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Abstract

This study looked at how to establish effluent limitation standards for formaldehyde, a toxic
chemical widely used in industries. To this end, we reviewed Water Quality Based Effluent
Limitation (WQBEL), Technology Based Effluent Limitation (TBEL), and water quality criteria for
protection of human health and aquatic organism. Based on the results, we estimated
formaldehyde effluent limitation standards appropriate to control water quality of industrial
wastewater in Korea. However, this study has limits due to the lack of some data necessary in
estimating formaldehyde effluent limitation. For example, although water quality criteria based
on non-carcinogenic properties of formaldehyde were calculated, those based on carcinogenic
properties were not be able to estimate because of the absence of applicable cancer potency factor
ql. Without applicable factor, we calculated water quality standards for formaldehyde based on
water quality criteria of advanced countries including the United States, while with no water
quality standard we referred to applicable drinking water quality standards of other countries.
For eco-toxicity based on water quality criteria, proper figures could not be calculated since there

have been few reliable data.
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Table 1. Comparison with industrial wastewater limitation in America and Korea

Effluent limitation at industrial

wastewater in US EPA e ey @ K

Effluent limitation at industrial wastewater in Korea

Effluent standard BPT, BAT, BCT, NSPS

Industrial wastewater limitations (Direct discharge)

Pretreatment standard PSES, PSNS

Industrial wastewater limitations (Indirect discharge)

Secondary treatment standard

Water quality standards of industrial wastewater treatment facilities

* BPT: Best Practicable Control Technology Currently Available, BAT: Best Available Technology Economically Achievable, BCT: Best
Conventional Pollution Control Technology, NSPS: New Source Performance Standards, PSES: Pretreatment Standards for Existing

Sources, PSNS: Pretreatment Standards for New Sources
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Table 2. Effluent limitation standards for formaldehyde of industrial wastewater in America (a portion)

Industry Category 40 CFR Part | First Promulgation Reviewed Technology and Limitation standards
Pulp, paper and paperboard 430 1998 1999 BPT, BCT, BAT, NSPS, PSES, PSNS, BMP
Organic chemicals, plastics and synthetic fibers 414 1987 1993 BPT, BAT, NSPS, PSES, PSNS
Inorganic chemicals 415 1982 1984, 1996 BPT, BCT, BAT, NSPS, PSES, PSNS
Iron and steel manufacturing 420 1982 1984, 1995, 2002 | BPT, BCT, BAT, NSPS, PSES, PSNS
Nonferrous metals manufacturing 421 1984 1990 BPT, BAT, NSPS, PSES, PSNS
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Table 3. Effluent limitation standards for water pollutants

. . Clean area ‘Ga’ area ‘Na’ area Special area
Classification e (mg/L below) (gL below) (mpg/L s3] Remarks
BOD 2,000 m3/dt 30 60 80 30
2,000 m3/d| 40 80 120 30
COD 2,000 m3/dt 40 70 90 40
2,000 m3/d| 50 90 130 40
ss 2,000 m3/dt 30 60 80 30
2,000 m3/d] 40 80 120 30
pH 5.8~8.6 5.8~8.6 5.8~8.6 5.8~8.6
n-Hexane Mineral oil 1 5 5 5
Animal-plant oil 5 30 30 30
Phenol* 1 3 3 5
Cyanide* 0.2 1 1 1
Chromium 0.5 2 2 2
Iron(soluble) 2 10 10 10
Zinc 1 5 5 5
Copper* 1 3 3 3
Cadmium* 0.02 0.1 0.1 0.1
Mercury* 0.001 0.005 0.005 0.005
Organophosphorous* 0.2 1 1 1
Arsenic* 0.05 0.25 0.25 0.25
Lead* 0.1 0.5 0.5 0.5
Hexavalent chromium* 0.1 0.5 0.5 0.5
Manganese(soluble) 2 10 10 10
Fluoride 3 15 15 15
Polychlorinated biphenyl(PCB)* Non-detected 0.003 0.003 0.003
Total coliforms 100 3,000 3,000 3,000 (Unit: /mL)
Color 200 300 400 400 (Unit: degree)
Temperature 40 40 40 40 (Unit: °C)
Total nitrogen 30 60 60 60
Total phosphorous 4 8 8 8
Trichloroethylene(TCE)* 0.06 0.3 0.3 0.3
Tetrachloroethylene(PCE)* 0.02 0.1 0.1 0.1
Alkyl benzene sulfonate(ABS) 3 5 5 5
Benzene* 0.01 0.1 0.1 0.1
Dichloromethane* 0.02 0.2 0.2 0.2
Whole effluent toxicity 1 2 2 2 (Unit: TU)
Selenium* 0.1 1 1 1
Carbon tetrachloride* 0.004 0.04 0.04 0.04
1,1,-Dichloroethylene* 0.03 0.3 0.3 0.3
1,2-Dichloroethane* 0.03 0.3 0.3 0.3
Chloroform* 0.08 0.8 0.8 0.8
Nickel 0.1 5.0(3.0) 5.0(3.0) 5.0(3.0)
Barium 1.0 10.0 10.0 10.0
1.4-Dioxanc* 0.05 40 40 40 2012.1.1~
Bis(2-cthylhexyl) phhalate(DEFIP)* 002 08(02) 08(02) 08 ( i‘gg&iﬁt}m
Vinyl chloride* 0.01 1.0 (0.5) 1.0 (0.5) 1.0 from 2014.1.1
Acrylonitrile* 0.01 1.0 (0.2) 1.0 (0.2) 1.0
Bromoform* 0.03 0.3 0.3 0.3

*Water specific toxic substances(including acrylamide) in law on the protection of water quality and ecology
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Table 4. Discharge and dealing loads of formaldehyde in Korea

Discharge loads Amount of dealing
Classification Total amount of Dé;?lzru;; ilfto Ratio of Transfer amount | Amount of use Amount of
. . 0 .
discharge(kg/year) ——— discharge(%) | of wastewater(kg) (ton) Production (ton)
Formaldehyde 96,908 57 0.058 338,360 331,328 380,832

Am: 2, 2009, 20079 SpetEd HiEw 2AMA Y HAlA

Table 5. Discharge and distribution load rank for formaldehyde in industrial categories

S Carcinogenic group Investigation results of discharge and distribution in the industry
assification
EPA IARC | Korea (Ranking use and distribution) | America (Ranking of discharge into watershed)
(DChemical and its product (DPaper
(@) Car and trailer @ Chl;micals
(3Timber and its product
Formaldehyde Bl 1 (@Electronic parts, movie, sound and (3Hazardous waste/solvent recovery
'C parts, movie, (@Primary metals
communication device 50thers
(5Pulp, paper and its product

Z}5.: US EPA, IRIS; MOE, 2008; US EPA, TRI explorer.

‘i100 A Amount of discharge into watershed 20000 E]— 0] 1_"/1?:5_}_‘ —‘—%?j_]'tﬂ 6—1}__—:‘9/] Z]E—_}\E_O,] ﬁﬂ' HH%
E 80 (e] OTotal amount of discharge 40000 \%h% ?j%—tgi }é]" J}l ﬂ Z] [ =3 Z(Paper Oﬂ /H
;ﬁ“ 50 30000 £ 102,382 kg, QOL%ﬂ%—(Chemlcals ol A 19,648
E s °*° 20000 | kg, allH 7=/ AW A (Hazardous waste/
g o & Solvent recovery)olAl 2,300 kg, A12} F&A
z A pp.9.90° °, : % (Primary metals)ollA] 544 kg, 7]EHIY (Others)
0@ @ -R-a-a-B A hABB B0
TPIii§385F36838 oAl 1,376 kg <= 2.2 YEFITHUS EPA, 2008),
5-5%“ °§§E§s
Figure 1. Amount of local discharge for chemical materials in 3. 37 L M| HIES ZEUH|S|E TA}
Korea
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Figure 2. Investigation of formaldehyde at discharge wastewater in the industry and environment(2010)

Table 6. Calculation equation of AWQC on human health

Non-carcinogenic influence

Carcinogenic influence

Linear low-dose extrapolation Nonlinear low-dose extrapolation
AWQC = RpxRSCx [—BW awoc =rscx [—BW awoc=" 01? xRSCx [—B
DI+ _;FLXBAF, DI+ ;FL‘XBAF;' DI +‘§2 FIxBAF;
_ (10%0r10”0r10°)
TRSC Cancer potency factor(ql)
IV. AH A vj&42] 5|5t = policy), ¥3al= & 27 (Risk management
5]-87|F AAHor y1E decision)ol 4] U =84 M-S 2313ttt 1
=9 A Aol Het EArARA =AY =EE
1. HIES5187|E OHAE 2t +EEHX| ATy 72 H?W“”% W R v FFFel wt
o135l AAE
(1) 24277 47 2} Table 62] 4] HoH‘ SAETHUS EPA, gooq).
7] A, AWQC(Ambient water quality criteria,
1) QIAIZIZbol| chst +EEAR| MU mg/L)E $AZEA X oln RfD= HEA 93k
o= 9] QIAIAZ | gt FAEAA = LHEE gt U R 9= mg/kg/day2 BAET &
o] F&=&} A AT o st FFEY] TA o st HH4 (Point of departure)s SrE4 o] tfglh v
Ao} pehA gheko] ofsfAlvt A ==t A A7 A8 Y4 & LOAEL, NOAEL, L(E)Dy,
2l 0““*011% 71&2 Aol dish 8= R = (Lower 95 percent confidence limit on dose

ARATEE

L

Z R4 (Scientific analysis

oE,
g
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2
@)
@
=t
o
@D

associated with a 10 percent extra risk)¢] % &
glol w9l mg/kg/dayelth. UF(Uncertainty
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factor)= WA et vjAdE AL it
of o] B34 ¢Ato]H | RSD(Risk—specific

dose)= A% A-&F Aol A et et
A= (1079)of w2 E=FolH, Tel= mg/kg/ day
olt}, RSC(Relative source contribution)2 &<
oA g2 ko] gt LAY A7l oln,
BW(Body weight)= AFge] A5 (@H=<l 60 kg)
ol DI(Drinking water intake)= H+= 43
o & Aelo] tiste] 2 L/day = AP eth(@Hg
1996). E3t F1(Fish intake)= oF 7184 3%
° 2 20089 A EA 2AFAH (A E e
2010081 0.0514 kg/day® AHA 3o BAF
(Bioaccumulation factor)&= HE&AA¢+=2 o
?= L/kgolth, 7] A Table 62 A4k4] o A
BAF w4l BCF #t= ¥of 4Hgst=dl, BCFat
US EPA(2002a)2] National recommended water
quality criteria 2002(Human health criteria
calculation matrix) Bl oA fal=4 3E
e sttt B3k e dd A7 =(RSC :
Relative source contribution)& L&3s}e] dj7]
% A0 RE Y leEof it i F st}
2) SMME| CHet SEFEHMX| H-EH
TARE RS E 2
ANZECC(2000)8] R340 27 5ke] AAkshgict
@A - At s, 2006). @4 A=Al

gt 54 dlofEl= =9 54 tlolE Am & v
AdddlolH o gt 34 AIE dlolH | ke Ae
g & AUEY diolg vk Adstditt HEH 4
ole] A= AR AFEE $l8] FE ECOTOX
database(US EPA, 2010)9] 34 % 74 Al¢ o
ol = o835l

T wANE A2 pANE KT E 9%
FAEAANE 25T A § 37HA WY F Y
FEH = A7} gho] =&H A WA= AlE = W
Ao Ha 4719 thE #73F Fol Al 24 570
9 2 £ 9] 4 NOEC(No observed effect
concentration) HloJE Z7(o] B2 57§ AE=

NBHA JPATE Hehd 5 UES 24 E,

AEAR] APY Z2 73S A3 =
1A H] ACR(Acute to chronic ratio: 2 231
oAl 2 FATA #to2HE EAEA gt

Table 7. Methodology deriving ambient water quality guideline based on ecological risk

High reliability guideline

Moderate reliability guideline

Low reliability guideline

AWQC = Seeking a concentration that
protects 95% of the biological

species, through analyzing | AWQC = AWQC.aue X Acute-to- chronic ratio

logistically distributed NOEC
data

LCs, ECso or NOEC
Uncertainty factor(10 — 1,000)

AWQC=

Moderate reliability guideline AWQC, which
reflect a lower confidence in extrapolation methods,

High reliability guideline AWQC were | were derived from acute toxicity data. Again, where | Low reliability guideline AWQC were
derived from multiple-species NOEC | the statistical distribution method was used with the | derived, in the absence of a data set of
data, usin the risk-based statistical | acute toxicity data. It was then necessary to convert | sufficient quantity, using larger assessment

distribution method.

the figure from that calculation to a chronic | factors to account for greater uncertainty.
protection figure by application of either calculated
or default acute-to-chronic ratios.

NOEC: No-Observed-Adverse-Effect-Concentration

LCs: Concentration (food or water) resulting in mortality in 50 percent of the exposed organisms
ECs: Concentration resulting in a non-lethal effect in 50 percent of the exposed organism
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Table 8. Comparison with WQBEL and TBEL, and determination method of effluent limitation standard

Determination method of effluent limitation standard
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Classification
Clean area
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Figure 4. Calculation of WQBEL and TBEL for formaldehye
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Table 9. Draft effluent limitation standard for formaldehyde
Effluent limitation standard(draft) Japan EU WHO USA
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