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ABSTRACT

The purpose of this study was to assess the nutritional status of Korean workers with occupational exposure to lead by estimating
nutrients and food intakes so that we can eventually establish the dictary guidelines to be recommended for the lead workers. Food
consumption survey was conducted by a 24-hr recall method with 135 lead workers and 50 non-exposed controls. Food intake data were
converted into nutrients intake using computer aided nutritional analysis program. Mean daily cnergy intake and percentage of
recommended daily allowance (RDA) of male lead workers were 2138 kcal and 87% of RDA while those of control were estimated as
2234 keal and 91% of RDA. Mean daily intakes of nutrients of male lead workers were 78 g (111% RDA) for protein, 502 mg (71% RDA)
for calcium, 11.7 mg (97% RDA) for iron, 665 pgR.E (95% RDA) for vitamin A, 1.39 mg (108% RDA) for thiamin, 1.14 mg (77% RDA)
for riboflavin, 15 mgN.E (92% RDA) for niacin and 66 mg (94% RDA) for vitamin C. On average, male lead workers showed significantly
lower protein, calcium, iron, sodium, potassium, niacin and vitamin C intakes than control group while cholesterol intake of the malc lead
workers was significantly higher than that of control group. Intakes of calcium of male lead workers were less than 75% RDA meaning
that nutritional intake of calcium of male lead workers was insufficient and could possibly result in nutritional deficient. Some food groups
such as milk, meat and fish must be strongly suggested to improve nutritional status of lead workers. Continuing nutrition monitoring
and appropriate nutrition intervention for lead workers must be conducted further.

KEY WORDS: dictary intake, nutritional status, Korean lead workers.

INTRODUCTION

According to the regular medical surveillance of lead
workers in Korea, mainly by annual health examinations
and biological monitoring, it has been reported that the
number of lead poisoning cases during the past two de-
cades has decreased.”” However the incidences of major
chronic discases such as heart discase, stroke, hyperten-
sion, diabetes and some forms of cancer that are the lead-
ing causes of adult death have been increased among lead
workers.” Since many nutritional factors contribute to
risk for chronic diseases, recent changes in diet and life
style have been repeatedly suggested to be the important
causes for increase of the major chronic diseases among
Koreans.” These diseases are often preventable. An und-
erstanding of nutrition and the role it plays in short-term
and long-term health can significantly minimize risk for
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chronic discases. This means that regular nutrition mon-
itoring and intervention for lead workers are important to
keep their health.

Despite the changes in diet patterns of Koreans, mal-
nutrition of some nutrients including iron (Fe), calcium
(Ca) vitamin A and riboflavin is still prevalent in Korea.”
Not only malnutrition could impact on the performance,””
but also malnutrition of Fe or Ca could be more sus-
ceptible to lead poisoning.”” There is a substantial body of
evidence suggesting that lead absorbed reacts with a few
nutrients such as Ca, Fe, fat, phosphate and some vi-
tamins in vivo."”"*

In order to decrease the adverse health effects caused
by lead exposure it is important to maintain adequate nu-
tritional status. There are, however, no previous reports
concerning the nutritional status of Korean lead workers.
The objectives of the present study were to assess the nu-
tritional status of Korean lead workers using 24-hr recall
method so that we can eventually establish not only the
dietary guideline of nutrients intakes relative to health
promotion and disease prevention for Korean lead work-
ers but also information on imbalances among food
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groups and excessive intake of food c delet-

age ding to Korean RDA."”

erious to health.
MATERIALS AND METHODS

1. Study population

Participation in the study was voluntary and all par-
ticipants provided written, informed consent. One hundr-
ed thirty five lead workers who have received mandatory
special health examination by Institute of Industrial Medi-
cine at Soonchunhyang University were recruited and par-
ticipated in two site-visit examinations at two different
lead-using facilities. Fifty control subjects without occupa-
tional lead exposure were recruited from among those
visited Soonchunhyang University Hospital at Chonan
for a mandatory annual medical examination for non-lead
using industry workers.

2.A of body fat

All participants' height and weight were measured. Body
mass index, a traditional anthropometric parameter of body
composition,' was calculated by dividing the weight in ki-
logram by the square of height in meters.

Bioelectrical impedance was d with the subject
standing upright on a four platform-type terminal im-
pedance plethysmograph (Model TBF-501, Tanita, Japan)
according to the manufacturer's instructions.

3. Nutrient intake assessment

Food consumption survey was conducted using one-
day 24-hr recall by one to one interview with trained in-
terviewers. Detailed descriptions of all foods and bev-
erages consumed and estimated food portion sizes were
recorded by interviewers with the use of food models,
standard household mecasures and natural-sized colored
photographs as memory aids.

Food records were converted to nutrient intake by us-
ing the computerized nutrient analysis program (CAN-
pro, Korean Society of Nutrition, 1998, Seoul, Korea).
For mixed dishes participants were asked of all ingre-
dients if possible. For those instances in which recipes for
mixed dishes were not available, recipes were identified
from commonly available cookbooks™"® and used as the
standard for the remainder of the study. Nutricnt intakes
from I suppl were not idered be-
cause brand labels, doses, and durations of intake were
not recorded with sufficient accuracy. Nutrient intakes
were calculated as percent of recommended daily allow-
ance (RDA) according to RDA values of each sex and

4. Statistical analysis

All statistical analyses were conducted using SPSS sta-
tistical software (Version 10.0). Students' t-test was used
to compare values between groups.

RESULTS

General characteristics of subjects were shown in Table 1.
The subjects were aged from 20 to 79 years old (n = 185).
Age range of lead workers was from 20 to 66 while that
of control group was from 24 to 79. Mean ages of con-
trol and lead workers were 40.8 and 38.9, respectively.
Compared to control group, lead workers had a signifi-
cantly higher proportion of male subjects (87.4% vs. 68.0%,
p < 0.01). There were no significant differences between
two groups in height, weight and body mass index (BMI).
Control group showed significantly higher percent body
fat (25.7%) than lead workers (22.7%)p < 0.05).

Table 2 showed the average daily nutrients intakes of
the subjects. Due to the different proportion of cither
the male or the female subjects between control and lead
worker group, we analyzed nutrient intake values of male
and female subjects separately. Energy intakes of control
group were higher than those of lead workers for both
male and female subjects although the difference was sig-

nificant only for the females. Control group showed
more than 75% of RDA in all nutrients analyzed in the
study for both male and female subjects. Male lead work-
ers, however, did not show sufficient intake of Ca (less
than 75% of RDA). Intakes of protein, Ca, Fe, sodium
(Na), potassium (K), niacin and vitamin C of male lead
workers were significantly lower than those of control
group. Cholesterol intake was significantly higher in male
lead workers (p < 0.001) while fat intake of male subjects
did not show any significant difference between two
groups. The female lead workers showed very poor nu-

Table 1. General characteristics of the control and lead workers

Control Lead workers

Cotegoy (n = 50 (0 =135

Sex M (%) 34 (68.0) 118 (87.4)

F (%) 16 32.0) 17 (126)
Age (yrs) 4084 £ 11.56" 3892 + 1071
Height (cm) 16571+ 697 167.83 £ 7.54
Weight (kg) 63.55 + 1073 64.87 + 9.78
Body mass index (BMI)  23.08 + 3.3 23.06 + 3.39
Body fat (%) 2574+ 653 2267 + 6.08°

7) Values are mean + 5.D.
*: p<005
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Table 2. Mean daily intakes of energy and nutrients of control and fead workers

Male (n = 152) Female (n = 33)
Control (n_= 34) Lead workers (n = 118) Control (n = 16) Lead workers (n = 17)
Energy (kcal) 223408 + 705.11" 2138.18 + 62693 201271 £ 633.06 1612.72 + 541.11*
(91.07 ( 86.6) (101.53) (8251)
Protein (g) 89.26 + 3583 78.00 = 27.78* 7434 £ 3120 60.16 =  20.52
(128.0) (111.5) (134.63) (109.38)
Fat (g) 57.21 + 4118 5129 + 2377 4723 £ 2540 3467 £ 1639
Carbohydrate (g) 32295 +  76.02 31580 + 86.41 31796 + 92.04 25210 = 81.74*
Ca (mg) 600.75 + 221.58 502.16 + 202.80°* 529.24 + 210.63 32643 £ 9595
( 85.8) (717 (75.61) ( 46.63)
P (mg) 1286.80 + 377.82 117232 + 38326 112039 + 397.06 87428 + 231.82*
(183.3) (167.1) (160.06) 124.90)
Fe (mg) 1577 + 4.79 11.70 + 6.20* 11.89 = 4n 9.04 = 4.20*
(131.4) (97.5) (79.79) ( 64.38)
Na (mg) 6582.39 + 2463.22 4366.89 + 1554.30%* 4956.01 + 1707.84 3612.66 + 1161.13**
K (mg) 3283.98 + 912.85 248277 + 684.69*** 287442 +1220.70 1847.10 £ 570.86**
Vit. A 82439 + 398.06 665.25 + 738.34 613.07 + 351.00 42601 + 267.54
(gR.E) (117.8) (95.00 ( 87.58) ( 60.86)
Vit. By(mg) 143 + 1.05 139 + 0.56 121 £ 0.58 099 + 038
(111.7) (108.7) (120.69) (98.51)
Vit. By{mg) 123 £ 0.57 114 + 055 103 + 0.49 069 + 0.22*
( 83.6) (769) (85.17) ( 57.80)
Niacin 19.55 + 8.33 15.30 + 6.22%%* 15.98 + 7.0 1317 & 6.22
(mgNLE.) (118.2) (91.8) (122.29) (101.31)
Vit. C(mg) 13266 = 60.0 65.90 = 34.43% 12667 £ 9247 5202 + 2249**
(189.5) (94.14) (180.96) (7431
Cholesterol (mg) 24343 £ 155.01*** 353.78 + 20149 257.10 = 166.62 20147 + 137.33

1) Values are mean + S.D.
2) Values in parentheses are % of RDA
Means with asterisks are significantly (+: p < 0.05, +: p < 0.01, »++: p < 0.001) different between control and lead workers

Table 3. Percent of protein and fat ibution to en- Table 5. Distribution of nutrients intakes of the participants according
ergy intake to their intake levels
Nutrients Control Lead workers Total RDA <75% _ 75% <RDA < 100% _ RDA> 100%
Carbohydrate  59.85 + 12.30"  60.63 + 976  60.42 + 10.47 Nutrient Lead Lead Lead
Control Control Control
Protein 15.68 £ 3.02 14.55 £ 239" 14.86 £ 2,62 workers workers workers
Fat 2223+ 837 2082+ 609 2120 £ 679 Energy 2 35 32 42 42 2
1) Values are mean + S.D. *ip <0.05 Protein 12 17 18 34 70 49
Table 4. Contribution of foods for cholesterol intakes m 2 2;’ i; 2; ;; :‘Z) :;
Foods Control (mg) Lead workers (mg) Vit B, 2 2 34 3 % 48
Eag 96.96 160.22 Vit B, 60 55 12 29 28 16
Anchovy 3685 5232 Niacin 12 36 34 30 54 34
Pork 324 2098 Ca 48 66 34 18 18 16
Squid 2078 46.90 P 2 4 4 5 9 91
Beef 1155 1402 Fe 28 35 28 35 44 30
Yellow croaker 1094 245
Crab 9.76 158 trients intake levels compared to the female control
Mackerel 7.22 1.05 group as well as male lead workers. Intakes of Ca, Fe, vi-
D‘_"’“" 3.52 - tamin A, vitamin B, and vitamin C of female lead work-
g'v'; e 304 ers were less than 75% of RDA.
\ce :’;am 0:62 144 Among three encrgy nutrients, proportion of energy

Soft cake - 7.81 from carbohydrate, protein and fat were 60%, 15% and
Loach - 395 21%, respectively (Table 3). As expected, carbohydrate




Nutritional Status of Korean Lead Workers

94

SIPHOM PR3] PUE 04U UBIMIB] UBIAYIP (S0'0 > d) ARUEIIUSIS B1E SSLAISE YM SUBap
“a's F ueaw 3l sanjeA (1

968 F LV I09 F LBV TWSBT T 99VIZ 61997 F L9007 670C F 96VT 89 T 8BEE  O0TEF 8EBL  €LTH F HOVE LCEOB T IWLEL QY601 F LIVBL 1701
(g€} (65} 09 (zs) 9 09 ws) 99 97 (g€} (%)
HTF SSL VT TT6L 0SEL T OPTLL YEOEL T 6501 LLLLT 6Vl TOSET IS0L  TL6LT 6551 SY0ET SYIL  CUSTT 6v88L 6SLLy T £900f |eoigns
WO F WO 90 F KO 6Lvp T ILIE IWlb TOCEY 96T T80 vLT FOECL 68 TELY K9 F 6V WL TSSO vISh F Ivve systy
[£0F 40 S€O FEO L6 F UL 68 FOOL  STT FeT €T F9T ST FUE T FIOT OLTE TOOLY  p50E T 6L s883
070 F 800 LU0 F 00 898 FSEL9 €99 F /W 06T FHE 16T FWE  EST Tl 661 FOIL ISIELF L9 €9 F 6Ly
WPLT 650 TEL FIOL 4T6S FOYT 0%l FOE9  LOTOLF VEY  £LBTT 6Vl WSL6 T LT9 961 F EUEL 595 F EOVS  BUeKE T €r78l steajy
5po0} [euuy
(29 19 (09) () s {ov) {9v) (ve) (4] @ (%)
69 T 0T€  8LE T S6T  T6LpLF OVTLL SY6CL T IT9  8STLF L€l S6TLT LOEL  QTTLT 6671 0TI T 66l 109 T E6YS 68495 T vSE8y  |eoigns
YOTF SE0 950 ¥ U0 ZELL T U9V S6TZ T S6P  EL0 FEO0 910 TEOO LUl FHEQ 080 FSTO 696yl T SS9 996l F 969 saBeianag
00T SO0 TU0 F L0 LZET T WL GFE T 9T 4€0 T 600 L90 T IT0  .6£0 T IT0 890 T EE0 6§ T LUE wLUL T 6 saoidg
660 F 00 4150 FSY0 858l F K6Vl «£99 T I69 1,0 F €90 .70 TZ0 80 F990 90 TS0 6008 + 9568 0099 F Iyg9 sy
810F 760 6L0 + 960 €¥T7 FOCEC 9CET F BT SO0 T SO0 00 F 00  vED FE90  0§0 FOLO €4C FHY vy FOUL SpaOMeas
00 F ZI0  ZV0 F 610 080 F 880 SUL FelL 600 F 600 L00 F S00 ¥$0 ¥ 590 V0 F 190 9L F 68 wy  Fres Swooysniy
WTOF L0 LE0 F OO0 LI80L F 69 96€L FL6L  LZL0 FES  vl0 FpY9  .SKO TOE0 850 FRE0 905 F6SE  Ov9 ¥ 09 S2|qEIaBan
YL F YT 91T F 60T 9T9L F 881 806l ¥ Tvel o)
9U0 F 00 110 FBO0 ELSL FSEY  IET T 6P THE Fr60  8E0 FBEO  LgL FEY0  pLO FHLO  LLOr FSITL 501 F 89S spaag
WOTF €90 €0 FI90  TTT FILE Y6 FO9TE LT FIET  L9FL F UYL OVE F8YE €T FOUE  OvIE FO099E  6EEL  F IwhE sawnga)
WJOO0 F Y000 610 F €00 060 FOLO  96€ FEI0  p90 T 900  O0FE FIWO  LL0 F 100 0L F IO 499l FSE9L WU T L9 siedng
00 F LE0  C0 FOEO 00Z FCE  ¥9 FEYE 00 FSOO 900 FEOO 90 F /80 L0 FGBO €5V F6S9T 16 F 69LT 53006104
SOLF €50 0L TS0 WOL FLUL  vESL F Y69 T0C F Ll €9C T VoL L6T FOUS  SEY F oYy L99SLT 89T .066L1 F OTIIT s[eaa)
SpOOy ueld
s1qom pea [onuo) sipiom peal [onuo) SI}OM pea] joau0) sijom pea] jonuo) Siaom pea] |onuo)
(8u) uou (Bw) wnidpe) (8) 1e4 (8) w1044 ([e2y) ABiau3 12

JOIOM Pe3| pue 01U0D JO SIAIGNS 3y} Ul eI U

nu o) dnosd pooy Yoea Jo SUOINGUILOD 9 ajqeL



Hee Seon Kim er al. 95

was the major source of energy and the proportion shown
in Table 3 represents the typical pattern of Korean diet.
Even if energy from protein was statistically lower in the
lead worker group, the amount of protein intake was suf-
ficient in both groups (Table 2).

Cholesterol intake of the male lead workers was sig-
nificantly higher than that of control group (Table 2).
Cholesterol intake in excess of 300 mg/day was taken as
a criterion of high intake sct by Korean Society of Nu-
trition."” The major food sources of cholesterol were list-
ed in Table 4. Lead workers consume more eggs, an-
chovies and squids than control group and all of these
foods are well-known high cholesterol sources.

Distributions of percent RDA of energy and each nu-
trient are shown in Table 5. Sixty percent of subjects in
control group showed insufficient riboflavin intake. How-
ever, the average riboflavin intakes of control group were
1.23 mg/day for the male subjects and 1.03 mg/day for
the female subjects (Table 2), and the percent RDA's of
control group were 83.6% for the male subjects and 85.
2% for the female subjects (Table 2). These values are con-
sidered to be adequate according to the guidelines of
Korean Society of Nutrition.” Discrepancy may come
from the wide range of intake values (0.21 -~ 3.96 mg/
day) of control group. Intake of Ca of subjects in control
group also showed similar tendency. Even if the average
intake value of Ca fell in the range of normal intake (600.
75 mg/day, 85.8.1% RDA for the male subjects and 529.
24 mg/day, 75.6% RDA for the female subjects), 48% of
subjects in control group showed insufficient intake (less
than 75% of RDA) of Ca. The range of Ca intake of con-
trol group was 113.6 - 1358.6 mg/day. More than 50%
of lead workers showed less than 75% of RDA of vitamin
A, riboflavin and Ca intakes. As mentioned earlier, the
reason why 53% of lead workers showed insufficient in-
take of vitamin A (less than 75% RDA) could be the wide
range of vitamin A intake of lead workers (92.7 — 73404
PgRE/day).

Table 6 showed the type of food groups as sources of
daily energy, protein, fat, Ca and Fe intakes. Since there
are many food groups, only selected are listed according
to the amount taken by subjects. According to Table 6,
Korean lead workers got more energy, fat and Fe mainly
from plant foods than from animal foods while con-
tributions of plant food and animal food to daily protein
and Ca intakes were similar. Control group, however,
showed different tendency in food selections. More pro-
tein, fat and calcium were from animal foods than from
plant foods although energy and Fe were mostly from

plant foods as in the lead worker group.
DISCUSSIONS

A varicty of objective methods are used to assess nu-
tritional status including nutritional biochemistries, anth-
ropometric measures, bioelectrical impedance, total body
potassium, total body nitrogen, total body electrical con-
ductivity and food or nutrient intakes.” However, meas-
| bioct total body p
nitrogen, or clectrical conductivity requires expensive eq-
uipments not generally available.” In contrast, measure-
ment of nutrient intake is important in evaluating dietary
patterns, nutrition education and intervention programs
aimed at improving the dietary intake of population.”
Therefore, we selected relatively simple methods includ-
ing bioelectrical impedance and body mass index in ad-
dition to food or nutrient intake recording method.

Results of BMI for both control and lead worker
groups were not significantly different. Percent body fat

d by bioelectrical imped was signi y
higher in control group compared to lead workers. The
subjects in control group were mostly industrial manufac-
turing workers of electrical or electronic merchandises
with relatively low physical activities while lead workers
were engaged to highly active physical activities. Since in-
takes of fat from two groups were not significantly dif-
ferent as well as intake of energy, the significant diff
erences of percent body fat of two groups could be ex-
plained by the differences of physical activities. Even if
there are more female subjects in control group (32.0%)
than in lead worker group (12.6%), gender effect was not
significant (data not shown) and the lower body fat of
lead workers could be due to the higher physical ac-
tivities. Lead workers need to consume sufficient food to
fulfill the high energy-expenditure. However, no diff-
erences for male subjects and even less energy intakes for
the female subjects were observed between two groups
implicating that energy intakes of lead workers may not
be sufficient to fulfill their high energy-expenditure. Lead
workers need to be informed to intake more energy. The
protein intakes of male lead workers were significantly
lower than that of control group although both groups
showed more than 100% RDA of protein.

The average Ca intakes of both male and female lead
workers were inadequate (less than 75% RDA). Typical
Korean diets do not usually include dairy food and con-
sequently many Korean adults have trouble digesting
milk or milk products. It is an important issue to in-

urement of
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troduce dairy products to daily diet in Korea. Especially
tor lead workers, it is important to keep an adequate Ca
status since the absorption of lead from the gastrointesti-
nal tract and the toxicity of the absorbed metal are much
intl d by the I status of the individual ™ As
milk is a very good source of both Ca and riboflavin,
strong strategy is needed to introduce dairy products to
diets of lead workers. Milk has been traditionally pro-
moted as a dietary supplement that has protective effects
against lead poisoning. It was common practice, and still
is in many circles, for lead-exposed workers to add extra
milk to their daily diet.” However, since effects of dietary
components including Ca, P, Fe, vitamin D, fat and lac-

tosc on lead absorption and excretion are evident,”"

when viewed individually it is not clear whether the net
effect of a number of dictary components in milk will be
beneficial or otherwise. Lactose will increase lead ab-
sorption™ and fat increased lead deposition in several tis-
sues” whilst other, like calcium, lower absorption.
Some components may raise or lower the toxic effects fol-
lowing absorption and finally there are some which in-
crease and some which will cause a diminution in the ex-
cretion of absorbed lead. The net effect might either be
enhancement or diminution in lead absorption with milk
depending on the nutritional status of each specific sub-
ject.”™ Dietary components, however, would affect lead
absorption only when a route of lead exposure was th-
rough gastrointestinal tract. Therefore, controversial ef-
fects of milk may be preventive if oral contamination of
lead can be avoided. Milk consumption will be greatly
beneficial due to its wide variety of nutritious compo-
nents” even with some deleterious effects. Additional milk
intake as a protection against lead poisoning could be
advised with adequate industrial hygiene practices in the
work environment.

The Korean Nutrition Society suggests Korean to keep
daily cholesterol intake level lower than 300 mg.” The
high cholesterol intake (353 mg/day) of the male lead
workers while fat intake of the male lead workers did not
show any significant differences with that of control
group, meant there are some serious problems in selec-
tion of food groups among lead workers. As shown in
Table 4, eggs, anchovies, squids and pork were the major
cholesterol sources for lead workers. Although these
foods are generally considered to be a good protein sour-
ces, due to high cholesterol contents, proper nutrition
education might be needed to select better animal pro-
tein sources with low cholesterol such as lean meats, skim
milk and poultry with white meats, ctc. These findings,

however, should be evaluated with cautions. In data col-
lecting process, participants in control group visited univ-
ersity hospital for the study. This could be interpreted
that most participants had meal of their own selection on
the study day, which resulted in the variety of foods with
great diversity in control group. On the other hand, lead
workers were mostly participated in the meal plan pro-
vided by the company. On the study day, they were at
work and visited by the investigators so that most of lead
workers had 1 or 2 same meals either for lunch or dinner.
Menus of these meals on study day could falsely result in
high cholesterol intake of lead workers. Despite of all,
considering the fact that usual Korean diet does not con-
tain much cholesterol compared to western diets, nutrition

d is strongly recc ded for lead workers in
their selection of foods in the diets.

According to Table 6, Koreans mainly depended on
plant foods including cereal as a major energy source (62%
and 74% of cnergy intake for control and lead workers,
respectively). Control group took relatively high energy
from meats compare to lead workers, which possibly
represented the recently changed dietary pattern in Korea.
Meats were the major protein source for both control
and lead worker group whereas control groups received
significantly higher amount of protein from meats than
lead workers. Protein sources for lead workers were even-
ly distributed between plant and animal foods. These

results implicate the quality of protein sources for lead
workers was not as good as that of control group while
the quantity may be sufficient. As long as the protein
source is concerned, proper quality is more important
than proper quantity. Therefore, protein from animal
sources must be emphasized for lead workers.

Food sources for Ca and Fe were similar in both con-
trol and lead worker groups. Contributions of plant and
animal foods were very similar for Ca while more iron
came from plant foods than from animal foods in both
control and lead worker groups. Considering quality of
mineral nutrients, more calcium and iron should come
from animal sources. The control group took 39.5% and
lead workers took 32.6% of iron from animal sources, of
which meats were the major sources for both groups.
However, iron intake from meats for lead workers was
significantly lower than that of control. Even if mean iron
intake level was assessed as adequate, intakes of foods
considered as good iron sources which are often called
MEFP (meat, fish, poultry) were insufficient for lead work-
ers. Therefore, the biochemical iron status could be low
for lead workers and more detailed investigation should
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be conducted. Adequate iron status is especially impor-
tant for lead workers since susceptibility for lead toxicity
and work performance could be affected.

The prevalence of scrious nutritional and food intake
problems of Korean lead workers found in the present
study includes the inadequacy of Ca and Fe intakes, the
poor food sources of Ca and Fe and over-consumption
of cholesterol. It is especially important to select appro-
priate food sources for Ca and Fe mineral nutrients since
they are not readily absorbed from poor food source such
as plant foods. The overall dietary intakes of Korean lead
workers were mostly from food groups including cereals,
legumes, vegetables, seaweeds and spices. These results
well reflect the typical Korean dietary patterns since the
general Korean diet include large proportion of plant
foods and spices. In contrast, high cholesterol intake
among the male lead workers might result from inap-
propriate food selection. Therefore, nutritional guidelines
for Korean lead workers to suggest to intake larger por-
tions of dairy foods, meat and fish should be cautiously
emphasized.

REFERENCES

1) Lee BK. Lead poisoning in Korea. Korean J Occup Heaith 30: 1-9, 1991

2) Lee BK. Occupational health programme for lead workers in battery
plants. J Power Sources 38: 185-193, 1992

3) Cha YS, Lee SS, Ahn KD, Han KW, Lee BK. Evaluation of health
status of lead workers with periodic health examination for 5 years.
Soonchunhyang J Ind Med 1: 139, 1995

4) Korean Health Industry Development Institute. Ministry of Health
and Welfare. Report on 1998 National Health and Nutrition Survey
(Dietary Intake Survey), 1999

5) Moon CS, Zhang ZW, Imai Y, Shimbo S, Watanabe T, Moon DH, Lee
BK, Lee SH, Jkeda M. Nutritional evaluation of women in urban and
rural areas in Korea as studied by total food duplicate method.
Tohoku J Exp Med 181: 245-265, 1997

6) Finch CA, Cook JD. Iron deficiency. Am J Clin Nutr 39: 471-477, 1984

7) Shrimshaw NS. Iron deficiency. Sci Am 265: 46-52, 1991

8) Ragon HA. Effects of iron defeciency on the absorption and dis-
tribution of lead and cadnium in rats. J Lab Clin Med 90: 700705, 1997

9) Mahaffey KR. Nutritional factors in lead poisoning. Nutr Rev 39: 353-
362, 1981

10) Goyer RA. Lead toxicity: A problem in environmental pathology. Am

J Pathol 64: 167-182, 1971

11) Mahaffey KR. Factors modifying susceptibility to lead toxicity. In
Mahaffy KR ed. Dietary and Environmental Lead: Human Health Ef-
fects, Topics in Environmental Health. pp.373-419, Elsvier. New York,
1985

12) Kim MK, Lee HY. Detoxification study with different dietary protein
levels and detoxifying periods in lead poisoned rats. Kor J Nutr 22
185-193, 1989

13) Miller GD, Massaro TF, Massaro EJ. Interaction between lead and es-
sential elements: a review. Neurotaxicalogy 11: 99-120, 1990

14) Simopolous AP, Van ltalie TB. Body weight, health, and longevity.
Ann Intern Med 100: 285-95, 1984

15) Han JH. Cook Book for Korean Cuisine. Jungwoo Jinhung. Seoul, 2000

16) Yoon OH. Korean Cook Book. Jigu Publishing Co. Seoul, 1999

17) Recommended dietary allowances for Koreans, 7* revision. The Kore-
an Nutrition Society. Seoul, 2000

18) Lukaski HC. Methods for the assessment of human body composition:
traditional and new. Am J Clin Nutr 46: 537-56, 1987

19) Rabeneck L, Risser JM, Crane MM, Bridget K, Worsley JB. A com-
parison of anthropometry and bioelectrical impedance in the  es-
timation of body composition in HIV-infected individuals. Nutr Res 13
27585, 1993

20) US Department of Health and Human Services. Plan and operation of
the third national health and nutrition examination survey. DHHS
Publication, Hyattsville, Md, 1993

21) Mahatfey KR, Michaclson IA. The interaction between lead and nu-
trition. In: Needleman HL. Ed. Low-level lead exposure: The clinical
implications of current research. pp.159-200. Raven, New York, 1980

22) Fischbein A. Occupational and Environmental Exposure to Lead. In:
Rom WN. ed. Environmental and Occupational Medicine. pp.973-9%6.
Lippincott-Raven, Philadelphia and New York, 1998

23) Moore MR. Diet and lead toxicity. Proc Nutr Soc 38: 243-250, 1979

24) Mahaffey KR. Nutrient lead interactions. In: Singhal RL, Thomas JA.
Eds. Lead toxicity. pp425-460. Urban and Schwarzenberg, Baltimore
and Munich, 1980

25) Bushnel PJ, DeLuca HF. Lactose facilitates the intestinal absorption of
lead in weanling rats. Science 211: 6163, 1981

26) Moore MR. Lead in humans. In: Lansdown R, Yule W. eds. Lead Tox-
icity, History and Environmental Impact. pp.54-91. The Johns Hop-
kins University Press, Baltimore, 1986

27) Stephens R, Waldron HA. The influence of milk and related dietary
constituents on lead metabolism. Fd Cosmet Toxicol 13: 555-563, 1975

28) Bell RR, Spicket TJ. The influence of milk in the diet on the toxicity of
orally ingested lead in rats. Fd Cosmet Toxicol 19: 429-436, 1981

29) Fuller CS, Rosen JF. Effect of dietary calcium and lead status on in-
testinal calcium absorption. Environ Res 51: 91-99, 1991



