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Abstract

The effluent limitations for individual industry based on the best available technology economically achievable (BAT) have
been required to achieve effective regulation. BAT assessment criteria that are suitable for the circumstances of Korean
industry were developed in the previous study. The criteria were applied to determine the BAT for petrochemical basic
compound manufacturing (PBCM) and plastics and synthetic resins manufacturing (PSRM) industry. Wastewater discharged
from the each category contains high concentration of COD and toluene. Eighteen sites were surveyed and wastewater
qualities were analyzed. Six and two different technologies were applied to the PBCM and PSRM industry for the end-of-pipe
treatment process, respectively. The technology candidates were evaluated in terms of environmental impacts, economically
achievability, treatment performance and economical reasonability. As the result, the technology options: typical
activated-sludge process + sand filtration + activated carbon adsorption (PBCM) and wet oxidation + chemical precipitation +
typical activated-sludge process + chemical precipitation (PSRM) were selected as the BAT for each industry.

keywords : Best available technology economically achievable (BAT), Effluent limitations, Petrochemical basic compound,
Synthetic resin, Wastewater treatment
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Table 1. Korean standards for classifying industries (PBCM

and PSRM)
Code Industrial classification
23210 | Petroleum refineries
23221 | Manufacture of lubricating oils and greases
23229 | Reprocessing of other fractionated petroleum
24111 | Manufacture of basic organic petrochemicals
24151 | Manufacture of synthetic rubber
24152 Manu‘facture of synthetic resin and other plastic
materials
24153 Manufacture of compounded and recycled plastic
materials
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Table 2. Subcategory of PBCM and PSRM (US EPA)

Table 3. Raw water quality

Petroleum refining (40 CFR part 419) PBCM PSRM
A | Topping BOD 517° = 571 1232 + 1415
B | Cracking CODwun 328 + 249 479 + 401
C | Petrochemical COD¢, 1,300 + 1,320 3,818 + 3,966
D | Lube SS 149 + 64.7 271 + 492
E | Integrated TN 44,7 £ 29.1 43 £ 55
Organic chemicals plastics, and synthetic fibers (40 CFR part 414) TP 248 + 2.03 4+ 4

A | General

Rayon fibers
Other fibers
Themoplastic resins

Thermosetting resins

Commodity organic chemicals

Bulk organic chemicals

T | Q|mim|o0|w

Specialty organic chemicals

Unit: mg/L, Z‘average, Sstandard deviation

Table 4. Subcategory of PBCM and PSRM

Proposed subcategory in this study EPA Japan®
27: Petrochemlf:al basic compound 419 B, C 37
manufacturing
36: i heti i
Plastics and synthetic resins 414 At 13

manufacturing
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Table 5. Technology options

Option Treatment unit’

A AP + SF

B CP + AP

C AP + SF + AC

D CP + SF + AC

E SF + RO + AP + SF
F AD + AP

AP: typical activated-sludge process, SF: sand filtration, CP:

chemical precipitation, AC: activated carbon adsorption process,
RO: reverse osmosis filtration, AD: anaerobic digestion process
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Table 6. Investment and O-M cost

o Invest- O&M cost [1,000 WON/yr]
p-
.o | ment Chemi- | Elec- | Sludge .
tion
cost’ Sum cals trical | disposal Others
A | 1,182,726 | 581,892 100,737| 97,069| 99,311/ 284,775
B | 1,360,114 | 730,448 | 113,607 197,698 | 41,400| 377,743
C | 1,281,528 | 458,531 53,587 | 113,469 | 23,452 268,023
D | 1,273,711 | 408,586 | 101,064 | 27,793 | 36,964 | 242,765
E | 2,328,842 | 468,773 | 40,110} 79,011 8,333 ] 341,319
F | 1,135,118 441,573 | 164,077 64,323 51,507 161,666
k 0.80 0.82 0.98 1 0.51
“Treatment capacity: 1,000 mj/d, bunit: 1,000 WON, Sincluded with
0O&M labor cost
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Table 7. Effluent qualities
Ooti BOD CODw» COD¢: SS TN TP Toluene T-Toxicity
tion
PH fmg/L] [mg/L] (mgl] | (%) | [mgL] | [mgL] | [mglL] [wgl] | [%]° | [eq. mgl]
16.4* 477 150.0 16.1 14.3 1.92 1.35 1.017
A b 96.9 98.1
+ 154 + 6.83 + 172 + 6.25 + 143 + 1.10 + 0.212 + 1.38
5.7 20.1 70.6 21.3 23.8 1.01 1.25 1.710
B 98.5 98.2
+ 4.60 + 4.44 + 272 + 537 + 184 + 145 + 2,09
5.4 17.2 49.8 10.9 3.8 0.88 1.8 0.041
C 99.0 97.5
+ 1.71 + 5.13 - + 135 t 347 + 1.19 -
36.8 30.7 127 16.4 10.9 0.02 2.0 0.070
D 97.4 97.2
+ 178 + 150 - + 534 - - -
213 253 22,6 10.8 40.9 0.49 1.5 0.035
E 98.0 97.9
+ 213 + 10.5 + 4.56 + 148 + 0.295 -
15.7 229 34.2 18.2 47 2.35 1.4 3.579
F 99.3 98.0
+ 7.94 + 747 + 126 + 747 + 3.09 + 1,57 £+ 0.499 + 5.60
*Average, ®Standard deviation, ‘Removal ratio
Table 8. Criteria for establishing value factors of treatment efficiency
Value factor
0 1 2 3 4 5 6 7 8 9 10
CODw, -7 71>, 61>, 51>, 41>, 31>, 21>, 16>, 11>, 6>, >
[mg/L] - >61 >S5l >41 =31 >21 >16 >11 >6 >1
Note: Average concentrations (M) of the effluent CODw, was 26 mg/L.
Table 9. Technical performance comparison results
. Option A Option B Option C Option D Option E Option F
Technology issues
WE | VF | WVF | VF | WVF | VF | WVF | VF | WVF | VF | WVF | VF | WVF
Treatment efficiency 60 3 180 6 360 6 360 5 300 5 300 51 300
Simplicity of O & M 15 5 75 4 60 5 75 5 75 4 60 5 75
Applicability to the existing facilities 10 10 100 8 80 9 90 7 70 5 50 6 60
Stability of performance 15 5 75 7 105 6 90 4 60 10 150 71 105
TWVF 430 605 615 505 560 540
VF @ value factor, WVF : weighted value factor = WFxVF

WF : weight factor, TWVF : sum of issue WVFs for an option (2 WVFs)
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Table 10. Cost effect evaluation for BAT selection

Removed COD Costs a Figure of
Option | TWVF a year year’ merit”

[ton/yr] [1,000 Won/yr] [[1,000 Won/ton]
C 615 316.7 233,226 -
B 605 315.7 398,042 6,089
E 560 313.8 205,082 -
F 540 314.7 317,744 -
D 505 311.8 208,278 -
A 430 305.6 336,541 -

The Cost includes annualized investment cost and O&M cost
®Each of values was compared with option A
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ol =&H Z vj&AlAd Y BAT AT 4FE Table 119
FEsdch F ulEAE 2F QutegEddE dF o)
&3 87128 T A 42 AYsEe Bded /¥
EAdME VOCs & Tolueneﬂr 8% 5ol vF A&H
A& W POPs AL AEHA @&sich

4. 2 B

Apssan AsNEAd F Assed Jlzsee

Ot

2= X M2 135, 2006

T

Table 11. BAT Effluent qualities

Pollutant Unit aCategory 5

27 36
BOD [mg/L] 104] 5.4+£1.71
CODMn fmg/L] 32.0( 17.245.13
CODCr [mg/L] 82.0 49.8
SS [mg/L] 454| 10.9+£13.5
N [mg/L} 3.1 384347
TP [mg/L] 0.25| 0.88+1.19
Cr [mg/L] N.D. 0.023
Cu [mg/L] N.D. 0.030
Pb [mg/L] N.D. N.D.
Cd [mg/L] N.D. 0.03
Hg [mg/L] N.D. N.D.
As [mg/L] N.D. N.D.
PCBs [ng/mL] N.D. N.D.
Benzene [ng/mL] 84.1 N.D.
Chloroform [ng/mL] N.D. N.D.
1,2-dichloroethane [ng/mL] 1.2 N.D.
1,1,1-trichloroethane [ng/mL] N.D. N.D.
Trichloroethylene [ng/mL] N.D. N.D.
Toluene [ng/mL] 307 1.50
Tetrachloroethylene [ng/mL] N.D. N.D.
Ethylbenzene [ng/mL] 1.7 N.D.
m,p-xylene [ng/mL] 5.0 N.D.
Styrene [ng/mL] 17.8 N.D.
1,4-dichlorobenzene [ng/mL] N.D. N.D.
1,2,4-trichlorobenzene [ng/mL] N.D. N.D.
Naphthalene [ng/mL] N.D. N.D.
Benzo(a)pyrene [ng/mL] N.D. N.D.
Pyrene [ng/mL] 0.08 N.D.
4-chloro-3-methylphenol [ng/mL] N.D. N.D.
2,4,6-trichlorophenol [ng/mL] N.D. N.D.
2,4 5-trichlorophenol [ng/mL] N.D. N.D.
2,3,4,6-tetrachlorophenol [ng/mL] N.D. N.D.
pentachlorophenol [ng/mL] N.D. N.D.
Hexachlorobenzene [ng/mL] N.D. N.D.
Heptachlor [ng/mL] N.D. N.D.
Aldrin [ng/mL] N.D. N.D.
trans-chlordane [ng/mL] N.D. N.D.
cis-chlordane [ng/mL] N.D. N.D.
Dieldrin [ng/mL] N.D. N.D.
Endrin [ng/mL] N.D. N.D.
o,p'-DDT [ng/mL] N.D. N.D.
p.p-DDT [ng/mL] N.D. N.D.
Mirex [ng/mL] N.D. N.D.
Note: N.D. means not detected, ‘PBCM, ’PSRM
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