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The Implementation of On-Site Ozone-Depleting Substances Monitoring Technology via Portable GC-MS Direct Sample
Injection and Its Regional Collaborative Application Practice

DU Lijun,LI Lin,XIE Yinfeng,ZHANG Yaohua,LIU Yanfeng

Weifang Ecological Environment Monitoring Center of Shandong Province , Weifang 261000, China

Abstract; In response to the compliance requirements of the Montreal Protocol on Substances that Deplete the Ozone Layer and the
relevant stipulations of the Regulations on the Management of Ozone-Depleting Substances (2023 Revision) ,the injection method
of portable GC-MS was optimized. This involved removing the headspace module, adapting the sampling interfaces, and adding a
200 pL quantitative loop to enable direct injection for detection. The improved instrument weighs 18 kg (a 28% reduction in
weight) and can be operated portably by a single-person. Tests results on rigid polyurethane foam and polyol blend samples
showed a 100% qualitative match rate between the direct injection method and the headspace method. Compared to the headspace
method , the direct injection method produced superior total ion chromatogram ( TIC) peak areas and reduced the shortens single-
sample analysis time from 30 min to 12 min (a 60% increase in efficiency). For methyl bromide monitoring, results indicated a
100% qualitative match rate between the direct injection method using the modified instrument and traditional methods, filling the
domestic gap in on-site monitoring. In Shandong-Hebei cross-regional practice, this technical system reduced case response time
by 50% and achieved a 100% data mutual recognition rate. It facilitated inspections of 331 ODS-related enterprises and the
investigation of 3 related cases, thereby improving ODS screening efficiency and providing a replicable model for cross-regional
collaborative law enforcement.

Keywords: portable GC-MS ; 0zone-depleting substances (ODS) ;direct injection ; methyl bromide ;regional collaboration

HAERLEZ YR (ODS) BB RIFMM R AZE &7, EANZEE, REMENERPEEK, T 2023
25 TR A S B TS ey RN ME DL SE R L B ARIBIT T QIHAR IR AR Y B B |, R — 2P0k
SEAEHEANSMER G AESAEE . HEREE, T EMER A S R ROE R R A S
(RTIHHEREZYRMSERFIRBGE ) I #I1TE oDs B s i gg 71, JF i F
16 IE S W Bl 25K 2 20 77 78 40 W IR R (CRCs) . ODS 15 5% 5 1 vk il 98 2 5 X300 3l 2% il
K (HCFCs) % ODS, JF e ar # A5 (L MR I AR B DX 00 0l 3 | PRk P ) i oy 17 o o 2

I 75 B #5:2025-10-05; 11T H #§ : 2025-10-29
F—1EER N AL HE (1990-) %, IR E N AR, WP T AT,
BIESE . X A



88 R R B

H41% ST 20254E 12 A

kU, R E X CFC-11 © 5% i 4 T Ik A
HCFC-141b W 4347 M 32 25 B i R 4% 1k 48 O K
TE 2030 4F 52 I 5% 248 5 R0 R 0 TH 3 US| 58 4208
TR IR R e A P Al S AR A s, T 2019 4R
A TAR QR T A A T, AR B R g T AR R e ]
W R R RN o8 3%, B H RT3 A7 A
ODS 75 FHAE B .

MEr, & E O ODS W E DL SR E ik h
F U R B B W I A o O R R R R
Bk F 4l A R Wk CFC-12, HCFC-22 , CFC-11
1 HCFC-141b 5 IHFE R A2 W BT 2 1 485 2
T %8 /A A0 @ 3% - % 7% ) (HJ 1058—2019) , HJ
1058—2019 >k FH Wi =5 11 kb BE-SAH €8 3% 3
(GC-MS) B FHEE A, a7 I 552 A o 28 4 g 9 vk 5 41
SBEETRY 4 FOCH opS! B 1E BLI% 5L bR Y
b 20 AN AT 2 05 AR A . — 2 08 R A
T L VAR R R 5 3 o DS ) RIS AR R AT | HLA
TEARR IR R4 T/ 3 AN 3% BT (0T 2 1)
FESL) S 0E— BRI 0 IR 05 (A 245 A0 A% ] 1 | 2
B A B TR TR A E R R il ST A, S0
# GC-MS WA A5 I ARBL &AWk, 4k
YRV B 75 2 ~3 NHMERZ | 7 ) 2 7 1L DX I A5
B bl DXOpe 7% 3 T8 4 37 S5 154 0 i 5 A TOE BE
92BN, B W R0 PR R AR R =R R b
005 RO B 2 (R B S R 65 R R R M AL
PRI e B R FE/SOM 35 -0 1% 75 ) (HT 759—
2023) W HEAT 525 = 4y AT, 4 AT B 1R 3 24 b,
AE AN IO i I (0] AL TG 1% 34 B B R B3 B 4
PSR B i T HEAR 1 U S B DX T B[]
AN A7 E A W [R) R S e RO R

MBI 5T K HBARK B Br L, 58 B AR &
(EPA) Method 8260C ¥ B 4% ¥ A 1k 98 A 5 K&
A DL BRI W I A 2 T B P R O R R
JoT 2R 2 g Y VK R 20 6 SR Bk ODS Y i 455X GC-
MS T 25 0 5 5 ik e Ak 0 7 o 45 34 4% 1 4 3k
R T A B AT R S 1, HLER X 2 R (R R R R
BRUR (4G SRk ) Wil | 5 H o W | DX 3k )
I I IX =5 T B 25 B Uk R B M B =

LORR ik
1.1 HEHNEAB

ASBIF 5 38 3 V5 Ve UE—AS A% B0 — 1 BE 4
UE— DI A R A, LS B K H AR —

MNTERL R B A e AR A
B B3R AT RUBGE 5 R B T AR A 4 1 S
B oAk B0 3 W 0 2 R 5 = 2 4 i U5 Y e L
I W ge 7, RS Py B3 W R R 2 e DR
S5 E S IR O vk 0 B b A M TR B R X0
B[R] 1o FH A B 491

1.2 {UF/HE

1A% B 4. 8 3 =X T 25 /GC-MS Y (& +
INFICON, HAPSITE ER , J&i 43 A7 2% A DU FT )

0023 B B bR s 5 42 1158 C . % s DA iy Ak
TRz JERER B (N 7 kg) , R 316 A5
B SRR Sk B 5 IR 1 B S I b 1

i H8 HJ 1058—2019 #4731 R 46 | 4 IR 2
75 58 B

i R 4. DB-WAX B 4145 3% FF (30 mx
0.32 mmx1.0 wm)

MR WIIRIEE R 50 C, 4 £F 3 min, VU
25 °C/min HER T E 180 C , £ 3 min' !,

TE RIS 22 2% 200 pL sE B ER L d Ak
Eh 60 C, A MM a AR (4 ERT
99.999%) ,

1.3 HmRESNE

ODS Ff i - ¥ B HJ 1058—2019 HE17 KE & R
A CTE R IR OGBS T iz MR A7, 10 d
o 5 e ) BT SR AR R A 9 AN (Ll AR
P 2 AT 5T 3R e T UK BT (4 A 2B IR
INARE 5,2 A0 5T 3R 2 I U0 R 8 5 T AL R B, 1
AN 5T 2R 2 R YR UK B ) HEAT T RS

TR E R < R R o TR T, X 4 M
e A7 R I | X A7 A V5 R e SO I BR Y 2 B
A T Ml e S il B W A 24 0 A X R R A
AR AR AU B A A e DX 3R A 1 SR A A
e b IR DX 38R A B SRR S, A A B ok
L V8 4 b T8 T4 A i 20 S Rz
1.4 $5+RIGIE

B E HHEOR A R W AR R
ODS Pk W I rp iy 75 A B

FEME— B0 DA T A 1 (H) 1058—2019 #fE#
D7) ML UE SR ] NIST 3% 2 DU T BE = 90% A H
SERRUE , 150 4 00 AR vk 0 s P DG fC R (D A
il B/ BHE B x100% ) o

AT R Ll B O R (TIC) Xt
LU 2 E RE 1 5 TS 1 Y RO TIC U B



b S7 G B T SN GC-MS B4 E R B T FE SR S0 53 (ODS ) By s B AR #4952 B e DX S B[] o 1 55 89

e SR A B B T IR AR e

I3 BT AR 0 SR AR i MU A AR L 23 A B
Vo J B A PR REAE I, T 5 I [A] Y 48 R [ (U LA
I — B GE AR IR AR ) /TS I AR R X 100% ]

PRSI I LU A 1 S T S Yk A
PR BRI IR SRR SRR P 2257

T5 P e B 37 W 0 107 9 T 2R ARt B 7 e
A AT B I e SR EL R R A AT E P N, T
I 7 45 2R 55 15 T e R A ] 3 4 D TRE E

DX 38 tp ] 57 T < 38 ek 52 B T A i 7 IX 38 1 [
I AR

2 ZREH
2.1 EMBEERREMNME

A I R 502 W 5 B 2R ) (2023 4R B
D) WA R, RSB EAT T & 4L ODS it

PR, N 24 DL e I 2 SR A AR R O A
SERAAFAE AR SR AES . ODS & Wi 3= %
BRI (A A B P HCFC-22 . CFC-11 1 HCFC-
141b % T4 FE S A2 T g T 4 /<A 0 33 -
) (HI 1057—2019) , 11 B #2 ik Bk AU T
A 0 A FLANAE S P ARl ak itE — D i O T
W55 B0k 0 A 0 A R M ) B A AR 3 T O A
AU

) EF 3% Bk B B R s 26 5 BT I A A Ok
BUR R ERA R 200 pl & B AU Ak kA
S EEH, R MAE GC-MS [ B0 B, /5 A H)
1058—2019 AR S B R |
2.2 EM—HM

9 /> ODS S bR A il (16 55 A T 2R 0 UK |
G R I ) i — S RIE LR 1,
[ 25 35 55 L 422 00 A 10k X6 W 23 66 o S o e & 198 A U
Eb X 3 P UL IR T

x1 NMEHESERHABENEE—BUEE

Table 1 Comparative analysis of the qualitative consistency between the

headspace method and the direct injection method
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Fig. 1

Comparison of target analyte retention times between the

headspace method and the direct injection method
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Table 2 Comparison of TIC peak areas between the headspace method and the direct injection method
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Fig.2 Comparison of TIC between the headspace method and the direct injection method
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Table 3 Comparison of time consumption between the headspace method and the direct injection method
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Table 4 Comparison of rigid polyurethane foam environmental adaptability between
the headspace method and the direct injection method
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Table 6 Comparison of key parameters between this study and similar ODS monitoring studies
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