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Abstract Todinated trihalomethanes (I-THMs) is a new unregulated disinfection by-product ( DBPs) , which has the characteristics of
low concentration and high toxicity compared with other iodinated trihalomethanes. This paper introduced the automated headspace solid
phase microextraction-gas chromatography-mass spectrometry method for the detection of six iodinated trihalomethanes in drinking water
and raw water. The extraction conditions were as follows: 50/30 DVB/CAR/PDMS as the microextraction fiber, extraction temperature
50 °C, extraction time 25 min, agitation speed 400 r/min, desorption temperature 210 °C, desorption time 1 min. The detection limits
of the targets were from 4.2 to 11. 0 ng/L, the calibration curve range was from 10 to 400 ng/L, and the linear correlation coefficients
of each target were greater than 0.998. Three spiked mass concentrations of 50, 100 ng/L and 200 ng/L were selected, and the
method was verified with pure water, factory water and raw water as background. The relative standard deviation (RSD) was from
0.9% to 7.3%, and the spiked recovery rate was 71% ~ 118%. It was verified that the solid-phase microextraction-gas
chromatography-mass spectrometry method could be accurately and precisely applied to the detection of trace I-THMs in drinking water
and raw water. The method was used to detect drinking water from the WTPs in Shanghai. Six iodinated trihalomethanes were detected
in samples except iodoform, and dichloroiodomethane and bromochloroiodomethane were detected at higher concentrations.
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Tab. 1 Boiling Point, Molecular Formula, Retention Time, Qualitative lon and Quantitative lon of Selected I-THMs and IS
K5 2R CAS Wi/ C VIREEN REME/min - EWHEET(nz) EEET(m/2)
1 DCIM 594-04-7 132 CHCL I 16. 448 127, 210 83
2 1,2- iRk 78-75-1 140 CH, CHBrCHBr 17. 090 123, 41 121
3 BCIM 34970-00-8 157 CHB:CII 19. 125 129, 256 127
4 DBIM 593-94-2 186 CHBr, I 21. 662 127, 300 173
5 CDIM 638-73-3 191 CHCIL, 22.380 127, 302 175
6 BDIM 557-95-9 222 CHBrI, 24.354 127, 221 219
7 IF 75-47-8 218 CHI, 26. 480 267, 394 127
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Fig.3 Effects of Extraction Temperature on Solid-Phase
Microextraction Efficiency of Selected I-THMs

W5 T AR R A B A A4 AF A RS i), 5852
K B ] K 5,10, 15,20, 25,30 min Al 35 min
(L 4) 0 ISR 25 44, i S (il A JBCHSF [ 1) 428 K
AT, 76 25 min B 25 BUR 350k 31 o e o, T
LRIRBNZE OV , FEA L RRAE 35 min B 4% H AR

VA=) BT Y oS T i Bl o O L & S
A I TA] 2 AN W L 22 3K 31, R R A K K B
(1] J e AR AN TR, (E 2% F8 3 5 32 I (1] o HOoRE 52
map R AR, PR T E 4 25 min A5 1 A 2L R[]

4 FEIPURE [T [ AR (2K RO 52 R
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Fig. 6 Effects of Desorption Time on Solid-Phase

Microextraction Efficiency of Selected I-THMs
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Tab.2 Standard Curve Equations and Correlation
Coefficients of I-THMs
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DBIM y=0.567x-0.019 5 0.999 4.2 ng/L,BCIM N 4.7 ng/L,DBIM 4 4.5 ng/L,CDIM
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Tab.3 Detection Limit of I-THMs
— FATIERE T/ HIATRAE TR
1 2 3 4 5 7 (ng-L™") 2 (RSD)  (ng-L7")
DCIM/ (ng-L™") 19 16.4 16,6 16.4 155 149 155 15.9 1.34 8. 40% 4.2
BCIM/(ng-L™')  23.5 243 207 221 20.3 209  22.3 21.8 1.49 6.90% 4.7
DBIM/(ng-L”')  20.8 213 24 24.7 217 223 219 22.7 1.43 6.30% 4.5
CDIM/(ng-L™')  50.7 45 46.2  49.6  41.5  48.4  45.8 46. 1 3.11 6.70% 10
BDIM/(ng-L™')  50.6 549 459  49.8  46.7 47.3 453 48.7 3.38 6.90% 11
IF/(ng-L™") 39.9  45.7 38 41.7 389 441 371 40.9 3.21 7.80% 10
FHVE, 1o A o 0 19 3 4 ¥ B 43 501l 35 %) 50,100 c, - C,
ng/L 1200 ng/L, £ ##47T 6 YWCEATIAER, 715 RSD k= c 100% (2)

R R, LISSINME C, FBRASIR(E ¢, J5 -5
PREURAE C,(n=1,2,3) B HE(ETH5 45 4153 64 [0l
e R )

— 100 —

Horpr, Co—— s BISCA R AE , ng/L;
C,— s BN S ng/Ls
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nFks5~% 6 Fimn,

F& 4 1-THMs fEH) /K PG EICR A RSD
Tab.4 Recovery and RSD of [-THMs in Finished Water

K
€,(50 ng/L) €,(100 ng/L) (200 ng/L)
I-THMs
Co/ ¢/ Co/ c,/ Co/ c/
MY RSD e RSD MY RSD
(ng-L™") (ng-L7") (ng-L™')  (ng-L7") (ng-L™")  (ng-L7")
DCIM 19.3  56.9~59.1 75%~80% 2.4% 49.1 137.7~141.7 89%~93% 1.5% 20.2 185.1~193.6 82%~87% 1.9%
BCIM 46.5 90.5~97.1 88%~101% 4.6% 38.6 130.6~135.9 92%~97% 1.8% 49.4 232.9~246.3 92%~98% 2.9%
DBIM 29.3  77.4~80.6 96%~103% 2.5% 14.8 111.3~114.2 97%~99% 1.3%  32.1 225.8~230.2 97%~99% 1.0%
CDIM 18.6 56.5~60.1 76%~83% 3.0% <HiiifR 99.8~104.6 100%~105% 1.8% 22.8 208.9~215.8 93%~97% 1.6%
BDIM 21.5 67.3~71.2 92%~99% 3.1% <#HFR 103.7~110.2 104%~110% 2.0% 29.3  220.8~227.4 96%~99% 1.3%
¥ 16.1 52.0~59.2 72%~86% 6.0% <fiifR 80.1~85.0 80%~85% 2.1% 19.8 189.1~201.2 85%~91% 3.3%
F 5 1-THMs 7E4L/K T [ETICRFT RSD
Tab.5 Recovery Rates and RSD of I-THMs in Pure Water
€,(50 ng/L) €,(100 ng/L) €5(200 ng/L)
I-THMs
Mg RSD ] RSD I i 4 RSD
DCIM 97% ~104% 2. 7% 95% ~100% 1. 5% 94% ~99% 1.9%
BCIM 92% ~102% 3.9% 95% ~98% 1.2% 97% ~99% 0.9%
DBIM 89% ~102% 4.5% 102% ~ 108% 2.3% 92% ~96% 1. 4%
CDIM 83% ~99% 6. 1% 95% ~104% 3.6% 91% ~98% 2. 8%
BDIM 91% ~101% 4. 5% 106% ~ 115% 3. 7% 89% ~95% 2. 6%
IF 76% ~91% 7.3% 86% ~98% 4.5% 80% ~94% 6.5%
*® 6 -THMs 755K ity B3 H RSD
Tab. 6 Recovery Rates and RSD of I-THMs in Raw Water
€,(50 ng/L) €,(100 ng/L) €5(200 ng/L)
I-THMs
Mg RSD e RSD [ g 4 RSD
DCIM T1% ~76% 2. 4% 71% ~76% 2.3% 83% ~ 86% 1.5%
BCIM 88% ~90% 0.9% 87% ~91% 1. 8% 93% ~96% 1.2%
DBIM 95% ~100% 2. 4% 93% ~98% 2.2% 98% ~102% 1.3%
CDIM 90% ~95% 1.9% 94% ~102% 3.5% 95% ~99% 1. 6%
BDIM 102% ~ 118% 6. 0% 95% ~102% 2. 7% 99% ~106% 2.5%
IF 80% ~98% 7.1% 82% ~89% 3.9% 91% ~95% 2.2%

ML A K AERE, 6 B I-THMs 7€ 3 NS TR
FE B HNAR TRl 76% ~ 115% , LA 6 SEAT 20 4
JRB) RSD Sk PEMY J5 % B KG %5, RSD 7E 0. 9% ~
7. 3% BONERE KO A I AORS 2 FEAE 1. 0% ~
6. 0% ,3 MV B2 1IN A mLICRAE 72% ~ 110% 5 )5 K

HIRE BB N 0. 9% ~7. 1% ,3 N EE By hng el i 578
71% ~118% .,
2.4 HEHNXENRE

IR R A AR AR ARATHER A A 25 2R 143
Ll e EAR R B R B TR 2

— 101 —
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HEATINIIREE | ikt G b K b &G 1 A e A AE
ZL AR SRR H AR 0 RN, AT AR R
25, 40 mL HAEERR I - 5K U 6L & I P4 Ao B E 5
(R CECRARI, U8 NPT YR IR (B 40 mL KBS T
25 mg) BRE, HUS A SUKEE B0 S % 5, BRit
ZO BRI T SR AT OURE A D SRR IR BT X
BRI, 75 R R P2 IR, BRI — (s B
ar A ALK 2R A B, K R 55 AR AR (] A SR AR
L IRRS I AR A, % B 5 5 IRl vORE i (el 52
55 AR (0 7 ik R A TR, SR A 1) i 2243 R
CHETE R K bRAERT 30 7775 56 2 843 K FE R R 2
ER-AE) (GB/T 5750. 2—2023) H A EHL A2, 7E 4
C LU BT 7E 4 d INTERRAT
2.5 JKERKNERFITIS

FIFH E HAIER SPME-GC-MS % Fi#TT 16 K

T T KBESEAT TR, XF 6 Ff I-THMs (A H
FEMAT T8, £ 7 WoR,BR IF AR A, Hdx s
Fi I-THMs 78 fir A i T oK sh #8041 DCIM il
BCIM 5 ¥ B2 AR A, o5 -THMs EVE H 40 & i
PR T 21%, TR 25 R &, 5 FoRkH
HRRAL I T2 (U T 7 ST TS 0 TR
AEFEY KT BT K I-THMs By S (i ke
1 381.9~2 324.0 ng/L, A EUH I 1 679. 4 ng/L)
i A 11 SR IR A MR R EE AL S T2 1
KT (B RN 110.5~697. 6 ng/L, F A EUH A
273.0 ng/L) , UL H T /K I-THMs 1Y% & 514 3%
TR R 4D B 5 KB, Toie R
SMIHEE T2 8 S0H BE 5 AR vT BE T A KA Y
I-THMs,, Ifi 3 32 52 48016 14 e TR 38 Ak B T 200 K %
RN KPR

K7 AFLEFTZHT KR -THMs SEF & Heh 7 %L

Tab.7 Median Value and Percent Contents of Total I-THMs in Finished Water Samples from Different Treatment Processes

b3 SE A B b/ DCIM (5t BCIM &kt DBIM 4kt CDIM it BDIM [5lt IF (5t
T (ng-L7") (ng-L7") EREIVA ' LREVE EREIVA ' LREDE EREVA ' GREV&:
HH 1 679. 4 1381.9~2324.0 45.8% 29.7% 5.2% 16. 4% 3.8% 0.6%
3iy 273.0 110. 5~697. 6 21.1% 37.9% 19.2% 5.2% 10. 4% 3.5%

3 g P} AL IS OEN R SE M W i AR <]

ARIAE T —Fh A SPME-GC-MS {3 14
7K FJE K IR B 1-THMs #9208 i, ik A
A R R SR PR R AR A S e R
AL T GC-MS 4323 25 , i ARpi 45 40 53 1) 73 15 BE 3K
BT e LA T A AR O 25 AR, R 4 ¢
NaCl fE KM, 2o a0 i o T il A Bk 2K L
TR R 50 °C,AEBUAS[A] 28 25 min, B 5E T A7 W FHE
FESR 210 °C MR R 1 min, SR, XHE4E T
B AT TR, 3 RE T 10~400 ng/L R e fER
IE , F2E R BOK T 0. 998 5 4R 31 ¢ BREE W I 23 Br 7
RFRUERDITH AR S (H) 168—2020) 5% A AYEL
K T HEK RN 4.2~11.0 ng/L, LAk,
WK R K R AR BHIE T 5 % ARG 2 2 (0. 9% ~
7.1% ) FANAR PR (71% ~ 118% ) o % I7 ¥ IR
FHZKH T-THMs B9 H & Wi 44 1 58 S e i A 20
OB, %R 7K H o8 T 2 1 0 1 TR A 5 4B
7T A B MM ENE AR TR, B RRZE
X T 16 FAKT T KR T T RIS , AR
R 25 L BGTE T H T K 1-THMs A= 532 21 1 3 T
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