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Assessing acute ecological risks of organophosphorus pesticides to freshwater organisms
by species sensitivity distributions

XU Ruixiang' & CHEN Yahua’
(1 College of Food Science and Technology, Nanjing Agriculture University, Nanjing 210095, P. R. China)
(2: College of Life Science, Nanjing Agriculture University, Nanjing 210095, P. R. China)

Abstract; Species sensitivity distributions ( SSD) method was used to assess the acute ecological risk of four commonly-used organ-
ophosphorus pesticides ( diazinon, parathion, fenitrothion and malathion) to freshwater organisms. The acute toxicity data ( LCs;)
were collected from ECOTOX database and SSD curves were fitted based on Burrlll function. The acute ecological risks of the or-
ganophosphorus pesticides and the sensitivity of vertebrate and invertebrate ( including fish, crustaceans, insects and spiders) to
these pesticides were compared by the hazardous concentrations for 5% of the species (HC5) and the potential affected fraction
(PAF). The joint ecological risks of the organophosphorus pesticides in the Yellow River, Jiulongjiang River, and Wuxiaochuan
River were also analyzed. The following results were obtained: 1) by comparing the HC5 and PAF values, the toxicities and eco-
logical risks of the organophosphorus pesticides to invertebrates were significantly higher than those to vertebrates, and the largest
toxicities and ecological risks were found to crustaceans, while the minimum to fish. 2) It was found by comparing the SSD curves
that, in case of the log-transformed concentration less than 3.5 wg/L, the ecological risks of four organophosphorus pesticides to
invertebrates were significantly higher than those to vertebrates; on the contrary, in case of the log-transformed concentration larger
than 4.5 pg/L, those to vertebrates were higher. 3) In the vast majority of exposure concentrations, invertebrates were more sensi-
tive to the organophosphate pesticides than vertebrates. Under lower exposure concentrations, crustaceans were more sensitive to
the organophosphate pesticides; while, under higher exposure concentrations, insects and spiders were more sensitive. 4) The

PAFs and multisubstance PAFs( msPAFs) of parathion and malathion to the freshwater organisms in the Yangtze River, Jiulongjiang
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River, and Wuxiaochuan River were less than 0.5% , which imply that their ecological risks were very low.

Keywords ; Species sensitivity distributions (SSD) ; organophosphorus pesticide ; freshwater organism; ecological risk
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Tab. 1 Log-transformed toxicity data statistics for organophosphorus pesticides

27 X B
I
WG BoME O RRME M bRdEE R0 BoME O RRIE BMH bR
ESSyp 75 -0.549 4.526 3.082 0.732 51 -0.602 4.294 2.832 0.659
BHESIY 46 1.698 4.526 3.275 0.614 29 1.540 4.098 3.083 0.518
TAHES Y 29 -0.549 4.288 1.234 1.320 22 -0.602 4.294 1.186 1.494
a2 43 2.037 4.526 3.289 0.577 27 1.540 4.098 3.048 0.519
e S 13 -0.481 2.301 0.537 0.935 17 -0.602 1.914 0.485 0.679
BRI LIl 12 -0.549 3.397 1.230 1.018 10 0.230 1.191 0.808 0.347
AR IRt
HEWZ
YR B/ME EORME WE S WREE PR BUME EBoRME BE bRz
S 87 0.744 4.093 3.146 0.528 140 -0.460 4.778 2.684  0.987
S 59 2.457  4.093 3.452  0.297 58 1.142 4.580 3.170 0.854
TeAHES ) 28 0.744 4.080 1.684 0.896 82  -0.460 4.778 1.930 1.309
2% 55 2.457  4.093 3.429 0.281 51 1.142 4.540 3.148 0.827
S 8 0.744 3.168 1.594 0.763 23 0.008 4.778 1.685 1.517
B R K 16 0.774 2.382 1.345 0.525 47 -0.460 3.887 1.588 0.874
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# 2 BurtlizO XA LB 2 SSD UGB SR TTE 45 R
Tab.2 SSD parameters for organophosphorus pesticides calculated by BurrlizO

e I X

ZEH U4 2 e 9,834:) A 2k e 39,834 :!
LRI Burrlll  12278.803(b) 1.601(¢) 0.165(k) ReWeibull 2.706(a) 0.383(b)
HHEBY) Bunlll  6961.695(b) 1.970(c) 0.337(k) Bunlll 2545.938(b) 1.950(¢) 0.637(k)
THSHEZY  Bunlll 155.367(b) 0.495(¢) 0.857(k) ReWeibull 2.371(a) 0.530(b)

Ve Burlll  5321.577(b) 1.685(¢) 0.452(k) Burlll 2535.307(b) 2.280(¢) 0.517(k)
H 72 Burrlll 58.170(b) 0.869(c¢) 0.343(k) ReWeibull 1.528(a) 0.575(b)
RIS Bundll 102.865(b) 1.473(c) 0.444(k) Burrlll 6.164(b) 1.425(c) 1.139(k)

ey R e

el A 2k e 19,854):1 A2k e 39,834 -1
LR Burrlll  9246.138(b) 2.208(¢) 0.131(k) Burlll 64.594(b) 0.436(c) 1.839(k)
HHEBY) Bunlll  6503.924(b) 3.403(c) 0.256(k) Burlll 8440.587(b) 2.218(¢) 0.211(k)
FTAHERY  Bunlll 13.152(b) 0.450(c) 1.892(k) Bumlll 0.086(b) 0.337(¢) 9.250(k)

e Burrlll  6456.305(b) 3.697(¢) 0.229(k) Burlll 9987.968(b) 2.945(c) 0.155(k)
sk Burrlll 29.413(b) 0.577(¢) 0.857(k) Burlll 0.000(b) 0.276(c) 68.238(k)
B AIEEESE  Bunlll 0.183(b) 0.658(c) 15.700(k) Burlll 29.748(b) 1.052(¢) 1.255(k)
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R e 25 A 0 T 3 5
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Tab.3 HCS5 values of freshwater species for
organophosphorus pesticides

PAF (ke B R e e EE SRR MEIEE A DR
72 ATPIMIE SSD ki FF R E X R,  REHE 0.15 0.77. 029 2.54
S PAF (/NI A 5 KL 8506 36 2 o 21 ig’féz% 72- ij 223-‘2 202'22 ‘fzz
%' SISjD @gﬁZIEﬂﬂﬁgﬂ‘j{’PAF ﬁ*ﬂét?fm (S 104.83 200.21 188.11 14.32
Koz, 4 B BLBEACZ X R R 00025 0.3 007 0.30
SSD HiZAZ b5 2%, RWIHAE SR B IRE gy 015 1.02 1.95 3.37

ECR (] 1a) . XTHBER SSD il £k 15 — Wi
LR EBR A SSD gl 28 7031 7 2 e e JEE AT 5 v A A 52 S A LR 38 5 S 8 2 0 DA B i e JEE
B AN, Rt 2R S RRL DA ) A 2850 XSS I 5 T X e 5 T 70 A 52 S =2 ), X e e 14 A 2 XU v T
TR R, T HLh T2 (A EE RS A, A AR XU Y 22 AR B S TR S R AR B SSD il £k
ARHEIT , R WV E AT 2l b 4 A= 25 KU AR s 3 ELPI 2% SSD ik AT e XS BOR BE 2y 2.5 g/ L b — 4>
B2 KM SUR e, BV R R BEAR T 2. 5 g/ T AR B, Wi 1) A 25 XUBS A 1, 7E G 38 SUiA ], B
BEFRUSL T 2. 5w/ LA RO AR SRR 1) 2B 25 XU R . 0 T ES R BB , S0 RO AR T 2.3 g/ L (IR
W PE A SRS ) A 3.5 g/ LRk B 58 St I, JHG A 285 RS e R 5 T S X RO BEAE 2.3 ~ 3.5 pg/L 2 [H]
R A 2 XU g T W A LB , T AR T X B

XA HESI Y 4 F% SSD LA ELAEIT , ¢ i) 0 Bk AR T 0 pg/L FliRs T 4.5 /L i, 4 2% SSD
RHEC L P 5 A, R W70 X 28 B g2 Wk BE A 00 T, e 00 00 22 25 KUBR A O 453 (1 1b). X Bl vk JEE 75
2.0 ~4.0 pg/L i, 4 55 SSD i 4k (9 &R AR K, 2 BB AT A A 25 XURS: 38 i AR e i 7 0 2ok AR T
2.0 pg/Lalim T 4.0 /LI, A2 XU A8 AN R LA B 98 5 8 W 14 A2 285 XU S 91 BB A7 E B, A W 35
SSD {1438 oS (29709 3.0 /L X B0 B ) 1 2200, — W8 198 1) A= 245 IXUBR: 658 v, T 2 A 000, ) T ol 1) 2 25
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R 5

" TERF S IR ok B S P 1A, 5 Rl o T4
. L Sy SSD & HIRLT 4 4 SSD Mk iR T 7 (F
0 AR SR L) S0 FEXT A HE I A 5 KU B . XGRS
904 @ Iy SSD ML fEXI B R BB KT 0. 1 pg/L ), 3
80 R0 F 4 % SSD MLk ik 17 , F W17 4 2 506 B
70 SERRVRIE T, I B 0 T 5 3 4 100 A 25 KU B
ﬁ 601 . TR S R BB (9 SSD il 2R AR BT , 75 X AL
g VEFEZIRL.S e/ LA — A3 XA, I 1% T
g 40 FEHE B 00 A A5 KU L, 7E B O Wk O A T
201 1.5 e/ LXR BE B, — Wl 1 7 265 AR 5 1, T
fg (ERBIRIET T 1.5 pe/L A BGREER , RIS TLH
= AR X L AR Lo ATBLAR I X
-1 0 1 2 3 4 5 6 BFBRWRIE/NT 3.5 ng/L I, 4 FraPIBER X T
100 - _ HEBI A2 25 UK I 53 5 5 M B 400 T 24 i
9] b TVRIE KT 4.5 pe/L B4 FiA HLISAC 25 0 45 HE 3l

80 WA A KU K.
70 16 20 pe/L RFEWR T, PAF K E/IN S 25
601 XU Fh 725 000K 659 3% ok A ) 2 500 K A 00 7 A

B A 2 501) o 4R b | G A s R e 2, I
Feoh X i > "R B > RIEGEEE > DRI BRE; X
AHESH YA (02 O O - S m i > — R >

FARREER/%
W
(e}

N RIS > XTBRE 6 B st R, FUBUT o 6
e > RYERRE > SRR > TRERE (£ 4). 5
0 T2 3 S 6 20 /L BRI 76 200 pg/L RERIIE T 4

100- FIATBLBIA 250 H M 2 TR 22K 107 5 R

0] ¢ W A 5 7 {5 T 68 T 5 20 40 1L B o

801 T 5 24 25 SR, 0 8 L B 0 75 1

701 WU 2 A T A 5 T BB X A M B 90 2 A

W AS AL 85 k. %) L 20 i1 200 pe/L B 52 9k B, 18
2000 pg/L 2 EEWE T, Bk 4 FhA HLEE AR 25 % 0

FARREER/%
3

ol A 3 A U I 5 200 /L 2ok
20- FET B —BO, AL 2 A T — & 48 . JofHE
104 Y PAF HW] R TEHESI Y, FS 2K L R R
0—1 /(') X ] 7 M T . BRI R 2 PAF (HB R T2 R 4 Fify

leCl(ug/L) LB AR 25 % TC B HE S W A SRS B i T8

1 4 B B2 TR () Yoty (b TP X FSEH LU B ke 8 5 S

FURAFHERN ) o) MO 26 2% e UL 5 T2 (R 4).

Fig. 1 Comparison of SSDs for all species(a) , 2.3 REZEABAEDH BN R DR GRAE

vertebrates (b) and invertebrates (¢) exposed HHESDY) SO0 HE B P L Rt e e R
to organophosphorus pesticides HOFEk e xt 4 Fof HLEE AR 2451 SSD i £ 435 WL

K2 FiE 3.
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# 4 AR BEERE T APBRRZG XK A PAF BEIUE (% )

Tab. 4 Predicted PAF values under different concentrations of organophosphorus pesticides

Tk XBRE AR R

KA
I 20 pg/L 200 pg/L 2000 pg/L 20 pg/L 200 pg/L 2000 peg/L 20 pg/L 200 pg/L 2000 pe/L 20 pe/L 200 pe/L 2000 pe/L
ity 18.3 33.7 61.4 4.4 70.1 86.3 17.0 33.0 64.0 16.5 41.6 69.0
BHEshY 2.1 9.5 4.5 0.2 4.1 54.4 0.7 4.8 35.7 5.3 17.4 50.6
TS 32.1 58.1 80.8 61.6 86.7 95.9 31.9 61.4 82.9 25.3 51.8 73.4
tak 1.4 8.2 43.8 0.3 5.0 59.6 0.8 5.3 36.9 5.8 16.7 41.9
2 64.9 9.4 9.5 76.1 93.0 9.1 49.9 8.3 93.1 38.5 60.3 76.5

EAERRILLY S 33.0 86.8 9.4 8.3 9.2 100.0 49.8 85.6 9.2 31.4 8.3 9.5

TCEHESFIEAE S Y% 4 B DU A 25 M BUBMEAF AR B W 22 5 (181 2) . o e £ A TG R s v 2 R VR
B A R SR AR AR 3 R VR BT e B AE S ) 5 TOEHE S ) SSD MR BEA T &, RAE X L RBFIRE T,
M S 4 5 JGHHE S X BB A D BB B BUR P AR R 7R B R R B M S e R
R AT AN S RLBE I (Y SSD 2k ¥4 T I E HES AL SSD M4k 107, R UTE HESI i 3 A ML A 25 3
. FERE IR AR S DA R Z G T , JCEHE ST 4 FloA HLBEAC 2519 SSD |l 28 35 437 T4 Ak
SYIHAL SSD h& b, 3B JCHEHESh W 78 45 K 22 B0 LT 81 LU A sh 4 o SRk

4 P LB AR 2 AR B EE R TG LT, ST 28 0 SSD &7 i By, £ 25 i) SSD & ™ 7, i
HRIIR 2K (G SSD A T W 2 ], 3R B = 89R K A Wyt 4 Ficfs MLB A 25 A SRRk s B0 O -
528 > R AU > 25 (B 3) . AR IE B REIEOLT , B DRIBmE Xt T 723519 SSD il Ze4b, T H s xf
255 B R RIRR S DL A 3 oA MU A 2% = 2Rk A 0 SSD 2k LT EH A, Shimis a5 R
HOFNIRE L K HoAt 3 Bl MU AR 24 % 3 28R /K A M AR e AR o 23T . B AN BB £ 25 Y SSD i
LIFER N7, FWI AT TR R 5 A SRR AR (18] 3a 3b) 5 T Y XTI ER /DT 4. 0 pg/L AT, a2
o EhRL B I BB E SRR (8] 3d) . 4 P HLBEAR 2530 728 55 B ORIk 25 1) SSD 4R35 — A58 i, TE I
AE A, BN R AR T 38 s Ab MR B, FH ST 2% SSD il 2k 7 Bt Ak 2 ) SSD 2k b, W F 52285 4
FAT WU AR 24 (1 BEURME5 1e  MELRL, ARS8 A5 ), B RIS X 4 AT Bl 24 1) St s (181 3)
2.4 BEKEREHIRER R £ SRR

A PSRk S R B VTR U YT 0 R /N 33K A Xt i 5 e 4 o, AR SR
FH SSD Jr ik B — 5 YL iR K A M ISR B9 (PAF) LB T R 15 YL 5 TR 7K A 0 9 51 5% ) L 451
(msPAF) 255 0.3 5 Fi3 6.

RS RPRA IR LB 25 & i B HO R A1 28 511K A= B 50 ( PAF )

Tab.5 PAFs of organophosphorus pesticides to different freshwater species in the studied waters

TR LIBT3 1 KIT 3
LR/ X B IR PORTR LR R i 7 X B T
0.0296 pg/L  0.0033 pg/L  0.00459 pg/L  0.0278 pg/L  0.0022 pg/L  0.0038 pe/L
L H Y Tl 0.00295% 0.03550% 0. 00000% 0. 18869% 0.00000% 0.03968%
B HESh Y 0.00007% 0. 10094% 0.00001% 0.27340% 0.00001% 0.10783%
TS 0. 00002% 0. 00027% 0.00000% 0.02377% 0. 00000% 0.00037%
e 0.00015% 0.10835% 0. 00002% 0.28727% 0.00001% 0. 11558%
HFEk 0. 00094% 0. 00497% 0. 00000% 0.34298% 0. 00000% 0.00708%
F R 0.01732% 0. 00060% 0.00082% 0.01000% 0.00026% 0.00072%

XS B -5 PR WA VR U VRS A0 /N K R o i /N T HES R K A )
ISR EL B35/ T 0. 5% | A SR ARME (2 5) . 2 Rl HUBEAC 25 A1 LL , E5 LB mA X 97K A M ) TR AE R L 131
(PAF) i TR , W SRl iR /K A= 9 i A 25 KUK A8 5 - TERIE ST 3 K e, iy T L vim] A e o
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PO A ) e vy, A 2 DU A AR X 6 . o B -5 5 37 A X 3R K A ) ) S PR AE S W LE 9] (msPAF )
PN CINTO0.5% ) 52 B HUBEA 25 X JCH AESh 4 1 722 A R SR 5 W R D ) msPAF B, T X5 A 3
Yy AL B TR RN msPAF B/) s X R WIS B A5 5 PLBT R JCAHE S T e 28 L I B HL5 R DS 1
KA A A (32 5) . MR 5 ISR 6 MBS SRR WX 3 Bk AR B HESh 4 | #1284y o
(4 5 G IETERZ R L 5] (msPAF) $/NT 2 FiA HLBIRAR 25 04 50 PAF, T6T JC A AfE S | R FE 28 LUK B He 5 i
i msPAF KT 2 R HUBEAR 250 Sl PAF 33X R WY, XI5 S PR B0 AR AR A sl ) | £ 2 DL K 2 3
PRI BEAFTERSHURBONE , TS JC A HE S | 5228 LA B M5 Wk Sl BEAF 7 DI ) 200

6 ZEHIR A SAAT HUBEAR 25065 A [R5 K A= I 52455 )

Tab. 6 msPAFs of organophosphorus pesticides to different freshwater species in the studied waters

KAk A2 R B TEHESY 2k 5k RA 5k
FN TU (XS i) 0.01045 0. 00960 0. 02496 0.00971 0.06103 0.03663
TU( SR ) 0.00123 0.00104 0.00171 0.00105 0.00196 0.00208
TUyon 0.01168 0.01064 0. 02667 0.01076 0. 06299 0.03871
msPAF 0.03079%  0.00930%  0.15154%  0.00824%  0.19986%  0.04503%
pi ARG I TU( X i) 0.00162 0.00149 0.00387 0.00151 0. 00946 0. 00568
TU( s ) 0.01036 0.00877 0.01440 0.00883 0.01650 0.01751
TUoyion 0.01198 0.01026 0.01827 0.01034 0. 02596 0.02319
msPAF 0.03176%  0.00870%  0.13196%  0.00763%  0.12810%  0.01813%
KT TU (X i) 0.00078 0.00071 0.00185 0.00072 0.00454 0.00272
TU( SRt ) 0.00142 0.00120 0.00197 0.00121 0.00226 0.00239
TU pyton 0.00219 0.00191 0.00382 0.00193 0.00679 0.00512
msPAF 0.00262%  0.00023%  0.06432%  0.00017%  0.05174%  0.00057%
3 it

1) A4 HCS (EA/IN, AT LI A [ 375 G 08 ] — R 7K A 0 LA K [ — i 75 S 0 065 AR [ 2K A= 00 £ 2
PR s HCS (B8N, BEFERON UK. HCS {B LAER W 4 R HILBRAR 2506 T HE S 4 ) 1 ] 1 2 T8 Mk 3
Py, % ST M TEMERRON B R, A £ 26 B RE MO A /)

2) ALE I BN FTG RE g PAF B SSD 2k 0B PG AR SR, PAF HLEER T, 4 T HLAAC
LN A ME S ) ) A 25 AR IS 55 T A Sl , 0T Y 58 6 ) A 2 XU, B R, 0 18 S ) A S KU e /D54 oy
BB 245065 AN [) J R 7K A 00 14 A 285 RIS v R MU A7 TS 22531 SSD) il 2 L3R T, >4 060 B3 2% i /)N
T3.5 pg/LoF, 4 FiA HLBEAC 245 X8 T0 5 HE 0 4 B0 A= 25 AU B IR HE Sl ) 5 T 0 R B e R T
4.5 pg/L IR, HOG A AE Bl 10 A 2 XU BB

3) (AR ZRBRFRUIE T T MESI Y LU HESI I XT 4 Bl pLB A 25 T RUR. 7EBURBERRE T, H15¢
XS 4 FAT LI 24 ) SR ooy s T o B SR VR L T, B ORI RS O S P

4) XFBR B S SRR BEE R VLR U VLR RN 3K R i e 2 S /N T HCS IR K A
PIgsZ R LL B3/ T 0. 5% |, A= A8 XS ARAER. X806 S5 B 5 B X /K (A ME S | 126 LA S A i 5
SR LU /N T 2 P HUBREAR 24 (19 B R W) L 051 11X JE 5 HE S 4y Y e 26 LI R B O IR (9 52 5 52
Wi FEA R T 2 oA AL 245 B4 B 52 0 L £
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