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ABSTRACT

Agro-industrial waste due to the high pollution @atial among industrial wastewater can have sigaifit impacts
on the environment. Sugarcane industry wastewatguires applying biological methods such as actigtatludge
with complete-mix because of non-permanent drairemgehigh organic load. The purpose of this studpireview
and determine the kinetic's coefficient of actidagdudge of sugarcane industry wastewater treatrpéanit. This
study was performed over a 6 -month period in 284@ TSS, COD and BOD parameters in the input arigubu
wastewater and the amounts of MLSS, F/M, MLVSS,aBRHRT of the aeration basin were measured anetiki
values K, Ks, K, Y anduma were determined using the modified Monod equatam®.05 d, 36.6mg/l, 2.5 4,
0.36gVSS/g COD and 1.0Z2.dThe results showed that the kinetic coefficiefisctivated sludge with complete mix
of sugar cane industry was similar to other studieshis industry and system is functioning in reeld growth
phase.

Keywords: Wastewater treatment, Culture and Sugarcane ingdustretic coefficients, activated sludge - perfect
mix-complete-mix

INTRODUCTION

Agro-industry wastewaters are the swages created rasult of human activity in relation to the pgssing and
production of raw materials that as sub-group diistrial waste can have significant impacts onetheéironment
because their pollution potential is very high (Bhurces of pollution include: mill effluent whidwontains high
levels of oil, grease and sugar and thus it hab d@gels of BOD, wastewater from washing sugarcamsuding
plentiful suspended particles and mud , wastewieder cleaning boilers which has dissolved solidd phosphates,
cloth filter sewage including high dissolved solated BOD, wastewater of the cooling system comaighemicals
such as caustic soda, sodium carbonate and hydeil used to remove germs (4) and wastewateltirgstrom
infiltration ditch that has high BOD indicating thegh sugar concentration (7).

One of the problems in the sugar industry is difoopus nature of plant activities, the activitytbfs plant in the
USA is 25-100 days per a year and 5-6 and 4 mantfesr in Iran and India respectively (6, 7).
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Among the various methods for treating wastewatethe sugarcane industry, using biological methisdgery

important because of the discontinuity and highaaig matter load. Therefore the bacteria in thectet treatment
process should be resistant to change and theyimédméghe purification tanks when the sewage prdidacstops

and they should produce low levels of sludge st itheould be kept. Therefore an anaerobic biolagtceatment
method followed by aerobic biological system shobéddevised. Upflow anaerobic sludge blanket (UASBY

activated sludge are among common biological metheged in this industry. At present, anaerobictoracare

widely used in treatment of organic waste, with med and high concentrations. Biological treatmerthw
activated sludge is the most common method forkéenvastewater treatment. The process of growinglae

bacteria is based on controlled conditions in teofrissolved oxygen and biological suspended solid

Almost all types of wastewaters can be biologictigated by environmental analysis and monitorgrordingly

understanding biological processes’ characterissiessential to provide a suitable environmenhaitd effective
monitoring (13). Optimization, monitor and contafl a biological process are among most importativiies in

the field of research and industry the importarfogtach is increasing day by day (see 11). Givenithportance of
this topic various studies have been done in thes.aKinetic coefficients of activated sludge sgsteave been
calculated and determined using the modified Moaqdation for wastewater treatment of industriehsag pulp
and paper industry (1), oil (17,8) tanning and Heatindustry (9,14), poultry slaughterhouse(10)jmats food

production (12) and pre-refined palm oil indust8)1

For the design, operation and maintenance of aer@riaerobic wastewater treatment plants choosinegtiks
coefficients Y, K, pmax KS, andp depending on the type of wastewater and climatieditions of the region is
necessary (3).

In this study Y, K, umax KS, andu kinetics coefficients of the activated sludge mdustrial wastewater treatment
plant of Imam Khomeini sugar factories- Shushtardetermined and analyzed.

EXPERIMENTAL SECTION

The study was conducted during 6 months in 201Kbuazestan sugar factory using aerobic activatedggu
treatment system with complete mix under an indalsscale. Due to the seasonality of factory attjvireatment
plant is active only 6 months of the year (begignof September with the sugarcane harvest to miuaey).
Production of wastewater in this industry due imalic conditions, delay in harvesting sugarcane iaterrupting
the production is not permanent. In order to cdntlischarge fluctuations and uniform quality of timput
wastewater in terms of pollution load, raw wastewa led to integration tank with 10 days of reimand then it
is led to modification tank to set the parameteichsas pH, COD/N/P and micro nutrients necessarthfo growth
of anaerobic bacteria. After the injection of cheaté required such as Caustic soda (NaOH) Hydroichézid
(HCL), Urea and phosphoric acid {I?Q,), the wastewater with a discharge of 58/mand temperature of 37
through the wastewater distribution pipes entesenftthe reactor surface with a distance of 1.20 oters the
UASB anaerobic reactor with a length and width éqaal5.8m, height if 6m and approximate size 0OQS?.
Organic compounds in wastewater contact with thesned microorganisms in the form of dense granpéaticles
with and approximate size of 0.14-0.5mm and look&gh percentage of their pollution and the wastews ready
to be sent to the aerobic treatment.

The system consists of three rectangular tanksatteatonnected to each at the bottom. Each tank haiger and a
surface aerator with37kw power. In this systemttkatment process is also based on the theoryeo¢kivated
sludge and sedimentation. Two tanks of three thakg spillways to exit treated wastewater.

The analysis of 7 samples was performed to deterthie BOD, COD, TSS, pH and VSS parameters thattees
in a total of 21 samples for each parameter [18].

2-1 The parameters required to determine the kimetefficients

COD or (9): The concentration of raw wastewater enteringéaetor in terms of mg/l
COD Or (S): The concentration of output wastewftan the reactor in terms of mg/I
MLVSS or (X): The concentration of microorganismglie aeration basin in terms of mg/l
SRT or gc): Cell retention time in terms of (day)

HRT or @n): The hydraulic retention time in terms of (day)
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2-2- Testing method
100 CC raw input and output wastewater was analyredletermine the COD concentration using COD
Spectrophotometer LOVIBOND brand Model ET 108 basedhe test 5250B [18].

100 CC wastewater of aeration basin was analyzetbtermine mixed liquor volatile suspended solid&{SS)
and mixed liquor suspended solids (MLSS) using ignatric method, a digital scale with precision 0.0,
stainless steel oven and furnace 8D degrees Celsius according to tests No. 2540F (18

Using the results of testing input and output datlie parameters of the activated sludge systerfi (B) and
HRT (6H) parameters were calculated monthly for the aerabtivated sludge system and using Minitab saiéwa
and plotting kinetic coefficients }, Y, Kg, umax@nd Kswere obtained based on Monod modified equation.

2-3- Method of determining the kinetic coefficients

To determine the kinetic constants K and Ks equogtl) was used: (17)

kXS _ So=S 1)
Ks+S 0

Tou =

Through dividing the above equation by X and reiver# equation (2) was obtained:
Xg _ K¢l | 1
s ks Tk (2)

The values of Ks ar%(dan be obtained by drawi@ée—sversué. The values of Y and fvere obtained by equation 3
g_

(©):

L _ylsu_

o= Y === Kq 3
According tor,, = —S‘)T_S equation (3) was used as follows:

1 So—=S _

o= Y% —ka 4)

By drawin%versusg% the slope of the resulting line equals Y and et equals k

After determining Y and K through the above equaidfixed maximum specific growth,x can be calculated
from the following equation:

HUmax = K.Y %)
RESULTS

The results of the experiments in this study toedeine the kinetic coefficients in November, Decemhand

January are shown in table (1). Using these inftionaand other available tables the kinetics coiffits for

November, December and January were calculated.

Table 1: Values obtained from tests to determine #hkinetic coefficients in November, December and daary

X (mg/l) 0(d) S (mg/l) S (mg/l) Number sample

Jun Dec Nov Jun Dec Nov Jun Dec Nov Jun Dec Nov
2251 1423 3452 0.38 0.38 0.38 120 94 100 1500 1200 1700
2544 1656 1622 0.38 0.38 0.38 105 65 88 1640 1150 1400
2034 1974 2126 0.38 0.38 0.38 92 76 125 1300 1440 1650
1691 1614 7026 0.38 0.38 0.38 110 107 120 1370 1310 1900
2422 1970 562 0.38 0.38 0.38 115 87 200 1600 1500 1980
2613 2272 6665 0.38 0.38 0.38 118 101 117 1720 1700 1700
2582 1632 3331 0.38 0.38 038 98 108 145 1520 1400 1200

~NOoO A WNE

Using the information in Table 1the value%,?)f%,gland% for November, December and January are presented
—920 Yc
in tables 2, 3 and 4.

1344



Afshin Takdastan et al J. Chem. Pharm. Res., 2016, 8(4): 1342-1349

1 X6 1 S— So-
Table 2: values of,———, —and—%in December
S'S—So’ 6. X6,

5= 5% e 1 ) X0 L umber
X6, 6, S—S, S
1.22 0.69 082 001 1
2.12 0471 047 0011 2
1.88 0779 053 0008 3
0.66 0.25 15 0083 4
8.34 3564 012 0005 5
0.62 0.23 16 0085 6
0.83 0.32 1.2 0068 7

X0 1 —So-
Table 3: values o*,—, Land=2%n November
S's—So’ 6, X6,

5= 5 e 1 d™m X6 1 umber
X6, 6, S-S, S

2 0.731 0.489 0.01 1
1.71 0.610 0.584 0.015 2
1.78 0.615 0.559 0.013 3
1.94 0.675 0.513 0.0093 4
1.88 0.642 0.53 0.011 5
1.82 0.62i 0.547  0.009¢ 6
2.1 0.737 0.483 0.0092 7
Table 4: values o*,X—e, Land=20in January

S'S—So’ 6. X6,
5= ., 1 _ X6 1
Xe. @ g @ 5z 5 3 number

1.5¢ 0.691 0.62¢  0.008: 1
157 0.681 0.635 0.0095 2
155 0.630 0.644 0.01 3
1.9¢ 0.84¢ 0.51¢  0.000¢ 4
161 0.721 0.620 0.0086 5
1.59 0.691 0.627 0.0084 6
144 0.619 0.690 0.01 7

Fig. 1, 3 and 5 present linear regression curvwém%and% for November, December and January. Also the
]

linear regression curves betweelerandg;(% for indicated months are provided in Fig. 2, 4 énd
c

161 y= 03570 +13.86 X °

Y = -0.0582 +0.4283 X

1.4 s 0.200109
RSq 8.3%
ReSq(ad))

0.89

X6/S-S0

0.69

s 0.199818
R-Sq 97.7%
R-Sq(adj) 97.2%

0.44

0.29

0.0

O.bO O.bl U.bZ 0.b3 0.b4 0.65 O.bG 0.b7 U.bB 0.b9 0 1 2 3 4 5 6 7 8 9
1/s S-S0/X6

S-S
X0

in November

Fig (1) regression betweeéand_% in November Fi8) linear regression betweefr and
—90 c
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= -0.05671 +0.3805 x

<

0.600

0.76 s 00168912
R-Sq oL.7%

Y = 0.3692 + 14.48 X R-Sq(adj) 90.0%

0.5754 |s 0.0213664
R-Sq 72.2%
R-Sq(adj)

0.550

X0/S-S0

0.5254

0.500 4

T T T T T T T
0.009 0.010 0.011 0.012 0.013 0.014 0.015

So

. . 1 Xo . . . . 1 5—So.
Fig (3) regression betweel?ands—s in December Fig (4) linear regression betweeg— and <o N December
—-So c
0.70 0.854
o = -
Y= 0.4965 +15.81 X V= -0.05494 +04661X
S 0.0183121 1 S 0.0207307
0.654 R-Sq 90.1% 0.80 R-Sq 93.6%
: R-Sq(adj) 88.2% o R-Sq(adj) 92.3%
L[]
o 0.751
VII 4
@ 0.60 -
[}
x 0.70
0.554
0.654
0.50 T T T T T T 0604 T T T T T T T
0.000 0.002 0.004 0.006 0.008 0.010 14 1.5 1.6 1.7 1.8 1.9 2.0
1/s S-S0/X6
. . 1 Xe . . . . 1 §-5o .
Fig (5) regression betweel?ands—s in January Fig (6) linear regression betvveeg— and XB" in January
- So c

According to figures 1 and 2 the kinetic coeffidelY, Ky, Ks, t maxa@nd Kqax0f November equal 0.4 g vss /g COD,
0.05 d*, 38.8 mg/l, 1.12 dand 2.8 &.

According to Figures 3 and 4 the kinetic coeffitienf December equal 0.3 g vss /g COD, 0.0539.2 mg/l, 1.02
d* and 2.7 &; also these values for January equal 0.4 g v$30, 0.05 d, 31.8 mg/l, 0.93 d and 2.01 .
Kinetic coefficients obtained in November, Decemlaed January of activated sludge system in was&wat
treatment plant of Imam Khomeini sugarcane induateyProvided in Table 5:

Table 5: kinetic coefficients of activated sludgeystems with complete mixing

Kinetic coefficients Coefficients Research findings

Range Usual November December January
K(d™) (2-10) 5 2.8 2.7 2.01
K< (mg/l) (10-60) 40 38.8 39.2 31.8
Kq(d™ (0.03-0.08) 0.05 0.05 0.05 0.05
Y (kgvss/kgCOD) (0.2-0.6) 0.4 0.4 0.2 0.4
Hmax(d™ (0.3-0.3) 1 1.12 1.02 0.93

Kinetic studies are very important to extend thegiaility of using the results of research on adustrial scale.
Environmental conditions can be controlled by setiH, temperature, adding nutrients or trace efesn@dding or
reducing dissolved oxygen and proper mixing. Envwinental conditions help to make sure about presehdtiee
excellent medium for microbial growth (5). Table) (@resents the sample kinetic coefficients relatedirban
wastewater (17).
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Table 6: Summery of the results of parameters obtaed from activated sludge system

month parameter
Jun Dec Nov
Wastewater Influent Quality parameters
45.3+582.8 60.2 +464.2 70+510 BODs(mg/l)
148.6x1521.« 187.4#138F 271.2+£1647.. COD(mg/l)
159.9+751.4 178.5+825.7 189.8+766 TSS(mg/l)

0.3+1.34 0.1+1.18 0.2+1.44 (Kg/m®.d)
0.03+0.3¢ 0.04+0.3: 0.03+0.31 BOD/COD
0.2+7.4 0.1+7 0.2+7.4 pH
2.6+36.1 2.5+33.3 2.1+32.2 0
Wastewater outlet Quality parameters
3+31.7 4+23.2 4.3+30.4 BODs(mg/l)
10+108.1 16+91.1 36+127.8 COD(mgl/l)

4.4251.4 2.952.5 48+454  TSS(mgll)
0.03+0.29  0.04%0.3 0.02+0.24  BOD/COD

0.1+8.3 0.1+8.3 0.1+8.3 pH
0.1+6.3 0.1+5.8 0.1+6.3 DO(mgl/l)
12+1935 1.3+207 1.9+22.8 0 (°C)
Pollution removal efficiency
0.5+94.5 0.95+95 1.2494 BODs(mg/l)
1.7492.8 1.6+93.4 2.3¥92.2 COD(mg/l)
1.4493.7 2.4497.7 1.4+94 TSS(mg/l)

Table 7: Bio- kinetic coefficients for activated sldge process in domestic sewage treatment (17)

Coefficients Research Results
Usual Range Single Coefficients
5 2-10 day* K
60 25-100 Mg /1 BODs Ks
40 10-60 Mg /1 COD
0.1 0.4-0.8 Day™ Kq

0.6 0.025-0.075 VSSmg/BQ@Eng Y(Kgvss/kgCOD)

These values have been reported for 20 ° C.

Table (7) presents the sample kinetic coefficiealated to urban wastewater (17). The averageikigeefficients
calculated in this study are within the range dfiea related to urban sewage in activated sludgeisy

Average K coefficient or the overall rate of thewcgon within the month under study was 24 @his figure
indicates the nature and biodegradable properthefwastewater and presents the decompositionofateganic
matter.

Sajad Heydaet al (2008) in their study on the leather industry wasiter treatment by means of aerobic activated
sludge system obtained the reaction rate coefficignal to 3.1 d". Other kinetic coefficients & Kq and Y in this
study were equal with 488 mg/l, 0.03% and 0.64 kgvss/kg COD (14).

Ting Hues et al. (2012) in their study to determkieetic coefficients of activated sludge by (ASRgctor in
poultry slaughterhouse, obtained K or the ovemtk 1of the reaction as 3.2.dOther kinetic coefficients & K4 and
Y in this study were equal with 78 mg/l, 0.08 and 0.34-0.36 kgvss/kg COD(10). Also in the stadgducted by
Ahmad Kamarolenaji@t al, (2007) on the treated wastewater of palm oilkimetic coefficients K, K Ky and Y
were obtained as 1-1.57,d272-348 mg/l, 0.07-0.092'cand 0.34-0.75 kgvss/kg COD (19).

In this study the mean value for the growth rategsal to 1.02 that comply with the proposed livaitues and show
high removal efficiency of organic materials.

Heydar and Aziz (2009) in their study on the leathdustry wastewater obtained the specific groratie of 1.46 d

!, Other obtained kinetic coefficients K,KKqand Y in this study are 3.125'd1.25 mg/l, 0.041 4nd 0.44
kgvss/kg COD (10).
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Gilbert et al (2004) in their studies on the oilustry wastewater obtained specific growth ratefment p,,x as
0.25. The value of kinetic coefficients, Ky and Y were obtained as 2,d.01 d and 0.69kgvss/kgCOD (12).

Compared with kinetic coefficients obtained frondustrial wastewater coefficient Y of the presendgtwhich is
equal to 0.36 kgvss/kg COD is similar to coeffi¢gignof pretreatment wastewater of palm oil in thedy of Ahmad
Kamarolenajio and coefficient Y of poultry slaugtteuse in the study of Ting Hues that were 0.34 @34-0.36
kgvss/kg COD. Kinetic coefficient K in this studyueals 2.5 & which is correlated with K coefficient in leather,
slaughterhouse and oil industry wastewater thae\8et25, 3.2 and 3.28'dThe coefficient K of this study is 0.05
and complies with the Kcoefficient of oil industry wastewater in Tellemdy, wastewater pretreatment of palm oil,
?oultry slaughterhouse, leather and petrochemieatewater that were 0.04, 0.07-0.09, 0.08-0.013 ar@ 0.06 d

CONCLUSION

The average kinetic coefficientsg,KY, Kg,umax and Kax Of aerobic process with complete-mix of wastewater
treatment of Shoushtar sugarcane equal: 36.6n8§§V.SS/g COD, 0.054 1.02 d* and 2.5 d, the average
organic load equals 1.32 kgCOD/mhand COD removal efficiency equals 92.8%. Kinetiefficientsumacky. Y, Ks
and k.. values of this study comply with other studies ahdy are within the range of urban wastewater in
activated sludge system and the system is funaiipim reduced growth phase. The kinetic coeffigestitained in
this study can be used in navigation, operationsamdlar treatment plants of sugar cane industry.

Indicates the proper functioning of the UASB anh&rcsystem as suitable pre-treatment for aerobivated
sludge system.

Appendix (2)

S (COD): Input substrate concentration in terms gfim

S (COD): Output substrate concentration in termsofi

X: The concentration of microorganisms in termsnof/|

0. or SRT : Cell retention time in terms of (day)

HRT or @n): The hydraulic retention time in terms of (day)
Kg: cell death coefficient

K. Half reaction rate constant

Mmax Maximum specific growth rate

Y: maximum return coefficient

Kmax Maximum speed of decomposition of organic matter
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