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H E ENHEREZYRMHARE (CFCs) |\ S &K (HCFCs) | AftkE . mRBAERRER
KRR (HECs ) KIWA2 232 56T, 1 [ ik AR I 5 22 Ff 32 s R i pa A0 — T Bk M P T4 . AR
FER R A 3245 0 v 24 SR - O A 0 2/ Tl A T 28 R 48 ( GC-MSD/ECD) |, #E37 T msi )
IR i ARG O 1, 7R SR D S R S BT IR BH SE BR B S A 17 A2 R 0. IR 4 SRR,
17 Tz 4 o AR IR A B OR A LW RSB 5 A 1 A G R BUAE 0.996—1.000 =Z ] 5 5 46 H R 2—
21 pmol'mol™* Z [8], ¥MEF &K R WHEELE 0.7%—5.3% Z 8] ; s IR 90.8%—110% =
], FBHZR 75 238 T O AG I 15 52 b X 0 32 450K it o AR S8 A SEBRAR SR A, R B AR SR TN T IX
I A Sorh CFCs Wk 22 TR R, ARATDRZ X ) 2 45 ) AR W Al ;. HFCs 5 HCFCs e A B =
TREE M, FWIZXE HFCs F HCFCs Ml SHER R 55 SEPRFE S A 45 5 5 36 B 29 HEHS
it RN AT ST 45 SFARAT , I B A A8 5 1k e Aff ] 5.
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Abstract Chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), chlorinated hydrocar-
bons and brominated hydrocarbons as ozone depleting substances and hydrofluorocarbons (HFCs) as
greenhouse gases have attracted wide attention for a long time. However, it is a challenge to
accurately determine a variety of controlled trace haloalkanes at the same time. In this study, a highly
efficient method for the determination of trace haloalkanes in ambient air was developed by using a
self-developed gas chromatography mass spectrometry detector/electron capture detector with pre-
concentration system (GC-MSD/ECD). The results of experiment showed that 17 controlled
haloalkanes all had clear separations and symmetrical peak shapes; the correlation coefficients of
calibration curves were between 0.996 and 1.000; the method detection limits ranged from
2 pmol-mol ™ to 21 pmol-mol ™', which were lower than the global background levels; their precisions
were 0.7%—5.3%; and their spike recoveries were 90.8%—110%. It was indicated that this detection
method is applicable for the accurate detection of controlled trace haloalkanes in the background
areas. Based on the detection results of actual samples, it was found that the CFCs concentrations in
the ambient air of urban Guangzhou showed a descend trend in recent years, but they were still the
main controlled haloalkanes in this area; the concentrations of HFCs and HCFCs were significantly
higher than the atmospheric background values, which implied that there were high usage and
emissions of HFCs and HCFCs in urban Guangzhou. The detection results were consistent with the
emission reduction measures of China and the previous research results, which proved that the
detection method is accurate and reliable.

Keywords ozone depleting substances, greenhouse gases, haloalkanes, gas chromatography-

mass spectrometry, gas chromatography-electron capture detector, ambient air.

)2 (chlorofluorocarbons, CFCs) . & 9 % 4% (hydrochlorofluorocarbons, HCFCs) . A& FRAR 1%
YE R TEFE R EJZ )5 (0zone depleting substances, ODS ) i] AR )2 RAAZ, S 5E (hydrofluorocarbons,
HFCs) 1E i 2= A& (greenhouse gases, GHG) BEHS I i 2 BRTMRAZIE, R JR & i 1@t ik (52 4 )
IRVGE 5 ) R G B BUE A ) rh sz s p Joe ),

& 4 2 [ BUR ABRBIE 51 R V1A 8 200 HE B, il 22 01 e 52 458 pa AR 1 1 5 LI A 9. 56 ) [l K
HE 5 R PR (NOAA) FILE 1 4 3K K I2 56 M (AGAGE ) 2 4 3K dic 7L T Ji HL AR S I ) 5 4 1) 79
SRR I AU AR @ ) FE TR [, 75 50 RN Tt A i I A 5 Ak 1 A A0 B B, IR L )
T S R T R A7 4 i AR AR RS W e ) 3 [ P AN S AT A I s ek 7 FH B AR e AR
ez I 7k 35 R SOM B - A I 2% ( GC-MSD) 8% R AH 8 15 -H - J 4R A il % (GC-ECD) P~ Bl
MSD 1ER 1SRG TN &%, AR 8 PEBE 7R, (HAG I TS Sl IX () JR &t CFCs. HCFCs. @R AR 7T fiE
Kot BRGA AR B R U ECD BAR R & pxi 25 19 ey FL 67 PR B 57 5y A B8, (B HFCs 7 ECD Lok th (5
UL TR I, BRI 5 TG 1 A R S MERR A DN ODS A1 GHG P2 32 4% ik AR R R 5 3K

AMFFEEFH A 295 8 B Tk 4 - €035 - B A 0 2%/ il A 2% 2 48 (GC-MSD/ECD), £t
SHRARACEE S T R O IR o b AR R 7 V. AR D7 YA A TR — WD S A RN BB A 3 B, AT A ARG
B P S FOAS I AR 5 >R A MSD il HFCs, ECD £ l CFCs, HCFCs., AU AR AR, 5230 ] B
7E CFCs, HCFCs, HFCs, @ AURFNRMIE S 17 Fh 3z 4590 & pd AR, LA, 8 it I Pk BE R AR 5L 50 P4k
T AT LS BT 553 B L AniE i 2 . D7k th R L O RS % EE R T TR MERR B, OF BN AR T
PRI TN T DX PR A AR A, SR T AR T ik R SE F . AR A ST IR A e AR A ik AT R A
[E| ¥ J 75 St X ODS Al GHG Wil it 2%

1 #MBL5 7 (Materials and methods)

1.1 X255
Agilent 8890/5977B GC/MS (it £ 43 it ¥ M, 7T 52 80 5 R i Ff, B €00 335 A 40 5, OUAG: T 6 G2 00 ) 5
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Entech 7200 ¥ 451%, 7016D HEFERS, 4700 shZSHFBAL, 3100D [ i HEAL; RIS HE.

e 4R (41 >99.999% ), 1 4l 21 (41 >99.999% ), T &, TO-15 1A brifE S (4 — 5 k¢ (CFC-
12) . A DUF L BE(CFC-114) . — IR H 45¢ (CH;Br) . =& — % k¢ (CFC-11) . =& = & ¢ (CFC-
113) . 3£ & 5 (CH;CCly) AU G Ak Bk (CCly) , & JE 1.0 pmol-mol ™), 324 < AR bR v A (= 580 b
(HFC-23) . % W %¢ (HFC-32) . H. 9 & %¢ (HFC-125) . =9 & %t (HFC-143a) . — 4 1.9 & %% (CFC-
115) . PUF e (HFC-134a) . 3 &%t (HFC-152a) . —5 3 %t (HCFC-22) . — 54 9 & %5t (HCFC-
142b) Fl — 45— 9. 2 k% (HCFC-141b), ¥ FF 1.0 pmol-mol ™), AR M (— 1R —Z W bt . 1,2- A . A
AR-d5, 4-BLHER, W 1.0 pmol-mol ™).
12 SRk

IR VE: 75 60 °C T, B 3hiE FEAUH = 4l 206 95 B0 EAE AT RS Uk, WUk 5 MR, Uk
J& , B IR SRR 2 25 (<10 Pa) . BRI UE 20 IR B EE R — ANV A S gl A, Fie BR S BRRE b 19 20 B 28 TR ik
FrIE , £ H bR A4 B e (AT T4 B, AR O 95 350 1 37

R Al AR IE . FH Sh 2886 B, ¥4 1.0 pmol-mol ™" 1) TO-15 Fl5245 i AR R AR S s 4l /IR
AR B2 2.0 nmol-mol™!, VE A FRHEME A, K 1.0 pmol-mol™ Y PR i 4 UK B 2 10 nmol-mol ',
YR A fil AU,
1.3 R oA

T 4 25 . — A BE: AR IR 40 °C, 4L T 60 mL-min”", fENTIRE 10 C, f#HTHF ] 5 min;
TR AR 60 °C, WA RE 10 mL-min!, FHERF ] S min, FEHTIREE 220 °C, f#HTETE] 2.5 min;
SRR AR REEIRE-185 °C, RAENA] 2.5 min, TR 80 °C, fEHTHYA] 1 min; /£ ZEE 120 <C.

GC 3 4 4F: B34 26 DB-1 B4 A (60 m=0.25 mmx1.0 pm ) ; TR FE A A 50 K H I A%
1 4R 8 B M -50 °C, AR 4F 6 min, LA 15 C-min' FHEZE 10 °C, FLL 4 C-min”! THE E 150 C, )5 LA
15 °C-min™" FHEE 240 C; 20 # K 2 mL-min™; FFFE LR B 180 °C; 43U b 5:1.

MSD 73 #2454 BLUR; 32 IR BE A 250 °C B 1R 230 °C; HHVE Il 20—300 amu; % 7 4E
IR [A] 4 min.

ECD J3 41 454 ECD A 2§53 4 300 °C; B m 4l AL, Wi f 30 mL-min ™.

2 R 510 (Results and discussion)
2.1 R TR A

wmE 1 s, i Bk 4a 4 . GC F1 ECD RYB TR, 11 #2352 )0 ET7E ECD Ml 6 Fh a2 45 K
fRIETE MSD I 38 HH W WY W 1, 43 5 1 AT
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4X10 (b)
3X10°
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£ 4
8 2x10°
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1
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t/min

B 1 GC-ECD/MSD 2z 45 ki f Uz i
(a) 11 Fh32 42 1 ARAR Y ECD @i 1E];(b) 6 Fl S5 1) MSD 145 25 141 (5 1 5]
(BRI EWIE 2)
Fig.1 Spectrogram of the controlled haloalkanes in GC-ECD/MSD
(a) ECD chromatogram of 11 controlled haloalkanes;(b)SIM chromatogram of 6 hydrofluorocarbons

(The numbers represent the same compounds as the Table 2)
22 BRAEMIZ S A R
221 brufEfh g rdlfE
e R 1 FE a6 I Y A o R R 2 ) A o it 2, TR IR o il e A S0 8 AR vk R S R
1.25 nmol-mol™". MSD il {1 6 Fft HFCs 3 zf P b33 5 45 ECD Kl i) 11 A 524 i A0 e i ik bR vk i
. N5 2 PR, FERRIE R FIE [ N, 17 Fhaz 35 i A A5 o it B A ¢ R EXE 0.996—1.000 2 [1], 7] U,
B i 2 4 M A i, AR Ty v Tl &

R BRI HERE XL A0 e S A

Table 1 The standard concentrations of different injection volumes

P HFFEE/mL FRUE R/ (nmol mol ™)
Numbers Injection volumes Standard concentrations
1 20 0.10
2 50 0.25
3 100 0.50
4 200 1.00
5 400 2.00

R2 17 PPz s AR RO BR I 25 07 AR Y R

Table 2 Standard curves and method detection limits of 17 kinds of controlled haloalkanes

HEE 28 Ty B fR/ e/ S5 3R T R
F5 wEY PR TE/min FrufE 2 Correl/a\tion (pmol-mol ") (pmol-mol ") (pmol-mol ")
Numbers Compounds Retention times Standard curves . Method detection Background  Method detection limits
coefficients . .
limits levels in references
1 HFC-23 5.351 y=0.0625x 0.997 21 31 —
2 HFC-32 5.958 »=0.0392x 0.997 13 21 —
3 HFC-125 6.129 y=0.2283x 1.000 14 30 —
4 HFC-143a 6.149 1=0.3942x 1.000 13 24 —
5 CFC-115 6.250 »=1.541x10% 0.999 8 9 —
6 HFC-134a 7.369 »=0.1802x 0.996 13 113 —

7 HFC-152a 8.116 y=0.1615x 0.996 9 10 —
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2k 2
225 R R R/ Z:7% SOk A T RS
Fe WwEY PR AFE/min FrvE 2 Correl/a\tion (pmol-mol ") (pmol-mol ") (pmol-mol ")
Numbers Compounds Retention times Standard curves . Method detection Background  Method detection limits
coefficients . .
limits levels in references
8 HCFC-22 9.223 y=1.277x10% 0.999 17 252 —
9 CFC-12 9.691 ¥=6.640x10°x 0.999 5 501 30
10 HCFC-142b 11.106 »=6.118x10° 0.999 13 22 —
11 CFC-114 12.024 ¥=2.925x10°x 0.998 7 16 10
12 CH;Br 13.860 »=3.661x10% 0.998 4 8 10
13 CFC-11 16.644 »=1.037x10"x 0.998 6 228 10
14 HCFC-141b 16.961 1=6.915x10% 0.999 14 25 —
15 CFC-113 18.957 1=1.433x10"x 0.999 6 70 10
16 CH;CCly 24.440 y=2.127x10" 1.000 2 3 10
17 CCly 25.560 1=7.321x10"x 0.999 6 79 10

T TS A O 35 [ 5 S R AR (NOAA) 57 14 14 KA #1201 94F - e BE, T Zktudik: htps://www.
esrl.noaa.gov/gmd/dv/data.html.
Note: Background levels were average concentrations of 14 background stations managed by NOAA in 2019, download link:
https://www.esrl.noaa.gov/gmd/dv/data.html.

222 JrEKHRR

L5 HT 7 A MREE A 0.10 nmol-mol ™ AYFR HESARFE S, THARAE M 25 . 33 7 4t FR (MDL) 1
BT, MDL=1,, 1 g9y<s(¢ (EHR 3.143) 153 I v A6 HH R D7 a4 Hh IRIHSE 45 R L3 2, 17 Fhsz 45 i AU
f MDL 2}y 2—21 pmol-mol™". H#ij & P AIF 5 = B 1 %) TO-15 7 32 45 i AU A A T, 558 5%
50O i 4 AH, L £ Dean-switch Y GC-MSD/FID kil 2245, TO-15 w1 7 Fhaz 12 i AC R 1Y O 4G
HFR7E 10—30 pmol-mol™ 2 [H], Hr — 5% B g 1 HE 5L S 05 19 J7 v 4t FR ¥ 28 10 pmol-mol ™, & T
NOAA K W32 ¥ Wi A 2 BR T 5o (— 7R B ¢ 8 pmol-mol™!, H FEZ{)5: 3 pmol-mol ™). 1A 5 46l
(1 17 Fh sz 42 o AR I J7 VAt BRI T2 3R S5, WA T ikl 1T 32 45 ) AR I R SRR
B
23 JTEKEERE

3 A 7 YR IRV B (0.10 nmol-mol™) ATy iR B (2.00 nmol-mol ™) Ay 475 ME i FH AUARFE A, 115
AEXFFR A O 22 (RSD) SR PP 7 A 26 B 3k 3 o, IRV BE Y 17 Fh 3z 4% i A8 RSD Y R 0.7% —
5.2%; R BE R 17 Pz 8 < 108 RSD JE IR 2.3% — 5.3%, & BAR KGN 77 72 B A B i i kG 4%

R 3 EEEL GRS,

Table 3 Results of test for precision and accuracy

HFC-23 HFC-32 HFC-125 HFC-143a CFC-115 HFC-134a HFC-152a HCFC-22  CFC-12

0.10 nmol-mol™ RSD/% 52 4.0 4.1 3.9 22 3.9 26 49 1.5
2.00 nmol-mol™ RSD/% 45 53 3.6 33 23 4.8 5.1 3.9 25
TR IR /% 99.7—107 93.0—101 953—104 94.4—102 108—I110 92.4—101 92.1—100 93.2—105 94.2—95.8
HCFC-142b CFC-114 CH;Br  CFC-11 HCFC-141b CFC-113  CH;CCl, CCl,
0.10 nmol-mol™ RSD/% 3.7 23 1.3 1.8 43 2.0 0.7 22
2.00 nmol-mol™ RSD/% 4.0 3.0 3.7 2.9 35 4.1 2.4 32
s IR % 92.1—108 922953 90.8—96.5 91.4—96.0 93.3—107 92.8—99.5 95.0—97.7 91.5—96.4

2.4 JriRUERRE
25 FARE i IR 1.00 nmol-mol ™! AR ES MR JG #E4T 7 AT E . W3 3 Frow, 17 Fhaz 458 )i A 1E ) [l
WCRTE 90.8% — 110% 2 [1], & BHASKGIN 75 1t 2L A e 6 AR E A
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2.5 SEBREES ARSI
AHFFETF 2020 4F 11 HAET M IX @R T2, 2L 1 JBREE 71> 24 h BYIRIE 2 SbE A, #7018
AR SCHT I A3 A7 7 s 2 A A RE i, SEARRAAR LA 400 mL, ELA 2 45 5 L A 2.

500 {'

w &
(=2 f=
S S

T T

[
f=}
(=]

Concentration/(pmol-mol ")

100

5

B2 )N X B A R R AR
(BRZELN PRI 22 )
Fig.2 Concentrations of 17 controlled haloalkanes in urban Guangzhou

(error bars indicated standard deviations )

J7NTT KRB A S AR Y HFC-23, A 3245 0 AR MR BE Y Rl 7E 3—466 pmol-mol ™, 7] WA
75 B T R ER 4 H bR i 482, CFC-12, HFC-134a F1 CFC-11 2 & ik fi /85 (0 A = Fh pa 108, e 43 31l
N 466, 274, 261 pmol'mol ™, H: v 7 M 1T X FF B 25 At HFC-32( 221 pmol'mol™!) . HFC-134a
(274 pmol-mol ') , HCFC-142b( 162 pmol-mol™) il HCFC-141b( 181 pmol-mol ™) & B & & F K AAE
H; TAHEET 2005 45T PH 7 DO YR, T JH T X PR 28 S8y CFC-11, CFC-12 1l CFC-113 4351 T
%7 10.5, 161, 13.2 pmol-mol . Z5 5K B, I MM AT 4F KX 28 AR %174 7] CFCs M AR 3%, MfE
K CFCs (3 3 77 5 HCFCs DL 55 = A1V 7] HECs A4 1] 5 HEc i W a8 . SEBae o 45 51 5
T [ 8 29 D8 HEFE TR Fang 2618 BF 5T 45 FARAT, UE B A ARG o5 325 v ff ] 5.

3 4518 (Conclusion)

()R A 335 HE 0 TR 6 S G - A DU 2/ F A R A I 8 R 48, (57 T i U R = ki AR
RGN T v . ARG Ty s e B YR /e R RE A JE AR L, R MSD A ECD UK 1 5 4G, S 3 ] B3]
CFCs, HCFCs, HFCs, S fURFRICURAE 17 Fhaz 3R 2 )i AUE.

(2) F I RERAE I EE R o, 17 Pz 46 i A S W T R4, 43 B 33t A5 A ol 4 4 G R B0
0.996—1.000 Z ] ; 77 ¥ 46 1 BR 7E 2—21 pmol-mol™ Z &, ¥ T 2 Bk 15 518 K B ELE 0.7% —
5.3% Z [ AR TR AE 90.8%—110% Z 18], BRIk, AR 77 v R FH = A A 757 5% b X 1) 32 3591
EEEAWES

(3) 38 28 S FRAE SR I, e B ARk ) M T X ERBE 25 Kb CFCs W B 22 T R 3, (EAT) i X3k 32
B Z 4 K AR Y HFCs 5 HCFCs #e BB I 5 F KA S0 (8, 3R X 38 HFCs 1 HCFCs 1 i
5 HECRE R R 5 S B R RS I 25 R 5 R R 2 D HE S it N I 5 5 SR AR A, G B AR A 0 5k v
CiET

Bt B NOAA 15 AGAGE il [ 265 Kt 5% S $2 {1 14 A A R AGHIN sl A ¢ J3E 0Bl
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