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Species Selection Methods in Deriving Water Quality Criteria for Aquatic Life
ZHANG Ling-song' , WANG Ye-yao'”, MENG Fan-sheng', ZHOU Yue-xi', YU Hai-bin’

(1. State Key Laboratory for Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. China National Environmental Monitoring Center, Beijing 100012, China)

Abstract: The Mann-Whitney U test method was used to analyze the species sensitivity to ammonia toxicity. And based on the
analysis, the relationship between species selection method and WQC deriving method was studied by using toxicology, biological
taxonomy and sampling-inference theory. Results showed that vertebrate species, especially the Actinopterygii, accounted for the vast
majority in the toxicity test species. And the species composition of toxicity test species was inconsistent with the species composition of
the ecosystem. Sensitivity to ammonia toxicity among different taxa varied significantly for most species except some species in
individual taxa, especially the less sensitive species. The variable coefficient of interspecies decreased with the reduction of biological
classification level. To a certain extent, it showed that the species sensitivities in the same taxa to toxicant were more similar than those
in different taxa. According to sampling-inference theory, the WQC for aquatic life deriving method belonged to the design-based
inference. And taxonomic groups could be used as auxiliary variables to conduct a stratifactory sampling for species selection in WQC
deriving which could improve the sampling efficiency and precision.

Key words: WQC for aquatic life; statistical extrapolation method; species sensitivity distribution; stratified sampling
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Table 1  Acute toxicity of ammonia to aquatic life
5 o g 7 i SMAVICANTE) e g
/mg-L
27 r v 4 = N |
Eghffﬂln?hes '(iielblqaria ’l‘ri%ailida E{ﬁfiﬁae Dendrococlum lacteum 19-5 [17,18]
%%EI H . %&%l *’L Lumbriculus variegatus 218.7 [19 ~21]
Y] BN Lumbriculida Lumbriculidae
Annelida Oligochaeta AELE S| B Limnodrilus hoffmeisteri 170.2 [22]
Haplotaxida Tubificidae Tubifex tubifex 216.5 [17,18]
il il }
ieji;iieistei formes ?;iitfslei dae Gasterosteus aculeatus 281.5 [17]
Oncorhynchus aguabonita 112. 1 [17]
Oncorhynchus clarkii 78.92 [17]
Oncorhynchus gorbuscha 180.7 [17]
Oncorhynchus kisutch 87.05 [17,23,24]
y . Oncorhynchus mykiss 82.88 [17,25 ~29]
gflﬁr:] (Ei formes i%frjoni dae Oncorhynchus tshawytscha 82.39 [30]
Prosopium williamsoni 51.93 [17]
Salmo salar 183.3 [17]
Salmo trutta 102 [17]
Salvelinus fontinalis 156.3 [17]
Salvelinus namaycush 159. 3 [17]
W H i g Gambust aaffinis 219.3 [17]
Cyprinodontiformes  Poeciliidae Poecilia reticulata 74. 66 [31,32]
BRI TR B N Campostoma anomalum 115.9 [17]
Vertebrata Actinopterygii Cyprinella lutrensis 196. 1 [17]
Cyprinella spiloptera 83.8 [17]
Cyprinella whipplei 80. 94 [17]
R Cyprinus carpio 106.3 [17]
Cyprinidae Hybognathus amarus 72.55 [33]
I H Notemigonus crysoleucas 63. 02 [17]
Cypriniformes Notropis topeka 96.72 [34]
Pimephales promelas 159.2 [ 1375722’12}7 ’
Catostomus commersonii 157.5 [17,38]
A Y SS Catostomus platyrhynchus 136.2 [42]
Catostomidae Chasmistes brevirostris 69. 36 [17]
Deltistes luxatus 56. 62 [43]
W% 1 ) Etheostoma nigrum 71.45 [41]
l;er(:i formes Pe;ci dae Etheostoma spectabile 77.17 [17]
Sander vitreus 117.1 [25,40]
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/mg-L
Lepomis cyanellus 150. 8 [17]
Lepomis gibbosus 77.53 [17]
TR Lepomis macrochirus 104.5 [3167 ﬁ;]’
Centrarchidae ’
Micropterus dolomiew 150. 6 [44]
3 Micropterus salmoides 86.02 [45]
I H . .
., Micropterus treculii 54.52 [46]
Perciformes
Morone americana 132.7 [17]
TR e N sy e S Morone chrysops 144 [47]
Actinopterygii Moronidae Morone saxatilis 246.2 [17]
. BN Morone saxatilis x chrysops 70.22 [48]
HHESYIT ]
Vertebrata I Oreochromis mossambicus 185.2 [49]
Cichlidae
N Cottus bairdii 222.2 [17]
{AgE| FAC R} (17,25 ~27
Silurif Cottid rhy I A
iluriformes ottidae Catostomus platyrhynchus 142.4 38.44 40
[SSiAE A Acipenser brevirostrum 156.7 [43]
Acipenseriformes Acipenseridae Actinonaias ligamentina 63. 89 [51]
T deE R Pseudacris crucifer 61.18 [36]
ik ERA Hylidae Pseudacris regilla 83.71 [52,53]
Amphibia Anura ﬂ/:_f+ Ranidae Rana pipiens 96. 38 [36]
J\¥E§ﬂ' Xenopus laevis 122.5 [52 ~54]
Pipidae
Py 5 ) Callibaetis skokianus 364. 6 [36]
i H Baetidae Callibaetis sp. 166.7 [17]
Ephemeroptera = £
/NEERY . Drunella grandis 442. 4 [17]
Ephemerellidae
N XA] }
1 H Plecoptera HEE‘%ﬂ- Skwala americana 192. 4 [17]
Perlidae
. TR R . .
4 Ep %) : S s 2 .
lﬁfﬂ{[xj E3# H Trichoptera Limnephilidac Philarctus quaeris 994. 5 [36]
nsecta
54 B Coleoptera K £ ARk Stenelmis sexlineata 735.9 [28]
2 i o Enallagma sp. 164 [21]
Coenagrionidae  Eryth jas 2515 43
515 B Odonata o rythromma najas [43]
R . A
Libellulidae Pachydiplax longipennis 233 [55]
. R Chironomus riparius 1029 (27]
XG# H Dipte . .
WS e Chironomidae Chironomus tentans 451.8 [56]
TBEh ] K ERH Asellus aquaticus 378.2 [57]
Athropoda %2 H Isopoda .
Asellidae Caecidotea racovitzai 387 [51]
. Crangonyx pseudogracilis 270.5 [25,58]
Crangonyctidae c o 122.2 [36]
e SR Anphipods — rangonyx sp. :
Malacostraca . tt.‘ ‘F. Hyalella azteca 192.6 [59]
Dogielinotidae
. Orconectes tmmunis 1550 [25]
LS .
+ /& H Decapoda . Orconectes nais 303. 8 [17]
Cambaridae
Procambarus clarkii 138 [36]
st .
Chydoridae Chydorus sphaericus 162.6 [60]
Ceriodaphnia acanthine 154.3 [61]
2 2N . . .
. B ff H Cladocera Ceriodaphnia dubia 134.2 [17]
Branchiopoda .
#F} Daphnidae  Daphnia magna 157.7 [27,51,61 ~62]
Daphnia pulicaria 99. 03 [17]
Simocephalus vetulus 142.9 [17]
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gk
SMAVD (LANIH) ;
5 o £ B i BINTD st
/mg-L
Actinonaias pectorosa 79. 46 [17]
Alasmidonta heterodon 109 [51]
Epioblasma capsaeformis 31. 14 [51]
Fusconaia masoni 47. 4 [48]
Lampsilis abrupta 26. 03 [51]
Lampsilis cardium 50. 51 [63]
Lampsilis fasciola 48. 11 [17]
P Lampsilis higginsii 41.9 [63]
B 2R Al | Unionidae Lampsilis rafinesqueana 69. 97 [51]
Lamellibranchia Unionoida Lampsilis siliquoidea 55.42 [51,64]
Lasmigona subviridis 23. 41 [48]
Potamilus ohiensts 109 [51]
Pyganodon grandis 70.73 [56]
o > r
il Utterbackia. imbecillis 46.93 [17)
Mollusca
Venustaconcha ellipsiformis 23.12 [51]
Villosa iris 34.23 [17]
sk il A
ﬂ%ﬂ%ﬂ-. Musculium transversum 89. 36 [25]
Planorbidae
E SR
HES: T%if i Lymnaea stagnalis 88. 62 [22]
Lymnaeidae
it B WAL .
oy Pulmonata Physidae Physa gyrina 164.5 [25]
N -
Gastropoda ﬁﬁ%mﬁ%ﬁ# Planorbella trivolvis 211.6 [25]
Planorbidae
Wi H N ERE .
Sorbeoconcha Pleuroceridac Pleurocera uncialis 68. 54 [65]
Lithoglyphidae Fluminicola sp. 62. 15 [48]

1) SMAV :species mean acute value, PJFh -3 2 PEFEHE(E, ArifEfLE pH =7,T =20C

MR 1 ATV, B HESh YT 0 28 M 50 A
%, 049 B, i R EE SR 19 49% |, LU T
ST RBARS W], 53050 i 25% F122% |, B /b
I R 55 S 1] R s AR sh 1], A 3% A1l
1% . TMITENIX — 53 2B T, 46 68 20 2 1) 55 1 2504l
W2, 5 45% , Huk Ry o 8 40 068 R R o )
17% F 6% . x5 @A EA W IME LN ZET | BRIR
MEARTXFR. ARG, WS UE &
Z 0 AR L WA S K AE S R G, W IR Eh Y
TR YRR R R A 2 0. i BRRE AL YA X K AR
A AT RARE U0 BB W 1T Rl B AR R
A ARERESS. SR 25 PR 50808 1 ) b S T 23 A1 ]

CUF 4 o i P 0000 v 55 A s 0 B I o 0 4 R
ooy, SRR N M, ME R (b g
40 ) b ok B W) IR ORI B2 M R R
SHR R B 5 ) 3] e AR AT Y B L [ A 20 0
S DI AT A 285 XU AT VP A e i 3000 22 19 T g
PR 2 RS .
2.2 BPERHUEE T

1 2.1 PRI REERR L IR AR Y o2
AT S O 4 i U 22 S AR R i 1 B
7N [RINE SR 2.2 A7k B AN R A 2 28 i oT
NI RE R B ST AE AR 354 T Mann-Whitney K356 , 45
Rk 2 ~5 P,

x2 NAKSEUSITTENEHREE

Table 2 Exact U statistics probability of acute toxicity of different phylum

W] B B
NY (755 250 3(0.1357) 49(0.4538) 25(1.2069)
HHES] 49(0.453 8) 0.018
R HIT] 25(1.2069) 0.834 0. 000
AR 22(0.6557) 0. 002 0. 000 0. 000

D AR, T



3964 7 R S 35 %

4 4
E . E) ey
& & .
:E—_ 3 - oo _“‘;E._ 3
z L s T e g | & agm“é'ﬁﬁ“ MRS OBEM  REM
= REAAT oy o oI = m PR @ HHBA o ?ﬁimm
2 b * 32 5 R
z ¢ ) 5% | 2 é

1 I

4 4
0 4t H 0 g
20 - 50
£ wan (&R E . i IR AR
= B =
= |, ve Cgen : H.
= [wen B m&sm Ej E = mmﬂ e~ agmuéﬁﬂ @ oy
S 2 @ég‘." %@wn et W S "l’ E} s
@ R 2
= HEH JERA BHER = qpnra

| ‘i"JIIFLlI |  TEH

Bl1 FESEEKEEY T EBNH RS
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Table 3 Exact U statistics probability of acute toxicity of different class

HEN AN P2 A TR 4 52 2K AR ZK
N(ESZEH)  3(0.1357)  45(0.4549) 4(0.2813) 10(1.0585) 8(1.1210)  6(0.1648)  17(0.4927)
TR EE N 45(0.4549) 0.024
L] 4(0.2813) 0.057 0. 366
A 10(1.0585) 0.225 0. 000 0. 001
HHN 8(1.1210) 0.497 0. 000 0.008 0.310
Y] 6(1.1210) 0. 024 0.199 0.019 0. 000 0. 059
2K 17(0.4927) 0. 002 0. 000 0.039 0. 000 0. 000 0. 000
2 N 5(0.5530) 0.071 0. 826 0.730 0. 005 0. 030 0. 662 0. 030
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Table 4 Exact U statistics probability of acute toxicity of different order

fik I H (LAE| % H JTREH K A
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Table 5 Exact U statistics probability of acute toxicity of different family

i} iR} W fa R} R IREAF} R PO AR}
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