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Table 1. Effluent quality standards for new regulated water pollutants

W1 %3] 8 7] Z(mg/ Lol 3h
]_ =
RCAS a4x | x| uxd | Edxd
Z2~E}o]d 0.02 0.2 0.2 0.2
H 2 (2-o g3 A)olt o] E 0.2 2 2 2
HIFEZYOE 0.03 0.3 0.3 0.3
Q] & 0.02 0.2 0.2 0.2

WA A B4 E
AN A6z #HH) FHw %A]*ésﬂ BERAA 31712578 stEd AzAL 2
4

A e 04mg/L, 7FA,

i
Y
18
Mg
Jm
e
N
18
rlo
=
=
R
~
-
L
N
HN

2. TAICHAAZ

2 AT zAOY Ase 24HAY deuEAd wEsE O

2018\ 29€RE 11€71# 2018 =% x]‘ﬂ“d Aol wet oFdH A= %Jd ¥
%, TAIMS ANEE TEHAY o3 A7t 270 v s dF &

S5 AL 208712 #H ol tisle 55/\}0}9513}.

A NEE ESAERAY AAE [EE4H A E (Alex
HiEA e &7 o wel 247HA] o R EReien JFEH &
Table 20l 7]t}

Table 2. Classification of industrial wastewater discharge facilities

Number
Code Category of industrial wastewater discharge facility of
facility
A 7) FEAE 9 AeUE Az 3
B 11) A& Al =A42 2
C 23) Pz Fo| U Fo|AE AZAA 5
D 26) A FHAE AZA A 8
B 27X 43187 728 E A z=AA 18




F 300718} 71Z2#7|3ttE A =AA 6
G 317125715 sHEd A =AA 10
H 3NABTF A Z=AA 13
I BFAEEE, +AA L 7IEF ZAA A 2AAL 2
] IS B AASIE AE=AA 3
K 36)F A 4 7E S ED AxAA 5
L 4407VFE 2 AAD Az=AA 2
M 48)71eF ®FE A ot 3HAF A=A 5
N 49)3} M4 - A=A 4
@) 50074l B FekaYAlE A=A 4
P S57MATE A™, AW 2 g ARAA 2
Q 54 FHF - dE 2 AAAF AxAA 2
R 63) T &7t A E AE=AA 12
S 74)8 YA A 3
T | 7D)EFHE g dAFAZAA & HA7|EX-Ede] dFdyAA 6
U 79) ol&e AFAA 2
% 80) =T A4 4
w 81) A0 4 F Aak == AFHAA 50
X 82)711 4 ¢ 37
Total 208
3. BA{Ek
SAYEE BAYHE FHLIITHANE7IEAd F38te] Table 33 o] #4314
o FELLAITHANG7IE et AFSA vt X = EHEE 2753, A
A Aldls 002 ALt on, 4 B Id&5¥E FFIAE Table 49 e}
yolth 24 HES d8) SAIGEH B4 Auld diste] yWEAEAEE 4
=]
n

Table 3. Analytical methods of water pollutant candidates

B s ACIPE Y| BT TS
i =2 i
i AeEd R AR E
3k
Styrene 3| =25 o] 22-GC/MS | ES 04610.1
#7122 y /
=34 .
AT B (0-ethylhexyl)adipate | §1%2-GC/MS ES 04505.1
s | T7l=4
=z o] &+ Perchlorate ol g ZuE 18y ES 04364.2b
= TEAdgESg -
T Sb A3 B3} ES 04410.1a




Table 4. The limit of quantification(LOQ)

Item LOQ(mg/L)
Styrene 0.006
DEHA 0.0025
Perchlorate 0.002
Sb 0.02

Table 5. Linearity, MDLs, LOQs, accuracies(recoveries) and precisions (RSD%) for target

compounds
2 Accuracy
R? MDL LOQY (Recovery) RSD
A=A _ .
(AHA=A) . AA TE A=
Compounds (mg/L) b=t A=
N FEE Aol - IS B
0.98°]% () 2ol 3 75~125% +25%
jiA BA
0.0005
Styrene 0.9988 (23210.0065] 3)) 0.0016 92.5% 0.6% U
= 3t 4n:0. El
0.0001
DEHA 1.0000 ; 0.0002 98.0% 1.2% &
(5 ¥.%4:0.0025°] 31
0.0004
Perchlorate 1.0000 _ 0.001 98.8% 1.1% bl
(5 ¥.%4:0.0020]) 3}
0.0053
Sb 1.0000 (=3E 002013 0.0017 98.5% 0.7% U
= st gn: 0. El

o]
a) MDL : Method detection limit(*}*H 7 Z<HA])

b) LOQ : Lmit of quantitaion( #g+A)
c) RSD : Relative standard deviation




1. 7|=AE =A
At JA S Gl it ZxAs 3 F oS E &) A7 W =2 S8
o7 B4, 4kg] =0k Fo WY, U NEF AR, QA 2D DA, T/
=28 W& &7, dFE AP &8 T A
Z}. AE}O|2I(Styrene)
ZBpoldll e WA eje] a4 UVE HIErlE AgE WES gieioln. )13
ol & A Aol HA STsta 2F3d HAE JHAA o SA4e] jlo =
o gk &= vl AT AdHE-AA 534 22 F54 Eujoks AT &
eholde] 2e]85ts 43 Table 69 Hel3tel Lhehulgich
Table 6. Physicochemical characteristics of Styrene
Styrene
IUPAC name Ethenylbenzene
Chemical formula CgHsg
A
Structure @f\
CAS Number 100-42-5
Molar mass 104.15 g/mol
Appearance Colorless oily liquid
Odor sweet, floral
Density 0.909 g/cm’
Melting point -30C
Boiling point 145C
Solubility in water 300mg/L(207C)
Solubility in organic solvent Alcohol, Ether, Acetone, Carbon disulfide
LogP 2.70
Vapor pressure 5mmHg at 20T
Viscosity 0.762cP at 20TC
Dipole moment 0.13D
Hazards Flammabel, toxic
LCso(median concentration) 2194ppm(mouse, 4hr), 5543ppm(rat, 4hr)
LCro(lowest published) 10,000ppm(human, 30min), 2771ppm(rat, 4hr)

setoldle EezEld 5o YHEA, FANTH FHFH S8 URE AE
At 2HA0E BEAE FAFARE BY2HA A, ABSFA, ASTA, B
25 Eo| 29 Fo| Ytk DEAFFEL WE7] AT TR AA DrhaA
FepaEel Fesgolde BE 5 Atk EYseolde FHE 872 22 A
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U Zgo2HY YREE ALY £8 Tox AMgHET
2EpolHle] FAHo 7o) HiE HEE 5

o o HiEEHE ZAoE dEA Utk FAR HWEE = ]
o Ao F= 3519, A, SHL, HEriast AAndA wlEeH s A=
4 A ATHATSDR, 1992).)
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Table 7. Annual emissions of Styrene

ae A F M= —’Fﬂlﬂﬂ%%j‘(kg/@) W] o = E
(kg/d) (FAM =1 &) (FHEFFAETIIE)
stet=d 9 SHAF A=<,
00 [e) /‘\l_ 7
2010 174,642 30 (0.02%) < ojobE #]9](20)
stet=d 9 Sk F Az,
00 o] ‘l_ 7
2011 183,021 17 (0.01%) 4 Q]O_Fﬁ A9 (20)
2012 181,089 0 (0.00%) - -
2013 171,213 0 (0.00%) - -
.. stet=d g Sk F A=,
% = _]Lé__t_]—;_ 4
2014 158,581 10 (0.01%) % «l"—Fﬁ A12)20)
L sietEd 9 SsHAF A=Y,
% = _]Lé__t_]—;_ 4
2015 219,008 258 (0.12%) % «l"—Fﬁ A9 (20)
ArAlEF A=Y iz3194(13)
2016 157,078 277 (0.18%) FTAEE ﬁ}ff—}%@ 9 slEhA F Az
91"—%% A £1(20)

Source: 3}8tE 3 wjEHF FAHEA R, 2010~2016)"

Table 791 2010@=%-E 2016\ =714 2Efoldllo] A3t wl&d 9 FAMEH
Aeste] YA 20108 = ﬁ‘rfﬂ“%—; W& 2AAY, 33 2Eloldle] A
T WEHES 174,642kg/doltt. o] T FAMIEHS 30kg/Ho= HA wjEH
°F 0.02%7F FAZ WMEHAT ANY 2 2u FANEFS &4ko] 30kg/HLe
kol At HH%H%U_ HiEHES 38t 9 skl F Ao okF A (=

EEMPEFIIE BERFIE20)0100 20119 % sEleldlle] A F HEFS
183,021kg/ Aol ©] F FAMEHFS 17kg/ o2 A MEF 5 0.01%7F 54
2 MEHAT 201195 JA] FAMESFS SAdAT EHAeH HEHFE

=% =
3l 3stEd @ FshAE A xPolUnt 20129 =9 2013 o= FAIEFo] ¢
For 20149 =0 A 2016 A=A = THEEANAR FAZ HjES= AT

Be FE iE‘r J9o] AAEE wEHW AAA ool oA =F o] gkoln}
M2, 744 Foz olojd & AUtk ok FEA 2eteldl F7]% o & 4
2 53 e;%zaaigua 0@ AT 2718 A FEE 7ho] ool g EH 0



g+ dnks Zlo] BEUPANA W
o}

2glolalle] Mo # dHst =AU A (International Agency for Research
on Cancr, IARQ)INA & ¥ Q1A Ao thst A=A FAZF EAlsta,
TEAYPAAMNE g deAdo digh AFAH] FAVE EAE 2EES QA
of et 7he/do] At (Group 2B; Possibly carcinogenic to humans)” il &3} Th
(IARC, 2002). "= EPA°IA = @A 2Eldlo] QIAA & fFiste ZhAj/dol
3 AHE ZFoll Uth? zgholilo] BAo) mAE FFozE AHEH T ofFol
i3 LC50 10mg/L 96hr Pimephales promelas© & ZA}E o] Qlth

20199 =HE] 9Eyets 2Eleldle] mE3&r]|Ee “AHA XYY T Y-EFH”
Aol sl Z+zt 0.02mg/Let 02mg/LE A3 TH Table 83 Table 9= = U
2 o] xgolde FHVEY T HFEAAE 4SE 2HA Y HYAEE A
A5 e Eoltt

-

Table 8. Water quality standards and effluent standards of Styrene in Korea and

other countries” (&9 : mg/L)
=7t HewrlE ;gé ) &3] 7] %=
3| AFERDLINE) 0.02 i 2z e
I MCL* 01 C 20RANARARE Az, Q)

0.083(3}st=4d A =4)

L& | SHEFF(FEA)™ 0.02 - -

EU - - -
WHO HAaLx] 0.02 - -
¥ * MCL : Maximum contaminant levels(H th L 43 &5 %)

CEEas
w 2RI} AAA QA GAY A5 F EAFe] BYRE B

T

Table 9. Removal efficiencies of styrene in different type of industries
(influent : > 0.02mg/L)?

= A A d= Aelge BT

RUCHR GBS ?iﬁ (%) | (%)

A 3tohA 7123 E AlzAA 6 17 -19.5~100 | 91.9
718t 71277188 = AlzAA 3 11 98.5~100 | 99.8
A2 L Ve ESAHER A z2AAL 4 11 44.1~100 | 88.6
Y3, HJNE, IRA R FAAF A=AA 2 15 30.4~100 | 76.2




Lt. H|A(2-0lE/ & A)olC| | 0| E(Bis(2-ethylhexyl)adipate, DEHA)

DEHA+ 2—Ethylhexan013’4- Adipic acid®] to]o| ~ElE, (CH,CH,CO,CsHiz), 9
stk e Zhe #r1sgEolth. A fA dAloln gt ol AU A9
Tt DEHAS] &£2]3}8t3 545 Table 1091 A&t YeER T

Table 10. Physicochemical characteristics of DEHA

DEHA (Bis(2-ethylhexyl)adipate)
IUPAC name Bis(2-ethylhexyl)hexanedioate
Chemical formula CopH404
I \/(/\/
Structure OMO
O
CAS Number 103-23-1
Molar mass 370.57 g/mol
Appearance colourless oily liquid
Odor a little bit smelly or inodorousness
Density 0.93 g/cm’
Melting point -67.8C
Boiling point 417C
Solubility in water Negligible
Solubility in organic solvent Ethanol, Ethylether, Avetone, Acetic acid
Henry’s Law Constant 5.2x10™ atm-m’/mol
Vapor pressure 8.5x10” mmHg at 20C
DEHAS #4528 §45 e 7tade oz d4msoy ¥48 2E
o ZelgHuld AEL AZY W ARG 2 Belad Bale ARHA
I wide AHE EAE] I A2 FHdE &5V Av. ZTh2He tiE

T

Z PVCe ¥ =HHst EWE, T4 (Phthalates, DEHP, DINP, DBP)7}24:A]
oltjA 4| (adipates, DEHA &)7t4AE AME3] FAdA87 g84s =200

DEHA+ PVC &% A 2 #5 ¥ otdg &HArE AAIEFS A
A BFe= wiEE = don HIYIE 243 A Al E2kE A
=2 7 At 20109 =7H 2016 =7t set=d vEd @ F5F ZAEIE
dH)E Fastel DEHAS A3t viE&® 9 FAMEEE Table 110 A=¥=
gt 2010d% =y AxF & WSS 3,509g/d, #ﬂlﬂﬁa%l‘% 7kg/d(°
0.001%)°1™ &4t FAZ WEHAY. MEdFTS ‘S3t=4d 4 g5 F
29 kE A Q@R FAYEFIIE EFIZE20) 01300 2011900 A 2016 =

= A HEFe] AT

¢ of
Lt st
&0

!

ééiroﬁ[‘if’l:{ooﬁ



Table 11. Annual emissions of DEHA

VLT ek | e
Ll v & % . N v =4 < S —
(kg/ ) (FA =R &) (F=EEAHET7F)
stet=d B gehAlE A=
00 o /_l\l_ ’

2010 3,509 7 (0.20%) = o] k& A 9(20)

2011 | 5410 0 (0.00%) ; ;

2012 | 1,520 0 (0.00%) ; ;

2013 | 2,573 0 (0.00%) ; ;

2014 | 1,266 0 (0.00%) ; ;

2015 | 2,144 0 (0.00%) ; ;

2016 | 16,257 0 (0.00%) ; ;
Source: 3}8tEd & FAHEA K, 2010~2016)"

DEHA ZHA|17}F 3ol @de dovle 242 oiuAe dF T dd<S 56
TS THES ST Aer WA A TdRE JteA =22 ER/H
Atk IARC(International Agency for Research on Cancer)olAl< ©] E4& “H]&
U4 =2 (Groupld)’ o2 #F3ta o ml= EPACA = HEZIA BlFd=4
T “RAA o] BATHEF ol UTh(B) 2 BRI AT

20123 =AME (A A5, 2012) A, TEAYUA, NE wiEdLolA A
SHIE7 =4 AT AEH Aa, N sEdadA FRAEAAE 2Hsta

< AR ERE FAEAA A BE

Aol &S §r1FES AXMFAT. MEd 8F
TAIA MEd87IES A &8st “AAZAGH TS A Gl 242 0.2mg/L
o} 2mg/L= AIHE AT DEHA Wk ¢
A 7k leH, Tl WEs 8= 9
Hol Atk W= A HeE FEVER AA
(Maximum  Contaminant Level Goal, MCLG)¢} HUd &5 % (Maximum
Contaminant Level, MCL) =5 %37 04mg/Lelth(US EPA, 2012a)” = Ui
DEHA®| &35 8713 =W dHsmiEAA 45 A2 888 Table 12, Table 13
I ol At

ol
N,



Table 12. Water quality standards and effluent standards of DEHA in Korea and

other countries (%9 : mg/L)
=7} Hew 7E FARARE =31871%
_ =] A 7].14.53:]]
ZYA (A 7 F - ©©° 1

gfiLLH = ] © ‘—I(L—J—-7]1__) 0.4 0.2 2

= MCL 0.4 - -

SEX - - -

EU - - -
WHO HI7]% 0.080 - -

Table 13. Removal efficiencies of DEHA in different type of industries
(influent : > 0.02mg/L)”

. A& = o
gy Q4% (jﬁﬂ) ﬂJH*J ﬂﬂfﬁ = T(%)
(7h) "
73 e A 7 x3dE A=A 1 3 99.8~100 99.9
A A=A 1 1 225 225

HEEH ) EE 7
o] HEFZHE =
Ao EAE ol&ste HYFoRE olgFHE=H, AY
AR oz AF EA z
S0 gt HIFEFolES HFEH o]
Table 15 YERJ ST

o
PN
k
30
I
o
Mk
©
&3
12
‘O,
g
b~
2
g
ofy
=2
>
rlr
N
)

Table 14. Physicochemical characteristics of Perchlorate

Perchlorate
IUPAC name Perchlorate
Chemical formula ClOy,
0 =
' 144 pm
jc‘n
Structure L T
o~ \ O
O
CAS Number 14797-73-0
Molar mass 99.451 g/mol
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Table 15. Physicochemical characteristics of Perchlorate salts

Perchlorate salts

Characeristic Magnesium perchlorate Potassium perchlorate
Chemical formula Mg(ClOy), KClO,4
Structure [Mg*'][ClO4 [K][C1O4]
CAS Number 10034-81-8 77778-74-7
Molar mass 223.21 138.55

White solid or

Solid crystals of

Appearance .
fragmentary powder colorless of white
Odor Inodorousness Inodorousness
Melting point ~250C 400°C
Boiling point Not applicable Not applicable
Density(20C) 221 g/mL 252 g/mL

Solubility in water

9.96x10° mg/L(25C)

2.06x10* mg/L(257)

Solubility in organic

Methanol, Ethanol,

n-Propanol, Acetone,

Methanol, Ethanol,

n-Propanol, Acetone,

solvent
Ethylacetate, Ethyl ether Ethylacetate
Vapor pressure very low very low
HE2YolEs YT ABAmA e SAS ol &ste] FPAHeE A - o] &L
Atk HEZO|E o] dadae Ul /M 4tae oaf Z BREHI glo] i
o] HERYCE 3FF=(53 ZEFgHERUESY £ AVA 55 @) £
=] 7tEE w7tA #F718gEs A VIA et dEE HAIFRUNEE &F
& w FAFA WA w5 e fUIsEEd TR EgES 8T 2
ot o2l §EAE W3yt Badk oA {F&35HA 220t

2ole HEEHOIEEZLE amminium perchlorate(NH4CIO;),

perchloric acid(HCIOy), potassium perchlorate(KClOy), sodium perchlorate(NaClOy)

o
s
»
o
fru
N
fru

7 dok F2 B2 FA|, EEEClE v wAE THE, VEA, 49, &84,
Aofzt 54 Wz AHEEM AF AN ZA7] Alofel o]&HH.
HEZYO|E d9 HEL &5A, ®9A, AxA, 12 thFE =22 FA 9
A HlEET HE2RYNES 2 dRS ExEole FAtEolnh =Y T4k,
A B AR, AARE AzHoAA wiE THsAdel A

HAIFZYolEx U Fsted ME® A S8 A Kol 5 2 W=
Foll g AsE= floH, vx 9GA HIZHolE e 3hstE i< (Toxic
Released Inventory, TRI) A&+ §lth wehA AR HIEHo|E o gt
MEF 2 F8F ZAE AAY 71 44 2AE S5 et k2
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HERYEs T80l FA AL olFdo] wig Foh. i kAol A
st g xS Z2H0A FA @ 5% FES 5 o HEEY A RA =
B, okxle] Z3 o 93 Aztol| HHEH =F HARAAAM Be TEY w 54374
A FeFo] 2RI olF= FHET AF & 2 &4 & Fi Ae AL
e 2de AAel EE Y wWwol vmoA AFHAT FELES A
MM A TEE PSS FAaAZIY IARCS U]l=F EPACA HEFZY|EE
ot E4E ERsHAE & o

HERYOESE 47|+ £ W& 8rIEe® 2AsL e I7ke vk =
ollMeE HesE ZAGEo2ZH 0.015mg/LE 2AE o, v=2 3% HeE

i&

#1171 F(Drinking Water Equivalent Level, DWEL) 0.015mg/LE A %o] ATt
2012 = HAF st EAA HFRECIE= JNE HlEdiddM A=
w1 FHAEAAE 23 o] wlEs&T]F(]/hel AAE v AT HF =2 0]
Es AYA AR & Ve MEs 8IS &8st “AHA7 A9 0.08mg/L,
“Th-EEH7A 9 03mg/LE AMEAT. VR FV|5EHEE AzAA 9 vA
w5 Ad, A9, 3 g5 A2AL e B AL 04mg/L, A, YA
EHAYL 4mg/Le] 7IES AE3HY HIFZYolEY U FAV|EH U
HeEAd A5 AYaE& AP AE Table 16, Table 179 YERH AT

l‘l
X

Table 16. Water quality standards and effluent standards of Perchlorate in Korea

and other countries” (%9 : mg/L)
=7} Hew 7E TARA 7= &8 871%
: 87 7S
ZYAISFE (A T]F) _ ©°©
= AZ ) =(H a7 ) ©0.015 0.03 03
. EPA : (PHG") : 0.006
2] U oF(MCL) : 0.006
dE - - -
EU : : -
WHO - - -

% * PHG : Public health goal(2004) : &% X &3

Table 17. Removal efficiencies of Perchlorate in different type of industries
(influent : > 0.03mg/L)”

A=
= A4 | LT ADES | Lo,
g 45 GES =1k 2] (%) (%)
)]
718} 7127718 Al =AIA 3 6 | -1721~100 | 51.1
SAFA 9 7e ZYA2HEE A ZA|A 3 3 -112~100 42
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H A4 Ad, Ad 2 3 A xAA 1 3 -17.6~100 55.5

71e} 12} vl F5 A=A 1 3 81.5~97.2 89.2
HaEA g AFAAANE 9
RO E B o e e M

A o] Al

Haseol 19 T 100MAEE o4 | 2 100 100

2f. 2lE|Z(Antimony, Sb)

2
o
it
L
al
I
[

ox ¥ fo
rlr
o
o ol-ﬂ
do
o
P~
rlr
o

B o4y oo O &
2ot
o
o
o
b
to
>
2 o
[-O
o
L
o
o
rid
o m
o
o
>
m
_‘>;
o

Table 18. Physicochemical characteristics of Sb

Sb
CAS Number 7440-36-0
Hdar7|s Sb
AAHT 51. 5BZ(15% 557))
ststA 4 5
AR 121.60 g/mol
A 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 4d10 5s2 5p3
Sl A
e 6.68 g/cm’ (L)
=E3 630.6C
Z#=A 1,635C (1440 C 2= H.i1%)
Tl 19.79 kJ/mol
7184 193.43 kJ/mol
v g8 25.23 J/mol-K (257C)
23 El 5,3, -3
A8 % 2.05 (Pauling scale)
=24 FAFo g 2w FeS Ad A}
° HE548Q meb s Heo] o
A >l Ay
AR A5 e
S =(E) E&
71 1mmHg at 886 C
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B Z2 FEo=2A @o] AHgEY. 53] 1A uf BFsts dd& o83k

F-AGEEYA, FA-AGEEYUA, F-F4-AEEYATE EATF (&) A" S Ew-=
AA G Sl AHdH €EH22s B S50 AASHA, BEAY AR
2EAE A I o7 SV ool olekE, ks, WA, HAE, Ay,
Ay, 35 Fol= ol 22Ut

BAo] A2 P 7T AHAA JEE B @, GEE 43R, JEEN GE
2ol A% A Fol AR FYAT B sztne) HABALoN He
o fAd WEHT?

Z Az, A4 AzGAdA FAZR E=HU, 2013 = dAgdss =48
T XY FtEd 9 FAEF AzYAA wWE=HIUT 201630 = APEE 2%
=4 A xYGolA] ¢tE] o] HjE=H A Th

Table 19. Annual emissions of Sb

O‘jﬂ' %: 2= = = =
e W o TAEEHkg/ ) Ep. = E
- - - - —_—
y FAM =N E) (FZEZAYRFTF)
(kg/9) o
. 371, LRAE L S2EAE
2010 | 7,261 79 (1.09%) aw | AR, AE A2 8)
g 27, | AFAF D ER2EAF
2011 | 5962 42 (0.70%) aw | AR, AE A2 8)
o 371, IEAE B2 EeaEAE
2012 | 4,898 69 (1.41%) aw | AR, AE A2 8)
5 Ad, | oseted 9 seAE Az,
2013 | 6,384 543 (8.51%) =2 oo E 419 (20)
2014 | 7,337 0 (0.00%) - _
2015 | 12,188 0 (0.00%) - _
2016 9,130 14 (0.15%) Aed= 22 54 A2 (24)

Source: 3}8tE 3 wjEHF FAKEA R, 2010~2016)"



e BA'R PR I 5F 2BE BFI

AA ] ek wikehd 7wk FHFEAA = 0.0024mg/Lolu e 71k <

EAAE 7R BALE Al(q)7h SJAEA k7] wZel A=A FRATHUS
)

Table 209} #Zo] f-fudhs 47|z AMge HHFEZE 7]E 0.02mg/L2 A
AEo] Qi w2 priority toxic pollutants® &3 FEA(FANE) THYE o
0.0056mg/L, FHYETS o & wE 0.64mg/LE FAEAANE A8t
Atk GEIEY HiES 7S EvEkel ml=o]l A4 Y. v A
A9 0.02mg/L, 7FH-EHAY 02mg/LE 2AF J2 v AF L FRI
me}l 7)ol Aol bk d9le wiEEE 99Ut 0}‘4 AT vl =% FH(mg/kg)
o2 A= 9o U v= 71 A vund 5 k2

Table 20. Water quality standards and effluent standards of Sb in Korea and

other countries (%9 : mg/L)
=7} Hew E THAA 7= &3 871E
AN = Ate] AR E 87 7HHEE
wu (B3713) 0.02 7% 0.02 0.02 0.2

AEHE, T2 A5 (mg/kg)
BPT* : 0.077~7.491
BAT** : 0.003~0.678

NSPS*** : 0.003~0.678

, PSES**** : 0,003~0.678
-WatertOrganism PSNS***** : 0,003~0.678

=0.0056 7} - A7) A (A B
-Organism Only A3kAIA) 1 0.006

=0.640 Z2EFA A ¢ 0006

Priority toxic
pollutants Water
quality criteria

Algre]l AR s 7=
M= | MCL 0006 | (FEE AREZ 1E)

FAUREEA

AL | HYE(EHEA) - -
0.02

EU 0.005 - -

WHO | #3i7]F 0.005 - -
# * BPT : Best practicable control technology currently available
(28 7Hedt HH AHE7<)
** BAT : Best available technology economically achievable
AR E7%, A4l B8 THs 71%)
“% NSPS : New source performance standards(2l T+ 2@ ol 7]F)
“% PSES : Pretretment standards for existing sources(7] &2 AU AAE]7]<F)

o
##% PSNS : Pretretment standards for new sources(2l7F 22U HA g 7]F)
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U Bl EAAE 45 Qe R A8 E&-E Table 219 B st YeERH AT

Table 21. Removal efficiencies of Perchlorate in different type of industries
(influent : > 0.02mg/L)”

A=
AA | B | HNYELE |
+ =3 } E| 9
)]
12 AR D ZH1A] A ZAA 4 7 23.8~78.8 53.9
123 27 AzAA 1 2 76.3~99.5 87.9
221 A7} A z=AA 1 1 33.3 33.3
71€F 12} vl dFE5 A 2AA 1 2 96.3~98.6 97.5
A A 2 7El S~ EA A 2AA 3 4 65.9~93.8 854
s}shal i Al 2=AA- 2 3 51.0~93.4 73.4
7€}
2010)#H A G o] HFAZAAL L
) ]:_ el _]j . 1 2 | 343900 | 621
Hr7|EA g #HTYAA,
2008) = A1 A
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2. A7 A2 B2 HIESY

la— 70l A =

247) P 208719 52
~@-olgad)ot o g, HEado

ooz Al

]
E, =S 24

HA g 242 2Etold,
st o™ 1 A= Table

229} Fig. 13 2o 443 A 208719 A& F Styrene 53 (HEE
Perchlorate 917 (AEE&

DEHA 24 (H=E

T=E=E

10.6%) = Perchlorate®} Sb-> Styrene¥ DEHA®| H] 3|

Table 22. Characteristics of new regulated water pollutants from industrial wastewater

2.0%),

43.8%), <FEIE
Az

2274 (

Jin
b
Ll
o
T
v

1o

samples
Compounds Ndetected Mean Dtigiig?mii?ge Detection rate
(Ntota=208) | (mg/L) (me/L) (Detection/Total)
Styrene 5 0.065 0.007~9.462 2.49%(5/208)
DEHA 2 0.0001 0.0057~0.0116 2.0%(2/208)
Perchlorate 91 0.067 0.002~4.637 43.8%(91/208)
Sb 22 0.052 0.02~9.05 10.6%(22/208)
* Ngetectea = Number of detectino times
* Niotis = Number of total samples
- 100
£
= 80
C
2
E B0
3
o 40
o
[
T 20
o
o, e—
Styrene DEHA Perchlorate Sb

B below Effluent Standard M exceed Effluent Standard

Fig. 1. Frequency and distribution of new regulates water pollutants from industrial

wastewater in Ulsan

_’]7_



7}, AElo|&(Styrene)2| HISEN
B AR A= AT HAS P2 ~elo|dli} tBo] wjZser)2ow #HEEq

A& 1559 VOCs 55 A3t HENEE vluwstg o 1 Ax+ Fig 2.9
2t 15%9 VOCs d5+E 5 1,4-Dioxane(303])3 Chloroform(293])e] 7} &2
HAENEE B O™ Xylene(123]), Naphthalene(123]), Bromoform(83))% H] %
=2 HEE HAT HSS2EE Dichloromethane(53]) > Acrylonitrile(43]),

1,2-Dichloroethane(43]), Toluene(43]) > Benzene(33]) > Vinyl Chloride(13]),
Carbon tetrachloride(13]) <=°|la2l  1,1-Dichloroethylene,  Trichloroethylene,
Tetrachloroethylene©] AZH A&+ fIATE ©] F Benzeneoll Al 7]EX] 2] oF 34j
233 A 87F 13 BAHAG.(NA 7 - U - EHAY =5 87]F - 0.1mg/L)
H Styrene®] 7, AEHEE 532 ta wkoy 574 F 3719 A®7} 2019
4 125 A&H= WEs & 7IEAE 2Hs Atk (ZEeld 7 -y - S8 A
=35 871F : 02mg/L). Styrene®] HAEA & %+ Fig. 2.9 YeER AT

8 E mlm
2
—_

jus)

35

a0

23

20

15

10

Frequency of detection(times)

Styrene

Winyl Chloride
1,1-DCE
DCM
Acrylonitrile
Chlarofarm
Celd
Benzene
1,2-DCE

TCE
1,4-Dioxane
Toluene

PCE

Xylene
Bramafarm
Naphthalene

W below Effluent Standard M exceed Effluent Standard

Fig. 2. Frequency and distribution of VOCs detection

from industrial wastewater in Ulsan
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e e e T T T T T —

0.4

Detection concentration{mg/L)

0.2 - Effluent Standard : 0.2mg/L

0.0 - *

-

Fig. 3. Concentration of detection Samples of Styrene
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Styrene®] ¢FE EAANE Table 230 UYEIWHRITH 7|&&

=
o] NEe "HF38HA 7123E A=A, # 72F73sE4d A
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1
149 HAEFEE 0202mg/LE 7|FX o] AR UmA 2749 HAEFE
3.819mg/L, 9.462mg/L=Z 7]EX|9 <F19ul, 4780 HHlsleE =2 FEE EAY
ZIEANE 29T 349 AR BF T{AETA 2 UE Fg2HEd AxRAE, iE
T Tl AV 2Boldle ZY2EHA 5o dA45A, FAEALFI AT

2YHE
Table 23. Monitoring results of Styrene from industrial wastewater in Ulsan
Styrene
Type of Industry Detection rate Mean Dtection Range
(Detection (min~max)
(mg/L)

/Total) (mg/L)
A GEsAE 2 AR AEAL 0% N.D N.D
B Ad A zAA 0% N.D N.D
C gz - Fo] gl FoAF AEAAL 0% N.D N.D
D AFAAE AEAA 0% N.D N.D
E AG3}sHA 7|23k E Al ZAA 5.6%(1/18) 0.005 0.084
F 718t 712 R7Istd = Al x2AA 0% N.D N.D
G 71257188t A=A 10%(1/10) 0.001 0.007
H G872 AEAA 0% N.D N.D
I AR EE, FAA H e 2AA A 2AA 0% N.D N.D
J H s 9 ZA35E AZRAA 0% N.D N.D

K FAAFA 2 7E EeAEHEE AZAA 60%(3/5) 2.566  0.202~9.462
L 7HEd 2 AAYE AxAA 0% N.D N.D
M 718t BR/REA ofy g A F A FAA 0% N.D N.D
N 3} f Al =AM 0% N.D N.D
@) DEAE 2 ZH2EHAE AxzAAL 0% N.D N.D
P HES4 A4, 39 9 5 A=AA 0% N.D N.D
Q FFrE 4 - dE W AMAF A =AA 0% N.D N.D
R TH7FEAE A 0% N.D N.D
S WA A 0% N.D N.D
T A d9A4% 2 d@71sAE8]y wdgAAd 0% N.D N.D
6] o|s}st A FAIAE 0% N.D N.D
\Y EaAA 0% N.D N.D
w =4 4 2 AR = AFHAA 0% N.D N.D
X 144 0% N.D N.D

Total 2.4%(5/208)  0.062  0.007~9.462

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

_’]9_



Lt Clolof&&|AlolC|m| 0| E(DEHA)S| HIESY

DEHA HEAM R F5< Fig. 4o Yehlt. 20812 A& F 27°] HAEHUL
1} 0.0057~0.0116mg/Le] W& v ZFo|ATh Table 249 JFH 4 ZA#4E BHA
AZE NEe 7 4 257 "'347A 2 Ve Rt e A=A, o iEFA
th. DEHAE @A4FAE FA8HA ste 7taAz AgHERE THgdaA] 9 7E
g ER A=A oA HiE Tl ey dAlE Ayt 2 Ha e

Aoz BRI,

2.02

201

2.00

Effluent Standard : 2.0mg/L

1.09

1.08

0.04

e e e e e T T T T
e e e e e T T T T T

0.03

Detection concentration{mgy/L)

0.02

0.01 [ 3

0.00

Fig. 4. Concentration of detection Samples of DEHA

Table 24. Monitoring results of DEHA from industrial wastewater in Ulsan

DEHA
Type of Industry Detection rate can Dtection Range
(Detection (min~max)
(mg/L)

/Total) (mg/L)
A SEAE 2 A8 AF A=A 0% N.D N.D
B Ae A ZAA 0% N.D N.D
C i . Fo] g FolAF AFRAA 0% N.D N.D
D AFAAF A=AA 0% N.D N.D
E 63184 71 %23 8E A x=AA 0% N.D N.D
F 71t 712771388 s A E=AA 0% N.D N.D
G 7125713818 Al 2=A A 0% N.D N.D
H 87 A FAA 0% N.D N.D
| AEs, 794 2 78 ZAA A 244 0% N.D N.D
] H g 9 ZAA33E A=A 0% N.D N.D

K FAFA 9L Vel ZE2HEA A AL 40%(2/5)  0.0035 0.0057~0.0116
L 7hea 9 ARG AzAA 0% N.D N.D
M 71eF BFEHA ofygt seAlF A FAA 0% N.D N.D
N S F AFAA 0% N.D N.D
0 IRAE D ZgHgAgAEF A x2AA 0% N.D N.D
P ndF4 Ad, dd 9 g AFAA 0% N.D N.D
Q dFr)F 4 - AE 2 AXMAF ARAA 0% N.D N.D
R TE57HEAE AEAA 0% N.D N.D

_20_



S g elA A 0% N.D N.D

T dAaA=d dQeA 2 A7 HJet8Ad 0% N.D N.D

9] o|3}e} ANEAA 0% N.D N.D

v EFAA 0% N.D N.D

w AR T 8 AR e AFHAA 0% N.D N.D

X A4 0% N.D N.D
Total 1.0%(2/208)  0.0001  0.0057-00116

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

Ct. HEZZ2|0|E(Perchlorate)?| HIEEA
Perchlolate®] 7-¢- 7F¢ =& WE2 HAESHAH. dd &S] &71E0- U - &
#A S 03mg/L, 712F7188E2d AZAAL, vdTE Ad - Fd 2 FF AZRA
Aol 7 40mg/L)S HEIS A 6719 AET 7IEAE =H5 AT
HEFZEoE HEANTY AFH WlE54S Fig 59 Table 2591 YeRATE FHFZH 0]
EE N 4F F 3 4TS AYsta 210 4FelA BT ASHATE AGA N AR
= HIRYCIEHQS] F83 5= FE Y3 A Bl d2olA diizlow
AR S0 ZIIske] ArpAl, AlFA|, SE5RAA, oekE, ek, Sr18ke S
T O 852 ARSEHD itk U SEEA slEF 2220161, B tidel= ¥
ZRHolEV} &3 YA 7] wio] HEEHo|E wEH W@ FQo wjE = g
AzE gloy, B AFoym g1d & %] HIERYo|EE takdl B0 Yz 4t
Hholl A AREE T Qitkal B Xt} webA] 3F% olef Beste] HIRHo|EY =
W wjEF AR OEo] WA7IA 9 viEEA ] the A5 B estthal AT

46

L 4

44

4.2

Effluent Standard : 4.0mg/L

4.0

e e T T ——
e T T T e e o e ——

Detection concentration{mg/L)

10 ® ¢
0.8
0.6
n o @
— - 3' Effluent Standard : 0.3mg/L
0.2 * o ¥ LJ PO T
* * * o F R AR

00 ot et® & oo ¢ Gpwantenurus ® RS oo Ypate

Fig. 5. Concentration of detection Samples of Perchlorate
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Table 25. Monitoring results of Perchlorate from industrial wastewater in Ulsan

Type of Industry

Perchlorate

Detection rate

ean

Dtection Range

(Detection (min~max)

/Total) (me/L) (mg/L)

A SEAF 2 AL AF AxAA 33%(1/3) 0.001 0.002

B Ae AZAA 50%(1/2) 0.003 0.005
C X - Fo] g Fo|AF AxAA 60%(3/5) 0.074  0.033~0.225
D AFAAE AE=AA 38%(3/8) 0.015  0.013~0.091
E 588 A 72 TFE AFZAA 33%(6/18) 0.296  0.003~4.637
F 718t 712 F/718 & Alx=AA 50%(3/6) 0.013  0.016~0.046
G 712571818 A A=A 60%(6/10) 0.132  0.002~1.057
H AA L7 A ZAA 31%(4/13)  0.015  0.007~0.150
I A g oA 2 7EF 2AA A FZAA 100%(2/2)  0.160  0.012~0.308
] H & ‘;—l %—liﬁ'@'? A =AA 100%(3/3)  0.109  0.009~0.299
K F8TA 4 7 Eg2HEE ARAAL 60%(3/5) 0.097 0.121~0.233

L 7HEE 2 AAE A=A 0% N.D N.D
M 71EF EFEA oty A F AZAA 40%(2/5) 0.033  0.017~0.148
N i}f‘—}"q fr AE=AA 50%(2/4) 0.007  0.011~0.018
) IFAEF 2 EGg2HAF ARAA 75%(3/4) 0.020  0.008~0.044
p HEda4 A4, 39 9 35 AZAA 100%(2/2)  0.445  0.391~0.499

Q dFHE 4 - dE 2 AAAFE A=AA 0% N.D N.D
R =573 AE ARAA 42%(5/12)  0.034  0.003~0.172
S HAAA 100%(3/3)  0.017  0.008~0.024
T #HeAgY #5474 9 e8]y #3gaag 83%(5/6) 0.012  0.010~0.025

U o|3}g AlPAA 0% N.D N.D
\Y A4 50%(2/4) 0.012  0.021~0.027
W =4 4 2 AR = AFHAA 44%(22/50)  0.047  0.003~0.365
X 144 27%(10/37)  0.038  0.003~1.060
Total 44%(91,/208) 0.07 0.002~4.637

* N.D(Not Detected) =

2t SE|Z(Sh)2| HIESH

247 4F 20871 2] ol g dElZY 4 2y 3 V)

Detection limit less than

P

=l
.

o el gl FE4

F 1159 ASWEE Fig. 6, Fig 7ol e AT OPHEPJ AEREE 2232

Se(143]), Cd(63]), Pb(43]), As(18]) Th& o2 AT} &

7t 138 MEs8rlE= = A9ty 7= %‘%%01]*%— vEFe] a4l
AEHAY. W FE R AA HdE: Ae5 20 F 33 Ad"E wEserE
Ot EHAY 02mg/L)S %3 T A2 JEA A 2R

& e} AgolA 71EA9) 308 D 3
el o] 4FW WlZEAS Table 269 LhERIATH
A fEel 7 2S8R AR

2 8l HeEAAE, >

\Y%
: =
ol X
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Frequency of detection(times)
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m below Effluent Standard W exceed Effluent Standard

Fig. 6. Frequency and distribution of Heavy metlas detection

from industrial wastewater in Ulsan
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Detection concentration(mg/L)
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Table 26. Monitoring results of Sb from industrial wastewater in Ulsan

Sb
Type of Industry Detection rate Mean Dtection Range
(Detection (min~max)
(mg/L)
/Total) (mg/L)
A SEAF 2 AENAT A=A 0% N.D N.D
B Ae A=AA 0% N.D N.D
C Hx - Fo| Bl FolAF AAA 0% N.D N.D
D AFAAE AZAAE 40%(3/8) 0.111 0.08~0.51
E AfststA 71 zsigtE Al x=AA 17%(3/18)  0.507 0.02~9.05
F 718t 712 F71st g E A z=AA 17%(1/6) 0.025 0.15
G 71z2F713 st Ed A=A 10%(1/10)  0.003 0.03
H g8k A EAE 0% N.D N.D
I dEAdE, FAA B 7IE 2AA A=A 0% N.D N.D
J e e s e i B 0% N.D N.D
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K A L 7E ZE2~HEE A ZAA 0% N.D N.D

L 7hea 9 ARG AzAA 0% N.D N.D

M 71e} EFEA ol A E A A 40%(2/5)  0.014  0.03~0.04

N spehdf A EAIA 75%(3/4)  0.025  0.03~0.05

0 TRAE D ZgHgAgAEF A x2AA 0% N.D N.D

p HAFSE Ad, Ad 9 35 AzAL 100%(2/2)  0.030 0.03

Q dFrF 4 - AE E AMAF A AL 0% N.D N.D

R TE57HEAE AEAA 0% N.D N.D

S WA A 67%(2/3)  0.017  0.02~0.03

T #A5LAEY d59A% 2 dAVIEAEd d98A8 17%(1/6)  0.032 0.19

U o|3}3} A FAIA 0% N.D N.D

\Y ZIAA 0% N.D N.D

w SN A g AR me A ZAA 4.0%(2/50)  0.001 0.02

X A4 5.4%(2/37) 0.002  0.03~0.06
Total 119%(22/208)  0.052  0.02~9.05

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

From 1 January 2019, Effluent quality standard will be applied to the target
measurement itmes : Styrene, Bis(2-ethylhexyl)adipate(DEHA), Perchlorate and
Antimony. This study was carried out to investigate and evaluate the discharge
characteristics of this new regulated water pollutants at wastewater discharge
facilities in Ulsan. The 208 wastewater samples of 24 business types were
analyzed. The Internal Quality Control of the measurement items and the
analysis equipment was carried out to verification of the analysis method, and
the results were all satisfactory.

As a result of analysis, among the 208 samples of 24 industries, Styrene,
DEHA, Perchorate, and Antimony were detected 5 times(detection rate 2.4%), 2
times(detection rate 2.0%), 91 times(detection rate 44%), 22 times(detection rate
11%) respectively. Although Styrene was detected at a lower frequency compared
to other VOCs items, 60% of Styrene detected exceeded the Effluent Quality
Standard, with its concentration especially higher in "Manufacture of synthetic
resin and other plastic materials; . DEHA showed a small quantity within the
acceptance level was detected in "Manufacture of synthetic resin and other
plastic materials ; . Perchlorate showed the highest frequency of detection and
was found in all industries except for three of the 24 industries. In addition, a
high concentration of Perchlorate was detected particularly at "Manufacture of
smelting, refining and alloys of non-ferrous metals; , "Manufacture of basic
organic petrochemicals ; and "Manufacture of basic inorganic chemicals; . Lastly
14% of Antimony samples exceeded the Effluent Quality Standard, especially
with high concentrations in "Manufacture of basic organic petrochemicals .

All four substances were mostly within the appropriate level, but some
manufactures emit high concentrations of pollutants. Therefore, with the Effluent
Quality Standard being applied in these industries, thorough appropriate

wastewater treatment and continuous monitoring is required.
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