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Determination of Twelve Halogenated Hydrocarbon Organic Tracers
in Petroleum by GC/MS

YAN Jun, FENG Shuo, LI Bo-wen, XU Jing, WANG Zhi-long, CUI Jian-yong
(Beijing Research Institute of Uranium Geology , Beijing 100029, China)

Abstract: Halogenated hydrocarbon organic tracer is a kind of chemical tracer, which
has the characteristics of less adsorption on the bottom surface and easy to be detected.
In this research, gas chromatography-mass spectrometry (GC/MS) was applied to ana-
lyse p-fluorobromobenzene, bromobenzene, bromocyclohexane, p-dichlorobenzene,
m-dichlorobenzene, o-dichlorobenzene, p-bromochlorobenzene, 1,3,5-trichlorobenzene,
1,2,4-trichlorobenzene, p-dibromobenzene, 1,2,3-trichlorobenzene and bromododecane
as twelve halogenated hydrocarbon organic petroleum tracer. The separation was

performed on a Kromasil HP-5 column (phenyl methyl siloxane, 60 mX320 pmX

W is B H#:2019-07-02; & B H #§:2019-10-26
EE R R(1982—) , B (PO  FH AR AL, = G LRI . NF A DAL & W e i e Tk 5t

E-mail: cnncyanjun@163. com



380

=)

L I

0.25 pym). The carrier gas (N,) was at a flow rate of 1. 0 mL/min. Quantitative analy-
sis of halogenated hydrocarbon organic petroleum tracer was carried out by electron
ionization (EI) source and selective ion monitoring (SIM) mode, the sample inject vol-
ume was 2 pl, the ion source temperature was 260 °C and the auxiliary heating temper-
ature was 280 ‘C. The results showed that twelve halogenated hydrocarbon organic
petroleum tracer had good linear relationship in the range of 10-10 000 pg/L, the limit
detection was 10-4 pg/L, and the standard addition recovery rate was less than 3%.
This method has good precision, sensitive, simple and rapid pretreatment, which is

suitable for determine the content of petroleum tracer, also can provide a technical way

a1t

for petroleum tracer detection in the process of petroleum development.

Key words: petroleum tracer; halogenated hydrocarbons; gas chromatography-mass

spectrometry (GC/MS); selective ion monitoring (SIM)
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1.3, 5- =R O R IR R C e VIR
A e, BF 100 mL 258 A IE & b
SEA BN B R 100 mg/L 1,3, 5- = 40K,
XF ZROR RO VR O b R IR S
PRAfEf E . B 1 mL 1,3, 5- =G K 4 =
TR CROR AR IR O e TR T b IR A R
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L SN ] I i SN R/ 77 R
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2000 mg/L), BT 10 mL 5= mAE
Ot A 25 2 20 B2 L Be il A 10 mg/ L f 12 g
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FEA A W B T 10 mL RSP, inAE
ChEER 22, 1 0.22 pm JE M, U8 WK BD K
A1 AR T

1.3.3 SCE & F @i f . Agilent HP-5 4
(phenyl methyl siloxane, 60 m X 320 pm X
0.25 pm) s # TN i 1. 0 mL/min; 739 H
20 ¢ 1 FHRFRF WG IR 90 “CL R $F 2 min,
PL5 C/min JFiE 2 100 C, % 2 min, DA
10 °C/min FHEZE 200 C, {3+ 5 min; FEFE O
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Table 1 Quantitative and auxiliary ions

of twelve halogenated hydrocarbon tracers

hes R 4 Bk E%%% ﬁhﬂb%%
Quantitative Auxiliary
No- Tracer ion (m/2) ion (m/z)
1 bIE REES 95 174,176
2 TR 156 77,158
3 WA e 83 55
4 ] = &2 146 111.148
5 Xof R 146 111,148
6 A AR 146 111,148
7 PORLEC S 192 190,111
8 1,3,5- =5 % 180 182,145
9 1,2,4-=4# 180 —
10 X R 234 182,145
11 1,2,3- =40 180 236,155
12 AT b 57 182,145

B 1000 pg/L i 12 Ff pi A8 758 25 500 s 1
VWA A T S VL IR 1L 3.3 T O ik AT
GC/MS 73 #r, 153 3 i A8 1R A b T A WA A
MR WA B . os TE 1. AT,
12 B 7 B8 0 W] Bl B 0
2.2 AMTREFNEZEXRER

10301 S TR A bR TE R S
P IR 1. 3.3 5 07 40 A A9 B 6] Wk 2 T 4 i
g 7R A WA T R s A R T U A R A
PO TR AW SE N Y A - e Gl = P |
12 FoRER R B bR E TAENZ . 9] T34 2.

2.3 HWHRMNZE

10 pg/L Al 7R B R A e 1 W AT R
R A5 3 8.5.2.1 pg/L A il B A i
Wl GC/MS #1770 81, UE MR /N T 3 7
SER B L A T AR 3, Al ROR Ukt
TURORAN 1, 2, 3- S A R Rl R A K. R
4 pg/ L X IR R Bk PR fe v - o 10 pg/ L
2.4 EHREEZR

KB PRI 0. 010 g 5 fy AR M A KR B3 5 19 41
WAL, 2 B & T 5 mL 7 & P, A5 000,
1 000,500,100, 50 lu,g/L 12 Fhos BEFIR &
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FRUER I E A B % E. 15 8 ¥ & A 5 000,
1.000,500,100 pug/L By A1 i A fh V5 9. KA
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2 405 6 110-322 1120 11.90
2 7.687.80 g 30 ; 18210 180
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= 174
S 17.60
- M
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5.84 6.84 7.84 8.84 9.84 1084 1184 1284 1384 1484 1584 1684 17.84
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14.63 16.00 17.37
100+ 57 57 57
S 12 [17.42
3 16.88 |/57
(=]
<
=
(=]
=
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<
o
= 17.53
5 (7 98
17.
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0 T T T T T T T T T T T T T
5.84 6.84 7.84 8.84 9.84 1084 11.84 1284 1384 1484 1584 1684 17.84
t/min
Wl APRURAR ;2. WK ;3. IRARIR O e ;4. X 5045, B 500856, &8 4R 7. xR
8.1,3,5- = 40459 1,2, 4- =410, X iR AE;11.1,2,3- =412, WA+ k%
E1 mREREFE@R(aMAHERD)HN GC/MS REFRE
Fig.1 GC/MS chromatograms of reference materials (a) and petroleum samples (b)
T2 RHABMTEFANEESFRE SEEEMEXRY
Table 2 Linear equations, linear ranges and correlation coefficients of twelve Petroleum tracers
¥ 7N ER 7 By LT H AH G R B
No. Tracer Linear equations Linear ranges/(pg/1) Correlation coefficients ()
1 X IR AR y=506.192x—18310 10~10 000 0. 9999
2 TR y=1241. 50— 63046 10~10 000 0. 9999
3 WA y=983. 11x+25431 10~10 000 0. 9998
4 M) =& y=1679. 01— 55088 10~10 000 0. 9996
5 X A y=691. 83x— 35939 10~10 000 0. 9998
6 A8 ER y=691. 982 —57329 10~10 000 0.9993
7 X R R y=0505. 74x— 30435 10~10 000 0. 9991
8 1.3.5- =5 y=2831.322—5268. 8 10~10 000 0. 9995
9 1,2.4-=5 % y=910.652+21018 10~10 000 0. 9999
10 Mo TR y=609. 61x+17248 10~10 000 0. 9999
11 1.2.3- =40 y=746. 96213389 10~10 000 0.9997
12 P A i y=1235. 52421161 10~10 000 0. 9996




4

Bl REE SR - BT R A T A B AR R 2 R

383

R3 AHTERNAEHR

Table 3 Detection limits of petroleum tracers

Nl i 1 R ANl o 1 B
Tracer Detection limit/(pg/L) Tracer Detection limit/(pg/L)
X IR AR 10. 0 Xof R AR R 6.0
TR 4.0 1,3,5- =4 % 6.0
BARER C e 8.0 1,2,4- =5 % 6.0
) — 5 8.0 K R 1.0
T HE 8.0 1,2,3- =402 4.0
4 AHERERENEER
Table 4 Accuracy measurement of petroleum samples
TR I 17 1 Peak area M Content measurement/ ( pg/L)
Tracer 5000 pg/L 1000 pg/L 500 pg/L 100 pg/L 5000 pg/L 1000 pg/L 500 pg/L 100 pg/L
XoF R IR R 2477837 494145 248573 29842 4931 1012. 38 527. 24 95.13
TR 5947583 1283422 582347 57388 4841 1084. 55 519. 85 97.01
WA d 4856758 1101578 529485 124777 4914 1094. 64 512.71 101. 05
i) — 4 3289076 679056 278796 16743 4925 1081. 20 491.72 105. 79
W AR 3476798 674560 318790 44561 5079 1028. 43 514.19 117. 80
A G 3386549 599047 308218 14858 4977 948. 55 528. 26 104. 32
X PRGA R 2576854 501511 217832 22951 5155 1051. 82 490. 90 105. 56
1,3.5-=4 % 4179453 876954 431986 89456 5034 1061. 23 525. 98 113.95
1,2,4- =4 % 4557675 919865 424761 80485 5028 1033. 20 489. 52 111. 46
TR 3100981 382291 319547 84412 5059 598. 81 495. 89 110. 18
1,2.3-=4 % 3797435 734567 371692 77345 5079 978. 87 493. 07 99. 01
WAL+ = 6287954 1289576 629824 154820 5072 1026. 64 492. 65 108. 18
2.5 hnAREEEE) N E y SRR il N o VTR B 5 R W I

R BRI 0. 010 g A AR 85 570 19 £ T #F
G BT 10 mL AR L A 1 000 pg/L R
WERBOEZS 2 2 FE . B 5 mL 2% 47 Il KE & A v
W BT 10 mL 5 RO WHZRE Soh &
%5 pg 12 Fa R EE L B A 5 000 pg/L
T v V5 00 RE % B 20 AR i R 25 pg) it
FOAR SR G5 R 3R 5. AT, 12 Fhof il
R B BT 0k 2R AE 95. 6% ~ 107. 6% Z A, %
AHAZ 7 05 19 T Tl i 6 R AT

i
A FE FE ST T A - v T R AR

T A B SR T - IR T AR B AT LS
BUR AW B 19 23 85 3R] LLSE AL & W Y
SR S L T R T M I T DUAR 9 H A
5 B BB RE B TR R AT RS T A
77 BT R R i A 1 o AR A 9k BE S i 3% 5
T IR R PR UM 3 5 S AR .l T A
Bl R 22 B0k 2 O ACOIR 25 i 2T A B )
M B 1000 75 LB A RE#EAT B AL, [H Bt 52
R RSt BR AT LAAE Jin A A8 /8 7 B 590 1) 1 B0
T HEAT I Xkl F A BB AR L ol AR
N B 55 Bl 37 L BT 24 42 5% AR ¥ BoAT
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Table 5 Recoveries of petroleum tracers
AN $il ﬂu%ﬁi . ﬂﬂﬁ#@fﬂ?ﬁ%ﬁ.ﬁ'l}ﬁﬁ T i TR B ) BT I ES
- Standarfi addition Tracer in spiked S Recovers, ¥
quality/pg sample/pg
X I A 25 29. 68 5.05 98.5
[LES 25 31.99 5. 46 106. 1
AR bt 25 32.30 5.41 107. 6
] A AR 25 31.97 5.43 106. 2
X R 25 30. 67 5.16 102. 0
A AR 25 28.90 4.78 96. 5
Xf AR 25 30. 96 5.21 103.0
.3.5- =5 K 25 31. 21 5.25 103. 8
1,2, 4-=5K 25 30. 39 5.11 101. 1
X Z 25 32.10 5.34 107.0
1,2.3-=4% 25 28.79 4. 88 95. 6
WA ke 25 30. 20 5.13 100. 3
5% 3Lk (4] dmZe WREK. 9 ) AL 3R s B0 BF 5 kR LT .
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