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Simultaneous identification of key odorous compounds in surface water
by gas chromatography —— mass spectrometry and olfactometry
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ZHANG Shengjun’ FENG Yuanqun®

(1. College of Chemical Engineering, Zhejiang University of Technology, Hangzhou, 310014, China;

2. Zhejiang Environmental Monitoring Center, Hangzhou, 310015, China)

Abstract; An integrated method for the indentification of key semi-volatile odorous organic
compounds in surface water was established by gas chromatography-mass spectrometry and
olfactometry. Odorous compounds such as nitrobenzene, chlorobenzene and polycyclic aromatic
hydrocarbon were tested accurately at the level of 0.312 wg-L™". Two wastewater samples and six
surface water samples were tested by this method. It was revealed that the main semi-volatile odorous
organic compounds had a significant correlation with the odor of water samples, but not with the
concentrations of pollutants in water. This method provides an alternative for the survey of
environmental pollution accident, beneficial for the source tracing of odorous substances in water.

Keywords : surface water, odor, solid phase extraction, gas chromatography-mass spectrum, odor

discrimination.
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BP0 2013 AEBUM T A R K TR HH BUS KSR SRR 45 S R LG , B SRR 2 A AN — R B
HBFRIK SR 32 A RIR SR AR SR P ROR IR, i 2 8 ok R 2R W anse 2k A5 ke, Jin & 2%
Fh Ml K A 355 7K LR A KA R | b R K TR T K 2 2 S R 1 38 28 R 1 A
KA AL b 23 WA LR AN 2-F LS vk 1 i T R AR SRR A S AR IEIE T2, SR R KR
%% Suffet FFHE T HAMIPFTE TAEL B ASRFE LI IFF1 H— 25 DL Sk 0. HC B R AE 57 AR 1R
B ORI H AR AT SCHRHE ™ 5 N TARAR 2 57 R A DL I 520 L (EAE b 3K S o A
B R K BORY FOF IR IR T R A DL s B B i 3 T2 — 2 A g L
B2 ng- LGOI LA ORUET Bk B HECE S A IR HE R B K AR A s - s L Y, B
REZ | BASTI R KA ML, (B0 W8 T8 78 2 W — o sl LA i 7 A S R 1 O 7

WUHHAS 5 o R B ARS8 1 B P et 5 AR O R A5 AGH I A A0 5, FE B A Ak ek
R ST B R K SRR S T R AR R IR B AR TR R AL H 4575 F]
IO P Agus S5 12 R FZ B AR Hh T 75 7K 28 2 G0 BT 2R 1 AR K oh SR A A T T S RS AT e
R 2,4, 6- = SR | b R SR AR SR . 8 I A0 B K Ak By S SEUHE 2 i S A S IR R
BB AR ARSI, BN T b R K o 57 R 5 14 7 T S i D S ) vk A O S AR D DL i
HiH.

—JBER L, oK Hh S R AT AL R AR, RN 4 R A TR RS T AR A A T 4 T
TR R i A mg - LR 0 A R B (B A 1 2 0 O A R R A e 3k B ). K
BUEARA B A IR N B AR A A RCIE R A LI R B> SR BCa L) 55 R, 5
FAETE B, A5 18 A T i 2K SR A B b B R B ST A e

IWFFEHF IR ) SRR 5, R R A Ml S R Y S R B L UL B R A T AR K A T B R
Wy AR H AR SO B A AR B A IR SR SR KR S KA il | 6 AR S 36 2 A ST ) R AR AR [T A 4
WA LT~ I 7 D0 K R e P R M A LA PR Bty 7 020 ST M Rk R R K o
THHEIT RIS AR ZIIF IR ARG AR5 R T BEBORA WL B UM (3550 / R 9 [ 20 7
TEAR SIS 3 E R 35 AR AR S & AOAS DN S0 R 2 | AR S8 BT BRIE MR DB AR | e R4S 488 R
T BT AR SE AT IR GRS

1 SEEGHR 47 ( Experimental section)

1.1 AR 5]

S A 35BS R I (Agilent 7890B-5977A ) ; ILHEAY ( Sniffer 9000 System ) Bt FI Sl [ il £
itk ; 4 H o & A 25 BU ( Dionex Autotrace280 SPE) ; #8 4l 7K & 4t ( Milli-Q, Millipore ) ; Ji€ % 7% & X
(Buchi R-114) ; Z M A ( Organomation ) .

B B A e A5 S (J.T. Baker) ; TC/KBRBR M ( Merck Drug & Biotechnology) ;12 Fh IR
PREYI T ( SR T TR PR TR AT R P o-JRM DA R CIR G | (+) S A B 75 P B
B-H M - 2 75 T2, 100 mg - L7, Sniffer) ; 27 B2 35 K A5 WL bR W T (6 e A 15
1,3,5-=50R IR 2,4- G0 (1,2,4- =408 (1,2, 3- = 50K 352 SR 4-fif L 50K 2-if R
#.1,2,3,5-PU50K 1,2,4,5-IU50K 2,4,6- =KW 1,2,3,4- P05 1,4- K 1,3- i FK
1,2-A8FEHE 2, 4- T RHFE AR 2, 4- RS AR N EUUR BTRRRIHE LAY 2,4, 6- RS OR APk
HITR — T SRR R —(2-£ ) B AT (a) BE RS HR, 500 mg- L', J&K, AccuStandard ) K
RMFRY B (FE-D10, 2000 mg- L', J&K, AccuStandard ) ; HLB ¥ ( Z M ML W& L i/ — 245 R B AW,
500 mg) ,C18 ¥ (FEMLEEA C18,400 mg) , ¥ RIAT Waters 24 F).27 Fi 234 &M PP FIE-D10 A% o il
e .0.5.1.0.2.5.5.10 mg-L™"'

SAAIE 51 . DB-SMS G154 (30 mx0.25 mmx0.25 pm) ; W IEAE 40 °C,5 C-min~' F}5] 100 C
{584 0 min, LA 10 Comin™' FF3] 310 °C,44:4%F 3 min; BERE TR T 300 °C s AoMm e, h T @380 8
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— 2 G U RN RRHEAS, Ry O R R R AR R A 2 pL, WA AEIR 7 ming R, AR,
1.2 mLemin”".

Ui S R BT B IR, BRI 230 °C, H1 T RB S 70 eV ARHIZIRLEE 300 °C , B YE [ m/z:
30—3500.

WL R AR IR 200 °C, A ZhFERAMNE/KZE S 50 mL-min™'.
1.3 HEahETAb

SR FH 4 Sl B AH A8 U AR AR B 48 e /K sl K A AILTS e 908 HLB AE 5 C18 R 3k, f
A4 B 10 mL 50 H e P BE /K TG Ak B T 0 [T AH 26 e A A AR ER AR 20 & 46 4 L b KR, %%
RAERUKFET 4 MRARIRCAE B 4 23tk FE 16 L A (EAKMEM AT EE | L AL KFEEEE, MA
3 mL P 2 PR AR HURE H R B ) R 40K K BR A A3 T, A0 B U 20 L S BEAT 10 mIL Y ik ok
PR ZEBUINEE K T — S B e AR B 5 TG K B ER B 7K , DA 1.0 pg SiA AR, 71 FH — & H
ERZRE 1.0 mL. [F IS A BRI Y4 B A 2 1.0 mL A BUE 255 — 5 B e R B AR BEARRE &
TR LTS T/ MR A T A 4 M A AL B A 5 5.

SRR A BRI B 16 L LR =B Atk $i 2P 4 (I ZDR TR AR B85 PRA7, R IR b
[ A 2 AR A A TR i AT

2 5L 59798 (Results and discussion)

2.1 [FRE A ik

B2 WL R AH 26 B 42 I H ZRoKopE b NSO B i B A T B AN A (50 59, r B 5 PR 48—l
i — {2 A B M BT, 3 A2 R K S B AN ) A RIS B N B A SR 1 I 1
(]I, E PSSO W 1T ] 20 A7 N MR I i €033 1 DA IR [R] | IR i [F] B2 MR R RRAE. Ry PR IR R ASR,
FEN TR, 45 i R AL H 4R IR BE R 200 °C |, ZKZRSMBN 50 mL-min™' 2247, XI5 43 B 5 i TR
fn AT R, AR SE BRI S5 04, 1 s PELHR 9 T LR AR o 0 BT 58 U R B M 2 2R | R
(7] 254G 30 445 AR PN 0 7K R LR G AR LUK, 75 11 7K BT S R 1) AT 8 32 SRy o
2.2 MEHERARAEY) BE R

SRy v A I 2 R ) R LR N DR TR A it A T T AT MR DR 3 R T R S T R
5.0 mg- L™ A RUHHRARHEA T (045 22 P 43 B FTISLBE [R] 20 A6 36, 38 1 80 10 T S () WU A 3 90 o 76 <A £
T/ I R ) s PR SR | OGRS [R] | LA e ML SC ML s ) R 245 5 AR F 28 1 ] T[] — 40 Joi ML 3 i ) 48 €21
TR BA B[] ZE SR 0.1 min 2247, AT REFN A3 Sl B S-S 50N S I AE B 404 R s AT IR B A G, A
NN 5 B AE IR A 5 (HAE SRk AR 5 o onT LR IE (5 7R ME.

R WUBBRIEY) BT E M S R RS

Table 1 The results of GC/MS identification and odor discrimination of standard compounds

S A B e [R) FE MY WS et [ LS IR %

Retention time/min Identified compounds Odor time/min Odor discrimination
16.15 LR T T 16.24 R
17.90 PR 2 Wg 17.98 TR
18.72 AN 18.82 PeHE
19.20 R 19.29 AR
19.68 - VRN 19.79 AR, BINEE
20.23 D-FrE s 20.35 ¥k
22.79 R g 22.88 2 IS
23.01 (+) S A 23.12 TH, WA
23.22 fie i 23.32 fiiEz€sis
23.82 B-A N 23.94 THIREEES
25.19 - >4 25.30 £ YIRS

26.84 FOE 26.95 b
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2.3 B CHIERRHED B AU

R T N R IR b K S R B S ) A g N AR R 5 S (R R R e e e R, S
HE“ i /K PRSI AR ifE” ( GB3838—2002) K SCHR[16] ) 5.0 g 19 27 FhOLHE L4 R VAT B bR v R
TNZE 16 L HU R KRR i P B AT 3L R IARSE 56, 45 A 0.312 g L™ AR AIAR KRR | SR FH A KA AR [ A
FEWGHAT R AR VRGN 1.0 pg WFRERZE 1.0 mL, PEAT AN 3135 - B3k 5 W% ] 20 43 47, 45 3 0L 36 2.
R A5 PR AR 55 0 40 o 1 6 T AR b ORS B i A B N PR o, TR R B O IR bR [ ISCRAE 73.3%—
106.2% Z [8], JriEEREAT A s ) B K.l 28 2 W0, R (1,3, 5- =408 NS B RRhr e 4R —
R . (2-L KL C R ) AR A IR 5 0] B T4 00 7 B AN 20 2 5 A5 A Rk B AL 0% 1) B ] [1] By 5
SRR [a] 55 40T 2H 43 7 A R TP s 5, o PR 40 R 6 T 1 R PR AT AR T L S R {1 45 IR 2% T oK i
VAR, e SR R A EARE AR 2T IR R B ik 4 5 T LB R A L Lok | iR
PR SCERPR IR 200 o SR B B . R UG, 32007 o i S K SRk g ik T — e i =%,
T2 A AL 0 o B RICR AR SR ML) BT R 1) 2 S AR R 502 1 25 S B SR Jo 680 41K/ 1)

SN ST AN [ ISR 5 ) R ATY 5 T e R it ) S 4

K2 0312 pg- LT MK LT L VA DL 4h

Table 2 The odor discrimination results of 0.312 wg+L™" prority controlled semi-volatile organic compounds in surface water

e P PR Sk (SCRRAE) WO SEAR AR R
Categories Compounds Standards odor ( literature data) Odor discrimination Matrix recovery/ %
Ty IR ARAEIR S 82.0
.Sl DAl S T HEESIUR (BEAUS 76.6
T WA IR IR IRR 81.2
1,2,3- =4 FRORAOR, D5 ORIk IR 73.3
2,4- 5K Frik Rk ISR 81.3
1,2,4-=50K FRRRSR, D5 0K, RGN IR ek 76.7
1,3,5-=5% FRORSR, D5 0K RISk SRagiRd 77.0
3-FH R AR HLETR 76.3
4-fif B R AR VASSAVS 78.4
2-FHFLSAR AR PUTEAVS 76.9
HbFRoK FREE o 1,2,3,5-P0&#K A NA BB Sk e R T A 73.8
e 2 Kk 1,2,4,5-PUG0K A NA P Sk I R T A 76.3
ALY 2,4,6- =S K TRELA AR SR S Ak 81.8
1,2,3,4-PUEK A NP SR W SRR P A 74.6
1,4-ZREHE PUESIUN AR 88.1
1,3- TRl PUERSIUR AR 84.8
1,2-Hl Aok PR S AR 81.7
2,4-RHFEH 2R LR TlCHLIE I | 55 ek 82.3
2,4- TRl IR AR [:3 VS 93.7
2,4,6-—THHLH K PR S LR IR 5 Rk 81.4
ANAR WA < KEgRHI 75.2
[IES RS LR KEgRHI 80.2
FA TR, SE R IR R 89.0
SRR W R _THR A I5 &k [CEILS 102.6
A T HRR . (2-Z K HR) FRRSE, D5 AR RISk SRR 106.2
#If(a) B BEEiNUN B US 96.4
TS TG Jouk ARAEIR DI 102.9
1-4 Wl e e T + ik —
HEFEE TORUT R KR TR BT —
K 4y Jo EX/N TEARIF IR J5AFR —
L B S e ) o FRIR AR FEBR —
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2.4 SRR E
2,41 PEOKEE I E

RARW AL T KA i, 42 BRI A8 [ RH A% BT AL 38 5 s A B, A 3RS A i i A 7 AR 5 <A 1
T ST (] 2 A, RS 5 SR L2 3. Fh 3 3 T AL ) 17 R K G MELHE B3 1) A Sk A R R 7K 448 [T AR A
HIAL SRS A W Ay 3 A — T A2 SR AR (A R Dt P i | 33 R 9 ] A 9 A1) A 4 3310 A b 8 A
THAWR, BT DUE PRI L T 17K FE2EBORY B — PR G AL T 27 KA N TR
FBL AT R AR TR B A0, B PR i AR X B &2 | [R5 IR R o OBR R i thde 2, ol T i
WA PSP T 23T, A5 WO ) 25 72 A — 8 B T (E0 T (8 B 400 3 B 24 O R RN & B o T ik, L £
LB R S T [T 28] P SO 5 B KA SR s o AR, ORI A6 ) 2% B K ) 32 BBk 5 R B O R N 2
Pt BT Pk A8 R A KR TS G IR it T 2R AR

R3 AL BT RE T SR A A 4

Table 3 The GC/MS identification and odor discrimination results of chemical plants’ wastewaters

T 17 Bk LT 2% ek
Wastewater of 1* chemical plant Wastewater of 2* chemical plant
AKBESUE e Lk KEESR R WLk
Odor of Identified Odor Odor of Identified Odor
wastewater compounds discrimination wastewater compounds discrimination
[l RS WERTIR AR N, N- " HUJE I B i R
1,3-HI% HPEUN N, N-H 5L 2, Tk i (NS
1,2- =% BRI Bz A AT
FlifEV S 1,4-ZHIZK BRI L EERT S
2-ILFR C i AT , R
BRI 1 SR
2-LIEC I A

2.4.2  HERIKER SN E

SRAEFLIR 5 A HEFAKEEAT 1K) H CUKEE A B AR B AN R S K, X3 A A
BMZRTALX ;C.D Fis T iuhFK £ F il Tk o 0 50 0 RE S, 0 oK HE
AL TRER MR B I H AN RN G KRR ) SRR A TR 28 W 101 S 35 3 5 pR &l RUE D1 R i
SRIKBEAR R RARFR S AR AL B %8 6 AN /KAEREA T 5 4R AR 25 5 E AT AR IR 5 S 15 i
[F25 5387 (3R 4) AN R b DX A 7KORE A G 0 o — g k) B M S ke IR 2 K BEIR DT R 259 ot , | T3t
PEECK , HAZZW 6 M ZRoK S R ST kAR X 388/, R A A ZE Sl 3% 4 AT 0, S0 P Hh 4 s ML <
R 5 SRR KRR Z 84T — 2 YA OC . A LC D \E £ R A M 3K 1) 32 B8RPy w0 28 41 22 43 301 7T fig
R 3-SR 2-FARIIERE (2, 4-ZOBUT FEOR M | 1-4 W Be B 45 ol 3 55 S8 AT SR IR 1 — L5
Yy, S [7) b IXBOR ) 5T AS AR R AR 32 b e K K BTA B Bk I A2 2k A LA B S 5 HA B
FARFEPE A7) S R4 Jot O D R sl AR BAE L G o0 B8 (AT AN IR SO [R] S R ot 22 el 4 BT
U 75 G B PR D R 55 A ISLHE 72 R 114 2 Sk DA KR it v A DL B USR58 53 1 45 R R 52
M, T3 o P A R A0 BT P AR 55 TR 7K R S R TG 1 58 A X I, 32 68 1) 05 SR % 7K I S R A o 1 214 1) B i
TEAT R HE 2 B SRR F SR MR KRR S b AR e th — S8 Sk i (HZ 2k i 5
TKFE SRR RAR MR 55 73 A1 FE SR TS S B b R B, #E GC/MS BB Ui Il rh RE S WL 58 5] — Lk
g TR RFURE X 8 v B A AL, ZE LS rh 20 TE ) i S R 1) o 5 B0 (0035 030 s WL A S g Jele i 31 W 4 1)
SR ARSI I L I T B A € 0 B B I SR W T TG I R A T s L X AT e Rl S
) IO 118) A 58 B AN AN 592 0 O ) v B O, B B L 1) s Wi DR 38 7 192 400 0 1) S5 Wk 0 {1 DL B TR 2 IR
(35 1A — 9% A 9 R AR TR (W-F ARbR) D78 2 S R ot ) AR 5 553 5 00 SR 7 A 8 Y B AN A T
AL LB R | BORY) A — 8 ok i E 275 449
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Table 4

R4 BREESKEEPRR R SRR IR BT GC/MS JE TE S AL,

results of key odorous compounds

The clarity, odor of water samples and GC/ MS identification and odor discrimination

RAE R
Sampling point

IKFESI

Clarity of water

KB

Odor of water

FRAIE SR 5

Key odorous compounds

WUk

Odor discrimination

samples samples
SO W = THR &
2 T J AROK R AR &

K be ke K B YIS
3-SR R TS
3- A R AR
TR i
4-7,F-3-F LA LZRRTUR

A GiE RS THIK =R F AR
2-G-5- = U AR e SR
2,5- SR R Ak
1,2- R HKAET
RUT R B ENELS
ZRUT IR TRl Rk

B VD Rall/S B R R
575 H B ke Sk
2-F AR BE oy 1 S
3-SR ERLAUS

C VD B R SR A-FHFEEIR AR
EpN AR
TR AOR B F
4 HEE R WAk

D VD Jg Tk 1-42 Wil oe ik
2,4-ZHUT SR Jo§ Sk
3-ATENE 2N
4-fif LR Ak

E v ik a1V 1-42 Wil e + Rk
KR F AR
PU H LR JF Rk
2 RBERH

F TR ERZINUS 1-42 Wil oe S
PU LR KAER T

3 %52 ( Conclusions)

ARSI T A AN AU AR B AR A IR - T/ W ) 25 20 O ik ok S B S 0
SIS NARMELSEAR LSS A AR 25 B 2R 3T 0.312 g« L™ A9 FE A bR i 25 7K AE BB 5 o 10 b ) S0 i 6
2 AR  ZIRITREZRY BT AZAGIN A Z8 AT LU T B K B M KA ity 32 B BUR Y 5 1) S5, %5 e
SR S R L IR AT i (915 5 S0, A D PR SO, I 4 4 — o S AH e T ROk TS
VIR B2 TR S AR O A 22 57 AN () SCOR 18] ) b FR) sl 55 VR T R B e 4 A, Y PR mT REATS IR
THSR B AR T, O @35 TE /Wt [ 25 A ) 5 i U5 B A AR S BRIk ) ——
XN, T3 50, e AR | R T 45 S R o O 5 355 32 S R B S W =F RS 55 1) oA 7K R £ 7k
JEAFAELNE R R BURY A — & K i) £ 25 349
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