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Abstract

Technology-Based Effluent Limitations (TBELS) is a permit limits for a pollutant that is based on the capability of atreatment
technology to reduce the pollutant to a certain concentration. Widely practiced for regulations of industrial wastewater in US,
TBELSs has been accepted as an effective means that can achieve balanced goals between complete elimination of pollutants
discharge and economic feasibility for industries. The review of TBELSs application in US and the applicability of TBELS to
the domestic industry categories was given in three papers. In the first paper, the development and practices of TBELsin US
were reviewed including case studies. The developments of TBELs in US in the four major categories, the metal products &
machinery, the petroleum refining, the porcelain enameling and the meat & poultry products were reviewed. The applicability
of TBEL sto the domestic industrial categories was also assessed. In the second paper, the pollution loads analysis for domestic
industrial wastewater was conducted based on risk assessment indicator using Toxic Weighting Factors (TWFs). Thisis an
essential part to determine the priority of TBELS application for the domestic industrial categories. In the last paper, the
application of TBELS to the domestic industries was demonstrated through a case-study for the pulp/paper/paperboard
category. Direct application of TBEL s of US into the Korean regulation system may not be desirable because the specific goals
and the environment for the regulations for the two countries may not be identical. For example, unlike US, Korea does not
adopt the individual permit system for pollution sources. However, among the unproductive and exhaustive controversies over
the uniform regulations regardless of the industrial categories in Korea, the introduction of the principles of TBELs are
inevitable and more extensive study for applications of TBEL s optimized for Korean regulation system will be necessary.
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Table 1. Summary of US TBELS
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Section Discription
Object - 56 major industrial categories (over 450 subcategories)
Criteria for - Pollutants control and removal capacity
technology selection - Economical considerations-growth, affordability
- National industrial regulation for technology-based effluent limitation guideline and standard.
Characters . Industry-by-indgstry basis, non-limited specific technology.
- Technology option covered treatment and reuse.
- Clean Water Act requires EPA to annually review and revise.
Direct discharge - Existing Source.Direct.Discharges
Discharge - New Sources Direct Discharges
Indirect discharge - Pretreatment Standards for Existing Sources (PSES)
- Pretreatment Standards for New Sources (PSNS)
Conventional, Toxic, - Best Practicable Technology Currently Available (BPT)
Non-conventional - The average of the best performance of treatment technology
pollutants - Designated in 1979
- Best Conventional Pollutant Control Technology (BCT)
Conventional - Consider cost effectiveness of additional industrial treatment beyond BPT
pollutants - BOD, TSS, oil & grease, feca coliform bacteria, pH
Type Pollutants  Designated in 1986
- Best Available Economically Achievable Technology (BAT)
Toxic, - The best existing performance of treatment technology
Nonconventional - Economical achievable within an industrial existing source
pollutants - 126 priority pollutants + Nonconventional (everythingelse)
- Designated in 1989
Existing sources - BPT, BCT, BAT
Sources - New Source Performance Standard (NSPS)
New sources - Based on the Best Available Demonstrated Control Technology (BADCT)
- Represent of state-of-art treatment for new sources
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Effluent Guideline Flowchart
Regulation Development Process

_ Il —¥
1) Survey Survey Questionnaire | | Select Plants for Visits
i
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- - - -Process & treatment assessment
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Assess Technology
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) Calculate Effluent L, Develop | Environmental
4) Regulation Limitations Regulatory Options Assessments
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| Proposed Regulation ]

5) Comments Public l—

Comments
| Final Regulation |

Fig. 1. Diagram of TBELs regulation developing process (US EPA, 2006).

Table 2. Investigation of US industrial categories case-study

Industrial categories Preview survey Field survey
Metal products & . ConQuct Questionnaire t0.8-,-000 facilities. . Visit- 234 facilities. .
machinery . Prewew survey 1,020-fla-C|I|t|es. - Subdivide 16 subcategories & m the process.
- Detail survey 353 facilities. - Survey best performance facilities.
- National Petroleum refining wastewater characterization
. in 1972. - Survey of process design & maintenance.
Petroleum refining - Survey of EPA permit Data. (approval or not) . Cont(r?)ll of F\)/\/as’[e'water g;])rocess.
- Cooperate with the America Petroleum Institute.
Porcelain enameling - Conduct ngstionnajre to 250 facilitigs. . . Exilst. pf tox.ic poIIutant.s. .
- Cooperate with the Porcelain Enameling Institute. - Facilities using the main metal materials.
Meat and - Preview survey 1,650 facilities. - Detail survey to 17 facilities.
poultry products - Detail survey 350 facilities. - Survey wastewater process & character.

(NIER, 2008; US EPA, 1982a, 1982b, 2003, 2004)
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Teble 3. Categorization of US Industries case-study

Fig. 2. Flow chart for POCs selection.

Industrial categories Subcategories

Type

Metal products &

machinery Oily Wastes Subcategory(1)

- Character of wastewater
- Overlap other categories

Petroleum refining Topping / Cracking / Petrochemica / Lube / Integrated Subcategory(5)

- Product & manufacturing process

Steel Based / Cast Iron Based / Aluminum Based /

Porcelain enameling Copper Based Material Subcategory(4)

- Main materials

Simple Slaughterhouses / Complex Slaughterhouses/
Low-processing packinghouses / High-Processing
Meat and packinghouses / Small processors / Meat cutters/
poultry products Sausage and luncheon meats processors /
Ham processors/ Canned meats processors, /
Renderers / Poultry first processing/ Poultry further processing (12)

- Manufacturing process
- Main materials
- Manufacture scale

(NIER, 2008; US EPA, 1982a, 1982b, 2003, 2004)
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Industrial catedori POCs Non POCs
nausiTlal celegonies Pollutants Units Pollutants Cause
- Organics - Simultaneous removal
'\gﬁiamg;c;s - 908G, TSS - mglL - Heavy metd, with 0&G, TSS
Sulfides, Phosphorus - Overlap other categories.
- ’BOD, COD, TOC, 0&G, TSY - Cyanide, Zinc,
Petroleum refining | - 2Ammonia-N - ko/(feedstock) 1000m® | Chlorine, Fluorine, - Detected only few samples
- Iphenals. Sulfate, Chromium Phosphorus
- UTSS, pH, 0&G
Porcelsin enameling . 2Aluminum. Iron - mg/(area prgcesses - Toxic organic - Undiscovered
- “Cadmium, Lead, or coated)m pollutants pollutants periodically
Nickel, Zinc
)
Meat and E;Z g:li“or%&e - g/(products)kg - Phosphorus, Clorine, - Economic feasibility
poultry products - 2AmmoniaN, T-N - mg/L metal ions, Insecticide not achieve

Yconventional pollutants, 2

Nonconventional pollutants, Toxic pollutants (NIER, 2008; US EPA, 1982a, 1982b, 2003, 2004)

Teble 5. Technology option for wastewater treatment in US categories case-study

Industrial categories

Treatment technical options

Metal products
& machinery

Oil Separation (Oil Skimming) — Emulsion Chemica treatment (Outsourcing of Organic solvent) | - BPT

Petroleum refining

Flow regulation/Oil Separation — First oil & solids removal — Second oil & solids removal
— Biological organic removal — Filtration — Activated carbon adsorption

- BAT

Porcelain enameling

Chromium reduction — Mixing treatment coating & metal process wastewater — Chemical

precipitation — Sludge treatment

- BAT

Meat and
poultry products

Nitrification — Denitrification (Using external carbon source) — Chemical phosphorus removal | - BAT

—> Disinfection

(over 50 M b/ year)

(NIER, 2008; US EPA, 1982a, 1982b, 2003, 2004)
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Table 6. Technology option for recycling and reuse in US categories case-study

Industrial categories

Recycling & reuse technology options

Metal products & machinery

- Two stage backwash cascade washing
- Adopt centrifugal separation & reuse in Painting washing process
- Cooling water centrifugal separation & reuse

Petroleum refining

- Reuse Sour water stripper bottom water in crude oil desalination process
- Once use cooling water reuse for supplement water
- Reuse effluent for cooling and scrubber water

Porcelain enameling

- Reuse process water in coating process

(NIER, 2008; US EPA, 1982a, 1982b, 2003, 2004)
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W =7 = (Variability Factor, VF)E ©]&3td A ASTHUS
EPA, 2004). A58 & VRl w2t dHt(Daily Maximum)
o 4@ F(Monthly Average)S Fg35te] Fal 2 5EU=2
= (D (29 2ol AA T

Limits (kg-pollutants’kg-products-day) = LTA x PNF x VF
)
Limits (mg/L) = LTA xVF 2
LTA : 713 Ha3k(Long Term Average, mg/L)
PNF : & A2HE3d 84AH8-ZH(Product Normalized Flows,
md/kg-products- day)
VF : WA (Variability Factor)

EPAClAY A wWi&s&rlEs 443 F42 A &

EE 24 7t 59 949 HH%%&E Agst=d 9l
th LTAS VFE T8 olfe F4 2327004 LTAR
o gAY =4 W& 7}—0—@01 A8k Sitke A& 9
a4 wiEF 2dUtsd e st dFY wE9
87128 4483 Aotk LTA 71&L AA9 240 ZH
o e HFAAILe] AT F e FHFH 2HFE
oz ZAAsa Yok VFE olBF AJAEoA dutez
dd FHXEY 9% °HZE 387t HHE JIFS=
st g FeR AidEe "Hesds LA Zolth dE+A

H8712e AL AT cdBdel 4 15 o3 F
A g7t Bestthe A3 Jnos 49 Aol
Aeltmel weh 0PBA FF, WA Aot WA
YEEFAE F2D e AYFRA BE 24 Baty
(50 M Ib/ year o] 4%t BATA®), Azt Aazgo w
% BAEgl g FERIADY BeE TFRt
240 U@ A= AAEL WHIst] AFRHIY AR
sh¢l, 2008; US EPA, 1982a, 1982b, 2003, 2004).

3.1.5. 5&tA!: Z4 EEHA (Comments)

TBELs 23S SalA= oA 7I€3 80 e AEFA
o} FAFYY VMR Ui vERdS dFse FA
itk E ZA 7lE FEd wE SHE TAY
71E L|Rstet vuste QPdEE TATE s
FA LAF}F APPEE HrlstA €t TBELs 4
Al slg AZ7Y dold fa4, A82A 488 S
AES}IL F7F RARYES AXA €rh TBELsE AT
TE AYried Aol8rle £ TAZE H4FHI 9
o #F 719 BAAEY 9AH} JANIHE S WEA|
A =Hm AZHoz g2 LAEAEY HEIL&IE
o] AERFNA 7IYEY 272 ¢3IAY R{H7]
% =THUS EPA, 2008).
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i X Hr o2 mo oX & o rulo

3.2. TBELsS| 22t & A

71 ARY 2AQ 43 WMESHYH ArIsY ws)
o wet WELIFSE AHHoE RUHY S sfoF st
ol wa TBELsS F7|Z o= B I 7J32o] o]F
ojZt}, EPAE ZWE 2 ‘Effluent Guiddines Program Plan’
S 53 ¥4E9E J|9d=EA(Screening Level)S HESN
FAUEEY TBELsE B, 7/F& st ATHUS EPA,
2006).

SHAF 7HEYS 197490 TBELso] A=A ©]

F SR WAe B 2004d%0] @A) TBELS} A
o, FEAE % AAAEAS NEAE FAYE
QA AZAZYH 35 ERAYYANA FAVEO 2003

= ¥ 484 95 TRl fRd5 24T

il

g M2 WE87ES Adadth Y AF AxY
< 1982d ke TBELse] AGHA LU w5 FHAGA S
7t ZAEUA B 2AE FiU 2015 dAA A
BEA 3 FAFHIL JeH=HEBE A5, 2008; US EPA,
1982a, 1982b, 2003, 2004; Table 7 %)
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Table 7. Revision TBELs in US categories case-study

Industrial categories First promulgated | Review | Limitations & Standards Pollutants
Metal products & machinery 2003 2003 BPT, BCT, NSPS TSS, 0&G, PH
. BPT, BCT, BAT, . .
Petroleum refining 1974 1982 NSPS, PSES,PSNS BOD, COD, Phenol, Chromium, Sulfides, NHz-N, etc.
. . BPT, BAT, NSPS, . . .
Porcelain enameling 1982 1982 PSES, PSNS 0&G, TSS, Chromium, Lead, Nikel, Zinc, etc.
Meat and poultry products 1974 2004 BPT, BCT, BAT, NSPS | BOD, Feca coliform, TSS, O&G, NHs-N, T-N

(NIER, 2008; US EPA, 1982a, 1982b, 2003, 2004)

| = 567 PFol dlet M TBELs /N8 HYES
F7N1HeE F¥ste AL wW$ o Lotk w4
EPAYIAM = H4EE AYH s RAELNT IFS BA5]
sl AR 7oA EA(screening-leve) S P E Q)
. o]= 1970 th¢t 19803t TBELs A3 & $sf 7HHﬂ 4
2 B A 9 BEARY J35+A

H 0guEEY Yo% Ld =
2 TBELs /189 Z8Xol A A4ZFH
Hog A AFAYE APskaL JTHUS
EPA, 2006; TBELs U] &4 A7) #FX).
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+ Toxic Release Inventory(TRI)
* Permit Compliance System(PCS)
* Other issue(Toxic pollutants)

| Effluent character survey of

industrial categories |

Calculate TWFs!, Flow,
TWPE2

| Screening level Analysis |

Determine priority of
application TBELs

Y TWFs : Toxic Weight Factors,
2 TWPE : Toxic Weight Pounds Equivalent
Fig. 3. Diagram of screening-level andysis (US EPA, 2006)
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onz N7 oREA MBS BUBE WA G

AN SHREEASSA| M2 X1S, 2010

7} EHHBest Professional Judgement, BPJ)
2 AESElY HE&S AT 22 dIUeAE
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‘TBELs =] A&4 A7)y olA mFolA 4=3E TBELs
AEMAT AA d45E JEFHE EH5t FY A4
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