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Abstract: Cadmium is a poisonous heavy metal which is toxic hard to degrade and easy to reside. It can cause adverse effects on
aquatic organisms and ecosystems. In order to control effectively the adverse effects which Cd might bring to aquatic life in Chinese
freshwaters it is urgent for China to derive regional aquatic life criteria for Cd  which could provide a basis for the establishment
and revision of water quality standards. In this study all available toxicity data of Cd to Chinese representative species in
freshwater were collected in order to protect the freshwater ecosystem and biota system. Three widely used criteria derivation
methods concerning the assessment factor method toxicity percentile rank method and species sensitivity distribution method were

used to derive aquatic life criteria for Cd. Meanwhile the

- 2010 =09 — 30 - 2010 =10 - 19 criteria values for freshwater in China and the derivation
(973) process were studied and compared among the three methods.

(2008CB418200) The results showed that for the assessment factor method the
(1965 -) criteria of freshwater Cd was expressed by one value which

was 0.15 pg/L; for toxicity percentile rank method the

wufengchang@ vip. skleg. cn. criteria included criteria maximum concentration and criteria

* (1956 -) continuous concentration which were 7.30 pg/L and 0.12

rei@ craes. org. ¢ . . s .
fmengwerts craes. org. on wg/L  respectively; for species sensitivity distribution
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method the criteria of short term hazardous concentration and long term hazardous concentration were 32.50 pg/L and 0. 46
pwg/L  respectively. Finally this study analyzed the advantages and disadvantages of these three methods and compared the
difference of the Cd criteria in this research and other existing reference values in China and abroad. In addition the possible
reasons which caused this difference and the key factors which influenced the aquatic life criteria were also discussed.
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Table 1  The tested species of our country’s biota system used in deriving aquatic life criteria
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Table 2 The calculation of species mean acute value and genus mean acute value of cadmium to freshwater animal
/(mg/L) /(mg/L)
Cipangopaludia cathayensis 28.210 28.210 15
Limnodrilus hoffmeisteri 23. 441 23.441 16
Sinopotam henanense 10. 170 10. 170 17
Carassius auratus 15. 148 9.177 1822
Orechromis niloticus 9.118 9.118 23
Tanichihys albonubes 4. 447 4. 447 24
Ctenopharyngodon idellus 3.490 3.490 22
Cyprinus carpiovar. color 4.560 3.383 25
Cyprinus carpio 2.510 26
Rana chensinensis 3.100 3.100 27
Hydra pseudoligactis 1.810 1.810 15 28
Limnodrilus hoffmeisteri 1. 004 1. 004 29
Aristichthys nobilis 0.924 0.924 30
Cichlasoma managuense 0.481 0. 481 31
Daphnia magna 0.202 0.202 10 3233
Cherax quadricarinatus 0. 094 0. 094 34
Macrobrachium rosenbergii 0.015 0.017 35-36

3

Table 3 The calculation of species mean chronic value and genus mean chronic

value of cadmium to freshwater animal

NOEC | LOEC/
(mg/L) (mg/L) /(mg/L) /(mg/L)
(Dreissena polymorpha) 0.175 — 0.175 0.175 37-38
(Corbicula fluminea) 0. 100 0.200 0. 141 0. 141 39
(Rana chensinensis) 0. 100 0.200 0. 141 0. 141 27
(Misgurnusanguilicaudatus) 0. 040 0. 080 0. 056 0. 056 40
(Tilapia nilotica) 0. 050 — 0. 050 0. 050 41
(Eriocheir sinensis) 0. 050 0. 050 0. 050 0. 050 42
( Brachionus calyciflorus) 0. 025 0.025 0.025 0.025 43
( Chironomus riparius) 4.300x107%  10.200 x10 * 6.623 x10°  6.623 x10 3 44
(Daphnia pulex) 6.623 x107°  10.200 x10°> 7.490 x10°>  6.596 44
(Daphnia magna) 0. 005 0.010 5.808 4546
(Cyprinus carpio) 0. 005 0. 005 0. 005 0. 005 47
(Carassius auratus) 0. 005 0. 005 0. 005 0. 005 48
(Oncorhynchus mykiss) 7.000 x 10 ~* 1.500 x10 ™3 4.256 x10~°  4.256 x10 3 10 49-51
(Hydra viridissima) 4.000 x10 ~* 8.000 x10 ™% 5.656 x10°  5.656 x10 52
(Pachydiplax longipennie) 4.500 x 10 ~* 4.500 x10™* 4.500 x10™*  4.500 x 10 ™* 53
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5.1 5.2.4 (FRV)
2
96 h LC,, 0.015 mg/L 8 125
. 1.0 mg/kg 2 9)
( 0.12 pg/l.
10 ~35 a) *
100 2 (cme) (cce)
3) 0.15 pg/L. 5.2.1~5.2.4
5.2 7.30  0.12 pg/L.
5.2.1 (FAYV) 5.3
2 5.3.1
4) ~ (1)
14.60 pg/L. Origin 8.0 2 18
5.2.2 (FCY) S-W
3 P=0.203 K-S
P =0.927 0.05
4) ~(7) SigmaPlot 10. 0
(GMAV)
(GMCY)
0.21 pg/L
5.2.3 (FPYV) Sigmoid Gaussian Lorentzian Gompertz
Exponential Growth 5
4
4
Table 4 The results of cadmium’s acute species sensitivity distribution curves fitted by different models
Iz STHC, /1 (ng/L)
7o =0.025
. . o x, =0.914
Sigmoid Yo=yotal(l4e Ty 2=0. 976 0.995 32.5
b=0.276
v x, =1.835
Gaussian [ -0-*( ,;“)] a=1.024 0.991 115.0
yo=ae b=1.129
) xo = 1.343
Lorentzian y = (l/[ 1+ ( . xo)] a=0.937 0.988 5.0
b b=0.873
o 2 =0.853
Gompertz [ —c( -b )] a=1.872 0. 988 131.0
y = ae b=1.340
Exponential Growth y = ab” Z zg ;;(7) 0.959 6.0
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Fig. 1 The acute species sensitivity distribution curves of different models
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Sigmoid Gaussian  Exponential Growth 3 (LTHCY) 3
5 2. 5 Sigmoid Sigmoid (4 ) 0.46 wg/L
(4 ) R®  0.954; . 0.46 pg/L
(LTHC,).
5

Table 5 The results of cadmium’s chronic species sensitivity distribution curves fitted by different models

R? LTHCS / (ug/L)
o x, =1.395
Sigmoid '(fo)
G ) y:a/[l +e ] a=1.167 0.951 0.21
’ b=0. 669
yo = =0.175
Sigmoid (o xy =1.746
« , y:n+aﬂ1+e(h)] . 0.954 0.46
b=1.070
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Fig.2 The chronic species sensitivity distribution curves of different models
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Table 6 The criteria of this study and other countries used different deriving methods
/(pg/l)

0.15

2010 7.30 (CMC) 0.12 (CCC)
32.50 (STHC,) 0.46 (LTHC;)

n 2009 2.10 (CMC) 0.23 (CCC)
2001 2 (CMC) 0.25 (CCC)

1996 0.017
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4 2 95 %
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4
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7.30  0.12 pg/L. 4 N N
ng
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pH
73
- @ 73-74
7
Table 7 The comparison of the most sensitive genus which were used separately by China
and America in calculating cadmium’s criteria
4 4
/(mg/L) /(mg/L)
(Cichlasoma) 4.810x10 ! (Cyprinus) 5.000 x 10 *
(Daphnia) 3.070 x 10" (Oncorhynchus) 4.256 x10 ~?
( ) ( Cherax) 9.400 x 10 2 (Hydra) 5.656 x 10 ~*
(Macrobrachium) 1.700 x 10 =2 (Pachydiplax) 4.500 x 10 3
(Oncorhynchus) 3.836 x10° ( Chironomus) 2.804 x 10 ?
(Morone) 2.925 x10 7 (Oncorhynchus) 2.443 x10 7}
(Salvelinus) 1.963 x10 3 (Daphnia) 3.794 x 10 ~°
(Salmo) 1.613 x10° (Hyalella) 2.747 x10 *
7 quality criteria for the protection of aquatic organisms and their
uses R Washington DC: Office of Research and
a.
Development 1985:1-57.
3 2 . N
I 2006 19(3):1-6.
0.15 3 )
we/L. J. 2008 28(12):2385-2393.
4 . _
7.30 pg/L 0.12 pg/L.
J. 1996 11(2) :191-197
5 WU F C XING B S. Natural organic matter and its significance
32.50 P«g/L 0.46 p“g/L in the environment M . Beijing: Chinese Science Publisher
b. 3 2009 :135-237.
6 M .
. 2010:212-245.
7 M
2010:23-45.
(References) : 8
1 US EPA. Guidelines for deriving numerical national water J . 2007 26(8) :465-470.
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