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Abstract

Introduction of Technology-Based Effluent Limitations (TBELS) concepts into Korea requires extensive and through analyses
on the expected pollutants reduction effects and the cost factor for the industry side. In addition, the TEBLs should be
optimized for the regulatory environments of Korea and be applied in a progressive manner to minimize the undesirable
effects. It is also necessary to assess the contribution of each industrial categories's to the pollution of natural water bodies to
find the priority of TEBLSs application. For these purposes, the pollution loads of various industrial categories were analyzed
using risk assessment indicator based on Toxic Weighting Factors (TWFs). First, the TWFs were calculated for the pollutants
regulated using the method adopted by USEPA. And the effluent characteristics of the eighty two categories of industry in
Korea were investigated. Although the analytical data on the wastewater from different industrial categories are relatively
limited, the results from two previous studies were used. The first study, conducted by the National Institute of Environmental
Research in 2001~2004, investigated the wastewater characteristics from 255 industrial sources covering the major 20
industrial categories. The second study includes more recent analytical data for the wastewater from 500 industrial sources ,
covering al the 82 industrial categories. In the result of the pollution loads analyses, the category of ‘ Synthetic and Chemical
manufacture’ was found to show the highest raw pollution load. On the other hand the category of ‘lon & Steel manufacture’
was found to show the highest effluent pollution loads, which can be considered as the real impacts on natural water streams.
The top five categories occupied 62.2% of the total effluent pollution loads. Through the analyses, the relative importances of
each industrial categories and the priorities of TEBL-based pollution reduction were determined.

keywords : Industrial categories, Industrial wastewater, Pollution load assessment, Technology-Based Effluent Limitation
(TBELSs), Toxic Weighting factors (TWFs)
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Table 1. Main reference and available data for review items
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Items Reference

Available data

Assessment the TWFs CWA304(m) (EPA, 2005)

- National recommended water quality criteria (USEPA, 2009a)
- Draft toxic weighting factor development in support of

- Annual screening-level analysis (USEPA, 2005b)

Analysis methods for pollutants
TWFs

- Database the toxic release inventory (ME, 2007)

Amounts of chemicals release

Analysis wastewater

character in the domestic processes (ME, 2001~2004)'

- ‘Pollutants unit mass from an industrial wastewater discharging facility
and best available technology assesment on the wastewater treatment

Pollutants characters in 255
sources covered 20categories

industrial categories
(ME, 2005~2008)’

- ‘Study on improvement of industrial wastewater management

Pollutants characters in 500
sources covered 82 categories

- National pollutants sources investigation (ME, 2005)

Flow, general information

Analysis
screening level

- Annual screening-level analysis (USEPA, 2005b)

Analysis method for screen-level
to industrial categories
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Table 2. Pollutants to assess the TWFs

Reference data

Pollutants to assess the TWFs

Database for the toxic release inventory (ME, 2007)

T-N, phenol, cyanide, chrome, soluble-Fe, zinc, copper, cadmium,

organic phosphate, arsenic, lead, hexavalent chrome, soluble-Mn, fluorine,

PCBs, TCE, PCE, auminum, chloroform, etc. (48)

‘Study on improvement of industrial wastewater management
(ME, 2005~2008)’

‘Pollutants unit mass from an Industrial wastewater discharging
facility and Best available technology assesment on the wastewater
treatment processes’ (ME, 2001~2004)

T-N, phenol, cyanide, chrome, iron, zinc, copper, cadmium, mercury,
(organic phosphate), arsenic, lead, hexavalent chrome, soluble-Mn,
fluorine, PCBs, TCE, PCE (18)
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Table 3. Criteria & TWFs of main pollutants
Pollutants A qua(t(';rlc;;‘iec)v?sglf )r Iteria (;;;?;nzegjr::;)cr&e&i) TWFs Note
TN - 0.00006 b
phenol - 860,000 0.00001 @
cyanide 5.2 140 1.11692 @
chrome (I11) 74 0.07568 @
iron 1000 0.00560 @
zinc 120 26,000 0.04688 @
copper 9 0.62222 @
cadmium 0.25 2.61000 b
mercury 0.77 117.000 b
arsenic 150 0.14 3.4690 b
lead 25 2.240 @
chrome (VI) 11 0.50909 @
manganese - 100 0.70400 b
fluorine - 5,300 0.03500 b
PCBs - 0.000064 13,829.5 b
TCE - 30 0.18667 @
PCE - 3.3 1.69697 @
. TWF= A(GQ H]ilgo (AQ, HHOO : Apply the U.S recommended criteria (USEPA. 2009a))
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(USEPA, 2005a, 2006, 2009a)
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industry), =4 &3% A|ZY(Food and beverage industry), 2
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Acw e,
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A iz
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Table 4. Discharge contribution analysis of Toxic Release Inventory (TRI)

) . TRI TRI TWKE
Industrial categories

ton/yr Rank equ-tonfyr Rank %
Compounds and chemical products manufacturing 51.7 1 17.7 1 35.8
Primary metal processing industry 413 2 12.2 2 24.7
Food and beverage industry 255 3 8.4 3 17.0
Pulp, paper and paper products manufacturing 74 4 48 4 9.6
Electronic components, picture, sound and communication equipment
manufacturing P i S 53 ! 21 5 42
Nonmetalic minerals manufacturing 0.9 10 19 6 39
Assembly metal product manufacturing(excluded machine and furniture) 5.9 6 1.0 7 20
Other electronic machine and electricity conversion device manufacturing 0.9 11 0.7 8 14
Other transportation equipment manufacturing 15 8 0.5 9 1.0
Leather, bag and shoes manufacturing 12 9 0.1 10 0.2
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Table 5. Discharged Toxic substances in the compounds and
chemica products manufacturing

Toxic substances kglyr TWF TWKE (equ-kglyr)
Manganese 14,206 0.70400 10,001
Aluminum 6,175 0.64370 3,975
Acrylonitrile 95 22.40000 2,137
Carbon disulfide 214 2.80000 599
Chlorine 1,093 0.48700 532
Cyanide 103 1.11692 115
Copper 133 0.62222 83
Zinc 1,701 0.04688 80
Lead 14 2.24000 30
Benzene 97 0.10980 11
Others 116

Sum 17,679
d9 dFF SEZ MEF ZAREE ol&std HF

WEEY gt Al bed 22 FAFES A of ¢

3 MMM ZARRIE(@ S, XME2|F) 2M
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manufacturing)’' ©] B¢ 58,308equ-kglyr2  AA  F3tF9
21%E AA st Mg LEFs VAR 52 AL® U
Bttt a2 MR8AE A XA (Petroleum refining)
3 A3t 7123FEE A FA) 4 (Petrochemical  basic
compounds manufacturing) 2.2 A# 4 Wl RateE TWKE

L]

7t E2 AL deEigth 29 5 459 dEs AR
= A 625%° 2LHFFHE AAFAL Jon
F9l 107 @gFo] AA< 80%E A st tHTable 6
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g ol T FF2 ARSeA 7xsdE AXAA

(Petrochemical basic compounds manufacturing) 522 4

Btk S fEY Az He AAF FdTo| v
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W=, AAY 199%2 71 BL ¥ xxsta Qi)
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BE 52 4EF2 A1xr BAAY(Primary steel  industry)
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o
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Table 6. Discharge loads contribution analysis (TWKE ranking) to raw industria wastewater

Raw wastewater TWKE TWFs sum of raw wastewater Flow

Rank Industrial categories (equ-kglyr) (equ-mg/L) rate

Avg. Max. % Avg. Max. m¥/d
1 Synthetic resins and other plastics manufacturing 58,308 265,166 21.1 2,855 12,985 | 55,948
2 Petroleum refining 39,507 85,697 14.3 1,650 3,578 | 65,610
3 Petrochemical basic compounds manufacturing 39,485 176,163 14.3 1,263 5,634 | 85,669
4 Synthetic rubber manufacturing 18,658 49,686 6.7 4,103 10,927 | 12,458
5 Basic inorganic compounds manufacturing 16,828 16,828 6.1 1,587 1,587 | 29,059
6 | Assembly metal products manufacturing 15,521 77,678 5.6 548 2,742 | 77,603
7 Other food manufacturing 13,217 105,087 4.8 839 6,675| 43,135
8 Other nonmetal mineral product manufacturing 6,893 16,467 25 730 1,743 | 25,880
9 Other basic organic compound manufacturing 6,597 19,876 2.4 1,903 5,733 9,499
10 Surfactant,-toothpaste, soap and other detergent 6.208 28618 29 14,456 66,646 1176

manufacturing

TAEN shREEsts|X| M26A x25, 2010
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Table 7. Industrial categoriess divisons and considerations to raw wastewater characteristic

Divisions

Industrial categories

Considerations

High toxic effect categories

Synthetic rubber manufacturing / Other basic organic compound
manufacturing / Surfactant, toothpaste, soap and other detergent
manufacturing (3)

Toxic pollutants's
concentration

High flow rate effect categories

Petroleum refining / Petrochemical basic compounds manufacturing /
Assembly metal products manufacturing / Other food manufacturing /
Other nonmetal mineral product manufacturing (5)

Flow rate

Categories that Toxic effect is
similar to flow effect

Synthetic resins and other plastics manufacturing / Basic inorganic
compounds manufacturing (2)

Concentration and flow rate

Table 8. Discharge loads contribution analysis (TWKE ranking) to effluent industrial wastewater

Effluent TWKE TWFs sum of effluent Flow

Rank Industrial categories (equ-kalyr) (equ-mg/L) rate
Avg. Max. % Avg. Max. m’/d
1 Primary steel industry 291 337 19.9 453 5.24 176,056
2 Petroleum refining 215 222 14.6 8.97 9.29 65,610
3 Petrochemical basic compounds manufacturing 177 193 12.0 5.65 6.16 85,669
4 Assembly metal products manufacturing 131 253 8.9 4.63 8.95 77,603
5 ij;rﬁt rsqc:rxf;ﬂ?n:ther picture, sound 99 655 6.8 0.94 6.18 290,288
6 Plating facilities 83 270 5.7 1.40 4.55 162,873
7 | Wastewater treatment, storage and discharge 67 410 46 259 1573 71,340

facilities

8 Pulp, paper and paper products manufacturing 58 188 40 0.42 1.37 376,460
9 Dyeing and processing facilities 44 151 3.0 0.51 1.75 236,662
10 Coal mining facilities 38 111 2.6 1.81 5.23 58,268

Table 9. Industrial categoriess divisons and considerations to effluent character

Divisions

Industrial categories

Considerations

High toxic effect categories

Petroleum refining / Petrochemical basic compounds manufacturing /
Assembly metal products manufacturing / Wastewater treatment,
storage and discharge facilities (4)

Toxic pollutants's
concentration

High flow rate effect categories

Broadcast receiver and other picture, sound equipment manufacturing
| Plating facilities / Pulp, paper and paper products manufacturing /
Dyeing and processing facilities (3)

Flow rate

Categories that Toxic effect is

similar to flow effect products manufacturing (3)

Primary steel industry / Coal mining facilitiess Assembly metal

Concentration and flow rate

Qe Aol egrat A

g

44. 3IsHEE ST XU HBH HHSAH ZAKIZ
=MZ21t

A 2 FHF LEFVE 2 SFEERD FAMET
NEeZ A7t A% +9E A F s (Table 10 Z=X).
SSHEA WMEFHTRNAEE °) 839 EHE 2 &
AEY ZAFA ME/bsEE 1 AFFHom AF
3 ulEAAe 95 2 A PN HAEHL e FRAL
HEAEY ST WETS HESG $HHo=z JF
#Elor & U 95S A7 F Utk BEENGERA
Aol w2 TRI EXzt50 = 14 FE534Y(Primary meta

processing industry)e] 71d% 291E xiAleta gloy 7
5 ouEAE ERAAN e §&5F TWKE £X4A5A
= 13 AZAAA L (Primary sted industry)©] 199E XA

St itk A ERAA(EZAEE
A HEAEEY FEo] EEAE 2 =
W& ZAMA FEF EFAAE EFste Aol 2o
Aeltt.

LEFS 7RI 52 AFE S
Aoz AgHoof & dFT ol AHET 2HFE AF
A ZA)4d (Assembly metal products manufacturing)< 3711 <]
AN BFE FHE AASL don FHFA 9 7]E
ZG2gEZ A ZAA(Synthetic resins and other plastics
manufacturing), A8A1F A=A (Petroleum refining),
M fstetA 71x38t3E A 2414 (Petrochemical basic com-
pounds manufacturing), 71Et HlE% FEEZD ARAA
(Other nonmetal mineral product manufacturing), A1+ &
ZAAAA A (Primary steel industry), E=-Fo] 2 FolAF
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Table 10. Discharge loads contribution rank in industrial categories
Rank Raw wastewater TWKE Effluent TWKE Toxic Release Inventory (TRI)
Synthetic resins and other plastics Compounds and chemical products

! manufacturing Primary steel industry manufacturing
2 Petroleum refining Petroleum refining Primary metal processing industry
3 Eeét‘:]ﬁz;ztrz:lc:; basic compounds 22;3?233:% basic compounds Food and beverage industry
4 Synthetic rubber manufacturing Assembly metal products manufacturing | Pulp, paper and paper products manufacturing
5 Basic inorganic compounds menufacturing Broadcast .receiver and otherl picture, Electronilc cpmponepts, picture, sounq and
sound equipment manufacturing communication equipment manufacturing
6 Assembly metal products manufacturing Plating facilities Nonmetalic minerals manufacturing
8 Other nonmetal mineral Pulp, paper and paper products Other electronic machine and electricity
product manufacturing manufacturing conversion device manufacturing
9 g:]nesfiﬁr?ngrgamc compound Dyeing and processing facilities Other transportation equipment manufacturing
10 j;g%cglt’mt;ﬁ?;cﬁﬁ}];oap and other Coal mining facilities Leather, bag and shoes manufacturing
2 95 AQuS BAYRE FRsoF F Aol # A7 9 625%F AA5T k.
g 3 4FY FAAR B2 PRS HE 2dR /9
=7 g e 92 A1x AZRAYEAA(Primay
24 E sted industry) 24 291equ-kg/yro]l WlEEH 3 HA wiE
SARSTY 199%F AAFT Yo, 49 51 9%
ZW TBELs =9 Al, 7TEYE, 4FEE LgFst 719= RS W& Fakol AAY 622%EF AL Uth
BN g 5ot A4S ) dAFeR FYPse Aol TFHF LAFs 71d=t 22 49 9ES WE 72
adFolth. web] B AFs 1) 4 AR FReg FAED] AT AN FFol S FFS A4
E4Y E48A 1% QA TWFs 443, 2) 712 g%4 Z A ZAA(Petroleum refining) $0]3, &FAMEFo]
MEDLE ZAAR BN B NE5Y Tt 3 a4 Bol f39 d¥o] £ A% BTl Y FAE
ARE o8& FFE 2P TWKE H8E& 53 7 Al 22144 (Pulp, paper and paper products manufacturing)
dE EHez APFAT som, A4 JFH §29) IFyol 2 ¥RF IF
U 4EE WEAH ZAREY 6F ZARAEAR 2 A1z AZAQA A (Primary sted industry) §Oo2
e T

49 Q&4 7tEA QAR TWRsE AHdst 23, PCBs 4d5d W& FELAEZEY AAEE YT 2E9F
13,8295, &2 117, Hl4& 3469 £o2 E4715A7F ¥4 ot 7ldE BAL FF JEEER ApEstd wEeg st
YEReH, TWKE 3t 28 Al ol& QLFEZY FFo] AZFY 5 AdHAs FHAHY F8 A e 2HHe=
aA ¥rg e 848 & g Aozt dddrh dANAE dEE LA
718 HEAA ZAREE E8351Y dEs 4E5E W 2l xAl= 9IEE BOD, COD, SS 5 duwedEd 4
54 B3/t 2 4%E L9FS VR BN A%E e o2 olFolx gton EFFHIEIS T FEL
o 2t HEDES dd A BA2 20008t FVHEE 243
1) 954 sshEd FA MEFL S5E 2 SEAE A o2 o|RAA T XA D AET} WS FEG FFolth
%% (Compounds and chemical products manufacturing), weEta e AAAA 453E ARKYES &3 HAES
A1x 549 (Primary metal processing industry), & g 4EE wWERS VAR EAS A&SFeE YT
218 % A ZY(Food and beverage industry), E=.Zo] a7t ok dddEn. oH AFolA wlE&Fst Vdx
2 Zo|AFE A ZA(Pulp, paper and paper products manu- 24 x3td FARAEZ SO HFEE FFEHFOIL 9
facturing) 470 d&ol FA ¢ 87.1%F kA5t Ut o] wle T2 tho|SAls JFHY AVILIEEZES W
2) 4¥4d FAAE ENZAR dds B 9T V1Y olH Y EARZ AYHYenz 2 WEEHY Y=
=7t M B2 42 A 9 Ve EgkEH E £ gl Hgd & sk w2 F7 JPE EFF
A A ZA A (Synthetic resins and other plastics manufac- A FHEZ 5 A9 FAEdE HET F A= FEAE
turing) 24 53,308equ-kglyro] LA I HA H3tF E4& gd At 4F5E WEEHES BEo g9 9
2L1%E AASHAL lom A4 5/ 95 wA FatFol ogfjof & Aotk
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