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MERSKZKE (PVC) BRFmPEEk RS AEE
BES WA HEE I

TEAY & BT ORKEFE KEPR

(L P ERLEBE B M AL E LR, ERABE KGE LA B IT AT, K, 116023;
2. P EREBE R, JEET, 100049 )

B E AMLAR (chlorinated paraffins, CPs) J&— RI|IEM LR ERIREY, & FHAERLRMIBAL I N
. HA, AL AR (SCCPs) kb Al (MCCPs ) H A AR A MG M5 Y g ok VB
AH (PVC) I KM A= ME R E, REAH 70%CPs ™= 5 4 & i 2 PvC @B Y h, HRm
SCCPs Fl MCCPs [ 5% 2t 7K - i1 76 HE 50 2 8 XU 5 20 3 5 OC 7 . AR 98 R A AUM 3 - S s A B B s
SPEFUE ( GC-Orbitrap-HRMS ) il 77 8 5 35 25 Fp it A PVC K} o SCCPs Fll MCCPs /K. 45 R R0,
¥ 8} H SCCPs Fil MCCPs 1 ¥k J& 38 [ 4 0.010—64.2 mg-g™ Fl 0.002—50.9 mg-g™', A [ #E 5 6wy
SCCPs Fl MCCPs /) & it 2= 52 B Wi, ¥R B 7K AR R by 28 20 > b B /48 > b Al 5 >0 48 > A1 46l . S [R] 44 ) p
SCCPs [f] R W I T AF1E 25 5, 410 4 M B8 /42 b C3-CPs iy SCCPs 14 35 B [) & 1, Hb AR 4 h
SCCPs LA Cy-CPs k3, R4 AT LA v 45 sk [W] ik A4 AH X 3= B TC 1 3 25 5. MCCPs 78 T A7 A1 8} h A A A
K AAML, LA C,4-CPs 3. SCCPs L) Cl, fil Clg 3=, MCCPs BS54, DL Clg b . il it HEi
TS A PEAL T 5 2% PVC ¥k H SCCPs il MCCPs 125 5, . MR /K F 58 o i 4 e R HERCR:, 409K
273 k(3 R). 0.82 k(M /K) LA K 0.11 kt(E 1), 4 E PVC 2L 19 A 7= K fifi I J2 2R 5% b SCCPs AN
MCCPs (1 5 ZEHERCIE.

XKW AMHORE-HERGPENES APIE, meEE AN, hEEE kA, PVC R, HEBOTAL.
FESES X-1; 06 XEFRIREE A

Determination and emission estimation of short-chain and medium-
chain chlorinated paraffins in PVC plastic products
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Abstract Chlorinated paraffins (CPs) are a series of synthetic chlorinated n-alkanes, which are
widely used as flame retardants and plasticizers. Among them, short-chain chlorinated paraffins
(SCCPs) and medium-chain chlorinated paraffins (MCCPs) attract worldwide attentions due to their

persistence, long range transportation, bioaccumulation and toxicity, which have been included as
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persistent organic pollutants (POPs) and candidate POPs, respectively. China is the largest producer
and consumer of polyvinyl chloride (PVC) products, in which approximately 70% of CP products
have been applied. Therefore, the concentrations of SCCPs and MCCPs in commercial PVC products
and their potential exposure risk should be a critical concern. In this study, chromatography-orbitrap-
high-resolution mass spectrometry (GC-Orbitrap-HRMS) was adopted to determine the
concentrations and congener pattern characteristics of SCCPs and MCCPs in 25 species in five PVC
product categories. Their concentrations were in the range of 0.010—64.2 mg g™ for SCCPs and
0.002 —50.9 mg-g"' for MCCPs, respectively. It differed a lot among the individual samples,
following cable>PVC mat>PVC flooring>pipe>groove. The C;3-CPs predominated in SCCP
congener patterns in carpets/mats and cables, while the C;,-CPs exhibited the highest relative
abundance in flooring. No significant differences of SCCP congener patterns were found in the pipe
and groove. The congener patterns of MCCPs were similar in all the test products, with the C;4-CPs
in majority. From the perspective of chlorine distribution characteristics, the abundances of Cl, and
Clg congeners of SCCPs were dominated while MCCPs was predominated by Clg congeners. The
annual emissions of SCCPs and MCCPs from these five PVC product categories were evaluated by
the emission prediction mode, the maximum emissions of which were 2.73 kt (air), 0.82 kt (surface
water) and 0.11 kt (soil), respectively. The production and use of PVC products was indicated as a
potential source of SCCPs and MCCPs released to the environment.

Keywords  gas chromatography-orbitrap-high-resolution mass spectrometry (GC-Orbitrap-
HRMS), short-chain chlorinated paraffins (SCCPs), medium-chain chlorinated paraffins
(MCCPs), polyvinylchloride products, emission evaluation.

S kA7 1 (chlorinated paraffins, CPs) & —41 A T & W& BRI A%, Hal=Uh C,H,,i0.,Cl,. H
T CPs A2z i e DL N A R4 0 BEAR T, LA )0 FH AR BELAR 00 R 50 55 s o 28 9 e} | ] it A 2
SURE B} 4 7= i v U3 CPs e BB 5% K BE AT 43 Ry i S Ak A B (SCCPs, Cpo_y3) o HBE S AL A I
(MCCPs, Cy4_7) FHLBE AL A B (LCCPs, >C,5). Hirr, SCCPs BRI HA R A | I B i B 58 1 LA &
A BRI R, 7E 2017 SR8 51 A O TR AP HILTS e 10 307 78 RF IR JBE 28 24 ) (POPs /2 24 ) R Y
A FZ 15 Y)Y, MCCPs tF 5 SCCPs AR IR BEAT Ty S s RN, F 2023 AR s BOR A & AT
T 45% %) MCCPs 41| A POPs A 24P [K I, 3% [E [fi i SCCPs Fl MCCPs [ XU H Ji& 24 AT, 1% 75 X 3% [H
SCCPs 1 MCCPs 7L . HEBUE I RIR A R G5

2021 4, FRE R A L (PVC) BB K L b 14 A8 77 5 B 2% i ik 3] 21.3 Mt Fl 19.9 M, 77 5K FE
BRI R, P CPs =22 AR = [E FIYH 2% [, CPs 4R = | 207E | Mt &2 457 % B INZY 70% Y CPs 7=
i 32 AR Ry 98 Ak ) 0 BELGR 550 B S 0 #) PVC 28R L2019 4R, R E 2947 13.2—208.3 kt SCCPs Fi
11.2—334.3 kt MCCPs 8% /| T PVC 4= 719, £ SCCPs F1 MCCPs (1) PVC 8895 )72 i T & 47 4%
XoF A gt R 2 8 1 b XU 1 1oL,

T ERRR A K AT T Bz R Be L] P S A A S ARSI vk B v, FIE RS ISR R SR £ 3 - B
A 2F DR TS FTRCRE (6335 - — G AR IR g o), e X R 8 A o S A A A 22 R €23 - 67 Ak 2 DRI
BT LT 0 SR R RS B 1 1L B, CPs [) 22 4 (B ME LAAE (3% [ S o8 40 8, BT b A7 7E i
T MUE LA UERA A2 . SO -1 R 3 LI B &1 23 BE BT ( GC-Orbitrap-HRMS ) PRUH: &5 R | 1w 3 B
Rl PR, T T R A I O Y e v e AR N ARk, B E I T
RACVRORE - P 37 7003 B v 29 % (UHPLC-Orbitrap-HRMS ) | 155 S0HAH - PO AT K AT 5] 1] i 33% (HPLC-Q-
TOF-MS) FURAT €A T B ] 5T 135 (Q-TOF-MS ) BLEz U FE S50 5 B 58 5541 [T v S A A B A A 7K S22 2,
1B R R CPs BIFST i 78 S A B BE R, Z5 A 5106 PVC SR i O 8 72 20 9 R 3 o2 e e . A
5% SR AR £ 335 - 071k 2% T 7 R 3 #0038 B 125 53 9% 02 1% ( GC-NCI-Orbitrap-HRMS) 7 it 43 H7 5 28 #L7Y
PVC #K}Hh SCCPs Fl MCCPs, 2% JH 4314 05 X%t 64 Fh &R 780k 5—12 9 SCCPs Fil MCCPs [7] &%)
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EAT W, A5 250RE G0 [R] 2R 9 ) T & T 30, $2 o | s R ME R . IR B R PVC P i R SCCPs I
MCCPs [P & 7K -0 B I PEAk AR HEROK Xﬂkl%ﬂ:ﬁ Ut A 4 LA R O (e o 2 R DAL 8 A3t K i i
it B B X

| 9 Experimental section)

11 RS S256 370 5 4k

Q Exactive GC-Orbitrap 15 73> ¥ Fi i AL (AL & AI1310 A shEAE S A1 TRACE 1310 A (354X, F8 2R
KCHRBHE A F]D s DC-12 MO AR AN (215 F) ) 5 R-205 Jiéh 7% & A (31 Buchi 22 H]).

RFRH AW IEC A MNE T- 55 [ 1.T. Baker (Phillipsburg, U.S.A.). i 4 5 (63—100 pm,
i = SUNCHROM 72 &) FIC/K G R & (4 B 4, KEEK ) 43 5IHE 650 °C FIBSE 6 h Fil 4 h 17T Ak,

44% TR Ak i TS Hh VR B TR (98%, 16 % 2 ) N3t M Rk I 2 0.44 + 0.56 1) 3t 1 Fb i 8 5 8 $F 15 50 1 45
SCCPs #1 MCCPs #5 #£ iy 1 H Dr.Ehrenstorfer GmbH( Augsburg, Germany) , 5 & & & 51.0%. 55.5%.
63.0% F1 42.0%. 52.0%. 57.0%(100 ng-puL™"' I &) . $2HL AR BCg-a-75 FE I %t ( BCo-a-HCH) F1 [H] i
BRNIRC - AT (PCoo-transCD) Y14 H S [A] {3 Z 5255 % (CIL, Andover, U.S.A.).

1.2 ARV IR A L

B $2 U s P Cg-a-HCH F1 8] 1T 2 P 7 °C -transCD 43 591) FH T e BE i ok 3+ 1k B 20 g™ NI
5ng-ul " BUGE R . SRR IR 51.5% F1 55.5%SCCPs FnAE VA B 15 5] 53.5% ) SCCPs 1R & bR A 1 ;
HFRBUR A 55.5% F1 63.0%SCCPs F5 1 % W 15 31 59.3% 19 SCCPs i & br ¥ W ; S5 IR BUIR &
42.0% Fl1 52.0%MCCPs 5 #fE % ) 15 £ 47.0% i MCCPs i & br % W s 25 1R BUIR & 52.0% 1
57.0%MCCPs FRifEE IS5 54.5% (1) MCCPs 1R PR HE I BT A TC EHR S AR EIR I T 4 C IRAFR L.
1.3 HEMARAE ST AL
1.3.1 FEACREE

PEFE 528 PVC ¥R}, IR BiAM A (RIFRZRSE) . PVC HbBE /2R | MR | PVC R4 il PVC fiZk
i, LT 25 BRTRL BT AR A Y M d A T .

132 FES AT

AR BY 2 0.1 em® ZE A7 WORE Fr, SR VR RIS 22 58 1, 2o 80 H J& T i . Ak BRUBIF JE5 2ok i S5 A6 i
10 mg, & FUEACHE H, A 10 pL Cg-o-HCH /E R B Fr, SR 260 mL 1E O be/— 5 FF e 1R G 7
(121, V)RR 16 h. 81 e 2 & Ak S ORI 4R 2 1—2 mL.

133 W4igie

KR ARV T AL H, R 2 FAKIR R 2 g TOKBREREN . 2 ¢ IS TERERR . 5 g 44% FRALRE
JEEHT 6 g To/AKBRIREN. e H] 20 mL 5 H F?%%%’E/a\&ﬂsﬁi, FEA 20 mL 1E 2 BETE AL %Hﬂiﬁ‘nﬁﬁz
Ak, KR S0 mL 1F e/ A A BEIR AR (1 2 1, v/) A 80 mL IE O bt/ — S H I IR & IJ
(122, V)RR, ¥ Ve i e ik 78 & 2 1—2 mL, 58 ER0E & A W S8 T, A”Clo_mmsCD
2 10 uL.

1.4 O35 &k

’%*ﬁé%&xﬁﬁ DB-5(15 mx0.25 mmx0.25 pm) #¥; RN FdEFE, P& 1 ul; JE0E FOREE R
280 °C; HEF FHIEEH W F: 100 C A4+ 2 min, 20 Cmin™ F} £ 160 °C If 1%+ 2 min, & & L4
30 C-min”' FFZ 310 °C Ff-{#4F 10 min.

GC-Orbitrap-HRMS {i F 1 AL 245 (NCD) , Wi 25 1R [M-C1] 5 & i 28 S 5 7 IR IR B2 53 51 260 C
220 C; 2HMAER T, B8 B m/z 78 200— 1000 =2 8] ; 2% <% 8 4l 5105 (99.999%, i
1.4 mL-min™"), 5250 H6E(99.99%, i 1.5 mL-min") ; Fi 43 B R AEF1E 60000 L) F(m/z 219). 1k
#£ 32 4~ SCCPs H1 32 4~ MCCPs [r] 24y, Wil == B f5e e A WG 18 8 AR R e g F RE M 1
L5 ERTTE

AHF 5T R FH Reth 25 #5714 G040 A W5 R 18 7 2%, A e 1o PRl 5 1 H 5 4 7 e 1 [l )9 G R
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TR F I E BB RS bR R R, 2 B B R R s $ T A AT R AR MEY) h SCCPs 1Y
MCCPs F) i )i A 5 AR
Zn,mA (CnH2n+2—mC]m)

Total factor = D
ot Tesponse factor = 4 1S TD)xamount CPs
A H +2-m 1’" hlori tent nH n+2-m lm
Chlorine content(cal.) = Z (C,H,,.»-,,Cl,,)) x Chlorine content(C,H,,,,_,,CL,) (2)

Zn,mA (CnH2n+2—mC1m)

Ao, A WD B i WA TR A n A m BT BR300 O = 10—13(SCCPs) 8 14—17(MCCPs) #l m =
5—12; ISTD Jy [s[ W N 5 ; amount CPs IR & FR HEH W 1 SCCPs B{ MCCPs (1.5 51 & (ng) . fie & 4% &
i 157 R -5 1 a0 (81 UH G 2R 43 I/ SCCPs Fi MCCPs 1Y 11 I il 26 3131k i v SCCPs Al
MCCPs i )i . SCCPs il MCCPs [\ IS # £k (1) R? 43514 0.978 Fi1 0.944.

TR SEBREE S, Ze 5= (2) 2 BIARASAE A SCCPs il MCCPs Y134 40 & &, FE4% 1 i £k 4
PR SR it ) e o7 PR 5, e Je 22 (1) 1158 SCCPs Fll MCCPs 114 5 Ji &
1.6 w45 i N o ORAIE

JIT A B B A LA & R BRI A 3 Wk, SR FAB 4K bl 3 Wk, 7 FH i IE eV Uk 3 K. 1)
AR 2R B0 10 pL 3 9 100 ng-uL™ SCCPs(55.5%C1) F1 MCCPs(52.0%C1) bRt i W 184, Fifi
Jo Wi A7 BERD R A ARG, FLIR IO Ak A B[R] | . SCCPs Fll MCCPs f4 J5t £ JiAss [m1 i 28 43 51 4 100.7%+
6.4% H1 90.9%+6.1%(n=6), I7 =4 HBR 23514 : 9.6 ngrg™ 1 9.0 ng'g™ (n=6) ; 25 [ % B 2H 5% FH U 46 14 4%
AR R ORI Ak U AR AT RE T A B R ALER 43 B, SCCPs Fll MCCPs 11 %5 (4351l 2.5—4.4 ng-g™!
(n=4, V2114 3.4 ng-g) F1 0.18—0.46 ng-g ' (n=4, F-YIH 0.3 ng-g™), 25 X B2 (1) SCCPs F1 MCCPs
WS T ke B B 6 ANFE S Z [0 g A — 125 FURE i, DA AT B8 A SE 002 R 5 . i R it 32
B RR 8 [ETCR g 42.6%—124% (SF-14 09 88.9%+23.5% ), BT A KE i i CPs & 44 B 481 [ 4% 1F 4b
P A FH = 40 T ARG I ) R B 5 e A H Ak 1 .

xR 1 AFEBEH G T SCCPs 1 MCCPs 43 #7 7 v %) B8
Table 1 Comparison of analysis of SCCPs and MCCPs in plastic products

Hedh Lol TR T R 2253k
Sample type Instrument Ion source Method detection limit Reference
. SCCPs: 9.6 ng'g™ e
AR _Orbitrap- 2%
PVCHIK} GC-Orbitrap-HRMS NCI MCCPs; 9.0 ng-g” AHFTE
A SCCPs: 7.2 ng'g”
PVC, PET. PPHIPES: GC-Q-TOF-MS NCI e [29]

MCCPs: 19.4 ng'g!
IR BT H. GC-LRMS NCI SCCPs: 36 pg'g [30]
SCCPs: 50 pg-g’

i b

PVC. eI # 5 GC-LRMS NCI MCCPs; 50 pg-g” [10]
PVC LC-MS/MS ESI CPs[a #4: 1—10 pgrg [31]

g GC-LRMS NCI SCCPs: 5 mg-L™! [32]

2 5B 5308 (Results and discussion)

2.1 PVC BUB o fE Sk Ak A i

25 FiAr kLR E4 H SCCPs #1 MCCPs, i 54 0.010—64.2 mg-g ™' F10.002—50.9 mg-g ' (55 2).
AN TR FPSEHE i (8] SCCPs Fll MCCPs 5 £ 22 57 W 3, Horhy, Ze b Gl fb A s 5 i e, LUl b B > 1Al
ST S S A R Al SCCPs 1145 4 & 8 60.9%—64.8%, MCCPs 14 1155 4 & & 0% {% T* SCCPs, 7&
58.0%—61.0% Z [a].

CL A 8 R W L 45 rh S A A A7 B . BB AE G T3 SCCPs HYIE W) o FH AL AL 2 b g Hh 2k
45 SCCPs & & /K F-1E 11.0—45.7 mg-g™' Z 6. Chen 2509 2 18 [F N £k 45 v SCCPs F1 MCCPs 5 &
38 0.2—51.8 mg-g™ F10.1—94.1 mg-g'; Wang 252 P8 F 7 b 5t Y i 3 vp B 2B % K B R g
(PET) . A (PP) Il PVC % 6 252> TAH R 3L 108 MRESS, & 38 PVC 3k CPs & it i T HE
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PR, JEHEZ S5 SCCPs A MCCPs 7 838 5, i5 %] 25.5—191 mg-g™' Fl131.4—145 mg-g ™', W& T4
WHoE B85 b SCCPs 1 MCCPs Ay ¢ & 7K - (SCCPs: 6.01—64.2 mg-g ™', MCCPs: 6.22—50.9 mg-g™").

%2 PVC ¥k}l SCCPs Fl MCCPs JTi it vk Ji I 51 %
Table 2 Mass concentration and chlorine content of SCCPs and MCCPs in PVC products

BEf 2 SCCPs MCCPs
7
Sample ID R/ (mgg ) SR/ (%CD) W/ (mgg ) S H/(%CD)
Concentration Chlorine content Concentration Chlorine content
PVCRE
PVC Cable
Cl 34.8 63.4 21.0 60.6
C2 29.5 63.3 11.6 60.2
C3 353 63.4 15.8 59.6
C4 64.2 63.8 50.9 60.9
C5 30.2 62.2 25.2 58.7
C6 20.2 63.5 20.5 59.9
C7 6.01 62.8 6.22 59.0
PVCHIEE
PVC Mat
M1 0.524 61.3 20.2 59.6
M2 15.1 63.0 7.22 59.6
M3 0.042 62.7 0.115 58.0
M4 6.59 60.9 21.5 585
M5 10.2 64.3 5.10 60.6
M6 0.105 63.0 0.029 59.1
PVCHIARE
PVC Flooring
Fl1 0.010 63.0 0.002 58.4
F2 3.45 64.8 2.30 60.7
F3 0.020 62.9 0.035 58.5
F4 2.40 64.6 1.71 60.8
F5 0.957 63.4 0.496 59.2
F6 0.039 63.9 0.014 59.6
PVCHEE
PVC Pipe
Pl 0.056 62.9 0.026 58.9
P2 1.76 63.1 0.614 59.1
P3 0.874 63.6 0.601 59.2
PVCTiZkH
PVC Groove
T1 0.012 62.8 0.015 59.4
T2 0.011 62.7 0.003 58.7
T3 0.010 62.8 0.003 58.8

M EE /4 SCCPs F1 MCCPs F4 9 B 43 %) & 0.042—15.1 mg-g™' 1 0.029—21.5 mg-g ™. ikt B,
2013—2017 4F [a] Bk 28 [ 5 1 65 14 96 Fh il 2% 5 P SCCPs &84 0.71—100 mg-g ', Horbr, sy fli#i g &
H1 SCCPs HY ¥k £ 7K F-7E 2.30—69.0 mg-g ™', MM B #F # rft SCCPs 7 f /K F-4AIK, 4 3.60—5.30 mg-g ',
H 7S T B 0 B 9 B b SCCPs 1Y & 14 0.016 mg-g™', i MCCPs & 4 it , % T A< BF 5% v ity s 5 /38 vp
CPs &b,

Hii AR P SCCPs F MCCPs i ¢ FE 24 0.010—3.45 mg-g™' 1 0.002—2.30 mg-g ™", 1k T4k 45 Fi Hb
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/AR, ATRE SR T ERARM PVC B, X foﬂ BT Y 6% 2247 K% PVC Hitl H SCCPs Fil
MCCPs f4 3t 1 1 JE Y8 0 2.52 mg-g™ A1 1.78 mgrg™, (A RE R & 0.43%09. HiAR ¥ AE K PVC ¥R &
BB Z —, 295 ETE 2R 8.5%) K B T 2 75 K LA S BH A 14 BB LR {75 Hb Al 45 CPs 119
ﬁFﬁﬁzi}M%J%H&Tﬁ%ﬁ WFFE B, PVCALAE 10 s (2 AL BRI R, B4 RH T SCCPs P44
K, KRB SCCPs B 1 0.01%—0.13%".

PVC i 4 5 4 e 18 rh SCCPs Fll MCCPs 1) 7 i f fIK. v, 845 ' SCCPs Al MCCPs 9 ¥ FE
0.056—1.76 mg-g™' f1 0.026—0.614 mg-g', 5 #i M i 8 PVC i % v SCCPs & & A 24P A £ 4 v
SCCPs #11 MCCPs ¥ £ 4 {H /2 0.011 mg-g™' 1 0.007 mg-g ™.

2.2 kAT RE AL A W R R Y A

525 PVC Bl SCCPs 5 [ AR /3 A WAL 1 7, S48 R ER /2 i L) C5-CPs o 3=, HAR XS =F i
P 38.2% F1 44.1%, Wk K C,,-CPs>C,,-CPs>C,-CPs. 7EHIHR 5 1, C,o-CPs & f5 £ 52 (19 [R K, 4
15.7%—46.7%, F'& 3 B[R] AR AH G 3= B 42 30 . 145 00 A 2 R AR i b 45 [ IR A4 EL AT AHRLI 23 A A X
HAEHH 12.5%—32.3%. HuBE/ARAT L M4 B S ik [R] 44 70 A1 REAE S 25 DX F A RE 5, C15-CPs A1
C1,-CPs HH X 3= B KL AT 95% LA I+, Co-CPs A XF F IR F 1%, £ B LA Cps 5 Hg ™= &
CPs K UE I i AS[R]. SCCPs SR [Fl AR A A RR AR BH, BTA FE &L h Cly Bl Clg RIS BE#R 1, 59.8%—
76.4% (CF-YIME 71.2%) . Horf, B0k i Clg RRARARXT FFE R 35.6%—41.1%, B C6 HE i 4h, HEH
it W Clg [ AR AR X = B 35 20 F 7%, MBS AR R A A7 A i v S IR0 4 20 A EL A AL R AIE , 35 52 B4
Cl=Clg>Cle>Cly 1 43 A5 55 fiF . b AR § R0 A 28 4l A & o SCCPs ¥ L) Cl [R) G 4 3=, HoAH X 2 5
24.0%—46.7%.

< 60 2 45 Cable Hiy B/ Mat Hi#R #iFlooring T % Pipe Fi i Groove
3 50
I
€ 40 :
=
| 30 ~= T - - T . =
20 A Dhm
M 0 7 1 1 1 J m 1 1 L ] L L 1 L J L L 1 L ] 1 1 1 1 J
10 11 12 13 10 11 12 13 10 11 12 13 10 11 12 13 10 11 12 13
Carbon number
50 4 4 Cable Hbfs/4HMat ﬂi’.ﬁiFloormg TE 5 Pipe i 4t Groove
40 T []
30

-
o O

Relative abundance/%

01 HALJ;IALJ_H‘WAHA_II_I!*PII 'ng L

II
6 7 910111256 78 9 101112 56 78 9 101112 56 7 8 9 101112 56 7 10 1112

Chlorine number
Bl 1 PVC IR SCCPs ik [F] A i 1 58 R 1 A 43 A 141
Fig.1 Carbon and chlorine congener pattern of SCCPs in PVC products

A PVC ¥R d MCCPs H. A5 A1 B4 1) 43 A3 A, AR X 3 BEAR IR A C4-CPs>C,5-CPs>C,4-CPs>
Ci-CPs([&] 2), C4-CPs (5 5. FE 1) 34.6%—79.5% (SF-3{H 58.7%) . Z&48 K BE[R] = Py A X =F B 4 i,
C,5-CPs A X 32 & Ky 20.4%—40.4%; C,-CPs Fil C,,-CPs A XF 32 B [ H e 4 28900 275 10.1% A
4.0%. Hi BB ARFE Y, C4-CPs FHXT 28 K 41.9%—68.5%, WA T H AR S5 AL &, C,5-CPs AH X 32 & e b
F B S 278 Y 9.0%. b AR 5 FIRE 45 4F i B, C4-CPs B AH XF 2 B 1k 50%, C,5-CPs. C,¢-CPs Fl
C,7-CPs [HAIXT FFEN 19.3%—29.7%, 1.2%—10.3% 1 0.1%—3.0%. £ LAEAE S, 1 C4-CPs -2 A Xt
F IR F] 74.1%, T C,,-CPs X F EEZEALF 1%. 7E5E53 10 1, MCCPs Lk Clg [RIEAAR Sy 32, AHXT B2
T 26.9%—43.5% Z [8] CFI1H 36.6%) . TEL A, M8 /AR M Al 5 AE i b, Clo [RITG AARAH X 32 BEWR ST,
WK 22.2%—39.8%, 16.6%—33.2% 1 19.8%—33.2%. W45 FIAT LA b, e B K Cl, [RIAK, 735
H 24.0%—31.0% Fl1 25.2%—27.2%. AR SCCPs #1 MCCPs [6] 2953 1 25 5 2 s i & A A4
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Fig.2 Carbon and chlorine congener pattern of MCCPs in PVC products
2.3 AR Bl v A AR HE R DA
BT IR E PVC BRI i A M R A, ELAUIE A I S R, RS X IR 5 2R R PVC
BRORL ot 75 2R 57 g A 9% 35 SCCPs Fll MCCPs B HEHOUK S BEAT PG . AR 7 A7 HE AR SR A R 235X
g,

M, =P,xWXFxr, (3)

A, M, g HE 77 35 SCCPs B MCCPs B 4F HE Uit (kt) 5 P, i PVC BB 4F 77 4 (kt) ™75 w2y 45 Fif
PVC ¥R & 5 B PVC SRR T 4 800%; F ol PVC ¥R H SCCPs 5, MCCPs A9 Jii & 7 & (kgt ™)
rp, A SCCPs 5, MCCPs 1t PVC /L= bi B HERL N 7, BAASHLIL Glige 451 $2 H AR AL,

A I AT i PVC YR {f X SCCPs il MCCPs HEBC i (5 00, 14 2 AR HECRE R A A0 R 2
AItH:

Mczzt(Pc(t)xfo(t))xerc 4

2, M, A1 9% 5 SCCPs 5 MCCPs 9 4FHEAU I (kt) 5 P (1) ¢ 44 PVC 3BT % 5 (ko) ™7 Ky
SCCPs 5 MCCPs 1£ PVC JH 9 i A HERL R F5 5T £(0) sRBE IR I BEAE £y ¢ B4, PVC #8381 CPs B}
) R TS Ak, SR FHAN R 3 23440

f(t)z(l_(p(lnt—l)) ,oom/f (1 qj(lnt z))_expwmdt 5
o
Zj"o((l _@(lnl‘o-—l)).expo,()lxt) /J‘:’oo(l —¢(lnt0__l))~expo'01x’dt= 1 ©

o, LA o J& PVC 28 R LE (8 R ) 00 0 SF 35 6 FHAF BR RN AR ME B SR X800 22, 43 BRI R 10 A 3
e ’)ﬁ PVC IR B FE 0T TR 52 B 2 G R T 5 4 A 110 4 A bR S A5 1

2022 Ej\ﬂﬂ, Al SCCPs Fl MCCPs 7£ A= 7™ Yiig FITH 9% Ui (1) 35 /N Al e KAFHE R (38 3 RN 4) . S5 R R 9,
2022 4R FE, 5 2S B A PVC B8 R}l S AE AR 7 RIS 2% g ) 25 <. b 3R KR A 58 P HE RS SCCPs A
MCCPs iz KB i 0 2.73 ke, 0.82 kt 1 0.11 kt. J 1, SCCPs [1] 25 /<, . 11 & 7K 1 4 € A9 47 HE I 53501 A
3.11x102—1.49 kt, 3.37x107—4.46x107" kt F1 4.35x10°—5.75x107> kt. MCCPs [f] 25X, , b7 /K Fl 435
FIAEHERCELE 2.80x102—1.24 kt, 3.04x107—3.69x 107" kt F1 3.92x10°—4.77x107 kt Z []. 25 Fl + 1
H1 SCCPs Ml MCCPs 3= 2230 Ui A= r= v HE i, e 7K Hh i B st HE ke o gk B K. 23 ASCHE i s ik /e 3 FhHE
AT R PR R, IKF) 45%—75%. Fi 2019 4EFR [H CPs M ARG, 5 258 PV C SR & b CPs HE
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Table 3 Minimum emission of SCCPs and MCCPs from five typical PVC products in China in 2022 (kt)

PVCHIE — SCCPs _ __ MCCPs _
PVC products i HhFIK +45 i HiFEIK +145
Air Surface water Soil Air Surface water Soil
A=
Production
2k45 Cable 6.59x107 9.06x107° 4.12x10°  6.09x10°7 8.38x107 3.81x107
HbEE /AR Mat 3.73x10°° 5.12x10°° 233x10°  2.63x10°° 3.61x10°° 1.64x10°°
oA EE Flooring 1.53x107° 2.11x107° 9.59x107°  3.04x107 4.18x10°¢ 1.90x10°
44 Pipe 3.24x10* 4.46x10* 2.03x10*  1.49x10°* 2.05%10* 9.33x10°°
LA Groove 3.45%x107° 4.74x107° 2.15x10°  1.07x10°° 1.47x10° 0.67x10°¢
TSR
Consumption
2k45 Cable 2.28x1072 2.28x1072 — 2.11x107 2.11x1072 —
HIEE /AR Mat 1.29x107 1.29x107* — 9.11x107 9.11x10°° —
oA #E Flooring 5.32x107° 5.32x107° — 1.05x10°° 1.05x10°° —
%5 Pipe 1.12x107 1.12x1073 — 5.17x107* 5.17x107* —
LR Groove 1.19x10°° 1.19x10°° - 3.72x10°¢ 3.72x10°¢ —
ﬁi 3.11x1072 3.37x1072 435x10°  2.80x107 3.04x1072 3.92x107
B, TR HERCR 7. Note: “—, no relevant emission factor.

R4 2022 4F 52 PVC ¥k SCCPs il MCCPs 4Ffie KAl Tk (kt)
Table 4 Maximum emission of SCCPs and MCCPs from five typical PVC products in China in 2022 (kt)

PVCHIE : SCCPs _ : MCCPs _
PVC products = /{ i‘m%‘%ﬂ( j:i;& 32/{ i&i’%ﬂ( iﬁg
Air Surface water Soil Air Surface water Soil
A=
Production
245 Cable 8.05x10"! 8.68x107 3.94x102  6.38x10" 6.88x1072 3.13x1072
HEE /AR Mat 1.72x10™ 1.86x107? 8.43x107°  2.45x10™" 2.64x107 1.20x10°?
oA EE Flooring 6.68x1072 7.21x107 3.28x107°  4.46x107 4.80x107 2.18x107
44 Pipe 1.30x10™ 1.41x107 6.39x107  4.55x107? 4.90x107 2.23x107
iZAE Groove 5.70x107° 6.14x107 2.79x10°  6.61x107° 7.13x10°¢ 3.24x10°¢
TH 3w
Consumption
2k 45 Cable 2.19x10™ 2.19x10™ — 1.73x10™" 1.73x10™" —
H1EE/H Mat 4.68x107 4.68x107° — 6.66x107 6.66x1072 —
oM # Flooring 1.82x1072 1.82x1072 — 1.21x102 1.21x1072 —
T4 Pipe 3.54x1072 3.54x1072 — 1.24x107 1.24x1072 —
LR Groove 1.55x10°° 1.55%10°° — 1.80x10°° 1.80x10°° —
f‘:;: 1.49x10° 4.46x10™ 575102  1.24x10° 3.69x10™" 4.77x107?
T, X RHERL I F-. Note: “—, no relevant emission factor.

3 %58 (Conclusion)

A5 A A 035 - B Ak 24 U5 i FE 37 3038 B i 43 3 3% ( GC-NCI-Orbitrap-HRMS) ¥ il PVC ¥4
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Ak r e R e B S W i R R AR RO YR Ay MR, R, U HiRE iR, T
T AT BT PVC BB (2645 . HbBR /48 . MuAi 5 | A A FIA A% ) i SCCPs Ml MCCPs % & 47 22 1 47
BT, 43514 0.010—64.2 mg-g™' F10.002—50.9 mg-g . PVC 457 rh a1k A s 2 B e v, Hovk hy B>
i > BE A S A LR . AN R R SCCPs Al MCCPs [] 22 9434 22 S8, 2 BRI i) G Ak A1 8 TRk
PEANTE. A, WA AL T 2022 4EBEFRIE 5 Fl PVC SRR 5 7E A 77 i A0 28 i 10 HE O O, i 23
AL HEZRIKR g8 HEA Y SCCPs Fll MCCPs i it AT 3k 2.73 ke, 0.82 kt 1 0.11 kt. 25 S HEBUR S A A
BRI £ B kAR, T B G
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