2013 8 Vol. 8. 2013
4 ,602-608 Asian Journal of Ecotoxicology No. 4, 602-608

DOI. 10. 7524/AJE. 1673-5897. 20130203001

; , . [yl . 2013, 8(4): 602-608
Wu Z F, Liu X G, Wang G X. Evaluating and Modeling the Toxicity of Binary Mixtures of Heavy Metals and Organophosphate Pesticides to
Artemia salina []J]. Asian Journal of Ecotoxicology, 2013, 8(4); 602-608(in Chinese)

1. s 200092
2. , 712100
(Artemia salina) , s
Zn.Cd 2 4:1.32,1:1.,2:3 14
, o ) - s (CA)
(IA) 2 . ,Zn-Cd Zn o
Zn (1#4.2:3) , v Zn (1:1.32 4:D 5
. - o ,CA
, 1A - ,
s . CA 1A
( )
: 1673-5897(2013)4-608-07 : X171.5 A

Evaluating and Modeling the Toxicity of Binary Mixtures of Heavy Met-
als and Organophosphate Pesticides to Ariemia salina

Wu Zongfan', Liu Xingguo'*, Wang Gaoxue®

1. Key Laboratory of Fishery Equipment and Engineering, Ministry of Agriculture, Fishery Machinery and Instrument Re-
search Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China

2. College of Animal Science and Technology, Northwest A&F University, Shanxi 712100, China

Received 3 February 2013 accepted 16 April 2013

Abstract: Aquatic ecosystems are often suffered with a wide variety of chemical pollutants including heavy
metals and pesticides. This study aimed to experimentally evaluate the joint toxicity of binary mixtures

(prepared in predefined ratios of 4 :1, 3 2, 1:1; 2 :3 and 1 4) of heavy metals (Zn and Cd) and organo-
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phosphate pesticides (phoxim and dipterex) to saltwater crustacean Artemia salina. Additionally, the pre-
dictability of toxicity of the studied mixtures was investigated by concepts of concentration addition (CA)
and independent action (IA), Isobologram method was used to assess the types of interaction. Toxicity
modeling was based on the concentration response curves of the single substances. The obtained results re-
vealed that no synergism was found in any of the tested combinations except that the joint toxicity of Zn—Cd mixtures
was enhanced with increasing Zn/Cd ratios. With the Zn to Cd ratios increased, the interaction types changed from
antagonism at lower Zn to Cd ratios (1 4 and 2 3) to additivity at higher Zn to Cd ratios (1 @1, 3 2 and 4 :1). Five or-
ganophosphate pesticide mixtures showed additive effect, while that of the metal pesticide mixtures were antagonism.
In the estimating mixture toxicity, CA accurately described the joint effect of phoxim and dipterex, and IA provided
accurate predictions for the mixtures involving metals and organophosphate pesticides. These findings imply that mix-
ture ratios should be taken into account as a factor in mixture toxicity studies. Additionally, CA and IA are reason-
able tools for the predictive hazard assessment of mixtures that contain components with similar or completely inde-
pendent action mechanism against complex organisms such as A. salina.
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Fig. 1 Evaluation of binary mixture toxicity of Zn, Cd, phoxim and dipterex
Note: data are presented as mean == 95% confidence interval (n = 5), (=) indicates additivity belt.
2.3.2 s (24
CA 1A 4 h) s
b .
95% o 2 N o
,CA 1A Zn-Cd Zn/Cd
. IA Zn
o b
(14,2 :3)Zn-Cd ;
Zn (1:1.3:2.4:1) ZnCd ,CA
. CA 5 - ’ :
’ Zn*Cd
, _ b
, Zn- °
Ls-1012] , Otitoloju®™
’ o
JIA (Tympanotonus fuscatus var radula)
95% . IA , Cu ,Cd-Cu
- . ; Wang [V Cu
(Vibrio fischeri) 60 min .
3 (Discussion) 71-Cd
4 24 h_LC5()
,9_‘ ’

5~6



606 8

120

Zn-Cd

FET- 5%

2:3

W/ (mg - 1) WK/ (mg + 1) VR (mg - 1) B mg - L)
R A TR

W (mg - 1) He S (mg + L)

In-EE N

Zn—FE H p

3:2 1:1

W (mg » 171) W /(mg - 1) el (mg + L) W /(mg » 1Y)

120
100
80
60
40
20

0 3:2
=20

100 1;? 10° 100100 102 10° 10410" 10?7 100 104100 10 10° 10000 12 100 10
WeBE /(mg - L) W HE/(mg - L) W (mg + 1) e /(mg - L) W /(g + 1)

Cl-FF o,

¥

FET-H 1%

2 Zn.Cd, . 4

Fig. 2 Observed and predictedtoxicity of the binary mixtures of Zn, Cd, phoxim and dipterex
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