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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 leather tanning and
finishing industry. For the evaluation BAT, a subcategorization for the industry considering wastewater characteristics, source
equipments, raw material and so on should be suggested. Three subcategories: A) Unharing, Chrome Tan, Retan-Wet Finish,
B) Chrome Tan, Retan-Wet Finish, and C) Furskins were proposed in this study. Wastewater discharged from the each
category contains high concentration of COD, chrome, nitrogen and sulfide. In particular, the concentration of nitrogen from
the subcategory A is significantly greater. Twenty sites were surveyed and wastewater qualities were analyzed. Therefore, six
different technologies were applied to the subcategory A for the end-of-pipe treatment technology, and a technology was used
in the subcategory B and C, respectively. The technology candidates were evaluated in terms of environmental impacts,
economically achievability, treatment performance and economical reasonability. As the result, the technology options for
each subcategories: A) primary chemical precipitation + modified Ludzack-Ettinger process (MLE) + secondary chemical
precipitation, B) chemical precipitation + typical activated-sludge process + Fenton oxidation, C) chemical precipitation +
typical activated-sludge process + batch Fenton oxidation or batch activated carbon treatment were selected as the BAT,
respectively.

keywords : Best available technology economically achievable (BAT), Effluent limitations, Leather tanning, Wastewater
treatment
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Table 1. Korean standards for classifying industries (Leather
Tanning and Finishing Industry)

Code Industrial classification
18201

Processing of Furskins

18202 Manufacture of Natural Fur Articles
19101 Treating of Raw Hides and skins
19102 Manufacture of Reconstituted Leather and Special

Treated Leather

Table 2. Subcategory of Leather Tanning and Finishing
Industry (US EPA)
Leather Tanning and Finishing Industry (40 CFR part 425)
Hair Pulp, Chrome Tan, Retan-Wet Finish
Hair Save, Chrome Tan, Retan-Wet Finish
Hair Save or Pulp, Non-Chrome Tan, Retan-Wet Finish
Retan-Wet Finish-Sides
No Beamhouse
Through-the-Blue
Shearing

Pigskin
Retan-Wet Finish-Splits
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Table 3. Raw water quality

@ ) &) @ &)
1,438.6" 1,914.3 846 1,320 270.9
BOD B
+ 560 + 1,020 - + 349 + 126
1,453.1 1,702 648 1,400 435.0
COD\{n
+ 662 + 687.3 - + 302 + 1.41
4,379 7,124.0 2,138 2,850 906.8
COD¢,
+ 3,120 + 4,290 - - + 372
” 2,446.7 1,969.0 650 1,380 283.0
+ 1,580 + 1,100 - + 390 + 438
™ 557.0 167.5 200 205 65.0
+ 251 + 653 - - + 7.07
TP 10.778 121.55 1.525 15.46 2.2
+ 7.14 + 119 - - + 2.07
o 63.299 21.127 33.09 66.71 126.43
T
+ 496 + 118 - - + 44

Unit: mg/L, (D: Cattle hides treating process, 2: Sheepskins treating
process, (3: Splits treating process, @: Furskins treating process, &
Furskins treatment process (dyeing only)

a, b .o

average, “standard deviation

Table 4. Subcategory of Leather Tanning and Finishing
point source

Proposed subcategory in this study | EPA (425)° Japanb

A: Unharing, Chrome Tan,
Retan-Wet Finish

B: Chrome Tan, Retan-Wet Finish E, G, I 52

C: Furskins G 52

*A: Hair Pulp, Chrome Tan, Retan-Wet Finish; B: Hair Save, Chrome Tan,
Retan-Wet Finish; C: Hair Save or Pulp, Non-Chrome Tan, Retan-Wet
Finish; D: Retan-Wet Finish-Sides; E: No Beamhouse; F: Through-the-Blue;
G: Shearing; H: Pigskin; I: Retan-Wet Finish-Splits

°52(Manufacture of leather): washing process, unhairing process, tanning

A, B 52

process, chrome tanning process, dyeing process
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Table 5. Technology options

Option Treatment unit'
A CP + AP
B CP + CP + AP
C CP + CP + AP + SF
D CP + BP + CP
E CP + AP + FP
F CP + MP + FP

°CP: chemical precipitation, AP: typical activated-sludge process, SF: sand
filtration, BP: Bardenpho process, FP: Fenton process, MP: modified
Ludzack-Ettinger process

Table 6. Investment and O&M cost

O&M cost [1,000 WON/yr]
Op- | Invest- -

tion® iment. cost| Sum Chemi- El.ec- Sludge Others*

cals trical | disposal
A 1,366,714 499,218 147,763} 118,764 140,384| 92,307
B 1,632,284 538,272 166,402 130,031 117,171| 124,668
C 1,867,075 763,768, 336,355| 168,319 122,668 136,426
D 1,910,324) 688,298| 344,298 81,340| 149,160] 113,500
E 1,835,228(1,282,100| 789,856 96,400; 145,640| 250,204
F 1,811,910 783,409 224,525 148,197, 307,280| 103,407
k 0.80 - 0.81 0.77 0.92 0.51

*Treatment capacity: 1,000 m’d, "unit: 1,000 WON, included with O&M
labor cost
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Table 7. Effluent qualities
Option BOD CODy, CODc: $S TN TP Cr T-Toxicity
[mg/L] [mg/L] [mg/L] (%]° [mg/L] [mg/L] [mg/L] [mg/L] (%] [eq. mg/L]
A 52.52 84.3 176.6 96.0 41.2 299.2 1.132 0.107 9.8 0.346
+ 329 + 133 + 924 + 209 + 171 + 1.24| £ 0.0448 + 0.110
20.3 45.5 101.8 18.5 193.0 1.557 0.107 0.362
B + 6.2 + 133 N + 11.6 + 125 - 9.8 + 0.137
18.7 343 223 14.8 210 1.714 0.107 0.520
¢ + 7.6 + 73 - 99:3 + 83 - £+ 0.607 - 98 -
20.8 58.1 103 18.6 28.7 0.244 0.057 0.365
D £ 113 + 74 | s + 8.5 + 16.2 = 0.136 - 9.9 -
18.1 50.2 133 142 196.9 0.026 0.046 0.483
E + 89 £ 17.6 970 + 75 + 444 - 999 -
9.1 35.0 743 15.0 335 0.287 0.194 0.498
F + 55 + 6.1 - 983 + 68 + 3.8 + 0.061 9.7 -
‘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
CODwn S 116 116>, 106>, 96>, 86>, 76>, 66>, 56>, 46>, 36>, 26>
[mg/L] - =106 >96 >86 >76 >66 >56 >46 >36 =26
™ <217 217>, 197>, 177>, 157>, 137>, 117>, 97>, 17>, 57>, 37>
[mg/L] - >197 > 177 >157 >137 >117 >97 >77 >57 >37
Note: Average concentrations (M) of the effluent CODMn and TN were 71 and 187 mg/L, respectively.
Table 9. Technical performance comparison results (CODwmn)
. Option A Option B Option C Option D Option E Option F
Technology issues
WF | VF | WVF | VF | WVF | VF | WVF | VF | WVF | VF | WVF | VF | WVF
Treatment efficiency 60 4 240 8 480 9 540 6 360 7 420 9 540
Simplicity of O & M 15 5 75 4 60 3 45 3 45 4 60 3 45
Applicability to the existing facilities 10 10 100 8 80 8 80 3 30 8 80 4 40
Stability of performance 15 5 75 6 60 8 120 8 120 9 135 9 135
TWVF 490 680 785 555 695 760
F : value factor, WVF : weighted value factor = WFxVF
WF : weight factor, TWVF : sum of issue WVFs for an option (2 WVFs)
Table 10. Technical performance comparison results (TN)
. Option A Option B Option C Option D Option E Option F
Technology issues
WF | VF | WVF | VF | WVF | VF | WVF | VF | WVF | VF | WVF | VF | WVF
Treatment efficiency 60 0 0 2 120 1 60 10 600 2 120 10 600
Simplicity of O & M 15 5 75 4 60 3 45 2 30 4 60 3 45
Applicability to the existing facilities 10 10 100 8 80 8 80 3 30 8 80 4 40
Stability of performance 15 5 75 5 75 5 75 10 150 5 75 120
TWVF 250 335 260 810 335 805
F : value factor, WVF : weighted value factor = WFxVF
WF : weight factor, TWVF : sum of issue WVFs for an option (3 WVFs)
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Table 11. Cost effect evaluation for BAT selection (CODMn)

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

[ton/yr] [1,000 Won/yr] | [1,000 Won/ton)
C 785 517.9 850,794 15,983
F 760 517.6 1,054,446 27,282
E 695 5121 1,296,271 58,632
B 680 513.8 629,482 4,656
D 555 509.2 794,372 24,063
A 440 | 499.6 563,365

“The Cost includes annualized investment cost and O&M

*Each of values was compared with option A

cost

Table 12. Cost effect evaluation for BAT selection (TN)

Removed Costs a Figure of
Option | TWVF | TN a year year' merit”

[ton/yr] [1,000 Won/yr] | [1,000 Won/ton]
D 810 192.8 794,372 2,340
F 805 191.1 1,054,446 5,063
B 335 132.9 629,482 1,704
E 335 131.4 1,296,271 19,649
C 260 126.7 850,794 8,817
A 200 94.1 563,365

°The Cost includes annualized investment cost and O&M cost
*Each of values was compared with option A
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Table 13. BAT Effluent qualities

. Subcategory
Pollutant Unit A B C

BOD [mg/L] 9.1£5.5]  38.6+25.1) 39.9+18.0
CODwin [mg/L] 35.0£6.1| 72.5£20.8| 87.0+17.2
CODc, [mg/L] 743| 86.4£57.6 578
SS [mg/L] 15.0£6.8 19.7£9.8| 52.0£20.8
N [mg/lL] | 33.5+3.8] 1525453.0 200
TP [mg/L] | 0.29:0.06| 0.15£021 0.382
Cr [g/L] 194.0| 108.0+91.2 246.0
Cu [ug/L] 17.0]  68.4£5538 9.0
Pb [ng/L] 265.0] 198.4+443 140
cd [ug/L] 200 2.9+1.27 N.D.
Hg luglL] N.D. N.D. N.D.
As [ug/L] 17.0] 7.27£12.6 N.D.
PCBs [ng/mL] N.D. N.D. N.D.
Benzene [ng/mL] N.D. N.D. N.D.
Chloroform [ng/mL] N.D.[ 0.800+1.39 13
1,2-

dichloroethane (ng/mL] N-D- N-D- N-D-
1,11

trichloroethane [ng/mL] N.D. N-D. N-D.
Trichloroethylene {ng/mL] N.D. N.D. N.D.
Toluene [ng/mL] 1.0} 1.53%£1.39 20
Tetra-

chloroethylene [ng/mL] N-D- N-D- N-D-
Ethylbenzene [ng/mL]} N.D. N.D. 3.8
m,p-xylene [ng/mL] N.D. N.D. 12.1
Styrene [ng/mL] N.D. N.D. 0.7
14-

dichlorobenzene [ng/mL] N-D. N.D. N-D.
1,2,4-

trichlorobenzene [ng/mL] N-D- N.D. N-D-
Naphthalene [ng/mL] N.D. N.D. N.D.
Benzo(a)pyrene [ng/mL] N.D. N.D. N.D.
Pyrene [ng/mL] N.D. N.D. N.D.
jng:;)lrghznol [ng/mL] N.D. N.D. N.D.
2,4,6-

trichlorophenol [ng/mL] N-D- N.D- N-D.
2.4.,5-

wichloropherol [ng/mL] N.D.| 0.17+0.289 ND.
iﬁ;:p;‘:;zl [ng/mL] N.D. N.D. N.D.
‘C’E;‘;:phenol [ng/mL] ND. N.D. N.D.
Hexa-

chlorobenzenc [ng/mL] N.D. N.D. N.D.
Heptachlor [ng/mL] N.D. N.D. N.D.
Aldrin [ng/mL] N.D. N.D. N.D.
trans-chlordane [ng/mL] N.D. N.D. N.D.
cis-chlordane {ng/mL] N.D. N.D. N.D.
Dieldrin [ng/mL] N.D. N.D. N.D.
Endrin [ng/mL] N.D. N.D. N.D.
0,p'-DDT [ng/mL] N.D. N.D. N.D.
p,p-DDT [ng/mL] N.D. N.D. ND.
Mirex [ng/mL] N.D. N.D. N.D.

Note: N.D. means not detected
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