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WE . 4551k (short-chain chlorinated paraffins, SCCPs) & (W Bf /R BE N 240 B B (1) — 25 AMEB HLI5 4y, 18 5 0 ik
i SCCPs Xt 8 iR 7K A= 1 (1918 1 7 M B ¥, #8 #2 T 90 08% B 43 A 11l £ (SSD), #fE 5 th SCCPs 1 3% 7K T8 I 48 b7 ¥k J32
(PNEC, ... ) H 0425 pg-L™"  IRZKUTER ) HM JCR N e BE(PNEC ) 992.5 pg-kg™' o $H4E T [ P M43 IR A 0T L 2K M B D fR
Wy SCCPs R R FE AR 32 R H I, VAl SCCPs A A MU . S5 R UL i Al F e K XU RTTE L 2.6 ~ 154 4
3.7 ~132.5 40 F = AU ; EISMATHE SCCPs 15 YK -4, AL SE b IX 5 H AR KT SCCPs KU /T 1, Zb PR, K
TLHIFURR I SCCPs 11 KU 1 157 35 400.6 , 52 3 5 25 XU, RG] Tk X S8R /K UM v SCCPs A7 A8 ¥ A2 LB . ASHIF 5T
SCCPs 7K Fim i il 2 15 MR 58 WU A BB IS 51K .
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Abstract; Short-chain chlorinated paraffins (SCCPs) are a class of persistent organic pollutants newly listed in the
Stockholm Convention. In this study, the chronic toxicity data of SCCPs to eight aquatic organisms were collected
and screened, and the species sensitivity distribution (SSD) curves were constructed. The predicted no effect con-

centration (PNEC) of SCCPs for freshwater was derived as 0.425 pg-L™'(PNEC

was 992.5 wg-kg ' (PNEC,,,), respectively. The environmental exposure concentrations of SCCPs in freshwater riv-

) and for freshwater sediment

water

ers and sediments in China and several other countries were collected, and the ecological risk of SCCPs was evalu-
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ated by quotient method. The results showed that the hazard quotients (HQs) of water bodies in the midstream of

the Yangtze River and Baiyangdian Lake were 2.6 ~154.4 and 3.7 ~132.5, respectively, which were at high risk

levels. The HQs of SCCPs in foreign rivers showed that they were at low risk levels. For example, the HQs for riv-

ers in North America and Japan were lower than 1. The HQs of sediments in the midstream of the Yangtze River

were up to 400.6, showing significantly high risk in these sediments. However, freshwater sediments in European

industrial regions were at low risks. This study could provide information for water quality standard establishment

and environmental risk management of SCCPs.

Keywords: SCCPs; SSD; ecological risk assessment; predicted no effect concentration; hazard quotient

Ak A7 1% (chlorinated paraffins, CPs), ¥ R £ 5
FRIEHIGERS 43 T2 C H,y, 0 Cl,  dEBE K ]
Grh 3 2 e AL AT (C,, ~ C iy, SCCPs), 551
LA (C,, ~ C,,, MCCPs) Fil K 5 G Ak A1 15 (C g ~
C,,,LCCPs), S ALFEEE — M TE 30% ~70% 2 [8] (#&)5t
)N Hoh L EE S A S (SCCPs) A L Tl ]
TEARFN SR 1A BAT R AR e MR 2= R e Tk
CAE S 35 S8R FIBELASR) )2 T4 Jm I T TR
BB A E B A PR SR RS 1 A R
SCCPs [ H B A BB HF AME Ay R KB ES T
BAERAEY R, T 2017 I TR SR
BLT5 B (POPs) 1 i 7 5] IR EE A 24 ) 1 52 453 ERLP)
SCCPs ] LI TN W R G R RGES, 200 IE
WA, BRI E , A R EEETT B
W PSRBT TR EE SR Ry CPs AR 7 [ Al
PR FEVF 20 WA S K A b A I SC-
CPs, X /K PR A AR AU

SCCPs #E A KRG, AT LATE K A A WK N &
FRUE XK A R W 7 R M . BRBESR R Y SCCPs
AR AR AE A I B ik PR 3Rk AR K- 45 7
A, Ren S5 R HIACHEZH % 07 B3R T
SCCPs % &2 Xf Bt I £f1 ( Danio rerio) JEif & & AR
W52, A IRBE T SCCPs 11k FE 3%, i 4k )5 4 £4
(G 6 AR, 13 d-LCy, H9344 ng-L'. 50
WFFEHE Hh , — = 1) SCCPs Al 3@ i T A5t 1o
e g - A - HUAR B A AR DG 1Y tyr, ar | dio2 FI dio3 11
mRNA 7K 520 FFUR BRI 2R A

YRR U /3 A7 ¥ (Species Sensitivity Distribu-
tion, SSD)J& 4 A [] A= 4 o 5= A i Yy 1% AUk 3
1 B SR ECEAT A, SR T A AU B A A 4
Logistic . Log-Logistic, Normal , Log-Normal #1 Ex-
treme Value 55, i1 RGO 4 — 2 B 40 LA D B9T5
YeWpvk s, HHT SSD ki W TR 2K K A A 7K
ko 4 1 S 5 43 BT 2 (Equilibrium Partitio-

ning, EP)J& 3 E AL -3 JR)(US EPA)HEFE Y LU i5 G
PIAET K OURR A TR AT A A 9 1R v B2 T 34
2 B VA R A ) DA S e O i T
FRE-IK O BE R BN B (1gK,, ) KT 3 RS T A4
V1KY R

TR JC R W e B (predicted no effect concentra-
tion, PNEC):z Ki 2R XU VAN $ AR 5 ) SCAF(Technical
Guidance Document on Risk Assessment, TGD)" H1
HEFE 0 Tk 27 9 o3 20 58 XU V7t 19 B 1 742 42 1
1B, ARSI E Tl & A 0 QRK K A R W) K 5
FEHERE ARG ) (PR 58 7)™, S TR Ak A
AT BEPE B HE S SCCPs 1% 7K PNEC,,.,
5 PNEC, (VLR LT i i 1), $84E BE  AK ik
KUY SCCPs 5 Kt , A R (E 1k (HQ) PFAG [
WANKIREE SCCPs AEZS UL, 2 SCCPs 7K Jst b 1 il
RE 55 PREE XS A BRI S5 AR |

1 ## 57k (Materials and methods)
1.1 Bda ki S it

SCCPs WY AE A BEEE R A 23 S 3R 1 SR B
ECOTOX 7 4:  #& J& (https://ctpub. epa. gov/ecotox/
search.cfm)55, ZHR“J5R5 ", i £ SCCPs Xf /K 4= 4=
Yy ig P aE v A , 0 SR AR - (1) A WA I
2 REEIT ] )P de ik B i K X S 5 o i g
VWA E I WA 5 (B) I PR 18 PR B 2 S FE T Al L
R BE (NOEC) a5 K n] UL & 07 ¢ J (LOEC) 5,
10% BB L (EC, ) 5 (4) F5 B REAE (R) b A= Wy R 1
{EARZE B 1 DB 5 (5 [) — Py il e 426 A UK
IR L TR 5 (6) HoAth 5% F # B Hie , A 46 75 5
IR T AR BT X B A X R AL pY 56 AR
IS B KR 2588 ok s ZE 1K B ER AT TR
1 H AR TS Y BALIR S AR TF & < Fe e 7 B
KA,
1.2 SSD #J# & PNEC, ., %

K FH SSD #3445 SCCPs 7K ¥ 35% Tl JC 4500 e
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JE(PNEC, ,.o.)o RECEBNWT, X EEEEE E 1T
FHEHES, a0 1, 2, N, 5 A R 2 P 5 X
ITLOE-Sa g /%
P = RAN+1)x100%
Ko, P A R AR BIHER ; R W FhHE T 55
s N YIRS IRE S M B AR A )
PO 2 A i 2%, SSD £k |48 & 1 20 B 1
(e B B A FEMEE (HC ), X W EL S, 2R 95% LA
BN 2 BRI R B
SSD [k iy 48L&k A “ 8/ 7 Bt 4 China-WQC
A IR 5% PRI G Wk BE (HC,), SR pg -
L™ AKAARTRI JoR v B 5 AR
PNEC,,..= HC,/AF
A H . PNEC,,, A /KA T30 I 3501 ¥ JE (mg - L")
AF AN AT BUESE RS 1 ~5, ABFFEE S,
1.3 SCCPs %7K PNEC,,, Wi S 7k
SCCPs (WS /7 k2% TGD #1411 53
ficyk . DLW PNEC,, TR 7T,
PNEC g ver weigt = K suspwaer/RHO i, XPNEC
RHOsusp =F solid-susp XRHO ;4 T F, water-susp XRHO
Ksusp-water =F water-susp +Fsolid.susp X(Kp-susp /1000)xRHO 4
Kp-susp = oc-susp XKoc
T PNEC e weigne 2 AT A TR ) F5000 TC
BN (mg - kg™ ); RHO,, AL V7 P i ik, 1154
1150 kgom™ 5 Koo N5 RWTE R Y)-K 53
BCAREL, AT 4 0284 m*-m ™5 F ., HETEYT
B LB (o) » BRIAME N 0.1 m* -m ™ ;RHO;, 11
[ 25 5, BRIAME 2 500 kg-m ™5 F ey B
P K H B (b)), BRIAE N 0.9 m® - m™;
RHO., ., 7KL BRIAE A 1000 kg-m™ ;5 K,
S5 G ) AE B TR W PO [ K o B R B F A
16 110 L-kg™' 5 F, ., HETEY A HLEK LG (W),
AWFFTH 0.1 kg-kg™' 5 K., M 154 WA HLAR-7K 43 B
ZH(L-kg™"), A1) EPI Suite V 4.1 #4038 % SC-
CPs [ K, 4161 100 L-kg™',
HRHE TGD J7 %45 ) i) PNEC,,, & LAE & it
(), T TCRR A v s ) 2 B Tk B Sl LT R o
R E 7400 TGD BN IR & By &
90% 7K (FIAHZE 4 2 500 kg-m™), B PR (198 S5
W1 150 kg-m™  J5HE HATHEZ L 4.6, HIL
5 4, LT R T RTE BT i R DT PNEC 2
k46,

x1000

water

1.4 KB IEAG 5

P BT 3 V5 e 0 AR W i e S A SRk IR
o FR RV I LA, PRI 1205 Y W A AR5 v 1 ARG
WER G ERRER ) KU B QT A AN .

HQ = C/PNEC

i ORGP K IR R TR XU e
FER 532 HQ>1 I, S KU 5 24 1>HQ>0.1 B,
SRR 5 24 HQ<0.1 B, SR I XUR: )

2 ZR 51718 (Results and discussion)
2.1 KA R RIS

AR R 1 0 B I U 48 AR B B SCCPs 18 17
PEERGR 1), 259015 4 1777 BE 8 FloKAEEDH) 8 4
18 PERE P K, %% 58 1 )l 4 ~ 49 d, NOEC {H
0005 ~039 mg-L™" . sRBURIY /KLY Ry K BIE
(Daphnia magna) , H.UR AHEER(Mysidopsis bahia),
8 2% i (Skeletonema costatum) ) BUNE A T i 6l
(Oncorhynchus mykiss) 5 HEHF 2 [8] | Fe AU &
ff1 H 24 ¥ (Selenastrum capricomutum), 3< B 7K 4= 5 ¥
Xt SCCPs AN LE 7K A= 4B ) Uk X L 2 Fhge 2k,
HfiH 453 4 d-NOEC 9 0.012 mg-L™" i £/ H
F#: 10 d-NOEC 4 0.39 mg-L™", X} SCCPs 14 i Jk
JEAFAE2E 5 . TOEHES XS Y Lo HESh Wy S fin
U, KAYE(Daphnia magna) e /K 4 £ )55 b B4
PARU A, X SCCPs #5c MUK, X 5 /i A WF 5% —
P {HPE M (Chironomus tentans)VE R 5 K sh ¥y,
49 d-NOEC 7 0.061 mg-L™", B K FH R
AT 65 R 8 Oryzias latipes).,
2.2 SCCPs kK PNEC,,. 5 PNEC,_, #iS

WEARAGHT 4 1] 8 FhoK A A W08 1k #  B s+ BR
“PER” it E SSD M4k, WA RIAIALHE Logistic |
Log-Logistic ,Normal ,Log-Normal F1 Extreme Value,
WESEANEK 2 Pn . E RE(R)BIZE T 1,1
TR 25 (RMSE B T 0, 5% 227 J5 Al (SSE )i
T 0,K-S K50 P {E>0.05, 156 B 2 1 H0 4 4004
. L5 4 WSH U5 S5 R0 HEF 8 « Extreme
Value > Normal > Log-Normal > Logistic > Log-Lo-
gistic, RGBT M B 53 71 (Extreme Value)f5
R 1), B8 R R 09301, RIS 118 SC-
CPs fiy HC, Jy 2.1232 pg- L', #E S SCCPs 1
PNEC,,. 50425 pg-L™' ,PNEC,, #5143 9925 ng
kg (TH), % LLRRH (BU)SE R HE T 41 (19 PNEC,,,
(0.5 pg-L™")H1 PNEC_ (1 446.7 ug-kg )P S A A
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], 7] fE SR L A AL (AN A S B0 oy 25 5% Lo
2.3 E WA FERKKAE S SCCPs 1942 4 KU
S BT 08F
AL SN K HR T SCCPs R I UCIE (£ 3), £
S5 LR o R K f R SCCPs IR IEREY % 09
1 131 ~56 305.9 ng-L™", AN it duk b e i 31 ] §§
J91.194 ~2100 ng-L™" . hEBAKK A SCCPs ER
Y BEVE RS T H AS(57.62 ng- L) FIL3EHIX 37.7 5% S
1.194 ng - L"), KT sl SCCPs ) - 4 e JiF ik 5] 02r
18 989 ng- L™, A HETE SCCPs /K A& H - 34 4
7223 ng-L™', HQ{HME 2 FrR , Ky H i M F T 0 f :ﬁ? 3
TERTARE S HQ ¥R T 1, KR PR B B A 4b F 5 K SCCPs Togarihm concenttion
B, IR K K R HQ fe/IMEAL TR | #8437k A El1 SCCPs HI¥IFhEEt B 4> 75 i 2%
A = RS o i H AR SCCPs ¥k B e /N T A5 4 Fig. 1 Species sensitivity distribution curve of SCCPs

x1 EHESKKALE(SCCPs) 3R EKEMFAI R K TR E (NOEC)
Table 1 The no observed effect concentration (NOEC) of short-chain chlorinated paraffins (SCCPs)

to different aquatic species

A=Wy hc YRR T £ FEERIT)/d HLEE/C NOEC 27 3CHik
Biotaxonomy Chinese name Latin name of species  Exposure time/d Temperature/C Amg-L™) References
RS ERNE R . .
KAE Daphnia magna 21 20 0.005 [25]
Arthropoda Daphniidae
T TR \ -
i AR Mysidopsis bahia 28 25 0.007 [25]
Arthropoda Mysidae
T | [ i R R
% ) ” ) T. v Skeletonema costatum 4 20 0012 [25]
Bacillariophyta Coscinodiscaceae
HRIY LR L) , ,
) e 6l f Oncorhynchus mykiss 15 ~20 10 0.04 [25]
Chordates Salmonidae Salmo
BRIY R R N o
T fif Oryzias latipes 20 25 0.057 [25]
Chordates Cyprinodontidae
TS B SR BUR = )
i ] i JE R I Chironomus tentans 49 21 ~23 0.061 [25]
Arthropoda Chironomidae
HRIYEERL R , ,
) ) Xof 2% o fiff Cyprinodon variegatus 32 25 028 [25]
Chordates Cyprinodontidae
ZRET VNERBERL A 2T R , ”
FMATHE  Selenastrum capricomutum 10 24 039 25]

Chlorophyta Chlorellaceae

&2 HESCCPs KEEYKRIBUHEFEHELER

Table 2 Calculating results of chronic benchmark of SCCPs for the protection of aquatic organisms in China

5% f& T R BE(HCs) YeE RBU(R?) 475 R (RMSE) %25 J7 FI(SSE)

5 BRAL i i K-S #:46
. . 5% Hazardous Coefficient of Root mean square Residual sum of
Fitting function . K-S test
concentration (HC)  determination (R?) error (RMSE) squares (SSE)
BT 20 Logistic 34674 0.8789 0.0886 0.0628 0.9885
XHIGZ 5 B 434l Log-Logistic 5.0466 0.8421 0.1012 0.0819 09796
IEZ43 i Normal 33574 0.9026 0.0795 0.0505 0.9976
Xt #1F 2534 Log-Normal 49659 0.8790 0.0886 0.0628 09904

WA 4> 4 Extreme Value 2.1232 09301 0.0673 0.0362 0.9995
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S PNEC,,.(425 ng-L™"), HQ<0.1, Z B Hk &
KA, X ATAES H AT SCCPs BB TEED Je 2
AR TF Al 42 P 2 BRI M X Llobregat 0]
(300 ~2 100 ng-L™")F1 Da-wen 71 (200 ~ 1 700 ng-
L") FE 55 SCCPs 1Y /K 1R 75 Ye vk B il 5 T
PNEC,,.., , 7 i i BE B R A s 5 SCCPs Tl 434 —
., Zhang PTG, H ETE 2010—2014 4F
SCCPs [ 7K A H (1 HER I R 2 189.07 t, e RHE AR

AT UL, L KA e SCCPs 119775 G BRRAR L™ IR
2.4 EPNSNEZGOKIURYI T SCCPs 194 2 XU

HAk

ARWFFEHE T H AR K PNEC,(992.5 pg-kg™)
5 E WA EZIRAK TR SCCPs 2% 8 ik B 4%
(T HEM, PEK IS4 512 ng-g ) S5 A TR
(24 454 ng-g UL SCCPs £ 75 ¥k i ¥ it /5 T
PNEC, (9925 pg-kg™), KL iF SCCPs ¥ & fe (i Hy

Sk EARIM T, F B8P ERME KKK, i 397 6004 ng-g™',J& SCCPs {&R/K PNEC,,, (14006 £,
1000
100
10
= o 1
& &
=&
s
T 0.1
001 bk
Sample sites
CONRITW o TEBRK | ey | e | JER
Middl . ; o | 55 ]| i I
lh ef Baiyang- K Llobregatin]| Da-weniif DAACITIT | SR | (A
reaches o ) Fresh watter Lawrence | Ontario | Japanese
Yangtze dian system in Lolobregat| Da-wen River, Lake rli)vers
River Lake Shanghai River, Spain} River, UK |~ -4,
m e/ ME(Minimum value) 2.661 3.677 0.035 0.706 0.471 0.037 0.000 0.018
[0 B (Maximum value) | 154.447 | 132.482 3.859 4.941 27.529 0.140 0.003 0.518

2 ERSMRRERKFREKEH SCCPs B XU (HQ)
Fig. 2 The hazard quotient (HQ) of SCCPs in different freshwater basins at home and abroad

#3 EMNIMRSTRAKKER SCCPs EEHIE
Table 3 SCCPs exposure concentration in freshwater environment at home and abroad

(ng - L)
T bienid| ¥iE Z:7% 3Lk
Basin Range Mean References
KL Middle reaches of Yangtze River 1 131 ~65 640 18 989 [28]
H¥EIE  Baiyangdian Lake 1 562.8 ~56 305 7223 28]
UFIRIKIKZR  Fresh water system in Shanghai 150 ~1 640 448 [29]
VEPEF Llobregat /]  Llobregat River, Spain 300 ~2 100 — [30-31]
i [E Da-wen 1] Da-wen River, UK 200 ~1 700 — [32]
JNgERIFEH Lawrence River, Canada 1574 ~59.57 377 33]
ZRIEW  Ontario Lake 0~1.194 — [34]
HAY i Japanese rivers 7.6 ~220 57.62 [26,35]




1 INEZAT G IR IK PR rh e i ST A U 108 TN T80 o7 e B T A 285 IRy TP Aiy 261
1000
100
=3
a5
] 1
< = =
jen
0.1
0.01 Ty
Sample sites
0.001
et SN %
DA T o {I jt%
i | LR e | 7 MWk | g | e
Middle | B | Middle | FpevE | ACLE wr | EE| HE | el | i
reaches | Liaohe | reaches |Baiyang-| - TR i ML | Rivers | akesof | #0A
: : River | Jiaojiang | Rivers | Japanese AaKeS 0 :
of the River of dian North |*R) £ Cech p of North |Lakes in
Yellow | Basin |Yangtze | Lake | pio fver jobLzech | rvers | Norway | America [the Arctic
River River
= f5z/ME (Minimum value) 0.012 0.040 0.254 1.280 0.484 0.068 0.000 0.005 0.000 0.006 0.002
e KAE(Maximum value) 9.834 0.484 | 400.605 | 256.124 | 0.816 1.199 0.350 0.488 19.547 0.413 0.259
3 ERSMFEEAKRIETRYH SCCPs KR (HQ)
Fig. 3 The hazard quotient (HQ) of SCCPs in sediments from different freshwater basins at home and abroad
x4 ERIEBSKKTRY B SCCPs RERHIE
Table 4 Exposure concentration of SCCPs in some freshwater sediments at home and abroad
(ng - g™")
it dsk 7 JLH ¥i(E TR HE E=BGN
Basin Range Mean Dry and wet weight References
M HYiF  Middle reaches of the Yellow River 11.6 ~9 760 903 4 T Dry weight [36]
IZ i Liaohe River Basin 39.8 ~4803 744 T Dry weight 371
FKATHF  Middle reaches of Yangtze River 2519 ~397 6004 54 512 T H Dry weight 28]
¥ Baiyangdian Lake 1270 ~254 203 24 454 TH Dry weight 28]
BRITALYT. Pearl River North River 480 ~ 810 610 T Dry weight [38]
MU Jiaojiang River 674 ~1 190 4663 T Dry weight [39]
FETEMH  Rivers of Czech 0 ~347 1217 T Dry weight [40]
HAYM i Japanese rivers 49 ~4844 2843 FEFE Wet weight [26]
WEIE  Rivers of Norway — 19 400 FH Dry weight [41]
26K The Great Lakes of North America 59 ~410 — T Dry weight [42-44]
AR HBIXIYA  Lakes in the Arctic 1.6 ~257 775 +3E Dry weight [45]

P T i e TR RE 4 254 203 ng- g7 & PNEC,, 1Y
256 5, HQ {HZE>1 (& 3), & B SCCPs X K 71+ iiiF
A AEE KA A SR 0 (74 4 ng -
g )SCCPs ¢ B Fe A%, BRVLALVL.(610 ng- g™ ) AL
(4663 ng-g HHQ MM T 1, BRIBESIN, E AN DT
Bk SCCPs 1) HQ MK T 1, J& TR, {H7EdL
e X HIH AR SR A SCCPs 6 i, AR W AR T

PNEC,,, , [HAbAR M X A 2558 5 A= AWK 52 fig T AH X
555, SCCPs W= S PRI WIIT S | 45 1 b b 1X (1Y
HE AT Al RV TE RS
2.5  SCCPs M 25 AT & T

SCCPs 1E M A AMEH LIS Y9, HAT & T
HAS PR B % B BEBR IR sk |, A8 4 5]
4177 FF8 Pl 8 A wE PR , R PRI 1 T
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A HOR 8 7840 I i /K Az Az 9 1 S Bl
SCCPs WFFE BITR A , AT LAZRAS 5T Z ) i) g 55
PEimHE R 1Y SCCPs HEfE (A YA 2 M, 4P SCCPs
(IR B L A3 B AT IR | A3 8 A 42— Ty 125,
[l —FREERE i SCCPs 4345 Al A 58 44 A1
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