)
EF0E 5 2L 4

. 517 % 455 2022 4F 10 A
Eco-Environmental . .
Knowledge Web Asian Journal of Ecotoxicology Vol. 17, No.5 Oct. 2022

DOI: 10.7524/AJE.1673-5897.20211122003
R, S, JEi, 2. B4R T Y M IR A R TR B A RO BB Tk R (0], AR AR AR, 2022, 17(5): 190-201
Zhao Y N, Nie Y G, Pei C C, et al. Research progress on biological effects and mechanisms of heavy metal pollutants and their combined exposure [J].

Asian Journal of Ecotoxicology, 2022, 17(5): 190-201 (in Chinese)

ESEGSAYREEARENEDHRRAHTHR
it &

REd', BREA, B, s Fe

1. R AFMRAEE EEHRFARK, A 230601
LR ERETLEHFEARLCBAELA LR E, P EAF RS LW R R I #a37F = 0, 4 8 230031
YriE A EA . 2021-11-22 FH B :2022-02-26

TE. MiE TSl R R, B RIS R E 2R AT ZM A IREE M, B4 B IR — KR ARSI Y, e 7E
WP KA, 30 5 HAb TS YL AR BLVE R DR AR A mlsg i, EL AT, SR — 1 4 TR 9 B BANON S S B ML O 8 R Gt
¢ (R M E GRS A RN BEHRON S TRV B Z o ASCHN T Ik 1 48 5 G 2 58 XA ) A A 7 1Y) 5 Pk
YER L, R G EA LRI 526 E S M Ft W RN R A2 XA ¢, MR T 6 2 8 i s
BB R RFRULRS AP K50 T-VE RS B2 PR 09 3 AL . T B AT BT ss R, AT ARk iy &
&I 5 A FE AT ST N BN R S IR O, 5B A I AR A AE Y (E B2 Ay ik i — SR A I E SR E G BEN
YL AE R A YL

XHER . BE)R B ARG ML B

XEHS: 1673-5897(2022)5-190-12 FESES.: X1715 XEARIRE . A

Research Progress on Biological Effects and Mechanisms of Heavy Metal
Pollutants and Their Combined Exposure

Zhao Yanan', Nie Yaguang', Pei Chengcheng', Ni Shenyao', Xu An'*"

1. Institutes of Physical Science and Information Technology, Anhui University, Hefei 230601, China

2. Anhui Province Key Laboratory of Environmental Toxicology and Pollution Control Technology, Hefei Institutes of Physical Science,
High Magnetic Field Laboratory, Chinese Academy of Sciences, Hefei 230031, China

Received 22 November 2021 accepted 26 February 2022

Abstract: With the rapid development of modern industry, heavy metal pollution has become a serious threat to
the environment. Due to the persistent nature, heavy metals can interact with other pollutants in the environment
and cause adverse effects on living organisms. The biological effects of single heavy metals have been systematical-
ly studied, but there is a lack of research on the mechanisms of the joint toxicity from heavy metal co-exposure. In
this review, we summarized the effects of heavy metal co-exposures on different models, and found them related to

heavy metal combination, dose, and exposure time. Generally speaking, heavy metal co-exposure can cause altered
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uptake and accumulation of heavy metals by organisms and their interaction with biological molecules. Based on the

current state of research, we suggest that future work on the toxicity of heavy metal co-exposure should focus on the

environmental relevance of experiment design. New analytical tools and research methods based on bioinformatics are

needed to further explore the physicochemical and biological mechanisms of joint toxicity of heavy metals.

Keywords: heavy metals; co-exposure; toxicity; mechanism; model
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Tslam 2517 o T ] RS 7 1 3 DX YT i A 0 32)
T AL T A 26 2 (WHO) AR 7K s 7 1 i (As ) : 46
pg- L™ #A(Cd): 11 wg-L™" 4%(Cr):83 pg-L™', Lin
PR P AT VR R K TS B SR T 150 MEEAR,
KINL 45% B9 RAE S, BT (PO MR BE>1.0 pg -
L Bt T e i K S AR A T B AE 5 35%
B RAE SRR Zn) MR B T RPRIE (20 pg-L71);
25 27% AR KE s b 9R (Hg) 1Y 9 B 8 i T 2 BR{E
(005 pg-L™"), HEE SR YRR 2
X T I 140 7 o [ O, 2 Hu 2550 % IS E 48 I +
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w2 AR I () AR 2 A 1) 45 5 R P20
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AW ML, B S 28 PR B AT o < R S )
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Toxicity interaction
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Fig. 1 Interaction mode of heavy metal co-exposure!™

1 E£EEAFENRITRZFAE ( Epidemiologi-
cal investigation of compound exposure to heavy
metals)
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RABFFERIL, Cu Pb g JLEMAE LT,
Mielzyniska 55 P FE I 22 2 v 4k SRR FELE 2% 1 X
(49 L B8 I RN PRV P ARG 3 P RN £ 3805 IR )
Joi, 2B WY e IR fish 3 6 W) I 2 o572 A R
RGO R3S e i, 51 DNA #1405, X F R4 A
7 ,Dudka FFPUEEBF SRR R TSR ) &
B, K%M Pb Cd I As 25 43 @ £ i U R A
AER AR AYZEEL . Wang 262 78 v [ K JU I A 1 4
J& 5 4 WR SRR PR 11 56 R & B, Hg \Ni Pb Al As
LRI ZR 0 FROE PR 0 AU, Duan ZEPTE 537
2 1990—2014 4F 26 000 224> A A4 I A1 R I
hE SRS R SRR KB, M P A Pb.Cd
SRR ARG | B XU BB T8 5 PRI A
ME [ Cd 86 (Sb) 5T R IEM G, 25 LTk,
AR N R F , 22 Fh 8 4 T 1) 3 2 R AE S [R] 47
BB B E 20 AR RS R B2 4652407 . X St
REWELEE G50 AR, BRI AR
7 A B EEMLEE , (EAF OG0 a0 (1) B B AR SR T e T 4
B 2 A 2 58 At B A58 07 A O T A 1) At

2 EEEESREXTHWRFIELZL ( Toxico-
logical effects of heavy metal compound exposure
on animals)
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Szl shHi L, 4R 5 A% — ek 3L ok
Y semn g e 20, EAE RS SRR
SRR RZ A, (H XS0 2 ML 0 F 5T H AR
BRERZ

Sz, ARG A S i s
ML EE , K 2 i~ Bouraoui % &k ML Vb 4
ZRFET Cu MZEIEE(BaP) IR AW &5 R M4 &
P, ZBEAH GG BE(AChE )T V32 250 21 A 301 5 i —
HMFIE KB, IR A AL FRIE 255 i R e S AL A AR
SEGTE AL BTN U (MDA) & B E TS
% . Wu Ml Wang® ' #35F Cu #1 Cd PRt & 3, 24 DL
Ffih Cu A CA IR YBT3 PR IR 00, 3R R
TEA 2 R- 45 2 W e A 25 0 L LR 1% i 15 i | ATP
A s -1 R X Z AL AN A AR N IR N, 5
EagdEE, Lu EP LIS Mo 2B, Pb Al
Mn iR A 2 2 42 U 75 I 2 R pR e EE 4, 530 DA
LUz w ] I 2 v a4 LUK N = RS e
SHEB ST R FERS, T Tang 55 Bl 5 DA 75 I 46 B
HASEIBFSE Cd Pb 1 Mn IR W I EEMESON , &
B Pb+Mn I ERIVEH, &5 2 Bt 20T
SEE ANAEREFE 5 ZR BY250 L Pb FIl Mn IRES 4
W 2R AR RS, AT, AT A 55 38 2 B Mn
A LAZEf# Cd 51 EEEMEH . Heffern 55 & Bl &
SR E ARSI 0 T IR (AT R R A
A HREET Cd Al Zn 19 —JCIR AW KMk E
1Y Zn X Cd W BEETEA RAPVET

BEESBESNARKEE AR ™5, a0
RK3IPn, MMRERIMESEE S RENRE b
Fof 1) 2% S 52 i 2 A 3, Driessnack 25 & #i
HU R FE CACL(7 pg-L™").ZnClL(170 wg- L)%} 5B
SR PR ) BAE TG S e (H R IR R R S B
RTRE 50% , I HOME T BEAY i 2 AR M
R IARFNGN B ER R L PR R Ik A o T R, R 2
#5 T Cd 1 Zn (IR -G Y b Al BB 23 IR £ 288 v i
RN FHIh6e, B R g b o R PRI, i —
AT R IR A 87, Zn [FRAR Cd 76 85 AT E (Y
ERUE X TTRE T Cd Fl Zn 5w 4 25 A 7 5. 15 i
(4, 1 Arini Z¥IRFSE Cd F Zn XHBE S £ i 2 445
i}, 2B Zn ] LLGERR Cd 5IRMTEMEER . ]
REJE Y T TTE S & 2R BRI Cd 1 Zn 1YV 2
(@ = 35)fik T Driessnack fifi FHAGMEEE L, I, &
GRRENEB R 2 B E R i G 8k, Pérez I
Hoang ™' 7E 7K S A5 A4 vp & BRAIR MR BE A Ni Al L3S Bt
Cd MEEEMEH ,, FERIAET R AR KT FL
s HR SRR Ni 22 dF Cd 951, Moyson
EMIEGE Zn  Cu I Cd 1 LC,, ¥R BEAE 2% sk Py 1)
AN R =0 BRI 24 h J5 18
AANRE N (B4 FE 48 h )5 H BRSPS, —ocak
=i aRIR G A AR 2 R Bk iz 3 1 T R
JE S R B4 T R S R B R BRI A AR A
WA R, BERT LC,, /KA Cd .Cut+Zn Cu+Cd . Zn
+Cu+Cd S5 — B 2 0 A Y B SRR R 2R
TR AE LCs ACE R e AR g 2 b a3

x2 ELEXNMEZREHFM
Table 2 The effects of heavy metals on the nervous system
b eIy )| R N ESE e 27 30k
Species Exposure time Heavy metal Observed effects Reference
DRI « IR B2 88 J5 £ T B B (AChE)
S 12 24 36 48 1 Cu: 1 pmol-L™! THPESZ B0 , 3 22 B, I3 i AL 56]
Hediste diversicolor T BaP: 1 pmol-L™! Synergistic: Acetylcholinesterase (AchE) activity is inhibited after
mixed exposure, causing neurotoxicity and oxidative damage
PRI . M R gr e R 2R e
. [N e 3 e &
W0 U2 Cd:20 pgeL! _ -
o Synergistic: Co-exposure may lead to neurotoxicity, [37]
Perna viridis 1 or 2 weeks Cu: 50 pg-L™! . . .
disturbances in energy metabolism,
and osmoregulation changes
—— MnCl, -4H, O: 2 mmol -L”! DRI - M B i 5 | L o 2 T M R 4L A b A3
I F”;]/ -3
24 h CdCl,: 2.6 mmol-L™! Synergistic: Co-exposure causes [38]

Caenorhabditis elegans
PbCl,: 0.06 mmol-L™!

neurotoxicity and oxidative damage
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Table 3 The effects of heavy metals on growth and reproduction

ol TR FEHFA]/d HE)R HL 5525005 S 3CHk
Species Exposure time/d Heavy metal Observed effect Reference
M RIEON - KA il Cd 1 Zn 225 1B A= SRR
Fl ZRAY AR
P CdCl: 7 pg-L-! RO R BUE
) 21 Synergistic-chronic exposure to waterborne Cd and Zn in [41]
Pimephales promelas ZnCly: 170 pg-L™" ) . . . . .
mixture may induce additive reproductive toxicity, essentially by
disrupting estrogen-mediated functions in fish
G B9 Ni #55t Cd BB HEAE
- Ni: 20, 40, 80, 100, 1+"‘ %_” P f
K A% » A BERY Ni A2 Cd AT PEAE
. 21 120, 140, 160 pg-L . ) . . [43]
Daphnia magna Low concentration of Ni can antagonize the toxic effects of Cd,
Cd: 1.5 pg-L™!

but high concentration of Ni promotes the toxic effects of Cd

4R 23X 4 s 0 L S A R AR R
Lu ZECF 550 2k B & & )R 2 A Wk R B
AN ) P10 S 56 228 4 R i oy A — B, AnAE S BT
FISEE Y, 58— Mn Pb 2 FEA L, Mn fil Pb B &
T RN B RN 5 A A A AN B8R, 3 AR mT R A
A Pb Fll Mn #3520 S8 AL U N, B AN T
XoF SR AR 8 s IO N B 2 DA T 42 T8 S F (U Zn |\ Fe
Ml Ca)5 T 48; 55— Mn Cd Z &AL, Mn
Cd W8 A B EX 5 A AN | (E A 5 TG . 3%
S0 A BFFE 2 Mn FIl Cd A A8 R 80 1A B — Ay
SRR DOTIM-)Y | 5 & 8 iz E 1 a6 )
BT | SRR SN A JELIN , Castaldo %597V A1) i i 11
5% Cu il Cd F—FNE G #EVERT &L, Cu X Cd 1)
W ST 0 AR AH S v BE ) Cu 2 F Cd iR
2.2 R 4R AR S EUE Na* KAl Ca™' [
e AR s ] LLGE iS5 S Na™ /KT -ATP i fl H-ATP
FifE I DR () ek R R D Na™ B9 IR 2% ; b AN A & 81 5 B
— Cu,Cd ZF M, E A RESHFEREE A
PEAL R G IR 235, LI 4 @ e AL (g B
EHEALI i, Cobbina M L BE T f1 Ay B AU | A
7% Pb(0.01 mg-L™") Hg(0.001 mg-L™") As(0.01 mg-
L™")F1 Cd(0.005 mg-L "B A FIER, &I 48R
B AEVE T G L DR Ao 2 B HE AN TR) A s iz EL
i b T IFNy fERIA, AR 4 JE 41 & 2 88 X
FERRIBR S A A, 5 — 2 AR L, IL1B 5
[H7E Pb F1 As IRA 2 EEM % 18, 7€ Pb . Hg Al
CdIRA R Z B, 2B P, ek,
HEEEE ARG YA Z B i A 1L
AT (CAT)FIA e H RIS S AL (GPx) ) 2 3k 2 3
i 1T AL ) AL (SOD) FE IR, £ I 43 #r

FW], R A B 0 e R AR R i IH B R A R R
SN T R R A 2R R WS T S A R A 30

3 ExREEAEREXNTHEYHEZERN (Toxico-
logical effects of heavy metal compound exposure
on plants)

HEJR) AR T L SOKRI S, L)
G AR B 1 S A ) T 2 AR ) A WA, AT X A )
P e, WESE R, 525 4 R W AE AR Y 7
PEAE DS 4 Jm 2R sR I ] R 55 G

ERAECRE R N NV &S A 7/ N ULI T
WAFZMRE YRR A K & H . Lanier Z%F F & 1
H#EA =BG BORAESY Cd A Pb (1918 14 B 14
VEFI, % PR IE 5 22 88 0 22 11 = I RO AE ) AR T 14 2
K, I HXT DNA & i dbi 0, iX Filt DNA 15 1 B % %
i Fof TR P A [ T 2 B 22 S P« L ] e 1, 483
TICE A YR A =R DNA R 5 R B P
[FRLNE ;78 10 d 5 IT IR R B S5 TR 5 T 7E 56 d
J&i ,DNA 45153 . 251 T B B2 8 Cd i Y 4547
XA R T R R S 6 R 8] 2 A L3
AL, I BUAMERL ] . 75 LS A 3 R Y
g & B Cd Al Pb & A R iR AL B S 9 P ]
YEF, Israr ZEPYHF5SE Cu Pb Ni Fl1 Zn %f H 2 )8 F4
YI(S. drummondin) )5 W &, & & IR &Y 8%
IR R A A I BAEAR TS & Jm e JE R T2 5
R Z 4 Ja R IBUT 2 Pb>Cu>Zn>Ni, T 2 4
J& W W IT R A Pb>Zn>Cu>Ni, 5 B — 4> J&@ 4 AR
e, 2 RS TR S YT R LY REE  , R
B 4 R I AF I AL B Y, DL RS R
&R ETEEX YR RIGE AR TR — 4
JREEHER UL N 2% | R EE I 2 B Z R R T
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P, o H R A FE A G R

WA EERERY PR S S Z B E S
JEUSE R SR, Martinez 5552 R VR ¥EOFSE T Cd
1 Zn W) R— N E AT, Zn TEARHEEQR.3 mg-L™)
X PR AT S VR, (R B TR 8 1) T s, I i
PEAE A8 BRI VR, 25 0, P e B i A A
(CAYBEBISRATAL T Cd+Zn —JLE AWM EAEM,
S50 R &2 8 A YR B BB I 2 R WHI A 1
A I H R B CAT Bk il R 1 4 Ak AU i (APOX)
A O A iy i S Ak B i (GPOX) Y 3 1 . 25 v T %ot
MEAH Y Zn ZEIR B TP IR AL T 50 mg-L7' A&
FEADMEE T M AE A 1Y Zn VR EE T, XA U [ 1
FAARXT AR, BABRAE SRS R B Zn A1 Cd A9 X ik
G R A RO 5 H T A G, K Zn T HE X
MY AERKEARIEER, 8 — e B E My
HEERE i Ak, SR HE PR 18 Bl e Jn o o LE 3
i, zn 5 Cd AR NEE R, A S ER ST AN
WL LAY Cu-Cd  Zn-Cd il Cu-Zn R 7K R AR AR X
R B B oo WY 52 B R B, R RV Zn
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Fig. 2 Damage and mechanism of heavy metal co-exposure
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PEE(ROS) ™A, PN Ca™ ¥ BE T , 75 & 8 AL I 18
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