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Abstract

With the deepening understanding of the environmental behavior and ecological effects of SCCPs,
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as well as the strengthening of POPs control by international conventions, researchers are increas-
ingly concerned about the content, distribution, migration and transformation patterns of SCCPs in
soil, as well as potential ecological risks. Therefore, developing accurate and sensitive analytical
methods, such as gas chromatography-mass spectrometry, is of great significance for monitoring
and controlling the pollution of SCCPs in soil. This article mainly analyzes the determination of short
chain chlorinated paraffin content in soil by gas chromatography-mass spectrometry, aiming to pro-
vide assistance for the development of related work. The results of this study show that the gas
chromatography-mass spectrometry method for determining short chain chlorinated paraffins in
soil has a low detection limit, high precision and spiked recovery rate, simple operation, good ex-
traction effect, and can effectively eliminate matrix interference.
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1. 5|

JH 5% S Ak A7 5 (Short Chain Chlorinated Paraffins, SCCPs) & —2K B AN G AN, BAT 2 M5
K JE (Cro-Caa) IS F(2) 40%~70%) [1]. HHTHA REFHIL RS ENTE . T FAMER BB, B2 N AT
R B giglin . WEAEE I LT A . JRTM, BT SCCPs MFFANME . A¥ AL 1E 1) 55
PE, CREF R AYEE LTS G (POPs), 32 B EBRtL 2 )72 Dyt 38Ry B85 v 3 22 (1) 28 1 4
#& SCCPs (1) 8 ZLfifi (7 AL A 5T . HHT- SCCPs 1B /K P ANAE A1k, 7 438 v R AR B8 ] R S B
AR IR AR 25 fa B vl 2] o DRI, AR E 338k SCCPs FA & S T VAl JL R 558 IXUSS AN il 5 A . 1)
P S E ., A %92 (Gas Chromatography-Mass Spectrometry, GC-MS) & —Fful S A € 1 (1)
I3 B e TR T 1) 45 58 Re JIAHEE B M i H R . GC-MS FEIREEAE i IR S HLTS S b h 8 80 7
Z RN, 4% SCCPs. @i GC-MS, W] LASLHLXS L3R Sk SCCPs )58 MEAIE 40 Hr o @ I Il -4
o SCCPs & &, A LAVl HOW EREE A RE M0, il s A LKA BE AR B BUR A F it pe R 2k . 1 At
Herh SCCPs (1) & & A3 BT VAl ot N R e AN A= 25 R GU T 7E ARG, AT SR B I 14D SR 42 14 it o 3
o #r g rf SCCPs A BRI & &, T DUBERFRUE, i LIt iR sl Anya SR (i . w i ST Ry
il 7 K SCCPs HIVEMAFRESE R k4, A Bh T BRI A= FIE A, b FRET5 4%, 1 fi# SCCPs 1
faEMG YN, A BT FIRAIFRE 24 HRROBRN, RS Fs KR,

2. EESAYE

JE B S A A7 1% (Short-chain chlorinated paraffins, fijFK SCCPs)& —KE & MHNLEY, BT/ ALam
—Fh. BIRREEKELE 10 B 13 MR 2 R FMAEEE R, X LeRsE ook 4 i SR T4 &UE FEUR
[3]. SCCPs 5 & & —ffE 40%3F] 70% i), tTHEH LM, SCCPs SEfr B —AMEaYInREY) .

2.1 X

Jo i S A 5 (SCCPs) s — K BA )12 SR FE A B A 2 (W S AT AR [4] o 7T DR 2R 1 (1 B
., Hii a2 HE, SCCPs W #E 12 — ARG A2 i —av.
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2.2. HE

SCCPs FAE /il ¥ fe il i SR 5 A ke (e k) ) B AL S RIS SE IR o X3 1 ] DAAE 6 IR i fi
WAL T HEAT, A RS BAAFRBREE A . BT RNRAF R A 2, BlR%
P N RIRKIIR G YI[5]. SCCPs HIPAEIAT AMAEY) ZANES HALZMEFUE VI . HA MK E.
r R, XA SRR, JREL B WEEICK. SCCPs EMETHARXITRE, A BB A%
fift, DRISEAT AR IR I A7 A

23. BE

SCCPs X M85 RN Ak e vl e i) & T B4 (1) B BB WEEECR: T SCCPs fIEVA 1,
BHELEYRARER, B BB, Mg REAED, A, ML), (2) W3k
T —LEHETURY], SCCPs AT AERAT N - b T-PUhstE, RENS T-LILH B Thae, MK H([7].
(3) BEfk: SCCPs X/KAEAMEA —EHIREYE, W RER WM SN AR AW I A A M EETH[8]. (4) FFA
PEA HLI5 %) (POPs): SCCPs HUANAREFF ANEH LIS Y, BIONFEIR S FXE LA fif, W RAAE R K AR
IR PR IAELE9]. (B) WERIBUENE: BARH TR T SCCPs B LRI FLIE A 78 7, (H—
LEYIAL BT FE R AT e B A W E A B0 UK [10] -

3. LIS ER4y
3.1 FENH{FERAN

311 ((FBFE&E

Agilent 7890B-5977B “SAHMIL - AL B IR - BIEBAHAG AEEMEMR, K 30 m, HiE 0.25
mm, JEJE 0.25 pm, [E5E Ay 5%- 2 Hk - HEE IR Ak Se; FS-1800N A i AL PR &8 (LA M) . BS.Oo ML
i > 4000 r/imin. BERIEAIAE . 10ml HEROE: RNMEME. P R-300 Igf 28 R —HR=
AR AL % . LGI-12 AW IR TR (AL s IR AR R K A BR A F]), T8I BEIA 13 Pa LA,

3.1.2. ik

R (CsHeO, ARFE); & HE(CHClyy RIRL); & ke - NERTR SIEFI(L + 1) & H A
Wit 1:1 RFRELIR A s WRERER : B 020N 98%; AN[A S & 51 SCCPs (Cuo-Caa) bR#EVR TR, ¥ JE 1000 mg/l.
SCCP C10-C13 &4 55.5%, T4 ; SCCP Cio-Cis 75 54 63.0%, TMVZ; SCCPs (Cio-Cas) b i 7 (500 pg/ml,
FrE59%), 43 HL 533 uL £ 55.5%fH] SCCP (Cio-Cus) Rk iA AN 467 pL &5 63%(1) SCCP (Cio-Cag)br
MR 2 ml BRI, EOkER: MEAi KRR (NaSOs) SRR #E + 250 pm~150 um (60
H~100 H), BTG4 400°CHEE 4 h, AAERANE QPR HE, THREDRME: A5
150 pm~850 pum (100 H~20 H), BT by 400°CHEKE 4 h, YAH1)5 %58 N HZEEE O BB - & BHR AT
3.2. RWAE
321 HEEE

VEFE TR A BN b, A, BREEE. AL A TSR, 1% HIT 166 347 DY 402
i
3.2.2. AT

{5 FH B SE A S 3R AT AL B, BT L SRR T SR AR TR A R A TR R B TAR AR
K B R BE (KT 30%), MSEHEAT B0 B KA, FREAT TR .

DOI: 10.12677/aep.2024.146170 1360 N RI R Y


https://doi.org/10.12677/aep.2024.146170

A

T BOSERSEREM, AR TR AT THRBUK. TR R TR i 0.25
mm FLAEIGE T, BIEALEE R 250 pm (60 H ) e A7 AIRITRL o

TR FREC 20~30 g (F§HHE] 0.01 g) FUBTEERE S, I — € BT ST LK IFWT IS 4t /s
UKL, e 70 PESTELZIHORDIR, 4=l A% B4R A a5 -

3.2.3. MmN RIRYE

FREX 3.2.2 kb B 5 (0 H3ERE S 20 g (FERE) 0.01 )% 250 mL BRF T, IR ETKBRIREN,
PR A1, SEEDIIN 150 ml AR : AU BR(LL), A PHRBOGR BN EWm LT 1em &b, {2
WOZBLE [ AR RRE 2 T DA b (PR SRR B R AR, 38 U3 I sis b IS R I ) o 88 75 I AR B3R 4% 20
KHZ, K505 1800 W, 17578 75 ik Ab HE A% 1Y 3 FE 22 600, 1 B Vi 1A ot il AN 35°C, UK
HOKG R, AREGERIRE, (RUFIRAFEESR I R84l 52 i3, A HREL 5 min. I IEZEHGH .

15 F e 2 28 AR B BUROIR 4R &8 1~2 ml, BHE R IE O, FRREE R 1 ml BIRAEEFE B 5O
B, N 1 mlIRERER, EIRHEA iR E 2 min, ZEESOHLE B0 5 min, BUEEW, B LT .

324 {(UBHEH

(1) SAHEIEZA;

HEFEREE: 280°C, A #EAEE: 1.0 pL, HRE: 1.2 mUL/min (fH7); ##E: 100CLRAE 0.5
min, BL20 ‘C/min J+ % 320°C, f&fF 5.5 min; f&LHZiE/ZE: 300°C.

(2) i

HE A PR SR RS R R BT SRR 150°C: DU E
150°C.

3.25. FEXMERSH

FEMCRERIR, NAE 4'CLUR#E . BOLAMIRAT, RORGEIRI. BT SCCPs RFPER BRI, ¥ 75 Fl
SRIPCLE P A R N [ 8 2 X R 43 R A RE R o RIS, IR AR\ 8 LA e Je ]t 2
ZER AR 5 .

4. BR5TTR
4.1. tREZ R R

ot e AN S T R AR 43 74 5,00 10.0. 20.0. 50.0 AT 100 pg/mb. 358 i o e e S AL A s
(T SR P AT — SR e (Lo 1)V R AT R PR SR, IR BRI I e B9 O i Ak, TS 28 RIRAR . B, &5
g B SR . ARYECREE I R RS A L L, ARk e R AR LR
1.

3 FSLEE BN E IR E A 0.6 mo/kg SEXE 25 FUIRFES:, B HI0 7 e 45 B H 5 AR A
7, JEBIAT HER MDL=Sx3.143. J5i&illE TR : 28 HI168-2020, LA 4 575 4 H FRAF & AR U5 i
H bR e FRR . FRHEI e &5 1, e m B S A 7 VAR RO 0.12 molkg, Wll5E NERN 0.47
mg/kg. 4R W& 2.

Table 1. Determination Data for Calibration Curve

= 1 ROERMZRYNE B

TiH ith 26 7 2 FHIE R r2 FHR R r
RS y = 13118.979741 * x — 27240.044057 0.9988 >0.999
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Table 2. The determination data of method detection limit and determination lower limit
% 2. A H RN E T BRAVNE $E

AL (mglkg) SEIRE 1 SEIGE 2 SEIREE 3
1 0.504 0.654 0.731
2 0.504 0.631 0.654
3 0.478 0.669 0.741
e R AL 4 0.518 0.597 0.663
5 0.434 0.617 0.672
6 0.434 0.566 0.646
7 0.528 0.628 0.713
PRt 2= 0.039 0.034 0.039
#: HH BR (ma/kg) 0.12 0.11 0.12
W5 R (mg/kg) 0.48 0.43 0.49

42. EHEFERESE
421 BEE

3 FOLH = AN HI%F 0.5 mg/kg A 2.0 mg/kg (4 13RE S AT T INGE, AR ERAER 22 4.5%~10.2%. 45
RIE 3,

Table 3. Determination data of method precision
= 3. AEREERNE R

— R AL A IS IR FE 0.5 mg/k TR A B IR EE 2.0 mg/k
Wiksif(mghkg) L B IS SRR LA S ST 9
SEIGE 1 SRR 2 SEEYE 3 SEIGE 1 SEEE 2 SRR E 3
1 0.413 0.491 0.488 1.87 2.45 2.23
2 0.378 0.537 0.465 1.72 2.01 2.28
3 0.452 0.558 0.421 1.90 2.32 2.14
N
e fH 4 0.381 0.418 0.491 211 1.99 2.09
5 0.411 0.487 0.502 1.67 2.29 2.01
6 0.489 0.489 0.399 1.98 2.12 2.15
“F54E (mg/kg) 0.421 0.497 0.461 1.88 2.20 2.15
AHFE AR 22 (%) 10.2 9.8 9.1 8.7 8.4 45
422 EHE
3 FSLIG A3 AT INFR RN 2.0 pg 50.0 pg 19 HITRE AT T ARl e, [FIUcE N 83.7%~105.5%.
gER WAL 4,

Table 4. Determination data of method trueness
= 4. FIAIEHERNERE

52 4 ) — bnﬁ;ﬂ%i’g‘z.o e I Jmﬁ%ﬂy 50.0 g —
SLIGE 1 SIS E 2 SIS E 3 SLIGE 1 SIS E 2 SIS E 3

1 1.67 2.14 1.87 46.6 54.2 46.5

2 1.78 2.25 1.91 48.7 55.6 43.7

s 3 1.52 1.93 1.82 43.0 51.3 49.7

e JH 4 1.83 1.67 1.71 475 49,5 453

5 1.63 2.10 1.63 48.1 53.7 47.3

6 1.61 2.27 2.13 45.9 52.3 452

FHIME (ug) 1.67 2.06 2.13 46.6 52.8 46.3

Jnks B (%) 83.7 103 92.2 93.3 106 92.6
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4.3. SEBREEmSTHT

P PR R ST W AT E A W I A O R FUE B E . R IRIRCUMR BB RIS
IR A1) A RE AT W M A VRS, SR P WA SR I 78 5 3 F A SR 5 B4 [12] . USEPA
8270E WK A UAR Cuil B vA AT I E , R A A TAL B U5 v 2 vl I PRAR B i, BIDRK, - 3gede sy
SRAAH R BARMA R 773, BRI TORR ) o F) i S A 06 2 R A% S RO . 2R AR B it
PRAEEHEAT AT AL BE[13]. USEPA (75 AN AL 582 HLANBASA, XTIt At TR, FiEfhl s
JREORUESE T T, 2RAE BB E[14] . 75, X TR B, S R e e ot B A7
FERRPHPE RO TTRE, AERHFEAR X BLR[15]. ASCEE SRR, RAAE: — &P HE(L 1) AR, K
TR W e B O AL, BREE ARG B, LGS B . A UGS 3 i b e B A AT
MTINE, REBUFHMLERR T, AEfE P E B Hr[16].

5. &g

RSN TS T SRS s L R A R A S 1 TR, R BRI, L R R R AR
I, HAERE, HECRE, A8 BCHERRAERTHE, T3z B BIAS [ R FE L J R o v e e S A
WEIME . ATAFAR TR T Z MR AR, g IRIEHL. B3RS, TN geig
HY SCCPs. WIAt#H AWt T BT Z 7 (ENXF SCCPs 7: M HI5Md . % SCCPs AER = (47 . /Ay it
B FFEACTEAT TR . AP A0 2 A HG: (1) PRALEEHCR A (0 P 75 AR AT B AR 3, LAYR
TG PR R BCR . (2) BT i GC-MS fh 2R (CIEAR,  DAFR R M7 i R A N
WPV (3) JVEIRAE: XEHTNEMAT AR, SRR R AR RS SEBRAE S
o (4) PRETREMIARRYE : B IR BT F 38R i B AR AN R IR B2 AR A5 Gk, DASRE s it e 2 SR %
W, (5) RUSIEAL ISR TEA: B TIE S8, AHTIT AT AR S0t BRI UG AT\ 28 5 72 /KT 1 B4

ELmEB
PRV IR X 3 AR A5 v 4b A TR AL i PR A 5% B1(2022 Y FD1700102)

&E ik
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2024, 60(9): 937-941.
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