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ABSTRACT

A mulzisite study design was utilized to evaluate

acions near four National Priority List (NPL) sites for

icl2 h=2alth effects related to chronic low-level lead and

ium =xpcsure.  Biomedical tests were also incorporated in the
udy’s <esign o detect subtle pathophysiolog:ical changes in

. -systams: Renal, Hematopoietic, Immune, and

b OO w
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o ]

Multivariate analysis was used to evaluate relationships
atween body fluid levels of lead and cadmium, area of residence,
ehavicr, socio-economic factors, and concentration of these
contaminants in four environmental media (Yard soil, house dust,
drinking water, and interior paint]. Area of residence,
anvironmental media concentrations of lead, socioceconomic, and
behavioral factors were significantly associated with blood lead
in children 6 to 71 months of age. These factors accounted for
26% of the mean blood lead variance observed in study
participants.

‘—~
e~
-
o]

Among children (6 to 71 months and 6-14 years) old, the mean
blood lead level in target areas was higher (4.26 ug/dl and 3.45-
ug/dl] than the comparison areas. Up to 93% of participants in
all study areas had blood lead levels below 10 ug/dl. The mean
blood lead level in smelting area study sites was higher than in
mining area study sites. About 93% of mining area participants
and 85% of smelting area participants had blood lead levels below
20 ug/4dl.

The mean urine cadmium excretion was significantly higher in
target areas than comparison areas. Ninety five percent of all
particirants had urine cadmium excretion below one ug/g
creatinire. Mean urine cadmium excretion was significantly
associated with area of residence, socio-economic, and behavioral
factors in study participants 15 years of age and older. Cadmium
concentration measured in yard soil, house dust, and tap water
was not significantly associated with mean urine cadmium. There
was no evidence of kidney dysfunction related to lead and cadmium
exposure at levels observed in this study.

Of the five biomarkers of hematopoietic function evaluated, blood
lead was significantly associated with and predictive of
hematocrit (HCT) in adults 15 to 75 years old (p=0.027, r’=0.28,
n=381). Less than one percent (0.3%) decrease in HCT was
predicted for each ug/dl increase in blood lead.
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f rhe six bicmarkers of mmune system function evaluated, mean
gG lLevel was significantly lower in target area participants,

-~

N

-
|

'p<0.01). Mean blocd lead lavel was associated with increase
mean serum IgA in young children six to 71 months old. In this
age group an eight percent IgA increase was predicted for each

ug/dl increase in blood lead using area of residence as the
-ndeperdent wvariable (p=0.005, =*=0.26, n = 934).
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INTRODUCTION

In 1991, ATSDR initiated a multisite study of human expcsure
=25 lead and other heavy metals at smelting and mixed
mining/smelting sites in four states (Illinois, Kansas, Missour:,
?2nnsylvania). Four concurrent investigations of exposure and
adverse nealth effects at the sites were conducted with ATSDR
f.nancial support and technical guidance. Study planning and
data collection were coordinated among the four investigative
c2ams and zhree regiocnal offices of the U.S. Environmental
®rotecticn Agency (EPA) to enhance the ability to pool data from
che four study sites. The multisite study evaluated biological
indicators of exposure and the association of such indicators
with environmental concentrations of metals and biological
markers (biomarkers) of adverse health effects in target
populations living near the sites and comparison populations
living farther away.

Background
Multisite Studies

In response to Senate Committee Report Number 101-128 (i),
in 1390 the Agency for Toxic Substances and Disease Registry
convened a workshop to evaluate the feasibility and value of
rerforming multisite epidemiological studies at Superfund sites
{l). A review panel comprised of experts in environmental
epidemiology and occupational and community medicine concluded
that there were distinct advantages in conducting multisite
studies. The potential advantages of a multisite study design
included: 1) increased sample size and greater statistical power
which enhance the validity of study findings, and 2) added
diversity in the sample improved the likelihood that results were
real and not due to random variations. The panel members also
concluded that in some situations, multisite studies may provide
the only methodology to determine the range of health effects
resulting from environmental exposures to hazardous waste sites.

The panel members cited many examples of health studies in
which data from multiple sources were collected and analyzed to
achieve study objectives that might not otherwise have been
possible if - only one source of data had been used were used. As
in the present study, multisite studies require the use of a
variety of techniques and logistical considerations to reduce
bias and ensure data quality. The National Cancer Institutes’
national bladder cancer study reported in 1984 was cited as an
example of a multisite case control study that was successfully
completed (1,2). However, panel members noted that it was
inappropriate to use pooled data from multiple sources without
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“he necessary advanced planning, coordiration, and appropriate
ccnsiderarion to data guality 1lssues.

In the present s:tudy, similar site and populaticn
characzar.stics, as well as the presence of common contamirants
2 zhe fcur sites, made it feasible to coasider a
Tuitisize study Z2sign.  Consequently, sample size was increased
anc data comparability was ensured by using standardized data
collecticn instruments, uniform specimen collection, uniform
specimen collection, handling procedures, and laboratory
analytical technigues for specimens obtained at each study site.
The larger sample size increased the statistical power to detect
differences between those participants presumed to be exposed and
zhose presumed unexposed to contaminants at the study sites.

Exposure to Lead

Lead poiscning in young children is a common health problem.
Increasing information and public awareness about the toxicity of
lead and other heavy metals at progressively lower levels has
resulted in heightened concern among public health officials
about the potential impact of lead exposure in this population.
In young children less than six years old, for example, increases
in blood lead levels may be associated with exposure to soils
containing 500 ppm or more (3). The blood lead level at which
the risk of toxicity exists continues to be revised downward.

The Centers for Disease Control and Prevention (CDC), in a recent
report stated that a blood lead level below 10 micrograms per
deciliter (ug/dl) is not considered to be indicative of lead
poisoning (4). For example, blood lead levels as low as 10

ug/dl are potentially harmful to neurobehavioral development in
fetuses of pregnant women and young children (5,6). Maternal

and cord blood lead levels of 10-15 ug/dl appear to be associated
with reduced gestational age and reduced weight at birth (7). It
is not clear what impact blood lead levels below 10 ug/dl have on
central nervous system function; it may be that even these levels
are associated with adverse effects and continued research may
help clarify this issue.

Lead has been shown to produce injury to the kidney
following chronic high level exposure (§,7). However, the
magnitude of risk following low-level environmental exposure to
lead remains uncertain. It also is not certain what effect
combined exposure to lead and cadmium may have on kidney
function. Moreover, lead toxicity following various levels of
exposure is also evident in red blood cells (8,9).
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Exposure to Cadmium

Cadmium is a naturally occurring metal contaminant of
ncschate and a by-product of zinc and lead smelting. Working in
living close o a major source of airborne cadmium emzssxon

h as zinc, lead, or copper smelters and/or consumption of

etaples Jgrcwn in soil with a high cadmium concentration may

ulc o n--rar than average exposure. Cadmium has a long
ciclogical haif-life (10-30 years). At birth the total body
burden £ cadmium is almost absent (less than 1 ug), but by the
age of 50 the body burden may have reached 20-30 mg (10).
Normal urinary excretion of cadmium is generally below 2 ug/day
and increases with age, probably paralleling an increasing renal
and total body burden (11).

3

w 0'u

7

1V 'SR

Lt

Long-term low-level exposure to cadmium is a public health
concern. Emphysema, anemia, and liver damage have been observed
in workers chronically exposed to cadmium (11). Although cadmium
may concentrate in other vital organs, the kidney is the primary
organ affected by cadmium exposure. Because of life-long
accumulation and possibly irreversible renal tubular dysfunction
caused by such exposure, sensitive biological markers of cadmium
exposure or its effects are needed in order to detect early
pathophysiological changes associated with cadmium exposure.

Environmental Contamination

The extent to which lead and cadmium present in different
environmental media may threaten human health has not been fully
established. However, recent studies concerned with
environmental pathways of human exposure have demonstrated that
elevated concentrations of lead and other heavy metals found in
soil may pose a human health risk following direct contact with
soil (7,12). It is not clear to what extent sociceconomics and
individual behavior may also influence the magnitude of health
risk posed by heavy metals in soil and other environmental media.
Earlier reports concluded that lead in soil and house dust may be
responsible for blood lead levels in children increasing when the
concentration in these media exceeds 500 to 1,000 parts per
million (ppm) (3,4,13).

The US BEnvironmental Protection Agency (EPA) is responsible
for assessing and remediating hazardous waste sites where the
presence of lead and other contaminants may threaten
environmental safety and the health of people. To better assess
the exposure potential and effects of environmental lead in
children, the EPA has developed the Integrated Exposure
Uptake/Biokinetic (IEUBK) model. Matched data sets of
environmental and blood lead levels collected as part of the
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nt multisite study will e used Lo evaluate the utility of
EUBK model .
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Adverse HYealth Effacrts

D

In 1988, the CDC/ATSDR Subccmmittee on Biological Markers of

an Camage and Dysfunction recognized medical test batteries
three organ-systems: immune system, hepatobiliary system, and
inary system {(14). For each organ-system, the subcommittee
_assified and racommended laboratory tests that it considered to
e suitable biomarkers and classified the tests in the three
£ollowing categories: (a) basic screening panel, (b) tests for
specialized studies, and (c) tests requiring more research and
development. This initial classification of organ-specific test
batteries was used as a basis to select biomedical tests that
were used in the present study. Certain hematopoietic measures
were also included because of the potential impact of lead on the
blood- forming organ.
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Biomarkers that measure subtle physiological change in
organ-system function can aid researchers in evaluating the
impact of chronic low-level exposure on organ-systems that may
cause adverse health effects. Clinically obvious toxicity
endpoints associated with high-level lead and cadmium exposure
(e.g., anemia, peripheral neuropathy, and renal dysfunction) are "’
well established (9,15,16,17). Subtle health effects such
as slowed nerve conduction, impaired neurobehavioral development,
impaired hemoglobin synthesis, renal tubular cell injury, and
impaired uric acid absorption may also result from or be
potentiated by chronic low-level exposure to lead and cadmium
(18,19,20,21,22). It has been suggested that such
effects may represent intermediate phases of toxicity along an
exposure-disease continuum that may lead to more pronounced
symptoms or disease.

Study Sites

Population-based cross-sectional studies were conducted in
communities adjacent to the following four National Priority List
(NPL) sites:

Illinoi-' NL Industries/Taracorp, Granite City, Madison

- County
Kansas: Cherokee County Subsite, Galena, Cherokee County
Missouri: Oronogo-Duenueg, Joplin, Jasper County
Pennsylvania: Palmerton Zinc Pile, Palmerton, Carbon County

Concentrations of lead and cadmium in residential soil
elevated above background level were the common characteristics
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DR awarded a grant tc the Illinois Department of Health
uct an environmenta. health study at the NL

es/Taracorp Site /23). This site was located in a

-d industr:al and residential area within the city limits of
anite City, Illinois. The NL Industries/Taracorp site was a
rmer secondary lead smelter that ceased operation in 1983.

iting operations at the site were believed to have contributed
o off-site, residential soil contamination during an eighty year
geriod in which airborne lead emission may have occurred. In
addicion, surface run-off and fugitive dust emissions from
contaminated surface scoil and slag piles on-site were also
suspected. The population potentially affected by site-related
contamination was estimated to be about 45,000.

10
Q,

D [SUNS]
n O
T3 30O
' Dni e
(K nun
1

]()Hn‘-

h

(P U rn (Y3 v

Soil- On-site soil samples collected in 1987 contained lead in
concentrations that ranged from 1,500 to 48,000 ppm. Samples
from slag piles and other surface waste contained concentrations
of lead up to 300,000 ppm. Cadmium soil concentrations were not
reported. Off-site soil samples collected from residential yards
and gardens by Illinois Department of Health, IEPA, and USEPA in
the early 1980s revealed lead concentrations that ranged from 27-
to 5.400 ppm (mean 1,087 ppm, median 675 ppm, and n=48). 1In
1988, IDPH conducted additional soil sampling as a part of an
area-wide lead study. Soil lead concentrations ranged from 106 to
9,493 ppm (mean = 1,030 ppm, median = 905, n=40).

For the most part, sampling revealed that soil lead levels were
highest arcund the perimeter of the site with concentrations
decreasing as distance from the site increased.

Surface water- The two main surface water bodies, the Mississippi
River and Horseshoe Lake, were monitored frequently and showed no
evidence of site related heavy metal contamination.

Groundwater- Analysis of water samples from site monitoring wells
did not detect elevated levels of lead or other contaminants in
ground water downgradient to the site. Lead concentration in
groundwater has not exceeded 20 ppb.

Air- Ambient air monitoring since 1983 showed air lead levels
taken from monitors closest to the site-were well below the 1.5
ug/m* NAAQS standard for lead. The highest quarterly average
recorded was 7.3 ug/m’ during the final months of 1981 (1981
yearly average of 3.03 ug/m’). Because of persistent air
standard violations, Taracorp was denied a state license to
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cgerate its smelzer in 1383.
Lansas

ATSCR awarded a grant to the Xansas Cepartment cf Health to
ccnduct an environmental health study at the Cherokee County
ucsice in Galena (24,25). This site was located
agpreximately 7 miles from the Joplin, Missouri site with which
it shares a contiguous border. It is one of several sites that
make up the tri-state mining district. The size of the
residential population potentially affected was about 4,C00.
Scil contamination in the target area resulted from air and soil
depcsits associated with lead mining and secondary smelting
cperations during the late 1800s that continued into the mid
1960s. Cff-site, soil contamination in nearby residential areas
probably resulted from airborne lead emission related to smelter
operations, surface run-off, and fugitive dust emissions from
ccrntaminated on-site surface soil and slag piles.

-

Soil - On-site soil samples collected in 1989 by the USEPA
contained lead in concentrations ranging from 500 ppm in surface
soil to 3,800 parts per million (ppm) in surface mine waste and
railings. Socil cadmium was found in concentrations ranging from
12 ppm in surface soil to 60 ppm in surface mine waste.

Surface water- Maximum surface water samples collected in 1989
contained lead concentrations of 290 ppb in open pit mine ponds
to 67 ppm in other local creeks and rivers. Cadmium
concentrations ranged from 200 parts per billion (ppb) in open
pit mine ponds to 140 ppb in nearby creeks and rivers.

Groundwater - Samples taken at 50 monitoring wells and 22 private
wells in 1985 exhibited lead concentration as high as 390 ppb.
Cadmium concentration in private wells had a high of 180 ppb.
Groundwater monitoring for heavy metal contamination of the
Galena municipal drinking water supply was negative for lead and
cadmium.

Alr - Ambient air monitoring conducted by EPA in 1983 and 1985
did not detect appreciable concentrations of heavy metals
absorbed to particulate found in ambient air near tailing piles
or at other areas considered to be a potential source for heavy
metal contaminated dust.

Missouri
ATSDR awarded a grant to the Missouri State Health

Department to conduct an environmental health study at the Jasper
County Oronogo-Duenweg Superfund Site (26,27). This site
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consisted of approximately 20 sguare miles of waste and mining
products in an unfenced general site area where lead and zinc
were extensively mined from the 1850’'s to the mid 1960s. Shallow

round water, surface water, sediment, and surface soil were
zontaminated with heavy metals including zinc, lead, cadmium, and
nickel. Surrounding towns in the area used the deep aquifer and
surface water. However, approximately 1,500 people were reported
=0 use private wells from the shallow aquifer at the time of the
ATSDR supportad study. Human exposure to heavy metals may have
cccurred by ingesting contaminated ground water, soil, sediment,
arnd inhalation of contaminated air. Levels of lead found in
private wells did not appear to pose a significant public health
threat alone, but may have been a significant contributor to
cverall lead exposure by area residents.

Soil - Ten random soil samples collected from the site area in
1386 by EPA contained lead in concentrations ranging from 73 to
7,300 ppm with a mean of 2,501 ppm. Cadmium soil concentration
ranged from 5.9 to 250 ppm with a mean of 80 ppm. By comparison
a U.S. Geologic Soil Survey estimated that average Missouri soil
lead concentration range from 2.1 to 930 ppm, mean 44 ppm and
cadmium at less than 1 ppm.

Surface water- The main surface water runoff contained maximum
dissolved lead and cadmium concentrations of 400 and 1,400 ppb, --
respectively. As a source for excess lead and cadmium exposure,
surface water was considered less of a risk because of limited
exposure associated with dermal absorption. No evidence of food
chain contamination was reported. Reported consumption of fish
obtained from local surface waters was not in quantities believed
to be sufficient to pose a significant health concerm.

Groundwater- Analysis of water samples for lead measurement that
were obtained from site monitoring wells detected 6 ppb lead and
did not exceed 20 ppb in subsequent sampling.

Alr Ambient air monitoring data were not available at the time of
the study.

Pennsylvania

ATSDR provided technical assistance to the Pennsylvania
Department of Health to conduct an environmental health study in
Palmerton (28,29,30). The town (1990 population 5,393) lay
in a narrow east-west linear valley bounded by parallel ridges
rising up to 1,000 feet above the valley floor: Stony Ridge to
the north and Blue Mountain to the south. The Bast Plant was
located on the scuth bank of Aquashicola Creek near its
confluence with the Lehigh River. The West Plant was located on
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the north bank of the Lehigh River. As such, the topographical
character of the area surrounding the plants was favorable for
soil contamination seccndary to waste site runoff.

Jersey Zinc (NJZ) tegan smelting cperations in Palmerton

£ Plant) in 18%8. 1In 1915, after ccnstruction of the East

t, NJZ tegan rcasting sphalerite, a zinc sulphide containing
1 amounts of cadmium arnd lead. he primary products from
hese smelting operations, occupying 267 acres, were metallic

inc and zinc oxide. Before smelting activities ceased in
ecember 1980, daily emissions from this source were estimated to
be 6,000-9,000 kg/day zinc and 70-90 kg/day cadmium. At the time
of the ATSDR supported study, activities for refining dust into
tase metals were being conducted in the East Plant, while the
West Plant remains closed to all activities. 1In addition to the
widespread deposition of heavy metals through past airborne
emissions, there was potential for contamination of groundwater
and surface water via leaching and runoff from a large site of
waste deposition adjacent to the East Plant. This site, which
lay at the base of Blue Mountain just south and east of
Palmerton, consisted of some 33 million tons of processed waste
or slag piled 200 feet high and covering an area approximately
2.5 miles long and up to 1,000 feet wide.

TN (1 0

Soils- Sampling conducted by the U.S. Department of Agriculture
(DOA) in 1980, found that soil concentrations of zinc, cadmium,
and lead in the Palmerton area generally exceeded typical
background levels in the U.S. (zinc <100 ppm, cadmium 0.5 ppm,
lead <25 ppm).

In 1985 and 1986 off-site contamination of soils in and around
the town cf Palmerton confirmed that zinc and cadmium
concentrations were elevated and that they decreased with
increasing distance from the plants. Nearly all of the Palmerton
residential soils tested contained below 500 ppm lead. Soil

- samples containing higher concentrations of lead were generally
confined to areas not subject to human use.

Surface Water - In May 1979, a hazard evaluation study was
conducted by the EPA National Enforcement Investigations Center
(NEIC) tq assess heavy metal pollution in Aquashicola Creek and
the groundwater in Palmerton area wells (28). Seven-day average
concentrations of zinc and cadmium were found to be 0.86 ppm and
0.04 ppm respectively at a location in Aquashicola Creek just
downstream from the East Plant. These downstream metal
concentrations were about 30 times higher than the concentrations
observed at a reference location upstream from the plant. The
report concluded that the observed concentrations of heavy metals
were sufficiently high to cause fish growth retardation and
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morzality, and that the contaminated section of the creek was not
safa for trout stocking or for potable water (the drinking water
standard for cadmium was exceeded by a factor of 4-9).

Ground watexr - Crinking water supplies £cor the Palmerton area
wer2 ncs fzund to have elevated levels of cadmium or lead.

>

ir - In 1983, Earzwell measured ambient air concentrations of
cadmium and lead at four different locations (30). Average
cadmium concentrations recorded by Hartwell exceeded normal rural
tackground levels and showed an inverse relationship with
distance frcm the smelter. Average lead concentrations ranged
from 0.123-0.563 ug/m’. These concentrations were well below the
National Primary Air Quality Standard for lead of 1.5 ug/m’
annual average. The air lead concentrations showed no
relationship to distance from the smelter. In September and
Cctober 1990, ambient air sampling was conducted on an area of
Blue Mountain undergoing a pilot soil remediation program. The
nearest residences were approximately 1,500 feet from the
sampling locations. Median air lead concentrations ranged from
0.088 ug/m’ to 0.349 ug/mP. Median air cadmium concentrations
ranged from 0.003 to 0.011 ug/m' (31).

OBJECTIVES

(1) Analyze blood and urine specimens for biological
evidence of lead and cadmium exposure among residents
of communities adjacent to four NPL sites (target
areas) and among residents of comparison areas.

(2) Evaluate the exposure contribution of contaminated soil
and house dust among target and comparison area
residents, by measuring and controlling for other
possible environmental contaminant sources and factors
known to influence lead and cadmium exposure.

(3) Evaluate the extent to which behavioral, occupational,
and socio-economic factors influenced exposure to lead
and cadmium in target and comparison populations.

(4) Estimate exposure among target populations near sites
where the predominate environmental source of lead and
cadmium resulted from mixed mining/smelting activities
compared to populations near sites where the
predominant source of contaminants resulted from
smelting activities.

(3) Characterize the distribution of selected biomedical
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test rat:teries IC evaluate four organ-systems in target
and comparison pcpulations and compare resul:ts with
standard reference ranges.

Zvaluate the extent to which blood lead and urine
zadmium levels were associated with organ-system
dysfunct.on, as indicated by bicmedical test battery
values.

(3 2%

METHODS
Rationale for Study Design

Similar site and population characteristics, as well as the
presence of common contaminants at each of the four sites, made
it feasible to utilize a multisite cross-sectional study design.
Standardized data collection instruments, uniform procedure for
specimen collection, handling, and analyses were specified in
advance to ensure comparability of data.

Data Collection

ATSDR staff participated in training census survey workers
and interviewers responsible for administering questionnaires, .
and observed all aspects of the studies to ensure that data were
collected consistently. Data collection at each study site
occurred in two phases. In order to capture peak exposure
potential for children under six years old, all data collection
was performed between June and September 1991.

The first phase was a door-to-door census survey of
households located in the target and comparison areas. At least
four attemps were made to contact occupants of each household.
Length of residence, age, and sex were recorded for all
individuals in each household. All persons who satisfied a 60-350
day residency requirement were eligible to participate. Of those
eligible participants, random selection was used to choocse
particpants for the second phase of data collection. The 60-90
day residency requirement was used to establish a minimum
duration of exposure to local environmental contaminants and was
based on the half-life of circulating red blood cells.

The second phase consisted of collecting interview data,
blood and urine specimens, and residential environmental samples.
Blood and urine specimens were analyzed to measure biological
evidence of exposure to lead and cadmium. Reference ranges for
biomedical tests that were used in this study are displayed in
Tables 1-6. Environmental samples of drinking water, yard soil,
house dust, and interior house paint were collected from a
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reprasentative sub-sample of study participants’ households for
aralysis
Study Area

Target areas were located adjacent to four NPL sites and
xncwn or suspected to have elevated residential soil levels cf

iead and cadmium. Comparison areas were similar to target areas
with respect to demographic and socio-economic characteristics,
buz were located at least three miles from the NPL sites and
there was no other known point sources of the contaminants being
investigated or evidence of elevated lead or cadmium
concentration based on past and current soil sampling.

FTor data analyses and other comparisons, study sites were
further characterized on the basis of historical smelting or
mining activities at the NPL sites, that was believed to be
associated with residential lead and cadmium deposition. The
purpose of this comparison was to evaluate exposure differences
that may be related to variation in lead forms emitted in
connection with different manufacturing processes. Thus, target
area participants from the Illinois and Pennsylvania study sites
were classified as smelting area residents while those from
Kansas and Missouri were classified as mixed mining/smelting area
residents (Table 7).

Census Survey

A census was conducted in the target and comparison
communities to obtain a complete listings of eligible
participants, from which representative samples were drawn.
Census data identified eligible participants by age, sex, and
length of residence in target and comparison areas.

Advance notification to household residents of the upcoming
census was accomplished by either leaflets left at the homes or
through the mail. An example of a census survey form developed
by ATSDR used to collect census information is displayed in
(Attachment 2). Households not returning the-mailed census forms
were visited by a censustaker. Four attempts, on different days
and at different times of the day, were made to contact residents
of each household in the census areas. A notice was also left at
each residence where no one was home. This notice informed
residents that a census taker came by and provided a phone number
for contacting the census taker.

. Leccs
DRAFT - DO NOT CITE May 13, 1994 DO NOT QUOTE-DRAFT

13



Residents between the age of 6 months to 75 years who had
ived in the study areas for at least 60 to 30 days were eligible
varcicipate in the study. The residency requirement was
aplisnhaed to ensure that measura2s of exposure reflected a high
cacility for local exposure. Within each age group (i.e., 6-
mcnths, £-14 years, 15 years and older), eligible participants

randcmly selected. Young children were oversampled because
nelr increased sensitivity to the effects of lead, and they
also more likely to be exposed from environmental sources
use of common hand-to-mouth activity in this group.
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A total of 2,208 people were selected from eligible
rarcicipant pools among the four sites (Illinois 10,000, Missouri
8,000, Pennsylvania 7,000, and Kansas 1,857). Althocugh the
presence of elevated soil lead and cadmium concentrations at each
site was a major consideration in the decision to include each
site in the study, it was also noted that residents of the
different study locations were comparable with respect to age,
sex, and socioceconomic characteristics (Tables 8 and 9).

Calculation for study power and sample size required for the
multisite study (i.e., combinded data from the four studies) was
based on urine excretion of alanine aminopetidase (AAP), a renal
tubular enzyme associated with tubular damage. This enzyme has
been found to be a sensitive indicator of renal damage in workers
exposed to lead and cadmium. Of the renal tubular enzymes used
in this study, AAP is more sensitive to renal effects associated
with cadmium exposure. Since cadmium exposure was anticipated to
be low in the focus population (children <6 years old) UAAP was
selected as the variable most likely to capture subtle renal
injury that may result from concurrent exposure to lead and
cadmium. Sample size and power calculations are based on being
able to detect a 10% change in UAAP, at alpha = 0.0S5%, control
fixed and target varying. It was determined that a sample size
of 300 target and 300 comparison area participants was sufficient
to obtain power of 83%

Participants from target and comparison study areas were
selected according to a-protocol mutually agreed upon by
principal investigators for each of the four studies. A suitable
comparison population was not identified near the Illinois study
site; therefore all participants in the Illinois study were
target area residents.

Participant Consent
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Consent of each participant was confirmed at the beginning
of each interview by completion of a participant consent form
approved by the CDC and Human Subjects Review Committee of each
of the respective state health departments. Permission to
ccllacz blood and urine stecimens for heavy metal exposure
maasurement and bicmedical testing was cbtained from each
par-icigant.

—be o A

Residents who consented to participate in the study were
interviewed by trained interviewers. A core questionnaire was
developred by ATSDR in collaboration with the state health
departments and standardized for use in the present study. A
copy of the questionnaire was not included in this report because
disclosure of its contents would limit its usefulness in future
studies. The questionnaire was used to collect information about
demographic, residential, hobby, occupational, and behavioral
characteristics that could influence exposure to heavy metals, or
the health of participants as indicated by biomedical test
values. For children under 16 years of age, a parent or legal
guardian was required to participate in the interview process.
All interviews of adults were answered by the participating
adulc.

Only core questionnaire responses were used in the present
multisite analysis. However, the investigative team at each of
the four study sites appended additional questions as needed to
deal with variables of local importance.

Biclogical Specimens

Venous blcod and urine specimens were collected at central
locations convenient to part:cipants. Specimen collection
procedures used at each study site were standardized by protocols
specified by each laboratory performing specimen analyses. For
consistency in specimen collection, storage, handling, and
transport, on-site laboratory support for each study was provided
by a single contractor, Midwestern Research Institute (MRI). To
ensure consistency of laboratory analyses and quality
control/quality assurance standards, as well as minimize
interlaboratory variability, tests in each major category were
analyzed at the same laboratory using identical analytical
techniques. Por example, urine cadmium, blood lead, urine renal
tubular enzyme analyses (i.e., AAP, NAGA, and GTT) and immune
function tests were conducted at the Centers for Disease Control
and Prevention (CDC) laboratory. Liver enzymes and electrolyte
analyses were performed at Roche Laboratory, whose services were
obtained by a sub-contract with Midwestern Research Institute
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MRI). Ccmplete blood counts and urine analyses were done within
eight hours after collection to ensure specimen integrity. These
crccedures were performed at local hospital laboratories arranged
zy MRI. Because these test procedures were well standardized,
ccrparability of results obtained by different hospital
_arcoratcries was expected to e satisfactery.

rarccratcry Variabilic

Specimen collection technique, volume requirement, limits of
detection, and quality control measures were standardized across
the four study sites to minimize the impact of laboratory
variability on test results.

Blood lead and urine cadmium analyses were performed using
the Zeeman graphite furnace atomic absorption method. Quality
control was established by duplicate analysis of whole blood
pools, where target values were established by thermal ionization
isotopic dilution mass spectroscopy (32,33). Means and
ranges for controls were all within previously established 95%
confidence limits.

Other specific measures taken in order to assure specimen
integrity as well as reproducibility of test results are
described in the following sections.

Collection Apparatus

To minimize specimen contamination, all collection materials
were screened for lead and cadmium before transporting to study
sites. These materials were kept in plastic bags until used.
Screened collection materials [vacutainers, syringes, collection
cups, and needles] were provided by the Center for Environmental
Health Laboratory Sciences (CEHLS) at CDC and Midwest Research
Institute (MRI).

Collection Method

MRI provided on-site laboratory support services at each
study site.  Trained phlebotomists were on-site to collect venous
blood specimens. Phlebotomists with specialized skills in

pediatric phlebotoamy were utilized for specimen collection at
each study ¥ite.

Blood specimens that were obtained from young children, age
6 through 71 months, were collected with a syringe-butterfly or
vacutainer-butterfly apparatus. A minimum of seven milliters of
venous blood was necessary to accomplish all laboratory analyses
administered during the study.
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All urine specimens were "spot" {(untimed specimens col.ec:ed
on site. Verbal and written instructions for urine collection
orocedures were given tO each participant. Parents or guardians

To minimize the possibility of loss specimens or incorrect
assignment of laboratory values, each sample was labeled with a
unique identification number. Every item containing a
rarcicipant’s data-including census form, questionnaire, and
consent form was labelled and identified using the same unique
numper that identified biological and environmental specimens.
All participant information was maintained as a unit, checked for
consistency, and transported to the designated laboratory(s)
daily. The study grcup status [target versus comparison] of each
participant was not displayed and therefore unknown to laboratory
personnel performing the analysis.

Blood and urine specimens were shipped by overnight mail
to CDC for analysis of cadmium, AAP, GGT, and NAG. Blood
specimens for the panel of immune tests were shipped daily by
overnight mail to CDC. Blood specimens for liver enzymes and
serum chemistries were batched and shipped daily by courier to
Roche Laboratory for analysis. Complete blood counts (CBCs) and
urine analysis were performed locally at certified hospital
laboratories. Urine specimens were divided into four S0ml
aliquots on-sitce, labeled, stored, and shipped to CDC for
analysis.

Environmental Sampling

A sub-sample of study participants’ homes was systematically
selected for environmental sampling in target and comparison
areas. Households with children between the ages of 6 through 71
months old were intentionally oversampled because of the high
priority place on examining this group. The following
environmental media specimens were collected from within and
around participants’ residences: (1) drinking water, (2) yard
soil, (3) house dust, and (4) house paint (interior). All
samples were collected in contaminant-free containers using a
protocol developed by USEPA Regions V and VII for use in this
study (Appendix C). A similar protocol was developed by Region
III USEPA and used for environmental sample collection. Samples
were transported to a designated EPA contract laboratory for
analysis. Investigative teams at each study site were
responsible for accurate sample collection, labeling, and
transport. Each sample was labeled so as ta clearly identify the
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type of sample and the residence frcm which it was cbtained.
Samples collected from each housencld were transported in
containers of sufficient size so that transport cof irdividual
nousehold samples were transported as a unitc. This precautionary
measur2 was taken in an attempt to decrease the cpportunity for
delayed arrival of individual samples at the labcratory or the
ccssibilizy of being lost. All environmental sampling and
lapcratory analyses were performed to meet EPA quality assurance
and gquality control requirements.

Privacy and Notification

Privacy Act of 1974

Under the federal privacy Act of 1974 (5 U.S.C. Section 552a
(e]), employees of federal agencies are responsible for
protecting data collected on identifiable persons or
organizations when the supplier of that data has not given
consent to the agency to make the data public. The
responsibility for protection extends to unauthorized visual
observation, accidental loss, or theft. This implies that
confidential records should be kept out of sight of unauthorized
persons, stored in locked cabinets or locked rooms when not being
used, copied only when absolutely necessary, and stored in sealed
containers when transferred to archives. Statistics derived from-’
such confidential data should be reported without inadvertent
disclosure about particular study subjects.

This report, and all reports made available to the public,
do nct contain laboratory results or findings that identifies any
individual or person and only report aggregate data. All such
records continue to be maintained in compliance with the Privacy
Act of 1974.

Individual i£] .

Tests results from each of the four study sites were
received from each laboratory and reviewed by the investigative
team. Test values were transmitted in writing to adult
participants and to parents/guardians of minor participants by
the respective state health department involved in the studies,
along with explanations of test results and follow-up
recommendations as indicated.

Pindings of Immediate Significagnce
| Test results indicating immediate clinical significance to a
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scn’s health received notification immediately. Individuals
were Otlfled by the state health department upon receipt cf
ts results from ATSDR. Repeat testing was offered to
zicipants who had blood lead levels of 15 ug/dl and above for
1firmation and to alert state health departments of the
sible need to implement community surveillance and lead
posure prevention strategies. Unadjusted urine cadmium values
2 ug/L and above were confirmed by blood cadmium measurements
rule out possible specimen contamination.
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Data Analysis Methods

The Statistical Analysis System (SAS), Release 6.07 (SAS
Institute, Cary, North Carolina) was used for data management and
statistical analyses.

Data Ent

Interview/questionnaire data were double-entered by each of
the investigative teams. Data were visually inspected for
completeness and consistency before entry. Following data entry,
internal consistency computer programs, as well as validity and
range checks were used to identify possible coding and data entry
errors.

As ATSDR staff received data from CDC, MRI, EPA, and states,
all values were inspected to determine the presence of outliers.
Suspected outliers were validated by inspecting original data
forms and changes made, if necessary. Discrete or categorical
variables were checked to determine whether the responses for
2ach variable were valid and within the appropriate ranges.

Data Management

Data from all four states were entered in separate computer
files as follows: (1) biological exposure measurements, (i.e.,
blood lead, and urine cadmium), (2) concentrations of lead and
cadmium measured in four environmental media, (3) biomedical test
results, and (4) interview/questionnaire responses. Data were
submitted on a tape standard label, (6250 BI) in ASCII format.
ATSDR received all original data sets except questionnaire data
which were collected and entered by the four investigative teams.
A merged datafile was created for each study site containing the
four data components and given to each investigative team for
site-specific data analyses and quality checks.

The datafile created for the present multisite analysis

consisted of individually merged datafiles from the four study
sites, and contained: interview data, exposure variables,
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cicmedical test results, and anvironrental data for each study
tarticipant The four merged datafiles were concatenated to
cr2ate a single multisite data set. The concatenated data set
~as us2d for all subsequent analyses.

Data Transformation

Labcratzory values for all biological analytes less than the

Zzcaczable limit were redefined and entered as one-half the value
2f zhne detsection limit. All laboratory values were transformed
=5 ratural logarithm, to approximate normal distribution for
statistical analysis. Because spot urine specimens were
zollected rather than timed specimens, cadmium levels were
adjusted to account for urine concentration differences observed

in study participants. This was a particular concern because of
~he large number of children in the study and that urine
creatinine excretion is generally lower in children and women due
20 less muscle mass (34,35). Urine cadmium values were

axamined across a wide range of urine dilutions and creatinine
measures. It appeared that urine specimens with creatinine less
than 25 mg/dl resulted in erratic and unreliable cadmium values
when adjusted for creatinine. Specimens with creatinine values
celow 25 mg/dl were considered too dilute for accurate adjustment
and therefore, only specimens with creatinine levels equal or
greater than 25 mg/dl were used for statistical analysis of urine.
cadmium results. A previous study that evaluated renal tubular
enzyme excretion in connection with cadmium exposure suggested
that creatinine adjusted spot urine specimens with creatinine
levels less than 50 mg/dl may not have been reliable (Muller
1380). Thus, for renal tubular enzyme analysis, creatinine
adjustment were performed only for those specimens with
creatinine values of 50 mg/dl and higher. Adjusted cadmium
excretion was obtained by applying one of the following formulas:

UrCd ng/ml
UrCr mg/dl

Urine Cadmium (ug/g Creatinine) X 100

Urine Enzyme Value (ug/L) X 100
UrCr mg/dl

Enzyme Creatinine Ratio(pg/L) =

where:

UrCdCr = Urine cadmium, adjusted to urine creatinine
UrCd = Urine cadmium, unadjusted
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JrCr = Urine creatinine
Data Analyses

The present study was designed to evaluate differences in
2xgosure to lead and cadmium among populations residing within
zarget and comparison study areas. Study sites were also
classified as eizher smelting (Illinois and Pennsylvania) or
mixed mining/smelting (Kansas and Missouri] on the basis c¢f the
cradcminant activity associated with lead and cadmium deposition,
o evaluate differences in exposure potential that might be
related to the form of lead deposited. 1In all cases data were
analyzed to determine whether persons had blood lead or urine
cadmium levels significantly different based on area of residence
(i.e., target versus comparison and smelting versus mixed
mining/smelting sites).

Upper and lower reference ranges were computed for male and
female participants who resided in each study area of interest
for all biomedical tests and compared to test values obtained
from the reference population. For biomedical tests not having
well established ranges of normal, these values were computed and
defined as less or greater than 5% and 95%, respectively of
values observed in the comparison areas. In addition to computed
upper and lower limits, mean biomedical test values for each age
group within each study area were used to evaluate differences
cbserved.

Although the present study oversampled children 6 to 71 months
of age, data analysis was performed in a similar manner for each
age group in three phases. First, the distribution of selected
variables were characterized for each study area ([target versus
comparison]. Second, the distributions were compared to
determine whether blood lead and urine cadmium levels differed
significantly among participants residing at smelting versus
mixed mining/smelting sites. Third, additional data from study
area participants were examined to determine associations between
other independent variables and blood lead or urine cadmium.
Linear and logistic regression models were constructed to
determine the association between lead and cadmium exposure
measures while controlling for the effect of multiple potentially
confounding variables.

Univariate Analysis
Univariate analysis was used to provide a summary of
descriptive statistics for each study group. More specifically,

it was used to characterize distributions of biological exposure
measures (i.e, blood lead and urine cadmium), environmental media
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ncentrations (i.e, soil, dust, water, and paiat), btiomedical
st results, and gquestionnaire responses including demographic
d cehavioral faccors in each study group. DJescriptive
atistics used tc characterize continuous variables were mean,
3

2

T ()

1

ndard deviation, and ranges. Frequencies and percentiles were
d zo characterize categorical variables.

'
W (v Y (b QO

[

tudent’s z-t2st was applied to log-transformed biological
ironmental data to determine whether differences between

lues among study area groups were statistically

cant. Independent variables of primary interest in this

dy were age and area of residence.

Cdds ratios and 95% confidence intervals were used to determine
the association between blood lead and urine cadmium levels in
~each study group and other independent and potentially
confounding variables. Stratified analyses were performed to
examine variables that could be effect modifiers or confounders.

Bivariate Analysis

Bivariate analysis was performed to evaluate the relationship
between two variables or compare two study groups. Bivariate
analyses include the two-sample t-test, odd ratios, correlations
between two continuous variables, and simple linear regression.

The two sample t-test was used to determine whether
participants in each study group had significantly different mean
blood lead, urine cadmium, and biomedical test values.

Correlations—Correlation coefficients were calculated to
evaluate the strength of associations between exposure variables
[blood lead and urine cadmium]), and environmental media
concentrations of these coantaminants. Strong associations
indicated by a correlation coefficient value of 0.20 or greater
were further examined by including the variables in multivariate
models.

Simple linear regression was used to examine the relationship
between area of residence and biological analytes of interest,
environmental media concentrations, and questionnaire variables.
This technique was used to predict the value of a dependent
variable (e.g., blood lead or urine . cadmium) with an independent
variable, such as age, smoking, or other vaxiables of interest.

0dd ratios - 0Odd ratios were calculated to estimate the
relative risk for having elevated blood lead and urine cadmium

levels in each study group. No actual disease outcome measures
were used; the outcome variable was defined.as elevated blood or
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urine levels of lead or cadmium, respectively. The odds ratio
was defined as the odds of a pcsitive cutccme in (exposed)
varticipant with certain characteristics relative to those who
tacked the characteristics evaluated (unexposed).

Multivariate Analysis

Multivariate analysis was used to show the relationships
bezween three or more variables, and included a covariance model
'ANOCOQV), regression analysis, and logistic regression for
dichotomized outcome variables.

ANOCOV model - Based upon results of the two-sample test, and
correlation coefficients, an ANOCOV model was derived as an
extension of the two-sample t-test. The ANOCOV model compared
mean values of variables, while adjusting for other variables
(covariables) such as age, and occupation. The ANOCOV model
consisted of three components: (1) response or dependent
variable, (2) main effect, which in this study was the area of
residence being compared, and (3) covariables, which were factors
known to be associated with or possibly have influence on the
response variable such as age, sex, occupation, hobbies, etc.

Multiple regression - For each continuous outcome variable
(exposure and biomedical values], a regression model was fitted -.
to best describe or predict the outcome variable from two or more
predictors (i.e., independent variables). The search for the
"best" model was based upon the correlation cocefficients, and to
a large degree upon the stepwise procedure used for model
building. The stepwise backward approach began with a full model
710-15 variables], and at each subsequent step, variables
contributing least to the overall model fit were removed. The
procedure retained variables in the model for which the p-value
for the regression coefficients was s0.05. Colinearity between
two or more environmental measures indicated by a correlation
coefficient of .20 and ps .05 were evaluated for there effect on
the final model. 1In such instances, separate models were
constructed which contained each variable in question and a
determination was made concerning the relative effect that each
variable had on the final model.

Logisti¢ regression - For dichotomous outcome variables,
logistic regression was used to adjust for the effect of risk
factors and potential confounders. This was an extension of the
bivariate analysis of the odds of a defined outcome. The search
for the "best" model involved stepwise backward approach similar
to that used for linear regression. This model was also used to
evaluate whether the odd ratio was statistically significant.
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Biomarker Analysis

3iomedical tests [biomarkers] were used to assess the
ra2laticonship between exposure variables (olood lead, urine
zadmium, ard area of residence] and bicmarkers of three prioricy
nealth conditions (immune function disorder, kidney dysfunction,
Liver dysfunczion and the hematcpoietic system). Because the
a2xpcsure pattern and level of exposure were not remarkably
different among participants residing in historical smelting or
mixed mining/smelting areas, study groups were not characterized
in this manner during the analysis of biomedical test results.

Univariate and bivariate analysis constituted the majority
of aralyses performed and reported. The frequency distribution,
mean, standard deviation, minimum, and maximum medical test
values were used to describe the distribution of continuous
variables among target and comparison area participants. The
Student’'s t-test and Kolmogorov-Smirnov (K-S) tests were used for
between-group comparisons of continuous data. Because less
stringent assumptions about underlying data distribution are
required when nonparametric methods are used, the K-S test (ps
0.C0S) was selected as the criterion to assess statistical
significance for between-group comparison of mean biomedical test
values.

Multivariable regression models were constructed to examine
the association between independent variables of exposure [area
of residence, blocd lead and urine cadmium] and dependent
variables (biomedical tests) while controlling for covariates of
interest [(age, sex, smoking, and drinking alcohol]. More than
200 models and statistical tests were performed. Only models
that showed statistically significant associations for the entire
mcdel and the variable of interest, and that had an adjusted r?
equal to or greater than 0.20 were used for interpretation.
Models with adjusted r? less than 0.20 were considered poor and
were not considered further. Clinical significance was further
assessed by evaluating the size of the effect on the dependent
variable [biomedical test].

The following biomedical test variables were analyzed for each
organ-system:

RKidnay Dysfunction: Alanine aminopeptidase (UAAP); Gamma
glutamyl transferase (UGGT); N-acetyl-f-D-glucosaminidase
(UNAG); creatinine; and blood urea nitrogen (BUN).

: Hematocrit (HCT); Hemoglobin (HGB);

Mean corpuscular volume (MCV); Mean corpuscular hemoglobin
(MCH) ; and Mean corpuscular hemoglobin concentration (MCHC).
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immune Fuaction Disorders: Immunoglcobulins {IgA, IgG, IgM),
Total lymphocyte count and flow cytcmetric analysis for
immunophenotyping (CC4, CD4/CD8 ratio).

_iver dysfunction: Gamma-glutamyl transferase (GGT);
Ascvartate transaminase (SGOT); Albumin; and Total protein.

RESULTS

SECTION I
Demographics

Cemographic characteristics of target and comparison
populations were similar with about twice as many participants
residing in target areas as those who resided in the comparison
areas (Tables 8 and 9). The proportions of males and females,
level of education, and age of housing were similar. Young
children under six years old were over represented. Fifty one
percent (51.8% and 36.3% ) of participants were children less
than six years old from the target and comparison areas,
respectively. Participants in all study groups were
predominantly Caucasian. More households (31.9%) in the target
areas, had an annual income less than $15,000, than households in
the comparison areas (16.9%). .

SECTION II
Environmental a T

Of the 2,208 study participants, 1,465 (66%) had household
environmental samples taken to measure concentrations of lead in:
vard scil, house dust, interior paint, and drinking water to
assess potential exposure (Table 9). From households where
environmental samples were taken about 38% (552) of participants
were found to have yard scil lead concentration greater than 500
mg/kg and 43% (544) of the households sampled had house dust lead
concentrations greater than 500 mg/kg.

The mean concentration of lead in soil and water was higher
among households  in the comparison areas. By contrast, target
area households had a higher mean lead concentration in house
dust and interior- paint (Table 9 and Figure 1). Notably, of the
544 participants living in households where interior lead paint
concentration measured by XRF was above 0.6 mg/cm?, 81% (441)
were from the Illinois study site where 377 households were
tested.

The mean concentration of lead in interior paint measured by
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XRF was almost twice as high in mixed mining/smelting area
nouseholds compared to mean concentrations found in smelting area
hcuseholds (Figure 2).

Ccrrelation coefficients showed statistically significant
asscciaticns pezween blood lead and lead concentration in soil
and dusz, fut oot gaint and water (Table 1) .

31o0d Lead lLevels

Mean blood lead values differed among age groups and areas
cf residence (Table 12). The mean blood lead was higher among
young children in each study group and was higher among
participants in every age group in smelting areas (Figures 3 and
4) .

The highest blood lead values measured were 41.9 ug/dl and
37.9 ug/dl in the target and comparison areas, respectively.
About ninety percent (90.1%) of target and 93.1% of comparison
area participants had blood lead levels below 10 ug/dl (Table
13). Only about 2% to 3% of participants in each study area had
blood lead values above 15 ug/dl.

When study areas were evaluated on the basis of lead
deposition historically related to either smelting or mixed
mining/smelting activities, the distribution of blood lead levels
among participants were similar to that found among participants
who resided in target areas that were defined by their proximity
to respective study sites. About eighty nine percent (88.9%) of
smelting area participants and 92.5% of mining/smelting area
participants had blood lead values less than 10 ug/dl (Table 14).

Children 6 Months Through 71 Months
Target versus Comparison areas

Univariate—E£ighty four percent (84.1%) of children in the
target areas had blood lead levels below 10 ug/dl, contrasted
with 91.8% in comparison areas.

Bivariate—The mean blood lead level among children living in
the target areas (5.37 ug/dl) was significantly higher than among
-children living in the comparison areas (3.97 ug/dl), p< 0.01.
Mean blood lead was also higher among children who lived in
households where: household income was less than $15,000, head of
household had less than a high school education, or the house was
built before 1950. Children who lived in houses with air
conditioning had lower mean blood lead (4.71 ug/dl) compared to
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“nose in houses without air conditioning (7.24 ug/dl), (p<0.01:.

Children who were reported to put their mouths on furniture
had nigher mean blood lead .levels than children who were not so
r2portzad. Children who were reported to carry food ocutside also
nad nigrner blood levels (5.93 ug/dl compared to children who did
ncz carry £cod cutside (4.62 ug/dl), (Table 15).

Multivariate—After controlling for other variables in the
model, residing in one of the target areas was a statistically
significant predictor of blood lead in young children (p<0.01).
Cther variables that were significant predictors of blood lead
were living in a household where: the household income was less
chan $15,000, the head of the household had a high school
education or less, someone smoked tobacco in the house, the child
was male, (p<0.01). Living in a house that was constructed after
1950 or a house that has air conditioning was associated with a
lower mean blood lead (Table 16).

Lead measurements for four environmental media were added to
the reduced model (Table 17). Of the four media sampled, yard
soil and house dust concentration of lead, both presumed to be
sice-related, were positive predictors of blood lead, (p<0.01).
In order to maximize use of all paint data, X-ray fluorescence
(XRF) values of zero (i.e., below the detection limit) that
yielded an infinite value when the log was taken, were assigned a
value of 0.001 mg/cm’. Interior paint lead, which was not
considered to be site-related, was not retained in the model.
Similarly, tap water lead concentration was not a predictor for
blood lead level and was not retained in the model.

Multicolinearity in the final model, indicated by the high
correlation coefficient for soil lead and dust lead (i.e., r =
.46, p <0.01), was evaluated by constructing separate models
containing the soil lead or dust lead variable. Parameters for
the models were (r’ = 0.195, n = 731, p = 0.0001) and (r? = 0.197,
n = 734, p =0.0001) for soil and dust lead, respectively.

In the logistic model for young children (Table 18) blood
lead was dichotomized at 10 ug/dl. Area of residence was the
independent exposure variable of interest. Covariates
significantly associated with the dependent variable at (ps0.0S)
were retained in the model if they contributed sigmnificantly to
the overall explanation of the data.

As in the linear regression model, the logistic model showed
that living in a target area (OR = 2.69, 95% CI = 1.41-5.12) or

living in the Pennsylvania target area (OR = 2.29, 95% CI = 1.36-
3.87) was significantly-associated with a blood lead level a
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12ug/dl. CRs were slightly elevated f£or the fcllcwing variables:
male, age 1-2 years, and living in a house with someone who
srzkes tobacco. A significant negative correlation (i.e., blood
2ad s10 ug/dl) was shown for participants living in houses
cznstructed after 1350 cr in houses with air cenditioning.

The final regressicn model (Table 19) was constructed by
adding dichctcmized environmental variables to the reduced
lcgistic medel after removing area of residence as an independent
variable. The following cutpoints were used to dichotomize
envircnmental variables: yard soil and house dust lead
ccrncentrations equal to or greater tham 500 mg/kg, tap water
aqual to or greater than 15 ug/L; and interior paint equal to or
greater than 0.6 mg/cm’. Of the environmental variables entered
in the model, only yard soil equal to or greater than 500 mg/kg

was mcderately associated with blood lead level above 10 ug/dl.
Smelting versus mixed mining/smelting (All Target)

Univariate—The distributions of blood lead levels among
ycung children (Table 20) residing in smelting and mixed
mining/smelting areas were similar. The mean blood lead level
observed in young children was higher in smelting areas (5.70
ug/dl) than in the mixed areas (4.81 ug/dl). Although the
observed difference was statistically significant (p<0.01), the
clinical significance was considered negligible.

Bivariate—-Activities and behaviors (Table 20) found to be
significantly associated with mean blood lead in this age group
were similar to those noted in the target versus comparison area
aralysis.

Multivariate—~In the linear model (Table 21) type of study
site [smelting versus mixed mining/smelting] was not a
significant predictor of blood lead, (p=0.239). Significant
predictors of blood lead included: household income less than
$15,000, head of household with less than high school education,
lack of air conditioning in the house, male sex, whether food was
carried outside, and whether the house was constructed before
1950.

When environmental media measurements were added to the
model and type of study site was removed, "all of the previous
variables were retained as significant predictors of blood lead
(Table 22). Of the environmental measurement variables entered
in the model, soil and dust were statistically significant
predictors of blood lead. In the resulting model, almost nine
percent (8.8%) of additional blood lead variability was accounted
for, as the adjusted r? increased from .174 to .262.

DRAFT - DO NOT CITE May 13, 1994 DO NOT QUOTE-DRAFT

28



In the logistic model that was constructed from the reducad
linear model, the dependent variable, blcod lead, was
dichotomized at 10 ug/dl (Table 23). 1In this model the type of
study site [smelting versus mixed mining/smeltirg] was the
axposure variable. The covariates that were significantly
associated with the dependent variable (ps0.0S) were retained in
=2 model as shown.

Similar to the linear regression model, type of study site
was not significantly associated with blood lead equal to or
-*=ater than 10 ug/dl (OR = 1.07, 95% CI = 1.41-5.12). ORs were

statistically significant for the following variables: head of
household with a high school education or less, lack of air
conditioning in the house, male sex, whether food was carried
ocutside, and living in a house built after 1950 (Table 23).

An additional regression model was constructed by adding
environmental media measurements for lead to the reduced logistic
model after removing type of study site (Table 24). Environmental
variables were dichotomized at the following values: yard soil
and house dust 500 mg/kg; drinking water 15 ug/L; and interior
paint 0.6 mg/cm’. Of the environmental variables entered in the
model, only yard soil greater than 500 mg/kg was associated with
increased blood lead greater than 10 ug/dl (OR = 1.80, 95% CI =
1.35-3.23).

6 rs To 1
Target versus Comparison

Univariate—The percentages of children with blood lead
levels less than 10 ug/dl living in target and comparison areas
were 97.1% and 94.2%, respectively. The highest blood lead
levels were 25.9 ug/dl, and 21.9 ug/dl among target and
comparison area participants, respectively.

Bivariate—The mean blood lead level in the target areas
(3.49 ug/dl) was higher than in the comparison areas (2.88 ug/dl)
(p<0.01). Two, individual behavior variables were associated with
elevated blood lead levels. Children who reported sucking thumb
riding dirt bikes or having a family member who road dirt bikes
in the viginjty of ;he site had higher .blood lead levels than
children did not report these behaviors. Other variables
associat ‘u{:h elevated blood lead (p<0.01) included: household
income less.than $15,000, lack of .air c¢onditioning in the house,
male sex, and living in a house constructed before 1950 (Table
25) .

Multivariate—Linear regressiqn models were constructed using
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22g blcod lz2ad level as the dependent variable (Table 26). In
Tnils age group, ressiding In the target area was not a signifizant
crediczor for blocd .ead level, (p=0.467). Variables

nificantly associated with higher blood lead, (p<0.01)
nzluded: housenold income less than $15,000, male sex, living in
1 nouszhold with scmeone who smoked tobacco, and sucking thumb.
Air condizicning in the house; increasing age {continuous
variable;; and Living in a house constructed after 1950 were
associated with a lower mean blood lead level.

S

JIYY]

In the linear regression model that was constructed,
snvironmental measurement variables were added and area of
residence was excluded (Table 27). Variables that were
significant in predicting mean blood lead levels included:
nousehold income less than $15,000; age as a continuous variable;
living with someone who smoked in the household; soil and dust
lead concentrations. Variables that were retained in this model
accounted for about 17 % of the variance of blood lead observed
in this group (r?s=.171). Lead concentration in house dust was
associated with lower blood lead levels in this age group.

Of the 642 participants in this age group for whom a blood
12ad was obtained, only 27 (14 in the target areas and 9 in the
comparison areas] had blood lead levels 10 ug/dl or higher. For
this reason, contingency tables and ORs were not calculated and
logistic modeling was not indicated.

Smelting versus mixed mining/smelting (All Target)

Univariate—The distributions of blood lead levels less than
10 pug/dl among participants in both types of study sites were
similar. The highest blood lead levels recorded were 25.9 ug/dl
in the smelting areas and 18.9 ug/dl in the mixed areas.

Bivariate—The mean blood lead level in the smelting areas
(3.71 ug/dl) was higher than in the mixed areas (3.13 ug/dl) in
this age group, (p<0.01). Variables associated with elevated
blood lead (p<0.01) included: annual household income less than
$15,000, male sex, living in a house constructed before 1950, and
lack of air conditioning in the house (Table 28).

Multivariate—A linear regression model was constructed with
blood lead as the dependent variable and type of study site as
the exposure variable (Table 29). In this model, type of study
site was not a significant predictor for blood lead after
controlling for other confounders. When environmental media
measurements of lead concentration were added to the model, only
yard soil and house dust were retained as significant predictors
of blood lead (Table 30). About one percent more of the blood
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iead variability was accounted by this mecdel as indicated by an
increase of the adjusted r* from .171 to .180. Contingency
rablss and ORs were not calculated because of the small number of
cipants (14) in this age group with blood lead levels equal
jreater than 10 ug/dl.
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Target versus Comparison

Jnivariate—Fewer than 2% cf adult participants exceeded the
blood lead reference value for non-occupational exposure [(10-25
ug/dl] established by the 1980 WHO Study Group for non-
occupational exposure. Less than one percent (0.7%) of adult
participants residing in the target area and (1.4%) in the
comparison area exceeded this value. The highest blood lead
levels were 33.9 ug/dl in the target areas, and 37.9 ug/dl in the
comparison areas. The geometric mean blood lead level among
target area participants (3.06 ug/dl) was lower than among
comparison area participants (3.63 ug/dl, p<0.01).

Bivariate—Variables that were significantly associated with
blood lead level (p<0.01) included: male sex; living in a house
with someone who smokes tobacco; having air conditioning in the
household; and living in a house constructed before 1950 (Table..
31).

Multivariate—A linear regression model was constructed to
evaluate the relationships between area of residence ([target
versus comparison] and blood lead level while adjusting for other
factors that might also influence blood lead levels (Table 32).
Variables associated with blood lead in adults included: residing
in target areas at the Illinois or Pennsylvania study sites,
being male, and being a current smoker of tobacco. In this age
group, residing in the target area was not significantly
associated with blood lead levels (p=0.9).

When area of residence was deleted and environmental
measurements were added to the model (Table 33), the adjusted r?
decreased from 0.388 to 0.299. Similar.to previous models,
interactions and confounding was assessed and non-significant
terms (p > 0.05).-were .removed. Significamt predictors of blood
lead in eivle age group were: male sex and age, p<0.01. Of the
environmental variables evaluated, house dust was the only
statistically significant environmental predictor of blood lead.

Contlngency tables and ORs were noc calculated and logistic

regression was not done because of the small number (25) of
participants with blood lead levels grearer than 10 ug/dl. Of
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these, 15 resided in the target areas and 10 in the comparison
areas.

Smelting versus Mining/smelting (All Tqrget)

Univariate—Ninety fcur percent (394%) of smeiting area
carzicirants, and 37.8% of mixed mining/smelting area
carzicigancs nad clccd lead levels below 25 ug/dl. The highest
zlzcd lead level was 33.9 ug/dl. The mean blcod lead among
smelting area participants was 3.25 ug/dl compared to 2.64 ug/dl
mixed area participants (p=0.017).

Bivariate—Variables that were significantly associated with
blood lead (p<0.01) included: male sex; living in a house that
was constructed before 1950; living in a house with someone who
smoked tobacco; and lack of air conditioning in the house (Table
34) .

Multivariate—The linear regression model (Table 35)
illustrated that residing in smelter areas was a significant
predictor of blood lead, p=0.014. Other variables found to be
significant predictors of blood lead were: living in a house that
lacked air conditioning, male sex, and currently smokes tobacco.
When environmental media measurements were added to the model and
type of study site was excluded (Table 36), an additional one
percent of blood lead variability was accounted for [(adjusted
r’=0.279 compared to r’=0.284]. Of the environmental measurements
added to the model, dust lead concentration was the only
significant predictor of blood lead, p=0.016.

SECTION IIIX

Environmental Cadmjum Comcentration

There was a statistically significant difference in mean
soil cadmium concentration between target and comparison areas,
6.9 mg/kg, and 3.25 mg/kg, respectively, (p=0.15), (Table 37).
Dust concentration of cadmium was also significantly different in
the target (9.87 mg/kg) and comparison areas (5.00 mg/kg)
(p<0.01).

The mean cadmium concentrations for soil, dust, and drinking
water amQpg.different type of study areas were significantly
different, (p<0.01). Notably, the cadmium concemtration in
drinking water in smelting areas (1.84 ug/L) was about six times
higher than that measured in mixed areas (0.30 ug/L), (p<0.01).
However, when correlation coefficients were calculated using
adjusted urine cadmium excretion and cadmium concentrations
measured in soil, water, and dust (Table 38), there was only a
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weak correlation with drinking water.
Urine Cadm alysi

None of the study participants exceeded the World Health
Organization (WHQO) occupatiocnal reference value for urine cadmium
axc*et*on cf 5 ug/g creatinine (Tables 39 and 40). Of 1,313

rine sgecimens cbtained from target area participants, 593
44 S%¥) were below detection limits compared to 227 of 409
i55.5%), of the specimens from comparison area participants. The
percentage of urine cadmium spec1mens below detection limits was
less among smelting area part1c1pancs (34%) than among mixed
mining/smelting area participants (62%) (Table 41 and Figure 7).

Children Age 6 Months Through 71 Monthsg

Target versus Comparison Areas

Univariate—The percentages of children under six years of
age with urine cadmium excretion less than or equal to 1 ug/g
creatinine who lived in target and compariscon areas were about
the same, 94.5% and 98.7%, respectively. ' The highest level
observed in the target areas was 4.4 ug/g creatinine, compared to
1.4 ug/g creatinine in a young child in the comparison areas.

After inspecting urine cadmium values over a wide range of
urine dilutions, unadjusted and creatinine-adjusted, it was
apparent that creatinine-adjusted urine cadmium measured in
dilute urine specimens [urine creatinine < 25 mg/dl] produced
inconsistent and unreliable results. For this reason, urine
specimens with creatinine levels less than 25 mg/dl were excluded
from further data analysis.

Bivariate—Mean cadmium excretion among target area
participants was twice as high (0.19 ug/g creatinine), compared
to (0.10 ug/g creatinine) comparison area participants, (p<0.01).
Being a resident in one of the target areas was associated with
urine cadmium above the detection limit (OR = 3.4, 95% CI = 2.3-
$.0). Of the behavioral variables for which ORs. were calculated,
two were significantly associated with detectable:urine cadmium:
carrying food outside (OR = 1.60, 95% CI =.1.2-2.1) and.residing
in a housshold with someaqne who smoked tobacco (OR = 1.61, 95% CI
= 1.2-2. lda(ftblo 42). e . e .

Mulcivariate—Linear regression models were not created
because of the high percentage of urine cadmium levels below the
detection limit (< 0.1 ug/L), 44.5% and S55.5% among target and
comparison area participants, respectively. A logistic
regression model was used to further assess: the associarion
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n urine cadmium excretion and area of residence while
olling for ccnfounders. Urine cadmium was dichotomized at
rection limic (0.1 ug/L] and used as the outcome variable
mcdel because of the large percent of urine specimens
a2 limit of detection. To minimize the impact of the
number cf dilute urine specimens in this group, a term for
—r=3zinine Lavel 2 25 mg/dl was included in the model
j None of the behavioral variables was retained.
:icipan:s 2siding in target areas at smelting sites
; ixely to have detectable urine cadmium than those who
¢ivnd in target areas at mixed mining/smelting sites. However,
this observation may not be clinically relevant because more than
36% of all participants at target sites had urine cadmium
excretion at 1 ug/g creatinine or less in this age group.
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When environmental measurements were modeled using logistic
regression, cadmium concentration in tap water, dichotomized at S
ug/L, did nct show a significant association (p=0.075) (Tables 43
and 44) . Although this cut point represented the action level
for cadmium in drinking water determined by USEPA, the confidence
interval (95% CI = 0.67-95.7) indicated a wide range of
variability.

Smelting versus mining/smelting (All Target)

Univariate—About forty eight percent (47.8%) of children in
the smelting areas had urine cadmium levels below the limit of
detection (i.e., < 0.1 ug/g creatinine) compared to 65.3% of
children from the mixed mining area. The mean cadmium excretion
(0.31 ug/g creatinine) was about three times higher among
smelting area participants than among mixed area participants
(0.09 ug/g creatinine), (p<0.01).

3eing a resident in one of the smelting area sites [(Illinois] was
associated with urine cadmium above the detection limit (OR =
7.4, 95% CI = 5.3-10.5). Of the behavioral variables for which
ORs were calculated, living in a household with someone who
smoked tobacco and carrying food outside were significantly
associated with detectable urine cadmium (Table 45).

@ug;g_mumus_u_mu

Target vc:lt.~€alpariaon Areas

~ L AN

Univariate—Among older children, 98.6% had urine cadmium
excretion less than or equal to 1 yg/g creatinine in the target
areas, compared to 100% in the comparison areas. The highest
urine cadmium excretion observed in the target areas was 2.2 ug/g
creatinine, compared to 1.0 ug/g creatinine in the comparison
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ar=4as.

Bivariate—The geometric mean urine cadmium excretion (Table

45, was higher in the target areas (0.13 ug/g creatinine) than
among ccmparison area participants (0.08 ug/g creatinine),
0<0.C1). Variables that were significantly associated (p<0.01)
with detectable urine cadmium included: living in the target
area; household inccme less than $15,000; dirt bike riding;
cating home grown vegatables; and living in a house constructed
cefore 1350 (Table 47).

Living in one of the target areas was the only variable
associated with urine cadmium above the detection limit (OR =
3.29 95% CI = 2.3-4.8).

Multivariate—A logistic regression model was constructed
that included area of residence and other variables found to be
associated with cadmium excretion from the bivariate analysis.
The dependent variable for the model was urine cadmium
dichotomized at the detection limit (0.1 ug/L). Residing in one
of the target areas was not significantly associated with
detectable urine cadmium (OR = 1.20, 95% CI = 0.76-1.88). A
stronger association with detectable urine cadmium was observed
at the Pennsylvania study site (OR = 2.09, 95% CI 1.35-3.24), and
the strongest association was observed at the Illinois study site
(OR = 39.31, 95% CI = 21.4-71.9), p<0.01 (Table 47).

When environmental variables were entered into a logistic
model, none were significantly associated with an increased odds
for detecting cadmium in the urine. This observation suggested
that excessive cadmium exposure related to environmental sources
examined in this study was not a high probability in this age
group.

Smelting versus mixed mining/smelting (All Target)

Univariate—~The percentage of older children with cadmium
excretion less than or equal to 1 ug/g creatinine was similar at
both types of study sites, 98.8% in the smelting, and 100% mixed.
The highest cadmium excretion observed in the smelting areas was
2.2 ug/g creatinine compared to 0.6 ug/g creatinine in the mixed
areas. The geometric mean cadmium excretion. observed in smelting
areas was more than twice.as high: (0.1% ug/g creatinzne), as in
- mixed areas (0.02: #g/g creatinin:) (p<0 01)\

L] o T -

Bivariate-Variables that were significantly associated with
higher urine cadmium excretion in this age group included: annual
: ‘household income:greater than $15,000, and living in a house that
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was constructed Cefcore 135C (Tacle 48).
Mul:ivariate-Multivariate .inear modeling of questionnaire
nd snvironmental dacza did not shcw any statistically significant
ciations. A lLcgistic rsgression model (Table 49) was used to
urther svaluate urine cadmium excrecion observed in this age
©. Urine cadmium was dichotomized at the detection limit and
as cthe cuzzcme variable in the model. In this model, none
the kehavioral variables was found to be statistically
ignificant. Living in cne of the smelter areas was the only
variaple associated with detectable urine cadmium (OR = 9.61, 95%
I = 6.23-14.8).
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Adults Age 15 Years To 75 Years

Target versus Comparison Areas

Univariate— Among adults the mean urine cadmium excretion
was higher in the target areas than in the comparison areas, 0.28
and 0.18 ug/g creatinine, respectively, (p<0.01). None of the
adults had urine cadmium excretion above the WHO occupational
reference value (5 ug/g creatinine) (36). Ninety percent (90%)
of adults in the target areas had urine cadmium excretion s 1
ug/g creatinine compared to 95.5% in the comparison areas. The
nighest excretion measured in was 3.0 ug/g creatinine in the
target areas, and 2.8 ug/g creatinine in the comparison areas.

Bivariate—Variables that were found to be significant at
pPs0.05 level included: area of residence, household income;
living in a house constructed before 1950; and living in a
household with someone who smoked tobacco (Table S0). Each
variable was included initially in the multivariate analysis.

Multivariacte—The linear regression model that was
constructed (Table S1) accounted for approximately 33% of the
urine cadmium variance observed in this age group. Of the
variables entered in the model, living in one of the target areas
or in the Illinois study area, being a current smoker of tobacco,
age, and household income less than $15,000 were significantly
associated with urine cadmium excretion, (ps 0.05).

The logistic regression model (Table 52) was constructed
using 0.5-ug/g creatinine as a cutpoint for urine cadmium
excretion. - This, yalue represented about half the average urine
cadmium excretion expected in populations without occupationally
related cadmium exposure (37,38). Significant predictors of
urine cadmium excretion included: living in one of the target
areas (OR = 2.66, 95% CI = 0.76-1.97); living in the Illinois
study area (OR = 2.79, 95% CI =17.9-59.8); being a current smoker
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cf tobacco (OR = 2.14; 95% 1.17-2.31); and age as a ccntinuous
variable, (p<0.01).

Smelting versus mixed mining/smelting (All Target)

Cnivariate—Ninety two percent (92.1%) of smelting area
articipants had urine cadmium concentration of 1 ug/g creatinine
cr less compared to 97.7% in mixed mlnlng/smeltlng area
rarticipants. The highest urine cadmium excretion measured was
.C ug/g creatinine in the smelting areas and 2.2 ug/g creatinine
in the mixed areas. The mean urine cadmium excretion was
significantly higher in the smelting areas (0.33 ug/g creatinine)
than in the mixed areas, (0.18 ug/g creatinine, p<0.01).

Ho)

w

Bivariate—Variables that were significantly associated with
higher urine cadmium excretion in adults included: household
income greater than $15,000, house constructed before 1950, and
being a current smoker of tobacco (Table 53).

Multivariate—Linear models were constructed using urine
cadmium excretion as the dependent variable. Variables of
interest and those found to be significant at the ps0.05 from the
preceding analysis were initially included as independent
variables in the model. Variables of age and sex were also
included. Although living in one of the smelter areas and being.
a current smoker of tobacco were significant, p<0,01, only 10 %
of the variance in urine cadmium excretion was accounted for in
the model (Table 54). When environmental measurements were
added, and type of study site was excluded no variables showed a
positive asscciation with urine cadmium excretion. House dust
cadmium showed an inverse association, p=0.027 (Table S5).

SECTION IV

. jical T Analvsi

Biomarkers of Kidney Dysfunction

Univariate/Bivariate~The medical test battery results were
generally within the 95th percentiles in target and comparison
area participants across all age groups (Tables 55-58).

Creatinine-Ninety nine percent of participants in target and
comparison areas had creatinine values.less:tban 0.8 mg/dl. This
value was slightly less _than half the upper. limit of normal (1.5
mg/dl). Although the mean serum creatinine among children age 6-
71 months old was higher in target areas (p=0.015) than in
comparison areas (Table 55), this relationship did not persist
when further evaluated using multiple lxnear regression,
controlling for age and sex. ... . Sl .
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2lood Urea Nitrogen (BUN)-Mean BUN was generally higher in
e ccmparison areas and among ycung children 6-71 months of age
d adul:zs (Table Sg). However, 39% and $5% of target and
mrariscn area participants, respectively had values of 23 mg/dl

lzw2r, [upper liimizc cf normal 26 mg/dl}.

T iffa2rence in mean urine Alanine aminopeptidase (UAAP)
- -3-C-Glucosaminidase (UNAG) among participants in
t and comparison areas across age groups was not
stcally significant (57-58).

The mean urine Gamma glutamyl transferase (UGGT) in adult
carcicipants 15-75 years of age was higher (p=0.034) in the
carget areas than in the comparison areas, (Table 59). However,
when this relationship was evaluated further using multivariate
ragression models and controlling for age, sex, smoking and
a.cohol use, neither area of residence, blood lead level, or
urine cadmium excretion were predictive for UGTT.

Multivariate—-Models were constructed using area of
residence, blood lead, urine cadmium as independent variables and
serum creatinine, BUN, UAAP, UGTT, and UNAG as dependent
variables. No significant associations were demonstrated.
Multivariate models were constructed using each exposure
(independent) variable and each kidney biomarker (dependent)
variable; but no statistically significant associations were
demonstrated.

Biomarkers of Hematopoietic Dysfunction

More than 95% of the hematopoietic indicators that were
evaluated in participants living in target and comparison areas
were within the established normal ranges. However,
significantly different mean values among age groups were
observed (Tables 61-65). Five records were excluded from the
analysis because the data could not be verified.

Hematocrit (HCT)—Univariate/Bivariate—Ninety five percent
(35%) of participants in the target and 99% in the comparison
areas had hematocrit values within the normal ranges. The mean
hematocrit was significantly higher overall among comparison area
participants and among children 6 to 14 years of age, p<0.01.
There was no difference observed in other age groups between
target and comparison areas.

Multivariate—-Multivariate models were constructed to
evaluate the relationship between exposure variables (blood lead,
urine cadmium, and area of residence] and the dependent variable
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HCT. In each model, age and sex differences were controlled for
in children. Additionally, smoke-years and drink-years were
controlled for in models constructed to evaluate adulrts.
Associations were not consistent across age groups for any of the
axposure variables that were examined.

Aamcng children 6-14 years old living in one of the target
areas was weakly associated with a lower HCT (p=0.058, r’=0.22
n=651). A 0.1% decrease in HCT was predicted for each ug/dl
increase in blood lead. An association between urine cadmium
excretion was also demonstrated in this group. 1In the model
constructed to evaluate this relationship, a 4.6% decrease in HCT
was predicted for each ug/g creatinine increase in urine cadmium
(p=0.03, r’=0.25, N=456). The model constructed to evaluate the
relationship between cadmium and HCT in adults 15 years and older
produced opposite results. More than a two percent (2.9%)
increase in HCT for each ug/dl increase in blood lead level
(p=0.033, R;=0.31, n = 282" . 1In the model where blood lead was
the independent variable, a 0.3% increase in HCT for each ug/dl
increase in blood lead was predicted (p=0.027, r’=0.28, n=381) in
this age group.

Hemoglobin (HGB)—Univariate/Bivariate—Ninety percent (50%)
of target area participants’ hemoglobin values were within the
normal range compared to 95% in the comparison areas. The mean--
hemoglobin was significantly lower among target area participants
and specifically in children 6-14 years of age (Table 62).
However, this initial relationship was not confirmed upon further
evaluation using linear regression to control for difference in
age and sex.

Mean Corpuscular Volume (MCV) and (MCHC)—Univariate/
Bivariate—Ninety percent (90%) of target and comparison area
participants had MCV values within the normal range. Children
6-14 years old who lived in the target areas (Table 63) had a
mean MCV slightly higher than children in the comparison areas,
K-S test p<0.03. Bivariate analysis produced similar results for
MCH and MCHC (Tables 64 and 65).

When the difference in MCV initially observed in children 6-
14 years old was examined further using multivariate models and
controlled for difference in age and sex, this relationship did
not persist. None of the models demonstrated significant
associations between area of residence, blood lead level, urine
cadmium concentration, MCH, or MCV in-any other age group.

Multivariate—Multiple linear regression models were

constructed using as independent exposure variables for each age
group: area of residence, blocod lead, and urine cadmium for five
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hematcpoietic outcome variables to further evaluate the
relationship of outcome and exposure variables. Where
appropriate age, sex, smoking, and alcohol use were held
cnszant. The resulting associations were inconsistent across

]
)
3

iZe grcups. For a2xample, the model constructed to evaluate area
£ ras:dence and MCHC in 15 years cld and older target area
carticicants 'p<0.003, N=382, adjusted r’=0.30), predicted a 1.6%
incresase in MCHT for each ug/dl in blood lead increase. When a
simziar model was constructed where blood lead was the
ndependent variable, a 0.2% decrease in MCHC was predicted for
2ach pg/dl increase in blood lead (p=0.003, N=381, adjusted

r'=0.28). Age, sex, pack-years smoked, and drink-years were
included in both models and adjusted for.

Biomarkers of Immune Dysfunction
Immunoglobuling—¥Univariate/Bivariate—The mean IgG level was lower

cverall in target area participants, but 99% of participants in
the target and comparison areas were within the normal range

(Table 66). The mean IgA level was lower overall in target area
participants, but it was higher among target area children 6-71
months of age (Table 67) (KS test p=0.029). There was no

difference in mean IgM levels between target and comparison area
rarticipants (Table 68).

Multivariate—The multivariate models that were developed to
further evaluate the relationship between blood lead, urine
cadmium excretion, and area of residence and immunoglobulin
levels showed a significant association between blood lead and
serum IgA levels among children 6-71 months of age p=0.005,
{adjusted r’=0.26, n=930). The model also predicted a one
percent increase in IgA for each ug/dl increase in blood lead.
Similar results were obtained when area of residence was the
independent variable of interest and IgA was the dependent
variable (p=0.058, adjusted r’=0.26, n=934). While the model
predicted an 8% increase in IgA for each ug/dl increase in blood
lead, the level of statistical significance was borderline. No
other exposure variable was significantly associated with this
parameter of immune function in any of the other age groups.

nivariate/Bivariate—The Sth
and 95th percentile total lymphocyte counts in target area
?articipan:.-uere 1,700 and 6,600 cells per cubic millimeter (mm
), compared to 1,674 mm® and 6,200 mm® in comparison area
participants. The mean total lymphocyte count in target area
participants was higher than in comparison area participants
overall p<.01, and in two age groups (6-14 years p«<0.01 and 15-75
years p=0.019), (Table 69).
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The mean CD4 count in target area participants (Table 70)
was nhigner overall (p<0.01l), and in adults age 15-75 years old,
'p<0.C4) than in comparison area participants. The CD4/CD8 ratio
was not significancly different in target and comparison area

vart:.cizants in any age group (Table 71).

Multivariate—Multivariacte models were developed to further
2valuata the ralationship between exposure variables (i.e., area
of rasidence, blood lead, and urine cadmium) total lymphocyte
ccunt and lymphocyte phenotypes. None of the models showed
eizher of the exposure variables [lead or cadmium] to be
predictive of, or sxgnlflcantly associated with biomarkers of
immune function evaluated in the present study.

Biomarkers of Liver Dysfunction—Univariate/Bivariate—Over
95% of test values in target and comparison participants were
within the range of normal. GGT was slightly higher (Table 72)
in children age 6 to 71 months in target areas than in comparison
areas (p<0.01). There was no significant difference demonstrated
in other age groups. Associations that were observed initially
c2tween area of residence and increased GGT and SGOT (Table 73)
did not persist upon further analysis that controlled for age and
sex. Target area children 6-71 months old (Table 74) had lower
mean serum albumin than comparison area children (p=0.04). No
such difference was observed in the two other age groups (Tables.
74 and 7S5).

DISCUSSION
Rationale

Each of the four studies encompassed by the present
multisite investigation report was undertaken to evaluate lead
and cadmium exposure in residents living near a National Priority
List (NPL) site. The presence of elevated lead and cadmium
concentrations in residential soil, the comparable pathways of
exposure, and the desire for a sufficient size study population
were primary considerations in determining to combined data from
the four sites for multisite analysis.

Clinically overt effects have been documented in workers
following chronic exposure to high concentrations of lead and
cadmium (6§,9,13,16,17). However, it is uncertain whether subtle
organ-system defects related to low-level environmental exposure
to these contaminants can, with sustained exposure, progress to
more severe organ dysfunction and adverse health effects
(9,20,21). The primary public health concern examined in the
present study was whether nonoccupational residential exposure to
lead and cadmium contaminated media (soil, indoor house dust,
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tapwater, and interior nhcuse paint) sigrnificantly influenced
_evels cf these contaminants in blcod and urine, and whether
conccmizant changes in seiected organ-system functicon could be

“aracrtad,
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Limitation of Study Design

Several issues that were unique to the present study, limit
ne vestigators’ interpretations of study results. These

nclu variation in sample size at individual study sites;
'snarlcy in socio-economic status at individual study sites
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tween target and comparison area participants; lack of a
omparison population for each study site; incomplete
vharacterlzatlon of lead sources and species; the proportion of
paint XRF measurements (10%) reported at less than the detection
limit; the lack of identical strategies used in selecting
households for environmental sampling among individual studies;
and lack of knowledge base needed to accurately interpret
biomedical test results.

[
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Biomarker Interpretation

Although biochemical, molecular, genetic, and immunologic
indicators are increasingly being used to evaluate health risks
assoccilated with environmental exposure and represents an
advancing area of interest in epidemioclogic research, the
biomedical tests used in this study have not been validated for
use in this capacity (13,39,40,41). Without detailed
medical histories and review of systems, none of the biomedical
test results can be considered specific for disease, pathological
condition, or disease etiology. Instead, the biomedical tests as
they were used in this study assisted investigators to identify
early patterns of organ-system dysfunction and characterize the
overall health status of study participants. Predictably, many
of the biomedical tests showed considerable overlap between
exposed and unexposed populations. Therefore, attributing
abnormal biomedical tests results to environmental lead and/or
cadmium exposure cannot be precise although these associations,
when observed, were examined in the study.

Existing gaps in information concerning the practical and
appropriate use of biomedical tests in environmental
epidemioclogic investigations provided much of the motivation for
the multisite approach (42,43,44). The goal was to be
able to advise communities located near hazardous waste sites
whether or not their test results demonstrate differences in
function in major organ systems. The ability to interpret
results in this context was critical and required normative data
to evaluate health outcome variables (13,40,41,45)). Such data
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were available for many of the medical tests used in this study.
For other tests, investigations of comparable size would be
necessary to assemble the requisite knowledge base.

The ability to accurately interpret relationships between
exposure biomarkers [blood lead and urine cadmium] and biomarkers
cf effect [bicmedical test batteries] is limited. Although body
£luid measurement of lead and cadmium document exposure to these
contaminants and reduced the potential for exposure
misclassification, it does not reflect total body burden. For
example, blood lead, and to a lesser extent urine cadmium
measurements, do not accurately reflect concentrations in target
rissues (eg., bone, liver, and kidney). Measures of blood lead
and urine cadmium obtained at a single point in time indicate
exposure that may have occurred over an indefinite time period.
For this reason, precise interpretation of associations between
abnormal biomedical test results, specific sources of lead and
cadmium, and body fluid measures of these contaminants was not
possible.

Although test values for presumably nonexposed comparison
populations were used in this study, it was not clear whether
this was adequate for distinguishing reliable endpoint values to
define effects and non-effects of exposure. For example, the
magnitude of variability in individual immune responses that may
occur unrelated to exposure is uncertain, and it is conceivable
that any response observed may be influenced by numerous known
confounders and others factors that may not yet be recognized
(41,46). The ability to interpret biological marker results
from a health/risk context will probably be possible only after
carefully conducted longitudinal epidemiologic studies, where
exposure estimation is combined with standardized laboratory
procedures that accurately measure biological indicators of
exposure and effect endpoints. Studies that include multiple
data sources, as described here, can be performed following
careful planning and consideration of logistic issues. Such
studies represents a practical approach to identifying and
addressing many important issues necessary for more reliable use
and interpretation of biological markers in epidemiologic
investigations.

Pot.ntia;_lbu:coa of Bias

There were minor variations in household selection criteria
for environmental sampling. Stratified sampling was used to
select households for environmental sampling at the Kansas and
Missouri study sites. Both strata consisted of randomly selected
households where at least one occupant was less than six years of

" age. The second strata consisted of households in which one
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sccupant was less than six years of age and also had blood lead
values above 10 ug/dl. Randcm sampling was used at the Illincis
study site among households where at least cne cccupant was less
Tnan six years cf age. Randem sampling was used to select

nouseholds among el:gible participants at the Pennsylvania sice.
Hcwever, the Impact on study conclusions were probably negligibl
c=cause all infesrencas were based on objective measures of
ccrtaminancs found ia blood, urine, or environmental media
related to a pool of participants that were each randomly
se2lected to participate in the studies initially.

Study Strengths

Multisite Design

The advantages of using a multisite study design to conduct
this study included: achieving a large sample size, increased
diversity among study groups, preservation of time and resources
developing and using a single study protocol, the same
laboratories, and field support. Use of a standardized
questionnaire combined with uniform biological and systematic
environmental specimen collection and handling procedures helped
to reduce inter-study variability, informational bias, and
increased data comparability.

Comparison Population

Comparison communities were used as reference for background
level estimates for all of the tests performed in the study.
Comparison areas selected were suitable as a reference for target
areas based on similar measures of socio-economic status, age
distribution, race, and age of housing stock.

Contaminant Measuremepnts

Another important strength of this study included the use of
measured contaminants in body fluids and four environmental media
to estimate exposure risk and document the magnitude of current
exposure. Environmental sampling of participants’ residences was
conducted to approximate exposure potential to heavy metals
rather than using distance from each site as a proxy measure of
exposure. Using concentrations of lead and cadmium in various
media provided a more reliable estimate of current exposure
potential. In addition, assessment of possible effect on the
kidney, the major target organ system, was correlated with lead
and cadmium concentrations found in body fluids and environmental
media.

DRAFT - DO NOT CITE May 13, 1994 DO NOT QUOTE-DRAFT

44



This was ATSDR's first field implementation of bicmarkers in
an epidemiologic health investigation, and possibly the largest
such study where lymphocyte phenotyping using flow cytometry
methods were employed. The study provides population-based
evidance that concurrent biological measures of exposure may be
an imporzant adjunct when assessing low-level exposure in
copulations at risk. It also provides evidence that current
p1ological measures of exposure, in addition to envircnmental
measures of contaminants, may be useful in designing and
implementing cost effective strategies to prevent excess exposure
to lead and cadmium contaminated soil, dust, and other
environmental media.

Laborat vari

Measures were implemented to control interlaboratory
variability and maintain specimen integrity throughout collection
and laboratory analysis. The Centers for Disease Control and
Prevention laboratory performed all metal analyses and biomedical
tests requiring specialized procedures. More routine biomedical
analysis was performed by MRI. All laboratory specimen
collection and analysis followed strict standards to ensure
accuracy of results. Blood and urine specimens were analyzed
using graphite furnace atomic absorption methods to accurately
measure lead and cadmium. Quality control methods included the --
use of collection tubes pre-screened for lead and cadmium,
testing field blanks, running duplicate quality control
specimens, and repeating tests on values of urine cadmium of
higher than two ug/g creatinine and confirming serum cadmium to
rule out contamination and repeat of blood lead values higher
than 10 uxg/dl.

Interpretation
Exposure to Lead

Blood lead levels measured in humans may be influenced by
multiple exposure sources. The primary sources of lead
considered in this study were: yard soil, house dust, tap water,
and interior paint. The contribution of lead uptake following
exposure toO environmental sources to overall blood lead level has
been estimated by other investigators and has been modeled
considerably by USEPA. Soil and house ‘dust lead concentration
are considered to have an important influence on blood lead
levels, particularly in young children who put hands, toys, and
other sociled objects in their mouths. Variables affecting lead
uptake following contact with contaminated soil and other
environmental media include: soil lead concentration, particle
size, chemical form of lead, as well as the presence of zinc,
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calcium, and other trace <elements (l11,47). The estimated
contribution to blood l1ead levels by different pathways and
sources varied among study participants depending on how area of.
sidence was defined [i.e., Target vs Comparison determined by
ximity t©o pOlnt source or Smelting vs mining based cn

crizal manufacturing prccesses associated with lead and
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The present study combined data from four study sites to
svaluate the association of different environmental lead sources
with mean blood lead levels. Regression aralysis was used to
avaluate the relationship between blood lead and several
independent variables including area of residence, behavioral and
socio-economic characteristics, and concentration of lead present
in four environmental media. The mean blood lead in young
children (age 6-71 months] residing in the target areas was
higher than in comparison areas. Although the mean for both
areas was well below 10 ug/dl, mean blood lead was positively
correlated with several behavioral and demographic variables.
Twenty three percent of the variance in blood lead level was
accounted for by: area of residence, annual income less than
$15,000, education less than high school, presence/absence of air
conditioning, male sex, between 1-2 years of age, and residing in
a household where there is a smoker, and house built before 1950.
An additional two percent of the variance was accounted for when '
environmental concentrations of lead in soil and interior house
dust were considered.

When children 6-71 months old were considered based on the
primary manufacturing activity associated with lead emission in
the study area {i.e., snmelting versus mixed mining/smelting],
similar results were obtained. Behavioral and demographic
factors accounted for about 17.6 ¥ of the variance in blood lead
level. When environmental factors were considered, and area of
residence was excluded, an additional 8.6 ¥ of variance was
accounted for. This suggested that mean blood lead level was
influenced somewhat more by environmental lead sources in young
children when area of residence was defined by historical lead
emission related to smelting and mining/smelting activities
rather than by proximity to the lead source [(target versus
comparison] as used in the current study. However, the
implication of this observation is less certain because
differences in lead species, conditions of painted surfaces, and
the presence of ground cover on residential soil were not
evaluated (47). Although about 26% of blood lead variance was
accounted for during data analyses, factors that seemed to
influence blood lead levels in young children did not change
substantially whether or not study areas were classified by
proximity to a lead source ([target versus comparison] or by
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d-fferences in manufacturing activities associated with lead
2amission [smelting versus mining/smelting].

Among older children, 6 to 14 years of age in target and
ccmparison areas, similar exposure and tehavioral variables
accounted for about 24% of variance in blood lead level. When
anvironmental measures were considered, only soil and dust lead
variables were retained in the model, but decreased the variance
of blood level accounted for to 17%. This suggest that factors
other than the contaminated environmental media evaluated during
zhis study had more influence on mean blocd lead level in this
age group. Results obtained for adults were similar.

Among children age 6 to 14 years in smelting and
mining/smelting areas, 17% of variance in blood lead level was
accounted for by the behavioral and environmental factors
evaluated. When environmental media concentrations of lead were
considered, 18% of the variance in blood lead level was accounted
for. This suggested that environmental lead concentration in the
four environmental media evaluated in this study was a minor
influence on blood lead levels in this age group. The mean blood
lead was influenced to a similar degree without regard to whether
area of residence was defined by proximity to the lead source
(target versus comparison study area] or by historical smelting
or mining/smelting activities. This observation suggest that the.
definition of smelting versus mining/smelting based on historical
sources of lead deposition may be an imprecise characterization
of the sites studied.

Behaviors such as smoking appeared to be more important
predictors of blood lead in adults than lead conceantrations found
in the environmental media examined in this study.

Exposuyre tg Cadmium

Foods are an important source of cadmium for the general
population (37,48). The average dietary intake of cadmium is
about 30 ug/day. Typical levels of cadmium present in food,
water, and ambient air do not represent a health threat for the
general population. However, because cadmium accumulates in the
kidney, liver, and other tissues, long-term exposure poses a
concern. Cadmium is eliminated from the body primarily in urine.
wWith normal renal function, urinary cadmium most closely reflects
body burden while blood concentration reflect recent exposure.
The contribution of environmental sources on total body burden is
not entirely clear.

Because cadmium bio-accumulates over long-term exposure, it
= was not surprising to find a high percentage of urine specimens
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were below the detection limit (< 0.1 ug/g creatinine) for
zadmium {target area 54% and comparison area 73%) among young
cnildren 6 to 71 months o.d.

The mean urine cadmium level in young children (age 6-71
menths, was significantly higher in target area residents than in
Zcmrpariscn area rasidents. Mean urine cadmium Iin young children
was not significantly associated with any personal behavioral
variables. The OR in young children age 6-71 months old residing
at the Illincis study site having detectable cadmium in urine was
atout 18. This observation cannot be explained by substantially
different cadmium levels measured in environmental media or urine
cadmium excretion levels among participants at the Illinois study

site.

Among older children, 6 to 14 years old, several behavioral
and economic variables were statistically significant (p<0.01)
while none of the environmental measures for cadmium showed
significance. Thus the influence of environmental cadmium on
urine cadmium concentration in this age group appeared to be less
important than personal behaviors and soci-economic factors.

In adults, 15 years and older; age, smoking, and area of
residence were found to be important predictors of urine cadmium.
These variables accounted for 32% of cadmium variance in this
group.

Organ-System Dysfunction

Biomarkers of Kidney Dysfunction—Kidney dysfunction
characterized by proteinuria and enzymuria associated with
increased urine cadmium excretion have been demonstrated in
several studies (9,17,21,22,36). However, the mean level of
urine cadmium excretion where such observations were made
occurred at urine cadmium excretion levels more than ten times
greater than that measured in the present study. Further, in
most of the studies where kidney dysfunction was associated with
elevated urine cadmium, duration of exposure appeared to be an
important factor (9,17,49). On average, the duration of
exposure for study participants was 10-15 years in a variety of
occupational settings. In the present study, no association was
demonstrated between urine cadmium and kidney dysfunction, as
indicated by renal biomedical tests that were used. The present
study was comprised largely (48%) 1017 of young children less
than 6 years of age and less than S0% of these young participants
had urine cadmium levels above the detection limit. The duration
and level of exposure for many participants in this study may not
have been sufficient to detect early changes of kidney
dysfunction that have been demonstrated in other studies (50).
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Alternatively, the biomarkers used to evaluate kidney dysfuncticn
may not be sensitive enough for detection of early renal
impairment at the urine cadmium levels experienced by the
population under study. While the former proposition is more
Likely, the latter is also reasonable given that sensitivity,
scacificity, predictive values, and reference ranges for the
tubular enzymes that were used in this study to indicate early
renal dysfunct:on has not been firmly established in pediatric
copulations.

Biomarkers of Hematopoietic Dysfunction—Previous studies
nave demonstrated correlations between blood lead levels, iron
~2vels, and changes in red cell morphology that are linked to
inhibition of heme biosynthesis and decreased life span of
circulating red blood cells in addition to changes in certain
immune function parameters (3,6,8,36,51,52). Multivariate
models constructed to evaluate the relationship between exposure
variables (blood lead, urine cadmium and area of residence] and
hematopoietic were not consistent in the associations shown
except for blood lead level, area of residence and hematocrit
(HCT). In children 6-14 years old blood lead was associated with
an increase in HCT by (<0.1%) per ug/dl of blood lead increase.
In adults however, the predicted HCT change associated with blood
lead was a decrease in HCT by 0.3% for each ug/dl blood lead
increase. The observation in children 6-14 years old represents.
a departure from previous reports on the toxic effects of lead
and hematopoietic parameters and brings into question the
reliability of the results obtained in the present study (53).

The decrease in HCT predicted for adults is consistent with
other reports on the effects of lead or cadmium toxicity.
However, in other studies the impact produced by lead and cadmium
on HCT and other RBC parameters is more commonly observed at
considerably higher mean blood lead levels than that observed in
this study (6,8,53,54). Moreover, the HCT is a broad indicator
of the total red cell mass and changes in HCT can occur with a
variety of events that are unrelated to toxicity. For example,
the HCT in a blood specimen may be artificially reduced in blood
samples collected from an individual who has been standing erect
or elevated. in individuals who are dehydrated (55). 1In the
abgsence of corollary changes in MCV and other RBC morphologic
indices, the observed changes in HCT may not reflect true changes
in hematopoietic function. Finally, the models that were
constructed@ accounted for only 28% of HCT variance in adults.

A similar pattern of association was observed when
multivariate models were constructed to examine the relationship

between urine cadmium excretion and HCT in children 6-14 and
adults 15 years of age and older. For example, a 4.6% decrease
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in HCT was predicted for each ug/g creatinine urine cadmium in
children 6-14 years old while in adults, a 2.3% increase in HCT
was predicted and a corollary (0.08)% increase in MCV. Whether
tnis observation indicates that lead and cadmium, separately or
cz.lactively, at levels as low as those observed in the current
szudy can produce such effect is not certain. Because of the
_imited understanding of many factors that may influence the HCT

and cther outcome parameters examined in this study, precise

Biomarkers of Immune Function—Adverse affects on the immune
syscem have been documented in animal and human studies following
axposure to lead and cadmium. Typical immunotoxic effects
associated with high level lead and cadmium exposure include an
increased number of B lymphocytes, increase in serum IgA,
decreases in secretory IgA, and serum IgM and IgG
(56,57,58). Reduction in the absolute number of
circulating T cells (CD3) and T helper cells (CD4) has also been
reported. The present study demonstrated a moderately strong
association between blood lead and serum IgA in children 6-71
months of age (p=0.005, adjusted r’=0.26, n=930); the model also
predicted a 1% increase in serum IgA for each ug/dl change in
blood lead. Although the association between area of residence
and serum IgA was of borderline statistical significance
(p=0.058, =0.26, n=934) the linear regression model predicted
an 8% increase in IgA for each 1 ug/dl increase in blood lead.
This observation agreed with findings reported elsewhere, but the
clinical implication and mechanisms involved were uncertain (58).

IgA is an antibody found in serum and more important, is the
primary antibody present on mucosal surfaces, in tears, saliva,
and nasal and gastrointestinal secretions (59). A significant
decrease in IgA over a prolong period could potentiate an
increase frequency and severity of typically self-limiting
respiratory and gastrointestinal illnesses produced by commonly
occurring viruses and bacteria. A recent study of lead workers
exposed to high levels of lead over a prolong period found a
higher frequency of upper respiratory illness associated with
decreased levels of secretory IgA in a recent study (58). In this
study there was no association between serum IgA and secretory
IgA. The relationship between serum and secretory IgA levels in
other health and disease conditions is not consistant (60).

Several factors may act to confound and complicate
interpretation of immune biomarker results. In this study,
interpretation may be confounded by the occurrence of an outbreak
of several cases of upper respiratory illness during data
collection at the Illinois site. Since data were not collected
about recent or ongoing illness, it was not possible to gauge the
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:nfluence of these events relative tO i1mmune results obtained.

as
3e

Biomarkers of Hepatobiliary DysfunctionNo significant

sociations were cbserved indicating organ toxicity at the
nerally low levels of exposure observed in this study. This

£inding was consistent with other reports of human populations
axposed zo lead and cadmium (6,19).

CONCLUSIONS

1.

Amcng children [6 to 71 months and 6 to 14 years) old, the
mean blood lead level in target areas was higher (4.26 ug/dl
and 3.45 ug/dl] than in comparison areas. Up to 93% of
participants in both study areas had blood lead levels below
10 ug/dl.

The mean blocd lead level among participants at smelting
area study sites was higher than mining area study sites.
About 93% of mining area participants and 85% of smelting
area participants had blood lead levels below 10 ug/dl.

Sociceconomic factors including: head of household’s level
of education, household income, and being a male between 1-2
years old were variables associated with blood lead 210
ug/dl. The presence of air conditioning in the home and .
living in a home built after 1950 was negatively associated.

Of the four environmental factors evaluated, only yard soil
[containing lead concentration greater than 500 mg/kg] was
associated with mean blood lead above 10 ug/dl in young
children six months to 71 months old when study area was
defined by proximity to the site (i.e., target area). These
children were more than twice as likely likely to experience
a mean blood above 10 ug/dl as children not expsosed to mean
soil lead concentrations 2500 mg/kg.

Yard soil and house dust containing lead at a concentration
greater than 500 mg/kg were predictive for blood lead above
10 ug/dl among children six to 71 months of age who resided
in historically smelting or mixed smelting/mining areas as
defined in this study. These children were more than 1.8
times or 80% more likely to experience a mean blood lead 2
10 ug/dl compared to children not expsosed to soil lead
concentrations 500 mg/kg.

Ninety five percent of all study participants in target and
comparison study areas had urine cadmium excretion levels
below 1 ug/g creatinine. The difference in mean urine
cadmium excretion (0.18 versus 0.11 ug/g creatinine] was
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This investigation demonstrated that a multisite study
design is a practical approach for conducting environmental
epidemioclogic studies and is a complement to ongoing
biomarker research.

RECOMMENDATIONS

1.

Parents should be counseled about sources and pathways of
exposure to environmental lead and cadmium as well as
behaviors that may contribute to childhood exposure.

Where the potential for multi-media exposure exist, each
likely source and its associated pathway should be
thoroughly evaluated. Exposure prevention strategies should-
carefully consider the magnitude of risk for human exposure
in order to determine and implement the most cost-effective
method of exposure prevention.

Strategies for human exposure prevention should be site
specific and incorporate current biological surveillance
data including body fluid measures of specific contaminants,
when possible. Biological surveillance data may be useful
in distinguishing populations at greatest risk and assessing
the magnitude of such risk.

Ongoing research must be directed towards establishing
sensitivity, specificity, and predictive values for
biological markers if they are to be used effectively in
field epidemiologic investigations and accurately
interpreted in a health-risk/exposure context.
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Table 1.—Hepatobiliary Function Tests and Reference Values, Multisite Lead and Cadmium Study, 1991.

Test Roche Laboratory Expected Coefficient Comparison Reterence
Reference Range* of Variability (%)¢ Range$§
AST (SGOT) 0-6 mo 0-120 IU/L 5.41 <2 yr 20-55 IU/L
7-12 mo 0-110 IU/L 2-5 yr 20-55 1U/L
1-5 yr 0-75 1U/L 5-8 yr 20-50 lU/L
6-10 yr 0-60 1IU/L 8-12 vyr 15-40 1U/1
> 10 yr 0-50 1IU/L 12-14 yr 15-35 1U/L
14-16 yr 15-30 1U/L
Adults
Male 8-46 IU/L
Female 7-34 IU/L
ALT (SGPT) 0-50 1U/L 8.33 Infants 0-54 10/L
: <2 yr 3-37 IU/L
2-8 yr 3-30 IU/L
8-16 yr 3-28 IU/L
Adult
Male 7-46 1U/L
Female 4-35 IU/L
GGT Male 0-65 IU/L 6.45 M3-12 mo 5-65 IU/L
Female 0-45 IU/L F 3-12 mo 5-35 IU/L
1-15 yr 0-23 IU/L
M Adult 9-69 IU/L
F Adult 3-33 1IU/L
Albumin 3.5-5.5 g/dl 2.78 3.5-5.5 g/dl
Total Protein Newborn 4.6-7.2 g/dl 3.23 6.0-8.0 g/dl
<2 yr 5§.7-8.2 g/dl
a2 yr 6.0-8.5 g/dl
e !ono’*cu! Laboratories (MR1)

YOV,
tRoche Biomedical

§Source: Interpretation of Diagnostic Tests, Fourth Edition

Laboratories (MRI)
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Table 2.—Renal Function Indices and Reference Values, Multisite Lead and Cadmium Study, 1991.

Roche Laboratory

Expected Coefficient

Comparison Reference

ical Laboratories (MRI}
tSource: Interpretation of Diagnostic Tests,

Reference Range* of Variability (%)t Range$
Creatinine 0.5-1.5 mg/dl 4.76 0.6-1.3 mg/d}
| yr <0.6 mg/dl
2-3 yr 0.7 mg/di
4-7 yr <0.8 mg/dl
8-10 yr <0.9 mg/dl
1-12 yr < 1.0 mg/dl
13-17 yr <1.2 mg/dl
18-20 yr - < 1.3 mg/dl
BUN 7-26 mg/dl 7.14 5.0-25 mg/dl
BUN:CREAT Ratio N/A N/A 10:1
Specific
Gravity - 1.000-1.035 N/A 1.003-1.030
pH 5.0-8.0 N/A 4.6-8.0
Serum BElectrolytes 135- 148 mEQ/L
. - mEqQ 1.43 - .
Sodium 3.5-5.5 mEq/L 2.44 ;32;42 252;:
Polassium 94-109 mEq/L 1.98

100-106 mEq/L

Fourth Edition

$Creatinine values for females are 0.1 mg/dl lower than males
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Table 3.—Hematopoietic System (CBC, Differential and Indices), Multisite Lead and

Cadmium Study, 1991,

—

Test Roche Reference Range Comparison Range
WBC 4.8-10.8/mm’ 7.4-11.9/mm’
RBC 7 mos-12 yrs 6 mos-15 yrs
3.90-5.4X10%mm’ 4.6-4.8X10*/mm’

Adults Adults

F 4.3-5.9 F48 £ 0.6

M 3555 M54+038
Hemoglobin (Hbg) 12-16 gm/dl 11.8-16 gm/dl
Hematocrit (HCT) 3747 (%) F 35.542 +5.0

M 35.5-47 £5.0

MCV 81-99 77-87
MCH 27-31 (pg) 26-29 (pg)
MCHC 32-36 (%) 33-34 (%)

Platelet Count

150-450X 10°/mm’

140-350 X 10°/mm*®

White Blood Cells Percent

Granulocytes 42.2-75.2 34.2-62.2 +15
Lymphocytes 20.5-51.1 34-61 £10
Monocytes 1.7-9.3 4-4.8
Eosinophils 0.0-10 2.5-2.7
Basophils 0.0-2.5 0.4-0.5
White Blood Cell Count ﬂJ
X (10)/mm’
Granulocyte 1.5-10 2.5-7.6
Lymphocyte 0.6-6.0 2.5-7.3
| Monocyte 0-1.0 0.3-0.58
| Eosinophil 00.7 0.2-0.3
| Basophil 00.3 0.04-0.05 |
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Table 4.—Renal Tubular Enzymes, Multisite Lead and Cadmium Study, 1991.

I Urine Analyses

CDC Method Reference
Expected Range
Alanine aminopeptidase (AAP) 1.80-8.91 ug/L Jung K and Scholz D, An Optimized Assay

of Alanine Aminopeptidase Activity in Urine,
Clin Chem 26: 1251-1254, 1950.

Gamma glutamyltransferase (GGT)

5.19-83.51 pg/L

S.V.R. GGT Test Reagents, Behring
Diagnostic, Lab, Jolla, CA.

N-acetyl-8-D-glucosaminidase (NAG)

0.17-3.50 pg/L

Leadback and Walker, Studics on
Glucosaminidase. 4. The Flourimetric Assay
of N-acetyl-8-D-glucosaminidase, Biochem )
78: 151-156, 1961.

Literature Expected
Range

Creatinine (CREAT)

F 0.6-1.5 g/24hr
M 0.6-2.5 g/24hr

Dupont ACA Chemistry Manual,
Wilmington, Delaware, 1985.

nnary enzyme activity was calculated as a ratio to creatinine Lo correct

Tor dilution using the equation befow. Previous

studies indicate that tubular enzymes excretion correction using creatinine values less than 50 mg/dl may not reliable and are
not included when target and comparison populations were compared.

2. Renal Tubular Enzymes Range 5th to 95th percentile determined from CDC employees reporting no kidney or urinary tract
disease within six months prior to sampling as follows: AAP n = 78; GGT n = 63; NAG n = 88.

- , Urine Enzyme Value (p g/L)
Enzyme Creatinine Ratio L) = X 100
( glL) UCREA mg/dl
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Table 5.—Blood and Urine Cadmium and FEP Reference Values, Multisite Lead and
Cadmium Study, 1991.

Test Reference Range Literature Reference
Blood Cadmium Noa Smokers 0.4-1.0 ug/L ATSDR, Toxicological Profile For Cadmium,
Smokers 1.4-4.0 pg/L March 1989.
Occupation 10.0-100 pg/L
Bxposure
Kowal Nonnan E., Zirkes Mona, Urinary
Aduits Normal  2.6- <2.8 ug/g CREAT Cadmium and Beta,-Microglobulin: Normal
Urine Cadmium Values And Concentration Adjustment, Journal
Cumulative Frequency of 95.8% in 1,000 samples | of Toxicology and Environmental Health,
from an apparently normal population. 11:607-624, 1983.
Occupation 1.32-13.88 ug/g CREAT ATSDR, Toxicological Profile For Cadmium,
Related March 1989.
Average 0.35 ug/g CREAT
Brythrocyte 235 ug/dl CDC, Preventing Lead Poisoning in Young
Protoporphyrin children, October, 1991

Urine cadmium excretion was adjusted as a ratio of creatinine to account for difference in urine concentration using the formula
below. Creatinine ratios calculated for urine values of creatinine less than 25 mg/dl produced spurious results especially in young
children and were considered unreliable and were not included when study populations were compared.

Urine Cadmium (ug/g Creatinine) = UrCd ngjml X 100
UrCr mg/dl
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Table 6. —Age-Adjusted Normal Ranges (mg/dl) for IgG, IgA, and IgM, Multisite Lead and
Cadmium Study, 1991.

Age IgG Range IgA Range IgM Range

4-6 Months 80-500 3-42 23-96 mg/dl
7-24 Months 270-1000 8-85 27-190 mg/dl
2-5 Years 470-1500 16-140 43-200 mg/dl
6-8 Years 690-1500 57-200 53-190 mg/dl
9-11 Years 770-1600 52-260 48-290 mg/dl
12-16 Years 700-1600 52-190 47-310 mg/dl
Adult 560-1800 85_—390 45-250 mg/dl

Reference ranges were taken from data obtained at Fitzsimmons Army Medical Hospital. All
values were rounded to two significant figures to reflect the limits of analytical precision and
accuracy. Results were calibrated with respect to U.S. National Reference Preparation #12-
0575C, established in 1982 and related to the WHO international reference material. These.
reference ranges cannot account for normal population differences that may exist between
Multisite study cohorts and the control population used for the Fizsimmons Army Medical

Hospital.
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Table 7.—Multisite Lead and Cadmium Exposure Study Summary, Multisite Lead and

Cadmium Study, 1991.

I Galena Joplin Granite City Palmerton
Study Sites Kansas Missouri Illinois Pennsylvania
Contaminant Lead/Cadmium Lead/Cadmiuvm Lead/Cadmium Lead/Cadmium
Media Soil/Dust Soil/Dust Soil/Dust Soil/Dust
Area Population 4,000 46,000 46,210 45,000
Bligible Participants 1857 8067 10,000 7,000

| Required Residency 90 days 90 days 90 days 180 days
Sample Size
Target 167 412 842 280

Comparison 283+ 283~ N/A 224
Participant 6-71 months 6-71 months 6-71 months 6-71 months
Age Groups 6-14 years 6-14 years 6-14 years 6-14 years

15+ years 15+ years 15+ years 15+ years

Bnvironmental Yard Soil House Dust Water Interior Paint
Samples
Analytes Urine Cadmium

Blood Lead

%omparison population for Missoun and Kansas are the same

Residential Soil (mg/kg)
Interior House Dust (mg/kg)
Drinking Water (ug/L)

Interior House Paint Mcasured by XRF (mg/cm?)
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Table 8.—Demographic Characteristics By Site. Multisite Lead and Cadmium Study,

1991.
Category 11 Galena Joplin_ Gran_ite' City Palmerton Total

Xansas Missouri Itlinois Perrsylvania

Sex Target Target Comparison Target Target Comparison Target Compar:ison
Area Area Area Area Ares Ares Area Area

Maie 75 207 140 4] 138 114 8.5 254
06.9% 50.2% 69.5% 50.5% 49.3% 50.9 49.7% 50.1%

Female 92 205 143 17 142 110 asé 253

55.1%
A c—

49.8%

50.5%

49.5%

49.9%

<6 67 261 137 «87 8 57 881 196
460.1% 58.5% 68.46% 57.8% 30.7% 25.6% 51.8% 38.3%
6-14 b 115 93 227 9 73 500 166
38.3% 27.9% 32.9% 27.0% JHJS.GZ 32.6% 29.4% 32.7X
15-44 36 54 53 110 52 52 252 105
21.6% 13.1% 18.7% 13.1% 18.6% 23.2% 14.8% 20.7X -
o5+ 0 2 0 18 8 42 68 LY
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white 158 396 273 687 r2£4 223 1518 496
95.6% J 96.1% 96.5% 81.6% 98.9% 99.5% 89.2% 97.8%
Other 8 13 7 17 3 1 61 L}
4.8% 3.2% 2.5% 2.0% 1.1% 0.5% 2.5% 1.6%
Ethnicity
Nispanic é 20 1n 38 16 2 80 13
3.6% 4.9% 3.9% 4.5% 5. 7% 0.9% 4.7% 2.6%
Non- 161 1o | n 804 266 221 1619 N
Hispanic
96.6% 95.1% 96.1% 95.5% 96.3% 99.1% 95.3% 97.4%




Table 9.—Socio-economic characteristics Education, Income, and Age of Houses By Site.
Multisite Lead and Cadmium Health Study, 1991.

r=_ 3
Galerm Joplin Granite Palmerton Total |
|| Kansas Missourt City Pervsy(vania
; fLlinois
Category Target Target Comparison Target Target Comparison Target Zompar® son
Education
<Migh 134 S5 20 146 30 19 265 39
School
21.1% 13.8% 7.1% 17.8% 11.3% 9.1% 15.7% 7.7R
High School l44 159 116 359 132 132 727 248
Gracuate
47.8% 39.3% 461.1% 43.8% 49.8% 63.2% 63.1% 649.2%
College/ &1 157 1S 279 86 4“7 605 175
Tech School
25.5% 39.3% 40.8% 34.1% 32.5% 22.5% 35.9% 346.7%
Graduate 9 28 3 35 17 1" 89 62
School
5.6% 7.0% 11.0% 4.3% 5.4X 5.2% 5.3% 8.3%
1 ncome
T._*_-—ﬁ.,i = q, 4
<15,000 58 95 51 323 33 3 509 82
50.9% 23.9%X 18.9% 39.3% 12.6X 14.5% 31.9% 16.9%
15 -24,999 24 113 7% 193 bY 46 382 120
21.0% 28.3% 27.4% 23.5% 19.9% 21.5% 22.4% 26.8%
25 - 34,999 32 95 74 160 70 80 357 154
28.1% 23.9% 27.4% 19.5% 26.7% 37.4X 22.4% 31.8%
>35,000 0 9% n 146 107 57 348 128
0x 23.9% 26.3% ?. 40.8X 26.6% 21.8% 24.46%
1940 -1979
39.32 32.1% 28.1% 12.5% 9.7 26.2%
&0 16 12 é 148 [Y)
6.5% 3.6% J; 13.8% 15.4%X
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Table 10.—Geometric Means for Environmental Media Concentration of L.ead by Study Areas (i.e., Target, Comparison,
Smelting and Mining). Multisite Lead and Cadmium Health Study, 1991.

Cemparison Area

Max Mean N Min Max

10,600 1220 197 18 1.760
1182 1200 6.2 71,000 1148 188 n 2.3 48.800
20 1274 0.3 88 103 202 1.1 166
16 1138 0.00011 18.5 0.33 V3 0.001 1.54

Smelting Arse
510 1002 20 10,600 ﬂ 4830
1314 1012 6.2 71,000 10,888
o4 1017 0.3 88 46
1.58 868 0.00011 18.5 7
dust concentrat!ons (o]

'‘Unit for water concentration of lead and cadmium = ug/L.
‘Unit for XRF lead paint concentration = mg/cm’.

Number of participants associated with mean concentrations.
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Table 11.—Correlation Coefficients For Blood Lead And Environmental Media Lead
Concentration. Multisite Health Study

1991.
VARIAZBLES BLCOD LEAD | SOIL LEAD | WATER LEAD DUST LEZAD
2LCCD LEZAD
SCIL LEAD
T 0.23
o-value <0.01
Sample size 1416
WATER LEAD
r 0.09 0.19
p-value <0.01 <0.01
Sample size 1436 1444
DUST LEAD
r’ 0.21 0.46 0.02
p-value <0.01 <0.01 0.50
Sample size 1425 1447 1457
LEAD PAINT
r’ 0.05 0.10 -0.13 0.24
p-value 0.01 <0.01 <0.01 <0.01
| Sample size 1222 1237 1246jr 1248
" Pearson correlation coefficient.
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Table 12.—Natural log and Geometric Means for Blood Lead for Study Populations by
Area of Residence (i.e., Target, Comparison, Smelting and Mining). Multisite Lead
and Cadmium Health Study, 1991.

Category Target Area Comparisan Area T-test®

Mean Sst.d N Mean st.d N P-value

All Age Groups

8lood Lead 1.38 (3.97)

1.68 (5.36)

6-14 Years

1.04

Blood Lead 1.25 (3.49) (2.88)

15 Years ¢+

| _8lood Lead 1.12 (3.06)
At Age Groups
Blood Lead 1.50 (4.48) 0.70 1102 I 1.33 (3.78) 0.70 543 ] <0.01
<6 Years
Blood Lead 1.76 (5.69) 0.65 555 1.7 (4.80) 0.69 278 <0.01
6-14 Years
8lood Lead I 1.31 (3.70) 0.60 321 I 1.14 (3.13) 0.61 174 l <0.01
15 Years +
8lood Lesd 1.18 (3.25) 0.7 226 0.97 (2.6) 0.65 91 <0.017
*t-test on Natura ogarit
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Table 13.—Frequency distribution of blood lead for target and comparison
populations. Multisite Lead and Cadmium Health Study, 1991.

Target Area Comparison Area
Blood Lead Number Cum. % Number Cum. %
ug/dl
1.0-1.9 193 11.9 88 18.4
2.0-2.9 248 27.3 102 39.8
3.0-3.9 256 43.1 79 56.4
4.0-4.9 236 57.7 56 68.1
5.0-5.9 163 67.8 39 76.3
6.0-6.9 120 75.2 22 80.9
7.0-7.9 86 80.6 24 86.0
8.0-8.9 71 85.0 21 90.4
9.0-9.9 83 90.1 13 93.1
10.0-10.9 40 92.6 5 94.1
11.0-11.9 28 94.3 4 95.0
12.0-12.9 11 95.0 h) 96.0
13.0-13.9 15 95.9 3 96.6
14.0-14.9 11 96.6 4 97.5
15.0-15.9 5 96.9 3 98.1
16.0-16.9 7 97.3 1 98.3
17.0-17.9 6 97.7
18.0-18.9 6 98.1 4 99.2
19.0-19.9 4 98.3 0
20.0-20.9 6 98.7 1 99.4
21.0-21.9 b 99.0 | 99.6
22.0-22.9 6 99.4 0
23.0-23.9 0 0
24.0-25.9 4 0]
25.0-28.9 0 99.6 0
26.0-29.9 0 1 99.8
+ 30.0-31.9 1 99.7 0
32.0-33.9 2 99.8 0
34.0-35.9 1 99.9 0
36.0-37.9 1 100.0
38.0-39.9 1 999
41.0-41.9 1 100.0
Total 1616 I 477
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Table 14.—Frequency distribution of blood lead for populations by contamination
source, Smelting versus Mining/smelting. Multisite Lead and Cadmium Study,
1991.

Smelting Area Mining/smelting Area®
Blood Lead Number Cum. % Number Cum. %
ug/dl
1.0-1.9 110 10.2 83 15.5
2.0-2.9 149 239 99 34.1
3.0-3.9 176  40.2 H 80 49.1
4.0-4.9 149 54.0 87 65.4
5.0-5.9 107 63.9 56 75.8
6.0-6.9 87 71.9 33 82.0
7.0-7.9 67 78.1 19 85.6
8.0-8.9 58 83.5 13 88.0
9.0-9.9 59 88.9 24 92.5
10.0-10.9 31 91.8 9 94.2 . |
11.0-11.9 21 93.7 7 95.5
12.0-12.9 10 94.6 1 95.7
13.0-13.9 11 95.7 4 96.4
14.0-14.9 7 96.3 4 97.2
15.0-15.9 3 96.6 2 97.6
16.0-16.9 7 97.2 0
17.0-17.9 4 97.6 2 979
18.0-18.9 4 98.0 2 98.3
19.0-19.9 3 98.2 1 98.5
20.0-20.9 5 99.7 1 99.8
21.0-21.9 4 99.1 1 98.9
22.0-22.9 4 99.4 2 99.3
24.0-25.9 2 99.6 2 99.6
31.0-31.9 1 99.7
32.0-33.9 0 99.8
38.0-39.9

35.0-35.9 1

source of contamination.
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Table 15.—Comparison of naturai logs of the mean and standard deviations of blood
lead among children less than 6 years of age among variables of interest
by area of residence. Multisite Lead and Cadmium Heaith Study, 1991.

Category

Log of the Mean
(Geometric Mean)

ug/dl

s.d.

Air Condituon

Area

Target 1.68 (5.37) 0.67 833

Comparison 1.38 (3.97) 0.66 184 <0.01
Income 1

<15.000 1.85 (6.36) 0.62 311

> 15,000 1.53 (4.62) 0.67 658 <0.01
Education |

High School or Less 1.69 (5.42) 0.63 456

College or Technical 1.4 (4.22) 0.68 387 <0.01

School

Yes

1.55 (4.71)

0.66 830

No 1.98 (7.24) 0.68 187 <0.01
Sex

1.71 (5.53)

0.66 517

l.5 (4.66)

| 0.68

500

i Food Qutside

<1950 1.69 (5.42) 0.63 456
21980 1.44 (4.22) 0.68 387 <0.01

| Yes 1.78 (5.93) 0.67 | 417
[ o 1.53 (4.62) 066 |600 | <0.01
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Table 15.—continued Comparisoa of natural logs of the mean and standard deviations
of blood lead among children less than 6 years of age among variables of interest
by area of residence. Multisite Lead and Cadmium Health Study, 1991.

o

Category

Log of the Mean
(Geometric Mean)
ug/dl

s.d.

N

p value

Sucks Thumb

Yes 1.57 (4.81) 0.70 220

No 1.68 (5.37) 0.67 797 0.19
Favonte Toy

Yes 1.61 (5.00) 0.62 426

No 1.64 (5.16) 0.71 591 0.43
Eat Non Food Items

Yes 1.65 (5.21) 0.67 513

No 1.61 (5.00) 0.68 504 0.33
Mouth Fumiture

Yes

1.69 (5.42)

361

No

1.60 (4.95)

656

0.03

Swallow

Yes

1.61 (5.00)

70

No 1.63 (5.10)
Eat Vegetables
Yes 1.57 (4.81) 0.73 159
No 1.64 (5.16) 0.66 858 0.23
Eat Root
Yes 1.51 (4.53) 0.79 127
No 1.64 (5.16) 0.66 890 0.312
I Food Original Can
Yes 1.53 (4.62) 0.79 456
No 1.65 (4.22) 0.66 890 0.12




Model 1.

Table 16—Linear regression model for blood lead* among children age 6 to 71 months.
Muitisite Lead and Cadmium Study, 1991.

Variable* BETA Standard P-Value

Error
Intercept 1.297 0.081 <0.01
Target 0.250 0.056 <0.01
Illinois 0.053 0.048 0.263
Pennsylvania 0.337 0.065 <0.01
Income (< 15,000) 0.167 0.045 <0.01
Education (High School or Less) 0.145 0.041 <0.01
Air Condition -0.253 0.052 <0.01
Male 0.152 0.038 <0.01
Age (1-2 yrs) 0.089 0.041 0.028
House Smoke 0.161 0.041 <0.01
Home Built (> 1950) 0.243 0.045 <0.01

Mol Frato = 5.0, p = 000 8 = 60,0 7 = 00

* Natural logarithm.
T All variables coded as 1 (yes) or 0 (no), except age, which is used as a categorical
variable.
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Modei 2.

Table 17.—Linear regression model for lead amoag children age 6 to 71 months with

Environmental Factors. Multisite Lead and Cadmium Study, 1991

VYariable*

BETA

Standard
Error

P-Value

Intercept 0.020 0.170 0.907 ]

Income (< 15,000) 0.209 0.050 <0.01
Education (High School or Less) 0.144 0.048 <0.01
Air Condition -0.177 0.064 <0.01
Male 0.109 0.046 0.018
Soil Lead 0.156 0.027 <0.01
Dust Lead 0.119 0.021 <0.01

Model F-ratio = 37.18, p = 0.0001, n = 680, adj. * = 0.250.

* All vanables coded as 1 (yes) or O (no).
+ Natural logarithm of blood, soil, and dust lead measurements.
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Model 3.

Table 18.—Logistic regression model for blood lead* (<10 ug/dl or 210 xg/dl) in

children age 6 to 71 months. Multisite Lead and Cadmium Study, 1991.

VARIABLE® BETA S.E.§ O.R.9 95% C.I.** P-Vajue
Intercept -2.638 0.428 | - | emeeee- <0.01
Target 0.990 0.328 2.69 1.41-5.12 <0.01
Pennsylvania 0.830 0.267 2.29 1.36 - 3.87 <0.01
Air -1.171 0.208 0.31 0.21-0.47 <0.01
Condition
Male 0.519 0.195 1.68 1.15-2.46 <0.01
Age 0.505 0.199 1.66 1.12 - 2.45 0.011
(1-2 yrs)

House Smoke 0.679 0.214 1.97 1.30 - 3.00 <0.01
Home Built -1.019 0.278 0.36 0.21 - 0.62 <0.01
(>1950)

Model. p = 0.0001, n = 1017.

* Natural logarithm.

t All vanables coded as 1 (yes) or O (no)
§ Standard error.

4 Odds ratio.

** 05 % confidence interval.
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Model 4

Table 19.—Logistic regression model for blood lead®* (<10 ug/dl or 210 ug/dl) in
children age 6 to 71 months with Environmental Factors. Multisite Lead and
Cadmium Study, 1991

VARIABLE®t BETA S.E.§ O.R.§ 95% C.1.*» P-Value
Intercept -1.994 0.356 e <0.01
Income 0.424 0.222 1.53 0.99 - 2.36 0.056

(< 15,000)

Air -0.982 0.237 0.37 0.23 -0.60 <0.01
Condition

Male 0.569 0.216 1.77 1.16-2.70 <0.01
Age 0.453 0.218 1.57 1.02 - 2.42 0.038
(1-2 yrs)

House Smoke 0.464 0.237 1.59 1.00 - 2.53 0.051
Home Built -0.757 0.315 0.47 0.25-0.87 0.016
(>1950)

Soil Lead 0.736 0.223 2.08 1.35-3.23 <0.01
(> 500 ppm)

Model: p = 0.0001, n = 735.

Ir

* Blood lead dichotomized into values <10 ug/dl and 210 ug/dl.
+ All variables coded as 1 (yes) or O (no).

§ Standard error.
{ Odds ratio.

** 95% confidence interval.
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Tabie 20.—Comparison of natural logs of the mean and standard deviatioas of blood
lead among children less than 6 years of age among variables of interest by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium
Health Study, 1991.

Category Log of the Mean s.d. N P-Value
(Geometric Mean)

ug/dl
- - 1 1 ]

Area

Smelting 1.74 (5.70) 0.65 555
Mining/smelting 1.57 (4.81) 0.69 278 <0.01
Income

< 15,000 1.87 (6.49) 0.63 250

>15.000 1.49 (4.44) | 0.66 447 <0.0t
Education

High School or Less 1.67 (5.31) 0.63 276

College or Technical School | 1.41 (4.10) 0.67 334 <0.01
Home Uses Air Conditioning

Yes 1.53 (4.62) 0.66 605

No 2.00 (7.39) 0.63 132 <0.01
Sex

Male 1.70 (5.47) 0.66 375

Female 1.53 (4.62) 0.69 362 <0.01
House Year Built

Before 1950 1.67 (5.31) 0.66 316

1950 -1991 1.34 (3.82) 0.67 215 <0.01
Food Outside :

Yes 1.77 (5.87) 0.65 308

No 1.51 (4.53) 0.68 429 <0.01
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Table 20.—continued Comparison of natural logs of the mean and standard deviations
of blood lead among children less than 6 years of age among variables of interest by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium

Health Study, 1991.

T,

Category

Log of the Mean
(Geometric Mean)
ug/dl

s.d.

Sucks Thumb
Yes 1.56 (4.76) 0.73 154
No 1.63 (5.10) 0.67 583 0.256
Favonte Toy
| Yes 1.61 (5.00) 0.62 293
No 1.62 (5.05) 0.72 444 0.80
Eat Non Food Items
P Yes 1.65 (5.21) 0.67 385
No 1.58 (4.85) 0.69 352 0.138
Mouth Fumiture
Yes 1.68 (5.36) 0.67 273
No 1.58 (4.85) 0.68 464 0.039

1.64 (5.16)

1.61 (5.00)

1.52 4.57)

1.64 (5.15)

1.43 (4.18)

1.63 (5.10) .

1.43 (4.18)

1.64 (5.16)

76

0.019




Table 21.— Linear regression model for lead* among children age 6 to 71 months by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium
Study, 1991.

Variable BETA standard P-Value
Error
Intercept 1.606 0.078 <0.01
Smelter 0.057 0.048 0.239
Income (< 15,000) 0.145 0.048 <0.01
Education (High School or Less) 0.208 0.046 <0.01
Air Condition -0.286 0.059 <0.01
Male 0.151 0.043 <0.01
Take Food Outside 0.222 0.044 <0.01
Home Built (> 1950) -0.233 0.051 <0.01
Model F-ratio = 23.79, p = 0.0001, 0 = 787, ad) © = .176. Multistte, 1991, —.

*Natural Logarithm.
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Model 16

Table 22.—Linear regression model for lead*®* amoug children age 6 to 71 moaths with
Eavironmental Factors by contamination source Smelting versus Mining/smelting.
Multisite Lead and Cadmium Study, 1991.

Variablet BETA Standard P-Value
Error
Intercept -0.049 0.189 0.795 W
Income (< 15,000) 0.204 0.052 <0.01
Education (High School or Less) 0.157 0.050 <0.01
Air Condition -0.176 0.066 <0.01
Male 0.098 0.047 0.039
Take Food Outside 0.236 0.048 <0.01
Soil Lead 0.140 0.030 <0.01
Dust Lead 0.130 0.021 <0.01
Model E-matio = 3lmﬁ adj. © = 0.262.

=Natural Logarithm.
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Table 23.—Logistic regression model for lead (<10 ug/dl vs =10 ug/dl) among children
age 6 to 71 months by contamination source Smelting versus Mining/smelting.
Multisite Lead and Cadmium Study, 1991.

Variable BETA S.E. O.R. 95% C.I. | P-Value i
Intercept -1.720 0.34 | - | e <0.01
Smelter 0.070 0.234 1.07 1.41-5.12 | 0.764
Education (High School 0.604 0.229 1.83 1.36 - 3.87 | <0.01

or Less)

Air Condition -1.145 0.227 0.32 0.21-0.47| <0.01
Male 0.505 0.208 1.66 1.10-2.49 | 0.015
Take Food Outside 0.785 0.205 2.19 1.15-2.46 ) <0.01
Home Built (> 1950) -1.114 0.311 0.328 0.21 - 0.62 <0.0lﬂ

Model 18

Model. p = 0.0001, n = 826. Multsite, 1991

Table 24.—Logistic regression model for lead (<10 ug/dl vs =10 ug/dl) among children
age 6 to 71 months by contamination source Smelting versus Mining/smelting

with Environmental Factors. Multisite Lead and Cadmium Study, 1991.
Variable P-Value
Intercept -1.469 0.330 e <0.01
Education 0.500 0.239 1.65 1.03 - 2.63 0.037
High School or Less
Air -1.015 0.245 0.36 0.23 - 0.60 <0.01
Condition
Male 0.467 0.220 1.59 1.16 - 2.70 0.034
Home Built -0.909 0.322 0.40 0.25 - 0.87 <0.01
(>1950)
Soil Lead 0.588 0.222 1.80 1.35-3.23 <0.01
(> 500 ppm) J=
‘p = 0 = 091, Multsite, 1991.
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Table 25.—Comparison of natural logs of the mean and standard deviatioans of blood
lead among children 6 to 14 years of age among variables of interest by area of

residence. Multisite Lead and Cadmium Health Study, 1991.

Category

Log of the Mean
(Geometric Mean)
pug/dl

s.d.

P-Value

Target

1.25 (3.49)

Comparison

1.04 (2.82)

0.75

163

<0.01

Income
< 15,000 1.45 (4.26) 0.66 160

School

Air Condition

> 15,000 1.11 (3.03) 0.64 460 <0.01
Education

High School or Less 1.18 (3.25) 0.61 292

College or Technical 1.9 2.97 0.66 257 .097

Yes

1.14 (3.12)

80

Male 1.28 (3.59) 0.60 350
Female 1.11 (3.03) 0.70 308 <0.01
Age of Houss |
<1950 1.34 (3.81) 0.60 304
= 1980 0.94 (2.55) 0.64 212 <0.01
Person Rides Bike
Yes 1.24 (3.49) 0.07 73 0.539
No 1.19 (3.28) 0.03 566




Table 25.—continued Comparison of natural logs of the mean and standard deviations
of blood lead among children 6 to 14 years of age among variables of interest by area
of residence. Multisite Lead and Cadmium Health Study, 1991.

Category

Sucks Thumb

Log of the Mean
(Geometric Mean)

pg/dl

s.d.

p-value

——-———______—___——T—-___—

Yes

1.39 (4.01)

0.67

67

No 1.18 (3.29) 0.65 591 0.017
H Bike

Yes

1.32 (3.74)

0.64

104

Home Grown

No 1.18 (3.29) 0.65 554 0.047
Eat Vegetables

Yes 1.12 (3.06) 0.63 129

No 1.22 (3.39) 0.64 529 0.141
Food Original Can

Yes 1.14 (313) 0.69 72

No 1.21 (3.35) 0.65 586 0.459
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Model §.

Table 26.—Linear regression model for blood lead® among children age 6 through 14
vears by area of residence. Multisite Lead and Cadmium Study, 1991.

Variablet BETA Standard P-Value
Error
Intercept 1.546 0.213 <0.01
Target -0.062 0.086 0.467
Ilinois 0.093 0.077 0.231
Pennsylvania 0.217 0.088 0.014
Income (< 15,000) 0.312 0.066 <0.01
Air Condition -0.196 0.073 <0.01
Male 0.187 0.056 <0.01
Age -0.045 0.012 <0.01
House Smoke 0.161 0.059 <0.01
Home Built (> 1950) 0.213 0.089 <0.01
Suck Thumb 0.203 _(EB L <0.01
el F-ratio = 11.47, p=0.0001, n = 383, ad). = .233. Multsite, 1991,

* Natural logarithm.
+ All variables coded as 1 (yes) or 0 (no).
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Model 6.

Table 27.—Linear regression model for lead* among children age 6 through 14 years by
area of residence with Environmental Factors. Multisite Lead and Cadmium Study,

1991.

Variablet BETA Standard P-Value
Error
Intercept 0.013 0.246 0.956 |
Income (< 15,000) 0.286 0.074 <0.01
Age -0.033 0.013 <0.012
House Smoke 0.154 0.066 0.024
Soil Lead 0.125 0.035 <0.01
=-Dust Lead -0.081 _ 0.028 <0.01

Model F-ratio = 13.23, p = 0.0001, n = 32§, adj. r* = .171.

* Natural logarithm
t All variables coded | (yes) or O (no)
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Table 28.—Comparison of natural logs of the mean and standard deviations of blood
lead among children 6 to 14 years of age among variables of interest by contamination
source Smelting versus Mining/smelting. Multisite Lead and Cadmium Health Study,

1991.

Category

Log of the Mean
(Geometric Mean)

s.d.

N

P-Value

pg/dl
Area

Smelting 1.31 (3.70) 0.60 321
Mining/smelting 1.14 (3.12) 0.61 174 <0.01
Income

< 15,000 1.42 (4.14) 0.67 126

> 15,000 1.06 (2.89) 0.64 315 <0.01
Education

High School 1.16 (3.19) 0.67 205

College or 1.04 (2.83) 0.59 190 0.065

Technical

House uses

Air Condition

Yes 1.12 (3.06) 0.64 391

No 1.41 (4.09) 0.67 83 <0.01

Before 1950

[ 1.28 (3.59)

1950 - 1991

Participant Rides Bike

0.93 (2.53)

Yes

1.18 (3.29)

No

1.17 (3.22)
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Table 28.—continued Comparison of natural logs of the mean and standard deviations
of blood lead among children 6 to 14 years of age among variables of interest by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium
Health Study, 1991.

Category Log of the Mean s.d. N P-Value
(Geometric Mean)
ug/dl

Sucks Thumb

Yes 1.33 (3.78) 0.74 48

No 1.15 (3.16) 0.65 426 0.129
Household Member Rides ]
Bike

Yes 1.27 (3.56) 0.65 T

No 1.15 (3.16) 0.66

Eat Vegetables
Home Grown
Yes 1.07 (2.92) 0.64 84
No 1.20 (3.32) 0.66 390 0.098
Food Original Can
Yes 1.03 (2.08) 0.74 47
=§o 1.19 (3.29) 0.65 427 0.174
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Model 19

Table 29.—Linear regression model for lead® among children age 6 through 14 years by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium
Study, 1991.

VARIABLE BETA STANDARD P-Value
: ERROR
Intercept - 1.769 0.146 <0.01 1
Smelter 0.048 0.059 0.415
Income (< 15,000) 0.247 0.061 <0.01
Air Condition -0.162 0.075 0.031
Male 0.202 0.053 <0.01
Age -0.060 0.010 <0.01
Home Built (> 1950) -0.150 0.061 0.015 i

Model F - ratio = 15.63, p = 0.0001, o = 461, adj r? = .171.

* Natural Logarithm.

Model 20

Table 30.—Linear regression model for lead® among children age 6 through 14 years by
contamination source Smelting versus Mining/smelting with Environmental

Factors.
Muiltisite Lead and Cadmium Study, 1991.

| Mae 0.173 0.072 0.017
| Age 0.048 0.015 <0.01
| soil Lead | 0.14361 0.045 <0.01

Dust Lead 0.06974 0.031 0.026

Model: p = 0.0001, n = 260, adj r* = .180.
* Natural Logarithm.
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Table 31.—Comparison of natural logs of the mean and standard deviations of lead in
adults 15 years to 75 years of age among variables of interest by area of residence.

Multisite Lead and Cadmium Health Study, 1991.

Log of the Mean
(Geometric Mean)

Category

pg/dl

Target 1.12 (3.06) 0.72 | 317
Comparison 1.29 (3.63) 0.76 146 0.026
Sex

Male 1.53 (4.62) 0.65 198

Female 0.91 (2.48) 0.69 265 <0.01
¥
Household Income

1

< 15,000 1.17 (3.22) 0.81 100
> 15,000 1.18 (3.25) 0.73 | 327 | 0.998
Education
Head of Household
High School or Less 1.23 (3.42) 0.78 204
College or 1.06 (2.88) 0.66 | 182 | 0.017
Technical School
Home uses Airconditioning
Yes 1.08 (2.94) 0.73 | 363
No 1.50 (4.48) 0.69 | 100 | <0.01
Age of House
Before 1950 1.23 3.42) 0.73 | 246
1950 -1991 0.99 (2.69) 0.62 | 125 | <0.01
Cigarette Smoking ,
| Current Smoker 1.35 (3.85) 0.73 |147
| Noa Smoker 1.09 (2.97) 073 |36 | <0.01
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Table 31.—continued Comparison of natural logs of the mean and standard deviations
of blood lead among adults 15 years to 75 years of age among variables of interest by
area of residence. Multisite Lead and Cadmium Health Study, 1991.

Log of the Mean .d. P-Value
(Geometric Mean)
pg/dl
Individual with Occupation
or Hobby Using Lead
Yes 1.18 (3.29) 0.70 195
No 1.16 (3.19) 0.77 268 | 0.773
Garden
Has a Garden 1.20 (3.32) 0.77 198
Does Not Have a 1.15 (3.16) 0.72 265 | .531
Garden

Alcohol Consumption
Yes 1.19 (3.39) 0.73 | 394
No 1.05 (2.86) 0.81 69 0.193 ﬂ




Model 7.

Table 32.—Linear regression model for lead®* among aduits age 15 vears and older.
Multisite Lead and Cadmium Study, 1991.

Variable

BETA

Standard
Error

|
Intercept 0.334 0.118 <0.01

P-Value

Target -0.009 0.069 0.900
[linois 0.269 0.081 <0.01
Pennsylvania 0.428 0.077 <0.01
Air Condition -0.238 0.075 <0.01
Male 0.563 0.058 <0.01
Smoke Now 0.291 0.062 <0.01

Model F-ratio = 37.59, p=0.0001, n = 423, adj. r=.388. Multisite, 1991.

*Natural Logarithm.

Model 8.

Table 33.—Linear regression model for lead®* among adults age 15 years and older with
Environmental Factors. Multisite Lead and Cadmium Study, 1991.

Variable ) BETA Standard P-Value
Error

Intercept -0.064 0.300 0.831
Air Condition -0.224 0.110 0.043
Male 0.583 0.091 <0.01
Age 0.013 0.002 <0.01
Smoke Now 0.231 0.095 0.016

| Dust* (Lead) 0.108 .~ 0.038 <0.01

Model F-ratio = 17.14, p=0.0001, n = 207, adj. r*=.299. Multisite, 1991.

*Natural Logarithm



Table 34.—Comparison of natural logs of the mean and standard deviations of blood
lead among adults 15 years to 75 years of age among variables of interest by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium

Health Study, 1991.

90

Category Log of the Mean s.d. N P-Value
(Geometric Mean)
ug/dl
Area
Smelting 1.18 (3.25) 0.74 | 226
Mining/smelting 1 0.97 (2.63) 0.65 1 91 0.017 :1
Sex
Male 1.46 (4.36) 0.62 | 125
Female 0.80 (2.22) 0.66 | 189 <0.01
4; =—£==========l
Household Income
< 15,000 1.08 (2.94) 08| 73
> 15,000 1.07 (2.91) 0.71 | 215 0.985
— = . H
Education
Head of Household
High School or Less 1.04 (2.83) 0.72 | 128
College or Technical School 1.03 (2.80) 0.66 | 128 0.910 |
— -
Home uses
Air Conditioning
Yes 1.00 (2.72) 0.69 | 267
No 1.43 (4.18)  _ 082 | 47 <0.01
Age of Houss
Before 1950° 1.16(3.18) 0.69 | 152
1950 -1991 0.96 (2.61) 0.65| 93 0.017
Cigarette Smoking
Current Smoker 1.22 (3.38) 071 97
Non Smoker 1.00 (2.71) 0.72 | 217 0.012
R




Table 34.—continued Comparison of natural logs of the mean and standard deviatiouns
of blood lead among adults 15 years to 75 years of age among variables of interest by
contamination source Smeiting versus Mining/smelting. Multisite Lead and Cadmium

Health Study, 1991.

Category Log of the Mean s.d. N P-Value
(Geometric Mean)

pg/dl

Individual with Occupation
or Hobby Using Lead

Yes 1.10 (3.00) 0.68 | 128

No _ 1.04 (2.83) | 0.75 | 186 0.298
Garden ) [ |

Has a Garden 1.00 (2.72) 071 | 74

Does Not Have a Garden 1.09 (2.97) "0.73 | 240 0.289

———— ey

Alcohol Consumption
Yes 1.09 (2.97) 0.71 | 264
No 0.95 (2.56) 0.80 | SO 0.273
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Model 21

Table 35.—Linear regression model for lead* among adults age 15 years and older by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium

Study, 1991.
Variable Beta Standard P-Value
Error
L

Intercept 0.903334 0.125 <0.01
Smelter 0.211 0.085 0.014
Air Condition 0.322 0.101 <0.01
Male 0.692 0.075 <0.01
Smoke Now 0.162 0.079 0.042

Model: p = 0.0001, n = 292, adj 2 = .279. Multisite, 1991.

*Natural Logarithm.

Model 22

Table 36.—Linear regression model for lead® among adults age 15 years and older by
contamination source with Environmental Factors. Multisite Lead and

Cadmium Study, 1991.
Variable Beta Standard P-Value
Error
Intercept 0.495 0.299 0.099
Air Condition -0.309 0.129 0.018
Male 0.708 0.096 <0.01
Dust* (Lead) 0.101 0.042 0.016

Model F - ratio = 28.33, p = 0.0001, a = 173, adj £ = .284. Multisite, 1991.

*Natural Logarithm.
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Table 37.—Natural log and Geometric Means for Environmental Media Concentration of
Cadmium by Study Areas (i.e., Target, Comparison, Smelting and Mining). Multisite

Lead and Cadmium Health Study, 1991.

_T_ — T.==
Target Area Comparison Area T-test®
Category
Mean s.d. N Mean s.d. N P-value
Soil Cadmium 1.93 (6.88) 1.31 655 1.18 (3.25) 0.85 137 <0.01
Just Caamium 2.29 (9.87) 1.23 666 1.6 (5.00) 1.75 137 <0.01
Wat Cadmium -3.04 0.96 1.17 380 0.66 (1.58) 0.95 14 Q.01
ater ( )= 0 «0,0
Smelting Area Nining Ares
Soil Caamium 1.87 (6.50) 1.42 502 I 2.13 (8.41) 0.8 153 <0.15
Dust Cadmium 2.39 (10.9) 1.35 513 I 1.95  (7.02) 0.82 153 <0.01
Water Cadmium 0.76 (1.84) 0.49 227 n -1.20 (0.30) 0.88 153 <0.01
——

*t-test based on Natural Logarithm



Table 38.—Correlation Coefficients For Adjusted Urine Cadmium And
Environmental Media Cadmium Concentration. Multisite Health

Study, 1991.
e — T
Variables Adjusted Scoil Cadmium Water
Urine Cadmium Cadmium A
Adjusted Urine
Cadmium Creatinine
>25 ug/g
Soil Cadmium
r* -0.25
P-Value <0.01
Sample Size 908
Water Cadmium
re 0.14 0.26
P-Value 0.01 0.01
Samp.e Size 551 499
Dust Cadmium
¥ -0.06 -0.41 0.22
P-Value 0.06 0.01 0.01
Sample Size 913 780 517

— g v Y
* Pearson correlation COEElClent.
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Table 39.—Frequency distribution of urine cadmium by area of residence. Multisite
Lead and Cadmium Study, 1991.

Target Area Comparison Area

Urine Cadmium pug/g  Number Cum. % Number Cum. %

Creatinine

N/D 593 4.5 227 55.5

0.10-0.20 225 6l1.4 100 80.0

0.21-0.40 217 77.6 48 91.7

0.41-0.60 150 88.9 15 95.4

0.61-0.81 67 93.3 12 98.3

0.81-1.0 36 96.6 1 98.5

1.01-1.2 15 97.7 3 99.3

1.21-1.4 11 98.6 l 99.5

1.41-1.6 5 98.9 0

1.61-1.8 3 99.2

1.81-2.0 3 99.4 v 1 99.8

2.01-2.2 5 99.8

2.21-2.4 1 99.8 !

2.61-2.8 0 1 100.0 -

2.81-3.0 1 99.9

3.21-3.6 0

36144 1 100.0

Total 1333 409
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Table 40.—Frequency distribution of urine cadmium for target populations by area
of residence and contamination source Smelting versus Mining/smelting. Multisite

Lead and Cadmium Study, 1991.

e ——— == T ]
Smelting Area Mining/smelting Area
Urine Cadmium Number Cum. % Number Cum. %
ug'G Creatinine |
N/D 293 34.4 300 62.2
0.10-0.20 109 47.2 116 86.3
0.21-0.40 182 68.6 35 93.6
0.41-0.60 132 84.1 18 97.3
0.61-0.81 60 91.2 7 98.8
0.81-1.0 33 95.1 3 99.4
1.01-1.2 15 96.8 0
1.21-1.4 9 97.9 2 99.8
1.41-1.6 b} 98.5
1.61-1.8 3 98.8
1.81-2.0 3 99.2
2.01-2.2 4 99.6 1 100.0
2.21-2.4 1 99.8
2.61-2.8
2.81-3.0 1 99.9
3.014.4 1 100.0
Total 852 482
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Table 41.—Natural log and Geometric Means for Urine Cadmium (Adjusted for
creatinine =25 mg/dl) for Study Populations by Area of Residence (i.e., Target,
Comparison, Smelting, and Mining). Multisite Lead and Cadmium Health Study,

1991.
=
Category Target Ares Compsrisan Ares T-test®
Mean s.d. N Mean s.d. N P-value
All Age Groups
Adjusted Cadmium -1.71 (0.18) 1.06 1084 -2.25 (0.11) 0.90 389 <0.01
<6 yrs
Adjusted Cadmium -1.66 (0.19) 0.99 426 -2.30 (0.10) 0.56 117 <0.01
614 yrs
Adjusted Cadnium -2.05 (0.13) 1.0¢ 389 -2.63 (0.08) 3.76 148 <0.01
15 yrs »
Adjusted Cadmium -1.27 (0.28) 1.07 J_ 269 -1.75  (0.17) 1.03 124 0.026
— = o S
Category Saslting Ares Nining Ares T-test®
Mean s.d. N Mean s.d. N P-value
— —
All Age Groups
Adjusted Cadmium I -1.33 (0.31) 1.00 679 -2.33  (0.10) 0.84 405 ]I .0
<6 Years
Adjusted Cacimium -1.16 (0.31) 0.90 269 -2.35 (0.09) 0.65 177 <0.01
6-14 Years
Adjusted Cadmium I -1.68 (0.19) 0.99 239 I -2.66 (0.07) 0.72 150 <0.01
15 Years ¢
Adjusted Cadmium 191 -1.73 (0.18) 1.09 78 <0.01

“t-test

sed on Naetural Logaritha
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Table 42.—0dds Ratio, 95% C.I. calculation for urine cadmium excretion dichotomized at
(<0.1 pg/g creatinine vs =0.1 ug/g creatinine) for children less than 6 years of age by
area of residence and other variables of interest. Multisite Lead and Cadmium Health
Study, 1991.

Category Detect Non- O.R. | 95% C.L
e Detxt J
Area ] ]
Target 374 426
Comparison 33 1 128 3.4 2.3-5.0 ]
Income | : 1
<15.000 140 160
> 15,000 250 360 1.26 0.9-1.7
Education ]
High School or Less 241 325 |
College or Technical School 162 227 1.03 0.8-1.3
e e —— s
Home Uses
Air Conditioning
Yes 337 450
No 1 70 104 1.11 r- 0.8-1.6 1
- Sex
Male 221 282
Female — 186 272 1.15 0.9-1.5
House Year Built
Before 1950 199 215
1950 -1991 208 339 1.51 1.2-1.9
Food Outside i
Yes 195 203
No 212 351
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Table 42.—continued Odds Ratio, 95% C.I. calculation for urine cadmium excretion
dichotomized at (<0.1 ug/g creatinine vs >0.1 ug/g creatinine) for children less than

6 vears of age by area of residence and other variables of interest. Multisite Lead and
Cadmium Health Study, 1991.

Category Detect Non- O.R. 95% C.I.
Detect

House Member Smokes

Yes 265 297

No 142 257 | 1.61 1.2-2.1 l
Suck Thumbs j

Yes 77 121

No 330 433 0.84 0.6-1.1
Favorite Toy 41

Yes 151 248

No 256 306 0.73 0.6-0.9
Noofood in mouth

Yes 197 274

No 218 280 0.96 0.7-1.2
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Model 9.

Table 43.—Logistic regression model for urine cadmium dichotomized at (<0.1 ug/g
creatinine vs ug/g creatinine) among children age 6 to 71 months. Multisite Lead

and Cadmium Study, 1991.

Variable Beta S.E. 9.R 95% C.I P-Value
Intercept -3.089 0.290 | - | e <0.01
Target 0.192 0.251 1.21 0.74-1.98 0.445
Illinois 2.928 0.223 18.70 12.1-29.0 <0.01
Pennsylvania 1.097 0.246 2.98 1.854.79 <0.01
Creatinine 1.624 0.190 5.07 3.48-7.33 <0.01
(>25 ug/g)

Model: p = 0.0001, n = 961,
Model 10.

Table 44.—Logistic regression model for urine cadmium dichotomized at (<0.1 xg/g
creatinine vs ug/g creatinine) among children age 6 to 71 months with environmental

Variable

factors. Multisite Lead and Cadmium Study, 1991.

95% C.I.

100

Intercept -1.357 0.231 ——— ——- <0.01
Creatinine 0.520 0.272 1.68 1.05 - 3.17 0.056
(2253)
Water 2.078 1.167 7.99 0.67 - 95.7 0.075
(Cad 25)
re—
p= , =



Table 45.—0dds Ratio, 95% C.lI. calculation for urine cadmium excretion dichotomized at
(<0.1 ug/g creatinine vs >0.1 ug/g creatinine) for children less than 6 years of age
by area of residence and other variables of interest. Muitisite Lead and Cadmium Health
Study, 1991.

Category Detect Non-Detect O.R. 95% C.I.
(20.1ug/g) | (<0.1pg/) |
Area B [
Smelting 331 217
_Mining _ 43 # 209 7.4 JF 5.3-10.5 1
Income
<15.000 135 138 |
> 15,000 222 262 1.16 0.9-1.6
Education 1
High School or Less 223 148
College or Technical School 250 174 1.05 0.8-1.4
Home Uses Air Conditioning
Yes 76 313
No 350 61
Sex
Male 210 206
Female 216 168 1.19
House Year Built
Before 1950 246 181
1950 -1991 193 1.28
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Table 45.—continued Odds Ratio, 95% C.I. calculation for urine cadmium excretion
dichotomized at (<0.1 ug/g creatinine vs >=0.1 xg/g creatinine) for children less
than 6 vears of age by area of residence and other variables of interest. Multisite
Lead and Cadmium Health Study, 1991.

Category Detect Non-Detect O.R. 95% C.I.
(20.1 ug/g) | (<0.1 ng/®)
House Member Smokes
Yes 247 190
No 127 236 1.56 1.2 -2.1
Suck Thumbs i’
Yes 332 68
No 94 306 | 0.78 0.55-1.1 |
Favorite Toy
Yes 151 248
No 256 Lﬁ 306 0.73 0.6-0.9 Jﬂ
Nonfood in mouth
Yes 191 208
=No 1 183 218 1.00 0.8-1.3
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Table 46.—Comparison of natural logs of the mean and standard deviations of urine

cadmium amoag children 6 to 14 years of age among variables of interest by area of

residence. Multisite Lead and Cadmium Health Study, 1991.

Category Log of the Mean s.d. N P-Value
(Geometric Mean)
ug/g Creatinine
Area
Target -2.07 (0.13) 1.03 377
Comparison -2.54 (0.08) 0.76 160 <0.01
Income g
< 15,000 -1.99 (0.14) 1.00 129
l > 15,000 2.29 (0.10) 095 | 373 | <001 4
Education
High School -2.20 (0.11) 0.98 252
College or Technical School -2.24 (0.1D 0.92_ 201 0.665
House uses Air Conditioning |
Yes -2.16 (0.12) 0.98 421
L No -2.39 (0.09) 0.94 116 | 0.021 ]|
Sex
Male -2.27 (0.10) 0.99 299
Female -213 (0.12) 0.96 238 0.108
Age of House 1
Before 1950 -2.50 (0.08) 0.96 243
1950 - 1991 -2.18 (0.07 0.90 177 <0.01
I Yes -2.71 (0.07) 0.76 78
| N 213 (0.12) 098 | 459 | <001
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Table 46.—continued Comparison of natural logs of the mean and standard deviatioas of
urine cadmium among children 6 to 14 years of age among variables of interest by area
of residence. Multisite Lead and Cadmium Health Study, 1991.

Category

Log of the Mean
(Geometric Mean)
ug/g Creatinine

s.d.

N

P-Value

o =—____=T=W
Sucks Thumb

Yes

-2.18 (0.11)

0.89

54

Household member Rides
Bike

No -2.21 (0.1 0.99 438 0.790

104

Yes -2.61 (0.07) 0.74 86

No -2.14 (0.12) 1.00 451 <0.01
Heat Vegetables

Yes -2.42 (0.09)

No -2.15 (0.17) <0.01
Food Original Can

Yes -2.04 (0.13) 1.07 65

No -2.23 (0.11) 0.96 472 0.169




Model 11.

Table 47.—Logistic regression model for urine cadmium dichotomized at (<0.1 ug/g
creatinine vs 20.1 ug/g creatinine) amoag children age 6 through 14 years. Multisite
Lead and Cadmium Study, 1991.

Variable Beta S.E. O.R. 95% C.I P-Value j
Intercept 328 | 0541 | e | e 0.037 |
Target 0.181 0.230 1.20 0.76-1.88 0.429
Nlinois 3.672 0.309 39.31 21.4-71.9 | <0.01
Pennsylvania 0.737 0.223 2.09 1.35-3.24 <0.01
Age (Continuous) 0.105 0.040 | - | e <0.01
Creatinine (> 25 ug/g) 0.954 0.309 2.56 1.42-4.77 <0.01 B

Model: p = 0.0001, n = 632.
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Table 48.—Comparison of natural logs of the mean and standard deviations of urine
cadmium among children 6 to 14 years of age among variables of interest by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium

Health Study, 1991.

106

Category Log of the Mean s.d. N P-Value
(Geometric Mean)
ug/g Creatinine

Area

Smelting -1.68 (0.19) 1.03 377

Mining/smelting -2.75 (0.07) 0.76 160 <0.01
Income

< 15,000 -1.86 (0.16) 1.02 98

> 15,000 -2.15 (0.12) 1.02 248 0.019
Education

High School -2.05 (0.13) 1.01 173

College or Technical Sch‘ool -2.12 (0.12) 1.06 148 0.541
House uses Air Conditioning rt

Yes -2.03 (0.13) 1.04 312

No -2.26 (0.10) ==2.26 65 0.082
Sex }'-

Male -2.11 (0.12) 1.03 213

lLtFemah: -2.02 (0.13) 1.02 164 0.413

Age of House

Before 1950 -2.00 (0.14) 1.02 162

1950 - 1991 -2.42 (0.09) 0.96 128 <0.01
Participant Rides Bike

Yes ' -2.61 (0.07 0.84 49

No -1.99 (0.14) 1.03 328 | <0.01




Table 48.—continued Comparison of natural logs of the mean and standard deviations of
urine cadmium among children 6 to 14 years of age among variables of interest by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium

Health Study, 1991.

Category Log of the Mean s.d. N P-Value
(Geometric Mean)
ug/g Creatinine |
Sucks Thumb T
Yes -1.99 (0.14) 0.94 37
No -2.09 (0.12) 1.04 340 0.578
Household Member Rides Bike
Yes -2.53 (0.08) 0.81 57
==N9 | -1.99 (0.14) 1.04 320 <0.01
Eat Vegetables Home Grown [
Yes -2.32 (0.10) 0.96 75
No | 201013 1.03 302 | 0.017 J
Food Original Can T
Yes -1.84 (0.16) 1.16 43
|_No -2.10 (0.12) 1.01 334 0.160 l

107



Model 24

Table 49.—Logistic regression model for urine cadmium dichotomized at (<0.1 ug/g
creatinine vs ug/g creatinine) among children age 6 through 14 years. Multisite
Lead and Cadmium Study, 1991.

Variable Beta S.E. O.R 95% C.I P-Value
Intercept -1.201 0180 | - | e <0.01
Smelter 2.263 0.221 9.61 6.23-14.8 <0.01
Model. p = 0.0001, n = 492. Mulusite. 1991.
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Table §0.—Comparison of natural logs of the mean and standard deviations of urine
cadmium among adults 15 years to 75 years of age among variables of interest by
area of residence. Multisite Lead and Cadmium Heaith Study, 1991.

Category Log of the Mean s.d. N P-Value 1’
(Geometric Mean)
ug/g Creatinine
Area
Target -1.29 (0.28) 1.08 | 265
Comparison -1.70 (0.18) 1.04 128 | <0.01
a
Sex
Male -1.44 (0.29) 1.48 178
Female | -1.41 (0.29) 1.03 | 215§ 0.778
Household Income
< 15,000 -1.07 (0.34) 1.00 77
> 15,000 -1.51 (0.22) 1.09 | 288 | <0.01 A
Education
Head of Household
High School or Less -1.41 (0.29) 1.06 172
College or Technical School -1.51 (0.22) 1.10 159 0.355
Home uses Air Conditioning
Yes -1.44 (0.24) 1.11 311
No -1.37 (0.25) 0.97 82 0.599 L
| I
Age of House
Before 1950 -1.30 (0.27) 1.04 | 210
1950 -1991 -1.72 (0.18) 1.11 113 | <0.01
b m “
Cigarette Smoking
Curreat Smoker -1.06 (0.35) 1.09 117
-1.57 (0.21)
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Table 50.—continued Comparison of natural logs of the mean and standard deviations of
urine cadmium among adults 15 years to 75 years of age amoag variables of interest by
area of residence. Multisite Lead and Cadmium Health Study, 1991.

—

Category Log of the Mean s.d. N P-Value
(Geometric Mean)
ug/g Creatinine

Garden

Has a Garden -1.50 (0.22) 1.03 166

Does Not Have a Garden -1.37 (0.25) 1.12 | 227 0.238
Alcohol Consumption 1

Yes -1.40 (0.25) 1.08 | 333 I

No -1.57 (0.21) 1.08 60 0.265 ]
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Model 12.

Table 51.—Linear regression model for urine cadmium* (adjusted for creatinine >25
mg/dl) among adults age 15 years and older. Multisite Lead and Cadmium Study, 1991.

Variable Beta Standard Error P-Value
Intercept -3.309 0.158 <0.01
Target 0.293 0.116 <0.01
Tllinois 0.699 0.131 <0.01
Pennsylvania -0.049 0.119 0.681
Income (< 15.000) 0.227 0.115 0.049
Age 0.033 0.003 <0.01
Smoke Now 0.524 0.103 <0.01

Model F-ratio = 30.583, p = 0.0001, n = 382, adj. r = .329. -

* Natural logarithm

Model 13.

Table 52.—Logistic regression model for urine cadmium ( <0.5 ug/g creatinine vs 20.5
ug/g creatinine) among adults 15 years and older. Multisite Lead and Cadmium Study,

1991.
ble . -Val
Intercept -3.918 0.443 — — <0.01
Target 0.977 0.280 2.66 1.574.69 <0.01
Nllinois 1.028 0.261 2.79 1.68-4.66 <0.01
Smoke Now 0.763 0.229 2.14 1.37-3.36 <0.01
Age 0.050 0.007 — —_— <0.01
m%:z%

* Natural logarithm
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Table 53.—Comparison of natural logs of the mean and standard deviations of urine
cadmium among adults 15 years to 75 years of age among variables of interest by
contamination source Smelting versus Mining/smelting. Multisite Lead and Cadmium
Health Study, 1991.

i Category Log of the Mean s.d. N P-Value
(Geometric Mean)
ug/g Creatinine

Area
Smelting -1.08 (0.33) 1.08 | 265 i
Mining/smelting -1.73 (0.18) 1.04

Sex

Male -1.24 (0.29) 1.12

Female | -1.32 (0.27) 1.05

Household Income

< 15,000 1.38 (0.25) 0.89 | 57 [

> 15,000 -0.88 (0.41) 1.10 { 189 <0.01 !
Education

Head of Household

High School or Less -1.34 (0.26) 1.05 111

College or Technical School -1.62 (0.27) 1.12 108 0.921
Home uses Air Conditioning

Yes -1.30 (0.27) 1.10 | 226 I

No -1.22 (0.29) 0.94 39 0.624 |
Age of House

Before 1950 -1.15 (0.32) 1.08 | 132 |

1950 -1991 -1.62 (0.20) 1.06 82| <0.01

Cigarette Smoking
Current Smoker -0.95 (0.39)
Non Smoker -1.42 (0.24)

112



Table 53.—continued Comparison of natural logs of the mean and standard deviations of
urine cadmium among adults 15 years to 75 years of age among variables of interest by
contamination source Smelting versus Mining/smeiting. Muitisite Lead and Cadmium

Health Study, 1991.

Category Log of the Mean s.d. N P-Value

(Geometric Mean)
pg/g creatinine
Garden
Has a Garden -1.44 (0.24) 1.06 | 107
Does Not Have a -1.19 (0.30) *1.08 | 158 0.064

Garden

Alcohol Consumption

Yes -1.26 (0.28) 1.08 | 222
No -1.44 (0.24) 1.04 43 0.3019_"
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Model 25

Table 54.—Linear regression model for cadmium*® (adjusted for creatinine =25 mg/dl) in
adults age 15 years and older. Multisite Lead and Cadmium Study, 1991.

*Natural Logarithm.

Model 26

Variable Beta Standard P-Value
Error
Intercept -1.957 0.136 <0.01
Smelter 0.593 0.149 <0.01
Smoke Now 0.509 0.143 <0.01
el F-ratio = 13.92, p = .0 = 266, adj © = .10. Multisite, 1991.

Table 55.—Linear regression model for cadmium® (adjusted for creatinine > 25 mg/dl)
among adults age 15 years and older with environmental factors. Multisite Lead and
Cadmium Study, 1991.

w

Variables Beta Standard P-Value
Error
Intercept -0.782 0.304 0.012
Dust* (Cadmium) 0.206 0.092 0.027 |

Model F-ratio = 5.04, p = 0.0273, n = 89, adj r* = .055. Multisite, 1991.
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Table 56.—Comparison of the distribution of Alanine aminopeptidase (UAAP). (adjusted
for creatinine =50 mg/dl). Multisite Lead and Cadmium Study, 1991.

All Ages Tombineq

Target 1.71% 3.660 -2.29 1.87 858 0.801 0.356
(5.55) (0.10) (47.9)
Comparison 1.704 0.603 -1.58 3.66 320
(5.0Q) (0.21) (38.9)
Children 6-71 months
Target 2.05 0.551 -0.59 3.87 292 0.4600 0.796
(7.768) (0.5%) (47.9)
Comparison 2.01 0.550 -0.18 3.66 7
(7.46) (0.84) (38.9)
Children &-14 years
Target 1.6 0.637 -1.58 3.06 323 0.168 0.677
(5.00) (0.21) (21.3) 4
Comparison 1.69 g.611 -1.58 3.14 130
(5.41) (0.21) (23.1)
Adults 15-75 years
Target 1.457 0.650 -2.29 2.98 238 0.534 0.970
(4.29) (0.10) (19.7)
1.500 0.540 0.24 N 11
Comparison (4.48) (1.27) (22.4)
-~ _
* Standard deviation.
+ Minimm.
§ Maximm.

4 Sasple size

«* Student t-test p-value.
1+ Kolmogorov-Smirnov p-value,

different.
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Table 5§7.—Comparison of the distribution of Gamma glutamyl transferase (UGGT)
(adjusted for creatinine =50 mg/dl). Multisite Lead and Cadmium Study, 1991.

Category
ALl Ages Combined
Target 3.259 0.53 0.76 4.81 0.323 0.119
(26.0) (2.14) (122.7) 858
Comparison 3.536 0.513 1.32 4.92 320
(36.3) (3.74) (137.0)
Children 6-71 months
Target 3.536 0.478 1.00 6.63 292 0.959 0.730
(34.3) (2.72) (102.5)
Comparison 3.539 0.52% 1.32 4.92 ™
(34.4) (3.76) (137.0)
Children 6-14
Target 3.189 0.492 1.33 . 4.8 328 0.165 0.319
(26.3) (3.78) (122.7)
Comparison 3.256 0.453 1.52 6.52 130
(25.9) (4.57) (91.8)
Adults 15-75 years
Target 3.012 0.504 0.76 6. N 238 0.350 0.034
(20.3) (2.14) (60.9)
Comparison 2.963 0.432 1.82 .78 111
—_ (19.4) (6.17) (119.1)
* Standard deviation.
¢t Minimum.
§ Maximm.
q Sample size

** Student t-test p-value.
t+ Xolmogoraov-Sairnov p-value.

different.

A p-value »0.05 indicates

116

that the two distributions are not significantly




Table 58.—Comparison of the distribution of N-Acetyl-8-D-Glucosaminidase (UNAG)
(adjusted for creatinine > 50 mg/dl). Multisite Lead and Cadmium Study, 1991.

All Ages Combined

Target -0.391 0.615 -2.18 2.48 0.532 0.984
(0.68) (0.12) (11.9) as7
Comparison -0.366 0.5844 1.9 2.17 33
(0.69) (0.15)
(8.76)

Children 6-71 months

Target -0.232 0.543 -1.45 1.75 310 0.993 0.690
0.79 (0.23)
(5.7%)
Comparison -0.231 0.502 -1.49 1.27 84
0.79) (0.22)
(5.75)

Children 6-14 years

Target -0.526 0.549 -1.8 1.19 138 0.081 0.30%
(0.59) (0.16)
(3.29)
Comparison -0.478 0.553 -1.60 1.39 135
(0.62) (0.20)
(4.01)

Agults 15-75 years

Target -0.408 0.73% -2.18 2.48 239 0.89 Q.644
(0.66) 0.17 (11.9)
Comparison -0.390 0.808 1.9 2.17 118

—

* Standard deviation.

+ Minimm.,

§ Maximum.

{ Sample size

** Student t-test p-velue.

++ Kolmogorov-Smirnow p=valus. A p-value >0.05 indicates that the two distributions are not significantly
different.
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Table 59. —Comparison of the distribution of Serum Creatinine. Multisite Lead and
Cadmium Study, 1991.

Category Mean
(Geom. Nean)
— ==

AlL Ages ComDined

Target -0.612 0.300 -1.20 0.50 1551 <0.01 0.117
(0.66) (0.30) (1.80)

Comparison -0.337 0.340 -1.20 0.74 79
(0.71) (0.30) (2.10)

Children 4-71 months

Target -0.619 0.195 -1.20 0.18 748 <0.01 0.01§
(0.53) (0.30) (1.20)

Comparison -0.662 0.171 -1.20 -0.22 174
(0.52) (0.30) (0.80)

Children 6-14 years

Target -0.341 0.177 -0.92 -0.10 85 0.269 0.506

(0.71) (0.40) (1.10)
Comparison -0.322 0.186 -0.92 0.18 159
(0.72) (0.40) (1.20)

Adults 15-75 vears

Target -0.034 0.230 -0.92 0.5¢9 3118 <0.01 0.234
(0.97) (0.40) (1.80)
Comparison 0.034 0.206 -0.36 0.76 146
(1.03) (0.70) (2.10) —
Standard deviation,
+ Minimm,
§ Maximum,

q{ Sample size

** Student t-test p-value.

44 Xolmogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly
different.
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Table 60.—Comparison of the distribution of Serum Blood Urea Nitrogen (BUN).
Multisite Lead and Cadmium Study, 1991.

Al. Ages [omb'neq

Target 2.553 0.301 1.09 3.61 1550 <0.01 0.055
(12.8) (3.0) (37.0)

Comparison 2.610 0.284 1.61 3.76 4«79
(13.8) (5.0) (42.0)

Children 6-71 months

Target 2.536 0.311 1.10 3.45 747 <0.01 0.016
(12.6) (3.0) (32.0)

Comparison 2.613 0.302 1.79 3.43 174
(13.6) (6.0) (31.0)

Children 6-14 years

Target 2.582 0.229 1.61 3.13 485 0.9%9 0.546
(13.2) (5.0) (23.0)

Comparison 2.583 0.229 1.9% 3.30 159
(13.2) (7.0) (27.0)

Adults 15-75 vears

Target 2.556 0.326 1.39 3.61 318 0.012 0.19%
(12.9) (6.0) (37.0)

Comparison 2.638 0.313 1.61 3.76 146
(13.9) (5.0) (23.0)

* Standard deviation.

+ Minimum.
§ Maximum.
q Sample size

"t Student t-test p-value.

++ Xoimogorov-Smirnov p-value.

different.
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Table 61.—Comparison of the distribution of Hematocrit (HCT). Muiltisite Lead and
Cadmium Study, 1991.

ALl Ages Zombined

Target 3.62 0.090 3.26 3.94 1592 <0.01 <0.01
(37.3) 25.53 51.41
Comparson 3.65 0.092 3.35 3.93 77
(38.5) 28.50 50.90
Chitzren 6-71 months
Target 3.57 0.066 3.2 3.85 793 0.319 0.3%
(35.5) 25.53 46.99
Compar ison 3.58 0.052 3.42 1.73 17
(35.9) 30.56 41,67
Children 6-14 years
Target 3.63 0.068 3.36 3.86 | 488 <0.01 <0.01
(37.7) 28.79 47.46
Comparison 3.6% 0.0%8 3.48 3.89 163
(38.5) 32.46 48.91 - .
Adults '5-75 years
Target 3.7 0.0% 3.43 3.9¢ 314 0.157 0.441
(61.3) 30.87 51.41
.73 0.098 3.35 5.93 143
Comparison 1.7 28.50 50.90
* Standard deviation.
t Minimum.
§ Maximum.
{ Sample size

** Student t-test p-value.
$++ Xolmogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly

different,
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Table 62.—Comparison of the distribution of Hemogiobin (HBG). Muitisite Lead and
Cadmium Study, 1991.

All Ages Combi'ned

Target 2.55 0.091 2.08 2.96 1592 <0.01 <0.01
(12.8) 8.00 18.91

Comparison 2.57 0.091 2.12 2.83 &77
(*3.06) 8.33 16.94

Chitdren 6-71 months

Target 2.50 0.071 2.08 2.80 793 0.245 0.165
(12.2) 8.00 16.44

Comparison 2.51 0.055 2.31 2.62 171
(12.3) 10.07 13.73

Children 6-14 years

Target 2.56 0.071 .27 2.9 438 <0.01 <0.01
(12.9) 9.67 18.91

Comparison 2.57 0.060 2.40 2.81 143
(13.0) 11.02 16.60

Adults 15-75 years

Target 2.56 0.100 2.32 2.90 314 0.530 0.99%
(14.0) 10.20 18.20

Comparison 2.63 0.111 2.1 2.83 143 L
(13.9) 8.24 16.94

Standard deviation.
+ Minim.
§ Maximam.

{ Sample size
** Student t-test p-value.
t+ Kolmogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly

different.
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Table 63.—Comparison of the distribution of Mean Corpuscular Volume (MCV).

Multisite Lead and Cadmium Study, 1991.

All Ages “ombired

Target 6.42 .152 3.96 4,66 159 0.343 0.308
(83.1) 52.65 105.63 2

Comparison o6 .187 46.12 6.64 %44
(82.3) 61.55 103.54

Children 6-71 months

Target .39 .o 3.96 6.52 793 0.075 0.613
(80.6) 52.45 91.83

Comparison 6.37 .05S 4.16 4.50 7
(79.0) 64.07 90.01

Children 6-14 years

Target .42 .185 4,29 4.5 485 <0.487 0.032
33.0 72.96 93.69

Comparison 6.1 047 4.20 6.53 163
(82.2) 66,68 92.7%

Adults 15-75 years

Target L.48 .054 .14 4.66 314 0.477 0.439
(88.2) 62.80 105.63

Comparison 4.468 .057 4,12 4. .64 143
(88.2) 61.55 103.54

L —

+
§
1

** Student t-test p-value.
+4 Kolmogorov-Smirnov p-value.

Standard deviation,

Minimm,
Maximm.
Sample size

different.

A p-value >0.05 indicates
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Table 64.—Comparison of the distribution of Mean Corpuscular Hemoglobin (MCH).
Muitisite Lead and Cadmium Study, 1991.

All Ages Combined

Target 3.35 0.075 2.76 3.57 1592 0.435 0.262
(28.2) 15.8 35.51

Comparison 3.34 0.072 2.97 3.60 477
(28.2) 19.49 36.59

Children §-71 months

Target 3.32 0.066 2.76 3.45 793 0.51 0.2¢4
27.7) 15.8 31.50

Compar ison 3.32 0.062 3.04 3.60 ”m
27.7 20.90 36.59

Children 6-14 years

Target 3.53 Q.028 3.37 . 3.5¢9 485 0.153 <0.01
34.12 29.07 36.23

Comparison 3.52 0.029 3.42 3.58 163
33.78 30.56 35.87

Aduits 15-75 vears

Target 3.40 0.071 3.7 3.50 315 0.901 0.038
(30.0) 23.80 3.1
Comparison 3.38 0.079 3.02 3.48 143
29.37ﬂ 20.49 32.45
* Standard deviation. —
t Minimm.
§ Maximum.

{ Sample size
** Student t-test p-value.
t+ Kolmogorov-Sairnov p-value. A p-value »0.05 indicates that the two distributions are not significantly

different.
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Table 65.—Comparison of the distribution of Mean Corpuscular Hemoglobin
Concentration (MCHC). Multisite Lead and Cadmium Study, 1991.

All Ages Combhined
Target 3.53 0.075 3.2 3.66 1592 <«0.01 0.262
(346.1) 26.77 38.86
Comparison 3.52 0.072 3.3 3.64 %24
33.78 28.21 38.09
Children 6-71 months
Target 3.53 0.022 3.1 3.66 793 0.425 0.2
(36.12) 26.77 38.86
Comparison 3.53 0.028 3.45 3.64 171
(36.12) 31.50 38.09
Children 6-14 years
Target 3.35 0.026 3.38 3.59 485 0.153 <0.01
(28.50) 29.37 36.23
Compar i son 3.34 0.024 3.42 3.58 143
(28.21) 30.56 35.87
Adults 15-75 years
Target 3.52 0.037 3.41 3.62 3146 <0.01 0.038
(33.78) 30.26 37.33
Comparison 3.41 0.0463 3.62 3.33 143
30.26 30.56 27.9%
* Standard deviation,
+ Minimm.
§ Maximm.

{4 Sample size

** Student t-test p-value.

t++ Kolmogorov-Smirnov p-valus. A p-value »0.08 indicates that the two distributions are not significantly
different,
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Table 66.—Comparisoa of the distribution of Immunoglobulin G (IgG). Multisite Lead
and Cadmium Study, 1991.

All Ajes Combd'red

Target 5.76 0.324 187 2168 1567 <0.01 «@.01
(862.6)

Comparison 6.82 0.330 230 2322 484
(916.9)

Children 5-71 months

Target 6.58 0.299 187 1394 759 0.745 0.685
(720.5)

Comparison 6.57 0.299 230 1300 176
(713.4)

Children 6-14 years

Target 6.90 0.248 192 . 1978 T 488 0.275 0.129
(992.3)

Comparison 6.93 0.269 «83 1845 162
(1022.5)

Adults 15-75 years

Target 6.98 0.240 493 493 320 0.234 0.340
(1074.9)
7.01 0.233 590 590 146
Comparison (1107.6)

Standard deviation.

t Minimum,

§  Maximm,

{ Sampie size

** Student t-test p-value,

1+ Koimogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly

different,
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Table 67.—Comparison of the distribution of Immunoglobulin A (IgA). Multisite Lead
and Cadmium Study, 1991.

’

Ail Ages Combined

Target 6.63 0.695 7 773 1560 <0.,01 <0.01
(102.5)

Comparison .73 0.746 [ 679 82
(113.5)

Children 4-71 months

Target 6.22 0.556 7 337 757 0.067 0.029
(68.05)

Comparisan 4.13 0.58 é 262 175
(62.2)

Children 6-14 years

Target 4.8 0.502 9 455 «83 0.815 Q.664
(121.5%5)

Comparisan 4.8 0.561 11 [3]) 161
(122.7)

Adults 15-75 years

Target 5.3% 0.523 13 73 320 0.717 0.968
(210.6)

Comparison 5.37 0.481 51 479 146
(216.9)
—

* Standard Geviation,

4+ Minimum,

§ Maximm.

4 sSample size

** Student t-test p-value.

+* Koimogorov-Sairnov p-value. A p-value »0.05 indicates that the two distributions are not significantly

different.
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Table 68.—Comparison of the distribution of Immunoglobulin M (IgM). Multisite Lead
and Cadmium Study, 1991.

Atl Ages Combined

Target 4.73 0.473 26 572 1567 0.197 0.468
(1135

Comparison .77 0.511 17 608 «84
(117.9)

Children 6-71 months

Target 4,63 0.431 33 3% 759 0.483 g.511
(102.5)

Comparison 4.61 0.389 3s 287 176
(100.5)

Children 6-14 years

Target 4. 76 0.440 26 407 488 0.184 0.400
(1146.4)

Comparison 4.8 0.470 26 407 162
(121.5)

Adults 15-75 years

Target 4. 98 0.511 3 578 320 0.464 0.675
(145.95)
4.9 0.618 17 4608 166
Comparison (139.7)
—  _ — |

* Standard deviation.
+ Minimm.
§ Maximum.

{4 Sampie size
** Student t-test p-value.
44 Kolmogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly

different,
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Table 69.—Comparison of the distribution of Lymphocyte Count mm’ (LYMPHCT).
Multisite Lead and Cadmium Study, 1991.

All Ages Combined
Target 8.08 0.39% 898 9799 1476 <0.01 <0.01
(3229.2) .
Comparison 7.98 0.388 317 9605 476
(2921.9)
Children 6-71 months
Target 8.28 0.382 1002 9799 732 0.972 0.965
(39464.2)
Comparison 8.27 0.360 1686 9605 170
(39046.4)
Children 6-'4 vears
Target 7.95 0.298 1002 8350 - 452 0.017 <0.01
(2835.6) :
Comparison 7.89 0.27% 1224 4248 181
(2670.4)
Adults 15-75 vears
Target 7.82 0.318 898 8103 290 0.026 0.019
(2489.9)
Comparison 7.7 0.313 863 7480 148
(2321.6)
= = =
Standard deviation.
+ Minimm,
§ Maximum.
{ sample size
2

* Student t-test p-value.
4+ Xolmogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly
different.

4
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Table 70.—Comparison of the distribution of CD4 Count mm?®. Multisite Lead and
Cadmium Study, 1991.

Category K-S
(Geom. Mean) P-Value™ P-Valuett
All Ages Compined
Target 7.26 0.407 420 5219 1418 <0.01 <0.01
(*422.2)
Comparison 7.19 0.405 455 5219 L69
(1326.1)
Children 4-71 months
Target 7.42 0.413 420 5219 694 0.363 0.387
(1669.9)
Comparison : 7.45 0.400 479 5219 170
(1719.92)
Children 6-14 years
Target 7.07 0.310 b6 3984 (9% 9 0.170 0.077
(1117.1) B
Comparison 7.04 0.286 561 2670 159 j
(1161.4)
Adults 15-75 years
Target 7.1 0.347 Y. 3790 280 0.014 0.044
(1226.1)
Comparison 7.02 0.3%0 459 2368 140
(1118.89)
Standard deviation.
+ Minimm.
§ Maximm.
{ sSample size

e Student t-test p-value.
t++ Kolmogorov-Smirnov p-value. A p-vaiue >0.05 indicates that the two distributions are not significantly

different.
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Table 71.—Comparison of the distribution of CD4/CD8 Ratio. Multisite Lead and

Cadmium Study, 1991.

All Ages Combined

Target 0.65 0.363 0.44 6.89 1558 0.085 0.345
(1.92)
Comparison 0.48 0.374 0.38 7.46 [%.})]
(1.97)
Children 6-71 months
Target 0.70 0.349 0.77 6.75 764 0.207 0.614
(2.01)
Comparison 0.74 0.347 0.97 5.81 178
(2.09)
Children 4-14 years
Target 0.53 0.33% 0.44 4£.90 (2.7 <0.01 0.079
(1.70)
Comparison 0.61 0.292 0.9 4£.66 161
(1.84)
Adults 15-75 years
Target 0.71 0.393 0.9% 6.89 310 0.796 0.883
(2.03)
0.70 0.4645 0.38 7.46 142
Comparison (2.01)
Standard deviation,
¢+ Ninimm,
§ Maximm.
{4 Sample size
** Student t-test p-value.
t+* Kolmogorov-Sairnov p-value. A p-value >0.05 indicates that the two distributions are not significantly

different.
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Table 72.—Comparison of the distribution of Gamma-Glutamyl transferase (GGT).

Multisite Lead and Cadmium Study, 1991.

All Ages Combined

* Standard deviation,

+ Minimum.

§ Maximum.

§ Sample size

** Student t-test p-value.

++ Kolmogorov-Sairnov p-value.
di fferent,

A p-value >0.05 indicates that the two distributions are not significantly

Target 2.61 0.497 196 1538 0.334 0.478
(13.6)
Comparison 2.64 0.615 230 148
(146.0)
Children 4-71 months
Target 2.63 0.385 196 739 <0.01 <0.01
(11.&)
Comparison 2.32 0.403 166 174
(10.2)
Children 6-14 years
Target 2.58 0.355 7 480 0.058 0.857
€13.2)
Comparison 2.52 0.355 35 162
(12.6)
Adults 15-75 years
Target 3.05 0.633 176 317 0.176 0.327
(21.1)
3.14 0.727 230 146
Comparison (23.1)
——— ————— ==




Table 73.—Comparison of the distribution of AST Serum Glutamic Oxalacetic
Transferase (SGOT) Liver Function. Multisite Lead and Cadmium Study, 1991.

All Ages Combired

Target 3.25 0.379 3 437 1561 0.029 <0.01
(26.8)

Comparison 3. 0.357 5 17 480
(26.8)

Children 6-71 months

Target 3.45 0.270 ] 37 761 0.689 0.473
(31.5)

Comparison 3.47 0.282 b) 17 174
(32.1)

Children 6-14 years

Target 3.20 0.310 3 78 82 0.203 0.046
(26.5)

Comparison 3.17 0.220 9 40 160
(23.8)

Aduits 15-75 years

Target 2.87 0.382 [ 106 318 0.013 0.019
(17.6)
Comparison 2.96 0.360 é 134 146

(19:3)
e —

—

* Standard deviation.

4+ Minimm,

§ Maximm,

4 Sample size

** Student t-test p-value.
++ Kolmogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly
different.
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Table 74.—Comparison of the distribution of Serum Albumin Liver Function. Multisite
Lead and Cadmium Study, 1991.

Al Ages Comb)ned
Target 2.64 0.451 2 473 1540 0.036 0.067
(14.0
Comparison 2.69 0.437 4 126 80
(14.7)
Children 6-71 months
Target 2.62 0.395 S 473 740 0.135 0.044
(13.7)
Compar ison 2.67 0.361 o 126 174
(14.4)
Children 6-14 years
Target 2.58 0.410 3 : 119 82 0.69% 0.856
(13.2)
Comparison 2.57 0.33 [8 4“8 162 [
(13.1)
Adutts 15-75 years
Target 2.78 0.586 2 129 318 0.219 0.419
(16.1)
Comparison 2.78 0.564 S 76 146
(17.%
— -
Standard deviation.
+ Ninimm.
§ Maximum.

{ Sample size

** Student t-test p-vatue.

+4 Koimogorov-Smirnov p-value. A p-value >0.05 indicates that the two distributions are not significantly
different.
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Table 75.—Comparison of the distribution of Serum Total Protein Liver function.
Multisite Lead and Cadmium Study, 1991.

USRI

Category

Al. Ages Comb:ired

Target 1.99 0.067 [ 10 1551 0.111 0.191
(7.3

Comparison 2.00 0.065 ) 9 480
(7.4)

Children 4-71 months

Target 1.97 0.062 [} 9 748 0.506 0.782
(7.2)

Comparison 1.96 0.061 [ 8 174
(7.1)

Children 6-14 years

Target 2.02 0.062 1 [ 85 0.964 0.848
(7.5)

Comparison 2.02 0.056 1 [ 160
(7.5)

Aduits 15-75 years

Target 2.02 0.060 ] 9 318 0.926 0.995
(7.5)

Comparison 2.02 0.061 6 9 146
(7.%)

*

§
1

** Student t-test p-value,
44+ Kolmogorov-Smirnov p-value.

Standard deviation,

Minimmm.
Maxirmam.
Sample size

different.
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Multistate Lead And Cadmium Health Study

600
500
400 A
300 - 7 \\§
\ \
100 4 N
\
0- 225550 NN
Duat Pb Soil Pb
Smelting 488.7 361.4
Target 3918 3685.1
Comparison 379.9 528.5
Mining 206.4 317.3
Mean Concentration
Study Areas
Bl smeiting Target
&3 Comparison Mining

Pigure 1. Mean lead concentration in residential soil and house
dust measured in (mg/kg) for each study area.
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Multistate Lead And Cadmium Health Study

0.8
0.7 A
0.6 0 SNOOOUNL
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0.2 o d
0.1 - ...... /
o - e
Paint Pb
Comparison 0.18
Smelting 0.39
Target 0.44
Mining 0.68
Mean Concentration
Study Areas
@ cComparison Smeliting
8 Target Mining

Pigure 2. Mean lead concentration in interior paint measured by
XRF (mg/cme®) shown on the vertical axis.
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Multistate Lead And Cadmium Heaith Study

Blood Lead
@ 4
s - -.-.-.- ......................
‘ - ..
S
3 - , ... . L
§§ N QS
- e \ \
N 2N
o - 72222 Z AN
<@ 8-14 18+
Smelting 8.7 3.71 3.28
Target 8.37 3.49 3.08
Mining 4.81 2.64 3.13
Comparison 3.97 2.88 2.88
El smeiting Target
&8 Mining Comparison

Figure 3. Mean blood lead measured in ug/dl for study participants
by age and area of residence.
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Multistate Lead And Cadmium Health Study

Mean Blood Lead

.

All Participants

Smelting 4.48
Target 4.28
Mining .78
Comparison 3.48

Area Of Residence
SR smeiting Target
EH Mining Comparison

'~ Pigure 4. Mean blood lead values for participants of all age groups
by area of residence.
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Mulitistate Lead And Cadmium

Urine Cadmium

Health Study

0.4
0384 ...
0.3 4
0.28 4
o208 . ... L.
o
0.18 | N Al
0,1 P :E ..... :l plihedeg
i R St
0.08 - H = 23
H b :
o | pdbd ,[ -y s
@ o-14 18 All
Smelting 0.31 0.19 0.33 0.31
Target 0.19 0.13 0.28 0.18
Comparison 0.1 0.08 0.17 0.11
Mining 0.09 0.07 0.18 0.1

Age

[ ] Smeliting
B3 Comparison

Target
Mining

Creatinine Adjusted Vsiues

Figure 5. Mean urine concentration of cadmium by age of participant

group and area of residence. Cadmium excretion is creatinine

adjusted (ug/gram creatinine).
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APPENDICRES

The contents of these appendices are presented in their entirety
as submitted by the author and have not been revised or edited to
conform with the Agency for Toxic Substances and Disease registry
guideline.

DRAFT - DO NOT CITE May 12, 1994 DO NOT QUOTE-DRAFT

147



Appendix A-Survey Census Form
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MISSCLFi CEPARTMENT OF =ZaLTH
HEAVY METAL XPOSURE ASSCSSAENT

CENSUSForM
Address Interviewar Initials
{Straet, AR, SC2 7

ciy Taleorcne Heme (_ )

Zip :
Cale : Work (_ )
Mailing Adcress

IF CHCS2\,
WILLING TO
NAME . DATECOFSIRTHAGE S&X FARTICIPATE?
A Fersons ¢ months - S years old (List by age, oidast first)
1.
2. 3 =
'4

3.
. -~
B. Fersons 6§ - 15 years ?
1.
2- %
3. %
4. P 7
c ;'Pononc 16 - 44 yeaurs old
1.
2.
3.
4.
Has everyone listed above Gved ot this address bnger than 60 days. Y88 NO

¥ no, whom?




i)

PARTICIPAMNT T NUMEER 9. A3 D NUMEZ=R

MISSCURI DEFARTMENT OF =ALTH
KZAVY MZTAL ZOTSURE ASSESSMENT QUESTIONNAIRE
FCARFPARTICIPANTS =S - 3 YEARS CF AGE
/Z:'NCN‘ :

The feilcwing person has taan selesied 1o b9 £art of the sacsnd phase of ha Missour CeparTnaent =f

Heath Heavy Mewis Expcsum Assessment. Wea need 10 get sCme information on this incividual,

Fer this child, | whl need o tak © tha parsnt er legal guanﬂah.

(r2me ¢f parent or '5gal guardisn) prafarably the person whe can

tell us aboul hew (child's nzme) sgends histher lima.

N

-—

| need to ask & numbelr§s! quasticns sbout (child's nama) who was seieciad for the
study.

201, What ls e onlids fullegal name?




Page] of 3

Xposure Survey

-
b
>

l.ead 1

Y FORM

~
%

NLOCK Sunvi

Commant s

/ 4

Date

B A

Interviewer:

19351z

uﬂnun)

$33TISNE]

pTIrsan
juoTszaes

e RTINS

/TTIiTapyssY

L1752 a7seys
[TRTITIDISHY

Premlises Address

vd)ock

Dulldalng




Start wlith youngest member of household.

I'AGE 2
(If NO)
Lived in Lived In
Sex Rela- this house Leeds Previous addross
1-M tionship Birthdate 60 days? 60 Days? and dates
2-F l-self mo-day-yr l1-yes l-yes
2-spouse 2-no 2-no
J-parant
4-child
S-other
famlly
Namo 6-other
1.
F — —— ——— ——
MI___
L — ._-—' -—-— —
2.
B . . - .
MI
Lo _ N
J.
r .
MI__ - - T
1. . =
4.
F — —— — e—
MT__
1. Tt
Y.
3 L _ — —
ML
L — T T -




Start with youngest member of household.

PAGE D

(I£f NO)
Lived in Lived In
Sex Rela- this house Leaeds Previous address
1-M tionshlip Dirthdate 60 days? 60 Days? and dates
2-r 1-seclf mo~-day-yr l-yes 1-yes
2-spouse 2-no 2-no
J-parent
4-child
S5-other
family .
Niome 6-other :
1.
r_
ML — — — —
l. — —--— —-— —
2.
¥ _ .
MI — T
L —— — ———. -———- —
).
F.-—* — —— — S
MT___
1. _ T T
1.
I o _ _— —
M1
I - T T4
b
5. T
I’ . . . —
MT__
L — - T T -




Appendix B-Environmental Sampling Protocols
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QUALITY ASSURANCE PROJZICT PLAN Page: 3 of 14
for EPA Region V Support ¢f the
ATSDOR Multistate Lead Exposure Study

I. Proiject Description

Granite City, Illinois is the location of a former secondary lead
szelting facility. Metal refining, fabricating, and associated
Detal processing activities have been conducted at the site since
1903. From 1303 to 1983, secondary smelting occurred on-site.
Secondary smelting facilities included a blast furnace, a rotary
furnace, several lead melting kettles, a Dbattery breaki:
operation, a natural gas-fired boiler, several baghouses, cyclones
and an afterburner. Most (85 percent) of the air samples taken
from Granite City between 1978 and 1981, as part of IEPAs newly.
instituted air quality testing for lead, showed lead levels higher
than levels the federal government considers safe. Metallic
pellutants, which have been dispersed throughout the environment in
Granite City and the surrounding areas, have heavily contaminated
soil in the study area. It is likely that uptake of metallic
pollutants by plants and animals, including humans, has occurred.
The Agency for Toxic Substances and Diseasa Registry (ATSDR) has
provided funding to the State of 1Illinois to <conduct a
comprehensive blcod lead/urinary cadmium study on a representative
number and distribution of eligible residents nearby the site. The
study will include the collection of samples from potential study
will include the collection of samples from potential environmental
sources of lead and cadmiua: soil, house dust, drinking water and
indocor paint, from all participant households.

The objectives of the overall study are defined in the ATSDR study
protocol (Draft; Sumnmer, 1991; pages 8 and 9). Of the seven
objectives listed, the objectives to which EPA participation will
contrxbuto are: _
TEon"Te dm-aim ‘thc.-w »os mvi:mmb lead and cadmiun
' “contaminition foiund 'in: target areas and compare them witdh
lcvols‘ 6! contanimtion fou.nd z.n conpu-abh ncn—targct areas."”

R “«mra d&brni.’m e ectent- wvhicbaanvitammtal. behavioral,

w >

Lo eccupdtionul; iandisadtoedaionic factors influence cxposur- to
ylead and cadniun 1n tarqc: and’ncn-targct pepulations.

"To determine thc cxtcm: to which exposure has occurred in
populations living in areas with both mining and industrial
emissions compared ¢to popnlations living in areas with
industrial emission only."

In order to contribute to nmeeting these goals, EPA will collect
environmental sacples at the residences of sslectad study



QUALITY ASSURANCE PROJECT PLAN Page: 4 of 1%
for EPA Region V suypport of the
ATSDR NMultistate Lead Exposure Study

participants, as discussed in section IV.A. 2, below. Of special |
interest in the study will, be households v:.th children between 6
and 71 months of aga. ~

The specific objectives of EPA participation in t.ho study will be:

1. Collection of represantative simples of hous. dust, drinking
water, and play area soil, and in-situ analysls of paint by XRrr :or
Pb (Paint is not considered a major exposure route for cd), from a
randealy selected subnt ot study participant residences.

" 2. Provision of data to ATSOR for determination of the probability ~
that a statistically significant relationship, if any, .exists
betveen the environmental lead 1cvols in thc fonr suplod media and. _
the human cxposu:o data.

& -e ~'-—..\a. v.-ws-\ﬂ

2 pmp—

_Envirommental sampling in this study vill be pcrtorud by uu '2F CHIRIRE
EPA Region V contracter, Ecology and Enviromment.  (Z&E).- . -
Invirormental samples will Dbe sent by E&iE to a CLp ladb for
analysis. E&E vill report analytical results to U.S. IPA Region V.

This document describas the procsdures and activitias vhich will be -
applied to such samplés. .

II. ERreject Organization and ResponsiRilities

A. Pat Van Leeuwen, toxicologist, WMD/OSF/TSU, will have ths.
responsibility for maintaining overall communication wvith ATSDR and . _ _ .
the Illinois Departaent of Public Eealth and for providing anut on
questions having.toxicological aspects. . -
Brad Bradley, Remeadial Project Manager, WD/OSF/IL/IN s.cticm, vnl

be the EPA contact to E&E, vhich will pexform frojoct n-pumumd

will provide input en quastions~having technical aspects.

B. The Illihois Department of Public Health (IDPH) shall, through
designated represeantatives, interfacs vith Mr. Bradley to provide
listing of auu. . addresses, &m «teiephang numbexrs of..all
households - vhers:: envirenmental - 'D“M»i“iﬂ to - occur.
Id.ntt:ication and notification - Ot hsuseho wvith -children
exhibiting elevated blood lead or nrtnu'y cadnium_levels shall be
«the responsibility of IDPH.

‘€. As noted above; environmsntal- saspling Ln this- tl:udy win’
performed by the nsan's contractor, ico!.oqy mznvirom‘nt The:
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contractor, in accepting the asszgnment to support this Study,
agrees to perform sampling activities as outlined in this Plan and
in conformance with applicable Region V CLP SAS - and E & E field
SOPs as approved for their Region V ARCS Contract, and other
guidance which may be provxded by EPA for performance of Study-
related actlvztxes

D. Sample receipt, storage, handling, and custody within the
laboratory will be the responsibility of the selected CLP
laboratory.

E. The selected CLP laboratory .will receive and analyze the
environmental samples and report analytical results to Region V
representatives, following procedures outlined in this Plan.

F. Final data review and validation will be the responsibility of
E&E.

G. Transmittal of reviewed and validated data on disk to U.S. EPA
Region V will be the responsibility of E&E.

H. Transmittal of final data in a brief report to U.S. EPA Region
V will be the responsibility of E&E.

I. Brad Bradley will be responsible for the dissemination of
applicable environmental data to the appropriate entities in the
State of Illinois, for responding to questions from the State, and
for addressing public qncsbions rclatan to the study from the
Federal pcrspcctivo. .

J. ATSDR will assume- final Federal rtsponsszlzty for the Study
data becdyse of the greatar prytectioi” of individual privacy
afforded ATSDR dath bases; EPA ‘Pinal"dd€d is subject to FOIA
requcst ‘actions. * ATSDR will perform statistical review of the

envzrcnn 1 data vis-a-vis human exposure data. All study data
shall de “Pvailjnld”to EFA rgQﬁGEbL fér purposcs such as

evalgatheéw

f'r~L*f;'
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"$ v vﬁ--.."

. .y
. M ‘.v ¥ ~ P TR PR Y - a-'s".,. 5o . ”
woyven PRI R ACROIR . Dl TS e EBY oI - B SR



- become familiar “with  all sampling gquidelines and procedures’
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III. Data Oualit ective

A. The data quality objectives (DQOs) for this project are to
generate data that are of sufficient quality to enable the
objectives of this project to be met. The sampling and analytical
nethods selectad for this project (SOPs aras refersnced alsavhers)
are consistent with these objectives in terms of accuracy,
percision, and representativaness. 0f the quutitativ. DQo
components, the quantity of data, or completeness, is typically
based on assumpticns regarding the statistical variability of the
study population to be sampled. Tor this project there are
insufficient data available to make these assumptions vith any
degree of confidence. Precision and Accuracy objectives for the
study data are consistent with. those specified in the SAS Tequests
(Appendix B).

B. An additional completansss goal for the laboratory will bt the
genaration of useable analytical data for at least 95% of_ the

sanples received in acceptable condition. This means that cutof

the total amount of data that might potentially be genaratad for
all samples analyzed, no more than St of ths data vill be unusable
due to failure to meat -analytical accuracy, precision, ar detection
limit goals statad in the refarenced SASs, caused by analytical
problers such as satrix interferences, or problem such as
laboratory accidents, holding times or prt.umtion violations,
ete.

c. To minimize variability in the data roport-d as part of the
Study, it is incunbent upon field samplers and their supervisors to

included herein or refarenced, so as to ensure that the data
reported from this Study vill represent the ovmu environnent
form which the -analyzed samples are taken. ..  Any . sub-sampling:
procedurss performed in the.laboratory vill be ‘done .in accordance:
with the SAS requests. .

D. To insure the comparability of data produced for- this Study to
that produced ursder other plans or studies, EPA accepted sampling
and analytical methods, as documentsd in $SOPs referenced hereim, -
will be used whenaver possible. All SOPs referenced are unihhlo»
in the E&E ARCS contract QAPP and Appendix A. i

E. Method detection liaits are dcpcndone upcn f.lu spociuc
properties of, and interferencas present in, a given sample; -and so-
nay not always be achieved. Detection liait goals are to be cnhe
tenth the action lavels specified in the table below for beth
metals in various media.

-
-
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A

These detection limits will permit evaluation of field sample data
against the following. lizmits, so as to determine whether the
sazples are above background levels with a 95% confidence level.

.. ) Action Level
Smplo Mediunm Lead Cadaiun
House Dust $00 ug/g 136 ug/g
Paint 0.7 mg/sqg.cm. N/A
Drinking Water 15 ug/L S ug/L
Play Area Soil $00 ug/g 136 ug/g

Note the detection limits of one-tenth the action levels noted may
not be achieved if the mininum sample amounts discussed in Section
IV, Sampling Protocols, are not collected. Also, avajilable

analytical methods may not permit analysis of Cd in watar at -

concentration as low as 0.5 ug/L. A detection limit of 2.0 ug/L
will be acceptable for lead in water.

IV. Sampling Protocols
Aa. Environmental Sampling Design Considerations

1. Selection of Residences to be Sanpled:

a. In order to meet the Study goals outlined above, EPA
Region V will collect environmental samples: soil, house
dust, drinking water and paint, from all houssholds in
the Study area at which biological sampling is scheduled.
In order to identify high biomedical metal levels, an

action level of 10 ug/d4dL of min bleod and/ot 8 ug/L cad
-in urine: will be used.

b. Wiromuntal sanpling will be conducted at all

- households whars biomedical testing océurred. 'The names,

. .+ s address, .and. talsphone numbexs: of ' xresidences to be

- ‘sanpled shall be forwvarded "to-EPA By IDPH as soon as

P practicablc. EPA plans to perfora environmental sanpling

in one sanpling event which is scheduled to begin the

o first wesk of Septezber, and will. last approxinatcly four

D rWeeksS. . aa =4 ¢ - u1re2ag ¢ sams
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c. Residantial environmental sampling will be conductad as
sunnarized in ths table below:

Sanpliag Arsa \\ Total Nousekolds # of sampled

in study Households
Granite City and 280 100% of homes
the adjacent areas of
Madison and Venics, IL

Control arsa - Pontoon 2%0 100% of homes, ~
Beach, IL o

3. Pre-Sampling Verificatioa Iaterviev and Briefing

Prior to sanpling, the IDPH will contact the study households to
obtain access agreemants for environmantal sampling. IDPH shall -
then forward the nanes, addresses, and_talephone numbers--of. - -
households tc be sampled to the EPA, vhich shall forvard
appropriate information to E:&E. .

If possible, ERE shall confirm sampling plans with a given
household within one wesk of the scheduled sampling event. Upon
arrival, the E&Z sanpling teams will briefly speak with <the .
homeovner or other adult resident adout the purpose and naturs of
the visit, and provide them vith informatioa vritten by ATSDR, to
include talephone contacts for additional information. .
If for sonms reason a household cannot be sampled (e.g. one s
home), an attampt to reschedule sampling will be made. - - _  : -

C. Sample Collection, Documeatatiosm, asd Xaadl
o~ . e =memmt a®

1. Sanpl Number System: All samples vill be assigned a unique
identification number according to Region V CLP protocol. EFA
will data to ATSDR using such identification numbers,
along vith sufficient docunentation for ATSDR to correlate the
data vith biomedical metal lavels in study participants, and
- any other data collected by ATSDR or IDPE. All analyses shall
be performed "blind® by the CLP laboratory staff; correlation
or analytical data with sits location information shall.be
perforned after the analytical results are complete, as part
of generating  the final report to Dde forvarded to other

project participant organizations.

.-
-~ .3
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Sanple Containers: Sample containers and associated supplies
will te cbtained by E$Z and prepared and utilized per Region
S SARA Sample Handling Manual or E & E SOPs, with <zhe
exception that one liter poly bottles will be used for czhe
collection of water samples.

Sample Collection Precedures:

Note: See the attached Appendix A, which shall supercede the
language below in the event of any inconsistencies.

One field.duplicate sample will be collected for every ten
field samples of drinking water, soil and house dust.

Drinking Water samples will be collected in accordance with
Appendix A: all sanples of drinking water will be first-draw
samples, aeé specified in the EPA's Final Rule for Lead and
Copper in Drinking Water, Federal Register, June 7, 1991.
These sanples may be collected by the residents in sample
containers without appropriate preservatives, supplied by =&:Z
in advance, and picked up at the time of the dus‘.:, soil and
paint sampling. Alternatively, E&E may choose to send a
sampler first thing in the morning to all residences to be
environmentally sampled that day to draw the samples, after
pre-arranging with the residents so that the water is not
turned on prior to sanmpling. Either method is acceptable, buz
the method chosen must be applied consistantly to all
residences sampled during the project, and the choice cI
method must be documented in writing by E&E in the final
project report. E&E will acid preserve these samples at the
end of each day's activities.

Oone field blank (deionized water) will be submitted blind Zor
laboratory analysis at a frequency of ono in each set of
twnnty zicld samples. - - R
Indcer Houn Dust: -field sanpling pu:schncl will collec:t
residential dust sanples form primary play mreas (areas mnos:
likely to impact on a child's hands or result in ingestion
during indoor activity). A minimum of three areas should be
sampled: at the main entrances to the household, and twc
additional areas mcst likely to be use by children in the
household for play areas. Additional ardas-for sampling may
include secondary entriances to the home" {(Back or side doors),
dust on window sills, furniture, and carpet in-additional play
areas or areas of frequent activity by-the children. Bedrooz,
Kitchen, and living room floor samples- will be ccllectec
first, folloved by flocr samples from the ent-y way. Finally,
sarples froz window wells will be collected.
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Once the mdiv:.dual sazpling areas are deteramined, they should
be noted on the sampling sheets, including the total area
sazmpled for the housekold. One composits sample of dust vill
be takan and analyzed per household.

Vacuum equipment to be used will De cquippod vith a pre-
wveighed glass fiber filter (the weight of each filter will be
noted in indelible ink on its zip-lock by the laboratory
pricr tc shipment to the f£ield) to trap the dust. The filter
will be removed bstwean rasidences and placed in a zip-lock
bag for laboratory analysis. Alternatively, a modified
portable "dustbuster® ¢type vVacuum cleanar =may be used
.(Sirchee-Splittier method), with the dust removed after
sampling each residencs and placed in a zip-lock dag. Other
necassary sampling equipment are zip-lock baggies containing
'prn-vciqhod filters wvith the weight notad on the bag in
indelible ink, and a cylinder of compressed air ¢o

decontaminate sampling equipment. -
c. Indoor Paint: Indoor paint shall bea analyzed in-situ by s
portable X-Ray Flucrescencs (XRF) instrument, cperated per -

manufacturer's instructions. Measuramants vill typically be
pade in play areas belov three feet in elevation frém the
floor, indoer wvalls, door frames, vindov sills, and banisters,
vith special attention given to arsas indicating peeling or
chipped paint, or evidence of cheving on the surface by the
- resident children. A ainimum of five locations will be
measured and recorded on the field sheets. Tha cendition of
each painted ‘surface sample will be noted on the fisld sheets -
by the instrument operaterx. The xean of the several
individual readings will be reported as the paint lead value
for the residencs. Additionsl anom:ion is provided in
Appendix A. -~ S

d. Play Area Soil: PField sampling personnel will i{dentify play
' areas on the. property used by children in the household
through information available from the prsvious- housshold

- survey (arsa census), pre-sampling quastions of the residents,
and visidble signs of use (e.g. bars soil under a sving sat).

For each site a sits sketch will be made on the sampling fora

- indicating the position of the main building and any other
. buildings such as sheds or garages, pa-nd areas, and play
areas. . e s

.-

. - a— -
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A representative number of such location(s), comprising nc:
less than ten aliquots, will be proporticnally sampled based
on their relative areas and apparent degree of use; these are
then conmposited to produce the one sample forwarded to the lab
representing the entire play area. Exact locations to be
sampled at a given residence will be chosen per the
prcfessional judgement of the sampling team leader, and will
be fully documented on the field sheets. A corer shall ke
used to sample the top one inch of soil. Debris and leafv
vegetation will be removed from the top of the core, but no:
soil or decomposed matter; this part of the soil sample is
likely to be the:highest in metal contamination. Samples will
not be taken from locations within one foot of the house
foundation per story of the residence unless there is clear
indication such areas are in use as play areas, as chipped or
peeling exterior paint may produce a typically high readings
in such locations.

4. Field sample Docunentation: ;

a. Field Sheets: Field sheets per SARA Sample Handling
Manual or ESE SOPs shall be used to document locations
and tines of sanpling, as well as all other appropriate
details. In particular, sketches should be made of the
locations sanpled, especially dust and soil samples taken
in the play areas, as noted above. E&E shall retain
field sheets until instructed otherwise by EPA.

b. Sample Chain of Custody: Sanple chain-of-custody for:=s
will be prepared per E&E SOPs.

D. Sample Delivery

All samples to be analyzed under this play will be delivered to the
CLP Laboratory in accordance with E&Z SOPs or Region S SARA Saxple
Handling Manual. Each set of samples will be delivered along with
appropriate field documentation, Chain-of-Custody forms, anc
"Analytical Services Request Forz=(s)".

v. ample Racej cu

A. Immediately upon receipt of Study samples the CLP personnel
will unpack and inspect the shipment, sign the Chain of
Custody form, initiate appropriate internal tracking recozds, .
and store the samples in a secure area. 1If inspection of the
shipment causes either the integrity or condition of <the
samples to be guestioned (e.g. sanples not cooled, brcrxen
containers, etc.), such observaziarns will e nctad or the
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Chain of Custody Record and brbught to the attention of the
Regicon 5 RSCC or SAS Request Contract.

B. The CLP lab pc:sonnui or other appropriate personnel will be
responsible for the \itody, storage, handling, and disposal
of all samples received fcr analysis under this plan.

1. Prior to analysis all non-aqucous sazples rsceived for
analysis under this plan will be stored at ambient
tenperaturs. All aquecus sazples will be stored per CLP
SAS protocols.

2. Sanples will be analyzed and the data will bo reportad
within sixty days of receipt of the samples. Digestates
will be dispoud upon completion of data r.vicv and
approval.

3. Approval must be grantad before the required analyses may

be considered to be complets for each sample. Suech
approval will be based upon the report. of complata and -~

appropriate data, as described in the SAS Request.

VI. 3nalvtical Methodology

A. Pr.pmtion and analyses of the samples collected in this
Study will be perforaed according to SAS Requests (Appendix
B). Usae of GFAA or ICP will be necessary to meet the required
levals of accuracy, pracision, and sensitivity (detecticn
limits) noted above. Laboratory Quality cControl shall be
performed pexr SAS Requests data will be ravieved according te
CLP Functional Guidelines for Evaluating Inorganics Data. -

vIiI. Rata Reduction and Validation

A. The reporting units and datf reduction procedures used will be.
thosa specified in the action level table in Section III.Z
. abovae. The data vill be revieved per CLP Functional
Guidelines for Evaluating Inorganics Data, with. thil docunent-
bninq the basic reference for data usability. -. .: :xsisent

VIIZI. mn_mmim

After data review, roduction, and validation, as a primary
deliverable, a disk or "tapa® of the data shall be supplied to -ZPA
within 120 days of the completion of tha field sampling operactiors,.

—

-
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for <transmittal to ATSDR. A draft report summarizing the
environmental data collected and an evaluation of the quality c?
such data shall Dbe supplied to EPA within 150 days of <che
completion field sampling operations, for <transmittal to the
individual(s) noted in Section II above. The report will include
statements that samples do or do not meet applicable criteria as
spelled out in this document and applicable SOPs. Following
receipt of U.S. EPA and ATSDR comments on the draft repecre, a final
report shall be submitted to Brad Bradley within 30 days.

IX. Quality ch§591 (QC) Checks

A. The laboratory QC procedures are incorporated into specific
methodologies referenced in Appendix B, SAS Requests.

B. Field QC will include 10% duplicates (of each matrix), and 5%
field blanks (at least one per day).

X. Performance and System Audits

Neither field audits nor laboratory audits beyond the routine QA/QC
oversight of the appropriate supervisors is anticipated for this
project, unless specifically determined to be necessary.

The CLP lab audits are the responsibility of EMSL - LV and Region
S5, CRLL. Field audits are the responsibility of the RPM, CRL and
cDo. -

XI. Preventive tanance

Lab preventive maintenance will be performed in accordance with
manufacturer's specifications and applicable laboratory policies
and SOP's.

Field - XRP -~ per manufacturer's specifications.

- RN — e ———
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XX, 2lvys ) [+

All QC data will be revieved by E&E personnel using the
calculations and statistical mnethods spacified in Region V
protocols. This reviaw will include an evaluation of accuracy,
preacision, conpletaness, sanple rspresantativensss, and

comparability, using the mathods discussed in Section IX., Internal

, above. :

IIII. gorrective Actions -

All questionable data will.be tracked by the analyst at-the CLP lab
to identify potential out-of-control situations. When an out-of-
control situation is identified, it will be addressed per
resclution with the SAS request contract or Region S RSCL..

- e .
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APPENDIX A: ©PIELD SAMPLING PROTOCOLS

Note: In the event of inconsistencies between the following
protocols and the QAPP, the protocols shall govern.

Preparation for the environment sample collection begins at the
field office. The environmental team will be given an assignment
for the morning or the entire day. Once the assignment 1is
received, the environmental team members will check the accuracy
and completeness of the data on each environmental sample form.
The Dwelling ID Number and other identifying information should be
cn all the environmental forms.

The environmental team will then calibrate the Paint XRF
instruments (Princeton Gamma-Tech XK-2 or XK-3). Either the
Princeton Gamma-Tech XK-2 or the XK-3 instruments, or both, will be
used. Both instruments operate on the same principle. The newer
model, the XK-3 is capable of reading only to a maximum of 10 mg
Pb/sqg. cm. Paint in the older bhousing may have higher
concentrations of lead, thus, when monitoring teams visit older
housing, i.e., those built before 1940, the XX-2 should be used, if
available. If the XX-2 is not available, an attempt should be made
to extrapolate values greater than 10 mg Pb/sgq.cm. with the XX-3.

After the necessary calibration of equipment, the environmental
monitoring team should make certain that all equipment and supplies
are ready for use.

All members of the team should wear appropriate identification.

Exterior and interior samples will be collected. Exterior samples
to be collected are soil sanmples. The interior samples and
information to be collected is as follows:

1) Collection of tap watear samples.

2) Sketching a floor plan of the residence.

3) Collection of interior surface dust samples.

4) Screening for lead in painted surfaces; walls and trim,
. avoiding metal doors outlets, etc.

I. Soil sample Collection
The Primary method of detarmining the lead content of the soil will

be by acid digestion and graphite furnace atomic absorption
spectrometry.



A. 8ite Description

For each location, a detailed drawving should be made that shows the
boundary of the lot, the position of the main building and any
other buildings such as storage sheds or garages, the position of
the sidewalks, driveways, and other paved areas, the position of
the play areas jif obvious, and the position of the areas vith
exposed soil (qrauy or ha:o), roof rain spouts and genaral
drainage patterns.

In additiocn to thc diagraa, briefly describe the 1location,
including the following information:

Type of building construction (brick, wood,
etc- 1 or 21 story) T
Condition of main building

Condition of property (debris, standing water,
vegatation cover)

Prasence and type of fence

Animals on property

Apparent uss of yard (toys, sandbox, children

present)
cation ot 10 soil aliguots

3. Sample Collection

Sample Collection shall be performed as outlined in the QAPP, with
the exception that all aliquots will be of squal velume and will be
nixed in a stainless steel bowl prior to packaging. Assemble
composite soil core segments in 8 ounce glass jars suitable for
prevention of contamination and loss of the sample. Record the
sanple identification nmumber on the bag and ths sample rescord
sheeat. Store the composite soil sample at ambient. unpcratun

-until submitted to the laboratory for analysis. . -

Reg7¥%

- - \..-_

Clean the corer after collecting each sample. couposit;.\ by
roinscrtlon of the corer into the soil of the next surunq area..

R

C. Sample mnuq and mnqo

Seal the sqh jars to prevent loss or contamination of. the sample.
and starn samples in a dry location at ambient temperaturs. :

Rncord-k“piaq and Sample Custody: Initiate soil sample::records
Jfor each location. Record sazple mumbers on location diagram, soil
“area description, and sample record shest. Send the sample to the

laboratory and releass the sanple to the hbontory pcraonn.]. for
analysis. .

.- S i
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IX. Surface Dust Collection
A. Sazple Collectiocn

A por=table "dustbuster” type vacuum cleaner will be used; due
to the saxzple size required, the Sirchee-Splittler modified
dustbuster will not be used. Use a new bag for each
household, to avoid cross-contamination. In order to ensure
that the sample size is sufficient, either weigh the sanmple
using a field scale or collect a large enough sample to ensure
that three to five grams of dust have been collected.

..

B. Sample Areas

The interior surface dust sample will consist of a composite
of sub-samples taken from the following areas in the
resicdence:

" Entry (E): A floor area inside the residence directly
adjacent to the main entry to the residence.

Floor (F): At least 3 flocor areas which should include
but are not limited to a sample from a high-traffic area
in the main living area and a sample from the child's
bedroom. If carpet is present in the residence it shall
be the first choice of sample area. 1If carpet is not
present, a nixture of non-carpet floor areas will be
sampled.

Window (W): At ‘least three window areas (window sills
and vindow wells), including but not limited to a window
in the main living area and a window in the child's
bedroom.

The main entry sample is collected from the floor close to the
entry door. The entry mostly used by the family should be
used. The identification of sanple sites from the nost
frequently occupied room and the child's bedroom will be
deternined partly by the floor covering present in thcse
rooms. If the floor is carpeted, a larger sample can readily
be collected from almost any pathway in the room. A pathway
might consist of an area immediately inside of a doorway into
the room or an obvious pathway from one side of the room to
the other. In rooms where there is no carpeting, the most
likely place to find an adequate supply of surface dust would
be an area immediately adjacent to a wall. For each floor
surface, an approximately one meter square area should be
vacuuned. Additional living areas (e.g. additional floor
areas, around furniture, etc.) Should be vacuumed, if
necessary, to obtain an adequate sample size. In no event
shall dust be obtained from household areas wvhere dust
generally collects for long periods of time, such as behind
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major appliances, under beds, etc.

The sample sequence should be as follows: collect ¢the
bedroom, kitchen and living room samples first. Then, collaect

- the floor sample froa the entry wvay. Then, collect the windeow
vell samples. Finally, if necessary, collect tha sanples from
additional living areas.

C.. Sxetch of Residence

In order tc more fully descride whers samples have been
collected, a top view of the residence will be made by the
sanpling crew. This sketch should show the primary features
of the residencs, including a north arrov indicator and the
relationship of the various rooas to each other. The sampling ,
areas should also be indicated. Rooms should be labeled ~
according to their apparent function.

IXX. Water Saspling

Residants will be provided vith clean, capped bottles and
instructed to collect wvatar on the day of scheduled °
environnmental sampling. .The sampling tesam or its manager

should give the following instructions to the resident vho

will collect the sanple: -

The tap vater sample should be taken from the cold water
faucet of the kitchen. It should be a first flush sanple of
water that has been standing in the pipes from § to 18 hours.
Thars are tvo options for the time a sample is taken: (1) it
can be taken first thing in the morning, or (2) if all of the
residents of the household have been out of the house for the
entire day, it can be takean at the end of the day (i.e. dinner -
time). Labelled plastic bottles will be provided for the
sanple. The bottle should be complstely filled vith watar.:

The sanpling team will pick up the sample at a convenient_tine.

on the day of scheduled anyjronmental sampling. ,

Before dropping off a water collection bottle, the appropriate
-member of the saspling team will fill out and affix the label
‘provided. The chain of custody form vill de initiated wvhen.
the collecters pick up the vater sample. Region V will recerd
pH and conductivity prior to acidifing the sampla.

At the end of each collection day, wvatar samples-vill:be.
acidified with nitric acid, per required protocol. Aftar the
addition of the nitric acid to the vater sample, the initials

of the person adding the acid to the le and the time and

date will be recorded. In no event vill the nitric acia :
preservative be provided to the residents. ¥Nitric Acit (121) -
"will be added to reach pH<2. - .

- N -
e Al 2R
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WATER BYSTEM EVALUATION
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An evaluation will be made cf the plumbing under the kitchen sink
in crder %o determine the conposition of water lines servicing the
kXitchen sink. The water supply beneath the kitchen sink generally
consists of hot and cold water pipes coming from either the wall
behind the sink or, occasionally, up through the flocor into the
cabinet beneath the sink. These supply lines generally terminate
at shut-off valves beneath the sink. The supply lines continuing
from the shut-off valves are generally of different material than
the supply lines going to the shut-off valves. -

Supply lines in residential construction can be copper, galvanized,
PVC, or lead pipe. PVC pipe is easily identified because of its
plastic composition. Copper pipe can be identified by scraping the
surface corrosion from the pipe to reveal the bright copper color.
Galvanized pipe can be recocgnized by the threaded fittings if
present and visible or by the hard surface of the pipe. Lead pipe
can be recognized by the softness of the material. It is easily
bent into shape and can be scratched with a knife blade or other
hard tool. When scratched, the exposed surface is silvery in
color. .

The supply lines running from the shut-off valves to the sink
generally are copper, chrome-plated brass or PVC. The PVC is
easily recognized because of its plastic composition. Chrome-
plated brass is also easily recognized because of the shiny
surface. Copper can be identified by scratching the surface to
reveal the copper color. Identifying the composition of the
plumbing system beneath the sink completes the evaluation of the
Plunbing system. .All information should be recorded.

IV. Paint Sampling Protocol Using an XRF Analyzer
A. Backgrouna and Selection of Surfaces

The concentration of lead in paint will be determined by using
an X-ray fluorescence analyzer. Two types of instrunents may
‘be used, the XX-2 or the XK-3, both manufactured by Princeton
Gamma-Tech, Inc. The XK-3 with a range of 0-10 mg of Pb per
cm? will be the primary instrument used. If available the XK-
2 will be a backup and also used in the event a reading on the
XK-3 exceeds 10 mg/sq cx°.

In each residence two surfaces, a painted woodwork and a
painted walls in each of three rooms or areas most frequently
occupied by the subject child will be evaluated (e.g. child's
bedroom, kitchen, living room). One reading will be taken at



three different locations on each type of surfacs. The
identity of the roons and tha Pb found in the paint will be
recorded. In addition, a copy of a floor plan of the

 residenca will be available to the tschnieian and on which the

sanple location will be notad. All unpainted surfacess, such
as paneling, wallpaper, and unpainted woodwork will not be
tested. In the event a room selectéd is unpainted an
altarnate room vill be salacted and this information recorded.

In order to characterize the paint and surfaces in a given
room at least ocne painted vall and one painted trim in the
room (door or window sill) should be screened. When screening
the woodwork, three separats readings vill be taken at three
different locations on the voodwark. A similar procedure will

"be used for screening painted walls within a room. One

reading will be taken on each of three separats wvall areas,
either on the same vall or on different valls within a room.
If all walls are painted the same color, then the three
readings can be taken froa one vall. If the walls are painted
different colors, then a reading from the different colored-.
wvalls should be included. Whenever changing areas ..or.
locations, one reading should be taken to clear the machine
prior to taking the actual reading to be rscorded. The
arithmetic mean of the eighteen readings sheculd be recorded as
the resading for the house. Each individual reading will alsc
be racorded to provide data for future follow-up actions, if

necessary.

XRF resadings vill be taken by placing the instrumant on ths
designated surface and opening the shutter. (More accurats
readings can be obtained from flat surfacss so-curved.surfacss
will be avoided). Oncs the shutter is opaned the lead contant
of the paint will appear as a visual mmerical display oa the
instrument. The operator will read the number for .the other
team member to record. This will be repeated back to -the

- cperatex, ' =

o~

In addition to the paint lead screening, the environmental

- poniters vill make an evaluation of the condition of painted

surfaces. This evaluation vill be a rating scale of 1 to 4:

° 1) Intact _ Lo
2) Slightly Peeling o
3) HModerate Pealin ‘ _
4) Extremealy Deteriorated : '

.y merWes,, - @ .
P PRy

opearation of the XRP Analyzer to Determins the Concentratiocn
of Lead

At the start of each day the performance _of the_ XRF
instruments are evaluated using standard procedures. Pricr.to

-
- P ——
-

- -
- . - = o . ws
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taking readings at the residence, calibration checks will
occur using reference material (1.5 mg/c=X Pb and a Zero
Check) prepared by the Department of Housing and Urban
Cevelcrment. After the designated areas in the home have been
sanpled and before the team is ready to leave, the
instruzent®s calibratiocn will once again be checked. All
calibration informaticn should be added to the FORM 07 XRF
Lead Paint Screening work sheet, if available, or equivalent
form. The HUD Guidelines for Lead in Paint, Sept 19, 1990
(Revision 3) are followed.

Following is the éperating Procedure for the XX-3 unit:

" Remove the battery pack, coiled cable, and XX-3 unit from the

carrying case.

Connect the battery pack to the XX-3 unit, using the coiled
cable. oo -

Locate the LOCK SWITCH underneath the handle toward the rear
of the unit and push it forward. A red light over the display
window- will now glow to indicate that the instrument is ready
to perform its analysis as soon as the shutter is opened.

Depress the RED RESET button on the back plate of the unit,
just above the coiled cable ccnnection, and hold for 8-10
saeconds.

Grasping the wooden handle, position the face-plate of the
instrument against the surface to be measured and push down
firmly and evenly on the handle to spring the shutter open.
The red light over the window will now blink to indicate that
the shutter is open and that the measurement is taking place.
As soon as the shutter opens, the previous read-out in the
window vanishes, leaving the window blank except for a single
decimal point. -

Keep the handle firmly depressed until the new read-out
appears.

ﬁhen the new read-out appears, release pressure on the handle.
The display window retains read-out until the handle is pushed
down again to begin another measurenent.

Push the lock switch back to the lock position when readings
are conpleted.

If the calibration check results exceed +/- 0.02 ng/cal, the
instrument RESET is pushed befors continuing. The XK-3 is
calibrated by the manufacturer.
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ERYTHROCYTE PROTOPORPHYRIN
Descripnen

Anaivre name: Ervthrocyte Protoporphynin
Method code: 01640A

Scecimen marix: Whole 3lood
Supervisor: Zaine W. Cunter
Srausncian:

Branca: Nutnuonal BiochemusTy Branch
Date: Fepruary 14, 1988 (Updated 9/5/90)

pooap

Special Safery Precauuons

This method should be performed under an exhaust hood (not a laminar-flow hood) because the ethy|
acetate-acetic acid and hydrochionic acid fumes are very imiraring. Gloves should be wom ar ail
tmes. All specimens should be t2ated as potentially HIV- and Hepadtis B-posidve. All lefover acid
soludons should be disposed of as hazardous wastes. All leftover blood specimens should be
autoclaved before disposal, as well as all plasuc, glassware, and paper products which have coms in
contact with the blood.

Specimen collecdon and storage procedures

Specimens for erythrocyte protoporphyrm analysis should be fresh or frozen EDTA-whole blood.
Heparinized blood may be used. but is not preferred because of the tendency of the blood to form
microclots upon prolonged storage. Specimens may be stored in glass or in plastic vials, as long as
vials are ughtly sealed to prevent desiccanon of the sample. Hemarocrit data should be collected if
possible to correct for the effects of anemia and report the final FEP concentration as ug/dl. RBC.
Protoporphyrtin is stable for years at -20°C and below. Quality control pools for the HANES Lab are
normally stored at -70°C for maximum stability. Several freeze-thaw cycles appear to have minimal
effect on the specimen. However, after prolonged storage at 4-3°C, the blood specimen undergoes
necrosis, with the resulting formadon of fluorescemt compounds which can interfere with FEP analysis.

Principle

Free erythrocyte protoporphyrin (FEP) is measured by a modification of the method of Sassa et al [1].
Protoporphytin is extracted from EDTA-whole blood mnto a 2:1 (v/v) mixture of ethyl acstate-aceac
acid, then back-extracted into diluted hydrochlonc acid. The protoporphyrin in the aquecus phase is
measured fluorometrically at excitation and emission waveleagths of 404 and 655 nm, respectively.
Calculations are based on a processed protoporphyrin IX (free acid) standard curve. The final
concenmadon of oporphyrin in a specimen 13 expressed as micrograms per deciliter of packed red
blood ceils ( RBC); a correction for the individual hematocrit is made.

Insumentation

a.  Perkin-Elmer model 650-10 spectrofiuorometer, with R928 photomultiplier tube, xenon lamp.
and custom-made microcell (10-x 75-mm) holder positioned to allow the passage of lignt
through the aqueous phase only (Perkin-Elmer Corp.. Norwalk. CT)

Model 56 recorder (Perkin-Elmer Corp.) .

Cary model 19 double-beam specophotometer (Beckman Instruments, Fullerton, CA)
Vortex mixer (Fisher Sciendfic Co., Faidawn, NJ)

Merter model H18 analyrical balance (Menler Instruments Corp., Hightstown, NT)

rpano



<. Beccman TJ-6 cencif:ge (Becicman .nstmmcnts Co.)

g Digfiex autormaac dispensess, v 2.0 and 10.0-mL syrnges (Micromedic Systems. Dwv. of
Ronm and Haas, Horsham. PA) .

B Micromedic high-spesd autommanc diluter. with 1.0-mL dispensing pump (Mictomedic Systems)

Mazenais

3 Protoporphyrin I, dimethyl ester. 99.3% punty, grade | (Sigma Chemical Co., St. Louis, MO),
or 99.9% punry (Porphyrin Products, Logan, UT)
NOTE: Store at -20°C over a desiccant. Purchase of one lot is recommended, with aliquotarion
o ampoules U possidle..

k. Edhyi acetate, fugh-pressurs Liquid chromatography (HPLC) grade. (J.T. Baker Co., Phillipsburg,
ND.

c. Acedc acid. glacial, Baker Analyzed™ (J.T. Baker Co.).

d Hydrochlonie acid, (HCl) concentrated, "Baker Analyzed™ (J.T. Baker Co.).

e. Kimbie 10-x 75-mm disposable glass culture tubes (Kimble Div., Owens-Ilinois Co., Toledo,
OH).

{ Parafiim M (American Can Co., Greeawich, CT).

g.  Acdnic glass volumemic flasks (Cormung Glassworks, Corning, NY).
NOTE: All nondisposable glassware used in this assay should be washed in 10% (v/v)
hydrochloric acid and rinsed six mes with deionized water,

h. Formic acid, 88%, reagent grade (J.T. Baker Co.).

1 Deionized water, greater than or equal to 1.0 megaOhm-cm at 25°C (Continental Water Co.,

Atanta, GA).

Reagent Preparauon

a

7.0 mol/L hydrochloric acid (HQl) (for hydrolysis)

Dilute 551 mlL concentrated HCl to volume with deionized water in a2 1-L volumemc ﬂask.
1.62 mol/L. HQI (for daily absorbance readings)

Dilute 141 mL conceamated HCl to volumne with deionized water in 2 1-L volumetric flask.
0.43 mol/L. HQ1 (for analysis-extracton)

Dilute 68 mL concentrated HCl to volume with dexomzed wamr m a 2-L volumctnc flask

1.5 mol/L HQ (for blanking spectrophotometer)._...: . . wuu:

Dilute 118 mL concentrated HCl to volume with dcxomzed wate.r ma l-L volumetric flask
NOTE: These dilutions assume concentrated HC) 10 be 12.7 mol/L. The molar concentration of
different lots of HCl should be calculated by using the following formula:

mol/L= relative densitv X % H
© 36.435

2:1 (v/v) ethyl acerate-aceric acid

Working under a hood, combine 200 mL ethyl acetate and 100 mL glacial acedc acid. Mix the
solution well; this volume is sufficient for the standards, controls, and 80 specimens in duplicate.
(Prepare the reagent daily, immediately before sampling the whole biood.) '

Standards Preparation

NOTE: Prepare all standard solutions in actnic glass volumetric flasks, in very reduced light At
present there are no NBS SRM’s available for FEP standardization. The standard materiai used for
the HANES method uses the highest purity standard material available, and that puriry is confirmed by
TLC, HPLC, fluorescence, and spectroscopy.

a

Protoporphvrin X standards



Ccncezzanons are expressed :n terms of Srotoporphvrin T == acid. The —uilimolar
acsorpaviry of protoporpaynn [X has convenuonally been determuned n ! S mobL HC: o

tte dady absorbance readmng of she hydrolysate s detemuned ar this acid concecTadon 2.

(1) 200 meg/L protoporohvnn IX Zes acid hvdrolvsate (stock standard) Weigh 42.0 mg
protoporpnynn [X dimethyl ester (PPIX DME). Dilute to volume in a 200-mL acupic
volumemec Jask with 7 mol/L HQL, washing PPIX off weighing papesr with a few drors of
formic acid. Add a small surming bar, cover the dask with aluminum foil, and mix coreasss
at 20-25°C for 3 h. using 2 magneac stumer. (Prepare weskly, use once and discard.)

)
2

(2) 19 meg/l intemmediate stock
After 5 n, dilute 25.0 mL of 200 mg/L soludon with deionized warer to voiume in 2
300-mL acunic volumemc fask, to yield 2 10 mg/L soludon in 0.35 mol/L HCl. (Pre=are
weekly. Store in acunic portles at 4°C. Allow to reach consistent room temperarure Sefore
using.)

(3) 1 mg/l standard for dailv absorbance readings
Dilute 10.0 mL of 10 mg/L intermediate stock (brought to ambient ternperarure befors
diludon) to volume in 2 100-mL acunic volumerric flask with 1.62 mol/L. HC] to vieid a |
mg/L protoporphyrin IX standard in 1.5 mo/L HCL Use an aliquot of this standard for
absorbance readings. (Prepare daily.)

NOTE: The theoretcal concentragon of this solution with respect to protoporphyrin IX
free acid (PPIX FA) is calculated as follows:

(a)42 mg PPIX DME , 562.27 mg PPIX FA = 1999 mg PPIX FA
200 mL 590.72 mg PPIX DME

(0).1999 mg PPIX FA , 25 mL » 10 mL , .0009995 mg/mL PPIX FA
@l SO0 mL 100 mL  (or 99.95 ug/dL)

(€)99.95 ug x ] mmol y 10 dL x 1 mg . .00178 mmol/L PPIX FA
1dL 56227 1L 1000 mg

(4) 0-30 ug/dl. working standards
Prepare the following working standards daily by diluting the 10 mg/L standard with 0.43
mol/LL HCl according to the following diludon scheme using the Micromedic Digiflex
dilutor and reagent dispenser.
NOTE: Be sure to work under very subdued lights when diluting and extracing the
standard materials, since they are photo-labile.

Working Volame .. Volume -
Standard 10 mg/L 0.43 mol/L final
Concenmration ~ Standard HCl Diluem Volume

(ug/dL) (al) (ul) (al)
80 400 4600 5000
70 350 4650 5000
60 300 4700 5000
50 250 4750 5000
40 200 4300 5000
30 150 4350 5000



20 100 49500 000

10 S0 4950 5000

0 0 5000 - 5000
9 Procedure

To protect hands against acids and solvents during sampling, wear latex gloves. To avoid evaporatior

of degradation of specimens, procsss samples as rapidly as possible. After cenmifugarion, samgies art
stable for -2 h. :

a.  Thaw specimens and quality congol materials of frozen EDTA-whole blood at room
temperature.

NQTE: Conuol pools with elevated levels of FEP are prepared from blood
(EDTA-anucoagulated) collected from cows that have been fed lead acetate.

b.  Using the specaophotometer and quartz cuvettes, measure absorbance at wavelength-maximum
(approxumnately 407408 nm) of the 1 mg/L in 1.5 mol/LL HC] standard solution against a blank
of 1.5 mol/L HQQ, scanning from 380-420 om. This measurement will be used in determining
standard concenwations. Clean cuvettes with 5% Contrad detergent solution after use, and rinse
them thoroughly with deionized water followed by ethanol to remove water droplets.

c. Prepare the working standard dilutions from the 10 mg/L standard solution, using 0.43 mol/L
HCl as a diluent. These diludons are unstable; therefore, prepare them as rapidly as possiol

d.  Prepare the 2:1 ethyl acetate-acetic acid mixrure, and fill a dispenser bortle of the first Digiflex
dilutor for delivering 1.0 mL of reagent. Fill the dispenser bottle of the second Digiflex dilutc
with 0.43 mol/LL HCl for delivery of 1.0 mL. (When using dilutors, place them under a hood to
minimize fumes.)

e.  Before sampling, vontex thoroughly each standard dilution, quality conwmol pool, or whole blood
specimen. Using the Digiflex m sample-transfer mode, wansfer 10 ul of the sample 20 a 10-x
75-mm disposable glass tube, in duplicate.

£ Add 1.0 mL of the 2:]1 ethyl acetate-acedic acid mixture to each sample. Mix thoroughly for 10
sec.

g Add 1.0 mL of the 0.43 mol/L HCl to each sample. Wrap tube with Parafilm, and mix
thoroughly for 10 sec.

h  Sample in this order: Standards;-quality-control pools, and whole-blood ‘specimens in-duplicate. -

L Prepare four blank rubes (O standards) with 1.0 mL each of ethyl acetate-acenic acid and 0.43
mol/L HCl, with 10 ul of 0.43 mol/L HQl as sammple.

J- When all sampling is completed, centrifuge all rubes for 4 min at 1400 rpm.

k.  Perkin-Elmer 650-10 specuofluorometer setings:

Parameter Setting

Slit(s) width CL. 10 nm

Photomultiplier tube R928 Hamamatsu

Cuvenes 10-X 75-mm in microcell adapter
Range 1

PM gain normal

Response normal

Mode normal

Scan off

Wavelengths 404 nm excitauon

658 am emission

Allow 1 h for the 650-10 to warm up and stabilize after the xenon lamp has been igrurted.
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m. Folowing the mnswucton manual, 2270 the model $6€ recorder wvuth Recorder Zero™ and

a With shunter closed and seasiavisy set on "1, z2ro the 650-10 specoflucrometer by asing "Z:
Adjust” w1th “Zero Suppression”™ OFF.

o.  Open shutter. Tum "Zero Suppression” on. Put tube with blank solution in sample
comparmment, and zero the digital readout carefully by using the zero suppression knob.
NOTE: Because of rube-to-tube variance, be sure to check several blank rabes and take :he
average amount of the blank to be zeroed out

p.  Adjust sensigviry of fluorometer by reading 50 and 60 ng/dl. PPIX standards and adjust "Ene”
sensitiviry to read each value, respectively, as 50 and 60 fluorescent units (Standard curve has |
endency to lose linearity on the 70 to 30 ug/dL standards by approximately 2 fluorescent units

q.  Procesd o read the standard curve, quality control pools, and samples.

For sampies outside the range of standard curve, rum the sensigviry range down to "0.3" or

"0.1". Rezero the instumnent and perform steps O-Q again without adjusting the “fine”

sensigvity seting.

a]

Calculanons

The mullimolar absorptivity of protoporphyrin IX free acid in 15 mol/L HCl has been determined in
our laboratory to be 297 +/- 1 (600 observations from 1976 to 1988) [4,5]. The purity of our materia
has been confimmed by elemental analysis and high-performance liquid chromarography of the
exwacted protoporphyrin [X free acid. Calculate the acmal concentrarion of the 1 mg/L (.00178
mmol/L) working standard, using the following equation:

A=ebe
Where:
A= absorbance reading
b= cuvene pathiength, 1 cm

c= concentration, in mmol/L.
e= 297, the millimolar absorpavity of protoporphyrin IX free acid in 1.5 mol/l. HO

For example, if the daily absorbance reading of the 1 mg/L standard ar wavelength maximum is 0.520,
then:

C= 0.520 = 00175 mmol/L
(297 L/mmol-cm) (1em)
Then:
(.00175 mmol/L)X562.27 mg/mmolX1000ug/mgX1L/10dL) = 0.9840 mg/L
. PPIX FA
Consider 0.9840 s a e of 100 ug/dL (1 mg/L), and correct the standard curve accordingly:
10 ug/dl X 0.9840 = 9.34 .
20 ug/dL X 0.9840 = 19.68 etc.

Perform a linear regression, with x = corrected standard concentration and y = fluorescent inteasiry
reading. Using the slope of the standard carve and assurmning zero intercept, calculate the
concentration of protoporphyrin IX per deciliter of whole blood for each specimen. To cormrect for
hemnatocrit and express results as ug/dL. of RBC, use this formuia:

ug/dl, whole blocod X 100 = ag/dl. RBC
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hematocnit
CDC Modificadons -

The following modification of the original methods are based on CDC optrmnization experiments: {a)
sample size increased from 2 ul to 10 ul; (b) ethyl acetate-acetic acid and 0.43 mol/L HC] volumes
increased from 03 mL to 1.0 mL; (¢) processed protoporpayrin IX standards used; (d) hvdrolysis ame
for the dimethyl ester decreased from 48 b to0 3 b, on the basis of the work of Culbreth et al.(3]; and
(e) 0.43 mol/L HQ was chosen as 3 diluent for maximum fluorescenrt intensity and stability of :he
extracted protoporphyrin IX.

Quality Conzol System

FEP is a "barch” method, ie., all specimens, standards, and q.c. pools, are weated to the same
processes sinultaneously, such as exwacuon. An average analyucal day consists of 40-60 specimens
analyzed in duplicate, with quadruplicate analyses of 3 levels of bench q.c. low-human,
medium-bovine, and elevated-bovine). In every rack of 20 specimens, one blind q.c. specimen will be
inserted randomly. Blind q.c. pools are prepared in the same manner as the unknown specimens are,
using the same types of labels and vials. Two levels are prepared, low-normal and high-normal, to
verify values reported in the near abnommnal ¢oncentration ranges for a given analyte.

Qualiry conuol limits are established with the programs "QCLIMIT" and "QC". Preliminary limits =
established with 20 consecutive runs and updated annually thereafter. ~

Blind q.c. are examined for similar criteda. The supervisor also evaluates the slope, imtercept, R,
values for qends. The overall coefficient of variation for this method has been 4-5% over the endre
analyucal range.

The system is declared "out-of-control” if any of the following eveats occur:

(1) Means Chart

(a) A single run mean for one or more pools falls outside the upper or lower 95%
Limit.

(b) The run means for two of the two or more pools fall either both above or both
below the
lower 95%
Lirnit

(¢) Two successive run means for a single pool fall either both above or both below the lower

95% limit

(d) Eight successive run means for a single pool fall either all above or all

below the cemer line, establishing a gend

(2) Range Chare
(a) A single within-run range falls above the upper 99% limit.
(b) The within-run ranges for two of the to or more pools fall above the upper 95% Limit
() Two successive within-run ranges for a single-pool fall above the upper 95% limit
(d) Eight successive within-run ranges for a single pool fall above the center line.
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L he system should be declared “out of conmol,” the folowng remedial acdon(s) shouid be tagen:
arter Toubleshootmg procedures have been completed and the system has been verdfied to be "ig
conmol.” all specimens for that analyneal run shouid be reanalyzed, with the repeated values reported
rather than the onginal values. )

Preparadon of quality control material

Quality control materials are prepared from whole blood collected with K,EDTA as an antcoaguiant.
Donatons £om nomnal humans are ased, as well as from normal and lead-dosed cows to achieve
elevated levels. The pools are well-mixed and prescreened for FEP concentrarions. Aliquots of 0.5
mL are usually dispensed in 2.5-mL giass Wheaton vials or high-density polypropylene vials. Pools
are stable at -70 °C for more than three years; we nommally do not prepare more than a 3-yr suppiy at
one =me decause of space limitations. T



4.

15.

16.

Reference Ranges

Toe following ranges for FEP are used in evaluaring data:
Females tend to have higher average values than males; chiidren have higher values than aduirs.

Children < 6 vears old : 36-97 ug/dL RBC
Chidren 6-14 years old : 37-853 ug/dl. RBC
Males 15-74 years old: 33-81 ug/dL RBC

Females 15-75 years old: 37-93 ug/dL. RBC

Source:
Sth and 95th percenules Som data tabies

Fulwood R. Johnson CL. Bryner JD, Gunter EW, McGrath CR. Hematological and Numitoral
Biochermusay Referznce Data for Persons 6 Months-74 Years of Age: United States, 1976-80. Nator
Center for Heaith Statisdcs. Vital and Health Statistics. Series 11- No. 232. DHHS Pub. No. (PHS)
83-162. Public Health Service. Washington. U.S. Government Printdng Office, December 1582.

Special Method Notes

Once the analyst begins extractng the standards, specimens, etc., he/she should contnue th.rough\t-k’
analysis to completion to munimuze error due to mcomplete exwaction. Some small variations in
fluorescence values may be due to poor quality 10-x 75-mm tubes used as cuventes. Blood specimen
are very stable; standards are somewhat labile and must be processed under reduced light. Accurate
weighing of the PPIX DME is crincal, as is avoiding prolonged hydrolysis dme (i.e., > 3 k).

If hematocrit correction is not used for reporting data, traditional cutoff level is 35 ug/dL. Although
we have not found this practice necessary, both New York State and the Wisconsin State Laboratory
of Hygiene recommend a 1:5 dilution of fresh whole blood with saline in microtiter plates to easure
complete lysis of cells. A concumitant dilution of standard concentration is also ewmployed.
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2. Analvte Name- Lead
b. Mar=o¢ Zode: 1080a
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Scecinen Mar=ix: 3l00d
Superwisc: Masy M. Xizperly, ?h.D.
Stzzisz:ocian: Sam Caudill, ?h.0.
agcn: Nutzitiosnal 3igchemistsy 3rance
s: 3/28/83: uccazed 4/27/30 aad 9/17/90

Wear gloves, lap ccat, and safsty glasses winile handliag all human blood
procucts. Distosasle plastic, glass, and papes (pipet tips, autosampoles
cups, glcves, etc.) that zzsntacts tlood is to De placed ia a biohazazd
autoclave nag. These Sags snculd be kept in appropriace containers until
sealecd and autoclaved. wWipe cdown 2all wosk suziaces with 10% socdium
hvpochlorzize solution when work is finished. The use of the foot pedal
o2 the Micromedic Digiflex is recocmenced because it reduces apalyst
centact with work suzfaces that have been in contact with blood and kesps
hands Zzee to hold tike specimen via.s, autosampler cups, and to wipe
the tip of Micromedic Digiflex.
pose of all biological samples and diluted specimens in a bioharzasd
autoclave bag at tae ead of tke analysis.

Special care should be taken whea handlirg and dispensing concenzrsated
itoic acid., Always -amember to add acid to water. This material is a
caustic chemical capable of severe eye and skin damage. Wear metal-free

gloves, a lao coat, and safecy glasses. Z£ the nitzic acid comes in
contact witi aay pazt of the body, cuickly wash with copious quantities
of wates for at le2st 1S5 minutes.
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Specizen czllection and storage proceduces:

a.

A l-ml sample of blood is reguized. Blood is collected by standard
venipuncture procedures into 3-zL lavendez-top Vacutainer brapnd tudes.

If there is xzore than one analvte of interzest in the specizea and it
needs to be divided, transfer the appropriats amount of blood into a
sterile Nalgene cryovial labelled with the particpant’s ID. This
proceduse should be pezforzed uader clean cozdilions to avoid
contamination of the sample. It is important that eacd lot of caollactionm
tubes and shipping and stcrage contaianers be scre=ned for lead
contamination.

A fasting sample is prefezred.

Specimens collectad in the Zisld should be £zozen, then shipped on d.a-y
ice by ovezrmight mail. Onca seceived, they should be Izozea at <20 “C
until Time Zfor analysis. Portions of the samdple that remain afle:
analytical alicuots are withcd-awn should de reZf:zozen at <20 C.
Samples thawed and ref:-szez sevezal times aze not compromised.
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5. Mizzcmecn: Jigiflex Autcmati: Siret equipped will 2000-:L dispecs:iag
syTizge, 2000-ul and 200-ul sa=mdl_zg sycizges, 0.75 =m i3, ancd ize fcot
secdal (Miczomediz Systems, Inc., Horsham, PA).

¢. Mezzler ?L 200 :zo-lcacozg calazce (Mettiler Izstmmen: Comp., 2izacstewn,
NJ) .

d. Milli-Q watez pusificetlon system (Millipore Corporazian, 3edfoszd, MA).

8. Vortex-Genie vorstex mixer (Fisker Scientific, At-an:a, GA) .

£. Zrpender? fixeg-volume nicIcpipets: 100Q, 500, 250, 200, SO, and 40-ul
7ol=es (2rzinkman=s Iastisents, Izc., Resthuzy, NY).

5. Magmec::c stizrer (Cormiag Giass mozks, Coraing, NY) and stizziag hacs
(Tisher Screntc:flc)

n. Cxfozs autcmatic Dospeascr (Monojest Scilepiific, St Louis, MO).

Mavazials

2. Stock soluziza ¢f lead: NIST SR 2121-2, 10,000 2g/lL, (Nationmal Iastizuze
¢ Stancacss and Tachnoleogy, Gaithersbuzg, MD).

b. Redistilled concentrated nitzic acid (G. Frederick Smizh Chemical Co.,
Colizmbus, CR).

c. Tziton X-100 (Fisher Scientific, Fairlawn, NJ)

d. Aonium phosphate, dibasic (*3ake:s Analyrzed®, J.T. 3aker Cheaical Co.,
-- oz any souzce found to be low in lead coctamination).

e. Ult-apuse water (from the Milli-Q water purification system).

£. Azzon, 99.996% purity (suppliad as a compressed gas by Holox or othe

ceptract agency) ecuipped wilth approved gas regulator (Matheson Gas

?roducts, Secaucus, NJ).

NIST SRM 933 (fous levels), :t-ace elements in bovine blood (National
Izstitute of Standards and Technology). These aze to be rua periodically
to veriivy accuzacy.

h. Sovine and huxzan blood guality control pools spiked with low and high
lavels of lead wnich have -eiszence values established by IDMS.

i. A low-lavel bovine blood to be used for preparation of matIix-matched
stacdards.

3. PyTolytic gTaphite tubes, solid pvrolytic graphite L’vov platforms,
insertion and alignment tools, and graphite contact rings (Pezkin-Zlmer).

k. Small) plastic weighing boats (Scientific Products, McGaw 2ark, Il).

1. Pipet tirs: 1-100 ulL and 1-1000 ul sizes (Rainipn .Instzumeat Co., Ilac.,
Aobusa, MA). )

m. Acid-cleaned volumetzic £lasks (1000, 100, and 10-a% volumes). The
glasswaze is soaked ia a scapy solation (2% solution of Isoclean
detergent, Akzon, OH) for at least 24 hours, cinsed, scaked in 25% nitzi
acid for 48 bhours, rinsed with ult=2pute water, and dried uncder clsan
conditions. ]

z. Conical-boctom 2-mL polystyrcene autosamples cups (Lancer, St. Louis, MO},
o. Kay-0ry paper towels and Kim-#ipe tissues (Xinberly-Clazk Corp., Roswell,
GA) . . '

p. Cotton swabs (Bardwood Products Co., Guilford, Maine).

<. Dehvd-ated alcohol, US? (Midwest Grain 2?zoducts of I[llinois, Pekin, Il).

£. Vinvl examination gloves (Travezol Laboratories, Inc., Deerfield, Il).

s. Biokaza-d autoclave bags (Curziz-Matheson Scientific, Inc., Atlaata, GA)

t. Bleach (10% sodium hypochlorite solution) - any 7veado:r.

u. Dental ami-ror (Peckin-Zlmer).

v. Priater-sequeancesr tape (Perkin-Ilmer).
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11.

I% zecessary, 2:I5GT2R tle temresatuTte DITGIAW 1a3LD The Temcry
EGA 300 fusmace. Use tte~TIMP, MR TDME, and HOLD TIME kevs
pIogTam 1 eaclk step. Press the STIZ2 kev 15 2wve IO The dext )
for programmiag. Toe cefault ga2s flow at all steps is 300 al/aia.

AL tle acomicatocad steD (sted 4 2 tle progmam), type in an alts-mace
gas flow of 20 aL/=in and press the INT TiCW key. Also program izzs
the atsmization step tle SASTLINT, REC, and RIAD fuacsicos. Stace
t:e Program by tyPing o 2 aumler and pressiag STORE.

Zaszall a2 souzce lam ia positisn op the tusset.

If£ using an IDL, tus= ot tle IDL sower supsly: Turn up the powe:s Lo
thrse~quartess of zaxizum and wait for tle DL to spontarnecusly
ligzz. (If the lamo does not light, zemove it from the tu-zer and
expose it o the UV starter sousce until it lights and rsezurza it o
its position iz Ile turzez.) Afler the lame lights, run the dower a:z
a higa level acmeatazr:ily, zlen turz it cown o the recoammended
wvattage.

Tuxza o the Mocdel 5000 specisophotcmetsr. Press the PRINT key on the
kevpoazd. Thes red light Desids the key will illeminate.

2rog-am the Model 5000.

If using 2 HECL, type in the lamp cuzcent on the keyboarzd and press
the LaMP MA key.

Type ia 0.7 and press the SLIT LOW key.

Type ia the 283.3 and peak up onto the wavelength by pressing the _
P2EAK key. Press the SzT U2 key. The display will read abous 50; but
as the lamp wvazzs up the value will increase. Press the GAIN key to
bring the value to approxizately SO (psessiag the GAIN key will
either inczease of decrease the enesgy autcmatically).

After the lamp has wamned up for about 20 miautes and waile still in
the SEIT TP ocode, use the kacbs on the lamp holder, twist the lamp ia
the holdez, and move it back and forth (without clamping on the black
end piece of the lamp) to optimize the lamp position. This procsaduce
may also requize use of the GAIN key. As 2 check, the ENZRGY on the

r O
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"5000 display should read around-60:~ ~° - -

Press the PEAK AREA kev.

Type in 2 and press the AVG kevy.

Tyve ia § and press the t key.

Store the program by typing in a number and pressing the STO kev.
Turn on the AS-40 Autosamplez Controllecz.

Program the AS-40 Autosampler Controller.

Type ia 20 and press the SAMPLZ VOLUME key on the controller.

Type ia the EGA progzam number and press the EGA PROG key.

Type in the Model 5000 prog=am aumber and press the INST PROG kev.
Type ia the awmber of the position of the last sample and press the
LAST SAMPLZ key.

Install & aew graphite tube and platform after two days of analytical
runs. Open the fusnacs by pressing the FURNACTI QPEN key on the EGA
S0Q. Iastall a L'vov platfom in the fuznace using the inseztion
tool. Make surs that the platfoza is propezly seated in the tube by
holding the tube on end and gently tapping it on a hazd suzlace. IZ
it falls out, Zsinsezt using more pressuce. Install the tube in the
furaace with the platform at the botiom of the tube. Use the
aligwmaent tool iasezted in the sample post wvhile pressing the FURNACZ
OPEN key again to close the fuzmace. £iez the furaace closes, press
the fucnace togethes o insurs that it Ras properly closed.



d.

)
U

1s.

Checx t2e cuast: windows of
clesan. £ taeze is evice
sempve he wizdows and cl
alcsnol. Wipe dzv will 2
inszall.

ess the STANDBY key’ e am= of the autssampler will life oyt of
“ash cup. Check I2e a.igmzent of tie samoling tip Sy zanually
Ting tSe amm o tie sacsle porz. IS the wkvnunnun Jeecs

2z, uwnlock tle aulssampler base by Tt n The nlou on &
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an caz be used ¢ TCve the hase Lo the a-nouumnd sesition.

Sase iz place wiztl t2e center f:oont knob. Use the dans
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e Iuoace O Dake syse T“2at tzev aze

£ saaple spatiesizg on tiae v notu.
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observe lze pcsiticz of tie tip Ia the gTaphite tube.
ceptld of tne aulcsampler tip ia tie graphite tuhe. Use :=he
ustlent knob o tle zight of the sampling a=m :o5 rzaise o:

z Tip 2s necessasy.
Pcess STAND3Y key again to return the sampling azm to its
position in the wWash cup.
Condition the graphite tube: Secuerntially type ia the nOHJotwun
tempesatuzes on the HGA keydoard and hold tiae MANUAL TIMP key for
about 5 seconds. Wait about 10 seconds before typing ia the next
temperaturs
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1000
1500 °
© 2000
2400
2650
Check the d-7 step of the fusmace progTam: type 1 thea press the
MANUAL key. Use the mizzor to cbserve the unavwo tip as it deposits
the saxple on the platiomm. Continue to cbserve as the samole
cries. ?Press the MANUAL key again to keep the autosampler f-om
sazpling from tiis cup incefinitely. The dsying should be complete
5-10 seconds before thé cNaz step begins. If it is dry soone:
deczsase the hold time of tie second dry step appropriately. If it
i3 not doy ia time, two options aze availadble. The temperzatuce of
tie d-y step may be increased or the hold tiae may be inc-eased. Use
the latter only if increasing the temperaturs will cause the sample
to boil and splatter during the dry step.
Contizue tQ check the dry step as in 16 until a successfuyl step is
observed.
Whea the appropriate dry temperatuce is determined (even if it is the
one alzeady in the program), make suce that the blank is low (less
than 0.003 Abs-sec (mean of ~wo dsterminations). . -
Clheck to 2ake suce that thezs is enough paper in the ?/S5-10. 2:ess
the papes feed bution on the f-ont of the 23S-10 to advancs the
paper.

Opezation

1.

2.

3.

Press the START/STOP key on the AS-40 to begia a zum.
The Mocel 5000 will gizst run the calibration curve and then tle
quality cont=ol matezials. Check that the guality concrol macscials
aze withia the specified limits.

£ the values obsesved for the cont=-sl materzials for this analytical
run are in contsol, proceed with the analysis of the diluted blood

specinens. Awbupu to the Quality Contzol Svstem section of this
document for csitezia.)
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e. Recordiiag of Data:
. Quality Can::ol Sata
Use the “ZANTS LASCRATCRY 3LOCD LIZD STANDARD AND QUALITY CONTROL
RIPCATING SEZET® to recozd this cata. This Ieportiag shest has
self-extlanatary blanks for the standazd ghsochance daza, the lisears
regTessicn iZgrmacion, and the cuality coatssl pool resulss.
2repare tais fom iz duplicate, usiag cazdon gaper.
2. Aralyticzal Resul:ts
Jse tie "NHEANZS III ANALYTICAL WORKSEZZIT"™ to recorzd the specimen
resulls. These have Deen prepared witl a list of the sample IDs ‘o:
2cked un., Record the Issulls for dlood l2ad in ug/dr. 1If
is Selow the datection limit of the method, write °"ND* (fo:
t2ble) in the blank. If a sample is missiag f-om the rack,
wrize "NOSAX" in the blank. If a saaple is not satisfactory, i.e.
cannot be aznalyzed, write "UNSAX® in the blank. Prepare these forms
in duyplicaze, us*ng cazbon paper.

3. Give both types of fcr=s to the supervisor along with the bard copy
of the data printout f-om the 2t 5000 and tie bazd copy of the
priatout obtained fzom running "PESLEAD®. After the supervisor
checks the <ata, the cazbon copies and the data priatouts will be
returned for f£iling in a3 potebook. The supervisor will keep the
original covies of the reporting sheets. .-

4. Use the "QC" progzam iz the HANES library of ROSCOE to enter the
quality contzol data. This should be updated regularly.

£. Replacement and periodic maintenance of key components:

1. Source lazp: a spare souzce lamp should be avu-a.ole. Ozder another

- i£ the spare is used Zor replacement.

2. ?ziater-seguencer tape: a supply of printer tape should be on harnd.
Ozdez more when the last is installed.

3. Graphite contact rings: approximately every six months, the graszite
contact ziags of the fusmace housing will need replacement.
Indica:ions thac this procedure needs 10 be pezformed are an apparzeat
loss of temperaturs cont:zol or soundiag of the alarm by the
iastoment iadicatiag a4 tzoblem with the tube. It is useful o
zaintain a2 log book to help keep tr-ack of when these replacements
occus. AU least oae spacte set of graphite contact rings should be
ktpt on hand.

4. The sampling tip of the au.csam:le- 41il) need to be repositioned and

zizmad every fav wesks, depending on how the dispensing is

procesding.

10. Calculations

a. The method desczibed heze is lineaz up to ¢ wmol/L, or 80 ug/dL (l). Use
the linear reg-ession progzam ia ROSCOE ("PISLZAD®) to calculate the
calibration cuzve and the specimen conceatzations. The progzam calls for
the integzated absorbance values of the standaczds and samples. It will
then subtract the blank and calculate the conceatzations of the contzols
and specinens. The linear -egression progTam gesnezatas slopas,
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, STancaciiced res.
elaticn cseffiziezz, -°, far esach
L opt aL= sensitivity, slcpes saowls
d be less zhaz 0.203.
at a sz nnhunu analysys uunu US-lcate lstecTated adsorbarnces Selow
Ats-sec [mean) <iffar Dy xcre than atout 0.005 Ads-sec or when
icate _acegTated abscisances above (.03 Abs-sec (mean) diffex by
tzan 0.0l Abs-sec. This caczesponds o concentTation Cifferences
€1 25/ and 0.02%5 ug/<L, -espectively. 2Reanalyze scecizens
~neny =cre clan 30 ug/<l lead Itz coriiaticzn.  Shen reamalyzis
concentiation gTeater tan 8§30 ug/dL, preparze a zew
it tweatvioeld (1+418), :cacher nuhb teniold (1+9).
n-:n PESLZAD mustT T S5e multisled by 10 3 acssuas
om.
n~ umuua o2 thIee tizes tle standard deviation of ten
usements of a samsle with low lead csonceatration, is 0.07
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.4 ug/dl) (1,2). Results below the detection limit are
< 2s nondetectable ("ND"; refer o the section, Recordiag of
2 tiis document).

" oot

CDC Modificatiorns for the NHANEZS IIT study

a. A Micozomedic Digiflex autcmatic pipettor is used for many of the
dispensizg needs in this Dechod because it is less tedious and provides
bettez precision and accuracy than Eppencdor? pipets.

Qualicy Contzal Svstem

onunnzoanounuouontanuumnononowwmuuoounuuauonuoqn‘uwcownuru
the Nut=:itional Siochemistry 3ranch for environmental and occupational
health stucies. The method ‘has provea to be accurate, precise,” and -~ -=--
reliable. The prizmary stancazd used is a N2S SRM. Estizates of

izprecisicn can e generated f-om long-temm qualiy cont:zol pool results.

Two types cf cuality contzol systems are used in this analytical zethod.
These two systems are: (1) "bench" quality contzsl specinens that acze
inserted by the analyst two tizes in each amalytical sun { a set of
consecutive 2ssays perlormed without interzuption) so that judgements may
e made on e day of analysis and (2) "bdlind® quality contsol sarples ==
aze placed ia vials, labelled, and processed so that they ace
iadistinguishable f-om the subject samples. The results of the bliad
specizens ass decoded and reviewed by the supervisor. Witd both systens,
all levels of lead ccnceat-ation aze assessed bv taking these upnuwnu
through the complete acalytical pzocess. The data fzom these materials ar
then used ia estimating methodological imprecision and in assessing the
magnitude of any time-associated trends.

Two levels of blind quality contzol pools ars used. These pools ace
prepared in sulliicient quantily to last throughout the survey. The levels
chosen aze in the "low-noz=al" (approximately 5 ug/dL) and *high-no=al®
(2pproximately 20 ug/dl) range so as not to be obvious to the analyst. The
pools aze prepated in the same vay as the beach jools, but they are
dispensed in 7ials identical to those used in the field for NRANZS subject
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samples, lanelled wi:il gsudcpazticipant aumberss <arIespondizg o each
seogTaon:cal locatisa of tle susvey, and storsc at <29 %c. At least cne
5liad sample i3 c2ncomly incorperated «#1ll every IO NZANES samples anc
analvzed acsazdizg 9 tle metlod trstocol,

TSe hench zualizy csntool fools ci=orise t
spann:zg the *low-nozmal®, ‘nDor=al®, and kb
scisoning ia acdults) ranges oo lsead.

-
azoe
+

-

levels 0f concentratian
32 (ac tihe COC cuzoff for lead

Reference zazarials (blood praducts with certilied values assigned by
indepencdeat refscence xnethods) arfe used periodically as a check of
aczuzacy. NIST SRM 953 (levels A, 3, C, anc D) should de analvzed once 2
weak f2r tnls puztese. 1S the stock of these -mzaterials becomes low,
another saould De orcdered in iize to analyze it concucTently with the
quality control materials cur-enlly in use so tlhat a bridge may be formed
between the materials, If the material ordered fzom NIST is f-om the same
lot, £21) characterization is 20t necessary. However, there should be
some overlap betwean the old and new stocks.

Quality coatzol limits aze established for each pool. 2An 2nalysis of
variance (ANOVA) is cerformed for each pool after twealy characterization
suns have been performed in which previously characterized NIST SRM and
bench cuality contzol pools are used for evaluatiean. Ir addition %o
providiag quality coatzol limitls, the characterization runs also serve to
establish homogeneity of the pools. Once the homogeneity of the beach and
blind macez:ials has been established, it is useful to have them analyzed by
another indepencan: ceference method, e.g. IDMS. .

Precision aand Accuracy:

Pool aean 95% lixmits 99% linits UCL-R RONS ——TOTAL CV
SRM 95S5A 4.74 3J.73- 5.75 J.41- 6.07 0.63 16 11.18
SRM 3558 29.0 26.50-31.51 25.70-32.31 1.3§ 16 4.42
SRM 953C 46.1 41.08-31.13 39.49-52.72 2.94 16 5.87
SR 953D §3.7 €2.29-75.08 60.26-77.11 1.76 16 4.70
80155 56.5 . 53.25-59.71  52.23-50.73 2.5 il 2.99
Col30 31.3 28.97-33.62 28.23-34.36 1.42 30 3.99
LOwW? 3.42 2.37- 4.46 2.04- ¢.79 0.673 35 16.04
EI?3 20.9 19.47-22.35 19.01-22.80 1.5 K} 3.8l
0488 1.10 . 0.69- 1.52 0.55- 1.62 0.51 S 21.49
0588 5.92 .- 8.34- 6.49 . 5.135- 6.63 0.52 S 5.00
0683 15.41 14.56-16.26 14.30-16.33 1.37 S 3.08
0788 38.3 34.04-36.59 33.63-36.99 1.56 S

1.88

After the standards and beach quality contzol materials ars amalyzed (at
the beginning of an analvtical run), the long-term quality comt:zol charts
for each contzol material ace consulted to determine if the systezm is “in
contzol®. 7Two types of charts arze used. The fizst chart plots the means
of the duplicate detezminatiocas and compazes them to tie 95% and 99%
condidence limits as well as to the ceater line (the overall mean of the
characterization runs). The system is out of contrzel if aay of the
followiag events occus for any one of the guality cant=ol matezials:
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L. The =eaz £:223 a2 s:ingle sum falls ouznsiie the 39% confizence

T e -

The neaps f-tm two sucsessiTe Tuns f2ll e
3%y caopnifizencs liz:its.
3. The zeans foIm elznl osuszessive Tuns fall either all above or all

Selow the csnte

ither aoove ¢z telsw e

Tie seccnd type of gualily csnizal charst plots the faage o the dusliczarte
cecer=-razicns azd ccopazes tism to the §5% and 99% limits as well as to
T2e cezter lize. The system is out of cantzol Lif any of the following
evenzs oczur foz anv cne of tle guallitv czprzsl zatsrials:

- The range f-om 2 single oim falls above the 99% lizis.

2 The sances frcm two suczctessive muns fall above the 9%5% lisis,

3 The canges f:com eignt successive zuns fall above the cenzer line
If 222 run is declared "oyt ¢ contzal®, the system (iastsumen:,
calizrazion stancazds, ez¢.) L1s investigated to cetermine the oot of the
przblem befoze any analysis o specizens occurs.
Prezazazicn of Quality Contzol Materials

Levals of lesad iz three units ¢of bovine blood were evaluatsd. One animal
(Cow #34) had neve:r been dosed and, therzefore, had 2 very low level., The
blood from this anizal is suitadle for use as the base hlood f=am which th
calibrat:.on stancaczds aze presazred. The other two anizals had heen
previcusly cosed, therefore their blood lead lavels were samewhat -
elevated. One of these (Cow $23) was chosen for use as a mid-rance lavel
"a0r=2lly" seen i1 the adult U.S. population. The other animal (Cow #25)
was cosed again to bring its blood lead level up to a high range (near the
cytoif linit). One liter of blood was drawn fzom each animal into
evacuzated bottles containiag IDTX as coagulace.

Cre un:z of blood each was d-awn from nonsmoking male and female human
7olunteszs. Both raits werze in the “low-normal® range, with the blood focom
the famale being lower than that f-om the male. The blood froem the male
vas used O prezars the "low-nor=al" blood lsad pool.

A pool containing 75% dlood fzzm Cow #23 and 25% bloocd f-om the female
buzman vas prepazed. The blood was mixed in an acid-cleaned flask by
stirziag on 2 zagnetic stizzer Ior at least one hous. This pool was usesd
To prepare the medium (or "aor=al®} blood lead pool.

Using 2 scterile tecinique unces a laminar-Ilow nhcod, the blood is dispensed
using the Oxford autcmatic dispensor inzo S-ml wide-moutl Tuding vials.

The tase >00l was dispensed ia l-ml alicuots. The cuality conzzol pools
wvere cispensed ia 0.S5-al aliguots. Aftez capping witd zubber stoppers, the
vials arze sealed witd tear-awvay alminum crimped caps. ALl vials wecse
labelled after czixping. The pools werse frozea at -20 "C. Twentvy vials

of eaci level were randomly selscted foo charactersization of the cuality
contzol limits and for testing of hecmogeneity.

Two levels of blizd quality cont-ol Scols vess dispensed ia the same way
except that vials and labels ideatical to NEANTS specizes vials wvere used.
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Reference Ranges

a.
5.

COC zeccmmendations:

Qtier zafszances:

The avezage %lood lead value Ior 801 samples was listed as 138 =+ 45
2g/L <4132 a 95% zazge of 70 - 230 ug/L (3).

A 3iologizal Quality Guide has been zroposed for gToups of the genecal
pcopulatica (4). The level of exposuze is acceptable whez the nedian
gzoup value is € 200 ug/L and the distzibution is 38% < 350 ug/L, 20%
< 300 ug/L, azd 50% < 200 ug/lL. Foz preschool children, the
cdistzibuzisn sacull e 98% < 300 ug/L, 50% < 250 ug/L, and 30% < 100
ug/L.

Zalf of zcn-occupaticnally exposed persons have blood lead values

< 2Q0 ug/L witih a 95 % value of < 350 ug/L (S).

. Special Metlhod Notes
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Determination of Lead in Blood Using Electrothermal Atomisation
Atomic Absorption Spectrometry with a L'vov Platform and Matrix

Modifier

Dayton T. Miller, Daniei C. Paschal. Eiaine W. Gunter, Phillip = Stroud and Joseph D’Angelo
vVuTrional 3iocnermustry dranca, Civision of Eavircnmentai =eaith Laboratory Sciences, Center for
Savironmen:al #eaith, Centers for Cisease Contrzi, Public Heai:h Service, US Cepariment of Heaith and

~uyman Services, Atlanta, GA 30333, USA

Aczuracy in the Zetermunaton of Slood lead is of srimary imoorancs in such Qiverse acavities as screening
‘or zhiichocd .eac sorsoning, OCSuSatoNnal exoosure Monitonng and SOOUIAUON Surveys. TO meet e
sirrgent requirements of the third Nabonal Heaith ang Nutrmtion Examinatnon Survey (NHANES 1l1), a large
formatve 200wWIaloN STUCY (O 08 Netd from 1288~ 1994, we needed 3 method ‘or the determination of leag in
SlcoQ that was simple, acsurate, r'ugged and of defined accuracy for Jown calibraton and cantrol matenas. -
Tre recent avajiaoiiity of the Nanona! Bureau of Stancarcs Standarg Referencs Matenais 2121-2 and 253, a
‘@ad s1ancarg soiuton (10000 mg i=') and a cerufied iead in biood reference matenal has mace it Sossicie 10
evaiuate 3 metnod against definituve vaiues and NBS reference materiais.

in the sroposed metnod, sample srecaration ¢consists of 3 simple dilution (1 = 9) with a3 matrix modifier
whnich contains 0.5% V/VTriton X-100. 0.2% V/V 16 w nitric aaid and 0.2% nvV dibasic ammonium phospnats.
This matrix moc fier statilises lead 30 that the majority of the bicod matrix may be removed during the cnar
sten. Maximum acsuyracy in dilunon is achieved with the use of autopipentes whicn have besn shown (0
celiver viscous matenals such as dlood and serum with high accuracy. The method described in this study has
a cetecdon limit of about 0.07 umaci 1-' (3 SD) and a precision and acsuracy of =2-3% at the 0.24~2.4 umol |~!
csncentraucn lesel. Lneanty has been demconstrated up to about ¢ umoi (='. Comparability has been
estaoiisned with the srevious Slood iead anaiyticali method used in other surveys via the analysis of 435
soec:mens Dy DOtN the orevious (modified Oelves cup) and proposed methods. The equation of the resulting
line is [ETA-AAS! = 1.0007(Deives] - 0.051. » = 0.92¢.

Keywards: (23d cerermination; blood; elecirothermal stomisation atomic absorption scectromaertry; L'vov

platform

P

We have deveioped a methoed for determining lead in blood
that can be used 0 monitor e prevajeace of exposure 0 lead
aad to estadlsh sormaave ticod lead values as part of a large
health survey.

agproxumatery 60 000 whoie biood soeaimens will be collected
i a saasncl sampiing of e US populadon duning two
3>-vear coilesaon cycles, 1988-199) and 1991-1994. On the
bams of previous findings om NHANES {I! and Hispanic
HANES.,: the mean diood lead conceatragoa anocpared for
tie NHANES I study suojecs o aoout 0.25 wmol 1=, This
concsatanon © in e range of e levels other workers have
measured 11 subjesS (rom remots. relanvely capoiluted
areas >3 3pout 0.15-0.4 umol 1-'. Addigonmally, accuracy
should be demouswabie by the ase of aalibranon matenal and
congois that bave beea deiesmined by methods of defined

accuracy. preseradly by dedmove methods_As several differ- -

<3t analysts may be invoived during e §-vear survey pertod,
e method should be simpie and rugged and qunov changes in
experimenal condigons should have mimimum efecss oa the
performance of the systam.

Reczady, Subramaniant thoroughly reviewed mehods for
blood lead determinagon by ciecrothermal atomisauon
zomuc 1b3orpaon specrometry. He sated m the conciusion
of this review, “L 2t us hope that with the recent mtroducton
of cerafied or working referencs matenials for P in
biood. . . we wiil soon have defSnidve GFAAS methods. . .~
Qur proposed method is 2 step in thus direcnion and the resuits
are the first pubished vaiur~ obained dv ciecTrothermal
atomusadon atomic absorpaon specrometry (ETA-AAS) on
whole blood pools cemfied by e US Nanonal Burean of
Scandards.

A large vanety of methods have been published for the
determnanon of lead in wnole 5004 and many of these have
been revie-wed. ETA-AAS mesn0as have bezn described that

the wturd Nanonal Health and Numinon .
Examinadon Survey (NHANES IV During NHANES OI.°

use relatively aew methods of back corresdon. notasly
Zeeman’ effecs and Smith - Hiefkje.4 together with deveiop-
mead in fast elecronics and data handling. ™0

- Simply stated. the following were the requiremears for the

" froposed method: simplicity and ruggedness. with mummum

sarmple preparagon: gacsabilicy of both standards and controi
matenials 10 a legally and sceadfically defeasivie acruracy
base: transferrabilicy 10 biood lead determinatoas pertformed
in previous HANES smudies (NHANES [1 and Hispanic
HANES); sutficiear sensitivity and precision (0 aliow the low
anoaeated blood le2d conceatranons 0 be measured and
small differeaces in conceatration (0 be reliadly measured:
lineanity up 0 about 4 umol [=!, eaadling one specmen
Teauneat and one «libraton gragh to suffice for aearly ail
specimens and Tansierravilicy to other laboratonies.

The last requirement should be further clarified. This
laborasory bas 2 defined role in providing methods that are
Taastertanie w otser aboracories. Henecr. during the method
deveiopmeat, paramezess that did not require isstruments
with  extensive Zeeman background cotrrechioa  were
preferred. and bazkgpround or non-atomic absorpaoa of less
than abowt 02 A was required.

Experimental®
[nstrumentation ]
We uwsed 3 Perkin-Eimer Model 5000 awomic 3bsorprion

soectrome:er equipped with 3 Modet 500 graphite furnacs. an
AS=0 autwampier and 2 PRS-{0 pninter - sequencer. A

* The we of rads sames & (or WYenufianoa onty asd does
constinuts endoriement by the Pudix Heaith Serwes or the
Desanment of Hesith and Humaa Serwems.

not
us
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* Temperatures used o srvng vary sligadv derwee los of
Jvroiyne urmacss and S1aSorTs: s3ca ot showd de svliuated lor
oo Lving of e &luted soeTmea wrtioul spWftensg.

* Base-ine Auscson se: 3t =7 3 r=ag at Q) r=eoraer at =i,

Modcei 056 recarder was used ‘0 TOMILOr e analvie peak
snases. FOT TD@OANSON sXTenments we used 2 Perkin-Elmer
273050 Zs2eman-efesm atomic a0sorpaon  specIomerter,
ecwpped wath a Mode! 600 fur3aecs and an AS-30 auto-
saz=sies. The hoilow-cathode lamp was Som Perkin-Eimer, as
were the pvmlvuc puccnns anc furnaces (Part Nos. B0109-
322 and 0290-23il). The graphite furnace programme
shown in Tadie L. Tae internal gas Jow-rate was 00 mi qun=!,
except duning atom:sanoa (20 = gus=!).

Reagents

All water used was punified to approximately 18 MQ o=
with a Mi.lli-Q svstemn (Millivore). Nitrc aad was cowuned
Fom G. F. Sautn (16 «. re-disniled grade. ccalogue no. §3);

dibasic anumonium paocsooate was oowuned from J. T. Baker
(cyiogue 20. 1-0784) and used without furtaer punicnoa.

Tnton X-100 was cotained from Fusher Saeaafic (Qmlogue
ag. CS 282<). A lead sandard soiudoa of 10000 mg i~! (48.26
mmol 1-1) was purchased from the US Nadonal Buresu of
Sandards as SRM 2121-2. A macix modifier was prepared by
adding 1.0 ml of Triton X-100 ang 0.0 g of dibasic ammonium
pnospnate 10 approxmatery 100 ml of Milli-Q water and
sarnng unal the Tritoa X-100 dissoived. The mawix modifier
was aadified wich 0.20 mi of ultrapure 1§ » mme 3cd and
diluted to 200 mi in a pre-cleaned Class A Qulibrated fask. A
blank detsrminanon saould be performed oa this reagent 2
the Yegmnning of each anajyucal rua {0 easure the 1bseace of
ugnificant lead contamisaton.

Plastcware

Specimeas were dilutsd in -l coaical autosampler cuos
(Fisher. caaloges 00. J254i); ~ml poiveyiene Bio Vias
were used for diletions greater than 2 mi (Beckmas. Qnlogue
00. 564553). All § was nnsed with copwus amounts
of purified waser immediately before use.

Procedure

The lead sandard solution (10000 mg I~* of lead in 10% VIV
16 » mutne acd) was diluted (1 = 9) wids Milli-Q water ©o make
an intermediate stock sotunon of 1000 mg 1=+ (4.82 mmot I~1).
This intermediate soluton was bimontaly: on 3
wer 'y basis. working standaras of 10 mg 1=* (in 0.3% nitnc
acid) and £0. 100. 250. 500. 720 3nd LU0V ug I=' (0.3, 1.8,
1.2, 252, 3.62 3nd 3.2 umol I='. respectively) were
prepared in mutnx modifier trom this L0 myg =’ solution.
Working standards are diluted with an automauc piperte
(Miccomedic Modei 25000) for maumum precion and
acsunacy.

¥hoie H00d vy well =Ll MIS L YOMEX =uiser ang (-l
WCUOS werT dAiuled witd TWO SULTSSHYE 150y Porsons st
TACX pocider. The &iuTon WAl 1CSSMoUSIET Wl L-md
sa.mm‘.in; d Gspenning Fumos. at 2 seTiag of 10% (100 )

25% (450 W), respecave:y, Jor e whole 3100d anc =acx
""OCLBC. volumes.

Caligracon was icsomoiisaed v moeizng 100 L 3¢ So0¢ 28
previousiy descioeq waw 3 ~<00-ui pormon of Ta:mx mocifes
{puzo sec 2t 40% ) for dilunoa. Seves dilunons wers sresarez
213 senes of ore-ansed 2-ml aucosampier Sups. Then. ifer e
sa=3ling deuvery up had deza nased &8 ames ¢ remove all
T3css of Dlood. 100 ul of macix modifer or 0, 100, 250. :00.
730 or 1000 ug i=' of working lead sancards (in =atnx
Tocifer) wers 1dded. Tais was followed dv an accizonal
anse ey <00-u of mamx modifier. This cijzranoes pro-
cedure resuited :n 2 stancdard addivons curve witn 2 :achx
moaqider - blood mmx (9 - 1). As aocted bv Shumuer and
Deives.? siancard scdinons carves are aecsssarv Cr Tax-
mum accuracy. The wnoie blood choses saouid Se 3 .ow ieaa
blood with the same anticoaguiant as e specimens. We 2ave
{ound that mpotassium or disodium SDTA is 3¢ azzcTagu-
laat of caoice owing 10 its @OTE perTianent acTon.

Dupiicate aiiquons of 0 ul of diluted Siood. siancarces and
congol blood pools were dispeased on © the piacorT ang e
tntegrated absorvances were measured. Usning :ne mewod of
linear regressica analvsis. we piorted the bes: sTaigar ine
through the calivracon standard absordoances and usec e
siope of thus grapn to calculate uaknown dlood lead concent
doas. ~

Method Opdmisacoa

Mamriz modifier

The mamix modifier chosen. 0.5% Triton X-100 in 0.1% aitic
acd and 0.1% (NHL)HPO.. is similar © that descriced by
Fernandez and Hilligoss. ! 'nxc thermal pre-geaument (czar)
and atonusation temperature OpAMBSALOn Curves are shown (a
Fig 1, in whica 2 ] :-9dﬂudonofpoolDE3303(isowpe
dilugon mass specromeZy target value [.42 umol I=V) is
evaiuated. This pool was par of 1 series of wiole biood poois

' characerised by the US National Buresu of Sandards for the

Ceatess for Disease Concrol (CDC) using the desziave
sotope diluton mass spectrometric mezhod of anaiyvsis. Tae
amount of lead injecied was approximately 500 pg. e
treatmeat temperatures up o 110U *C could de usez: ine¢
750 °C iemperacure chosen was conservatve. At this tempe—-
wre the background absorbance is approximacely 0.05
(0.10 A). winecn is well within che correcion capabiiity of
deutenum arc svsiems.

Althougns very little carponacsous residue s let from bdicow
charred with this matrix modifier. the pladorm saouid be
cleaned after each day of use. We found that about 00-350
Grings could be cotined per placorm and furnace defore the
pre=sion was notuceably degraded.

Anothet fearure apparent rom Fig. 1 is that he atormisacon
temperature chosen. 2400 °C. does ot give the matmum
absorcance. The rationsle for this choics is simple: at
temperatures of sbows 1900 °C, the indicated maximurm. the
butid-ap of carbon residue was prodibicvely hign. The use of
1300 *C requires 3 bum-out step at 2500 °C. 3 fearure we
regarded 23 W

Temperaure programme

Maay workers have re:omead‘d using Maximum power
hesting 3t Jtommacion. .13 which invoives secting the nmo
from char to tomise 3¢ 2er0. We chose 10K (0 use this serng.
because of several consideranions: wAth maximum pOwe?
helang, the precion was poorer and an average increse n
the coefficent vartapon uf about 2-3% was observed for 2
pven dlood speamen: the slope of the calibration §radon was



A A o el ez S v oia
Dmates v 1 (-4 amo. wowng 2 jower izt of detecsom;
0@ Me sacxzound 4030rTa0CT wAS Ower Wit 2 |- ramp.
Fig I duscates Wwe anaivie and dackground sgpais
cotuned wy e wo diferent amp serang. With a2 e
~mp We background iosorbancs s lugher. © producsd
sooner and 3as a faster nse ame. Other workers have oted
s edecti=ié With 2 -5 ramp. e iead peak maxmum
sezars before Wle sackground peak s 1t 4 macmum and Le
-tz of czange of the backpround peak is dlearty less. Another
Sagueat reccmmendaton Made © O use 1 B0 rgen
Jow-rate it atoouUsABOn. For volanle elemeas such is lead
=15 usuaily :=areases (e wnalvocul seasiowity. The flow-rate
=esen. 20 mi =ua~!. s 2 SOmoromise berwess the reqwre-
ze=ns of 2adequate sexs1@WITY ind lineanty. With a0 mi mun-!
Jow-rate, Liceased seonawnry s observed, wvidh 2 calcuiated
z=amacenstTe mass of 5.4 pg. Toe lineanty of the provosed
=wibragon s lost at acow J wmoi -t however, and the
sacxgousd 10s0rTancs :aceases 10 aoout 0.2 AL wiued is at
ne U=ut of accurate correczon by deutentum arc svstems. [
Se lipeanity reguirement s sligagy reiaxed. then a 0 ml mun !
Jow-rate af atogusanos can de successfully used with Zes-
Tan-edect sysiems.

Results and Discussion
Our laboratory has served as the ceacal laboratory for the
NHEANES programme since 1971 and has provided biood lead
zeasuremeats duning NHANES [ and Hispanic HANES. [n
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fig. 1. Thermal pre-Teacment aod UOMIN0OE SpUMIsaLOR. (A)
<ar and (B) uommanon carves for biood e (pool DESBQI).
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adcinog. Jver 3¢ a3 lew vears, Jur 200TRISrY 2as served s
a refeTencs aooruory (O 2iree srodCescy Srogiir =es. T ae
pertormance of e sroposed Metlod Sas Seea evauated dv
de detarmunaton of 2 senes of wnoie D00Q POOIS. analvsed i
a blind fashion.

The reswo of e deterTunadons of <1 pools dunag
ioprommately | vear are showm =3 Tig. 3. Yerv jood
igresmeat was gotuned vl e conseasus mein used U
arge value for these poois. A furwaer ulusTaaon of acsumacy
and pre=sion  gves in e detsraunason of lead in 2 senes of
waote 01004 POOIs whose argers vaiues are sstaplshed ca Wie
bams of 1 dedmave medod. isotope diluton mass spec-
Tomeny.!7 Witain- and among-day or -run sremsion (SO
wathin runs. SD among runs and SD o) were cicuiated by
wo-way 204/ yWs of vanance. Tae resuis of tiese cicyiasoens
are shown w Tapdie 1. The poois in =e DE senes were
analysed by &e US Naoomal Surezy of Standards using
sotope diiugon mass specTomeTy and were used i3 prof- o
ceacy tesang ov anowner Ceater ‘or Disease Concol acaviey.
The senes of poos A-D are fom M®e Nazonai 3ureau of
Standards, SRM 955, lead in dlood. These poois were
cetermined by sotope dilution mass spesTOmeTY L e
Nanonal Bureau of Standards. The warge: values for Qese
poois in SRM 953 are piven as follows: A, 0.27 =0.02; 3. 1.47
=0.02; C, 238 = 0.04;: and D 3.35 = 0.05 wmol |-, Tae
uncerraindes listed are esamaces of two standard deviadons of
the mean and nclude betwesa-vial vanabdicy.

With the use of area integradon. the linearity of the
clioradon grapa has besn demonstated up to about £.0
umol 1=t Use of peak height reduces e range of lineanty o
about 3 umot 1= and s oot recommeszded for theoredcal
rezsons. '+ The characieristic mass s icuiaced at avout 25 py.
Considenag thac the puodlished value of |1 pg-was Qlcuiated
under conditioas of ze70 argos Jow-rate at atomusanon, s is
a reasonadle agresmesnt with our value at a 20 mi =n-!
Sow-cate. The limit of detecnion is calculated as 0.07 wmoi =4
(14 ug I=1) according (o the recommencaaons of Wineordner
and Long. @
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Fig. 3. Acsuracy of me:od for New York 1nd Peansvivania Saate
Prodasacy Programa. <1 pools over LS moams. Ceatess for Duease
Coaaol (CDC). meaa values v1. coosenss seas values. Squanon for
m-unmom s {ETA-AASCDC] = 0.955[comensus mean| -
o e’ B (.

Tabie 2. Precinion and acmuracy of e ETA-AAS method

Target vatue/ € vaive/ Ne. of
Pool waot =t nnol (= Withineday SO  Among-day SO Towd SD No.ofruns determnnsdons
Nas A 027 0= 0.019 0.034 0.0 2 <0
DEICH 0.767 0.793 0.019 9.083 c.058 3 0
DESB® 1.+ 1.4 0.a: 0.058 0.063 P ]
NBS D .47 1.48 0.029 0.077 o.002 2 <0
DEICO3 146 b . 0.0+ 0.063 0.g72 id 3
OESBO2 15 1464 0.3+ 0.138 Q.10 i3 )
NBSC p | 238 0.0m 0.19 0.179 te pl
~NasSD 335 bR | 0.053 0.174 018 10 2
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fig. 4. Comoanson of ZTA-AAS and Deives cuio measurements
esing <35 specmens from e Hisoaax Health and Nucuoa
Sxamizanon Survey (HEANES). Sloce = 1.0069. y-axs intercept =
=0.051 umoli='. r = 0.924, 95% UCL interssat » —0.0245 amot 1=,
95% LC. intercept = =) 0771 umoi |~'. mean differeace (Deives cup
- ZTA-AAS) = =0.047 umol 1!

Tadie 3. Summary of compansoa measuremneas {or e modified
Detves Cup 100 the STA-AAS memod

Detvescup Graphiwe furnace

N o 433 435
Mearvumot =1 0.409 0562
SOmumotl=* .. 0.590 0552

An agdinonai consideranon in deveioving the proposed
neznod for use 1n NHAWNES [T] was is companoilicy with our
mogqificanon of the Deives micromethod!? previcusly used for
the two other large popuiadon surveys, NHANES {I and
Hispanic HANES. The compar3bility of these rwo mezhods
was established (0 permit meaningful comparnisons of popuia-
uon means. prevaleace or loaprudinal treads among surveys.
To accampiish such a companson. we determined lead in 435
whole blood spec:mens by both methods. The results of this
experiment are snown in Fig. <. For bot methods stadsacal
parametess were calculated by using 8 Deming regression
wnich assumes €:TOf tn boch variables, the results of which are
shown in Tabie 3. These resuits indicate 2 aegacve bias of
about 0.03 umel I* for e ETA-AAS method compared mth
the Deives method in the range 0.25-{.2 umol I~t. The
acsuracy of the proposed ETA-AAS method in the range
0.25-1.5 umot I=* bas been ni v evalusted wich the
determinanon of lead in selecsed whole blood pools from (1)
the National Burean of Standards (SRM 955 pool A and pool
DE7CS9). as indicated in Table 2 and (2) pools from the New
York and Pennsvivania Sate Health Departmemt Lead
Proficiency Programs. Over a period of 2 vears, 22 poois from
these two proficiency programmes with CONSEnSUs Mean target
values of less than 1.5 umol I=!' were evaluated bv the
proposed mezhod. The results of the sansteal anatvsis of

ANALYST. DECEMBER v87. ~CL 1=
‘Dese comoansoa da@ by regemog walvyss aqucsies aa
average eTor of ~J.008 - ol i~ wag A OrTeLa00n coe s ent
of 0.967. These r=swits are comzaradie or supenor (0 lose
obauned dy owler refersacs laooratones i ‘Sewe tw cro-
Fammes. ‘

Conclusions

The orocosed meza0d bas deea used for more W2 | vear. Tre
reizgvely ign sezsigwity and good premsion aliow e
discrunanon of biood lead conceamanons nal we cose:v
spacsd at low aortal leveis, For exampie. the base Biooa used
for precanng e siandard addicons alivragon has a vaiue 2f
aoour 0.18 umol {='. Repezave ceasursment (N = I0) cf
tus and e Nagosal 3Bureau of Saandards A poci (2rye:
value 0375 umoi i=') snowed it the WO couis Louws e
disangusned in a sansaczlly sigmficant wav. Taw feanics
estaplishes e memod as higaiy reiiaoie [or evaiuansg small
concsagacon differeaces amoag soecmens. We c¢cnciuce
that the acturacy and premsion of the proposed mesnod are
sutSceat (0 mee: the reguirements of a large >couiahon
survey with low angcipated mean blood leve:s. Adcinonsily,
the mezhod s suriceady rugged (o exsure reasoracie
cogstancy over the 6-ve ar sampling period.

This work was supported in pars Dy the Nacoral Czater
Heaith Saadsucs :irougn an inra-agency agresment wun mne
Ceaters for Disease Coacol.
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GRAPYITI TURNACZ ?PROCISURET FOR 31000 CADMIUM .
X o
(Revised Augusc 26, 1583) iy gt
o : . ~.l:)>
) . T T

ZTaecer=ization of blood cadzium is accemplished by flaneless
(elezzroches=al) atomic absorption. The specizen is denroceinized wizh the

.
1

addizion ol zitric acid afzer dilucicn wizh waster, aad cadmiua is decar=ized
in the acid supermactaac. A L'vev platforz is used to decrease =mac-ix effaccs

(7) and zo increase precision and semsizivity (8). The procedurs is based o=

publisnhed work by Stoeppler ez al. (10).

Atoz=ic Absorotica Soezrdolotocerer: Perskin Elmer Model 372, witi Modal 500
graphize Surzace, Modal AS-l autosamples, and Model 56 recorder. Pyroiytis

rapaice furazces and L'vov placforms are used.
4 P

I=zscTuzenc Parazetecs:

Paramecer Secting
Wavelength h . 228.8 om

lasp Current 6 ca

ZDL Pover ' =" : 6§ W

Sli= 0.7 (ale)
Signal Model ‘ ABS

Read Ticze _ 4.0 s .
Inert Cas Argon

Furnace Type Pyrolytic/L'vov
Background Corrector ON

Texperature Prograa
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pav - 150 C 25 s (5 s ra=p)
CEaR 450 C 25 s (5 s rams)=*
ATSMIoE 2000 C 5 s (1 s ramp)
ceoL 20 C 10 s (1 s ra=p)
Trerz Zas Tlow 300 mi/=ia; 20 =L/aiz= @ ATOMIZE

*During the latier partt of the CHAR, the baseline is resec to "0" usizg the
30C funczion of the 372; the sattiags at step 2 (char) are: RZAD 20s; BASZLINZ

28 s: RIC 29s. RE:D and REC are set "0" durinmg ATOMIZE.

Racazder: Model 55 sat a: 5 =V; 20 mn/min speeld.

succmacic Pivec: Micromedic Model 25000, wich 1 mi sampling and dispensing

pu=os; sampling pump set at "202" (200 ul), dispeasing ac "SOx" (SO0 ul).
RZAGENTS )
Water: Ult-apure vater, polished by a Milli-Q syszem to 13 zegaohz/ca puricy

is used throughout.

Nicziec Acid: Rediscilled grade anitric (GF Smith) or Ultrex (JT Baker) is used.

Stock and Workiag Cadaium Standards: A 1C00 ag/l stock solution of cadmiua
acecate dihydrace ‘is prepared from 217 ag of the cadmium salcz, dissolvtc@‘and
diluted to 100 ml wich ul::lapurc vater. To a 100 ml volumecric flask, add 237
mg of cthe salt and 500 ul ulcrapure nitTic acid, dilucing to the nar-k with

u.l trapure water. This stock solution should be prepared every six months.
InCerzediate stock of 10 mg/L is prepared by 1:100 volumetric dilution of the
1000 =z/L solution weekly; working and spiking stocks of 1.0 =g/L, 10, 25, 50,

and 75 ng/=al are prepared daily from che 10 og/L internediate scock.



PLASTICAART AND GLASSWARE

cware azd glassware used is cleaned by soaking 24 h ia ~° -

).
re
-
u
-
~
“
n
9

dezarzenz, Islloved Dy soaking Ior 3 days iz 25X v/v nizzic acid. The cleazed
ize=s aTe Ihec rinsed theroughly with ultzapurse water, and szored ia 3

dusc-free envissnoent.

[RE3

Vencus blcod specizens are collected i3 eities S=l vacutainers (3eckzza
and Dickinson) or § =i "Monojec:" tubes (Shersocod Mazui.). 32oth zhese
conzainers e=plcy aqueous dipocassium IDTA as anticoagulant.

Zspencorf =icropipecs (3rizkzaan Iastzuzents) are used Co prepare spiked

aliguots for calibrztion, disposadle polyeczhrlene tips ace used as received.

Seckz=ana IascTumencs’' "3io-Vials' ate used Zor dilucica of Slood

specinens; chese 4 =L conzainers aze cleaned as above. ..

SZTCMEN COLLZCTION

Collecticau of an uncoataminated voole blood specizean is a cricical par: of
=zay toxicological iavestizations. The followiag guidelines will provide
dizections wvhich, if casefully followed, wiil minizize the conca=inasion of
whole blood by the a;ny sourtces from which it zay come. It czazot be
overexphasized that skin, clothing, dust and many octher sources of

contamination contain many times the levels of lead, arsesic, cadaium, and

other mezals vhich will be determined in the collectad specimen.

1. Clean the antecubital arez thorougbly wvick: a) soap and vater (Phisohex
has been shown to be free from significanct metal concamianaticen); folloved

by b) alcshol (isopropancl or echamol).
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e .

cure the skiz/veln Wizl a sterile, disposable ceedle capadle of

n

suliiple sampling. A suggested product is the 3 +« D cacalog #5749,
20-gauge needle. Ia soz=e applizations, the £fics: blood specizen colle;:ed
will be discarsed; i2s use is 2o "rizse" the collection needle with blood.
5. Col.ec: one or zore tudes cf whole blood, usiag an appropriate
¢r the zmeczal of intaresi. Ancicoagulanc/mezal combizations
tkat have been shown o be compatible are:
Merzuzy-Yeparia or Cicrate
Lead~-IDTA, Reparin, or Oxalate
Cadzium-Yeparin or Oxalate
It is recc—endad cthat a éeu "spares” éf the lot of cubes used for

collection »e seaz o the }abora:ory along with collected specizens. Tois

’ will allow the laboratory to determine the metal content of the anticoagulace

used iz zhat Eﬁ;e io:, and sake appropriate blank corTectioans.

4. Iz is cTitical tbat the colleczed spgci:eu be thoroughly mixed afterx
colleccion, to iasure the ancicoagulanc/blood ni::u:ciis uniforz asd that
clotzing therefore will be prevenced. <Clotted specizens are nearly
useless! .

5. Refrigerace the collected specizens, and ship refrigerated by the most
expeditious means available. Hepazin is by far the least "perzaneat” of
the ancticoagulancs listed, but will prevesc clocting for two weeks if
vell-aixed on collection and refrigeraced after collectioa and during
sbipment.

61 Ship the collected specimens in well-padded, insulated concainers (freeze

safe or the equivalent).

e — e ..



ANALTYTICAL ?ROCIDLRE

1. Aspiraze 200 ¢l of blocd into the delivery tip of the aulczatis piger;
dispense dlood and 500 vl watar inZo i precleaned &4 =L plaszic vial,

2. As9iraze air I1nto the delivery zip, and dispezse an addiziomal 500 wo
water inzd zhe sazme vial. This "doudle ctizse” should give a gquantizative
zransier of blood o the plascic vial.

3. Add 50 ¢l of ultoapuze nizsic acid to the diluced specimez, cap aad =ix

thorsughly on a vortax type cixer until protein precipititiocn is cozpleze,

as evidezcsd by the solution color change to a dark browmish red and the

~

é¢ispersion of pra2cipitaced prozein/R2C's througbout cthe diluced specizen.

L. Canctriiuge @ 2000 RPM for S miauctes.
S. Decant the acid supeznatanc wizh a 250 or 500 ul EIppexdos? piper. ..

- -

6. Measure the absordance of the resulting superzatant im duplicate or
tviplicaze, using the AS-1l aucosacpler to dispense 20 ul of soluticn inzo
L]

the grapnize furnace.
TANDARDIZATION AND CALCULATIONS

S:and;rdi:aciqc is accomplished by the use of 2 modification of the method
of standard addizions. A boviae "base blood", typically concaining less than
1 ng/ml cadmium, is diluced per the procedure, and aliquots are spiked with
aicrolizer addicions of cadaiua acecate standards. _ .

)
Standard Additioa Procedure:
1. Base (lovw cadaium) blood is prepared, using twice the presccibed volumes.
2. Into fouz precleaned autosampler cups, pipet 10 ul of 10, 25, 50, and 75
ng/al cadaiva scaadard, using a 10 ul Eppendor? pipet vith disposable

plasciec tizs. .



3. ¢ 250 ¢l o0f aeid supesmatant fo each of the four cups.

4. Trazsier 250 ¢l of the cexzaialn ermatacs to a £l gutasaspler cup.

+ N
“
[+
o

S. Measure the apsorbance of zXe resulzizg solutioas ia duplicaze or
toipilicase.
Calculacions:

T~o methods of calculation have beea used wizh the described procedure,
each o0f which give essentcially idenzical results. Each iadividual specizmen
=2y be analyzed by the procedure outlined above for standard addicioas.

4] zhouzhb potenzially higznly aé:uta:e, this cechod sufiers fros extremely low

througaput. Any dilfecezces in observed slope from spiked aliguots of

(4]

"

ezt specizens will be aucomatically compeasaced for by this mechod.

-

dif
Siace no measurable diiference ia slope was observed (within exsesimesnzal

erTor) betweesn spiked bovime and human blood, either reg-essiom analysis,

Mechod 2 or an "averige slope” mechod, Method 1, are normally used.

Mechod 1 Average Sloge

1. Caleulate the averige (3ean) absordance values for the sslucions measurel.

2. Correc:z the zean absorbasces of the cadmiuz—-spiked solutiomns by a dilution

factor, df, calculated as follovs:

df = orizimal volcme + svikine volume
original volume

In this procedure, the df will dbe 1.04, vnich is

250 L ¢+ 10 ul + 260 w1l = 1.04
250 ul 250 ul




(A

J. CeastTucz the following table:

Spesizen Correczed Absortacce ag/al added CorrTeczed Absatbance—séase
3ase Ayice 0 0
Soike: A (1.04) 2.5 A (1.06) = Ay,
spike 1 spike 1
ez
4. Calculaze the factor, (2g/=L added)/(corrected absordarnce - Abase) ist

each of the four spiked calibracors. The ng/=L additions are calculazed
as adidicions to the orizizal blood spezizen, and have the values 2.5,

6.25, 12.5, and 18.75 ng/=l.

5. Average the four factors from sctep &, ang Buitiply speci=ea absorbazces
(conzzols or unknowns) by this average factor to caleulace the cadaivs
conten: iz ng/al. Make sure that all specimen absorbances aTe corTTeczed

for dblanks (dilute sitTic acid) before caleulationm.

NCTZ: 1The value for the average of (ng/mi) (correczed absordance _Abasg)
£or this procedure usually falls in the Tange of 0.05-0.07 for the 2.5 ng/=L

addizion. The calculaced factors should be exarined for cocsistency; this is

one iadication of lirearity of che calibration curve.
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. Machod 2-Lizear Regression

X (2g/=l added) T (Acgrreczed “*vase’
0 : 0
2.5 A (1.04) -4,
sple 1
6.2 ‘ etc wizh spike 2
12.50 ezc wizh spike 3
18.75 etc with spike 4

e

2. Using a calculazor wich linear regressionm cuzve fictizng abilicy, aad wi:th

Y-X calculation capabilizy, encer the X, Y pairs of data as ia tze above

tabla.
R . 2 s -
_ . . 3. Calculacas the r , slove and iacercept._far che data. .
’ 4. To calculate specizen values (cont-ols or unkaowns), eaxter t:e

blank-corzeczed A (Y¥Y) values into the calculacer, and calculiace X (ng/zl).
NOTZ: These two appraaches will give essentially equivalenc results if:
1) the rz value for the. regressicn equation is aigh (0.98 or highes), and

2) the calculaced interceptc for the equation is near zero (0-0.05).
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QUALITY CINTRAQOL sYST™™
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Qualizy C

The scatistical forz=at used for evaluationm of qualizy cozzrol will bYe zha: of

two way analysis of variance, ANCOVA, with zhe consizuczion of qualizy ceonzzsl

chasts based on 95 and 995 coniicdence lizmizs of the m=ean of duplicace

Teasurements, as vell as razge charts (1).

~

on and aczuTacy of the analytical sysctam will be monitored as follows:

g
"
1]
[}]
'
("]
'

-_— -

1) Tea analyticzal! zums wiil be performed 2o characzerize all cozzsol

zatarials used, wich duplicate measureme=ts performed per rcu=.

2} :fnzlysis of waviaace calculaciosas will be perforzed on these twan:y daza
points, and quality comcTol charts will be geaeratad by corputer for X aad

range R. \

3) - A miaizum of twvo control zaterials will Se incorporated inco each
analytical wua of twventy urknoun specizens, and data obcained for chese

coatzols will be evaluaced with the X and R charcs from 2).
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sYs<
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2)

types of Biizd qualiiF ccatTol specizens will be incorpcrated iazo the
e=:
5.ind cduglizacze specizens will be preparcad, and inserzed az an iztesval

dezarmized 5y zhe supervisor, usually one bliad duplicace pe

"
n
«
n
3
"
<

unkncwT specilzens.
blinded ccazrzsl or refarence material samples will be inserzed inZo each
analysical muz of zwenty spezimens, ar the minizum racte of oce bliz

conzsol per tventy spezimens.

In dozh cases, che blinds sbould be icentical in appearazce to the specize:ns,

——

e with the same coantaizers, specizes volumes, and labelling. IS desized, dling
. ) .
quality contTol specizens can ve evaluaced vizh the same stzsistical =ezhods

vsed for the comzzol =acerials.

In a

11 cases, cthe followizg format will be used for specimen deteraination:

SAMPLE $ Sasole ID
1 blank
2-5 (or greazer) calibracion cusve .
& Contzol I
7-27 Specizens )
‘ 28 Contzol 11
29-33 Calibratiocn Curve
34 blank



Aczisa Lizics
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w
yae
]
¢

2) Tvo successive X values fall eicther both zbove the upper 95 percezcz lizi

below

R char-s

1) A sirgle R value falls above
2) Two successive R values fall

3) <Zighz R values in succession

If che systea should be decliared

should de

zhe cezzer line.

Caken:

(§ ¢

T vzlues iz-suczession fall eicther all above the cezzer—imw—o—it

[o]
[t
"
(o]
(2.3
2]
[8]
o]
"
] ]
o
-
»e
"
(8]
fe]
n
Q
4}
1]
[o]
"
1]
(¢
(3]
(A
o
n

e X value f3lls adove the upper 99 percear lizit or below =2e lawes

3 below tse lower 95 perscenr limi:.

3

..

the upper 99 perzcent limicz.

above the 95 perceat upper lixic.

fall above the center line.

out-of-concrol, the folloving rezedial acction

1) Check for errors in recording levels of control samples, aad if ncce aTe

found,

2) Check and calidraze instruments beforea performiag further analyses on

analye

ical samples,

3) Reanalyze patient samples performed during the out-sf-conzsol run.
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MITEID PIRICRMAMNCE
Lizizs of Tezezzizn

Liziz of dezeczica Is i 3 practical sease deter=ized by two fazzors: 1) :=he
slope sensizivizy of the zezlod, i.e., the response (in the case of atszic
absorption the abdsorbacce or adsorbance-second ceasurezent) for a2 given
ccnzsnrTation or amouat of aﬁalyce, and 2) che rando= noise of the

insgrugenzal systexs used iz measuTemeant, especially chat noise at the measuTed

respocse for the dlank™ for che dezemmizacionm (Z). .

Accordiag to the reccmmencations of the above referezce, the 1limi: of
dezeczion will be defined as that concenctration.of analyte corresponding to an
adsorbhance o absoriance-second measurement equivalent to thrae tizmes the
standatd deviation of this signal measured at an analyte conceat-aticn at a

1ty 114

low” level., Ia symbolic terms, this becomes:

vhere 23 is the conceatsation calculaced co be the lizit of detection, fa

is the standard deviation of cthe measurement of a blaak or low cénccuﬁ;azion
sacple; and @ is zhe slope of the calibracica curve (change ia absorbance or
absordance-secoads/change i3 concentratioa oT amount of analyce). For a sec

of seasurezencs at the 0.6 ng/sl level, the standazd deviation was

2.08 x 107°A, which yields a decection liziz of 0.28 ng/mL (N=4).
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fzzura2cy and Precision

42 the presenc aczect, there is ouly cae commercial source of blood wizh 3
certified zazrget value (4). Since chis material is mot available to the
-aborazsry, evaluation of precisisn azd accuricy vas periomed by the
cdezer=inaiion of cad=miuz iz a bovine blood pool spiked with cadaiva. sz the

unspiked or "base” material azd che spikad macesial were analyzed for cadzi=

with the described proceduce.

esulzs ~ece as Zfollovs:

FOOL 31cod Cadmium ng/=l Standard Deviation rel a4

X
unspiked 0.50 0.10 20.0 ‘10
spiked 5.9 0.24 4.1 12

Tee spikizg of the pool was periormed to provide an approximace increise of
5 ng/=L in the blood; it can be seen from the above daca tha: this goal was
accomplished. Perforzance of the proposed method for EPA quality conts=al
vater samples, ;:epa;ed as dilute aqueous nizric acid contrsl materials, has
consiscently givem + 10X acczuracy; sizilar results have bée;fob:aiued for
National Bureau ;f Standazds' SAM 1643a, T-ace Elements in‘watfr.

-

e~
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Determination of Cadmium in Urine by Graphite Fumace

Atomic Absorption Spectrometry with Zeeman Background Correction

1. Description
a. Analyte Name: Cadmium
b. Method Code: 0360A
c. Specimen Matrix: Urine
d. Supervisor: Mary M. Kimberiy, Ph.D.
e. Statistician: Sam Caudill, Ph.D.
f. Branch: Nutritional Biochemistry Branch
g. Date: 8/8/88 UPDATE: 4/27/90

2. Special Safety Precautions:

Wear gloves, lab coat, and safety glasses while handling all human
urine products. Disposable plastic, glass, and paper (pipet tips,
autosampler cups, gloves, etc.) that contacts urine should be
placed in a biohazard autoclave bag. These bags should be kept in
appropriate containers until sealed and autoclaved. Wipe down all
work surfaces with 10% sodium hypochlorite solution when work is
finished. .
Dispose of all biclogical samples and dlluted specimens in a
biohazard autoclave bag at the end of the analytical run.

Special care should be taken when handling and dispensing
concentrated nitric acid. Always remember to add acid to water.
This material is a caustic chemical capable of severe eye and skin
damage. Wear metal-free gloves, a lab coat, and safety glasses. It
the nitric acid comes in contact with any part of the body, quickly
wash with coplous quantities of water for at least 15 minutes.

3. Specimen collection and storage procedures:

a.

A 10-mL sample of urine is collected. it is convenient to collect a
larger quantity in a plastic, sterile collection cup and transter the
required sample to to a 15-mL conical-bottom plastic tube. It is
important that each ot of collection cups and shipping and storage
containers be screened for cadmiurmn contamination. If possible, the
urine shouid be preserved to a concentration of 1% with nitric acid
when collected. If it is not convenient to do this in the fleld, it
should be done before specimens are stored (archived) for long
periods of time.



A first-void urine specimen is preferred, but random ("spot”) urine
samples are acceptable.

Since cadmium is a very ubiquitous element, the risk of
contamination is very high. The following protocol should be
strictly followed in order to obtain samples that are free from
external contamination.

Urine collection:

1. ideally, metal-free disposable gloves should be worn by those
handling the urine collection materials and specimens.
Remove the cup and cap from its plastic wrapping, being
careful not to dislodge the cap or touch the inside of the cup

or cap.

2. Ensure that the cap is sealed on the container and affix the
participant’s preprinted label to the outside of the cup.

3. The collection instructions should be explained to the

participant prior to the urine collection. It is important to
stress that the inside of the cap not be touched or come in
contact with any parts of the body or clothing or external
surfaces; exposure to air should be minimized.

4. The participant's hands should be washed with scap and
water before specimen collection.

5. The participant should not remove the cap from the collectionr’
cup until immediately prior to voiding. Caps should not be
left off the cup longer than is necessary to collect the sample.
The inside of the cap should not be touched. The cap should
be turned up while the participant is voiding; the filled cup
should be recapped immediately.

Processing procedure:

1. Specimens should be processed promptly to prevent
microbiological deterioration.

2. Do not leave the caps off storage containers longer than is
necessary to process the sample. Avoid touching the inside
of the caps.

3. Gently swirl the specimen in the capped collection container
to resuspend any solids. .. .

4. immediately after mixing, pour 10 mL of urine into the plastic

- tube that has been labelled with the participant’s ID.
8. Cap and tightly seal the tube.

Specimens coilected in the fleld shouid be frozen, then shipped on
dry ice by overnight mail. Once received, they should be acidified

- to 1% with HNO? (if not previously done) and frozen at <20 °C until

analyzed. Portions of the specimen that remain after analytical
aliquots are withdrawn should be refrozen at <20 °C. Samples
thawed and refrozen several times are not compromised. However,



care should be taken'if other analytes are to be analyzed in the
same sample. The cadmium analysis should be performed first
because of the high risk of contamination from repeated cpening of,
dispensing from, and closing of a sample tube or vial.

4. Principle of measurement
Cadmium is measured in urine by atomic absorption spectrometry by
using a modification of the method described by Pruszkowska, et al (1).
Quantification is based on the measurement of light absorbed at 228.8 nm
by ground state atoms of cadmium from either a cadmium electrodeless
discharge lamp (EDL) or from a hollow-cathode lamp (HCL) source. Urine
samples, human urine quality control pools, and aqueous standards are
diluted with a matrix modifier (nitric acid, Triton X-100, and ammonium
phosphate). The cadmium content is determined by using a Perkin-Elmer
Model 3030 atomic absorption spectrophotometer with Zeeman
background correction. Cadmium contamination must be carefully
avoided throughout all procedures. All materials used for collecting and
processing specimens are screened for possible cadmium contamination.
All processing work is performed under clean conditions, including
{aminar flow hoods.
5. Instrumentation
a. Perkin-Eimer (Norwalk, CT) model 3030 atomic absorption
spectrophotometer with Zeeman background correction, including
HGA 600 furnace, cadmium source lamp, EDL Power Supply (if EDL
sources are to be used), A$-60 Autosampler, Model 100 printer and

UYV starter source. e Wi eam
Parameter Setting
Wavelength 228.8 nm
HCL Current” | 8 mA
EDL Power Supply W

. EDL Mode continuous
Dosm 0.7 nm (low)
h 5’9‘!!’ Mbdo . Peak Area

'Onlyancfowcc:sused.

 Furnace Temperature Program

Step ' Temperature Ramp Hold Gas Flow
o . (degrees C) (sec) . (sec) (mi/min)
oe 15087 5 35 300 “
Char 650 5 20 300



Atomize
Burnout
Cool

2100 1 S 0
2600 1 2 300
20 1 4 300

The program for the atomize step includes instructions for the instrument to
turn on the Zeeman magnet at the beginning of the step (Read) and to activate
the record function (Recorder) during the step.

‘Dry and Char temperatures and hold time may vary with different graphite
tube and platform combinations.

e

g-
h.

6. Materials
a.

b.

an

LoF o ¥
RS

Micromedic Digitlex Automatic pipet equipped with 2000-uL
dispensing syringe and 2000-uL and 200-ulL sampling syringes
(Micromedic Systems, Inc., Horsham, PA).

Mettler PL 200 top-loading balance (Mettler Instrument Corp.,
Hightstown, NJ).

Mill-Q water purification system (Millipore Corporation, Bedford,
MA).

Vortex-Genie vortex mixer (Fisher Sc:enttﬂc)

Eppendort fixed-volume micropipets: 1000, 500, 250, 200, 50, and
40-uL volumes (Brinkmann Instruments, Inc., Westbury, NY).
Magnetic stirrer (Corning Glass Works, Corning, NY) and stirring
bars (Fisher Scientific).

Oxford automnatic Dispensor (Monoject Scientific, St. Louis, MO).

Stock solution of cadmium: either NBS SRM 3108 or SAM 2121-1,
both 10,000 mg/L, (National Bureau of Standards, Washington, DC).
Redistilled concentrated nitric acid (G. Frederick Smith Chemical
Co., Columbus, OH).

Triton X-100 (Fisher Scientific, Fairlawn, NJ)

Ammonium phosphate, dibasic (“Baker Analyzed~, J.T. Baker
Chemical Co., - or any source found to be low in cadmium
contamination).

Ultrapure water (from the Milll-Q water purification system).

- Argon, 99.996% purity (supplied as a compressed gas by Holox or

other contract agency) equipped with approved gas regulator
(Matheson Gas Products, Secaucus, NJ).

NBS SRM 2670, trace elements in urine (elevated) (National Bureau
of Standards, Washington, DC). This is to be run periodically to
verify accuracy.

Bench and blind human urine quality control pools including a base
pool and pools spcked with "high-normai”™ and high levels of
cadmium.
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Pyrolytic graphite tubes, solid pyrolytic graphite L'vov platforms,
insertion and alignment tools, and graphite contact rings
(Perkin-Eimer).

Small plastic weighing boats (Scientific Products, McGaw Park, iL).
Metal-free pipet tips: 1-100 uL and 1-1000 uL sizes (Bio-Rad
Laboratories, Richmond, CA).

Acid-cleaned volumetric flasks (1000, 100, and 10-mL volumes).
The glassware is scaked in a soapy solution for at least 24 hours,
rinsed, soaked in 25% nitric acid for 48 hours, rinsed with uitrapure
water, and dried under clean conditions.

Conical-bottom 2-mL polystyrene autosampler cups (Lancer, St.
Louis, MO).

Polystyrene 15-mL conical centrifuge tubes with polyethylene seal
(Falcon 2099 Tubes, Becton-Dickinson, Oxnard, CA).

Floppy disks for storage of analytical software and methods (Maxell
Corporation of America, Moonachie, NJ).

Kay-Dry paper towels and Kim-Wipe tissues (Kimberly-Clark Corp.,
Roswell, GA).

Cotton swabs (Hardwood Products Co., Guilford, Maine).
Dehydrated alcohol, USP (Midwest Grain Products of lllinois, Pekin,
IL).

Metal-free disposable gloves (Oak Technical Inc., Ravenna, OH).
Biohazard autoclave bags (Curtin Matheson Scientific, Inc.)

Bleach (10% sodium hypochiorite solution).

Polypropylene screw-cap 6-mL vials (Packard Co., Chicago, IL).
Mode! 100 printer ribbons (Perkin-Eimer).

7. Reagent Preparation

a’

b.

Before using any disposable pipet tip, first rinse it with 1% nitric
acid by drawing up the volume of acid into the tip and then
dispensing it into the sink or a waste beaker.

,8:10% (v/v) Triton X-100

- i yglng,gqtgopcp ort pipst, dilute 1 mL of Triton X-100 in
4y BRProximately 990 mL of ultrapure water in an acid-cleaned

",”i

4

F1E)

olumctﬂc ﬂask and mix well using a stirring bar and stirring plate.

) :: omavgﬁ?c sﬂrring bar ‘before bringing the flask to volume. Store
roor.

m femperaturs arid p’repam as needed.
nitric acid
'Using an Eppendort plpet, add 2 mL of redistilled concentrated
_nitric acid to 200 mL of ultrapure water in a clean plastic wash
ggtglgjanq_‘m!x wcll Using an Eppendort pipet, add 1 mL of

wredlst!ﬁ cqncqntntcd nitric acid to 100 mL of ultrapure water In
- gnot;mr ean glq,ftlc botl!o and mix well. Store at room temperature

and progpn as needéd.
"' Matrix Modifler (2% (v/v) nitric acld 0.001% (vv) Triton X-100, and



0.25% (w/v) ammonium phosphate)

Using Eppendort pipets, dilute 2 mL redistilled concentrated nitric
acid, and 1 mL 0.10% Triton X-100 in approximately 75 mL ultrapure
water in an acid-cleaned 100-mL volumetric flask. Add 0.25 g of
dibasic ammonium phosphate to the flask by washing down the
weighing boat with uitrapure water delivered from a wash bottle.
Bring the soiution to volume with ultrapure water. After
preparation, this soiution should be checked for contamination and
discarded if an absorbance value greater than 0.01 Abs-sec is
observed for the water-matrix modifier blank. Store at room
temperature and prepare daily in a flask dedicated to this solution.

8. Standards Preparations

( flg/’-)

L oeskho

1diss

a.

T

1000 mg/L stock cadmium standard
Dilute 1.00 mL NBS SAM 2121-1 (delivered using either an

Eppendort pipet or the Micromedic Digifiex) to 10 mL with uitrapure
water in an acid-cleaned volumetric flask. Store at room
temperature and prepare every six months in a flask dedicated to
this solution.

10 mg/l stock cadmium standard

Using either an Eppendort pipet or the Micromedic Digifiex, dilute .
1.00 mL of the 1000 mg/L stock cadmium standard to 100 mL with
ultrapure water in an acid-cleaned volumetric flask. Store at room
temperature and prepare monthly in a flask dedicated to this
solution.

1_mg/L _intermediate cadmium standard -

Using either an Eppendort pipet or the Micromedlc Digitiex, dilute 1
mL of the 10 mg/L stock cadmium standard to 10 mL with uitrapure
water in an acid-cleaned volumetric flask. Store at room
temperature and prepare daily in a flask dedicated to this solution.
Working cadmium standards

Using the Micromedic Digiflex, transfer the following volumes of
Intermediate standard to 10-mL volumetric flasks and dilute to
volume with ultrapure water:

intermediate Stock  Working Standard Concentration Sample

P | (uL)

LN

A

Y
f

125 12.5 ~
. AQEG e . 2800
s00° . 50.0 A
. 780 . 75.0

AN~



Store at room temperature and prepare daily in flasks dedicated to
these solutions.

e. Calibration standards
1.Prepare 8 mL twofold diluted (1+1) matrix modifier by mixing 4 m_L of
uitrapure water (delivered using an Eppendort pipet) and 4 mL of matrix
mcdifier (delivered using an Eppendort pipet) in a 15-mL polystyrene
centrifuge tube and mix well.
2.Us‘ng an Eppendort pipet, dispense 20 ul of each of the cadmium
work:ng standards into separate autosampler cups.
3.Using an Eppendort pipet, add 500 ul of the diluted matrix modifier to
each cf these autosampler cups as well as to an empty cup (to be used
as a blank).
4.Place he blank in position 1 and the standards, in increasing order,
in positicns 2-5 on the autosampler tray.

9. Procedure
a. Preliminaries

1.(For information regarding the range of linearity and how to handle
results outside this range, refer to the Calculations section of this
document.)
2. Allow frozen urine specimens and quality control urinc specimens to”
reach ambient temperature and mix on a vortex mixer for 10 seconds.
3.While the s»ecimens are thawing, rinse enough autosampler cups for
an analytical .un with 1% nitric acid delivered from a wash bottle. Drain

- the cups upsicedown on Kay-Ory paper towels. - -
4.Before using 1ny disposable pipet tip, first rinse it with 1% nitnc acid
by drawing up the volume of acid into the tip and then dispensing it
Into the sink or a waste beaker. Before using any plastic container,
rinse it with 1% nitric acid dellvered from a wash bottle.

b. Sample preparation
" 1.When the SRM 2670 is to be used for a quality control specimen, it
U iy st first- B UGt d fEiTdid (1+9). Using Eppendort pipets, pipet 100
v gl of the ' SAM Mito arP$fosampler cup: - Add 900 ul of ultrapure water.
It iee this dilaf¥ urine % s quality control specimen.
AN eitherThé MiCromedic Digifiex or an Eppendort pipet, dilute the
R deifnens RN CUmMreTs twofold {1+1) with the matrix modifier soiution
¥ ?” g Mduﬂaf(déﬁnpkréuos. Uscmm. of specimen and 250 uL of
Tt “matrix modMer. - - <i¥ he
~3.Place the autosampler cups contamlng the specimens /n positions 7
s o and following,-witft tive céntroils first; on the autosampter tray. Fill an
memptyad{&s%pm ‘supivith ulfrapure water and place It in position 6.
i 4. NOTE? R Is-portint-to hive the safite concentration of matrix
AR %*‘n’mm in both the stardards and in the specimens (cantrals and

N
.



unknowns). -

Instrument setup for the Model 3030 and AS-60.

1.Turn on the argon gas (40 psi).

2.Turn on the cooling water supply.

3.Turn on the HGA 600 furnace.

4.Install a source lamp in position on the turret.

5.Turn on the spectrophotometer (Zeemarn/3030). After the software has
automatically loaded (the element selection page will come up on the
screen), press the PRINT key on the keyboard. The red light beside the
key will illuminate.

6.Turn on the PR 100 printer.

7.Turn on the source lamp.

If using an EDL, turn on the EDL power supply: Turn up the power to
three-quarters of maximum and wait for the EDL to spontaneously light.
(If the lamp does not light, remove it from the turret and exposs it to
the UV starter source until it lights and returns to its position in the
turret.) After the lamp lights, run the power at a high level momentarily,
then turn it down to the recommended wattage.lf using a HCL, the 3030
software will light the lamp as part of setup.

8.In the SETUP mode, dial in the wavelength until the bar graph on the
screen indicates a maximum. [t may be necessary to press the GAIN
key to bring the bar graph to approximately 50% (pressing the GAIN
key will either increase or decrease the energy automatically)

After the Jamp has warmed up for about 20 minutes and while still in
the SET UP mode, use the knobs on the lamp holder, twist the lamp in
the holder, and move it back and forth (without clamping on the black -
end piece of the lamp) to optimize the lamp position. This procedure
may aiso require use of the GAIN key.

9.Press the USER INDEX key and look up the number of the method for
cadmium. Type in the method number and press the RECALL key.
10.Enter the Programing Mode by pressing the PROG key. Check the
Instrument parameters indicated on this page of the screen. Update, if
necessary. An example of the Instrument page is attached.

11.Press the PROG key again to get to the HGA 600 page. Check the
HGA 600 parameters and update if necessary. An example is attached.
12.Press the PROG key again to get to the Autosampler page. Check
- the parameters and update if necessary. An example is attached.

=1 3dnstall a new graphite tube and platform after 200 firings (about two

full-days’ -anaiyses). Open furnace by pressing the FURNACE key on
the HGA 600. Install a L'vov platform in the furnace using the insertion
tool. Make sure that the platform is properly seated in the tube by

-»:~jyolding the tube on end and gently tapping it on a hard surface. If it

« falis out,seinsert using more pressure. Install the tube in the furnace
“with the piatform at the bottomn of the tube. Use the alignment tool
-inserted in the sample port while pressing the FURNACE key again to



close the furnace. After the furnace closes, press the furnace together
to insure that it has properly closed.
14.Check the quartz windows of the furnace to make sure that they are
clean. If there is evidence of sample spattering on the windows,
remove the windows and clean using a cotton swab soaked in
denatured alcohol. Wipe dry with a soft tissue (Kim-Wipe) and caretully
reinstall.
15.Press the CONT key to enter the Continuous Mode. Press the AS
STANDBY soft key; the arm of the autosampler will lift out of the wash
cup. Check the alignment of the sampling tip by manually moving the
arm to the sample port. If the alignment needs adjustment, uniock the
autosampler base by turning the knob on the center front of the base.
The knobs on the back left side and front left then can be used to move
the base to the necessary position. Lock the base in place with the
center front knob. Move the mirror down so that the tip can be
observed. Check the depth of the autosampler tip in the graphite tube.
Use the front adjustrnent knob to the right of the sampling arm to raise
or lower the tip as necessary. Move the mirror back to the upright
position.
16.Press the AS HOME soft key. The sampllng arm will return to its
position in the wash cup and flush for several seconds.
17.Condition the graphite tube: Press the RUN key. Type in the
following temperatures, pressing the MANUAL TEMP soft key after each
entry and waiting for about 5 seconds. Press the MANUAL TEMP again
to turn off the furnace. Wait about 10 seconds before typing In the next
temperature.
1000 °C
1500°C
2000 °C
2400 °C
2650°C
18.Press the RUN key. - —
« 19.Press the CHECK soft-key. o
m e the o ':vcmm- dry: step.gt-ihe fusmnace program: {ype. 1 then press the
Conestae oy ANNUALs POSFTION soft:key. -Lewer the mirror and observe the sample
g 3 T tieeleitrdeposits the semnple oa.the platfonm. Continue to observe as
CTANEL M dres. -(Retyrm:the migor ta upright, aut of the light path,
Lt ad mpk dries.) Bress MAMUAL,POSMON soft key again to
S “Resp the sutcsampler.from sampling from this cup indefinitely. (The
e v system will run-through the cycia.twice:) -The.drying should be
. complete 5-10 seconds. before the.char step begins. If it Is dry sooner,
220 cLidectesse:the hold: time ofii diy step appropriately. If it Is not dry in
.o Surses tme; dweloptions-ark available, The-temperature.of the dry step may be
' wer e jmeressed-or the hold time may.be incressed. ..Use the Iatter only if
- woime s wooriptreasing the temperaturs will cause the sample to boil and splatter
during the dry step. .



21.lf the parameters in the dry step need to be changed, press the
PROG key twice to get to the HGA 600 page. Change the parameters
as necessary.

22.Continue to check the dry step as in 20 until a successtul step is
observed.

23.When the appropriate dry temperature is determined (aven if it is the
one already in the program), make sure that the blank is low (less than
0.01 Abs-sec.

Operation
1.in the RUN mode, press the SAMPLER ON/OFF soft key to begin a
run.
2.The Model 3030 will first run the calibration curve and then the quality
control materials. Check that the quality control materials are within
the specified limits.
3.if the values observed for this analytical run are In control, proceed
with the analysis of the diluted urine specimens. (Refer to the Quality
Control System section of this document for criteria.)
4.Turn off the system in reverse order.
Note: when turning off the EDL power supply, first
turn off the power switch. When the power indicator
decreases to zero, turn off the variable power knob,

Recording of Data:

1.Quality Control Data

Use the "HANES LABORATORY URINE CADMIUM STANDARD AND
QUALITY CONTROL REPORTING SHEET™ to record this data. This
reporting sheet has self-explanatory blanks for the standard
absorbance data, the linear regression Information, and the quality
control pool resuits. Prepare this form in duplicate, using carbon paper.
2.Analytical Resuits

Use the "NHANES Ill ANALYTICAL WORKSHEET™ to record the
specimen results. These have been prepared with a list of the sample
IDs for each preracked run. Record the resuits for urine cadmium in
ng/mi. If a result is below the detection limit of the method, write "ND"
(for nondetectable) in the blank. If a sample Is missing from the rack,
‘WHI"NOSAX"™ in the biank. If a sample is not satisfactory, l.e. cannot
B¥ analyzed, write "UNSAX™ in the blank. Prepare these forms in
duplicate, using carbon psper.

For samples that are repeated, use an additional report sheet (the
"NHANES Illl REPEAT WORKSHEEI") Prepare in duplicste using

. Lemrbon paper. - -

‘3i/Give all fofivs to the supérvisor along with the hard copy of the data
printout from the Zeeman 3030 and the hard copy of the printout
obtained from running "URINCAD". After the supervisor checks the



data, the carbon copies and data printouts will be returned for filing in
a@ notebook, The supervisor will keep the original copies of the
reporting sheets.

4.Use the "QC” program in the HANES library of ROSCOE to enter the
quality control data. This should be updated regularly.

f. Replacement and periodic maintenance of key components
1.Source lamp: a spare source lamp should be available. Order another
if the spare is used for replacement.
2.Printer ribbon: a supply of printer ribbons shouild be on hand. Order
more when the last is installed.
3.Graphite tubes and pyrolytic platforms: at least three months’ supply
should be kept on hand. Order more when the inventory falls below
this quantity.
4.Graphite contact rings: approximately every six months, the graphite
contact rings of the fumace housing will need replacement. Indications
that this procedure needs to be performed are an apparent loss of
temperature control (frequent adfustments to the dry temperature that
are not relieved by reseating the platform in the graphite tube) or
sounding of the alarm by the instrument indicating a problem with the
tube. |t is useful to maintain a log book to help keep track of when
these relacements occur.
5.The sampling tip of the autosampler will need to be repositioned and
trimmed every few woeks, depending on how the dispensing is
proceeding.

10. Calculations
a. NOTE: the program used next will correct for the dilution discrepancy
between the standard blank and the sp:kad standards using the dilution
. factor 1.04. ~
b. The method described m is linear up to 6 ng/mL. (The NBS SRM 2670
.- will routinely be sbove this level, but turther ditition of the urine matrix to
*mmg the valbe ntdirange is hot recoiiifeiided:)” Above' this level, the
“ caitbrethémcurve beging to take on some curvittire and finear regression
.~ v Shoulg not be used for calibration. MO#t of thaSpacimens encountered in
- mmmas-mm be well below-this 6 ng/mL. if Wiey are not, they should be
-~ handled as described balow in 10.e. “Use the iiheer regression program in
ROSCOE ("URINCAD") to caiculate the caiibration curve and the specimen
-concentrations. * Eritér thé water biarik (frém podition 6 on the autosampler
tray) as a specimen. The linear regression program generates siopes,
.ne_Intercegts,. correlation coeftficients, standardized residuals, and plotted and

Sy »ahcﬂtnd:curvc& The comrelation coefficiént, ', tér ésch curvd should be 0.995

- w4 é OF better. For optimum sensitivity, slopjishéﬁldbomn than 0.05 and
.-« dntercepts should-be leés than 0.02 - -7 . 5



11.
a.

Repeat a specimen analysis when duplicate integrated absorbance or
concentration values differ by more than about 0.015 Abs-sec or 0.3 ng/mL,
respectively. Reanalyze specimens containing more than 2.5 ng/mL
cadmium for confirmation (2,3).

If a survey specimen has more than 6 ng/mL cadmium, it should be
reanalyzed at a higher dilution because this value is outside the linear
range of the method. Also, some urine specimens may have a particularly
difficult matrix due to dissolved solids such as phosphates. This will be
manifested by very poor precision in the integrated absorbance of the
analyte and/or by background absorbance greater than 1.0 abs-sec.
Samples to be reanalyzed for these reasons should be diluted twofold with
uitrapure water. Dilute the urine 1+1 with ultrapure water (250 ul of urine
and 250 uL of uitrapure water). Use this diluted specimen as the sample
for dilution with matrix modifier (proceed as in section 6.c.2). Since the
program URINCAD uses a dilution factor of 2, the results for samples
which have been diluted in this way must be multiplied by 2 (for an
effective dilution factor of 4). On occasion, the diluted specimen will need
further dilution for the same reasons described above. If the 1+1 dilution is
not high enough, use a 1+4 dliution (100 ulL of urine and 400 uL of
ultrapure water) and proceed as above. In this case, an additional dilution
factor of 5§ must be applied after the URINCAD program has been run (for
an ettective dilution factor of 10).

The detection limit, based on three times the standard deviation of ten
repeat determinations (4) of a urine containing a low concentration of
cadmium, is 0.07 ug/L. Resuits below the detection limit are reported as
nondetectable (use 0.01 ug/L for reporting). If one of the two replicates is
lower than the detection limit, then the specimen should be reported as
nondetectable, even if the average of the two replicates is > 0.07 ug/L.
Analysis of specimens with nondetectable cadmium should be repeated,
preferably in a separate run. If the repeat analysis determines that there is
detectable cadmium (it may be just above 0.07 ug/L), and if the specimen
required dilution the additional dilution factor may result in a value much
higher than the first analysis of this specimen. So that this sample Is not
mistaken as contamninated indicate on the repeat run sheet that the sample
was diluted because of @ matrix interference by placing “(M)" beside the
repeat result

Matrix modifier:is added as part of the standard and specimen preparation
procedure rather than by separate autosampler addition to save time
during the analytical run.

The plasticware Is not dried in an oven. We obtained a low anaiytical blank
by rinsing the pipet tips; autosampiler cups, and other plasticware with 1%
nitric acid immediately prior to use. There is no dilution of the reagents or
specimens because the rinsing solution successtully drains from the
surfaces.



¢. Agqueous calibration standards are used with no attempt to matrix-match
the standards to the specimens because this technique was found to be
accurate. The slopes of urine and aqueous calibration curves are not
significantly different. This is also why we can analyze “difficult” matrices
(see 10.e.) at a higher dilution using the same calibration curve used for
less diluted samples. The same amount of matrix modifier is present in all
samples, no matter what the dilution used.

d. A twoftold (1+1) dilution of urine specimens and controls is used rather
than a fivefold (1+4) dilution for improved sensitivity. A higher dilution is
used for sampies with problem matrices; the infrequency of these types of
samples does not justify using a higher dilution for all of the specimens.

e. Triton X-100 Is added to the matrix modifier to improve the precision ot the
autosampler dispensing as well as the "wetting” of the platform by the
sample (5).

f. Maximum power mode is not used for atomization. A one-second ramp
works well for elements such as cadmium because it allows for the analyte
to be atomized before the majority of the background is burned off the
platform.

12. Quality Controf System
The method described in this protocol has been used for several years in the
Nutritional Biochemistry Branch for environmental and occupational heaith
studies. The method has proven to be accurate, precise, and reliable. The
Instrumentation used is "state-of-the-art”.. The primary standard used Is a NBS
SRM. Estimates of imprecision can be generated from long-term quality
control pool results.

Two types of quality control systems are used in this analytical method. These
two systems are: (1) "bench” quality control specimens that are inserted by the
analyst two times in each analytical run (a set of consecutive assays
performed without interruption) so that jJudgements may be made on the day of
analysis and (2) "biind” quality control samples that are placed In vials,
labelled, and processed so that they are indistingtishable from the subject
‘Samples? ‘PHé r8$uNs of the BIM& $pecimers are-détlited Sntd reviewed by the
superviSdfr® Wiir Bt systems, all lavels of cadmiliffi concantration are
assessediBy taking thess samples through the cdmplets analytical process.
The datf NOA tHad& miterfals are then used in estimating methodological
imprecision and In assessing the magnitude of any time-assoclated trends.
I o4 2 PR ORal Sl L R A P
Two levifs of blind quality control pools are used: THese p8ols are prepared
In sutficient quantity to last throughout the survey. The levels chosen are in
the "low-nermal” (approximately 1 ng/mL) and “high-normal” (approximately 5
 ng/mL) rstige so as not to be obvious to the analyst. The pools are prepared
in the sinieé 'way as the bench pools, but they are dispensed in vials identical
to those Used in the fleld for NHANES subject samples, labelled with



psudoparticipant numbers corresponding to each geographical location of the
survey, and stored at <20 °C. At least one blind sample is randomiy
incorporated with every 20 NHANES samples and analyzed according to the
method protocol.

The bench quality control pools comprise three levels of concentration

spanning the “low-normal”, "normal”, and high (at the Worild Healith
Organization heaith-based biological limit) ranges for cadmium.

Reference materials (urine products with certified values assigned by
Independent reference methods) are used periodically as a check of accuracy.
NBS SAM 2670 should be analyzed once a week for this purpose. If the stock
of this material becomes low, another should be ordered in time to analyze it
concurrently with the quality control materials currently in use so that a bridge
may be formed between the materials. If the material ordered from NBS is of
the same lot, a full characterization is not necessary. However, there should
be some overiap between the old and new stocks.

Quality control limits are established for each pool. An analysis of variance
(ANOVA) is performed for each pool after twenty characterization runs have
been performed in which previously characterized NBS SRM and bench quality
control pools are used for evaluation. In addition to providing quality control
limits, the characterization runs also serve to establish homogeneity of the
pools. Once the homogeneity of the bench and blind materials has been
established, it is useful to have them analyzed by another independent
reference method, e.g. IDMS.

Precision and Accuracy: (SEE ATTACHED TABLE)

After the standards and bench quality control materials are analyzed (at the
beginning of an analytical run), the long-term quality control charts for each
control material are consulted to determine if the system Is “In control”. Two
types of charts are used. The first chart plots the means of the duplicate
determinations and compares them to the 95% and 99% confidence limits as
well as to the center line (the overall mean of the characterization runs). The
system is out of control Iif any af the following events occur for any one of the
quality control materiais:
1. The mean from a single run falls outside the 99% confidence Ilimits.
2. The means from two successive runs fall either above or below the
95% confidence limits.
3. The means from eight successive runs fall either all above or all below
the center line.

The second type of quality control chart plots the range of the duplicate
determinations and compares them to the 95% and 99% limits as well as to the
center line. The system is out of control if any of the following events occurs
for any one of the qualily control materials:



1. The range from a single-run falls above the 99% limit.
2. The ranges from two successive runs fall above the 95% limit.
3. The ranges from eight successive runs fall above the center line.

If the run is declared "out of control”, the system (instrument, calibration
standards, etc.) is investigated to determine the root of the problem before any
analysis of specimens occurs.

.

13. Preparation of Quality Control Materials
Urine is collected from "normal” laboratory workers in sterile collection
containers. It is pooled in acid-cleaned glassware and kept at 4 C. The leve/
of cadmium in this base pool is evaluated using the analytical method
described above. The urine is then clean-filtered in a stack system using the
following filter sizes: 0.22, 0.30, 0.45, 0.65, 0.80, 1.20, 3.00 u, and a prefiiter.
After filtering, the urine is preserved with nitric acid at a concentration of 1%.
The aciditied urine is mixed well by stirring on a magnetic stirrer for several
hours. The acidification process causes the urine to become cloudy from
precipitation of proteins. Previous experience in this laboratory has shown
further filtering to be ineffective. The base pool so prepared is divided into
three portions. The first Is kept as is. The other two are spiked to higher
levels. The concentration of cadmium added depends upon the concentration
of the base pool determined above. The target values for these two spiked
pools are a mid-range "normal” value (assuming that the concentration of the
base pool is in the "low-normal” range), and 5.0 ng/mL (the WHO heaith-based
biological limit value (6)). Spiking Is accomplished by the addition of NBS SRM
2126-1 and mixing on a magnetic stirrer for several hours.. Before dispensing
the pools, the levels are again evaluated using the analytical method described
above.

Bench quality control pools are dispensed into 6~mL polypropylene
screw-capped vials that have been previously screened for cadmium
contamination. Dispensing is accomplished using an Oxford dispensor.
(NOTE: The glassware and tubing of the dispensor are cleaned before use
using 1% nitric acid followed by uitrapure water.) Into each prelsbelied visl,
2.5 mL of the urine are-dispensed and the vials are capped. Twenty vials are
selected at random from each pool for characterization of the quality control
limits before tive pools are frozen at <20°C.

Two levels of biind quality controi poois are prepared and similarly dispensed
except that vials and labels identical to NHANES specimen vials are used.

. "
14. Reference Ranges :
‘a. WHO recommendations i

The World Healith Organization has recommended 10 ug Cd/g creatinine as



c.

15.

the critical level for cadmium in urine. A vaiue of 5 ug Cd/g creatlmne has
been considered the health-based biological limit (6).

Other references

Ewers, et al (7) proposed 2 ug Cd/g creatinine as the upper normal limit of
cadmium in urine.

CDC experience

The results of the first pilot study from NHANES /il ranged from 0.05-3.0 ng
mL with a 95% range of 0.1-1.6 ng/mL. A total of 399 specimens were
analyzed.

Special Method Notes
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TABLE 3. BIOMEDICAL TESTS (SERUM)

Test

Reference range

AST (SGOT)

ALT (SGPPH
GGT

AP

Alburin

Cholesterol*

Glucose*

Total protein

Creatinine

BUN ‘
Electrdytes
Sodium
~ Potassium
Chioride -

0-6 mo
7-12 mo
1-5yr
6-10 yr
> 10 yr

Male
Female

0-19
20-60
> 60

Aduit

Pediatric
< S50yr
250 yr
Newbom
<2yr
22yr

Male
Female

0-120 IU/L
0-110 IU/L
C-75 U/l
0-60 1U/L
0-50 UL

0-50 IULL

0-65 IUNL
0-45 IUL

40-300 UL
20-125 UL
20-150 UL

3.5-5.5 g/dL

Desirable < 200 mg/dL
Borderiine—high 200-239 mg/dL
High 2 240 mg/dL
Not established

60-115 mg/dL
60-125 mg/dL

4672 g/dL
5.7-82 g/dL
6.0-8.5 g/dL

0.2-0.7 mg/dL
0.3-0.9 mg/dL

7-26 pg/dL

© 135-148 mEgQ/L

3.5-5.5 mEqlL
94-109 mEg/L

I. »
* These tests may be eliminated due to fasting requirements.

5 1 I
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TABLE 4. ROUTINE BLOOD AND URINE TESTS

Specimen Test

Blood CBC to include:
Hemogiobin and hematocrit
White blood cell count and 5-part differentials*
Red blood cell count, indices, and morphology
Platelet estimate and reticulocyte count

Urine Chemical urinalysis (routine dipstick)

Microscopic urinalysis
Osmolarity/specific gravity

* Two blood slides may be prepared for manual determination
of differential.

3.5 QA/QC REQUIREMENTS

The on-site personnel will generate and analyze quality control specimens for
the biomedical tests and routine blood and urine tests. "Blind® controis will be
obtained from Baxter Scientific Products as foliows:

Biomedical Tests—a lyophilized, assayed chemistry control serum (in the normal
and abnormal ranges) will be used.

Urinalysis—human urine controls (in the normal, high abnormal, and low
abnormal ranges) for physical, chemical (test strips), and microscopic
examination will be used.

CBC-hematology controls (in the normal, high abnormal, and low abnormal
ranges) will be used.

Controls will be included at the rate of 15% of field specimens in each batch
submitted to Roche and the local hospital laboratories for analysis.

Standard laboratory QA/QC procedures and guidelines will be appiied to
ensure that specimen integrity will be maintained throughout collection, preparation,
storage, and transport These include:

. Training of personnel by MRI in the procedures incorporated into the

specimen collection and shipping protocol to be supplied by ATSDR. A
copy of the protocol will be available at each collection site for reference.
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