2012 4£ 10 s W st Vol. 31, No.5
October 2012 ROCK AND MINERAL ANALYSIS 877 ~ 883

XEHS: 0254 —5357(2012)05 — 0877 —07

S AR - O - s ik 5 b
PR POk 57 Rhis ke VAT HLY

%ﬁij{'{!}l ’ '7:}’3/%%2
(LS T AREE LAY W It , VAR sk 5150415 2. i se @ XIREE Wi, ik 201822)

WE: AMs AM S AF R A —FF 08 L R A R GRS ol R 22 75 ik | A2 /R AR P 48 R ALy Yol &
WIERAEHEHR, AR ER AR EME R - Z A0 E# - RN E 0 AR R RIB AR 5T FrEL
WAHIG LY, BiE TRl AT B A SN TR T ERREN IR L, AT RENER L
B (30% ) \-F#7i2 E (40°C ) T 478+ 18] (20 min) \wk BEAH & A% (60 mL/min) & ok Bt4# 4 65 9] (2 min) 5547
B3R RS, RAMRIE KA TR IEL BRI AR R AL 2K KT 0.9930( ZRA A
A 0.9821 BIl) , F ik IR A 0.2 ~7.0 pe/L, 5 R A KR AKFE S AT E K % 4 82. 1% ~ 143% , #%5
FHE(RSD) 4 0.1% ~24% (n=3), #IHAAHEREAE X, KETLEIEAE AL, TR 33K+ L
AR A AT M, BB T HATRCE 5 LR xR AR A AR AR AR T B AR 4 B R AT R BLAE 4R 6h vk
BWEEAL, ALE AEERKEMR Y T RSN E T E,

KEER: RARENK; BEARANS; AR EME R, AABE#E - gk

hESEE . X832; 0657.63 XEkERIREG: A

Simultaneous Determination of 57 Kinds of Volatile Organic Compounds
in Drinking Water Using A Dynamic Headspace Sampling Method
Coupled to Gas Chromatography-Mass Spectrometry
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Abstract: The Dynamic headspace sampling ( D-HS) method is a simple, environmentally friendly and sensitive
method. In this paper, we report the measurement of 57 kinds of VOCs in drinking water by using D-HS coupled
Gas Chromatography-Mass Spectrometry ( GC-MS). Under optimum dynamic headspace sampling conditions, such
as 30% salinity of sample, equilibrium temperature at 40°C, equilibrium time for 20 min, purge flow of
60 mL/min and purge time for 2 min, the obtained detection limit was 0.2 ~7.0 wg/L, with r >0.9930 (except
for epichlorohydrin at 0.9821). The obtained average recovery ratios were 82. 1% - 143% (n =3) in spiked
drinking water samples, with RSD of 0. 1% —24% (n =3). The D-HS with automatic water pretreatment was
applied to simultaneously measure dozens of VOCs in water samples with high efficiency. Compared with the widely
applicable purge-and-trap method, the purge needle of D-HS does not contact with the aqueous sample, therefore,
the contaminations from sample to instrument is avoided while using D-HS. D-HS, a labor saving method, is
suitable for detecting dozens of VOCs in drinking source water.
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Ehrenstorfer AN H])

FRARM,2 - R - 4 R RIIR G bR
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VA IR N Be b T A 25 ORI TR 5 s
VT, 153 B 59 Bl VOCs FIER TR A v 1
T, o A S S TN o8 A SR S M R B i) H Al
VOCs ¥R/ 10 £571 2 i
1.4 52505k

JC10 mL KAEFHUCnA & i NaCl (15 20 mL
B A b, A 3R O 9 MR e IR AR 1 B i
P dt IR A NaCl i o 1A bl ph 2k 2 &
GIRE G RIS BRANBRAE i B 15025 N 43300 T N A



54

BUKCD 55 TS TUS B - R 3 - B0 RN AT O K BEOK b 57 R R A L

$31 &

FHBC, (AR EGHRBE D 10.0 g/ L, [A] B AT 5 Y
5 59 M VOCs AU TR 3 s v (80 FH ¥ 5 1 7 00
SEARIR VOCs ¥ J5E 1 52 B di o, A PR A AR
WTR s YA PV, 18 P9 A RER A 1 3k 52 4
10.0 pg/Lo RA RN B TH S A B2/ # S T s
— M B SRR IRE B P A AT

2 ghRGiE
2.1 FERMEA RN E T S Bt

FEVEE ST, &R BAR B 7
FILE 1o HARY. N AR FE AR i e 2 500
Fe 1, MR ES 7 B0 43 [R) 43 S AL A% 11 1 0 IR > 3 22
ZH MR 13,20]

59,60

3
20(419147-19
ﬂ%?%ﬂf
. ] 29
is 20 25

1,/min

BT SR DL S Tl

Fig.1 Total ion current chromatogram of VOCs
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Table 1  The detect limitations, qualitative and quantitative parameters of VOCs
~ PRENE WmiEs T e KB B PREAIITE] Weoups v AR AR/
5 Hr¥ . N EE B4 . " )
t/min m/z A (pg-L7Y) tr/min m/z FEC (pg-L7h)
1 =R 1.592 62,64  0.9969 1.0 31 1,1,1,2 -0 2% 13.349 131,133,119 0.9998 0.3
2 1,1 - &Lk 2.000 96,61 0.9992 0.4 32 K 13.772 91,106,77 0.9994 0.4
3 A 2.111 84,86 0.9932 2.0 33 J] — F 14.308 106,105,91 0.9995 0.4
4 JR-12-"F2K 2.348 96,98  0.9995 0.4 34 X 14.399 106,105,91 0.9993 0.4
5 1,1 - =52k 2.477 65,63  0.9974 0.3 35 K 15.507 104,78,103 0.9996 0.4
6 AT 2.593  88,53,52 0.9987 0.4 36 4B K 15.538 106,91,105 0.9996 0.4
7 Mi-1,2 -5 2.788 96,98  0.9997 0.4 37 R F 15.563 173,175,252 0.9994 0.4
8 22 - ANk 2.887  77,97,99  0.9995 0.3 38 1,1,2,2-&E 2k 17.110 83,85  0.9995 0.4
9 TR 2.962 128,130  0.9995 0.5 39 LA S 17.147 105,120,77 0.9991 0.4
10 = 3.032  83,85,118 0.9962 2.0 40 X — IRFR 17.332 95,174,176 - -
11 1,1,1 - =&Z%k 3.390 97,99  0.9995 0.4 41 1,23 -=8K"%% 17.376 110,75 0.9995 0.2
12 1,2- 42k  3.540  62,64,100 0.9994 0.4 42 TR 17.462 156,158 0.9999 0.4
13 1,1 - —&WE  3.566 110,75 0.9995 0.3 43 2 - FHR 18.401 91,126,89 0.9994 0.4
14 S 3.708  78,77,51 0.9996 0.4 44 IER# 18.559 91,120,65 0.9991 0.4
15 U ek 3.721 117,119 0.9995 0.4 45 4 - FHHZE 18.754 91,126,65 0.9994 0.4
16 %S 4.035 96,70  0.9997 0.3 46 1,3,5-=H% 19.254 105,77,120 0.9989 0.4
17 =R 4.683 130,95,132 0.9997 0.3 47 BT 2 20.179 119,91,120 0.9988 0.4
18 1,2- &Mk  4.802 63,62,112 0.9996 0.4 48 1,2,4-=H%  20.286 120,119 0.9992 0.4
19 TR 4.831 174,93 0.9986 0.5 49 1,3 - 40K 20.757 146,148,111 0.9998 0.2
20 RS 5.141 83,85,127 0.9995 0.4 50 TR 20.924 105,134,91 0.9988 0.4
21 PR ST 5.409 57,49,62 0.9821 7.0 51 1,4 - 50K 21.158 146,148,111 0.9995 0.2
22 i -1,3- 4Nk 6.184 75,39,110 0.9994 1.0 52 X SRS R 21.553 119,134,91 0.9987 0.4
23 A2 7.469 92,91 0.9997 0.4 53 1,2-"&%-d, 21.762 152,150 0.9999 0.2
24 g -13- 4N 7.605 110,75 0.9996 1.0 54 1,2 - 50K 21.832 146,148,111 0.9997 0.2
25 1,1,2-=%2% 8.242 83,97,85 0.9989 0.4 55 IET7 22.724 91,92,134 0.9991 0.4
26 1,3- "&WNkE  8.758 76,78  0.9994 0.4 56 1,2 - 9% -3 - 4Nk 23.998 157,75,155 0.9994 0.4
27 AR b 9.849 127,129,131 0.9988 0.5 57 1,2,4 - =50k 26.941 182,180,145 0.9997 0.4
28 DU 2 9.953 166,168  0.9996 0.2 58 2% 27.266 128,127,129 0.9998 0.2
29 1,2-"HZ%  10.503 107,109  0.9982 0.4 59 1,2,3-=42  27.978 180,182,145 0.9998 0.3
30 N 12.843 112,77,114 0.9998 0.2 60 NEAT I 27.977 225,227,260 0.9990 0.3

T X — RSN R, I T B SE — A e B T

BIIET rp O & SR Bl A TH 2 FEAE 1 8 WA B A0
AR 40 mlL/min , W 4 4 B 7] R A 1T ming
SCHR14 - 17 |38 B i < i 124 40 ~ 45 mL/min,
WA AR BT 11 ~ 16 min, ASSCHIFFEFBH , B IRT
AERF[E] A 4 min B, 7E 20 ~ 60 mL/min [ Wi 0 14
N, KB VOCs BB Jii 2 355 25 Bt W i 7 3o )
T 38 05 T BB A A A 60 mL/miin, IS A 4 )
] 2 min B, KHR4 VOCs 1 W A HE AR AT Tk
WA AE R (B2 4 min (45 R IOAS SORf e A A Y
WA 60 mL/min , IR AR E] 24 2 min,
2.3 bkl B b R

SN RN A S N ot AR T i 2k B A I B
14818 1 ~40.0 pg/L 110 ~200 pe/L, Hofih B 5
P)h 0.5 ~20.0 we/L, &PERRINE 1, &5 Hix
— 880 —

WL IETE I S A AR A T e 43 51 R 2 ~ 40
ng/L 120 ~ 200 weg/L, — 50 F B Al = S H e 35
5 ~20 pg/L, IR e IR A BeFn — I8 P ey
1.0~20.0 pg/L,JIii - 1,3 - —SHNEMR -1,3 -
RN 2 ~20 pe/L, Hgx VOCs M2 0.5 ~
20.0 pg/L; b o 20 45 A 56 28 B0 B4 40 S Ot
HhBIRTF0.9930(5£ 1) .
05 S8 MR FNER S S e A 7 A 1 BRI FH )
Ak 4.0 F110. 0 we/L FRiESUKEES 7 A,
HoAtr 5 H A 1.0.2.0 805. 0 pe/L AR vl Sk BE 4%
740 LA BEARME D 22 () 1Y 3. 143 A8 52 N7
R R (3,143 x 5) P GERLERW, Br A 57 F
VOCs {175 34 BR8N T B G bafie > op ok i 1y 4
Hh QA T PR 7K b 2 7K VRt 5 300 ) s o B,



55 1 B, &5 MBI AT S i

HRE - G - JFOEE R 3T I R IR ST Bl A AT B4

$31 &

HE K I -1,3 - &N -1,3 - &N
W TR R 1.0 pe/L, S e = e
H}2.0 pg/L, A AENEEN 7.0 pe/L, HAth HARH
BT ER BT 0.2 ~0.5 wg/L(FR 1),

3 BRI SEZRRFES 7 B
IO FH A ST B 5 0 T 2R A T M T e L el
%ﬁﬁ%ﬂ/ﬂjﬁ:ﬁiﬂﬂﬁlﬁﬁxmm%ﬁﬁﬁﬁ KKK
AT FEAR Y VOCs BYASJEG R B2 X5 /N X0 Bz 1) 5
ﬁi@tﬂ[ﬁﬁ MR KU 7K S s b 7 I R BE R
5.0 wg/LF110.0 pe/L B, %Ry A9 R (R)

262 e HRmnm AR RE P EAT B A e 5 B Il A

AR T 82.1% ~126% F182.9% ~143% (n=3) ;
K528 (RSD) 4 B4 F 0. 9% ~24% F1 0. 1% ~
8.2% ,H:Hh 24 92.8% ¥ RSD <10% (n =3, W3 2
M 3) o EFRAREI L, RI 4 - MR -
JFe i S A AR 23 4 Bl R A R
80% ~120% }z RSD <20% , %o} H s fsf [F] 45 L 455
A R IR LE . ARHHFFE 96. 6% A HLA 11 1
RIEAF 80% ~120% ,99% ) RSD < 10% , 1] If,
ARSI A — SIS - Bk Hr s
BroAt i, A A 1 v B ORS00 A5 B A 2R i)
i BEK

Table 2 Analytical results of VOCs in actual samples from Anbu river and interior spike

. b i e . ikt e
—. W EE pa/ 5.0 pg/L 10.0 pg/L iR ‘/flﬁfﬁmﬁf 5.0 pe/L 10.0 pg/L
(he L) ko RSD/% R/% RSD/% (he L) ko RSD/% R/% RSD/%

Ak <1 109 6.2 941 4.9 1,1,1,2 - a2 % <0.3 95.5 12 97.6 0.7

| R <0.4 85.3 17 108 0.6 K <0.4 102 7.7 100 0.4

AR <2 2.1 24 123 1.0 ] — F <0.4 108 5.9 101 0.6

R -1,2- &K <0.4 99.0 9.4 120 2.7 X <0.4 108 5.9 934 0.4

1,1 - =82k <0.3 102 6.4 109 3.1 AL <0.4 102 3.5 9.5 0.4

AT <0.4 98.0 9.9 102 1.6 A — H <0.4 102 3.1 100 0.4

B -1,2 - 5 <0.4 99.1 9.5 98.7 1.4 =R e <0.4 89.7 7.0 98.1 0.5

2,2 - ANk <0.3 94.8 11 108 0.9 1,1,2,2 - U kE <0.4 84.6 14 98.6 0.4

WAL <0.5 90.0 14 105 0.9 SR <0.4 106 4.1 104 0.4

A A <2 82.1 22 108 0.9 1,2,3 - =&MWkt <0.2 89.0 8.0 94.3 0.3

1,1,1 - =52% <0.4 101 8.7 107 0.6 TR <0.4 96.3 2.8 100 0.3

1,2- 82k <0.4 92.8 12 111 0.6 2 - FHR <0.4 100 2.0 97.3 0.5

1,1 - 5 <0.3 104 3.5 104 0.5 NALE:S <0.4 102 1.6 101 0.4

P <0.4 95.2 8.2 104 0.5 4 - HHZE <0.4 99.6 2.4 97.4 0.3

=R igid <0.4 92.1 12 116 0.8 1,3,5- =H% <0.4 104 4.2 98.1 0.4

(%S <0.3 104 7.6 106 0.5 BT A <0.4 99.9 5.2  99.6 0.5

= <0.3 98.8 11 107 0.5 1,2,4 - =H% <0.4 99.1 4.7 97.7 0.5

1,2 - &% <0.4 101 7.2 104 0.6 1,3 - 40 <0.2 111 6.6 93.7 0.5

TR <0.5 91.0 11 105 0.4 T % <0.4 111 6.3 97.7 0.4

TS <0.4 83.0 18 103 0.6 1,4 - &% <0.2 111 7.3 93.8 0.4

R AN <7 111 14 143 8.2 XS PR B R <0.4 106 5.7 97.8 0.5

i -1,3 - — &k <1 93.6 5.2 101 0.8 1,2 - 50K - d, <0.2 107 6.2 96.9 0.2

FH R <0.4 105 9.5 105 0.5 1,2 - 40 <0.2 109 7.8 9.5 0.4

R -1,3 - ~& Nk <1 93.2 8.8 102 0.7 ETE <0.4 115 6.1 97.4 0.4

1,1,2-=82Z% <0.4 83.2 18 105 0.4 - TR -3 - SRk <0.4 101 11 101 0.7

1,3 - “5Nk <0.4 90. 1 11 104 0.4 1,2,4 - =55 <0.4 117 6.4 93.4 0.6

TR P <0.5 88.8 15 103 0.5 %% <0.2 106 7.3  95.1 0.5

m%a&% <0.2 102 5.1 100 0.4 1,23 - =45 <0.3 117 6.0 91.1 0.7

1,2 - RO K <0.4 9.1 9.4 102 0.4 NAT I <0.3 115 6.0 97.0 0.6
EE <0.2 99.7 5.4 102 0.5

A <RI SRR T O A B 5 S 2 B A AR
DGR

G310 10 F120 e/ Ly FRALSPI 8 A T A I

43914 50 pg/L il 100 wg/L;
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Table 3 Analytical results of VOCs in water samples from Qiufeng reservoir and interior spike
. W py/ 5.11([1)1%? 10?[2)W§)L : W pu/ s.ﬁg%i 10@]0%:%
Hir4 I n& [ Hir# o n& L
(b~ L7 p o RSD/% R/% RSD/% (o L7 p o RSD/% R/% RSD/%
HK <1 116 5.1 95.0 2.4 1,1,1,2 - NS 2% <0.3 109 5.2 99.8 0.4
1,1 - —52% <0.4 104 4.1 9.8 1.1 K <0.4 115 5.7  90.5 0.6
AR <2 115 6.9 119 0.7 ] — 2 <0.4 116 6.0 90.6 0.5
& -1,2-"4A 2K <0.4 110 3.9 953 1.0 of = B2 <0.4 117 5.5 84.4 0.8
1,1 -—&SE2k <0.3 107 3.6 883 0.7 K <0.4 113 7.4 9.3 0.3
ST 0 <0.4 109 5.9 87.9 0.8 A8 HIZE <0.4 115 6.7 104 0.2
Wi -1,2 - 52K <0.4 108 5.6 100 0.7 IR <0.4 104 6.8 90.4 0.3
2,2 - AWk <0.3 108 4.2 9.9 0.9 1,1,2,2 - UL %% <0.4 93.3 1.2 86.0 0.9
TR g <0.5 101 2.4 109 0.6 BN <0.4 109 0.9 106 0.1
A <2 101 4.1 109 0.7 1,2,3 - =&kt <0.2 95.9 1.6 97.1 0.3
1,1,1 - =& 2% <0.4 113 4.2  98.5 0.8 TROR <0.4 98.4 1.1 104 0.1
1,2 - ZH Tk <0.4 103 3.6 105 0.8 2 - <0.4 104 1.3 91.0 0.4
1,1 - —GFi <0.3 112 4.9 923 0.9 NALES <0.4 107 1.4 87.9 1.0
S <0.4 105 4.3 100 0.5 4 - HHZE <0.4 105 1.9 91.9 0.3
U S ALk <0.4 110 3.8 101 0.9 1,3,5 - =H% <0.4 109 3.6 8.4 1.0
K <0.3 111 5.4 101 0.5 BT <0.4 112 4.2 8.2 1.2
—EH LI <0.3 113 4.8 102 0.6 1,2,4 - =H% <0.4 110 4.3 89.0 0.6
1,2 - — 4Nk <0.4 106 3.8 104 0.4 1,3 - "4k <0.2 114 4.3  93.4 0.3
YR <0.5 102 5.5 111 0.3 T % <0.4 118 4.4 83.2 1.3
TR A <0.4 98.0 2.9 107 0.5 1,4 - 402K <0.2 114 4.8 95.1 0.2
HEAAR b <7 122 2.2 132 4.1 X RN EE R <0.4 119 5.0 83.9 1.3
M -1,3 - SNk <1 101 5.9 104 0.4 1,2 - —4%K - d, <0.2 112 5.6 98.5 0.4
2 <0.4 116 5.5 98.1 0.6 1,2 - —&2% <0.2 112 5.9 997 0.2
& -1,3 - 4k <1 102 4.1 103 0.4 ETE <0.4 121 6.7 84.6 1.2
1,1,2 - =5 % <0.4 9.9 3.7 108 0.4 ||1,2- "R -3 - &Nk <0.4 106 7.9 104 0.4
1,3 - —&Nkt <0.4 98.2 4.7 106 0.2 1,2,4 - =4&% <0.4 124 9.4 95.8 0.1
TR <0.5 101 5.4 105 0.5 P2 <0.2 112 8.5 99.0 0.2
VU, 2 <0.2 117 5.4  91.3 0.5 1,23 - =55 <0.3 126 7.8  94.4 0.2
2 - ZYRLKE <0.4 102 5.1 106 0.4 NAT I <0.3 121 8.8 82.9 1.8
Sk <0.2 109 5.2 101 0.3
4 éiniig compounds in sewage samples [ J ]. Toxicology
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