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The influence of lead on toxic effect of arsenic and its toxicokinetic
process

CHEN Xin' ZUO Junli*  LUAN Ning’ CUI Wenwen'
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Technology for Agro-Products, Hubei Academy of Agricultural Sciences, Wuhan, 430064, China;
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Abstract To explore the influence of lead on arsenic toxicity and its formation mechanism,
zebrafish was selected as model organism to conduct toxicology test in this study. Joint toxicity of
arsenic and lead was evaluated. Body residue of metals in zebrafish was analyzed and toxicokinetic
process of arsenic was simulated by first order one compartment toxicokinetic model. The toxicology
test results indicated lead did not generate lethal effect for zebrafish, but lethal effect caused by
arsenic increased significantly with the increase of exposure time. However, the coexistence of lead
can significantly reduce the lethality of arsenic to zebrafish. Arsenic and lead showed antagonistic
effects on zebrafish lethality. The toxicokinetic results showed the presence of lead significantly
accelerated the elimination rate and reduced the uptake rate of arsenic in zebrafish. Thus, the

bioconcentration ability of arsenic in zebrafish was weakened and the toxic effect of arsenic on
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zebrafish was mitigated. This study revealed the antagonistic effect of arsenic and lead on zebrafish
and explained the mechanism of joint toxicity from the perspective of toxicokinetic. It provides basic
data of joint toxicity for metals and improved the accuracy of risk assessment of metals.

Keywords arsenic, lead, toxic effect, toxicokinetic, zebrafish.
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1 #MRLE )7 (Materials and methods)

11 SEEA RS 4

A5 A= W . 5256 FH OE P BE 5 £51 ( Danio rerio) i 4 A48 AB W &, WK H B RS 4 R IR
HLs.

SEER ] B ET ((CH3CO0),Pb-3H,0, >99.5% ) FIVE G iR (HNOs, 65.0%—68.0% ) ([E 24 |- {2
WA A FD) AR £ (NaAsO,, 99%) (At 5t G i BLRH 7 4 BRA /1) B AR AR o 5 W (VR B 3 o
1000 pg-mL ™) (FE ZARAEY) B 55 575 ).

SV £ Ymnl-48 2 U RIF S R (R o DL S N R 2% 38 £ A F] ) . MARSG6 Bl I 1 fff 2 46 (55 [
CEM AH]) . Agilent 7700 HLIEAN G 45 B /R B 6 BT 1% A (ICP-MS, ZHER B A BRAF])

1.2 BELh a5 S

B4 AR BE S A0 3K J5 BT 28 °C iyl X R G 58, SGWE RN A 14 hi10 h. 76 & 55 55 5L 50

B, BESh f7E— 354 15 LSRR BB /KA R 94k BT BE 5 £ 45 K MR B 2 Y fif 07 Ak 1) 2 4
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BE I a5 58 S FE LR AT, 40 BITF A RIRH Y 96 h Tl 2 78 S0 56 LA S 5 78 S 90 /K AV T 4 R IR
R T 6 S 4 SR, BT 96 h 10% BB IR JE (LC10) 4 1.44 mg L', #1196 h P Bk J&
(LC50) 2k 32 mg L. 7= 3C = BEAFT E X A 10 35 M 000 A0 5 i), DL B 1 o 2 62 Dy %o BE 5 £ 1 A 48 35008
S A 7K (1.44 mg- L), TR A8 e B 14 A o BRE 2 £ 7 A — 22 B R A 7K (20 mg L") . B 2 1 2%
78 S0 43R 2y 7 27 WSO B S 0 RN 2 7 2 0 BRI B S g it R Al K I ) B A TR A L R R R R, vk
FESr R 0.6 gL' Al 4 gL', S BLAC. 5250 B FH I <K 23 3 B 1.44 mg L™ 85 F1/5 20 mg- L fif
[ 2 58 KW . B 0 2 WIS B B S 0 1 3 R R R A T, RO RRZH | 20 mg L A Bl R R 40 R
1.44 mg L' #5+20 mg L' A [W] 2 58 20 . R f 2R B A T SL i 30 MG, B EThalA 5 &5t fa.
Bl 12 W WSO B S ey 1 2R R IS [R] 04 96 h, 28R T IR IS Y 8. 24, 48, 72, 96 h 43 IR Jf i sk 5t & Ak
TGO, BRI E]E 3 ASEATRE (R 3 ANAET ). 80 ) 2=l i B S 30 25 RS, 57 BINKS: 3 Fi 2 82 17 T %1
A BE I A B A % NN 5 Y B K W R, B3 R R RN R AR O X R L MR UK 2 5R A
1.44 mg L™ #2258, 630 0124 BRI BLSE 00 3l 7 24T bR B BORR B P AR5 1 1L 20 30 5. 7 d 43 il BURE
FACHEBE DA FE TG B, 45 I E) S ER 3 ASSEATRE. A K 0 ol e 2 R K IR, LR R K IR 4
e B AR
1.3 {2t

AR AR 2 B o M S IR L ARG W BIF5T J vA TF RER22,  R 4  RE E  a JE A T VK R AR BT,
W B I o AR R AT I PRI AR R B 08 b, A fRE S S IS BT A TR, AL 10 mL VR RS TR I 35
SO 25 5 B T AR R GE PR 2 h B R ROERGE Y, AR5 B AK E A E 10 mL. H G et
BE G DL R 2 52 K VA WL R 45 Whatman GF-C JE4%(0.22 pm FL2) 3 U 3 550048 b 5 RN 78 52 58 /K 7 Wi
FIERE £ {4 P B ¥k B2 3 3 ICP-MS 7€ KED #5224 9 A X B ol 2 42 1 FE 5% LAPS. 7K IR
FIBEL i PR PN 4@ 093 50 3 A mg L' Fl mgkg ' IR,
1.4 Fduabr

RN BEA BN 1 A AHOC S B8, WRISORIT B 8 3R B ke, T ey ASBIFSE R T — S — 3l S BRI X T
4 8 B EEACh 1 2 i FEHEA AL (i FH Scientist® (Micromath, USA) 8 :d MR 45 28 (1) X 52 86 A6 w47
5.

dc, )
? = (kqu) (kecb) ( 1)

X, € RonBE D BRI IR Y (mgkg '), C,, R 28 B8 KB T P R B2 (mg L), &, 2R WG
REB(Lkgd"), k, FnTHREFFE(A).
P A 7E B0 £ P & A A )RR R BB T 1 4 B —— vk 4 T T (bioconcentration factor, BCF) 4R
P2 (2) TR B B AEBE T £ A P 14 22 3 0 (2 0) AR (3) 15345 5.
k

BCF == 2
ke
0.693

tl/zz k_ (3)

AHIFFE SR t-test J7 9 0 AN () 22 R S 00 A AR A5 14 W52 AT 655 B0 ke, I B3 o 5 80 ke, HEAT SR T T
3BT E g A PR PR T 22 43 BT v (one-way ANOVA) X A 7] 2 58 52 56 41 B 5 0 800 R AT G 1T o0 B
Fedst. e g T o i34 Sigmaplot 12.3(Systat Software Incorporation, San Jose, CA, USA) #£17.

2 5 5418 (Results and discussion)

2.1 Aot

A o Ao 2 Bk ST RS SR Bk rP RV (8 Ak o B Rl LA B, 5 S 7K I T 48 i S 7K P
BT B Ry 45 BRI AR B 11 89% . 96% i1 85% . 93%, ¢ I & 5 4o e v 7K V2 VL 1) it R4 1) v J3E 34
PRAFEAE , I HA5 4% A B ARk BE AR AT . — T 1 2 5 5 96 o e vh A K 2 ST IR K9, 3 — 7 T
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W4 E MR, R AR g & AR AL, BRIL, A RS 0 vk B 5 A F LS bRk BT A
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Pk, DME T #4307 2= B9 (0 I Jre e 28,

A3 AT PP R R S I T R AN [ SRASE B R) i 18 BRE 5 £ A A 114 2 4 i 7 B o mT DA R BRI C B B (0
2 4 d) B A A PN T B 24 I A A R ] 1) A T Sl 2 T, ELR R B A0 AR P AR SR R Stk
JE 12 B IS T PRB B (4 d 2 11 d) B S A Py i At ik B 240 240 20 (R A1, L7 B 5 £ 1 PR 1 90 o o, S22 30
RSB G (K] 1) . A E5 R 5 Chen 25 235 i) i 75 75 8 1 ( Oryzias melastigma) W SCFTIH
FRILG A, BE (0 ZR 5% 8 h 5 /AR PN A e B 4 % A6 b 28k v, AP B S A AE AR 55 T 2 T
O & AR A
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Fig.1 Simulated curve of toxicokinetic of arsenic in zebrafish exposed to arsenic-only (A)

and mixture of arsenic and lead (B)

WA, T A I [R] BR BRI T, RSO BEANI BR B B 4 2% R /K W0 b 2 & A A, DR, BT £ iR
DAY F8 0 118 0 R I % Bk ) (A 25 VR AT R o 28 8 ) ) ) A A0 T v B R AR AR e (161 2). 5
Bl — A, SR BE S A A Y AR S B e R B R BRI HL AR B 8 d 2o A BE £ 1A N A Y AR ]
PLRBIRR A, HAREWEL N 0.4 mg-kg. ABFFE R THERE S @A N B3 T 7 5 5 Gao % Al
Zhang S50 (HFFEEE R,

0.6 L]

L]
051 -
=

Body residue of lead in zebrafish/(mg-kg ™)

o 2 4 6 s 10 n
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B2 AR L[] B R I B D e A Y A B LA
Fig.2 Simulated curve of body residue of lead in zebrafish in arsenic and lead co-exposure

22 EEHSE

WAL 3 s, X B ZH A BRE ) £ i SO R i 58 7.6%, I HAS [R] 2% 55 B 8] 1) 56 15 £ 000 R 9100 B 3
PEZE S, 6 R T PR SE IR Y T BOR . R A AR R SL IR I P T, AE R BRI B (0 d 2 4 ), BEE -
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i, JLP AR R A FET. Rk 2 R B, BEE 0 2R 5R 4 d IBUERN 12.7%+6.1%, 156 e 8l 12
ST A ST AR AR BE D A1) 96 h-LC50 & 32 mg- L, &5 Liu 265 %38 A9 i X BE £ Y 96 h-
LC50(56 mg-L™") LA K Sarkar %59 $38 i = 54k — M X5 BE 44 96 h-LCS0(17.5 mg-L™") YA 52 45 A0
. B A AL R R R SIS T, ZE MR SCR #E B B, B 5 (1 P S SO R B 2P T 2 7.3%; 16T bR 22 %
By BE, B 10 i BOBE R T 2 10.7%, (HIF A 7= Az B AR Ak Wl 22 B B, B0 ) f0 22 55 T 3 RN
K, SR D M BOL ARG A TR SR, BE St B SR K TR R bR R B S s, PR
Y EAE AR LN B S DT o3 5 8 S S 45 SR T DAL, 0 (98 A A 6 B oA o i S A BB . 25
FF ARV IE b B 88 LR T, RVETAS 7™ A B S SRR, R 70 HT 0 A 0 B 3000 FN B2 4 30 1 24 i 2 i)

Br —— X #d 4 Control

2 AR R
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Fig.3 The lethality of zebrafish in different exposure scenarios

Asterisks indicate significant difference of test treatments compared to the control (P< 0.05).

Xof He 43 M 19 ol 25 508 155 T BXE 5 A0 (R BOOE AT L & PR, A R — S SR I B] R (AN 22 5% 96 h i), A e
5 2L 1A BE LD A BTG R (12.7%+6.1% ) B 52 3 5 % BR AL BE S £ (1 B0 R (1.9%+1.7%) , I 5 T A 4L
[Fi] 22 i 21 B £ ) SO0 50 (7.3%2.3% ) , 17T At R 1 ) 25 i A X 5 1) SO0 2R K 22 Wi 1 ) IR AL B )
BB RAE I T R 25 5. FRUL AT UL, ABIEGEAR 1T, il X B 2 £ 7 A W I A 3588800, BT R
Xof BRE 2 s B S P BTN, (EL R A e A B e ) SO B IR, U B 0 A S BRI
TR B A AN O T A JE (R B2 A dE RO AE 2T RO ML A R A R £, CRGE
M5 R AR 2R T RR A48 D0 WA, WA 5 PTPE T, OF BOE Ll a5 A 25 5. ffb R e EH 4@ ™
A BRIV, 11 T B B LA =2 — P, IR BE A T RE SR A IR I B AR AR AL, b 4E 1k
it M P T, B SR T T T B, T A1 ) e ) B N . A RS A B [ BT i B AR A D
B 5 % T BRE T £ iR B BOE SR R R A 2 5 T M R PO RS BUBUN T, X Al e S 8RR T AR
PRI (PR HLEH]D) A, 5 T 4R =22 0] 1T REAFAE 19 5 4 AH G 55 4 J 75 B30 2o 41 i B 1 A 4t
1117 22 0 0 4 J8 JL A7 B T i 2 7 85 A M R 3 ) 7™ A 5 4, A1 T 8 e 28 200 R JBE 1743 25 P, DAL TR % ) B 4
JE& A W PRI R - o BRE L VR I 1 BB SR AL 2R 114 T ) P A0y T BB TR S A R
FEEEE A A 3 | e it | SR AR Y, o At G RS 5 b RN AR M, B R A R R E A M, S A R N AR
Sy i N ARBEPT. AHIE 5T B R 5 R MR A A AR R A AR DA T U 5 e X B e g R A, AT A A
BB 1 o — 25 BB

IEAh, RIS S BRI R S ) 2 528 X 48 M A EROAE I S RS PO R B, i i o & B, 5 R — 4 R
FEAH L, B RER A R S BB AR Y & B TR, AR Y B AR AR, DTS BN
fI%. Vellinger 550 — 25 57 & A FNERTR A 7% 55 3 BUR WA N -1 220105 >F IDE 2018 376 422 0 1k T v
5 I H IR (GSH) A4 J@ i 28 11 (MT) & BE RGN, indk T 3 4 @ weHERR AR W iR S iy sl %, 458 T 8 4R AR
R R A S R A IR T ) TR B A DL SRR TR Y A SRR, DT ARG T A X B
RN, BT LU B )2 i — 2D kR 2R IR AR 45 R, JF IR E &8 153
123 BRI P LA — 25 R AR AR I 5 v A 5553 e X BE 5 2 194) 35 R0 A DG AL
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23 B LR

15 YW AE AR R I B BEAR B ) 2 B B ) 5 % 05 Y G A AR B BRI RO S A R R R T
RV D, Forh—Biis Ye ] 58 2358 i AN TS G AWl A4k . S ECRTIE bR, X Se S8 TS
YeWya) (AR AR, AR TT BB AR 15 G ) B A 0 02, Rt B8N D1 24 ad FR I WF TR RS 7 — e 2
FE AR R A B AR IR IR AR5 SR — G — 2 3l 7 SR 43 T X6 7 b 2 R R rh i B B A8l 2
W FEFEATIIG, B AR R R B 12 R an 1] 1 TR . AL B ER IS TR P A i 4k i D e R
(R) 4351120 0.66 1 0.77(F 1), F AW AL B34 3] ) 2 5% 58 S 90 h AR A5 A i i) % 7 o 500 25 B8 A - b
AT — B TR,

1A L S A S AR B T TR R 72 B (n=3)

Table 1 Toxicokinetic parameters of arsenic in zebrafish in arsenic-only exposure and arsenic and lead co-exposure (n=3)

BT EH CERTpE WAL R
Toxicokinetic parameter Arsenic-only exposure Arsenic and lead co-exposure
k/(Lkg'd™") 0.0825+0.0170 0.0560+0.0089
k/d™! 0.645+0.153 0.729+0.131
t/d 8.4 12.4
BCF/(L'kg") 0.128 0.0768
R 0.66 0.77

Cui S5 5C T Rh7E 8 £ L DA v (10 B 288 A0 T 5 Jh 307 A 1 6 198 WA S 3 B8R 0.041 g '+d
THBRH AR E BN 0.708 d', %45 R 5 A5 b i S 22 58 S0 060 41 00 25 RS X 20 2 88 1% 8 Hh b
PR I ST 23 ORI B S 3 B (R 1) WT UK R, B A2 I 35 IR M1 17 R0 0 £ X6 e g R A 3 3 T o pe
B X 8 R R PR S e R A ] 5 R 2 B e AR P 14 5 B I T e PR R R A B
AN B B . XSS R A IR TR B B SC B A5 IR, RV A TR S BRI T A R D Y 7
RN, BRIV 7= A RS HUROUNE . 5 1 [T, A B 5 593 S BRE 0 £ S ft 10 A4 e 4 PR 1+ 0 3 o T R A A
[Fi] 2% 2 I B6E 5 £ 0T At 1) A 00 W 44 TR 1 A 4 SR AR — 2D BT I AE AR BRI T e B ) fa AR N s AR Y
73, W55 T 0T B 0 FE RN . BT VR 2 A5 A R B A A rh s e W 2 5 e o) — RS e )
A EEAR SN T 2 ek B, HE T 52 A o) — s G Wy 0T A W AR 0 B R 2800 . Broerse 5 BFSY 4 B, B A7
S T AR H A AR R SR H AW Folsomia candida 1 W B8 J1 243 B B O AEAERRAR T EE 1)
WSR3, [R) ISP T 28 A AR e A Ry R B AR ™ W, (B 0818 T R S ARG ™ Wy ik —
AR T LUE I, AR R 0 A W S T IS g e i AR ) B R R . Steevens FI
Benson"™! &, F LR (14 W ISORIIF o o 230 W Jd 52 2 SR B 62 00 ) — i s e ) —— 3 SRR 52 ). > JEC A
A=Y AF (Hyalella azteca) [R) I % 5 T H1 o) FIBE FEMARUNT, BEFEMUINER 1 A M)A %8 AR e oR i Wiz e, H 2
Ik 2z F SR BT B, 45 57 2 09 W EOR B AE VAT R, S BN RS Y 8] 7 Az A0 AR . 00 A2 v o
554 M N 22 R0 W) BT (R IR TR #6026 B R0 H I A ) 2600, S 35mh AT DLSE 2o 22 b w3 3 E A 40, oK GE
HHE H (AQP) M C Wi iz H H (HXT) WL 1) ABC ¥z  FH HI 2 245 25 A G 2 1 (MRP) S A ) 20 i
(A ), o ABC #5135 85 I BN RS2 7K A A2 W0 1y Xk A58 455 e 0 1) 55— T B AL 1 7. B A £
TERTfE2s 5 AQP Hl HXT 451z fii 18 18 & A1 A ELAE L, IRARAH DG BE PR 38 7K 1, BELAS JAE 25 £ %0 A A IR AL
WL AN, AR B 4 ) A A TT RE IROE A W AR B AL, Andssm ABC %38 25 11 Il MRP AH DG HE K 335 7KF,
R RE - 00 X005 YL A HE . SR, B R A A o A A 11 % 3 3 A A AR 178 A S 3 D R e 7y
THER BRI T R A I 5E.

3 458 (Conclusion)

AW ST e FIBE B AR A LR W e 1 B AR 139 52 5 TR B8O AR, A BRASWT 5 v 4 Sk 8 ot
Db A1 R A B SR SRR, T ] 5% 52 I Y RE A% S 25 [ AR 0 3XE 25 £ ) BROSE RN, . ASBIF 5 ik — 238
1L BEAREN T AT K IR A AE R R T B e X e g W, SR T B D 8 X i £ 9 ok R
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