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PROCEEDINGS 

BieIogical Nutrient Removal: from Agroindustrial Wastewater 
Using a Two Reactor System 

M. Sukiman, Am. Fauzi, M. R o d i ,  Suprihatin a n d A. Ismayann 

Departcment o f  Agiculturaf Industrial Technoloyy 
1 Bogor Agricultural University 

Allstratt - Agroinduslrial wastewater is rich in organic material, especially organic carbon and 
n~ltrient. In  tlris work a two reactors system consists of anoxic and erobic reactor was operated d i t l i  

dl  ferent recycle and C N  ratio. Experimentation using molasses-bawd artificial wastewdfer 
ccntnining 114 mg/L of NH3-N, 10 m g F  of Nod, 25 rn@L of NO2-N, and 1300 m a  COD, 
wi rich was fed directly into the anoxic reactor showed incrcaing of DO concentration in ~ h c  anokic 
rc;]ctor from 0,13 mg/L to 0.32 rn& which increasing recycle rations from 100% to 300%. Desqite 
t h l  anexic m c t o s  was capable to reach a nerly 94% denitrification efficiency, the overall system 
pra rduced final effuent containing 98.3 1 mg/L of N03-N. yet, this system was capable to redzaoed 
CI )D concentration from 1,284 mgVL to 186 rn&, reduced NOz-N concentration from 25.JlrngjL 
to 1.50 m g / t  and NH3-N concentration from 114 rndZ to 0.91 11ig'L with a 100% recycle m ~ o .  
Reducing the recycle ratio up to 50% still did not significantly improve the anoxic reactor for 
co~nplete denitrification process. It produced a final nutrient containing 96.99 m a  NOI-N, 
19 !m& sf COD, and 1.47 of NH3-N funher experimentat ion using higher cancentraton of COD 
(2t OOmgL) with 100% recycle ratio resulted increasing denitrificatiorl eficiency from 94% [to 
97' 6.  171e merall system produced final effuent contailling 94.48 tngk of NU3-N. this system %s 

ab!e to reduced COD concer~!ra!ior? from 2,644 m g k  to 2?23@5 I 

IN' rRODUCTION 
r' 

Nitrogen compound in wastewater decreases water perimetr quality. It is because bf 
nit1 ogen compound at certain concentration decseas e oxygen concentration and caude 
eutrophication. That's why nitrogen compound in wastewater should be decreased as mudh 
as ;~ossihle, A way ro separate nitrogen compound is by applying waste treatment process 

I bio ogsall jl. General pnnciyl  of bilogicaI tratment which is applied ta scparate nitrogen 
crrnrpound is nitrification and denitriftcation process. I 
Nit %cation and denitrification are biological process in wastewater where nitroge 

. con  pound is changed into nitrogen gas. In nitrogen, ammonium oxidation becomes nitrid 6 
the1 I nitride is oxidized to be nitrate. Next step, nitfate is reduced to be nitrogen gas in 

I dm tification process. Both processes change chemical compound wllich is harmful for 
env ronrnent to be the advantageous ones. I 
To make nitrification and denitrification perfect, we need to know the condition of 
env~ ronrnent and waste chemical compound. Worth-consideringenvironmen t factors arc 
diss Aved oxigen and hydraulic retention time (HRT), for exarnplcs chemical cnrnpound s 
to h e  examincd arc o r ~ a n i c  deposit, ammonium, nirtitl'c and n1tratr3. Dissolt'cd oxygcn is 
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needed while it is hardly needed in denitsification. This will also be influential in reduct& 
oxidati 3n process, which can be measured by ORP-meter. Hydraulic remain time will& 
ieprescntsd by circulation debit. Circulation from aerobic reactor to anoxic reactor is 
believed to be very influential in nitrification and denitri fication process perfection. 
Chmi4:al compounds mentioned above are very influential in the process, as weII, Organic 
deposi? is needed for microorganism growth, so is ammonium nitride and nitrate. 

MATr RIAL AND METHOD 

Materid, which I used for this research, consists of two kinds, processing materials and 
analyti :a! material. Materia1 for processing is moIasses based artificiaI waste . Materials 
for an;. lflcal purpose are chemical materials For analysis of COD, NI-13-N, NO3-N, N02-N, 
DO, pl l and ORP analysis. 

> 

Tools i!sed for research are two-steps reactors, anaxic and aerobic reactor, with capacity of 

P‘ 5,000 .nl respectively. Tool for analysis i s  analytical tool for COD. NH3-N, NO3-N, NOz- 
N, DO meter, pH meter and ORP meter. Analytical methods used are COD with oxidarion 
calciut 1 dichrornate methods, ROD with Winkler methods, NH3-N with Nessler method, 
N@-h with brusin-sulfanilat methods, and N02-N with nafiilamin method. 
Tbis-rcsearch examines optimum condition in nitrification and denitrification process . 
Optimizing is observed by circulating process from aerobic reactor to anoic reactor. 

I 

Beside.;, optimum ratio of COD and nitrogen compound in wastewater in nitrification and 
denitr~ Fcation process i s  measured 

RlIACTOR 

I 

AKOXIC 
REACTOR AIR d 

Figure 1. Reactor Configuration 

Figure 1 shows reactor csnf guration used in this research. Varjous circulations from 
rterobi: reactor to nnoxic reactor are done in the research. Various circulation's are 0%,. 
50%, 00%, 200% and 3005 to influent. 
On a research, which is done to examine the influence of burdened waste against 
nitrifil ation and denitrification process, i t  is made various waste with various ratio of COD 
and nr tragen compound. The ratio will be made to 1 0/ 1 and 201 1 
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RE SULT AND DISCUSSION 

I. Circulation Speed Influence to NH3-N decrease (Nitrification) 
Nk3-N change obviously takes pIace either at anoxic reactor or at aerobic reactor at anax I c 
rea:tor the more circulation speed the more N b - N  decrease. This can happen becauSe 
mare oxygen con cent ratio^^ dissolve when circulati~n speed is higher. When dissolv~d 
ox! gen concentration at nnoxic reactor reaches higher, nitrification process will work ht 
ancxic reactor I 

Figure 2, Circulation Speed Influence to Total Percentnge of NHrN Decrease 

As ,% whole NH3-N can be decreased particularly at aerobic reactor where nitri ficatioh 
pror ess occur. Totzl percentage of NH:-N decrease at every cimIation speed level isseen 
at f , y r e  2. Fipre  2 shows that most optimum decrease of 39.07% takes place at 100% 
circ   tat ion speed level. 
i\Titr ~fication process occ~lss at aerobic reactor where ammonix is changcd to be nitrid b 
and then nitride i s  oxidazed to be nititate. Thus decreasing amrnoniac at aerobic react& 
sho:vs nitrification emount. Figure 3 show that circulation significant for decreasing NHi- 
N, :It ratioof COD/N 2011 with 100% circulation, total decrease of NT-13-N is smallek 
corr,pared \vith CODN l O l i  ratio i.e. from 99.7% to be 93.68%. 
Figz re 2 shows that optimum percentage to decrease amrrioniac is 100% circulation towar r' b 
Enfl~.ent i.e. 99.07%, In this case, it is said that optimum nitrification at CODm 1011 occuk 
at 11)0% circulation. By increasing CODN ratio to 20/1 so that nitrification decrease tb 
93.C8S%. It shows that COD/N ratio increase has enough influence to decrease nitrification. 

I 1 I 

F9gure 3. Circulrfion Speed Influence to Pcreentap NH3-N Docruse  at Aerobic Ractor 1 
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2. ~irculation Speed Influence to NOyN decrease (Denitrification) ,:+ 

&. Besidt of waste contains NOrW. NOrN itself is made at aerobic reactor. Further change 
of arrrnoniac to be nitride is becoming nitrate.Nitsate resulted at aerobic reactor is 
circul; .ted to anoxic reactor to be changed to be nitrogen gas. This denitrification process is 
done by bacteria Pseudomonas, Alkaligenes, Acinetobacter, Hyphornicribium, and 
Thiob:icillus (Fochit and Verstrate, 1977). These bacteria live in limited oxygen content. In 
this re ;earth, optimum oxygen content denitri ficntion decrease again. 

genitrification is stated as decrease of NO3-N at anoxic reactor.Thert are mo sources of I 
nitrate which go into 'anoxic reactor namely influent and circulation of aerobic reactor. , 

Circul aion of aerobic reactor bears dissolved oxygen so that the faster circulation speed 1 
the bi ;;ger dissolved oxygen at anoxic reactor. Level of circulation influences decrease 
percertage of nitrate atanoxic reactor as shown by Figure 4. 
Figure 4 shows that increase of circuIation speed influence decrease percentage of nitrate. , 
It merns the faster circulation speed the biger concentration of nitrate goes into anoxic / 
reacro 1 . 

K- Tt is c ear if it's compared to contra1 (0% circulation speed). From exposed circulation, 
200% circulation speed reaches the highest decrease percentage of nitrate i.e. 94.97%. At 
higher exposed circulation i.e. 300%, decrease speed of nitrate goes down again. It means 
the mr st optimum of circulation speed os 200%. 
When ratio increase of CODN becomes 20J1 denizrifrcation is almost unchanged i.e. 
94.789 ;1. 

Figure 4. Circulation Speed Influence to Total  Percentage of N03-N Decrease 

3. C<!D Decrease in Nitrification and Denilrificaticn 
Decrelmse percentahe of COD i s  almost not influenced by circulation specd level.. At 0% 
circulaelon COD decrease 85.24%, at 50% circulation COD decrease 85.23%, at 100% 
circu1a:ion COD decrease 85.94%, at 200% circulation COD decreases 85.0% and 300% 
circula,.ion cause COD to decrease 85.38%. While CODm 2011j ratio which done at 100% 
circuln don, COD decrease from 85.94% to 9 1.70%. 

4. To tal Nitrogen Compound Decrease 
Total t itrogen is sum of NH3-N, NO3-N, and NO2-N concentration. At COD/N 10/1 ratio 
averag : efficient decrease of nitrogen compound at 1 00% circulation is 60.13%, while 
CODCJ 2011 ratio is 59.46%. The highest compound if effluent is NO3-N. This compound 
becom ,s high because of there is a change of nitride to be nitride to be nitrate as a resulf6f 
ammo:.iac change. 
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Optinurn nitrification of CODm 10/1 ratio can be reached at 100% circulation and 
99.07% efficiency while COD/N 20/1 is at the same circulation and 93.68% efficiency. 
Optir~um denitrification of CODN 1011 can be reached at 200% circlrlation and 94.97% 
effici :ncy while COD04 2011, is at 100% circulation and 94.78% efficency.Tota1 efficient 
decre rse of nitrogen compound at CODN 1011 ratio is60.13% while CODN 20/1 is 
59.46 56. 

In on Fer to raise efficient decmse of nitrogen compound, it should be added an anaxic 
react< r after aerobic to make nitrate concentration down. 
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