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Abstract : Information on the lists of pollutants from industrial wastewater discharge are essential not only to specify the key
pollutants to be managed in permission process but to design the treatment facilities by the dischargers. In this study, wastewater
quality analysis was conducted for three industrial categories including the specified hazardous water pollutants. The general
description of the wastewater occurrence, major sources, treatment facilities are also investigated to obtain integrated database on
the pollutant inventories for the industrial categories. In addition Based on the analysis of raw wastewater and final effluent, the
detected pollutant items are confirmed by analyzing their presence in the raw or supplement materials, the potential of formation
as byproducts, and the possibility of inclusion as impurities. The three industrial categories include petrochemical basic compounds,
basic organic compounds, and thermal power generation. The water pollutants emitted from petrochemical basic compound manu-
facturing facilities are 31 items including 16 specified hazardous water pollutants. Basic organic compound manufacturing facilities
discharge 30 kinds of pollutants including 14 specified hazardous water pollutants. Thermal power generation facilities emit 20
pollutants, 8 specified hazardous water pollutants among them. These substances were decided as emission inventories of water
pollutants finally through the probability evaluation. The compounds detected for each categories are screened through investigation
on the possible causes of their occurrence and confirmed as the final water pollutant inventories.

Key Words : Industrial Wastewater, Water Pollutants, Specified Hazardous Water Pollutants, Discharge Inventories, Probability
Evaluation
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oA £ o8 5 U=F HESEoRE AlFshe A
_ ltem Methods
o] IQF
| dasto. o i ) o 20°C 5days cultivation &
n=0] A%, HeE viEstaat sk wjEAIE-S &St BOD check DO before incubation
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T W L9EE AHgo] FHOoR o]FoA= 7|&dd <A s Se. Ba. Pt OFS (optical emission spectrometry),
sl A=) ok v]3 220 wjEAdLe e f » 96, Ba, 70, g AAS (Atomic Absorption Spectrometry)
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X

Yes

(" - Additional examination item -

1. Reaction intermediate
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3. Analysis of self-monitoring
|4 Analysis of industrial water

l

Review of resource o
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Application of probability evaluation result

|

Yes

Fig 1. Probability evaluation procedures of water pollutants from industrial wastewater treatment.
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Table 2. Analysis of water quality and evaluation of pollutant re-
moval efficiency in Petrochemical Basic Compound Ma-
nufacturing Facilities

Detection rate
(Detection /
Total)

Removal
efficiency (%)

Industrial waste-
water (mg/L)

Emission inventories
of water pollutants

BOD  5231(13-1467.0) 902(49.8-99.0) 100% (10/10)
COD 7675(3.0~1,679.1) 780(13.3~98.1) 100% (10/10)
ss 4363(0.0-34400) 76.3(89~98.1) 100% (10/10)
T-N 26.98(044~10250) 73.2(315~912) 100% (10/10)
TP 63419(0244-5750) 654(2.7~99.9) 100% (10/10)
normal-
hexane
extract
Water  (mineral oil)
pollutants  normal-
(exclude  hexane
specific  extract
toxic  (animals

subst-  and plants)
ance) F

0930(ND~6650)  100.0(100.0)  30% (3/10)

7719 (N.D~46.650) 987 (92.0~100,0) 60% (6/10)

00402 (ND~03336) 630 (59.3-66.7) 20% (2/10)
Cr 0047 (ND~0274)  66.7(0.0~1000) 60% (6/10)
Fe  10.871(0.350~61.449) 78,5 (44.9~100.0) 100% (10/10)
Zn 0384(0.064~1387) 80.0(21.7~100.0) 100% (10/10)
Mn  00512(ND~2.982) 61.8(0.0~1000) 90% (9/10)
Ni 0.035(N.D~0.250) 96.0(88.0~1000) 30% (3/10)
Ba 0021 (ND~0.084) 482(0.0~1000) 80% (8/10)

Toluene  11753(N.D~9.4831)  100.0(100.0)  50% (5/10)

)

Xylene  0.0802(N.D~04929)  100.0(100.0)  30% (3/10

322,716t JIER7ISHEE HZAI

Je A 24715E AxALe) SAoPEY WEES
= Z*MW =4 2% =
uk, WA 5), SRSAeHEAL A9
162(BOD, COD )02 % 30%0]
S71skerE AxA A SEodE )
FAA 2 AAEEE Table 3o Lhehplc,

A AR AEEA e 2
ZE(Cd), HESZZ 2 HH(PCE), AlY3stEt4(Carbon-
tetrachloride), E|ZZ 22 &(TCE), 1,1-tjZZ22o g4l
(1,1-Dichloroethylene), 1,2-t]2 =2 Z0fgH1,2-Dichloroethane),

}o
of
il
i)
rlo
_\|L(_‘

Table 3. Analysis of water quality and evaluation of pollutant
removal efficiency in Basic Organic Compound Manu-
facturing Facilities

Emission inventories of  Industrial wastewater Removal Detectlop rate
. (Detection /
water pollutants (mg/L) efficiency(%) Totd)

CN 0.0106 (N.D~0,0590) 53.1(0.0~100.0) 40% (4/10

C®™  0003(ND-00210) 1000(1000)  20% (2/10

Hg  00004(ND-00016) 1000(1000)  30% (3/10

)

)

)

As  00121(ND-~00894) 916(583~100.0) 90% (9/10)
Cu 0275(ND~2572) 863(4.2~1000) 70% (7/10)
Pb 0.0024 (N,D~0,235) )
)

)

)

100,0(100,0

(

(

(

(

(

(

(

(

(
Phenols 18654 (0,0096~6,1090) 93.1(31.3~100.0) 100% (10/10)

(

(

(

(

(
10% (1/10
(
(
(

Specfic  Se  00086(ND-00282) 359(0.0-802) 90%(9/10
toc  PCE  00015(ND-00146) 1000(1000)  10% (1/10
S::CS; Benzene 04129 (N.D-2.1539) 995(96.8~100.0) 70% (7/10
tetrcaiﬁg; o O009(ND-0089)  1000(1000) 10%(1/10)
14-Dioxane 0.166(ND-13539) 263(00-39.6) 30% (3/10)

DEHP  0019(ND-00715) 795(0.0-1000) 90% (9/10)
Naphthalene 00350 (ND-02652)  1000(100.0)  40% (4/10)
Formaldehyde 06824 (0.0046-51805) 80.9(0,0~100.0) 100% (10/10)
Epr:(nglr(i)rzo_ 00042 (N.D-0,0295)  100,0(100.0)  30% (3/10)

BOD  97118(5.1-83,2500) 709(2305-099 100% (9/9)
COD  166238(95~1432800) 68.1(3.20-989) 100% (9/9)
ss 3291(84~8000) 80.1(444~996) 100%(9/9)
TN 1279(329-6600) 466(4.0-975) 100% (9/9)
T-P 259(0075~11.380) 57.0(31~995) 100% (9/9)

normal-hexane

extract (mineral il

Water  normal-hexane

pollutants  extract (animals 21,644 (N.D~79.800) 89.9(205~1000) 88.8% (8/9)
(exclude  and plants)

2822 (ND~18300)  1000(1000) 33.3% (3/9)

speciic F 00107 (ND~00062)  752(752)  11.1%(1/9)
st:’g'sct ABS  1.7694(N.D~156650) 846(692-1000) 22.2% (2/9)
ance) Cr 0544(ND-4385) 99,0(950~1000) 66.6% (6/9)
Fe 7.25(0,156~46.835) 85.4(554~09.0) 100% (9/9)
Zn 0.251(0.012-0490) 595 (0.0~100,0) 100% (9/9)
Mn 2022(ND~16.704) 615(0,0-100.0) 77.7% (7/9
Ni 2301 (ND-20,103) 74.3(0,0~100,0) 44.4% (4/9
Ba 3668(ND-27.826) 387(00-97.7) 83.8% (8/9

Toluene 0.0311(ND~02035) 100.0(100.0) 44.4% (4/9
Xylene 0.009 (N.D~0.0085)  100.0(100.0) 11.1%(1/9

*N.D (Not Detected) = Detection limit less than

o] = £ 2 W g(Dichloromethane), 1,1-t] 22 Z o€ &(1,1-
Dichloroethylene), 1,2-t]Z = 2 oJ|gk(1,2-Dichloroethane), =
2 2 ZE(Chloroform), ¥3]d(Vinylchloride), o}2d =24
E (Acrylonitrile), B 2% X E(Bromoform), 17|91 %
o9,

(7/9)
(4/9)
©9)
(4/9)
(119
Phenols 19208 (N.D~16,4100) 945(73,1~1000) 66.6% (6/9)
CN 00004 (N.D~0,0035)  1000(100.0)  11.1%(1/9)
o™ 0,0702 (N.D~0,6238) 997 (99.3~1000) 22.2% (2/9)
100.0(1000)  56.5% (5/9)
(©/9)

©9)

(1/9)

©/9)

@9

(1/9)

(1/9)

©9)

Hg 0,001 (N,D~0,0022)

As 0,007 (N.D~0,0435) 67.8(4.2~100.0) 555% (5/9
Soedic Cu 1561 (ND~6902) 870(364~1000) 88.8% (8/9
toxic Po 2320(ND~20878)  1000(1000) 11.1%(1/9
subst- Se 0,0029 (N.D-0,0084) 37.9(6:3-100.0) 66,6% (6/9
ance

Benzene 00051 (N.D~0.0322) 816(633~1000) 22.2% (2/9
Dichloromethane 00012 (N.D~0.01068)  100.0(100.0)  11.1% (1/9
14-Dioxane  0.0033(ND-00296)  118(118)  11.1%(1/9
DEHP  0.0324(N.D~0.2594) 769 (314~1000) 33.3% (3/9
Formaldehyde 0,189 (0,0031~1.4419) 69.6(16,5~1000) 100% (9/9)
Epichlorohydrin 0.2141 (N.D~1.9000) 96.9(87.6~100.0) 44.4% (4/9)

* N.D (Not Detected) = Detection limit less than
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1,1-t] Z 2 2o & dl(1,1-Dichloroethylene), 1,2-t] &= 2 of gt
(1,2-Dichloroethane), &= 2 3 E(Chloroform), 1,4-t}o]2-At
(1,4-Dioxane), @3H|d(Vinylchloride), B & X 3 -E(Bromo-
form), U= dl(Naphthalene), EZF<ll(Toluene), AL A(Xy-
lene), f+71¢1 5 22%F°| 3t

Table 4. Analysis of water quality and evaluation of pollutant re-
moval efficiency in Thermal Power Generation Facilities

Detection rate

Emission inventories  Industrial wastewater Bgmoval (Detection /
of water pollutants (mg/L) efficiency (%) Total

BOD 85(07-358)  57.0(22.5-97.6) 100% (10/10)

COD  2615(54-1393) 455(37~868) 100% (10/10)

SS  19545(14-10540) 740(12.0-995) 100% (10/10)

Water TN 10265(245-2750) 27.1(06-69.3) 100% (10/10)

poltants TP 0,6675(0,036-2,620) 56.0(38-95.7) 100% (10/10)

(exdude £ (04085 (ND-0.1756) 623 (23.1~1000) 50% (5/10)

Sffxogo Cr 00055(ND-0033)  1000(1000)  20% (2/10)

sbstt  Fe  2.6095(0.249-14497) 81.4 (433-100,0) 100% (10/10)

ance)  zn  02095(ND-0773) 732(0.0-1000) 90% (9/10)

Mn  06995(ND-5083) 739(0.0~100.0) 70% (7/10)

N 00455(ND-0449)  1000(1000)  10%(1/10)

Ba  00635(0.008-0256) 442(00~851) 100% (10/10)

Phenols  0.009(N.D-0053) 905 (33.3~1000) 70% (7/10)

Hg  00002(ND-00019 1000(1000)  10% (1/10)

As 0,049 (0.0008-0,0254) 69.7 (7.7~100,0) 100% (10/10)

Spedfic  Cu  0042(ND~0314) 957(82:8~1000) 40%(4/10)

toxic  Se  0,0033(N.D~0.0250) 63.8(29.2-100.0) 60% (6/10)

WS pep 00021 (ND-0.0149)  1000(1000)  20% (2/10)

FOL”y‘gfe‘ 0,0031 (0,0010~00091) 29.8(53-60.3) 100% (10/10)

Eﬂ;g'r‘i’r:"' 00016 (N.D-0.0115) 70,0(542~857) 20% (2/10)

*N.D (Not Detected) = Detection limit less than
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Table 5. Probability evaluation Result in Petrochemical Basic
Compound Manufacturing Facilities (Case A)

Examination item Probability evaluation (Inclusion : @)

3.4.2. 7|E} 7| 227|552 M= A|A
716t 7129713 E ARAE S 2AAY AFYE 5 B
AR A AEA NAAY Wt A3E Table 69 U

Emission  Original ~ Self- Ra\(vl Additional g it
inventories of  waste monito- rréaterlla ay ddl.t IO:.a
water pollutants ; uppie- - examination
P (vr\;at/e[) (rzn?u mentary fties item Table 6. Probability evaluation Result in Basic Organic Com-
9 9 materials pound Manufacturing Facilities (Case B)
BOD 2874 1273 [ J - self-monitoring Examination item Probability evaluation (Inclusion : @)
CcOoD 3423 1949 ° - self-monitoring Emission . Raw
inventories  Ordinal - Sel- s/ Additional
SS 920 96.7 [ ] - self-monitoring waste  moni- Impu- o
itori of water water  torin Supple- rities examination
T-N 1178 18.60 [ ] - self-monitoring pollutants ) (m /EJ) mentary iterm
T-P 1005 1500 @ - self-monitoring < I materials
Phenols 08110 0.5300 [ ] - self-monitoring BOD 1,0543 1,200.0 [ ) - self-monitoring
Fe 1315 0.760 - @® self-monitoring COD 1,920 1,200.0 [ ] - self-monitoring
Zn 0205 0,500 - @®  self-monitoring SS 1950 1000 [ ] - self-monitoring
Formaldehyde 00381 - Y _ confirm the TN 2435 4000 @ - self-monitoring
; paper T-P 43865 2.000 [ ) - self-monitoring
As 0.0009 0.0100 - @® self-monitoring Fe 4307 0250 ° - sel-monitoring
Se 00029 - _ confirm the Zn 0.176  0.060 ° - self-monitoring
paper Formaldehyde 14419 20900 [ - self-monitoring
DEHP 0.0129 0.0100 [ ] - self-monitoring
normal-hexane
Mn 0.128 0.240 - ® self-monitoring extract T i ° i confirm the
confirm the (animals and : paper
Ba 0.006 - - [ ] paper plants)
Cu 0026 1.100 - @  self-monitoring Cu 1243 0.010 - ®  self-monitoring
5 0.0919 ° confirm the Ba 0,018 0.020 - @® self-monitoring
enzene - -
’ paper Mn 0149 0.070 - ®  self-monitoring
normal-hexane Phenols 02335 0.005 ) - self-monitoring
(an?;t;fsc;n 4y ND 20 - - N/A Cr 0395 0010 - ®  self-monitoring
plants) Se 0.0073 0.0030 - @®  self-monitoring
- - Hg 0.0022 0,0010 - @® self-monitoring
Cr ND 0020 N/A
Toluene SO ) ° ) confirm the As 0.0020 0.0060 - ®  self-monitoring
’ paper Ni 0.038 0.060 - ® self-monitoring
CN N.D 0.03 - - N/A Epichlorohydrin -~ N.D N.D - - N/A
Naphthalene 00079 - ° . confirm the Toluene ~ ND  ND - - N/A
paper normal-hexane
normal-hexane extract 3150 2.090 [ ] - self-monitoring
extract N.D 06 - - N/A (mineral oil)
(mineral o) DEHP ND  ND - - N/A
Hg 0.0016 0.0800 [ ] - self-monitoring ABS ND 0.050 ~ ~ N/A
Ni N.D N.D - - N/A ot ND 0008 - - N/A
1,4-Dioxane  0,1309 1.0700 [ - self-monitoring Berone 00140 ) . ) confirm the
Epichlorohydrin -~ N.D - - - N/A : paper
Xylene N.D - - - N/A F N.D 0.020 - - N/A
F N.D 0900 - - N/A CN N.D 0.150 - - N/A
Crt N.D N.D - - N/A Pb N.D 0.002 - - N/A
Pb N.D 0.100 - - N/A D|chrl10ro— N.D . ) ) N/A
TCE ND  ND - - N/A ethans
1,4-Dioxane N.D 0.001 - - N/A
Carbon ND ND - - N/A
tetrachloride Xylene N.D N.D - - N/A

3% N/A = not applicable

3% N/A = not applicable
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Table 7. Probability evaluation Result in Thermal Power Genera-
tion Facilities (Case C)

Examination item  Probability evaluation (Inclusion : @)

Iri?ﬁi:gs Original -~ Self- maz?;zls ) )
of water  Waste momto— Supple- Impu— Ac.id|t|pngl
pollutants water ring ment rites  examination item
(mg/l) Mg/l materials
BOD 15 50 [ ] - self-monitoring
COD 54 8.0 [ J - self-monitoring
SS 130 100 [ J - self-monitoring
T-N 12.00 - [ J - confirm the paper
T-P 0.141 - [ J - confirm the paper
As 0.0019 - - @® confirm the paper
Fe 0363 0.569 - [ J self-monitoring
Ba 0.036 - - @ confirm the paper
Forhrrywzgje— 0.0032 - - @ confirm the paper
Zn 0.014 0139 - [ self-monitoring
Phenols N.D - - - N/A
Mn 0.008 - - @ confirm the paper
Se 0.0006 - - @ confirm the paper
Analysis of
F 0.0249 - [ J - industrial water
(0.0188 mg/L)
Cu N.D - - - N/A
Cr N.D - - - N/A
DEHP N.D - - - N/A
TN
Hg N.D - - - N/A
Ni N.D - - - N/A

3% N/A = not applicable
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