2011 6 Vol. 6 2011

4 367382 Asian Journal of Ecotoxicology No.4 367382
1 * 1 13 12 1 1 1
100012
2. 510640
3. 100081
> > > °
89.7 mgL™' 34.5 pgeL' .
298.9 pgeL.7'.67.3 pgeL™' 76.9 pgeL7; 36.9 pgeL7'.

12.9 pgel™" 14.8 pgel™'. «“ ”

1 1 ’ 1

: 1673-5897(2011) 636746 . X171.5 A

Toxicity Characteristic of Zinc to Freshwater Biota and Its Water Quality
Criteria

Wu Fengchang' = Feng Chenglian' Cao Yujing' > Zhang Ruiqing' > Li Huixian' Liao Haiqing'
Zhao Xiaoli'

1. State Key Laboratory of Environmental Criteria and Risk Assessment; State Environmental Protection Key Laboratory for Lake Pollu—
tion Control Chinese Research Academy of Environmental Sciences Beijing 100012  China

2. Guangzhou Institute of Geochemistry Chinese Academy of Sciences Guangzhou 510640 China

3. Energy Saving & Environmental Protection & Occupational Safety and Health Research Institute China Academy of Railway Sci—
ences Beijing 100081 China

Received 17 December 2010 accepted 13 April 2011

Abstract: Zinc ( Zn) is an essential trace element in life bodies. When the dose of zinc exceeds a certain content

it may cause adverse effects to the organisms. In order to investigate the toxic effects that Zn might bring to aquatic
life in Chinese fresh waters it is urgent to derive water quality criteria of Zn for freshwater biota. In this study the
toxicity characteristic of zinc to freshwater biota was extensively discussed using species sensitivity distribution meth—
od. Moreover three common methods for deriving quality criteria including assessment factor method toxicity

percentile rank method and species sensitivity distribution method were used to derive the aquatic quality criteria of
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Zn. The result showed that there existed significant difference in species sensitivity distribution to zinc. The species
sensitivity to zinc followed the order of crustaceans > others > fishes > amphibians. Finally the criteria value de—
riving from the toxicity percentile rank method was suggested as the quality criteria for zinc with criteria maximum
concentration and criteria continuous concentration being 89.7 pg*L 'and 34.5 gL' respectively. Further—
more based on the differences of species sensitivity the biological criteria for acute toxicity to fishes crustaceans
and other invertebrates were also derived which were 298.9 wg*L™" 67.3 pgeL. "' and 76.9 pug*L™" respective—
ly; the biological criteria for chronic toxicity to fishes crustaceans and other invertebrates were 36.9 pgeL™" 12.

9 pgeL 'and 14.8 pgeL™" respectively. The results showed that to some extent full protection can not be pro—
vided by the present water quality criteria of Zn for Chinese freshwater life. This study might provide useful data
support for deriving water quality criteria for protecting aquatic biota in China.

Keywords: Zn; aquatic quality criteria; assessment factor method; toxicity percentile rank method; species sensi—

tivity distribution method
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Table 1  Acute toxicity of Zn to freshwater animals

1.9% .

36. 7%

/(mgeL™")
Hydra vulgaris 14 22
Hydra oligactis 14 22
Hydra viridissima 11 22
Hydra pseudoligactis 0.390 23
Limnodrilus hoffmeistert 4.95 24
Limnodrilus hoffmeisteri 2.85 24
Brachionus calyciflorus 0.260 25
Acartia clausi 0.707 26
Acartia clausi 0.95 26
Acartia clausi 0.294 26
Charybdis feriatus 0.461 27
Crangon crangon 6.3 28
Acanthomysis costata 0.26 29
Ceriodaphnia dubia 0.169 30
Ceriodaphnia dubia 0.127 30
Ceriodaphnia dubia 0.1 31
Ceriodaphnia dubia 0.11 32
Ceriodaphnia dubia 0.12 32
Ceriodaphnia dubia 0.1 33
Daphnia magna 0. 160 34
Daphnia magna 0.40 34
Daphnia magna 0.59 34
Daphnia magna 5.50 35
Daphnia magna 5.00 36
Daphnia magna 2.30 37
Daphnia magna 0.165 38
Daphnia magna 8.40 39
Daphnia magna 0.21 40
Daphnia magna 1.8 41
Daphnia magna 0.8 42
Daphnia magna 0.164 38
Daphnia magna 0.861 43
Daphnia magna 0.798 43
Daphnia magna 0.21 44
Daphnia magna 0.525 45
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/(mgeL™")
Daphnia magna 0.84 46
Daphnia magna 0.126 43
Daphnia pulex 0.232 47
Daphnia carinata 1.00 48
Moina irrasa 0.183 49
Moina macrocopa 1.01 50
Palaemonetes pugio 11.3 51
Macrobrachium rosenbergit 0.580 52
Cherax quadricarinatus 0.650 53
Gammarus pulex 1.86 54
Portunus pelagicus 0.37 27
Carassius auratus 7.96 55
Cryprinus carpiod 1.64 56
Carassius auratus 27.6 57
Carassius auratus 33.8 57
Carassius auratus 22.3 58
Carassius auratus 39.5 59
Cyprinus carpio 7.05 60
Saurogobio dabryi 28.8 61
Tanichthys albonubes 16.3 62
Megalobrama pellegrini 14.6 63
Ctenopharyngodon idellus 33.1 64
Ctenopharyngodon idellus 5.73 65
Pseudorasbora parva 3.20 66
Pseudorasbora parva 18.0 66
Gobiocypris rarus 1.68 67
Gobiocypris rarus 2.17 67
Gobiocypris rarus 3.66 67
Spinibarbus sinensts 10.1 68
Brachydanio rerio 30.0 69
Oryzias latipes 25.8 70
Poecilia rticulatus 7.75 71
Rachycentron canadum 0.654 72
Micropterus salmoides 5.18 73
Misgurnus anguilicaudatus 30.8 57
Oncorhynchus mykiss 4.06 74
Oncorhynchus mykiss 4.06 74
Oncorhynchus mykiss 0.189 75
Oncorhynchus mykiss 2.63 76
Oncorhynchus mykiss 0.278 77
Oncorhynchus mykiss 0.224 78
Oncorhynchus mykiss 2.17 76
Oncorhynchus mykiss 3.87 74
Oncorhynchus mykiss 0.52 79
Oncorhynchus mykiss 0.221 71
Oncorhynchus mykiss 2.38 80
Bufo Bufo gargarizans 30.8 81
Rana limnocharis 46.5 82




372 6
2
Table 2 Chronic toxicity of Zn to freshwater animals
/(mg-L7")

Daphnia magna 0.275 42

Daphnia magna 0.275 37

Daphnia magna 1.00 83

Daphnia magna 1.00 36

Procambarus clarkii 2.11 84

Acanthopagrus schlegeli 0.170 85

Carassius auratus 2.50 86

Cyprinus carpio 0.080 87

Danio rerio 3.20 79

Gobiocypris rarus 0.200 88

Oncorhynchus mykiss 0.117 75

Oncorhynchus mykiss 3.00 89

Oncorhynchus mykiss 1.00 79

Oreochromis mossambicus 0.040 90

Gambusia affinis 18.0 91

Gambusia affinis 0.100 92

Gambusia affinis 0.400 93

Xiphophorus helleri 0.100 92

Xiphophorus helleri 0.200 93

Lebistes reticulatus 0.100 92

Lebistes reticulatus 0.200 93

3
Table 3 Chronic toxicity of Zn to freshwater plants
/(mg-L")

Chlorella vulgaris 2.0 94

Chlorella pyrenoidosa 0.473 95

Closterium lunula 0.038 96

Nostoc muscorum 0.300 97

Nostoc muscorum 0.200 97

2.2 0.189 ~39.5 mg*
L™ 4 . N
(p< 4 1.27
0.05) 4 o mgeL "' o 2
4
N N (1 38.6 mgeL™' o
0.189 mgeL"; 1)
0.260 ~14 mgeL"' N 5% ( HCS)

0.260 mg-L™"; 67.3 wgeL7'.76.9 pgeL”!

298.9 pgeL™!
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Table 4 Data summary on toxicity of Zn to freshwater animals
/(mg-L"") /(mg-L"") /(mg-L")
15 0.1~11.3 1.43 2.48
6 0.26 ~14 6.78 6.11
18 0.189 ~39.5 11.37 12.3
2 30.8 ~46.5 38.63 11.1
41 0.1~46.5 4.96 10.8
2 0.275 ~2.11 0.932 0.75
10 0.04 ~18.0 1.84 4.45
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Fig. 1 Species sensitivity distribution curves for freshwater animals based on acute toxicity data
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Fig. 2 Species sensitivity distribution curves for freshwater animals exposed to Zn using different models based on acute toxicity data
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Table 6 Comparison of aquatic criteria and standards of Zn among different countries
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