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Monitoring on Residual Volatile Organic Compounds
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The 116 samples were taken in waste waters and filtered waste waters from paper and pulp manufacturing
companies. Chloroform, tetrachloroethylene, trichloroethylene and AOX(bromobenzene, bromodichloroeth-
ylene, bromoform, dibromo -dichloromethane, tetrachloroethylene, t-dichloroethylene) were monitored in these
waste water samples. Also, the 44 samples were taken in waste waters and treated waste waters from pigments,
printing ink and paint manufacturing facilities, and chlorinated organics (tetrachloroethylene, trichloroethylene,
1,1, 1-trichloroethane, chloroform, carbon tetrachloride, 1,1-dichloroethylene, tribromomethane, dichloro-
bromo -methane) were monitored in these waste water samples. Also, the 36 samples were taken in waste
waters and treated waste waters from aluminum, zinc and copper refining companies. Chloroform, tetra-
chloroethylene and trichloroethylene were monitored in these 36 samples. The volatile organic compounds
described above have been analyzed using purge and trap-GC/MS. The detection limits of VOCs analyzed
were 0.5-1 ppbs and the relative standard deviations were 3.41-8.58%. It was confirmed that the treatment of
industrial waste water made reduction effectively the concentration of VOCs.
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Fig. 1. GC/MS  chromatogram of authentic standard
compounds(A: IS, internal standard, B: tetrachlo-
roethylene, C: trichloroethylene, D: 1,1,1-trichlo-
roethane, E: chloroform, F: carbon tetrachloride, G:
1,1-dichloroethylene, H: bromodichloromethane, I:
bromoform, J: IS, internal standard, K: bromo-
benzene, L: dibromodichloromethane, M: trans-
dichloroethylene).
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Fig. 3. Typical calibration curves of standard samples with the concentrations of 0.5, 1.0, 2.0, 5, 10 ppbs for dibromodichlo-

romethane, 1,1,1-trichloroethane, chloroform and tetrachloroethylene.

Table 2. Detection Limits and RSDs for water sample

bromo- . trans- tetrachloro trichloroet | . LL1- clchloro carbon . L1- l?romo bromo

Area/IS benzene dichloroet ethyloroet hylene trichloroet from tetrg dichloro  dichloro
hane hylene hane chloride ethylene methane

1 1.7047  2.1622  0.0884  0.1181  0.0821 0.7161  0.0363  0.0336  0.4382 0.2630

2 15958  2.1278  0.0916  0.1224  0.0857  0.7490  0.0372  0.0351  0.4423 0.2833

3 15645  2.2338  0.0905 0.1253  0.0903  0.7508  0.0424  0.0334  0.4617 0.2969

4 15890  2.0395  0.0817 0.1162  0.0961  0.6745 0.0351  0.0310  0.4072 0.2585

avg. 16135  2.1408  0.0880  0.1205  0.0888  0.7226  0.0377  0.0333  0.4374 0.2755

stdev. 0.0623  0.0807  0.0045  0.0041  0.0059 0.0358  0.0032  0.0017  0.0225 0.0180

RSD(%) 3.86 3.77 5.07 341 6.62 4.96 8.58 5.07 5.16 6.50
DL(ng/mL) 1.0 1.0 0.5 05 1.0 0.5 1.0 1.0 1.0 1.0
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Table 3. A|A] & A AFA Gl wEE 5 2 2

5

H #H9 VOCs 5% (unit: ppb) # H9 VOCs 5% (unit: ppb)
Al & M Fa Chloroform Tetrachloro Trichloroet ~ AQXb Al & M Za Chloroform Tetrachloro Trichloroet ~ AOXb
A-001-1 ND ND ND ND A-027-2 ND ND ND ND
A-001-2 ND ND ND ND A-028-1 29.2 0.8 3.4 ND
A-002-1 ND ND ND ND A-028-2 28.8 ND ND ND
A-002-2 3.1 ND ND 1.1 A-029-1 1.8 ND 21.6 ND
A-003-1 ND ND ND ND A-029-2 1.6 0.7 ND ND
A-003-2 325 ND 0.6 ND A-030-1 ND ND ND ND
A-004-1 ND ND ND ND A-030-2 ND ND ND ND
A-004-2 ND ND ND ND A-031-1 ND ND ND ND
A-005-1 ND ND ND ND A-031-2 ND ND ND ND
A-005-2 ND ND ND ND A-032-1 26.8 ND 5.2 ND
A-006-1 ND ND 0.7 ND A-032-2 ND ND 4.3 ND
A-006-2 ND ND ND ND A-036-1 22.2 ND 8.6 ND
A-007-1 ND ND ND ND A-036-2 ND ND ND ND
A-007-2 ND ND ND ND A-038-1 4.8 ND ND ND
A-008-1 ND ND ND ND A-038-2 1.2 ND ND ND
A-008-2 ND ND ND ND A-040-1 ND ND ND ND
A-009-1 ND ND ND ND A-040-2 ND ND ND ND
A-009-2 ND ND ND ND A-041-1 15.6 ND ND ND
A-010-1 1.1 ND 2.6 ND A-041-2 2.7 ND ND ND
A-010-2 ND ND ND ND A-042-1 0.7 ND 0.8 ND
A-012-1 ND ND ND ND A-042-2 ND ND ND ND
A-012-2 ND ND ND ND A-043-1 22.5 ND 9.4 ND
A-013-1 ND ND ND ND A-043-2 21.1 ND 103 ND
A-013-2 ND ND ND ND A-043-2 21.1 ND 103 ND
A-014-1 21.4 2.1 2.4 2.1 A-045-1 52.6 8.4 ND 115
A-014-2 3.2 ND ND ND A-045-2 1.8 3.4 ND 113
A-015-1 81.6 ND ND ND A-047-1 3.3 16.5 36.2 ND
A-015-2 85.4 ND ND 1.9 A-047-2 3.3 21.4 19.5 ND
A-016-1 ND ND ND ND A-050-1 3.4 ND 7.0 ND
A-016-2 ND ND ND ND A-050-2 ND ND ND ND
A-017-1 ND ND ND ND A-051-1 4.4 ND 3.4 ND
A-017-2 ND ND ND ND A-051-2 ND ND ND ND
A-018-1 ND ND ND ND A-054-1 602.1 46.3 44.6 ND
A-018-2 ND ND ND ND A-054-2 66.5 0.7 0.8 ND
A-019-1 684.0 0.6 10.1 6.0 A-061-1 135.3 ND ND ND
A-019-2 672.4 0.7 4.3 ND A-061-2 14.9 ND ND ND
A-019-3 93.5 ND 6.7 ND A-065-1 5.0 ND 25 ND
A-020-1 0.8 ND ND ND A-065-2 ND ND ND ND
A-020-2 ND ND ND ND A-072-1 35 ND 0.7 ND
A-021-1 19.2 2.0 30.3 ND A-072-2 ND ND ND ND
A-021-2 1.2 0.7 ND ND A-073-1 ND ND 0.7 ND
A-022-1 ND ND ND ND A-073-2 ND ND 0.7 ND
A-022-2 0.7 ND ND ND A-081-1 17.6 ND 134.0 1.4
A-024-1 ND ND ND ND A-081-2 30.0 ND 146.2 3.1
A-024-2 ND ND ND ND A-082-1 ND ND 74 ND
A-025-1 48.4 3.8 8.6 1.1 A-082-2 0.8 ND ND ND
A-025-2 64.7 ND 6.7 4.0 A-083-1 5.0 ND 3.0 ND
A-025-3 51.6 0.4 3.8 1.1 A-083-2 9.9 ND 0.7 ND
A-025-4 1.0 ND 24.9 ND A-100-1 ND ND 4.1 ND
A-026-1 52.4 ND 3.3 1.1 A-100-2 ND ND 1.6 ND
A-026-2 20.1 ND ND ND A-101-1 23.7 ND 2.4 12.0
A-027-1 58.3 ND ND ND A-101-2 ND ND 25 ND
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Table 3. A|A] & AZ A|FA) Qe Mj2d FF 2 2z

d #H<4e VOCs 5= (unit: ppb)
AE MBa ChloroformTetrachloro Trichloroet AOXb
ethylene  hylene
A-102-1 4.6 0.9 2.7 ND
A-102-2 ND ND 0.6 ND
A-103-1 5.3 ND 54 ND
A-103-2 19.6 ND 2.7 ND
A-104-1 ND ND ND ND
A-104-2 6.1 ND ND ND
A-105-1 9.2 33 3.7 ND
A-105-2 11.6 ND 4.3 ND
A-106-1 3.9 ND 25 ND
A-106-2 ND ND 2.1 ND
A-107-1 5.2 ND 10.1 ND
A-107-2 ND ND ND ND
a) A E WIEF X}ﬂ'ﬁ} 1% 28 H9 9= A8= 9 12>
Aeja] Aol g Sfnjai, 2= 22 HepH Fe Az
A whgoR i%ﬂ% HEE ongith A8 tﬂﬁl = 22k

a7b 1, 2 R 30% 34 Hol = AR 9] 12 AW
TE visi, 25 47 HSE nisiH, 3% &8 5
—21% AETAQ) o g Mzl HFE ondith AR U
X}ﬂvﬁ} 1,2 3242 34 FHo] J=AE= 9 1
S8 SJrlspol, 2t A1 gl Sl A9 A4 2
41:10@ 32 &S oJrlstvl, 4= A2 TP <3 A
H%E Sjjgie.
b) AOX= Bromobenzene + Bromodichloroethylene +Bromofor
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Table 4. £5, Y3 2 HJE A=A EAA wlEE 3 2 XH2d #olAe] VOCssE (unit: pph)

NEREN Tetrachloro- Trichloro- Tril(zlll’l(l);o— Chloroform Carbon. 1,1-Dichloro- Tribromo- Dichlorobro

ethylene ethylene othane Tetrachloride ethylene methane mo-methane
B-01-1 ND ND ND 13.8 ND ND ND ND
B-01-2 ND ND ND ND ND 1.7 ND ND
B-02-1 ND 13 ND 0.9 ND ND ND ND
B-02-2 ND ND ND ND ND ND ND ND
B-03-1 ND 36.1 32 44.3 ND ND 1.8 ND
B-03-2 ND 5.1 ND 24 ND ND 1.8 ND
B-04-1 ND 36.3 ND 275.1 ND ND 26.2 ND
B-04-2 ND ND ND 17.1 ND ND ND ND
B-05-1 ND ND ND 1.8 ND ND ND ND
B-05-2 ND 0.7 ND ND ND ND ND ND
B-06-1 ND 13.7 11.1 73.4 ND ND 8.1 ND
B-06-2 ND 1.6 ND 2.0 ND ND ND ND
B-07-1 ND 1.1 ND 2.7 ND 7.0 ND ND
B-07-2 ND 15704 ND 4.6 ND ND ND ND
B-08-1 ND 310.6 8.4 88.0 ND ND ND ND
B-08-2 ND 0.6 ND 4.1 ND 0.6 ND ND
B-11-1 ND 33.6 ND 33.1 ND ND ND 122
B-11-2 ND ND ND 1.1 ND ND ND ND
B-12-1 ND 45 ND 46.7 ND ND ND ND
B-12-2 ND ND ND 2.7 ND ND ND ND
B-13-1 ND ND ND 1153 ND ND ND ND
B-13-2 ND ND ND 3.7 ND ND ND ND
B-14-1 ND 23.9 ND 329 ND ND 1.1 ND
B-14-2 ND ND ND 4.1 ND ND ND ND
B-15-1 ND 61.4 9.8 1210.6 ND ND 32 ND
B-15-2 1.2 ND ND 2123 ND ND 110.2 11.0
B-16-1 ND 20.8 24 15.9 ND ND ND ND
B-16-2 ND ND ND 204 ND ND ND ND
B-17-1 0.7 20.7 3.0 84.7 ND ND ND ND
B-17-2 ND 2.7 ND 252 ND ND ND ND
B-18-1 ND 42.3 12.6 150.0 ND ND 5.1 ND
B-18-2 ND 4.3 ND 32.0 ND ND ND ND
B-19-1 ND 1.7 ND ND ND 0.9 ND ND
B-19-2 13 ND ND 38.0 ND ND 3.0 ND
B-20-1 ND 7.2 5.3 19.1 ND 212 3.0 ND
B-20-2 ND 1.9 ND 4.1 ND ND ND ND
B-21-1 ND 2.1 ND 12.8 72.3 ND ND 4.1
B-21-2 ND 1.9 ND 3.8 ND ND ND ND
B-22-1 ND 2.5 ND 204 ND 70.6 ND ND
B-22-2 ND 4.1 ND 45 ND ND ND ND
B-23-1 ND 4.0 ND 28.6 ND ND ND ND
B-23-2 ND 22 115 ND ND ND ND ND
B-24-1 ND 5.1 ND 29.1 ND ND 2.7 ND
B-24-2 ND 3.1 ND 15.8 ND ND ND ND
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Table 5. ¥Fn0|F, ofd, & A7 2 7k Aol wiE
H Hg 2 Agd #Hgelae] VOCs 5%

(unit: ppb)
. Tetrachloroeth Trichloroe- Chloroe-
AE Nza ylene thylene thylene
C-04-1 19.3 186.9 4.2
C-04-2 1.2 225 13.7
C-12-1 ND 6.4 ND
C-12-2 ND 3.1 0.6
C-14-1 ND 0.9 2.0
C-14-2 ND 2.1 0.7
C-16-1 ND ND ND
C-16-2 ND ND ND
C-17-1 ND 1.9 25
C-17-2 ND 2.4 3.6
C-18-1 ND 2.4 12.2
C-18-2 ND 0.7 41.2
C-20-1 1.2 52.0 2.3
C-20-2 1.2 50.4 1.4
C-21-1 ND 5.7 10.7
C-21-2 ND ND 10.3
C-23-1 ND ND ND
C-23-2 ND 0.9 ND
C-31-1 ND 2.0 0.9
C-31-2 ND 0.8 1.0
C-32-1 ND ND 5.8
C-32-2 ND ND 41.6
C-34-1 ND ND ND
C-34-2 ND ND 0.8
C-35-1 ND ND 2.6
C-35-2 ND ND ND
C-39-1 ND 1.1 0.6
C-39-2 ND 0.6 0.8
C-40-1 ND ND 0.9
C-40-2 ND 1.0 1.8
C-41-1 ND 39.7 55
C-41-2 ND 45 3.6
C-42-1 ND 0.7 1.0
C-42-2 ND 1.1 40.8
C-43-1 ND 7.2 41.2
C-43-2 ND ND 1.3
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Fig. 4. Typical GC/MS chromatogram of a sample(B-16-1)(A:
IS, internal standard, B: tetrachloroethylene, C:
trichloroethylene, D: 1,1,1-trichloroethane, E: chloro-
form, F: carbon tetrachloride, G: 1,1-dichloroe-
thylene, H: bromodichloromethane, I: bromoform, *:
not assigned peak).
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