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of mercury, cadmium, lead and arsenic
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Abstract Metals including mercury, cadmium, lead and arsenic in nature are harmful to wildlife and humans.
Cadmium and arsenic and/or their related compounds are well-known carcinogens, while mercury and lead may
even cause cancer. Human activities are the main sources of mercury, cadmium, lead and arsenic contamination.
A group of human diseases are suspected to result from exposure to these metals, and have awakened the public
conscious to pay more attention to the risk of these metals in human health. Extensive studies have demonstrated the
associations between adverse health effects and exposure to these metals at high dose. However, there is a paucity
of information on the adverse effects associated with chronic exposure to the environmentally relevant levels of
individual metals and mixtures. The impacts of exposure to mixtures of these metals on human health need to be
examined. Depending on exposure route, dose and exposure duration, mercury, cadmium, lead and arsenic differ
in metabolic fate, mechanisms of transport and disposition in the body, and have the individual toxicological
profiles. The adverse effects and potential molecular evidences associated with the exposure to single and mixture of
mercury, cadmium, lead and arsenic were summarized. The applications and future research directions of omics
technology, such as genomics, transcriptomics, proteomics, and metabolomics in understanding the mechanisms

related to toxicities were also discussed.
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Table 1  Toxicity effects induced by single exposure of mercury, cadmium, lead and arsenic

SR BT IR AL i
A B ILET 4 S0 28 B (3 (7]

s e A
B o LR i AP (8]
He o WG FEE R AP T4, AN 4 (7]
IR 11 FEAE AU IR AURSAE, SRR AR AN SOR(12)
P R PV AN AR AN - BN 3K k(15
WA e KR VR 08, A0 ik[19]
Hris e Lt FRAEIIE 5 ORI 501 %, 5 R T A, U-DPD 34 k(18]
Cd I x P 015 0 DA BB B0 AR LI 69 BRI Kik[21)
A DR %fiiiiigijfﬁﬁiéiigfﬁggggM Xik[22]
WA S WRIHEIE AHETS O S SCIK B, A D S RISy k(2]
Ph BN AR L S ABANIT Bl TR caspase-3 it ATPEIK i AU 1 ik[34]
e s SEE A, YT T 0 R[50
R CTBL6 A R SH37]
N fliEas=2 i N P MR ALAD 3544, 340 GSH \ZPP ; 34 i1 ' HE A GSSG 1 TBARS 7K°F- SCHR[35]
s meam S O B SO BRI

AT FET OGS B SUNAT B, U B £ IR A 2 S Rk

1.4.2  FH0n LA

) T AR S5 A A 2 A 6, A B 3 B
IRBERRER S T LA A s s e . =
A7 S Ao 0 200 PR 905 S 7 2 L
MR S AL S A P L % SRR A 17 A
GSH fy & W™ . # % & ™ 4 ROS M i% ¥k &
(RNS) 3386 [ oy 3 1o 0 AL U B d i , oE
7T S AN A FE T, P R I e J i — Y o PR 4
AET3L DNA BEWTZL, JE A R BRI R . M
AL A R i B B A S AL R 4 FFIDE 2 g o
R4 M DNA R S5 56 PR, 4 i 98 410 4 6 R plS

pl6 .p53 Fl DAPK &5 f #5 J7 51 H 3 £k ol A%, 17 ]
DNMT F ik, [A] B A 75 5 miRNAs 32648k, A HBf
W45 Rt i 2 85 1755 CpG & CpG # H 5k
TS G AN EE 3], G LB T CD8 + T AUk 2,
AR

2 RAERBSHEINEIERIE

TRA TS YY) R 57 T B RN 267 2 A4
AL 1) 0 A 15 Y MR 15075 5 0T B 1) 2 R Az, B
RATTHYNF T B TEAERON A [F] FAT A 81— 35
Y152) IS TS MV T I REVE SO S 77 AL T



52 1]

B RAT R B T B RIR 1 R R 1 R RO S LB 7 225

R RIS SR AR, o IRAT B SR 21 A W90 IR Sl i 15
FHIBIEHA WA, NMEREEE 7~ 4 8 B RN Y
BLER, DX A3 AS TR 4 T A R R0, 17 L BB A5 T fh 27
Yy e .
2.1 REEBERFYRME

AN TR Ak 240 I D) F9 A AR B e AR %, AR i Ak
W BT REE RN AR, — A B A R B S BAL
Bo BIINGEALR \2,3- " Fi3-1-N il iR (DMPS) . &
Pt bt 28R ( NAC) B FH B AS 38 /)y BROAE T2 N
AR AR ARk, R 5 DMPS FiI5R 5 NAC 2
B F/NRIE T AR PR bR AR iS5
PRWR & 28 58 77 L6 LA 5 YRR B A T o0 I 2 Y
FEVERRONT , 0475 TG 2L ik A0 AR I T 2000 i 3k
KIE AL, MR AR , 52 =5 35 il s 1k AR
SRR
2.1.1 24 JEIRA R

BRI B DR RSN o K BRA R AR 2
FHHCH I35 A 3 163 il 88 mg/ke, K B FE#E T4
FSIRA YR BEKIK R 1 402 mg/kg Y + 34 mg/kg
F3.1 921 mg/kghs +47 mg/kg 55 .2 633 mg/kg £ +
64 mg/kg 45 .3 607 mg/kg &% + 87 mglkg 5N 4 942
mg/kg 5 +120 mg/kg §,30 min J5 = 55 2 41K B
AT BN W75 o I U IR S G &
AT, THEAAR B IR A 2 EE ok SOk B
2 696. 54 mg/kg . KRR TH MR AWK
UH 29.25 mg/kg #5 +0.71 mg/kg 45 .87. 74 mg/kg
Tt +2. 14 mg/ke 45 .263. 23 mg/kg 4t + 6.42 mg/kg
WUTRETR) 90 d JF IR EIRA RS FEHOR
SRV A AN A A S 50 2 AR, L R N G
E N Wi ot ok 3 R a5 el ORI =
INELER SR BRI R R R SR AN

By R R R BT S IR A ) R R Y R BRI
( Ruditapes decussatus) Z¥5 3% (B Sa M 26 RiEF
BOSNHRBEAY 3 R 5 .18, 6 F1 10. 8 pumol/L) T
B, RGBS 3 0 1 BBOs8  e
BEAY Ik 1. 24 5. 08 F12. 68 pmol/L) R 45,
WM A AR 96 h G HEBUE R 2.2.7.8 Fl
4.3 wmol/L, AR ATCHIFIFE ) 745 (0 BPZR7R b fn
PE) TR AR T2 IR EEPE RN 96 h 4l BB TR
Ko H A N EEPE TS 053 308 0. 01.,0. 08 10, 181,

RN B ER SEUF ( Gammarus pulex ) JET- 3
RPN . S — A B RN LR EE , B IR
RS W (R 25% SALHREE N 7.5 pe/L, il 10% |
25% F1 50% A FE AR IR ol 274.7,534.6 FlI

1010.5 pg/L) , FHAIFFE TR FAEY & LT
K, B VR P R BUE W & AR T R AE T 3815 m , 3R 9]
PRIV BT (VR A 2 5 0 AR MR A 77 A B 3 1 22 4 X
G PR AR I Al BEVEA 1) BRI A AL T
P IGRTR2) &R S A ER;3) i B AR 1Y
I, e AN A 2 g SO AR GSH 5 &R MT Yk B
B, y- 4 2 e e 2 B T R TS T
2.1.2 4 AR A 2R

S AR AT W £ R4 0 v BE (LOEL ) 43 48 A (25
10 15 mg/L) VR4 % 85 7 BUENE R BRUAN 8-2 3 &
FEPTRR (ALA) BRFEMREE EJH, S5 —& 81
FHEG R A RS0 73X — 840, H ALA 3% fin £
W ALK SE BT AT SRR £ R
i B R LA SR AN (R ER R BEARIK A 4.8 2.0 FlI
2.4 umol/L) B4 5 7% BALB/C 3T3 411 53k 5411
FET AR NGB | 98 SN FER I A O Y 3 B A
miRNAs &} Z 840, JF kL 3 Fh & )8 BB S W
miRNAs AJVE A 0000 45 . R4 T 6 2 58 5 B0
A MIARICH ™ o VR K b S2 PR 3 i R
IR G CEP EE AR HIK o B — 4 J@ Wk B Oy 0. 38
0.098 F10.22 mg/L) 8 & & WK B, & PLHE S il
PR (MBP) HEAMRRED 2,3 - HIR-3'-
WL — TR BEES AR DM B R 22 22 35 1 (NF) 45
WRE T B, Bl R AN 2RI . i R AR A
Yy BOHERE R 27 2 DX I 2D, A7 I R 25 A )l 5 4
T 76 JOF RIS A X358 B8 o B S PR 8 rp BE Wl R R
TRVl 2 92 B ol >, 0 IO JBE %) Ao 2 2 A JEL A0 D) e
ZREI) TRV G T
2.1.3 4R REFEIRIRG 2

K SR G B B 15 T AR /N B PR AR
N TR TR . e pEAAEL, H GB
5749—2006 A 3 1k FH 7K T3 AR A o ) B0 A2 1) e K Ao
VFRRMER (1 we/L) H# (5 pe/L) H (10 pg/L) Fif
(10 pg/L) BIR A Y 2% 8 S 350N UK L JH B b MDA
WEERG I, & b ALT (AST  ALP FUIR % g 85 1
(LDL) & & F+ &, i JH B ik b SOD 3% 4 B 2%
W00 TR R N TR A 5 R X BT I Y i £ G
PR GL A BEPERINE , B — 4 A 3 A 52 e S KA S
LR W) Fe 3k TR A W Ao 52 470 Ae Ak S PR 3R 3k
AEREERRONE Y o I B B D ARG 4 R G
1335, 155 NMDA 2Z{&HE 2A 2B 2D Fil Bel-2
PRSI S B £ i 28 R B R

FHERBER T 7K e dg i G0 000 380 1) e 58 L 5 LR
B VHL ANER 8 Fh A, $i IR WHO BR il A8 19



- 226 -

IR TR A

08 %

o FRVFH RE ] o 1 AR BRI 5, T #2118 0 (4
H) (110,100 A B < e A6 2 88 T 45 19 ¥R
Y RFEHEMER 90 do 30 d REE A EN A A
HHEPRAEME,60 d Ji5 100 15,90 d J5 10 F1 100 55
AL IRAWTE T RN AST ALP BUN JK-F-JF
1, Ser PRGN, MiLIE B8 H O E B ACEREAR.
2290 d B, 1 AGRRE U BEAN L K BRO JE JFFEE |
"B HEAD K ik s LPO ,GSH ,SOD , CAT . GPx #11 GR /K
-, 10 1 100 A7 TR 45 Wy e in ' Ak EF U R A o 1Y
LPO, A GSH., 11 il 470 48 A g% 1 , %8 5 Ak 14 52
T KB i A R G X HR A P UK

WHO f5 SRR IR 51 90 d 288, BARBEA S
SR B A Al G I A AR PR A B A 2 84, (HUE 10
1100 AR e B2 5 S50 S ) A2 1 S Akt i
BEAEPPAS PR TS P S PF 3 B KRBT L — R 75
F 5 T B F) A 25 R0 A A0 T I, A O
JR IR A W 2 B FOT 7= HE AR AT ) A PR R Y
LOEL JR &1 % 85 K B, B AR A0 M0 R 9 2R L RE 6 2%
R R ANAPIR G4 90 d AR T i S A A AL REE
{ER 180 d B2 %1755 0 35 1 480 L I8 B vy A A= A
PREGASAL o PG, 7 F R T 0 5 Fo VA Tk
JERREARMESAT T, 7 20T B w3 WA A

10 1 100 AE ok BT & ) 2 8 T BBOKR IR AL 41
AR AN A S 1 S B o 45 1,8 Bl

BYFIAIRE S TR TERON WK 2,

K2 KRB B MESTRESURE

Table 2 Mixture exposure toxic effects of mercury, cadmium, lead and arsenic
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Fig.1 The mechanism of mercury, cadmium, lead and arsenic toxicity
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