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Toxicity of Nitrate-N to Freshwater Aquatic Life and Its Water Quality Criteria
ZHANG Ling-song'”>, WANG Ye-yao'”, MENG Fan-sheng’, ZHOU Yue-xi'*, YU Hai-bin’

(1. College of Water Sciences, Beijing Normal University, Beijing 100875, China; 2. State Key Laboratory of Environmental Criteria
and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 3. National Environmental
Monitoring Centre, Beijing 100012, China)

Abstract; The toxicity sensitivity of different freshwater aquatic organisms was analyzed using the collected toxicity data in this paper.
Three methods were used to estimate the criteria of nitrate to protect the freshwater aquatic life. The results showed that the species
sensitivity to nitrate followed the order of Arthropoda > Mollusca > Chordata, and Crustacea > Insecta > Gastropoda > Bivalvia >
Amphibia > Actinopterygii. Moreover, the output of assessment factor method, species sensitivity distribution method and USEPA’s
method was significantly different. Finally, criterias of 87.97 mg+L ™" and 5. 17 mg-L™" to protect aquatic life from acute and chronic
toxicity were proposed using USEPA’s method.

Key words :nitrate-N; aquatic life; assessment factor method; toxicity percentile rank method ; species sensitivity distribution method ;
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Table 1  Acute toxicity data of NO; to aquatic life
— RS . LC SMAV  GMAV .
e AR R4 g M SMAV D OMAY
(n) /mg-L~1/mg-L~"/mg-L
AEHRHCD) IR e gy Poecilia reticulatus AdF 191 191 191 [38]
Poeciliidae Poecilia
JES oz 3 fit
Eﬂ(.” ¥ %"‘@E(l) BIIRM Pimephales promelas A i 415 415 415 [12]
Cyprinidae Pimephales
A=
/I““ﬁj,%(l) i EAWSRS Salvelinus namaycush ARHFR 1121 1121 1121 [22]
B Salvelinus
AEEELN (T ) Oncorforneh
I . . N " ncorhynchus .
Actinopterygii S@fﬂ(z) jqf@;&)ﬁh (2) k@#ﬁﬁiﬂ%@“hawﬂscha AHFF 1310 1310 1474  [39]
almonidae :
i RTINS gt Oncorynchus mykiss AMF 1658 1658 1474 [40]
¥ (10) FEER (1) ORI Coregonus clupeaformis  EAHLFY 1903 1903 1903 [7]
Coregonus
! A LA .
Xﬁ,ﬁﬂ-( D FLARIE (1) PEA RN Ietalurus punctatus ARHAF 1392 1392 1392 [41]
Ictaluridae Ictalurus
R ) s
mﬁﬁ(l) AR (.1) UK Ik Pseudacris regilla AR AN 47112 471.12 471.12[42]
Hylidae Pseudacris
i i FIER Y .
Wﬂ%ﬂ.(?) Jjﬁ.%ﬁ'.ﬂ(l) TR (1) AEMIREE  Xenopus laevis AMAP 1655.8 1655.8 1655.8 [43]
Amphibia Pipidae Xenopus
ﬂﬂ.( b HEIR (1) 21 Jil e Rana aurora JEAMFT  636.3  636.3  636.3 [44]
Ranidae Rana
\‘: N [—]
BREERF(2) ® 75;?‘55 D RAKIE DL Lampsilis siliquiodea A Ff 357 357 357 [12]
WFEER (3) Unionidae P
Bivalvia Megalonaias (1) — Megalonaias nervosa JEAS Hh Ff 937 937 937 [12]
valvie
sk filpl S
}M)“ﬂ..(l) }M)“E.(l) BRI Sphaerium simile A F 371 371 371 [12]
Sphaeriidae Sphaerium
MEARAM(1) SRR () EARBE) YR .
Gastropoda Ampullariidae Pomacea S Pomacea paludosa A Fip 516.2 516.2 516.2 [45]
97.3 100.1 100.1 [46]
SRR i . .  gEes 109 100.1  100.1 [15]
Hydropsyche Py A ik Hydropsyche occidentalis — AEAS Hif 90 100.1 1001 [47]
SO AN (2) 105 100.1 100.1 [16]
Hydropsychidae 113.5 138.7 138.7 [15]
JHHE RIRA(4) AR (1) . e 165.5 138.7 138.7 [15]
ZJ]%( 11) Insecta Cheumatopsyche NG gk Cheumatopsyche pettiti AR 154 138.7 138.7 [16]
128 138.7 138.7 [16]
T%Eﬂj(ﬂ (.1 ) %EHNE( D PRI Chironomus dilutus IR Hu Fih 278 * 278 * 278 % [12]
Chironomidae Chironomus
Ty 25 E‘}\ - - Taste
X%E?H( ) Al /ﬁ%}%’( 1) %% Easten Amphinemura delosa JEAS s Fof 456 456 456 [12]
Nemouridae Amphinemura  forestfly
WECEIE (1) smssis0i%  Ceriodaphnia dubia AMF 3747 3747 3747 [31)
. Ceriodaphnia
HEHH2) 611" 447" 447 [17]
=¥ Daphniidae b
ﬁzmﬂ (3) P K)oy Daphnia magna AHFR 3230 4470 4477 [17]
rustacea Daphnia )
453* 447 447" [17]
%@Hﬂ“) Hyalella(1) S/ Hyalella azteca E[wN Y 16.4 16.4  16.4 [12]
Gammaridae

1) n gt ; SMAV SHRSERI 2R ; GMAV BRI AP « FORTRMESEIR o 48 h, AR 96 h

2.2 fHERERFEME(EHES:

M1, 222 MR i — 25 0 b
AR, e, 2EFEESIR L X 3 1 8 Bt
11 )& 12 Fp. IR 2E5EE s h a2 3 8
6 i ISR 3 J@ 3 A, TRIESE 2 JB 2 . Horh g

T AR EGOK AL —F DL E R SR A EERL 7R3

KT Z AR DLE | B de | M KAETY). M
AR IRt TIRWIshY) . FRilE s <5
MIHAE B Y EE T T AL 198 SR IO, 015 T WIHH
PHE R HE MR =P HF, WE T B/
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Table 2 Chronic toxicity data of NO; to aquatic life
e ; LC NOEC LOEC &Mk _—
K n AT % 1 50 ) Y
MR (n) YIFh 24 i gL /mg Ll Jmgl ! Jmgel ACRD ik
BHESIY (1) SEEEN (1) LI A Pimephales promelas A e 415 49 109 73. 08 5.68 [12]
7.1 14.1 [17]
7.1 14. 1 [17]
FAHESYI (1) WA BMIFISHE Ceriodaphnia dubia Adfh 374 17.9 35.9 22 17 [17]
17.9 35.9 [17]
56.5 11.3 [17]

1) ACR M2 %

35 P ET ]
ikt o]
— 30 _— o T
T Wik ni | 5
o) o "ﬂ.
st —oe o I
z o °
s 20
v
B
1.5 -
1.0 -
1 1 1
AT
3.5
30 L . u
2 254 L e _
g g * WA R
S 20}
E R
w15
=
1.0
0.5 L 1 L 1 1 L
i T E L)
35
R s
o -8
. 30t o I
o} WU +ﬂ!m
. :
E 25| 8- wr  TSERH
= 8-SR i
Z - iREF
2 20l %mm
= LTI
1.5 |
R
-
1.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
43 5By JC(RE

B1 FAESENTREEVHHESESRELE
Fig. 1 Comparasion of the toxicity sensitivity to NO5

in different taxonomic category

Yol PR IEE SRR ). B UL, B PR B
AR DIFZ R, BEGE W6 I Bk 1 40 By v
FNW) R URRE 731 A /K A A W B 1Y) Jee /N
PRV M AR W A D A S R A
( Pimephales promelas) AR o 2 3% ( Ceriodaphnia
dubia)2 FK ALY, A RE W #EME T 40 BT
FP IR B 53 A1 24 T K A A ) R B Y e/ B

P oK. TR M1 P i A T S i T R
(ACR) 7351570,
2.2.1 M

— PG BCT Y S P R T R M
I PP T 105 (] 2 P P R T A Sk v
{ERF IO Pl E S 20 i 1, F 2
Bl Al TR S D AR BUR A W S RO R £
1% ( Ceriodaphnia dubia ), H: 1% ¥ 3 1k 6 A 22
mg L~ PRl G 7K i 3 fE H WQC = 22/10 = 2.2
mg-L7"; APEREE S, U Y O LA
( Poecilia reticulatus) , H a2k R ME R 191 mg-L_l s
PR K R LA WQC = 191/20 =9.55 mg-L~". 4
B PR R ARG B B, S R (e
A 3 Y 7K R 408 AT v 12 PR B PR (ELAS K
J VR AR, DR 0 fie 2 A BBOCHG v fe /IMELAE SR 9P IR
TR R A SEE(E.
2.2.2 FHEEMEHF L

FEIRSCHR 16 12D 88 TTHAR TS e & 2 P (final
acute value, FAV) 4 175.94 mg-L~" JEMi75 %] NO;
() 2 B IEE(E CMC = FAV/2 =87.97 mg-L~".
H T PR BE PR S A BE T R e/ NEHE 5K DRI R
FH 20 M R (acute chronic ratio, ACR) 23158482 P
BEVERRME(E. R 2 AT, A SR B ACR
ZERNBR, IR LC, (HTEHEE FAV!? 1 0R)
WISL3E ( Ceriodaphnia dubia) 1) ACR 1E R 4 212
P R (final acute chronic ratio, FACR) |, R 15 M 7
PEILAEM CCC = CMC/ACR =5. 17 mg-L™".
2.2.3 YR URE ik

X i e 2 Jm B REME RO IR T R A, O R
HH Kolmogorov-Smirnov , Anderson-Darling i 3572 % H:
AT IER AR, 25 R K TE 0. 01 B &5 KF |
MRMIEZS 3G, LASIR SMAV IXTEUE N B 78 &
B R RS B 2 FOS L, H0 312R H Logistic |
Sigmoid . Gompertz, Gaussian F B 17315, RS Y)
FPEUR B At 26 S SR NI 2 .



3290 ®oom B ¥ 34 %
1.0 1.0
LogisticHt ®- ” SiemoldLL ‘i ® -
ST e ~9SBAIXH e
# s
2 2
& B
B& B
32
GompertzB{ %! ,/ Gaussianfi %! ;
--95% 45 X 1] e —-95% B AH BX i) 7
-~
3% 3
B =
= 3
B B
0 Il 1 (' 1 1

22 24 26 28 30 32 34
lg(SMAV)Ymg.L™"

1 1 1
22 24 26 28 30 32 34
lg(SMAV)/mg-L™!

B2 FEMSEBRSHMHHERESHE

Fig. 2 Comparison of species sensitivity distribution curves simulated by different models
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Table 3 Comparison of goodness of fit coefficient, residuals and HCS values by different models
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Table 4  Comparison of aquatic life criterias and standards of NO5 -N in different countries
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