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Abstract: In this study, 165 wastewater discharge facilities in 10 business types were investigated with regard
to 24 specific hazardous substances that included heavy metals, VOCs, CN, and phenol in the Gwangju city.
Cu in the range from from 0.008 to 35.420 mg/L was detected in all business types and the detection rate
was 46.8 %. Other heavy metals, such as Cd, As, Hg, Pb, and Cr*® were detected as well. However, their
detection rates ranged between 0.6 and 1.8%. CN and phenol were detected in one and five facilities,
respectively. 12 species of VOCs were detected: chloroform 80.6 % (0.42 to 81.60 pg/L), benzene 16.4 % (1.49
to 3.31 pg/L), trichloroethylene 11.5 % (1.78 to 6.02 pg/L), 1,1-dichloroethylene 10.3 % (1.23 to 5.89 ug/L),
and dichloromethane 8.5 % (0.28 to 968.86 pg/L) in the detection rate order. The concentration of VOCs was
detected in trace amounts, except for dichloromethane that exceeded the effluent quality standard in three business
types, namely, metal manufacturing, food industry, and car washing facility. Chloroform was detected in all
business types, where 24.88 ng/L were detected in the laundry business and 53.41 pg/L in the water supply
business; the mean concentration of chloroform in these two business types was higher than elsewhere. Therefore,
for the disposal of non-degradable specific hazardous substances in industrial wastewater, it is necessary to
introduce physical and chemical processes, such as activated carbon adsorption, fenton oxidation, ozone
treatment, as well as photocatalyst and the UV radiation.
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12 Z°] ZAZ S chloroform 80.6 % (0.42~81.60 ug/L), benzene 16.4 % (1.49~3.31 pg/L), trichloroethylene
11.5% (1.78~6.02 /L), 1,1-dichloroethylene 10.3 % (1.23~5.89 pg/L), dichloromethane 8.5 % (0.28~968.86 pg/L)
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Table 1. Instrument conditions of HS_GC/MS for the analysis

of VOCs
Parameter Conditions

GC/MSD Model Agilent 7890B/5977A

Oven fime 35 °C (1 min) = 10 °C/min — 250 °C
(0 min)

MS Source 230 °C

MS Quad 150 °C

Carrier gas He

Column DB-5MS 60 m x 320 pm X 1 pm

Inlet mode Split raion (5 : 1)

Flow 1.5 mL/min

Detector MS

Ionization mode EI mode

EI Energy 70 eV

Acq Mode SIM

Headspace Model — Agilent 7697A

Oven temp. 95 °C

Vial equilibration 30 min

Loop temp. 110 °C

Transfer line temp. 120 °C

Pressure 18 psi

Injection duration 1 min

(SYNCA, BLTEC)E ©|-&3te] #4383t} VOCs2
Headspace GC/MSD (7890B/5977A, Agilen)E ©]-&
P RA R0 $920E Tuble 13} 7t
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Table 2. Method quality data for the quantification of specific hazardous substances

Linearity
Compound Cone. tam MDL LOQ Accuracy Precision Recovery
- range P (hgl)  (gl) %) RSD.%) (%)
(ng/L)

Cu 1000~3000 0.999 2.0 5.0 100.4 0.3 97.8
Pb 1000~3000 0.999 3.0 10.0 99.9 0.3 100.8
As 10~50 0.999 0.147 0.467 100.9 0.5 98.8
Hg 5~20 0.999 0.008 0.026 99.3 0.2 98.2
Cr'¢ 1000~3000 0.999 2.0 5.0 100.0 0.3 101.5
Cd 500~2000 0.999 0.003 0.01 99.9 0.5 102.1
Se 2~10 0.993 0.034 0.108 100.3 0.5 99.4
CN 300~1000 0.999 10.7 34.0 101.7 0.8 97.4
Phenol 300~1000 0.999 16.0 50.0 97.6 1.2 103.6
Vinyl chloride 5~80 0.998 0.193 0.616 95.9 1.5 106.5
1,1-dichloroethylene 5~80 0.997 0.089 0.283 97.9 43 102.6
Acrylonitrile 5~80 0.999 0.031 0.098 99.8 0.4 100.7
Dichloromethane 5~80 0.998 0.159 0.507 98.6 2.0 99.8
Chloroform 5~80 0.999 0.192 0.613 97.9 1.9 100.6
1,2-dichloroethane 5~80 0.998 0.097 0.308 96.5 1.8 103.2
Benzene 5~80 0.998 0.080 0.254 98.5 3.2 104.4
Carbon tetrachloride 5~80 0.998 0.127 0.406 96.1 1.9 102.5
Trichloroethylene 5~80 0.997 0.133 0.423 100.0 1.7 99.2
Tetrachloroethylene 5~80 0.997 0.102 0.326 98.7 1.8 100.3
Bromoform 5~80 0.997 0.151 0.482 98.0 1.9 104.2
Toluene 10~80 0.998 0.075 0.238 96.7 0.5 94.7
Ethylbenzene 10~80 0.998 0.069 0.219 91.8 0.9 91.7
Xylene 10~80 0.999 0.057 0.183 97.8 0.8 94.7
1,4-dioxane 5~80 0.998 0.040 0.127 100.0 0.3 99.6

Vol. 29, No. 3, 2016



118

Seungho Kim, Youngseop Choi, Yunhee Kim, Jongmin Kim, Gilsik Chang, Seokjin Bae and Younggwan Cho

Table 3. Characteristics of metals concentration from industrial wastewater

Netected Frequency Concentration (mg/L) Effluent Standard
Compounds o
(Niota=165) (%) Min Max Median (mg/L)

Cu 79 479 0.008 35.420 0.061 3

Pb 1 0.6 4.870 4.870 4.870 0.5

As 2 1.2 0.008 0.038 0.023 0.25

Hg 2 1.2 0.0006 0.0012 0.0009 0.005

Cr'¢ 1 0.6 115.500 115.500 115.500 0.5

Cd 3 1.8 0.007 0.034 0.009 0.1

Se 0 0.0 N.D. N.D. N.D. 1
At FFERF AEVEE T L1570 F 947002 o AstE 71 ® AE L e el uhet
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Fig. 1. Average concentration distribution

of heavy metals
from the industrial wastewater.
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115%] A& Yedlth 32 2% 1,1-dichlo-
roethylene 10.3 % > dichloromethane 8.5 % > tetrachlo-
roethylene 4.2 % > acrylonitrile 3.6 % > bromoform,
ethylbenzene 3.0 % > xylene 2.4 % > toluene 1.8 % >
14-dioxane 13% <22 ZHAEELS BYoH vinyl
chloride, 1,2-dichloroethane, carbon tetrachloride®] 73
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Table 4. Characteristics of VOCs concentration from industrial wastewater

Nyetected Frequency Concentration (ng/L) Effluent Standard
Compounds

(Niur=165) (%) Min Max Median (ng/L)
Vinyl chloride 0 0.0 N.D. N.D. N.D. 500
1,1-dichloroethylene 17 10.3 1.23 5.89 2.36 300
Acrylonitrile 6 3.6 1.00 11.11 3.94 200
Dichloromethane 14 8.5 0.28 968.86 20.86 200
Chloroform 133 80.6 0.42 81.60 3.11 800
1,2-dichloroethane 0 0.0 N.D. N.D. N.D. 300
Benzene 27 16.4 1.49 3.31 2.19 100
Carbon tetrachloride 0 0.0 N.D. N.D. N.D. 40
Trichloroethylene 19 11.5 1.78 6.02 2.78 300
Tetrachloroethylene 7 42 2.63 2.72 2.71 100
Bromoform 5 3.0 2.45 6.90 3.11 300
Toluene 3 1.8 9.36 123.00 11.84 7000
Ethylbenzene 5 3.0 2.01 41.80 11.56 -
Xylene 4 2.4 2.86 61.92 30.26 5000
1,4-dioxane 2 12 32.81 39.83 36.32 2000
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3.23. CN, phenol HiE SA

CN#} phenoldl] Wit FAEA A= Table 59+ 72
ot H S EANE A R A A 165 70 A
% CN2 1704, phenole 5 7] &AM HEFHSH
AZES 27 0.6%, 3.0 %= VEFSTH CN9 A
FE7} 0.030 mg/L, phenol®] AT H%E= 0.200 mg/L
2 &8 87|z el B 1%, 8% o= =
8 AFE A2 fIdTh 53] phenol> X, A,
A, A7, GFvlE, 7HE, 2T 5o A 4F
H Fol ] dom 45A, MHA S} e 4

Table 5. Characteristics of CN and phenol concentration from industrial wastewater

N ietected Frequency Concentration (pg/L) Effluent Standard
Compounds - o
(Nioa=165) (%) Min Max Median (ng/L)
CN 1 0.6 0.030 0.030 0.030 3
Phenol 5 3.0 0.020 0.200 0.040 0.5
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Table 6. The result of one-way ANOVA for Cu and chloroform according to the business type

Business type
Compounds WD MM PA MF HH MS MC WS MR  OF F(p)
(m=4) (n=15) (1n=9) (©=12) (n=19) (n=4) (n=81) (n=4) (n=6) (n=11)
Cu Mean 001  0.06 0.08 002 010 0.0l 007 005 011 0.03 1.404(0.204)
Chloroform  Mean 24.88 523 634 211 946 3.13 489 5341 787 647 18.725(0.000)"
p'<0.05
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