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ABSTRACT

As the Enforcement Ordinance of Environmental Policy Act was revised in 2013, total organic carbon(TOC) was added
as an indicative parameter for organic matter in Water and Aquatic Ecosystem Environmental Criteria. Under these imminent
circumstances, a regulatory standard is needed to achieve the proposed TOC limitation control water quality from the
public sewage treatment plants(PSTWs). This study purposes to present the determination method for TOC effluent limitation
at the PSTWs. Therefore we investigate the TOC effluent limitation of foreign countries such as EU, Germany and USA,
and analyse the effluent water qualities of PSTWSs. In using these TOC data, we review apprehensively the statistics-based,
the technology-based, and the region(water quality)-based determination method of TOC effluent limitation for PSTWs.
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Fig. 1. Specific flowchart to determinate effluent limitation.
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Table 1. Secondary treatment limitations for PSTWs

Parameters 30-day average 7-day average Removal efficiency
BOD, 30 mg/LL (or 25 mg/l. CBOD 45 m or 40 mg/L. CBOD
2 gL ( g J gL ( gL J Not less than 85%
TSS 30 mg/L 40 mg/L

% The regulations at § 133.104(b) allow a permit writer to set limitations for COD or TOC instead of BOD;s if a long-term BODs:COD or

BODs:TOC correlation has been demonstrated.
3¢ Source : US EPA, 2010.

Table 2. Measurement recommendation for BOD, COD and TOC

. Minimum percentage | TOC-transferred
Parameters | Concentration X . Reference method of measurement
of reductiona concentration

Homogenized, unfiltered, undecanted sample.
Determination of dissolved oxygen 10 before and

BOD;" 25 mg/L O, 70-90 - after five day incubation at 20°C = 1°C,
incomplete darkness. Addition of a nitrification
inhibitor.
Homogenized, unfiltered, undecanted sample

CODq¢;, 125 L O 75 31.3 L , X

¢ mg/L. 0. mg/ Potassium dichromate

a) Reduction in relation to the load of the influent.

b) The parameter can be replaced by another parameter: total organic carbon (TOC) or total oxygen demand (TOD) if a relationship can be

established between BODs, and the substitute parameter.

% Analyses concerning discharges from lagooning shall be carried out on filtered samples; however, the concentration of total suspended solids in

unfiltered water samples shall not exceed 150 mg/L.
% Source : EU, 1991 and 1998.
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Table 3. Requirements for wastewater at the point of discharge
e Samples according to size categories of the BODs CODc: TOC-transfered
Classification .
wastewater treatment plants (mg.L) (mg/L) concentration
Less than 60 kg/day
Less than 300 m’/d 40 150 37.5
BOD; (raw) ess than m°/day
Domestic and 60~300 300~1,500 25 110 27.5
Communal
300~600 1,500~3,000 20 90 22.5
Wastewater b
600~6,000 3,000~30,000 20 90 22.5 &
<
Greater than 6,000 Greater than 30,000 15 75 18.8 E

% It is to calculate daily BOD loads in assuming the concentration of BOD as 200 mg/L in influent water.
% Source : Germany, 2004.
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Fe AR @A IN, TP 5 el gle Bl
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Fig. 2. Framework for determination method of TOC effluent
limitation.
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Table 4. Basic statistics of water quality data to determine TOC effluent limitation

Classification TOC DOC BOD CODyn COD¢;
Available values 522 520 525 526 531
Sample numbers
Unknown values 180 182 177 176 171
Average 6.6 5.3 2.9 7.3 17.9
50 %ile 5.6 4.8 2.0 6.6 14.0
Standard deviation 6.4 3.2 2.3 4.1 19.7
Minimum 0.9 0.8 0.1 0.2 1.0
Maximum 121.9 49.7 10.0 35.2 388.8
5 %ile 2.4 2.0 0.6 2.8 4.0
10 %ile 3.3 2.7 1.0 3.6 6.0
1 50 %ile 5.6 4.8 2.0 6.6 14.0
Percentile 75 %ile 7.4 6.3 4.0 8.4 21.6
concentration :
85 %ile 8.7 7.3 5.3 9.7 25.9
(mg/L) .
90 %ile 9.5 7.8 6.5 11.2 30.0
95 %ile 12.9 9.9 7.9 15.6 36.0
99 %ile 26.4 15.1 9.6 25.6 67.7
Table 5. Calculation for the ratio of organic matters and TOC parameter
e Sample numbers Average (mg/L) Ratio related to TOC
Classification .
(Available) TOC | CODg | CODy, | BOD | CODg, | CODy, | BOD
Total 522 6.6 17.9 7.3 2.9 2.8 1.2 0.5
. Greater than 500 311 6.4 16.9 7.5 2.5 2.8 1.3 0.5
Facility 50~500 111 7.3 21.6 7.0 3.7 3.2 1.2 0.7
capacity
[ms/day) Less than 50 100 6.4 17.1 7.0 3.2 2.7 1.2 0.6
Less than 500 211 6.9 19.5 7.0 3.4 3.0 1.2 0.7
I area grade 55 4.6 12..3 5.3 1.9 2.8 1.2 0.4
. II area grade 87 6.1 15.0 7.1 1.8 2.6 1.2 0.3
Region
I area grade 125 6.4 17.0 7.3 3.3 2.8 1.3 0.6
IV area grade 44 9.3 25.9 11.8 2.6 2.9 1.4 0.3
A0 201 7.0 18.9 7.5 2.7 2.8 1.2 0.5
MBR 71 5.6 17.1 6.5 2.8 3.1 1.2 0.6
Treatment Media 67 7.5 21.2 8.8 2.8 3.0 1.3 0.5
technology SBR 104 6.7 17.0 7.0 3.3 2.7 1.1 0.6
Others 28 6.4 15.9 7.2 3.0 2.6 1.2 0.5
Contacted oxidation 51 5.1 13.7 6.6 3.0 3.1 1.5 0.7
Mo 5 37HA9l 2307 Basieh oldd A9 s tgke] A9 1219 mgLe 99 percentle k] 4641] )
Ao s Ackdt BAA Fee of7|d 4= Stk o] Fth= 2 S 7k Qo] ZIeEA ol QlofAl 2y
A Aol it 7| 2 ATES YERH Table 494 g5 99 percentile +Eo.2 A4S Ha vt ok

S
HF=2] TOC B2 6.6 mg/Lo|m ZAZHe 09,
Foake 1219 mglL& ARSI CODe2| 7ol Bt
17.8 mg/Lo]al Z4gk2 10, Z|Tigh 3888 mgLe LyeR
k. 9 WEL7} TOC 264 mglL, COD-- 67.7 mglLE
YERE 21891 1 percentile®] S84 o132 7hs/d(3

2) 542 Hag ® TOCSH vl

ZAbE AAzoll ik A, AR, AH, ALl
et gt ® vlEs e Table 59 k. TOC
TN 22708 Vel R e 1l 2L TOC

246

Jole=ael| X303 A 3= 20164 68



THOL 64~73 mgLE 50~500 m*/day?] %7} 7h
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2.6~32, CODy,/TOC H]: 1.1~1.5, BOD/TOC H|:=
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oX off
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7F WS 2 9l Ao & wutE) ek £
o Al COD¢, : TOC £} H]&(4u)S o]-&-3t= Y
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A 1HPH “FAZH TOC HE e 283}
TOC 3t& A3l 212 Bt Al5sth grto] Fasict
SAA Aol @AY 57 vjnz ghge] B
BOD Hrt}= CODE| H|&-S #-85l= o] o vzt

%E, ofr b

A0 2 FtEm CODol B SAH LR ool &
O wtjof] CODe & 34122 2At7 2] £ 02 H|
a5 Qs o] jlolA 2 Atellxe @ VI
}?l CODwe A= 7|EoR2 vlaste] 453

JPU

4) SAZIEE 24 TOCH: A

71 B, wlolE] B, Ay B4 F3) 514 TOC
Aals 7|23 a)o] AlkAlo] Yol EA|7|uE 22 2 Ak
<H TOCgko] AA| 7o 2 284 o Ioff = T
71202 A= Jl=Ao] ol ¢ ubz] ok H R
W& o2 HAERE 7| EgHCODw) T BlE< EEH
& TOC ZHS APAal Hw Table 73} Zo] AAME =7}
ek At ghe A E qiEu 2] Ho] igh vlEo) 7H
LAHA HeEbon =42 TOC 3j77|Ee] A=A
TEEE 188~375 mgLE 7HAl= A3t vlashd oj=FzQl
R9he fARE Ao R WohEn, e 59 5 BU 39
a4 f190] st Fuje] B4 A w1520
HE SEOR ol R4 FEE YUMo o} ulu
A frofatel mefsjor ek wiebd, v A gL B
gl digt @75 e 7F 7] el vkt A=
227} wmrl Pashch &AM AR AutolA
CODw/TOC H]= 1.2~148) HEo] Mo Lpepyt}.

322 7|EI'| 7|H|- HE

AR AL B2 2404 BAT, BPT 5 A5

Table 6. Regression and correlation analysis for organic matters and TOC parameter

Classification Sample number R*>0.7 Spearman p>0.7

(TOC) (Available) CODi: | CODyn = BOD | CODg: | CODyy | BOD

Total 522 0.79 0.22 0.03 0.62 0.66 0.17

Greater than 500 311 0.27 0.20 0.01 0.58 0.69 0.14

Facility 50~500 111 0.95 0.43 0.04 0.61 0.71 0.26

capacity Less than 50 100 0.57 0.24 0.11 0.76 0.58 0.18

Less than 500 211 0.91 0.31 0.04 0.69 0.64 0.22

I area grade 55 0.09 0.23 0.00 0.27 0.63 0.07

. II area grade 87 0.05 0.06 0.00 0.48 0.53 0.02
Region

Il area grade 125 0.26 0.23 0.02 0.58 0.65 0.22

IV area grade 44 0.20 0.04 0.02 0.49 0.43 -0.05

A0 201 0.89 0.29 0.04 0.59 0.63 0.12

MBR 71 0.62 0.29 0.02 0.75 0.71 0.09

Treatment Media 67 0.55 0.29 0.00 0.69 0.69 0.10

technology SBR 104 0.28 0.34 0.08 0.60 0.70 0.33

Others 28 0.34 0.60 0.08 0.63 0.81 0.33

Contacted oxidation 51 0.52 0.16 0.06 0.38 0.45 0.06
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Table 7. Calculation for TOC effluent limitation using the ratio of CODw, and TOC

CODww/TOC TOC (mg/L)
Classification . Facility . Concentration
(mg/L) capacity gl AT calculation
I area grade Less than 20 1.3 1.2 1.25 16.0
Greater than 500 II area grade Less than 20 1.3 1.2 1.25 16.0
m?/day PSTWs IT area grade | Less than 40 1.3 1.3 1.30 30.8
IV area grade Less than 40 1.3 1.4 1.35 29.6
50 m*day~500 m*/day PSTWs Less than 40 1.2 1.2 1.20 33.3
Less than 50 m%day PSTWs Less than 40 1.2 1.2 1.20 33.3
Table 8. Calculation for technology-based TOC effluent limitation
TOC (mg/L)
Classification 95 %ile IS 50 %ile Vari&);ligniftzictor cal(r:ruolaction
Total 12.9 6.6 5.6 1.95 10.8
Greater than 500 12.2 6.4 5.7 1.91 10.9
Facility 50~500 16.3 7.3 5.4 2.23 12.0
capacity Less than 50 13.4 6.4 5.4 2.08 11.2
Less than 500 13.9 6.9 5.4 2.01 10.9
I area grade 8.2 4.6 4.4 1.77 7.8
. I area grade 9.4 6.1 5.6 1.53 8.6
Region
II area grade 11.8 6.4 5.8 1.85 10.7
IV area grade 19.9 9.3 8.5 2.15 18.2
A0 11.5 7.1 5.7 1.63 9.3
MBR 12.7 5.6 5.1 2.26 11.5
Treatment Media 16.0 7.5 6.2 2.15 13.3
technology SBR 14.0 6.7 6.0 2.10 12.5
Others 12.1 6.4 6.5 1.89 12.3
Contacted oxidation 12.9 5.1 4.3 2.51 10.8
Al 7la gojet Ago] A gdal oA 2 SAE ARESEAL UTHUS EPA, 2010). A 2|7]&sef A%
HlwAdat vt & Feolls 30 W HAE A TOC FEo] Ashghe U 1ske] ghso] wAE
HEAEeHolu Media & 2-83F #2171&9] 4% 7HsAdel e Aew waEa Ve M &
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Aol 5= TOC &= A7t 719 gle A= Yyt
o} v A A8E= 349 749 BOD AAE 54
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Table 9. Calculation for experience-based TOC effluent limitation

o BOD CODwn TOC (mg/L)
Classification
5 mg/L | 20 mg/L. 75 %ile | 80 %ile | 90 %ile &= 95 %ile | 96~99 %ile

Total 83 %ile | 98 %ile 7.4 7.9 9.5 12.9 26.4
Greater than 500 90 %ile | 98 %ile 7.4 8.0 9.2 12.2 22.8
Facility 50~500 70 %ile | 96 %ile 7.4 7.9 9.5 16.3 22.9
capacity Less than 50 75 %ile | 97 %ile 7.3 8.2 11.1 13.4 26.8
Less than 500 70 %ile | 97 %ile 7.4 7.9 9.7 13.9 25.8
I area grade - - 5.2 5.6 6.8 8.2 9.5
Region I area grade - - 7.0 7.4 8.4 9.4 17.0
Il area grade 80 %ile | 99 %ile 7.4 7.7 9.3 11.8 27.0
IV area grade 85 %ile | 92 %ile 11.4 12.2 13.2 19.9 24.8
A0 87 %ile | 98 %ile 7.5 8.0 9.1 11.5 22.8
MBR 85 %ile | 97 %ile 6.6 6.8 9.1 12.7 13.4
Treatment Media 82 %ile | 95 %ile 8.7 9.0 13.1 16.0 26.3
technology SBR 75 %ile | 98 %ile 7.5 7.9 10.3 14.0 26.5
Others 75 %ile - 7.7 8.2 9.4 12.1 12.7
Contacted oxidation | 75 %ile | 96 %ile 5.6 5.9 7.7 12.9 25.5

Table 10. Reviewed calculation scope for TOC effluent limitation

Reviewed TOC effluent limits (mg/L)
Classification Statistic Technology-base | Experience-based limit | Interim limit
ratio-based limits d limits 95 %ile 99 %ile scope

I area grade 16.0 7.8 8.2 9.5 7.8~16.0

Greater than 500 I area grade 16.0 8.6 9.4 17.0 8.6~17.0
m3/day PSTWs I area grade 30.8 10.7 11.8 27.0 10.7~30.8
IV area grade 29.6 18.2 19.9 24.8 18.2~29.6

50 m®/day~500 m’/day PSTWs 33.3 12.0 16.3 22.9 12.0~33.3
Less than 50 mS/day PSTWs 33.3 11.2 13.4 26.8 11.2~33.3
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Table 11. Assessment result of compliance ratio for interim TOC effluent limitation

TOC limits (mg/L)
I Sample
Classification 70 | 80 | 90 | 100 | 150 20 | 25 | 30
numbers
Compliance numbers/Compliance ratio(%)
I area grade 55 | 50/90.9 | 52/94.5  54/98.2 | 55/100 - - - -
Gsfgtera/t;an Il area grade 87 | 67/77.0 | 75/86.2 | 81/93.1 | 84/96.6 | 85/97.7 86/98.9 = 87/100 -
m a
PSTWs Y I I area grade 125 | 88/70.4 | 104/83.2|112/89.6 116/92.8 | 122/97.6 123/98.4 | 123/98.4 | 124/99.2
IV area grade 44 - - 30/68.2 | 33/75.0 | 41/93.2 | 42/95.5 | 43/97.7 | 43/97.7
50 m%day~500 m%day PSTWs| 111 | 81/73.0 | 91/82.0 97/87.4 101/91.0 105/94.6 107/96.4 | 108/97.3 108/97.3
Less than 50 m®/day PSTWs = 100 | 68/68.0 | 79/79.0 | 86/86.0 | 90/90.0 = 97/97.0 | 98/98.0  98/98.0 | 100/100

Table 12. Compliance assessment for interim TOC effluent limitation

TS Area Influent water(mg/L) Effluent water(mg/L) TOC limit Average
grade | TOC BOD | CODw, = TOC BOD | CODyn (15 mg/L) (mg/L)
70.3 76.2 38.4 15.1 2.7 10.9 No compliance
1 46.6 22.5 271 9.0 9.0 20.0 Compliance 10.5
- 30.5 215.7 52.2 7.4 1.0 9.5 Compliance
77.1 47.1 28.6 3.7 1.2 7.0 Compliance
2 34.8 149.4 52.7 5.0 1.1 5.9 Compliance 10.6
82.5 212.4 79.2 23.0 1.3 5.0 No compliance
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