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ABSTRACT: The present study deals with the successful commissioning of a phycoremediation plant to treat the acidic
effluent from an alginate industry. The liquid effluent is highly acidic. Conventionally, sodium hydroxide has been used
for the neutralization of the acidic effluent which results in an increase in total dissolved solids and the generation of solid
waste. The study was conducted in three stages. In the first stage, the solar ponds used for evaporating the effluent were
converted into high rate algal ponds wi@hroococcus turgidysa blue green alga. Algal growth increased the pH and
fresh untreated acidic effluent was introduced until the pH of the effluent was reduced to the desired level depending on the
amount of effluent already in the tank. When allowed to stand, the pH of the effluent increased from 6.0 to 8.2 in 4 days.
In stage 2, pilot plant studies were undertaken in a sloping tank to reduce the time taken for the pH to increase. The pH
increased within hours and enhanced evaporation also occurred. The sludge formation was negligible. In the final stage,
based on the results of pilot plant studies, a full scaling up of the slope tank was made. With the addition of around 30 ki of
acidic effluent every day, the pH of the effluent remained constant around 7.02 and total dissolved salts stabilized at 49 g/l.
There was no sludge formation even after 2 years of operation. With just one circulation of the effluent at a pumping rate of
80 kl/h on the slopes, the desired evaporation of 30 kl was achieved.
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INTRODUCTION sults in a huge amount of sludge which forms the so-
Phycoremediation, as defined by Oighin a broad called hazardous solid waste generated by the industry

sense, is the use of macroalgae or microalgae for trﬁﬁg V/-\\Ilhlglhtg:;l;]sr]totl)g d'zsgi‘j’;dtﬁgL?Seepgfgr']l%;:;éa;ndc;
removal or biotransformation of pollutants, including,, 9 ay

nutrients and xenobiotics from wastewater andzcorr?e\r,éhic:ic?rzcs)ﬁje:rzglfee:felgEgi(;f?rtln;?uné 'Z ?:)Trg!\ftlif)%
from waste air. Microalgae play an important role 9 '

during the treatment of domestic wastewatgr Re- Alggl techno!ggy Is very economical and safe for the
cent studies have shown that microalgae can suppgﬂv'ﬁ]ﬂmen;ﬁ ; d d he bh

the aerobic degradation of various hazardous contarg.— The present study was done on the phycoreme-
inants. Microalgae can efficiently remove nutrients lation of effluent from SNAP Alginate and Natural

Chcon o v e gt g0 14, sttt Fanget, Tand s ni
and organic pollutant§'3. Microalgal species have P 9

been successfully used for the treatment of olive ol arious grades fromSargassumsp. Their liquid

mill wastewater and paper industry wastew&ter. effluent (generated at 30 ki per day) is highly acidic

. P o (around pH 1.4-1.8) due to the use of sulphuric acid
Lima et af® reportedp-nitrophenol removal by a s their process material. The Pollution Control

consortium of microalgae. Microalgae could be aIS(g . . - ;
oard regulations require that the acidic effluent is
used to degrade azo dyés . : : .
neutralized, and the industry was using caustic for
that purpose. The solar ponds used for evaporating
the effluent were converted to high rate algal (HRA)
Industrial effluents are conventionally treated usingonds and a pilot slope tank study was undertaken to
a variety of hazardous chemicals for pH correctionshorten the duration of the pH increase, which was
sludge removal, colour removal, and odour removalater scaled up.
Extensive use of chemicals for effluent treatment re-  Preliminary laboratory experiments revealed that

Phycoremediation of industrial effluents
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Chroococcus turgidysa cyanophycean microalga, Microalga
has the potential to increase pH and decrease to@!
dissolved solids (TDS) and has a wide tolerance to p
and high salinity?24.

turgiduswas isolated from SNAP ETP site and
Hientified following the monograph of Desikachafy
As Chroococcussp. can grow in both fresh water
and salt media, it was first inoculated in Bold Basal
medium and was then transferred to F/2 medium for
MATERIALS AND METHODS maintenance. Laboratory cultivation was carried out
. . , . at 24+ 1 °C in a thermostatically controlled room and
SNAP manufacture alginic acid and its various Saltﬁluminated with cool white fluorescent lamps (Philips
from the brown algaeSargassumand Turbinaria 4 W, cool daylight 6500k) at an intensity of 2000
which are procured from the Gulf of Mannar, South ,, in 3 12:12 light dark regime. All the physical

In(j|a. In the industry, seaweeds are treated with mild., 4 chemical parameters were analysed according to
acid for removal of unwanted salts and then treateg\PH A Standard Method®

with alkali for conversion of alginic acid into sodium
alginate. The digested pulp is then diluted and settlddonds

and sodium alginate is recovered. The SEPs were built to evaporate the liquid effluent
SNAP generates a solid and a liquid dischargefter neutralization. The total area covered was 11 000
The solid discharge consists of the remains of se@2. The number of ponds built was 11. All the
weeds after the extraction of alginates which argonds were built in concrete and had a depth of 45 cm.
composted. The liquid discharge is the wash water g5, pond is interconnected in such a way that the
the seaweeds, which is acidic and essentially contaifgy of effluent is by gradient. 30 kl of effluent
organic TDS, sea salts, and sea sand. is the input per day. To evaporate 30 ki of water
The spent water generated was divided in to thre@er day at 4.5 mm per day the required area of the
main categories: neutral, alkaline, and acid streamM§ond is 6750 . For our experimental purposes,
The neutral water stream consists of wash water afznk A (40 mx 47.5 mx 45 cm) was used. The

various process equipments, tanks and floor, and thgea covered was 1900%rand the total capacity was
stream is produced during the digestion. The segglow 40 cm. The SEPs were later termed HRA ponds

digested seaweeds are diluted with water and settlggitation, or aeration was done.

to remove the seaweed residue. The supernatant )
liquid from the settler is taken for further processingSIoPing pond - pilot scale
The seaweed residue is further washed thoroughighe pilot scale sloping pond was constructed in rein-
and dewatered. The collected water is taken in th®rced cement concrete (RCC) and was designed with
‘alkali water recycle’ tank and reused for diluting thea dimension of 2 m (Lx 2 m (W) x 0.75 m (depth)
digested seaweeds. As for the acid water stream, thgth a sloping angle of the evaporating surface of 45°.
supernatant liquid from the settling tanks is acidifiedrhe dimension of the sloping area was & mThe
and precipitated to recover the product. The acidifolding capacity of the tank was 3000 |. The flow rate
water is collected in the acidic water recycle tank. Aof the effluent was at 1800 I/h. 1 cm of water in the
portion of the acidic water is neutralized and takemank is equal to 40 |. The plant was run during the day
with the alkali recycle water and reused for dilutingfor about 9.5 h.
the digested seaweeds. A portion of the acidic water
is reused for washing the seaweeds. About 30 kI O?Iopmg pond - scaled up
acidic water as a blow down is sent to the treatmerithe scaled-up sloping pond was constructed in
plant. RCC having a cross-sectional area of 120G m
The acidic water was neutralized with caustiq70 mx 17.15 m parallelogram). The depth of the
soda by the industry, settled to remove the totahnk was 1 m and had a holding capacity of 1200 ki
suspended solids and evaporated on solar evaporatiéiig. 1). Pillars erected from the tank support the
ponds (SEPs). The dried solids were recovered froasbestos sheet slopped roof, angled at 45°. The slope
the SEP and stored in a secured landfill. angles from 240 cm to 165 cm for 23 m. This did not
Improvised CFTRI Mediur®®, Bold Basal allow the rainwater to seep into the tank. The asbestos
Medium?® and F/2 mediurd were prepared for sheet was painted with black bitumen to improve the
laboratory cultivation of microalga. absorption of solar radiation.
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Header  Table 1 Acomparison of physic-chemical parameters of raw

— effluent with effluent taken from the bottom of the tank after
2 years of phycoremediation (evaporation at 30 kl/day/2
years) (values: SD).
Parameters Raw effluent  After 2 years
Turbidity NTU 1064 7.20 5.9+0.15
TDS (mg/l) 27 600Gt 600 49220t 230
Conductivity (umhos/cm) 36430120 69896t 354
Pump pH 1.66+0.15 7.02£0.17
Header Alkalinity Ph (mg/l) 0 0
Alkalinity (mg/l) - 2916+ 160.8
Total hardness (mg/l) 2106123 5125+ 110
Ca (mg/l) 520+ 15.7 1120+ 49.3
7/ Phycoremediation Mg (mg/l) 192+ 4.2 558+ 7.7
5umf Tank filled with Na (mg/l) 6800t 143.7 7750 123.5
effluent K (mgll) 700+15.3  8125+150.7
Rain water Fe (mg/l) 17.99£0.34 4.13+0.19
Storage tank Mn (mg/l) _ _
7 Free ammonia (mg/l) 56 7.2 13.44+0.28
NO, (mgll) 0.43£0.04 -
= NO; (mg/l) 22415 16+1.2
. - i . Chloride (mg/l) 3216:14.6 12189110
Fig. 1 Schematic diagram of phycoremediation S|0pmq:luoride (malh) 0.62:0.14 0
scaled-up plant. Sulphate (mg/l) 5223 110.8 1195t 89.3
Phosphate (mg/l) 28.621.22 169+5.67
Sio, (mgll) 5.48+0.23  79.49+3.45
At the ground level (bottom surface of the tank)BOD (mg/l) 44+5.6 960+ 23.5
a slopped floor area adjacent to the sloping tank wa&30D (mg/l) 148+ 125 3266+ 24.6

built. This was also painted with black bitumen.
The slope was 15 cm and had an area of 3060 m
(70 mx 43 m). The effluent enriched with the a|gaation sloping tank, were built to detect any seepage
was allowed to flow by gravity from the sloping pondOf effluent. The bore wells were periodically tested
tank. At the highest point of the sloping pond thdor any difference in TDS, chemical oxygen demand
effluent was pumped and from the roof it flowed dowr{ COD), biological oxygen demand (BOD), and pH.
and collected in the slpping pond tank again. Th&EsULTS AND DISCUSSION
effluent was pumped with the help of a 7.5 hp motor. ) ) ]
which consumed around 40 to 45 units of electricit)fEﬁcluent analysis and conventional treatment in
per day Fig. 1). SEPs

The tank was of RCC with side walls measuringThe raw effluent was analysed for its physico-
70 m (W)x 21 m (L) x 1 m (D) with a thickness of chemical parameters and the results are shown in
0.23 m. 120 concrete columns with a diameter ofable 1 The amount of TDS was quite high
22 cm were built in the tank of which 35 columns(27 600 mg/l). As sulphuric acid and sodium carbon-
were on the sidewalls and the remaining 85 were iate were used in the process, the levels of sodium
5 rows of 17 each. The asbestos sheet was fastenedatad sulphate were high (6800 mg/l and 5221 mgl/l,
the columns with steel girders. The phycoremediatiorespectively). Chlorides were also high (3216 mg/l).
sloping tank faced in the east-west direction to maxithe conventional treatment method of neutralizing
mize sun tracking. The tank had a capacity of 1230 mthe acidic effluent with NaOH was followed and the
with a sloped area (roof) of 1200°mand a sloped floor effluent was allowed to evaporate in solar ponds.
area of 3000 rh The total sloped area for evaporation ” ) i )
was 4000 . The pump had a flow rate of 80 ki/h. Modified treatment in SEPs usingC. turgidus
On average 840 ki of effluent was maintained in théll the 11 solar ponds were interconnected in such
tank. a way that the flow of effluent was by gradient.

Test bore wells of 22 cm diameter and 300 cnBy adjusting the initial pH to 6.5C. turgiduswas
depth, three each on both sides of the phycoremedincouraged to grow in the raw effluent. As the pH
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Table 2 Maintenance of pH in solar ponds (Tank A). The principle of the slopping design is to create
a turbulent flow while the algal suspension flows
through sloping surfaces. A pump returns the algal
suspension from the lowest point to the top. The

Day?* Quantity of Inputof pH & SD) Evaporation (I)
effluent (1) effluent (I)

1 51600 7.7%£0.11 turbulence is produced by gravity. The flow speed
g ggégg 30000 66'99i 8'12 ;288 of the liquid increases with the slope of the surface.
4 58900 73602 7600 Elffluent_le??chfd witlC. turgiduswas loaded into the

5 51300 7.46£0.14 7600 Slope priot tank.

6 43800 7.66:0.20 7500 Trials with varying sloping surfaces

7 36100 7.85:0.24 7700 . . _ _

8 28500 30000 6.9720.35 7600 We first tried using a sloping surface made from
9 51000 7.4%0.50 7500 galvanized iron (Gl) sheet. The sheet was painted
10 43500 7.62-0.43 7500 black so as to absorb as much heat as possible. The pH

a Experiments carried out in February — all days sunn)}?f the effluent was maintained in spite of adding 60 |

max temp = 33 °C. All readings taken at the end of thof acidic effluent intermittentlyXable 3. Evaporation
day. was also significant at 40 | per day with the maximum

temperature being 32 °C. But the problem encountered
with Gl sheets was erosion and corrosion. The tip of

rose, fresh untreated acidic effluent was introduceghe slope corroded and cracks in the paint occurred
until the pH of the effluent was reduced to the desiregiithin a month. Hence we instead decided to use
level depending on the amount of effluent already iashestos sheet coated with bitumen. A similar increase
the tank. Care was taken so as not to bring down thg pH and evaporation was achievelable 3. There
pH to less than 6.5. The effluent was treated accordingas no corrosion and the bitumen also was stable. The
to the procedure iffable 2 temperature was measured between the white surface

When allowed to stand, the pH of the effluentand the black surface of the sheet. A sloping surface
increased from 6.5 to 8.2 in 4 days with a sunlighbf concrete coated with bitumen was also tried. The
intensity of around 55 to 60 klux. The averagepH was stable and the evaporation was at 40 | per day
maximum temperature was 35°C. It may be notegdrable 3.
that the colour of the raw effluent was pale brown.  Further studies were done to observe the change
As the pH increased, it turned greenish brown, theim pH and evaporation by increasing the number of
yellowish brown, and finally pink. When fresh acidiccirculations (by increasing the flow rate). The number
raw effluent was added to the standing effluent with af circulation was increased from 7 to 33 per day and,
high pH, the colour of the effluent changed accordings a result, the evaporation increased from 20 | to 48 |
to the pH as mentioned above. The algal cell densityer day. The pH of the effluent was stable in spite
reached 2306 10* cells/ml. of addition of 60 | of acidic effluent. The number of

Daily salt input in the effluent was 2.7 g/l. With circulations of the effluent enriched with. turgidus
an average 30 ki of effluent per day, the salt inpudiid not have any effect on the pHigble 4. The efflu-
was 800 kg per day (or 290 tons/year). But whernt remained green and the cell densitCoturgidus
dried completely after a year the total solids were onlyemained constant and was around 3&Q0* cells
34.8 tons. Thatis to say only 12% of the expected totger ml.

solids were found. There was 88% reduction in TDS. o )
Phycoremediation sloping pond - scaled up

Sloping pond - pilot studies After the successful completion of the pilot plant

With the HRA pond, the desired pH increase occurrestudies, it was decided to scale up the plant to 1000
in 4-6 days. If the algal growth could be enhancetimes the capacity of the pilot plant. The pilot plant
by better aeration and mixing, the time taken tdiad a sloping area of 4 It was decided to have
increase the pH could be reduced. Aeration and sloping area of 4000 fin two stages, one on
agitation can improve the growth of algae and thishe roof and the other on the flodFig. 1). With a
could be achieved by circulating the effluent in aholding capacity 1200 kl it can accommodate 40 days
sloping pond. This could also increase the rate aff effluent generation at 30 kl a day.

evaporation. Hence it was decided to try sloping pond The plant was initiated with 720 | of effluent from
technology. Pilot plant sloping pond studies wera SEP, which was already enriched wiEh turgidus
undertaken. The effluent had an initial pH of 6.85. From day
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Table 3 Pilot plant studies with various slope surfaces (pH vali&D).

Slope surface Initial dip Final dip  Makeup Initial pH FinalpH  Evaffimax slope Tmax in Tmax Max RH

(cm)? (cm)®  Effluent pH (cm§ surface (°C) tank (°C) room (°C) (%)

Cement slab 41 40.5 1.650.03 7.12£0.15 7.86:-0.05 0.50 33 32 325 56
42 41 1.72-0.05 7.26£0.02 7.99+0.07 1.00 36 34 34 53

43 42 1.69+-0.01 7.52+0.05 8.12£0.06 1.00 33 30.5 32 54

43.5 42.5 1.720.11 7.14+ 0.03 7.88:£0.10 1.00 34.5 33 34 58

43 42 1.69£0.23 7.08:0.07 7.88:£0.03 1.00 34.5 33 35 59

43 42 1.62-0.11 7.22£0.03 7.9A40.12 1.00 36 34 35 59

Asbestos sheet 30.5 29.5 1F#D.05 7.62+0.13 8.12-0.14 1.00 41.5 375 35 55
31 30 1.69+-0.12 7.6%40.34 8.140.13 1.00 42 38 36 56

32 31 1.72£0.11 7.65-0.04 8.12£0.07 1.00 42 385 36.5 57

325 315 1.69£0.02 7.66-0.01 8.22£0.08 1.00 42 38 36.5 54

33 32 1.72-0.09 7.69£0.23 8.26£0.34 1.00 39.5 37 35 55

325 315 1.720.08 7.740.03 8.28:0.12 1.00 41.5 38 36 55

Gl sheet 17 16.5 1.74 0.1 6.69£0.01 7.12:0.18 0.50 35 31 30.5 52
18 17.5 1.69£0.13 4.85-0.16 5.72£0.03 0.50 35 31 31 53

18.2 17.2 1.7%£0.04 5.46-£0.7 6.24£0.54 1.00 36 32 31 52

17.7 16.7 1.7220.12 5.24+0.19 6.12£0.11 1.00 36 32 315 54

17.5 16.5 1.75-0.35 5.25+0.10 6.54+£0.22 1.00 35 31 31 52

17 16 1.62+0.11 6.7+0.24 7.06£0.17 1.00 36 315 315 53

Evap = evaporation; RH = relative humidity
Circulation pump started at 8.30 am and stopped at 6.00 pm every day. Flow rate of ®&s maintained. Sunny
throughout the experiment.

81cm=40]|

Table 4 Effect on pH and evaporation due to increase in circulation (pH vai@b).

S No. Initial Dip Final Dip  Makeup Initial pH FinalpH Evap No.of Timax slope Tmaxin Tmax MaxRH

(cm)? (cmp®  Effluent pH (I) circulation surface (°C) tank (°C) room (°C) (%)

1 221 213 1.69-0.12 8.34-0.09 8.24-0.07 48 33 33 30.5 32 56
2 14.5 135 1.650.06 7.61+ 0.11 7.52£0.06 40 24 34.5 33 34 53
3 9.5 8.9 1.78:0.12 7.42-0.14 7.63:-0.16 24 10 345 33 35 54
4 43.5 43 1.750.09 8.11+0.08 7.92-0.13 20 7 36 34 35 58

Slope - Cement Slab

Circulation pump started at 8.30 am and stopped at 6.00 pm every day. Addition of effluent at 60 I/day. Sunny throughout

the experiment.

81cm=40]|

1 onwards, the pH stabilized around 7 and the TD$able 5 pH and evaporation studies in scaled-up phycore-
was around 45000 mg/l. The average load of efflumediation plant.
ent was around 850 | and just one circulation wa -
enough to evaporate 25 to J30 kl of effluent. Evenﬁ)ay Dip (cmf' pH+SD Evap (k) TDSESD (mg/)
at the end of 9 months, the data remained the same 76.5  7.09-0.34 47640+ 234.3
(Table 5. The effluent remained green and the count 77 69£043 254 44310t 256.0
of Chroococcusremained constant and was around 76.5 7.3:055  26.6 46820k 245.7
4500x 10* cells/ml. During rainy days the plant also ’6 6.8:067  27.8 47360t 289.0
. : . 76 6.8+£0.12 26.0 46930+ 210.4

served as a good ramwater—ha_rvestmg unit. Whenevgr 745  6.74-023 290  48300- 289.0
thgre was rain, phycoremediation was stopped and the 745  6.85-0.36 260 47820+ 256.8
rainwater collected was sent to a water storage tank:

Conventionally NaOH is used to neutralize acidic ~ Study at the end of 9 months of operation
effluents. Chemical neutralization costs could be , "Putéffluent =26k

- - . . . 1cm=12001

reduced significantly with an integrated iron oxi-
dation and limestone neutralization process because
limestone is less expensive than lime, and a higteffluentinto a methane-rich biogas was achieved using
solids-content sludge is produc®d Benassi et & an up flow anaerobic sludge blanket reaétorThe
suggested that chitosan microspheres could be usedadural evolution of acidic waters, (which includes
an alternative approach for remediation of acidic coghe bacterial oxidation of Fe (ll) and the subsequent
mining wastewaters. precipitation of Fe (Ill) minerals), representing an

Anaerobic conversion of an acidic petrochemicagfficient mechanism of attenuation was reported by
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Javier @inchez et &°. Costa and Duarfé showed the a TDS of 27600 mg/l. Our preliminary laboratory
possibility of bioremediation of acid mine drainagestudies also revealed th&. turgidus reduced the
using acidic soil and organic wastes for promotindevels of potassium, sodium, iron, chlorides, flourides,
sulphate-reducing bacterial activity on a column resulphates and TDS to a large ext€nt*. So far,
actor. Jayachandran et3alusing Acinetobactersp almost all the bioremediation technologies in treating
could reduce the COD content in the acidic effluenacidic waters have been limited to the laboratory scale.
effectively. COD values could further be reduced in an

acidic petrochemical effluent by influencing the anaeleONCLUSIONS

obic digestion by different substrate pH valdes The first ever phycoremediation plant with turgidus

Utilizing the alkalinity produced by the alga ;
Spiruling precipitating heavy metals in acid mine.haS been working from September 2006 at SNAP

drainage has been demonstrated by Van Hille &t al industry very succe;sfully. The pla_nt evaporates 30 ki
The ability of certain algal species to increase thgffluent every day without developing any sludge. pH

alkalinity of the surrounding medium as a byproducforrecnon and sludge reduction could be achieved

of their inorganic carbon accumulation mechanisﬁé\g}gmaeg]upt:gi/;]%a?gymgtirp'c;a:rs]'onzheor']ngﬁztgczs
has been document& 9 y

and the environment is spared from the dumping of
Phycoremediation using sloping tank - scaled up ~ hazardous solid waste. We expect that phycoremedia-
Encouraged by the pilot plant studies, a fully scaled ugon techpology_could be emp_loye_d _to deal with other

) e . itypes of industrial effluents with similar success.
sloping phycoremediation plant was commissioned i
September 2006. With the addition of around 30 kJA
ﬂ;ﬁf&cciﬂu;:i :z%dsg’ 7thoe ;r:_(; (t):]éh_?s g Iu;rl;t_l_re-oé the Vivekananda Institute of Algal Technology, Chennai
at A:9 000 mS/I Th u ' ludae f i S ”Z? r facilities and M/S SNAP Natural and Alginate Products,
g/l There was no S udge formation even anipet for the research grant.

the end of two years of operatiofgble ). Even after
just one circulation of the effluent with a pumping rat§%
of 80 kl per hour on the slopes, the desired evaporati EFERENCES
of 30 kl was achieved. The level in the tank was kept 1. Olguin EJ (2003) Phycoremediation: key issues for
around 850 ki against the tank capacity of 1200 kl. ~ cost-effective nutrient removal procegsotechnol Adv
The sloping tank also served as a rainwater-harvesting 22 1-91. _
unit during rainy days. It has been estimated that the?- AZiz MA, Ng WJ (1993) Industrial wastewater treat-
amount of rainwater that could be harvested during ?Begtluse'ng an activated algae-reacidater Sci Tech
a nqrmal rainy Sef'iS(.)n can supply 6 months Waters. Abeliovich A (1986) Algae in wastewater oxidation
requirement for this industry. Presence of another

bl | il ) | he s| fth ponds. In: Richmond A (edjandbook of Micro-algal
ue-green algahscillatoriaonly on the slopes of the Mass Culture CRC Press, Boca Raton, pp 331-8.

sloping pond added to the efficiency of phycoremedi-4 \ara DD, Pearson H (1986) Artificial freshwater
ation. The removal oDscillatoria, which formed a environment: waste stabilization ponds. In: Rehm

thick scum over the sloping evaporating surface atthe Hj, Reed G (edsBiotechnology Velagsgesellschaft,
ground level, drastically reduced evaporation by 50%. pp 177-206.

Bioremediation removes the toxic pollutants once 5. Oswald WJ (1988) Micro-algae and waste-water treat-
and for all. The pollutants may be bio-converted, ment. In: Borowitzka MBL (edMicro-algal Biotech-
biodegraded, or volatilized. Neumann et%les- nology, Cambridge Univ Press, pp 305-28.
tablished the fact that even metals like selenium areb- Oswald WJ (1995) Ponds in the twenty-first century.
converted to volatile dimethylselinide by microalgae. _ \Water Sci Tecl31, 1-8. _
Photoevaporation of bio-molecules by higher plants’- Mufioz R, Koliner C Guieysse B, Mattiasson B (2004)
has been demonstrated with mass balance stiflies - notosynthetically oxygenated salicylate biodegrada-
Luther'® has reported that the alg&cenedesmus t|gn in a cqntlnuous stirred tank photobioreactor.

. - . Biotechnol Bioen@®7, 797—-803.
obliquus was able to utilize naphthalenesulphonic g

. o . Mufioz R, Jacinto MSA, Guieysse B, Mattiasson B
acids as a source of sulphur for their biomass, releas- (2005) Combined carbon and nitrogen removal from

ing the carbon ring into the medium. Bio-utilization,  acetonitrile using algal-bacterial reactappl Micro-
bio-transformation, and bio-evaporation may explain  pjol Biotechnol67, 699—707.

the reason for TDS remaining stable at 49000 mg/l9. Mufioz R, Rolvering C, Guieysse B, Mattiasson
even after the addition of 30 ki of effluent per day with B (2005) Photosynthetically oxygenated acetonitrile
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