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Abstract

Nowadays, with advances in technology and the use of industrial methods instead of traditional methods, the production
of rose water and herbal distillates has significantly increased. In producing rose water and herbal distillates, a large
amount of wastewater is generated. This is happening while drought, water crisis, and industrial growth have pushed
Iran to purify and reuse this wastewater. In this research, the purifiability of wastewater from herbal distilleries and rose
water factories in the large industrial townships of Kashan city, located in Isfahan province, was investigated. To this
end, the available records and documents were reviewed, followed by field visits and the collection of wastewater
samples. Necessary analyses were then conducted on the collected data. In the stage of suspended solids removal, the
use of cloth filters, alum coagulant (Al, (SO,)s), ferric chloride (FeCls), and polyaluminum chloride (PAC) were
studied. Furthermore, in the stage of organic matter removal, the use of potassium permanganate (KMnO,) and the
experiences of other researchers, as well as the use of ozone, was examined. Subsequently, ozone treatment and
simultaneous use of ozone and UV were investigated and analyzed, and a corresponding pilot was constructed.

In the process of producing rose water and herbal distillates, a large amount of wastewater is generated. This is
happening while drought, water crisis, industrial growth have pushed Iran to purify and reuse this wastewater. In this
research, the profitability of wastewater from herbal distilleries and rose water factories in the large industrial townships
of Kashan city, located in Isfahan province, was investigated. To this end, the available records and documents were
reviewed, followed by field visits and collection of wastewater samples. Necessary analyses were then conducted on the
collected data. In the stage of suspended solids removal, the use of cloth filters, alum coagulant (Al, (SOy)s), ferric
chloride (FeCls), and polyaluminum chloride (PAC) were studied. Furthermore, in the stage of organic matter removal,
the use of potassium permanganate (KMnO4) and the experiences of other researchers, as well as the use of ozone, was
examined. Subsequently, ozone treatment and simultaneous use of ozone and UV were investigated and analyzed, and a
corresponding pilot was constructed. The results showed that approximately 50% of the organic matter can be removed
through coagulation and flocculation, and the remaining can be eliminated through an advanced oxidation process
(ozone + UV) with sufficient retention time. As a result, in high capacities of wastewater it is recommended to use an
anaerobic treatment method, ozonation of the outlet of the treatment plant and filtrating leads to achieve complete
wastewater treatment in accordance with the discharge standards into the environment. Therefore, this method has been
introduced as a suitable method for wastewater treatment in Kashan Industrial Towns Company.
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Fig 1. The location of Kashan city in Isfahan province, the location of Barzak district in Kashan city, and the
location of herbs and rose water extraction factories
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Table 2. Estimate of the total wastewater produced by each herbal distillates and rose water extraction factory in
Barzak,Source: Authors' estimate)
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Fig 2. Sample of wastewater produced in the process of rose water extraction
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Table 3.The results of some physical and chemical tests on the samples of the first stage
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Fig 4 .Ozonization equipment used in the research
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Fig 5. COD removal results in the jar test using PAC coagulant with 28% purity in 50 ml
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Fig 7. COD removal results in jar test using PAC coagulant with 28% purity until neutral pH is reached
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Bl falS 5 4 a8 55 VAT PPM (55 & 5al) S5 arad 3l e LB 4 s 55 COD ,\,uﬂs&;wt;s@(aﬂ
03l Jlis PEROZONE 5 03l o&aws glonaly Gb .23l L 1) e S ke WWh w ad3 VY 28 51 e ol 55 s
-k WY el 53 3l e Ol o e 5 A asey ke 515000C kL L,J_ljs.,\..:t{&c,&b):rﬁ\\‘ ol 35l

Aol &y COD ) 2 S
e 4233 YO iS5 45 (5o5b 40 A3 (S COD s 5l 0ley oS L (1) Jsder L3 e 058 pslis 4 ax 5 L
PPM s 5 bl LialS Ao s VE/VE COD lids aids v iS5 51 ay odows s deo s VV/YE L2alS L VA ppm < COD

deoys Y0 LAY ppma Of Jlie VYo aids s ol 4s s codls 2alS doys AVA COD Jldis 4 aids 3 dow, Vo

YYY



...... wl.a.ouv,)ul&;‘sd)juNfguwﬁdhmb)UuMbmWul&nl Q‘)de)éa

L aids VYo Oloy op 2 odel ety B e s b ol e 100 s 3 alS Ao s AYY b e cpl s talS
53 COD i JialS do s oolis aSl @ a5 b s (g3lamdl il &0 4> 55 L Ll .ol COD Jltis 5 2alS s s AY/0
Ode COD e sL3 JalS pogdle |5 .ol Sang ai3s YO 55050 Oloy U ol Ao ps YV Lot 4235 VY 5 4z 35 YO
Wl S e O3l e OF w5 4 5 G503
O 28 do s 5 5503 5l g s sla0les s ol COD pslie =1 Jsir
Table 6. Wastewater COD values at different times after ozonation and its reduction percentage

ealS ds s Cadles] COD _:alS aw s COD o ol ol
- 77.34% 179 ppm £33 Y0

2.4 79.74% 160 ppm 4ids e

2.06 81.8% 143 ppm ai3s s

3.76 83.5% 130 ppm 4ids VYo

3.55 83.29% 130 ppm wiss Vo

ol CL}J‘J:SL:TL&JUﬁA .Ab ‘J;ASM)J/\V/O U\)COD )‘.,\_EA J)Q)\&JMQ‘}SJ‘ éﬂj})}f@)‘wé}#@
‘;'“‘\C'&L“’)Jrﬁ*o'lﬂ).ﬁ))’(’;}k:S\'C‘-:-’*)l’bdiz'“‘bbgi“)@))))-’ftjo“'u"*ﬁ&é‘j

S et
Sl S Slasiia (23S 513 p s Dl e 5 SO mlo OASL wial i DGl addlas ol
e G e AEL e aze Yoo g/l BT s Calies SlbdLSB COD a8 sls 0L (5,8 IS 5 Cils LS o
Sheslizal b JUslge Bl s 3003 1, COD o iy 55 (Sl 5L Blod 5l 5035 6,508 0l 53 gy MU
sl YA Y+ ay (el 4 503) VY0 M/l 5 DL COD e sl Lo Sl eslinal S sls 0l las iy il
Ko 5 S oS Mimie pizean 5 (Al(SO4)s) pﬁ oS Mimie Sl o3lital b el 4 a5 Ll b i ol Ll el
e DAL Glae D13 Gl (gl baodeS dinie ool I A2 1005 (S50 sks 4 oo 3550 SWPH aca 3(FeCly)
53 35 e Glre S5 Wl e S I L eSSl eslinud o5 5l 0L mls A3l el e DS e 5 (SN
gD 5 das SEalS Ao Ve Sl i lde 40 1 COD 5 les L cpddas BB asd a4 g |y 6, SN sl
el oslil Ll 4 Jslas PH )5 COD Gl Ao s o i 9 V) doles PH s oi0a o 2 Ad el anllle )]
S0 15 ONBB g cnl 038 4SSl (FEKZ04) bty il A a5t oaslasT s e plol slatobesl bl
Geed S Jols lie Oleg 53 (gl 4t g ol el (S sm ras 4 68 leadlas 3w a5 L roen
e O S sl GLa il gla by, addllas A3 S alee 055 Sl 4 b LS 4 Ol &S AE e
COD JolS' bl 4y 530 adal Jsane Sla s W5 € 5 Aibon pdhas sl S (SACSL 2 SlS o 5 (SIS
@ 4o lme A 4 O s B ol Sl (550 dae3lo 5 05000 Ghay SIS 5 b oy O el ST (gl g5 a8 Bl e

338wt 5w S 4 SN 5 Sl e mlis CSL U IS g i SISl cpl ply A3l e S

Yy



fe)Lo.:J ‘gS.l 0399 s‘f"‘)L@ @T ‘SLbSULOLw 3° ‘:03 6&0)&‘) M

Aoy 00 3yl (gilwansd g slaal Aul 3 s UV + 031 a8 g O el oSt (2 5eslital s 5 (golavasd 5 sliail-)
g Bl calie Lo Oloy b (UV + 050 4 i O gensldonS| dul 3 b 015 o 1y 0T ile 5 35,8 o Gl T 514
il ML 53 55 COD Sl pl Ve By sl COD Gl (515 5 5550 031 Olpe ilisin s o33 ol
O3l prSNonee s Qe eey gl A3 1) 50 0 S s 1000 OMLSL COD axilr Jbe Ol s 4 &5 Colins oy ]
e Y lasds A 5 NS Ol &S pl & 4 55 L andllan 5550 DLl (o sas 53 5,8 W5 G OOBL ) e Sl 4
b e b O3l W5 olSs Sepl wax 5 LS W5 051 e SAS YN dangie sb 4 4l it AL e 555 55 caSe
4 ks il b s )15 3 s 55 e St 3le 4 4 b e slaw 38 O 5odle 53 pd e ot |y s (slawy 3
13 0 e VL slaaupa 5 sl (OIS wle e S0 ol DL 5 Sl IS 5 55 el 4 o 4 0 ke (53l Bl

Loy leu

o=l iBNTU &psa ) Vo e V5 L ol W5 5 COD (soys 00 2alS g3luasd o sliasl Ayl b 5l eslinad o5 iy 3S-
Al L Ll e a8 305 e A5 (53l OB Ll SIS Ol s als ) J e S Ol eolind LB Sy
cidises Sl 3 ame o3l Ol e a1 O ile 535 i |y oML 53 350 50 Ghas 3lge adS ((g3larsd 5 slinil osle
A5 5SS BB 5l oS (ilwassd 5 slinil dnl b 5l or s 5 Ol 45 A5 jasiie aalllae il 53 3 ga5 e3lizud

.J.;SdaJé_é;-_sj;::\?LilQTLgﬁliJAUéufjjﬁémjd‘&ﬂbj.gb:;;’-zf..lmdﬁcuambunjf&a

L 505 Sl I3 00 5 Sl Slaa 5o 5 03 5 esles Sl (6 e Slaa s > S8l 1 s slaazs > 5l eslanal Y
5SS Ol 4 Wl e (6 e Slaams o 5l eslinal (WL 4l e of 35S K00 b diin 4 S0 )3 355 00 Juls
23,8 Ak gdr slaay S

Cel JLS ol iKs 5 ab gme (53 50 S b js ol ol s LL 5l s e LB (slulu—t
2l falS i

el YU lacs b gl clio (gla S 10T O anel 2l 5 bt adas > 5,5 53050 5 3lop o ahad i, Sl eslizal -0
33,8 oo ame 4y a5 bl dm s ONBL JelS adal 4 e &S

&‘AJJ\; 3 Js-:e“—o

b JVL:_.N‘} J\J)J_; g_,J‘_)A AJLQA QKM}) A;..w‘ a.,\_.iv cbul QL@M‘ dL:AN‘ Wéb&_/&& Q'Ag).;- uﬂ"‘ g:,..iLq.} LJ AA.SUG.A U’i\

Oty 5 pilis 3Ly 1

I el SLESIL 5 (St 5 b dlaly 55 able slaS s 45 Ll el Wlie ol O s 55

Yo



...... Cawlo gy Ol g (6 SO g Wlxd yo AL 15 LML adbal o (5! oo g 5,08

8‘,:—V

Babuponnusami, A., Sinha, S., Ashokan, H., Paul, M. V., Hariharan, S. P., Arun, J., & Pugazhendhi, A. (2023).
Advanced oxidation process (AOP) combined biological process for wastewater treatment: A review on
advancements, feasibility and practicability of combined techniques. Environmental Research, 116944
https://doi.org/10.1016/j.envres.2023.116944

Jiménez, A. M., Borja, R., & Martin, A. (2003). Aerobic-anaerobic biodegradation of beet molasses alcoholic
fermentation wastewater. Process Biochemistry, 38(9), 1275-1284. https://doi.org/10.1016/S0032-9592(02)00325-4

Kastali, M., Mouhir, L., Chatoui, M., Souabi, S., & Anouzla, A. (2021). Removal of turbidity and sludge production
from industrial process wastewater treatment by a rejection of steel rich in FeCl; (SIWW). Biointerface Research in
Applied Chemistry, 11(5), 13359-13376. https://doi.org/10.33263/BRIAC115.1335913376

Lata, K., Kansal, A., Balakrishnan, M., Rajeshwari, K. V., & Kishore, V. V. N. (2002). Assessment of
biomethanation potential of selected industrial organic effluents in India. Resources, Conservation and Recycling,
35(3), 147-161. https://doi.org/10.1016/S0921-3449(01)00112-4

Liu, Y., & Tay, J. H. (2004). State of the art of bio granulation technology for wastewater treatment. Biotechnology
Advances, 22(7), 533-563. https://doi.org/10.1016/j.biotechadv.2004.05.001

Mao, C., Feng, Y., Wang, X., & Ren, G. (2015). Review on research achievements of biogas from anaerobic
digestion. Renewable and Sustainable Energy Reviews, 45, 540-555. https://doi.org/10.1016/j.rser.2015.02.032

Meena, M., Yadav, G., Sonigra, P., & Shah, M. P. (2022). A comprehensive review on application of bioreactor for
industrial wastewater treatment. Letters in Applied Microbiology, 74(2), 131-158. https://doi.org/10.1111/lam.13557

Phan, L. T., Schaar, H., Saracevic, E., Krampe, J., & Kreuzinger, N. (2022). Effect of ozonation on the
biodegradability of urban wastewater treatment plant effluent. Science of the Total Environment, 812, 152466.
https://doi.org/10.1016/j.scitotenv.2021.152466

Rahimi, E., Shahamat, Y. D., Kamarehei, B., Zafarzadeh, A., & Khani, M. R. (2018). Rapid decolorization and
mineralization of molasses by catalytic ozonation process with a nanocomposite from fermentation industry
wastewater.  International Journal of Environmental Science and Technology, 15, 1941-1948.
https://doi.org/10.1007/s13762-017-1515-8

Sonune, A., & Ghate, R. (2004). Developments in wastewater treatment methods. Desalination, 167, 55-63.
https://doi.org/10.1016/j.desal.2004.06.113

Yanqoritha, N., & Kuswandi, K. (2023). Effect of trace metal Fecl; on biogas production in industrial wastewater
treatment with high organic load. International Journal of Mechanical Engineering Technologies and Applications,
4(1), 22-30. https://doi.org/10.21776/MECHTA.2023.004.01.3

™


https://doi.org/10.1016/j.envres.2023.116944
https://doi.org/10.1016/j.envres.2023.116944
https://doi.org/10.1016/S0032-9592(02)00325-4
https://doi.org/10.33263/BRIAC115.1335913376
https://doi.org/10.33263/BRIAC115.1335913376
https://doi.org/10.1016/S0921-3449(01)00112-4
https://doi.org/10.1016/j.biotechadv.2004.05.001
https://doi.org/10.1016/j.rser.2015.02.032
https://doi.org/10.1111/lam.13557
https://doi.org/10.1016/j.scitotenv.2021.152466
https://doi.org/10.1007/s13762-017-1515-8
https://doi.org/10.1016/j.desal.2004.06.113
https://doi.org/10.21776/MECHTA.2023.004.01.3

