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ABSTRACT

A cross-sectional study was performed to estimate the nutritional status of Korean male lead workers and to assess the relationship
between calcium nutritional status and blood lead levels. A food consumption survey was conducted by the 24-hr recall method with
118 lead workers and 63 non-lead exposed controls. Blood lead levels were analyzed from whole blood and serum calcium
concentrations were also assessed.. Results of dietary analysis showed Korean lead workers consumed relatively sufficient nutrients
(more than 75% of RDA) except calcium. Mean dietary calcium intake of lead workers was 502.2mg(72% of RDA) while that of the
non-lead workers was estimated as 600.8mg(86% of RDA). Intakes of protein, iron, niacin and vitamin C of lead workers were
significantly lower than those of non-lead workers. There was a wide range of blood lead levels(5.5 to 73.5ug/dl) observed while
mean blood lead level of lead workers was 30.9pg/dl. However, 98% of lead workers showed normal serum calcium concentrations
(range ; 8.9 to 10.7mg/dl, mean ; 9.77mg/dl) while 66% of lead workers were estimated to intake a dietary calcium lower than 75%
of RDA. Mean blood léad levels of non-lcad workers were significantly lower(mean ; 5.1pg/dl, p < 0.001) and the serum calcium
concentration was significantly higher(mean ; 10.20mg/dl, p < 0.001) than lead workers. Results of unad]usted correlation showed
that serum calcium level and dietary calcium intake were negatively correlated with blood lead concentration. In a multiple regression
of blood lead levels with variables known as affecting blood lead level such as age, body mass index and occupational lead exposure,
serum calcium was insignificant while dietary calcium intake showed statistically significant(p < 0.05) relation. Since calcium is a very
important nutrient to reduce hazardous effects of lead, it should be strongly recommended that lead workers need to increase dietary
calcium intake. (J Community Nutrition 3(2) : 96~102, 2001)
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ates Environmental Protection Agency 1998). Among

many nutritional factors or food components, the ef-
fects of calcium on lead toxicity have been explored
for several decades(Bogden et al. 1997 ; Mahaffey et

Introduction

During the last few decades, the prevalence of high

blood lead incidences appears to have declined. How-
ever, much concern still remains relatively high in oc-
cupational lead exposure regarding the toxicological
implications of lead exposure. Various means of el-
iminating treatment and prevention of occupational
and environmental exposure to lead have been looked
at intensively, including examination of nutritional in-
fluences(World Health Organization 1995 ; United St-
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al. 1986 ; Stephens & Waldron 1975). More lead is
absorbed from the gastrointestinal(GI) tract and cau-
ses more toxic effects in the cases of calcium-deficient
animals(Bogden et al. 1992 1978 ;
Quarterman et al. 1975) as well as human subjects
(Heard et al. 1983 : Ziegler et al. 1978). Most occu-
pational lead exposures, however, are mainly through

Barton et al.

dust or fumes, so the route of exposure is the pul-
monary organ rather than GI tract(Agency for toxic
substances and discase registry 1997). Studies on the
nutrition effects on lead toxicity with the different
route of lead exposure, besides GI tract, have not
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been reported yet. There is a need to evaluate the cal-
cium intake of Korean lead workers by assessing the
amount of dietary intake and to ascertain whether the
amount of dietary calcium intake could modify blood
lead levels even when the route of exposure is not GI
tract.

The purpose of the study was to estimate the nu-
tritional status and to identify the relationship among
the dietary calcium intake, serum calcium level and
blood lead level in male Korean lead workers. The
study is aimed only to male subjects since men are usu-
ally less familiar with nutritional information than wom-
en in Korean society as well as there are more men
than women in lead-handling industries. The specific
research purposes are to assess the actual nutrient in-
take levels for Korean male lead workers, to investigate
the differences in blood lead levels and calcium intakes
of lead workers and non-lead workers and to evaluate
the associations of blood lead levels and serum calcium
or dietary calcium intake. With the finding of the
study, the eventual goal was to establish the dietary
guidelines that can be recommended for the workers

with occupational exposure to lead.

Materials and Methods

1. Subjects

A convenience sample of 118 male lead workers
who have received mandatory special health examina-
tions by the Institute of Industrial Medicine at Soon-
chunhyang University were recruited from two site-
visit examinations at different lead-using facilities. Six-
ty three subjects without occupational lead exposure
were recruited from among those visited Soonchunhyang
University Hospital at Chonan for a mandatory an-
nual medical examination for non-lead using industry
workers. Participation was voluntary and all partici-
pants of the study provided written informed consent
before setting the interview schedule.

2. Data collection and analyses

Information about medical history, demographic
characteristics, cigarette smoking and alcohol drinking
habits were obtained through survey forms. All par-
ticipants heights and weights were measured and per-
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cent of body fat content was also measured by a port-
able bioelectrical impedance analyzer(TBF-501, Tan-
ita, Japan). Dietary intakes were assessed with a 24-
hour recall method by one to one interview with train-
ed interviewers. In order to obtain detailed descrip-
tions of all foods and beverages consumed and to es-
timate food portion sizes, food models, standard ho-
uschold measures and natural-sized colored photo-
graphs were used as memory aids. Food records were
converted to nutrient intakes by using the computeri-
zed nutrient analysis program(CAN-pro, Korean Nu-
trition Society, 1998). Evaluation of nutrient intake
was made in reference to the recommended daily al-
lowances for the Korean population(The Korean Nu-
trition Society, 2000).

Blood lead levels were analyzed by the Zeeman back-
ground-corrected flameless atomic absorption method
(graphite furnace) using Hitachi Z-8100(Hitachi, Japan)
at the Institute of Industrial Medicine, Soonchunhy-
ang University certified reference laboratory for lead
in Korea. Serum calcium levels were measured by the
spectro-photometric  procedure(TBA-40FR  biochem-

ical analyzer, Hitachi, Japan).

3. Statistical analysis

Data was entered and analyzed by SPSSWIN 10.0
program. Independent t-tests for general characteris-
tics, nutrients intakes, blood lead levels and serum cal-
cium concentrations between lead workers and non-
lead workers and Pearson’s correlations of elevated
blood lead levels with anthropometric, biochemical
and nutritional factors were also conducted.

To minimize extraneous error in estimating calcium
intake due to individual differences in total food in-
take and to reduce potential confounding by total
food intake, calcium intake was adjusted for total en-
ergy intake. The calorie-adjusted calcium intake for
cach individual was computed by taking the residual
from the regression model in which total caloric in-
take was the independent variable and the observed
calcium intake was the dependent variable, plus a con-
stant equal to the expected intake of calcium for the
mean caloric intake of the study population. As the re-
lationship between calcium and energy intakes was
non-linear, the regression model to calculate energy-
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adjusted calcium intake was performed in the natural
log scale to improve stability over the whole range of
calcium intake level(Willett 1990).

Multiple regression models were used to examine
the relation between calcium intake and serum cal-
cium concentration and blood lead levels, controlling
for non-nutrient variables, such as age, BMI and oc-
cupational lead exposure(group), which were suspect-
ed to confound the lead-calcium nutrition association.

Results

1

than 20 cigarettes per day among lead workers than
non-lead workers. The duration of smoking for non-
lead workers were longer than lead workers. The rate
of drinkers was lower in lead workers while more sub-
jects drink more frequently and consume more al-
cohol in lead workers than in non-lead workers.

Table 3 showed that the overall nutrients intakes of
lead workers in Korea were not as sufficient as non-
lead workers. However, most nutrient intakes of both

Table 2. Smoking and alcohol consumption characteristics of
the subjects

Non-lead workers Lead workers

Anthropometric characteristics and smoking and al- — (h =63 (h=118
. . . . Smoking(Cigarattes/day) frequency %  frequency %
cohol consumption habits of subjects are shown in
Table 1 and Table 2. There were no differences ob- N1029 <10 1;’ 2i; 4; 32;
served in subjects mean age, height, weight and BMI 10< <20 26 413 30 5.4
between non-lead workers and lead workers while the 20< 18 28.6 42 35.6
average percent of body fat contents of non-lead Smoking duration(years) frequency %  frequency %
workers was significantly higher(p < 0.01) than that 1< <10 4 6.3 17 14.4
of lead workers. The rate of non-smokers was higher 10< <20 20 317 32 27.1
, , 20< <30 20 317 21 17.8
in lead workers although more subjects smoked more 30< 4 6.3 4 14
Table 1. Anthropometric characteristics of the study subjects Alcohol(times/week) frequency %  frequency %
Non-lead workers  Lead workers None 10 159 27 22.9
" = 63) = 118) t-value 1-2 43 683 60 508
Agelyear) 40.8(7.4 38.3(10.2) 1.761 3-4 10 15.9 21 17.8
Height(cm) 169.8(4. ) 169.5(62)  0.298 Over 5 0 0 ? 7:6
Weight(g) 67.7(9.3) 65. 7( .6) 1.368 Alcohol(g/week) frequency %  frequency %
BMi(kg/m?) 23.5(2.9) 229032 1215 <90 20031733 280
Body fat(%) 24.6(5.9) 21 6( 3) 3578 90< <180 18 286 23 19.5
Values in parentheses are standard deviations 180 <360 10 159 22 18.6
*+ p < 0.001 360 < 5 7.9 12 10.2
Table 3. Mean daily nutrient intakes of the subjects
Nutrients Non-lead workers Lead workers
Intake % RDA Intake % RDA
Energy(kcal) 2234.0 (698.1 ) 91.0 2138.4 (612.4) 86.6
Protein(g) 89.3 ( 32.7) 128.1 78.0 ( 28.0 * 111.4
Fat(g) 57.2 (398) 51.3 (24.0)
Carbohydrate(g) 3229 (77.3) 3158 ( 84.4)
Calcium(mg) 600.8 (231.5) 85.8 502.2 (204.8 )** 71.7
Phosphorous(mg) 1286.8 (346.4) 183.8 11723 (386 8) 167.5
Iron(mg) 158 (14.5) 1314 11.7 ( 4 y* 97.5
Vitamin A(pgRE) 824.4 (462.1) 117.8 665.3 (779.3 ) 95.0
Vitamin B,(mg) 1.43( 0.93) 111.7 1.39( 0.56) 108.7
Vitamin B,(mg) 1.23( 0.54) 83.7 1.14( 0.56) 76.9
Niacin(mg) 19.6 ( 8.04) 118.2 15.3 ( 6.20)*** 91.7
Vitamin C 132.7 (667.0) 189.5 65.9 ( 35.6 )y*** 94 .1

Values in parentheses are standard deviations
*:p <005 *:p <0.01,**:p <0001
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non-lead and lead workers showed more than 75% of
RDA except that calcium intake of lead workers was
72% of RDA. Intakes of protein, calcium, iron, niacin
and vitamin C of the lead workers were significantly
lower than those of the non-lead workers.

Table 4 shows the average values of blood lead,
serum calcium concentrations and energy adjusted cal-
cium intake with percent of RDA values. Mean blood
lead levels of the non-lead workers were significantly
lower(mean ; 5.1pg/dl, p <C0.001) and the serum cal-
cium concentration was significantly higher(mean :
10.20mg/dl, p < 0.001) than lead workers. There was
a wide range of blood lead levels(5.5 to 73.5pg/dl)
observed while the mean blood lead level of lead
workers was 30.9pg/dl. When dietary calcium intake
was adjusted with energy intake values, calcium intakes
of both lead workers and non-lead workers were cal-
culated less than actual intake and showed a significant
(p < 0.001) difference, which was even greater than the
difference found in the actual calcium intake(p < 0.01).
Since serum calcium concentration is very tightly re-
gulated by physiological homeostasis, 99% of the lead
workers showed normal serum calcium levels(range :
8.9 to 10.7 mg/dl, mean ; 9.77mg/dl) while 59% of

the lead workers were estimated as dietary calcium in-
take lower than 75% of RDA(Fig. 1). Twenty percent
of the non-lead workers, however, were in a higher
than normal range of serum calcium concentration
while about 48% of the non-lead workers showed less
than 75% RDA of dietary calcium intake. When blood
lead level was categorized as high and low blood lead
levels by a level of 25pg/dl as a criteria, 100% of the
non-lead workers while 59% of the lead workers show-
ed low blood lead levels.

Unadjusted correlations of blood lead with different
variables are as in Table 5. Age and dietary calcium in-
takes, both actual intake values and energy adjusted
values were significantly associated with blood lead lev-
els with correlations above 0.15. Serum calcium con-
centration was negatively correlated with blood lead
concentration with a p-value less than 0.01.

Table 6 summarizes the results of multiple regressions
of blood lead levels against age, BMI, group, serum
calcium concentration and energy-adjusted dietary cal-
cium intake. Since the three general characteristics vari-
ables as a group accounted for 49.9% of blood lead lev-
el variations by themselves, the variables are added in
the regression to control for variations in blood lead

Table 4. Blood lead and serum calcium levels and energy adjusted dietary calcium intake of the subjects

Variables Non-lead workers Lead workers t
Blood lead(ug/dl) 5.07( 1.34) 30.88( 15.18) ~12.223%=
Serum Ca(mg/dl) 10.20( 0.33) 9.77( 0.35) 6.850***
Energy adjusted dietary Ca intake(mg) 573.28(203.18) 484.29(161.03) 3.263*+*
% RDA of energy adjusted Ca intake 81.9% 69.0%

Values in parentheses are standard deviations
*x o p < 0.001
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2 More than normal
Fig. 1. Diagrams to show the distri-
butions of blood lead levels, serum
calcium status and amount of dietary
calcium intake of the subjects ; Pb

Normal range

Less than normal

means blood lead levels ; normal
range for serum Ca is serum calcium
concentrations between 8.8 and 10.6
mg/dL ; normal range for Ca intake is
dietary calcium intake between 75%
of RDA and 100% of RDA.
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Table 5. Unadjusted correlation between blood lead level and
anthropometric, biochemical and nutritional factors of the total
subjects

Variables Correlation coefficient

Age 0.183*

Body mass index -0.101
Percent body fat -0.142
Serum calcium -0.372%*
Dietary calcium intake -0.171*
Energy adjusted calcium intake -0.189*

*:p <005 *:p <0.01

Table 6. Multiple regression results of blood lead levels against
serum calcium levels and energy-adjusted dietary calcium intakes

Variables R? beta t value p value

Model 1 0.499
Age 0.506 4,968 <0.001
BMI -0.343 -1.082 0.281
Lead exposure 26.706  11.457 <0.001

Model 2 0.513
Age 0.520 5.060 <0.001
BMI -0.380 -1.206 0.230
Lead exposure 25.351 9.551 <0.001
Serum Ca -1.198 -0.699 0.486
Energy-adjusted dietary calcium  -0.0238 -2.005  0.047

level due to general characteristics. Serum calcium and
dictary calcium intake account for an additional 1.4%
of the blood lead level variation. Blood lead levels are
high among the old age and lead industry workers
with high statistical significance(p < 0.001). The ef-
fect of energy-adjusted dietary calcium intake on
blood lead level is statistically significant at a con-
fidence level of 5%, whereas the effect of serum cal-
cium concentration is statistically insignificant unlike
the results from unadjusted correlation, due to the
control of variations caused by general characteristics.
One percent increase of dietary calcium intake tends
to decrease blood lead level by 0.006%.

Discussion

Most of subjects in the current study were in the
normal(99% of lead workers and 80% of non-lead
workers) or above normal(20% of non-lead workers)
range of serum calcium concentration. Although the
serum calcium concentrations were adequate, we
found the mean serum calcium concentrations were

significantly different between the lead and non-lead

workers. Because of the findings, we tested whether
the source of this significant difference came from the
significant difference in blood lead levels between lead
and non-lead workers. No significant relation was
found between serum calcium concentration and
blood lead levels(Table 6) although we observed a sig-
nificant inverse association between dietary calcium in-
take and blood lead levels.

In interpreting the results of the current cross-sec-
tional study, however, it should be taken into account
that the result may be subject to the following pos-
sible misclassification or measurement errors. Firstly,
as a tool to measure dietary calcium intake, one day
24-hour recall is certainly not perfect and may involve
considerable relative imprecision. In addition, because
blood lead is a biomarker of lead accumulation over a
certain period of time, a 24-hr recall data may not
properly provide information of dietary intake over
the time of interest. Nevertheless, it is unlikely that
the association we observed can be accounted for ful-
ly by the measurement error because the measure-
ment error, if it existed, generally biases the measured
association toward the null. The chances for technical
error or information bias are not high in this study.
Since most of the participants in the present study,
cither lead or non-lead industry workers, have been
participating in the meal plans provided by the com-
pany, it is unlikely that the subjects have altered their
diets. Also, the dietary nutrients intake was assessed
by a highly trained interviewer via one to one inter-
views with various tools that can make up for the suf-
ficient memory. Secondly, the lack of an appropriate
biomarker to validate the results of reported dietary
calcium intake may produce a considerable misclassifi-
cation error. We used serum calcium concentration al-
though it is not considered as a very satisfactory bio-
marker for calcium status due to its very tight homeos-
tatic regulation(Bronner and Pansu 1999). However,
no proper protocol is yet available to compare par-
ticipants prolonged low or high calcium intake and
to assess participants histories of calcium intake to
confirm the condition of calcium deficiency or reple-
tion in the participants. Our findings of the significant
differences of dietary calcium intakes and serum cal-

cium concentrations(Table 3 and Table 4) between
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lead and non-lead workers could rationalize the cho-
ice of serum calcium concentration as a legitimate,
though imprecise biomarker of calcium status. The
correlation between these two variables, however, did
not show a high statistical significance in the current
cross-sectional study(data not shown).

Inverse relations between dietary calcium intake and
body lead accumulation have been consistently ob-
served in both experimental studies(Bogden et al.
1995 ; Quarterman and Morrison 1975) and epidemi-
ologic studies(Mahaffey et al. 1986 : Sorrell & Rosen
1977). Calcium has been known not only to inhibit
uptake of lead from the gastrointestinal tract, but also
to reduce lead retention in the skeleton by modifying
the bone metabolism(Cheng et al. 1998). The po-
tential importance of these observations of inverse
dietary calcium intake to blood lead level interrela-
tionships is that our findings could be useful to pro-
vide an intelligent base for health policy decisions for
industry workers, especially for the lead-handling in-
dustry workers. There is broad general agreement that
primary prevention is the optimal approach to restric-
tions of exposure to environmental lead(Committee
on Lead in the Human Environment 1980). Whereas
this broad consensus is widely embraced, the con-
tinuing problems of industrial exposure to lead will
not be resolved soon. Dedicated efforts to deal with
industrial lead exposure must continue to receive prio-
ritized governmental and scientific support and must
accompany any type of secondary prevention, such as
dietary calcium management aimed at reducing the ad-
verse effects of lead exposure.

Blake and Mann(1983) found that ingestion of milk
reduced the 96-hour retention of labeled lead by two
fasting adult subjects from greater than 60% of the
ingested dose to less than 20%. However, the mag-
nitude of the change in lead absorption produced by
milk was smaller than that produced by similar quan-
tities of calcium carbonate and phosphorous, given as an
organic salt. Similar findings were reported by Heard
and Chamberlain(1982). Thus, there may well be a
role for sccondary prevention and direct dietary in-
tervention in the industrial lead workers having unac-
ceptably high, or unavoidable, exposure to lead. Pub-
lic health measures might beneficially be aimed at in-
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creasing intakes of calcium and dairy products(with
well tolerated forms), particularly in industrial lead

workers.
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