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Abstract

Optimal biodegradation Kkinetics models to the initial nonylphenol ethoxylates-30
concentration were investigated and had been fitted by the linear regression.
Microorganisms capable of degrading nonylphenol ethoxylates-30 were isolated from
sewage near Ulsan plant area by enrichment culture technique. Among them, the strain
designated as EL-10K had the highest biodegradability and was identified as Pseudomonas
from results of taxonomical studies. The optimal conditions for the biodegradation were 1.0
g/l of nonylpheno! ethoxylates-30 and 0.02 g/l of ammonium nitrate at pH 7.0 and 30T.
The highest degradation rate of nonylphenol ethoxylates-30 was about 89% for 30 hours
incubation on the optimal condition.

Biodegradation data were fit by linear regression to eguations for 3 kinetic models. The
kinetics of biodegradation of nonylphenol ethoxylates was best described by first order
model for 0.1 pg/l nonylphenol ethoxylates-30 ; by Monod no growth model and Monod
with growth model for 05 gg/m!/ and 1.0, 5.0 ug/mi, respectively.

Key Words : Nonylphenol ethoxylates-30, Pseudomonas sp., Monod and first order kinetic
models
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Mass-Balance equation : So + q-Bo

=5+qB (6)
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Table 1. Six models for biodegradation kinetics with
only the variable of substrate concentration

Model and characteristics

Equation and inequalities

[. Zero order
Differential form
Integral form
Derived parameter
Necessary conditions

II. Monod, no growth
Differential form
Integral form
Linear form
Derived parameter
Necessary conditions

M. First order
Differential form
Integral form
Linear form
Derived parameter
Necessary conditions

V. Logistic
Differential form

Integral form S =

Derived parameter
Necessary conditions

V. Monod, with growth
Differential form

-dS/Att = ki
S=5%-kt

kl = umaxXO

X0 >> Spand Se >> K

-dS/dt = kiS/(K. + S)
Kin(S/So} + S - S = -kit
(So - SWt = In(S/SolHK; + ky
ki = fraxXo

Xo >> So

-dS/dt = kat

S = Sy exp(-kit)
In(S/So) = -kat

h = umXX(/KS

Xo >> Sp and So << K;

-dS/dt = kS
(So + Xo)

+ (Xo/Solexplka(So + Xolt]

ki = foan/Ks
So << K

-dS/dt = [tnaxS(So+Xo-SIAK+S)

Integral form Kdn(5/Se) = (Se+Xo+Ke)In(X/Xo)
~(So+Xolmaxt

Linear form  In(X/Xolt = b ntS/So)-n QKo
S0+ Xo

Derived parameter Non; Hax

Necessary conditions None

VI. Logarithmic
Differential form -dS/dt = twalSo + Xo - S)

Integral form
Derived parameter
Necessary conditions

S =S+ Xoll ~ explitmat)]
None
S >> K
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2 A7 iR A FuigEe o wg
A AKE} Mg S8 IFE IATLR
AABHT dFEEE A%t Ao AHET &
& wjAe =AL nonylphenol ethoxylates- 30
1.0 g/, K:HPO4 1.2 g/l, NaH:PO4 0.8 g/I, NHCI
20 g/l MgSOs7TH0 05 g/l °lith. FATL
nonylphenol ethoxylates-30 1.0g/[E 7}g A
Apdef Ao B E3HSTH

32. 22|79 27 53

w7 ey, Y, A8 AELS
Bradshow¢] w%(1979), Philipps<l d(1981),
Macfaddin®l ¥E (1980 F3kd AAIT A& 7]
%2 39 Bergey’'s Manual of Systematic Bac-
teriology Vol. 1(1984)el =&t &7 - 543

3.3. Nonylphenol ethoxylates2| HZFEAM

Nonylphenol ethoxylates®l A #¥42 Steven-
son® B (1954)] elate] ATt F AR
diluted HCI(1+4) 4 drops, BaCl solution(10%) 2
drops, phosphomolybdic acid(10%) 2 dropsS %
of £¥ ¥ d4EYsg FAEEL I, A2A
Itk AL conc. H:SOs 1.2ml, FH 5 6ml,
ammonium thiocyanate solution(5%) 1ml, SnCl;
solution 0.5m/& ¥ol £ ¥ HFLFE 10miE
stk AAEF 4599 FFEE 470nmel
A E3sAH

HE Mz HE

[

34.

el

FAT s FAHAHEAE A8 A
28 wWAE 7122 AL en, 250m/
£39 FztEel23¢] 50m/e WAE ¥ 30T,
pH 70914 180 rpm2 & 30A1 3 Az eu) st
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garde Fxo ©E ¥ 71 e =) o
nonylphenol ethoxylates-309] *=& z+z} 200~

2
o
M
)
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2000ppm?¥ H7}stod wiFd F Ea&S A
At

A2 F7 & 4% : 72X F
4 &49d =2 ZAE nonylphenol ethoxy-
lates-30 1000 ppmS A7}t en, AsUezA
7% F713493% §71342948 02%4 A7
o W F BHE&S SR

+%9 pHY W ®E JF : U9 27
Hoe £3&eS Yehe 4293 A2x9E 7
BujRje) H@7rste 25C~40C, pH 7~98 Zz
ZA3std g F £HE&E FAHHAT

3.5. Nonylphenol ethoxylates-30 =38l ki-
netics A}

%S  nonylphenol ethoxylates-30 1000
ppme FHI 7|BEX 0] BHEL WZEEY T
WFolZ 3l HF3do 30¢C, pH 7.0, 180 rpm
28 2/AZ JANGu I3t & e 3
& 53zl =23 AuFdL 2%(v/N)
AF3k9 30C, pH 7.0, 180 mme2 30413 3 A
Aeta) st 4o Nonylphenol ethoxylates-309) %
& 77} 100 ppm, 500 ppm, 1000 ppm, 5000
ppmo.Z ZHs g2 T ©wE 7]A &3
kinetics& ZAFsIGon, Alzte] g 713 F3

2 nonylphenol ethoxylates-309) ZZ%#S A
A3 gt}

36. Data &4

Nonylphenol ethoxylates-309] biodegradation
APAR25E dolF datat AFIAZ B4
A cH(Irwin, 1990; Simkins et al, 1984). Aj7bol wh
€ kinetics 4% data® Table 19} 67} modelol
AP ARN ez AN T A #
o] 744 2 model® ARHRA HUAREL 959
FoFF 5%2 8] F testd} t test& AAFY
TH% 8 A,1990).
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Table 2. Taxonomical characteristics of EL-10K
strain

Contents Characteristics

Morphological characteristics
Cell shape Rod
Gram staining -
Motility +
Spore -
Cultural characteristics
Colonies on nutrint agar
Colony surface Smooth
Colony color White to cream
Hydrolysis of gelatin -
Biochemical characteristics
Catalase test +
Voges-Proskauer test -
Indole test -
Oxidation—fermentation test Oxidation
Cytochrome oxidase test +
Simons citrate test
B-galactosidase test
Arginine dehydrolase test
Lysine decarboxylase test
Ornithine decarboxylase test
HsS production test -
Urease test +
Tryptophane deaminase test -
Fluorescent pigment test -
Growth at 4T -
Growth at 42C -

Irregular,umbonate

o+ o+ o+

Nonylphenol ethoxylates-302] #&]%5o] &9lg
10 #F& EZsgem o5 F nonylphenol
ethoxylates-30¢] #3550l 714 $53 TF=
EL-10Ko} XA =t} EL-10KE 23LA49 7t

22 multi polar flagella®) 23 $F54& 714
i1, catalase test, cytochrome oxidase test,
simons citrate test, arginine dehydrolase test,
H2S test, fluorescent pigment testlAde ¥4
Ueldth VP test,

lysine decarboxylase test, ornithine decarboxy-

indole production test,

lase test, urease test, 8-galactosidase test, try-

ptophan deaminase testdld S48 YEhlye
o, 4T 42Tl AKEA E3AHTable 2).
o)]aol A AINE HES A3} EL-10K= Pseu-
domonas% 2.2 FA A}

4.2. Nonylphenol ethoxylates-302| =3l |
Mx

gad9 Fxd wWEe 9% 7] &8l 2] o
nonylphenol ethoxylates-309] =& Z+Z 200~
2000 ppm# A7tste 3047 WY F RHe&E
2R3 AFdE 71EWAY ALFYD FE 1000
ppmel A 7Hg B &e] 532, 2000 ppmel
Me &0 50% Ax=2 wokstdoh(Fig. D).

100 1.8
90 1.6
801 114 §
: ] 1.4 g
g 70 L2 2
E 60] Ly H
3 50 :
z lo.g 2
o 404 -]
e -
2 30 < 106 §
® 201 / 04 3
10 0.2
0 , . . ; 0
0 500 1000 1500 2000 2500

NPE-30 concentration(ppm)
4 : biodegradation & : growth

Fig. 1. NPE-30 concentration effect on the growth
and biodegradation by Pseudomonas sp.

A2Y9Y F7o e 9F : HH dxY F
=2 ZAAP nonylphenol ethoxylates-30 1000
ppme F7HE Z1EuiAe] ZEF FAYE 0.2%4
Arteto] 30417 WY F EEed A HAH
NHNO7b 7Hd S8 #3888 vegudd
(Table 3).

X9 pH¥sY 42 9F : Hd9 R
S YedE gxdy AU 7)E8uxje ¥t
o] 3041 WY ¥ FaES SAT A7 T
(Fig. 2), pH 75(Fig. 3)ellA Zaj&o] 714 $
EIaia= g
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100 1.4
904
1.2 .
. 801 g
=z g
E 704 o §
3 80 Lo.8 %
;3 501 a-
g\ 40 r0.6 :;
5 301 '0.4§
20 4
| [
10 0.2
0 v v v ’ 0
20 25 30 35 40 45
Temperature(C)

- : biodegradation

Fig. 2. Temperature effect on the growth and
biodegradation by Pseudomones sp.

& ! growth

Table 3. Effect of nitrogen sources on the biode-
gradation of nonylphenol ethoxylates-30 by
Pseudomonas sp.

Nitrogen sources(0.2%) Biodegradation(%)
NH(Cl 8
NHNOs %%
NH4HPO4 &
KNO; B
NaNO3 4
(NH,);504 6
CHyCOONH; 76
Urea B
Bactopeptone T2
Polypeptone &
Yeast extract B
100 1.2
901 PR
_ 801 g
z 0] Los 2
2 60] 3
—:; 50 0.6 4
& 40 g
3 304 -0.4%
® 20 Lo.2 &
101

——————— 0
Q757 72575775 6 82565875 9§ 925

pH
4 : biodegradation & : growth
Fig. 3. pH effect on the growth and biodegradation
by Pseudomonas sp.

FolF3 - o 4F

4.3. Nonylpheno! ethoxylates-302| &3l
kinetics

Nonylphenol ethoxylates-30-2 100, 500, 1000,
5000 ppme TEWE 184 7HE¢ 1N HH o=
B3 &8 2AG A3E Fig. 4 - Fig. 7914 Be
upo} 2t} Table 19] 37b4 #31 kinetic models
Z  zero order, Monod, first order modelo] A3t
o @& RIg& vojeE MYIAEHor HF
NA ARAZC7F 73 2 model€ nonylphe-
nol ethoxylates-309] #3| kinetics®] 2 & model
2 HdAsHt /A &3 kinetic model2 N E
parametersg] < Table 49 2t} F test9 t
test 23 AA¥ modelso] EF ElEsTh

Table 4. Linear regression estimates of kinetic
parameter and selected model in experi-
ments with different initial substrate con-
centration

Nonylphenol ethoxylates-30 concentration

Concents
100 ppm 500 ppm 1000 ppm 5000 ppm
Mode} First order  Monod, Monod,growth  Monod,growth
no growth
Rate constant k=005 Kk=233X10" NA' NAT
- NA' NA' 16X10° 65X10"
Ky(ppm) NA® 0326 0.701 4001
Coefficient of
determination 0.8 0% 0.90 097
()
* Not applicable.

In(S/50)

-

5 2 4 6 8 10 12 14 16 18
kst

Fig. 4. Linear regression plot of nonylphenol etho-
xylate-30 100ppm(First order).
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-0.18 -0.14 -0.1 -0.06 -0.02

0.16 0.12 .08 -0.04 6.93889E-18
In(S/Soit- Ketky

Fig. 5. Linear regression plot of nonylphenol ethoxy-
late-30 500 ppm(Monod, no growth),

(X Nel/t

2 4 6 8 10 12 14 16 18
{k(i[ln(S/SO)'lﬂ(X/XO)]/t)+ # max

Fig. 6. Linear regression plot of nonylphenol ethoxy-
late-30 1000 ppm{Monod growth).

In(X/Xo) /1

0.1+

0.05

0 T T T T T -—
-0.7 -0.5 -0.3 -0.1
-0.6 0.4 -0.2 -2.7756E-17

{ka[1n(S/So)- In(X/Xo)l A+ #2 max

Fig. 7. Linear regression plot of nonylphenol ethoxy-
late-30 5000 ppm(Monod growth).
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Nonylphenol ethoxylates-30& #3l& <+ U+
Pseudomonas sp.& ¥, ¥33%Ac. Nonyl-
phenol ethoxylates-30 ¢ HAELHZUL B4
© 2 nonylphenol ethoxylates-30 1.0 g/l, 244
© % ammonium nitrate 0.02 g/, pH 7.5, 30CHA
. HAHESH =ZA9AM  nonylphenol ethoxy~
lates-302 ik 30A17 ¥ 89%7t EalHACH FH
ARz 4 nonylphenol ethoxylates-309] %
715 %7t 2tz 100 ppm, 500 ppm, 1000 ppm,
5000 ppm e} A ztel] wWE BIE&Ed FHoE A
33 & de Y A 3 kineticse &%
first order model, Monod no growth model,
Monod with growth model2 UE}ste}.
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