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A study on environmental exposure levels of residentsin an industrial complex area
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Asafollow-up survey of A Study of Monitoring Method on
Exposure Level and Biomarkers of Environmental Pollutants:
Focused on Ulsan Indudtrid Comlpex Areg, published in 2005,
a close examination of the hedth status was conducted for
Sected Ulsan resdents. Basad on the previous study, a total
number of 129 subjects were divided into two groups: the
exposure group congsted of 39 residents whose blood levels of
lead, mercury and/or cadmium were higher then internationd
reference vaues, and 90 resdents of control group with normal
levels. Environmenta exposure level and its associaion with
hedth condition were examined by various methods such as
questionnaire, analyses of leed, mercury and cadmium in blood
and medica examinations. The geometric mean concentrations
of lead, mercury and cadmium in blood were repectively 2.07
wgldl (exposure 2.54 pg/dl, control 1.90 pg/dl), 5.94 g/l

1.30 g/l control 1.33 pg/L).

The concentrations of the three heavy metas in blood
showed lower levels than internationdlly recommended vaues
except for blood mercury. Also, any abnormal or, peculiar
disease, or target tissue damage related to the heavy metdswias
not observed among the dl subjects. Therefore, it can be sad
thet no Sgnificant difference of heavy metd concentrations and
hedlth condittions was found between the two groups.

KeyWords:  heavy metals, lead, mercury, cadmium, blood
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Table 1. Gender and age distributions of subjects
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Expoaure Contral Totd

Gender

Mde 15385) 29322 44(34.1)
Femde 24(615) 61(67.8) 85(65.9)
Age

10-29 250 778 970
0-39 5128) 16(17.8) 21(163)
40-49 12(308) 3H(389) 47(364)
50-59 12(308) 23256) 3K(27.1)
over 60 8(205) 9100 17(132)
Tod 39(100) 90(100) 129(100)
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| boat \ prepare boat
J -

| BHT addition | - add BHT (NIC") in boat
J

Sam.pl? (].00 ) - inject sample (100 pf) in BHT
injection

4

| BHT addition ‘ - cover BHT over sample

| MHT addition | - cover with MHT (NIC™)
4

auto-sampler setting ‘ - place boat in auto-sampler
|

Fig. 1. Pretreatment method for a blood sample
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Table 2. Medical examination items
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Sadtions Contents Items
4 Obesty index Heght, Weght, Body Massindex (BMI)
o Urinetes Urineglucose, Urineprotein, Urineoccult blood, UrinepH
meciicel examination .
Gengrd blood test Meen corpuscular volume, hemoglobin, Leukocyte, Red blood odll
Bidogica exposureindicator ZPP (Zinc protopophyrin)
tes
o Anamiated Serumiiron, Serum ferritin, Total iron binding capecity
o Kidney function tet Albumin, Totd protein, Serum calcium, Inorganic phosphate, S2-microglobulin, NAG
medica examinaion -
(N-acetyl--glucosaminidese)
Boredensity Lumber bone dendity (L-Spine), Femord bone density (Hip)
Clodabdestet Festing blood glucose, Hh A1C
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UEFTH(p<0.05). B8 Z A AR A} B2} o] CDC
(Centers for Disease Control and Prevention) @ 1<+ 0.2 &
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UrEpstoH, oj ko] A9 7188 72 ZART 744 pgll, B3
T 462 g/l = FER, HY BT AR Bl ate] W] E
J3A| 3= UERHTHp<0.08). A A4 0 2 %= ZAH(7] 314
7 857 pglL)o] Bl (71814 1 507 pglL)el| w13 f-2]3hAl
& FFo|glth

ZAMVIARE S 7 7t EF S 4 T (Taleb), EAke] 4
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Table 3. Concentration of lead in blood (Unit : pg/de)
Expoaure Control Totd
Gender PoaT pvaue
N AMESD GM N AM D GM N AMED GM
Mde 15 2631089 253 29 276120 255 4 273109 255 0839
Femde 24 276123 255 61 180£0.90 164 85 207108 186 0.000
Totd ) 2731110 254 D 211+109 190 129 230£113 207 0.004
*Comparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation, GM: Geometric mean
Table 4. Concentration of mercury in blood (Unit : ug/d0)
Ex e Contral Totd
Gender Poar pvaue*
N AMESD GM N AM*=SD GM N AMESD GM
Mde 15 1143+389 1074 29 7141388 6.16 4 8611436 744 0.001
Ferde 24 918622 144 61 530+4.00 462 85 6391501 528 0.008
Totd 30 1045+550 857 D 5891403 507 129 715490 54 0.000
*Comparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation, GM: Geometric mean
Table 5. Concentration of cadmium in blood (Unit : pg/d0)
Ex e Contral Totd
Gender Poar pvaue*
N AMESD GM N AM*SD GM N AMESD GM
Mde 15 1.33£0.60 123 29 140055 128 4 137056 126 0.715
Ferde 24 141+043 134 61 1461059 135 85 1451055 135 0.705
Totd ) 138050 130 0 1441057 133 129 142055 132 0.567

*Comparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation, GM: Geometric mean
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Table 6. Results of general health examinations
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(Unit : pg/d0)

Expoare(N=39) Contral (N=90) Totd (N=129)
ltems pvauer
AMESD
Height (cm) 16056+ 967 160.19+ 852 16030+ 885 0838
Body weight (kg) 64.65+11.72 619511031 627711078 0192
BMI (kg/m) 2497+ 307 2456+ 293 2433+ 299 0122
*Comparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation
Table 7. Results of hematologic tests
s Exposure Cortrol Totd —
N AMESD N AMESD N AMESD
Meen corpuscular 39 4018+411 89 3842+366 3896+388 0018
volume (%)
Hemoglobin (g/d) 39 1407148 0 1337145 129 13581149 0014
Leukocyte (ealn) 39 6085.611491.7 0 6019.111555.1 129 6039.311530.7 082
Redblood odl (104egln) 39 4535914803 D0 435704107 129 4411114388 0033
*Comparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation
Table 8. Results of urine tests
ltems Exposure(N=39) Contral (N=90)
Urineglucose negative negative
Urineprotein negative negative
Urine occult blood negative negative
UrinepH (AM D) 6.000.00 6.000.00
AM: Arithmic mean, SD: Standard deviation
Table 9. Results of ZPP and anemia tests (Unit : pg/dt)
e Exposure Cortrol Totd —
N AMESD N AMESD N AMESD
ZPP 39 2144+1044 2440+22.80 128 2350+1987 0439
Serumiron 39 1202314809 0 106.53+45.89 129 110.67+46.80 0127
Serum ferritin (ng/dX) Y 79.391+62.69 0 60.05+58.76 129 65.90+60.39 00%5
Totd iron binding 39 380875954 0 383.94164.68 129 3830216295 0800
Capecity

*Comparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation, ZPP: Zinc protopophyrin



Table 10. Results of kidney function tests

s Exposure(N=39) Contrd (N=00) Totd (N=129) e
AMESD
Albumin (g/dX) 45+ 020 458+024 458+0.23 0.656
Totd protein (¢/d) 749t 036 7591038 756+0.38 0.145
B-microglobulin (mg/L) 017014 0.13*012 014%+013 0.217
NAG (IULL) 97511203 582+362 702746 0.052
Sarum calcium (mg/de) 9.15* 0.26 9.07£043 9.10£0.39 0.302
Inorganic phospheate (ng/dX) 369+ 046 368+052 3.68+050 0872
xComparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation, NAG: N-acetyl-$-glucosaminidase
Table 11. Results of bone mineral density tests (Unit : pg/d0)
TS Exposre(N=39) Contrdl (N=90) Totd (N=129) pvae
AME3D
Lumbar 121127 074£135 088134 0.063
Femord 0.10+0.98 027+116 022+111 0412
xComparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation
Table 12. Results of close diabetes tests (Unit : xg/de)
s Expoare(N=39) Control (N=90) Totd (N=129) e
AMESD
Fadting blood glucose (mg/dX) 10021+30.16 9546+1291 96.80+19.77 0.063
Hb A1C (%) 564t 131 5.35£053 5441085 0412

*Comparisons between group by Student's t-test
AM: Arithmic mean, SD: Standard deviation
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Table 13. Comparison of blood concentration levels of heavy metals
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T 248 pgld0 = UEF T 85 2 23004 282 R UHE
Ad el A 7151 3F 2143 pgll © 2 LFERE O L, & ol o) A
L 71819+t 1028 pgll & et 8% ST B 2314 9
9] A3 RUE ™ Ao 4= 930 pgll, B Ao A= 7] 8}
B3t 149 pgl = et SN0 e FEFel 19
St 2fo] & YER Sl tHTable 13).

3 o] 45, 2321 5 -go] CDC U aL=](10 pgld)
o]s}9] =% (CDC, 1997)& UG o i :=Zof] 9
3 A7 ES ey 9o 5 ZPP AL WE AL A
7% A D 71EF QAR g Ao Ao 2 g E 9
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HF 529 Aol 2342 289 F 540] WA (1548

(Unit = pg/do)

Heavy metds N Monitoring project Thisdudy N
AM*E3D GM AM*3D GM
Po (g/dl) 15 65.34126.79 60.21 275146 248 0006
Hg (1gll) 24 260+ 7.88 2143 1148+521 1028 0000
Cd (uglL) 39 962+ 250 9.30 151031 149 0000

xp-value for Student's t-test according to the sampling time

N: Number of subjects who showed higher blood concentration levels than the recommended limits in the monitoring project, AM: Arithmic mean, SD:

Standard deviation, GM: Geometric mean

Table 14. Results of close medical examination for the subjects showed exceeded blood lead and ZPP

concentration levels in the monitoring project

Anemiatest Kidney function tet
Reerence Age Fb Conc /P Hemogobn  Toid pordn  g-microgobin~ NAG
Subjedts (ug/de) (1g/de)
(ga) @ @y Uy
Reference 10 0-100 120165 60-85 002 01-10
Po0L 29 314 1 142 71 94
Po-02 54 156 % 143 70 020 55
P03 M 234 51 125 76 004 :
Po-04 57 508 12 138 76 006 29
Po05 57 160 27 142 72 009 70

/PP: Zinc protopophyrin, NAG: N-acetyl-g-glucosaminidase



Table 15. Results of close medical examination for the subjects showed exceeded blood mercury
concentration levels in the monitoring project

Kidney function test Closedidbetestes

Reference/ Hg Conc. _ _ _ Inorganic  Fadting blood

, Age Totd protein~~ Albumin - Serumcddium HbA1C

Soes VD gy g ey PO 9y

(mg/d) (mg/d)

Reference 15 6.0-85 3560 78~10 2943 70~20 3.7~64
Hg01 61 11.30 83 44 90 28 A 47
Hg02 68 220 82 49 93 39 86 58
Hg03 31 6.58 74 47 94 36 % 55
Hg4 60 836 69 45 91 36 97 56
Hg-05 52 746 72 44 86 38 8 55
Hg-06 61 471 71 45 89 36 8l 52
Hg-07 b 855 75 44 91 30 8 50
Hg-08 338 1493 75 48 94 40 102 55
Hg-09 48 465 78 48 91 36 106 55
Hg-10 45 197 75 44 88 39 87 50
Hg11 1 34 71 46 93 - 83 48
Hg12 48 16.28 1.7 48 94 33 86 50
Hg13 51 6.62 73 44 91 37 A 51
Hg14 5% 9.37 74 47 96 38 86 52
Hg15 5 1486 79 47 94 - 100 56
Hg-16 45 567 75 43 87 35 86 51
Hg17 58 206 74 47 93 39 *¢] 55
Hg18 49 13% 82 49 95 42 % 53
Hg19 52 1452 78 45 94 36 108 56
Hg-20 46 16.05 74 44 89 34 101 51
Hg21 65 1263 75 43 91 35 R 53
Hg-22 67 1291 69 44 87 29 100 55
Hg-23 46 469 81 48 88 31 103 5.7
Hg-24 62 1289 73 48 92 29 97 52
Hg25 45 24.04 1.7 47 93 38 8 52
Hg-26 30 10.88 73 48 95 41 A 53
Hg-27 52 9.65 75 43 91 33 172 87
Hg-28 57 1351 75 48 94 37 116 6.3

*p-value for Student's t-test according to the sampling time
N: Number of subjects who showed higher blood concentration levels than the recommended limits in the monitoring project, AM: Arithmic mean, SD:
Standard deviation, GM: Geometric mean
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Table 16. Results of close medical examinations for the subjects showed exceeded blood cadmium

concentration levels in the monitoring project

Kidney tet Bone dengty
Reference/ Cd Conc. _ _
. B-microglobulin NAG Lumber Femord
Subjects (ugll) |
(mglL) (IUL) (/cm) (glem)
-1: Normd
-1~25:D in
Reference 5 0~02 04~10 > de%?e bone
-25>: Odeoporods
Cd01 224 031 70 -1.26 029
Cd02 129 023 94 -155 062
Cd03 140 0.36 84 028 118
Cd04 153 073 217 221 033
Cd-05 108 0.05 34 206 008
Cd-06 159 009 12 021 069
Cd07 149 006 29 0 162
Cd-08 151 0.26 6.2 235 049
Cd09 148 0.09 70 024 146
NAG: N-acetyl--glucosaminidase
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Z prmicroglobulin 53] 7} A4 91 & 23)810] A A}
a3 237} 5 0 & eI, SR AR At A
97 UL A e Bole 25, @l 9%
ol 19 ATt 1ejut ol 5=t o ' A3t I, S A
= AR A}, FEFo) 95 24 A7) Aol 919w, 7}
TR w22 oA ukslk AT HhA E)«] oo} QJAMA o 7
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ol Aol M AN IAZS ET o whie A A
o thgAE Aot At el 77k EEE HERL
o, AP A 7 AT HaeE o2 4 10g
lde ol3ke] FEE 7= A0 R YERT ol d F e
Hl 3 A G A (6 5, 200199 B H F
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T8 B/ 362 pg/dl, 914 311 pgldl) E &4t
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oSt g 7| SRS (e 5, 2001b)
IS 5% SN B 426 pgfldl, o179 2.66 gl
dO)ATA e} v skl S A B Y R s R
& YepiSith gk =9 d50] Fud w5 2AE AT
(35,2009 0 5 s =718 7 3 306 kg/dl,
o}/d 231 pgldl)F = vl St e 5 I o] ok

S+ u|=r CDC (Center for Disesse Control and Prevention)e]]
A A8k ol obE el dF 8187 (CDC 1991, 1997)
2 10 pg/die] ™, =< CHBM (The Commission on Human
Biological Monitoring)el| 4] A A] ¢ HBM(Human Biological
Monitoring) T = 10 pg/deo] Tt (U. Ewers -5, 1999). HBM %k
20| 2 U o)A Ql=d], HBM 1 & AWt ol -4 eke] 7))
Aol A frafgh A742] S = Aol Sl T =770
o], HBM I = AWt QI 5 w7kt Abgtel| Al 1479] 3
A0l S7HE T Q= FETES HERATE B8 ACGHI
(American Conference of Governmenta Industriad Hygienists) 2]
BE! (Biologicd Exposure Index)2] A 115 %+ 30 pg/dl o]tk
(ACGIH, 2004).

ZAIARES] BF 2 TR 5% gl 2, H 1
29 T55 FE A AFHEAET, 20099 5 T
TETTA3A )BT} =S TS HERA LT v = ERA
(Ervironmental Pratection Agency)ollA] AlAsta 9l 85 &
29 Y1712 58 pg/Lo]™ (USERA, 1997), HBM [ &5 g
IL,HBM II i= 15 g/l o]t}

FA A S] B IIEE T 1R gl o] TR
S UeERSEE ol st s Er e Al Y FES %
ZAL - A "F 7 EF ST (718 WA 155 g
IL, o173 148 pgl ) ok & 7 02, A AFAE thd
R 75A T A AN H, A2 7188 12 gl
1.7 pglL) S} SAF8ERl 3L, WHOS] kel A x| 9l w]=t
ACGHI 9] BEI+=5 pg/l Bt} W& 4=5=0] T},

o] A-9] AR 398 RUHH A GA 5 555
&7 =AA A 2uAEA 7SS 23AE
et ALHAES AAE A3}, 85 9 244589 ZUH
A A SETES 71eHE R 6021 pgldeo] YO,
o] ArellA= 7ok et 248 gl U= Vb oM, dF
Z 32} 287> U E E ALl A 7188 o 2143 pugll, - A
To) X 7)8H8 9t 1028 pgll 2 LFER T

3 I 7t 239 & R U E R AR olA 930 ug
IL, 2 A= 7] 3R 149 pgll 2 ERF O EH, B
EJE AR 229 54 wEFTo] 2 Aol o] R
TR A 57 A UERs T o] = ZAM EAe] A
ANE ANH G D5 9 A7 52 Aol
7101¢ Ao 7 FAHLY,
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e, TEA S T VG ANE FARE T 1]
Wt 7] o) gk Apo] 7 LHERUA] ol o 7 Q1% A7
o= $E A0 HIE Rtk 20 w22 e AT
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TV AR 3R 8 AN s AAE S, &
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