2019,38(1): 184-192 R W ®E R FE F R 201941 H

Journal of Agro-Environment Science

SRR, Phazsl, SKRAKSE, 45 . i SEIR K ALY 2 R R MDA BUREE X FE A )], ARk BRI R 2722412, 2019, 38(1): 184-192.
ZHANG Tian—xu, SUN Jin—-sheng, ZHANG Qiu-ying, et al. Analysis of sensitivity distribution to ammonia of freshwater species from China and USA[J]. Jour-
nal of Agro—Environment Science, 2019, 38(1): 184-192.

38R 7K AR M X R B D AR B X B 43

RR A2, Fha AT, IRAKREE?, A ARe 2, EdR) 2, TR’

(1. KT AP B 5 S0 2, RIS oA b2 g, K 30038752, P [E IRBE AL A HFIE e, PA8EIE 5 KU PEAG [ 5
ALK A, Jbat 100012)

 E SRS EKE YR mﬁ?k%aﬁei 3‘&12% i 1t T%%\Xﬂtlﬂl%I(Mkﬂ(ii%(@%ﬁrﬁ«m*%uﬂl%%)m%ré
FE VB R IR TR T A BRI , 50— K 0 R BRI B R % 2 R i

K44 R (T=20 °C, pH=7.0), XaLLP%?ﬁémé%ﬁ#ﬁ%%ﬁﬁi@@ﬁﬁ“TH:ﬁ BT rh B E K St B . S5k

A < B L A L S A 0 ) 2 280 ) SRR AR 55 AERR T /K T 25 R b 9% 0 1 2 e v B (B 0 (R Dk 0.84 mg - L1, SE

079 mg- L) o DUZEHER R R ST Hh o R W Rl U M A v, REHE 7 o D>t 28> 12 ﬁ[ﬂ@?@%ﬂﬂ%ﬂ@ﬁﬁ@ﬁth

FEAHXS RS 2 T AN S o DU A AT 2R ) SR 3 o T A, IS R SRR v 4l DO S A R A 1

SR < TN 5 e B PR R BURR B S A s KA AR SR

FE S ES:X52 XERARERD A XEHS:1672-2043(2019)01-0184-09  doi:10.11654/jaes.2018-0454

|~U!

Analysis of sensitivity distribution to ammonia of freshwater species from China and USA

ZHANG Tian—xu'?, SUN Jin—-sheng", ZHANG Qiu-ying’, LING Jun—hong’, YAN Zhen—guang’, HE Huan—qi*

(1.Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences, Tianjin Normal University, Tianjin 300387, China;
2.Chinese Research Academy of Environmental Sciences, State Key Laboratory of Environment Criteria and Risk Assessment, Beijing
100012, China)

Abstract: Species sensitivity analysis is important for the establishment of water quality criteria (WQC). According to the United States
technical guidelines for the development of aquatic life, acute and chronic toxicity data of ammonia to freshwater species (including fish,
daphnia, and shellfish) in China and the USA were collected. Ammonia toxicity tests for local mollusks, Corbicula fluminea and Cipango-
paludina cahayensis were performed. The ammonia toxicity data were all normalized to the baseline condition (7=20 °C, pH=7.0) and the
species sensitivity distribution was compared between China and the USA. The acute ammonia criteria of China and the USA were calculat-
ed. The results showed that: The overall Chinese species sensitivity to ammonia was weaker than those from the USA. However, the differ-
ence of ammonia WQC under baseline conditions between China and the USA was small (China: 0.84 mg- L™"; USA:0.79 mg-L™"). Mol-
lusks have the highest species sensitivity to ammonia of all freshwater species, in the order of mollusks > fishes > daphnia. The species sen-
sitivity of fishes and shellfishes of China was weaker than that of the USA, whereas the differences in daphnia were not significant. In addi-
tion, shellfish larvae were more sensitive to ammonia than adults. Thus, toxicity data of mollusk larvae should be prioritized for the develop-
ment of ammonia criteria.
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Table 1 Results of 96-h toxicity test for ammonia to local shellfish

Yy Fp [EVEYF: RAH PAH LCso/mg N-L™! 95% {7 X[l /mg N- L™
A ¥=0.026 9x + 3.434 1 0.9332 P<0.001 51.53 32.00~73.94
FpAR 5] FH R ¥=0.005 9x + 2.820 2 0.9357 P<0.001 353.8 315.3~395.9
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Table 2 Ranked SMAVs of ammonia to freshwater animals in China

Eil3ha SMAV/mg-L™" P T %4 YRR LI & SCHR
1 39.1 Corbicula fluminea IES bEL [10]
2 44.0 Abbottina liaoningensis a2 U i i) [18]
3 44.6 Acipenser sinensis a2 A [22]
4 49.6 Branchiostoma belchert a2 XEf [23]
5 57.2 Mylopharyngodon piceus a2k H [24]
6 61.5 Ctenogobius giurinus a2k TR AR [18]
7 74.6 Poecilia reticulata S fligf [10]
8 82.3 Oncorhynchus tshawytscha a2 PN N [14]
9 88.6 Lymnaea stagnalis NES HiKHE S 8 [10]
10 96.4 Rana pipiens HoAhy il [14]
11 101.9 Salmo trutta a2 AR [14]
12 106.3 Cyprinus carpio a2 filf [20]
13 109.9 Ctenopharyngodon idellus a2 Hifh [25]
14 112.9 Eriocheir sinensis oAt R R T [26]
15 134.2 Ceriodaphnia dubia e R I 20 2% [18]
16 138.0 Procambarus clarkii HoAy L G SR [10]
17 141.7 Takifugu rubripes a2k LTEEAR )y il [27]
18 142.9 Simocephalus vetulus Ak EARRAE [18]
19 157.7 Daphnia magna e e KA [10]
20 162.5 Chydorus sphaericus b2 [ #it i % [10]
21 170.2 Limnodrilus hoffmeisteri HAty B K 2205 [10]
22 180.6 Oncorhynchus gorbuscha (EES R I £ [14]
23 202.1 Gobiocypris rarus (B T A i i) [28]
24 216.5 Tubifex tubifex HoAy E B [14]
25 218.7 Lumbriculus variegatus HAt JeZiily 22 15| [10]
26 2222 Cottus bairdii 2 Wk FlAL £ [10]
27 247.4 Pseudorasbora parvai i F it [18]
28 281.3 Gasterosteus aculeatus 2 o H =il A [10]
29 286.0 Anguilla anguilla 2 DI 2 i [10]
30 366.7 Macrobrachium nipponense oAty H AR R [29]
31 461.2 Rana chensinensis HoAte o [ bl [29]
32 532.1 Cipangopaludina cahayensis 2% v [ g [29]
33 544.8 Megalobrama amblycephala HoAhy 1413 fif [30]
34 853.9 Misgurnus anguillicaudatusi B ek [31]
35 3475 Monopterus albus taz Wil [10]
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Table 3 Ranked SMAVs of ammonia on freshwater animals in America

HEF SMAV/mg-L™ BT 2% LS HE¥ SMAV/mg-L PLT 54 IRISRE

1 23.1 Venustaconcha ellipsiformis NES 51 117.1 Sander vitreus B
2 26.0 Lampsilis abrupta 1B 52 119.5 Dendrocoelum lacteum BER (i)
3 31.1 Epioblasma capsaeformis JIES 53 122.2 Crangonyx sp. b
4 34.2 Villosa iris S 54 122.5 Xenopus laevis A
5 39.1 Corbicula fluminea Dk 55 132.7 Morone americana fh
6 40.9 Leuciscus cephalus RS 56 134.2 Ceriodaphnia dubia B
7 41.9 Lampsilis higginsii NS 57 136.2 Catostomus platyrhynchus 1f 2
8 46.9 Utterbackia imbecillis ik 58 138.0 Procambarus clarkii Hfth
9 47.4 Fusconaia masoni JIES 59 142.4 Ictalurus punctatus (RS
10 48.1 Lampsilis fasciola S 60 142.9 Stmocephalus vetulus e
11 50.5 Lampsilis cardium IES 61 144.0 Morone chrysops a2k
12 51.9 Prosopium williamsont fh 62 150.6 Micropterus dolomieu A
13 54.5 Micropterus treculii (HES 63 150.8 Lepomis cyanellus a2k
14 55.4 Lampsilis siliquoidea ik 64 154.3 Ceriodaphnia acanthine R
15 56.6 Deltistes luxatus fa 65 156.3 Salvelinus fontinalis i
16 61.2 Pseudacris crucifer HoAy 66 156.7 Acipenser brevirostrum s
17 62.2 Fluminicola sp. ik 67 157.5 Catostomus commersonii a2
18 63.0 Notemigonus crysoleucas fa2 68 157.7 Daphnia magna ER
19 63.9 Actinonaias ligamentina JIES 69 159.2 Pimephales promelas a2
20 68.5 Pleurocera uncialis HoAh 70 159.3 Salvelinus namaycush 1112
21 69.4 Chasmistes brevirostris B 71 162.6 Chydorus sphaericus e
22 70.0 Lampsilis rafinesqueana IES 72 164.0 Enallagma sp. Hflh
23 70.2 Morone saxatilis x chrysops s 73 164.5 Physa gyrina JIES
24 70.7 Pyganodon grandis e 74 166.7 Callibaetis sp. HAh
25 71.6 Etheostoma nigrum fa 75 170.2 Limnodrilus hoffmeisteri Hfth
26 72.6 Hybognathus amarus a2 76 180.7 Oncorhynchus gorbuscha (RS
27 74.7 Poecilia reticulata thAk 77 183.3 Salmo salar 1112
28 71.2 Etheostoma spectabile RS 78 185.2 Oreochromis mossambicus B
29 71.5 Lepomis gibbosus RS 79 192.4 Skwala americana Hflh
30 78.9 Oncorhynchus clarkii B 80 192.6 Hyalella azteca e
31 79.5 Actinonaias pectorosa N2k 81 196.1 Cyprinella lutrensis (RS
32 80.9 Cyprinella whipplet 2 82 211.6 Planorbella trivolvis 2k
33 82.4 Oncorhynchus tshawytscha g 83 216.5 Tubifex tubifex HiAtl
34 82.9 Oncorhynchus mykiss (RS 84 218.7 Lumbriculus variegatus Hfth
35 83.7 Pseudacris regilla HAy 85 219.3 Gambusia affinis f15
36 83.8 Cyprinella spiloptera HES 86 222.2 Cottus bairdit a2
37 86.0 Micropterus salmoides 102 87 233.0 Pachydiplax longipennis HiA
38 87.1 Oncorhynchus kisutch 12 88 246.2 Morone saxatilis B
39 88.6 Lymnaea stagnalis 1B 89 281.5 Gasterosteus aculeatus A
40 89.4 Musculium transversum ik 90 286.0 Anguilla anguilla a2k
41 96.4 Rana pipiens HAth 91 303.8 Orconectes nats HoAth
42 96.7 Notropis topeka B 92 364.6 Callibaetis skokianus oAl
43 99.0 Daphnia pulicaria B 93 378.2 Asellus aquaticus e
44 102.0 Salmo trutta hAk 94 387.0 Caecidotea racovitzai HAth
45 104.5 Lepomis macrochirus fh2 95 451.8 Chironomus tentans Hfth
46 106.3 Cyprinus carpio a2 96 735.9 Stenelmis sexlineata Hofh
47 109.0 Alasmidonta heterodon e 97 1029 Chironomus riparius FAth
48 109.0 Potamilus ohiensis B 98 1550 Orconectes immunis HAw
49 112.1 Oncorhynchus aguabonita fh 99 2515 Erythromma najas Hfth
50 115.9 Campostoma anomalum g
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Table 4 Ranked SMCVs of ammonia to freshwater animals

in China
SMCV s YrFh .
#E N T Y PR o
1 16.5 Cyprinus carpio (B S il [14]
2 41.5 Daphnia magna e KALE [14]
3 45.1 Ceriodaphnia dubia %35 FIMLE  [14]

x5 SR EEXKKEWRISMCV HEF
Table 5 Ranked SMCVs of ammonia to freshwater animals

in America

HF SMCV/mg-L™ EVA 2 PR
1 1.41 Lampsilis fasciola %k
2 3.21 Lampsilis siliquoidea %k
3 3.27 Lepomis macrochirus 10
4 3.50 Villosa iris UIES
5 6.66 Oncorhynchus mykiss LS
6 7.55 Musculium transversum ks
7 7.83 Fluminicola sp. ES
8 9.19 Pimephales promelas s
9 10.1 Oncorhynchus nerka s
10 11.1 Micropterus dolomieu 2
11 11.6 Catostomus commersonit fh
12 14.6 Lepomis cyanellus s
13 16.5 Cyprinus carpio a2k
14 20.4 Esox lucius (e
15 21.4 Ictalurus punctatus a2
16 25.8 Oncorhynchus clarkii henshawi B
17 29.2 Hyalella azteca e
18 415 Daphnia magna e
19 45.1 Ceriodaphnia dubia e
20 64.1 Ceriodaphnia acanthina e
21 73.7 Pteronarcella badia FiA

1, ¥ 77 HE RMSE #4231 F 0, 5% 22 7 J5 Fl SSE i 425 31
F 0, K-SH: I PAEAR T 0.05, i B FEPE RO i L4548
JE f K BRI A BORE B , DRL L2 B 4 TS 80, HoA I
DAL BE 14 R B H 322 55 307 355 43 A1 BT (Logistic) , 153
ARV K T A5 1 R 1 R S ] A 4 R0 /K o i o 1 {1
23524 0.84 mg- L7 F10.79 mg- L™, 45 40T

3 iTig
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Figure 1 Comparison of acute toxicity species sensitivity

distribution of ammonia between aquatic organisms in

China and America



190

URIEIRCX ity 53855 1 3

1.0

0.8

0.6

RS

041

1

0.2F

0 1 2 3 4
logSMAV/mg N- L™
B2 hxaX BEANIENIAMSEYHHRES HILE
Figure 2 Comparison of acute toxicity species sensitivity
distribution of ammonia among fish, cladocera

in China and America

*o6 RESARKEEVKREEELABELER
Table 6 The results of acute baseline calculation of water quality

of ammonia in China

Y Wik skEVIT K-S

DA g N
Waws HG oy RMSE MISSE Kk

Logistic 1.67 0.993 7 0.022 6 0.0280  0.999 4
Log—Logistic 1.71 0.986 7 0.0327 0.0589  0.6920
Normal 1.67 0.991 2 0.026 6 0.0388 09912

Log—Normal 1.71
Extreme Value 1.38

0.984 6 0.0351 0.0679 0.6709
0.833 4 0.1157 0.7361  0.4630
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Table 7 The results of acute baseline calculation of water quality

of ammonia in America

HE Wit FREFT K-S

Y EaaT 5
L HCs ZHR RMSE HISSE G 6

Logistic 1.59 0.994 7 0.020 8 0.0429 09465
Log—Logistic 1.62 0.9810 0.039 4 0.1537  0.406 8
Normal 1.58 0.9927 0.024 4 0.0589  0.908 4

Log—Normal 1.91 0.978 8 0.041 6 0.1717  0.649 1
Extreme Value  1.32 0.828 2 0.1185 1.3891  0.0027
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