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ABSTRACT

Lead (Pb) is ubiquitous in the urban environment and is a well-known toxic element. It may cause adverse
health effects on hematopoietic system, peripheral and central nervous systems, kidney functions, and others.
In recent decades, lead concentration in blood has been widely used one of indicators for lead exposure and
risk evaluation.

In this study, we determined the blood-lead levels in general populations of Korea, and investigated the
relationship among blood-lead levels, sociobehavioral factors, and lead concentrations in the contacted
environments such as ambient air, drinking water, and foods.

The study subjects consisted of volunteers who had lived in the residential or industrial area in Korea.
Information about gender, age, living area, occupation, smoking, heat system, and dietary habits, etc was
collected using a self-reported questionnaires. The lead concentrations of environments were collected by
literature search to the study area.

Participated subjects in industrial area were 726 and their blood—-lead levels were 8.58 pg/dl for males and
6.26 pg/dl for female in average. The other subjects in residential area were 317 and their blood-lead levels
were 4.58 pg/dl for males and 3.49 pg/dl for female in average. The distribution of blood-lead level in the
industrial subjects was well fitted to the log—-normal distribution and that in the residential subjects was well
fitted to the normal distribution. Blood~-lead levels in both area were affected by gender, smoking habit, age
and residence duration except age in industrial area and residence duration in residential area. It was identified
that 30% of blood-lead level was contributed from the inhalation of ambient air in the industrial area, and
8.4% of blood~lead level was from that in the residential area.

From this study, it would be suggested for the health risk assessment and management of lead pollution
concerns in urban, industrial and rural areas.
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Table 1. Optical condition for Pb in blood analysis

wavelength ~ Lamp current Slit width
(nm) (mA) (nm) Mode
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Table 2. Characterization of subjects in this study

Industrial area Residential area

Sex (persons)

Male 201 264
Female 435 53
Age (years)
Mean 58 20
(Range) (7~89) (18~28)
Smoking habit (persons)
Yes 492 225
No 234 92
Residential duration (years)
<1 39 32
1~5 231 269
>5 456 16
Pb concentration in blood
(mg/dl)
Mean 7.19 4.40
(Range) (0.8~65.2) (1.3~10.8)
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Fig. 1. Frequency histogram of lead in blood in different area.
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Fig. 2. Distribution of lead in blood in different area.
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Table 3. Pb concentration in blood all subject by gender

and smoking habits (Unit : mg/dl)
Gender** Smoking habit**
Male Female Smoker Non-smoker

Mean +SD Mean +SD Mean + SD Mean+SD

Industrial |8.58+9.20 6.26+6.76 8.17+8.27 6.72+7.69
Area n=291) (n=435) (@M=234) (n=492)

Residential|4.58 +1.50 3.49+1.06 4.86+1.46 4.26+1.46
Area (n=264) (n=53) n=92) (n=225)

** Statistically significant difference (p<0.05)
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Fig. 3. Correlation of age and lead concentration in blood in industrial area.
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Fig. 5. Comparison of lead concentration to residential duration in blood in industrial area.

Ao 8F Fo) 2xr) A, 5o & = o Table 4. Correlation coefficients of several variables to

blood lead levels
e Wl AAAAE Bl whd, TR G A=
A, FAHF 293 AZ0T Aode we Blood lead level
©} (Table 4). Industrial area  Residential area
Gender 0.14016** 0.27376%*
2) EHA0iXe Y ATy} HE U 520 Smoke habit 0.08643** 0.19832%*
0jx|= st Age 0.16960 0.29507**
- . Residence duration 0.16953** 0.099445
ATt AAAEAA GgE o)A S = FL

**Statistically significant difference (p< 0.05)
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Fig. 6. Comparison of blood lead levels in non-smoker.
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Table 5. Lead concentration in the ambient air, drinking
water and foods

Environmental media Industrial area  Residential area

Air (ug/m?) 0.78 0.17
Water (ug/l)

Stream water 0.10 0.03
Drinking water <0.001 <0.001

Food (mg/kg)

Cereals? 0.22 0.22
Plants? 0.22 0.22
Fruits® 0.01 0.01
Fishes? 4.62 4.62
Shellfishes® 348 348

» 2 classes(Rice, Barley)

2 9 classes(Chinese cabbage, Radish et al.)
» 4 classes(Apple, Watermelon et al.)

9 20 classes(Mackerel, Tuna et al.)

% 10 classes(Oyster, Mussel ez al.)
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0.001ppb)== ez Hrldgm giop(AAd &
AFAN AT, 1996). HE F F L9 =] A9
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S3AH(FHEAY R, 1991; A FA HFHAE
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FAEAMBTE ol Folng ¥E7} ¥& A
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ZFAM 8 5 F LYEE o83l A
ddAFH S AEdHT Foz 249 $Ae
2 A% ddxE3E A 8 Al o
d 3FEL 20m, 3FV|RY F5ES 40%9]
3, 49 4 AHFEE 2L ARz F5
£ 10%2 7HAskA = AFe Ateds A4
dAddHe FH 0.26kg, ALF 0.109kg, I
F 0.093kg, oJ§ 0.011kg ¥ =/F 0.005kge
2 AAsgen, FrE He 2o A9 v}
A2 10% 2 7V st o).

7z A QellMe] &7 F i 2gdem A% Ad
o] ddAHEFS FHAYL 2095ug0 2, FA3
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Table 6. Estimated of lead absorbed by adults from ambi-
ent air, drinking water and foods

Daily intake rate (mg/day)?

Environmental

media Industrial area Residential area
Air 6.20 (29.6%) 1.35 (8.4%)
Drinking water 0.0002 (0.0%) 0.0002 (0.0%)
Food 14.75 (70.4%) 14.75 (91.6%)
Total 20.95 (100%) 16.10 (100%)

! The estimates are based on the following assumption :

Air ~ respiratory volume : 20 m*day
respiratory absorption rate : 40%

Drinking water — ingestion volume : 2l/day
ingestion absorption rate : 10%

Food - intake volume : 0.477 kg/day
(Cereals 0.26, Plants 0.109, Fruits 0.093, Fishes 0.011,
Shelifishes 0.005)
intake absorption rate : 10%

2% x2% 1 7)dxs) e & & 2= 9}
At} Fig. 7ol 7zt A9 FulE9 €3 ¢ =%
o} do] ddx2ge viwsld =Alslge %
g gHegdoz Qi YU mSekne) A
FAA AAGE AANT = AT HE: o
TEI £ 3EAYOAN B edes A% ¢
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A9 ¥F deEr WY F 3 2dA=s 9 4
5 9 $5 1A BA7 glew, Fd.)
9 qF= Qe Aoz d=iAz 9l (Pocock,
1983). 3&71% B3 @9 F482 Aol o
50% A =ol™, 23178 53 A &L Xl ¢
5~10%, 20k 7 f-oll= A3}7)19] F4go] oF
b ¥7) WE) F 30~50% 7hFos IR 9
t} (Duggan, 1983)

7152 2 sE F8 Aviz $499, o
WHez AT 2o Sug o8] Speli
AAL H71FE Lugmde] WMalo] o8 I35 ¢
FEL 1~2ugdls] S5l Mgy oo
(Nriagu, 1978). 8% & =0 B <A e
Ao AX HFE = 80ug/dle] 4ZdA Al
W8] e, b 20ug/dl, of 7 15~20 ug/dl
oA erythrocyte protoporphyrin 4=X|7} Z7}%
G 8F 7 57t 40~60pgdial gxE 22}
oA A7 R AAAANETH ko] WAHNE
3 THWHO, 1987). oA olollAME VF ¥
T0ug/dle] EA WdEe] vehtm, 25ug/dl 5

o dAdxEsF AA HheS I S Ads FAME dxF=n o) WA, =3, o
ol9] ¥F ¢ F=y} 15~20pg/did #&= eryth-
| &t rocyte protoporphyrine] Z7}=w, A1A A o3}
& 20~50pg/dle] FZelA vehde} (Roels X,
32 o 2 1g% 10ugdld A= oo 1975; Piotrowski & O 'Brien, 1980; Piomelli =,
NE FFESoz N, A, 2AANAR 59 A9 1982; WHO, 1987).
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Fig. 7. Comparison of blood lead level and daily intake rate by environmental media in the different area.
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Table 7. Summary of lead induced health effects in adults

Blood lead level (ug/dl) <10 10~20 20~40 40~60 >60
: Increased urinary
Haem synthesis Erythrocyte_ Erythrocyte. ALA and elevated
& ALAD protoporphyrin protoporphyrin coprotoporphyrin Frank anaemia
Haematological inhibition elevation in elevation in protoporphyrn.
Reduced haemoglobin
effect female male .
production
. . Overt :
Effects on Peripherical subencephalopatic Encephalopathic
nerve . signs and
nervous system d . neurological
ysfunction symptoms
symptoms
Industrial area 86.1% 6.5% 6.9% 0.4% 0.1%
Residential area 99.4% 0.6% 0% 0% 0%

2 AT dAAREY 85 ¢ = EEXE XY
Jepl ®3id A FHES] A, 10 pg/dl
z23-go] 14%1 Hof o= Q7 UA f3) 33
o] fE 4 3l AlAEE AL

B F ¢ 22 J% A xF U feodd
HA=F Fostr] 9% B FES 4ESH A
22N dF @ 5= FA o] Yol dFHx
(Hernberg, 1979; Waldron, 1971). ©)g|3 % ¢
TEv 938, AW A, vel, &F, 23
Q, BtF4&3e] ALahg, A3 §-7 5ol we)
a2 dw, 48] dalMs Aolel Azt
zte] ol FEI FFAAL b Aoz 3
A 718, 1986). #34] (1968)7 711
(1976), AT 5 (1984)2] AToAE Aol o
2 8% o Aol g Aoz Jepd ubd,
Z1Ed 5(1992)% Ao 2sf FgL W= A
o= w3ty gl Aol ds|x & Clayton 5
(1982)2 A=z} FALEE Fol| S Aol ¥
91 3wk, 9 5 (1985), 25Y 5 (1992),
Kubata % (1968)-2 Fzl7l o wizhsida slgle
], 71¢1%d (1976), AAT 5 (1984), A& %
(1985)-2 AHe) °f3kg A g 3tu gl
o & dFdAME FAAYGY vEFd @AY A
Sollqt A g5 I3t EAHo=z §93HA
vehgon, AW A9 3 W FAAY
2R QleiA FA) qAEe S s R
o] 32 et

¥F & = 9994 A48 29 opE AF
Aol M= ZA G Hoz AdBA
gom, AHGzke] Aol WA X W) F @

24%e o3t Aoz RIHAN YH(YAF 5
1987; 2154 %, 1992). Drossos 5 (1982)& 12
& EAAY FHIES ¥F st 2R F
AERT o3 Fo 3, o|JEdME =
AR Y FrRlEe] FEAY FUERY & Ao
2 ®B3% v} glv} (Watanabe 5, 1985). o]#] 3 =]
Aqzte] Aol w7l F o w=el o7 I3
HRoeg FA% ot & dFelM= 97 F
249 e FHAY FEY ¥F F =
7h ddE =AAY FRERY o5 ¥ A
22 vepgw 3], F A9 vFAAES o
HF3 Az BAe] wud Az}, FIAY AF
717ke] 1 e]3he] & (4.34 ug/dl) Y (3.99 ug/dh)=
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Fig. 8. Air-borne lead levels in study area.
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Fig. 9. Blood lead levels by year to adult in Korea.
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