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Abstract

The present study focuses on developing a cost effective option of integrated chemical and
biological treatment of wastewater from N, N’- Dintrosopentamethylenetetramine manufacturing
industry and using hexamine (HMT) as a constituent of their product which has come up at
Baddi in district Solan, of the state of Himachal Pradesh, India. Hexamine is a raw material for
this industry. The industrial plant produces nearly 15,000 L/d the wastewater. COD of effluent

from this industrial process is 14,000-19,500 mg/L.

Chemical treatment with Fenton’s reagent (prepared by mixing FeSO4.7H.0O and H202(30%) in
molar ratio of 1:5) could remove only 38.8% COD. Higher doses were required to bring down
the COD further. Feasibility of treating wastewater was also examined using biological
treatment with aerobic batch reactors supplemented with various types of co-substrate like
glucose, sucrose, cow dung extract and fruit waste extract. Kinetics of biodegradation in batch
reactors with various co-substrates to wastewater ratio ranged from 0.67 to 4.0 was investigated.
COD removal was up-to 92.6% in aerobic batch reactor for co-substrate (glucose and sucrose) to
wastewater ratio as 4.0. Effects of nitrate, pH, dissolved oxygen, turbidity and COD were also
investigated. Degradation of wastewater was better at higher dilution and co-substrate to

wastewater ratio.

Other co-substrates as cow dung extract and apple fruit waste extract have been investigated for
different co-substrate to wastewater ratio ranging from 0.67 to 4.0 with initial COD as 5000
mg/L. Studies with initial COD 1000, 2000, 3000, 4000 and 5000 mg/L having cow dung extract
to wastewater ratio as 0.67 and 4.0 has also been investigated. These experiments were

conducted for 144 h. The reactors having less initial COD shows higher COD removal in shorter



duration of time as compared to the higher initial COD reactors taking more time. Experiment
with initial COD 1000, 2000, 3000, 4000 and 5000 mg/L and apple fruit waste extract to

wastewater ratio as 0.67 and 4.0 were also investigated.

Experiments using anaerobic process (UASBR) with various compositions of wastewater and co-
substrate (cow dung extract and apple fruit waste extract) have also been investigated. OLR,
HRT, temperature and flow rate were maintained in the laboratory set-up. Reactor took longer
time to get acclimatized with wastewater. Continuous UASB reactor was started with sucrose as
starter. Various parameters like alkalinity, pH, COD removal, nitrate, turbidity, NH4-N, TKN,
sulphate, sulphide, methane generation and temperature were measured. Improved degradation
was observed with higher wastewater content in the wastewater composition using a co-substrate

in anaerobic process.

A decrease in alkalinity decreased the COD removal efficiency of the reactor. Decrease in
alkalinity is directly related to the reduction in bicarbonate addition, which affects the cost of the
treatment. Formation of granulation depended on the type of feed. Treatment of 100% industrial
wastewater without any co-substrate has also been studied. COD removal ranged between 52.8 -
93.3% with average removal as 72.9% for 100% industrial wastewater in UASB reactor.
Removal efficiency was affected by an increase in NH4-N in the influent. High nitrogen content
(700-800 mg/L as ammonia-N) in industrial wastewater inhibits biodegradation and hydrolysis

of hexamine (HMT) and DNPT.

Industrial wastewater has been analyzed for formaldehyde using spectrophotometer and

hexamine using HPLC. Both these constituents were removed during treatment.



Treatment by aerobic process and anaerobic process has been compared. Anaerobic process
avoids the external stirring and aeration, which reduces the energy cost of the process. As the
aeration and mixing is essential part of aerobic process. Also better degradation was observed in
higher wastewater content in anaerobic process as compared in the aerobic process. In anaerobic
process, treatment cost reduces due to low consumption of co-substrate. Production of less
sludge also makes the anaerobic process cost effective as compared to the aerobic process.

However, ammonia-N remains in the anaerobically treated wastewater.
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JIAH EIT T, T- Dintrosopentamethylenetetramine fator I 9 Sy 9 &
THIPpd IMAMHE 3R Sfde ITAR &1 Th JHE fawer fIefid o1 W™ $fad § ik
SIS (TITHCY) BT IUANT U= IS &b Uh Ucdh b 2T H HRd g ol fore ia & de,

fRHTId USY Y, URA & 31T 2| STHIRT 39 ST & ol U &1 91 g1 3Nefiie
TF AT 15,000 L / d UMY S BT IdTeT BT 21 39 3Nenfiie ufsear 9 yag &1
et 14,000-19,500 forefome / Ta B

thed & fipte & I IUEHE SUDR (1: 5 P molar 3U H FeS04.7H,0 3R H,0;
(30%) ! TSR IR fovan TT) ad 38.8% COD Ml abell ¢ Hafis! 1 3R 2 d
& foTT 3= TR B SHTaAHT At | MUY Sd & SUAR &1 sgagridT &1 Ht tRieror far man
o wifew o9 Rude) & 1y Sfad ITAR B IUART B TS, JebIol, T & MaR &
3 3R Wil & MUY & b & At yRl &1 2fde forar mam| 99 Ruaet #
TRNSUSTA & HACIad BI 0.67 H 4.0 T URIY Tat 3urd H A Tg-gsdee & A1y
S @1 T8 ftl coD fAhIA 3U-2-92.6% Tifd® a7 RuFex # Jg-I=ce (qdbiel 3R
eh1ol) & o SUfRIy STa SUTd 4.0 & &Y H 7| A2ce, g, 4 sifRfior, efafsd iR
Tt & yral @t off S B 75| Uy S BT SfIRNY ITAR HHSR TS 3R Uy

U1 & 3T ¥ Yg-Isdice T 9gaR Al

T & TR & 37 3R AT S Bl & URIY & 3 &b TU H 3T Tg-Tec el bl ofid e
Tg-gsiee & forg forar a1 § S 0.67 ¥ 4.0 I RIS Waiidt & 11y 5000 o™ / ta &



&Y ¥ gl g1 URMS HeflSt 1000, 2000, 3000, 4000 3R 5000 FHAUTH / TH aTcd MR &
3URIY BT 0.67 3R 4.0 & ¥ H SURTY Mepreq & A1y s | Hl S d 31718 g1 3 JanT
144 ¥¢ & T fobu 7T A1 A gRMHS HisiSt arel RUaeR o1 JHg # WeflSt &1 g
31 RS el RugeR! & gamm & ifie I0g od &1 IRMHNS Feiidl 1000, 2000,
3000, 4000 3R 5000 AT / TA 3R Vg Wt AR FHebTa & 1Y URY o U
0.67 3R 4.0 % T4 H YA &1 +ff &4 Bt 75|

3[fRTY S 3R Yg-Tsuce (T & TMeR &b 3 3R I & Wall &b Uy fHepraq) o1 fafie
13T & WY AT UehaT (UUHSISHR) BT SUTNT B aral Jai ot +ff Sffa &t 718 3|
TRINTRITAT He-30 H SUASR, TASRE, AUHH 3R UaTE &R P ST 3T 747 1| RudeR &I
3UFRIP Sa § SHA H SIS T AT Y| Fdld JUUeT RUaeR &l €IeR & &Y H Ghiol &
1Y Y& fodT T oT| &R, Uied, disfiel gem, A8ce, efafac], NHa-N, TKN, Jahe,
TepTss, HdA Wil iR arowH S faftrsr Amocst &1 9mar man| srerdiy ufshar § 98-
geuce BT UGN PP MUY 5ot W1 H 3= Ul yerf & Wy sgaR fiRae It
TS|

&R H Bt Y RUaex Bt SISt e i &I DHH §1 T8 | &R H BH! BT el Hay
RHEMHE B HHI 9 §, O SUGR B AN BT THIAd BT ¢ | TH & A0 B8 & PR R
R F=r g1 o ol Tg-asee & 100% SHEfie SRy Sa & IuaR &1 ot sieqaq
foar T 81 UASB RuaeR # 100% 3T S(UfRIY Sfd & foT 72.9% & w0 # 3d g2
& 1Y WSATST 52.8 - 93.3% T & &I UT| FISHTRI g&fal Tud 4-TF H 3fg § guifad g3




3N 3ulRIy oid & 3= g o At (700-800 A / TA SMif-uH & &4 H)
SIS (TITACH) 3R ST & TfSISTA 3R g3 IfRg & AdkbdT B
TAUTTET &1 ITIRT R gU WaehIeHieR 3R gaMHR &1 TN Hh BIHATSEIZS

¥ foru ehenfiles 3rufIy oid o1 faaivur fbar 1 21 39 Sl Ueh! Bl IUIR & SR gl
feam mar

Wife® ufehar 3R TIRIfS® Ufhar gRT IU=IR &1 gaT &t T8 |1 TR Ufshar argst
JITHT 3R a7 A S=Ta 8, Sl UfehdT B Soll ANTd b1 HH Bl g | a1 iR Ay & Tu &
WIS Ufehar &1 gz 3w 8 | Wifae ufshar &t o o Sraradia ufehar & 3= Sufy
Terdf ¥ SgaR fIRTae 8! 5| Saadig Uishdl #, Ug-Istice &t HH JUd & HRU TR
AT HH 81 St ¢ | Wi Ufshar &t ga-1 & &3 Sias &1 Idre Ht srarrdta ufsar o
THTAT ST & | BTeliieh, SHIMAT-TH SRifdd FU I IUIR SHURTS ofd # Bl & |
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