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ABSTRACT 
 

Increased generation of hazardous / toxic waste from various anthropogenic activities and 

their discharge into water bodies has resulted in severe water pollution. This is quite common 

with industries that generate wastewaters with high concentrations of toxic compounds, 

which need specialized treatment systems. As toxicity is one of the major reason for reactor 

failure, this work was taken up to study the response of a Hybrid Anaerobic Reactor to 

various toxic compounds present in wastewaters. Three different toxic compounds were 

studied viz: Cyanide, 4- Chlorophenol and Cr (VI).   

 

In anaerobic wastewater treatment processes, anaerobes are quite sensitive to the toxicity 

conditions resulting in treatment limitations. In this study focus was on understanding their 

responses to toxicities and managing the treatment efficiently. Hybrid Anaerobic Reactor 

requires granulated sludge for the start-up which is a time consuming process. The present 

study tries to understand the effect of these toxic compounds on the sludge characteristics and 

granulation process.  

 

The effect of wastewater toxicities were studied in both suspended cell and attached cell 

systems. The performance of Hybrid Anaerobic Reactor was much better than the suspended 

cell system in the toxic conditions, based on the inhibitory concentrations estimated. The IC50 

values in case of suspended cell system were 40, 200 and 150 ppm for Cyanide, 4-CP and Cr 

(VI) treating batch reactors, respectively. However, in case of attached cell system these 

values were 60, 225 and 225 ppm, respectively. Both the chemical as well as microbial 

analyses were performed for these reactor systems. As such reactor systems treating various 

effluents have been in operation as “black-box” without any knowledge for the microbial 
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communities present in them. In this study, chemical performance of the reactors were 

correlated to their microbial community structures, which helped in tracking changes in the 

microbial populations, aiding efficient reactor operation. The results indicated 

hydrogenotrophs to be more tolerant to the toxic conditions. The analysis also suggested 

order Methanobacteriales to the most tolerant methanogenic guild and bacterial genus 

Clostridium, Lactobacillus, Pseudomonas, Gordonia, Methylobacterium, Cellulomonas, 

Rhodococcus etc. to be more tolerant to toxic conditions.  

 

Based on the findings, wastewater from a coke oven plant was treated and communities were 

enriched with the tolerant groups. This resulted in improved reactor performances. Thus, the 

study established that toxicity affects microbial guilds and there is a strong link between 

reactor performance and microbial communities. The findings of the study can used to predict 

reactor behavior in such conditions. 

 

  



Lkkjka”k 

fofHkUUk ekuoh; xfrfof/k;ksa ls mRiUu gq, [krjukd@tgjhys dpjs dks ty fudk;ksa esa NksM+ nsus ds dkj.k 

xaHkhj ty iznw’k.k dh fLFkfr mRiUu gks xbZ gSA mijksDr fLFkfr mu m|ksxksa ds laca/k esa dkQh vke gS ftuds 

}kjk fo’kkDr ;ksfxdksa dh mPp lkanzrk ds lkFk vif”k’V ty mRiUu fd;k tkrk gS rFkk ftudks fo”ks’k 

mipkj iz.kkfy;ksa dh t:jr gSA pwafd fo’kkDrrk fj,DVj dh foQyrk dk eq[; dkj.k gS] vr% bl dke dks 

gkbZfczM vok;oh; fj,DVj dh vif”k’V ty esa ekStwn fofHkUu fo’kkDr ;ksfxdksa ds laca/k esa izfrfØ;k dk 

v/;;u djus gsrq xzg.k fd;k x;k FkkA fuEu rhu fo’kkDr ;kSfxdks dk v/;;u fd;k x;k% lkbubM] 4 

DyksjksfQuksy rFkk lh-vkj- (VI)A 

vok;oh; vif”k’V  ty mipkj izfØ;kvksa esa] vukjksCl fo’kkDrrk ds fy, dkQh laosnu”khu gksrs 

gS ftlds ifj.kke Lo:Ik mipkj esa vusdksa :dkoVsa mRiUu gksrh gSA bl v/;;u esa mudh fo’kkDrrk ds 

fy, izfrfØ;kvksa rFkk muds dq”kyrk ls bykt ds izca/k dks le>us ij /;ku dsafnzr fd;k x;k gSA gkbZfczM 

vok;oh; fj,DVj dks “kq: djus ds fy, nkusnkj dhpM+ dh vko”;drk gksrh gS tks fd le; ysus okyh 

izfØ;k gSA orZeku v/;;u mijksDr tgjhys ;kSfxdks dk dhpM+ dh fo”ks’krkvksa rFkk df.kdk;u izfØ;k ij 

izHkko dks le>us dh dksf”k”k djrk gSA  

vif”k’V ty fo’kkDrrk ds izHkko dk v/;;u nksuksa lLiSfUMM lSy rFkk vVSPM lSy iz.kkyh }kjk 

fd;k x;kA vuqekfur fujks/kkRed lkanzrk ds vuqlkj] gkbZfczM vok;oh; fj,DVj dk izn”kZu fo’kkDr 

ifjfLFkfr;ksa esa lLiSfUMM lSy iz.kkyh dh rqyuk esa csgrj FkkA lLiSfUMM lSy iz.kkyh esa lkbukbM] 4 lh-ih- 

rFkk lh-vkj- (vi) dk “+kks/ku djus okys cSp fj,DVj esa vkbZ-lh- 50 ewY; Øe”k% 40] 200 ,oa 150 ih-ih-

,e- FksA tcfd vVSPM lSy iz.kkyh esa ;g ewqY; Øe”k% 60] 225 ,oa 225 ih-ih-,e- FksA bu lHkh fj,DVj 

iz.kkfy;ksa ds lEcU/k esa nksuksa jlk;fud ,oa ekbØksafc;y fo”ys’k.k fd;s x;s FksA D;kasfd fofHkUu vif”k’Vksa ds 

“kks/ku esa iz;ksx% gqbZ fj,DVj iz.kkfy;ksa dks muesa ekStwn ekbZØksfc;y leqnk;ksa dh fcuk fdlh tkudkjh ds 

gh ^^CySd ckWDl** ds :Ik esa pyk;k tk jgk gSA bl v/;;u esa] fj,DVjksa ds jlk;fud izn”kZu dks mudh 

ekbZØksfc;y leqnk; lajpukvksa ls lglac) fd;k x;k ftlls ekbØksfc;y vkcknh esa gq, ifjorZuksa dks 

le>us esa en~n feyh rFkk dq”ky fj,DVj vkWijs”ku esa lgk;rk feyhA ifj.kkeksa ls ;g ladsr feyk dh 



gkbZMªkstuksVªksQl fo’kkDr fLFkfr dks vf/kd lgu dj ldrs gSA fo”ys’k.k ls ;g Hkh ladsr feyk dh vkWMZj 

eSFkkukscSDVsfj;Yl lcls vf/kd lgu”khy eSFkkukstsfud fxYM gS rFkk cSDVsfj;y ftul] DyksLVªhfM;e] 

ySSDVkscslhfy;l] lh;ksMkseksukl] xksjMksfu;k] feFkkbZyvkscSDVhfj;e] lSY;wyksyweksukl] jgksMksdksdl bR;kfn 

fo’kkDrk dh fLFkfr esa vf/kd lgu”khy gSA  

tkap& ifj.kkeksa ds vk/kkj ij dksd vksou la;a= ls izkIr vif”k’V ty dk “kks/ku fd;k fd;k x;k rFkk 

leqnk;ksa dks lgu”khy lewgksa ls le`) fd;k x;kA blds ifj.kkeLOk:Ik fj,DVj ds izn”kZu esa lq/kkj gqvkA 

bl izdkj v/;;u ls ;g LFkkfir gqvk fd fo’kkDrk ekbZØksfc;y eaMyh dks izHkkfor djrh gS rFkk fj,DVj 

izn”kZu ,oa ekbZØksfc;y leqnk;ksa ds chp ,oa etcwr dM+h gSA bl v/;;u ds tkap&ifj.kkeksa dk iz;ksx 

fj,DVj ds O;ogkj dks izhfMDV djus esa fd;k tk ldrk gSA   
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NOMENCLATURE 
 

AFBR    ANAEROBIC FLUIDIZED BED REACTOR 

COD    CHEMICAL OXYGEN DEMAND 

CP    CHLOROPHENOL 

Cr (VI)                                   HEXAVALENT CHROMIUM 

DGGE    DENATURING GRADIENT GEL ELECTROPHORESIS 

HAR    HYBRID ANAEROBIC REACTOR 

HRT    HYDRAULIC RETENTION TIME 

MBT    METHANOBACTERIALES 

MCC    METHANOCOCCALES 

MMB    METHANOMICROBIALES  

MSC    METHANOSARCINACEAE 

MST    METHANOSAETACEAE 

NMDS    NON- METRIC MULTIDIMENSIONAL SCALING 

OLR    ORGANIC LOADING RATE 

PCA    PRINCIPAL COMPONENT ANALYSIS 

PCR    POLYMERASE CHAIN REACTION 

PLR    POLLUTANT LOADING RATE 

PRE    POLLUTANT REMOVAL EFFICIENCY 

PRR    POLLUTANT REMOVAL RATE 

Q-PCR    QUANTITATIVE POLYMERASE CHAIN REACTION 

SEM    SCANNING ELECTRON MICROSCOPY 

SLR    SLUDGE LOADING RATE  

SRB    SULFATE REDUCING BACTERIA 

SRT    SLUDGE/ SOLIDS RETENTION TIME  

TSS    TOTAL SUSPENDED SOLIDS 

UASB    UPFLOW ANAEROBIC SLUDGE BLANKET 

VFA    VOLATILE FATTY ACID 

VSS    VOLATILE SUSPENDED SOLIDS 
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