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Rapid analysis of 45 volatile and semivolatile organic compounds in drinking
water by automated solid phase micro-extraction coupled with gas

chromatography- mass spectrometry

Zhang Qian , Gao Ge, Wang Lian, Yu Huiju, Wang Xixi
Chengdu Center for Disease Control and Prevention , Chengdu 610041, China

Abstract: Objective To develop a method for the rapid analysis of 45 volatile and semivolatile organic
compounds in drinking water by automated solid phase micro-extraction with gas chromatography- mass
spectrometry. Methods The 45 volatile and semivolatile organic compounds in water were extracted using
50/30pm Divinylbenzene/Carboxen/PDMS (DVB/CAR/PDMS) fiber, and then the fiber was introduced
into the GC injector port and the extracts were desorbed at 250 °C with CTC automated solid phase micro-
extraction device. A Full Scan had been done to find the potential pollutants and the detection of 45 volatile
and semivolatile organic compounds was carried out by GC-QqQ-MS/MS in the selected ion monitoring
(SIM) or the multi-reaction monitoring (MRM) mode and quantified using external standard method.
Results At 100 ug/L spiked level, the 45 volatile and semivolatile organic compounds were all qualitative
screening out in Full Scan mode; The detection limits ranged from 0.00011~2.4pug/L with recoveries of
70.7%~123.0% and relative standard deviations of 1.8%~13.1% (n=6) . Conclusion The results
demonstrated that this method is simple, rapid, sensitive and accurate .This method is applicable to confirm

the 45 volatile and semivolatile organic compounds in emergent events of drinking water.

Key words : solid phase micro-extraction(SPME); Gas chromatography- triple quadrupole mass
spectrometry ( GC-QgQ -MS /MS); volatile organic compounds (VOCs) ; semivolatile organic
compounds (SVOCs); drinking water
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(RS AR BERE T BURF R SE, SRICA 2808 T OR Pt B e A5 G L2
AT, ARG BTG G 53 4070 FEA SAEHERE(GC) . A 15 -5 i (GC-MS) B |
A S I AR LTSRS (GC-FTIR)BC VA . 780 B0BURE € i (HPLC) i RIAUA (1R 1 (LC-
MS) BXAVESERT, Horb AU 3 - B (GC-MS) B AV, PR R Iy H A SR €3 1) 1 7 29 2K e R o 1
(PR ERE ST, B2 T HE R4 R A VIR PR G A -7, AEKAERTAREE b, T2 HEoR A AH
HREA S K G WL G o A 5 5 FH B P AT AL SRR, 430l & T4 R M WA AL 4% kM
BH 7 5 S RS0, AHIX PR T By H BedE AT X 5 7 A, AS B[RS Sk #E R AL
A RN HUAD TS GRG0 [ A A B A A 7 [ AH 25 PR it e JEE R () R (0 A DR ZE L
R, ATREGHIEFREZ TR E SO MEFSMRIE, SRFE. B8 T &, FRRSERAE
AUACERR (], 38 T oK AR R PERN 3 R A AL I AR -0
ASCNFRIE K L ez il Gty D4 £ 1A AR VR 45 R R R K ALY, &AL T
SPME-GC/MS ¥EMUETFE KK 45 B R AR KA G VI 7, A frid fEfm g, thast, 45
RATEE, & T RAKTG G A 5 A AN 45 R A LTS G R PR T A
1 M5 E
1.1 B 5EFA]
450GC/320MS 1% (ZE[H Bruker Daltonics Inc.) , CTC combipal H alHEFESS T H 2l [ A AR H
(Jiii - CTC 2 %)) , SPME ZEHU4F4E(Supelco, EH), ¥WREHA 85um RINEIREE (PA)
100um &~ H A (PDMS) , 50/30um T O IRR 5y 0 5 R R R AU
(DVB/CAR/PDMS) , 20ml Tii =¥ Jffi (Agilent Technologies) , #H#/K#L (ELGA Labwater, 7%:E) .

TEMRE. ZEHRE. LLI-=A Ok 1,2-S kR R UEMER. =S O, TR 1,1,2-
SRk WAL J0K. 7. A8-HZE. [E-HZR. B, 1,1,22-0&E ke KEy . K1
1,2-250F, LA-ZAZE. Ay, RYEEZE. 2.4- 50y, WPRSEE A E . BORCE: . XPRSERSUR. 2,4,6-
=&, 2,4- TSRS, 2,6- RS FERNE . a -666. Y —666. B-666. &-666. p,p-DDE. o0,p'-
DDT. p,p-DDD . p,p'-DDT. N&EAK. 2,6- ~FMHIEEIRE ., FESS I, Mk, FREmE, DL EAR
WAl MK T 97.5%, HIYWIEEE  Dr.Ehrenstorfer A . Zr BIERFRBOE & FikbrdE i (e
% 0.1mg) , FHFHEEECHI 1000 pg/mL BIfERE, 2 4CHRE; DLEE1000  pg/mL, EE
AccuStandard A ). 2,4- AL FE1000  pg/mL, B E EF RS SRR ERE ST 2,4,6-
SAHEERZK(1000  pg/mL, 3EE AccuStandard A#]). ARYELAPIFEACES B RN RGO, #fe HAE
RAPMER B IIRE, B —E 2GS T 10mL &, FH B E 25 2 20 FE I 1 Bk
AER R, & 4CIRAT.

FEE(HPLC 2,55 Fisher A /) , SLEN (rdral, medfmikbetl TikH) D . @ik (i
1L E ELGA A R 4iK/EEAiK RAHITO
1.2 SPME B/E0

78 20mL THAS A FSE N 4. 8g 546488, BU 16mL /KA T TS, g hn o6 J5 78 0 va i, e
F CTC combipal F BN HEFEAT Tray2 % b, 56 B 20 EAR A BURIEREERAE,  BABZE IR AN
50°CHRzIZ2£HL (incubation speed 350rpm) 30min, 7E GC #BEFEOIE/E 250°C FAEW 6min.

1. 3 (AR RMEERM

o 2. ik (DB-5MS, 30mX0.25mmX0.25um) ; 3R 250°C; JHEAEFE: #iA
W% 35°C, fR%F 6min, DL 40°C/min FHEIEZE T2 130°C, LA 12°C/min FIFHRIEZTFE 180°C,
FELL 7°C/min BITHEE R TFE 240°C, LA 12°C/min FTHEEETFE 270°C; AR
(=99.999%) , ik 1.0mL/min, Zitk: 20:1.

JREESAE: BT YR, FEESRER 70eV, BFUIRE 230°C, BEILRJE 260°C, VLR (A]

1. 5min, RS GHAIES) 2.00 mTorr. EiEAREIINE] . FFAER T M ARb A B WL 1.

2 REW®



2. 1 FRiE &Rtk

fEFull ScanfxX FAIRAPRAEIEI, LA E &I ZH 40 1 DG I (R A — ZRR AR B -, F 4 o
&0 H AH35-500amu. KAFull Scanti\n] LSRAGAL V)& FUEE S, ShaEigEILE, #H17
RR A3 IV TR A . NS T R R BB AEMELL, SR A SIMAIMRMET#AARE K, MRMAR R
SIMEELAAG R PTTILRE ST, (EXMRAFEAMEGDM S, H 3 FREEA o H e BA & STMEL
W 2RIy BeA i 77 20, IR T2 I RT - Boh g A YR S IME#IE L, J5 R BE T EAAEXT
KA AR FAMRMAE SRR AT 5, EAR AL B 25 A S X R A AT o #r s BRI M B 7
MF BT It ae s, RS R mpB T ettt e E. EImIEimk & ~, SPMEZEFE,
A5MAL WA SR B T IR (SIMD 0T a2 e BRI (MRMD AR A2 B i L 1

%1 45 Fh H ARSI o1 5 BE I 1) AT 1% R S5
PR WAWEH  GENA SMER L
. HER T BE - TE mmaes
(min) (m/z) ¥ ¥ (ev)
(m/z) (m/z)
1 — 1.99 49°, 84, 86 - -
2 et 2.64 832, 85, 47
3 1,1,1- =5 L)% 2.90 972, 99, 61
4 e 3.02 62°, 64, 98
5 * 3.14 782, 77, 51
6 P 314 117°, 119, 121
7 =@ 2 3.86 1323, 95, 130
8 i 5.99 912, 92, 65
9 1122k 6.35 97, 99, 83
10 P 20 690  166° 164, 129
11 U 7.55 1125, 77, 114
12 7.5 7.74 106°, 91, 65
13 - — F 5 786  91°, 106, 105
14 o 809  173°, 175, 252
15 A= 8.09 106°, 91, 105
16 112202k 837 83°, 131, 85
17 K 8.83 942, 66, 65
18 K 8.84 93°, 66, 65 ;
19 1,4-— 9.16 us 7, 2
20 1,0-— % 9.30 ue B, 2
5w s TN
22 IEE SN 9.70 17273 7571a g
23 2,4-— A 10.30 162 69?;; ﬁ
24 AR TLE LIPS 10.70 19317 1%573 170
. 109 79 8
25 O 10.81 185 932 15
a
26 AWESE 1091 5 1y s
27 2,4,6 =45 11.83 196 s 22
28 24 HELHA 13.45 165 v 2
e 110 752 10
29 2,4- —RHFEECK 13.75 502 109 30
N a
30 2,6-HHELKRE 14.67 igg 115037 185



31 L e 3 15.15 210 1642 7

89 63 13
32 a -666 15.32 3213% 11%513 %
33 Na%E 15.40 - 284 224133 §8
34 2,6-HUHEEZRNE 1556 igg 113168a %8
35 Y -666 15.83 %?% 11%5; %
w 1591 : % 1y 2
37 B -666 16.06 521;% 11%513 %
38 5 -666 16.67 %213% 11%513 %
39 H X B 17.53 ” % 15
40 B 18.72 - 21 Gy 5
41 pp ~ -DDE 21.09 gig 12;663 gg
4 W B ik 21.67 - §§§ 12%9; ig
43 0,p'-DDT 22.10 - 235 12%5(; ig
44 p,p'-DDD 22.17 - 235 zlgga ig
45 p,p'-DDT 22.93 - 235 12%5(; ig

e ERBT

2. 2 B T T A R4k

2.2, 1 AEAYES AR 0 AT 4 S A RO A R A B, AR I A AT 4 S B
BB FERARRE AT, o AR RESE 0 25 Gk [ e AH B2 T AR, AT 3 5 /N IR AR 4 25 1)
A, BISLI T R RS (PDMS, 100 nm) A (PA, 85um) Fl - ZJEHE/ IRy
TR/ B LRSS (DVB/CAR/PDMS, 50/30 um) =l 4 Skt BRI 2H 23 (AR BUS R, 45 R 1

PDMS £F4E SRt 8GR Iy . AR Gy S AR s R A I 2H 4 R HLBE /) 22, DVB/CAR/PDMS £F
Y SR HLR 210 (CARD) X R MERF I 73 AU B AL 5, HAERGSR B BT PA F1

PDMS £-4Ek, ZREHIE, WAETEZ OMAR/ K1/ 58 — A2kt (DVB/CAR/PDMS,

50/30 um) ZR4ESBEAT B AHIMAL HL .

kCaounts
5, 6 18
500+ ST
] &
=
10 23
2
7 13
250-] 12 g A7 43
11 |3 32 37T
b 4 o |1 19 41 |44
4 g 20 HE 45
7 27 29 k]
] 21 25
R 22 2425 28 30 a2
i L | ZE I |31 e
07 1 ‘
T T T T
5 1 15 20

minutes

B 1 45 B HERL S WINFR/KEEL SPME J5 RS T K

2.2.2 ZERUNTAIIESE  SRI0 Pk e ZEBORE N50°C, X643 AT AR /KFE S AIAEHL10 min, 20

min, 30 min, 40 min, 50 min, 60 min, #*%ZDVB/CAR/PDMS (50/30 um) £F-4E kXt 45F k&Y 2E B & 1)

A, GREY], Sk EEHCEREAEUN [T N, 30min 5 MR AR LR, A 2L HUN A] 3

oA AR NS, WA AR MESRIANY, A . =&k, 1, 2- R Lk
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1, 1, 2- =5 ZKEA5 A8 20mi n A BUHE AL B4, 40min/G AHUE 2 TR, SE%E, ALKRK
P4 RE L [R] 3% 72 S 30min.
2.2.3 FHUEREMER ALK, EFE30minZE R E, 7E30°C. 40°C. 50C. 60°C.
70°C, % 7DVB/CAR/PDMS (50/30 um) £F 4k 4 45Fifk &M RE SAEBURE X R 4REY,
S RARIE . IR RIS R BRI AR 24 30 C R USRI i, ARV E Bl R T i 22 R Rt s,
(B0 2B R AR A 4y, AR B T s in, 4% BT EI50°CRE, R, ¥T
PRI EI ARG, REFIR, ARSI iR 4k 50 C A ZE BT B .
2. 2. 4 EALB AEUSCR I RE . FE SR I SN BE TR S VAR T B TR, PR T (1 v i
&, WVEZ T, JRHEMMEAEY, g UK M AR IR . Seae L 7 AN &AL A in
N B0%FAL BN REHUBCR P REn, 25 R, SR A ML AI Ak & ) S M R I R,
FALBNRE RO B BRI, Sl e kBN 30% ¥ 5L N o
2.2.5 PR MIESE @GR T, BRI E A6 S8 B R, M40 i 25 T
i ] . ARYECTC combipal A B BAHMAE R E K E, 4335 7 0rpm, 250rpm, 350rpm—FHfi
WA, LA T AN ET R ZEHCER S, S5 AR, ANk G R R BE AR A 5 I i B
B AR PE350rmp S5 A N HEAT BEHUSLEG
2.3 FIERTY

TESEIG FH K IIN— @ RAR 1. 1 TR IR A AR ER R, BCH Sobr i RIKIER, IR IEE
Bl WL 2, AMbRIEE R, FBEARTTFNKF 45 ML EDIRIRI TG . 45 B, TEIZEHE N,
BTN g 1) 45 ML G AT 2ett, FLZ A D¢ RECH 0. 9906~0. 9995, A thFR 0. 00011~
2.4ug/L, ZERIE 2,

] [ SR H I N AS P AL A PR A R AT IbR TSGR, RN K Ao i 2 Hh IR0
SPATINE6IR . RIFTIL, ZTT VAR T0. 7%~ 123. 0%, RSD NL. 8%~13. 1%,
2.4 SEBRREG B B

HE RAKKHFE, IINTRFIARAEVE I, HIRE N 0. Img/Lo % 1. 2 Frid 26 (34T B AR HUS
7F Full Scan &3 Fl%E, 45 Rk 9043 MPRAEDE 26 Fh e MEIR 2 HY . BR 2, 4~ IR 2R, 2,6
THFEZERE AN 2, 4, 6- =R %L 2R UCECEELE 80%LL_E4N, H A /P UL EE I AE 90%LA .

AR E R R SRR T e, 78 B SRR R =S R e, e 45 SRR T GB5749-
2006  (AETEIRHIK DAFRAE) H AR &4 0. 06mg/L.
3 458

L E B E AR (SPME) —SAH /BTl (GC/MS) VEBREE R K 45 FldsE s 1 A2
RGN T ZINE AT R R Pk, S5RATEE, Al FH TR KI5 Qe h 4 R A
FERAEA WIS e i) PR i

2 KT 45 B A AL SR LR TEVE . LR T AR AH S R B H R

A 5-50 Y=1.0642X10*X +6.7295X10*  0.9939 5.9X%X1073
=& 5-50 Y=1.7745X 104X +9.6304 X 10*  0.9963 1.5X 1073
LLI- =525 5-50 Y=1.1299 X 10*X +1.8621 X 10° 0.9984 6.1X1073
1,2- =K 10-100 Y=1802.9X+5.5245 X 10* 0.9961  3.6X1073
P 1-10 Y=6.273X104X -5.9178 X 10* 0.9973  1.8X107

PO g 1-10 Y=3.5078 X 104X -3.0149X10* 09906  2.9X 1073
=E I 0.5-5  Y=9.8988X 105X +2.1695X 105  0.9951  5.3X10*
FH 2 0.5-5 Y=1.8429 X 106X+6.8425X 105  0.9966  3.0X10*
L12-Z5 25 1-10 Y=3.5138 X 10*X -3.0802 X 104 0.9967 1.2X1073
I 0.5-5 Y=2.6872X 10X +8.8518 X 10°  0.9987  5.6X10*
S 0.5-5 Y=1.2457 X 10X +3.3554 X105  0.9994  5.3X10*
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Yo% S 0.5-5 Y=8.0633 X 10°X +2.5377X10°>  0.9982 5.9X10*
8] F % 0.5-5 Y=6.1165X10°X +4.1094 X105  0.9972  1.1X10*
AT 0.5-5 Y=5.7542 X 10°X +4576.4X 10  0.9967 3.1X10*
Af- — H K 0.5-5 Y=1.1802X 109X +3.8178 X 10° 0.9995 1.7X104
1,1,2,2-R 2. 5% 0.5-5 Y=1.2991 X 105X +4423.1 0.9952  8.7X10*
Ky 5-50 Y=3.4309X 104X -1.3292X 10  0.9990 7.5_2>< 10
i 5-50 Y=8531.9X -3858.2 0.9970 1.1X 102
1,4- &% 1-10 Y=1.9287 X 10°X -4.6252 X 10* 0.9956  2.4X103
1,2-— 50K 1-10 Y=1.9275X 105X -4.6778X10* 09950  2.5X 1073
V] P Ty 25-250 Y=5256.2X -1.2814 X 10 0.9956  4.3X10!
eSS 25-250  Y=3.8751X104X -7.8349X10* 09939 23X 102
2,4- 51 5-50 Y=2.8831X 104X -1.1183 X105 09963  4.1X 102
St il 3 HH 5 5-50 Y=1.7395X10*X -7.3869 X 10* 0.9961 1.2X 1073
B 10-100 Y=1763.7X +9771.5 0.9973  43X10"!
POVIcER N 5-50 Y=4070.2X-678.6 0.9952 1.4X103
24,6 =5 5-50 Y=2.0421 X 104X -9.4942X10* 09960 13X 102
2,4- R HL 10-100  Y=3.0238X 104X -2.2781X10* 09952 28X 102
2,4- R 50-500  Y=6.2883X 104X -5.8126 X 10*  (.9917 0.32
2,6- R i 50-500  Y=2.3417X10%X -2.2903 X 10*  0.9908 0.85
=S R 50-500 Y=1.3244X10*X -1.2980 X 104 0.9939 2.4
a-666 1-10 Y=2.0436X 10*X -1.4025X10*  0.9995 6% 103
NEE 1-10 Y=1.4421 X 104X +1.7857X10*  0.9967  1.6X 102
2,6- SR I IR L 2-20 Y=4.5421 X 10*X+5.8037 X 10* 0.9989 71X102
Y -666 1-10 Y=9757.9X -7269.3 0.9966 6.2X103
HEE 10-100 Y=4344.0X -2.3883 X 10* 0.9920  1.8%10"
B -666 1-10 Y=1.9067 X 10*X -1.6320X10*  0.9983 24X 103
8 -666 1-10 Y=1.0811X10*X -1.0177 X 10* 0.9959 291073
FR L o B Tk 2-20 Y=1.6122X 104X -3.1607 X 10*  0.9980 27X 102
X T 2-20 Y=1.3614X10*X -2.4028 X 10*  0.9989  1.7Xx102
pp ~ -DDE 1-10 Y=5.8110X10°X+6.4083 X 10> 0.9983 38X 10+
[V 5 ik 50-500 Y=3.4975X10°X -1.6127 X 10° 0.9910 0.13
0,p'-DDT 1-10 Y=4.0262X 105X -8.8890X 105  0.9951  4.1X10%
p,p'-DDD 1-10 Y=4.2314X 105X -6.0195X 10 09954  4.6X 10+
p,p'-DDT 1-10 Y=1.8854X 105X+2.1202X 105  0.9946 84X 10
F 3 K45 B H ARG AW I0bR BCE AR AR iR 22 (n=6)
e KA gy ugry  0ef RCRORSD
Cng/L) (xts, pe/l) (%) (%)
TR - 25 18.45+1.64 73.8 8.9
ZHE AL 40.60 25 59.754+1.08 76.6 1.8
L1LI-Z8 4k - 25 17.68+0.65 70.7 3.7
12- =5kt - 50 38.50+1.00 77.0 2.6
x - 5 4.92+0.15 98.4 3.0
IRy - 5 3.99+0.12 79.8 3.0
=R - 2.5 2.67£0.10 106.8 3.7
G - 25 2.774+0.19 110.8 6.9
L12-=& ke - 5 4.3040.09 86.0 2.1
Wy - 25 2.66+0.19 106.4 7.1
EBN - 2.5 2.8740.21 114.8 7.3
K - 2.5 2.86+0.25 114.4 8.7
JB)- R R - 2.5 2.9440.35 117.6 11.9



A - 2.5 2.65+0.10 106.0 3.8

AR - 25 2.5540.25 102.0 9.8
1,1,2,2-PY& 2.5 - 2.5 2.10£0.07 84.0 33
ENU - 25 17.80+0.61 71.2 34

PN - 25 18.08+1.55 72.3 8.6
1,4-—50R - 5 5.2740.54 105.4 10.2
12- 5% - 5 47540.62 95.0 13.1
i) B gy - 125 88.75+2.04 71.0 23

EE 5 - 125 136.96+7.81 109.6 5.7
24-— &% - 25 18.60+0.58 74.4 3.1
of FiF 2 FH R - 25 29.46+1.86 117.8 6.3
EE R - 50 45.40+2.22 90.8 4.9
PIRTEE- SN - 25 24.40+1.61 97.6 6.6
2,4,6 =AM - 25 19.18+1.25 76.7 6.5
2,4- T RHFE R - 50 49.87+4.09 99.7 8.2
2,4- T AH R GUR - 250 252.25+15.89 100.9 6.3
2,6- AR oK - 250 219.00+18.62 87.6 8.5
ZRH RO - 250 225.50+19.17 90.2 8.5

a -666 - 5 4.40+0.14 88.0 32
AY S - 5 5.00+0.53 100.0 10.6
2,6- . SAAHFHE R i - 10 12.30%0.60 123.0 4.9
Y -666 - 5 4.5740.21 91.4 4.6
HEMH - 50 40.12+2.89 80.2 72

B -666 - 5 434+0.17 86.8 3.9

5 -666 - 5 3.8440.20 76.8 5.2

FR BT B - 10 8.361+0.45 83.6 5.4
Yot 1o - 10 8.2340.49 82.3 6.0

pp ~ -DDE - 5 4.4340.48 88.6 10.8

o 2 i - 250 181.25+12.33 72.5 6.8
0,p'-DDT - 5 4.03+0.29 80.6 72
p.p-DDD - 5 3.8840.34 77.6 8.8
p.p-DDT - 5 4.11+0.37 82.2 9.0

[ 2% 3CHk]
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