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Abstract: Suspended particles are ubiquitously distributed in aquatic ecosystem. In order to investigate the influ—
ence of suspended particles on biological toxicity of chlorophenols the kaolinite was used as a model for suspended
particles and acute toxicity of sodium pentachlorophenol ( NaPCP) to Carassius auratus was studied at different
concentrations of suspended particles (0 25 50 100 250 and 500 mg*L ") . The isothermal adsorption experi—
ments revealed that NaPCP could not be significantly adsorbed onto suspended particles ( P >0.05) . Acute toxici—
ty results showed that 96 h — LCy, of NaPCP to Carassius auratus decreased with increasing the concentrations of
suspended particles. The relationship between the value of 96 h — LLC,, and the concentration of suspended particles
( SS ) could be described by the following equation: LC 4, =146. 7exp( — SS /186.8) +121.7 r* =0.

99. Results of isobole analysis demonstrated that suspended particles could potentiate the toxicity of NaPCP to Car—

assius auratus in a synergistic manner.
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Table 1  Joint acute toxicity of NaPCP and suspended particles to Carassius auratus
NaPCP 93%
gl /(mg-L™") 96 h-1.Cs,
0 25 50 100 250 500 /(mg-L™") /(mgeL™")
0 0+0 0+0 0+0 0+0 0.10£0 0.10 £0 - -
43 +0.9 00 0.03+0.06 0.03+0.06 0.10+0.10 0.17 +0.12 0.20+0.10 4272 934 ~1.4E +8
84 £2.6 0.03+0.06 0.03+0.06 0.07+0.06 0.17+0.06 0.23+0.06 0.30 £0 1517 570 ~53 582
127 +8.7 0.13+0.15 0.17+0.06 0.20+0.10 0.23+0.15 0.33 +0.12 0.40+0.10 1504 402 ~4.2E +6
179 +4.2 0.20+0.10 0.27+0.12 0.27 +£0.12 0.33+0.23 0.43 +0.10 0.53 +0.06 448 182 ~64 917
246 +10.8 0.37+£0.12 0.43+0.06 0.43+0.06 0.47+0.15 0.70+0.17 0.70 £0 70 15 ~153
304 £6.9 0.60+£0.10 0.60+0.10 0.70+0.10 0.73+0.12 0.80+0.17 0.83 +0.12 — —
383 £5.5 0.80+£0.20 0.80+0.10 0.83+0.15 0.83+0.15 0.90+0.10 0.93 +0.06 — —
NaPCP 96 h-1Cs,
265 253 234 211 155 134
/(pgel™")
95%
235 ~308 219 ~301 203 ~276 176 ~258 129 ~ 186 108 ~ 161

/(pgel™")




4 : : 419

33

o Cloran
( 2)o (
1 43 pgeL”! Daphnia magna )
96 h4.C5, 4 272 mg-L™!
0 pgeL™' 96 ;
h4.Cy, 4272 mgeL™', 2 o
96 h— 3435
LCs, o De Schamphelaere ~ * ( Daphnia mag-
LC,, na )
3l
3009 o Herbrandson  Zurek 1536
| WL ( Daphnia magna )
250+ s
i 200
%f
2 150 Y
= 11 15
& P o Herbrandson
Z 1004 L.C,=146.Texp(~[SS]/186.8)+121.7,=0.99 ( Daphnia magna )
50 — T T R S Zurek *° ( Daphnia hyaline )
0 100 200 300 400 500 »
BRI B (g - 1Y) 100 ~ 1 000 mg.L
s 10.6% ~32.4% . Kirk ¥
(
Fig. 2 Evaluation of toxicity interaction between NaPCP and Daphnia ambigua ) 60% ~
suspended particles to Carassius auratus using isobole method 0% 27% -
3 ( Discussion) B
Ra ®
. 39
( Daphnia magna )
Al 3
178~ A7a- b
3 Herbrandson "

( Daphnia magna )



420 7
7 Honkanen J] O Kukkonen J V K. Environmental tem—
. perature changes uptake rate and bioconcentration fac—
tors of bisphenol A in tadpoles of Rana temporaria J .
Environmental Toxicology and Chemistry 2006 25
(10) : 2804 —2808
° 8 Bejarano A C Chandler G T Decho A W. Influence of
natural dissolved organic matter ( DOM) on acute and
° chronic toxicity of the pesticides chlorothalonil chlor-—
pyrifos and fipronil on the meiobenthic estuarine cope—
pod Amphiascus tenuiremis J . Journal of Experimen—
BN tal Marine Biology and Ecology 2005 321(1): 43
4142 8o _57
9 Boenigk ] Wiedlroither A Pfandl K. Heavy metal tox—
icity and bioavailability of dissolved nuitrients to a bacte—
rivorous flagellate are linked to suspended particle phys—
ical properties J . Aquatic Toxicology 2005 71(3):
249 -259
° 10
J .
(1964—) 2005 50(1): 66 —71
° 11 Herbrandson C  Bradbury S P Swackhamer D L. In-
fluence of suspended solids on acute toxicity of carbofu—
ran to Daphnia magna : 1. Interactive effects J . A-
1 Yllmaz M Giil A Erbasll K. Acute toxicity of alpha— quatic Toxicology 2003 63(4): 333 —342
cypermethrin to guppy ( Poecilia reticulate  Pallas 12 Yang W C Spurlock F Liu W P et al. Inhibition of
1859 J . Chemosphere 2004 56(4): 381 385 aquatic toxicity of pyrethroid insecticides by suspended
2 Selvi M Sarlkaya R Erkog I et al. Investigation of sediment J . Environmental Toxicology and Chemis—
acute toxicity of chlorpyrifos-methyl on guppy Poecilia try 2006 25(7): 1913 —1919
reticulata ] . Chemosphere 2005 60(1): 93 -96 13 Kirk K L Gilbert J J. Suspended clay and the popula—
3 tion dynamics of planktonic rotifers and cladocerans
J. J . Ecology 1990 71(5): 1741 -1755
2009 4(6): 847 -853 14 Kirk K L. Effects of suspended clay on Daphnia body
Han Q L Zhao Z R Bai Z H et al. Acute toxicity of growth and fitness ] . Freshwater Biology 1992 28
dichlorvos to Carassius auratus and the detoxification by (1): 103 -109
Rhodobacter sphaeroides J . Asian Journal of Ecotoxi— 15 Herbrandson C Bradbury S P Swackhamer D L. In—
cology 2009 4(6): 847 -853 ((in Chinese) fluence of suspended solids on acute toxicity of carbofu—
4 Mihaich E M Friederich U Caspers N et al. Acute ran to Daphnia magna : II. An evaluation of potential
and chronic toxicity testing of bisphenol A with aquatic interactive mechanisms J . Aquatic Toxicology 2003
invertebrates and plants J . Ecotoxicology and Envi- 63(4): 343 =355
ronmental Safety 2009 72(5): 1392 -1399 16
5 Erickson R'J Benoit D A Mattson V R et al. The ] .
effects of water chemistry on the toxicity of copper to fat— 2010 30(6): 1235 -1242
head minnows ] Environmental Toxicology and JinXW Zha]M XuY P etal Acute and chronic
Chemistry 1996 15(2): 181 —193 toxicities of three chlorophenols to Mylopharyngodon pi-
[§ Long K E Van Genderen E J Klaine S J. The effects ceus and Plagiognathops microlepis at early life stage
of low hardness and pH on copper toxicity to Daphnia J . Acta Scientiae Circumstantiae 2010 30(6):
magna J . Environmental Toxicology and Chemistry 1235 - 1242 ( in Chinese)
2004 23(1): 72-175 17 3



421

J . 2009
4(1): 40-49
Lei BL Jin X W Huang S B et al. Discussion of qual—-
ity criteria for three chlorophenols in Taihu Lake J .
Asian Journal of Ecotoxicology 2009 4(1): 40 -49
(in Chinese)
18 GaoJ ] Liu LH Liu X R etal. Levels and spatial
distribution of chlorophenols— 2 4-Dichlorophenol 2
4 6-richlorophenol and pentachlorophenol in surface
water of China J . Chemosphere 2008 71(6): 1181
-1187
19
J. 2009 29( 11):
2241 -2249
Luo Q Zhao J M Lei BL et al. Review of the aquatic
ecotoxicology and water quality criteria of three chloro—
phenols J . Acta Scientiae Circumstantiae 2009 29
(11) : 2241 -2249 (in Chinese)
20 Zha J M Wang Z ] Schlenk D. Effects of pentachloro—

phenol on the reproduction of Japanese medaka ( Oryzias

latipes) J . Chemico-Biological Interactions 2006 161
(1):26-36
21
J. : 2007 43(4): 372
-376

XuY LZL LiM etal Genetoxicity of sodium pentachlo—
rophenate ( NaPCP)
NaturalSciences 2007 43(4) : 372 =376 (in Chinese)

2 Organization for Economic Co-operation and Development
( OECD) . OECD Guideline for Testing of Chemical: Fish
Acute Toxicity Test OECD Environment Health and Safety

J . Journal of Nanjing University:

Publications Series on Testing and Assessment No. 203.

R . Paris: OECD 1992

23
- J . 2008 27

(3):231-235
Lang Y H Nie X H CaoZ M et al. Study on adsorp—
tion-desorption of sodium pentachlorophenate in coastal
sediments of Jiaozhou Bay J . Marine Environmental
Science 2008 27(3): 231 -235 (in Chinese)

24

2006 27(5): 892 -897
Meng LH XiaXH YuH etal. Adsorption and partition
of PAHS on particles of the Yellow River ] .
mental Science 2006 27(5): 892 —897 (in Chinese)
25  Tugiyono Gagnon M M. Metabolic disturbances in fish ex—

Environ—

posed to sodium pentachlorophenate ( NaPCP) and 3 3’ 4

4’ 5-pentachlorobiphenyl ( PCB126) individually or com—
bined J . Comparative Biochemistry and Physiology Part
C: Toxicology & Pharmacology 2002 132(4): 425 -435
26
SOD \GSH  HSP70 I
2009 4(3): 415-421
Wang F M Zhu X W Ma Y P et al. Effects of low
concentration of pentachlorophenol exposure on SOD ac—
tivity GSH and HSP70 content in rare minnow ( Gobio—
cypris rarus ) J . Asian Journal of Ecotoxicology
2009 4(3): 415 -421 ( in Chinese)
27
J. 2006 25(4): 880 -884
Ye X P Shao X Y Zhu L P. Influence of pentachlorophe—
nol on the metabolisms of silver crucian ( Carassius aura—
tus gibelig ] . Journal of AgroEnvironment Science
2006 25(4): 880 —884 ( in Chinese)
28

2004 17(4): 57 -60
Zhang M Wang ] Gu Y F et al. Response of metabolic
enzymes in liver and serum hormone of Cyprinus carpios
to low concentrations of pentachlorophenol J . Re-
search of Environmental Sciences 2004 17(4): 57 -
60 ( in Chinese)
29 . M .
1995: 25 -29
30
J. 2004 17(1): 33-35
Meng Q J Xiao X. Assessment of combined toxicity u—
sing different methods J . Pollution Control Technolo—
gy 2004 17(1): 33 -35 (in Chinese)

31 Altenburger R Bodeker W Faust M et al. Evaluation
of the isobologram method for the assessment of mixtures
of chemicals: Combination effect studies with pesticides
in algal biotests J . Ecotoxicology and Environmental
Safety 1990 20(1): 98 -114

32 RaJS OhSY IeeBC etal. The effect of suspended
particles coated by humic acid on the toxicity of pharma—
ceuticals estrogens and phenolic compounds J . Envi—
ronmental International 2008 34(2): 184 -192

33 Cloran C E  Burton G A Hammerschmidt C R et al.
Effects of suspended solids and dissolved organic carbon
on nickel toxicity J .
Chemistry 2010 29(8): 1781 —1787

34 De Schamphelaere K A C  Forrez I Dierckens K et
al. Chronic toxicity of dietary copper to Daphnia magna

J . Aquatic Toxicology 2007 81(4): 409 —418

Environmental Toxicology and



422

35

36

37

38

39

40

De Schamphelaere K A C  Janssen C R. Effects of
chronic dietary copper exposure on growth and reproduc—
tion of Daphnia magna J . Environmental Toxicology
and Chemistry 2004 23(8): 2038 —2047
Zurek R. Effects of suspended materials on zooplank—
ton: Laboratory investigations of Daphnia hyaline Leydig

J . Acta Hydrobiology 1983 24(3): 233 -251

Kirk K L. Suspended clay reduces Daphnia feeding
rate-behavioral mechanisms ] . Freshwater Biology
1991 25(2): 357 -365
Jeon] RaJS LeeSH etal. Role of food and clay
particles in toxicity of copper and diazinon using Daph—
nia magna J . Ecotoxicology and Environmental Safe—
ty 2010 73(3): 400 -406
Bilotta G S Brazier R E. Understanding the influence
of suspended solids on water quality and aquatic biota

J . Water Research 2008 42(12): 2849 -2861

/
J . 2009 4(1): 81

-86

41

42

43

Wang P. Behaviors of sorption-desorption of decabromi—
nated diphenyl ether on suspended particulate matter in
lake water J . Asian Journal of Ecotoxicology 2009

4(1): 81 -86 (in Chinese)

Lee CL Kuo L' J Wang HL etal. Effects of ionic

strength on the binding of phenanthrene and pyrene to

humic substances: Three-stage variation model ] .
Water Research 2003 37(17) : 4250 —4258

I 2006 15(5):
983 -987

Luo X M Liu C M. Effects of Ca’* ionic strength on

sorption of polycyclic aromatic hydrocarbons ( PAHs) on

soils and sediments in Yellow River Delta ] . Ecology
and Environment 2006 15(5): 983 - 987 ( in Chi-
nese)

Smith J A Jaffe P R Chiou C T. Effect of ten quater—

nary ammonium cations on tetrachloromethane sorption

Environmental Science & Tech—

1167 - 1172 L 2

to clay from water J .
nology 1990 24(8):



