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Cross Flow Mernbmne Separration of Algae in Agroindustrial 
Effluent Treatment Using Pond System 

~uprihat mu. Muhammad ~omli", Andes lsrnayanal) 

This pap* hi tKperirnartal studies on feasibility of using awsflow miaofiltratim (MF) and ultrafiltra- 
tim (UF: Cbr w i m  of a l p  in agroindustrial efflumt trement using pmd wan. Wastewaters of  r u b h  
and tapicca industry wwt u d  as a model for the agoindustrial waaewata. Results indicated that the MF and 
UF rneml~ants a u l d  lx u d  for separation of algaeefectivcly. The achitveblt flux was depended on the eharac- 
teristic o ' wastewater, m a n h e  charaaeristia, and rhe operating condilion (mnsmcmhranc prawurc, cross- 
flow velocity, end algal concentration). Fluxa  of app. 150 - 200 urn' hr oould be achiewd by using MF mem- 
brane at 1 1  relative Fow cross flow wlmity of 1.7 m/s and transmemhe pressures of 1. I b r ,  In this condition, 
L F  rnmxanc p rodud  a flux of app. SO0 - 130 urn' hr. The observed rejections of calm, turbidity, COD 
(chmiul o x p  demand), nitrate, ammonium, and phosphate have h extremely g d  (genaally more than 
85 permbt), so that high pwmtate quality m l d  k prducbd. Referring to the measured wata quality ptarne- 
tcrs. pemiestc mct the lndonwian standards for d i r a  discharge and even Tor clean watm. 

Tht mst  agmindustries, i.e. r u b k  and tapioca industry, generate a considwable snmunt of 
highly ~mlluted wastewater, which contributes to environmental degradation significantly. 
Sivpk stabilization ponds can provide solution to the wastewater treatment with low invest- 
ment, uperation, maintenance and a m g y  costs (Suptihatin, 1989; Garcea et a!, 2000; Shelef 
ad On,& 2000). The ciirnatic and geographical conditions, i.e. intensity of sunlight, warm 
tempahre and availability of iand also scpprt the application of the systems in Indonesia. 

In pond systems, organic matters are oxidid by bacteria. Algae utilize then the products of / 
aerobic oxidation (Ca. NO,; ~ 0 4 ' 3  for the synthesis of algal cells using solar energy in a I 

photosynthesis proces. Abut 1 15 g of algal cells is produced From 1 g of phosphorous. The 
removal of nutrients (nirrogen and phosphorous) by algae in t : ~  pond system can therefore 
prevent eutrophication in the teceikitrg wa tm M y .  

On the dher side, the a m b i  bad& u t k  oxygen produced during the algal photosynthe- r sis for r~widation of organic pollutants. The use of algae in the wastewater treatment system 
has therefore some knefits, such as high quaby of emuent and high economical value of a!- 
gae. Th: algal biomass contains some valuable mterials, i-e. protein, fat, glycerol, pigments, 
e m .  amino acids, antibiotics, and biological fertilizer. 

One of the most important steps of the algal production is the separation of the algae. Algae 
are df izuh to separate by conventional separation processes (sedimentation) hause  of the 
low dersity d8ment k t w e n  dgae and water. An alternative procles? to separate the algae 
from its rnedium is menrbrane filtration. This process performance does no? depend on the 
algal demity. Furthermore, the technology make possible to reuse the treated wastewater and 
Ithe nutrients contents (N, P) .  The rnemtxane filtration of algae will prod117 a high quabty 
pmc: that m y  be reused, and algal b i o m  that contains some raluabk components 
(Figure 1). This technology can therefore te considered as a suqtainable technoiogy for waste- 



wsstewater treatment within the economical and technological capabilities of developink 
count? ies. 

In thil; research work, the fasibility of using microfiltration (MF) and uEtrafiltta!iuon (U 
manbmes for separation of algae in agroindustsial effluent treatment using p n d  system 3 
investigated. The objective of this research work q Jo evaluate the performance of the 
memb -me process (flux, rejection, md cfflrynt qualit$j':at different conditions. The investi- 
gated factors include characteristics of was1 ewtcr, membrane characteristics, transmmhrane 
presswe, crossflow velocity, and algal concentration. 

I 

Figure 1. Environmentd and economical benefits derived by membrane fillration 
separation of algae in wastewater treatment system 

2. MATERIAL AND METHODE 1 
2.1. Membranes 

"\ 
Hydrolrhobic polysulfone rnicrofiitmtion (MF) membrane with nominal pore size of 0.2 p 
and miface modified PVDF {Polyvinilidine fluoride) ultrafiltration (WE) m e m h w  with Mo 
lecular Weight Cut-Off (MWCO) of 10.000 Da were used for this experiments. Plate 
branes with an effective area of 1 0.8 cm' were used for the experiments. 

2.2. .AI,<aP suspensions 

Wastev~aters of tapioca industry and rubber industry were used for the growing the algae. Be- 
c a w  (if the low nitrogen concentration in the liquid waste of tapioca industry, an amount o 
0.4 gK urea was added as an external nitrogen source (Suprihat in, 1989). 1 
The alp ae were cultivated in three h x e s  (50 x 50 x 30 cm3) for each watstewiter. The boxes 
were clweted with transparent plastics to allow solar energy and prevent it from rainwater. 
AAer E lch experiment, the algal suspension wzq returned to the b x ,  Earn which the suspen- 



sion was taken. Clean water was added to the boxes regularly for replacing the evapom 
water ;ad maintaining the boxes volume constant. 

d 
l 

23. Method I 
The sewtration of algae was conducted with principle of crossflow filtration m bench scale 

tion of algae was determined at different operating conditions, including time, crossflow ve 
The pe rfonnance (flux, rejection, and permeate quality) of MF and UF membranes for 

idflS!;. Schematic diagram of crgssflow filtration apparatus is shown Figure 2. The experi 
locity r.v), transmembrane pressure (Ap), and algal concentration or t ~ t a l  suspended s o l d  

ments lvere performed using a tbannel - type  modu3e having a channel depth af 5 mm. T 
experiments were conducted with three replications for each condition. A pump was installed, 
for genrrating the flow of the suspension crossing the membrane surface. The algal !aspen-1 
sion wr s circulated with a pump equipped with a by-pass to regulate the flow rate entering the: 
module The flux was measured eveq 1 5 minutes. Pwmeate df each run was collected for 
laboratory analysis. Because the permeate flow rate (app. 200 mUrun) was very low relative 
to medium wlume (20 L), a constant suspension wuentration was assumed. The laboratory1 
analysis covered the following parameters: total suspended solids (algal concentration), tur- 
bidity, r olor, COD, ammonium, nitrate, and phosphate. The sam parameters of the feed were 
measured to be abk to determine the removal efficiency. The labratory analysis of the pa- 
rameter; was conducted according to the Indonesia National Standard (SNI) for water and ( 
wastew-lter quality examination. 

Medium 
Tank 

Pump 

P 
Figures. Schematic diagram of apparatus set up for crossflow filtration 

It is not intention of this paper to present exhaustive records of experimental results. but rather 
than to :mmrk process perfotmance and to discuss aspects of interest (flux, rejection, and 
permeatr quality). 

3.1. Flux 

Figure 3 shows the changes in flux of MF and UF membranes during cross flow filtration o f  
algae. The experiments were conducted with effluents of rubber and tapioca industry at a I 
cross flomw velocity (v) of 1.7 d s .  a trmmernbrane pressure (AD) of 1 . 1  bar, an algal cancen- I 
{ration 0.' app. 1 500 m@. The operating temperature was in the rang. o f  29 and ? 1 "C. Gen- 



erafly, the f h e s  of the membranes decreased during the filtration time to reach an ap PA 
steady-state value. In the case of wastewater of mbber industry, the quasi steady-state flux& 
were :ipp. 200 L/m2 t for the MF and app. 130 L/m2 hr for the UF membrane. Lower fluxes 
were observed, if wastewater of rapiom industry was used as a medium f i r  gmwing algae, In 
this c: a, the hequasi steady-state fluxes were equaI, m l y  100 urn2 hr for both membranes. 
The i r i t i a l  flux at the beginning of the MF operation decreased faster t h  the flux ofthe UF 
memb-me. Figure 3 demonstrates that tk flux was no? controlled by membrane resistance, 
presurmhly by resistance of deposition layer on and withiri the membrane. The membrane 
resistances have had no significant effect on the achievable flux, especially in the case of 
waste.nater from tapioca industry 

I 

1 ?. UF membrane 
-- " 

I 

I m u rn 

Figurtx 3. Flux of MF and UF membranes during the filtration o f  algae in effluents of 
rubber industry (left) and tapioca industry (right) at Ap = 1.1 bar, v = 1.7 d s  i 

Table 1 shows results of the experiments conducted at different characteristic of mdium A d  
mcml nines, ttansmembrane pressures. and crossflow velocity. The presented fluxes were 
fl uxe: ar a fdtrst ion time of 60 min, where the fluxes were at the queasy steady state. At a low 
trans~nernbrane pressure and a high crossflow velocity, the flux of the MF membrane tends to 

$4. be hrrher than flux ~f UF membrane. However, with regard of the variation fluxes of MF and 
UF membranes were relative equal for b t h  mediums at higher t m e m h e  pressures and 
lower crossflow velocity. This indicates thd the resistance of the deposition layer on and 
with 11 membrane determines the achievable fluxes of the membranes. 

Table 1.  Flux of MF and UF membranes at different conditions 

Feed J Me- 
dium 

Wassewater 
of rubber 
irdusrry 

Wastewater 
of tapioca 
industv 

I 

Tranmnem- 
brane pres- 
sure (bar) 

1.1 
1.8 
2.8 
1.1 
1.8 
2.8 

Crossflow 
velocity 

( d s )  
1.7 
1.4 
0.9 
1.7 
1.4 
0.9 

Flux ( ~ m '  hr) 
MF 

197f 10 
180 + 5 
148 a 10 
1445  16 
14Rf 10 
! I3  + 19 

UF 

f28+6 
IS5 k20 
T70A 10 
107f 5 
170k 10 
117+8 



Algal amcentration plays an important rule in the cross flow filtration, bemuse it a u -  
the char act eristics of the suspension, A series of experiments at d ifbent algal concent rati~m 
was m-ied out with rubber industry and tapioca industry wastewaters at tmmembme pres- 
sures of 3 . 1  - 2.8 bar and cross flow velocities of 0.9 - 1.7 mls. The flux of MF membrane 

I 
d e c m d  as the algal concentration was increased (Figure 4). However, in the algal concen- 
tration range of 736 - 2476 mgll, the effect of algal cancentm?ion on the flux of MF mem- 
ham w:s not significantly. 

Figure 4- Flux of MF membrane (kft) and UF membrane (right) as a function of fdtra- 
tion at different algal concentration (measured aq TSS) at dp = 1.1 bar, v = 1.7 
m/s 

3.2. Treatment Emciency 

Apindu~trial effluents contain mlubie and suspended substances with a broad range of mo- 
lecular six and molecular weight. Membranes have a certain cut-off related to the molecular 
s k x  oft h,: solutes, and the separation efficiency is therefore depending on the pore size of the 
mern'branf:. This is demonstrated in Figure 5,  where observed rejection5 of color, turbidity, 
COD, am noniurn, nitrate, phosphate, and TSS are shown. 

Figure 5. Rejections of color, turbidity, COD, ammonium, nitrate, phosphate and TSS 
from effluent of rubber industry (left) and tapioca industry (right) by ME and 
UF membranes Ap = 1.1 - 2.8 bar, v = 0.9 - 1.7 nds 



Tht ~~bservsd rejections have k e n  extremeiy good, and of particular interest is the appar a, t 
color and turbidity rejections of more than 90 percent. The high rejection results in c lw  pkr- 
meat,: (see Figure 6). The high rejections (more than 85 percent) of soluble nutrients (ammo- 
nium. nitrate, and phosphate) by the ME and UF membranes are possibly because of complex- 
hg with proteinaceow, matetEaF. The deposition on and within the membrane played an im- 
portant role in the rejection of the soluble substances. Without the secondary layer, the soluble 
nutrients would pass the membrane because of their relative small sfie cornpared to the mem- 
brane pore size or MWCO. From the Figure 5, it appears that UF membrane gives higher re- 
jections of the water quality parameters. The smaller the pore size or cut-off of the membrane, 
the h gher the rejection will k. However, the deposition o f  pmicles (i.e. algal biomass) at the 
mem!~rane surface form a secondary layer, which tends to reduce thc membrane pore size and 
leads to increasing the rejection of soluble substances. 

33. Pemeate Quality 

P Table 2 show the qualify of permeate of MF and UF membranes for separation of algae. ~b 
pearance of permeates compared to the feed is shown in Figure 6. Referring to the measured 
water quality parameters, the produced permeate meets the Indonesia standards for direct dis- 
charge (Permenkes No. 416hENKES/PEWIX/I990) and for the clean water (Kep. 
MEk' KLH No. 5 l/MENKLH/ 1 011 995)  and there fore can k considered as k i n g  acceptable 
for rruse or mycling. 

Table 2. Permate quality achieved by ME and UF membrane filtration 

1 Turbidity I NTU 

Wastewater of Tapim Industry r I 
-- 
Co lo rs I I'tCo 550 62.9 5 12.8 
-A pp 

Turt idity - NTU 46 1 11.75 2.3 46 1 2.9 + 0.5 1 
COLI - m& I57 *35 38 zk 8 657+ 177 1 8 & 2  1 

Phosphate 
TSS 



I 

- Figure 6.  Appearance of'feed and permeate of MF and UF membranes I . . 
4. CONCLUSION r' 
Results of the experiments for separation of algae showed that MF and UF membranes coufd 
tx used for complete separation of algae in agroindustrial emuenrs. The achievable flux w a s  
depended on the characteristic of wastewater, membrane characteristics, and the operating 
conditicn (transmembrane pressure, crossflow velocity, alga concentration). FIuxes of app. 
150 - 200 l imZ hr could k achieved by using MF membrane at a relative lo\\* cross flow ve- 
locities of 1.7 d s  and tmmnrbrme pressures of 1 . 1  bar. In thjs condition, UF membrane 
produced fluxes of app. 100 - 130 urn2 hr. 

Roth MF grid UF mbranes  retained some Emportant pollutants significantly. The obserd 
rejectiora have been extremely good, and of particular interest. is the apparent color and tur- 
bidity rciections of mre than 90 ~ r c e n t .  The high rejections (more than 85 percent) of soh- 
bk nutrients (ammonium, nitrate, and phosphate) are possibly because of cornplexing wirh 
pmteina:eous material. The deposition of particles (i-e. algal biomass) on and within the 
mernh~es seems to contribute in reducing the membrane pore size and lead to increasing the 
rejecrios; af soluble substances. 

P Tk p n e a t e  quality obtained from the experiments was very high. The m m a e d  water qual- I 

ity parameters met the requirements of the Indonesian standards fnr direct discharge and even 
for the clean water. The results indicate that reuse or recycle of the agroindustrial effluents is 
technically possible. 
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