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A review on human exposure to chlorinated paraffins

CHENG Xin'? GAO Lirong'? ZHANG Yingxin'? CAO Xiaoying"* QIAO Lin"?
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Chinese Academy of Sciences, Beijing, 100085, China; 2. College of Resources and Environment, University of Chinese
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Abstract Short-chain chlorinated paraffins, as a persistent organic pollutant, is listed in annex A
under the Stockholm Convention. Chlorinated paraffins are bioaccumulative and toxic chemicals
which can accumulate in human bodies and cause health risks. In order to investigate the human
exposure to chlorinated paraffins, the related literatures in the recent 20 years were reviewed. Human
exposure is generally divided into external exposure and internal exposure pathways. External
exposure mainly including food (dietary intake), air (respiratory inhalation), and indoor dust (dust
intake and dermal absorption) was documented. For internal exposure, chlorinated paraffins have
been found in human blood (plasma or serum), breast milk, placenta, human hair, and nails. The
results showed that children and infants have higher chlorinated paraffins risks of external exposure

compared with the general adults. The Chinese people have higher exposure due to the large

2022 4 8 A 8 H Wtk (Received: August8, 2022).
* ERARPIEEAE (21976187) BEH).
Supported by the National Natural Science Foundation of China (21976187 ) .
* * JBI{EEKA A Corresponding author, Tel: 010-62849172, E-mail: zhengmh@rcees.ac.cn


https://doi.org/10.7524/j.issn.0254-6108.2022080802

2140 578 54 1t 2 42 3%

production and usage in China. Until now, there are few studies focusing on the accumulation and
metabolism mechanism of chlorinated paraffins in the human body. New studies including
chlorinated paraffins toxicity and kinetics, are highly requested. And the accurate quantitative
analysis of chlorinated paraffins is rather difficult. Improving the comparability of chlorinated
paraffins analysis methods is needed. At the same time, more studies focus on chlorinated paraftins
in biomarkers beyond blood (serum or plasma) and breast milk should also raise concern.

Keywords chlorinated paraffins (CPs), human exposure, food, air.

S A A7 8 (chlorinated paraffins, CPs) J& H1 S LA 30%—70% WY IEF B 41 Tk iR 40, 1k
22 A ACH CHy, 0 CLP. — B2 MRk B K B2 ] DA 43 ok 2 5 S £k A7 8% (short-chain chlorinated paraffins,
SCCPs) , 4% & 1k A 1 ( medium-chain chlorinated paraffins, MCCPs) Fll K % & 1k A1 ## ( long-chain
chlorinated paraffins, LCCPs), & J& %05 730 538 Cio_13+ Cray7 Fl Cyg_o0, A B0 #5055 F AL A1 B
(very short-chain chlorinated paraffins, vSCCPs, C¢_o) Fl # K #% 54 4k A1 it ( very long-chain chlorinated
paraffins, VLCCPs, Cy;_30) BYIX 30 *. CPs ELAG BHIAYE | it A 27 1 FTR 7K PR 55 R 4 i ) Bk~ P o, o
PHAE PVC . AR T IR S5 G S50 L ZE-G500 L B E50) L BELBATR . 46 A o T30 B i /0 g S g 71—,
FERE 2 15 4Fr, CPs 1423k 5 K s 3 hnt. v [ 2 CPs i 3224 7 [ FIE 2% 1, 2017 4F: CPs J= &
100 J7 M,

Bl o A 7 T2 N, CPs AN RT3k S i 7E A ™ | 3 i A Sl B v BB AR TP U0 CPs L 48
TEZ P AT B gk I, A g2 0, oK R AR L o A R D, KIEEE R
PO A YRR PENT R AR W EEPENY, SCCPs 7E 2017 4F 5 H 8 41 A BI (T 5F 2R BE 28 2 ) B A Hptl,
CPs HLAT AW & BUME, RRASE A 2 2Py i R ORI AR =220 RS 45 R B, SCCPs HA B¢,
KB RETER N WA FR TR P DL R G e 55 VR FH 0. — T %t CPs 2 58 % 4 A4 Q3552 i 114 B
FE45 th, MCCPs Fl1 LCCPs L B A A W7 PER. Pk, CPs #E A AR 27 A e f 3, X CPs 1Y AR P9 Sh
TREEMII I N E L

ARSCLEIR T T 20 47 FE A CPs AR 52 A SCHIF ST, X CPs 1Y 7GR 2 85 & 12 S AR PN CPs AT
KO HEAT RGE, g CPs (A R XU PEAG B AL TRk R 4.

1S4k R A E SRR B84 (Human external exposure pathways to chlorinated paraffins)

BYAZ 5 Y 2 N IR NS A% il CPs IR Al SR IRRY. B2 WL, — AR CPs 1Y5F
PR EE R AR T LASR RIRE . 2 SRR A2 20 5P E 3 MR G AR L, IR A SR 7 57
JLF- AT AR AT, K CPs JE R IR PEAR S A AL 5 1 2. CPs 2 AN[R] g A ™ A B PR SN 2 i K BTk
For i 1 FE 2 k.
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Fig.1 Overview of human external exposure pathways to CPs
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Fig.2 Average relative percent contribution of different external exposure pathways to overall daily human exposure to CPs in
adults and children(based on data from Gao et al., 2018")
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1.1 JEE

REEAE CPs AMKRZRER Y B ERA0 . H 5T R, I AJE— B R B SCCPs 1) 22 77
AR, NS REER 085%™, dbnt i B4R A &5 A SCCPs Fl MCCPs it 43 4l o H 2148 A i 1Y
88% 193%™ Ik A4 SCHRE 4 22 A, S [RIAE 003 1 B WA A vl £ 19 CPs 7K T FEAS [R)SR A Ml o5 2 [
KN EBHRA IR K22 5, YW CPs 1Y % 58 AU o 2 AN [R] (9. W R A2 T b X 75 ek 7 i 7228 46 D R b 3 2%
P AREE 2T SCA RN ZR 3% K - 0 22 S AR PO 7). Fan 2509 it 25 30 4 & R A4 & [E SCCPs 1Y i
1 XU B SCHER EAT T BIFSE, RS ) 25 2 5 i SCCPs e J3 . T #E R AT 15 ) v el A Al 1t
[ B 72 5% SCCPs (4 H A THEA R R (2.5 £ 1.6) pg-kg '-d™ bw. SCHRIRIE B E R CPs Z2@EIFAL W& 1
JiR.

R1 NEBRERR CPs ZERH I
Table 1 Human dietary exposure to CPs

[ K ol [X AL ] i AR/ (ngkg"-d™' bw) i DTN
Country or region Sampling time Estimated daily intake(EDI) Analytical method Reference
p - GC-ECNI-Orbitrap-
i ] . 100—420(N)
7 2018.9—2019.8 I HRMS [42]
410—1600(%JL.)
500—2000(%2 L)
Fiig 2015 18 APCI-HRMS [43]
HA 1990s 53 HRGC-ECNI-HRMS [39]
20038 110(HLA) HRGC-ECNI-HRMS [40]
2009 54 HRGC-ECNI-HRMS [39]
SCCPs B
I, K 1994 ND. HRGC-ECNI-HRMS [39]
2007 ND.—50
i 2016—2019 888 (JMAF- T 1) GC-ECNI-MS [41]
781 (AFEL )
N GCxGC-ECNI-
AR L o
o, AR LA 2017—2018 700 TOFMS [33]
i, wdkE 2016 1138.5—3795.8 GC-NCI-MS [47]

T, dbat 1993 ND.—36 HRGC-ECNI-HRMS [39]




2142 T 5 i % 42 4
ZeF 1
I Rl i X SKAEITE] it 45 H A/ (ng-kg'-d” bw) R i E =N
Country or region Sampling time Estimated daily intake(EDI) Analytical method  Reference
2009 620
2016 316—1101 GC-TOF-HRMS [29]
2016 2350.5 GC-NCI-MS [47]
o, PR LR 2016 2952.6 GC-NCI-MS [47]
|, Brm 2019.4 3109 GC-ECNI-MS [35]
2020.6—2020.9 1987.1 APCI-QTOF-MS (48]
2020 41283 APCI-QTOFMS [65]
) . GC-ECNI-Orbitrap-
e 9-2019. 100—840( AL A)
fa ] 2018.9—2019.8 & HRMS [42]
390—2600(411JL.)
480—2900(%2 L)
iy 4 2015 39 APCI-HRMS [43]
MCCPs
N GCxGC-ECNI-
5 Ak Py -
W, AR LA 2017—2018 470 TOFMS [33]
], b 2016 153—1307 GC-TOF-HRMS [29]
hE, P 2020.6—2020.9 9495 APCI-QTOF-MS [48]
2020 3230.2 APCI-QTOFMS [65]
g 2015 2.0 APCI-HRMS [43]
LCCPs -
R, PR 2020.6—2020.9 287.9 APCI-QTOF-MS (48]

7E: ND., KA H. ND. not detected.

Harada %5 %76 20 tH42 90 41X A1 2007—2009 4F->% H H A i F AL AE ARG 24 /NFHE A Sk
A1) SCCPs K347 T 5. H AR A SCCPs i i £ 8 A HAE 10 4F N A 281k, JLAT-F 35 50k
54 ng'kg'-d" bw, B /R AE Lo SCCPs 195 HAG 1T A & J& ND—50 ng-kg'-d™' bwP. H AL —IK
W3R 7O 545 1, B A AR A (30—39 %) SCCPs 943 H Al - AR 4 110 ng-kg™"-d ™" bw (4 50 43
L)L Z W5 F8 1 % L&) )L SCCPs £ H 2 #1157 95 /i %k 680 ng-kg '-d™! bw, 1 ili%
B0 5 1) Ji DXL T S SR A0y LA B e g o A P £ T R B AR AT L BT R . i g S Y T
Yk W Tt 2, BLA S LA KA T IR E (1) CPs 2 78 it d5 i, T3 {H 5 %14 960 ng-kg '-d !
bw il 780 ng-kg '-d™" bw, TR H T FLHI & FH AR ; BUAE A SCCPs #1 MCCPs 1 & H 2 5% & 73 7 4
100—420 ng-kg'-d"' bw Fll 100—840 ng-kg™'-d™" bw, EZ K H TIMAR . HIALFIZL K] 5 L0 5T B T4
TR 0 B £ 5 RN RE B RE B PR AT SCCPs Fil MCCPs (R £ 5 82 VA, G SR 3k i Fb s A th % ik 22,
A4 SCCPs Fll MCCPs 14 H %% % 5 4351 4 35—420 ng-kg'-d”! bw 1 22—840 ng-kg'-d"! bw 2,
i Hi 2015 4F AT 20 05 R A 4548 1, S s AR N XCPs 19 4E H R #2510 60 ng-kg '-d ™! bw, fix F %
R SR Y5 ). X SCCPs Jifs £ 2 8 119 3 2 DT ik 12 4 2 IR 1 531 R A 7% 1 510, Lee 55 141 X6k [ 46 161 1)
59 Pl S AR A Y SCCPs #EAT TN , 115 1 586 [0 55 1 0 £ Pk WA AR T Y SCCPs $i A i (Th
B0 43510 888 ng-kg'-d ™ bw Hl 781 ng-kg '-d ™! bw, FE YR T IS FNFLH S, TS IL/JLE LA A
(=65 %)%t SCCPs X 5 85 1) F B STER &4 i J2 ZL i fh A4 4.

HE T 2011—2019 4F i E B L KPR o 22 LT BRSBTS Y n e .
955 YRR R R A 4 SRR, o BUAE AGE A S KT L A SN R0 SCCPs B H A TR A G 43
Hk 871.9 ng'kg'-d bwh*, 5185 ng-kg"-d” bw*! I 529 ng-kg'-d™ bw*, MCCPs &} H Al iHE A £ 73 5]
7 54.6 ng-kg'-d” bwP*| 3093 ng-kg'-d” bwt* F1 295 ng-kg'-d”! bwt*, Hodr, g E L PG, pg)If,
Je T, AT RV A ) h MCCPs 1) EDIs K F % H fiif 5% # A i ( tolerable daily intakes, TDIs,
100 pg-kg™-d™ bw) ¥, 1B 33 L6 4l X 24 9 i MCCPs 1] BE 23 %) it S A 4 B 3 £ 3 9. Cui Z509 7545
6 i E BRI A, X VA AR iR R SR XSE L AU RS R R
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SCCPs #il MCCPs i A& 2 &% 18 5 E 47 TR 5%, [ Bg 7 Hb X — e A B i 60 & 9 SCCPs Al
MCCPs AOfh T4 H 8 A = E 558 700 ng-kg'-d™! bw Fl 470 ng-kg'-d”' bw, FERH FHY . &
SR P20, o [ B 5 Hb DX 8 4F 53 PR 7K 77 5 ) SCCPs Fil MCCPs A1 6 £ 88 A 143 51 g 45 ng-kg'+d™!
bw Hl 27 ng'kg'-d” bw, & 25 1Y SCCPs Fl MCCPs 1 i1 & & % A & 2> %] & 170 ng-kg'-d”" bw Fl
130ng-kg'-d"' bw, 2R SCCPs F1 MCCPs fhii AR50 91 ng kg '-d ' bw 131 ngkg '-d ' bw ™.
Webert 1 2017 442 H, F5 ZExH & H 3/ 25 v POPs Y XU 2847 38 2R SE (DA . 6 v 26 5 UORIES
6 K AL JH A, AR B MR S TR 2R SCCPs 1 & H A T8 A & 43 51 4 190 ng-kg'-d™ bwl® FI
110 ng-kg'-d™" bw™), MCCPs {95} H A 1T A 543518 8.1 ng-kg™'-d™" bwP Fl 100 ng-kg'-d™' bw . 7£
r L 38 2 PR ST 9% 77 AR 19 SCCPs il MCCPs 2 F8 A 23 X A S fidt B4 il 8 R XU . 550 5 R RE & i A
HEL, BR T A28 H () MCCPs LAAh, 25 6 WBJRE £ R 2 o i K 7= i L A7 28 . FL2R IR 25 1) SCCPs Al
MCCPs (I ARAL T4 H 3R A HAR T55 5 B RE SiM Ar i 45 5L

I3 A AL SCER R E T IR B RE R CPs 1Y B . P E A db b X SCCPs 1Y i & 2 8% A THE R
1138.5—3795.8 ng-kg™"-d™" bw 7. Horpr, R 25 B /K Vs i B3 TR 5 117, i R Tl ¥ Gy ™ dE 7,
B T XM (5T LASE, I8 A X b s T R e T SRS B AL 1993—2009 4F, db ot AR A
SCCPs EE BT /KE ETHT 2 ANBOR . 1 2016 4E46 5017 AR A SCCPs i JjE £ 5t A 1 JLA] S 14
Bh 611 ng-kg'-d! bw, 5 2009 4F ) 25 A 24 (620 ng-kg'-d ™' bw), MCCPs i Jj £ 5% A & 1Y 70 [Fl &
153—1307 ng-kg"-d ™" bw 2L S10F5E R T A T AR 6 7 i CRIAE RIS L K L BR3 . AKRAIA)) Hh SCCPs
FIRE B R OB T 45 2 00, e Rl i i 319 SCCPs By it 4 H A&l 3109 ng-kg '-d ! bw B3,
Ding 2519 (5 B 2 W, 5% 1 1 A BR & 7 SCCPs. MCCPs il LCCPs () EDI H i %% 43 %1 4 1987.1,
949.5 | 287.9 ng-kg-d! bw, FFIFIT AATE M P E & 5 A9 LCCPs V5 4L,

B T A Z AN, AT B L S A B R0 A5 AR ARRETT A AP
FIRIEZE. HrE 1—12 AN A L@ B 5 Wik i) SCCPs Fil MCCPs & H AR50 182—354 ng-kg™'-d ' bw
1145282 ng-kg '-d "' bw, 7—12 A2 LB AP FIRIEH) SCCPs Z& 52 5 (55 90 440 751 4
46ng-kg'-d"'bw 1 67 ng-kg'-d " bw, MCCPs #&#& & (5 90 73450 7351 26 ng-kg™'-d ™' bw 128 ng-kg'-d ™!
bw ¥, Kratschmer 45" 3155 78 [ 3 4~ 7 22 LA K58 o 22 LB J7 05 85 8 A SCCPs 1193 [l 2 97—
360 ng-kg '-d " bw. 78 EF 4> Ho X, BRAE . 22 FF S5 T KE £ 5l SCCPs b i & H5 A 8 19 A 224 K Eb 4]
(10.2%), £ FH 312 1 R OVER & 2 ik SCCPs AR U 22 — 1. Cao %601 (I 98 26 I, 8 1 & Il Y
SCCPs F ¥ #% A & & 212 ngkg™'-d™' bw, £ 5 SCCPs & 5 A A 32.2%. 1 [E 358 A &2 i
SCCPs F11 MCCPs J°F- 2115 A4 71 Jy 8.83 pg-kg™'-d™" bw il 6.09 pg-kg™'-d™' bw, iZ45 A B 4E 5 it 14
s/, A AR G A A SCCPs Al MCCPs i H R AT 0.79—113 ng-kg '-d ' bw
F10.40—86.2 ng-kg '-d”! bw*. Dong 5559 fl fff 5% 2 B, MR 4 HEZE R H 3548 R HURE: 200 g, St 9]
Jb ., e L AR R G A AR BB M 3 i AR 2 548 A9 SCCPs il MCCPs 1) il %% &8 12t 19 318 161 43 391l
62—270 ng-kg™'-d” bw Fll 13—50 ng-kg™'-d™" bw, AL Z 9 A8 i 3L 5 9 SCCPs il MCCPs 2 5.
A GE 3 B 2 7 {8 T B 4% . EORE R 1 B9 SCCPs %% 85 & (45 95 70 0 B ) 43 91 A 3222 L 939 |
23 ng-kg™-d™ bw, MCCPs 435Il &y 514 . 77 . 15 ng-kg™'-d™ bw . Huang 2559 I T BRIT = M L K =
i Ml DX 28 T B AT AR SRBE IR K 0 R A, BIF ST 4 SR, v T R £ SRR K AR iR K
fliff) SCCPs $E A 53 3~ (49 + 42)ng-kg-d ™' bw F1(32 £ 16)ng-kg '-d " bw, | A4 J& RE i & Hw £
fY) SCCPs $E A 1241 (47 £32)ng-kg "-d ' bw. XF F LI JE R 75, % 5] SCCPs 1) 4 i s, & i L
1 FRFE IR /K 0 BT 42 4219, Krétschmer 5857 (A58 2 B, 20—75 Jil % 1 1 1) N5 2o f: 11 X Y CPs 1) 45
AN 4.6—35 ng-kg-w ! bw.

L P h ) CPs AT BRI 2 — 15 %), (R, A 1 %o L 1~ R 3 Ak 170 b R 30T 0 £ 25 8 () A 5 12 00,
Yuan ZE1 JEA T WL G N T B AR X R KR ) SCCPs, FF 31550 H 24 1 g\ i 5 AR
KB SCCPs 5 4 26.4—297 ng-kg'-d ™" bw, JHEI A= 1% 78 Hy b7 AR X (1) & AR & b SCCPs 1) %
78 JAURS B (7. Zeng A1 N2 T AT AR SIS B I ) S WA 1) SR JEE A 7 XS R RN RS B R % SCCPs 1
T, I AT G A A R NS R % SCCPs R AR, 55— TR 58 X0 | 45 T 300 T 3 g, 1 b7 3%
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[l e 3t B 3T P9 SR A 7 B RS B HEAT T 3 AT, S5 AR R WL, AR LZE XS SCCPs Fil MCCPs 941145 H 4%
AR 11.8—11900 ng-kg 'd™! bw Fil 3.62— 11400 ng-kg-d”"' bw . H v, MCCPs fi% f% K EDI
(11.4 pg'kg™'-d™" bw) /& TDI(6 pg-kg™-d" bw) (3T 2 £51°* S Chen %55 Xf | A 44 HE R Y L 4 3% M T
b bl B 3 B 5 H T B 3% [ T AR Y T SCCPs Hil MCCPs (149853 20 FlI i £ 52 57 10 255 5 i) i
13 T WF5E, 1ZH0 X A 3o Ak B A 3% SCCPs il MCCPs 1945 A 43 5124 15400 ng-kg™'-d™ bw Fl
19500 ng-kg'-d™" bw, #P i T H Al ks DX HE 09518 Kk 2 TR B R B 45 G — i, 25 R 3R W,
SCCPs 5% P AL 5 A9 — B B 20 f5 2647, 1T MCCPs 285 HE oAb 5t A — M A H 24 25 52032,

RZHHRIE CPs G A B IR &Y CPs B EE, WA % & CPs AR AT K. X
FERTRE 2 Al CPs AYIR 4 AR, Cui 459 % J8 T SCCPs iAW T KMk Je, BB T S 5 Ik
SRR A A 2 AR A EDI A, SEXME 50K 87 ng-kg'-d ! bw Hl 336 ng-kg -d ! bw(FEEDIRATR)
8¢ 104 ng'kg'-d”" bw Fl 457 ng-kg-d bwCRFEEARA) . 5 R F & SCCPs A: Wy vl Sk 1) 45 R AH L,
EDI B & 3% T R#5 0 AR B ARYE CPs (9 A4 4T Ko Pk E 4 5 4 1T %) Jis £ 2 SR VA

12 =%

R L 2o W A SR sk ) R 5 T A SO Y CPs, WA I 50K 3 % 2 30 2o 2 VR A A0, 2
SN EINETMENE R AR T 5—6 I Z I IF 54 M5 YW, CPs 1E % N 25 S A A
P R B Y 1 T A AR AR, BRI ZE N CPs 7= Sh R A, Jnaiias . 1kl Bz s RS e il i 25077,
IR, BUAE AAE—RZ P KA 9 h £ TAES T, —F UL A AE, 24U EREESE
O T NS ER A B A 2 IR EE 2, 2B o B X B R N A N E KRR AR

FENT WA B LPIEIE CPs NMARFE M EE RG22 — L fU4E AR AR Z BB A
R, 5 E NI BB EE Y 76% X 98%. Fiy ML L &)y JL Y CPs 1) A T b ofE 4k = P 5 2B 4G THE
(0.49 pg-kg'-d™' bw) & FHAE A (0.06 pg-kg™-d™ bw) B AS[a] B 52 uk X b AAAGHE 33 A= N 25 SR
CPs R EEAHBLHEAT T WD, 4n3% 2 B, Sakhi 557 2387 T 4k 2012 4F 502 Rl A 1 28 P 25 AORE b, 45
WL IARESE % T SCCPs 245 UM A B FE 4350 26 ng-kg '-d ™ bw #1139 ng-kg'-d™" bw ", #jjg 2013 —
2014 SEIBFFE R, AMEI A vSCCPs. SCCPs, MCCPs 1 LCCPs [ % #2 & /3 %} 0.073. 1.6 . 0.23 .
0.0046 ng-kg™'-d™ bw " fr T SCCPs 125 M A 5% 12 5 K AR AR R FEAH 2 (1.1 ngkg™-d ™' bw) b,
HoAth, CPs #f i T IR A A Y 75 5% 122, vSCCPs 1Y 25 UM A Z5 5% 172 KA 45 A (0.00069 ng-kg™-d ™ bw) Y
100 4% LA F U9, 7 i [ b 50 A7 09 — A58 h BB T CPs XF AR B N 25 A A R 87, AR A
SCCPs W R i, 1—<2 H 4L 21— <31 # M A B854 5914 51.7 ng-kg™-d™ bw I
20.6 ng-kg'-d"! bw, H K & MCCPs( 4 JL: 3.49 ng-kg'-d! bw, it A: 1.49 ngkg'-d"' bw) . 4 JL 1Y
CPs = N IR 22 58 KV 5 T N R 5 KT, 5 N 1 1 2 5 7KOF 5 A7 v [ R 8 1 26 7= Al
JE— S AR R, A A AR (= R A B /N 2 B R AR ) i CPs K& F
TN, IS A2 SRR CPs WA Z% 5% O PPAR (B SRR . BR T SORAS G A LASR, WA F =
WS SUBORLAR T CPs AR EZIAESY. A BRI, BN PM, s ZERIEH B2, 29 5 & N CPs kL4
FRFE 1Y 93.8%). Huang 5517 i 38 1 A6 50 T N A [RDRLAR MUK H v CPs 19 &% 1 F o3 A1, FE = NS,
CPs EE 5 EHAEN 2.5 um MR AT 5C. CPs 7E E AN ARIE I 22 48 1) 3 A v 38 2 0B A Sk 50 A0l v e,
CPs 75 N AR W 38 i (4 S0RR 5 UK IS /NG O, Wi e B 4 B sl Sl 2 s A9 385, &4t 0k Xk 2SI W% G
CPs X IRUTRL Y 5T k3 i),

FA A R AR NN AR A CPs (Y J SR I, 5 B T AR N A1 23 S SCCPs [94FF- 24 A 7%
AN THE N 1.75%107 mg-kg'-d ! bw™. 5= PN SMIE, E4ha S CPs th FE 2 PM, 5 #5617,
AW FEHGE T E s, B, 22N I, KR S B S L T B AR SE 10 T AR
PR 2 23 S H PM, s WA SCCPs Fl MCCPs ()54 55 53 H1 2051 2.70x107°—4.15x 107 mg-kg ' -d ™ bw
F12.53x10°—3.90x107° mg-kg'-d™" bw!™. &t X 2T 58 K 18 2% 3 I 10 J0KE 4 - CPs 1) 1A 2 52 XU
TEAL B, CPs X A A (gt B 110 JRUBS: 5K 7. JkE 42 Hh () CPs Wik B 2 I 25 AR Ak B Tl PML, s 42
o 3 Y SCCPs Wk BE e, S 2R I, Dot Rl 2 B2 2 2 1oy 1) UL B2 25 50 S B0 SCCPs MRS Mb ™ it P43 % LA
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IR ] SR L AU o [ BR VT = A 2 28 S CPs 2 78 /K -3 i3 T 2 A2 |0, (H A 1343
FHME SN = T RN A SRR, AT B R R TR R 2 i R Y = AN sl st [ T
SR R B TS YA T . Zhuo A5 U AR ZE PN AN BURL ) H Y CPs Y R BE 28 N A0 3 R I ], 1158 HE BR YT
=AM XN 25 S PM, s TR A TTAY AR H CPs $E AN 8.1—24.6 ng-kg '-d ™ bw!™, il 5
ENAEST S/ S

£ 2 AW AZE NS CPs RF L

Table 2 Human inhalation exposure to CPs

FEI R i X SR AT A] it H AR/ (ngkg '-d ™! bw) R ik E= BTN
Country or region  Sampling time Estimated daily intake(EDI) Analytical method Reference
vSCCPs M, WHTBE  2013.11—2014.4 0.073 UPLC-APCI-Orbitrap-HRMS [71]
‘ 26(H%) GC-ECNI-HRMS [72]
ML 2012 N
390JL#)
SCCPs W, WHBG 2013.11—2014.4 1.6 UPLC-APCI-Orbitrap-HRMS [71]
N 2014.7—2014.9 20.6(N) GC-TOFHRMS [29]
i, dbae
2014.12—2015.3 51.7(%1J)L)
PR, BAhG 2013.11—2014.4 0.23 UPLC-APCI-Orbitrap-HRMS [71]
MCCPs N 2014.7—2014.9 1490
W, b GC-TOFHRMS [29]
2014.12—2015.3 3.49(%)L)
LCCPs M, WG 2013.11—2014.4 0.0046 UPLC-APCI-Orbitrap-HRMS [71]
> CPs R, BITBG 2013.11—2014.4 2.0 UPLC-APCI-Orbitrap-HRMS [71]
1.3 ZEHNKA

C AR R, IKAFTEN RIS 3 AN AREE filk CPs rf i F B R X4 LI &, KR
AR RN KRR EZIRR, X TR 54U M0 F DT A 6L AR L KRR A
TR B JER W AL 3 B CPs 2 8 A9 T 9% BIOIR 4 36 3 B/ . B B A Nl i IR 2B #% A vSCCPs, SCCPs,
MCCPs H1 LCCPs {4 H fti i1+ 88 543 % 4 0.00069. 1.1, 0.70, 0.090 ng-kg'-d™' bw ", Jb 50T M4E A
KRR SCCPs A1 MCCPs 4 HAG T A 43918 179 ng-kg'-d ™' bw 1 93.3 ng-kg'-d ' bw 7,
I8 5 TR g 4 AR . A T 4 )L i K 2R A SCCPs Fil MCCPs 1 &5 H A% T8 A i 43 31 ok
1519 ng'kg'-d "' bw F1 613 ng-kg™"-d"" bw, 75 T A, 5 AR A 15 50— 37, 78 K& F 9y e
PR 22X AN HE B ZR BT T, BUARE AR F R BREZ il i CPs 1 7 B A 1Y 82.4%—90.4%, Ui B K 2
) B2 I35 15 2 A N BB R R 8420, 5 Chen 2502 fUBF5E 45 R — 20 Liu 25 f90F 58 £ A AE
P EREE e KA H R R A bR R 2.8 . RS RIFSE AG SRS W] A D DR AT R SR SR AR A
PERR BRI, fiE AP O, JFE A ENEIT. AFENREE P NRREZE T RESA A,
B & CPs B i AR PO Du S50 (YRR 45 SRR, KA H CPs 1Y 43 K/ E I Lo FOR A M
S 2%t CPs B Ayl 4 M r= AR e . B AT AF 9T 45 AR R B, B N KA B BT — AR A B B
fat B AURS: , (R R TE S N IRBE Th B 88 T CPs 7 Bk — 20 1 C T AR A i 55 5 At POPs A EL, A
1738 35 =5 PN IR 2R 32 fil 1) SCCPs A1 MCCPs fy 5 B i {5 217,

x3 AELIRAEFETE CPs BITFH

Table 3 Human exposure to CPs via dust

| Gl i X AR ] ftiHaE H AR/ (ngkg'-d bw) iRl pR7S E =B CN
Country or region Sampling time Estimated daily intake(EDI) Analytical method Reference
R EH Alngestion
vSCCPs R, BB 2013.11—2014.4 0.00069 UPLC-APCI-Orbitrap-HRMS [71]
WP, B 2013.11—2014.4 1.1 UPLC-APCI-Orbitrap-HRMS [71]
SCCPs . 0.46(HLN)
TR 2015.1—2015.3 APCI-QTOF-HRMS [78]

42(JL#E)
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23R 3
I Rl i X AL ] 5 H AR/ (ng kg -d”! bw) R i E = DU
Country or region Sampling time Estimated daily intake(EDI) Analytical method Reference
. 2014.7—2014.9 179(HN)
HE, Jb GC-TOFHRMS [29]
2014.12—2015.3 1519(41JL)
200%N)
oh ], K 2015.4 5 GC-ECNI-LRMS [79]
295(JL#)
PR, Pt 2013.11—2014.4 0.70 UPLC-APCI-Orbitrap-HRMS [71]
‘ 4708 N)
RAKFE 2015.1—2015.3 5 APCI-QTOF-HRMS [78]
350(JLE)
MCCPs 3 2014.7—2014.9 93.3(HLN)
i, Jeat GC-TOFHRMS [29]
2014.12—2015.3 613(4hJL)
1708N)
i, KiE 2015.4 GC-ECNI-LRMS [79]
254(JL3E)
Rk, P i 2013.11—2014.4 0.09 UPLC-APCI-Orbitrap-HRMS [71]
LCCPs ] 0.12(HN)
I NI 2015.1—2015.3 APCI-QTOF-HRMS [78]
9.9(JL3#)
> CPs W, Bk 2013.11—2014.4 5.7 UPLC-APCI-Orbitrap-HRMS [71]
JZ R U Dermal uptake
WRHE 2015.1—2015.3 6.90%N) APCI-QTOF-HRMS [78]
22(JL#E)
SCCPs
19108 N)
], K 2015.4 GC-ECNI-LRMS [79]
307(JLEE)
] 66N )
I N2 2015.1—2015.3 5 APCI-QTOF-HRMS [78]
190(JL)
MCCPs .
165(HN)
|, K 2015.4 GC-ECNI-LRMS [79]
264(JLIE)
} 1.8(HIA)
LCCPs RAFE 2015.1—2015.3 " APCI-QTOF-HRMS [78]
53(JL#)

2 AREALAER AR E R4 (Human internal exposure pathways to chlorinated paraffins)
2.1 HH

 FRERLAY G BT e LR R SR R LA TR, P ARSI CPs A5 MR PE AL &4 T B4
T LI Y. Kritschmer 2501 $)38 7 2012—2019 4 . AR . RFEM . BRI ARG SN 53 A K (16
FLEEAC CPs (¥R V5 [ 23—700 ng-g ™ Iw, BRI ARG J& 0 [ K ABE 2L 9 CPs ¥R EERT 5340 3 4~
HY [E % . Surenjav 5552 [ AF 57 £ B, 52k EREFLHh SCCPs YK EE N 164 ng-g ! Iw, IR FE . 2% 1B Fl K Fg
3ANEFBEFL T SCCPs Y He 78 Bl o 18.3—89.0 ng-g ™" Iw. M1 & K I 137 v e 5 3 1) 41 2 g B 3
SCCPs M g i & f& 4 11—17 ng-g ™" 1w ™) 3& [& £ Z 1 SCCPs Fll MCCPs 11 ¥ & 75 il /9 5] & 49—
820 ng g Iw 1 6.2—320 ng-g " Iw *. Ky BRI gk (1) BEFLAE 5 SCCPs. MCCPs Fll LCCPs (1% #¢ Ji2 35 il
73 H<LOD—120 ng g ' Iw, <LOD—311 ng-g' Iw fMI<LOD—29.0 ng-g ™" lw .

IR E 224 SCEEXF 2001—2020 4F Hp [E 3L o POPs Y 7K S FIARE I B HE X LW 37 B2 L A v 7 fe
FRERURS: AT T 2553850, 45 2B, I 7E 2007—2018 4E R AR EEFL TP YCPs B B4 1364 ng-g ' Iw.
Hh [ B FL ) SCCPs Wk J32 i T [ 2 B (9 BF 55 45 R, MCCPs ¥ JE 2 9 5] | i 4R 3 - 0 52 45 SR 1Y
2—6 1%, LCCPs ¥ J& 2 - 90 J 1 ity AL P AF 9% 245 SR 50 500 (A5 1 R A0 A, PRI X6 vp [l BE 2L CPs YK
FRASHIE 5% 1) 25 S 3 B, P 2007—2011 4 R 4L 19 B FL b SCCPs 119 V& J3 36 =5 MCCPs, fi i (5 &
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CPs ¥ J& 190%™, 1 2015—2016 475 b1 1 AL PS4 BB 9% s, BEFLH MCCPs B ¥ B 5 T
SCCPs™\. £:F f MCCPs #¢ & 75 & CPs ¥k B 1 o7 Lb 3 = 0% 8 357 16 A0 09 A 5% bt A R B %
2006 R FE 45 F 2 B SCCPs B i (5 3= 5 Hu (v ™, 1fij Kréitschmer 261 SR 2012—2019 419 KR4
BE G MCCPs ¥ B 25 T8 5 T- SCCPs(SCCPs/MCCPs HZ iy i 80 0.7). BEFL P4 5 f9 MCCPs ¥k
JE R B REE Y SCCPs RAURFE KT MCCPs 1) B R B, (AdAa 50 X MiF R 45 R/ 5 Lk
BOR—F, WA 24T 2010 4F A9 REFLARE S (MCCPs ¥ B 5 T SCCPs) 5 F U 1| 45 2018 4F A £F FLAE i
(SCCPs ¥ JZ i T MCCPs) ™,

Xu S {1 e BT 5E 3R B, 2017 4 v B3R T AL AT BEFL T Y SCCPs ¥ 4301k 393 ng-g ! Iw Al
525 ng-g' lw, MCCPs [ ¢ & 73 51 /& 472 ng-g ' Iw Fl 567 ng-g ™ Iw. Forb, IR iv A0 A A Hb X BEFL A 1
SCCPs ¥k Ji&£ 34 1% T 2007 4 F1 2011 4 R 4 19 BE ZLAE & 19 20 B 45 SR, 1 MCCPs 7 & 3¢ 2007 4 1
2011 4F [ 485 S s 3G 47580 AR B (3K £ B AR T, TR A BEFLRE Y SCCPs Yk B o e (3T
808 ng-g ' Iw, KA 1543 ng g™ Iw), PRI T Fg 4 J2 b [ 85 K Y CPs 7 b 2 — 10 P 53l Sl i BEFLAEAC
(1714 ng g Iw) A1 5% N & KA BEFLEE A (1089 ng g Iw) H ) MCCPs ¥k & 43 9 % 55 7. 1 Xia %517
2017 AEMAFSE T, BT L XA Tl I 8y, LT B A 3k i DX RE 2L i CPs Wk B2 47 i T A AT b IX..
1M Xu S0 (R FE 45 S 2 01, T B AR AR 5 e i BEZLRE AR v CPs Y FE 1 B RVE B 0.3—2.2, £
A2 Ay v Tz A A el BRI R 6 R 2 S BOR A R = Y CPs 2 88 7K. Xu S50 1 i 58 ik 3R
Y, Sl T AR A BEFLREAS H MCCPs/SCCPs 1Y HL #5300 0 1.6 + 1.1 F1 1.4 + 1.1, R R i3 finoxt-BE 2L v
MCCPs ) K 7E.
2.2 AR . 28 il v

i+ SCCPs W] REil &3 MG IEA 240 E , P 3 W A N2 5% T SCCPs I F5 70
B MR dE i, 1 o Y SCCPs Fl MCCPs 5 53 M 5 T e A 562, (L i 4 i 1l 4 0 £ 40 BT 1) TR
SMED, ST MM L 13K AL o CPs 15 Y A5 B D, X LCCPs, A BRI T DX A ifi & 1) Bt
(1.0—21 ng-g" ww) "L BFRg T 50—84 2 & IR IMLTE H SCCPs BV E A 107 ng-g ™' ww &, 5 IR XA
1ML Th SCCPs A Mk B AH 24 (98 ng-g ™ ww) ™, & T Zhao 2502 7E T B TH AU HT 5T (86.5 ng- g ww) Il K 3%
& Rl 3 H SCCPs B B2 (32.0 ng-g ™' ww) L, AR T Liv 55 7E 55 p T A BF5E (162 ng-g ! ww) . T %
BT 50—84 % J& R ML % H MCCPs B9 4 0 134 ng g™ ww P, 55 Liu %509 i) 45 S 40 24 (142 ng g™
ww) , fm TR XN E I o MCCPs 19 ¥ B2 (21 ngrg™ ww) P Fl1 Zhao 55 2 75 T B 17 19 BIF 58
(81.2 ng'g™" ww). Ding S5 43 #7520l J& B ML VE AEAS th CPs R 3 1Y KL 28 AT BB 24 1 CPs 19051 FH ARk
i WP AT B4R | S S UF A IR TS T M T AR LS H SCCPs Fl MCCPs (14 Ji2 3 [l
A3 & 1.00—5.45 ng-mL™" Fl <MDL —2.74 ng-mL """, Chen %5 " §} 5% T £} 3£ 4> i ' SCCPs Fll
MCCPs ¥ B2, ¥ B S Rl 43 3~ 2.60—8.24 ng-mL™" 1 1.26—4.20 ng-mL". B, B E4h, HAhE K
AR IMLYE H By CPs ER s A AR 5 A BR, A WIS HINE. . 43 o F 8 Jal A AH N 7 . KIS 55 1 ol
15 SCCPs Fll MCCPs HJIig i 5 1 435I <DL—360 ng g™ Iw FI<DL—930 ng-g ™' lw, LCCPs [ I i T
1 J<MDL ng-g " Iw ™\ H 55 B IML3% ' SCCPs H1 MCCPs 14 i 3 [l 43 31 7<150—2600 ng-g ™' Iw il
<200—2110 ng-g " Iw 2. P [ () A5 0 #0622 A B9850 O M LT A B 22 BR A0 ) 7. Xu 5000
WF 98 25 301, IR oM il v A R AR Tf CPs (R VST 0.03—0.26 pg L' ww. HHt, MCCPs [
J i 25 I ) B HE RS T84 0, O BT A REZS S 1 SMCCPs/ESCCPs 7K L A 1.60, iZ0F 58 58 1 1 %)
NN FFE T MCCPs (145 51 RN,

(HAFVE R, O 84 WP AR AT 3 o & B SCCPs Hl MCCPs, Bl CPs 1 LLid i i #5555, 45
5 ) L i i 2R R KU JE BT TR SR I FP SCCPs I MCCPs FOMEETE S350 21.7—373 ng g™ ww
M13.76—31.8 ng-g ' ww, JFFAHF IMLIE H 20 )k 8.51—107 ng-g ' ww Al 1.33—12.9 ng-g ' ww ! PUJI[ 2
407 BH T BRI L B LI SCCPs A A6 ¥ BE 435124 117.1 ng'mL™" 1 70.0 ng-mL™", MCCPs 435I 24
38.9 ng'mL™" il 25.6 ng-mL"' ™, 5 @i REAA LT . BF A7 i3 SCCPs(H 67 ¥ B 43 514 66.2 ng-mL™!
H136.7 ng-mL™") Fl MCCPs( {37 4 J& 23 51 4 126 ng-mL™" Fl 34.2 ng-mL™) ¥ & K SO [] 102, 75 3 LLfJf
ST, B IMIBREAS v & 30 A 3 T2 8 19 SCCPs F11 MCCPs ¥ B R 24 2 Ji s I REAS i Al 2—5 35009,
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[ g 5 B2 1 2K i SCCPs Fil MCCPs 9 ¢ B3 [l 43 3124 3.28—10.4 ng-mL™" Al 1.30—5.50 ng'mL™", i}
M ML rh SCCPs Fl MCCPs (199 £ 3 Fil 43 571 & 0.89—4.13 ng-mL™" 1 0.89—1.69 ng-mL™", #FiL ik Tt
ST A 25 SR8, ] 8 PR TR A R R 100 DX IR S 1T S B0 L %) 2 R K A X3 2 S8, B4R 1 3 A
B 7 I35 1 Uk B2 25 57 e W IR B4 CPs INBEIRE IR )L A3z fiy vh A 25 B /R ™. SR, B mi ™ minid o i
R REET CPs MR, BT BT ERA M.
2.3 A AR L

Chen % "8 7£ 32 41 1fil 2% F1 R £ FF A% o 2 K29 £ SCCPs Al MCCPs, 3 8] A 2% ) {2 % 5 T CPs.
CPs &2 — A F k2=, PR SH@ A MG B MR RIR N I iR LG, XL A AS R %R 1%, Zhang 41
X E CPs 48 iR 35 7% B WO BF 5 0B AT T U g A 2% . b B RGO iR 4% P SCCPs il MCCPs A4 ¢ i 43 5i1) J&
3.18—9.12 ng-g' ww 1 1.91—4.89 ng-g ™' ww, f= T-XF I AREACRN B4 1ML, 1569 CPs 76 i 35 B 48
T PG B E A O BT AR 4% SCCPs Al MCCPs (1) ¢ J 5 BBl 43 %) & 10.2—132 ng-g ' Al
24.8—642 ng-g"'", ] {44 i £ S SCCPs Al MCCPs f ¢ J3 ¥ [ 43 ) 8 98.5—3771 ng-g ! Iw Al
80.8—954 ng-g ' IwP'. 43 BH T 5 £ rh SCCPs F1 MCCPs f v o7 ¢ B 43 514 30.3 ng-g ™ ww F1 19.0 ng-g™
ww LR T iR #E 2 A1, Han 881 DSk ke Fidg VR AR CPs 2288 92 E W dE b, il T A4Sk & Fnds B
H CPs Wk, JE98 NI AR IS T B J& Sk & Fnds B rp CPs BRI R 22 m &R . h I JL 7 A &
SCCPs F1 MCCPs fit ¢ 2 10 6l 43 51 0 19.2—877 ng-g™' dw F1 16.9—893 ng-g™' dw, 1§ H! Fff SCCPs FlI
MCCPs F4 ¢ 3 3 Bl 23 51K 57.7—355 ng g™ dw 1 61.0—476 ng-g™' dw!'*.

3 453 (Conclusion)

AHFFE B T R CPs AN TR Y 3 > EE R, R EHEA L IER A FK A EHES
RHEE TEIE AR RERA RS0 AR RET CPs ) R ERME, ZHWF5H 1K & 255 2 A
FW] CPs A B fd BRSSP R J L 2R B A, JLEE 1Y CPs 28 58 KUK & T AR N A SRR 3 T
K CPs AR B AR R 9T A 25 SCHk#RGE 1T 3R i AR 2%, K =LA I 3% - SCCPs Al MCCPs
() & B T A &1 X H Rl CPs AR 22 88 B BF 58 BIR, A SCHE AR 3 AR (1) Jnsi MCCPs #l
LCCPs /) A\ 1A 2 58 ©F 52 . 1 & SCCPs 9 £ {X & , MCCPs Al LCCPs 4 fifi F 1F 7 & @7 34 i, & =
MCCPs #: 5% 5 801 FHAG R 3, A7 56 HON M 88 XURS DA 115 BA R 28k = ;5 (2) #55 CPs AR %
R IEI RGN XTI L PRI A | K AR HE AR R R GX 4 Fh A3 BRI 1%, B &5 Fhik 42
X} CPs 4M 3 58 1Y TTHR 5 (3) HExd AR E BUR SR AT . JF & CPs 764 Y iy i AR aiF 52, LABH
1y CPs HARIHE 1R AN =4, M BMFIEAR CPs 1) 2 58 KRS H2 b1 4
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