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Abstract

To improve wastewater treatment in a confectionery factory and to optimize chemical coagulation
process, this study was performed. CODw, and total solid of untreated wastewater were 200~820
ppm and 860~ 1350 ppm, respectively. Composition of total solid was sugar 40%, protein 10%, hexane-
soluble 20%, and ash 30%. Turbidity at 650 nm and the amount of suspended solid (SS) showed
correlation, thus turbidity could be used for the on-line measurement of SS. The most effective combi-
nation of coagulants for the removal of CODy, and SS was that of Al(SO,); and Ca(OH).. The optimal
concentration of AlL(SO,); and Ca(OH), was 480 ppm and 200 ppm, respectively. Optimal retention
time of wastewater for AL(SO,); addition : Ca(OH), addition : flocculation was 2 :2:10 min. Multiple
treatment of Al(SO,), : Ca(OH), overcame coagulation inhibition by gelatin and detergent, and addition

of microbial sludge reduced it.
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g3k AR s & AARE & F drk 53 N-
H 225 % suspended solid(SS)— E}K}ﬂ zg] & 20%
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Turbidity 2] A#3A& 45 mshe}. A7pA] e A2
A%, shatd A, e H2g)E 180 nmel A
800 nmAke] & scanning 3 H.gtch o7|M 1A ES
250 nmol| 4, SSE& 650 nmell 4 EAHE7] T Hem
v}ebeh(Fig. 1). Benschoten 578 254 nmell M8 &
5 (Ag) S CODy, 4ol A3t ¥ AdeAe
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Table 1. Composition of wastewater(WW)

(Unit: ppm)

Components Untreated WW

638-355"( 473)"
258-142 ( 202)

Total Sugar
Reducing Sugar

Protein 179- 46 ( 105)
Normal-Hexane 394- 43 ( 223)
Ash 425-224 ( 306)

Suspended Solid
Total Solid
CODw,

800-150 ( 360)
1346-856 (1031)
820-196 ( 407)

AL(S04);-NaOH Discharged WW

treated WW

454-196 (361) 65-T%  ( 15)
202- 88 (157) T-T [¢))
151- 5 ( 44) 44- 2 (13)
112- 17 ( 44) 44- 2 ( 21)
550-352 (423) 468-324 (384)
130- 29 ( 61) 25- 15 ( 22)
1010-740 (878) 708-486 (589)
267- 45 (188) 8- 2( 3

YMaximum-Minimum value
YAverage value
3T: trace (<1 ppm) amount

The data were obtained from 1 measurement/month for 6 months.

2.0
1.54
g 1
g
251 .04
2
< 4
054 ntreated Wastewater
12(504)3-NaOH treated Wastewater
00 Discharged Wastewater
150 250 350 450 550 650 750

Wavelength

Fig. 1. Absorbance spectra of treated and untreated
wastewater
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Table 2. Optimal concentrations of coagulants for the
removal of CODy, and SS

Concentration Removal Rate(%)

Coagulants (ppm) CODy, S5
Alz(SOO; NdOH 570 180 36 87
FeCl; CaO 300: 90 41 93
Al(SOy), : Ca(OH), 480 : 200 44 100

The data were obtained by taking the average value of
two experiments. The first sample was obtained from fac-
tory drain (CODyy,: 330 ppm, SS: 170 ppm). The second
sample was made by addition of biscuit 800 ppm(w/v)
and chocolate 760 ppm(w/v) into first sample to give inc-
reased final concentration of CODy, (945 ppm) and SS
(960 ppm).
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Table 3. Optimal impeller speed and agitation time for
maximum removal of SS

Table 4. Effect of retention time on removal of CODy,,
SS, turbidity in continuous process

Agitation Time Impeller Speed

Process (sec) (rpm)
Al(SO4)3" 65 150
Ca(OH),® 65 90
Flocculation® 660 50

DAI(SO4); 500 ppm: Ca(OH), 200 ppm, 100 rpm, 60 sec;
flocculation 50 rpm, 15 min
2Ca(OH), 200 ppm: AL(SO4); 500 ppm, 150 rmp, 60 sec;
flocculation 50 rpm, 15 min
FFlocculation: Aly(SO4); 500 ppm, 150 rpm, 60 sec; Ca(OH),
200 ppm, 100 rpm, 60 sec

T8 &ZxrF WS 2rh 7)ol wlsle] ALSCy)=
8 =7F =3 pHoell A). AlL(SO)s7t #7hEA)E vzt
pH7} F4d0] Sw, Sl =} wf$ wola) 7] wjiel], 4
9 #7] A A ol A7 A=) o o]
F2 Al(SOs0] ®A HrbElel 4kl pHellA 53-3)

B3 Fatsle] 1S AHie 7138 FEE e
o] o v e Al

SAHA 3=t pHe| s vtouz YH3 o
d2] pHE ZARRE 23 63~74019ch o #59)
Z7) pHE pH 6.0¢1 4 pH 8.07}%] 25 4& o, pH 7.0
oAl A e SSAMA A&E HdcHturbidity AA &S
pH 6.0, 89%; pH 6.3, 93%; pH 7.0, 97%; pH 7.6, 92%;
pH 8.0, 85%). o] A% 2] pHe H3l= A7 Az F 345
9 #H7 sl ASedE R3] dod ;e
dAdel slom, AulEgr Unk A2 A Aol vt tur-
bidity = ¥ 10% AHXx o] & W 4 it} Black 599
ATl M= Al(SO,); 200 ppmol] «]f& 23 A Ee] pH
6.5~75¢ 4 & Holglcty Busigic) SAdAY Fxot
10ppm HEEZ e 7S+ A]‘i{ Z SSE Egst
24E8A AR wmdd FHelrh dFoz A HH
pHell & o7} sl o) 2 Aglef 49} 7to] S-314 9
A 2 Aels A pHe| odgfe] A
o7 g}y BaEg i

SSe] AAREC] HARZ == 2L A7) 98,
g e el WHRAIZME HER Eled turbidity?) 7R3
A HE 278 RSMe 9jsle] Fatgith(Table 3).
Aol agitation timed} impeller £E= Al(SO,);: Ca
(OH), : flocculatione] 65 : 65 : 6602<} 150 : 90 : 50 rpm
oldrh. HA S 27 A&T A MLk A=
TS FEF o2 A AF Al7te] HE hE 58S
A1 3l9dt(Table 4). Al(SO,),2} Ca(OH),2] H7}A] re-
tention time& 2%9o] 1A CODe} SS A Ao #wA
o)gdt}h. Flocculation& 583 1087ke} 9b& sudl g
TFolA F£ FAnE ddged, 529 AMHelTFolAe
v AA floco] AU7] wWlFel 1024 Mo o £

Retention CODw, SS Removal

Process Time Removal Rate Rate
(min) (%) (%)
AlL(SOs); & 6 40 97
Ca(OH)," 2 45 98
1 43 98
B? 45 98
Flocculation® 5 41 96
10 41 96
15 37 94
25 37 89
B 45 99
Sedimentation® 100 41 96
50 38 91
25 38 90
B 45 99

YSamples were fed into two 300 m/ flasks (150 rpm and
90 rpm). Flow rates were 50 mi/min, 150 m//min, and
300 m//min, which gave retention time 6 min, 2 min, and
1min, respectively. The treated samples were flocculated
in 500 m/ beakers with jar tester and precipitated for
30 min. The data were obtained from measurement of
supernatant.

2B: Batch test

YA1NSO,); and Ca(OH), treated samples were fed into
beakers. By using several beakers with different sizes,
retention time was varied. The next processes were the
same as 1)

Flocculated samples were fed into 8 liters sedimentation
tank at flow rate of 80 mi/min, 160 m//min, and 320
mi/min, giving retention time of 100 min, 50 min, and
25 min, respectively.

Asteta & 4 odgdeh AAH AP A= 5043 2589
Helte 2 A} Tr*}z} a, 1007k AA Ae
TollA batch WHxTel G AFHE Lok Jar
testoll 4 2L agitation &5 Z o] 83}o] JEAYP &=
o] IAAFNI HHRAL d7] $1ste] retention
time-g WA el sl 283 Mol 9loA] scale-
uptl 7 FeskA Azsjol & Y2 R ¥4E
aedsfol Fe(AEIA Held glojde ALAHEEH
GFH8A TR E 1.8)). 3714+ impellerE magnetic
stirrer 2 AFE-3bgl7] wWiEol| 8719 =& w|Eol gt
Frof FAskgv) A dxe]o] 9le]4= scale-upel
AMEEE 7R FAWE giste] GiE A=
7ol & Zolet AtmEc) o] W v 7]} shear fo-
rcet floce] AL dhslslz, @utr]e] 7+ 2| Hwvlc}e)
shear forceZ L#13}od c}te] impellerE A48k 7]
o] bty F& WHHAZF 28, F5 w7 2-r

ok wHbA|ZE 108, AMA 7R 10038024 A
Qad 2ale] W84 1i1: 109 vltetel ¥ of ois
ZAe M) Mg 1:1:59) Azsich



322 g HEAG A A2

Coagulant Single Treatment

1.2 I
0.9 |
o
b 0.6 -
}—
0.3
‘ —
1] T T y
0 250 500 750 1000
Coagulant Doubie Treatment
1.2
0.9 |
h
o
- os )
-
0.3 |
0 =
0 250 500 750 1000

Gelatin (ppm)

Fig. 2. Coagulation inhibition by gelatin and deter-

gent

@—©, detergent 0 ppm; a—a, detergent 2000 ppm;
—M, detergent 4000 ppm. T/To: turbidity of treated

wastewater/turbidity of untreated wastewater
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a) z%q_} ,q]_?./} _vi] Q 3}03 oW, Y 61 Jﬂ s e_ L‘_}qu 4—1
Ab2-slode) 2893 biscuit 0.41 g/l + chocolate 0.38

g/l2 st CODw,: 275 ppm, SS: 350 ppm, turbidity

274 A 33 (1995)
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Fig. 3. Effect of microbial sludge addition and multi-
treatment of coagulating agents on removal of SS, CO-
D, protein(gelatin), and detergent
. 2 treatments of coagulants; @, 2 treatments of coagu-
lants with microbial sludge, B, 3 treatments of coagula-
nts

{650 nm): 0.5010] =}#A slo] Abg-stelct. o 7ol A4 <t
gelating Aol d&& #aA)geh 2 Agel slojA
B A FiE TR, o F b ASe
Al fapg Hels g AMSstduh A Auke g
& el A3 3000 ppmel] 58] A&l %3] 17, gelatin
uhe dR8h R foll e 250 ppmeol| A HE §-5ut
o] Aslx] 7] *l"LﬁP"ﬂElr(I“ig 2). Frld & gela-
tina} A 7F & EaQer w22 =) 5340] o}3}

Flvhw ’P"“’]‘ﬂﬂr Gelatina} A|#| 7} 3to] Ezf&hA] =
WA A e} gelatin(dF2) v Aol 7“”3}04 AL(SO);

of whgat ¥y-e qlaonA $AAH AT salale
e wadd. el SUAUE 3 Ugel A4

g4 pre] nedl g b o S My s A =l &3
] Fo) turbiditys} %719 turbidity®] w]&o] A
# o i vrel "t Fig, 2). 2312) Al(SO,), : Ca(OH), [(480
ppm : 200 ppm) X 2]2] H7}i= AL(SO,), : Ca(OH),(960
A7brch AN o vishok(Fig,
3). o]+ AlL(SOy);: Ca(OH), 2] B} gkHgh {-4ka) o]
A 182 Al(SO0):S F7F Aol o3k s R
Gk o] w359 ASOL) : Ca(OH). | (480 ppm :
200 ppm) X312} Hrh= ol 2 {7154 SHe) A
X givkFig. 3).

vlrpe] AR Aol m g% Fejx]e) Hrke Aot

ppm : 400 ppm)<]



NEESNE P L

ololrke w37} 9l o= 20 A A2} gelatin®] #| 7ol
o) B ZelaE o]&sled Hskeh &Elrl Al
o A wjokEl SUE o) &SIHHAET T 4.8%). £ A
o A AAEINE 2%v/ME sk ZAshelch
o) QB LY Arbe 22 R4 HYeh FAl A
A 71FeR shgded 2 olfs Al 4
glot A, SAA 7L ArpElefolxint $Alukg-o]

O R LLRETE S D

;

ol
w

P

o

ol-% Zloz Algdrt sehd el w4 - eHturbi-
dometer-1, signal T,) EHHe] g F4Ftur-
bidometer-2, signal T) turbidometeri:< A28}, T/
To7t dA4% oj4te] =™ computerell 4] #pg gy =2
AEZE B #Hgrh gebd Muipow ek
o 3 2EE7) vhed Aol dxle FE HE

He] Wpielnt AAlstel 3= olxut $lell 4]
Amgh 2 e AulE ozl el Al e
otxe] wAS A4 5 girk

e o

A3 A} sppHe]e] s S-S 2 e
ddsled o] AFE FaYsigict vlA e #59 CODu,t
7+7+ 200~820 ppm3t 860~ 1360 ppme] S}
o #4e F vy E] QRS @ 40%, A 10%,
hexane-soluble 20%, 3% 30%53c}t. 650 nmoll <] tur-
bidity ¢} suspended solid(SS)7ZFoll 4= “#+2hakA| 71 gl9l.o
22 turbidityr #79] on-line FHETFZE AREE 4
sldet A8 S AA FellA CODy# 8S Al A 7H
gzl AL AL(SO);: Ca(OH).® %¥ AM&eolgich
& o] AL(SOy); : Ca(OH). %+ 480 ppm : 200 ppmo)
et HA e #H 5] A7R(ASO)s #H7): Ca(OH),
H7b: 53 £4) 2:2: 10201tk of e W) Al(SO,);
: Ca(OH), He)z42 gelatina} A &A] A 2] &34 sl
g S5 7 oo, vigE Sale] AHrhe ol

H 7ol Ego] wHdck

SAA B4E

Z o2 =)
F a1y

|

i—

Ho

1. Liao, M.Y. and Randtke, S.J.: Removing fulvic acid
by lime softening. /. AWWA, 77, 78 (1985)
2. Brink, D.R., Choi, S.. Al-Ani. M. and Hendricks, D.W.:

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

D IEEL

323

Bench-Scale evaluation of coagulants for low turbidity
water. | AWWA, 80, 199 (1988)

. Black, AP. and Chen, C.: Electrophoretic studies of

coagulation and flocculation of river sediment suspen-
sions with aluminum sulfate. /| AWWA, 57, 354 (1965)

C 2R, oA el wl A el B AT e

st 1A B, 1, p48 (1983)

L opa: el @Elo) ol CuionHele] B3 AT

QR Fy =R,

A23, p.651 (1982)

. Drennan, W.C.: Increasing wastewater treatment. Food

Engineering, 97 (1987)

. King, D.A.: Pretreatment of snack food bakery wastes:

a case study, Dairy. Food and Environmental Sanita-
tion, 9, 68 (1989)

. Rusten. B., Eikebrokk, B. and Thorvaldsen, G.: Coa-

gulation as pretreatment of food industry wastewater.
Wat. Sci. Tech., 22, 1 (1990)

. Tchobanoglous, G. and Burton, F.L.: Wastewater trea-

tment, McGrow-Hill, New York, p.126 (1991)
Committee reportt. State of the art of coagulation.
] AWWA, 63, 99 (1971)

Robyt, J.F. and White, B.J.: Biochemical techniques
theory and practice, Brooks and Cole publishing com-
pany, New York, p.1 (1982)

Miller, G.L., Blum, R., Grennon, W.E. and Burton, A.
.. Measurement of carboxymethylceliulase activity.
Anal. Biochem., 2, 127 (1960)

F87)6AR A0, FA0dTYIHY, F3E, p.
107 (1988)

A.OA.C.: Official Methods of Analysis, 14th ed., Asso-
ciation of Official Analytical Chemists, Washington, D.
C.. p91 (1980)

ghavkelel Agal, 33 BA #Ha FEI p6lo
(1991)

Dentel, SK. and Gossett, JM.: Mechanisms of coagu-
lation with aluminum salts. | AWWA, 80, 187 (1988)
Benschoten, J.E.V. and Edzwald, J.K.: Chemical aspe-
cts of coagulation using aluminum salts-II. Coagulation
of fulvic acid using alum and polyaluminum chloride.
Wai. Res., 24, 1527 (1990)

Randtke, J.R.: Organic contaminant removal by coagu-
lation and process related process combinations. J.
AWWA, 80, 40 (1988)

Wang, D.IC., Cooney, C.L., Demain, A.L., Dunnill, P,
Humphrey, AE. and Lilly, M.D.: Fermentation and
Enzyme technology, John Wiley & Sons, New York,
p.194 (1979

ol Al AL iy Ae Al
MP 7)% olF4, p74 (1986)

(19943 119 1 39



