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Study on Analysis of Volatile Organic
Compounds (VOCs) in Water

Ockkyoung Chun, Byungtae Suh, Jungja Lee and Deokhaeng Lee

Seoul Metropolitan Government [nstitute of Health and Environment

ABSTRACT

In recent years, great concern for the improvement of drinking water quality has been arising
due to the contamination of the raw and treated water. So trihalomethanes (THMs) and some
other volatile organic compounds (VOCs), potential carcinogenic substances, rendered the govern-
ment to take some countermeasurements for clean water service in the dimension of public health.
In this study, we used liquid-liquid extraction method as a rapid simple method for determination
of VOCs through eluation with n-Pentane in water. The aim with the present study has been
to determine the changes of recovery and reproducibility of the method under the various condi-

tions in extraction solvents, solvent ratio and extraction time,

and to observe the concentrations

under the various temperature and pH during storage.

Keywords : Volatile organic compounds, trihalomethanes, potential carcinogenic substances, liquid-

liquid extraction method
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Fig. 1. Gas chromatogram of volatile organic com-
pounds. 1. Chloroform, 2. 1,1,1-Trichloroethane
3. Trichloroethylene, 4. Bromodichloromethane,
5. Tetrachloroethylene, 6. Dibromochloro-
methane, 7. Bromoform.
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Table 1. Analytical conditions of gas chromatography
for volatile organic compounds (VOCs)

Column Ultra-2(50 mx 0.2 mm X 0.33 ym)
Injection temperature  160C

Oven temperature 35C (10 min}-1.5C /min - 60C (0 min)
Detector temperature  200C

Detector ECD

Carrier gas N, 12 m//min
Auxiliary gas 33 m{/min
Column head pressure 25 psi

Sample injection vol. 1w
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Table 2. Calibration results of volatile organic compounds (VOCs)*

VOCs Regression Eq. Coefficient of determination (r*)**
Chloroform rsp=—660 (amt)***+ 27.5 0.996
1,1,1-Trichloroethane rsp=708 (amt)+ 156 0.999
Trichloroethylene rsp=>5.79¢ +003 (amt)+le—012 1.000
Bromodichloromethane rsp=2868 (amt)+ l.4e~013 1.000
Tetrachloroethylene rsp— 1.02e + 003 (amt)+83.4 1.000
Dibromochloromethane rsp=472 (amt)+ 7.96e - 014 1.000
Bromoform rsp=943 (amt)+410 1.000

*Water : Pentane ratio=5: 1.
**For least squares linear regression.
***Amount (concentration) : 16 ug/l, 32 ug/l, 48 ug/l.

Table 3. Recovery of VOCs from water extracted by
solvents (water : solvent=>5:1)

Percent recovery (%)

VOCs (n=5) Conc. (ug/D)

n-Pentane n-Hexane

Chloroform 16 95.66+ 1.45 91.08+ 1.63
32 93.08+ 0.91 90.64+ (.88
48 95.14%£ 0.97 91.97+ 1.04

1,1,1-Trichloro- 16 94.54+ 093 9226+ (.83
ethane 32 96.18+ 1.13 93.04+ 0.90
48 9539+ 0.81 92.76+ 0.79

Trichloro- 16 95.60+ 0.43 89.96+ 0.37
ethylene 32 96.70% 0.51 90.36+ 0.48
438 96.27+0.39 9141+ 041

Bromodichloro- 16 95.70+ 0.89 90.07+ 0.88
methane 32 96.64+ 0.90 91.89+ 091
48 98.92+ 0.87 92.74+ 1.09

Tetrachloro- 16 9441+ 0.49 91.33+ 0.58
ethylene 32 95.13+ 0.51 91.96+ 051
48 95.54+ (0.47 92.37+ 0.49

Dibromochloro- 16 93.84+ 0.51 91.69+ 0.59
methane 32 94.63+ 0.48 93.81%0.37
48 94.92+ 0.63 93.64+ 0.53

Bromoform 16 97.43% 0.29 94.20+ 0.36
32 9793+ 0.32 93.96+ 0.31
48 96.95+ 0.27 94.37+ (.29
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Table 4. Recovery of VOCs from water extracted by
pentane at different water : pentane ratio
(conc. : 32 ug/l)

Table 5. Recovery in 100 m/ water sample as a func-
tion of the amount of extracted solvent
(conc. : 32 pg/D

Percent recovery (%)

Percent recovery (%)

VOCs =5 =4 =7y 5:1 10:1 VOCs (n=5) 2 min 5 min 10 min
Chloroform 8997+ 1.70 9463+ 1.11 9362+ 1.02  Chloroform  89.71+ 0.87 94.59+ 0.98 94.93+ 0.81
LL1-Trichloro- o) 00 1 98 0537+ 067 94062 051 ol THChIOTO o) 06 031 9561+ 055 9622+ 063

ethane ethane
Trichloro- 92.37+ 060 96,19+ 045 9527+ 032 | nichloro- 91.98+ 0.66 96.37+ 0.43 96.89+ 0.49

ethylene ethylene
Bromodichloro- o) 0\ 97 6709+ 135 9433+ 1,17 Dromodichlore- o) o4t 107 97.07+ 102 9729+ 131

methane methane
Tetrachloro- g5 00 28 0619+ 045 9370+ 0,64  LCoahIOrO 09 074 0.91 9608+ 0.71 97.04+ 0.87

ethylene ethylene
Dibromochloro- gq 01 4 81 0446+ 046 9327+ 076  DIPrOmOChlOre gq ot 060 9521+ 0.58 96,40+ 0.43

methane methane
Bromoform  93.71% 0.88 97.44+ 040 9630+ 0.51  Bromoform  95.70+ 0.51 97.83+0.37 9845+ 0.61
Agsie] Boll Aol %A oo} phit F B3 A ¥lew ojurh o] Fhae] #hngt BhEel=

EEEo] MEREHBEELS il A1 F& Ao
2 &R T 219y} n-Pentane?) 158, HEREREC
24C LLTFellA HiFssiolol ol HillRe) 2l7) o
Foll gpo R el RHE HREEA S
g 79 n-Hexane® Wo) fdiffs 1 olch

n-Pentane2] EAI8e i3 AEILE Helsiod
AH BT %S Table 40 viehigich

Slella B upe} 7o) 32ug/io) @R ML
EA]® 100 m/o] is] n-Pentaned 77 10 mi, 20
ml, 40 m/% 93 R f5%, water | n-pen-
tane®] [t7} 5: 12 Hifdl 71 & MRS

hiite] MRSl HRE Mo 239 1 ghel
dolz)s e B 4 Uk

oh R Fole] W RS epd
7loltl. Table 59 #Fel st ebr|zre] 245
o 4 5708 HWNEE dode [uike] A
skl ot 1055742 ERAIAE welle 559
woll nlal A sk ¥ued ¥ S Uk

Table 6-2 770 {#EsdtEERES) B 247] 32
ug/l7h Hl=mE AR HEE FEREel =g Y
A AlA HRT AC o RER Ht Aol pHE 22
FgEstol 4C o fRE S Akl s 747 3H, TH,

Table 6. Changes of concentration of VOCs during storage (conc. : 32 ug/l)

Conditions

VOCs (n=5) Days Room temp. 4 4C, pH=2
Chloroform 0 30.10+ 1.83 30.36+ 0.88 30.25+ 0.81
3 31.60+ 0.94 2948+ 1.21 29.45+ 0.94

7 21.84+ 0.81 27.06+ 1.16 29.36+ 1.31

14 15.64+ 0.98 26.13+ 091 29.07+ 1.14

28 11.30+ 1.03 2555+ 0.98 28.84+ 0.83

42 10.62+ 0.77 2057+ 0.80 26.491 0.92

1,1,1-Trichloroethane 0 30.71+ 0.64 3044+ 0.62 30.54+ 0.70
3 13.15+ 0.67 2520+ 0.73 27.23+0.82

7 8.64+ 045 23.25+ 0.59 24.07+ 0.54

14 7.33% 0.81 2269+ 0.84 23.60+ 0.71

28 767+ 0.73 2043+ 0.55 23.02+ 0.69

42 7.04+ 0.88 17.60+ 0.81 20.37+ 0.83
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Table 6. Continued

Conditions
VOCs (n=5) Days Room temp. 4c 4C, pH=2
Trichloroethylene 0 30.18+ 0.58 3047+ 0.58 30.70+ 0.61
3 27.58+ 0.62 28.18+ 0.67 30.22+ 0.37
7 16.61+ 0.69 25.19+ 0.66 28.38+ 0.49
14 15.37+ 0.59 25.03+ 0.65 27.29+ 0.63
28 13.66+ 0.60 2244+ 054 26.35+ 0.54
42 12.88+ 0.64 20.38+ 0.61 25.79+ 0.66
Bromodichloromethane 0 30.96+ 0.93 31.11+ 0.96 31.03+ 1.31
3 26.31+ 1.04 2895+ 1.23 30.31+ 1.24
7 18.74+ 0.98 28.63+ 1.04 28.76+ (.96
14 17.12+ 0.87 26.11+ 1.17 28.98+ 0.92
28 15.33+ 0.94 25.19+ 0.95 26.34+ 0.99
42 12.04+ 0.99 25.10+ 0.94 25.76+ (.83
Tetrachloroethylene 0 30.76+ 0.31 30.68+ 0.36 30.73+ 047
3 27.02% 0.44 2853+ 041 31.82+0.49
7 16.72+ 0.37 26.74+ 0.35 28.84+ 0.31
14 15.38%+ 0.29 25.42+ 0.30 26.431 0.36
28 14.12+ 0.36 24.39+ 0.27 25.69+ 0.20
42 10.53+ 0.49 2277+ 045 24.97+ 043
Dibromochloromethane 0 30.70+ 0.51 30.85+ 0.64 30.74% 0.54
3 2522+ 0.67 2859+ 0.73 27241 055
7 13.72+ 0.69 26.65% 0.63 27.66+ (.62
14 12.30+ 0.49 25.08+ 0.50 26.96+ 0.68
28 12.14+ 0.54 24.55+ 0.67 26.40+ 041
42 8.66+ 0.58 21.80+ 0.51 22.66+ 049
Bromoform 0 31.32+ 0.86 31.05% 0.88 31.03%+ 0.92
3 27.00+ 0.89 2874+ 0.69 30.381 0.88
7 10.79+ 0.71 27.30£0.72 28.04+ 0.81
14 843+ 0.74 2543+ 0.75 28.00+ 0.82
28 7.21t0.61 2507+ 0.81 2767+ 0.73
42 7.14+ 0.82 2245+ 0.87 23.89+ 0.69
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Fig. 4. Phosphoric acid preservation of VOCs in wa-
ter stored at 4C.
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