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Characterization of short- and medium-chain
chlorinated paraffins in butter in Beijing
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Abstract; In this study, 12 butter samples were collected in Beijing, and they were analyzed by
two-dimensional gas chromatography coupled with electron-capture negative-ionization mass
spectrometry. The' concentrations” of short- and medium-chain chlorinated paraffins were 134.12—
1.11x10° ng- g™ and ND—5.08x10° ng-g™', respectively. The concentrations were much higher
than those found in other foods. The dominant short- and medium-chain chlorinated paraffins
congener groups were C_,, Cl,_; and C,5_,,Cls_,, respectively. And the congener group profiles
were similar to the’ commercial product CP-42, so the source of chlorinated paraffins in butter may be
related to CP-42.

Keywords : short-chain chlorinated paraffins, medium-chain chlorinated paraffins, butter, congener

group profiles, Beijing.
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AP Bl T TR R 4 DD W AR, DAL e BELR R AR LR K AR
[ Loy A C,0—C. 5 B9 % 5 S Ak A7 B (short-chain chlorinated paraffins, SCCPs) , C,,—C , [ &E S AL A7
It ( medium-chain chlorinated paraffins, MCCPs), DA} C.,, 1 & #% S 1k 3 % (long-chain chlorinated
paraffins, LCCPs) "' 85 S0 AT 0 B R AME 3 AR SR DL R K BE B iE R RE ) R 7E 2017 45
5 A B MTE R R EEA 4 E R 2 1 S s A A i 0 E 208 BT B R BE A A B S A
T MCCPs HYRE AHXT e A2 C A SCHRE W] MCCPs 55 SCCPs A AR P, JiF LL MCCPs 1 %
SLEEM IR ERE—ANE A A 2K E L B T 2010 4E P2 IAF] T 800 kit B A MRIE M 2007 4E
) 2013 4R H] 4Bk CPs B 58 1) 20%—30% & i v A 7= G A i e H AR 7= g i (8 ol A oA T
WA HERL R PR b H T, CPs ©7EA& M AF IO BREE A0 B b AG I S | A 46 25 <0 K O 1 34 ki
HIBILLL K45 T35 R AR A p 0 el A 8 B AR B B 78— o I s 1 A s S i i A
AU H I VTR BE TR IRAK A8 5 AT b AL FRODR B T R O A K 5 T A
S FECX AR E M EURE M, JFEEL A I T Re, BT L CPs X TR Y Al RS 1 3% 5 | R
Eig /AR

B R Wi b e — 200 2 ORI FLIR T, i W 2L i s R 5 TR E A, X
FTLIE R DR RERUEE ™ S A TR, Bm R R, B R i B R FE TR, DL
BN B AR B B R SRR P DB R GRS AR R O Sk s b S
Z AW A HVEAR L FHE A MEA LTS Yy, 100 56 T 117 65 2y A ) Sy 8 3 o AT A 4
TH 4R A A R A B b p v B8 55 IR I & B A7 G, e v P IS i & B AR s, B LBl h oAy Al g
RN A NER @A)

ARSI RS IRCA AUt R T A 5 [ e 12 bl Al A T AU g e
FA AR AL PR 2 HE BT ( GCXGC-ECNI-LRMS ) Xof 0 5% i v Sl A A i A7 17 AL 3 3 ont T
SUHIX TR B UEAT SCCPs A1 MCCPs . H BHE T= 0 g 1L 50T 45 B3 SCCPs Al MCCPs Ay 75 3¢
FFAE.

1 #ES 77 ( Materials and methods)

L1 FEARREE
ARSI i B O R B T, 5 ()7 2E 1A% It 12 B AR AL A5 SR 1 PR,

R1 HERER

Table 1 Sample information

FE il Samples JE7Hs Country of origin A= ] Production time BE Wi & Lipid content
GM fif 2% 2017.5.12 83%
DMX-1 faf 24 2017.5.19 82%
ZT I 2017.3.6 82%
JKL IR 2017.1.4 82%
BJF I 2017.4.5 82%
ALW e EE| 2017.2.21 82%
AJ vy 2017.1.22 81.4%
KNL JIE-DN 2017.5.18 80%
DMX-2 R 3 52 2016.11.11 82.9%
DMX-3 fir = 2017.3.15 82%
DMX-4 B AIliny 2017.4.3 82.1%
TMHR SHE| 2017.5.26 99.8%

1.2 MRS
BESED BN 51.5% .55.5% .63% , W £ A 100 ng - wL™' f) SCCPs #5#E fh ( Dr. Ehrenstorfer,



114 AR U B R A BE SR A AT B A T AR 2475

Augsburg, Germany ) FC il U5 &% 50 53.5% .59.2% W AL AT BEAREIA R , 31X 5 Fh&E & & 1) SCCP rifERs
W ST SCCP bRl 26 [RIHE W58 S 40 9k 42% 52% 57% W 100 ng- wL™' B9 MCCPs #5R7ES: (Dr.
Ehrenstorfer, Augsburg, Germany) il a5 &8 47% 54.5% B9 EALA BEARUEVE I, S AP &= /) MCCP
FRUEE TR ST MCCP FRHfERNZE.100 ng- wL™'f9"C , -trans-chlordane #31EfH (Cambridge Isotope Laboratories,
Tewksbury, MA, USA) FiRe 500 pg- L™ FfEEEFR. 10 ng- wL™" AY e-hexachlorocyclohexane F3E fif ( Dr.
Ehrenstorfer, Augsburg, Germany) FiBfi 500 pg- wL ™ FVESERERR. S (63—100 wm ) £ FHTTE 55 0°C
AT 6.5 h, 9% B+ (60—100 mesh) S FHFTE 550 °C 2 FF T &AL 12 h, To/K B R B4 68 i 72
660 C A< F T i1k 6.5 h.100 g WEALRERS S 43 mL 98%% MM LI il WU B J&F 449% (R YERE G , I B2
1.3 FERLEEUS HHE

K2 ¢ EIMAES A 5 L “C,,-trans-chlordane bR AR5 FHIEC iS5 &AW BE(1:1, V/V)IRE
VLA 1:40 1Y B RE P 5 B B 30 min. SIS B IE 28 J5 S8 i BEG B 35 (3 AE (GPC) , T 1:1 1)
IEC LS AL b se /T 70 mL PRI & 25, 5 130 mL H2I i 1R P OiEZ8 Sl il & & ik i,
T B AR 3 ¢ L3P Bt 2 ¢ WGbAERL,5 ¢ FRUERENR 4 ¢ TOKBRIREE. 2 &kt S H 50 mL
IECLERMEE, EAES 40 mL EC B EEIEE S, B 100 mL 1:1 (9 1F e 5 =& e 1R A 7 W ol
VIR I R e 28 W 40 Je AT VR ) B 3, I 5 L e-hexachlorocyclohexane TEFE bR I FH IR C b 1 25
£ 50 plL.

1.4 AUERTHT

K2 4SS ( Agilent Technologies, Santa Claras~CA, USA) -HLFJf 3R f b 27 AR 70 B o i
( Agilent Technologies, Santa Clara, CA, USA) ECA5 ZX2004 FRIE I il #5 ( Zoex corporation, Houston, TX ,
USA ) HEA TR 6t 2 HT 58 A A S BT G V. RS R R ISR E 100 C4R45F 1 min, D)
10 “Comin™' AYERTFE 140 °C L, #LL 1.5 Comin™ #HRTRE 310 °C 4R 5 min AT AL 2R
9 310°C RIS I CHERE | R IR EE 280 G, I 1391 7 s FEF I 0.8 mL-min™" BEHE R SIM
B, B IR 200 °C I FIAER 7 min.

X} 24 Flt SCCP [F2E41(C,y5Cly 4) 24 R MCCP [ (C,, ,Cl, o) #4770 i Ji 7 5 SR
T AR R A A W R 2R (flan, CyH,Clg \C, H,CL, C,,H,,Cl Fl C 5 H,, Cly ) RAEAE R — (i
DRI R i e 1 B O R, B S B O E R TR R MOE B INER 2 R R
Bt i A5 2 A8 S 7 Pl S5 8 B S B O PR HE T 2 R AR A7 i PRt R AN 18T 1 s 580
i#3d GC Image® R2.1 Software (GC Image, Lincoln, NE, USA) #4740 #7.

R R0 P B T

Table 2 Quantitation ion and qualification ion of short- and medium-chain chlorinated paraffins

EELY] ERET BT EMEET BT
Isomer formula/(n,z) Quantitation ion Ton formation Qualification ion Ton formation
10,5 279.00 CoH,5CLcl 277.00 C,oH,,*Cl,
10,6 312.95 CoH,¥cLYal 314.95 CoH ¥ CL¥cl,
10,7 346.95 CoH;s5C%cl 348.90 CoH;s¥C,%cl,
10,8 380.90 CoH ¥ ClCl 382.90 CoH 2l
10,9 416.85 CoH;;¥Cl¥cl, 414.85 CoH;¥CLYal
10,10 450.80 C,H,¥cLYcl, 448.80 CoH Yl
11,5 293.00 C, H¥cLYal 291.00 C,H*¥cl,
11,6 327.00 C, Hiz¥cL*cl 329.00 C, His¥cLal,
11,7 360.95 C, H;¥CLal 362.95 Cc, H,¥c*cl,
11,8 394.90 C, Hig¥ClgCl 396.90 C, HgP L al,
11,9 430.85 C, His¥Cl¥cl, 428.85 C,Hi¥CLYal
11,10 464.80 c,H,PcLYal, 462.85 C, H,BcYal

12,5 307.05 C,H, ¥ LYl 305.05 C,H, %,
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S3R2
EELY] ERET BT EVEE T R
Isomer formula/(n,z) Quantitation ion Ton formation Qualification ion Ton formation
12,6 341.00 C,Hy¥ClL*Cl 343.00 C,Hy L Cl,
12,7 374.95 CH ¥ ClLYCl 376.95 CH¥ClLcl,
12,8 408.90 C,Hg¥ClCl 410.90 C,H Pl Cl,
12,9 444.90 C,H, ¥ al, 442.90 C,H,;¥CLYCl
12,10 478.85 C,H P al, 476.85 C,H P CYal
13,5 321.05 CsHy¥ L Cl 319.05 CsHy¥Cl,
13,6 355.00 CHy,¥CL¥cl 357.00 CH,¥ LY al,
13,7 388.95 CsHy ¥l Cl 390.95 C,Hy P al,
13,8 422.95 CsHy¥Cl?Cl 424.95 CsHy* L% Cl,
13,9 458.90 CH¥clYcl, 456.90 CH¥cLYcl
13,10 492.85 CsH ¥ Yal, 490.85 CsH¥CYal
14,5 335.05 C Hys¥cL¥cl 333.05 C Hys¥cl,
14,6 369.05 CHy¥clLcl 371.05 CuHs,PcLal,
14,7 403.00 C Hy¥CL¥cl 405.00 G, Hy ¥l al,
14,8 436.95 CHy¥ el Cl 438.95 CHy¥clCl,
14,9 472.90 C,Hy, ¥a1¥cl, 470.90 C,Hy, LYl
14,10 506.85 C, Hy¥cL,¥cl, 504.85 C Hy ¥l
15,5 349.10 CsHy, P ClL¥Cl 347.10 C,sHy, ¥l
15,6 383.05 C,sHy P17 Cl 385.05 CsHy P CLCl,
15,7 417.00 CsHys P Cls7Cl 419.00 CsHys L Cly
15,8 450.95 C,sH,,»Cl¥Cl 452.95 CsH, ¥l al,
15,9 486.90 C,sHy P Clg 7 G, 484.95 CsHy 1%l
15,10 520.90 CsHy, ¥ a1 el, 518.90 CsHy, ¥ ClLYCL
16,5 363.10 CHy® 0L Cl 361.10 CHy¥Cl,
16,6 397.05 CisHy S CLA7Cl 399.05 CHy* ClLY7 Cl,
16,7 431.00 CigH,, ¥ a7 ¢l 433.00 C, Hy¥ ¥ cl,
16,8 465.00 C My Clg¥ Cl 467.00 CsHy P ClsCl,
16,9 500.95 CeHys P Cl7Cl, 498.95 CsHys¥ LYl
16,10 534.90 CsH L7 Cl, 532.90 CsH,y P Clg¥Cl
17,5 377.10 C,Hy¥cLcl 375.10 C,H; %l
17,6 41110 C,,Hy ¥l Cl 413.05 C,,Hy P Ll
17,7 445.05 C,,Hy ¥l Cl 447.05 C,,Hy*Cl,%Cl,
17,8 479.00 C,,Hy¥Cl¥Cl 481.00 C,H¥Cl¥cl,
17,9 514.95 C,Hy¥ClYCl, 512.95 C,Hy,y¥CLYCl
17,10 548.90 C,,Hy P17 Cl, 546.90 C,Hy P Cl¥Cl
e N AR (C) SR FH, 2 HE(CD JETFAL
(1);) : (A) 1=16.1605x-9.6712 o 0.081 (B) y=1.8824x-0.9917
Sosf R?=0.9764 5 007 R=09899 .
£ 07} o006
Z o6 * 2oost
g 5]
% 05F % 0.04 o
é g:;‘ i L 'é 003k e
= 02k . =002+ 0.
o1p e 0011 og®
0 1 1 1 1 1 ] 0 | | 1 1 1 1 | | |
0.58 0.59 0.60 0.61 0.62 0.63 0.64 0.525 0.530 0.535 0.540 0.5450.5500.555 0.560 0.565 0.570
Chlorine content Chlorine content

1 Gk (A) AP EEE A B (B) BObRE T ZE

Fig.1 Calibration curve of short- (A) and medium-chain chlorinated paraffins (B)
1.5 i

S TP BT 89— B SRR 23 ) FH P e PSR S B 3 K 4 R ICE 1 i R
125 -5 RE i A R AL S A D7 P A R 12 ARE Al FRREATLE R 3 ASBEAT AT 100 EAS 2R AR A o fig
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FE<15%.75 A B B HUAE S I 5 B < 10% , 0T ARE S I8 HEA 728 FURSIE STV B LUR EE (ww) Fm. 7
K PR E XA 25 AR S R CPs YR B8 B S (BN L 3 A% A0 A o i 22. 46 B G010 A7 085 7 1L 4G BR A
6.1 ng-g™", FPEEEALAT ISR T EER R M 2.3 ng- g AR H R (LOD) 318 )7 M ELHI4EE LOD (kR
HERE SR, A IEARE 7 Wk, LRI A2 25 SR bR 1 22 19 3 A5 115845t LOD. AL #% 1) LOD K 1—
5 ng-mL ™ %A RICRTE 80%—120% Z [H].
1.6 GLitmhr

ASCAF H Origin 9.1 #44: (OriginLab , USA) #4748 5347 , R IBM SPSS Statistics 22.0( IBM Corp. ,
USA) 1748430 P< 0.05, RS2 LAY OC R i & 1.

2 5 59718 (Results and discussion)

2.1 SCCPs 1 MCCPs 7 # il iY & &

SCCPs 7E 12 LSt A K Y, MCCPs 75 6 MAE i oA K5 . 3k 3 iz, SCCP +MECP 5 &2
134—6.19%x 10° ng - g™', & T SCHA A WL 4 25 (410—250000 pg - ¢~ g ) F120 G000 2 (230—
14100 pg-g™" BEE ) 76 B0 A9 & 7Y SCCPs N 134—1.11x 10° ngog™, SF ¥ H A 1.64 x
10° ng-g™, AN 60.9%—65.7%. F5 15 (194 DMX-1, J5 72 i R 17 2% | BRI 0 g DMX -4, Ji 7 1y o )
i AFGEH MCCPs %5 ND.—5.08x10° ng-g™" , SFII(EH A 5.17x10° ng- o !, & & A ND—55.6%. 5
RIS DMX-1,4 6 ANFE AR K L AR 9256 v SCCPs 7 B i T SCCPs 78 b 50 & F i b i &5 i
(<9—7500 ng-g ") i HH A W R T H A E AR (140 ngeg™'; P<0.05) "7 AT UL Pk [ 3 1
fi i SCCPs 2 R 15 | I vE AHFFE o MCCPs AR fh R 2253 88 K. H 6T MCCPs 16 &) i Ho2
B TR HGE D 5 E A B A, MCCPs £ 8l (GM ,DMX-1, JKL, AJ, DMX-3, TMHR ) 1Y 7 %L
BERTRERNEEY(5.7£0.59 ng-g™") AUKKEWH(80.5 ng-g™') M & (P<0.05) . H & RiE
A P T 22 82 T MCCPs fO3R AR N 1% 5 | 2 15,

ANTe] 7 Hb B FE i SCCPs AT MCCPs 1875 8 730 52 0 — i RF s D 7™ 1l Ay iy =2 1 380 VAR o ( GML,
DMX-1,DMX-3) H SCCPs F-HI 54 6.52x10° ng- g™ & Hoe P2 il 2—3 475 17 1 6 38 3l R & b ARGl
H T MCCPs, P854 2.02x10° ng- g™, [FFE B 3% & T HE = i (P<0.05) .3 7] fEJ& 1 F SCCPs
MCCPs 7£ b A 25 A 7= Fi it S B0 AR S8 4 A b SCCPs Fl MCCPs 7% it 22 AR K, AT LA [ ]
FITF CPs A i B A= =l 22 AR K.

TEEVA 54T SCGPs A MCCPs Bk FEHZE H, SCCPs 447 T MCCPs, 9 4 Huang 25"'*)
X 3 [ B TR il A BOAF S, A Xia 2501200 %o 13k T S AR AT RE L AR5 SR i A B 58 Y GML,
DMX-1.JKL . AJ .DMX-3 "EMHR 1 MCCPs 7% & T SCCPs.

2.2 SCCPs Fll MCCPs Z& 8l H (9 [W] 24 43 A FEAE

HIHH SCCPs FIFMCCPs FYRIZEM) 20 A5 FRAE 4 /8] 2 7R 5k SCCPs T &, C o B & fie i, o HLak 3
39.6% , HUJE: C,,, A7 B F] 29.1%. CL, 19 & i 5 o d i a8 5] 43.9% , Fok ol Clg 5 He ik 21 27.6%. 5k
MCCPs 1M 5 , C,s+C o 7 52 7 IR B T 75.6% , CL 1Y 7 it di e 35 3 54.4% , HoROZ Clg ol 32.1% AN TR) 7
A T CPs [F28%9) 3 A AN AR AL, SA 1B 5 3 E R L DL CBERL T B R 29 434 (SCCPs % h
Cl fil C1, ,MCCPs £%H C,,,C,F1 Cl,, Cly) AR, i H-A5 3 A 7L A R 288 0 A th AR TRkl g &
T~ 1 G GRAL AT B 00 77 5 ) 2R 40 4 A AN TR K.

SIS FTINE [ SCCPs Hik RIS - 34 F FE BT K C 0 >C,, >C, = C,y , EURI 8P 19 - 35 32 B 5
41 Cl,>Cly>Cl>Cly = Cl,, X5 FF= 5 CP-42 M A ML U6 il SCCPs A £ R R nT fiE &
CP-42 7= S A 7= A L 45 i Hh SCCPs 19 [RIZEH 43 A AR ARL, {H 2 MCCPs #9531 22 AR K, Jiet 7™ by
Rfar 24 ) GM, DMX-1 EZERIZEYE C 56 Cls_q i HLIB RN T 80% , 111 J5 = M A BT vh 24 1 AJ 2[R 2 &
CpuysCle =3 R B /R 22 0 JKL EE RPN C, Cly,. 0% 1T RE 5 454 52 32 B A 7= Ffdi A0 7=
PLKG™ il MCCPs B[R9 53 A # AN [l .
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(A) mXCo mXCy  mXChp mECy uYCs mYCs m XC; myCs myCy m3Cyy
TMHR .. ]
DMX-4 . ]
DMX-3 I 4
DMX-2 . ]
KNL . ]
Al e |
ALW .|
BJF [ I— |
JKL I ]
zT [ . ]
DMX-1 | I ]
GM I
0 20 40 60 80 100 0 20 40 60 80 100
Relative abundance/% Relative abundance/%
B) =XCy Y Cis mC u>Cyy mYCs mYCs mYC, myCy myCy myCy
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ovixs [
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|
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1 J 1
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Relative abundance/% Relative abundance/%

i

(=}
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2 BRREECA) AP EE A (B) B[RS PIAR XS 42

Fig.2 Relative abundance of the short- (A) and medium-chain chlorinated paraffins (B) in butter

3 %5 ( Conelusion)

ARSI AR 45 2R UM (- LT A AR S A A TR 0 B T T i D S 1 e DX R B v
Feh i S A A B IS SR, I Bt T R [RI SRM 23 A k. 235 R e B, o e A o e S A A0 7 Bk v Y
e HE R HLR 3 R T I KA LAt . i ELA [R] 7 b s i v o A0 o B SR A A e S KO 25 S
AR, RIS o3 A 5 AEAL A AR, 2 AN ) e 58 S A A 5 A 7 A IR O A [R]. S8 A A i 1) 2R )7 e 3
3 B AT 32 BV, LT 1R A P58 A B XU L1225 L i — 2 S
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