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i E: 41 F % (chlorinated paraffins, CPs ) & — 2 77 i {# JH 0 Tk b 2% &, % A AE LUK A L 38 3 ) &
AmB B REFEF, £, Fé A G 8 (short-chain CPs, SCCPs ) #n ¥ 4% & 4k & # ( medium-
chain CPs, MCCPs ) B HFZEHF A M £ ER UM AL L HFEZI 2R E, REZEAVEE 4
F=Aufd i 8y K El, SCCPs ## MCCPs £ A H WM A EAS KN A LB/ XE ., AFERET L E
BI2FEEEY, RARER/BEANENM T ERELERR, ETAHEE- B h AT L
# Jii it ( gas chromatography-electrostatic field orbitrap high resolution mass spectrometry, GC-Orbitrap-
HRMS ) 7 SCCPs f# MCCPs #£47 & & 24, 1R 7 [E Ak 2 W i B 3 2 4 K 1 SCCPs A2 MCCPs 1 2~
A, M HEEFE NG HEATIFME . £ R KW, SCCPs #1 MCCPs & T H R A %0 7 &,
SCCPs % & # 29.2 ~ 2450.4 ng/g dw, # & F MCCPs ( 12.1~ 1362.8 ng/g dw) . 4 #7& 1 SCCPs #n
MCCPs F & % & 5 fig Ji &8 B A 5 R 69 4 % M (°=0.61, p<0.05) . SCCPs 5] % 41 247 LL Cyo-CPs F1
C,;-CPs y £, MCCPs PA C,4-CPs % £ , SCCPs f# MCCPs # 3 % Cl, o Bl & 4 £ & & & . SCCPs &
MCCPs [ % 47 t 4 47 3% & B F ( biomagnification factors, BMF ) [ % 3 B — 7K 4 Bt % 3t ( octanol-water
partition coefficient, log Kow ) W3 ju 2 T & # % , SCCPs ( BMF=0.23) #2 MCCPs ( BMF=0.14) 7 ¥
K F#h ( Sebastes schlegelii ) 5 /N % ( Larimichthys polyactis ) 2. 8k I H £ W HBEEA . s, T
At £l & 2k F SCCPs #u MCCPs #y 7% 7 % % M [ 34T 7 7 &, M4 8 ( hazard quotient, HQ ) #& A {&
2 F H0.04 F1.0.06, 3 BRI o X T RATFIREE R E, @R ax k& KT\ 8 SCCPs 1

MCCPs KT A 2 at AR 2% R T % .
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1,2 . .1 .2 ) 2
GAO Menghao *, LI Xiaoying, CHEN Jiping", ZHANG Haijun", GAO Yuan
(1.College of Environmental Sciences and Engineering, Dalian Maritime University, Dalian 116026, China; 2.Dalian Institute

of Chemical Physics Chinese Academy of Sciences, Dalian 116023, China)

Abstract: The ocean is a treasure trove of resources that supports future development and a strategic space.
Protecting marine resources is crucial for economic development and food security. As a sink for terrestrial
pollutants, it is urgent to conduct surveys and research on the distribution characteristics and risks of emerging

pollutants in marine environments and marine organisms .Chlorinated paraffins (CPs) are a class of widely used
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industrial chemicals, which have been commonly used as flame retardants, plasticizers, and other additives in
plastics and their products. Among them, short-chain chlorinated paraffins (SCCPs) and medium-chain
chlorinated paraffins (MCCPs) have received global attentions due to their persistence in the environment,
bioaccumulation, and aquatic toxicity. China is the largest producer and user for CPs, and the distribution and
ecological risks of SCCPs and MCCPs in marine environments are particularly worthy of attention. In this
study, a total of 12 marine species were sampled from the North Yellow Sea of China, encompassing seven fish
species and five benthic organisms. Stable nitrogen/carbon isotope analysis was adopted to determine their
trophic level. Quantitative analysis of SCCPs and MCCPs was conducted using gas chromatography-
electrostatic field orbitrap high resolution mass spectrometry (GC-Orbitrap-HRMS). This study revealed the
presence of SCCPs and MCCPs in all specimens. The SCCP concentrations ranged from 29.2 to 2450.4 ng/g
dry weight (dw) which was higher than MCCPs in the range of 12.1-1362.8 ng/g dw. The concentrations of
SCCPs and MCCPs in the marine species were strongly correlated with lipid content (r2=0.61, p<0.05). The
congener patterns of SCCPs were dominated by C,;,-CPs and C,;-CPs, while MCCPs was dominated by C4-
CPs. The Cl,¢ congeners predominated in the distribution of both SCCPs and MCCPs. The biomagnification
factors (BMF) of SCCP and MCCP congeners decreased with an increase in their octanol-water partition
coefficient (log Kow). SCCPs (BMF=0.23) and MCCPs (BMF=0.14) showed biological dilution effect between
the predator Sebastes schlegelii and its prey Larimichthys polyactis. In addition, the potential exposure risk of
SCCPs and MCCPs from fish consumption were assessed, with the maximum hazard quotient (HQ) values of
0.04 and 0.06, respectively. For both rural and urban residents, the levels of SCCPs and MCCPs ingested
through consumption of these fish would not have a significant impact on human health.

Key words: Short-chain chlorinated paraffins; medium-chain chlorinated paraffins; North Yellow Sea;

biomagnification; exposure risk assessment
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Jb# ¥ A ¥ 14 P9 SCCPs il MCCPs (1 1 77K 14
FAWIRONE, SR T R ZEAN 5 R ARy,
T AU @ R 3 BE B o B RO (gas
chromatography-electrostatic field orbitrap high
resolution mass spectrometry, GC-Orbitrap-HRMS)
FFJ# SCCPs il MCCPs & &l 52, A /M ik it
BAEYIR N CPs 15 3L K F R AR ik . 5T/
Y8 3 A5 BRIV CPs 76 W8k T i B S A:
PR, I 0 FETE A 1) 2 i XURS: AT 1A, LAY
A SCCPs Fll MCCPs ) A= ¥y 200 AF 52 £ Bk K s
FHF. WFIELE AR SCCPs Al MCCPs 1 KU
IR PRl AR, A B TR IR A S RS
f RN T R K N

1 MRERFZE

1.1 X3 55

Q Exactive GC-Orbitrap 15 73 P 5 154X (Bc 7%
AI1310 [ 3 i £ %8 Fl TRACE 1310 < AH {433
10, FEBR KRB AR B R TIERAL (£
Labconco 7 A ) ; R-205 Jig #% 7% % 1 (%1 Buchi
3] ) s DC-12 AWM 4iAX (2250 ) ) 5 i
PE VAL ILEF LA H]) o

SCCPs #1 MCCPs Friffiill) | Dr. Ehrenstorfer
GmbH (f [E Augsburg 28 7] ), SCCPs & 7 7 )
g 51.5%. 55.5% Fl 63.0%, MCCPs 4 & & 43 9l
H 47.0%. 52.0% Fl 57.0%, e 31K 100 ng/uL .
B NFRC -k G FH(PC-trans-Chlordane)
LUK HERE PIAR PCo-rs S (PCo-HCB) Iy A €1 B
i) i % 525628 (35 [/ Andover A7) . RFRY —
AR LE . IECKHEMIE T304 A J.T. Baker( 32
[ Phillipsburg A 7)) o {6 PEREN (63~100 pm, F
£ FEL V5 A R T AT PR 2 W] ) A Florisil (60~100
H, 5 = Merck 23 7] ) 43 5 7E 650 C THHE 6 h
4 h IR, 44% FRALAE I Hh R BT 172 (98%,
YL, K%) MG PERE RS HE 44 ¢ 56 15 & HLRD
(i1 B 7 8 T S N a2 R P S
1.2 FEACREE

AHE 5E A A 12 B T A W RE A
2023 4F 9 A TR g B4 LR W, G045 7 a2k
SRR AW o 7 A28 3 i O HOAS A R
( Blenniidae) . 5 X438 ( Zoarces gillii) . VT [

fih ( Sebastes schlegelii) . B 8 ( Acanthopagrus
schlegelii) . /N5 £ ( Larimichthys polyactis) . 77 [
= Wi ( Enedrias fangi) 1 21 1R 16 ( Lepidotrigla
microptera) ; 5 T Ji& W A= Wy 43 51| Ay R 38 B D
( Mizuhopecten yessoensis) . 5 i %} ¥F ( Banana
prawn) | % ( Holothurian) . K ' 3% ( Zostera
marina L. L) 1 [ B2 ¥ ( Sargassum thunbergii) -
PR IS UE IS, M TR AT K5, H
PRGN A B4%, IR 8, B A FE iR
M KIS I SL B 5, —20 °C W EHRIRAE
1.3 FEALHTAL B

ORI A YIRE S T 2R T R, A SROKRR
LK IR, SR B Rl 2R P i LR sl 2l
ALY /N, 7E v Ry R HL 2 R, ¥ R
(=50 °C)J5 B BLAN B, —20 C W URIRAE . R ST
Kb B T ek 7 i, IR T AL . FRER
0.5 g Ab B B £ IR &, B0 10 ng PC- R
SSHEN BRI MR, F 5 mL 1E C e/ 5 H ke
(1/1, vv) BB HEEL 10 min, L4 3000 r/min 3£ %
B0 Smin, EWEWR, EE 3R, B LIER
Ja W48 = 0.5 mL, R H & A1 25 B (solid phase
extraction, SPE) #1 ( H 7 1fif [ 23 1 g Florisil ,
0.5 g i PERE S LA K 0.8 g 44% B AL A i ) ¥ dk o
SPE #1561 10 mL 58 HVBE i Ak, K 4 42 51
FeRe A, RUCR A 5 mL IE C b/ — G e
(1/1, vA) A1 5 mL 1E & %8/ S W Be (172, vv) i
AR o SR R i i 7 R 2K T, N 5 ng
PCHCB I THEE SR, 15 LU
1.4 AUERsHT 5 5t

S 3 #E O Rxi-SHT 68 3% 41 (15 mx
0.25 mmx0.10 pm, 3% [# Agilent A H] ), 43 it ¥
FE, AL A 5 1 R AR 1.0 ul. AN
AR (LE=99.999%) , it i# K 1.0 mL/min; FEFE
F B2 280 °C; A i 46 2 1y FHilR 45 i k.
100 °C f%%F 2 min, 20 °C/min 7+ & 160 °C 1% £
2 min, 30 C/min F+2 310 C {4 10 min.

FE 4 2 K BT 8 1 IR 43 2 280 °C AN
220 °C; Fifk ok H i A2 s B (NCD 4 4 5
ORI, i FE m/z 2 200 ~ 1000, J5i 45
PEARLREFLE 60000 LA | (m/z 219) 5 L B
e, i # 2 mL/min, PEFE 24 4~ SCCPs 1 24 4>
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MCCPs [/ 24, Wil &1 [M-CI] , b F %

RPN ES TR E B T AETER (R 1)

#F 1 SCCPs #1 MCCPs B 2MWE= . EHBEF(IM-CI| ) R{RERE

Tab.1

Quantitative and qualitative ions ((M-CI]") for individual SCCP and MCCP congeners

wE&Y HFRX CREFnz) EHEET(ns) e E/min || k&Y SFR CBEFOnz) EHEET(nz) PN E/min
CoH,Cls  279.00604 277.00899 7.0~8.5 CsHysCls  335.06864 333.07159 9.0 ~10.5
CioH;sCls  312.96706 314.96411 7.0~9.0 CigHyClg  369.02966 371.02671 9.0~11.0
CioHisCly;  346.92809 348.92514 75~95 CiHyCl,  402.99069 40498774  95~115
CioH1Cly  380.88912 382.88617  8.0~10.0 CuHpnCly 43695172 43894877  10.0~12.0
CiH;5Cly  416.84720 414.85015 9.0~10.5 C4Hy Cly  472.90980 470.91275 10.0~12.0
CioHoClyy  450.80823 44881118 9.0~10.5 CsHyClyy  506.87083 504.87378 10.5~12.0
CHioCls  293.02169 291.02464 7.5~9.0 CsH,,Cls  349.08429 347.08724 9.0~ 10.5
C HisClg  326.98271 328.97976 7.5~9.5 CisHyeClg  383.04531 385.04236 9.5~11.0
CuHy,Cly  360.94374 362.94079  8.0~10.0 CisHyCl,  417.00634  419.00339  10.0~11.5
CiHiCly 39490477 39690182 8.5~105 CisHyuCly 45096737 45296442 10.0~115
CuHisCly  430.86285 42886580  9.0~10.5 CisHyCly  486.92545  484.92840  10.5~12.0
C Hi,Clyy  464.82388 462.82683 10.0~11.0 CysHpClyy  520.88648 518.88943 11.0~12.5

SCCPs MCCPs
C;Hy Cls  307.03734 305.04029 8.0~9.5 CisH2oCls  363.09994 361.10289 9.5~11.0
CiHyCly  340.99836  342.99541  8.5~10.0 CigHuCls  397.06096  399.05801  10.0~115
CiHioCly  374.95939 376.95644  9.0~10.5 CigHyCl, 43102199 433.01904  10.0~11.5
CppHjCly 40892042 41091747 9.0~11.0 CigHyCly 46498302 46698007  10.5~12.0
CpH,Clg  444.87850 442.88145 9.5~11.0 Ci6HpsCly  500.94110 498.94405 11.0~12.0
CioH4Clyy  478.83953 476.84248 10.0~11.5 Ci6HouClyy  534.90213 532.90508 11.5~12.5
CisHysCls - 321.05299 319.05594  85~10.0 CHyCls  377.11559 37511854  9.5~11.0
Ci3HpCls  355.01401 357.01106 9.0~10.5 CiHyClg  411.07661 413.07366 10.0~11.0
CisHyCl, - 388.97504  390.97209  9.0~10.5 CiHyCl, 44503764  447.03469  10.5~115
CisHyCly  422.93607 42493312 9.5~11.0 CiHyCly 47899867  480.99572  11.0~12.0
Ci3HoCly  458.89415 456.89710 10.0~11.5 Ci7Hy:Cly 51495675 512.95970 11.0~12.5
Ci3HigClyy  492.85518 490.85813 10.5~12.0 C/HyClyy 54891778 546.92073 11.5~13.0

1.5 Jor 45 R B e R AIE WAL IE

S 3k R ™ A A S S 4 R R R
TE MR R 25 SR e M, A B R L0 F % vk
BRI T, SR B 4l K vh gk 3 vk, 1EfH
HHIE COBEYE 3 K. 45 FIRE i R FH E K B R
BRI A R IEA T AT AL BE AL A AT, USSR
i (n=5) 1 3 A5 bR 2251387 K H FR, SCCPs
FI MCCPs B9 J7 46t BR 4> 591 9 2.2 ng/g T
(dry weight, dw) #l 6.4 ng/g dw. FIFrA %5 FAFE M
FHA ) 25 19 1 SCCPs #1 MCCPs ¥ J& 2% T 5
A R, AR IR ISR R 70.7% ~ 107.4%.
B A #E 5 SCCPs F1 MCCPs 1Y ¥« JE 14 5% JH 1]

1.6 FasE &R0 R0
% F Thermo DELTA V ADVANTAGE [l {i;
2 L % A% 3 Flash EA1112 HT JC £ 43 74X
(3£ [E Thermo Fisher A 7] ) #E1 788 5 B/ A L R
Srp (NN R PC/PC) o A LR W RE S A T T
JeV VR THEIE RS ML Ak . Fea TR 2 1Y
F AR LT A2, I AT 43 e (%0)
8" N={[("*N/"Noampte) / (*"N/*Nutandaua) | = 1} x 1000
(1)
63C ={[("*C/"Caample) / ("*C/"*Cutandgara)| - 1}x 1000
(2)
o UNIN AR TR AR, RS
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N+ 0.2%0; "C/PC FRIE(EE T PDB, MHTRSE N +0.1%0. MHTE5 51T % 2.
2 BEEYHIERAE(%) UE NN 6C/C ME M E S kg R
Tab.2 Lipid content (%), isotopic analysis of 5"N/"N and 6"°C/"°C in marine organisms
Yk P T4 BRI E R/ (%) SN/MN 5’c/®c HFY(TL)
B XTUR Banana prawn 0.60 9.64 -18.53 2.04
H AR A5 85 Blenniidae 2.99 11.41 -22.03 2.51
A ) Zoarces gillii 1.54 8.23 -21.83 1.67
Vi ECP-fil Sebastes schlegelii 7.56 12.16 —20.12 2.70
A Acanthopagrus schlegelii 28.33 10.02 -21.82 2.14
/NE Larimichthys polyactis 3.78 10.53 -21.11 227
AR (5s] Lepidotrigla microptera 8.52 8.95 —-19.93 1.86
AN ) Enedrias fangi 4.16 10.41 -21.23 2.24
o= Holothurian 1.69 3.98 -16.93 0.55
pNUE Zostera marina L. L 0.00 8.65 -20.57 1.78
WRF B D Mizuhopecten yessoensis 1.09 6.71 —22.75 1.27
BB Sargassum thunbergii 0.69 5.68 -21.50 1.00
17 RSWi A RS BMF = ([predator] / [prey]) /(T Lpredator/ T Lprey)

R 2R TG A 4 6 00 7 A= W A o 19 s s 2
B WERIFREBUY 2R 2 ~ 5 gCREAE 0.01 mg),
IENUEARTET N o LA T EEAE A S I P2 B 771, F
BORTHR G AR S R IR 29 12 he $2H
Ja IR AT G 28 R A2 1 ~ 2 mL, fE7K iR =
EHRBEEHR, T105°C F T 2h )5, &1
TP EEE, e, 482 T8 30 min
Ja B HIFR R, R E T (RS IR BRI 22
M 2 mg), it 22 LT R TR AR YRR
s HR IR T i, A5G R 2,
1.8 EFRLAN YR F

TR W 09 8 #7 2% (trophic level, TL) il i %2
E RN AR E . BRSNS L=,
o Ho s — 5 IR g, AR A 78 3R 90
LR AR e,

TL =1+ (8" Neonsumer — 8" NSargassum thunbergi ) /3-8
(3)

2 3.8(%0) MR 2 B 4N T H 4

H Wi K Rl F- (biomagnification factors, BMF)
& UM R SCCPs Fi1 MCCPs f4 I 5tk
Ve B 5 W T P e bR v AL e i 2 e
i £ & MG & & 2 (8] SCCPs Fil MCCPs (1) 4£
WK R T (BMF) $5 L) Attat,

(4)

. H: [predator] F1 [prey] 351 A4 B & A9k
£ & h SCCPs Fil MCCPs (1) i J5it 41 1 1k e
. Y4 BMFEKT 18, R HME G4
Y AFAERCRAE ;2% BMF (H5F 1 i, R H
brAb &Y A= Wy 8 A B S i A D OR B AE
W REAE L 24 BMF AE/NT | B, R EPREE D
TEA W AR R RRAE AT )

2 #BR5E

2.1 AR SCCPs Fil MCCPs (175 4 7K
B A AR

b ¥ v 028 RS G 2B P A L b SCCPs il
MCCPs Bk & 1 s . A ey
1A P 241461 1] SCCPs F1l MCCPs, 268 CPs 7£4t
B U B rh e AEAE . a2 rh SCCPs ¥k i Ry
29.2 ~ 2450.4 ng/g dw ({7 5K 82.6 ng/g dw),
21 4 £4.(2450.4 ng/g dw) FIE 7 (1550.5 ng/g dw)
SCCPs ¥t B iy, 17 LG Pl (29.2 ng/g dw) Vi B B
K, DL &h 5K T 2R VTN 1 fifE £ 1 SCCPs 1) H
{3 B0 B (95 ng/g dw) "™ AWK TS e ik
SR [) 2 S B IR V5 R, iR 45 R ]
AE -5 BRVL 15 YA (00 55 F A O, 1 X K AR FTE
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T b SCCPs 19 - 4% B 43 %1 24 270 ng/L il
500 ng/g dw!'™. A< SO A A AR W SCCPs ¥k
JEH 33.0 ~404.8 ng/g dw (A A 171.5 ng/g dw),
162 (404.8 ng/g dw) fix /51, KM (33.0 ng/g dw)
el HZE S T R T (38 ~ 237 ng/g dw, H?
BE%0HR 103 ng/g dw) v B U™, IR T 4R g el A
(483 ~ 3422 ng/g dw) . D1 2(689 ~ 1081 ng/g dw)
DA 82 (143 ~ 772 ng/g dw) 55 JEEAT A= 99 v 1) e
O Rk AR, JL AR M SCCPs Yk B A
T AR

B
bed

S | A4
e [ SCCPs
22 MCCPs

2500

500

0 mmmmm—a(aﬂamﬂ_

B o8 0 B S R LSS S
N SR SR S R RN
%y 7@‘8’%& & «%\&%Xy

B 1 i§FEEYP SCCPs 1 MCCPs KR
Fig. 1 Concentrations of SCCPs and MCCPs in marine

organisms

2 MCCPs ¥ 4 15.4 ~ 1362.8 ng/g dw
(R A% 53.7 ng/g dw), 5 SCCPs #k i 43 A 2%
1, MCCPs ¥ 5 f i M £T IR 111 (1362.8 ng/g dw ),
W S B AR R i/F EGOT- il (15.4 ng/g dw) o IRATAE
Py MCCPs #¢ & 4 12.1 ~ 436.1 ng/g dw( 113
oM 124.1 ng/g dw), Hirp MCCPs ¥ Ji f =5 ) 2
LR 5 (436.1 ng/g dw) , IR & f I A9 J2 R
(12.1 ng/g dw) , Ik T 5 ¥ B rh MCCPs 1Yk i
(73 ~ 712 ng/g dw, H%0H 204 ng/g dw)'™,

A5 ) A 2 06 v 35 b R [ A 4 O R T A
4 0.06% ~ 28.33%. FZIRHMHSEME BR, A
A= WK N 1) SCCPs F1 MCCPs T 5 ¥k Ji 5 1§ it
BB B B A A S (F=0.61, p<0.05), 3%
Z W G 56T AR WK I SCCPs Fll MCCPs 1 & 4
HAFE/ERS " Hi5R CPs MMk B 76 AR £
JE A P 22 31 45 K A D RS i T B i ST TR T
e 22 0], BN, 2T R £ (8.52% ) AN G AT il
(7.56%) 4 B It & &= AH L (£ 2), {H SCCPs FI

MCCPs W FEAHZE I BUR S . A A 3R
A TR) AT gt 2 P B 22 5 R B, 2010 10 ARG
A S A Y = S R A R R T
T DX B, 17T 20 0 0 5 22 i 7 e v I Y A
VRIS o Ve VDB IA Ry R B K A WL e )
I, AR WEE B B9 2180 £ 7 5 CPs k3 T
RS UL R CPs WA K.
2.2 SCCPs Fl MCCPs [f &)/ Ak =X,
AWFFEIIMT T 24 4~ SCCPs #1244~ MCCPs
W &Y. W2 BT LEw A Y% SCCPs
F1 MCCPs [7] RPAHXT E A0 . PTAFEAR S &
I Fl N 58.8% ~ 62.6%. SCCPs L) C,-CPs Al
C1-CPs R E(BRMEZHL), PiE Z b H 38.8% ~
69.6% (74 56.4%) , 2k e 5k i i g e i
BRYT P A Y R A T DR T
WFPEFLEh ™ 20, S AEHL Bear & 4T 5 s
AIEI (LA Cp4-CPs i1 C1,-CPs ) . %}F MCCPs
He Ut BT B LL Cy-CPs 2 &, HE 51.3% ~
70.5% (V-4 61.4%) , It 4340 158 X 5 75 s gV il
A" 1L 4 1 P F0 BT AR 4E Bahia Blanca i
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