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B FH A FiR4E-GC/MS MERE =S d ODS
REMIPFIERRLR”

FRzR' of ' ox & Mmd ROR gTREK % m'”

(Lo EEAET WIS, dbat, 1000125 2. BETEALEE ( L) ARRAHE, L, 200233; 3. 1048 I A S 2R W I s
1, 255022)

i OE S TR RS-SRS RIS (GOMS) lE s S 33 FlEERAZEY R (0DS) K
Hofth 3z i AR A 52 7 ik R TR TR R AR BE . BB . R TR i A 4 B RO 1 AR S 50, I
BRAF T IRV BRIEL B B LI 25 k. 45 38T, 33 il ODS B oAl 7 s i AR A o il £ AH 56 R 508
099 UL b B EETEERN 0.5%—6.2%, MNAREETE FIA 91.2%—102%; #FAEARFLH 800 mL A,
% BARME SRS H BRYE I 0.07—0.57 pmol-mol ™', Z & FFFRVEE A 0.28—2.28 pmol-mol ™', A7y k1]
T IR B2 S 33 F ODS K HoAth =2 7 s (RS B 40 M oK.

KR HEREZYE, RESE, [AR, Bk, SOHGAIE/ R, RS R.

Determination of ODS and other controlled halogenated hydrocarbons
in ambient air by electronic refrigeration preconcentration-GC/MS

LI Mingzhu' YE Tong' YUAN Mao' ZHAO Ruifeng' ZHANG Bing’

QI Hengzhen’ TAN Li' ™
(1. China National Environmental Monitoring Centre(CNEMC), Beijing, 100012, China; 2. Markes Instruments (Shanghai) Co.,
Ltd, Beijing, 200233, China; 3. Zibo Eco-Environment Monitoring Centre of Shandong Province, Zibo, 255022, China)

Abstract A method for the determination of 33 ozone-depleting substances (ODS) and other
controlled halogenated hydrocarbons in air was established by using electronic refrigeration
preconcentration-gas chromatography/mass spectrometry (GC/MS).The experiments include the
optimization of focusing cold traps and pretreatment conditions, the comparison and conditioning
experiments of the separation effects of different chromatographic columns. The optimal cold trap
configuration scheme and experimental conditions were obtained, and the applicability of the method
was investigated through the measurement of actual samples. The results of experiment showed that
the correlation coefficients of calibration curves were above 0.99; their precisions were 0.5%—6.2%;
When the injection volume was 800 mL, the method detection limits ranged from 0.07 pmol-mol™ to
0.57 pmol-mol™, and the lower limit of quantification was in the range of 0.28—2.28 pmol-mol™.
Through the analysis of actual samples of ambient air, it is suitable to analyse 33 ODS and other
controlled halogenated hydrocarbons in ambient air.

Keywords ozone-depleting substances, greenhouse gases, halogenated, electronic refrigeration

preconcentration, GC/MS, ambient air..
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SF T AR R R, IS R R AW (R Pk ODS) K HA 2 45 i ARSI (0 A P A AE B OC 2. Sy [ B
(B 5E /5 @it T e TIHRE R EZ Y RN SRR R U0E 1 ) R HA B IE L, W IF R BLEIEAE, 38 E/E N R E2Z
—, BB A [ PR 29 5 AR R X 55, PR IR ODS K HAh A7 458 pa 1098 7 THIAE A 22 %5 ™. BT, 76 38 B B e ok i ok
L2514 = FiE 9% ODS, {HIH ODS B HAth 2z 35 i AU A B B KA A4, w8 0 W B EO0T 48, KA B AT )G
P, B AR IR B AT TR I E A S W B R b R R T R LS B ORI A A Ak o s A A A R
AR LI B B IR E AR B 2 T AR Dy A (5% 7.

ODS J HAM Az 4% pi AR AE R P A B BAR, BUR E R ZH0Ch 1072 Fi g, X7 sk iy i BR L ORS B S5 BR800,
SRR RS KRN RS, AN R T B KT 25 SRR BT SR L KR & H A% &S E R IR ODS K Hith 5z
2 0 AR K S X, W A A 22 o NS s D 1R 1S S s L, BT LI 38 £ DAFEZR LI Ry =, iAo
AGAGE H il 9 medusa/GC-MS. 3£ & GML H il CATS-GC/ECD #1 HATs/GC-MS. Kk SOGE fE4k GC/MS. H A H
il AR IR P 4 -GC/MS, BT E bR BT R 2 B4, ik R RE R E S L v 7R 1205 T R 5 R A0 AR X
B, A B Y RMIFHLAG A S i T T 3843 ODS K H A A7 25 o A A UL FNF 5%, SR A 3230 i R 3 F IR = R
th VOCs 38 7151 & FR RE RAE - Tk 45 -GC-MS/ECD™°~ 21, [ N B A4 5T vy ek 1 PR 3 v, SR EUke S JCTEAG Y, W
AP TR IR AUV, SR O35 A AR R 00 4R 1R B AR (-50°C ), Rl I IR S B50F R G M 00 T 140 e 4 k112,
WBE2 R ODS B HoAh A7 44 i AR A ok B AsE AR . o A IR, T A B B 1) AR O W G R 1 G 3R 1 03, A
SCH B R AL BB 4 T AR AL 5T, SR A L 48 Tk 46 3R B2 -GC/MSS J7 ¥R X 45 25 S rp 33 il ODS K HAh 32 45
FRIETE WG, JCT WA, Ve Jr vk 1] B, Rl pASAIR, WS B AR BE 22, & th BB AIG, /0B | RS2 % | MERf Y
Al R BT A I R K

1 SZI8EP4r (Experimental section)
L1 R 5

33 F ODS K Z ¥ KIS IR A48 ¥R 1 umol-mol ' () H 3€ [# Linde SPECTRA Environmental Gases 2%
A, BACHAE, A3 AR IR 1 @ EARORAE, SRS AT 1.0 Mpa; 20 299.999%; 5 4l 2 <: 299.999%. #rifE
1< 2. 200, 400, 500 pmol-mol ™" FI 1 nmol-mol ", i F 4 A 3 3l 255 B A0 2 B L .

R bR 2 RN SE R R

Table 1 Standard curve and linear correlation coefficient

P RiEfzE T2 CAS% EmET(m/z) EWE T (m/z) mRE RIS RE KR RIS R
1 PFC-116 Vay W< 76-16-4 69 119 0.999 0.999
2 SFs ANIALE 2551-62-4 127 89, 108 0.997 0.999
3 CFC-13 — A=A b 75-72-9 69 85 0.999 0.999
4 HFC-23 =R 75-46-7 51 69 0.999 0.999
5 H-1301 —IR =R b 75-63-8 69 129 0.999 0.999
6 HFC-32 ZRM e 75-10-5 51 33 0.999 0.999
7 PFC-218 ST HE 76-19-7 169 119, 69 0.999 0.999
8  CFC-115 —HA R 76-15-3 85 119, 69 0.999 0.999
9 HFC-125 I 354-33-6 101 51,69 0.999 0.999
10 HFC-143a L1L1- =5kt 420-46-2 65 69 0.999 0.999
11 CFC-12 TR R 75-71-8 85 87, 101 0.999 0.999
12 HCFC-22 — AR b 75-45-6 51 67,31 0.999 0.999
13 HFC-134a 1,1,1,2-PUs 2%t 811-97-2 69 83,33 0.999 0.999
14 CH,Cl1 — A 74-87-3 50 52 0.999 0.999
15 H-1211 — IR AP e 353-59-3 85 87, 129 0.999 0.999
16  HFC-152a L1-Z9 ki 75-37-6 51 65,45 0.999 0.999
17 HFC-227ea LI 431-89-0 151 69, 82 0.999 0.999
18  CFC-114 12-7&-1,1,22,-URLKE  76-14-2 135 85, 87 0.999 0.999
19 MBr —IRH 74-83-9 94 96 0.995 0.993
20 HCFC-142b 1L 1-2 e he 75-68-3 65 85,45 0.999 0.999
21 CFC-11 =P 75-69-4 101 103, 66 0.999 0.999
22 HFC-245fa 1,1,1,3,3-FL A b 460-73-1 115 69, 64 0.999 0.999
23 CH,Cl, M 75-09-2 49 84 0.999 0.999
24 HCFC-141b L1-Z&- 1 ht 1717-00-6 81 83,45 0.999 0.999
25 HCFC-123  2.2-—F-1L11-=3LkE  306-83-2 83 85 0.999 0.998
26 CFC-113  L12-=%-122-=5 LK% 76-13-1 101 151,103 0.999 0.999

27 H-2402 1,2- RIS Lo 124-73-2 179 181 0.999 0.999
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28 CHCly = 67-66-3 83 85,47 0.999 0.999

29 CTC LA 56-23-5 117 119,121 0.999 0.998

30 TCE =R 79-01-6 130 132,95 0.999 0.999

31 HFC-365mfc 1,1,1,3,3-F 9 T %t 406-58-6 65 133 0.999 0.999

32 TCA LL1-=5 e (R B 71-55-6 97 99 0.999 0.998

33 PCE LN 127-18-4 166 164,129 0.999 0.998

LTV B Sl HERE /T4 R S5 CIA Advantage-xr i 3 HEFEAR (JEE Markes International) . UNITY -xr FiUi 41X
1 Kori-xr [ 7k 3 B (9% [ Markes International ) ; 8890 GC/5977B MS “AH (4% R 3 B 14X (55 [ Agilent) ; P BE AR {4
221 T AR AL B AN 55 R R (OC [H Entech 3.2 L A6 L) ; 5 HE{X (€ [ Entech 3100D) ; =i K B # F¢{X (3¢ [ Entech
4700).
12 AR

658 2 £ B TR 120 °C B B 1R 53 0 RE 5 3% B GS-GASPRO(60 mx320 pm, Agilent) , £ It fit
1.5 mL-min'; HEAS W : WA IELEE 35 °C, #8445 10 min, A 10 C-min”' THEZ 120 C, 455 10 min, LA 5 C-min”' THR &
230 °C, F#+F 2 min.

Ji 2k F BT IR AN EL B TR M B 2, B LR 70 eV, B F IR TR EE 230 °C; DUARAT IR L 150 °C; &%k
Tk JEE 250 °C; R Ay O VLR B T4 4 (SIM B 7 WL 3K 1), 77 ZE 3R HF ] 7.5 min.

WM 45 B 55 451 BRAE A BERI 2 5 “U-TSO3F10-2S ™, B 5 il 42 J5 BE -30 °C, M AT 1L EF 300 °C, fi# H7 B[] 5 ming
Kori [k BFIIATEE J9-30 “C, ¥ ALIRIE 300 Cs MRk AR 126, HEREVRA 800 mL, MERELEE 100 mL-min';
fetm iz o 120 C.

2 HR5HE
2.1 HIALFREAF
2.1.1 APHITEH SR

KT OB R R A A R, 4% T T B I “U-T503F10-28” (f# #% T5) . “U-T16GHG-2S”(fiii # T16). “U-
T1703P-2S” (FFK T17) B 3 Bl I A4 Bk, 2 IHIE LA IR B0 5 B2 AL BR IR 43107 . BE il B2 A 1 nmol-mol ™ IR A FR#ES,
A, HEREARFRAY R 10, 20, 40, 100, 200, 400, 600, 800, 1000 mL. SZ453E W, YA R7E 1000 mL AT, 3 Rl BE 51
HEr¥a 5B P4, It de R BEAR AR 36 45 800 mL. AN [] fiY 485 42 BIF XoF s o 650 1 140 0 o b 486 S0 SR s A AR I, i
TS F1 T17 ¥ BEA IR R A 2, A B4k & P (0 Ze M AH 56 R B 25 5, 10 T16 4 42 BEAE AR A B I K I s o5 Ak &
Yo BB NG, L7 A% RV | Jib 42 R0 SRR i) 1o 2 B 45T T, e 23k 4% TS W B AR I 5 Al 4504 B
2,12 AGHERIRE

e B P R 2R G0 B0 T IR Ko R o MR L A4 I, IR 430 R 50 100, 120, 150 °C, AR SCTEAY HARY
W s G, AL A e (B AR AN AT ) T R i AR Ak 5 BE B AR R SE PR A RS, SR8 A K A K VOCs fh & ik
BERSE, T R R 0 VOCs fENT G 7RI AR B8, ELARIIE B ARt 58 &5 8, WOk 120 °C 1R NG,

2.1.3  dEFER R

T 45 22 40 H 4 BIRIECRL B K BE A 60 mm, A T SR IIEWR BIFRCR, 3 F e DAY HERE TR A T 100 mL-min™, % & ]
FE S R RE A PR K, Ryl Sk AL B W B B 2R, T AR S R RE I ). AR ST B AR R, FE SRR
800 mL H, ZEE T HEAEH A 20, 50, 80, 100 mL-min ' B 451k 4 B Wi 7 {8, P 250 465 5% vl 260 4% 1 s 400 %) i o7 A%
AR IITEL10% YU FBI P, A7 RETE B sk (] P as B B AR BB R, S #8 0E AR i 54 100 mL-min™.

2.1.4 ¥ HHIGERIRE

7 EL A AN TRV B 1R BE S AR W BRI R B B2 1), TR 10948 B2 A7 1 nmol-mol™ YR A ArifE S A4, HERE RN 800 mL, ¥ B
R TRL TR 43 391 S =30, =20, —10. 0 °C. F i W (AR fb W] 1, K 250k & W A B TR AR 4k, Xt 10 55 K A9 PFC-116,
SFe. HFC-23, HFC-32, CFC-115 [ifi 2 W& I 22 A9 - i e o7 {1 2B I, 02 F T B IR B ot v T, AR i A5 W i 4R 5%
RIS, N LR BHICIR IR B h-30 °C.

2.1.5  FEAT IR AT A]

FiE 4 ¥ B2 A 1 nmol-mol ! YR ARSI, FEEEIRFR 800 mL, 8 MHTIELEE 43 Bk 150, 200, 250, 300. 350 C B4
A B R (. BE 2 SR AT TR A T 25k B A ) 17 (S AR B A AR Ak, BT A B AR 2 T D4 B R B, 1L g 3] 5
Bt (Y PR B 28 S R o &R 7%, AP e 22 v b s W o, DR L TR R M B HR B 102 2220 R 300 °C, FE 1T EE T AT ARIIE B AR
Yyt NSRS - AT, e AT e K PR BE A D BR B B AR e i A B I B BR R

BV WL 15 L AT B B R S B ) 43 50 °R 1., 2. 3. 5 min B &4k & W I ST AL R, 4% H A7 0 1% I g E S B A AT
i [R) AR Ak, A5 BERE AT ] 24 5 min.

22 (AR
AR T AR 8 T 3% FE GS-GASPRO(60 mx320 pum, Agilent) Fll PoraBOND Q(50 mx320 pmx5 pm,
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Agilent) P Fh (515 AT 25 4206 I3 5 Mg Y, FLEATE IR AN IA] 1 B el 3% AT, 2S48 GS-GASPRO (3 AL f 25 H x4
T B

Oy B RUCREY, AR, IR,

{ K1
B e TR RS 2 .

810

=)
X
—
=)
%

Abundance

4x10%

2X10%

10 15 20 25 30 35 40 45 50
f/minm

1 @344 GS-GASPRO(60 mx320 um, Agilent) {232 &
Fig.1 The chromatographic column GS-GASPRO (60 mx320 um, Agilent) chromatogram

23 &MEES RS R

AL G FISEE 25 0E T, XARE SR AR BE R AT IR, A4S B AR R BE AR Ak b, DLz H FR ) RE 0 55 T 10
T RUCA AL R, RS 22 A B AR 00 1% BE 10 1 B B R 22 00, AR D vk i J 8 i M 750, 10 g | (IR Pk B 2R
), ARk HE 22 51 5% FH 400 pmol-mol ™ AR#ES A, HEREIRFLZM 5124 10, 20, 40, 100, 200, 400, 600, 800 mL, Fig il ¥ J&
Z5043 58 5. 10, 20, 50, 100, 200, 300, 400 pmol-mol™". /& ¥ & £ 515 i 1 nmol-mol ™ A5 i S 14, HERE(RFL 551
10, 20. 40, 100, 200, 400, 600, 800 mL, il A& B & 31 435124 12.5. 25, 50, 125, 250, 500, 750, 1000 pmol-mol™,
TR M 28 B R PEAR OC R A0, W36 1 i, LA C R (>0.99), 1 2 E B #r e oK.
24 FEEESUHEE

TEDRAL G B SE 56 451 F 43 590 T vk B >4 200, 500, 1000 pmol-mol ™ Y IR & 5 ME SR L K 25 11 RE i bz 200,
500. 1000 pmol-mol™ AR & AR fE A, 43 il i L2 FE#E 6 WK, TH B SE 6 5 RS 25 AE 0.5%—6.2%, Il b 181 ISR 78
91.2%—102%, ELAT BT BoRG %5 AR B, Nk 2 PR,

R2 MWL R RO R R

Table 2 Accuracy, precision and method detection limit

200 pmol-mol kx5, 500 pmol-mol 'F3, 1000 pmol-mol '#5X, #; H BR/(pmol-mol ™)
5 ACH/AR2E - - -

WwE  ERE WEwE  WERE il HERf AL SCHRY SRR
1 PFC-116 3.1% 97.0% 3.9% 94.9% 1.6% 98.1% 0.20 4.836—4.921
2 SF; 4.1% 95.0% 4.9% 93.5% 2.6% 96.6% 0.35 9.91—10.166
3 CFC-13 3.0% 95.6% 2.7% 96.6% 1.1% 98.6% 0.21 3.273—3.312
4 HFC-23 6.0% 95.0% 3.4% 97.2% 3.4% 99.9% 036 21 32.26—33.403
5 H-1301 2.9% 96.7% 2.8% 97.6% 0.5% 99.4% 0.37 3.359—3.37
6 HFC-32 1.4% 95.7% 2.4% 96.9% 1.0% 100.0% 0.57 13 20.803—24.049
7 PFC-218 2.2% 95.9% 2.5% 95.6% 1.2% 99.7% 0.17 0.681—0.699
8 CFC-115 3.7% 95.6% 2.5% 97.2% 1.2% 97.7% 0.22 8 8.657—8.7
9 HFC-125 4.1% 94.6% 2.9% 93.7% 1.5% 98.7% 0.11 14 29.153—32.279
10  HFC-143a 3.6% 94.5% 2.1% 97.9% 1.6% 98.4% 0.19 13 23.946—25.423
11 CFC-12 3.6% 94.3% 3.3% 95.7% 1.4% 98.7% 0.20 5 501.469—505.609
12 HCFC-22 3.0% 94.6% 2.0% 97.8% 1.5% 98.2% 0.17 17 245.945—248.22
13 HFC-134a 3.2% 94.4% 3.3% 94.2% 1.0% 101.1% 0.53 13 106.295—111.167
14 CH,CI 3.0% 95.3% 2.5% 96.0% 1.1% 98.9% 0.30 529.648—561.119
15 H-1211 1.9% 94.4% 2.1% 96.1% 1.5% 99.3% 0.29 3.235—3.334
16  HFC-152a 3.1% 96.5% 2.7% 96.2% 1.2% 99.6% 0.38 9 6.922—7.627
17 HFC-227ca 3.2% 94.8% 22% 95.7% 1.6% 98.9% 0.15 1.609—1.741
18  CFC-114 4.6% 92.3% 1.7% 97.7% 1.1% 99.4% 0.24 7 16.274—16.308
19 HCFC-142b 4.2% 95.9% 2.8% 95.3% 1.4% 98.6% 0.17 13 22.294—22.522

20 MBr 4.9% 92.7% 3.6% 91.2% 2.5% 101.5% 0.23 4 6.363—6.604
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Bk 2
200 pmol-mol 'S, 500 pmol-mol 'FRr<, 1000 pmol-mol 'F5r"<, K i BR/(pmol-mol ™)
75 AR - - : -
il il K R L K HER & A3 S AR H
21 CFC-11 2.8% 94.2% 3.6% 97.3% 2.2% 95.0% 0.19 6 224.183—226.431
22 CH,Cl, 3.4% 96.1% 2.7% 94.1% 1.7% 98.5% 0.19 31.733—42.019
23 HFC-245fa 4.7% 94.5% 3.1% 96.3% 1.7% 98.2% 0.21 3.07—3.251
24  HCFC-141b 3.6% 94.4% 2.1% 98.8% 4.2% 94.0% 0.19 14 24.272—24.522
25 HCFC-123 5.7% 97.4% 4.2% 93.5% 3.4% 95.8% 0.14 —
26 CFC-113 2.9% 93.6% 5.5% 94.0% 3.8% 95.4% 0.19 6 69.586—70.056
27 H-2402 2.3% 97.8% 4.5% 96.0% 4.0% 96.9% 0.18 0.389—0.394
28 CHCl,4 1.8% 95.8% 3.7% 93.5% 1.0% 99.3% 0.21 8.29—9.212
29 CTC 1.7% 99.3% 2.8% 93.2% 6.2% 93.5% 0.11 6 76.541—77.593
30 TCE 3.3% 92.4% 3.2% 95.4% 2.9% 97.8% 0.07 —
31 HFC-365mfc 4.5% 93.0% 4.7% 96.0% 2.4% 96.5% 0.20 1.152—1.171
32 TCA 0.5% 100.7% 4.1% 98.1% 4.0% 95.1% 0.54 2 1.471—1.714
33 PCE 2.5% 96.9% 3.7% 93.9% 2.0% 96.9% 0.10 0.724—1.312

2.5 JrikAai R

TEAL AR B 250 45 F T, BL il 2 pmol-mol™ B4R METR & U, 70 5 S dE A 7 U, 154G BRI L 0.07—
0.57 pmol-mol ', 7 ##t T BR{E [l & 0.28—2.28 pmol-mol ™', W13 2 f7R. HHTE A A SCOCH: 1 B AR P 0F 58 AR X 35 20,
PUDHAED IPIE T 17 Bl s AUk AT, R 2B H AR A H BRI P (B 4 BRT S5t  JBE {EL A ] — R BE /K SF- . A
FEIT 1 Z2 B AR YA H R BEAEL IR T3 S5 1 B g, ] UBEAE S I Hh B8 25 PP ol N B o 2 AR A

3 458 (Conclusion)

AR S FH B 4 e 4 A -SM €0 1%/ %92 (GC/MS) B2 ST T MR85 23 S ODS I oAl A2 s i AR08 W i 5 v , 3
X AR B PALTE . (A3 A S Ak, SEELE B 2 CFC-11, CFC-12, HCFC-22, HFC-23 % 33 Fhi N R
ODS K HoAth =z 45 i AR AR A9 4347 7 ik, O Pk RE S 6 25 SR B, 1% ¥k 19 ) i 28315 T 8 5—1000 pmol-mol ™, 4% 1 i 28
FHRRELLE 0.99 Lh_E; YRR FN 800 ml B, 4% BARL & W00 Jr 54 H FRYE TN 0.07—0.57 pmol-mol ™, & & [}
JL A 0.28—2.28 pmol-mol ™, AKGIN Jy 3k BT I I BREE 25 S 1Y 40 M oK.
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