J. Kor. Soc. Environ, Eng., 36(1), 35~41, 2014

Original

Pape

http://dx.doi.org/10.4491/KSEE.2014.36.1.35
ISSN 1225-5025

Headspace - GC/ECDE O|&¢8 &2 0|2 =7 EE[E=2HERR

Analysis of Trace Levels of Lodinated Trihalomethanes
in Water Using Headspace - GC/ECD
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Abstract : Trihalomethanes (THMs) are formed as a results of the reaction of residual chlorine, used as a disinfectant in drinking
water, with the organic matter in raw water. Although chlorinated and brominated THMs are the most common disinfection by-
products (DBPs) reported, iodinated THMs (I-THMs) can be formed when iodide is present in raw water. [-THMs have been
usually associated with several medicinal or pharmaceutical taste and odor problems and is a potential health concern since they
have been reported to be more toxic than their brominated and chlorinated analogs. Currently, there is no published standard ana-
lytical method for I-THMs in water. An automated headspace-gas chromatography/electron capture detector (GC/ECD) technique
was developed for routine analysis of 10 THMs including 6 I-THMs in water samples. The optimization of the method is discussed.
The limits of detection (LOD) and limits of quantification (LOQ) range from 12 ng/L to 56 ng/L and from 38 ng/L to 178 ng/L
for 10 THMs, respectively. Matrix effects in river water, sea water and wastewater treatment plant (WWTP) final effluent water
were investigated and it was shown that the method is suitable for the analysis of trace levels of I-THMs, in a wide range of waters.
The method developed in the present study has the advantage of being rapid, simple and sensitive.
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T 7} 743 wroba] mlEEY] jodoformo] THG-EH Eo|AE oFE
28 gure”

[-THMs®| 7142 52 825 o](I)°] A «
E3} 22 AskAlet $4 pH #2014 835to] hypoiodous
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AE Y Allard =& SPME (solid-phase microextraction)
A2 2)et GC/MS-MSE ©]&3lo] I-THMs 6F-& Z{3t
105-9] THMsof| djsff Sm]=HLOD: 1~20 ng/L) o-f& =i
A= BAo] 7hset BAHS saetgict” =3 Goslan'”
2 to] SEEO|A £ Z(CHCLIS CHBrCI2| I-THMs
of thall mUE "I Ay, sha7]o] 7MY w2 3.7 pglz A
SHATAL Baskar glow, nl=o] Fo= A HEwk
(I-THMs 6%°] Z3h= 19 pg/LZ B E gt
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o] A A A 7]E0] AN THMs =40l ARg-E| 1L
+ gas chromatograph/electron capture detector (GC/ECD)
F&-ato] 459 WA AN THMs2}F 659 I-THMs
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1
Al o) A% 552 E 9l iodoform (CHIs), chloroform
(CHCI3), bromodichloromethane (CHBrCl,), dibromochloro-
methane (CHBr,Cl) 2 bromoform (CHBr3)-2 Sigma-Aldrich
AHUSA)o A 451 2.1, bromodiiodomethane (CHBrl,),
bromochloroiodomethane (CHBrClI), chlorodiiodomethane
(CHCII,), dibromoiodomethane (CHBr.I) % dichloroiodo-
methane (CHCLI)-& Orchid CellmarkAHCanada)of| 4] G-¢]5}
Aok T3k Y5 55 (internal standard, 1S)2 AME-H 1,2-
dibromopropane-2 Sigma-aldrichAHUSA)| A] G- 3} T}
Ao] AFS-E 10552 THMso| oot Belsistgel 54
o Table 10 thenoc. ®7 GAAR AH8E NaClih
Na;SOs= =52 99% ]3] MerckAhe] AlE2 ARS8

Table 1. Physico-chemical properties of 10 THMs

Compound ~ CASNo. MW, Ve 6(1;;5 B Log Kow pSi?]it”T%)
CHCls 67-66-3 1194 26,000° 1972 6127
CHBICly 75-27-4 1638 87007 209" 90%
CHBr.Cl 124-48-1 2083 2,8007 223" 119~1207
CHBr3 75-25-2 2527 689" 237" 147~.1519
CHCll 594-04-7 2108 1,800° 278" 139"
CHBICIl  34970-00-8 254  475° 299" 1715"
CHBr,l 503-94-2 2997 124”3207 189"
CHCIl 638-73-3 3023 98 3317 199"
CHBrl; 557-95-9 3467 21 352" 2347
CHlg 75-47-8 3937 45" 383" 218"
CsHeBr2(18) 78-75-1 2019 1,500” - 139~143%

¥ Values from http://en wikipedia.org
® Values from www chemspider.com

22. 3FE
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2.3. Headspace (HS) M X 2| & x| & GC-ECDe| A
=7

10%2] THMs £44-8 headspace (HS) Z A2 A=](7697A
headspace sampler, Agilent, USA)7} F-2F5 GC/ECD (7890A,
Agilent, USA)E AM231 o, 10229 THMs 42 ¢3st
7|22l GC/ECD AL Table 29] el it

Aol AHE-E HS AA2AFA] 9] vialZ 20 mL 8741 A
AREBFAAL, AlmSE 10~13 mL7HA] RASFAIA Z7FH A |
AL 2ASEATE HS A 220 4] vial o] 7] -
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Table 2. Analytical conditions of the headspace sampler and
GC-ECD

Headspace sampler

Vial size 20 mL (sample volume: 10 mL~13 mL)

70C~90C (loop temp, = oven temp, + 10C,
transfer line temp. = loop temp. + 10C)

Oven (vial equili-
bration) temp.

Vial equilibration

: 15~60 min
time

0~188 shakes/min
GC-ECD

Headspace loop volume = 3 mL,
(split ratio = 20:1 ~ splitless)

Shaking mode

Injection volume

Inlet temp. 250C
Column flow 0.6 mL/min (constant)
Rate  Value Holdtime Run time
(C/min) () (min)) (min))
Initial - 40 2 2
Ramp 1 10 80 4 10
Oventemp.  pomp2 10 100 4 16
Ramp 3 10 220 1 29
Ramp 4 50 300 3 33.6
Post run - 310 2 35.6
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Fig. 1. Chromatographic separation of 10 THM species using headspace-GC/ECD analysis (Internal standard (IS): 1,2-dibromopropane).
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(area/areais min) = Fig. 3ol LRSIk HS 24 2]%A] oven
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THMs o} 94 Z7kek1 glov), CHCLE #|9ish Leix]
9%-2 vial equilibration A|ZF 455 o|AF9] ZZoA]E= ¢ o]
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nAstel ARe WA

HS ZAA2g2o) A 1052 THMs®| #2885 %oV

o flo Hr N

= O

o=

1600
Split ratio

1200 — 20:1
10:1

5:1
800

Area counts

CHCI2I CHB3 CHBrCIl CHBr2l CHCI2 CHBH2 CHI3
Trihalomethane species
EX) -1 .- LSIRR)
CHBr3 CHBrCll CHBr21 CHCIll2 CHBrl2 CHI3

Trihalomethane species

Fig. 2. Effect of the split ratio of GC/ECD inlet on the peak area counts of 10 THMs (sample volume: 10 mL, vial equilibration time
and temp.: 15 min and 70°C, vial shaking speed: O shake/min).
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Trihalomethane species

Fig. 3. Effect of the vial equilibration time of HS sampler on the extraction efficiency of 10 THMs (split ratio: 2: 1, sample volume:
10 mL, vial equilibration temp.: 70°C, vial shaking speed: O shake/min),
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Trihalomethane species

Fig. 4. Effect of the vial shaking speed on the extraction efficiency of 10 THMs (split ratio: 2: 1, sample volume: 10 mL, vial equili-
bration time and temp.: 45 min and 707C).
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king &%= 0 shake/min Z71(non-shaking)®l| o3}t peak ™%
H]-8-(area/areanon-shaking) = Fig. 40 YEFHITE HS A 2%k
2] 9] vial shaking & =7} WelA 4T oA 7|3E =
THMs &F& HAd Z718tal ¢loy, vial shaking <%= 100
shakes/min ©]/2] Z7of|A= ] o]} THMs FE8 V=
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vial equilibration &%= 70°C ZZ o] thgt peak HZA H|L(area/
areazoc)Z Fig. 50l UE it HS A 2AA] oven?] vial
equilibration 2=7} E=o}242 522004 7]3}E= THMs &F
2 HH F718ka Q1oL vial equilibration 2% 90°C oA}

CHBrCIl CHBr2l CHCIll2 CHBrl2 CHI3

Trihalomethane species

Fig. 5. Effect of the vial equilibration temperature on the extraction efficiency of 10 THMs (split ratio: 2: 1, sample volume: 10 mL,
vial equilibration time: 45 min, vial shaking speed: 100 shakes/min).
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Headspace - GC/ECDE 0|28t £-X0| 0|2t Q2= Ea|S20ElE 24

[ Sample volume
-~ 12} ~ C10m. SNY 12mL
s N w2 11mL B 13 mL
ol - N o S
o ‘ \ \ 2 N[ N\
S 11} \ \ \ \i N \ \
o | N % ZN ZN N\ \ N\ N
< NN N N AN 7 ‘PR R
B % % NE % N %
0.9 ZNE % ZINIE ZNE 2NE % ZNE ZINIE % ZNE

CHCI3 CHBrCIl2 CHBr2Cl CHCI2l CHBr3 CHBrCll CHBr2l CHCIll2 CHBrl2 CHI3

Trihalomethane species

Fig. 6. Effect of the sample volume on the extraction efficiency of 10 THMs (split ratio: 2: 1, vial equilibration time and temp.: 45
min and 85°C, vial shaking speed: 100 shakes/min).
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et 222771 HS A @2 o] A& =4 loop (3 mL & g peak W2 H|-E(area/areas 0 o) = Fig. 7] LFEFU It
Bl FAEe] 258 FEEE d 2HAUEE AstA7I= HAE FUD A5 52 ol A x=(ionic strength)7}
Ao = Yehylth 53], CHCL, CHBrClL, CHBr:Cl % CHCLI 7Helo] SQ3E HS AAGA| o FE2dolA e 52

0117 olN n& e}

9] AL 93| vial equilibration =7} 70C ] ZAXT}H Z2AEZ g3t 3dtE(volatility) S Z7FA Z1chY 47
L FER80] ¢ A Y HESAIRD)O| wE =4 £ 5y Aot dAAE —Er‘?:lﬁ}x] B2 7ol vlel A5
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A A ol| A F 9] vial equilibration 2=+ 85CE 1L o] Ao oA ZTo| ?_ 22 a2 o=
gato] HE-E zYstairt o] A= g3t oL, Fig. 7(b)~(e)ell HEhdl CHBCl, CHBrClI,
HS A2z olA 1052 THMsS 2&85&2 =°]7] CHBrl; ¥ CHL:9| 9= & #Agd 32 s 71
Q8 AJ&E9] 9FS 10 mLoj|A] 13 mL7kA| H%EZ}/\]?:] z+z¢ EZAYLE NaClS AR AFESE 49 2} Na,SOS
o] THMso| gt F28&S Alms & 10 mL 2709 df AHEE 97 €59 w2 FEAETE Ul E3L
3t peak HZ] H|E(area/areao m )2 Fig. 69 YEM| ‘}il‘/]-. H Fig. 7(a)~(d)o}] +ehd CHCIl;, CHBr,Cl, CHBrCIll ¥ CHBrl,
Aol AFE-H 20 mL vial9] 7 15 mL(EF2] 75%)7}HA] 9] A= GHAIZR AFEE NaxSO48] FQleko]| nlgsle] 3=

A4S Y HAo] /HssiAnt B AdoAe A4 & FESE Yo Zr1slgou, Fig 7(e)o] UEhd CHI

AL mesto] A|R40] L 13 mL(§F] 65%)7HATE A 9] A9 35 g o] NaxS0E FYT Aol 23]
9 Aotk Vialol ARG FU%o] F/HSE A2E  REEK0| AskElE 202 Uehiith. SPME (solid phase
= 10%-9] THMs peak W42 F718ct wheba] vial9] A microextraction)-GC/ECDE 0|83} 2 2 =7 THMs 65
24 FUFL 13 mLE TSl 48 Adskac ohak B QA7e Cancho 5o AT AT oA B <]

HS AA A 1059 THMsO 2ZR&S ol7]  FolAeh @o] NaClut NasSO.E @A AHg-3ke] 25%2]

4 4r 4r ar ar
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Salt dosage (9)
Fig. 7. Effect of the addition of sodium chloride and sodium sulfate on the extraction efficiency of 10 THMs (split ratio: 2: 1, sample
volume: 10 mL, vial equilibration time and temp.: 45 min and 857, vial shaking speed: 100 shakes/min).
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Lr @ E9l5le] 227l vwdt 23, CHCLI CHBrClI HHEEA4ol uhE A& d(repeatability) 3! 7]7+o] Hstof
CHBrl, CHCIL, 4 CHBr12-4 £ NaClZ A8-51% A& A (reproducibility)2 1022] THMso]| thsle] ZAFSHE T
$7F NSO & AHEg 49 Bth 52 28585 LPEM 1052 THMs®| tigh B45=9] 2444 e B7H 3
R, CHBTIzg} CHI;9] 79+ NaSOs 5 F gt /\]§°1]/\‘1 2 24500l ZH2H9] THMsE 10°~10° ng/L o] 5= 9)(14
Hr} 22 22883 Utk Baustar glck 2 o point) 2 =9l5}e] Al#lstg o, 10%2] THMso| tjgt 2]
A& A A& AFBHEe] CHCLO| 291t *—Vﬂ & A4 WSl ABASEY)E Table 30] LrER Gtk 1059
ol e FE28T= & AolE HolA] %‘iki, U 2] 9% THMs 304 CHBrCLS} CHBr,Cl2] A% 10°~5 x 10°

o] A9 NSO S Tt 7

j=¥¢)
=0)
Woleh weby 2He] o4z
35 g EQal zAow 3§

>~

3.2. Headspace-GC/ECD £A4H
321, MM, AEE L HarE
Headspace-GC/ECD A% 9] AFALS Hrlslr] Q) &
At o] A4 H9(linearity range), 7353+ (limit of de-
tection, LOD), =F3tA|(limit of quantification, LOQ), A]&2]

HAE

ng/LO] s QoA FEgt AAGS Blou, vy 8
2 10~10° ng/L ] FEHNA FF AL e}
Heleh

109 THMs®| HE3HA 4 X*%kf&ﬁlu 79~ CHCIL7}
56 ng/L ¥ 178 ng/LZ2 7} =A eyttt
A Aot E Bk flel AFEE AlE 9] Ry
£ A& /J(repeatability) B 7|7t H}ol w2 HA
743t Z3}E Table 30| e}

osz

(reproducibility)&

Table 3. Demonstration of method performance. Linearity range, LOD and LOQ based on a 05 pg/L standard for 10 THMs,
repeatability (500 ng/L) and reproducibility (200 ng/L and 10 ug/L) of 10 THMs

Linearity Repeatability Reproducibility
Compound LOD LOQ 200 ng/L 10 ug/L
Range (ng/L) r (/) (ng/L)  Mean (ng/L)  RSD (%)
Mean (ng/L) RSD (%) Mean (ug/L) RSD (%)
CHCls 10°~10° 0.9995 56 178 424 42 182 185 8.827 24
CHBICl 10°%~5x10° 09999 43 136 443 31 195 87 9.037 25
CHBr.Cl 10°~5x10° 09998 34 107 434 25 200 65 9563 24
CHBrg 10°~10° 09993 29 90 427 20 195 74 9.700 25
CHCll 10°~10° 0.9999 31 97 453 27 176 199 8197 25
CHBICIl 10%~10° 09997 22 71 433 17 172 121 9.083 26
CHBrl 10%~10° 0.9999 24 78 496 16 180 9.4 9213 26
CHCll 10°~10° 0.9988 12 38 438 10 174 65 8.927 39
CHBl, 10°~10° 09997 22 69 429 18 184 52 9137 56
CHls 10%-10° 09965 31 98 416 28 172 10.8 9.087 56

Table 4. Estimated concentrations and relative standard deviations (RSD) of 10 THMs spiked at 300 ng/L in 3 different water (n=5)

Water matrices

Ultrapure water River water WWTP effluent water Sea water
Compound (DOC =0.15 mg/L) (DOC = 3,65 mg/L) (DOC = 3,58 mg/L) (DOC=NA)

Mean Recovery RSD Mean  Recovery  RSD Mean  Recovery RSD Mean  Recovery  RSD

(ng/L) (%) (%) (ng/L) (%) (%) (ng/L) (%) (%) (ng/L) (%) (%)
CHCl3 339 113 8.0 355 118 94 325 108 139 350 117 122
CHBrClo 323 108 3.0 312 104 33 309 103 39 319 107 8.6
CHBr.Cl 317 106 32 323 108 3.1 293 98 99 302 101 8.2
CHBrs 300 100 42 301 100 45 293 98 6.1 310 103 6.5
CHCll 354 118 75 328 109 23 305 102 27 361 120 28
CHBrCll 348 116 6.8 347 116 58 344 115 6.6 336 112 138
CHBrral 303 101 16 295 98 52 315 105 13.1 326 109 79
CHCll, 295 98 56 310 103 6.5 314 105 125 336 112 120
CHBrl, 293 98 8.6 292 97 6.9 301 100 40 321 107 114
CHls 353 118 43 326 109 71 353 118 16 350 117 57

N.A: not analyzed
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