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ABSTRACT

Although, mercury (Hg) is not a naturally abundant element in the environment, residues frequently occur in
many environmental compartments because of widespread contamination from industrial and agricultural
practices. This research evaluated Hg-B concentrations of general population who was not occupationally
exposed. And also evaluates the association between life factor and health effect with Hg-B concentration of
general adult through interrelationship estimation and index about kidney function and oxidative damage that
appeared by questionnaire survey and medical examination. Average concentration of Hg-B was 3.19 ug/L
(ND~8.64 pg/L), and persons who exceed mercury exposure level (5 ug/L) presented in WHO (1990)
appeared by 16 (7.0%). High-risk group (smoking and meat main intake group) had significantly higher Hg-B
concentration than low-risk group (non-smoking and vegetable diet main intake group) (p<0.05, low-risk
group: 3.30 ug/L (ND~ 8.64 ug/L), high-risk group: 4.27 pg/L. (ND~7.84 ug/L)
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$£, 293 Y5 58 B4 2k
e} 74 A2 4% =% A 9% 220 G}
7 549 A=t AgEs #de= v

B3], §714-2 QAL Holds 3
A EEEE ARl slol ¥ - AR 9 $4HE)
2ciqle] Hz gow, AgHoz oo 53
=29 Ao| gr Y FUSAAN +29 o
Aol Ao F- WY £ FFo)

5912 (Putman, 1972), wl2fe] 4-2olete 3
2 F2 A QAo F3T AL F= FoT B

Ao AEAE it Qd
37 Zo] 422 7], 7] e & 1F
ZA 8, 2E Al Ad 270& Z9AM uF

2o &S i Quh 37 F f7] el =
2HE 78 Azs 4 olF, 59 Aolt 34
=)2] AJFH o 2Jgtet 6 ounce] FA| o= 2~
127ug (A7 17pg)9 2o Fi=ed slom, &
2ol AL o F (A5 Sol, Walleye, Pike,
Muskie and Bass) =3t =2 2x9] 28 353}
1 9)o}(Yess, 1993). _

42 H3hEe 54 9% A8 T3 A%
ol d3g mlAY, Al WA =7 e n)
2 4 9)t} $-7] 422 blood-brain barriers |
2380, "ok obed AR £ =Fof v
< wztsie) welpoa) "l 54 AT
Aol Qe ZAAAQ Zolx w|w|BlH, 22
Aol F5EE F2 H, 73 AR S5 A
Ao A 7H} & yEE el o2 s #
Lo 93t AAEAL A deiA ot (Fowler and
Woods, 1977; Magoes et al., 1987; Woods, 1989).
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AT AP 2002+ 59/9el A3k, Tl
A 9 AR Ae2ARE B8 Y, 9%, 3
A7 59 71 2ARE Agael ¥F 24

A AA st

o

1. ¥E +29 Y 24

oo Lmutx]E 98] EDTA (ethylenedi-
aminetetraacetic acid)2 A2¥d 3mL AFZAJ%H
(vacutainer, Beckton & Dicktion, U.S)& A}-&-3}eq
Al gS 2A Y3 & =)o ole]A(dry ice)ol
sl o8 A B4 A7 T0°CAA B
gatodeh 24 Ago] dAAmg AeolA AA
3] =9 thg, AFAE T (Vacutainer tube) S 4
3 &l W5t EDTAZL % Hol=% @ ¥, o
ZoA 1 mLE #3}e] 23 HNO; 2mLE A7}t
& vlo]mR Y elH WA AH] (Mars 5 (CEM Co.,
USHE olgstd f7]& EaE AX= AA
7 AR Ho]25E ol&ste] AleAdFE 20
mLZ 3 ¥ BA3ko-

¥F £2Hp = 4 A 3ol
s F2oh} u|&aFV)E BANA FHIE A
7} =7] QA (cold vapor generation method)&
o gstelch B AR s BAYAE WA
23t o] A&, 0.4% NaBH;¢} 0.5% NaOH (in
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D.W)¢] &gz}, 5M HCl §8& Hb-gAlo] oF
10 mL/min®] f8fo 2 FAld FYUAH 382
FHAES Holgloh 2 QT FrrPYs
Aol 4438 WAYAHR] (hydride generator, Shima-
dzue HVG-1, Japan)& A& sted AL2.3)}900.

7k BAel =F<19Y (1,000 ppm (1,000 mg/L))<
A% Wao) 2EALLAL Aze FEsh A
FAFSA B A ele] ALgatden, AlekaAlA] Abg
¥ wlo] 24 (deionized water)s 44 A X
(Milipore, Miliford, M.A, US)E& o]-83}] 18.3
MQ/cm=Z wHeo] A4t =& A2 33 4k
5 FA3ke, i EEA3ke] el (C.V7L 5%F =
B 3¢ 537k ERske

EAMAE 2718 222.8nme] EAAMA BA s}
Aem, slit Yol 0.5nme] et ¥4 Ag-E o]
F7}2x (carrier or purge gas)2¥ Z&RE ofz2 T
(Argon : 99.999%)71A| S AH4-3F v B vlilog
435,

BEFARFAL AL wl="x &3} (matrix
effect) &, A=, =aA=, 3y 5o 93 A
3517 93] ®=FEA 7)1 (standard addition
method)S o] &35}l B2 2R Hyle oo
o a3} el Al ojdo] Habsel FAIR =
AR §AE Az} olele o 1o g
Yol g Aasjelr) 9 T2 MR Wl

£ ATANE BF L 5l Be Ao o
A 20 Tl V13 o AR v
ARz AT 8% o0 mEAATUE
2 AdsE7] 98 vigd e A& ImLE o] &3le] n}
olzEsloln WALHE o] 43l WA ¥, =
49 (AR g AS Dol e wmel
apel @AM AR ¥ HA e AA gl
20mL7} HA sod Alme} S AN B
skt

AF A4 A1z GARAE A3 A,
ek 2705 AL ALs AL Tl AR 24
5 726 9% A% AR AAskden, 2 A4
APe 235902 ol Y4 Ane =EU

1) AAT|S ZA}
A7) WA el AstE aav) W Zo

g3 a2 ees AT H A%

INEDESE 231

SdelEs shE AAEe A 2
Sl Ht, BRI T Aol g
Fol GHs}7] @l o] wdepe] Zrlern A%
%5 Aee ouake
A AR B ARG AAY AL
& H3 G F, 94 £34VEY, o) gle
£ASE o2 Asha DAY FYAAE
A%AE 2adaE ot A5 4 7] @8
ZAL A 2~3946) A% 2%, e o)
4Ae A= ATHAL obY TEA A
shsich $ALe =y AAY & QA
7)) Hitachi 747.2.2. 24 x}2)s}4c}.

r-lo

r

2) LSk &4 (Oxidative damage) Z4A}

AW Fo] AFZFAl DNA adduct, 8-OHAG (8-
hydroxydeoxyguanosine)®] A=A gl &A1& 93}
o] "HEo]Al in vitro ELISA (enzyme-linked immu-
nosorbent assay) (JAICA, Fukuroi, Japan)2 o]-£-3}
o N7 8-OHIGY el 24Hseh 134l
monoclonal antibody 50 uL ¢} 50 uL A BE 8-
OHAGZ Z$-ElF o] gl microtiter platesol] 37}
ghot. platesE 2 3-g3te] 370°ColAM 147k wjek
3}az, 250 uL. PBS (phosphate buffered saline)2 %
o]\ie}. HRP (horse radish peroxidase)® Z3}%] o]
gl 23} &4 100pL7} A7k 3, wops] 1, A3
%o} enzyme substrate?] 100 uL>} #H7}= 3, 100
uL 1N phosphoric acid® %Hgo] wpi-glsg 4o}
AbsorbanceE 3% Zoj Spectrophotometer (ELx
808, BioTek, Winooski, VT) 2. 450 nmej| 4] Z#]&}
At

MDA (malonedialdehyde)i= TBA (thiobarbituric
acid)2. ¢3¢]2] adductE o]L3}e] HPLC=Z. &A
2ic}. TBA reagent™ Merck (Darmstadt, Germany)
2 FYste, B2 23 mmol/LoA AEF %ok 10
nmol®] MDA stock standard (Aldrich, Milwaukee,
WD+ 247 uL 1, 1, 3, 3-tetraethoxypropane (Sigma,
St. Louis, MO)2- 100 mL ethanol (40%)e]] oA
THEv} TBA-MDA adducts?} polypropylene stop-
perZ F8|E v} Zb tubeell, 300 UL phosphoric acid,
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0.5 mmol/L7} A 50uL3} 150 uL TBA <9} &&%
o} Z} tubesel] v S b, 950714 FHEE A 14]
2 &=rb §A"E 222 7 tubes7t dEL
2 587} YWzZts o] At} methanol 500 uL7} 3715
I 7}t tubesy} 53¢l 5,000 g0 2 AR = IE)
X887} & autosampler vials2 &7 A A], 20 uL7}
HPLC=z= ®#A5 ¢t} TBA-MDA adduct”} isocratic
HPLC System (DX-500, Dione, Sunnyvale, CA)eil A]
532 nmel| A} &A= 9t} columnS- potassium buffer
50 mmol/L, ph 6.8, methanol®] mibale phase& 2
Nova-Pak C18 column (Waters, Milipore, Milford,
Ma) o] ¢]©}. mobile phase flow* 0.8 mL/min®] gt}

49 8% fos 4 58 Ao pAe
SAS =2 I8& o]-43le] BARME STk M

W 87 BEAle we ¥F 429 vx EXIT
test, ANOVA £4& AAstg 1, 85 42 v
A7 9 A &4 AEeke] F[AE deo}
27 93 ©h33)HEA (multiple regression)& Al
Alatd et

o7 A

o] ApelA &y M2 P 717] 2719 €
DA (validity)& A=3}7] $sted m]= NIST
(National Institute of Standard & Technology)ei] A
Az Y F2FATEA 966 (Standard Reference
Materials; ©]3} SRM)E& HA3lgiet 4 ARS-
% gl SRMO] L& =x= 314+ 1.7ug/LE, F
g F AT w7RE Ase} FUsHA —70°Ce)
A B3P, EAE7] A AL (22°C)oll A A A
3] FoA ARSI o] F HAIAA G BA
27 g 717|27& A8 U el 24
< ANslgen, a3t Fr7t A3E Jeigle
(Table 1).

EAubge] A S Hrlslr] sl Fag
"é’@ A sge A B4¢l 228 99 v=

ZA| 5t vlEl Aol FY3t F, B

ﬁﬂ‘%‘l Fodsk wes AAeE F F Fdg A

A 27 A BAEE A AlBE 53
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Table 1. Recovery efficiency of SRM (Standard Reference

Material)
Labelled Determined
SRM NO. (ug/L) (ug/L) Recovery (%)
966 314+1.7 35.6 113.4
Table 2. Recovery efficiencies of Hg-B
Spiked Determined
(HglL) gy  Recoven®
1.50 ug/L 1.31 ug/L 87.47
Hg-B 3.00 ug/L 2.79ug/L 93.27
5.00 ug/L 439 ug/L 87.84

v 2Aslgon, 392 FE HYE o]
A g A3 JF 90%=2A vz s 34
-8 x99} (Table 2).

AT Fe] Y 2359 F HF= Qld 59
A7l EAlEe] HEHo=r 23099 HF 2
5 Aart 2 ARSE S A A o
kel AW ulg- A, A A7 29.4% (69%),
70.6% (166%)d o, FF AL 454 (204 ~73
AyaA G (@4 A (454)9] H A3
FAeE Aoz Vet 93 £2 4007} 827
(349%)2 71 B Hor zAFEgloH, Fd
H)| &L EAAE 22.1%, H| B AR 72.8%2 FAF
=) 9]t} (Table 3).

HF 29 xRy AA HF 3.19ug/L(F
A& ~8.64 ug/Lyo|™, YA 2 A FEZ (normal
distribution) & el &34 o)ste] HiAkA
= 359 (15. 2%)0]3131::1 WHO (1990)0l| A} )| A3}
T e dukel 2L xF SFEGSugl)E 2343
= AR & 230t=1 Z 169 (7.0%)2= 1}
ehdoh e PR3l 83 o2 $E2F Hle)
AL 79, FAle] HF 3.45pug/L (ND~7.84
ug/L)2A o143 (3.10 ug/L (ND~8.64))ell u]s] &
ZF 52 vl 2 £F02 AEG oY FA
Aoz {3 £ ot (Table 4).
a9 °J e JAsP] A AT HAARES
L =8 F9 fFol wel vwas
24 (3.72 ug/L)7t 1v°dz} (3.07 ug/Lysl  m]3
FEOE FAHS (Table 5), <ol 93k
& Al A “]“: ztol & fFs7] 9

o

¢

o2 Hf oo @
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Table 3. Basic characteristics of subjects

Parameter Subjects
Total 235
G
ne(“;jr Male 69(29.4%)
¢ Female 166 (70.6%)
Total 45(20~73)
earA(an o Male 44(22~73)
years{rang Female 45(20~173)
20~29 22 (9.4%)
30~39 52(22.1%)
i ﬁfiion 40~49 82 (34.9%)
'S;‘(o/f) 50~59 55(23.4%)
¢ 60~ 69 21(8.9%)
Above 70 3(1.3%)
Smoke Smoker 52(22.1%)
n (%) Non-smoker 183 (77.9%)

Table 4. The concentration of Hg-B of subjects

(unit : ug/L)
Total Male Female alue
(=230) (m=69) (=l61) PV
Hg-BY
Mean+SD  3.19+1.21 345+1.46 3.10%1.11

3)
(Min~Max) (ND”~8.64) (ND~7.84) (ND~8.64) NS

UMethod Detection Limit : 0.8 pg/L, ?ND : Not detected, YNot sig-
nificant

HFAAEE ddes Y IF 5 =
5%17}5‘—1— Az}, FAl o] dAld] |8 v|mAH 2
FFo)gl et (B, 94 A7 Ha 3.17ug/L, 3.06
peg/l), AR $28 $E2 T (A&
AABEA &)
AF HAaale 9¥UE 50Fo= FEIY ¥
42 Fxd o7}t lrkE HrietdAT HA
o] A% 30 (34.78%), A& 407 (42.86%)7} 7t
Hlgo] ¥ AT o Aoz epgjow, 7
ol w2 dF £ F=9 zhe] Bl el
AL AZE A 4Sket (Table 6).
T AR BF $L wxol I uAE
AZBEA F AGHE dolrr] H3 ‘QHP
EA s AR Algd AR} R
o] &3 T3 A RN AAEE. it 7H

)’Nlm_—:

i R ot O{N
0 © R 2 off

r°J

ol M m 2 X

4 F £ 8sle] FAMoE felshl ¥
2 pxel WE AT Hew veheov,

sk A% 9 AR el BAA 233

Table 5. The concentration of Hg-B by smoking

(unit: ug/L)
Total Smoker Non-smoker _valu
(n=230) (n=52) (n=178) PVAUe
Hg-B"
Mean+SD 3.19%£1.21 3.72+1.41 3.07x1.16

(Min~Max) (ND?~8.64) (ND~7.84) (ND~8.64) <0.05

YMethod Detection Limit : 0.8 ug/L, PND : Not detected

Table 6. The concentration of Hg-B by age categories

Hg-B Conc." (ug/L)
Mean (Min~ Max)

3.68 (ND?~7.84)

Age Ratio (n)

<29 13.04% (9)

30~39  3478%(24)  3.55(ND~6.48)
Male 40~49  14.49%(10)  3.11(ND~5.03)
50~59  24.64%(17)  3.24(ND~5.89)
>60  13.04%(9)  3.65(ND~6.99)

<29 870%(14)  3.03(1.360~3.77)
30~39  16.77%(27)  3.06(ND~5.22)
Female 40~49  42.86%(69) 3.05(ND~7.17)
50~59  22.98%(37)  3.24(ND~5.28)

>60  870%(14)  3.10(ND~8.64)

YMethod Detection Limit: 0.8 ug/L, ?ND: Not detected

Algd 38 FolME Ah Y FUdE F 43] o
A s Aol 3 13 Ak A=l ¥
3 HF 29 Furl Yol Aow AN
o (p<0.05). &F &HAME A9 <& HA ¢
= ARt wls] AL s v dAdAbelA
gF & 37l o 159 2 Aoz AN
}H(p<0.05). 1 9 FAHoz R $F2 o}
ygAgt AA= 24 (BMID), 7+ 317 AFHZ
23 PF $2bole] o] A e] vpEhhtt
(Table 7).

AT HAREE 2% o] &7 F-5 v
g} FEsld Zhzk Ao d% 42 ¥ =5 Table
8oll AlAIBIAE. FAdLl - o] J A& B 1
(A 3.35ug/L)ol A 18 (HHF 5.30ug/L)el

w3 g5 529 =7t ¥ d_i FEE L
L}(p<0 05), oA &7 2% °l° R19] x}o] (AA} 46
o, oAbl 482 S|4 AT o] UKow, o
A 7% A 2Fel 314ugll, ol 27E B
ol ZFo] 256 ug/Lz ZAHA AAH o= A
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A2F (G20 pgel w8l o4 &3¢ Bel 1§
B2OpgAA Bk §E F £ 55 SEO
= zAHgdet BAMeE 4% 43
oAk

% 42 = Aolo] B2 A1 7% AmE)
SAYPE shetetz] SAal, WHO (1990)e4) A1)

Table 7. The relationship between life factor and Hg-B con-
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qF o2 4l =255E 7]E02 Spgll
A 2~5pg/l, 2ug/L ol3te] A 1oz RRet
o A% 7% Az} v, Frisideh 2% 2
=
(&

o ok

= FRol mE A% 75 AR $AEE A
B, BUN®| 7% 2pg/L o|8}(Hg-B<2, n=69) L
£ 14274347 mg/dL, 2 ug/L o)A} Spug/L o}8}k(2
<Hg-B<5, n=147) 182 12.63+3.86 mg/dL, 5
pg/LelAt (5<Hg-B, n=14)¢] 7%& 12.89+4.48

— B -

centration mg/dLZ #AF o™, JAHH (7.8~22 mg/dL)
i = 4 = gjAlz}= )0
Class Variable Regression g 2 lofrbes AR 7.83% (18%)22 vebgtt.
X% Creatinine®] A%, 2 ug/L ©]3} (Hg-B< 2,
Intercept } 2937 0873 1=69) 1§-& 0.8940.14 mg/dL, 2 pg/L o] At 5
Gender - 0.113 0323 )_”““ 8920.14 mg/dL, 2 pg/L. <14
Age - —0.003 0.010 ug/L ¢} (2<Hg-B< S5, n=147) 1§ 0.81+0.13
Smoking - (1)'1722* 2343 mg/dL, 5ug/L o)A (5<Hg-B, n=14) 7%-2 0.93+
BMI - . 27 -
0050 0.17 mg/dLE2 #FZAH o (p<0.05), AAEY
Fish - .05 0.215
1ohes (0.5~1.5mg/dL)E Hojv}= Algte gl= Aoz
One or fewer per week - - olmz oz rale] AL ol
Meat Two to three per week ~ —0.131 0.219 vebstet B2 vl =283 A4 2ug/l <]k
Four or more per week  —0.814 0.858 (Hg-B<2, n=69) IF< 100.24+76.74 mg/dL, 2
One or fewer per week - - ug/L oA 5ug/l o3 (2<Hg-B<5, n=147) 1%
Roast meat Two to three per week 0.063 0.303 2 126.43+168.07 mg/dL, 5 pg/L. ¢]A} (5 <Hg-B,
Four to fi k 0.297 1.043
our fo Tive per wee n=14) 182 110.15+89.45 mg/dLZ Z=AIE Qo
. One per week - - SRR o Wol
M'Ikd Two to three per week 0.178 0.232 = (p<0.05), A (2300 mg/dL)& Blefri
products g or more per week 0.098 0.255 Alghe 3.48% (8%)o 2 eldth(Table 9).
One per week - -
Vegetable _
and fruit ’]1_;:;:; toort]?]f; I;;rrtvvei;( _8;;2* 833; Table 8. The concentration of Hg-B for nephropathy
i i (unit : pg/L)
One or fewer per month - -
Two to three per month  0.248 0.284 Normal group Nephropathy group
Gender
Alcohol One to two per week 0.042 0.286 n Mean SD n Mean SD
Three to four per week  —0.822 0.615
Male* 46 335 145 4 530 156
Almost everyday 1518 0731 Female 132 314 110 11 256 1.02
R-Square 0.111 Total 178 320 1.20 15 329 168
*p<0.05 *p<0.05
Table 9. The relationship between index of kidney function and Hg-B concentration
Hg-B concentration categories
Total
Index of Norma range Mean+SD Hg-B <2 2< Hg-B <5 5< Hg—B
kidney function
n=230 n=69 n=147 n=14
BUN (mg/dL) 7.8~22.0 13.14+3.84 14.27+3.47 12.63+3.86 12.89+4.48
Creatinine* (mg/dL) 05~15 0.84+£0.14 0.89+0.14 0.81+0.13 0.93+0.17
B2* microglobuline 300< 117.58£142.68  100.24£7674 1264316807  110.15£89.45

(mg/dL)

*p<0.05
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Table 10. Index of oxidative damage in this study

w50 A7 8 QB HAY 235

Index of Total (n=230) Gender
oxidative stress MeanSD (Min~ Max) Male (n=69) Female (n=161)
. 132.01 £93.94 125.08 +84.69 134.99497.33
MDA (umol/mol creatinine) (41.62~853.21) (41.62~534.22) (50.66 ~ 853.21)
. 14.97+12.58 14.35+£8.91 15.24+13.86
8-OHdG (ng/g creatinine) (2.83~ 107.82) (3.12~52.33) (2.83~ 107.82)

Table 11. Correlation of Hg-B concentration and index of
kidney function/oxidative stress

A B C D E F G H

A 100
B -001 1.00
C 001 0.32** 1.00

D 0.11* 0.13* 007 1.00

E —0.11 0.29*** 0.29*** 0.05 1.00

F 006 —0.04 007 007 0.24** 1.00

G 005 —0.10 —-004 004-011 -~0.02 [.00

H 001 —-0.16* —-0.09  0.05 -0.05 —0.02 0.48*** 1.00

*p<0.03, **p<0.01, ***p<0.001
A: Hg-B, B: Age, C: BMI, D: B2 microglobuline, E: BUN, F:
Creatinine, G: MDA, H: 8-OHdG

A7 QARE Aoz 3 Ak Ak 27)
x| x|z BMAFAZ A A5 MDAS} 8-OHAG
25 3A (MDA 7 125.08 umol/mol creatinine,
8-OHdG ¥ 14.35 pg/g creatinine)ol] H]3) oA
(MDA 3 134.99 umol/mol Creatinine, 8-OHdG
HF 15.24 pg/g creatinine)ol| A L $35 el
Wolovt, B4Rz {8 $EL ol
(Table 10).

3 52 v= £EH A H *\_E}"é —i‘—% X]
£ AFAE ol&ste] ARAAE £
423 BMI9] AHaA| = 0.01, ‘a" ’*°J+ ='€ﬂ
olelde] AHASE 006, ¥%F 423 MDA
NBAE 005, BF 423 p2 vholTz IR
2] AlBASE 0.112 2AMEGgeH, o] = F
48 w9l B2 ule]mRIFREI AloldA EA
Moz folg Al vehde (p<005). 23
4o xEE AND Urix) QS0 4RLE
AR, d8al= BMI, B2 wlelmzrFz 24,
BUNv¢], BMI¢l= BUNo], BUN#}= Z#ofe]de],
MDA $}= 8-OHdGo] $-93t A#AE 7HAE A

Table 12. The concentration of Hg-B for risk group

(unit : pg/L)
High risk group  Low risk group
(n=120) (n=61) p-value
Hg—B”
Mean+SD 427+£1.36 3.30x£1.39
. 2) p<0.05
(Min~Max) (ND”~7.84) (ND~8.64)
"Method detection limit: 0.8 pg/L, ®ND: Not detected
o 7 FAb=Elg]v)(Table 11).
Z pLol o3& Wel T UAE T2

A7 JdAE a9EEH Zi-r{?ﬂ'ﬂ:_i ek
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HAFHe] ¢les RF o} (Renzoni ef al.,
1998)- I 98] AEe) FHE 20 TEEAM, F
A Foll= Hd 6ug/l, 22 10~20ug/L, &Foll
AME 10~20 pg/l, Al delM e B 3pg/le] 5
=2 A Aoz vehia glovt x93ql
Apol7} & Aoz oA I (WHO, 1976).
FAL QREY £355% Rz 22 x
29 oJskelatza] 2h4-& 39, Robert S (1993)
2 amalgams filling& 3t 9% 3l= bl 9)
)9 WF & wEsb 234 g Apuhol v)
o 259 o Q7 AR A Qe 29
3 amalgams filling#} 748 4220 lr:%%’ 9
299e WAl Yee FA 23 2 xFo
A ‘&t‘r—' o) A e Wl ‘}1‘:}-% o]
Me FdApt S 373 ug/L—i/ﬂ ¥ FA=}
& 3.08ug/L)el| ¥ls) 85 2 vErt 2 7o
= AL (p<0.05), @F 2ol G3FE v
Ae HezA, Fdo FAXcR {3 AAA
°o] Q& Aoz el
AN A7) Am W $R) o
T o K55 g9l 8% 23] AR
ZARIAEE (53] 7742 Ao &3
o] A% (tuble: A NN =8 531 A3 B
QoA M E£9) Ak AbEE oF7) 3} (Barfuss er
al., 1990). Ibrahim 5-(2003)9] Tl XE 420)
3% A 2394 ¢S TEAE FAL
3} wjFd Fom threl WS A 2 A3,
BlEAe] A FaAe) aw, =g oleld,
B £ ¥57b £29) 22 §7 9 2= 94
s} B glel #osl Fohshe Ag AAF
Ut ZaEleteld s} ek 52 AAT)%S o4t

iy

o

o




September 2006 Hoetal. : 8 & £ 252} A7}
AR5 Heshe F|EoA, B A7

A4 (BUN), Z#ofe]yl, B2 vpo]az 22 80 W
5 AMHEoH, T Bl 8% oL vxe
AZ7) Weel £2E vla BAME A =9 e}
3} B2 wlelzz gz ERe AL 5 52
TRt B2 2EA SAMez fEA

AL JFE 4 9t =& A4 AAAE A
7% ARLET vBATEFE F99 =
’\4—‘—%\—%— o], AT E-0] JAle|A] BAA}e} v EA
22 BF p2o] BAFOE AoV} v Ao
et ot Hd1de Aol (FAAF 47, v FAA}
1289) 2 s M) FAA o EAsta sl

22 AW 4 AL AETE A 2
Hol} a8l SH groupst Ashe] Azate] &
e =AY 2 71%& AS A7) (Stacey et
al., 1990), Akl ) HE-$- (peroxidative chain reac-
tion)e] ZHE A5A2A A 242 (lipid pero-
xidation)§ FAIAA HE2EALE sl Aoz
Wus3 9ok (Halliwell ef al., 1985). =3+ A)2v)
o)A glutathione peroxidase, superoxide dismutase,
catalase®] A& A& A|FA free oxygen radicalel]
)5t 8}AFEsH (antioxidative defence) B 7FAA] 7]
Ak, 71el &40 B4E WERAA Az F4E
vehlls= Zleow odelA gld) (Dieter er al., 1983;
Goyer, 1991). Michele 5 (1997)8] <3¢ 24
A &3 2NFE ©]43 In-vitro AF S B3] 52
% FtEd, FE A #UT F MDAE &
Heped AAe) FAHAE 24T A%, A 34
Azl Sl AR s e bk 3
o2 vepieh ¥ ATANE Ay £4 Ax
MDAS$} 8-OHAGE ©] 83l dF 42 Fx99
4L BRHA 5= PR GE B3 42
259 MDAS} 8-OHAGS] 4=X]7} Zrlsle 7
2 e, BARen ST g ohn
SR A ).

oo) o W Wb AT Bolohol B
Q77 olFelA slevk, Al Helrlel Bz
By Wl B AR goz we AT
AQRoiel F Aolch & AT G A% 2 A
A &4 A w9 AlgHe) AR Az vlgez
A AL ol g ot AFE A AAVE F
Alst 9 geFstE A £3 Aol i dTe] g
B AEA Al Algdel s =38 A4 7]

/\.]‘— [N

c

o r\o L

_VL

9 A&z HHA 237

o] Ao} FAHA F o @ =
ARSE A B8 A3 AR 71%‘ o]} &7
2 Q¥4 A A A A8 Al dE 3
g guideline ¥-2) 2 Q&M A7 Aol g AR
Aol FAIZE sl AR A 2 o9
7t=#(Cd), #E (Co), 7] (Cu), F(Pb) 54 A
o] 24 (transition metal) x=&3} oleFst g d
37 270z s WL Aoz g glo
vl 2 Al dF 29 odubhel g o
A AHAAE B3 Eag AAAAE rux
3t517] w7 A Aljke] Uit

P2 gE ?1—:'—1—' 2] = v P R = i o
22 JA 2 f43 Ao 1 F o &
2 gukale]] qloix AAE B 1 F
o] lo|7} vjehdw, o]el ulE QA J3ke] o
¥sHA Esl= ko] slet Fell oA A
ABIE FEE A A2 ATl s v
i glen, o3l Fxe qlejr e FAyl Ao}
NP7 BRF AAelvt =¥ FA| 7| Fel A=
28] xF fdlA 23] Al oAF F &
2.9 A3kx] (0.5 pg/g : WHO/ICPS, 1990)2 A}1-435}
3 glont, qIzke] A AAEA He oFel
o]l olEdl AA= kA AH2AM FEEA] @
= 7i°]‘:]'-

ATl A WHO (1990)e1 A *ﬂ"]ﬁ}ﬂ U=

‘EJ_HP°1 xEF FEGUYLE 27381 o] 351
(71%) 2. yepste}. o]9} o] A& Q] 2 Q179
3t 37 W oA I3k B3 ARE ZF] v
g AAeolw, ool Hsle] ] F £ xES X
et QA ofgkell g A7) o] T A A, AR
2k ohet AAHA &3 Tl gl Ykl
ez & QA JFYs} U3 o] FolA e}
& Aoldt ool s F7} g AGHog £
E $Fo] geFd HE 7FsA e 22 (ght
Y, AE (53], AAF 523), 2{)el Hisk
A 42]] Hel, FFe] g Aoz Algdr)

Z‘L-lﬂ‘. o,

)

8

ikl
Mo

Airey D. Total mercury concentration is human hair from 13
countries in relation to fish consumption and location.
Sci Total Environ. 1983; 31: 157-180.

Al-Sabti K, Lloyd DC, Edwards AA and Stengnar D. A
survey of lymphocyte chromosomal damage in



238 J. ENVIRON. TOXICOL.

Slovenian workers exposed to occupational clastogens.
Mutation Res. 1992; 280: 215-223.

Anwar W and Gabal M. Cytogenetic study in workers
occupationally exposed to mercury fulminate. Muta-
genesis 1991; 6: 189-192.

Barfuss DW, Robinson MK and Zalupus RK. Inorganic
mercury transfort in the proximal tubule of the rabbit.
Toxicol Appl Pharmacol 1990; 106: 245-253.

Berlin M. Mercury. in “Handbook on the toxicology of
metals”, L. Friberg, G. Nordberg, and V. B. Woulk,
Eds), second ed., 1990. Vol. 11, pp. 387-445.

Brune D, Nordberg GF, Vesterberg G, Gerhardssom L and
Wester PO. A review of normal concentrations of
mercury in human blood. Sci. Total Environ. 1991; 100:
235-282.

Carpi A. Mercury from combustion sources: a review of the
chemical species emitted from their transport in the
atmosphere. Water Air Soil Pollut. 1997; 98: 241-254.

Dieter MP, Luster MI, Boorman GA, Jameson CT, Dean JH
and Cox JW. Immunological and biochemical response
in mice treated with mercury chloride. Toxicol Appl
Pharmacol. 1993; 68: 218-228.

Flora SD, Bennicelli C and Bagnasco M. Genotoxicity of
mercury compounds. A review, Mutation Res. 1994,
317:57-79.

Fowler BA and Woods JS. Ultrastructural and biochemical
membranes and changes in renal mitochondrial function.
In: Trump, B.F., Arstila, A. U. (Eds). Pathobiology of
Cell Membranes. Academic Press, NY.

Goyer RA. Toxic effects of metals. In Amdur MO, Doull J,
Klaassen CD (Eds.), Casarett and Doull’s Toxicology.
4th Ed., Pergamon Press Inc., NY 1991; 646-651.

Grandjean P, Weihe P, White RF, Debes F, Araki S,
Yokoyama K, Murata K, Sorensen N, Dahl R and
Jogensen PJ. Cognitive deficit in 7-year-old children
with prenatal exposure to methylmercury. Neurotoxicol
Teratol 1997; 6: 417-428.

Halliswell B, Gutteridge JMC. The importance of free
radicals and catalystic metal ions in human disease.
Molec Aspect Med. 1985; 8: 89-193.

Ibrahim A.M. El-Safty, Ahmed E. Shouman and Nour E.
Amin. Nephrotoxic effects of mercury exposure and
smoking among Egyptian workers in a flurescent lamp
factory. Archives of medical research. 2003; 32: 50-55.

Janicki K, Dobrowolski J and Krasnicki A. Correlation
between contamination of the rural environment with
mercury and occurrence of leukaemia in men and cattle.
Chemosphere 1987; 16: 253-257.

Leonard A, Jacquet P and Lauwerys RR. Mutagenicity and

Vol. 21, No. 3

treatogenicity of mercury compounds. Mutation Res.
1983; 114: 1-18.

Magos L, Clarkson TW, Aparrow S and Hydson AR. Com-
parison of the protection given by selenite, selenome-
thione and biological selenium against the renotoxicity
of mercury. Archives Toxicology. 1987; 60: 422-426.

Mahaffey KR and Mergler D. Blood level of total and
organic mercury in residents of the upper St. Lawrence
River basin, Quebec: Association with age, gender, and
fish consumption. Environ. Res. 1998; 77: 104-114.

Michele R and Mauricette GB. Effect of heavy metals on
lipid peroxidation in the mediterranean clam Ruditapes
decussatus. Comp Biochem Physiol. 1997; 118c: 33-37.

Navarro M, Lopez H, Sanchez M and Lopez MC. The effect
of industrial pollution on mercury levels in water, soil
and sludge in the coastal area of Montril, Southeast
Spain. Arch Environ Contam Toxicol 1993; 24: 11-15.

Popescu HI, Negru L and Lancranjan 1. Chromosome aber-
rations induced by occupational exposure to mercury.
Arch. Environ. Health 1979; 34: 461-463.

Putman JJ. Quicksilver and slow death. Natl. Geogr. Mag.
1972; 144: 507.

Renzoni A, Zino F and Franchi E. Mercury levels along the
food chain and risk for exposed populations. Environ-
mental Research section A 1998; 77: 68-72.

Robert LS, Eldon K and John M. Evidence that mercury
from silver dental fillings may be an etiological factor in
smoking. Toxicology letter. 1993; 68(3): 307-310.

Saryan LA and Zenz C. Lead and its compounds. In: Zenz
C, editor. Occupational Medicine. 3rd ed. St. Lousis:
Mosby; 1994; 547-582.

Stacy NH and Klaassen CD. Comparison of the effects of
metals on cellular injury and lipid peroxidation in
iosolated rat hapatocytes. J Toxcol Environ Health.
1980; 7: 139-147.

WHO. Environmental Health Criteria 1: Mercury. WHO,
Geneva, 1976, p. 94-131. )

WHO/IPCS. Methymercury In Environmental Health
criteria 101. WHO, Geneva, 1990.

Woods JS. Mechanisms of metal-indused alterations of
cellular heme metabolism. Comments Toxicology.
1989; 3: 3-25.

Yess NJ. US food and Drung Administration survey of
methylmercury in canned tuna. JAOAC Int 1993; 76:
36-38.

Zarski TP, Zarska H, Samek M and Siluk 1. Mercury
contamination of the tissues of cattle from various
regions of Poland. Ann Warsaw Agricult Univ-SGGW,
Vet Med 1997; 20: 107-111.



