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In this study, a practical method to establish effluent limitations for priority water pollutants (PWPs) from
industrial facilities was developed. As a case study, we collected influent and effluent wastewater samples from
a terminal disposal plant for wastewater in Ulsan, Korea. Five water quality parameters and 17 PWPs were ana-
lyzed, and their discharge loads to the terminal disposal plant were calculated. In addition, the treatment effi-
ciencies of PWPs were estimated by measuring concentrations and flow rates using the direct calculation
method and the Monte Carlo simulation. If treatment efficiencies of PWPs are higher than 20%, the effluent
limitations for industrial facilities can be maintained or relaxed in comparison with the Ministry of Envi-
ronment (MOE) limitations for terminal disposal plants. Furthermore, a range of effluent limitations for the
industrial facilities with various operating conditions of the terminal disposal plant (0-100%) were suggested.
The method for establishing PWP limitations developed in this study can be applied to any terminal disposal

plants.

Key words: Priority water pollutants, Effluent limitation, Wastewater, Terminal disposal plant
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from industrial facilities were suggested.

Fig. 1. Establishment of the effluent limitations for priority water pollutants (PWPs) from industrial facilities.
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e TR 53], 7, |, AEEe] vEe
3.1. BEFF 43] BF st frErolld Bl olsisit). 4
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ANZE i =] 43] Wi LTS BOD, COD,  5¥ #3504 718 A AZEA, =M= 8
SS, TN, TP Z7} 465 mg/L, 1103 mg/L, 89.8 mg ol 73 =4 AEHIH. 14-the]SAake 109 <)
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Table 1. Concentrations of 22 parameters in influent and effluent wastewater samples from the Yong-am terminal dis-
posal plant in Ulsan

Effluent May August September October

Parameter (mg/L) limitation Loq Influent Effluent Influent Effluent Influent Effluent Influent Effluent
Acrylonitrile 1 0.005 0410 < LOQ 0.080 < LOQ < LOQ < LOQ 0.050 < LOQ
Arsenic 0.25 0.006 <LOQ < LOQ < LOQ <LOQ < LOQ < LOQ 0.007 < LOQ
Benzene 0.1 0.005 0.010 < LOQ 0.010 < LOQ < LOQ < LOQ < LOQ < LOQ
Cadmium 0.1 0004 < LOQ < LOQ 0.006 < LOQ 0.005 0.005 0.005 0.004
Chloroform 0.8 0.005 0.010 < LOQ 0.010 < LOQ < LOQ < LOQ < LOQ < LOQ
Chromium (V) 0.5 0.004 0.020 0.020 0.020 0.020 0.020 0.020 0.020  0.020
Copper 0.006 0.010 0.010 0.008 < LOQ 0.007 < LOQ 0.013 < LOQ
Cyanide ion 1 0.001 0.020 0.020 0.010 0.005 0.010 < LOQ 0.010 < LOQ
Dichloromethane 0.2 0.005 4950 < LOQ < LOQ 0.010 < LOQ < LOQ 0.010 0.330
Diethylhexyl phthalate 0.8 0.025 0.140 < LOQ 0.049 < LOQ < LOQ < LOQ < LOQ < LOQ
Lead 0.5 004 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <L0OQ < LOQ
Mercury 0.005 0.0005 < LOQ < LOQ <LOQ <LOQ <LOQ <LOQ <L0OQ <LoQ
Phenol 5 0.007 <LOQ < LOQ 0.010 0.010 0100 < LOQ 0.020 < LOQ
Selenium 1 003 < LOQ < LOQ <LOQ <LOQ <LOQ <LOQ < LOQ < LOQ
Total chromium 2 0.007 <LOQ <LOQ <LOQ <LOQ <LOQ < LOQ 0.009 < LOQ
Zinc 5 0.002 0.050 0.030 0.026 0015 0035 0025 0.035 0.019
1,4-dioxane 4 0.01 151 0.11 5.36 2.46 5.01 041 6.59 0.34
BOD 20 47.3 2.0 74.0 8.1 28.7 7.1 36.1 2.3
COD 40 71.3 21.7 132.0 319 102.0 30.1 136.0 21.6
SS 4 77.0 7.0 60.0 8.0 120.0 7.0 102.0 15.0
TN 20 17.0 10.9 15.6 6.9 17.9 9.9 18.5 9.9
TP 40 23 0.3 14 0.3 1.9 0.3 2.2 0.3
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Fig. 2. Average concentrations (n=4) of 22 parameters in the influent and effluent wastewater samples collected from the
Yong-am terminal disposal plant with limits of quantification (LOQ) and effluent limitations by the Ministry of

Environment (MOE).
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Fig. 3. Treatment efficiencies of (a) water quality parameters and (b) priority water pollutants based on the discharge load

in the Yong-am terminal disposal plant.
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Table 2. Calculation of treatment efficiencies of priority water pollutants using levels of non-biodegradable pollutants

estimated by COD minus BOD

Data from the terminal disposal plant

Analyzed data in this study

Month Influent Effluent Treatment Influent Effluent Treatment
(mg/L) (mg/L) efficiency (%) (mg/L) (mg/L) efficiency (%)
May 32.0 21.2 33.7 24.0 19.7 17.9
August 42.0 224 46.8 58.0 23.8 59.0
September 33.7 22.3 33.9 73.3 23.0 68.6
October 32.5 20.7 36.2 99.9 19.3 80.7
Mean 35.1 21.7 38.2 63.8 21.5 66.4

32

£ H90~100%= AAE AlEHlA Aol =
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of mlal =l A=gke] BEHEA) 2] wlEe] 2|7}
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&2 93.0%A 2, AlEHOIA A= 69.1~84.9% H
Q2A HlwA e ol SSo o] Aas
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T Azt vssst 2Eol0lt TN 7%, ©]24 A8
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H7IE2 AlEH ol 23 76.7~92.0%24 o183 A
Y EE(975%)H T} 2 FFolqdrh

A A2 EES o|E4 Al ag vlws|EH, COD
9} TNS o]24 AHEL&HT} th W 43S B
t}. 22y COD= L 80% o3¢l AeasS vet
WEZ 953 kel 5ol dnk TNS| 35, Ze7kE
2 AEelA AFle HaL A2lago] 68.6%HL
u, A dsEREd S5 s 7SR E NS

I

slal oz AL HA] eket) ey HeAE

32700 ARPPE) SR 50% viTte] AelEge
Jepd 5 gleme B dsEdAeld ezl
W TN A &gl tsl A% Bast ek

33. SHLARMBU| HhE5I87IE MY
331 AHAREe g A5uE YA WE87]

= A%

Y 7Fse Hls FelkS 708 kg/deoltt. oA Al

Table 3. Treatment efficiencies of five water quality parameters calculated by the Monte Carlo simulation using con-
centration data from the Yong-am terminal disposal plant for wastewater

Treatment efficiency (%)

Operation condition

BOD COD SS ™ TP

0% 99.0 69.1 94.0 45.0 76.7
10% 99.2 75.9 95.2 53.3 82.7
20% 99.3 76.9 95.5 55.3 84.0
30% 99.3 77.6 95.7 56.4 84.9
40% 99.3 78.2 95.9 57.5 85.5
50% 99.4 78.7 96.0 58.5 86.0
60% 99.4 79.3 96.2 59.2 86.6
70% 99.4 79.7 96.3 60.2 87.2
80% 99.5 80.5 96.5 61.3 87.8
90% 99.5 81.3 96.7 63.1 88.6
100% 99.7 84.9 97.4 68.6 92.0
Theoretical efficiency 98.3 93.0 97.5 85.7 97.5
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Limitation of influent concentration (Phenol)

o . Discharge Concentration | Discharge
Parameter Con (mg/L) Discharge (kg/d) Discharge (kg/d) (mld) (mglL) load (kg/d)
Phenol 5 425 708 14,000 10 140
Benzene 0.1 8.5 14 3,500 10 35
Dichloromethane 0.2 17 28 2,600 10 26
Chloroform 0.8 68 113 4,500 10 45
Diethylhexyl 13 8,500 10 85
phthalate 03 Flow rate & Treatment 2,500 10 25
Acrylonitril 1 85,000 m*/d 85 efficiency 32 13,000 10 130
= 85 40% 142
CN 1 o 1,160 10 11.6
0.425 1 ajor
Hg 0005 ) —) —) e, a0 10 4
cr* 0.5 42.5 71 in Ulsan 450 10 45
cu 3 255 425 300 10 3
Pb 0.5 42,5 7 8,500 10 85
As 0.25 21.25 35 900 10 9
cr a 170 283 4,300 10 43
cd 04 8.5 14 730 10 73
. - 2,800 10 28
Se 1 85 142 210 10 21
Zn 5 425 708 2000 10 2
1,4-dioxane 4 340 567 Total 70,350 10 704 I

Fig. 4. Example of the establishment of an effluent limitation for phenol assuming 40% treatment efficiency in the Yong-

am terminal disposal plant.
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Table 4. Establishment of the effluent limitations for 17 priority water pollutants from industrial facilities assuming 40%
treatment efficiency in the Yong-am terminal disposal plant

Effluent limitations

Suggested limitations for

Action plan with

Parameter (mg/L) industrial facilities (mg/L) treatment efficiencies
Phenol 5 10
Benzene 0.1 0.2
Dichloromethane 0.2 0.4
Chloroform 0.8 1.6
Diethylhexyl phthalate 0.8 1.6
Acrylonitril 1 2 Higher than 20%: To be maintained
Cyanide ion 1 2 or relaxed in comparison with the
Mecury 0.005 0.01 MOE limitations
Chromium (VI) 0.5 1
Copper 3 6 Below 20%: To be reinforced in
Lead 05 1 comparison with the MOE limita-
Arsenic 0.25 0.5 tions
Total Chromium 2 4
Cadmium 0.1 0.2
Selenium 1 2
Zinc 5 10
1,4-dioxane 4 8
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Table 5. Effluent limitations with operation conditions of the Yong-am terminal disposal plant estimated by the Monte

Carlo simulation

Parameter (mg/L)

Operation condition (%)

0 10 20 30 40 50 60 70 80 90 100
Acrylonitrile 1 2 3 3 4 5 6 7 10 17 58
Anionic surfactant 7 9 9 10 11 11 12 14 18 24 119
Arsenic 0 0 1 1 1 1 1 1 1 2 7
Barium 15 17 19 20 21 23 25 29 34 48 257
Benzene 0.1 0.2 0.2 0.3 0.3 0.3 0.4 0.5 0.6 0.8 4.6
Bromoform 04 0.5 0.6 0.6 0.6 0.7 0.8 0.9 1 14 6.8
Cadmium 014 015 016 017 0.18 0.2 023 026 031 043 235
Carbon tetrachloride 011 014 015 016 017 019 021 024 029 042 213
Chloroform 1.1 1.6 19 2.1 24 2.8 32 3.8 4.7 6.5 25.7
Chromium (VI) 0.7 0.8 0.9 1 1.1 1.2 13 15 1.8 2.6 12.6
Copper 4 5 6 7 7 8 8 10 12 16 90
Cyanide ion 1 2 2 2 2 2 3 3 4 5 48
Dichloromethane 0.3 0.3 0.4 04 0.4 0.5 0.5 0.6 0.7 1 6.5
Diethylhexyl phthalate 1.2 1.7 22 2.5 3.1 3.8 4.6 6.2 9.1 158  46.2
Fluorine 14 17 19 20 21 23 25 29 34 47 422
Iron 14 17 18 19 21 23 25 30 36 50 281
Lead 0.7 0.8 0.9 1 1.1 1.2 13 15 1.8 2.6 19.8
Manganese 14 17 19 20 21 23 26 30 36 49 354
Mercury 0.007 0.009 0.009 0.01 0.011 0.012 0.013 0.015 0.019 0.026 0.133
Nickel 4 5 6 6 7 7 8 9 11 15 120
Organic phosphorus 1 2 2 2 2 2 3 3 3 5 28
Phenol 7 9 11 12 13 14 16 18 22 32 176
Polychlorinated biphenyls 0.004 0.005 0.005 0.006 0.006 0.007 0.008 0.009 0.011 0.015 0.092
Selenium 1 2 2 2 2 2 2 3 3 5 33
Tetrachloroethylene 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.5 2.7
Total chromium 3 4 4 5 5 6 6 7 9 13 63
Trichloroethylene 04 0.5 0.6 0.6 0.6 0.7 0.8 0.9 1.1 1.5 15.5
Vinyl chloride 1 2 2 2 2 2 3 3 4 5 42
Zinc 8 9 10 10 11 12 14 18 24 150
1,1-dichloroethylene 0.8 1 1.1 12 13 14 1.6 1.8 22 3 132
1,2-dichloroethane 0.4 0.5 0.6 0.6 0.6 0.7 0.8 0.9 1.1 1.5 12.2
1,4-dioxane 6 8 10 11 13 16 19 23 28 40 186




SRR S 54

= 7 mglLE ARECH, HdolH 176 mgLE
7t wig- ZA vEbsth 7 23S Hlaskd, 10~
30% a1 Azl AAl A2l ase] et Zlo=
Bl

4. & =

LA FaslaR] 9} 7o) AP oz QY F o] )
H AR o] WS FATIF] 93 HEeEE A9ddes
EAFARAED 9N BesTxE gl tdEHeZ &
4= 7FsAel Aok BRI ELS ST A
Aol AFARA TS & F JenZ HFF5UAE
o] Aubzel LA AEA g LoE JTFS nA
F ot ayee EYFAfEERY] 3 FAdSS
ARk, A AN gk wiEs S AYe g
27} Uk B Aol e SAMREFEA] dl45 A
QoM HiEEE H4E A 2yshs SYua=E

12
2
AL
ol
o
>
ok
~
>
.}
fiu
2
o2
ofr
o
2
>,
i
)
o,
N
N
Hr
£

& &3l N =l tiE A2 aeS Bk, A3
AR EH7RER AlEdold S o183 wiEs 8
A RS Aljbsii SRl ed RUE Y
F71Hoz sl SAE AYaLSs v Fgs] b
4 75, A e AR wiEsE e el
7Fsd Zloltt. & d7Ade I o HrdeA
PR ope} B dlrsiAeld 290 AfHes &
42 o

HAe =

o] e+ UNIST vl ek=bA](1.110052.01), &4t
SASFAAAE ATAK, EF S R4
Z1e7hEAg el Aldoer FHEAFUT. AlEAF 9
A58 =85 = UNIST tistdAdsolAl ke

vhe- AT,

mk
rok

k)

L 33, o g e Bade) B9 WE, UE Al
125193, 2015.

JrafeliEdol iz i Ao 24 wiEsterIE 44

10.
11.

12.

13.

14.
15.

16.
17.
18.

19.

AR = " RAEA BAd B3 WE», IR
3 A6005, WX 3, 2013.
AES, AR, A7, AAE, 148, 798, K]

A gl 5L =S HiEsdrlE dgHet

o o
L3R, R OREH] WSS 8T, Alddx ER

13, 2012.
L BN, AR wiEsIdTIE & ERiEsle)

= A7

<IN, SR TA] A12012-105, 2012.

. K. Y. Fung and C. Wibowo, “Design of industrial waste-

water treatment plants: a multi-faceted problem”, Cur-
rent Opinion in Chemical Engineering, 2013, 2, 455-
460.

. E. Llorens, F. Thiery, S. Grieu, and M. Polit, “Evalua-

tion of WWTP discharges into a Mediterranean river
using KSOM neural networks and mass balance mod-
elling”, Chemical Engineering Journal, 2008, 142, 135-
146.

. olRA, < e el sl 2

Pl v g A7, 2008, sk AAl})

2

B R e 2 AR o NS e oS e e e

2013.

AR, FHLATAAIIIE”, 2014

S.-K. Kim, J.-K. Im, Y.-M. Kang, S.-Y. Jung, Y. L. Kho,
and K.-D. Zoh, “Wastewater treatment plants (WWTPs)-
derived national discharge loads of perfluorinated com-
pounds (PFCs)”, Journal of Hazardous Materials, 2012,
201-202, 82-91.

N. Ozaki, Y. Takamura, K. Kojima, and T. Kindaichi,
“Loading and removal of PAHs in a wastewater treat-
ment plant in a separated sewer system”, Water Res-
earch, 2015, 80, 337-345.

UFALRAA, a0l gAY ETlsel gk ALl
A4, 2011.

Crystal ball, http:/www.crystalball.co.kr, 20153 102.
YA, Y FAh7] LHEH (HAPs) =
A 47, 2010.

e, 7R WiEAT E8= W7 A7, 2010,
AlF L MATER=E

S, A TS o8 tEEEvEe] 3 A
A A7, 2010, AAHEE AR =R

<A Y4, http:/monographs.iarc.fr/ENG/Classifi-
cation, 20153 3€.

MR, “14Tiolet Bguie] Aied A, #7
#2)8/5]%], 2009, 15, 91-97.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


