ISSN(Print): 1225-7672 / ISSN(Online): 2287—-822X
DOI https://doi.org/10.11001/jksww,2017,31.4,289 |

HNXSE b=

DN SAE 28 Y

XA FHUSS I3t AR

- =00

Development of Empirical and Statistical Models for Prediction of
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ABSTRACT

Pulp and paper industry produces large volumes of wastewater and residual sludge waste, resulting in many issues in
relation to wastewater treatment and sludge disposal. Contaminants in pulp and paper wastewater include effluent solids,
sediments, chemical oxygen demand (COD), and biological oxygen demand (BOD), which should be treated by wastewater
treatment processes such as coagulation and biological treatment. However, few works have been attempted to predict
the treatment efficiency of pulp and paper wastewater. Accordingly, this study presented empirical models based on
experimental data in laboratory-scale coagulation tests and compared them with statistical models such as artificial neural
network (ANN). Results showed that the water quality parameters such as turbidity, suspended solids, COD, and UVA
can be predicted using either linear or expoential regression models. Nevertheless, the accuracies for turbidity and UVA
predictions were relatively lower than those for SS and COD. On the other hand, ANN showed higher accuracies than
the emprical models for all water parameters. However, it seems that two kinds of models should be used together
to provide more accurate information on the treatment efficiency of pulp and paper wastewater.
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Table 1. Characteristics of pulp and paper wastewater
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Turbidity COD UVAss Total alkalinity Electric conductivity
pH ~ru) | S8 L o (cm™) (mg/L as CaCOs) (mS/cm)
1% sample 6.83 98.8 140 1,029 0.631 564 1.45
2nd sample 6.9 100.8 140 887 0.846 610 1.203
31 sample 6.65 430.0 1,220 2,253 0.670 764 2.230
4t sample 6.906 655.0 810 1,520 0.600 642 1.724
Table 2. Operation conditions for coagulation experiments
Parameters Conditions
Coagulant dose (mg/L) 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000

pH

2, 4.5, 7, 9.5, 12

Temperature (C)

10, 25, 45, 55, 60
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Fig. 1. MLP (Multilayer Perceptron) structure for ANN model.
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Table 3. Empirical model equations for prediction of coagulation treatment efficiency

Polynomial regression model Exponential regression model
209.354+0.153 X (Tur0) — 16.341 X (pH) — EXP(5.923) X ((Tur0) ™ 0.424) X ((pH) ™ — 0.978) x
Turbidity 1.990 % (Temp) ((Temp) ~-0.663)
n=80, R?=0.545, F=30.392 n=80, R?’=0.575, F=34.338
205.140+0.071%(SS0) — 1.955 % (Temp) — 11.400 X EXP(4.365) X ((SS0) " 0.357) X ((pH) ™ — 0.388) x
SS (pH)+0.116 X (Tur0) ((Temp) ™ — 0.340) X ((UVAO0) ™ — 0.603)
n=80, R*=0.688, F=41.379 n=80, R*=0.731, F=51.010
1334.490+0.411%(SS0)— 23.640% (pH)+0.124 X
(550) ) EXP(3.705) X ((CODO) "~ 0.465) X ((Temp) ™ — 0.091) X
COD (Dose) —434.686 < (UVAO0) — 2.369 X (Temp) — ((pH) ™ — 0.106) x ((Dose) ~ 0.055)
0.146 X (Tur0) P ' :
n=80, R*=0.883, F=91.658 n=80, R*=0.855, F=86.973
VA 0.768 % (UVA0) — 3.713E— 5x(CODO0) ((UVAD) "~ 0.973)%((SS0) ™ — 0.048)
n=80, R?=0.615, F=61.492 n=80, R*=0.527, F=42.875
y =0.5451x + 40.453 y = 0.687x + 46.651
R? = 0.5454 R? = 0.6882
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Fig. 2. Application of empirical models (Linear models) for prediction of coagulation treatment efficiency.
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Fig. 3. Application of empirical models (exponential models) for prediction of coagulation treatment efficiency.
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Fig. 4. Application of ANN models for prediction of coagulation treatment efficiency.
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Table 4. Comparison of R* values for empirical models with those for ANN models

Turbidity SS COD UVAjs4
Empirical model (Linear) 0.5454 0.6882 0.8829 0.6145
Empirical model (Exponential) 0.5506 0.7611 0.8782 0.6056
ANN 0.9254 0.8986 0.928 0.8112
7] wjgo] ANN welo] AgH mulurh £4S o]  #ge) =S 99 AFH weyl ANN wgo] e
Zsld Al & 4 olrk. oljs AWt e o) Wasitw wuEd.
B!

L A9le gl olg WA maT £40%
oho] TAZE HIAFH BAC)Y HEos T
o BT o AR ol Ata oI5

3.3 dd 2En ANN oiSZzte] Hlw
Table 4+= oAl 13 A2 e} ANN Ko
R 3t vlastar Qo AR H4=2] $3& o]&3et A
Al o Sol glo & AFtolA B B, SS,
COD, UVA & HE AR tiste] HH4 =y
of H]s}o ANNg AR A7t Bk =& A
E Holil it} Egh A Ao vlaLsto] ANN o=
Ao =AM 71717} 1o 7hgaL yAsHo] 2A U
Bl Qlo], A Ao ANNo| =2 A s HolF:
AT
AEA o A= CODe} SS7F =2 o=
£ Ueloy, gxel UVAE td @2 =g
Ttk AR mdoA A4 A5 5
Shdo] ©E Apol= AR °}°*E} el Ud_ ANN
A= gEet CODof| tfste] &=
‘4121 ™, SS9} UVAe] EHGP Cfﬂ%x QE% &
A og v Holglrh F HEofA E?
gt oS4t 7Hg WA g A
g o]
o A

=

o2 d &5l Aol 7 of
e 2 UVA 3

_ll)l'
}o
_>|~1_,
l-ﬂ
lll
i)
2
IN' _Y';L -{o
oh
do

e,
BE cﬂléxg%wi

A
37] olele A= AT 4 9

(o]

o}, 7k £HAATL HeEgo| v
A olslsly] sAE A mEe) 2
o s=aE|ojof itk uetd B3t ojn|g)

4. 2 &

B ATAAE TF S Aol e A7
oz ololy AXMRe Al Yol B
o) HolElE olgatol ALAL o= 4 9
48y wds Austel AASAL, <

& olgato] 1 4g4e vngEsyc & A7
et cheat P

D ANN Rag Agd EAR) EE S,

=
=

[

COD. UVA 5 2= 4ugman AgH uds) o
247} Brh UL AnE vehfett,
2) A4 meloA CODS} SSofl 4] H] ] e

ASASES YEon, §xe UVAE Eh 2
Ao E HoFgleh Ay oA Ay A
T T Agdeol mE Aole AA It

3) & AolA A& mE FAFEY A5
yd®Ho] A Yehtal ek of2jet diks W
Lot A 9] o FA] Hprhof S(over-predict) o] 77
st717F o ¥ Ag ofulgith

4) dubom Ay oy &
A= % 24E Eoﬁtt‘r otefets, 4
A Aol ASrde Hgshe B9 2AIEE A
ﬁlok o= A97F Utk ANNE AA] &9 datas A

&oto] mdo] AdE s Aoluz Jife 34 A&
Oﬂ O A%t Sdo] glenz, AA 349 &9

=5k3 mdo]

datas 23] BHHto] ANN #8345 A% A=
a7} 9o}

Journal of Korean Society of Water and Wastewater Vol. 31, No. 4, August 2017

pp. 289-296



- 2o

6

HRSY mie dx2| SUES SIe ded 2E SA4X 22 g

Reference

Ashrafi, O., Yerushalmi, L., Haghighat, F. (2015) Wastewater
treatment in the pulp-and-paper industry: A review of
treatment processes and the associated greenhouse gas
emission, J. Environ. Manage., 158, 146-157.

Chernoberezhskii, Y., Dyagileava, A.S., Barysheva, LA. (1994)
Coagulation treatment of wastewaters from paper and pulp
plants, Russ. J. Appl. Chem., 67(3), 354-359.

Cho, J.H. (2009) Environmental features and actions of pulp
and paper industry, J. Korea TAPPIL, 41(3), 13-21.
Cho, J.H., Jeong, W.G., Kim, J.H. (1998) Study on Wastewater
of Paper Mill for Coagulation Characteristics, J. For. Sci.,

14(1), 101-111.

Cho, J.H., Kang, M.R. (2008) Determination of the optimum
flocculant mixing ratio for paper making wastewater
treatment, J. Korea TAPPI, 40(1), 41-46.

Ganjidoust, H., Tatsum, K., Yamagishi, T., Gholian, R.N. (1997)
Effect of synthetic and natural coagulant on lignin removal

from pulp and paper wastewater, Water Sci. Technol., 35,
291-296.

Im, M.H,, Lee, JK., Nam, S.Y., Ahn, J.H. (2011) Technologies
of recycle of pulp and paper sludge for sustainable treatment
process in pulp and paper industry, Ceramist, 14(2), 7-14.

Jaafarzadeh, N., Omidinasab, M., Ghanbari, F. (2016) Combined
electrocoagulation and UV-based sulfate radical oxidation
processes for treatment of pulp and paper wastewater,
Process Saf. Environ. Prot., 102, 462-472

Kamali, M., Khodaparast, Z. (2015) Review on recent
developments on pulp and paper mill wastewater treatment,
Ecotoxicol. Environ. Saf., 114, 326-342.

Pokhrel, D., Viraraghavan, T. (2004) Treatment of pulp and
paper mill wastewater: a review, Sci. Total Environ., 333,
1-3, 37-58.

Toczylowska-Maminska, R. (2017) Limits and perspectives of
pulp and paper industry wastewater treatment - A review,
Renewable Sustainable Energy Rev., 78, 764-772.

296
Jole=ae| 2131 3d 4= 20173 82



