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Effect of NOD on BOD test for the effluents of

biological treatment plant

Se- Joo Jang

Department of Environmental Engineering, (Graduate school

Pukyung National University

abstract

The biochemical oxvgen demand(BOD) test is widely used to determine the
pollution strength of water, to evaluate the performance of wastewater treatment
plants and to judge compliance with discharge permits.

[lowever, nitrification is a cause of significant errors in measuring BOD,
particularly when a large population of nitrifying organisms are existing in water
such as effluents from biological treatment plants.

In order to investigate the amount of nitrogenous oxygen demand(NOD), BOD
with and without inhibitor were measured as samples in the biological treatment
plants.

The NOD comprised about 77% of BOD from the effluents of biological
treatment plants. In the case of influent, the NOD accounted for about 9% of
BOD.

The inhibited 5-day BOD(Carbonaceous BOD) test must be considered in

evaluating the performance of wastewater treatment plant and judging compliance

with discharge permit limitations.
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g A1w35hA ©@hCBOD, Carbonaceous Oxygen Demand).
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McCarty, 1978).
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ghth(Sawyer and McCarty, 1978).

CHON, + (n+4 =5~ 200, nC0, + (4§ = 3 OH,0 + oNH,
QAo ofFk A48T ES XEE HEAELTHUOD)

UOD = 2.67C + 4.5TN + 1.14(NO;, —N)

C: #7l%ka 5% (mg/L)

N o7l sFRVebEd & T Re(mg/L)
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Organic matter oxidized

Organic matter

Organic matter remaining ,TEZZQ =KC

Time, days

Figure 2.1. Changes in organic matter during biochemical oxidation of

polluted waters under aerobic condition.
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(b)

Curve for combined demand
{Carbaonaceous plus nitrification)

(a)
Curve for carbonaceous demand at 20 ¢
y=L(1-10")

Biochemical oxygen demand

Q 5 10 15 20 25 30

Time, days

Figure 2.2. The BOD curve. (a) Normal curve for oxidation of organic

matter. (b) The influence of nitrification.

°
c
©
qE, Curve of combined demand
© (Carbonaceous plus nitrification}
®
o
>
X
o
© Curve of carbonaceous demand
Q
£ NOD
]
=
[83
o
m
CBOD
l L L L L
0 5 10 156 20 25 30

Time, days

Figure 2.3. The typical oxygen demand curve for treatment plant

achieving incipient nitrification.
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Cl \ c—cl
\
N Cl

Figure 2.4. Molecular structure of 2-chloro-6-(trichloromethyl)pyridine.
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Figure 2.6. Schematic diagram of activated sludge process.
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4.4. AOAS(Anoxic -Oxic- Anoxic- Stripper) &

Akl stdel WS EEAgEeAYo A siFel Yl Lgud
g Er)zel fYAA TS FRSW {71EBOD, COD FHEAEHS A

0, sa, g RIYRE AoslE Aag A AB e $7
A7 FHorA EVzx RS Bdete FAbA 27], T4, gvlees wdd
7ol ]
Inner recirculation
. Anoxic Aerobic Anoxic o settling
7 3 1> - —¥ Stripper tank —
Zore Zone Zone
Return Sludge

l

Figure 2.7. Schematic diagram of AOAS process.
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Figure 2.8. Schematic diagram of B3 process.
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Hozabe 20059 4¥HE] 99 7R AAISE o8 Table 310 A"l 43k2] 8
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0

Table 3.1. Source and process of sample

Sample source Process
- S. sewage tref;tn;ent plang o Activa;erdﬂ Sludgé
J. sewage treatment plant Activated Sludge
J. sewage treatment plant Anoxic-Oxic-Anoxic-Stripper
C. sewage treatment plant Bio Best Bacillus

Figure 3.1 vk st @de] ASEE vehda 74z S - J3tF 3 2] ol
N Sodus gAY ATHe HEgAEEE Figure 26V R Jal 2l &
N L5 AOAS FA9 HYAEEY Figure 279 ElWoen, B3 &

Figure 2.8 LFEFUIQITE o714 U359 daisz Hel AlFE AFa i

Final
zeteling
tank:

Grit
chamber

Primary o Aeration
seteling [ Tank
tank

Chlorination s Effluent

Influent

Retum Sludge

Figure 3.1. Schematic diagram of sewage treatment plant.
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2.1. BOD 53
B

Ay

e
i)

@]

D =4 & standard methods 20th.(American Public Health Association, 1998)ell
e} 5-day BOD test H o2 F A3}
NOD =4& 9lste] sM zAd 300ml &ke] BOD #Hel Hitstw AdAA=Z

TCMP(2-chloro-6-(trichloro methyDpyridine)& 3mg*® %o} 3 %% %<7} 10mg/L7}

Dilute sample

d

Diluted sample transfer in BOD bottles

!

Determination of initial DO h

I

{

Incubate at 20°C

Add TCMP and incubate at 20°C

{

i

Determination of final DO (after 5days)

Figure 3.2. Analysis Method of inhibited and uninhibited BOD.



Aakskat oAl E HsbslA S4s BODIE ¥hael] 9%k AR 8FHCBOD,

carhonaceous oxygen demand)olel ki NOD:I= #absle olxlxE @x 21 H4

sk BODAlA4l CBODE W grom 54 gh}

NOD = BOD — CBOD

Urid gEEe ofdet e wwon RAsYch

L222D0) - Y9 ofxusg My og ZA(Standard Methods, 1998).

a2
Sl
-

PR oA A (NH: -N)  Indophenolell 28t v 2 A g (Solorzano, 1969).

o} AakA 2(NO» -N) : NED®H el e] gk v] 244 @ (Standard Methods, 1998).
A 2 (NOs -N) @ Fh= gkl glol o) ¢k nl A 2F(Standard Methods, 1998).
Z5-71" 2 (TIN) © NH;' -N + NO» -N + NO; -N
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43 A 8te] BOD, NOD, CBOD, NOD/BOD &

!

%31 B/1ALE BAse] 7 23S Table 419 UEhith EAGEgER 4
zgael Wel W FHEES Table 4200 hehiiglen, 3P 7 F4Ne] Py

S Fig. 4.10 EAISHATH

Table 4.1. Analytical results of effluent from biological treatment plants

Sample BOD CBOD NOD NH,-N NO.-N NO;-N NOD/BOD
Process
source mg/L (%)
J. b:'[‘Pv e o o o B
Influent 103.0 99.1 3.9 18.5 0.08 0.09 3.80
Effluent  AS 11.2 1.4 9.9 6.40 0.47 0.45 33.0
175 2.1 15.5 17.29 0.24 1.82 33.3
19.8 14 154 17.06 0.33 15.35 77.8
AOAS 6.1 2.1 4.0 3.27 0.10 6.27 64.9
10.4 2.2 8.7 14.27 0.09 6.26 83.5
5.9 2.2 37 3.27 0.03 16.10 62.8
S, STP
Influent 90.1 712 13.0 15.00 0.09 0.1 14.4
Effluent AS 10.8 3.2 7.6 3.64 0.14 12.32 70.2
C. STP
Effluent B3 74 15 5.9 0.32 0.12 0.11 79.7
314 49 26.6 84.6
B. STP
Effluent B3 6.6 14 5.1 1.57 0.53 0.04 78.1
STP : Sewage Treatment Plant AS : Activated Sludge
AOAS : Anoxic-Oxic-Anoxic-Stripper B3 : Bio Best Bacillus
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Table 4.2. Range and mean level of BOD, CBOD, NOD and NOD/BOD of

effluents corresponding to biological treatment processes

BOD CBOD NOD NOD/BOD
Process
mg/L (%)

) AS - 1~1_~2 - -1.4 - 9.9 83.0 “
175 2.1 155 88.3
19.8 4.4 15.4 778
10.8 3.2 7.6 70.2
Mean 14.8 2.8 12.1 81.1
AOAS 6.1 2.1 4.0 64.9
104 2.2 8.7 835
59 2.2 3.7 62.8
Mean 75 22 5.4 70.4
B3 7.4 15 5.9 79.7
314 19 26.6 34.6
6.6 14 5.1 78.1
Mean 15.1 26 12.5 30.8

JEeA T4 e g e JeeAe s ssheAed fE5e BOD: 9

&

T°r
I+ 14.8mg/Lol 32 CBODE Hi# 28mg/lol® NODi= 12.1mg/LE BOD % NOD7}
A2 sk Nl &S Wt 81.1%A T
AOAS 1=AFAHL Adas e JsheAeld &5 BODE B 7.5mg/L
o] CBODE: #3F 22mg/Lel i NOD¥= #Hit 54mg/LE BOD F NOD7F 2h#] 8k

Mg 704%% BALAATA FEF vlauc tha
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Conc.(mg/L)

Figure 4.1. Comparison of mean level of BOD, CBOD and NOD of effluent

from biological treatment processes.

B3 nEAe|EA4S Adstar o= CataAeldd BatrAlelde &2 BODE
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NOD7} #A st vl &2 80.8% % ZAEHATE Hl&3 7o FAHE ghed 2l
1 B
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o
=
H1

Al eAe st e CakeAede] 49 fFEF5e BOD7E
3l4mg/LE WHS FA7FS 2383 2o} standard methods(1998) v H A
TR RU980] Slsl A CBODE B7bshel 49mg/L2 Wi+ $271E 10me/Lg
L= RTINS

BODel tig NODe 7199§¢ ud AEshy Aejagde steadd +#

- 62.8~883% Ao A HiF 774% R vl E 7]ol& S Hola Uk

stpAa gel uael 4% BODel thed NODO| 7]ol&& 38~144% HHAE 3
& 9.1%= v§ 2 7lod&s Hilch

Hall and Foxen(1983)ol olabd wl=re] 4070 st+xe)d F&52 BODe i
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cha she ghg Hdth

o] K.o] 79 Shutou et al.(1990)o] <]ahd skl gel fE5< BODAl
NOD9| 7] && oF 70%9 3 82 2% 10%=2 & Aol 7oj&3 FAE &&
By, g2 ;e A4S AFdAdE BODe Hig NODe| 7]l &o] 79 gle

U Z-sa geena 12~39%2 Z78e o & Atk

__4

2. NOD<°| A%t SR8 v

A3l 3o NH';-Ne| Nitrosomonas 2] 2Hgo] 2s]4 NO, -N2 %=1
NH';~N 138t 22 343go] Ab&5 3, thAl NO, -N7b Nitrobacter ol 2] siA]
NO; -N#Z 2bzb w]i=¢] NO. -N 2389 1.14ge] Aba7h b8 €
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el A ot elwujobdah Aol AlE AR Faiy 7] kel 4%
B aba FA% wFv] gle Fabyl oA e Aushis i HAsE fld

olE M 0@ AWu)iz Asuko A wjFojof &t} Montgomery and Borne(1966)2t

Wezrnak and Gannon(1968)& tf& 3 22 NOD7 A~ S Al Al eF3Att

NOD = 3.22(NH,—N — NO7 —N) + L.1L(NO; —N —NO3 —N)  (4.)

NODE Axstr] )8 s4Hed fE5% FAEL 2719 595 eheold

7] ghat 59 5 @S MRy gEUetAx SR ey, obuaA Lo

=2 ou

Table 4.3. Variation of NHi -N, NO:z -N, NO; -N of effluent f(rom

biological trecatment plants

Initial After 5 days
Sample NH;'-N NOz -N NO; -N NH:'-N NO: -N NOs -N
source  Process mg/L mg/L
J. STP
Effluent
AS 17.06 0.33 15.35 11.94 1.73 16.72
AOAS 3.27 0.03 16.10 2.06 0.18 16.63
S, STP
Effluent
AS 364 0.14 12.32 1.94 0.77 14.97
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Table 4.39]
g8l NOD gh2 7

7biks A4l

440 vheRA o
observed NOD of effluent from

Table 4.4. Comparison of calculated and

biological treatment plants
Observed/Calculated

NOD
Sample v .
Process Calculated Observed
source
mg/L %
J. STP 7
Elfluent
AS 18.0 15.4 86
AOAS 41 3.7 90
S. STP
Effluent
AS 6.2 76 123
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Figure 4.2. Comparison of calculated

= Calculated NOD
2 Observed NOD

S STP (AS)

and observed NOD.
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b4l G ESE 20T ANA WA A4S W AAsE oz Alv]et HARE Yot
Bl ¢ske] 109 HoF njad A BOD, CBOD, NOD, -“12l 3 ¢t®uyopa 4, o} 3

A%, ANARE AT

L
]
it

Table 45& Jalrda)del &AH&er F4 FEF0 #sk #ioltt, BOD, CBOD
9} NODQ] Al7toll w2 #Ma & Figure 4.3°) veEbl 2ol d 4 op & Ak a4

HAabE 2 o] Al gboll wE W3eRe Figure 4.4 vhepdlvh.

>

Table 4.5. Analytical results of effluent from activated sludge plant

BOD CBOD NOD NHs"—N NO, -N NOs -N TIN
day
mg/1. -
1 7 2A52 N 1.67 0.85 : 17.06 033 1535 32.73~
2 4.47 2.21 2.26 16.68 0.38 15.47 32.54
3 7.86 4.16 - 3.69 16.15 0.72 15.84 32.71
4 11.93 4.30 7.63 13.98 1.49 16.19 31.66
5 19.78 4.40 15.39 11.94 1.73 16.72 30.39
6 23.34 5.13 18.20 11.28 2.69 17.19 31.16
7 25.89 5.60 20.29 11.55 2.71 19.20 33.46
8 36.73 5.74 30.99 8.33 3.79 21.75 33.88
9 39.20 ©.64 32.56 6.26 5.41 22.24 33.91
10 40.10 6.88 33.22
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Conc. (mg/L)

Figure 4.3. BOD growth curve of an effluent from activated sludge process.
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CBOD 4#=4d& vheh ol

Shutou et al.(1990)& QAF=FolAM Ay FE59 438 BOD 4d=4ds 2

of) 2%

vheblisdl, ol Figure 433 o}F frAbRE S sk QLSlTh
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Figure 4.4. Varitation

Process.

of nitrogen of an effluent from activated sludge
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