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Abstract; The Shaying River Basin is one of the basins with prominent pollution problems and significant pollu-
tion contribution in the upper reaches of the Huaihe River Basin. In view of the lack of deep research on the water
quality criterion of nitrobenzene on aquatic organisms in Shaying River Basin, nitrobenzene was selected as the re-
search objects to implement local biological toxicity test, and the water quality criterion (WQC) for Shaying River
Basin was derived in this study. In addition, environmental risk assessment (ERA) was conducted in Shaying River
Basin based on the derived WQC of nitrobenzene. The results showed that the 96 h-LC;, of nitrobenzene on Exo-
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palaemon modestus, Pelteobagrus fulvidraco, Limnodrilus hoffineistteri, and Corbicula fluminea were 45.436,
178.299, 17.397 and 119.069 mg-L™", respectively. The 28 d-NOEC (no observed effect concentration) and 28 d-
LOEC (lowest observed effect concentration) of nitrobenzene on Exopalaecmon modestus and Pelteobagrus fulvidra-
co were 2.858 mg-L™" and 3.429 mg-L™', 5.144 mg-L™" and 6.173 mg-L™", respectively. And 28 d-EC,,(20%
effect concentration) of nitrobenzene on Pelteobagrus fulvidraco was 4.538 mg-L™". The criterion maximum con-
centration (CMC) of 0.007 mg-L™", and criterion continuous concentration (CCC) of 0.002 mg-L"" were derived u-
sing the species sensitivity ranking (SSR) method. Meanwhile, tiered ERA (hazardous quotient method, safety
threshold method, and joint probability curve method) showed that three levels of ERA methods in the tiered
framework were consistent with each other, and the nitrobenzene in the Shaying River has almost no risk to aquatic

organisms. The results provide reference for establishing the WQC for nitrobenzene and accurately assessing the ni-

trobenzene risk in Shaying River Basin.

Keywords : nitrobenzene; Shaying River Basin; water quality criterion; risk assessment
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2 b R Ak T IUREHRT s g HR L4, 912
FHTFYeRb R 25 1 A= =B IR A AR 2 i 12 0F A %)
WY AEr 4 ORI 3578 SR A
U YTE ] R AR R T s k2 X
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1 ##l57 % (Materials and methods)
11 BN PEAG
L1 Bk

(1)VB ] 3 Sk AR 4 7K A A 9 48 45 20k B
o T E KK R IR A R | T AT ek K AR A
258 AU R LK A A g LA Y U DL R v
TR A A AR DG SCHR ™ 3 Sk I 3 B 1 AR e
{18 5 32 B2 LA .

QIS AT R RSN 2 18 R EAL
P BeHE 2ok 1 US EPA [ ECOTOX %t#i 2 v
] 2101 O S8 SRR I . B S S 4 BV E S
50HE i A SCHR X B5CHE E AT 0, S BRAS B A% R B
i LA AN T T V0850 gt 3l A A i) B A
1.1.2  ZEHNEERE
1.1.2.1 SEEe2h

4 IEHE(CAS:98-95-3, AR 99% , [ i bk A
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BRZS T, BTl SR B T oK R mir
TEH(CAS:67-68-5, AR 99.99% , |5 Fa biAT FR Y
w)) B T B 2K T A s R R R, PR AR R T
B TR BUAH O R 2% S 3 A v R R A P B R
T 10%0.

1.1.2.2 B 5915 5%

T BEREI 4 FhZ 1A W3 S Vb BT A )
A5 75 W 1 XF ( Exopalaemon modestus) |, 5 59 ff1
(Pelteobagrus fulvidraco) ., B Hi 7K 2 15| ( Limnodrilus
hoftimeistteri) VA S WM ( Corbicula fluminea), . 75
TN R FE 7K 22 5| 40 [ Wk B AL S fn i g B
Bl A ) ARAB KRG, T ] R A i e
T, YIFE AR H7K 4 S 48 h 1Y FH RK 7K
FiS%E0h . pH 8.08+0.18 IR (23 1) C, I MAK
T 6 mg-L™", MATHLEE©0.43£0.13) mg-L™', L 5%
(353+1) pS-em™ i JF 150 mg- L™ (LA CaCO, I1)4
Fo I EYELRRTIFEE D 7 d,5ETRAE 5%
I,
1.1.2.3 FHA%

PRI 00 e IR (b2 o DU O i AR O
) PIRAT , AR AR S 50 1 1 2R B VR S L I
RIR U E 1 A2 X IRA 1 s R R, = /D
5 AUREEL, B 3 AP AT, BB SRR
AR ik B 2 R — ki, o, 2kt
A 4 d, IR E s M R 28 d, i
B IIEI 4L IR 0.1% A=Wy s R B AR T /K 2245], — K —
U, TR 1) I R R R pHL DA R A S S5 K

AR . X A 1 I A R i R R R AT
P, BRI G FEOR Tk B AR AL TE 20% LA, 15 &
AR FZNHE , IR O AR 7K A A i &
P BRI SR 1,

AR R A SPSS 18.0 Hi i iR
PN TR SR B LC,, , 12 M i a0 4k
i it SPSS 18.0 #RAHh BRI R Uy 2243 HT (One-Way
ANOVA )iff 1 5 fI AT WL W R FE (LOEC) (P<0.05) il
TE NI Ve JBE (NOEC)™ L K fi% K 1T #9552 2 7 e
J# (MATC, LOEC 5 NOEC HY JL ] 3F 1), %
MATC fE N A8 a1 . M LK
BEPEZ B0 6 2 B OR A A 9 W DU F ) B ik
HE R BAT W HAE 20% RN TR (EC,y )
1.1.2.4  JKBTAEMEEMIER

FH LA US EPA #7157, B A 52
025 WL AKRIAS i) 6 A7 85 M X6, SR 5 5
AR A D B, EESCIHEYRNE R ER T
HITT I 0 VDT R K A A ) R 2K R
BEEEIE | R P Fh fUER 3 HE J7 75 (Species Sensitivi-
ty Rank, SSR)J AN LA [ S vk FE (™ H i 4
i e R R SR BRI S A T A FE I Rt R 45
xR Y R PR3 2 (SMAV) Rl
JE & - 2 P (GMAV), ¥ GMAV M /31K ik
THHER I HO A FL A5 9 r, /N JE S 34 S P (E
MR 1 R RSB S A SS9 NN
JEHAE) X BT 2R R RBUER(P), 3%
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F1 4 MDFARLTRAKEEYBERTEIRE

Table 1 The exposure concentration for 4 native aquatic organisms in the Shaying River
AR E E2ea7dES
Y P T 4 et /em PR/ Kmg-L™) [mg-L™")
Species Latin name Body length/cm Average weight/g  Acute concentration Chronic concentration
(mg-L™") (mg-L™")
. 0, 30, 39, 50.7, 1.588, 2.858, 5.144,
FUNEYF  Exopalaemon modestus 1.50+0.12 0.12
91, 85.683 9259, 16.667, 30.000
) 0, 10, 15,225, 3375, 1.058, 1.905, 3429,
pe kil Pelteobagrus filvidraco 2.50+0.15 0.10
50.625, 7593 6.173,11.111, 20.000
8 . . . . 0, 100, 140, 180,
FERI K22 Limnodrilus hoffimeistteri 320+0.04 - -

1502 (5¢K Shell length);

i .
10+02 (527 Shell height)

Corbicula fluminea

220, 260, 300

- 0, 80, 100, 120, 140, 160 -

T —Fn AR R B R B

Note: —means unmeasured or no experiments set up.
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P TORWE DY GRS R /e A = TR LV N =R Vi
F7 1 R KA i R AR (55 GPS #4750 2 i
(1), BFPREEERSE 2 L RIZKEE, B T
BEESR A WAL 045 pm BERSLFHEPE S U8 8IS
7K R 38 2ok [ AR 2R B AT & . X CL8 [ AH 2K B
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Bt 10 mL FEEAT 10 mL #B2l/K G LIER), 78 H2s R
JIFfE2 L KEELL<S mL - min™" () 37 38 i3 /M
TE4E, SETEE, HE OB/ ME, ISR
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min” R RR U A R R AR Tl 20 B Y K-D
PFSHP , BARERZE | mL, Ff F— B,
1.2.2 RSN T ORE
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0T, SEREREACHERE R 1 L, ik RE,
KR Agilent 122-5532 , #3it4°0 1.00 mL-min~' , %
BT MR IR 60 °C, 48 10 min, UL 10 C -
min~' B EE FTHE] 200 CJE L 44 5F 10 min, FELL 15
°C-min” BYEEE L FHF) 250 °C, 445 20 min, &
TSR R 230 °C AL HIZIRE R 280 °C , I IER B
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1 12°0;0"E 1 l3°q’0"E 1 14°P'0"E 1 15°10'0"E 1 16°|0'0"E 1 17°IO'0"E
2 &
@ | BR
2 [ Legend a
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= [ i River
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| =
& &
& z
2 |
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Fig. 1 Distribution of water sampling sites in the Shaying River Basin
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St HQ b A7 RURS: PEAG B, A 25 i K 4 o I Athy
RZREXKAAE Y Z 2 ngs2m . Bl HQ ¥ HaeH T
AR EA
1.3.2  ZLpE{Ek
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MOS,,>1 F X KA A LT B TR AR
1.3.3  ERAMRmZik

RG22k 75 (Joint Probability Curve, JPC)J&
LT 2 A E VAT R B Rt £k JPC iE i
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2.1 UROAA LAY EE R A R

2k gt R 25 O R R Bl
TR B KA AR AR IR IIE T, 2SI s

AN 2 FiR R ELIE X 4 Fhyb Rl A + 4 Wy (0 7
PR/ N . EFfA(LC,, =17.397 mg-L™")>F5 i [ iR
(LC,,=45.436 mg-L™")> 8 (LC,, =119.069 mg -
LY)>BH /K 2285(LC,, =178.299 mg-L™"), ##Hifa Ny
HURAEY) R K LB R A BURAEY) , AR
B A IR T # i Y 96 h-LCy, 4 81.57 mg-
L0 AR Y, mI RE B A Jr BE 1) B 0 f0 R4S R
NN, FEOL 5 L Y URE AR, #4550
WFFE 485 S v i 2 2R X 7 K 22 85 96 h-LCy, A
285.76 mg- L™, RIMIREREME, AT EHR K
22 WA BURAE Y AR5

12 3 AT AR ) B e i e R e T 5
IR P 3R 0 % 3 £1 28 d-NOEC 43 %14 2.858 mg - L™
13429 mg-L™";28 d-LOEC 3%} 5.144 mg-L™
16173 mg-L™"; EF LA K N BEPELOS ) 28 d-
EC,, 74538 mg-L™', #&&ifaLIE K NHEEL LY
DIBET R 2 S R BE AR Y, AR PR
R SRR A A B, S8k E
W%, Zheng ZEPIT 6 NANE A REMELS R T
F5 K A A ) I MO A B R e R
TR L, FR A B L A7k AEARFIAE K 3L
FER F AR FEPE A 8, X S ARG /AR, AT
REPR 55 L AT SR BN 3 Wb TR R0, B
i A= 0 1) 20, TR S R A R E AR
Pt KA AR ) B LB
2.2 VBT I SR K A A R R (S

FRAR TG 1A J R X VD R I AR 4K A= Bl
YAtk B s AL 19 A4S 18 v R 2L 7 A,
KRR AKAE Y 0 BE VRO 7 A B 18 48 0 2 174 i 2%
BRI 58 0 00 B a5 A R R AT HE )T
ZRILEK 4,

BT VDR A A R Atk
PEEESE 11 N E , 3R 4 153 GMAV /by 4 A4
AR YR H AR ER0.039 mg- L") (1.8 mg-
L") i (1.907 mg-L™ MBI (17.397 mg-L™"),
KA SSR 15153 FAV, 2553 5 Fi

5] FAV 24 0.014 mg-L™",CMC 4 0.007
mg- L™, B KRR F5 N R 200 e
(ACR)43 51K 3.836 .5.132 1 11.851 , il a3 3 Fik
A W) ACR LA - ) {E 5 1 FACR 2 6.156,
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Log-logistic PREGHATHLE) 15 A B 2k 18 1
FEVEE 20900 0208 mg-L ™' #10.034 mg-L™', SSD
P2RAG B VD RO AL i R B E A 5 T SSR ¥, &
BRI Ry SSD 2 T 22 Ml AR R A 3 M 500 o SR v
SR, ANBE IR 2 U AR ) i BEPE G . BT SSD
2:5 SSR IAHMER MR A SEE A —E 25, H 5
AR —EOR R, A SCRH SSR LIRS

Yan %P SSR L S Hh ) 572 T 9 A I R

APESEMESEL0.018 mg- L) i H ¥ B i) IAL Jol Y 5 v
B2 52, ERTEPIE ST P fGE T Rk
RS HRE , HW/N T B AR X 5 A

SERARL, mOE, KLY R IX R A B A R R
(R ML | SO AR IAE [ N A b 22 S b A
AN R BK A EE th 43 A K AE A B S AR TR R 2%
S, TSR] 38 ) B (B S AN FE )
T A1 26 S50 T Bl A S MEAE T B ), PR3z

K2 HEEN4MELKEEPIHFTERBER

Table 2 Acute toxicity test results of nitrobenzene on 4 native aquatic organisms

95% ‘{5 X [i]

YFh FE &I 8] /h [ml I Jy i _ (mg-L™)
X P LCso/(mg-L™")
Species Exposure time/h Regression equation 95% Confidence interval
Amg-L™)
48 y=13.843x-23 402 1.867 0.600 49044 45072 ~53.669
FATISE
72 ¥y=9906x-16.577 3.836 0280 47.148 42718 ~52282
Exopalaemon modestus

96 y=8316x-13.783 5.068 0.167 45436 40.658 ~50.794
24 y=7.099x-16.663 2624 0.623 222494 206.762 ~240.552
Rk 2215 48 y=7366x-16.959 3367 0498 200.565 186.268 ~215 486
Limnodrilus hoffineistteri 72 y=7.088x-16.128 6397 0.172 188.529 174439 ~202 896
96 y=7467x-16.810 4.795 0.309 178.299 164951 ~191 461

24 y=4200x-6.512 1203 0.878 35514 27.837 ~107.656

pig kil 48 y=7.620x-10.059 6.806 0.146 20.899 17.894 ~25.801

Pelteobagrus filvidraco 72 y=7318x-9.330 9.181 0.057 18.828 14.898 ~23.673

96 y=6977x-8.654 5371 0251 17.397 15.822 ~18.896
24 y=16.818x-35827 6933 0.074 134.982 109.855 ~180.380
bEL Y 48 y=15.135x-31.996 5.123 0.163 130.052 123390 ~137.319
Corbicula fluminea 72 y=13922x-29.162 3287 0350 124357 117.508 ~131.457
96 y=16242x-33.714 0921 0.820 119.069 112.796 ~ 125211

. FIH SPSS 18.0 Fi A4 Al A2 s 7 [l i T B e vk i

(LCsy), Pearson REAMY S BEAT I 19 B E /K- P>0.05, RIABAMI S R 17,

Note:The semi-lethal concentration (LCs,) was calculated by probability unit regression by using SPSS 18.0; the significant level of Pearson model good-

ness of fit test was P>0.05, indicating that the model fits well.

x3I WERI2MALKEEMHBESERRER

Table 3  Chronic toxicity test results of nitrobenzene on 2 native aquatic organisms

TELI R e S5 AT W AKONE 20% BNV B RS2 AR PEVR
- - -1 -
(NOEC)/(mg-L™") (LOEC)/(mg-L™") (ECy)(mg-L™") (MATC)/(mg-L™")
Wb BN )
No observed Lowest observed 20% effect Maximum acceptable
Species Endpoints ) ) ) ) )
effect concentration effect concentration concentration toxicant concentration
(NOEC)/(mg-L™") (LOEC)/(mg-L™") (ECyo)/(mg-L7") (MATC)/(mg-L™")
750 AR . .
BET- Mortality 2.858 5.144 - 3.834
Exopalaemon modestus
AT BT Mortality 3429 6.173 - 4601

Pelteobagrus fulvidraco H:K Growth -

- 4538 -

T —FRR AR B

Note: —means unmeasured.
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Table 4 The distribution of native aquatic organisms and acute toxicity data of nitrobenzene
RSl el JE P 2 R 2 MEE
RREE L (GMCV)/(mg-L™") (GMAV)/(mg-L™') (SMAV)/(mg-L™")
(ACR) : ) Yrfh h T4 HEP
Acute-to-chroic Genus mean chronic  Genus mean acute  Species mean acute Species Latin name Rank
toxicity ratio (ACR) value (GMCV) value (GMAV) value (SMAV)
(mg-L™") Amg-L™") Amg-L™")
0.039 0.039 H A< JHHF Macrobrachium nipponense 1
18 18 H Oryzias latipes 2
1907 1.907 filfi Cyprinus carpio 3
3836 4535 17397 17397 wifa Pelteobagrus fulvidraco 4
5132 5902 34722 30292 KIUEE Daphnia magna 5
398 [Pk Daphnia carinala
11851 3.834 45436 45436 FAISE Exopalaemon modestus 6
645 645 T I A S Lymnaca stagnalis 7
103 103 RS 5 42 Cipangopaludina cahayensis 8
119.069 119.069 bEL Y Corbicula fluminea 9
119.1 119.1 fiff) £2 Carassius auratus 10
143 89 143 .89 K221 Limnodrilus hoffmeistteri 11
x5 DEARBHERELENTEER
Table 5 The results of water quality criteria of nitrobenzene in Shaying River Basin
Rank GMAV/(mg-L™") In(GMAV)/(mg-L™')  [In(GMAV)]*/(mg-L™") Cumulative probability (P) Sqrt (P)

1 0.039 -3.244 10.525 0.083 0.289

2 1.800 0.588 0.345 0.167 0408

3 1907 0.646 0417 0250 0.500

4 17.397 2.856 8.158 0333 0.577

Sum - 0.845 19 445 0.833 1.774

S?=415935, §=20394, L=-8.835, A=-4275, FAV=0014 mg-L""

T =R ARIE; S LA A iR PR B R R S S FAV Rn i A 2P ME

Note: —means unmeasured; S, L and A represent the symbols used in calculations which have no special meaning; FAV represents final acute value.
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TE A KA AR W 359 R U0 BT A B N B AR oK A A=
AN FEVD BT LA - A= ) B A P B e B A= )
<3 R R IR QSR /b O < W R G BTk Al
fti(Carassius auratus) K B BL 2 35 0 Ff | 85 5 f41 (Pel-
teobagrus fulvidraco)FH: W) ffi( Leiocassis longirostris)
YR E SR ), 268 (Channa argus) 5246 R
¥ W (Brachionus calyciflorus) K% (Daphnia mag-
na) ¥ 2k [ B 3 ), 28 HY 7K 22 85| ( Limnodrilus
hoffineisteri) . il 55 ¥ W8 ( Bellamya aeruginosa) i i
(Corbicula fluminea) 175 iii 1 %F( Exopalaemon mode-
stus) ) R VDRI G 38 A P A AR AT A Ry
FEZARAY) . R, 4 VD R0 I Sl /K o s

IF, 7T 2% R AT EaR YA AT R . R A
BRI 2R R A K BT R ME 32 BINR B pH AN 45
IR ZEL 5% W B0 (B H R 8 AR A SRk R E 7K 5
RIS R L E B 52 e, A #E S K ot M 1Y
T AN TR 23 5 0 U RS 1 /N s e W 1
BEVEZC AR R EDT I T A 2 TR R R 1
5rp [ Hb 2% 7K 3R 855 & AR 1 (0.017 mg -
L™Y)HUXE H , BRAT 8 R S5 2R o X v 50T 3t 3K A=
EBRGEAE RGP, < AR
PN RE X K AR A Wk B AR AR B G B
IKAEB RGN A I, 3R E b R K IR EE BT
T ) THAR B AR 1 I (BN >4 7% B8 3 A 5 A S8 R
fiE, WK A AR WA 22 S | DU BE TRt K R4 4
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ST I SLHEE T LU K ZBUE YRS R
2.3 VPR A FE R A A AU A
2.3.1 R{EEAESKE P,

XPUR BT LA 40 A 7 SEAT RS LA TR B A I
SRS B (RS R A g, STk T K A
KB HE: R 53 591N 80% (100% Fi1 97.5% , fiR Ht
ARG R AR 6 B, VR I 8
K rh A B S 2R R4 I Ry A K> 7K
Wi>=FoKkI, BB RS H WK L, BN i
T, SEECATG POE SEAR REE RRAIG 2, AR RTK
A TP AR I N, T BT P R ) R
o THRE T ASIRL SR A (RIS R e B 11 28 5 R L)
SIBTHR B R AR AR . 25 R R, KA
FKEARSEL R B A S R B T 100% , T
B RAF U IR B AR R

SR FFY o (1925 X6 /0 00 0 i o A i A 25 UG
PEAG , LAVD R0 il J5 28 110 552 s 22 i VA 2 ok L v st ¥
TS IR 1 12 PR SEMEH (0.002 mg- L"), Vb B
LSl b 2 K P 7K BT Al K B =R K R Y HQ
EHASE AT 2 fron, 78 3 ASIHH o Y80 i

S A LR A T A AR XU 2 TG R K ST, 2 A Vb g
T LSRR FE AN 7K A A W AT KU
2.3.2  RABE A ST

K Log-logistic PREHATHI AN G, pREOT 2
5 y=1/{1+exp[(A-x)/b’]} , FH#AF Origin8.0 £l 1Y
TR IR BT 52 e BB A i A A b v s
AR LI 3 34 i BRS B 7, 14
BRI, P DA 22 4 BRI 004 TAE A8 KU A

12 FH % 4 (B % PPA V0 T 3 3K A v g
G A A5 KU, , MR AR 1 3 W) A2l R Rk A
TP K 0 R 5% 2 i vk 3 R A i £ 1 90%
ALY FE (XD, )43 514 59.024 ,259.507 Fil 69.407
ng- L7, A FEIR YA EURE A0 A it £ 1 10% &b ik
JE(SSD,)) 4 6474 mg-L™" 181 F K Ak 7K A
K14 4 B E (MOS, ) 4391 24 10.97 x10% 2,49 x
10° F19.34x10* , 25 AL KT 1, AT rkdE
Bl A2, X B Stk #E B s 64T SSD il 4k 40
G R R R A b Fe . HNIEL 3 AT L)
B S8 VDR s KN A K A RN K
BER T R R YA T S R 1 0 e S v A, AT AT

Fo6 HAREMRKHEXSERIT

Table 6 Statistics of nitrobenzene content in surface water of Shaying River Basin

AR S B/ (ng- L)

K3 Nitrobenzene content/(ng-L™") AR SR B e % /%
Hydrographic period IcoN:] /M SEI(E PRUEZE Coefficient of variation The detection rate/%
Maximum Minimum Average Standard deviation
=£ /K High-flow period 327.09 029 35.55 5546 1.56 100
A7k Low-flow period 387.63 ND 164.03 79.20 048 97.5
-7k ] Mean-flow period 22395 ND 5276 56.28 107 80
E:ND RR AR A,
Note: ND means not detected.
x7 WHEXHMEUESH
Table 7 The curve fitting parameters of nitrobenzene
GigiliEss ¥ e S il
Distribution curves RMSE SSE
= K /4 253
mr&k;&%}}%ﬁﬂh }Q 1.6372, 03755 0.8891 0.119 0.184 0.576
Toxicity data distribution
TR B vk i R Al 28
* J(B;Ejzm;g ZQ - f AR . 13039, 02126 09832 0.066 0.172 0261
Exposure distribution in high-flow period
KM BRI R 35
i kﬁzﬁ%&ﬁ({?ﬁ %* ot . 2.1674,0.1123 0.9894 0.047 0.084 0.893
Exposure distribution in low-flow period
\/7/ izv‘a;‘]”ﬁ"_: \/rl/ﬁ 2%
FAMRERE RBI AR 15929, 0.1131 09526 0.125 0.503 0.070

Exposure distribution in mean-flow period

IE: A M BRRMASE, r FoR AR R,

Note: A and B stand for the curve parameter; r stands for correlation coefficient; RMSE stands for root mean square error; SSE stands for sum-square error.
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