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Background Study on Benzene Analogies in Methanol Reagent by Purge and Trap-Gas Chromatography-Mass
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Abstract; Benzene analogies are main indicators for assessing water quality and are prioritized pollutants for water environmental
monitoring and control.The occurrence of benzene analogies in drinking water, particularly in source water,is generally considered
to be undesirable.The concentrations of benzene analogies in such water bodies are typically low, with test results close to the
detection limits of analytical methods. Therefore , the meticulous consideration of benzene analogies as impurities in the reagents
utilized during sample analysis is imperative for the precise detection of these compounds at minimal concentrations in authentic
samples. As an essential reagent for preparing standard samples of benzene analogies,methanol should be given special attention.
The Purge and Trap-Gas Chromatography-Mass Spectrometry ( P&T-GC-MS) ,with its good separation , high sensitivity , low sample
injection volume, and minimal interference,is an optimal method for detecting trace amounts of benzene analogies in water. Based
on the P&T-GC-MS method, this study investigated the background levels of benzene analogies in several commonly used methanol
reagents in laboratories, explored the influence of benzene analogies on quantitative results,and provided data support for related
environmental monitoring research.

Key words: methanol reagent; benzene analogies; background study; Purge and Trap-Gas Chromatography-Mass Spectrometry
(P&T-GC-MS) ;trace analysis
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7 AR, SR P&T-GC-MS 32 %) 7K
HIZR RPHEAT 5 BT, AT A B BRI AR T Z 51 A
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W4 4 Wk 46 13 ( 32 [F Teledyne Tekmar 23 H] ) ;
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(E[H Agilent BHEAFRAF]) .

HH s 8 FhOR RPN A PR W R R
JR R R X R AP T HOR DR g AL
N2 (1 000 pg/mL, Ultra Scientific, 3 [E Agilent
BHEABRA D s PIbs FEEH 1,2-—5%6-d,(2.0
mg/mL, FE[F AccuStandard 23 H]) .

FH SR . B (36 1 7 HPLC 2, 2 fiF
=99.99%) ; M H i (74 [ 7, Ultra HPLC 2%, 4§
J£299.9%) ; C WEL (L E", GC TR, 4 fiE
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WO« I 5 A5 i 2 B 350 150 <C 5 TR
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40 mL/min , KFEEFE] 11 min; T EF[E] 1 ming
TOBERR L BE 245 °C, W RRHIRL BE 250 °C, M B 15 (7]
2 min; KR IR E 260 °C, K& RFE] 5 min; JEFE
5.00 mL,

1.2.2  SAHEIEFEKAC S E

ST  ERE TR 230 °C 8 AR E
7 1.0 mL/min, 23 b 10:1, FHERFE .75 CE
I, F445 10 min, LA 20 °C/min B TR 220 C,
A% 5 min,

iS4 ELIR, BRI 230 C, TUHAT
150 °C ;B TALBER 70 eV EHZIRIE 250 C ;IR
FILEBF 3 min, $H#EL L, 24 (Scan) FHHH
(SIM) £ 5, HH Scan #2595 . 35 ~
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Tab.1 Purge and trap-gas chromatograph-mass

spectrometry (P&T-GC-MS) analysis parameters

P&T Auxilie
Sample | L Quantitative ux.1 ld,ly
Dilution injection . qualitative
Compound volume/ X ions .
multiple  volume/ (m/2) ions
mL me (m/z)
Benzene 50.0 1 5.00 78 77,51
Toluene 50.0 1 5.00 91 92
Ethylbenzene 50.0 1 5.00 91 106
m,p-Xylene 50.0 1 5.00 91 106
o-Xylene 50.0 1 5.00 91 106
Styrene 50.0 1 5.00 104 78,103
Isopropylbenzene ~ 50. 0 1 5.00 105 120

2 #R5ite
2.1 FHIAEG

PL 1.2 7R B P&T-GC-MS 500 444, 4l
A R, A RRAR T AR (E 1a) , 5% &R
YR A AR (P Lh) X EE AT AT, 4lik sp A A 8
PR R W), W 5 S SR AN TE T3

a

. o

400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

t/min

1,2-Dichlorobenzene~d,
b

m, p-Xylene

0-Xylene
Toluene J

Styrene
Isopropylbenzene
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t/min
B 2 (2K) (a) FIERPIAREE (D) /Y
iRl

Fig.1 Chromatograms of blank reagent (pure water) (a)

and benzene analogies(b)
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i PR B T A R e HAR S =
VOCs 43 Hr38 i i f) 4 Fofr e 20 FRsEatm) B0 HL
C. M FTY HIEEAE D EEAF IS, 7090 H 1. 00

mL B FFEAY 11 H TR 4 R EERGR) 4tk
5% 100. 00 mL, Bl B BN 7.9 mg/mL 1Y 4
Folt B - 7K PR (HE S T 0. 79 o/ mL HH4ED) L F
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e BT, AR RN AR T A 2% o
M H . fEE R, I R O BR TN R Y IR . T AR
RS, I A D e R 2R 2% 5T Y . A7
FEANT DA EAREEE  H B2 A X 45
D A D IRAC R G S 4= T AEAE , LI
i, B SIM B Mr S (B 2) B, 4 Fhid
JL ) PR ) 280 AN () 2 b A DN 3 25 Ry, Hop
C P R i e A 3 s 5 Y 1R BR 2R AT, At
ARZR W e [0 A e T At 3 Al MR Y
HFE BRI R YL, A A 2 Fh 42 B0 H O B
(AR R PIART A 4 Fof P 5] A9 2 28 400 0 i
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Fig.2 Chromatograms (SIM) of benzene analogies for

four methanol reagents in water
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Tab.2 Peak area of benzene analogies for

four methanol reagents in water

R.T./ Peak area
. Compound
min C H M Y
11.55 Benzene 139 650 12205 2442 3748
14. 63 Toluene 46 154 23 466 38 802 67 018

16. 63 Ethylbenzene 4912 2837 1683 12353
16.76 m,p-Xylene 17 214 10226 29816 56911

17.24 o0-Xylene 6187 4050 3712 16381
17.25 Styrene 1 296 631 1442 7 588
17.66  Isopropylbenzene / / / /

Total (8 benzene analogies) 215413 53 415 77 897 163 999

TR 2, NG TR FREE SR H FEE R R ) 8
B, GAK2M £ 2 MR H PREEER
WA JECAH X 35 /0 1y B a7
2.3 PRI EC

AR ZR e o7 R 6 95 /0 B HLFR R 1 R R
Py At B VS TRFT PN AT 25 VAR

RRYIBRAERE AW T 0. 25 mL RS 1
FEEL 0. 100 mL 8 Fl2R RYITR A PR, H H H
FEE 2R 2 10.00 mL, £ E¥E 4 10.0 pg/mL 1)
ARV ERE TR

PR T 1. 00 mL WA FZHL 1. 00 mL
1,4-"57K-d, % 10.00 mL H H B 15 5] vk &
} 200 wg/mL A PIBRE S

AR T AR W F 1,00 mL % W% 5% B
0.50 mL(200 pg/mL) B NFRifF5 2 100. 00 mL
afizkH 453 1. 00 we/mL W NFR TAER W, G
B
2.4 FRiEIhZ

Bol S br e th 4, b BChAn M 2 A Fr
FHI 0. 100 wg/mL A5 e TVE W 2K 2 90 b o
IR 2 H P AR R B, BE i Am v i £k B T
f9°0. 100 pe/mL AR T AR W H 2K R Y045 HE6ig
MR LBl K R R IR, BRI ST

FRUERTZE AL B 1.00 mL 2.3 A R Ybs
WERE AW, H H B2 45 2 100,00 mL, 15 3|
0.100 wg/mlL MYFRME TAER W, 4 51 0.02,
0.05.0.10.,0.20.0.50.1.00 mL(0.100 wg/mL)
PIFRAE TAER W, D H HEEE 45 2 100. 00 mL, 15
FHRJE M 0. 020 ,0. 050 0. 100.,0. 200.0. 500.,1. 00
ne/L IIBRUE RS, AL R BE s AW A
25 pL AR TAEA M, PRufEIIZR A 40K S 0 bR
HE T AR RCRE R RN H P I 51 AR, Fe iy
JE g AR R B R, O 1. 00 mL( ARG
AP EEZIEATE) o

FRUEMIZE BB 1. 00 mL 2.3 2% R Wbk
WEAE £, 417K € 25 2 100. 00 mL, 153 0. 100
pe/mL 1Y AR HE AR W 43 51 B 0.02,0.05,
0.10.0.20.0.50.1.00 mL(0. 100 pg/mL) brifE T.
YEVRI, H 2liK 52 25 2 100. 00 mL, 15 31 % & 4
0.020.0. 050.0. 100.0. 200.0. 500, 1. 00 wg/L
FRUERS AR W BE S A W ImA 25 pl
WhR TAEE . ArdEfZR B BC il FE 5 A H
Pk G 0. 100 wg/mL b v T 75 I A% B
%) 1. 00 mL 7% 2 YIAm 1A 25V, DRI o o ok 32 et
IR H R R R AN 10 pL( ARG IR
BEZWEANTT) o

AR E M 22 19 R AW 530 AL,
DIOR R P B 5 AR v B 1) LB R A A A, DA
IR R T AR N BR A s T AR LUAE R
PARFRIFAT LM A . Hor 18] — FRRI —
R R IR | S AR ] I A
YA IR B RN TR, R v i e Y i
MR AT I E 7 WK, AR 8 IR BE W 40 B T
ARSI E AR T ) 2l DL=st(,_, o, 15
RRY TR R, b s O 7 YA
B 22 , 2SI R B n =7 B}, 99% 1Y) B X []
(a=0.01) /K FETFEFS 1=3. 14, PIEREMZ
LB ZerE K PR S i R IR ILER 3,

R3 WEREMZL D 8 MR RY LT R ARG R

Tab.3 Linear equations, correlation coefficients and detection limits of 8 benzene analogies for two calibration curves

Item Compound Linear equation Correlation coefficient Detection limit/ ( pg-L™")
Benzene y=0.476x-0.027 9 r=0.999 2 0.009 2
Toluene y=0.470x-0. 059 7 r=0.998 5 0.008 0
Ethylbenzene y=0.202x+9. 22x107° r=0.999 9 0. 008 2
Calibration curve A m,p-Xylene y=0.190x+0. 022 7 r=0.999 9 0.007 8
o0-Xylene y=0. 118x+6. 00x1073 r=0.999 9 0.008 3
Styrene y=0.109x+1. 86x1073 r=0.999 5 0.004 9
Isopropylbenzene y=0.186x+0. 011 6 r=0.999 7 0.006 7
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Item Compound Linear equation Correlation coefficient Detection limit/ ( pg-L™")
Benzene y=0. 486x-0. 024 7 r=0.999 6 0.008 6
Toluene y=0.477x+0. 060 0 r=0.999 0 0.007 3
Ethylbenzene y=0.228x-5.81x1073 r=0.999 1 0.008 1
Calibration curve B m,p-Xylene y=0.215x-2. 81x1073 r=0.999 3 0.005 2
0-Xylene y=0. 125x+1. 70x107° r=0.999 6 0.007 1
Styrene y=0. 111x+1.09x1073 r=0.999 4 0.005 2
Isopropylbenzene y=0.201x-3.09x1073 r=0.999 7 0.005 8

H 3 AT, P E bR 2R A DC R B r 38
7£0.998 5 LI b, 54 HY 639—2012" i &R
R KTET 0.990 ER, A B PIERMERZ
MIRPERT AR IR AR B 225 . TER
HERR R L 7 2R ], 51 AR H B0 = 2%
S AREAE RS o i 2R b RS bR e 2 B 5
A /D[RR 2R W TE 12 3R 90 s ol 4

FORER I 5 T ARl 28 A, AR WA T s v i 2%
A, JH0.060.0.120.0.450 F1 0.900 wg/L X 4
A2 FUIBRE T R P 22 A o i 4 it 22 S A %)
LRI A 2036 4 BBUESS R BIEORE , Hitr
HEMZR A 3% B &, A [R] v B i bm A 1 [l i %
BITE 73.3% ~ 112% i BN, A7 B 8 R HEA LY
A AT R

R4 ORIEBRERZR R FR W) IR R

Tab.4 Recovery rates of benzene analogies calculated by different calibration curves

Spiked Recovery Spiked Recovery

Compound concentration/  Valyed by calibration Valued by calibration ~concentration/ yalyed by calibration Valued by calibration
(pg-L™") curve A curve B (pg-L™h) curve A curve B
Benzene 0. 060 85. 0% 95. 0% 0. 120 85. 0% 90. 2%
Toluene 0. 060 73.3% 75. 0% 0. 120 93.9% 95.1%
Ethylbenzene 0. 060 90. 0% 105. 0% 0. 120 90. 9% 94. 3%
m,p-Xylene 0. 120 75.8% 98.5% 0. 240 95. 0% 98. 7%
o-Xylene 0. 060 85. 0% 102. 0% 0. 120 99. 1% 104. 0%
Styrene 0. 060 85. 0% 91.7% 0. 120 84.3% 84. 3%
Isopropylbenzene 0. 060 73.3% 88.3% 0. 120 98. 4% 107. 0%

Spiked Recovery Spiked Recovery

Compound concentration/  Valued by calibration Valued by calibration ~concentration/ yalyed by calibration Valued by calibration
(mg-L™) curve A curve B (pg-L™h) curve A curve B
Benzene 0. 450 104. 0% 101. 0% 0. 900 97.7% 101. 0%
Toluene 0. 450 106. 0% 101. 0% 0. 900 104. 0% 99. 4%
Ethylbenzene 0. 450 106. 0% 102. 0% 0. 900 112. 0% 101. 0%
m ,p-Xylene 0. 900 103. 0% 97.4% 1. 800 109. 0% 101. 0%
o-Xylene 0. 450 106. 0% 102. 0% 0. 900 106. 0% 101. 0%
Styrene 0. 450 105. 0% 104. 0% 0. 900 102. 0% 101. 0%
Tsopropylbenzene 0. 450 95.2% 91.9% 0. 900 107. 0% 101. 0%

F PSR o 0 2 1 R R R A I A 25 5
SEUIRHE AR EE (40 0. 060 we/L) F A i
2 A ERES B WS L WAL T £ B 1 E
AR YINbRR BN, 2 0. 120 pe/L Al
0. 450 pe/L B, PS5 bR1fE ih 215 21 19 € f 45
L SBWAR /N, 2 0.900 pe/L A4 e B bR AE
FAFRERNLE A 5 2 A5 21 B0 45 SR 28 R g o T4
HERRZE B e A5 R (K 3) . X ThrfEfi gk
A IR B2 it 37 F B 2R R YIRS R SR,
MR BE bR e, 25 S80S R 45 R Ak, s

AL LN 8 XY NN E I 3 =
A5 | A B 2R ) AR T 6 L iR AR /D | L 2T L
ZWEARTE . PR, S s/ B R A G | J5 S
FEUAREMZE B E17E BT,
2.5 OREWE ARG R

K2 B IAR Jr 2 A TR 2 BE 0 A R
5y, SRS ER 50 AT 500 pL(0. 100 pwe/ml)
fobr o 1 W W, Ak BE 4300 0,050 A
0.500 pg/L BIMbRAE, & 1.2 o3 #r 75 vk E A
SR, IEEATINE 6 Rk, IIARER 4L B 47T &
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0.060 pg/L spiked sample

53 0.140
80 0.120
20.100f
= 0.080 |
g 0.060 -
£0.040}
3 0.020 . .
= F TS S S
R P IPE GPE I
QP &0 &oo ” b & @b
S &
£y W S
\,’eQ
~ 0.120 pg/L spiked sample
7, 0.260
0.225
=0.190
S 0.155f
2 0.120
£0.085F
‘a 0 050 1 1 1 1 1 1
& F & E & & &
& & ¢ F T
N\
S TS
§
x‘bé?v
- 0.450 pg/L spiked sample
7, 1.100
-
2, 0.950
\5 0.800 [
= 0.650 [
2 0.500[
= 0.350[ | | | | | |
£ 0.200 PO I
& & _@\ _,VQ & 0&9
) & x&e Q/ e * N
™ &
&
= 2,30 0.900 pg/L spiked sample
2.
2.00
Y
2170}
= 140f
?J 1.10
£0.80f
30'5()0‘0'0‘0‘0'0'0
- o“’bo e\oo“ &0‘\ .*5\00 .*5\00 6@“ 6"00
&
Y & \\4.&00 Q/ g < A‘Qc(’
o™ &
\eeQ

—e— result valued by calibration curve A
—e— result valued by calibration curve B

B3 FERRE AR FENRRE ) E R4 R
Fig.3 Quantitative results of different spiked samples
by two calibration curves

IR ZR AT it AE P A AS [ B2 0 5 A AR XA
WEfR 22 (RSD) {1 Bl J2& 3. 2% ~9. 6%, 0. 050 wg/L
TFREER MK 69. 0% ~ 125% ,0. 50 wg/L
FREE R EICR A 96. 0% ~112%
2.6 FESHINE
2.6.1  FEERH HPOR R Y0

FHbRUERT 2R B K53 2 o il 04 i AR A7 E
T AR INER 5 R, ORpRiEMZe A fomik
FE 5. (1.00 wg/L) 51 A 1 mL HEERE iP5 A B 2K
FYa, BRRWASS, KAk & AR,
Y HIEE 2R R W B, WA T 0,022 ~
0.534 pe/L Z [, C R R RAERWm, N
0.599 pe/L, H HEEMZRRY BT, mbsiE
M2k B fem e o AR H B 10 pl, ¥
10 wL H HIEEE 2452 100. 00 mL Ziizk i, FH AR o

ik B %2 ik B /K, 8RR R W) R K
o PRI, 8 o2 28 W s o T A 8 0P 4 7K T o)
i, 58 4 nl LAk S BB PR R AR SR IR R
RS S FFBE KRR TR R
Tab.5 Concentrations of benzene analogies in

four methanol reagents in water

Concentration/ (pg-L™")

Sample Compound Y C M H
methanol methanol methanol methanol
Benzene 0.022 0.599 ND 0.058
Toluene 0.257 0.167 0.135 0.069
1% methanol Ethylbenzene 0.110  0.043 ND 0.024
. m,p-Xylene 0.534 0.152 0.273 0.085
in water

0-Xylene 0.262 0.093 0.05 0.058
Styrene 0. 130 ND ND ND
Isopropylbenzene ~ ND ND ND ND

Y ND FOR MG T I ik R, et
2.6.2  JKFEHIRZR PRI E

KAE 4 NRFHKIE M ARE , & 3 ANkt s %
IKFE 2 1.2 G 25 AT 0BT, 4 AN ERADK
V5 b K RE SOLEATREY R 8 MR R, 3 4
I TIT AR D A 45 R WL 3% 6, BR AR 20 AL SN
AN MR R B R

R 6 HRIKREPAE R 45 T

Tab.6 Test results of benzene analogies in tap waters

Concentration in water sample/

Compound (pg-L™) Rec;:ery/
S-1 ) $3
Benzene 0. 282 0. 154 ND 92.5
Toluene 0.464  0.540  0.168 82.5
Ethylbenzene 0.515  0.328  0.245  112.0
m, p-Xylene 0.312  0.420  0.288  108.9
o-Xylene 0.275  0.184  0.197  125.0
Styrene ND ND ND 98.3
Tsopropylbenzene ND ND ND 115.0

TE:ND R T I IR, A At

3 #ig

3.1 B TA T2 RO B R R, Y B
F AN ko A7 R/ 1 A 2R R ) S A AL
JoT , ANTR) T A 7 ) v o R ) % o = AP A
25 T BRI B4R R YR e AR S TR
FE ARG 1A B a5 AT 52 e K R H R R Y
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