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ABSTRACT

A Study on the Removal of Cyanide
by Immobilized Activated Sludge

By : Myoung—Hee, Kim
Advisor : Prof. Kyoung—Hoon, Cheong
Department of Environmental Education,

Graduate School, Chosun University

Cyanide is highly toxic to ecosystems, cyanide—containing effluents cannot
be discharged without being subjected to treatment to reduce to very low
levels (0.1 <mg dm™ of CN7). To prevent the access of cyanide to
ecosystems, many biological detoxifications of cyanide have been tried, for
the biological system has been considered to be the most effective and
ultimate method.

Many microorganisms have an inherent capacity to degrade the toxic
organic compounds that enter the environment as a result of pollution and
natural activities. However, there are few examples of biological degradation
for cyanide compounds in the field.

The immobilization of a microorganism has been rapidly progressed with

the development of bio—-technology and it has been used as a tool to isolate



products from biological media in various areas, it has not yet been
practiced in the treatment of wastewater.

This study has been optimized operating conditions removal to cyanide in a
synthetic wastewater by PEG method with microorganisms immobilized.

The immobilized activated sludge utilized of Ni(CN),*" as a nitrogen source.
During cyanide degradation, ammonia and carbon dioxide were found as final
products. The utilization of ammonia formed by Ni(CN),*" degradation was
investigated by adding the glucose as carbon source.

In the batch experiments, the effects of a substrate concentration, pH,
amount sludge, phenol, bead packing volume, glucose, thiocyanate on the
removal of cyanide compounds were investigated a maximum condition by
immobilized activated sludge.

The higher degradation activity was obtained at pH 7.0. In case that pH
was beside 6~9, relative activity was dramatically decreased. The cyanide
degradation decreased with increasing of initial cyanide concentration.
Although cyanide degradation increased with increasing of glucose, phenol
and SCN .

In continuous experiments operational conditions is HRT 48~24hrs, pH 8.0,
bead 30%. The hydraulic retention time of 36hr, the higher degradation
efficiency of cyanide was shown. As decreasing the hydraulic retention time
further down to 24hr, the degradation efficiency of cyanide degreased to

90%. The removal efficiency of cyanide were 99%, while HRT was 36hrs.
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Table 1. Sources of cyanides

1. Natural sources

Cyanogenic bacteria
Chromobacterium Pseudomonos aeruginosa

Pseudomonos chloraphis Pseudomonos fluorescens

Cyanogenic algae
Chlorella vulgaris Nostoc muscorum

Plectonema boryanum Anacystis nidulans
Pathogenic fungi generating cyanide
Marasmius oreades Stemophyllium loti

Gloeocercosporo sorghif Snow muolds

Cyanogenic crops

Almonads, Cassava, Apple, Loquatl, Lima Beans

2. Artificial sources of cyanide

Electroplating Industries Coal-gastification plants
Coal-coking plants Manufactured gas plants
Synthetic—fibre—producing plants Recovery of precious metals
Processing of cyanogenic crops Pharmaceutical Industries

Paint-Manufacturing Inaustries

Metallurgy and metal—-cleaning operations




Table 2. Biochamical degradation process of cyanides in water

—

. Cyanide monooxygenase

Pseudomonos sp., Harris & Knowles 1983b, Dorr & Knowles 198918))

HCN + O + H" + NADPH — HOCN + NADP" + H.0

. Cyanide dioxygenase

P.fluorescens, Bacillus pumillus, P.c 8. Cyanoalanine synthaseereus,
Harris & Knowles 1983'%)
HCN + O, + 2H" NADPH — CO, + NHa + NADP"

. Cynase

E. coli Taussig 1960°¥, 1965°Y, Dorr & Knowles 1989, Kunz &
Nagappan 1989°%)
HOCN + H,O — CO» + NHa

. Cyanide hydratase

snow moulds and common pathogenic fungi, Fry & Myers 198126))

HCN + H.O — HCONH:

. Cyanidase

Alcaligenes xylosooxidans denitrificans, Ingvorsen et al. 19912 )

HCN + 2H.O — HCOOH + NHs




6. Nitrilase

( Klebslella ozaenae, Nocardia sp., Arthrobacter sp., P.aeruginosa, Harper
1985°”, Bandyopadhyay et al. 1986%, McBride et al. 1986°”, Nawaz
etal 1991%” )

Bromoxynil (nitrile) — 3,5-Dibromo,4—Hydroxy benzoic acid

7. Rhodanese
( B.subtillis, Thiobacillus denitrificans, B.stearothermophilus, Bowen et al.
1965°", Atkinson 1975% )
Cyanide — Thiocyanate + sulfphite
8. Cyanoalanine synthase
( B.megaterium, Dunnll & Fowden 1965%, castric & Strobel 1969% )

Cyanide — B-Cyanoalanine

H50
CN- — % HCONH, 4—-”; NH, + HCOO-
1 .
r NAD
NADH

Utilized for growth CO2

l.cyanide hydratase 2.Amidase 3. Formate dehydrogenase

Fig. 2. The pathway on the hydrolysis of cyanide ion.



B. AICISIEIE X2l ¥

- BEE X2

£cl

1.

o

g0l <

FOW MIAZIXICE O 2015 HEAH,

Ju

e}

ClO,, 2& =

HAE ®alg & Ao,

0

ol <

Ulo

o A ZF=Ql(alkaline chlorination)

) 22eld
Fig. 32 AlCHH|

1

2l S AYOICH

b

2
=2

oll

PN
[

&

i

b

(o]
=

HOoZ

old}
=2

oA JFE

Al
e

o
j—

==

st
=
S22 a0l

ot

HelOl HI=sd2

0

=
[

A

= &L

°lo

Ol

Xelol

b2l Al QHH =2

=0

AFSHAID] D]

o

ESPS

=
=

Lt Dt ACHZ H==2 pH

l= HHSZA Ol AIRHOl Atst

A3

ol Al

o
-

=&ol

=2
=

Tl &

2

Al
ot= A= X

=
T

i
<l

<
30

0D

HH

U
RO

2 M40

HAL HI==E AIXHA

Hl <o

¢}

|

o]

=
1o

-

o0
un
oy

2NaCN + 5Cl; +12NaOH — Nz +2Na.COsz +10NaCl +6H20
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Fig. 3. Continuous chlorination of cyanide wastes.

2) Not=statE22 HetAlII = U
MHIES WS ACHH =0 €1 HZAISSI=2 ofd LAl &0t M2

H0l2 BISAIA HZAISH S5 HHAII= BELZAN S5l ISH=2 &

Aot 5-10ppm OIGt=2 8tlh= A2 <
itssS FotoldH HZAletet=2 MH= Ssoi&lch 0 &

= =d X2 20l E1 AleHe] XAt &Mt Rotlt= O RULCH

_10_



3) RE0 2Ist AtsHH

CN 4+ O3 < CNO + 0Oy
CNO + H,O + O3z < 2HCO3; +H, +05

£ ZEotH F=ZAIH HCN JtAS Ul S0l 2t

2NaCN + HzSO; <> NaSOs4 + 2HCN T

KoZNn(CN)s +2H2S04 < ZnSO4 + K2SOs +4HCNT

O &0l 2et Mel=== 1ppm FENA Mot=llh, ZIIAI2 S& 6~16A12¢
[QHIADE HHEEIEE Z)|x= 22MTHGHD =2 IS

[y

=
0l etMotH ==t A
=

_11_



C. D42 LEsY

A3¥stgo o 2 HAM

PSS

1.

st 0142 (immobilized cells)0l

-

S|

20REE AR
01 2 41 2 EFRIDH

5
ASHHANEE 2a0l SAUCEY. olxHE X

5
RO
~
i
<4
o

0H
0l

o1
RO
E

o)
oll

o
A

Ju

ol A

st
=

(4, 1916¥ Nilson1t Griffin0l =& 0l

A2

=2

() —

gt
=

tle 2=

0 U

Ie]

Ok

ol
0

4 Kl o OF

S
(=}

Holl=

ioll
o)
RO

i

Ju
o
ol
RO

oAl EBX+ 0O

SLOHDI <l

o)

0l
Rr
O

oJ

fr

r

o)

i are

Ol= Ol

]l
[

S

LCH,

o
A

I8 & )

&l
&=t

A=t

4 1= OFOll A

tHO4

£ Table 31t &0I

8}

0%
E

)
0
KJ
1o

oll
o

F

t==Xxiclofl Chet

[

[

=2 018

0] A4
Shirakami

o1
KO

=
=)

12 A BH2UH0IE

%

AHHE BD6tU D, Kawamura S22 &

=
[=)

D49

ak

1]
OF

82
Ie]
B
I

min
i

Rl
&M
ol
Ok
20
o
oT

-,

20
1o
=
i0J

00

Il

24 HAZ

ot

Z#(Pseudomonas denitrificans)S DA 3t

=4llo  erxl
(=) — ==
AABIR OO, Kokututa S%4¥2

Nilson

ol
0
10

7o Br=HelAl Hel &0l

EtX
==

ol

0
_ln_
H

I

HIoA0 &tet -2

EIPN

JEstot:

XIS

i

o

ol
ol

B

J
&l

o)
-

~

=t
110

KJ

Ie]

ol
il

{0 D& s MU 1

&0

b

(=]
=2

1S S Ee==P)  ON

ACH?

_12_



Table 3. The applied range of the immobilized enzymes and microorganisms
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Table 5. References for wastewater treatment by immobilized microorganisms

Meterials and method

Microorganisms

Experimental
abstract

Agar, Polyacrylamide,

25 Mol st &

=
°f LDFEFE Hlu

Carrageenan, Alcaligenes sp. a7
Agar and Polyacrylamide aqE
Alcaligenes sp. LESIEE RS =24
Carrageenan . . _
Bacillus firmus sp. ol CHolld & &
DEFE=Z0H ost H
Carrageenan Scenedesmus quadricauda

Agar, Polyacrylamide,

).
25 JEEH2 dl

0

(ENTG-3800)

) Activated sludge wet dAHzl Asal
Carrageenan, Na-—alginate _
CHotol 2 E.
Ot A S22l A
Carrageenan Nitrobacter agilis 220 2lgt Hibgt
S22 3
Carrageenan,
Na-alginate, ) 2= DHESIEHO 2
) . Alcaligenes sp. ot ol A o
Photo-crosslinked resin st H=+==2 ZAMA

Carrageenan,
Na-alginate,

Photo-crosslinked resin

denitrificans

el 2x Mel+=2
thate=z2 EATA.

Carrageenan

Chlorella sp.

2x Mels=32el ol

Na-alginate

Pseudomonas denitrificans

Ca—alginate

Methanosarcina barkeri

Ca—alginate

Nitrobacter agilis

Nitrosomonas europea
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To be continued

) ) . Experimental
Meterials and method Microorganisms
abstract
LE3HI =2 =SEaInl
) . & H =2 A=l ol
Agar, Acrylamide Activated sludge _ oL )
olgt H3II=s0 CHall A
2E
o ZpNGR, ©$EFZ 1)
) nitrificans, _ _
Acrylamide o dstol elst HEAXMA &
denitrificans
&
DEG DIMESl JIE
Sy, IS4
Polyacrylic sodium Anaerobic bacteria _
JIdXelul2 H=Z S0
ol B E.
) ) IeEs SFHAH CHol M
Polyacrylamide Citrobacter sp.
aE.
. . H==o40l CH ol A
Polyacrylamide—hydrazid| Pseudomonas sp. e
DNHSEAHY Aot
PVA Activated sludge o AXHelN Slst A3
s dE.
H=g4dH=+2 HA5H
PVA Phenol degrading bacterial2lOl 2lst D&Hs Hs=
=olz2 H3ldls ZE.
DEMES 24, A
Photo-crosslinked resin | denitrificans O €& 2450l CHoiAM
2E
) . " g4 L2LI0F B2
Photo-crosslinked resin | nistrificans _
& ArSt,
OlME DA e
Polyelectrolyte complex | Nitrosomonas europea SsSEILet Ot& At A
=0 ol 2 E
DNHEF0IM=9 S|
Polyelectrolyte complex | Paracoccus denitrificans |2 2480 CHolA &
E.
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Table 6. Composition of synthetic wastewater

Component Concentration (mg/4) Remarks
CeH12056 187.5 Carbon source
KoNi(CN)4H-0 120.4 Nitrogen source
KH2PO4 103.2 Phosphorus source
NaHCOs3 50
FeClz-H.0O 0.09
Minerals
CaClz2H20 1.4
MgSO47H20 7
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3

2 AE AMEE DE3 M2 M PEG-1000(Shin-Nakamura Chemical, wakayama)

M= N,N'-methylene—bis—acrylamide(Wako Pure Chemicals, osaka)

012, E& M= N,N,N'N'-tetramethylethlene—diamine(Tokyo Kansai Co.)0l11, JH

AlM= potassium persulfate(Kanto Chemical Co.)0ICt. Ol &3 MHe= A

SRl L2IA L= S0P 0 FE0F EOA ZIILE W0l CHaHAL QHRIGHTH®,
D3 FHSAX MENFE Shumino S92 Ygg M50 Fig. 52 20

RULCH M= HIES 252 Fig. 601 LIEHLHUACEH

, UEA 22 PEG 9%0l CHolM It M= 0.5%, S& M= 0.25%2 HIE=2

S8otod, ol 220 & =el(3000 rpm, 5 min, 25 T)8t &SHX SHENH

10%= Ege = HAIM 0.25%= €01 Zd0IEN AMEE22 €1 108 &
2dx 8 = HE 3 mmZ AE = S2= S0AM MEE = FHH+-E AMEGH]

4.
DEXN 20 DHsSHE 0MEo RXE AMHED| /ot =AM XS0IES A
SotQCH. DA 2445HAIE B0TOUHA 2A12F HAXS = Gold coatingatd

45000 HiE=2 2HEotACH (Fig. 7).
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PEG 9 %
\[%
Crosslinker 0.5 %
\[%
Promotor 0.25 %
\[%
Activated sludge 10 %
J
Initiator 0.25 %
4 10 min #xi
Cutting (3 mm)
J
Washing

Fig. 5. Procedure for immobilization of activated sludge.
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Fig. 6. Photograph of bead by immobilized activated sludge.

Fig. 7. Scanning electron micrograph before (A) and after (B)
immobilized on PEG 60 days in activated sludge.
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I Al S5£2 50 mg/LE = GHRALE.
8) Glucoseldt AletstglE =2oi0l DXl F&
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9) SCN™ Ol Aletstere ool 0IXl= Het
EIQAIPH S&S 282 200, 400, 600, 800, 1600 mg/L2 ==& otRULt.
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03 ''''''''
1. Air pump 2. Power supply
3. Diffuser 4. Reactor

Fig. 8. Schematic diagram of the experimental apparatus for batch system.
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Table 7 Ol LIEFHSA

=1 =}

BISAl U OIEAl A ARE SHES U 2
= = 24 = =
Ch &8 @ =AgEe +RATIAFY0 2A26t0 4G

Table 7. Analytical methods and parameters

ltems Analytical methods
pH pH meter, TOA HM-14P
CODwn KMnQO4 closed reflux method
MLSS Filtration—Evaporation method
CN™ Pyridine—Pyrazolon method
NHs =N Indophenol method
Phenol HPLC
TOC Combustion/non-dispersive infrared gas analyzer-—
TOC-5000A (Shimadzu)
SEM Japan, JEOL, JSM 840-A
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CN’ (mg/L)

60 Il KCN
[ Ni
I Fe
50 + = = = = = =
40 ~
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20 +
10 I
0 T T lT .‘T -l T
0 6 12 18 24 30
Time (hr)

Fig. 10. Changes of cyanide concentration according to the aeration

in distilled water.
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2. X0l ME ACtSEtE 2ol &8
== At Zoi AIZt0l ZBH UEH20, CN™ 50
ZoHE RO,

CIACH. MLSS

Fig. 11.2F €0l MLSSJt ==
mg/f= MLSS 4000mg/L, 6000 mg/LO0l Al 24A12t0F 36AI2FLHOM

MLSS 800mg/f, 2400 mg/f = 24AI2t0H 89.7%, 92.7%t M
1S 2 4+ UASH, 0 B RE AHUME

20l HS+= 2oiAIZ0l ®OIES
0

MLSS 4000 mg/¢t £ LIFGIH AES =oALt
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= AElAE D83 2dsHAE 0IE0t0, AleH 2o S22 ZAtotRU

=otULt OIX2 JIZ21 BtsS & U
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40
——e—— MLSS 800 mg/L
........ O MLSS 2400 mg/L
——-w——— MLSS 4000 mg/L
30 — . —g-—:  MLSS 6000 mg/L
g
(@]
£ 20 A
z
O
10 A
0

Time (hr)

Fig. 11. Effect of MLSS on the cyanide degradation by activated sludge.
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N
o
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Time (hr)

Fig. 12. Effect of the amount of activated sludge

on the cyanides efficiency.
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1 __ K, L1
V I/IIIH.X [S] .VI-II?LX
vmax = Z0erESs: (mg/Lh)ﬂ ; yé“_ﬂ = 1/\/ma><

ag ZUE 2HZ 2AHMHO 2o Lineweaver — Burk plots Zaotd 1 2
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Fig. 13. Effect of initial CN™ concentration on the CN~ degradation(A)

and Lineweaver — burk plots on the cyanide degradation
by Activated sludge(B).
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Fig. 14. Effect of initial CN™ concentration on the CN~ degradation(A)
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by Immobilized activated sludge(B).
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Fig. 15. Effect of pH on the cyanide removal by activated sludge(A)

and Relative activity(B).
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Fig. 16. Effect of pH on the CN™ degradation by immobilized activated
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Fig. 17. Effect of amount of immobilized bead on the CN™ removal.
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Fig. 18. Biotransformation of cyanides by immobilized activated sludge.
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Fig. 19. Effect of glucose concentration on the cyanide degradation

by immobilized activated sludge.

_49_



COD (mglL)

2000
J{. —@&—— control
\. ~~~~~~~~ O glucose 200 mg/L
\ ———w%—— glucose 400 mg/L
1500 - \ —..—-—-- glucose 600 mg/L
'\ — . — glucose 1200 mg/L
\ ——0O—— glucose 2400 mg/L
.\.
1000 - \
\
N\
™~ \
N \
500 - \ \
b — e .
N O — . O _
~— T AN I
0 10 20 30 40
Time (hr)

Fig. 20. Effect of glucose concentration on the COD degradation

TOC (mg/L)

by immobilized activated sludge.
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Fig. 21. Effect of glucose concentration on the TOC degradation

by immobilized activated sludge.
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Fig. 22. Effect of SCN concentration on the cyanide degradation

by immobilized activated sludge.
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Fig. 23. Effect of SCN concentration on the TOC degradation

by immobilized activated sludge.
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Fig. 24. Effect of phenol concentration on the cyanide degradation

by immobilized activated sludge.
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Fig. 25. Effect of phenol concentration on the COD degradation

by immobilized activated sludge.
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Fig. 26. Effect of phenol concentration on the TOC degradation

by immobilized activated sludge.

500
—@—— Phenol 100 mg/L
~~~~~~~~ O+ Phenol 200 mg/L
400 K ——-—%——— Phenol 300 mg/L
E — Phenol 400 mg/L
N\
N\
J 300 ‘
=) ’\\ N
£ N N
5 AN -
5 N
(©] =
£ 200 % N N
\\ V\..
AN N
100 4 \‘v\ ~.
T\
Qi e e e G e e
0 g
T T T T T T T i
0 6 12 18 24 30 36 42 48
Time (hr)

Fig. 27. Effect of phenol concentration on the phenol degradation

by immobilized activated sludge.
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