the population of the organism increases 

when r’ is positive, decreases when r’ is negative and is constant when r’ is zero. Thus, 

r’ is a measure to directly assess effects of species at population-level. In this 

assessment, with emphasis on population-level effects, for the areas that are assessed to 

have a relatively high risk in screening assessment, the population-level assessment is 

conducted selecting the species of fish with relatively high sensitivity to lead. It is 

considered that if risks to fish are not in the level of concern, effects on other aquatic 

organisms can be determined not in the level of concern. The species of fish selected 

from Miyamoto et al. (2005) are mountain trout, big-scaled redfin and barbell steed 

whose life-history parameters required for population-level assessment have been 

established. These species of fish are typical species in freshwater areas in Japan with 

different suitable water temperature and habitat. 

 

2.2 Measure of exposure 

The measure of exposure (a measurement item or scale indicating the level of 

exposures used to quantify risks) in this assessment is total lead concentration in public 

waters. The lead monitoring data in public waters is obtained from “Environmental 

monitoring database of the National Institute of Environmental Studies (NIES)” (the 

Environmental Information Center, NIES, 2005). Lead monitoring data included in this 

database are the lead concentrations monitored by local governments, and consolidated 

and summarized by ME. In this assessment, lead monitoring data for 3 years from the 

Fiscal Year (FY) 1999 to FY 2001 are analyzed to estimate lead pollution levels in 

public waters in Japan. In the analyses here, the data in freshwater and seawater areas 

are treated equally. 
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2.3 Criteria for risk characterization 

In risk characterization, the results of exposure and effect assessments are integrated 

to quantify risks of lead to aquatic organisms. In this risk assessment, risks to aquatic 

organisms of lead detected in public waters in Japan are assessed in two stages (Figure 

IX-2). 

 

Screening assessment : 

Species Sensitivity 

Distributions (SSD）

Criteria (HC5) > Exposure

Minimal risk to aquatic life
Required for higher tier 

aquatic risk assessment 

Population-level risk 

assessment :

Long-term stability of  f ish 

population

Criteria (r ’  =  0) > Exposure

Minimal risk to the long-term stability 

of  local f ish population
More site-specif ic data required for more 

detailed aquatic risk assessment 

and potential mitigation def ined

YES

YES NO

NO

 

Figure IX-2. Flowchart of risk assessment of lead to aquatic organisms 

Note) Herein, SV means screening value and r’ means increasing rate. 

 

The first stage is screening assessment using screening values (SV) estimated from 

species sensitivity distribution (SSD). Based on the SSD, the level protecting 95% of 

species (5% Hazard Concentration, HC5) is estimated and used as SV, which is 

compared to annual monitoring data to determine if the sites exceed SV or not. The 

reason why HC5 is adopted as the criterion is based on the assumption that the 

ecosystem is sufficiently protected when 95% of aquatic community is sustained 

(Stephan et al., 1985). Further, HC5 estimated from SSD is the level globally accepted 
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that is used in establishing environmental criteria in U.S. and Europe. In this 

assessment, when the detected lead concentration at a monitoring point is lower than 

SV, it is considered that the adverse effects at individual-level are negligible, and 

therefore, effects at the population-level are negligible. When the detected lead 

concentration at a monitoring point is higher than SV, it is considered that the adverse 

effects at individual-level cannot be ignored (exceeding a permissible level), and 

therefore, it should be further investigated whether or not these adverse effects would 

affect at the population level, and the monitoring point is subjected to the assessment 

on the second stage. 

On the second stage of the assessment, risks to population sustainability for fish 

species are analyzed using population model. The criterion of the assessment is 

whether a detected lead concentration exceeds a population benchmark value for 

species i (PBVi) that an growth rate (r’) of species i become zero. When a detected 

lead concentration is lower than PBVi, i.e., r’ 0 at a monitoring point, it is considered 

that the possibility that lead has an adverse effect on the population sustainability for 

fish species in the area around the point is extremely low. In contrast, when a detected 

lead concentration is higher than PBVi, i.e., r’< 0 at a moniroing point, it is considered 

that the possibility that lead has some adverse effect on the population sustainability 

for fish species in the area around the point is not ruled out, and effects on the 

probability of maintaining aquatic organism population are assessed comprehensively 

considering characteristics of the area (e.g., water quality, composition of habitat 

species). 

 

3. Exposure assessment 

3.1 Measures of exposure and analytical procedures 

The goal of exposure assessment is to estimate lead pollution levels in public waters 

in Japan and to determine values for the measures of exposure applied in risk 

assessment. In this assessment, two measures of exposure are selected. 

The first measure of exposure is the actual data obtained at lead monitoring sites in 

public waters. Local governments are routinely monitoring quality of public water and 

groundwater under the provision of Article 16 of the Water Pollution Control Law. 

Lead, of which the environmental standards for protection of human health were 
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established by the Environment Basic Law, is one of substances subjected to the  

routine monitoring. Therefore, large amounts of lead monitoring data in public waters 

all over Japan are available. In this assessment, lead concentrations monitored in public 

waters are regarded as the sample data of all regions of the country and used for risk 

assessment as values for the measure of exposure. 

The second measure of exposure is annual lead level distribution in Japan, which is 

developed through statistical analyses of the lead concentrations monitored in public 

waters regarded as the sample data of all regions of the country. The outline of this 

statistical procedures has been found elsewhere (e.g., Yoshida et al., 2005, and Naito et 

al., 2006). 

In lead monitoring data, many entries are those that are reported as below the limit 

of quantitation or below the limit of detection (ND). With such data, statistics are often 

calculated assuming the measured value of ND as the value of the detection limit or 

1/2 of the value. When this method is applied to a survey containing a high percentage 

of data below the limit of detection, statistics vary widely by the assumption applied to 

conversion of ND values. Also, even when detected, significant digits are not always 

the same. In this assessment, all reported values are converted into interval data and a 

log-normal distribution, which is the best distribution to explain the data, is computed 

by maximum-likelihood approach. Subsequently, parameters of the log-normal 

distribution, i.e., geometric mean and geometric standard deviation are considered to 

be statistics of the entire public waters in Japan. The method to estimate parameters 

with interval data using maximum-likelihood approach is according to Nabeya (1983). 

 

3.2 Reliability and characteristics of monitoring data in public waters 

The lead monitoring in public waters required under the Water Pollution Control Law 

is conducted using the analytical methods designated and established by ME. The 

methods are diphenylcarbazide, flame and flameless atomic absorption spectrometries, 

inductively-coupled plasma atomic emission spectrometry (ICP-AES) and 

inductively-coupled plasma mass spectrometry (ICP-MS), which are specified by 

Japanese Industrial Standards (JIS) K0102 “Testing methods for industrial wastewater” 

(ME, 2005). In the analysis of monitoring data here, the reliability of the analytical data 

obtained by any of the above methods is considered to be equal. 
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Lead concentrations obtained from the monitoring of contaminants in public water 

are analyzed in principle without distinguishing the state of lead as dissolved or 

particulate/adsorbed forms. Considering the bioavailability, contaminants in dissolved 

form are considered to contribute most to the toxic effects to aquatic organisms. 

Therefore, use of monitoring data in public water as exposure concentrations in risk 

assesment may overestimate exposure levels that are involved in actual manifestation of 

adverse effects. The ratio of each form depends on water quality, and at present, it is not 

possible to distinguish each other quantitatively and definitely. In this assessment, 

without distinguishing the state of lead as dissolved or particulate/adsorbed forms, 

detected concentrations as total lead are used as exposure levels for assessment. 

 

3.3 Results of exposure assessment 

The status of lead detection in public waters from FY 1999 to 2001 are shown in 

Table IX-1. The monitoring data in public waters provide the annual mean level and the 

maximum level detected of each monitoring site. In this section, the maximum levels 

detected of monitoring sites are compiled. The frequency of monitoring per year differs 

in monitoring sites and it is not desirable to treat all data equally. In this assessment, 

however, the data are treated without consideration of the monitoring frequency. As a 

result, the number of monitoring sites ranged from 4,690 (FY 2001) to 4,964 (FY 1999). 

The monitoring sites with quantitative levels are 9.5% (FY 2000) to 12% (FY 2001) of 

all monitoring sites. In other words, the number of monitoring sites reporting the values 

below the limit of quantitation is approximately 90% of all monitoring sites. The 

number of monitoring sites at which the maximum levels detected exceeded 0.01 mg/L, 

the environmental standard, ranges from 30 (FY 2001) to 42 (FY 1999), which 

corresponded to 0.64% to 0.85% of all monitoring sites. The characteristics of the sites 

with high level detections are explained in Section 5.3.2 of this chapter “Characteristics 

of monitoring points with high levels”. The number of monitoring sites with the annual 

mean values exceeding 0.01 mg/L is 3 to 8 (no table). Most of the detection limit is 

0.005 mg/L, however, there are some data with other detection limit (e.g., 0.01 mg/L). 

All monitoring data are treated as interval data and applied to log-normal distribution 

using maximum-likelihood approach, and geometric mean (GM) and geometric 

standard deviation (GSD) are calculated per the fiscal year of the monitoring. As a result, 
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when the maximum detected level data are used, GM [g/L] and GSD of each year are 

0.67 and 3.12 (FY 1999), 0.69 and 3.04 (FY 2000) and 0.91 and 2.73 (FY 2000), 

respectively. When the mean level data are used, GM and GSD of each year are 0.86 

and 2.30 (FY 1999), 0.88 and 2.26 (FY 2000) and 1.05 and 2.10 (FY 2001), 

respectively. 

 

Table IX-1. Status of lead detection in public waters in Japan 

FY 
Number of 

monitoring sites 

Number of sites 

with lead detection 

(percentage) 

Number of monitoring sites exceeding 

the environmental standard 

(sites exceeding 0.01 mg/L) 

2001 4,690 563 (12.0％) 30 

2000 4,762 453 (9.5％) 31 

1999 4,964 501 (10.1％) 42 

[Compiled from the water quality data file in public waters of the Environmental Information 

Center, National Institute of Environmental Studies (2005)]  

 

4. Hazard assessment 

The goal of this section is to review and summarize ecological effects of lead on 

aquatic organisms and determine the toxicity data used for risk assessment. On 

ecological effects of lead, large amounts of toxicity study data are available and many 

assessment documents that evaluated these data have already been published. In this 

section, based on the review of the assessment documents released by agencies outside 

of Japan (U.S. EPA, 1985; WHO, 1989; Janus, 2001), the comprehensive reviews 

published in scientific journals (e.g., Wong et al., 1978), and scientific papers obtained 

in the database search by CRM (as of June 2005), the toxicity of lead to aquatic 

organisms is summarized by species and the toxicity data used for risk assessment are 

determined. 

The reliability of data is judged according to the evaluation of the assessment 

documents currently available and the procedures proposed by Klimisch et al. (1997). 

In this assessment, of which the objective is to assess risks associated with chronic 

exposures to lead, the data from long-term toxicity studies are mainly obtained and 

evaluated. The data of short-term toxicity studies are used to understand the 
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characteristics and tendency of ecological effects of lead, and not directly applied for 

risk assessment. As it is known that the toxicity of lead to aquatic organism depends on 

water hardness, toxicity data in aquatic invertebrates and fish with no information of 

water hardness are not used for risk assessment. 

Comprehensive lists of toxicity data compiled for this assessment mentioned below 

available upon request (Table IX-2 Suppl.―Table IX-6 Suppl.). Note that some of the 

descriptions in the lists however are written in Japanese. Contact: w-naito@aist.go.jp  

 

4.1 Fish 

4.1.1 Acute toxicity 

The results of acute toxicity studies of lead in fish are summarized in Table IX-2 

Suppl. Relatively detailed data of 15 species of fish are obtained. The 50% lethal 

concentrations (LC50) range 114 g/L (fathead minnow) to 482,000 g/L (fathead 

minnow and bluegill). 

The lowest LC50 was reported in the following study of Diamond et al. (1997). A 

toxicity study in fathead minnow aged 1 to 7 days was conducted with both prepared 

and environmental water to determine the area-specific standards for heavy metal 

using water-effect ratio (WER
*
). Environmental water in 4 different periods was used. 

In a toxicity study of lead in prepared water, soft water with 20 to 30 mg/L of hardness 

was used. The LC50 in fathead minnow ranged from 113.8 to 610 g/L in prepared 

water. The LC50 in environmental water was 2,484 to 2,913 g/L. Geometric mean of 

WER was 14.7. 

Davies et al. (1976) conducted a 96-h acute toxicity study of Pb(NO3)2 in rainbow 

trout with soft (hardness: 27.7 mg/L) and hard (hardness: 353.2 mg/L) waters, and 

reported that LC50 was 1,170 g/L in soft water and 1,320 g/L in hard water. Also, it 

was clearly indicated in an acute toxicity study in several species of fish that the 

differences in hardness of the test waters resulted in the differences in toxicity in the 

same species (Pickering & Henderson, 1966). 

 

                                                
*
 The ratio of toxicity value in a study with environmental water to that with prepared water (e.g. LC50 

in environmental water / LC50 in prepared water) 
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4.1.2 Chronic toxicity 

The results of chronic toxicity studies of lead in fish are listed in Table IX-3.Suppl.  

This section reviews and summarizes mainly the chronic toxicity data of lead to fish, 

which were cited in the assessment documents currently available, and of which the 

original articles were obtained. The data of studies in 11 species of fish were obtained. 

Among these data, the no observed effect concentrations (NOECs) widely range from 

4.1 g/L of rainbow trout to 3,200 g/L of brook trout. The toxicity values of metals 

such as lead that are obtained from chronic toxicity studies in fish, however, are often 

established on the endpoints of developmental effects and anomalies, and further it is 

known that such values depend on the developmental stage of fish and water hardness. 

Therefore, results of toxicity studies under different conditions should be compared 

carefully. The summary of representative chronic toxicity studies are introduced below. 

Davies et al. (1976) conducted a long-term toxicity study of lead in rainbow trout at 

low levels up to 18 months under conditions of soft (hardness: 27.7 mg/L) and hard 

(hardness: 353.2 mg/L) waters. In fry that was exposed to lead from the eyed egg stage 

in soft water, 4.7% showed black tail and 0.7%, lordoscoliosis at 7.6 g/L. At a level of 

13.2 g/L, 40.3% exhibited black tail and 3.6%, lordoscoliosis, and the mortality was 

1.7%. Further, with exposure at 27 g/L under the same condition, the percentage of 

black tail was increased to 95% and lordoscoliosis was observed in not less than 30%, 

and the mortality was 5.0%. In fry that was exposed to lead from hatching similarly in 

soft water, 41.3% showed black tail at 14.6 g/L, and the mortality was 7.2%. In hard 

water, black tail was observed at 380 g/L as total lead and 31.6 g/L as dissolved lead. 

It was reported that fry significantly affected by lordoscoliosis could not normally 

intake feed or spawn, and eventually died. Lordoscoliosis is not an effect at individual 

level which is used as an endpoint (e.g., survival, reproduction, growth), however, is 

one of anomalies and assumed to greatly contribute to effects at individual level. In this 

assessment, this study is considered to be reliable based on the reasons that the study 

method was clearly described in detail, that the effect concentrations were presented as 

the measured concentrations, and that the relatively clear dose-response relationship 

was obtained. Therefore, the concentration of 7.6 g/L in this study at which no 

mortality was observed and the anomaly rate was extremely low, is determined to be 

applied to development of the SSD as the NOEC in rainbow trout. 
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Holcombe et al. (1976) conducted a three-generation toxicity study in brook trout 

with prepared water at 44.3 mg/L of hardness. As a result, in the second generation fish 

(fry), marked spinal deformity was observed in 100% at 235 and 474 g/L, and in 34% 

at 119 g/L. Hatching rates were 64% and 28% at 235 and 474 g/L, respectively. The 

survival rate in the second generation fry was 20% at 474 g/L. No effect on survival 

was found at 119 g/L or below. Survival, growth and reproductive behavior of the 

first generation fish (1-year fish) exposed to lead for 38 weeks showed no significant 

difference among all exposure concentrations. Mean effective hatching rate was 362 in 

the control group, and 262 in the exposure group at 474 g/L, which was 

approximately 28% lower compared to the control group. No apparent effect was 

observed at other concentrations. This study is considered to be reliable based on the 

reasons that the study method was clearly described and considered appropriate, and 

that effect concentrations were quantitatively measured. The results obatined are 

judged to be valid for risk assessment. 

Dave & Xiu (1991) conducted a 16-day toxicity study of several metals including 

lead in embryos and larvae of zebra fish. This study investigated effects of metals on 

fish during the most sensitive developmental stage. Hardness and pH of the tested 

water were 100 mg/L and 7.5, respectively. In fish exposed to the high concentrations 

(480 and 960 g/L) of lead, inhibition of hatching was observed. In the lower exposure 

range, delayed hatching was observed, however, no clear dose-response relationship 

was found. Zero equivalent points (ZEP) with no effects on hatching and survival were 

estimated to be 20 and 30 g/L, respectively. This study is considered to be reliable 

because the study was conducted in accordance with the protocol for standard toxicity 

study in Sweden with relatively clear descriptions of the study conditions and method. 

Sauter et al. (1976) conducted toxicity studies of heavy metals including lead in 

several species of fish during the early growth stage. This study investigated effects of 

heavy metals on hatching rate and fry survival rate at different exposure concentrations 

and provided useful information for population-level assessment. The test species for 

lead toxicity study included rainbow trout, lake trout, channel catfish, bluegill, sucker, 

northern pike and walleye. The maximum acceptable toxicant concentrations (MATC) 

ranged from 71 to 146 g/L in rainbow trout, 48 to 83 g/L in lake trout, 75 to 136 

g/L in channel catfish, 70 to 120 g/L in bluegill, 119 to 253 g/L in sucker, 253 to 
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483 g/L in northern pike and 237 to 397 g/L in walleye, respectively. In some of the 

studies, proliferated bacteria caused greater adverse effects on fish of the control group 

compared with fish of the exposure groups, however, in most of the studies, significant 

difference in effects were found. The authors reported little interspecies difference in 

sensitivity to lead, but comparative sensitivity in all species. As described later, the 

data of this study are used for the population-level assessment. 

It is determined to apply the toxicity data of the above 4 studies in risk assessment. 

Other long-term toxicity studies with lead in fish were not selected for risk assessment 

due to the following reasons: A toxicity study in fry of fathead minnow conducted by 

Spehar & Fiandt (1986) according to the guidance of the American Society for Testing 

and Materials (ASTM), is considered to be reliable, however, the data obtained in this 

study are not used for risk assessment because the developmental stage of fish was not 

considered to be the most sensitive period. Jop et al. (1995) and Coughlan et al. (1986) 

also conducted toxicity studies in fish of the specific developmental stage, however, 

the developmental stage of fish was not considered to be the most sensitive period and 

thus, the data are not used for risk assessment but cited as reference. 

 

4.2 Aquatic invertebrates 

4.2.1 Acute toxicity 

The results of acute toxicity studies of lead in aquatic invertebrates are listed in 

Table IX-4 Suppl. The study data of 20 species of aquatic invertebrates are 

summarized. The range of LC50 is from less than 16 to 751,570 g/L. With 

considerable differences in the study conditions, the direct comparison of LC50 

obtained from these studies is not appropriate, however, the sensitivity to lead varies 

greatly in species of aquatic invertebrates. Water hardness is one of the major reasons 

for different toxic responses in the same species. Considering results of toxicity studies 

in water flea, the toxicity is higher when water hardness is low, and lower when 

hardness is high.. 

 

4.2.2 Chronic toxicity 

The results of chronic toxicity studies of lead in aquatic invertebrates are listed in 

Table IX-5 Suppl. The results of 7 chronic toxicity studies in aquatic invertebrates are 
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obtained. NOECs range from less than 12 g/L (marsh snail) to 670 g/L (water flea). 

The representative toxicity studies, mainly those used for generating the SSD are 

summarized below. 

Borgmann et al. (1978) conducted a lifecycle study of lead in Lymnaea palusris (a 

kind of marsh snail) in a flow-through system using water with 139 mg/L of hardness. 

The exposure period was over 120 days, i.e., from egg to adult stage, and the exposure 

concentrations ranged 3.8 to 54 g/L. No effect of lead on survival was observed at 3.8 

and 12 g/L. Lethal effect was found at 19 g/L of lead. 

Enserink et al. (1991) studied combined toxicity of metals in water flea. Lead was 

included in the test substances for this combined toxicity study. A 21-day semi-static 

toxicity study and population toxicity study (life table test) were conducted using lake 

water with 225 mg/L of hardness. The 10% effect concentration (EC10) for increase in 

the population as the endpoint was 670 g/L. Further, Enserink et al. (1995) 

investigated effects of feed consumption and lead exposure on individual growth in 

water flea. The study period was 10 to 21 days and hardness of water was 217 mg/L. 

The NOEC for growth was 270 g/L with high feed consumption and the NOEC for 

reproduction was 260 g/L with low feed consumption. 

Jop et al. (1995) studied WER of cadmium, copper and lead to estimate the 

area-specific water quality criteria. The test species included water flea and brook trout. 

The study was conducted using prepared water (hardness: 20 mg/L) and river water 

(hardness: 16 to 28 mg/L). In a study with prepared water, the NOECs for growth and 

reproduction in water flea were 99 and 51 g/L, respectively. On the other hand, in a 

study with river water, the NOECs for both growth and reproduction were 150 g/L.  

The characteristics of river water can vary depending on area. The first stage of this 

assessment is not area-specific assessment considering the characteristics of each area 

but screening-level assessment. Therefore, in this assessment, risks are assessed on the 

basis of the results of the study with prepared water, in which effects were found at low 

concentrations, but not of the study with river water. 

Spehar & Fiandt (1986) conducted acute and chronic toxicity studies of metal 

mixture in 3 species of aquatic organisms (rainbow trout, fathead minnow and water 

flea). A life-cycle study in water flea was conducted with prepared water with 165 

mg/L of hardness. As a result of a single lead exposure study, the Maximum 
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Acceptable Toxicity Concentration (MATC) for reproduction was estimated to be 52 

g/L. The MATC is usually geometric mean of the NOEC and the lowest observed 

effect concentration (LOEC). The NOEC was not described in the publication, and 

therefore, in this assessment, MATC/2 of this study is conveniently considered as 

NOEC and applied to risk assessment. 

Borgmann et al. (1993) studied bioaccumulation and toxicity of metals (copper, zinc, 

lead and mercury) in Gammaridea. The study was conducted in semi-static water 

system and test water was replaced once a week. The lead exposure concentrations 

were set at 18, 32, 56, 100, 180 and 320 g/L. The lowest concentration at which 

effects were observed after 6-week exposure was 100 g/L. A significant effect on 

survival was found at 56 g/L after 10-week exposure. The authors did not estimate the 

NOEC. Considering the lowest concentration and the concentration range in which 

effects were observed, the 10-week NOEC for survival is determined to be 32 g/L in 

this assessment. 

Berglind et al. (1985) conducted a toxicity study of lead to ALA-D activity, 

hemoglobin, growth and reproduction in Daphnia magna. ALA-D activity inhibition 

was observed within 2 days after lead exposure at 16, 64 and 256 g/dL. Although 

ALA-D activity was increased, hemoglobin was elevated from 2 days after exposure at 

16 and 24 g/L. A significant effect on growth was observed at 256 g/L. At 19 days 

after exposure, EC16 and EC50 for production were less than 1 g/L and 10 g/L, 

respectively. The EC16 and EC50 more than one order smaller than those in other 

similar studies (e.g., Biesinger & Christensen, 1972), were obtained in this study. The 

authors suggested the possibility that differences in diluted water and feed had an 

effect on sensitivity, however, concluded that no clear cause was found. The results of 

Berglind et al. (1985) are not used in this assessment because EC16 value was not 

clearly defined and the effect concentrations obtained are extremely lower than those 

of other studies, and thus, considered not realistic. 

Bleeker et al. (1992) studied effects of lead on the filtration rate in zebra mussel and 

reported the NOEC of 116 g/L. This result is not used for risk assessment because the 

study conditions were not sufficiently described and the ecological meaning of the 

endpoint was unclear. 

Biesinger & Christensen (1972) conducted a 21-day reproduction study in Daphnia 
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magna and reported that lead chloride had greater toxic effects on reproduction than 

survival. The EC16 and EC10 were estimated to be 30 and 100 g/L, respectively. 

Lussier et al. (1985) conducted a life-cycle study in marine mysids and reported that 

the number of litter was decreased at lead concentrations of 17 to 37 g/L. 

Kraak et al. (1994) conducted a 10-week exposure study in zebra mussel using a 

semi-static water system. The result indicated that the NOEC for survival was 85 g/L. 

 

4.3 Algae and aquatic plants 

The results of toxicity studies of lead in algae are listed in Table IX-6 Suppl. The 

data of studies in 9 species of algae are obtained. NOECs range from less than 60 g/L 

(Selenastrum capricornutum) to 3000 g/L (Scenedesmus quadricauda). It is known 

that toxicity of lead to algae depends on not only species but also on the amount of 

nutrient salts in media used in the study (Demayo et al., 1982). 

Chao & Chen (2000) conducted a toxicity studies of 5 kinds of metals in algae both 

in batch and continuous process and compared the NOECs estimated from different 

reaction parameters. The studies were conducted in green algae (Selenastrum 

capricornutum) and the NOECs were estimated from the endpoints of cell density and 

total number of cells. The NOECs for cell density and total number of cells were both 

60 g/L in a batch-process study. In a continous-process study, the NOEC for cell 

density was 75 g/L. 

Starodub et al. (1987) studied effects of complex and pH on toxicity of individual 

metals and metal mixutre in green algae (Scenedesmus quadricauda). The NOEC of 

lead for growth in Scenedesmus quadricauda was 3,000 g/L at pH 4.5, 500 g/L 

(=LOEC/2) at pH 6.5, and 1,000 g/L at pH 8.5. In a study with addition of 

complexing agent,  EC50 was 2,700 g/L without complexing agent,  no toxicity 

was observed when EDTA was added,  EC50 was 3,200 g/L with citric acid, and  

no toxicity was observed when glycolic acid was added. 

Devi Prasad & Devi Prasad (1982) studied effects of cadomium, lead and nickel in 3 

species of green algae (Ankistrodesmus falcatus, Scenedesmus obliquus and 

Chlorococcum spp.). The exposure concentrations were set at 100, 500, 1,000, 1,500, 

2,000, 2,500, 3,000, 5,000 and 10,000 g/L. The growth rate of species was decreased 

by 10% or more at 1,000 g/L of exposure concentration in Ankistrodesmus falcatus 
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and Scenedesmus obliquus, and at 1,500 g/L in Chlorococcum spp. Devi Prasad & 

Devi Prasad (1982), however, reported no definite effect concentration. In this 

assessment, the effect concentration with the first reaction equivalent to EC10 or greater 

is considered to be the LOEC, and the highest concentration with reaction equivalent to 

EC10 or less is considered to be the NOEC. With these definitions, the NOECs in 

Ankistrodesmus falcatus, Scenedesmus obliquus and Chlorococcum spp. are 

determined to be 500, 500 and 1,000 g/L, respectively. 

Janus (2001) established the NOEC in Selenastrum capricornutum as 10 g/L based 

on the results of a toxicity study of metals in Selenastrum capricornutum and Chlorella 

stigmatophora by Christensen et al. (1979). In this assessment, however, the data of 

this study are not used due to unclear rationale of these values. 

 

4.4 Other organisms 

Bringmann & Kühn (1979) conducted a toxicity study of lead in bacteria and 

protozoa. The NOECs ranged from 20 to 1,800 g/L. Carter & Cameron (1973) 

conducted a 96-hour toxicity study of leadin protozoa (Tetrahymena pyhriformis) and 

reported that the LC50 for survival was 42,000 g/L in soft water (hardness: 20 mg/L). 

 

4.5 Effects of organic lead on aquatic organisms 

It is generally considered that organic lead compounds have greater toxicity to 

aquatic organisms than inorganic lead compounds (Eisler, 2000). Further, ethyl 

derivative has greater toxicity than methyl derivative, i.e., a longer alkyl chain has 

greater toxicity (e.g., Chau et al., 1980, and Babich & Borenfreund, 1990). 

Tetramethyllead chloride was 20-fold as toxic as lead nitrate to freshwater algae, and 

twice as toxic as trimethyllead acetate (Wong et al., 1978). In seawater, the release of 

tetraalkyllead compounds is more likely to result in acutely toxic effects, however, 

alkyllead compounds degrade rapidly to trialkyllead chlorides, which are only 0.1 to 

0.01 as toxic as tetraethyllead (Eisler, 2000). Tetraalkyllead, common organic lead, had 

been widespreadly used as antiknock fuel additives due to its low cost and high 

performance until its use was prohibited by regulation, however, is not used at present. 

Therefore, considering a marked reduction in use of organic lead compounds and their 

highly degradable properties, it is considered likely that organic lead is detected at high 
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levels that have adverse effects on aquatic organisms in general environment. 

  

4.6 Concentration and accumulation in aquatic organisms 

In this section, concentration and accumulation of lead in aquatic organisms are 

summarized based on the reviews currently published (e.g., Eisler, 2000, and U.S. EPA, 

1985). 

The values of bioconcentration factor (BCF) in aquatic organisms were 42 in brook 

trout in a 140-day exposure study, and 2,570 in common blue mussel in a 130-day 

exposure study (U.S. EPA, 1985). BCF values were 536 for oysters (140-day exposure), 

499 for aquatic insects (28-day exposure), 725 for algae (14-day exposure), and 1,700 

for snails (120-day exposure) (U.S. EPA, 1985). The differences in BCF values are 

considered to be attributable to interspecies differences, as well as differences in 

exposure periods. In a bioconcentration study in oysters, BCF values varied from 3,450 

to 6,600 after exposure at 1.0 to 3.3 g/L for 140 days. Oysters were unaffected at 

whole body burdens up to 11.4 mg/kg (dry weight) (Zaroogian et al., 1979). In 

freshwater fish, alkyllead compounds are rapidly concentrated than inorganic lead. The 

BCF values for tetramethyllead in rainbow trout ranged from 124 with 1-day exposure, 

to 934 with 7-day exposure (Demayo et al., 1982). Elimination of tetramethyllead is 

rapid; the estimated half-life was 30 hours for internal lipids (Wong et al., 1981). 

Lead is ingested from water by aquatic organisms, however, there is no convincing 

evidence for biomagnification of lead in the food chain (Eiser, 2000). In food chains of 

aquatic organisms, lead levels tended to decrease markedly with increasing trophic 

level (Wong et al., 1978). 

 

4.7 Toxicity and water hardness 

As mentioned before, toxicity of heavy metals generally decreases with increasing 

water hardness, i.e.,water hardness played a role of buffer for metal toxicity in water 

(Wong et al., 1978). The mechanism has been proposed that metal ion forms complex 

with carbonate, and that both or either calcium and magnesium ions compete with the 

metal. Results of a toxicity study in which total and dissolved lead levels were 

measured showed that the lead levels (measured dissolved level) at the completion of 

study were extremely lower than the nominal levels initially set in the test water with 
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high hardness (Davies et al., 1976)  

U.S. EPA (2004) presented the water quality criteria as the following function 

considering effects of water hardness on lead toxicity. 

 

CMC (dissolved) = exp {1.273 [ln (Hardness)]–1.460} × CF  (Formula-1) 

CCC (dissolved) = exp {1.273 [ln (Hardness)]–4.705} × CF  (Formula-2) 

CF = 1.46203–[ln (Hardness) (0.145712)]                 (Formula-3) 

 

Herein, CMC (Criteria Maximum Concentration) is defined as the maximum 

concentration of the substance in water at which short-term exposure to the substance 

does not cause adverse effects on aquatic community. Herein, CCC (Criterion 

Continuous Concentration) is defined as the maximum concentration of the substance 

in water at which long-term exposure to the substance does not cause adverse effects 

on aquatic community. CF (conversion factor) is a function to convert from total lead 

concentration to dissolved lead concentration and also a function of hardness. 

This correction function for guideline values by hardness is estimated from the 

results of toxicity studies in 4 species of aquatic organisms, water flea, rainbow trout, 

fathead minnow and bluegill in water with different hardness (U.S. EPA, 1985). In 

these studies, the difference in hardness between low and high-hardness test waters 

was at least three-fold or 100 mg/L. The slopes of relationship between toxicity and 

water hardness in water flea, rainbow trout, fathead minnow and bluegill were 1.021, 

2.475, 1.495 and 1.011, respectively. U.S. EPA (1985) estimated 1.273 of the slope 

factor using the data of 3 species except rainbow trout. 

In this assessment, using the correction function of U.S. EPA (2004), toxicity values 

of fish and aquatic invertebrates are corrected by water hardness. It is known that 

hardness of river water in Japan is lower than those in the U.S. and Europe. Water 

hardness is high when water runs through calcareous soils for a long time such as in 

the U.S. and Europe, but, when the retention time in earth is short and the river length 

is short such as in Japan, water hardness is low. Figure IX-3 presents the distribution of 

water hardness in 2003 (5,267 samples) estimated from the results of water quality 

tests in source water and raw water by water supply corporations all over Japan (the 
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Japan Water Works Association, 2005). Based on the distribution in Figure IX-3, in this 

assessment, 50 mg/L, the median of 20 to 80 mg/L of the most frequent range, is 

defined as the standard value. 

Further, in correcting toxicity values by water hardness, it is assumed that the slope 

of relation between toxicity and water hardness corresponds to the formula proposed 

by U.S. EPA (2004) and the relative relation is constant regardless of the type of biotic 

community. The objective of this assessment is to assess risks of chronic exposures to 

lead, and therefore, the formula of CCC for long-term exposure is used as correction 

function by water hardness. For algae, due to the lack of report on effects of water 

hardness on lead toxicity to algae and of the information on the hardness of test 

medium in toxicity studies in algae, the toxicity values to algae are not corrected by 

water hardness. 
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Figure IX-3. Distribution of water hardness of raw waters in Japan 

[Compiled from the Japan Water Works Association (2005)] 

 

4.8 Generation of SSD for lead 

Based on the results of the hazard assessment of lead to aquatic organisms, the data 

are selected for generation of the SSD and presented in Table IX-7. Except the latest 

data, almost all of the toxicity data selected in this assessment have been considered to 
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be valid in some of the assessment documents by the agencies of the U.S., WHO or 

Netherlands. The data that are not cited in the existing assessment documents are those 

evaluated in this assessment as being obtained from the studies that were conducted 

with a reliable study method. In generating the SSD, when more than two toxicity 

studies in the same species are available, a geometric mean value is calculated and 

used as a representative value. The NOEC in water with 50 mg/L of water hardness is 

calculated according to the following formula:  

NOEC50 mg-CaCO3/L=NOECα mg-CaCO3/L exp[1.273 (ln 50 – ln α)] 

Herein, NOEC50 mg-CaCO3/L is NOEC in water with 50 mg/L of hardness, and NOECα 

mg-CaCO3/L is NOEC in water with  mg/L of hardness. 

Of the data listed in Table IX-7, the underlined NOECs are used for generation of 

the SSD. The underlined NOECs are values after water hardness correction. Using 

Crystall Ball
®
2000, the adopted data are applied to probability distribution. The data 

are fit best to the log-normal distribution (geometric mean: 92.11 g/L, geometric 

standard deviation: 5.50) with the test statistics of Kolmogorov-Smirnov and 

Anderson-Darling tests of 0.1285 and 0.3040, respectively. The log-normal distribution 

is adopted for SSD. The lead SSD of aquatic organisms is shown in Figure IX-4. Lead 

concentration [g/L] is the horizontal axis and the ratio of affected species is the 

vertical axis. Actual toxicity data are indicated with dots and the distribution curve 

indicates the toxicity data applied to the lognormal distribution. The relatively good 

correspondence is visually confirmed of the distribution function and the NOEC data 

in Figure IX-4. 
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Table IX-7. Toxicity data used to generate SSD 

Group Species 
Hardness NOEC 

Reference 
mg-CaCO3/L μg/L 

Fish 

Salmo gairdneri (rainbow trout) 353.2 18 (1.5)* 
Davies et al. 1976 

Salmo gairdneri (rainbow trout) 27.7 4.1 (8.7) 

Salmo gairdneri (rainbow trout) 37 (32-42) 71 (104) Sauter et al. 1976 

Salmo gairdneri GM (n=3) 30 11** 
 

Salvelinus namaycush (lake trout) 32 48 (85) Sauter et al. 1976 

Ictalurus punctatus (channel catfish) 36 101 (153) Sauter et al. 1976 

Catostomus commersoni (white 

sucker) 
38 174 (247) Sauter et al. 1976 

Lepomis macrochirus (bluegill) 41 92 (118) Sauter et al. 1976 

Brachydanio rerio (zebrafish) 100 20 (8) Dave and Xiu 1991 

Salvelinus fontinalis (brook trout) 44.3 58 (68) Holcombe et al. 1976 

Invertebrate 

Daphnia magna (water flea) 217 260 (40) Enserink et al. 1995 

Ceriodaphnia dubia (Water flea) 20 51 (164) Jop et al. 1995 

Ceriodaphnia dubia (Water flea) 100 26 (11) Spehar et al. 1986 

Ceriodaphnia dubia GM (n=2) 30 42 
 

Lymnaea palustiris (freshwater snail) 139 12(3.4) Borgmann et al. 1978 

Hyalella aztech (amphipod) 130 32 (9) Borgmann et al. 1993 

Dressena polymorpha (zebra mussel) 150 85 (21) Kraak et al. 1994 

Algae 

Selenastrum capricornutum 
 

60 Chao and Chen 2000 

Selenastrum capricornutum 
 

90 Christensen and Scherfig 1979 

Selenastrum capricornutum GM (n=2) 
 

73 
 

Ankistrodemus falcatus 
 

500 
Devi Prasad and Devi Prasad 

1982 

Ankistrodesmus spp. 
 

500 Monahan 1976 

Scenedesmus obliquus 
 

500 
Devi Prasad and Devi Prasad 

1982 

Scedesmus quadricauda 
 

3000 Starodub 1987 

Scedesmus quadricauda 
 

500 Starodub 1987 

Scedesmus quadricauda 
 

1000 Starodub 1987 

Scedesmus quadricauda GM (n=3) 
 

1145 
 

Chlorococcum spp. 
 

1000 
Devi Prasad and Devi Prasad 

1982 

* Values in parenthesis are NOECs as calculated for 50 mg-CaCO3/L hardness  

**Values with underbars are NOECs used for calculating the species sensitivity distribution of lead. 

 

The level to protect 95% of species (5% Hazard Concentration, HC5), i.e., SV is 

estimated to be 5.6 g/L when water hardness is 50 mg/L. The ratio of 95% is based on 
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the assumption that the ecosystem is sufficiently protected when 95% of aquatic 

community is sustained, which is an arbitrary value without clear scientific rationale, 

however, is, used for establishing water quality criteria for ecosystem integrity in many 

countries (Stephan et al., 1985). In the ecological risk assessment for atrazine in 

surface water in North America, the standard value was a level at which 90% of 

species were protected during 90% of exposure period (Solomon et al., 1996). 

According to this standard, the 90% protection level of lead is estimated to be 10.4 

g/L. 

 The relationship between water hardness and SV is shown in Figure IX-5. The 

relationship between hardness and SV is calculated with the above formula. The SV at 

30 mg/L of water hardness is estimated to be 2.9 g/L ,and at 300 mg/L of water 

hardness, 54.9 g/L. 
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Figure IX-4. SSD of aquatic organisms to lead 
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Figure IX-5. Relationship between SV and water hardness 

 

4.9 Water quality guideline values for protection of aquatic organisms in foreign 

countries 

The SV used for screening assessment in this assessment is 5.6 g/L, which is the 

level protecting 95% of species (HC5) obtained from the SSD. As reference, the water 

quality criteria, target or standards of lead for protection of aquatic organisms proposed 

by international agencies are described below. 

 

The United States (U.S. EPA, 1985, 2004) 

U.S. EPA establishes the water quality criteria as water quality target for protection 

of aquatic organisms in the U.S. The water quality criteria is established to protect 95% 

of aquatic organisms. In setting the criteria, effective toxicity data for aquatic 

organisms are collected and reviewed There are two criteria for aquatic organisms, i.e., 

criteria for acute (short-term) effects (CMC) and criteria for chronic (long-term) effects 

(CCC). The CMC and CCC of lead, as described in the previous section, are defined as 

a function of hardness. CMC and CCC at 50 mg/L of hardness are 30 and 1.2 g/L, 

respectively. The water quality criteria established by U.S. EPA is not legally binding 
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but used as a guidance in establishing standards such as environmental criteria by state 

governments. 

Netherlands (Janus, 2001)  

The National Institute of Public Health and the Environment of the Netherlands 

(RIVM) has established the environmental risk limit (ERL) for surface water, soil, air 

and groundwater of approximately 200 substances. ERL is the basis for environmental 

criteria in the environmental policies in the Netherlands. ERL consists of the maximum 

permissible addition (MPA), negligible addition (NA=MPA/100), background 

concentration (Cb), maximum permissible concentration (MPC=MPA+Cb) and 

negligible concentration (NC=NA+Cb). MPA is the value based on HC5 and NC 

presents negligible risk level. MPC and NC of lead in freshwater are 11 and 1.26 g/L, 

respectively. 

ERL for aquatic organisms in the Netherlands was estimated on the basis of toxicity 

study data that were reported until 1991. The toxicity data were not corrected by water 

hardness. Using chronic toxicity study data, SSD (log-logistic distribution in case of 

lead) was generated and ERL was estimated from 5% values of the distribution. In 

addition, MPC was established considering Cb for lead pollution attributable to the 

natural sources. 

Canada (CCME, 1999, 2003)  

In Canada, the Canadian Environmental Quality Guidelines (EQG) has been 

established pursuant to Canadian Environmental Protection Act (CEPA). EQG is 

defined as environmental criteria for protection and maintenance of aquatic and 

terrestrial organisms. Target values of more than 100 substances are established as 

EQG. In principle, EQG is established, considering all of aquatic organisms, based on 

the lowest effect levels obtained from chronic toxicity studies using the most sensitive 

species in sensitive growth stage. EQG of lead is 1 g/L at 60 mg/L or below of water 

hardness. 

 

SV (5.6 g/L) obtained in this assessment is comparable to the guideline values 

established by the foreign agencies. Most of the data reviewed are common, and it is 

considered natural that a simlar SV is determined. Canadian values were estimated 

using the most conventional method, with consideration of uncertainty factors 
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associated with the level of data sufficiency. The methods of the U.S. and Netherlands, 

which are similar to those in this assessment, considered various data and estimated SV 

based on the SSD. The slight differences in SVs are attributable to the differences in 

applied distributions, data, and correction by water hardness. 

 

5. Risk characterization 

5.1 Results of screening assessment using the SSD 

In the lead monitoring data in public waters in FY 1999, FY 2000 and FY 2001, the 

number of monitoring sites where the maximum concentrations of lead detected are 

presented, and the detected concentration exceeds SV (=5.6 g/L) at least once is: 140 

(the number of total monitoring sites: 4,964, the number of monitoring sites with lead 

detection: 501) in FY 1999; 132 (the number of total monitoring sites: 4,762, the 

number of monitoring sites with lead detection: 453) in FY 2000, and 155 (the number 

of total monitoring sites: 4,690, the number of monitoring sites with lead detection: 

563) in FY 2001, respectively. The number of monitoring sites at which the mean 

concentration exceeds SV is 55 in FY 1999, 52 in FY 2000 and 62 in FY 2001, 

respectively. 

A large number of the monitoring data are listed as “below the limit of quantitation”, 

which are often set at 0.005 to 0.01 mg/L. It is expected that some of the sites 

exceeding SV are included in the monitoring sites with the analytical results reported 

as less than 0.01 mg/L. 

The percentage that lead concentrations exceeded SV is estimated on the basis of 

distribution function (log-normal distribution) statistically derived when lead 

monitoring data in public waters are regarded as sample data and all of available values 

(including values below the limit of quantitation) are treated as interval data. As a 

result, in the distribution derived from the maximum concentrations detected, the 

percentage is estimated to be 3.0%, 2.7% and 1.3% in FY 1999, FY 2000 and FY 2001, 

respectively. In the distribution derived from the mean concentrations, the percentage 

is estimated to be 0.4%, 0.4% and 0.1% in FY 1999, FY 2000 and FY 2001, 

respectively. 

At the points where the maximum concentrations detected in environmental water 

exceed SV, the fractions affected (FA) of the species are estimated using the SSD 
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function. In estimating FA based on the maximum lead concentrations detected, the 

highest value is approximately 71% at Sakaiohashi of the upperstream Aizuma River in 

Aichi Prefecture in FY 2000. The second highest is approximately 51% (note: 50.5% 

was rounded up) at Kubobashi of the middle stream Hasama River in Miyagi 

Prefecture, followed by approximately 36% at Onogawasuimon of the Ono River in 

Chiba Prefecture. The sites with lead concentrations detected exceeding SV at least 

once from FY 1999 to FY 2001 which are ranked within top 10 are 

Amemasugawahashi of the Orito River in Hokkaido, Aratanibashi of the Osanai River 

in Iwate Prefecture, Takatsudobashi of the upperstream Watarase River in Gunma 

Prefecture, Yamatobashi of the Kasumi River in Saitama Prefecture, downstream of the 

confluence of the Godani and Omotani Rivers in Ishikawa Prefecture, Hiedabashi of 

the Hieda River in Aichi Prefecture, and the downstream Onigasaisawa of the Shiine 

River in Nagasaki Prefecture. The top 10 of FA on the basis of annual mean 

concentrations were Amemasugawahashi of the Orito River in Hokkaido, 

Anenumabashi of the Anenuma River in Aomori Prefecture, Kubobashi of the middle 

stream Hasama River in Miyagi Prefecture (the most downstream site), Bungobashi of 

the middle stream Hasama River in Miyagi Prefecture, Sukawabashi of the Takamatsu 

River in Akita Prefecture, Simoyamazeki point of the Kaishu River in Yamagata 

Prefecture, Yukawabashi of the Yukawa River in Tochigi Prefecture, Sakaiohashi of 

the upperstream Aizuma River in Aichi Prefecture, Tendobahi of the Nyoze River in 

Osaka Prefecture, and the downstream site of Onigasaisawa of the Shiine River in 

Nagasaki Prefecture. 

 

5.2 Assessment of population sustainability for fish 

5.2.1 Assessment method 

Assessment of population sustainability for fish is performed with an approach using 

an age-structured matrix model that was developed by Katsukawa et al. (2004) and 

revised and applied to assessment of ecological risks of bisphenol-A by Miyamoto et al. 

(2005). Katsukawa et al. (2004) proposed a simplified method to assess ecological 

risks for fish population using an age-structured matrix model with indicator r, the 

intrinsic rate of natural increase. The outline of this assessment method is explained as 

follows. 
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Fish population consists of individuals of different ages. Reproduction is often 

performed within a specific period of the year. The age-structured matrix model is 

suitable to describe characteristics of such a population. 

The number (nx,t) of females in the population aged x (x=1,2,3...) at the time t [year] 

is represented as the following column vector:  
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Herein, Px is the probability that an individual belonging to age x, is survived until 

t+1 [year], and the fecundity rate (fx) is mean number of females that are born from 

eggs the individual laid during the breeding season within the period and survive until 

t+1 [year]. fx is represented in the formula: fx = maturation rate × number of egg 

production × gender ratio ×P0. P0 presents the probability that an individual hatches 

from an egg and survives until the breeding season of the next year (initial survival 

rate). The number of females by age in t+1 [year], N (t+1) is represented using matrix 

M as follows: 
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Herein matrix M presents a change with time of column vector and is named as 

transition or projection matrix, in particular as Leslie matrix after the researcher who 
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developed a model of population with age structure. In this matrix, fecundity rates by 

age align in the first row and the survival rates during the period by age align next to 

the diagonal elements, and other elements are zero. 

Matrix M has eigenvalues and M is an x-dimensional matrix, and therefore, x 

eigenvalues exist. When the maximum positive real root is λ, λ is scalar quantity and 

presents a multiplying factor that the population of each age increases during one unit 

time, i.e., λ represents a reproduction rate of the population. Herein, λ=e
r
 is substituted, 

this formula corresponds to Euler-Lotka equation. Herein, r is the intrinsic growth rate. 

To be specific, eigenvalue λ in an age-structured matrix model of population group, 

under the condition of a stable age-structure resulting from constant survival and 

fecundity rates, can be considered to be a proportionality constant that the population 

of each age changes per unit time. It is known that the following relation is established 

between changes in the population and r in the habitat without any density effect. 

 

r > 0 (λ > 1), the population increases. 

r = 0 (λ = 1), the population is constant. 

r < 0 (λ < 1), the population decreases. 

 

It is generally considered that a population observed in the field is affected by the 

density effect, and . therefore, life history data on fish obtained from field surveys are 

considered to be parameters influenced by some effects including the density effect. 

When λ’ represents a reproduction rate of the population under the condition that some 

density effect exists, the growth rate of a population (r’) is defined as r’ = ln λ’. The 

relation of r’≤ r is established between r and r’. Therefore, if the population is 

controlled to maintain  that r’ is equal or more than zero, the population can be 

sustained. 

Effects of contaminants are taken into consideration by reflecting effects on survival 

and fecundity rates obtained from toxicity studiess on the survival and fecundity rates 

in the matrix. 
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5.2.2 Life history parameters 

To estimate r’, information on the survival and fecundity rates of subject fish species 

by age is required. Katsukawa et al. (2004) proposed a method to estimate life history 

parameters required in calculation of r’ by extrapolation of the maximum body length 

of fish with combination of theoretical and empirical equations. Miyamoto et al. (2005) 

determined life history parameters of mountain trout, nekogigi (Pseudobagrus 

ichikawai), pale chub, big-scaled redfin and barbell steed for application in the risk 

assessment of bisphenol-A. Using these life history parameters without change, the 

population-level assessment for lead is conducted in mountain trout, a typical species 

living in the upperstream river, big-scaled redfin, a typical species living in a clean 

river and barbell living also in a river with relatively high pollution. Life history 

parameters of mountain trout, big-scaled redfin and barbell are shown in Tables IX-8. 

In two species other than mountain trout, the number of egg production is obtained but 

not fecundity rate. The fecundity rate is represented as product of number of egg 

production, initial survival rate P0, maturization rate and gender ratio. Further, no 

information about P0 is obtained, and therefore, to estimate r’, these values should be 

determined by some method. Miyamoto et al. (2005) assumed r value, a predicted 

intrinsic growth rate, based on the data of Myers et al. (1999) who estimated the 

maximum annual fecundity rates of 246 populations in 57 species and determined P0. 

Table IX-8. Life history parameters of mountain trout, big-scaled redfin 

and barbell used in this assessment  

Age 

(years) 

Survival Fecundity 

mountain 

trout* 

big-scaled 

redfin** 
barbell*** 

mountain 

trout 

big-scaled 

redfin 
barbell 

1 0.4 0.44 0.56 0 0 0 

2 0.4 0.44 0.56 6 0 0 

3 0.4 0.44 0.56 84 3.4 1.14 

4 0.4 0.44 0.56 127 4.7 2.05 

5 0.4 0.44 0.56 154 5.66 3.12 

6 0.4 - 0.56 165 - 4.29 

*Salvelinus leucomaenis (JP:iwana) 

**Leuclscus hakonensis (JP:ugui) 

***Hemibarbus labeo barbus (JP:nigoi) 
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5.2.3 Toxicity data 

To assess population-level risks of lead in fish, the age-specific chronic toxicity data 

for survival and fecundity are required. It is ideal if the toxicity data of subject species 

in all developmental stages were available, which, however, do not exist. The data are 

used for population-level assessment from the studies on the effects on the initial 

developmental stage in several fish species and a three-generation study in brook trout 

(Sauter et al., 1976; Holcomb et al., 1976; Davies et al., 1976) . Focusing on the 

developmental stage in fish, lead sensitivity is high in larvae and fries and low in adults 

and eggs. In the population-level assessment of lead, only the toxicity data in the initial 

developmental stage are considered but no data in adults. Of the toxicity data available, 

the most sensitive responses are used in this assessment. See Section 4.1 of this chapter 

“Fish” for the summary of respective studies. The dose-response relationship estimated 

in the risk assessment of fish population is described below. 

 

Survival rate: Dose-response relationship in survival rate is assumed to be a linear 

function obtained from connecting the NOEC of the most sensitive species (rainbow 

trout: NOEC = 7.6 g/L survived, Davies et al., 1976) and a concentration at which the 

survival rate was almost 0%, i.e., mortality rate was almost 100% (lake trout: 98% of 

lethality at 198 g/L, Sauter et al., 1976) by a straight line after all available 

dose-response relationship data (Sauter et al., 1976 ; Holcomb et al., 1976 ; Davies et 

al., 1976) are plotted in the same graph. The reason why data on the most sensitive 

species are used and the dose-response relationship is assumed to be a linear function 

is to avoid Type I error (false-negative error), i.e., determining no effect although 

effects exist due to absence of appropriate data. Therefore, the dose-response 

relationship in survival rate is established in lower side than values estimated by probit 

transformation* with the assumption on the safer side. 

All of the dose-response relationships referred here are obtained from the studies in 

individuals aged less than one year. This dose-response relationship is used to estimate 

effects of lead on larva and fry (0 to 1-year fish). Holcombe et al. (1976) conducted a 

lead exposure study in brook trout (1-year fish) and reported no significant difference 

in effects at 474 g/L. Based on this result, it is assumed that lead has no effect on 

adult fish in the range of concentrations at which the survival rate of larva and fry is 
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assumed to be zero (200 g/L). 

 

Survival rate of larva and fry = 1 – Mortality rate of larva and fry 

Mortality rate of larva and fry = 0.0051  exposure concentration – 0.0391 

 

Whereas, if exposure concentration < 7.6, mortality rate of larva and fry = 0 

 

 (NOECsurvival = 7.6 g/L, referred from Davies et al., 1976) 

If exposure concentration > 200, mortality rate of larva and fry = 1 

If exposure concentration < 200, no effect on mortality rate of adult 

 

Hatching rate: Effects of lead on egg hatching rate were reported only in rainbow 

trout by Sauter et al. (1976), which indicated that mean hatching rate was decreased by 

66% at 672 g/L of exposure concentration and no effect was found at 443 g/L. 

These concentrations are two-fold or higher than the range at which the survival rate is 

almost zero, i.e., exceeding the range for popular-level assessment in this assessment. 

Therefore, it is assumed that lead has no effect on hatching rate in the range of 

concentrations in this assessment. 

 

Egg production: Holcombe et al. (1976) showed in a three-generation study that 

effects on egg production were observed at 474 g/L. This concentration was also 

two-fold or higher than the concentrations at which the survival rate of larva and fry is 

almost zero. Therefore, it is assumed that lead has no effect on egg production in the 

range of lead concentrations in this assessment. 

 

5.2.4 Assessment results 

The relationship between lead exposure concentrations and r’ of mountain trout, 

big-scaled redfin and barbell is shown in Figure IX-6. In this assessment, it is assumed 

that lead has the same toxic effects on any fish species as on the most sensitive species 

among all fish species tested. Therefore, it is assumed that the difference in r’ values to 
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exposure concentration in fish species depend on the life history parameters. The lead 

concentrations at which r’ is 0 for each of mountain trout (mt), big-scaled redfin (re) 

and barbell (ba) (PBVmt, PBVre and PBVba) are 167, 68 and 78 g/L, respectively. 

These concentrations mean the upper limit without any possibility that the population 

of each fish species decreases. No fecundity rates of big-scaled redfin and barbell 

based on actual data are available, and therefore, these rates are derived by estimating 

their initial survival rates under the assumption that their maximum annual fecundity 

rate is equal to the lowest rate in fish species (Miyamoto et al., 2005). Therefore, r’ 

without exposure is probably estimated lower than actual. The use of the lowest 

maximum annual fecundity rate in fish species is considered to be conservative and 

practical under the current conditions that actual fecundity rates are not available 

(Miyamoto et al., 2005). 
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Figure IX-6. Relationship between lead exposure concentrations 

and r’ value of fish species 

 

Of monitoring sites at which high-level lead was detected in the actual environment 

from FY 1999 to 2001, Kubobashi of the middle Hasama River in Miyagi Prefecture 

(74 to 94 g/L) and Sakaiohashi of the upperstream Aizuma River in Aichi Prefecture 
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(230 g/L) are the points where the detected conentrations exceed PBVre (68 g/L) of 

big-scaled redfin whose sensitivity is the highest in fish species used for 

population-level assessment. These concentrations are the maximum concentrations 

detected. The mean concentrations at Kubobashi and Sakaiohashi are 32 to 44 and 24 

g/L, respectively, which correspond approximately to 36% to 65% of PBVre. There is 

no monitoring points where the mean concentrations exceeded PBVre. 

 

5.3 Discussion 

5.3.1 Lead forms in the aquatic environment 

Lead exists in the aquatic environment in various forms. Hart & Davies (1981) 

reported that approximately 45% of lead existed in the particulate/adsorbed form in the 

Yarra River in Australia. It was expected in an estuary that the ratio of lead in the 

particulate/adsorbed form was higher due to suspension of sediments (Hart & Davies, 

1981). In Section 2.4 of Chapter V “Behaviors in aquatic environment”, it is described 

that in most of surface and ground waters, lead levels in the dissolved form were lower 

than those in the suspended form. Getz et al. (1977) reported that the ratio of lead in 

the particulate/adsorbed form to lead in the dissolved form varied from 4:1 in rivers in 

rural area to 27:1 in rivers in urban area. In our survey of some surface waters in Japan, 

the ratio of lead in the dissolved form was 8% to 20% in the Hsama River and its 

tributary in Miyagi Prefecture and 40% to 70% in Kaishu River in Yamagata Prefecture, 

suggesting large differences among rivers. 

In water, lead exists mainly in the bivalent oxidation state and the form (chemical 

species) is dependent on pH (Nagpal, 1987). In acidic water, Pb
2+

, PbSO4 and PbCl
+
 

are dominant chemical species, and in alkaline water, PbCO3 and lead hydroxide 

complex are typical chemical species. In addition, lead binds to organics to be 

dissolved, colloid or particulate form, or adsorbs to suspended sediment in water, and 

lead in such forms is rapidly eliminated from water (i.e., deposited). Anions in 

phosphate and sulfate decrease dissolved metal ion levels by deposition of poorly 

water soluble lead salt. 

For toxicity of lead to aquatic organism, it is generally considered that lead in free 

cationic form has greater toxicity than lead in complex form (Wong et al., 1976). In a 

toxicity study with prepared water, the possibility of complex formation is considered 
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to be low because the concentrations of substances that are involved in complex 

formation such as humic materials are extremely low. 

The lead monitoring data in the aquatic environment are represented as total lead in 

this assessment. Therefore, considering that toxicity to aquatic organisms depends 

mainly on lead in dissolved form, the exposure levels in the actual environment 

(measured concentrations) that represent total lead are overestimating the lead 

exposure related to hazards. Lead forms in water are changed by the various factors 

explained above. In water where organic levels are high and adsorbents tend to be 

formed, the ratio of lead in dissolved form is expected to reduce further. The toxicity 

studies used to estimate SV are basically the studies conducted with prepared water, in 

which almost no lead in the form of particulate/adsorbed existed. Therefore, even in 

the case of actual concentration > SV, it cannot be concluded with certainty that lead 

has adverse effects on the organism living around the monitoring sites where a high 

concentration of lead is detected. 

PBVre of 68 g/L at which the increasing rate r’ of a fish population with the highest 

sensitivity (big-scaled redfin) is r’ =0 is estimated on the basis of laboratory study 

using prepared water, and thus, this concentration is considered to be almost equal to 

the concentration of the dissolved lead. As described above, when lead concentrations 

in aquatic environment are presented as lead in dissolved form, which is taken up 

easily by organisms, and compared with the standard values on population-level, larger 

exposure margins are secured. Considering this it is not likely that the lead at the 

current pollution level alone would have a great effect in reducing fish populations 

even at monitoring sites where a markedly high lead level was detected in aquatic 

environment. 
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5.3.2 Charecteristics of monitoring points with high lead levels 

From FY 1999 to 2001, following are the top 10 monitoring sites where the fractions 

affected of the species are estimated to be high:  

 

Amemasugawahashi of the Orito River in Hokkaido (FY 2000) Max: 41 μg/L; Avg.: 11 μg/L 

Aratanibashi of the Osanai River in Iwate Prefecture (FY 1999) Max: 38 μg/L; Avg.: 10 μg/L 

Kubobashi of the Hasama River in Miyagi Prefecture (FY 1999) Max: 84 μg/L; Avg.: 32 μg/L 

Takatsudobashi of the upper Watarase River in Gunma Prefecture (FY 2001) Max: 45 μg/L; Avg.: 6 μg/L 

Yamatobashi of the Kasumi River in Saitama Prefecture (FY 2001) Max: 40 μg/L; Avg.: 5 μg/L 

Onogawasuimon of the Ono River in Chiba Prefecture (FY 1999) Max: 50 μg/L; Avg.: 5 μg/L 

Sakaiohashi of the upper Aizuma River in Aichi Prefecture (FY 2000) Max: 230 μg/L; Avg.: 24 μg/L 

Hiedabashi of the Hieda River in Aichi Prefecture (FY 2001) Max: 32 μg/L; Avg.: 7 μg/L 

The confluence of the Godani and Omotani Rivers in Ishikawa Prefecture 

(FY 2001) 

Max: 31 μg/L; Avg.: 9 μg/L 

The lower Onigasaisawa of the Shiine River in Nagasaki Prefecture (FY 

2001) 

Max: 32 μg/L; Avg.: 12 μg/L 

 

 

The monitoring sites where the maximum (Max) and average (Avg) concentrations 

detected were high are Kubobashi of the Hasama River in Miyagi Prefecture and 

Sakaiohashi of the upperstream Aizuma River in Aichi Prefecture. 

Hasama River of Miyagi Prefecture is a tributary of the former Kitakami River of 

Kitakami River system and consists of Hasama River, Ichihasama River, Ninohasama 

River and Sanhasama River with approximately 95 km of river length and 913 km
2 
of 

basin area. Its basin is a leading grain belt in Miyagi Prefecture. In the upperstream 

Namari River, a tributary of Ninohasama River, Hosokura Mine and Smelter is located. 

Although Hosokura Mine was closed in 1987, the waste water is still treated at present 

and released into Namari River. In the CRM’s survey, inhabitation of big-scaled redfin 

was confirmed. Hardness at Kubobashi of Namari River ranged 400 to 900 mg/L, and 

therefore, the actual risk is expected to be extremely lower than the risk estimated in 

this assessment under the condition of 50 mg/L of water hardness. 

Sakaiohashi of the upperstream Aizuma River in Aichi Prefecture is located in the 

urban area and there is no closed mine around the area. Also, the possibility is 
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extremely low that the natural lead pollution attributable to the geotectonic 

environment contributes to the high lead levels in this river. Therefore, it is highly 

possible that the high levels of lead is coming from the business institutions and other 

human activities around the river. ME (2002b) reported that lead was monitored at this 

site 12 times in 2000 and detected twice. The maximum concentration detected was 

230 g/L and the mean concentration was 24 g/L. As the lead concentrations were not 

constantly high, there is a possiblity that large amounts of lead was released transiently 

by some accident. ME (2002b) proposed countermeasures including water quality 

monitoring in the Aizuma River, and on-the-spot inspections and more stringent 

monitoring the business institutions in the areas along the river. 

For the Orito River in Hokkaido, the Kaishu River in Yamagata Prefecture and the 

Shiine River in Nagasaki Prefecture, it was reported that high lead concentrations were 

caused by the waste water from the closed mines (ME, 2002b, 2004). 

The Shiine River in Nagasaki Prefecture runs southwest in Tsushima and joins with 

the Sasu River. Taishu mine is located in its catchment area and silver, lead and zinc 

had been mined from the Edo period until 1973 when the mine was closed. Cadmium 

pollution occured in this area in 1970s. 

Also in the upperstream Watarase River in Gunma Prefecture, a closed mine is 

located. 

Since no closed mine is found near the Nyoze River in Osaka Prefecture, there is a 

high possiblity that the lead pollution in this river is caused by the activities of the 

business institutes or other human activities in the areas along the river. 

 

5.3.3 Areas with high detections of naturally-occurring lead  

It is considered unnecessary to include the monitoring sites whose background 

levels are high due to geologic characteristics in the areas for risk managment. In some 

cases, it is difficult to definitely determine whether lead pollution is derived from 

natural sources or originated from human activities. For example, Miyagi Prefectural 

Government (2004) considered the cause that lead concentrations exceeded the 

environmental standards in the Namari River, a tributary of the Hasama River in 

Miyagi Prefecture to be the natural geotectonic pollution due to springs containing lead 

at high levels in the river bed and banks. For monitoring points where lead release 
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sources are not definitely identified whether naturally-occurring or human-derived, it is 

necessary to conduct more thorough investigations and determine the needs and 

possibilities of reducing the lead levels. 

 

5.3.4 Risks of lead in sediments to benthos 

Of aquatic organisms, benthos directly takes up sediment particles. Such benthos can 

be important source of feed for fish, and therefore, risk assessment of lead exposure to 

benthos via sediments is essential. Toxicity studies in benthos, however, are still under 

development and test systems have not been established. With significant fluctuations, 

interpretation of the results obtained in the existing studies is difficult and, no reliable 

NOEC is established. Compared to the toxicity studies with lead exposure through 

water, the number of studies with lead exposure through sediments are considerably 

small. In addition, there are no sediment exposure data available from constant 

monitoring as the existing water quality data in public water. Therefore, it is difficult to 

assess risks of exposure to lead in sediments in detail and quantitatively as are done 

with lead in water. Considering these circumstances, a screening level assessment is 

conducted with the data easily accessible on the effects of lead in sediments to aquatic 

organisms to obtain rough estimate of risks. 

Some agencies outside Japan have proposed target values of lead in sediments to 

maintain ecosystem integrity. As the environmental risk limit (ERL) in the Netherlands, 

the MPC is 4800 mg/kg and NC is 132 mg/kg (Janus, 2001). These values are as the 

lead levels in sediment that are converted from the HC5 estimated from the SSD based 

on toxicity study data on lead exposure through water using equilibrium partitioning. 

Equilibrium partitioning is a method to estimate a toxicity level of sediments from 

water toxicity level using solid-liquid equilibrium of water and sediments, which is 

practically used in establishing sediment environmental standards and for risk 

assessment. The Naitonal Oceanic & Atmospheric Administration (NOAA) has 

assessed the existing sediment toxicity data and field studies, and proposed the ranges 

of effects as screening guidelines in many substances (Buchman, 1999). The NOAA 

has established for lead, 35 mg/kg of the threshold effects level (TEL), 91 mg/kg of the 

probable effects level (PEL) and 127 mg/kg of the upper effects threshold (UEP). 

On the other hand, there are no data from constant monitoring of lead concentrations 
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in sediments in public water areas such as those with public waters. However, 

“Geochemical Map of Japan” (the Geological Survey of Japan, AIST, 2004) provides 

useful information. “Geochemical Map of Japan” was developed through the following 

procedures: 1) approximately 3,000 sediment samples were collected from all over 

Japan; 2) 53 kinds of elements contained in the samples were analyzed; 3) the flow 

areas where samples were collected were analyzed; and 4) based on these data, the 

geochmical map was developed using geographic information system. In the analytical 

results of lead, the distribution of soluble lead that was detected by 0.1 N hydrochloric 

acid leaching method indicated; mean: 6.39 ppm, median: 5.07 ppm, maximum: 5,418 

ppm, minimum: below detection limit, and standard deviation: 4.99 ppm. In the 

analytical results of total lead, the distribution indicated; mean: 23.1 ppm, median: 20.7 

ppm, maximum: 7,594 ppm, minimum: 4.07 ppm, and standard deviation: 11.8 ppm. 

Both the concentrations of soluble lead element and total lead were high in the districts 

with lead deposit. 

Considering the differences in analytical methods and sediment components, it may 

be inappropriate to compare threshold levels directly with levels in sediments, however, 

the margin of exposure (MOE, MOE = Pb threshold level/Pb concentration in 

sediments) is estimated as follows. The detected concentrations of bioavailable soluble 

lead are used in this estimation. MOE to mean and median was 5.5 (=35/6.39) and 6.9 

(=35/5.07). Under the assumption that the distribution of the concentrations at 

monitoring points have a normal distribution, it is estimated that concentrations at 95% 

and more of monitoring points are lower than TEL. The result indicates that the lead 

concentrations in sediments in most water in Japan are not in the concern level for 

aquatic organisms. The MOE to the maximum concentration in sediments is 0.006 

(=35/5,418) and the exposure level is considerably higher than TEL. Further, the 

maximum concentration is higher than UEP or MPC of the Netherlands. 

Toxicity studies of sediments are under development and many reserch institutions 

are involved in the development through various approaches. It is a critical challenge 

in future to develop a reliable toxicity study of organisms in sediments. It is also 

important to investigate the differences in benthos biota between the areas with 

high-level lead and others by field surveys, and if any differences are found, to clarify 

whether these differences are attributable to lead or any other factors. 
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6. Current situations of lead poisoning of wild birds in Japan 

In this assessment, a thorough and quantitative risk assessment is not conducted for 

lead poisoning in wild birds, which is induced mainly by lead bullets and fishing 

weight, and therefore, is considered to be a local problem derived from specific human 

activities. Lead poisoning of wild birds, however, has been frequently reported and is a 

critical issue for ecological risks. The current situations and control measures for lead 

poisoning of wild birds in Japan are summarized in this section. 

 

6.1 Exposure routes of lead poisoning in wild birds 

Exposure routes of lead poisoning of wild birds are shown in Figure VI-7. 

Waterfowls such as ducks and swans have a habit of ingesting pebbles with feed to 

facilitate digestion of feed in the gizzard. In such a habit, birds sometimes take in lead 

bullets for hunting and fishing weight inadvertently. Lead is ground into particles in the 

gizzard and delivered into the glandular stomach with ground feed, and then, dissolved 

in gastric acid. Dissolved lead is absorbed into the body, resulting in lead poisoning. 

On the other hand, raptorial birds eat lead-poisoning waterfowls and deer or wild 

animal carcass in which lead bullets remained, resulting in lead poisoning. There are 

some other possible routes of lead intake by birds, through which, however, the 

amount of lead intake is expected to be extremely lower than that through the intake of 

lead bullets and fishing weight, and it is not likely to the amount is in the the level 

causing acute poisoning. 
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Figure VI-7. Exposure routes of lead poisoning in wild birds 

 

6.2 Mechanism of lead poisoning of birds and their toxic symptoms 

Ochiai (1996) fully described the mechanisms of lead poisoning in bird . Stomach of 

birds consists of two parts, i.e., the glandular stomach and gizzard. The glandular 

stomach secretes hydrochloric acid and pepsin and the gizzard physically grinds feed. 

Birds have no tooth and take in pebbles and gravels to grind feed with them. Lead 

particles are dissolved by gastric acid (pH 2.5) in the glandular stomach. Lead 

dissolution continues until the individual dies of poisoning. Ground or dissolved lead is 

absorbed from the intestine and the blood lead concentration reaches the peak. Lead in 

blood is delivered to the liver and kidney and accumulated in the bone which is a more 

stable tissue for accumulation. Lead in blood tends to bind the red blood cells, and as a 

result, causes damage to heme synthesis and shortens the life of red blood cells. In 

heme synthesis, ALA-D is likely to be inhibited by lead, and therefore, ALA-D activity 

is used in diagnosis for lead effects on organisms as well as blood lead concentrations. 

Clinical symptoms include abnormal behavior, anorexia, anemia, tabefaction, 

weakness and feather contamination with green feces. In autopsy, liver and kidney 

atrophy, greenish liver and paradoxical mucosa are observed. Swans show a symptom 
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of incapability to hold up the head and neck. Ochiai (1996) proposed to that the 

diagnosis of lead poisoning should be based on clinical and pathological findings and 

analyses of lead levels. 

 

6.3 Criteria level for lead poisoning  

Sensitivity to lead depends on species of birds, and further, nutrition conditions and 

period of lead ingestion affect the sensitivity of individuals within a same species. It is 

considerd difficult to determine a single NOEC for all species of wild birds. Several 

criteria for assessment of lead poisoning that were proposed in the publications are 

introduced below. 

Pain (1992) is often cited as the criteria to assess lead poisoning in waterfowls from 

the aspect of exposure level. Pain (1992) reviewed values in the existing articles and 

classified hematological and analytical chemical parameters useful for diagnosis of 

lead poisoning in birds and their standard values into three classes. In liver lead 

concentrations of waterfowls, less than 2 ppm was defined as non-pollution, 2 to 6 ppm 

as pollution and more than 6 ppm as acute lead toxicity range. Pain et al. (1995) 

described that it was difficult to determine whether the ingestion route was lead bullets 

or other accidental intake of lead in the environment or not with the liver lead 

concentration of 6 to 20 ppm (dry weight). On the other hand, when more than 20 ppm 

of lead was detected, the cause was most probably the ingestion of lead bullets and 

weight for fishing (Pain et al., 1995). 

In Canada, lead bullets were partially regulated from 1991 and have been prohibited 

in waterfowl hunting all over Canada since 1999. In Canada, to determine lead 

pollution level in waterfowls, not blood and liver lead concentrations but bone lead 

concentrations are measured because lead is accumulated in the bone (Scheuhammer & 

Norris, 1995). Lead concentrations in the feather bone of young duck of less than 2 

ppm are defined as non-pollution, and when more than 20% of the population have the 

bone lead concentratrions of more than 10 ppm, it is defined as high-pollution. 

In the U.S., lead bullets were regulated in waterfowl hunting from the hunting 

season in 1991/1992. More than 100 waterfowls are monitored, and when more than 

5% of the population are with more than 2 ppm of liver lead concentration, or when 

more than 5% of population are with more than 0.2 ppm of blood lead concentration, it 
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is determined to be “polluted” (Eiser, 2000). 

Guitart et al. (1994) investigated lead poisoning pollution in waterfowls in natural 

parks in Spain. In a analysis of sediments available for waterfowls, 60,149 to 544,748 

particle/ha of lead were detected at several points. In 50 ducks captured, lead bullets 

were found in 25% of the individuals. Ducks were classified into two groups, i.e., 

individuals with and without lead bullets, and the NOEC was estimated. As a result, 

the NOECs was 1.5 ppm in the liver and 3.0 ppm in the kidney. 

  

6.4 Lead pollution level in wild birds in Japan 

Lead levels in wild birds in Japan are summarized below focusing on the typical 

lead poisoning cases. In the U.S. and Europe where hunting is popular, lead poisoning 

of wild birds have been widely recognized since around 1970 with many cases of 

poisoning. In Japan, the poisoning cases have been increasingly reported since the late 

1980s. 

Honda et al. (1990) determined the levels of lead and other metals in 25 swans 

captured in Hokkaido and Tohoku districts. The finding determined that of 25 birds, 7 

were lead poisoning, 10 died from trauma, and 8 died of unknown reason. In the birds 

diagnosed with lead poisoning, swollen gall bladder, green diarrhea and green liver and 

gizzard were observed. In the gizzard of those with lead poisoning, 0 to 20 particles of 

lead were found and the mean was 4.3 particles. In the lead-poisoned group of 

Whooper swans, the mean lead concentration (wet weight) was 27.1 ppm in the liver 

and 56.5 ppm in the kidney, while in the group without no toxic symptom, the mean 

lead concentration was 0.53 ppm in the liver and 0.44 ppm in the kidney. Similarly in 

the lead-poisoned group of Bewick's swans, the mean lead concentration was 19.2 ppm 

in the liver and 30.1 ppm in the kidney, while in the group without no toxic symptom, 

0.43 ppm and 0.47 ppm, respectively. 

In 1989, in Miyajimanuma of Bibai in Hokkaido, many Whooper swans died one 

after another. Jin et al. (1989) determined lead in organs and blood of dead Whooper 

swans and assumed that the cause of death was lead poisoning. In radiograph of 

debilitated birds, lead bullets were confirmed mainly in the gizzard, and therefore, it 

was assumed that birds inadvertently ingested lead bullets used in hunting and died of 

poisoning. The lead concentration in one sample of kidney was 16.7 ppm. It is known 
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that lead concentrations in the kidney of apparently healthy pheasants ranged 0.11 to 

0.27 ppm. The lead concentration of Whooper swan diagnosed with lead poisoning 

was approximately 100-fold higher. The lead concentrations in the livers of 14 swans 

diagnosed with lead poisoning ranged 5.5 to 44.3 ppm. Jin et al. (1990) determined 

lead concentrations of organs and blood in swans that arrived from the mid April to late 

May in 1990, and of approximately 100 white-fronted geese that died or weakened and 

protected. As a result, the mean blood lead concentration (wet weight) of swans when 

captured for protection was 4.8 ppm, and the mean organ lead concentrations of dead 

swans were 23.6 ppm in the liver and 25.1 ppm in the kidney. The mean blood lead 

concentration of white-fronted geese when captured for protection was 5.6 ppm, and 

the mean organ lead concentrations of dead white-fronted geese were 26.7 ppm in the 

liver and 41.2 ppm in the kidney. 

Kurosawa et al. (2000) assumed that lead poisoning in eagles was caused by other 

reason than lead bullets in waterfowls and investigated lead poisoning in eagles in 

Hokkaido as well as the past cases of death. Kurosawa et al. (2000) investigated 

Steller’s sea and white-tail eagles that were brought to Kushiro Zoo and other 

institutions from 1997 to 1999 and determined if lead poisoning was involved or not 

based on the findings including clinical findings, radiograph, autopsy, and liver lead 

concentrations. As a result, 48 of 52 eagles carried in those institutions were diagnosed 

with lead poisoning. In eagles diagnosed with lead poisoning, contamination with 

green feces, severe tabegication, hepatic atrophy, swollen gall bladder were observed. 

In the stomach of all eagles, the deer fur was found and lead pieces observed in 

radiograph were considered to be parts of lead rifle bullets. In the lead-poisoned eagles, 

the liver lead concentrations ranged from 3.6 to 89 ppm, showing a marked difference 

from concentrations in those without lead poisoning (0.01 to 0.11 ppm). Kurosawa et 

al. (2000) assumed that the expansion of the areas with lead poisoning of eagles in the 

eastern area in Hokkaido was caused by lead bullets for hunting Ezo deer. 

Jin (1995) introduced some results of a monitoring in ducks to investigate the lead 

pollution levels in waterfowls in Japan in early 1990s. From November to December 

1991, a survey was performed in 37 ducks (8 species) captured or shot in hunting fields 

in Kanto region and further north (Tsukigaumi in Hokkaido, Kasumigaura, Takahama, 

Haganuma and Tone River in Ibaraki Prefecture, Tataranuma in Gunma Prefecture). In 
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each stomach of 3 ducks captured in Tsukigaumi and Kasumigaura, one lead bullet was 

found in pathological examination. The liver lead concentrations ranged widely from 

0.08 to 6.4 ppm. In 19 of 37 birds, the liver lead concentrations were below 0.1 ppm, 

however, 4 highly-polluted birds at more than 2 ppm were confirmed. From 1994 to 

March 1995, lead levels were analyzed in the blood, liver and kidney of 159 ducks (4 

species) captured mainly in Eastern Japan, and the liver and kidney of 36 ducks 

captured in Hokkaido. As a result, the liver lead concentrations ranged from below the 

quantitation limit (0.01 ppm) to 8.3 ppm, the blood lead concentrations were from 

0.006 to 1.23 ppm and the kidney lead concentrations ranged from below the 

quantitation limit to 32.9 ppm. Of the liver lead concentrations, 61.5% was below 0.1 

ppm, and 85.1% was below 0.2 ppm, while 3.1% was above 0.5 ppm. Means ± 

standard deviations of lead concentrations in pin-tails ducks captured in duck hunting 

area of Niihama in Chiba Prefecture were 0.053 ± 0.025 ppm (n=40) in the blood, 

0.051 ± 0.027 ppm (n=45) in the liver and 0.070 ± 0.049 ppm (n=45) in the kidney, 

which were not non-pollution level with strict criteria, however, were reported as the 

lead values in control ducks (Jin 1995). 

Jin (2000) determined the lead levels in organs and blood of eagles, Mandarin ducks, 

Japanese cranes, Blakiston’s fish owls, crows and cormorants. In the eagles, isotope 

ratio of the lead in the body corresponded to that of the lead rifle bullets, and therefore, 

the Ezo deer hunting was scientifically proved to be the cause of the deaths in eagles. 

In Hokkaido, hunters were directed to replace lead bullets with substitutes in 1998, 

however, no improvement was observed in the liver lead concentrations of waterfowls. 

 

6.5 Risks of lead poisoning to wild birds 

Cases of lead poisoning in wild birds are still reported in Japan (e.g., Mizoguchi & 

Oshima 2003). As evidenced by the past case reports in Japan and overseas, in the 

areas where large amounts of lead bullets are released into the environment, relatively 

increased cases of dead and weaken birds diagnosed with lead poisoning have been 

reported. Lead pollution levels of the entire wild birds vary widely and there are 

several orders of differences between the liver lead concentrations in the individual 

diagnosed with lead poisoning and those in the individual without lead poisoning. It is 

difficult to accurately assess how many wild birds all over Japan are exposed to lead at 
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the level with concern of lead poisoning. Jin (2000) reported that based on the results 

of investigation in FY 1991 and FY 1994, 3.2% exceeded the pollution level (2 ppm) 

proposed by Pain (1992). It was reported that several tens of thousands of ducks that 

inhabit or migrate to Japan were classified into the category of “contaminated 

individual” (Jin, 2000). 

Lead poisoning of wild birds caused by lead bullets and weights for fishing is one of 

serious and non-negligible ecological risks of chemicals. For example, in Hokkaido, 

lead poisoning threatened the survival of endangered species of eagles to increase 

concerns on the adverse effects on maintaining the populations. Ueta & Masterov 

(2000) predicted a trend in the population of Steller’s sea eagles that migrate to 

Hokkaido using an individual-based simulation model. As a result, the population of 

Steller’s sea eagle was gradually decreasing and the most effective factor was the 

survival rate of the adults. Ueta & Masterov concluded that the main cause of the 

decrease in the eagle population was lead poisoning which greatly influenced the 

survival of the adults.   

Clay ranges are specific sites where large amounts of lead are locally released. In the 

ranges where lead bullets used are not collected, large amounts of lead bullet fragments 

are accumulated on the ground. If bullets fall in the aquatic environment, the 

possibility cannot be ruled out that waterfowls take up the lead that accumulated in 

sediments, which may result in lead poisoning. 

 

6.6 Risk reduction measures against lead poisoning to wild birds 

Considering the case reports of lead poisoning of wild birds and the increasing 

public concern on this problem, the government has been taking various actions for 

protection of wild birds. In 2000, ME released to the local governments the notification 

“Guidelines for selecting areas for lead bullet regulation”, which specified the criteria 

for selecting water areas where lead bullets are to be prohibited by local governments. 

This notification requested the local governments to select at least one water area and 

prohibit use of lead bullets in that area from hunting season in FY 2000. 

To protect domestic wildlife and balance their populations, “Law Concerning 

Wildlife Protection and Appropriation of Hunting (Wildlife Protection Law)”was 

enacted in 2002. The Article 15 of the law specifies “the Minister of the Environment 
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or the prefecture governors, if particularly needed, define the hunting methods with the 

potential serious effects on the protection of each wildlife (“specified hunting method”), 

and can specify the area where wildlife hunting by the specified hunting method is 

prohibited as “specified hunting method prohibited area”. Pursuant this regulation, the 

areas were specified all over the country where the use of lead bullets was prohibited. 

Of prefectures, Hokkaido took rapid actions with concerns on the increased lead 

poisoning of eagles (Hokkaido, 2006). Hokkaido government encouraged the hunters 

to use rifle bullets of lower toxicity instead of lead rifle bullets for Ezo deer hunting in 

the hunting season of FY 1999, and the members of the Hokkaido Ryoyukai (hunter 

association) voluntarily restricted the use of lead rifle bullets. As a result, the number 

of eagles with lead poisoning confirmed was 14 in the migration period in FY 1999, 

which was approximately the half of that in the migration period in FY 1998. To fully 

prevent lead poisoning in eagles, the use of lead rifle bullets for Ezo deer hunting was 

prohibited from November 1, 2000 and subsequently, lead shotgun shells were also 

prohibited in Ezo deer hunting from November 1, 2001. Further, to eradicate lead 

poisoning death in eagles, in Hokkaido, the use of lead rifle bullets and shotgun shells 

for large wildlife hunting was prohibited in 2004 not only in Ezo deer hunting but in all 

animal hunting. The percentage of lead poisoning death to total death in eagles around 

the enforcement of this measure was more than 50% from FY 1997 to 2001, however, 

was decreased to 47.4% in FY 2002, 40.0% in FY 2003 and 21.4% in FY 2004. These 

data suggest that prohibition of lead bullets contributed to the reduction of lead 

poisoning in eagles. 

Many kinds of substitutes for lead bullets and weights for fishing are produced and 

available in the market. The substitution of lead products is expected to be further 

promoted. Consequently, the risks of lead poisoning in wild birds caused by lead 

bullets and weights for fishing are expected to be reduced in future. 
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7. Summary 

In this chapter, thorough and quantitive assessments of lead risks to aquatic 

organisms are presented. The assessment endpoint is “population sustainability for 

aquatic organisms”. The measures of effect are the effects on individual level (survival, 

reproduction and growth) and the growth rate of fish populations (r’). The SSD for 

lead is generated on the basis of NOECs for individual-level effects in 20 species. In 

generating SSD, toxicity data are converted into the toxicity values at 50 mg/L of water 

hardness and applied to the lognormal distribution. From the distribution (geometric 

mean = 92.11 g/L, geometric standard deviation =5.50), the level protecting 95% of 

species (SV) is determined to be 5.6 g/L. In the screening assessment, the monitoring 

sites where the detected concentrations exceed SV and those with quantitative 

reporitng of the detected concentrations are selected. The number of selected 

monitoring sites are 140 (2.8%) in FY 1999, 132 (2.8%) in FY 2000, and 155 (3.3%) in 

FY 2001, respectively. Monitoring sites where detected concentrations do not exceed 

SV are judged to be the sites with low possibility that lead at a currently detected 

concentration has adverse effects on organisms living in the area around and there is at 

present no needs for further investigation. The detected concentrations below the 

quantitation limit are statistically processed and all data are converted into interval data, 

and applied to log-normal distribution. The percentage of the detected concentrations 

exceeding SV is estimated from the annual lead concentration distribution using the the 

data of maximum concentration detected, which indicate 0.4%, 0.4% and 0.1% in FY 

1999, FY 2000 and FY 2001, respectively. 

Observed concentrations at the monitoring sites where the maximum concentration 

detected are higher than SV are compared with the population-level threshold value of 

fish (level at r’ =0, PBV). There are 2 monitoring sites where observed concentrations 

exceed PBVre (=68 g/L). Detected concentrations at other monitoring sites are lower 

than PBVre. There is no monitoring sites where the mean concentration exceeds PBVre. 

Based on these results, the possibility is considered to be extremely low that lead has 

an adverse effect at population-level of fish species in most public waters in Japan. 

Considering the lead forms in the aquatic environment, the level of dissolved lead 

that mainly contributes to the manifestation of toxicity is expected to be lower than the 

reported concentrations (80% lower or less in specific conditions). To be specific, the 
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current lead levels detected in public water areas are assumed to be overestimating the 

lead exposure related to adverse effects from the aspect of bioavailability. Therefore, 

when exposure levels are presented as dissolved lead levels, the number of monitoring 

points where lead levels exceed SV would be further reduced than the results of this 

screening assessment. 

For the monitoring sites where population-level risks are suggested in this 

assessment, there is need for further investigations, which may include continuous 

monitoring of lead levels, measurements of particulate/adsorbed lead and capacity of 

complex formation (e.g., pH, hardness, DOC, and SS) in a targeted water area, field 

studies of inhabitation status and, population of organisms living in a target area, a 

long-term toxicity study using sensitive species living in a target area. These 

investigations, however, require much more time, costs and efforts, and therefore, it is 

necessary first to determine the needs of management and measures to control 

ecological risks of lead in the subjected area with full considerations on the use of the 

area use and its characteristics such as; whether the area is commercially important 

such as for fishery; whether ecologically important species lives in the area; or whether 

controllable sources of lead pollution exist. 

Multiple effects of other heavy metals coexisting with lead should be considered. At 

many of the sites where high levels of lead is detected, other heavy metals such as 

cadmium and zinc are often detected at high levels. It is one of the most critial 

challenge in the future to develop methods and methodology to assess risks of 

combined exposures of multiple substances. 

At present, almost all monitoring data of lead are analytical values measuring total 

lead. In order to estimate more reliable exposure levels contributing to lead toxicity, in 

lead monitoring, it is desirable to decrease the limit of quantitation to analyze both 

dissolved and total lead by increasing sample enrichment, or by other means. In 

measurement of dissolved lead at background level, issues such as contamination exist, 

and it is necessary to improve techniques for sample clean-up. 

The measures preventing wild birds from lead poisoning have been implemented 

only recently in Japan. As shown in the example of eagles in Hokkaido, voluntary and 

regulatory prohibitions of lead bullet use have certain effects on prevention of lead 

poisoning in eagles. Lead poisoning of wild birds is often limited in specific local areas, 
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and therefore, if use of lead bullets and weights for fishing is restricted in a target area, 

wild birds have less chances to ingest lead particles, which is expected to lead to 

reduced risks of lead poisoning. 

Based on the information from Yasuo Fujii of the Japan Mining Industry Association 

(see Chapter XI Comments of external reviewers), it is estimated that the domestic use 

of lead pellets amounts 80,000,000 pieces per year and the domestic production of lead 

pellets, approximately 24,000,000 pieces (lead weight: approximately 600 tons). The 

Japan Fishing Tackle Manufacturers Association estimated the amount of weights for 

fishing from the sales in 1993 and it was considered that approximately 2,000 tons of 

lead was used. With a simple comparison, the amounts of use for lead bullets and 

weights for fishing are expected to be several orders greater than the amounts of lead 

release into soils and water reported in the PRTR data. It is necessary to determine in 

the PRTR system whether the release of lead bullets and weights for fishing into the 

environment should be included in the subjects for release estimation. 

In the U.S. and Canada, the use of lead bullets for waterfowl hunting is prohibited. 

Considering international harmonization on measures to control lead poisoning of wild 

birds, it is suggested to start discussions in Japan on implmentaiton of total ban of lead 

bullets. 

To understand the extent of lead pollution in wild birds, monitoring of an extensive 

scale covering the general environment to high-level points is required. To determine 

the changes in the levels of lead pollution, continuous monitoring is also needed. 

Further, the issues for future reseraches include; assessment of current conditions of 

lead pollution in a site where large amounts of lead bullets are used such as clay ranges 

and nearby; risk assessment of these sites; and risk assessment of substitutes for lead. 

Various bacteria and organisms inhabit in soils. It is not known what adverse effects 

are caused on soil ecosystem by increases in heavy metals and organics in soils. In 

some foreign countries, the environmental criteria are established to protect soil 

organisms (Janus, 2001). For improving risk assessment of hazardous substances 

including lead to the soil ecosystem, more researches are needed to define assessment 

endpoints and to establish methodologies. 
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CHAPTER X 

 

 

 

SUMMARY 

 

 

 

1. Introduction 

This Chapter provides a summary of the major conclusions from the human health 

and ecological risk assessments conducted by CRM as well as the issues for future 

research and investigations. 

 

2. Human health risk assessment 

2.1 Exposure assessment 

・ Distributions of lead inhalation and oral exposures are estimated in general 

populations of adults and children (0 to 6 years). The 50-percentile values of the 

inhalation exposures in children and adults are 0.012 and 0.0076 g/kg/day, and the 

50-percentile values of oral exposures, 1.6 and 0.63 g/kg/day, respectively. Oral 

route is considered the main pathway of lead intake as the exposures are about two 

orders higher compared to the inhalation exposures. 

・ Further, food is considered the key medium of lead exposure based on the 

estimation of the contribution rates of intakes from soil/dust, food and drinking 

water to oral exposures, which indicates that the contribution rates of intake from 

food are 80% or higher both in adults and children. 

 

2.2 Hazard assessment 

・ Based on the review of the existing information on adverse effects of lead, it is 

determined that the blood lead levels of 10 to 20 g/dL are the minimum level 

inducing adverse effects of lead in humans, and especially the effects on the central 

nervous system in children are the adverse effects observed in the minimum lead 



X. Summary 

 

316 

level. 

・ For the effects of lead on the central nervous system, it is not possible to conclude 

whether the threshold exists or not. However, the blood lead levels not exceeding 

10 g/dL is considered critical, since no adverse effect has been observed in 

children with the blood lead level less than 10 g/dL. The effects on the central 

nervous system in children are selected as the endpoint for human health risk 

assessment with the reference value of 10 g/dL of blood lead level. 

 

2.3 Risk assessment 

・ Using the distribution of blood lead levels obtained based on the data of the blood 

lead monitoring of the children from 0 to 15 years old in Shizuoka, the 

probabilities that blood lead levels exceed 10 g/dL, the concern level for lead 

toxicity, are calculated. The probabilities are estimated below 0.01% in all age 

groups except 0-year-old children. It is concluded that the risks in the population 

subjected to the monitoring are sufficiently low and not at a level of concern that 

warrants measures of risk reduction based on the criterion that the exceed 

probability of 1% to 5% is the allowable risk by the minimum exposure. 

・ Alternatively, blood lead levels of the children with average exposures estimated 

with the IEUBK model are slightly higher than those based on the biomonitoring 

data in Shizuoka. The exceeding probabilities, however, are below 0.1% in all age 

groups. It is concluded that risks are not at the level requiring any risk reduction 

measures. Further, assuming areas with high lead concentrations in air, soil/dust 

and drinking water, risks to children living in such areas are estimated with IEUBK 

model. The exceeding probability of the children with high lead concentrations in 

tap water is 1% to 2%, slightly higher than those for the children with average 

exposures. It is concluded, however, that no immediate action is warranted to 

reduce risks of the children living in the areas with high concentrations of lead in 

drinking water, since the probability do not markedly exceed the standard 

probability of 1% to 5%. 

・ Two measures to reduce environmental lead levels, use of alternative lead-free 

solder and replacement of lead water supply pipes are evaluated to estimate their 

effectiveness in human health risk reduction. It is estimated that neither of them has 
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any great effect in reducing human health risks for general population. This is 

mainly because the lead risks to human health are at present sufficiently low and 

reducible risks are limited. From the viewpoint of reducing human health risks, it is 

not required to urgently promote the replacement with lead-free solder. For 

replacement of lead water pipes, it is considered sufficient to continue replacement 

of water supply pipes currently in progress by local governments with medium- or 

long-term perspectives. 

 

2.4 Future challenges 

・ The lead releases into the environment are estimated using PRTR data and results 

of material flow analysis by CRM. Some issues, however, remain in the accuracy 

of estimation. For example, the amounts of releases from business institutions 

below notification threshold and their release factors differ widely among years in 

the PRTR data. The validity of release factors used for estimation, however, is not 

evaluated in this assessment. In material flow analysis, the validity of estimated 

results is evaluated with sensitivity analysis, however, not all of possible lead 

releases are considered. For example, a large amount of lead bullets and fishing 

weights are currently used and the possibility is suggested that non-negligible 

amounts of there products have been released into the environment. However, due 

to very limited information, it is not possible to estimate their releases into the 

environment, which. is one of the future challenges. 

・ For assessments of exposures and risks, it is considered that reliable estimations are 

obtained based on the monitoring data for lead in the environment and actual blood 

lead levels. It is, however, not possible to quantitatively assess contributions of lead 

from each release source to lead exposures in general human populations. For 

example, in the exposure assessment in Chapter VI, the predominant exposure 

pathway of lead in general populations is assumed to be intakes from food, 

however, it is not possible to clarify and determine sources of lead in food. To the 

lead levels in food, in addition to human-derived lead, naturally-occurring lead is 

assumed to have considerable contributions. No method to quantify their 

contributions has yet been developed. Investigation on the mechanisms how lead 

transfers into food from sources through environmental media is also one of the 
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challenges for future investigation. 

 

3 Ecological risk assessment 

3.1 Risk assessment for aquatic organisms 

・ With the population sustainability for aquatic organisms as the endpoint, screening 

assessment and fish population-level assessment are conducted in two stages. 

・ In screening assessment, the SSD of lead is generated on the basis of NOECs for 

individual-level effects (survival, reproduction and growth) in 20 species of aquatic 

organisms. From this distribution, the level protecting 95% of species (HC5) is 

defined as screening value (SV=5.6 g/L). Among the lead monitoring sites, the 

number of sites where detected concentrations exceed SV and the maximum 

concentrations detected are not below detection limit but reported quantitatively are 

140 (approx. 2.8%) in FY 1999, 132 (approx. 2.8%) in FY 2000, and 155 (approx. 

3.3%) in FY 2001, respectively. 

・ The maximum concentrations detected at the monitoring sites exceeding SV are 

compared with the concentrations at which the growth rates (r’) in the populations 

of 3 fish species (mountain trout, big-scaled redfin and barbell) are zero (PBVi). 

There are 2 monitoring points where actual concentrations exceed PBVre (=67.5 

g/L) of big-scaled redfin, the subject species with the highest sensitivity. There is, 

however, no monitoring point where the mean concentration exceeds PBVre. Based 

on these results, the possibility is considered extremely low that lead has any 

adverse effect at population-level of fish species in most public waters in Japan. 

・ Considering the forms of lead existing in the aquatic environment, the level of lead 

in dissolved form that mainly contributes to manifestation of adverse effects is 

expected to be lower than the reported concentrations (80% lower or less in 

specific conditions). 

・ It is found that many monitoring sites with high lead concentration are located near 

the abandoned mines, which are assumed to be the main lead emission sources. At 

monitoring sites with high concentrations of lead derived from the abandoned 

mines, heavy metals other than lead (cadmium and zinc) are often detected at high 

levels, and therefore, it is considered difficult to specifically identify the substances 

contributing to ecological risks. 
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3.2 Risks of lead poisoning in wild birds 

・ It is known that lead poisoning of wild birds is caused by direct or indirect 

ingestion of lead bullets and weights for fishing and many cases of such poisoning 

are still reported in various areas in Japan. The measures preventing wild birds 

from lead poisoning have been implemented only recently in Japan. As shown in 

the example of preventing lead poisoning in the eagles in Hokkaido, the voluntary 

and regulatory prohibition of lead bullet use is effective to some extent. Lead 

poisoning of wild birds is often limited in specific local areas, and therefore, if use 

of lead bullets and weights for fishing is restricted in a target area, lead poisoning 

risks in wild birds are expected to be reduced eventually. 

 

3.3 Future challenges 

・ For the monitoring sites with high levels of lead where population-level risks are 

suggested, there is need for further investigations, which may include continuous 

monitoring of lead levels, identification of coexisting hazardous substances, forms 

of lead in the environment, field studies of inhabitation status and population of 

organisms living in a target area, a long-term toxicity study using sensitive species 

living in a target area. 

・ As a technical issue, in order to estimate more reliable exposure levels contributing 

to lead toxicity, in lead monitoring, it is desirable to decrease the limit of 

quantitation to realize analyses of both dissolved and total lead by increasing 

sample enrichment, or by other means. 

・ In clay shooting ranges, where lead bullets are used, large amounts of lead may be 

released locally into the environment. It is considered one of the subjects of future 

investigations to understand the pollution levels around these facilities. 
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CHAPTER XI 

 

 

 

EXTERNAL REVIEW OF THE DRAFT RISK 

ASSESSMENT AND THE RESPONSES BY AUTHORS 

 

 

 

Prior to publication, the draft risk assessment was reviewed by the researchers with 

different expertise outside of the Research Center for Chemical Risk Management 

(CRM), the National Institute of Advanced Industrial Science and Technology (the 

external reviewers). In this chapter, all the comments obtained from the external 

reviewers and the responses of the authors to these comments are summarized. 

The draft risk assessment was reviewed by the eight external reviewers as follows: 

(In order of the receipt of their comments) 

 

Masatoshi Matsuo Professor, Faculty of Pharmaceutical Sciences, Setsunan 

University 

 

Kunitoshi Mitsumori Professor, Institute of Symbiotic Science and Technology, 

Tokyo University of Agriculture and Technology 

 

Katsumi Imaida Professor, Faculty of Medicine, Kawaga University 

 

Masahiro Sakata Professor, Institute for Environmental Sciences, 

University of Shizuoka 

 

Yasuo Fujii Assistant Director, Environmental Safety Department, 

the Japan Mining Industry Association 
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Tadayoshi Shigeoka Professor, Graduate School of Environment and 

Information Sciences, Yokohama National University 

 

Momoko Chiba Professor, School of Pharmacy, International University 

of Health and Welfare, Visiting Professor, School of 

Medicine, Juntendo University 

 

Shinichi Sakai Professor, Environment Preservation Center, Kyoto 

University 

 

Professors Matsuo, Mitsumori and Imaida were asked to review Chapter VII 

(Human health hazard assessment) only, and the rest of reviewers the whole draft risk 

assessment. 

Page and line numbers in the comments presented in this chapter are those of the 

draft risk assessment and different from the page and line numbers of the final version 

published. 
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1. Comments of Prof. Masatoshi Matsuo 

and the responses by the authors 

 

January 24, 2006 

 

1. Relevance of the standards (e.g., NOAEL) to assess human health risks 

It is appropriate that the standard selected for non-cancer endpoint is the internal 

exposure dose (blood level: 10 g/dL) that shows no effect on the central nervous 

system (IQ reduction in children; P.44, L.5; 21), which is the most sensitive effect. To 

estimate actual risks, however, the external exposure dose corresponding to this value 

is indispensable, which is not presented in the draft risk assessment (see 4. Relevance 

for selection of hazard data supporting the rationale) 

Regarding the carcinogenicity in humans, it is concluded that the renal tumors 

observed in rats (P.10, L.14) are not relevant to humans based on the epidemiological 

data (P.43, L.14-17; P.44, L.8). This judgment is appropriate. 

 

[Authors’ response] The relationship between external and internal (blood lead 

level) exposure doses is not explained in Chapter VII, however, in Chapter VIII, 

internal exposure dose is related with external dose using IEUBK model, one of the 

PRBK models described in Chapter VII. In addition, risk assessment is performed 

on the basis of detected values of internal exposure dose (blood lead level) in 

Chapter VIII. 

 

2. Relevance of rationale for selecting the above standards (e.g., NOAEL) 

Reviewing many data of the epidemiological and experiment animal studies, the 

adverse effects on blood, nervous and kidney, reproductive (developmental) toxicity 

and carcinogenicity and their mechanism, are analyzed to select the above standard and 

to conclude that lead is not carcinogenic to humans. 

The procedures to obtaine these conclusions are considered relevant. 

 

3. Relevance of the interpretation of the mechanisms of toxicity supporting the 

above rationale 
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Although some mechanisms have not been fully elucidated, the interpretation mostly 

is relevant. 

Is it possible to apply “cell proliferation”, the mechanism of renal tumor 

development in rats to explaine that lead is not carcinogenic in humans (species 

difference) (P.43, L.14-)? 

 

[Authors’ response] As summarized in Section 5.3, it is considered that lead has 

low genotoxicity and has no or little initiation action. Lead has mitotic property and 

activates cell proliferation, and has the possibility of promotion effect. Therefore, it 

is difficult to completely rule out the possibility of carcinogenicity in humans based 

on the mechanism of renal tumor development in rats. 

 

4. Relevance for selection of hazard data supporting the above rationale 

The selection of hazard data is relevant. The use of the large amount of 

epidemiological data is effective. Biokinetic data (P.30, L.5-) and pharmacokinetic 

models (P.35, Table VII-20), however, are not used effectively. For example, in the 

biokinetic data on absorption, distribution and excretion, the measured values of 

absorption rate in humans by exposure routes and ages (P30, L.5-), and body burdens, 

accumulation in equilibrium and excretion half-life (P.33, L.4-) are available. Based on 

these data, tolerable daily intake (TDI) can be estimated (see 6. Other comments and 

reference). Regarding pharmacokinetic models, three models including O’Flaherty 

model (P.36, Figure VII-13) are described, which can be used not only to examine 

biokinetics and internal exposure dose but also to estimate external exposure dose 

corresponding to the internal exposure dose, the standard. 

It is recommended to estimate the standard of external exposure dose, which is an 

extremely important standard for risk assessment, based on the available human data 

using the above methods. 

 

[Authors’ response] As pointed out, Chapter VII presents only general explanation 

of PBPK models. In Chapter VIII, however, internal exposure doses are estimated 

from external exposure doses using PBPK model and what summarized in this 

chapter is effectively used in risk assessment. 
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5. Other comments 

P44, L.14-15: On what ground is it considered that lead has no “progression action” 

in carcinogenic process? 

 

[Authors’ response] All renal tumors observed in animal studies were benign not 

malignant, and therefore, it is concluded that lead has no progression action. The 

rationale of this conclusion is described in Section 5.3 of Chapter VII “Mechanism 

of nephrotoxicity and tumor”. 
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2. Comments of Prof. Kunitoshi Mitsumori 

and the responses by the authors 

 

February 3, 2006 

 

1. Relevance of the standards (e.g., NOAEL) to assess human health risks 

Summarizing the relationship between adverse effects of lead and blood lead levels, 

(1) blood lead levels of 10 to 20 g/dL is the minimum level showing adverse effects 

of lead in humans and especially the effects on the central nervous system of children 

are the adverse effects observed at the lowest lead levels, (2) no adverse effect has 

been observed in children at blood lead levels below 10 g/dL, and (3) lead is 

non-genotoxic, and in a carcinogenicity study in rats by Azar et al. (1973), no tumor 

was observed at doses below 100 ppm (blood lead level: 35.2 g/dL). Therefore, it is 

considered relevant that 10 g/dL, which is the No Observed Effect blood Level in 

children, the most sensitive population to lead is determined as the acceptable blood 

level. The summaries of and the explanation on the publications supporting that lead is 

non-genotoxic are too brief, and more thorough descriptions of genotoxicity studies 

should be included. 

 

[Authors’ response] The additional explanation of mutagenicity (genotoxicity) 

study is included in Section 5.3 of Chapter VII “Mechanism of nephrotoxicity and 

tumor”. 

 

2. Relevance of rationale for selecting the above standards (e.g., NOAEL) 

As described above, the acceptable level of lead in blood, 10 g/dL is estimated on 

the basis of effects on the central nervous system in children who are most sensitive to 

lead, and together with the conclusion that lead is considered to be a nongenotoxic 

carcinogen (though the citation of references supporting this conclusion is not 

sufficient), the rational is considered relevant to conclude that the threshold exists and 

10 g/dL of the acceptable level of lead in blood is determined. 
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3. Relevance of the interpretation of the mechanisms of toxicity supporting the 

above rationale  

(1) In “5.3 Mechanism of nephrotoxicity and tumor” starting from Page VII-42, 

“mutagenicity of lead is weak” is stated on Page VII-43, Line 1, and “has no initiation 

action” on Page VII-44, Line 15. It is necessary to add more specific information to 

support these evaluations. 

 

[Authors’ response] The additional explanation of mutagenicity (genotoxicity) 

studies is included in Section 5.3 of Chapter VII. 

 

(2) In experimental animal studies, renal cancer was induced with lead exposure of 

77.8 g/dL and above in rats. In human studies, damage of renal proximal tubules were 

observed similarly to rats, however, renal carcinogenicity was not confirmed in 

epidemiological studies reviewed by WHO/IARC and U.S.EPA. On the other hand, 

lead is described to be a nongenotixic carcinogen and in human exposure to lead at a 

level exceeding a certain threshold, the possibility to induce cancer in humans cannot 

be ruled out. Therefore, the expression that exposure to lead does not induce cancer in 

humans is inappropriate but should be revised; for example, the possibility to induce 

carcinogenicity in humans is extremely low from the viewpoint of safety margins. 

 

[Authors’ response] The expression is revised following this comments. 

 

4. Relevance for selection of hazard data supporting the above rationale 

(1) The results of an epidemiological study in “(6) Carcinogenicity” starting from 

Page VII-3 were used as rationale for no observation of renal cancer in humans, 

however, this study did not show the relationship between the findings and blood lead 

levels, therefore, is a weak evidence to deny carcinogenicity in humans. 

 

[Authors’ response] Considering the issue pointed out, it is thought that the 

possibility of carcinogenicity to humans cannot be ruled out and the expression is 

revised; “the possibility to induce carcinogenicity in humans is extremely low from 

the viewpoint of safety margins.” 
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(2) This assessment presents that lead is nongenotixic carcinogen because threshold 

was established in carcinogenicity studies in animals and lead has mitotic property, 

however, the possibility that lead is a gene-damaging substance or has initiation action 

cannot be concluded from this assessment with insufficient descriptions of 

genotoxicity data. 

 

[Authors’ response] The additional explanation of mutagenicity (genotoxicity) 

study is included in Section 5.3 of Chapter VII “Mechanism of nephrotoxicity and 

tumor”. 

 

5. Other comments 

On Page VII-3, Lines 1 to 7, “patients whose blood lead level was 61 g/dL or less 

rarely had renal dysfunction. Hyperuricemia, which is lead-induced flow disorder from 

the tubule, was observed in patients with blood lead level of 60 g/dL and higher.” and 

in the lower line, “In patients … whose blood lead level ranged from 40 to 140 g/dL, 

more than half of them had … a poor result of creatinine clearance…” are descirbed 

and it is vague whether the blood lead level to have an effect on renal function was 40 

or 60 g/mL. 

 

[Authors’ response] The pointed two descriptions are cited from Araki’s general 

review (1976) , which are derived from different two studies. It is not possible to 

judge only based on these descriptions whether the blood lead level having an effect 

on renal function was 40 or 60 g/mL. 
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3. Comments of Prof. Katsumi Imaida 

and the responses by the authors 

 

March 3, 2006 

 

1. Relevance of the standards (e.g., NOAEL) to assess human health risks 

No specific comment 

 

2. Relevance of rationale for selecting the above standards (e.g., NOAEL) 

Not applicable. 

 

3. Relevance of the interpretation of the mechanisms of toxicity supporting the 

above rationale  

Lead effects were classified into effects on the nervous and bone marrow system and 

others (inhibition of synthesis of active vitamin D, low birth weight and decreased 

gestation period) and fully explained, and thus, the interpretation on the mechanisms of 

toxicity is considered relevant. 

 

4. Relevance for selection of hazard data supporting the above rationale 

No specific comment 

 

5. Other comments 

On Page VII-7, Line 5 “chronic exposure”, Line 7 (chronic lead exposure), and in 

(3) Effects on the kidney “chronic exposure” or “chroic lead exposure” are described, 

however, it is inappropriate to express 12-week period as “chronic”. It is better to use 

“subchronic”, i.e., the expressions of “subchronic exposure” and “subchronic lead 

exposure” is appropriate. 

 

[Authors’ response] According to the reviewer’s comment, the expression “chronic 

exposure” is revised to “repeated exposure”. Along with this revision, “acute 

exposure” is revised ito “single exposure”. 
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On P.VII-10, L.14, “renal tumor develops”: It is more appropriate to describe 

“benign tumor develops in the kidney.” 

 

[Authors’ response] According to the reviewer’s comment, the expression is 

revised. 

 

On P.VII-11, L.4 of the description about tumor development in the kidney, it is 

better to definitely describe that only benign tumor “renal cell adenoma” developed but 

not malignant tumor such as renal cell carcinoma. It is acceptable to add the following 

phrase? “it was evidenced that lead compounds developed renal tumor, however, all of 

tumors were adenoma, benign tumor, but no malignant tumor developed, further, no 

evidence of lead-induced renal tumor was found in the population of patients with 

chronic nephropathy.” 

 

[Authors’ response] The phrase suggested by the reviewer is added to the text. 

 

On P.VII-43, L.10, “in lead-induced carcinoma development in experimental 

animals”: Actually no “carcinoma” indicating malignant tumor developed, therefore, 

the term “carcinoma” is inappropriate. It is better to revise as “in lead-induced tumor 

development in experimental animals”. 

 

[Authors’ response] According to the reviewer’s comment, the expression is 

revised. 
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4. Comments of Prof. Masahiro Sakata 

and the responses by the authors 

 

April 3, 2006 

 

Environmental problems caused by heavy metals seem to have been solved in Japan. 

However, the global concern about effects of heavy metals (mercury, lead, etc.) on 

health of highly sensitive fetus, infant and child is not solved and risk assessment is an 

important task. Needless to say, risk assessment reflecting to the current status is 

required also in Japan, and the risk assessment developed by CRM is very timely. With 

my own expertise, comments mainly on Chapters III and V are presented below. 

 

Chapter III 3.4 Estimation of the lead releases into the environment at the time of 

product disposal 

In estimation of lead release into air from incineration of wastes, lead-collecting 

rates of electrostatic precipitator and bag filters were established too low. As a result, 

the lead releases from incineration of wastes were overestimated. 

According to the study results of Takada et al., lead-collecting rates of emission gas 

cleaners in general waste incineration facilities were 99% and higher (Journal of 

Environmental Chemistry 13, 51-67, 2003). The Central Research Institute of Electric 

Power Industry (CRIEPI) reported that lead-collecting rates in coal-fired plants 

(emission gas cleaners: electrostatic precipitator + desulfurization equipment) were 

99% and higher (CRIEPI Report W02002, November 2002). It is considered that 

lead-collecting rates in general waste incineration facilities were at similar levels. The 

rationale is as follows:  

Sakata et al. estimated from the data of Tokyo Metropolitan Government that the 

dust release amount from all waste disposal plants in 23 wards in Tokyo was 

approximately 25 ton in 2001 (Journal of Environmental Chemistry 14, 555-565, 2004). 

Under the assumption that lead concentration in dust is 1 wt%, the lead release amount 

into the air was 0.25 ton. Total amounts of general wastes in Japan are approximately 

10 fold of that in Tokyo, therefore, the amount of lead release into the air is only 

approx. 2.5 ton. The environmental regulation of Tokyo is strict and it is expected that 
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lead-collecting rates in facilities with environmental measures might be higher than 

national average. Even with consideration to these factors, the estimated value in this 

assessment of 518 ton is an overestimation. 

 

[Authors’ response] Based on the data on lead-collecting rates of emission gas 

cleaners obtained from the reviewer, the lead release into the air is re-estimated with 

the parameters changed, and as a result, the estimation of 13 ton/year is obtained, 

which is similar to that by the reviewer. 

 

In this assessment, the lead releases from incineration of industrial wastes and steel 

plants (releases exempted from notification by PRTR) were not estimated.  

Amount of industrial wastes (mainly sludge, waste oil, waste acid, waste alkali, and 

waste plastics) being incinerated has been increasing, and the lead releases into the air 

with this trend are assumed to be considerably large. At present, almost no data about 

incineration of these wastes are published, and it is difficult to understand the current 

conditions. Fortunately, based on the heavy metal emission factor from industrial waste 

incineration facilities that was reported by Inoue et al. (the 12
th
 Meeting of the Japan 

Society of Waste Management Experts, 851-853, 2001) and the amounts of industrial 

wastes over the country (the above 5 items), lead release can be roughly estimated. 

On the other hand, in industrial areas and large cities and their outskirts, large 

amounts of lead dry deposition are detected. Considering particle size distribution of 

released particles, correlation of lead with other heavy metals and lead isotope ratio, 

the possibility is high that the detected lead is derived form iron and steel industry 

(especially small/medium-scale electric furnace for steel-making) (Atmos. Environ. 40, 

521-531, 2006). These lead releases can be roughly estimated based on the data of steel 

products, dust emission amounts, lead concentrations in dust. 

 

[Authors’ response] The introduced report by Inoue et al. (2001) estimated release 

factors from incineration facilities handling industrial wastes including sludge, 

waste acid and alkali, waste plastics and infectious wastes, and wastes containing 

lead (vinyl chloride pipe, lead pipe, mother board using lead solder) were not 

considered to be incinerated similarly, and thus, the suggested estimation of lead 
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releases based on this report is not conducted. In the text, however, it is mentioned 

that estimation of lead releases into the air from incinerated industrial wastes is 

necessary. 

Regarding lead releases from iron and steel industry, the amounts of releases 

notified from the business institutions in the business categories designated under 

the PRTR system and the amounts of releases exempted from notification are used. 

It is not possible to validate the acuracy of the data reported in the PRTR, ,however, 

it does not necessarily mean that no consideration is given in the assessment. 

 

Lead, which had been released into the air by combustion of large amounts of leaded 

gasoline and fell down on the ground and stored in soils, is expected to be released into 

water area with precipitation. In addition, from winter to spring, lead is transported 

from China to Japan. Such lead load by non-pointed sources is also very important, 

which, however, is not mentioned in this assessment. 

 

[Authors’ response] The authors recognize the sources which was pointed out by 

the reviewer, however, estimation of lead releases from these sources is not 

conducted in this assessment due to the extreme difficulties associated with the 

estimation. 

 

2. Chapter IV 

Page IV-6, Line 7: What is the reason of recently decreasing trend of lead 

concentrations in soil?  

 

[Authors’ response] It is judged difficult to explain Interannual changes in soil lead 

concentrations from monitoring results shown in Chapter IV, and the description “a 

decreasing trend” is deleted. 

 

Page IV-8, Line 17: Decreased lead concentrations in sediments after 1970 depends 

on not only decreased lead concentrations in air but also reduced lead load into Tokyo 

Bay from waste water and river water. 
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[Authors’ response] According to the reviewer’s comment, the possibility is added 

to the text that decreased lead concentrations in sediments pointed out by 

Matsumoto (1986, 1991) depends on not only decreased lead concentrations in air 

but also reduced lead load from waste water and river water. 

 

Chapter V 

2.1 Behaviors in the air, 3.1 Parameters for estimation with AIST-ADMER: Study 

results of dry and wet lead deposition amounts in 10 monitoring sites in Japan by 

Sakata et al. and measurement results of dry lead deposition rate and washing ratio in 

Komae, Tokyo will be helpful. 

The references are as follows:  

・ Environ. Sci. Technol. 38, 2190-2197, 2004 

・ Journal of Environmental Chemistry 14, 555-565, 2004 

・ Atmos. Environ. 40, 521-531, 2006 

 

[Authors’ response] Values of dry lead deposition rate and washing ratio are cited 

in the text from the references the reviewer introduced. 

 

2.3 Uptake into plants: It is known that lead is concentrated at high levels by plants 

nearby a lead-zinc smelter. At present, lead phytoremediation study is in progress, and 

it has been reported that some species of plants (sarrazin, etc.) concentrates lead at 

extremely high levels. Therefore, it cannot be said “generally, lead is not 

bioconcentrated by any plants regardless soil lead level.” 

 

[Authors’ response] The sentence “generally, lead is not bioconcentrated by any 

plants regardless soil lead level” is deleted. 

 

3. Estimation of air lead concentrations and deposit from lead in the air in extensive 

areas in Japan: This assessment considered the amounts of lead release only in Japan, 

however, actually, transported lead from China contributes to lead concentrations and 

deposit from lead in the air. According to study results of dry and wet lead deposition 

amounts in 10 monitoring sites in Japan (Atmos. Environ. 40, 521-531, 2006) by 
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Sakata et al., deposition amounts (dry and wet) at monitoring sites along the Sea of 

Japan were higher than those in other industrial areas and large cities. In addition, these 

study results should be used as the data for model verification. 

 

[Authors’ response] The estimation of lead concentrations and deposit from lead in 

the air in extensive areas in Japan using AIST-ADMER model, which still has many 

issues to be examined in its estimation procedures and acuracy, is deleted from the 

final version of this assessment. 

 

Table V.1: The set value of dry deposition rate is too small. Also, washing ratio 

should be specified whether ratio on a mass basis or volume basis. 

 

[Authors’ response] The values of dry deposition rate in the draft, which were 

incorrect, are revised. It is specified that the washing ratio is on a mass basis. 

 

Chapter VI 

Is it not required to assess exposure in fetus with extremely high sensitivity? 

Yoshinaga et al. indicated the possibility that lead that had been accumulated in 

maternal body (bone) when lead air pollution was significant was transferred to fetuses 

(Appl. Geochem. 13, 403, 1998). 

 

[Authors’ response] From the survey results of blood lead levels in children in 

Shizuoka that are described in Chapter VIII and based on the report by Kaji et al. 

(1997), it was confirmed that blood lead levels in newborns were lower than those 

in other children and increased month age-dependently from 0 to 1-year-old 

children. Therefore, it is considered that human blood lead levels are generally 

increased by exposure to lead in postnatal environment,and in this assessment, risks 

in fetus are not assessed. 

 

Chapter IX 

Page IX-53, Line 16: In analysis of dissolved lead at background level, many 

problems such as contamination are required to overcome and analytical results 
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without cleaning techniques are not reliable. This issue should be pointed out as a 

future task. 

 

[Authors’ response] The issue pointed out by the reviewer is mentioned in the final 

version as a future task. 
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5. Comments of Mr. Yasuo Fujii 

and the responses by the authors 

 

April 21, 2006 

 

Whenever lead effects on health are reported in various media such as newspapers, I 

wonder why lead alone comes to an issue. Lead is near-at-hand metal since early times 

and it has been well known that lead exposure affects human health. Many researchers 

studied lead toxicity and abundant data are available, and therefore, considering the 

current technology and environmental pollution conditions, lead exposure would not 

pose any threat. With no quantitative assessment available for public understanding, 

lead is demonized whenever local human exposure and release into the environment 

cases are reported. 

After the Ministerial Declaration on Risk Reduction for Lead published by the 

Organization for Economic Cooperation and Development (OECD) in Paris in 

February 1996, the environment for lead was worsened. In the meeting, prohibition, 

gradual reduction, and promotion of substitute use were proposed for certain uses of 

lead, and in response to this declaration, also in Japan, lead regulation and substitution 

and self-control plan were developed by industries. 

From July 2006, lead, although with some exceptional uses, is prohibited by EU’s 

“Restriction of the use of certain Hazardous Substances in electrical and electronic 

equipment (RoHS)” and the substitution and reduction have been promoted. 

Misunderstanding and prejudice to lead risks led to almost unqualified prohibition of 

lead use, which exceeds risk control, the principle of hazardous substance control. 

Having concerns to regulate lead uses without scientific risk assessment, the Lead 

Development Association (LDA), in EU started to develop lead risk assessment with 

the target completion by end 2004 however, the completion has been delayed. 

Lead prohibition and regulation bring replacement with other substitutes. Is the 

toxicity of substitute materials already tested? Is life cycle assessment (LCA) estimated 

when lead used is replaced with new materials? To compare risks and environmental 

effects of the substitutes, lead risk assessment is necessary. Multitude of regulations 

and standards associated with lead production and consumption were established and 
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enormous costs and efforts have been expended for implementation of these measures. 

In the situations where new regulations have been implemented before the existing 

measures are fully evaluated, this assessment has a very important role. 

 

Regarding the data related with lead material flow, in January 2002, the Non-ferrous 

Metal Supply and Demand Statistics was shifted from the designated to the approved, 

and their statistics have been simplified. Subsequently, obtaining the data by use in the 

statistics including the Yearbook of Iron and Steel, Non-ferrous metal, and Fabricated 

metals Statistics has became difficult. 

Production of lead-containing products are available from the Yearbook of Machinery 

Statistics, etc., however, no official data of lead contents are available other than 

industrial association, or case data of surveys by research institutes. General and 

industrial waste data focusing lead components are limited. It is very difficult 

conditions to understand lead material flow. 

 

Chapter III Identification of release sources and estimation of t releases into the 

environment 

2.1 Compiled data of releases and transfers notified: Page III-4; It is stated “Most of 

lead that was transferred as waste out of business institutions are considered finally to 

be released from general and industrial disposers.” However, in PRTR report, over 

50% (7,741 tons) of the lead transfers notified, i.e., transferred waste is from iron and 

steel manufacturing and assumed to be categorized into steel dust. Steel dust from 

electrical furnace is estimated to be 400,000 to 500,000 tons (electrical furnace steel  

1.5%) and the dust contains 20% to 25% of zinc and nearly 2% of lead. 

Approximately 70% of steel dust is carried into nonferrous smelters as industrial 

wastes and zinc is recycled in an intermediate treatment process and lead is also 

recycled in refining process. Therefore, all of lead that was transferred out of business 

institutions as wastes was not released into the environment from waste disposers. 

 

[Authors’ response] According to the reviewer’s comment, the description is 

revised. 
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3.2.3 Estimated amounts of stock and disposed: The amounts of stock of automobile 

lead battery, the main lead use was approximately 180,000 tons in 2005 (Figure III.4 

Estimated graph), however, from the number of automobiles (number of registered 

automobiles) in 2005, the amounts of stock can be estimated as follows. The number of 

registered automobiles (three or more wheeler) was 74,880,000 vehicles in March 

2005 (the Japan Automobile Manufacturers Association, Inc.) and the amounts of lead 

converted from used battery is 74,880,000 vehicles  7.8 kg/unit (Table III-10 Contents 

of lead in products), i.e., approximately 580,000 tons. Similarly, the number of 

registered two-wheeler was 13,175,000 vehicles and multiplied by 2 kg/unit of lead of 

two-wheeler battery, as a result, lead amounts is approximately 260,000 tons. 

Consequently, total amount of lead is estimated to be over 600,000 tons. 

 

Use period of lead battery: Mean use period of lead battery is estimated to be 

approximately 4 years: sales of lead battery (for automobile) 29,681,000 unit is 

subtracted by domestic sales of automobiles 5,852,000 vehicles and exported 

automobiles 5,063,000 vehicles, as a result, 18,776,000 unit is considered to be lead 

battery for repair and divided by the number of domestic registered 74,880,000 

vehicles. The estimated mean use period was 2.5 years in this assessment, which may 

be the reason that the estimated stock amounts were smaller.  

 

[Authors’ response] Mean use period of automobile battery has been reconsidered 

and revised to 5 years. As a result, the amount of stock of automobile battery in 

2005 is increased from approximately 180,000 tons to 440,000 tons. This value do 

not completely correspond to the reviewer’s estimation, however, for the domestic 

supplies after 2003, which are estimated by extrapolation, such a difference is 

considered to be within the range of error. 

 

3.3.1 Setting of disposal flow of each use category 

5) Inorganic chemicals (stabilizer for vinyl chloride): Lead is used as stabilizer for 

vinyl chloride, which is used mainly in pipes for water and sewer, wire coating 

material and building material. Its annual usage is over 1.5 million tons, 80% and more 

of which are used as durable goods and one million ton or more of disposal is 
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estimated annually. Approximately 35% of them are recycled according to the data of 

the Vinyl Environmental Council. In contrast, vinyl chloride is not used for plastic 

bottles and bags of household goods, the main use being industrial and the wastes are 

disposed of almost as industrial wastes. 

 

[Authors’ response] Regarding the disposal flow of stabilizer for vinyl chloride, 

parametersare revised based on the information provided by the reviewer. 

 

7) Lead pipe and sheet: scraps of lead pipes and sheets (water lead pipes, lead sheet 

scraps, scraps for sound insulators and shielding products) in a mass are generally 

brought into nonferrous metal scrap wholesalers and sorted out and then, carried on to 

primary or secondary smelters as lead raw material. Lead wheel weights for 

automobile are also recycled and categorized into the item of lead scraps and bullion in 

the Yearbook of Iron and Steel, Non-ferrous metal, and Fabricated metals Statistics. 

 

[Authors’ response] Regarding recycling of lead pipes and sheets, the reference 

data (the Resource Information Center, Metal Mining Agency of Japan 2001; the 

Japan Oil, Gas and Metals National Corporation 2005) described “they were 

difficult to segregate and no distribution system for recycled products was 

established.” Therefore, in this assessment, the recycling rate ias set as 0%. 

Although it was commented by the reviewer that some of lead pipes and sheets are 

recycled, recycling of lead in these products is not considered for the recycling rate 

is unknown. 

 

3.4.1 Estimation of lead release into the air 

Regarding lead in the air, local government’s monitoring results of lead 

concentrations in the air (Table IV.2) showed that the concentrations were dramatically 

decreased following the prohibition of leaded gasoline in 1975, and lead releases into 

the air were rapidly reduced by installation of bag filters in waste incinerators all over 

Japan as dioxin measures by the Law Concerning Special Measures against Dioxins in 

2000. The lead release into the air was 50.7 tons in PRTR data in 2003, however, the 

estimated value in this assessment was 518 tons. If the data of emission from waste 
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disposers are verified, the emission source may be identified.  

 

[Authors’ response] The amount of lead release by PRTR, 50.7 tons includes 

releases from manufacturers, and therefore, this value cannot be compared directly 

with the value of releases from landfills estimated by material flow analysis. The 

release into the air is re-estimated by material flow analysis based on the 

information obtained from another reviewer Prof. Sakata, and as a result, the 

amount of release into the air becomes one order smaller (13 t/year). 

 

4. Lead releases into the environment during product use 

Regarding lead bullets of the other use category, cases of lead poisoning of wild 

birds are often reported as lead environmental pollution. As described, wild birds have 

a habit of ingesting small stones in addition to feed to facilitate digestion in the gizzard. 

In such a habit, birds sometimes ingest lead bullets for hunting and fishing weights, 

which results in high-level exposure to lead accumulated in the gizzard. In this 

assessment, no risk estimation is made for lead poisoning in birds, for no information 

of national usage and release rates of lead bullets and fishing weights into the 

environment is available and it is difficult to conduct accurate estimation. Also, it is 

stated that this is considerd a local problem derived from specific human activities, 

although lead poisoning in wild birds is serious problem involved in ecological risks. 

For reference, the results of previous survey on lead bullet amount are provided. 

(Hearing from the Sporting Arms Ammunition Manufacturer’s Association Japan) 

The domestic usage of bullets is estimated to be 80,000,000 pieces and 

approximately 24,000,000 pieces (lead weight: approximately 600 tons) are domestic 

products. Approximately 90% of them are used for shooting and remaining 10% for 

hunting. 

The lead content is approximately 25 g/piece per cartridge and approximately 600 

tons per year.  
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Year Product [thousand] Lead [ton] Sales [thousand] Stock [thousand] 

2001 23,043 576 23,844 5,807 

2002 24,108 602 23,467 6,449 

2003 24,221 605 20,941 9,729 

Lead content: 25 g/piece converted   2004 Yearbook of Machinery Statistics 

 

Others are imported and account 70% to 80% of total amount. Lead consumption is 

estimated to be approximately 2,000 tons in total. In clay ranges, environmental 

pollution of lead in bullets has been focused and bullets collection is increasing in 

ranges all over the countries. Lead bullets are used in ranges, localized sites, therefore, 

lead collection can relieve environmental load. 

The Japan Fishing Tackle Manufacturers Association estimated the amount of 

weight for fishing from sales in 1993 and it was considered that approximately 2,000 

tons of lead was used. (Recycled lead is used.) 

 

Type Number [thousand] Percentage [%] Lead [ton] 

Long split shot (0.6 g/unit) 61,500 25.0 45,540 

Split shot (0.4 g/unit) 47,970 19.5 19,800 

Other (12.0 g/unit) 136,530 55.5 1,920,600 

Total 246,000 100 1,980,000 

 

Lead amount estimated from hearing of weight manufacturers is nearly 2,000 tons 

per year. 

 

[Authors’ response] In this assessment, release of lead bullets and fishing weight 

into the environment can not be assessed because reliable data of release conditions 

were not available, although relatively good amount of data in products and use 

conditions are available as stated in the comment by the reviewer. The use of these 

products, however, is considerable and important to understand lead release into the 

environment.,Estimation of their releases into the environment is to be an issue for 

future investigation. 



XI. External review of the draft risk assessment and the responses by authors 

 

343 

 

Chapter IV Concentrations in the environment, and in food and drinking water 

3.1 General soil 

The following description in this assessmetn is considered to be correc: in the 

Survey for Reference Value Reassessment conducted by ME, geometric mean soil lead 

concentrations were 13.2 g/g in 1999 and 45.0 g/g in 1985, 3-fold, which were not 

measured at the same measurement point, however, showed a decreasing tendency., On 

the other hand, in 2.2 Behaviors in soil of Chapter V Behaviors in the environment, it 

is mentioned that most of lead is retained strongly by soils and a small amount of lead 

is transported to the surface and underground water …and lead might not move in soil.  

The latter partially contradicts the former, and therefore, some explanation of 

preconditions in these interpretations is required. 

 

[Authors’ response] It is judged difficult to explain the interannual changes in soil 

lead concentrations from monitoring results shown in Chapter IV, and the 

description of “a decreasing tendency” is deleted. 

 

4. Public water 

From 2001, total amounts of release can be compared by PRTR data. Is it possible to 

assess effects of the current measures for reduction of lead in the environment (e.g. 

wastewater standard pursuant to Water Pollution Control Law: 0.1 mg/L) on public 

water or to investigate the relationship of these effects with lead risk reduction? The 

National Institute for Environmental Studies (2005) reported that lead was detected 

approximately in 10% of monitoring data and the percentage of monitoring points with 

values beyond 0.01 mg/L, the current water standard, was extremely small, 1% or less. 

Considering these results, should the current wastewater standard be reviewed? 

 

[Authors’ response] The current water quality standard of lead in public water (0.01 

mg/L) is established from the viewpoint of human health effects. From the 

viewpoint of ecological risks, this assessment judges that 0.01 mg/L of lead in 

bioavailable form (usually dissolved) has the possibility to have an individual-level 

effect on some species. However, (1) a large part of lead in water exists in the 



XI. External review of the draft risk assessment and the responses by authors 

 

344 

particulate adsorbed form that is not bioavailable for aquatic organisms, (2) the 

threshold for the probability of popoulation sustainability of the fish population 

relatively sensitive in aquatic organisms (0.067 mg/L) is definitely higher than 0.01 

mg/L. Based on (1) and (2), the current water quality standards are valid also from 

the viewpoint of preventing effects on population-level survival. It is difficult to 

assess the general relationship between the wastewater standards and environemntal 

risks because load contribution rates vary depending on area. At the current 

pollution level of lead in general environments, individual-level adverse effects on 

aquatic organisms are not concern level, and therefore, it is sufficient to maintain 

the wastewatr standard and there is no need to raise. 

 

Chapter VIII Human health risk assessment 

Using actual blood lead levels, and blood lead levels in the whole populaiton of 

children living in Japan that were estimated using human biokinetic model, risks to 

health of both general and highly-exposed children were assessed, and as a result, the 

concern to risk of blood lead level distribution was less than 0.01%, extremely low and 

it was judged not to be an action level for risk reduction. Also in “highly-exposed 

group”, it was considered that the probability was not an action level for risk reduction. 

The judgment of this assessment is discerning. 

Lead in nature always invades into human body through food, water and inhalation 

though small quantities, and humans cannot be free from the lead exposures. Therefore, 

lead risk management based on the understanding of exposure routes is inevitable. 

In human exposure, oral exposures were far larger than inhalation exposures, and 

contribution rates of lead intake from food were 82% of oral intake. Considering these 

results and food dependence on foreign countries, it is necessary to manage lead risks 

in imported food more than domestic environment. 

In addition, two measures for environmental lead reduction, “use of alternative 

lead-free solder” and “replacement of lead water supply pipes” were considered. 

Discussions on their effects in reducing risks were easy to understand, and the 

conclusion “Lead risks in the environment are at present sufficiently low and neither of 

them had great effect in reducing heath risk” is reasonable. 
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6. Comments of Prof. Tadayoshi Shigeoka 

and the responses by the authors 

 

April 29, 2006 

 

I reviewed mainly Chapter IX Eological risk assessment. Including this chapter, the 

entire document is well prepared ,and I have high regard for the CRM’s enormous 

efforts in development of this risk assessment. 

Lead, however, is a substance existing in nature and its risk assessment is 

considerably different from risk assessment of artificial synthesized organic chemicals. 

I dare say that I was confused with CRM’s attitude and approach in this assessment. 

Based on the viewpoint that risks should be assessed if species survival and 

biodiversity reduction in ecosystem in Japan are actually concerned, I reviewed this 

assessment.  My comments are as follows, which may include inappropriate 

comments due to my poor understanding. I hope that this assessment of ecological 

risks will be helpful to manage lead risks, especially of anthropogenic sources in 

Japan. 

 

1. Introduction 

1) The title of Chapter IX is “Ecological risk assessment”, however, the contents are 

limited almost to effect assessment of lead on aquatic organisms in public water areas. 

Risk assessment of aquatic organisms itself is very appropriate. In Chapter IV, lead in 

soils and sediments is mentioned with regards to risks to human health, however, is it 

not required to examine ecological risks of terrestrial and soil organisms, benthos, 

further marine organisms? If limited to (freshwater) aquatic organisms, it is better to 

provide more detialed explanation of the reason for the scope of the assessment. 

 

[Authors’ response] As pointed out by the reviewer, the target of ecological risk 

assessment can be not only for aquatic but also terrestrial and soil organisms. The 

reason why aquatic organisms are selected as the target of this risk assessment is 

added to the text of “1. Introduction”. The reasons why other organisms are not 

selected as target species are the difficulties in establishing target species and 
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endpoints, interpretation of results in effect studies in developing stage, and 

extremely little toxicity and exposure information compared with the information 

available for aquatic species. Risk assessment of species in other than aquatic 

environment or species other than aquatic speciesis mentioned in the text as the 

future task. Risks to benthos are assessed at screening level using the available data, 

and the results are included. 

 

2) Page IX-1, Line 22: It is stated “…organic lead is more toxic than inorganic lead 

(Eisler 2000).” If so, is it necessary to mention the toxicity of organic lead? It is 

reported that rainbow trout is sensitive to tetraethyl lead (acute toxicity: 4-60 g/L). 

Generally organic lead has the possibility of high bioaccumulation. 

 

[Authors’ response] In “4. Hazard assessment”, toxicity and bioaccumulation of 

organic lead are briefly described. 

 

3) Page IX-2, Line 1: lead poisoning in wild birds, which is induced mainly by lead 

bullets for hunting and fishing weights, is considered to be a local problem derived 

from specific human activities, however, if specific human activities have great effect 

on the sustainability of waterfowl populations, they should not be ignored although 

they are specific. If they are “anthropogenic”, their risks are assessed and can be 

managed. Lead pellets used for clay shooting has a problem because clay ranges are 

often located in the mountains. Also in the United States and Europe where hunting is 

popular, issues of lead pellets and fishing weights have been recognized after tetraethyl 

lead additives in premium gasoline was regulated. Also in Japan, “Wildlife Protection 

and Proper Hunting Law” was enacted and the lead bullet prohibited areas were 

specified all over the country. Could it be possible to discss if there are concerns on the 

effects on species survival and biodiversity? 

 

[Authors’ response] “6. Current situation of lead poisoning of wild birds in Japan” 

is added and the current conditions and measures for lead poisoning of wild birds 

are described, further, in “7. Summary”, future tasks for lead poisoning of wild birds 

are indicated. 
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4) Page IX-2: Problem formulation and exposure assessment: it was stated in Page 

IV-5 that soil and sediment pollution cannot be ignored and if so, is it necessary to 

assess toxicity to soil organisms such as earthworm? In addition, it is considered that 

leakage rate of lead supply pipes are considerably high. What amount of lead is 

released into soils by leakage? Does lead have any effects on soil organisms? 

Earthworm ingests soils, and therefore, is there any possibility that not only dissolved 

lead but total lead may have effects on earthworm? 

 

[Authors’ response] In ecological risk assessment of this document, the subjects 

fully assessed are limited to aquatic organisms exposed through water, and risks of 

soil organisms are not assessed. In assessment of soil organisms, target species to be 

assessed (ecological entity) are not definite (difficult to specify), endpoints are 

expected to depend much more on sites than as they are in the aquatic environment. 

Further, very little data for assessment are available. Therefore, ecological risks of 

soil organisms are not assessed in this assessment and in “7. Summary”, are 

described as future tasks. 

 

2. Problem formulaiton 

Page IX-4, Line 10: I don’t understand why the endpoint being “population 

sustainability for aquatic organisms (especially fish)” is limited to aquatic organisms, 

especially fish. In the later part, the endpoint is stated as “sustainability of aquatic 

community”. 

 

[Authors’ response] The approach for selecting endpoints and the reasons why the 

subjects are limited to fish are added to the text. To avoid confusion, the terms are 

clearly defined, confirmed and revised as required to maintain consistency. 

 

Page IX-4, Line 35: It is stated “species with different optimal water temperature for 

growth are selected”. Why are the species selected from the aspect of optimal water 

temperature for growth? 
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[Authors’ response] The reason is that water temperature is a key factor 

determining fish distribution in river. “Optimal water temperature for growth” is 

revised to “suitable water temperature” by judgment of the authors. Further, not 

only water temperature but also habitat differences are considered, and the 

explanation is added to the text. 

 

Page IX-6, Figure IX-2: In Figure “Flowchart of risk assessment of lead to aquatic 

organisms”, the description in the third box from the top “it cannot be said absolutely 

that the possibility that lead has an adverse effect on aquatic community is extremely 

low.”  When water lead concentrations are extremely higher than SV (HC5), the 

description “it cannot be said absolutely that … is extremely low.” is acceptable? 

Accurately, it seems that “(it cannot be said absolutely that … is extremely low or) the 

possibility that lead has an adverse effect is allowable.” The description “it cannot be 

said absolutely that … is extremely low.” can be understood as “this assessment is 

written all along under the assumption that there is no problem”? 

In this figure (not only this figure but also others), how are “adverse effect on 

aquatic community” and “adverse effect on the population sustainability of fish” used 

separately? I might have poor understanding, however, it is confusing. As described in 

5.2, the method of Katsukawa et al. and Miyamoto et al., which were used in the next 

stage following a screening level, adopted an endpoint of the population sustainability 

of fish only? How is it judged when r = 0? 

 

[Authors’ response] As pointed out by the reviewer, the description “it cannot be 

said absolutely that … is extremely low.” can be interpreted as “this assessment is 

written all along under the assumption that there is no problem”, and therefore, it is 

revised. When higher than SV, it is stated “lead has the possibility of having an 

adverse effect on survival, reproduction, growth and development of individual 

organisms.” 

To make clear the difference between “adverse effect on aquatic community” and 

“adverse effect on the population sustainability of fish”, the terms are reconfirmed 

and revised as required to maintain consistency. 

The reason why fish is selected as subjects is added to the text. 
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When r > 0, it is judged that the population is not decreased but maintained. In 

actual environments, however, environmental and demographic changes exist, and 

thus, the authors considers that final assessment should be made, comprehensively 

considering these changes and characteristics of water area. 

 

3. Exposure assessment 

Page IX-8, Line 2: dissolved pollutants only are considered to be toxic to aquatic 

organisms.  dissolved pollutants are considered to be the major toxicity to aquatic 

organisms? 

It is certain that dissolved lead has significantly greater toxicity, however, there may 

be some case in which it cannot be said absolutely so. The possibility is that lead 

solubility depends on pH (especially acidic), and lead in particulate form is taken into 

the stomach (acidic) and bioavailable. In writing the assessment , it is better not to be 

too judgemental from the start. 

 

[Authors’ response] The authors accept the reviewer’s comment and revise the 

description to “contaminants in dissolved form are considered to contribute mainly 

to the toxic effects to aquatic organisms”. 

 

Page IX-8, Line 29 and Page IX-50, 5.3.3: It is stated about area whose background 

levels are high due to geologic characteristics “It is considered unnecessary to include 

the monitoring sites whose background levels are high due to geologic characteristics 

in the areas for risk managment.” If so, in estimating geometric mean in this area, is it 

better not to include values at monitoring sites whose background levels are originally 

high? 

 

[Authors’ response] In some scenarios, it is acceptable not to include values at 

monitoring sites whose background levels are originally high due to geologic 

characteristics. In this assessment, however, all public water areas in Japan are 

surveyed and assessed (screening assessment), as a result, the sites that are judged 

relatively high-risk are further investigated to find the reason. In the stage to 

understand lead distribution in public water area in Japan and to estimate the 
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percentage of monitoring sites exceeding SV, it is judged that there is no need to 

consider characteristics of data at each monitoring sites. 

 

4. Hazard assessment 

Page IX-10, Line 21 and Table IX-2, Line 21: “The 50% lethal concentrations 

(LC50) ranged 113.8 g/L (fathead minnow) to 482,000 g/L (fathead minor and 

bluegill).” Values are so different between the same species, fathead minnow. Isn’t it 

confusing without any comment? 

 

[Authors’ response] The reason of significant difference in toxicity values between 

the same species is added to the text. 

 

Page IX-18, Table IX-2: Some substances are indicated only as Pb. What are the 

details of studies? 

 

[Authors’ response] These are the direct citations from the original articles where 

the test stubstances are  described as Pb. No information of test water preparation 

is provided in these articles. 

 

Page IX-24, Table IX-6, green algae Lines 2 and 4: The method is specified as 

flow-through. What type of method is this? In algae, usually, a flow-through study 

cannot be conducted, which is one of problems of toxicity testing with algae… 

 

[Authors’ response] “Continuous algal toxicity test” was translated into 

flow-through study. This test is different from “flow-though” method in general 

ecological effect studies. “Continuous test” is a system that “growth medium” is 

continuously supplied and developed by the authors of this article. The study 

method description is revised to “continuous method”. 

 

6. Conclusion 

Line 2 from the bottom: “Considering the lead forms in the aquatic environment, … 

the possibility was considered to be extremely low that lead has an adverse effect …” 
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 The expression “extremely low” is frequently found throughout the whole 

assessment. Is it sufficient to assess effects only with SV (HC5) and r? Considering 

that effects on benthos have not been assessed, the expression “extremely low” is 

slightly decisive. 

To consider lead levels and effects, is it possible to combine and analyze the data at 

monitoring sites with high lead level with ME survey results of aquatic organisms 

approximately at 4,200 sites in Japan (water quality class, indicator species survey)? 

 

[Authors’ response] The results of screening assessment of benthos are added to the 

“Discussion”. Based also on these results, it is judged “the possibility that lead has 

an adverse effect is extremely low”. 

It isvery valuable to combine the data of monitoring sites with high lead 

concentration and survey results of aquatic organisms for analysis. However, the 

area of aquatic organism survey did not include lead monitoirng sites and the 

sampling period was different, and it is difficult to develop analysis method and to 

interpret the outcome with limited efforts. The proposed analysis is not performed in 

this assessment. 

In other assessments of heavy metals (cadmium and zinc) in progress, considering 

this point, the relationship between heavy metal levels and organisms inhabiting at 

sites with high levels and biota is to be investigated and analysis results are to be 

included. 

 

Other chapters 

Air exposure:  When lead that is released into the air in neighbor countries and 

carried by the air current to Japan like acid rain, is the amount negligible? 

 

[Authors’ response] In this assessment, it is not possible to clarify to what extent 

the lead that is released into the air in neighbor countries contributes to air lead 

concentrations in Japan. For the estimation, information on lead releases in 

neighboring countries is required, however, in this assessment lead releases only in 

Japan are reviewed. 

In this assessment, actual air monitoring data are used to estimate inhalation 
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exposures. Thus, even if lead release in neighboring countries has great effects on 

air lead concentrations in Japan, exposure and risks are not underestimated. 
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7. Comments of Prof. Momoko Chiba 

and the responses by the authors 

 

May 13, 2006 

 

As shown in the title, this is a full assessment of lead, which is comparable to a 

series of “Medical and Biologic Effects of Environmental Pollutants” by element 

published by the US National Academy of Science (edited by the Committee on 

Biologic Effects of Atmospheric Pollutants, National Research Council) from 

Academic Press in 1970s and its Japanese version published from the Tokyo Kagaku 

Dojin. This assessment will be useful not only for researchers but also for officials of 

regulatory agencies in charge of environment issues. It is desirable that this assessment 

will be released as a publication widely available. 

I was impressed after reading through this assessment that many references were 

collected from a wide range of studies, fully analyzed and summarized well. It 

probabely is lead alone that its levels in the air were dramatically decreased from 

1970s to 1990s. Along with the decrease, blood lead levels were reduced in the general 

public. If this fact is pointed out, the relationship between the environment and 

organisms would be further clarified. 

As described in this assessment, humans have been dealing with lead over 5000 

years. Effects of lead on organisms also have been examined in detail. It can be said 

that lead is a heavy metal element that is understood by men most. Lead toxicity, 

however, has been focused and even lead in solder is demonized and develoment of 

lead-free solder has been promoted. My concern is for toxicity of substitutes. 

In this assessment, many abbreviations (when repeated twice or more) are used (e.g. 

AIST-ADMER, ATSDR, PRTR, other Page II-5, etc.). it is convenient if a list of 

abbreviations is included in the first part of the document. 

Regarding effects on humans, children are affected by the environment much more 

than adults, and further, the children’s health is important as they will be parents of the 

next generation and lead the next generation,. From these viewpoints, it is relevant to 

focus children in risk assessement. Thumb-sucking is described in Page II-14, L.13, 

however, the description about the blood-brain barrier is not found before Page VII-5 (I 
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am afraid I might have overlooked any). It is better to describe the blood-brain barrier 

in the earlier part of the assessment to indicate that this issue is discussed. The subjects 

were children aged 0 to 6 years, however, considering the period that the blood-brain 

barrier is completely formed, it may be necessary to include another group of children 

aged 6 to 12 years. 

 

[Authors’ response] The list of abbreviations is compiled and included in the 

beginning of the document. 

 

The description about the blood-brain barrier that first appeared in Chapter VII is the 

comparison of sensitivity between children and adults. As this is a key rationale to 

conclude that the most concerned population is children in Chapter VII, it is considered 

most appropriate to describe it in Chapter VII. 

Regarding the subject population for risk assessment, IEUBK model can not 

estimate blood lead levels of children aged 7 years and older and the subjects are 

limited to children aged 0 to 6 years. However, when a blood lead level monitoring 

was conducted in Shizuoka, children aged 0 to 15 years were selected as subjects 

considering this issue. 

 

My comments are listed along with the contents of assessment as follows: 

 

Chapter I  Preface 

The items including the following are considered relevant: historical review, 

improved work environment, definition of “lead in general environments” and “general 

population” and explanation to select them as subjects, and aim of this assessment. 

・ Regarding Figure 1 (Summary page 4), the comment is added in Figure III.25 in 

chapter III. 

・ Summary-12, Line 30: The addition of term “measure” is helpful to understand, as 

a result, the sentence is added: “it is a sufficient measure to continue replacement 

…” 

 

[Authors’ response] According to reviewer’s comments, the text is revised. 
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Chapter III Identification of release sources and estimation of releases into the 

environment 

Meaning of the figures in Figure III.25 (same as Figure 1 in Summary page 4) 

“Summary of amounts of lead release into the environment in 2003” is not clear (the 

figures don't add up). For example, the amounts of disposed lead is 290,000 tons, 

however, the amounts of lead landfilled 690,000 tons + the amounts of lead incinerated 

170,000 tons + the amounts of lead recycled 220,000 tons = 306,000 tons. In the left 

part, I don’t understand why the product of products containing lead is 250,000 tons. 

 

[Authors’ response] Regarding “the amounts of lead recycled” in the right part, the 

figure was incorrect and the correct figure is 200,000 tons. The amounts of lead 

landfilled 690,000 tonns, lead incinerated 170,000 tonns and lead recycled 220,000 

tons come to a total of 2860,000 tons, which corresponds to 290,000 tons indicated 

in the figure. In the left part of the figure, values reported in the“Yearbook of 

mineral resources and petroleum products statistics”are cited without changes and 

some of them does not balance out. 

 

Chapter IV Concentrations in the environment, and in food and drinking water 

2. Air: Annual mean air lead concentrations from1974 to 1996 are listed in Table 

IV.1. A dramatic decrease can be seen clearly. Values of Tokyo were measured at 

Shinjuku Ward. In Page IV-5, “In Japan, use of leaded gasoline has been regulated 

since 1975 …” is mentioned. Around 1970, “Ushigome-Yanagicho lead case” occurred. 

The intersection of Ushigome-Yanagicho in Shinjuku Ward is located at a place that is 

as if the bottom of a crater. A newspaper reported study results by a private group that 

housewives who lived around this intersection suffered lead poisoning from 

automobile exhaust emissions. This pollution event was called as 

“Ushigome-Yanagicho case”. In response to this case, the Tokyo Research Laboratory 

of Public Health (current Tokyo Metropolitan Institute of Public Health) measured 

blood lead levels of several tens of thousands of people in Tokyo. As a result, the 

median level was 13 g/dL and it was concluded that lead levels even in heavy-traffic 

areas did not reached to the level inducing lead poisoning. Japan is one of the countries 
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that introduced unleaded gasoline early, which was considered to be triggered by 

“Ushigome-Yanagicho case”. Also, this case raised an issue on reliability of anlaytical 

results and cross check and introduction of standard materials were adopted in blood 

lead level analysis. 

In Japan, high purity reagents have been available in the market and commercial 

standard solutions for calibration are high quality. However, preparation and use of 

standard substances have been delayed compared with other advanced countries. 

Various analytical values are referred to. Is it necessary to describe in the text that 

analytical values of local governments and institutions are comparable? 

 

[Authors’ response] It is desirable to fully evaluate whether monitoring data of 

local governments and institutions are comparable or not, however, such evaluations 

are not performed in this assessment. The monitoring data are analyzed under the 

assumption that reliability of all monitoring data is equal and the data are 

intercomparable. This is mentioned in the text. 

 

5. Sediment: Line 12 -14: “…heavy metal pollution including lead began around 

1900 and rapidly increased from around 1950 and reached the peak around 1970, 

however, …” It was reported that similar changes were observed in ice lead levels in 

Greenland. Therefore, global lead pollution occurred and it is considered to be caused 

by automobile exhaust emissions. 

 

[Authors’ response] This assessment reviews pollution in Japan, and therefore, no 

monitoring data in foreign countries are described. As shown in the trends of air 

lead concentrations, it is considered that regulation of lead in gasoline decreased 

lead concentrations in sediments similarly. The description was added to the text: 

“the decrease in lead concentrations in sediments was resulted mainly from the 

decreased lead flow into Tokyo Bay following the regulation of leaded gasoline.” 

 

Chapter V Behaviors in the environment 

4. Around release sources… 

Considerable amounts of lead were released into the air from plants listed in Tables 
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V.4 (2002) and V.5 (2003). These releases are significantly larger than the maximum 

estimated release from general waste landfill (3400 kg/year). Even the estimation of 

worst cases, however, the maximum air lead concentration in areas affected by 

smelters was around 300 ng/m
3
, which is unexpectedly low. This concentration is 

considered to have no effect on blood lead levels. 

 

[Authors’ response] Health risks of children who are continuously exposed to the 

lead in the air at a concentration of 300 ng/m
3
 are assessed in “Risk assessment in 

highly-exposed population” in Chapter VIII. As the result of risk estimation using a 

human biokinetic model, it is concluded that risk concerns for children are low. 

 

5. Summary Page V-15, Line 1-4: “In estimating inhalation exposures for human 

health risk assessment, which is the aim of this assessment, … distribution of actual 

concentrations that are described in Chapter IV is used.” This is relevant. Lead 

concentrations in food and drinking water are considered relevant. 

 

Chapter VI Human exposure assessment 

1. Introduction Page VI-1, Line 16: Based on the description “application of 0.5-M 

lead nitrate solution via skin contact on the left arm of adult male volunteers for 24 

hours did not change the blood lead levels.”, this assessment concluded as “the dermal 

exposure to lead is considered to be unimportant.”, however, lead levels and contact 

area were not indicated. We conducted a study in mice that one drop of lead acetate 

solution was put on the back whose fur was removed by trimmer once a day. As a 

result, approximately after one-week continuous treatment, blood lead level was 

increased, ALA-D activity was decreased and erythrocyte protoporphyrin level was 

gradually elevated. Therefore, percutaneous absorption is considered possible, however, 

though its ratio is smaller than inhalation intake. 

 

[Authors’ response] Lilley et al. (1998) described the level of 0.5 M, however, the 

contact area was unknown because they described only the left arm of subject. As 

pointed out, in this assessment, percutaneous absorption is considered less important 

than inhalation and oral intakes and not assessed. 
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Regarding estimation of air inhalation volume, it was stated in Page VI-2, Line 3 

“Air inhalation volume of an adult with body weight of 50 kg is usually assumed as 15 

m
3
/day in Japan”. Usually, respiratory volume of Japanese adults is estimated as 4 to 7 

L/min. Respiratory rate on light-duty work is 18 ± 2/min, and therefore, each 

inhalation volume is estimated approximately 0.4 L at the highest, i.e., 0.4  18  60  

24≒10 (m
3
/day). The body weight of Japanese adults of 50 kg seems too light for 

modern people, and mean of adults is 52 kg in Table VI.2 (although standard deviation 

is large). Though the gender of the subject was not specified, probably most of them 

are considered females. The Food Safety Commission considers the body weight of 

Japanese adults to be 60 kg. When estimated with a heavier body weight and activities, 

15 m
3
 of inhalation volume per day would not be too much. 

 

[Authors’ response] Since no accurate values of respiratory volume of adults and 

children by age are available, estimation is made using correlation equation between 

body weight and respiratory volume in this assessment. The value of 15 m
3
/day as 

respiratory volume of adults with body weight of 50 kg in this assessment is not an 

underestimated value compared with your estimation (10 m
3
/day), and therefore, it 

is judged appropriate to use the value of 15 m
3
/day. 

 

Figure VI.3: In Interannual changes in amounts of lead intake from all food (national 

average), the value in 1988 was approximately double to the values before and after 

1988. What is the possible reason? 

 

[Authors’ response] Certainly, Figure VI.3 shows a value in 1988 higher than those 

before and after, however, the reason could not be clarified. The data in 1988 by 

food group showed a tendency that the amounts of lead intake were larger not in a 

specific food group but in all groups than those in other years. 

 

3.3 In estimation of lead exposures using drinking water consumption (Page VI-11), 

drinking water consumption was assumed to be taken equally (1:1) from the first-draw 

and flushed waters. The drinking water consumption of adults (Table VI-9) was 0.66 L 
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(seems to be underestimated), and it is acceptable to be 1:2 or 1:3? The ratio of this 

assessment would not be underestimated because lead concentration in the first-draw 

water is higher than that in the flushed water. The difference in ratios would have an 

insignificant effect on total exposure. 

 

[Authors’ response] No reliable data about the ratio of the first-draw and flushed 

waters were available, therefore, the default value of IEUBK model (1:1) proposed 

by U.S.EPA (2002) is used. As pointed out, the ratio of the first-draw water seems to 

be high, however, risks are not underestimated because lead concentration in the 

first-draw water is higher than that in the flushed water and the ratio is used. 

Drinking water consumption of adults is estimated to be 0.66 L, which is tap water 

alone. Consumption of green tea, tea, coffee and juice is included in food (in the 

Total Diet Study, these drinks are categorized into “nonessential grocery items” 

group). 

 

Chapter VII Human health hazard assessment 

Page VII-9, Line 19: A behavior to put anything on their hands into their mouth 

should be separated from pica. 

 

[Authors’ response] According to the reviewer’s comment, the text is revised from 

“a behavior to put anything on their hands into their mouth (especially pica)” to “a 

behavior to put anything on their hands into their mouth and pica behavior”. 

 

Unit of ALA-D in Tables VII.1 and VII.3: “enzyme unit per 1 mL of erythrocyte” is 

vague. Enzyme unit is usually presented as the product amount or the amount of 

decrease in substrate per unit time. ALA-D activity unit in Table VII.13 is the amount 

(nmol) of porphobilinogen produced by ALA-D in 1-mL erythrocytes for 30 minutes, 

which is a relevant expression. 

 

[Authors’ response] The unit of ALA-D was unknown in the publication from 

which the data is cited. The tendency that ALA-D activity was decreased by lead 

exposure, however, is obvious from Tables VII.1 and VII.3. 
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Dose and lead level in feed in Tables VII.1, VII.3 and VII.4 

The difference between lead dose and lead level in feed is considered to be lead 

originally contained in feed materials, and thus, the value is espected to be almost 

constant. Values in these tables (Tables VII.1, VII.3, VII.4, VII.18 and VII.19), 

however, increase with dose, which is questionable. The possible reasons include the 

problem with the analytical method, underestimation of lead mixed with feed, and 

contamination. 

 

[Authors’ response] In tables, “lead dose” is a nominal value of lead level in feed 

(target value) and “lead level in feed” is actual values determined by analyses. Lead 

levels in feed cannot always be adjusted as equal to target levels, some deviations 

between nominal levels and actual levels in feed are unavoidable. It is judged that 

these entries may cause misunderstanding and lead doses alone are stated in these 

tables. 

 

3.1.1 Decline of auditory function 

It is regrettable that results at 8000 Hz to which drug adverse reaction influences are 

not included. Table VII-7 shows that acoustic threshold at 4000 Hz that often causes 

noise-induced deafness is the lowest. This result suggests effects of blood lead, i.e., 

effects inside the body. As shown in Figure VII-1, correlation with blood lead levels is 

observed. It is better to specify the fact that this is results at 2000 Hz in the title of 

Figure VII-1. 

 

[Authors’ response] Results at 8,000 Hz were not reported. The fact that this is 

results at 2000 Hz is added to the title of Figure VII-1. 

 

3.1.4 Peripheral nerve transmission retardation 

As shown in Figure VII.4, the relationship between nerve transmission and blood 

lead level is not sharp. It emerges that the effect of lead on the hematopoietic system is 

sharp. 
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3.1.5 Effects on mental development index 

It should be specified that the final conclusion (Page VII-19, Line 22-24) is findings 

of population but not of individual. 

 

[Authors’ response] To the final conclusion, the phrase was added: “In the subject 

population” . 

 

4.2 Distribution 

Lead levels of organs in rats and dogs in chronic toxicity studies are shown in Tables 

VII.18 and VII.19. All organs (kidney, liver and bone) except the brain revealed 

obvious dose-dependence and have correlation with blood lead levels (a value at a dose 

of 0 ppm at Line 1 was higher than that at a dose of 10 ppm, however, it is considered 

within error.) Both in rats and dogs, brain lead levels alone are against the increase in 

doses (values at a dose of 500 ppm are higher those at a dose of 1000 ppm). If there is 

no error in measurement, is it possible to explain this finding by lead-eliminating 

ability of the brain, binding protein, metallothionein and cytochrome P450 that are 

described in the beginning of Page VII-41-42? Many studies reported that lead does 

not induce metallothionein. Is the brain an exception? 

 

[Authors’ response] It is pointed out “Both in rats and dogs, brain lead levels alone 

are against the increase in doses.”, however, of results shown in Tables VII.18 and 

VII.19, only the result at a dose of 50 ppm in dogs is considered to be an abnormal 

value. Brain lead values are the lowest in organ lead levels, and therefore, this 

finding is probably measurement error, however, there was no reason in the article 

and no details were obtained. Although abnormal values were observed, in general, 

it can be concluded “both in rats and dogs that most of administered lead was 

accumulated in the bone and little in the brain.” 

 

5.1 Mechanism of action to the hematopoietic system 

Line 20-23: Porphyrins excreted in the urine ranges from uroporphyrin (8 carboxyl 

groups) to coproporphyrin (4 carboxyl groups), which are included in normal human 

urine. Protoporphyrin with 2 carboxyl groups is not excreted in the urine. 
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To be precise, levels of not “metabolites and abnormal products” but “metabolites 

exceeded due to the effects of leadt” were increased in the urine. 

 

[Authors’ response] According to the reviewer’s comment, the text is revised.  

 

Line 25 Insertion: “Ferrochetalase introduces iron into protoporphin, the final stage 

of heme systhesis, leading to heme formation, and in this process, bivalent iron can be 

substrate. It is known that lead inhibits iron reductase that reduces trivalent to bivalent 

irons in vivo.” 

 

Contents to be added: 

・ ALA-D, the most sensitive indicator for lead, is thermostable enzyme, and 

therefore, using this property, it can be discriminated whether ALA-D activity is 

inhibited by lead or genetically reduced. 

・ Following ALA-D inhibition, ALA-D protein synthesis is induced to compensate it. 

This fact is considered to be involved in delayed hematocrit decrease and anemia 

development after lead exposure. 

 

[Authors’ response] The pointed description of the text is cited from ATSDR (2005), 

and therefore, to define the original citation, the proposed sentences are not inserted 

into the text but presented here. 

 

No specific comments in Chapter VIII Human health risk assessment and Chapter 

IX Ecological risk assessment. 
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8. Comments of Prof. Sinichi Sakai 

and the responses by the authors 

 

May 16, 2006 

 

I have high regard for the CRM, which vigorously generates and publishes a series 

of full risk assessments, and am deeply grateful for CRM’s efforts as one of readers. 

This volume is also a good review of lead. In addition, as an independent risk 

assessment by AIST, the exposure data and blood lead levels of children in Shizuoka 

were analyzed, which is a valuable effort in Japan where extremely few 

epidemiological studies have been conducted. Based on these results, risks of 

highly-exposed population were assessed in subject populations that were regarded as 

highly-exposed in general environments of air, soil and drinking water in Japan. 

However, it should be carefully examined whether this assessment is an assessment of 

actually highly-exposed population or not. To be specific, in this assessment, the 

95-percentile values of detected concentrations in general environment was defined as 

concentrations of highly-exposed media, i.e., 131 ng/m
3
 in the air, 63.9 g/g in soil, 

and 28 and 19 g/L in drinking water (first-draw and flushed waters). The CRMs 

basically assess risks of lead in general environment in Japan and high exposure cases 

that are outside of this concentration distribution are out of consideration. My review is 

focused on this point as follows: 

 

1. Highly-exposed population from the aspect of air inhalation load 

The authors selected an assumption that highly-exposed population is defined as 

those inhale the air at 95-percentile value of detected concentrations in general 

environment or higher. However, workers in copper smelters and Asian people in 

general environment are also highly-exposed population through inhalation. As an 

occupational exposure case, a study assessed lead exposure of workers in copper 

smelters in Japan.
1)

 Lead concentrations were measured in the air, smoke and ash of 

copper refining process, and the blood of workers. Mean blood lead levels of workers 

in anode process were higher than workers in other processes. It was reported that 

mean blood lead levels of workers were positively correlated with air lead 
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concentrations. Mean lead concentrations in the air of anode process was 313 g/m
3
 

(165 to 463 g/m
3
), which is three digits larger than the above 95-percentile value of 

the detected concentrations in general environment (131 ng/m
3
). Even in workers in 

blending process, where lead concentration is relatively low, mean lead concentrations 

was 7 g/m
3
 (5 to 8 g/m

3
). Considering the current conditions, if occupational 

exposure is excluded from subjects of full risk assessment, it is hard to say that 

highly-exposed population was assessed. In Page VI-1, Line 7-8, it is stated that 

occupational exposure was not covered by this assessment. “Full risk assessment” not 

“Risk assessment of general environment” should not exclude occupational exposure 

scenario. Needless to say, occupational exposure is important to be a case of 

development of various chemical risks, and a predictive and prospective case for risks 

in general environment. Much knowledge of lead effects has been accumulated owing 

to occupational exposure, and effects of lead-free solder cannot be assessed without 

consideration of occupational exposure in recycling process, and therefore, these 

occupational populations should be considered. 

In “Full risk assessment”, analysis was conducted mainly in lead concentrations of 

general environment in Japan. In Asia, it was reported that air led concentrations were 

648 ng/m
3
 in Manila and 210 to 390 ng/m

3 
in Bangkok.

2)
 Although it is required to 

analyze the period of banning the use of leaded gasoline and its effect, I believe that 

the authors would not perform full risk assessment only for Japan. Therefore, I expect 

that this risk assessment considers these highly-exposed populations. 

 

[Authors’ response] Same as the exposures in general environment in Japan, 

occupational exposure and risk assessment in Asian countries are important tasks, 

the authors are aware that as pointed out by the reviewer there are some 

highly-exposed populations which are not considered in this assessment. Regarding 

occupational exposure, however, sufficient data for full assessment are not available 

and it is difficult to assess occupational risks. In addition, it is not relevant to apply 

the same criteria as general population to occupational population. Considering 

these issues, in this risk assessment, the subjects are limited only to general 

population in Japan. 

In this assessment, in estimating highly-exposed population through the air, not the 
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95-percentile value of air lead concentrations, 131 ng/m
3
, but 300 ng/m

3  
estimatied 

by METI-LIS is used. 

 

2. Export of used automobile battery 

The export of used automobile battery is one of key issues in occupational exposure. 

The export of used battery has been rapidly increasing from later 2004, and it is 

estimated that approximately 5 million used batteries were exported in 2005 (Japan 

Trade Statistics), which accounts over 20% of domestic discarded batteries (22 million 

pieces). It is almost unknown in what condition these exported batteries are used again. 

When these used batteries are recycled by inexperienced engineers in developing 

countries, environmental pollution is concerned (MITI, ME 
3)

). Kojima reported survey 

results on actual status of environmental pollution associated with lead battery 

recycling in Asia.
4)

 In assessing lead risks, both export and domestic recycling should 

be considered. Kuo et al. evaluated immune function of workers who handled lead in a 

battery plant in Asia for a long period and reported that lead had immunotoxicity and 

immunosuppression among workers who had been handling lead for a long-term.
5)

 

  Figure III.8 indicating recycling rate of automobile battery was generated using 

recycling rates of Kobe (2001) and Masuda et al. (2004). Their reports specified 

release amounts of domestic lead batteries from domestic battery manufacturers to the 

dominator and imported batteries are not included in the dominator. Battery import has 

been increasing from 1990s, and in 2003, 13% of automobile batteries for repair are 

imported ones (joint meeting of the Central Environmental Council and the Industrial 

Structure Council (2005)). Considering imported batteries, recycling rates should be 

corrected. 

 

[Authors’ response] Not only the recycling of automobile lead batteries pointed 

out,by the reviewer, the amounts of imported and exported products are one of 

uncertain factors in the material flow analysis. Almost no reliable data on these 

factors are available, and it is difficult to perform accurate estimation at present. 

Improved estimation considering the amount of imported and exported products is 

to be an issue for future investigation. The problem about estimation of recycling 

rates of automobile batteries that is pointed out by the reivewer is mentioned in the 



XI. External review of the draft risk assessment and the responses by authors 

 

366 

text. 

 

3. Highly-exposed population from the aspect of soil intake load 

The authors selected also an assumption that highly-exposed population is defined 

as those who take the soil at 95-percentile value of detected concentrations in general 

environment (63.9 g/g) or higher. However, oral exposure from previously 

contaminated land and child exposure to park soils are also the factors associated with 

highly-exposed population through soil intake. Hodaka et al.
6)

 provided risk 

assessment of previously contaminated land. Actually contaminated sites were divided 

into 739 compartments and human health risks of direct soil ingestion were assessed 

with WHO’s standard value that does not increase blood lead levels (3.5 g/kg/week) 

using a model considering total exposure from general environment (0.89 g/kg/day; 

through food: 0.88, through drinking water: 0.0004, through inhalation: 0.011). This 

assessment proposed that human health risk assessment is required considering 

exposure and land use conditions, where soil lead concentrations exceeded 63.9 g/g 

in many areas of this survey. 

Other than contaminated land issues, park soil is considered to be possible source of 

exposure through soil intake. Child exposure to lead through oral intake of soils has 

not been investigated in Japan, however, Yoshinaga et al. measured lead concentrations 

in sand and soil collected from public play areas in Tokyo and assessed oral lead intake 

of children
7)

. Mean lead concentrations in soils with particle diameter of 149 m or 

less was 46.6 g/g and lead concentrations ranged from 11.7 to 248 g/g in sand and 

soil collected from 25 public play areas. Also in this survey, some measures exceeded 

the 95-percentile of detected concentrations in general environment. If selecting 

children as subjects, oral exposure of park soils cannot be excluded from assessment. 

Risks of child’s mis-swallowing of accessories containing lead has just been reported 

in March 2006, and these risks should be included in consideration. 

 

[Authors’ response] In the article cited, the maximum lead concentration in soils of 

play area was 248 g/g, however, almost no child continue to take soils at this 

concentration through childhood. Therefore, in this assessment, the population that 

continues to take soils at 63.9 g/g, the 95-percentile value of soil lead 
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concentrations, is defined to be highly-exposed population. 

Regarding risks of child’s mis-swallowing of accessories containing lead, it is 

necessary to raise awareness for accidents in children, however, it is not the aim of 

this assessment described in Chapter I and out of the scope of assessment. 

 

4. Assessment of effects on the nervous system and development, and global 

actions 

In exposure assessment (humas) in Chapter VI, the authors attach importance to 

exposure assessment in children, which I value highly. While risks by age were 

carefully assessed from 0 to 6 year-old children, regarding the review of 

epidemiological studies of the nervous system and development, only several 

meta-analyses (statistical method to review results of plural epidemiological studies 

and make a comprehensive conclusion) are introduced. In Page II-26, Line 4 from the 

bottom, it is stated that “Decreases in IQ that have been actually found in the existing 

risk analysis, however, are extremely small, and therefore, the quantification is 

associated with great uncertainties.” Regarding assessment of IQ reduction, it is 

indicated that even extremely little differences, 4 points of IQ, can have extremely 

great population-level effect.
5)

 Of course, the necessity of evaluating many 

confounders is also proposed.
6)

 To be specific, the relationship between blood lead 

level and mental retardation was investigated in children with less than 10 pg/dL of the 

peak blood lead level, and it is suggested that children are not safe at the present level. 

Although efforts for reducing lead exposure in children should be continued, lead 

exposure is one of many risk factors affecting child development. According to a 

global-scale prediction of lead exposure load to diseases such as IQ reduction (mild 

mental retardation) and increase in blood pressure, 1% of global load to both diseases 

depends on lead exposure and the necessity of a global-scale lead reduction program is 

proposed 
7)

. 

 

[Authors’ response] As described in Chapter VII, the existing study reports on lead 

toxicity are reviewed and it is concluded that the possibility is low that adverse 

effects develop at less than 10 g/dL of blood lead level. Therefore, it is judged that 

10 g/dL of blood lead level is relevant as the reference value for risk assessment. 
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Adverse effects do not always develop when blood lead level exceeds this level, and 

therefore, this reference level is considered to be sufficiently on the safe side. 

 

5. Others 

5.1 Install rates of emission gas cleaner in flow analysis 

Interpolation and extrapolation in interannual changes in the installation rates of 

each emission gas cleaner (estimation Figure III.21) that were described in Page 

III-33-35 are somwhat unrealisted. In Page III-35, Line 19-20, it is stated 

“multi-cyclones that were installed in waste incinerators have been replaced with bag 

filters with higher collecting performance one after another.”, however, as shown in the 

figure, electrostatic precipitators have been replaced with bag filters. 

 

[Authors’ response] The interpolation and extrapolation in Figure III.21 are 

performed only with the data at three points, and, the accuracy of estimation is not 

high. However, no other data are available and the estimated result is used. 

According to the reviewer’s comment, the expression in Page III-35, Line 19-20 is 

revised to “the major factor is considered to be the rapid change of the exaust gas 

treatment systems at the incinerators from multi-cyclones and electrostatic 

precipitators to bag filters with higher collecting performance.”. 

 

5.2 Area size of general and industrial waste landfills (Page III-37, Line 22-23) 

It is stated “The area of industrial waste landfills is considered to be smaller than 

that of general waste landfills.” The rationale should be presented. Final disposal 

amounts of general wastes from 1985 to 2003 ranged 8.5 to 20 million ton/year. On the 

other hand, those of industrial wastes were 30 to 90 million ton/year. Therefore, the 

cummulative amounts of industrial wastes during this period were larger than those of 

general wastes. If the height of industrial waste landfills is less than several fold to that 

of general waste landfills, the area of industrial waste landfills is estimated to be larger 

than that of general waste landfills. 

 

5.3 Disposal percentage of strictly-controlled landfill (Page III-37, Line 23-24) 

It is stated “It is considered that industrial wastes are treated in strictly-controlled 
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landfills.”, however, the remaining capacity of strictly-controlled landfills is extremely 

small, and it is not a main factor to reduce lead solution from industrial waste landfills 

more than from general waste landfills. From Figure III.20, lead landfilled as industrial 

wastes is read as several tons of thousand ton. On the other hand, the remaining 

capacity of strictly-controlled landfills is 31 thousand m
3
 (as of April 1, 2004). This 

capacity was less than 0.03% of the capacity of controlled landfills (115,044,000 m
3
), 

and therefore, most of industrial wastes containing lead are assumed to be landfilled in 

controlled landfills. 

 

[Authors’ response] As pointed out, it is considered that lead releases from 

industrial waste landfills are substantial and estimated similarly to those from 

general waste landfills. 

 

5.4 Use amount of lead bullets (Page III-42, Line 7) 

It is stated “It corresponds to “Other use” and its domestic supply is extremely 

smaller than that of lead pipes”. According to “Yearbook of mineral resources and 

petroleum products statistics 2003”, lead pipes are 3,349 tons and others are 12,551 

tons, the latter is more than the former. 

 

[Authors’ response] The pointed description was to compare the domestic supply of 

lead bullets and lead pipes, however, this sentence is considered misunderstanding 

and revised. 

 

5.5 Importance of lead bullet releases into the environment (Page III-42, Line 

9-10) 

It is stated “In understanding the overview of lead releases into the environment all 

over Japan, it is considered less important.” However, domestic supply of bullet 

cartridge for hunting was estimated to be around 600 ton/year (estimated as 

approximately 20 million piece (Yearbook of Machinery Statistics 2003)  30 g/piece), 

which is larger than release into water area (79 to 87 tons) and soil (50 tons) shown in 

Figure III.25. It is considered not appropriate to judge that release of lead bullets into 

the environment is less important. 
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[Authors’ response] As pointed out by another reviewer, Prof. Fujii, judging from 

products and uses, release of lead bullets into the environment is not judged less 

important. No reliable data on release of lead bullets into the environment, however, 

are available and no estimation can be made in this assessment. Release of lead 

bullets (and weights for fishing) is to be an issue for future investigation. 
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ADI acceptable daily intake 

AIST National Institute of Advanced Industrial Science and Technology 

AL action level 

ALA δ-aminolevulinic acid 

ALA-D δ-aminolevulinic acid dehydratase 

ALA-S δ-aminolevulinic acid synthetase 

ATSDR Agency for Toxic Substances and Disease Registry 

  
BCF bioconcentration factor 

BUN blood urea nitrogen 

  
Cb background concentration 

CCC criterion continuous concentration 

CCME Canadian Council of Ministers of the Environment 

CEC cation exchange capacity 

CF conversion factor 

CMC criteria maximum concentration 

CRM Research Center for Chemical Risk Management 

CRT cathode ray tube 

  
EA Japan Environment Agency 

EC10 10% effect concentration 

EP erythrocyte protoporphyrin 

EQGs Canadian Environmental Quality Guideline 

ERL environmental risk limit  

  
FA fractions affected 
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FDA Food and Drug Administration 

FSL Food Sanitation Law 

  
GABA -amino butyric acid 

GEMS/Food 
Global Environmental Monitoring System-Food Contamination and 

Assessment Programme 

GM geometric mean 

GSD geometric standard deviation 

  
HC5 hazardous concentration for 5% of the species 

HUD department of Housing and Urban Development 

  
IARC International Agency for Research on Cancer 

IEUBK model Integrated Exposure Uptake BioKinetics model 

ILO International Labour Organization 

IPCS International Programme on Chemical Safety 

IQ intelligence quotient 

IRIS Integrated Risk Information System 

  
JAS Japanese Agricultural Standards 

JECFA Joint FAO/WHO Expert Committee on Food Additives 

JLZDA Japan Lead and Zinc Development Association 

JST Japan Science and Technology Agency 

  
LC50 50% lethal concentration 

LOAEL lowest observed adverse effect level 

LOEC lowest observed effect concentration 

LOEL lowest observed effect level 

  
MAC maximum acceptable concentration 

MATC maximum acceptable toxicant concentration 

MCL maximum contaminant level 

MCLG maximum contaminant level goal 

ME Ministry of Environment 
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METI Ministry of Economy, Trade and Industry 

METI-LIS 
Ministry of Economy, Trade and Industry―Low rise Industrial 

Source dispersion model 

MHLW Ministry of Health, Labour and Welfare 

MOE margin of exposure 

MPA  maximum permissible addition 

MPC maximum permissible concentration (MPC=MPA+CB) 

  
NA  negligible addition (NA=MPA/100) 

NAS National Academy of Science 

NC negligible concentration (NC=NA+Cb) 

N-CAM neural cell adhesion molecule 

ND not detected 

NHANES II The Second National Health and Nutrition Examination Survey 

NIHN National Institute of Health and Nutrition 

NIHS National Institute of Health Sciences 

NMDA N-methyl-D-aspartate 

NOAEL no observed adverse effect level 

NOEC no observed effect concentration 

NPDWR National Primary Drinking Water Regulation 

NSF National Science Foundation 

  
P5N pyrimidine 5’-nucleotidase 

PBPK model physiologically based pharmacokinetics model 

PBVi population benchmark value for species i 

PKC protein kinase C 

PRTR Pollutant Release and Transfer Register 

PTS percentage transferrin saturation 

PTWI provisional tolerable weekly intake 

  
RfD reference dose 

RoHS 
Restriction of the use of certain Hazardous Substances in electrical 

and electronic equipment 
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SD standard deviation 

SE standard error 

SMR standardized mortality ratio 

SV screening value 

  
TDI tolerable daily intake 

TDS total diet study 

TSCA Toxic Substances Control Act 

  
U.S.EPA United States Environmental Protection Agency 

UNEP United Nations Environment Programme 

UPS uninterruptible power supply 

  
WER water effect ratio 

WHO World Health Organization 

  
ZEP zero equivalent point 
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