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Abstract: According to the methods and procedures of surface water quality criteria established by United States En—
vironmental Protection Agency ( USEPA) ( Guidelines for Deriving Numerical National Water Quality Criteria for the
Protection of Aquatic Organisms and Their Uses 1985) the aquatic species existing widely in China were selected
and their toxicity data were collected from database and acquired from our research on some native species. The a—
quatic quality criteria of hexavalent chromium in China were derived using three methods: species sensitivity rank
(SSR) species sensitivity distribution ( SSD) and the method of criteria development recommended by Australia.
Results showed that the criteria maximum concentration ( CMC) value of hexavalent chromium were 23.97 22.84

29.06 wg*L”and the criteria continuous concentration ( CCC) value were 14.63 10.35 9.00 pgeL” respective—
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ly. The criteria values were of the same order of magnitude. The criteria proposed in this study had a little difference
from the criteria launched by USEPA. We suggest using SSD method to derive CMC value and CCC value. The re—
sults of this study might provide some useful clues and data for the development of China’ s water quality criteria.

Keywords: hexavalent chromium; freshwater aquatic organisms; water quality criteria; criteria maximum concentra—

tion ( CMC) ; criteria continuous concentration ( CCC)
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Table 1  Acute toxicity of hexavalent chromium to aquatic organisms
SMAV/( pgeL™) GMAV/( pgeL?
Rank Genus Latin name of species Species (he'l?) (hel7) References
36 Misgurnus anguillicaudatus 209 785 209 785 21
Misgurnus
35 Pseudorasbora parva 190 757 190 757 22
Pseudorasbora
34 Clarias batrachus 162 390 162 390 23
Clarias
Carassius auratus ( Linnaeus) 202 807 This study 24
33 154 306
Carassius Carassius auratus 117 404 25 -27
32 Cyprinus carpio 139 000 139 000 28
Cyprinus
Lepomis cyanellus 100 522 29
31 130 105
Lepomis Lepomis macrochirus 168 393 30 -32
30 Sinopotamon henanense 111 240 111 240 33
Sinopotamon
29 Rhodeus ocellatus ( Kner) 94 760 94 760 34
Rhodeus
28 Cambarus clarkii 92 520 92 520 35
Cambarus
27 Gobiocypris rarus 81 000 81 000 36
Gobiocypris
26 Ctenopharyngodon idella 71 190 71 190 37

Ctenopharyngodon
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25 Monopterus albus 60 550 60 550 38
Monopterus
24 Salvelinus fontinalis 59 000 59 000 39
Salvelinus
23 Chironomus sp. 52 986 52 986 40
Chironomus
22 Poecilia reticulata 52 611 52 611 41 -43
Poecilia
21 Rutilus rutilus ( Linnaeus) 49 300 49 300 44
Rutilus
20 Bofo melanostictus 49 290 49 290 This study
Bofo
19 Gasterosteus aculeatus 44 391 44 391 31 45
Gasterosteus
Oncorhynchus mykiss 21 961 28 46
18 40 112
Oncorhynchus Oncorhynchus kisutch 73 264 47
Perca flavescens 36 300 48
17 34 663
Perca Perca fluviatilis ( Linnaeus) 33 100 44
16 Pelteobagrus fulvidraco 15 790 15 790 This study
Pelteobagrus
15 Ictalurus punctatus 14 800 14 800 49
Ictalurus
14 Lumbriculus variegatus 13 300 13 300 50 -51
Lumbriculus
13 Hypophthalmichthy smolitrix 13 160 13 160 This study
Hypophthalmichthy
12 Rana chensinensis 11 474 11 474 52 -53
Rana
11 Hyriopsis cumingii 10 446 10 446 54
Hyriopsis
10 Cipangopaludina cathayensis 7 280 7 280 This study
Cipangopaludina
9 Lymnaea luteola 4 764 4 764 55
Lymnaea
8 Tubifex tubifex 2 809 2 809 56 -58
Tubifex
7 Mesocyclops pehpetensis 510 510 59
Mesocyclops
6 Moina macrocopa 360 360 60
Moina
Ceriodaphnia reticulata 94.9 14 61
5 Ceriodaphnia dubia 464.8 263 62 -63
Ceriodaphnia
Ceriodaphnia quadrangula 413 64
4 Macrobrachium nipponensis 293.7 183 65
Macrobrachium Macrobrachium rosenbergii 114 66
Daphnia hyalina 67
69.6
Daphnia pulex 87.3 30 68
} Daphni Daphni -2 71 69 70
aphnia aphnia magna -
! i ¢ 125.9
Daphnia carinata 71
2 Hydra attenuata 38.1 38.1 72
Hydra
1 Simocephalus vetulus 32.3 32.3 14
Simocephalus
1 SMAV ; GMAV o

Note: SMAV is species mean acute value; GMAV is genus mean acute value.
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Table 2 Chronic toxicity of hexavalent chromium to aquatic organisms

SMAV/( pg*L?) GMAV/( pgeL™)

Rank Genus Latin name of species Species References
13 Gasterosteus aculeatus 40 912 40 912 73
Gasterosteus
12 Oncorhynchus kisutch 23 792 23 792 74
Oncorhynchus
11 Cyprinus carpio 5 000 5 000 75
Cyprinus
10 Lepomis macrochirus 4 580 4 580 76
Lepomis
9 Micropterus salmoides 4 580 4 580 71
Micropterus
8 Gambusia affinis 2 500 2 500 78
Gambusia
7 Poecilia reticulata 2 500 2 500 78
Poecilia
6 Salvelinus fontinalis 860 860 77
Salvelinus
Carasstus gibelio 115.3 79
5 759.3
Carassius Carassius gibelio 5 000 75
4 Simocephalus vetulus 100 100 80
Simocephalus
3 Daphnia magna 114.2 90 81 -82
Daphnia Daphnia carinata 70.71 80
2 Tilapia nilotica 50 50 69
Tilapia
| Ceriodaphnia quadrangla 31.25 7.7 64
Ceriodaphnia Ceriodaphnia dubia 10 ' 83
: SMCV ; GMCV o
Note: SMCV is species mean chronic value; GMCV is genus mean chronic value.
3
Table 3  Toxicity of hexavalent chromium to freshwater algae and plants
LCs /ECsy /( pgeL?)
Genus Latin name of species Species % o References
Navicula seminulum 187 ~1 220 32
Navicula
Pseudokirchneriella subcapitata 84.3 ~129.7 84
Subcapitata
Pseudokirchneriella subcapitata 170 85
Subcapitata
Pseudokirchneriella subcapitata 183 69
Subcapitata
Pseudokirchneriella subcapitata 2 420 ~2 730 86
Subcapitata
Synechococcus leopoliensis 3307.5 87
Synechococcus
Scenedesmus subspicatus 150 88
Scenedesmus
Scenedesmus subspicatus 350 ~ 13 000 89

Scenedesmus

°

Note: the tested hexavalent chromium is potassium dichromate



2 311
4 (BCF)
Table 4  Bioconcentration factors ( BCF) of hexavalent chromium for aquatic organisms
/d
BCF
Chemicals Species Latin name of species Tissue Time/d References
Oncorhynchus mykiss <1 22 90
Potassium dichromate Rainbow trout Muscle
Oncorhynchus mykiss 1 30 91
Potassium chromate Rainbow trout Fish body
2.2 cCC 14.63 gl
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Table 5  Fitted values of acute and chronic toxicity of hexavalent chromium by species sensitivity distribution method

HC5/( pgel?) Radj? Weighted chi square
Types of criteria Residual sum of squares Function parameters
test coefficient

AT =01075 A2 =1.2476 p=0.
6905 LOGx1 =4.9822 LOGx2 =1.

CMC 45.69 0.995 4.00 x10* 0.0156
9036
hl=1.1034_ k2 —0.9098
A0 =3.1474 Al =3.7844 A2 =17.
CCC 10.35 0.952 3.80x10? 0.0380 0628 A3 =-2.8843 A4 =0.5527
A5 =-0.0401
: CMC ; CCC HCs .
Note: CMC is criteria maximum concentration; CCC is criteria continuous concentration; HCs.
b~k 3 o k 2 Burr I b
Burr 1 ReWeibull : =4.2864 ¢=16.9631 £=0.1176 CCC =HC; =9.00
a L7
F(x) =exp( - ;) (8) Hett e
ab 2 . 3 ( Discussion)
c RePareto
F(x) =(2) " H{x<x,}(x, 6>0) (9)
Xo o 3
%o~ 0 2 o
k 100 ( 6). 3
ReWeibull ;c 80 SSR Cr( VI)
RePareto o 1 CMC cce
RePareto %, =5.3218 §=2.7135 .

HC, =58. 13 pg+L’ CMC = HC,/2 =29.06 pg-L"; .
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Table 6 Comparison among criteria and standard 0.952 SSD
values of hexavalent chromium SSR
T el SSD cce cee
Criteria/Standard value/( pg*L7) ° SSD
Methods of criteria derivation CMC CcCcC o
Freshwater CMC  Freshwater CCC 3
(SSR) () I
Species sensitivity rank ( SSR) 23.97 14.63 CMC /
method ( this study)
SSD ccC SSD SSR
(ssb) ( ) CCC I
Species sensitivity distribution 22.84 10.35 °
(SSD) method ( this study) CMC CCC
/ SSD
SSD method by 29.06 9.00 °
Australia/New Zealand
9 593
45.79 14.22 °
The existing research 9
( USEPA) .
(2009)
The latest published( 2009) on the 16 11 °
website of U. S. Environmental
Protection Agency( USEPA)
I
Primary surface water environmental 10
quality standard in China
9 SSD SSR SSD SSD
Cr( V1) oMe CMe 23.97.22. 84.29. 06
CMC > cec peel? CcC 14.63.10.35.9.00 pgeL™.
3 SSD
) : > CMC ccc
ssD 3
I
SSR 0.05 4 cce ! CMC
SSD o
3 CMC
SSR 4 SSD ’
BiDoseResp CMC (1955—)
BiDoseResp 0.995
CMC 3 140

CCC /
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