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Mixture Toxicity Test of Ten Major Chemicals Using Daphnia magna by Response Curve Method
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ABSTRACT : Toxicity tests were performed to evaluate the feasibility of application with prediction models to 10 mixture chemicals
(chloroneb, butylbenzylphthalate, pendimethaline, di-n-butylphthalate, di-iso-butylphthalate, diazinon, isofenphos, 2-chlorophenol, 2,4,6-trichlorophenol
and p-octylphenol) detected in effluents from wastewater treatment plants (WWTPs). Ten chemicals were selected in the basis of their
toxicities to Daphnia magna and the concentrations in effluents measured by GC/MS. Three models including concentration addition (CA),
independent action (IA) and effect summation (ES) were employed for the comparison of the predicted and the observed mortality of D.
magna exposed to 10 mixture chemicals for 48 hours. With a comparative study it was ineffective to predict the mortality through the
CA and the ES prediction model, while the IA prediction model showed a high correlation (** = 0.85). Moreover, the ES model over-
estimated the toxicity observed by bioassay experiments about five-fold. Consequently, 1A model is a reasonable tool to predict the
mixture toxicity of the discharging water from WWTPs,
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Table 1. GC/MS operating condition

GC Model Varian GC 3400 CX
Carrier gas He (99.999%)
J&W DB-5MS (5% phenyl-95% methylsilicone)
Column fused silica capillary column, 30 m X025 mm
id, 025 pm film)
Detector Saturn 2000 MS
Injector temp. 250C
Transfer line 280°C

temperature programmedl min at 50°C,
8C/min to 300°C, 8 min at 300C

splitless, 2 min for purge off time

Column temp

Injection method

Ionization mode Electron Impact (EI mode)
Scan rate (m/z) 45-500 amu
Background mass 44

Mass defect 0-50/100 amu
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2.5.3. Independent Action

Independent action method: concentration addition
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Table 2. Major chemicals detected from effluents at 9 WWTPs including sewage and agro-industrial wastewater in Gwangju,

Jeollanamdo area

~sampling 1 2 4 5 6
chemicals
o-methoxyphenol
2,6-di-tert-butyl phe -tri 2,6-di-tert-butyl phenol
,6-di-tert-butyl phenol 2 6-dicert-butyl phenol]  2-chiorophenol 2,3,.6 trichlorophenol |2,6-di-tert-butyl pheno
phenols p-octylphenol octylohenol 23 6-trichlorophenl 2,6-di-tert-butyl phenol p-octylphenol o-methoxyphenol
2 4-dichlorophenol proctylpheno o= HICHOTOPRENO p-octylphenol 4-methyl-2,6-di-tert
butylphenol
1-chloronaphthalen
- 2—ch10r(.)naphth.alen 1-chloronaphthalen Prop ?/zamlde prop?fzamlde . sn.netryn .
Herbicides pendimethalin pertilachior pertilachlor pretilachlor pendimethalin
methyl dymron .
methyl dymron mefenacet mefenacet propyzamide
tris-phosphate
pesticides .. mepronil chlormeb . chlorothalonil .ﬁhalxde tolclophomethylo
Fungicides chlorolthalonil . tricyclazole
chloroneb o iprodione tolclofos-methyl
iprodione chloroneb
isofenphos diazinon
Insecticides r-HCH fenobucarb dlazn.lon 1sofen1.)hos fenobucarb dichofenthion
aldrin aldrin EPN
fenobucarb .
malathion
diethyl phthalate diethyl phthalate .
dimethyl phthalate | dimethyl phthalate | dimethyltele phthalate did:t:)lyl lpht}tlt;ti)l:lt:te diethyl phthalate
hihalates dimethyltele phthalate | dimethyltele phthalate [buthyl benzyl phthalate butyl b:ty lp Hthalate diisobutyl phthalate | diethyl phthalate
P diisobutyl phthalate | diisobutyl phthalate | diheptyl phthalate Ut.y nzy’ P 2-ethylhexyl phthalate di-n-butyl phthalate
. . . dihepthyl phthalate .
di-n-butyl phthalate | di-n-butyl phthalate dioctyl phthalate diocty] phihialate di-n-butyl phthalate
diheptyl phthalate diheptyl phthalate P
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Table 3. The result of reference toxicity tests that were con-
ducted using D. magna

Priority pollutant LCs Group

% 2-Chlorophenol 5.17 mg/L phenol
2,4-Dichlorophenol 3.68 mg/L "
2,4-Dimethylphenol 9.66 mg/L "
2,4-Dinitrophenol 18.30 mg/L "
2-Nitrophenol 13.71 mg/L "
4-Nitrophenol 11.79 mg/L !
Pentachlorophenol 0.86 mg/L "
Phenol - 13 mglL "
4-Chlorophenol 441 mg/L "
2,4,5-Trichlorophenol 2.08 mg/L "
* 2,4,6-Trichlorophenol 6.64 mg/L, "
2,3,4,6-Tetrachlorophenol 2.48 mg/L "
Nonylphenol 87.9 pg/l !
% p-octyl phenol 20.8 g/l "
2,6-di-tert-butyl phenol 2.82 mg/L "

Dimethyl phthalate 33 mg/L phthalate
% Butyl benzyl phthalate 3.7 mg/L "
% Diisobutyl phthalate 2.23 mg/L "
% Di-n-butyl phthalate 3.863 mg/L "
Diethyl phthalate 52 mg/L, "
Dimethyltere phthalate 49 mg/L "
Diheptyl phthalate 37.9 mg/L "
Dioctyl phthalate >10 mg/L" !
2-Ethtylhexyl phthalate 1.1 mg/L "

Chloropyrifos 1 pg/L

* Pendimethline 0.283 mg/L "
% Isofenphos 1.351 ug/lL "
Mepronil 2.38 mg/L "
Chloroneb >8 mg/L "

* Fenobucarb 33 pg/lL "
% Diazinon 0.96 png/lL "
1-chloronaphthalen 1.2 mg/L "
2-chloronaphthalen 327 mg/L "
2-tris-phosphate 27 mg/L "
Propyzamide >5.6 mg/L" !
Thiobencarb >1.0~<10 mgL" "
Iprodine 0.43 mg/L "
Methyl dymron >0.04 mg/L" "
Malathion 33 pg/L" "

* 10 major toxic chemicals selected from the reference toxicity
tests with D. magna
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Table 4. The Equation and Variables of Each Response Curve

p-octylphenol blgﬁh:]e;zyl dip}iiﬁa;; lttyl isofenphos d;hrtlh;;gl pendimethalin | 2,4,6-TCP | 2-CP diazinon | fenobucarb
a 111.107 99.870 92.968 100.646 96.692 101.897 96.727 95.119 96.3712 119.051
b 0.0029 0.3486 0.7053 0.00035 0.7960 0.1250 1.555 1477 | 5.579*10° | 0.00091
Xo 0.0230 2.5427 4.5180 0.0025 3.5213 0.4918 6.600 5709 | 8.363*10° | 0.003469
£ 0.8333 0.9838 0.9831 0.9996 0.9803 0.9355 0.9493 0.9721 0.9287 0.9694

Y = a/(Itexp(-(X-X. )/b)*

*

calculation was performed on mg/L. concentration unit

120 4
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of ch
Fig. 1. Response curve of 10 chemicals.
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Fig. 2. Comparison of effect summation toxic unit vs. obser-

ved toxic unit. The dotted line represents equality line.
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Fig. 3. Observed and predicted D. magna toxicity of mix-
tures of 10 major chemicals. The dashed line re-
present independent action % mortality and the solid
line represent concentration addition % mortality.
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