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Trace Level Quantification of Four Cyclic Acetals Odorous Compounds in Water by Use of

Headspace SPME Followed by GC-MS
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Abstract A detection method had been established for trace level analysis of 2, 2-dimethyl-1, 3-dioxolane (22-DMD ) , 2-ethyl-4-
methyl-1,3-dioxolane (2-EMD) , 2-ethyl-2-methyl-1, 3-dioxolane (2E2MD) , 2-ethyl-5,5-dimethyl-1, 3-dioxane (2-EDD) , totally four
cyclic acetals odorous compounds in water by use of headspace SPME followed by GC-MS. In SPME pretreatment period, 85 pm
Carboxen/PDMS fiber was selected, the extraction was performed on 60 °C for 25 minutes, the concentration of salting-out agent NaCl
was 20%. In chromatographic process, Agilent DB-5MS column (60 mX0. 25 mmx1. 00 wm) was applied for component separation.
2-isobutyl-3-methoxypyrazine was chosen to be internal standard. The MDLs of 22-DMD, cis-2-EMD, trans-2-EMD, 2E2MD, 2-EDD
were 1.6, 0.6, 0.5, 1.0, 0.3 ng/L respectively. The RSDs of target compounds in parallel spiked samples of pure water, raw water,
finished water and distribution system water were 1. 6% to 8. 6%, the recovery rates were 94% to 117%. The method characteristic
indices all met the determination requirements of trace level of cyclic acetals compounds in water.

Keywords headspace SPME cyclic acetals odorous compounds trace level analysis GC-MS
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Different Extraction Temperature by 85 wm Carboxen/PDMS
SPME Fiber

B 22DMD
25000 @  Jfizt 2-EMD
A K& 2EMD
20000
v 2E2MD
2 gs0f ¢ 2EDD
E <« 4 <
K < .
= 19000 <
pog |
5000 |-
fr s 00 4 4,
40 45 50 55 60 05 70
SEHrEEE/ C

B2 50/30 wm DVB/CAR/PDMS #H&F 4E7E
AN [ Bl BE T FAR A 110 e T AR e 742 1
Fig.2 Variations of Target Compounds Peak Area under
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JriEx etk JKIEAK KT H T IK RS K KA 43
SHATAR b & 3 B AN T v BE 0 s i 5, A [
AR AR R BE AP AT AE 6 UK, Ibs o i Wk i
i 22-DMD & 50, 250, 500 ng/L %k, 2-EMD
2E2MD . 2-EDD # %4 10,50, 100 ng/L, N ¥5 ¥
IBMP [ #4524 20 ng/L, AR H 4 1)
JKIEIK KT T 2K FAE R K KA Hf 4 Fof 260K 4
RERACE YR BE /N T Or i i iR, & Hirfk
AW R X A 1 e 25 A0 IR IR S RN R 3~ K 6
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2.5 AENA

FEtAR G B 5 B XK T A 8 3 i K R
(1) 4 FhIAARGRTES AL A PV B2 SR 700 2, 00 7 45 2R
mE 7 s,
3 4ig

AR SR T2 361 A7 A6 B - BT e 2 R,
ST KA 4 PR A EARR 4 SIS S IR 5T ) R D
o EARRLAE HUAT b # o #2485 wm Carboxen/
PDMS ZEEREF4E /K FETE 60 °C T LA 450 r/min F) 3
JEWEAL 5 min 5, TZSAEHL 25 min, ERHFHI AL TR
Jne B 3 %0k 20% , (5% HE{f ] Agilent DB-5MS
APEREH (60 mx0.25 mmx1.00 wm) , NFrY)
{8 ] IBMP,

K2 AMIPRGEEESRA SR T7 TE KA SR

Tab.2 Calibration Curves and Correlation Parameters of Four Cyclic Acetals Compounds

[t} el 27 r LRV (ng-L7h) FER R/ (ng- L") IE TR/ (ng-L7")
22-DMD y=0.103 546x+0. 022 292 0.997 8 25~500 1.6 6.4
M= 2-EMD y=0.718 390x+0. 026 433 0.998 6 2.9~58 0.6 2.4
3 2-EMD y=0.830 181x+0. 023 948 0.998 2 2.1~42 0.5 2.0
2E2MD y=0.184 131x+0. 013 020 0.998 3 5~100 1.0 4.0
2-EDD y=1.580 414x+0.081 942 0.999 3 5~100 0.3 1.2
F3 kb 4 FERRGIE AL G WInbR R4S
Tab.3 Spiking Test Results in Pure Water of Four Cyclic Acetals Compounds
L&) IBR T/ (ng- L") P {E/ (ng- L") ARXS AR O 22 [l i
22-DMD 50.0 53.3 6. 0% 107%
250.0 277.17 7. 8% 111%
500.0 470. 4 6. 8% 94%
Nt 2-EMD 5.8 6.6 8.2% 113%
29.0 30.7 2. 8% 106%
58.0 58.3 4. 7% 100%
Jz X 2-EMD 4.2 4.8 6. 7% 115%
21.0 20.9 3.1% 100%
42.0 40.7 2. 7% 97 %
2E2MD 10.0 11. 1 7. 4% 111%
50.0 50.9 6.4% 102%
100.0 98.5 4. 8% 99%
2-EDD 10.0 10. 8 5. 7% 108%
50.0 48.4 2. 6% 97%
100.0 100. 9 1. 8% 101%
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T4 BUKH 4 FSRRGRERA G PR RS 25
Tab.4 Spiking Test Results in Raw Water of Four Cyclic Acetals Compounds

wEY IR BRI E/ (ng L") W5 FHIME/ (ng- L") AR b o i 22 I i %
22-DMD 50.0 55.2 7.7% 110%
250.0 263.8 6.2% 106%
500.0 SIL.5 4.3% 102%
itz 2-EMD 5.8 6.3 8.5% 108%
29.0 30.2 6.7% 104%
58.0 60. 3 3.7% 104%
Jz 5 2-EMD 4.2 4.6 7.2% 109%
21.0 21.9 6. 6% 104%
42.0 43.0 3.6% 102%
2E2MD 10.0 10.6 6.5% 106%
50.0 53.7 5.2% 107%
100.0 104. 4 2.9% 104%
2-EDD 10.0 10.5 5.2% 105%
50.0 51.2 3.4% 102%
100. 0 100. 8 2. 0% 101%

R 5 KJITHT KT 4 FRERRGEEEZAL G W IR 2
Tab.5 Spiking Test Results in Finished Water of Four Cyclic Acetals Compounds

L&) IIBR T/ (ng- L") A/ (ng-L7") ARXS AR AE O 22 [l i
22-DMD 50.0 53.8 6. 8% 108%
250.0 280.0 5.8% 112%
500.0 518.5 3.3% 104%
M= 2-EMD 5.8 6.8 7.0% 117%
29.0 28.3 6. 8% 98%
58.0 60. 6 5.0% 105%
f 3 2-EMD 4.2 4.5 7.5% 107%
21.0 22.1 5.9% 105%
42.0 42.8 3.9% 102%
2E2MD 10.0 11.3 7.4% 113%
50.0 53.1 5.6% 106%
100. 0 103. 1 2.6% 103%
2-EDD 10.0 10.6 7.2% 106%
50.0 49.6 6.4% 99%
100. 0 100.9 2.1% 101%

R 6 HRKT 4 PRI S Wy bRiA g A R

Tab. 6  Spiking Test Results in Distribution System Water of Four Cyclic Acetals Compounds

LE&Y IBR G R/ (ng- L") M/ (ng-1L7") ARXS AR UE G 22 [l i
22-DMD 50.0 54.3 7.0% 109%
250.0 270.3 5.2% 108%
500.0 513.0 2.9% 102%
=X 2-EMD 5.8 6.2 8. 6% 106%
29.0 29.3 5.2% 101%
58.0 58.1 4.0% 100%
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a&Y IR EE/ (ng- L") {8/ (ng- L") AR Dt 22 ez
23X 2-EMD 4.2 4.8 7.9% 114%
21.0 23.2 6. 4% 111%
42.0 41.7 3.0% 99%
2E2MD 10.0 11.2 6.3% 112%
50.0 51.2 4.7% 102%
100. 0 103.2 4.2% 103%
2-EDD 10.0 10.5 5.6% 105%
50.0 51.3 4. 4% 102%
100. 0 101. 4 1. 6% 101%
R7JFKD 4 FhERIRGERE S0k D E
Tab.7 Concentrations of Four Cyclic Acetals Compounds in Raw Water
TRUEIKAE: 22-DMD/(ng-L™")  JBiz 2-EMD/(ng-L™") 23X 2-EMD/(ng-L™")  2E2MD/(ng-L™')  2-EDD/(ng-L7")
AW WEK I 1 <1.6 4.0 2.9 <1.0 1.6
ORI T i KR 2 <1.6 4.3 3.0 <1.0 0.5
KT ek 1 <1.6 <0.6 <0.5 <1.0 <0.3
RAITIRLF KI5 2 <1.6 1.5 1.2 <1.0 0.3

22-DMD 7£ 25 ~ 500 ng/L,2-EMD  2E2MD , 2-
EDD 7E 5~100 ng/L A9 5T 1 Wk B N 2P AH G R 2L r
IR T 0.995, Hbrfb &9 1 ik ke R BRTE 0.3 ~
1.6 ng/L, &7k JKIEIK K H T 7K R4S K45
TFRAE s H AR AL S 9 B A BRI 22 0 1. 6% ~
8. 6%, ML HJg 94% ~117% , 75 I7 1= RE % 1t f2 7K
Hh 4 TR PAIR 4 1 2K S MR 1 T e

7% 3k
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