SCOPE NEWSLETTER

NUM BER 49

February 2003

STPP page 2
Rapid hydrolysis of detergent phosphates in
sewage

ltaly page 7
M odelling P-recovery process

Detergent  polyphosphates (STPP) are rapidly
hydrolysed in sewage. They are till detectable in the
inflow to a sewage works with a very short sewer system,
but not in sewerage networks with longer hydraulic
residence times.

Following previous papers presenting successful P-
recovery experiments at the lab. scale, and the
commissioning in 2001 of a full-scale pilot plant at
Treviso sewage works, this paper a reactor operating
model for P-precipitation.

Phosphate recovery page 9
Calcite and silicate seeding improves calcium
phosphate precipitation

L ow temperature heat page 3
Recovering phosphate from bio-P sludges

Low temperature heating (around 70°C) suffices to
release nearly all the accumulated phosphorus from
biological P-removal sewage sludge (EBPR), and the
released phosphate readily precipitates under calcium
addition without pH adjustment, giving a product
offering interesting potential for recycling.

Experiments show that calcium carbonate (calcite) and
Tobermorite (calcium silicate hydrate) seeds enable
effective phosphate elimination from chemical solutions
and from real wastewaters at pH 8. The effect seems to
improve with re-use of the seed, possibly because of
coating with calcium phosphate.

Japan
Twin tank struvite precipitator

page 4

Phosphate precipitation chemistry  page 11
Carbonate inhibition of calcium phosphate
precipitation

The Ebara struvite recovery process has been
considerably improved, achieving 92% recovery rates,
by adding a secondary process tank to keep seed particle
size in the main reactor constant.

A series of experiments show the interactions between
calcium carbonate (calcite) and calcium phosphate
precipitation. Calcite seed addition is shown not to
facilitate cal cium phosphate precipitation.

Japan
Kineticsof struvitereactors

page5

An experimental stirred reactor was used to study the
kinetic conditions of struvite recovery, including stirring
energy.

Brazil page 11
Biomass as a key factor in tropical lakes
eutr ophication management

Sudies in Brazlian lakes and reservoirs show that
nutrient mass is not directly related to algal growth, and
that biomass is the key management factor.

Turkey page 6
Struvite from sewage and landfill leachate
Summary text for front page

Beaker tests show that 70-85% of ammonia can be
removed as struvite (MAP) from municipal waste water
and/or landfill leachates, enabling recovery for

recycling.

Tropical reservoir page 12
Factors controlling algal community structure

Turkey page7
Struvite from industrial wastewaters

Blue green algal dominance is related to nitrate
concentration, N/P ratio, temperature and light
conditions.

Beaker tests show that struvite precipitation can achieve
up to 83% ammonia recovery from wastewaters from
tannery, opium and bakers yeast industries.

Water treatment page 13
Sewage sludge management in Europe

A report for the EU Commission assesses options for
sewage sludge disposal, implications of proposed tighter
land spreading regulations, and costs of biosolids
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STPP
Rapid hydrolysis of deter gent

phosphatesin sewage

This paper provides the only recent data on the
fate of detergent phosphates (sodium tri
polyphosphate STPP) and other polyphosphates
in domestic waste waters, and for the first time
gives some indications as to the factors affecting
the rate of their hydrolysis. Results are also given
showing the degree of hydrolysis in laundry and
dishwashing machines, the experimental rate of
hydrolysis in raw sewage, and indications of the
mechanisms involved.

The authors cite previous work by Jolley et al (1998,
see SCOPE Newsletter n°27 at www.ceep-
phosphates.org ) indicating that polyphosphates were
not detectable in domestic sewage reaching the
Lower Molongolo Sewage Treatment Works,
Canberra, Australia. They indicated: “No
pyrophosphate or triphosphate was detected;
however, this was to be expected given that the sample
was taken as the waste water entered the treatment
plant, at which stage it might be expected that any
condensed phosphorus species would have undergone
hydrolysis ... This observation was not an artefact of
the analytical technique used, which had been
thoroughly validated ...” [with reference to: Jolley, D.
Honours Thesis, University of Canberra, 1993.]

This new 2001 paper analysed polyphosphates
(triphosphate and diphosphate) in sewage reaching the
Whittlesea Local Treatment Plant (LTP domestic
sewage treatment plant), Melbourne, Australia. The
works served 425 homes and receives sewage that is
almost entirely of domestic origin. The estimated
average residence time of the sewage in the pipes
before reaching the sewage works is 2.6 hours (from
Cullen et al., 1995).

The amount of detergent phosphate reaching the
sewage works (as polyphosphate, not on a “high-
washing” day) was 202-339gP/day. This is estimated
to be just over half (55%) the original amount of
detergent phosphate entering the sewage (370-
621gP/day). Approximately 30% more detergent
phosphates are thought to be used on a “high-
washing” day.

Total phosphorus in the sewage works inflow was 4.6
— 21 mgP/1, so that the detergent polyphosphates (not

high washing day) made up 11-30% of total sewage
works phosphorus inflow.

The authors compare this result with Jolley's 1993
data for sewage from the Lower Molongolo sewage
works. “This is in contrast to the behaviour of
triphosphate in larger municipal waste water systems
... where hydrolysis is complete or nearly so by the
time the effluent reaches the sewage treatment plant”

Breakdown in sewage

The authors carried out experiments to assess the rate
of hydrolysis of detergent polyphosphates in raw
sewage at 15°C or 20°C, and also in autoclaved
sewage (elimination of bacterial action) and with
addition of solid particles or cations (calcium,
magnesium). The sewage samples were spiked with
triphosphate to an initial concentration of 2 mgP/1.

Detergent phosphates “were found to rapidly degrade
in raw sewage. Unfiltered sewage samples
contained no detectable levels of diphosphate or
triphosphate 24h later”. The half-life of detergent
phosphates (triphosphate) in waste waters was
measured to be 7.3 hours at 15°C and 3.0 hours at
20°C.”

However, if the sewage sample was filtered to
<0.2um, then no detectable hydrolysis occurred in the
first 96 hours, presumably because of the removal of
both bacteria and of particulate reaction substrates.
Magnesium or calcium addition (100 mg/l) did not
make a significant difference to the rate of
polyphosphate hydrolysis, and nor did the addition of
suspended solids (kaolin). Autoclaving the sewage, on
the other hand, had a considerable effect, with in this
case little hydrolysis over 10 hours compared to rapid
degradation of polyphosphates over this time period
with sewage which was still biologically active. This
confirms the major role of bacterial action in
detergent polyphosphate hydrolysis in sewage and
in sewer age networks.

The authors also estimate that 20% of STPP will be
adsorbed to particles in >0.2um in sewage.

Breakdown in washing machines

Several experiments using washing machines and
dishwashers showed that most of the detergent
polyphosphates “ survived” the wash cycles, even at
relatively high temperatures (55-65°C). The authors
suggest that the relatively high pH in the wash cycle,
and the short heating period, do not favour
polyphosphate hydrolysis. Between 0% and 43% only
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of the initial detergent phosphates were hydrolysed in
the machine cycles, and the authors indicate “The
stability of triphosphate during the washing process
should be reassuring to detergent manufacturers in
that it ensures the builder component of detergents
functions effectively for the duration of the washing
cycle”.

The paper thus concludes that detergent
polyphosphates (STPP) is not considerably broken
down during washing machine or dishwasher
operation, but is hydrolysed to soluble
orthophosphate quite rapidly (half life of a few
hours at 15-20°C) in sewage. This degradation is
dependent on the micro-organism activity in the
sewage (strongly reduced by sterilising or filtering the
sewage). Thus only trace amounts of detergent
phosphates will be found in the inflows to sewage
works situated on sewerage networks with transport
times of 12 hours or more, but detectable
concentrations will enter sewage treatment plants with
short sewerage networks (residence time of a few
hours only).

“Hydrolysis of triphosphate from detergentsin a rural
waste water system” D. Halliwell *?, |. McKelvie', B.
Hart?, R. Dunhill®,

1: Dept. Chemisty, Monash University, Clayton, 3800
Australia. lan.Mckelvie@sci.monash.edu.au

2 = Cooperative Research Centre for Freshwater Ecology,
Monash University, Clayton, 3800 Australia.

3 = Albright and Wilson, Whitehall Street, Yarraville, 3013
Australia.

Water Research vol. 35, n° 2, pages 448-454. 2001.
http://www.elsevier.nl/gej-
ng/10/42/34/34/27/37/abstract.html

With permission from Elsevier Science
http://www.elsevier.com/locate/watres

SCOPE Newsletter editor’s note:

It can be expected that the hydrolysis of detergent
polyphosphates will continue within the sewage
works. For example, Finstein and Hunter 1967
showed that around 50% of detergent polyphosphates
were hydrolysed in the aerobic compartments of
sewage works, and a similar proportion in a trickling
filter. Once finally degraded, the detergent
polyphosphates  give  orthophosphates  (POy),
indistinguishable to the majority of phosphates in
sewage coming from human and food wastes.

L ow temperatur e heat
Recovering phosphate

from bio-P sludges

Bio-P sludge was produced simulating EBPR
(Enhanced Biological Phosphorus Removal)
sewage treatment cycles in a 500ml bench reactor,
initially fed with fresh activated sludge from a
municipal sewage works and then with synthetic
waste water. The reactor used an 8 hour cycle
(addition of synthetic waste water, 2 hour
anaerobic phase, 5 hours aeration, 1 hour settling
and removal of supernatant). This process enabled
the sludge to accumulate 3.5 - 5 %
polyphosphates, 4.3 — 6% total phosphorus (dry
weight).

Release of the accumulated phosphates was then
analysed under either anaerobic conditions or low-
temperature heat treatment. After 4 hours under
anaerobic conditions (bubbling of nitrogen gas),
polyphosphate release from the sludge was
negligible without chemical addition (<5 mg/l P
total P-compounds released after 6 hours). When
the sludge was maintained in anaerobic conditions
and 4g/1 acetic acid added, around 20 mg/l of P
compounds were released after an hour, rising
progressively to nearly 80 mg/1 after 6 hours.

However, when the sludge was subjected to low-
temperature heat, without any chemical
addition, rapid release of polyphosphates was
observed. At just 50°C, P-release was similar
after one or two hours to release under anaerobic
conditions plus acetic acid (as above). At 60°C, 60
mg/1 total P release after two hours reached nearly
100 mg/l with around 2/3 as polyphosphates. At
70°C, nearly 120 mg/l P were reached after only
one hour, with release even faster at 80°C or 90°C
(but with not more P being released).

Staining of the sludge (DAPI) and use of a
fluorescence microscope confirmed that at 70°C
polyphosphates were indeed moving out of the
sludge flocs into solution, but showed that DNA
was staying in the flocs, showing that the sludge
micro-organismes were not undergoing
disintegration. The authors hypothesise that the
heating is disrupting the cell membrane function,
allowing polyphosphates to escape.
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70°C optimal temperature

Treatment at 70°C was sufficient to release
90% of the sludge polyphosphates into solution.
Apparently, almost all the phosphate released from
the sludge was initially released as
polyphosphates, progressively hydrolysing to
other soluble forms of phosphate after release and
with time. This was demonstrated by the decrease
in polyphosphate levels occurring after release had
stopped, paralleled by an increase in other
phosphorus compounds in solution.

The initially-released polyphosphates at 70°C
were shown (by PAGE analysis) to have a chain
length of 100-200 phosphates. After 4 hours heat
treatment, all polyphosphates of chain length >
100 P had disappeared. A part of the
polyphosphates was shown (by HPLC analysis) to
be hydrolysing to trimetaphosphate.

Calcium phosphate precipitation

The polyphosphates released from the sludge
could be readily precipitated as calcium
phosphates by adding calcium, without pH
adjustment at room temperature (addition of 50
molar final concentration calcium chloride). 65%
of total phosphorus present was precipitated after
30 minutes, rising to 75% after two hours.
However, once the polyphosphates were
hydrolysed, calcium phosphate precipitation was
more difficult to achieve: only 20% total
phosphorus was precipitated by calcium chloride
addition without pH adjustment (but up to 90% at
pH 10).

Elemental analyses showed that the product
precipitated from the 70°C  heat-released
polyphosphates contained 16%P and 18% calcium
dry weight, that is a phosphorus content
comparable to mined phosphate rock. The authors
examined the feasibility of this technique for
recovering phosphorus from municipal
wastewaters at pilot plant scale (submitted to
Journal of Chemical Engineering of Japan,
available on request). The wet pellets contained
low levels of most metallic impurities and
would be readily usable in the manufacture of
agricultural fertilisers, for example.

The authors conclude that low-temperature (70°C)
heat treatment of biological P-removal sewage

sludges, followed by calcium phosphate
precipitation, offers a very promising — and to date
unexplored — avenue for recovering phosphates for
recycling from sewage.

“ A simple method to release polyphosphate from activated
sludge for phosphorus reuse and recyling” , Biotechnology
and Bioengineering, vol. 78, n°3, May 2002, pages 333 -
338. Online at: www.interscience.wiley.com

A.Kuroda, N. Takiguchi, T. Gotanda, K. Nomura, J. Kato,
T. Ikeda, H. Ohtake, Dept. Molecular Biology, Hiroshima
University, Higashi-Hiroshima, Hiroshima 739-8526,
Japan. akuroda@hiroshima-u.ac.jp

Japan
Twin tank struvite precipitator

A laboratory scale m’/day experimental struvite
precipitation reactor was tested using anaerobic
treatment  liquors  with  total = phosphate
concentrations of 111-507 mgP/l and 177-862
mgNH4-N/I. Struvite precipitation was achieved
by adding magnesium and increasing pH by
alkali addition.

A combination of aeration and recirculation enabled
fluidisation of the bed of struvite seeds (0.5-1.5 mm).
Raw water flow rate was 0.67-1.1 m’/day and
circulation flow rate was ten times higher 6.7-11.7
m’/day because of recirculation. Operating pH was
around 8.3-8.4 and soluble magnesium was added to
around 1:1 stoichiometry for total phosphate.

Previous work (including pilot and full scale test
reactors, see references in SCOPE Newsdletter n°44,
page 6, at www.ceep-phosphates.org) has used a single
reactor tank. However, the growth of the struvite seed
particles then resulted in a decrease in the effective
reaction surface area for struvite precipitation, and
thus a loss of phosphorus-recovery efficiency. The
seed particle growth also resulted in difficulties in
maintaining the bed of particles in suspension
(fluidised bed).

The authors therefore devised a process (see diagram)
with a main reactor vessel with relatively large
struvite seed particles (0.5-1.5 mm) maintained in
suspension by liquor upflow achieved by
recirculation. A smaller secondary reactor vessel
contained fine struvite particles.

Particles >0.3 mm approx. sank in the secondary
reactor and were manually taken out the bottom and
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fed to the main reactor. Fine struvite particles forming
in the main reactor, conversely, were transferred by
air lift pump to the secondary reactor. Total upflow
rate in the secondary reactor was 1 m’/day (0.13
m’/day raw effluent inflow rate, plus 0.87 m’/day
recirculation).

This system proved successful in maintaining stable
seed particle sizein the main reactor vessel.

Stable phosphorusremoval rates

The new two-tank process design proved efficient at
phosphorus removal and recovery, achieving fairly
stable soluble phosphorus concentrations in the
process outflow (14.0-79.5 mgP-total/l). This
corresponds to a phosphorus recovery rate of 84-
92%.

The authors conclude that the two-tank system can
provide an efficient and stable phosphorus recovery
process applicable to domestic waste water liquors.
They suggest that the system could also be adapted for
calcium phosphate recovery, water softening
processes by calcium carbonate precipitation, calcium
fluoride recovery, etc.

“ Development of a high-efficiency phosphorus recovery
method using a fluidized-bed crystallized phosphorus
removal system” , International Conference“ From nutrient
removal to recovery” (International Water Association),
Amsterdam, 2-4 October 2002 — publication expected in
Water Science and Technology
http://www.iwaponline.com/wst/toc.htm .

Also the Ebara Product Review n°196 (July 2002)
http://www.ebara.co.jp/en/product/tech/abstract/196_en.ht
ml#thing?2

K. Shimamura, Y. Miura, H. Ishikawa, T. Tanaka, Ebara
Corporation, 2-1 Honfujisawa 4-chome, Fujisawa-shi, 251-
8502, Japan shimamura.kazuaki@ebara.com or
eer(@ebara.com

Japan

Kinetics of struvitereactors

A 2.5 litre laboratory reactor was tested for
continuous struvite precipitation experiments,
following beaker batch experiments.

The batch experiments used pure solutions (with
dissolved phosphate, ammonium and magnesium) and
the continuous experiments used anaerobic sewage
sludge digestion liquors (after settling for 60 minutes:
198-290 mgP-PO./1, 441-591 mgN-NH./1).

The batch (beaker) experiments suggested that
agitation, pH and quantities of struvite seed present
were key parameters for reactor kinetics. Stirring and
aeration were both tested as means of agitation,
suggesting that precipitation was significantly
reduced at lower agitation, with an upper limit for
paddle speed of 200 rpm (G value of 40 1/s). Struvite
seed volumes in the reactor were in the range 55-
3,200 mg/1 of mixed liquor.

Struvite particle growth

Two continuous runs were carried out using the
laboratory reactor and real waste water digester liquor,
for durations of up to 2 days.

The first run showed that precipitation was faster
when the volume of struvite seed present in the
reactor was higher (volumes tested were 37,000-
140,000 mg/l mixed liquor, corresponding to 5-25%
seeds by volume after settling). Using a
magnesium:phosphate molar ratio of 1.1:1 and at a pH
of 8.5, phosphate removal of 92% was achieved
(soluble phosphorus concentration in reactor effluent
of 17 mg P-PO4/1) in under 4 minutes residence
time.

In a second, longer run, struvite crystals were allowed
to grow in the reactor, from an initial size distribution
mainly <0.15mm reaching mainly 0.25-0.6mm after
43 hours. The seeds of >0.6mm were sinking to the
bottom of the reactor, out of the mixing zone.

The precipitated product was analysed using Electron
Spectroscopy Chemical Analysis (ESCA) and showed
to be struvite. The product of solubility values K was
calculated to be 7.8x10™"°(mol/l).

“ Removal and recovery of phosphate and ammonium as
struvite from supernatant in anaerobic digestion”,
International Conference “ From nutrient removal to
recovery” (International Water Association), Amsterdam,
2-4 October 2002 — publication expected in Water Science
and Technology http://www.iwaponline.com/wst/toc.htm .

M. Yoshinol, M. Yaol, H. Tsuno2, |. Somiya2

1 —Maezawa Industries, 5-11 Naka-cho, Kawaguchi-shi,
Saitama 332-8556, Japan
masaaki_yoshino@maezawa.co.jp

2 — Graduate School of Engineering, Kyoto University,
Yoshida-honmachi, Sakyo-ku, Kyoto 606-8501, Japan
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Turke
Struvite from sewage and landfill

leachate

Domestic wastewater samples from the Yenikapi
sewage works, Istanbul, and landfill leachates
from two different sites near Istanbul
(Kemerburgaz, Komurcuoda) were used, both
separately and in different mixes, to assess the
feasibility of struvite precipitation as a process
for ammonia removal. For some samples,
Fenton’s oxidation was applied before struvite
precipitation.

This follows a previous paper (see refs. below)
presenting the co-treatment of landfill leachates and
domestic waste waters, as a solution for both treating
the landfill leachate and providing a sufficiently
concentrated liquor with domestic wastewaters for
effective anaerobic treatment

The struvite precipitation experiments used 500 ml
closed flasks with magnesium (as magnesium
chloride) and phosphate (as sodium hydrogen
phosphate) added, both in either 1.1 to 1 or 1 to 1
molar ratios compared to the sample’s ammonium
concentration. The pH was adjusted using sodium
hydroxide to pH 8.2 — 9.6 and the flasks were stirred
rapidly for 5 minutes then slowly for 30 minutes,
before being allowed to settle for 30 minutes.

Fenton’s oxidation was carried out in stirred flasks
with addition of ferrous sulphate and hydrogen
peroxide at pH4 (adjusted using sulphuric acid). The
sewage liquor had an ammonium concentration of 28-
42 mgN-NH,/1, a soluble phosphate concentration of
4-8 mgP-PO4/1 and total COD of 80-150 mg/l.
Corresponding concentrations for the leachates were
610-2,740 mg/l for ammonia-N, near zero phosphate
and 1,270-12,450 mg/l COD.

The samples studied used domestic wastewater
sewage works inflow (after screening and de-gritting),
untreated leachate from the Kemerburgaz landfill site,
and anaerobically pre-treated leachate from the
Komurcuoda landfill site in the following
combinations:

- domestic wastewater

- domestic wastewater plus 2% pre-treated leachate

- domestic wastewater plus 2% non treated leachate

- domestic wastewater plus 3% pre-treated leachate

- domestic wastewater plus 3% pre-treated leachate,
subjected to Fenton’s oxidation
- pure pre-treated leachate

The Fenton’s oxidation step did not improve the rate
of ammonia recovery in struvite, but did significantly
improve COD removal (up to 82%).

Ammonia recovery as MAP was improved by using
the 1.1 to 1 molar ratio of phosphate and magnesium
addition, and slightly by raising pH to around 9. At
pH 9.2, ammonia removal rates of around 70% were
achieved for most of the sample combinations
indicated above, rising to 85% for the pure leachate
(using 1:1 molar phosphate and magnesium addition).

The characteristics of the settled struvite were
examined, showing a dry solids content of 20-25%
and a capillary suction time (CST) of 50-70 seconds,
indicative of easy dewaterability. Mass balances
showed that the precipitated solids were indeed 85-
90% struvite.

The authors conclude that struvite MAP precipitation
can be a very effective process for removing ammonia
from landfill leachates or mixtures of such leachates
and of domestic wastewaters. The struvite can be used
as a fertiliser, enabling effective recovery both of the
ammonia removed and of the phosphates and
magnesium used as chemical reagents in the process.

“ Sruvite precipitation from anaerobically treated
municipal and landfill wastewaters” Wat. Sci. Tech. vol. 46
n°9 pages 271-278, 2002. Purchase article online at:
http://www.iwaponline.com/wst/04609/wst046090271.htm

M. Altinbas, C. Yangin, I. Ozturk, Istanbul Technical
University, Env. Engineering Dept., ITU Insaat Fakultesi,
Ayazaga Kampusu, Maslak, Istanbul, Turkey.
maltinbas@ins.itu.edu.tr

and “ A new process for the combined treatment of
municipal wastewaters and landfill leachates in coastal
areas’ , Water Science and Technology, vol. 46, n°8, pages
111-118, 2002. http://www.iwaponline.com/wst/toc.htm

C. Yangin, S Yilmaz, M. Altinbas, |. Ozturk, Istanbul
Technical University, Environmental Engineering, 80626
Maslak, Istanbul, Turkey.
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Turke
Struvite from industrial wastewaters

Two papers present experiments carried out to
assess the potential of struvite precipitation as an
ammonia removal and recovery process for
industrial wastewaters. In one paper: application
is assesses in tannery wastewaters (raw and after
different stages of treatment); in the other:
application to opium/morphine and bakers yeast
product industries.

For tannery industry wastewaters, experiments used
raw  wastewaters (ammonium  concentration
approximately 120-140 mgNH;-N/I) showed that
struvite precipitation was efficient for ammonium
removal from pH 8 upwards, being optimal from pH.

Ammonia removal of 75% was achieved at pH9,
reducing ammonia concentration to 35 mgN/l. COD
removal was also achieved (compared to 30% only by
settling). Similarly satisfactory ammonia removal
levels were achieved by struvite precipitation from
settled and polyelectrolyte settled, chemically
precipitated liquors. Application to biologically
treated effluent however was not as successful, with
significantly higher (60 mgN/1) residual ammonia.

The authors conclude that the complex nature of
tannery effluent can reduce the efficiency of struvite
precipitation as an ammonia removal process (as
compared to results published by other authors using
other types of wastewater). In particular calcium can
interfere by producing calcium phosphate instead of
struvite.

Opium and yeast industries

Beaker tests using effluents from an opium alkaloid
processing plant and a bakers yeast plant (using
molasses) used similar methods to the work by
Altinbas et al. summarised elsewhere in this
Newsletter.

For the opium wastewaters, ammonia recovery rates
of 61-65% were achieved for effluents from different
stages of a bench biological treatment plant, and 84%
from effluent after Fenton’s oxidation (for
stoichiometric magnesium and phosphorus addition).
Struvite precipitation is very effective for pH>8.5 and
optimal at pH9.2. For the yeast industry effluent,
taken from the existing on-site anaerobic and/or
aerobic treatment plants, ammonia recovery of around
80% was achieved. After Fenton’s oxidation, this rose

to 89% (stoichiometric precipitation was effective for
pH>9.5 and optimal at pH9.2.

For both industry effluents, the recovered struvite
dewatered easily (20-25% dry solid content) and were
shown to be around 90% pure struvite.

The authors conclude that struvite precipitation is an
appropriate treatment for anaerobically treated
industrial effluents with high ammonia content.
Fenton’s oxidation can improve removal of residual
COD and colour. Struvite precipitation is also an
effective treatment for high-ammonia industrial
effluents prior to biological treatment systems.

“ Assessment of magnesium ammonium phosphate
precipitation for the treatment of leather tanning industry
wastewaters’ , Water Science and Technology, vol. 46 n°4-
5, pages 231-239; 2002. Purchase article online at:
http://www.iwaponline.com/wst/04604/04/default.htm

|. Kabdadli, O. Tunay, M.S. Cetin, T. Olmez, Environmental
Engineering Dept., Civil Engineering Fac., Istanbul
University, Ayazaga Kampusu, 80626, Maslak, Istanbul,
Turkey. ikabdasli@srv.ins.itu.edu.tr

“ Ammonia recovery from high strength agro industry
effluents’ , Water Science and Technology, vol. 45 n°12
pages 189-196; 2002. Purchase article online at:
http://www.iwaponline.com/wst/04512/12/default.htm

M. Altinbas, |. Ozturk, A.F. Aydin, Environmental
Engineering Dept., ITU Insaat Fakultesi, Ayazaga
Kampusu, 80626, Madlak, Istanbul, Turkey.
ikabdasli@ins.itu.edu.tr

[tal
M odelling P-recovery process

In SCOPE Newsletter n°44 (www.ceep-phosphates.org),
a semi-pilot P-recovery installation was presented
(Battistoni et al., 2001) and the commissioning of
a full-scale pilot plant at Treviso municipal
wastewater plant was announced. This paper uses
the results from this semi-pilot plant to develop a
detailed model for the operating parameters of the
P-recovery reactor.

The semi-pilot plant used a robust fluidised bed
reactor column (2m high, 13 litre capacity), using
aeration to achieve a pH increase, and operating
on anaerobic supernatants from the centrifugation
section of a 100,000pe biological nutrient removal
plant (A,O configuration), Ancona, Italy. The
layout (Fig. 1) was comparable to that of the full-
scale plant now commissioned at Treviso (Fig 2).
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Inflow liquor characteristics (mg/l): total phosphate calcium magnesium ammonium
Battistoni et al., 2001 68 200 54 1055
This work 85 178 36 2900

Feeding tanks (V=3092 )

Anaerobic
supernatant N N

- =2l

V=7321 V=7321 V=528 | V=528 1| V=5721

1
F1
F1 = feeding flowrate
measure; Deaeration
column
— v,

F2 = air flowrate
measure

] H H
Expanded bed | | '

Vs

Gravel filter E

Stripper I H,
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0

==
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Fig. 1 above = Diagram of semi-pilot reactor used by Battistoni et al 2001:
Fig. 2 below = Full scale struvite recovery plant now commissioned at Treviso sewage
wor ks (numbers indicate order of process flow)

Settler (2) Mixer (1) behind: air

stripper column (5)
\ de-aeration column (&)

in front: fluidised
bed reactor column (7)

Equalization tank (3)

Alimentation

recirculation pumps (8) ..
pumps (4)

...return to (5]
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Results from 12 reactor runs (lasting up to one week)
are presented. A pH of around 8.44 was achieved by
aeration only (driving off CO,), raised from the
inflow pH of around 7.5.

The inflow liquor was similar to that used in
Battistoni et al., 2001, but with somewhat higher
phosphate concentrations and lower calcium and
magnesium levels.

Operating model

The paper develops a detailed model for the

reactor operation, based on the following

parameters:

e total phosphate inflow, total and soluble
phosphate outflow

e magnesium inflow and outflow

e hydraulic residence times in: fluidised bed
column, settling column, stripper (de-aeration
column)

e fluidised bed porosity (function of expanded
and settled bed volumes and mass of bed sand)

Precipitation efficiencies of 12 — 25% were achieved,
principally as calcium phosphate, with total
phosphate concentrations in the liquor outflow of
around 20-30 mg/1.

The authors conclude that to achieve good reactor
performance for P-recovery it is necessary to
optimise both nucleation and precipitation. This
requires optimisation of “contact time” in the reactor,
which can most readily be achieved by re-circulating
the liquor through the reactor: otherwise there is a
risk of generating “fines” (small nucleated phosphate
particles) which will be carried out of the reactor in
the outflow, whereas the objective is to achieve
precipitation onto the “seed” material in the reactor
(bed sand).

“P removal from anaerobic supernatents by sruvite
crystallisation: long term validation and process
modelling” .

P. Battistoni®, A. de Angelis', M. Prisciandaro?, R.
Boccadorao®, D. Bolzonella®. Water Research 36 (2002)
pages 1927-1938. Elsevier Science
http://www.elsevier.com/locate/watres

1- Engineering Faculty, Institute of Hydraulics, Via
Brecce Bianche, 60131 Ancona, Italy

2- Engineering Faculty, Department of Chemistry,
Chemical Engineering and Materials, Monteluco di Roio,
67040 L'Aquila, Italy

3- Science Faculty, Scientific and Technological
Department, Strada Le Grazie, 37134 Verona, Italy

Phosphate recover
Calcite and silicate seeding improves

calcium phosphate pr ecipitation

Previous work by the authors (see First

International ~ Conference on  Phosphorus
Recovery for Recycling
http://vwvw.nhm.ac.uk/mineralogy/phos/donner/donner.htm)
suggested that the presence of calcium carbonate
(calcite) particles as a seed improved the
precipitation of calcium phosphates.

The further work presented suggests that this effect is
real, depends on the characteristics of the calcite
used (probably the surface structure), occurs also
with Tobermorite (a calcium silicate hydrate).
Significantly, the effect appears to increase with
ongoing use (or re-use) of the seed material,
suggesting that the formation of a layer of
precipitated calcium phosphates on the particle
surfaces facilitates further calcium phosphate
precipitation. The experiments show that with such
seeding, calcium phosphates can be precipitated from
chemical solutions containing significant levels of
soluble carbonates (known to be an obstacle to
calcium phosphate precipitation) and also in the case
of Tobermorite soluble organics (which also appear
to inhibit calcium phosphate precipitation).

The presence of soluble carbonate in waste waters
is known to be major obstacle to phosphate recovery
for recycling as calcium phosphates. At the
Geestmerambacht sewage works, The Netherlands,
where calcium phosphates are recovered from
sewage (by precipitation in a Crystallactor© from a
biological nutrient removal sidestream), it is found
necessary to remove soluble carbonates by adding
acid prior to the calcium phosphate precipitation at
pH >8, which poses obvious problems of reagent
consumption, increase in water salinity and cost.

The experiments used lake waters with calcium
carbonate SI (Saturation Index) of -1.9 to +0.42, and
local tap water, SI = +0.05. Phosphate concentrations
used were 10 mgP/l, comparable to concentrations in
raw sewage. Liquors from an industrial waste water
treatment plant (secondary effluent, SI = -0.35,
phosphate added up to 10 mgP/l), from a sewage
works biological nutrient removal side stream
(Phostrip©, with SI carbonate -0.18, approx 50
mgP/l) and from a laundry factory (liquor relatively
high in organic carbon at around 150 mg/l) were also
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tested. All experiments were carried out at the
respective liquors’ original pH’s, which were around
8.0

Five different calcites (with Specific Surface Areas
(SSA) from 0.3 - 70 m%g), quartz sand (SSA 0.1
m?/g) and Tobermorite (a calcium silicate hydrate
with SSA 30 m?/g, similar to the Tobermorite used
by Moriyama, see SCOPE Newsletter n°36 and
Second International Conference on Phosphorus
Recovery for Recycling http://mmw.nhm.ac.uk/mineral ogy/
phos/Nordwijkerhout/Moriyama.pdf ) were tested as seed
crystals.

Simple beaker (up to 24 hour) precipitation
experiments were first carried out, often with the seed
materials being used several times (0.5 - 2 g of seed
material for 200 - 500 ml of solution), followed by
runs using a simple fluidised bed (column) reactor of
1 litre volume (residence time 1-8 hours).

Adsor ption and surface area

24-hour beaker experiments near the saturation level
(0.5g calcite/l = SI of +0.05, 10 mg P/1) showed the
considerably better phosphate removal
performance of calcite seeds with higher surface
area (first use of virgin seeds): Socal-U3 calcite
(grain size 0.015-0.025 pum and SSA 70 m?/g)
removed some 170 times more phosphate from
solution per unit mass of seed crystal than Calcite
Merck 2066 (grain size 2 um, SSA 1.1 m%/g), but this
is approximately the same removal rate per unit seed
surface area. The authors suggest that this is because
this phosphorus removal from solution is essentially
through adsorption onto the calcite surface in the
calcite equilibrium state.

Comparison of waters with different saturation
indices outside the equilibrium state (SI from -1.90 to
+0.42), revealed that P removal was 70 times higher
per unit surface area for Merck 2066 than for Socal-
U3, despite the higher specific surface area (SSA) of
the latter. This indicates that surface morphology is
important and may influence calcium release into
waters with low SI values.

When calcite seeds were reused in several
consecutive beaker experiments, it was found that
the rapidity of phosphorus removal from solution was
increased, so that P-removal in the initial 24 hours
was considerably improved, and performance of
different calcite seeds became more similar. FTIR-
ATR and ESEM investigations suggested that after

reuse the seeds were coated with a layer of calcium
phosphate.

Experiments also showed that the effectiveness of
quartz sand (grain size 600-1,000pm, SSA 0.1 m?/g)
as a seed was considerably increased by the addition
of just 2% Socal-U calcite seed (using 10 mgP/I
phosphate solution, carbonate SI=+0.2).

Problemswith dissolved organics

Several beaker experiments with the real wastewaters
showed considerable retardation of the phosphorus
removal, and it is suggested by the authors that this is
due to dissolved organic carbon (DOC) present in
these liquors.

Tobermorite (details above) was also tested as a seed
material. Good phosphorus removal from solution
was obtained: 95% in artificial solutions, 83% in
the secondary effluent and 67% in the laundry
factory effluent in just ten minutes; rising to over
97% removal in all three cases after 24 hours.
Interestingly, the Tobermorite was also removing
40% (ten minutes) and 67% (24 hours) of the 150
mg/l initial concentration of total organic carbon
present in the laundry effluent. There was no
significant change in effectiveness after several
reuses. FITR-ATR again showed that the
Tobermorite was being coated with calcium
phosphate.

Longreactor runs

The column reactor was operated using a
Tobermorite seed bed for a duration of over 3000
hours (residence time 1 hour). The initial
phosphorus concentration of 10 mgP/l was
consistently reduced to below 4 mgP/l, and to
below 2 mgP/I for most of the time (at pH 8.3).

The authors suggest that Tobermorite seeding
merits further investigation as a route for calcium
phosphate recovery for recycling, as it appears to
be fairly stable over significant time periods and only
partly inhibited by the presence of dissolved organic
carbon compounds found in wastewaters.

“ Use of crystallisation for the P-recovery fromwaste
water streams’, poster presented at the WA Aquatec
Conference “ From nutrient removal to nutrient recovery”
2-4 October 2002, Amsterdam, The Netherlands, plus
background paper.

D. Donnert, M. Salecker, W. Bumiller, I. Kusche, U. Berg,
F. Friedrich, P. Weidler, Forschungszentrum Karlsruhe,
Karlsruhe, Germany. dietfried.donnert@itc-wgt.fzk.de
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Phosphate precipitation chemistr
Carbonate inhibition of calcium

phosphate precipitation

Both seeded and wunseeded crystal growth
experiments were used to assess the interactions
between calcium carbonate (calcite) and calcium
phosphate precipitation and results were
compared with chemical kinetic modelling
predictions, in particular to analyse the different
forms of calcium phosphate that may be formed
(tricalctum  phosphate ~ TCP,  octacalcium
phosphate OCP, hydroxyapatite HAP) in hard
waters.

Calcite  precipitation = was  studied for
concentrations of 2.5 mmol/l calcium and
phosphate concentrations of 0 — 500 pmol/l (as
potassium phosphate KH,PO,4), with calcite
precipitation being initiated by the addition of
calcite seed at pH around 8.5.

At relatively low phosphate concentrations
(<20umol/l), phosphate retarded calcite
growth and phosphate was co-precipitated
with the calcite, with the most rapid calcite
precipitation kinetics occurring in the case of zero
phosphate The precipitation rate of calcite
decreased with increasing phosphate
concentration.

With higher phosphate concentrations (50 — 500
pmol/l  the solutions were considerably
supersaturated with regard to calcium phosphate
compounds. In these experiments, calcite was not
precipitated and calcium phosphate was instead
formed as indicated by the much smaller ratios of
Ca:P in the precipitate. The calcium phosphate
precipitation appeared to be starting before the
addition of the (calcite) seed material, and this
was confirmed with experiments showing that the
calcium phosphate growth rate was
independent of the calcite seeding.

Theoretical calculations indicate that the
solutions were supersaturated with respect to both
HAP and TCP and it was possible, based on the
results of other studies, that the calcium
phosphate compound being initially precipitated
was amorphous TCP, which was then

transforming (possibly via other phases) to the
more stable hydroxyapatite (HAP).

Calcium phosphate precipitation was achieved at
pH 7.3 to 9.0 for a calcium concentration of 2.5
mmol/l and phosphate concentrations of 50 to
500pmol/1 (at 10°C).

The demonstration that calcite seeding did not
facilitate  calcium  phosphate  precipitation
contradicts previously published work by other
authors and suggests that calcite seeding is not a
useful route to improve performance of calcium
phosphate precipitation reactors in phosphate
recovery for recycling processes.

The authors conclude that unseeded calcium
phosphate precipitation occursin the presence
of carbonate ions only if the Saturation Index
(Sl) for hydroxyapatite exceeds 9.4. Further
work is needed to better understand the role of the
different interacting ions in this process.

“ Precipitation of calcite in the presence of inorganic
phosphate” . Colloids and Surfaces — A — 203 (2002) pages
143-153.

L. Plant, W. A. House, Centre for Ecology and Hydrology,
Winfrith Technology Centre, Dorchester, Dorset, DT2
82D, UK. wah@ceh.ac.uk

Brazil
Biomass as a key factor in tropical

|akes eutr ophication management

The author summarises key features of
eutrophication in tropical lakes and reservoirs,
emphasising that “eutrophication problems
actually originate from the formation of biomass
and not from the mere presence of nutrients”.
The paper then presents a case study of lake
Pampulha reservoir, Bello Horizonte, Brazil.

Tropical lakes differ from temperate water bodies in
their response to nutrients and algal development in a
number of ways. The interactions between nutrients
and biomass formation in tropical lakes are
particularly complex and only limited relevant
information is available because they have been
much less widely studied.

The relation between biomass production and
nutrients depends on algal growth rates and on algal
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losses through sedimentation and grazing, and these
are both very important in tropical systems. This
often leads to low measured nutrient concentrations
in water (rapid nutrient uptake) but and low algal
biomass. However, shallow tropical lakes can show
very considerable variations over 24 hours, with
alternations between stratification and mixing.
Classifying such lakes as eutrophic or oligotrophic is
thus difficult or misleading.

Tropical lakesand reservoirs:
difference when compared to temper ate systems
* higher nutrient uptake by algae
(higher light energy and temperature)
higher nutrient recycling rates
rarer occurrence of “algal blooms”,
frequent occurrence of low algal densities but
with high growth rates
* higher mineralisation rates leading to sediments
poor in organic matter
*higher settling velocities of organisms
and nutrients

L ake Pampulha

Lake Pampulha, in the Bello Horizonte urban area, is
a 2.6 km’ artificial lake with a mean depth of 5m
(max. 16m) and a catchment area of 97 km”. The lake
is heavily impacted by untreated sewage and by
sediments (soil erosion of many areas of the
catchment). The deterioration of the lake’s water
quality prevents its use for either drinking water (its
original purpose) or recreation.

M acrophyte blooms

Floating blooms of the macrophyte plant water
hyacinth (Eichhornia crassipes) are frequent, often
covering up to one third of the lake’s surface.
Biomass management, consisting of removal of these
plant blooms over the 6-month growth season is
regarded as the key tool for lake restoration, along
with diversion of sewage.

Machinery has been developed capable of effectively
harvesting the water hyacinths faster than they can
grow. Some 10% of their biomass is left in place, in
order to prevent algal development (competition,
shading), because total removal has in the past led to
blue-green algal growths.

“ The process of biomass formation as the key point in the
restoration of tropical eutrophic lakes’ , Hydrobiologia,
342/343, pages 351-354, 1997.

E. von Sperling, Dept. Sanitary and Environmental
Engineering, Federal University of Minas Gerias, av.
Contorno 842/706-30110-060, Belo Horizonte, Brazil.
eduardo@desa.ufmg.br

Abstract (free) and full text (subscriber access) at
http://www.kluweronline.com/issn/0018-8158/current

Tropical reservoir
Factors controlling algal community

structure

Nutrient concentrations and physical conditions
in the shallow tropical Juturnaiba reservoir (Rio
de Janeiro State, Brazil, 22° 33’ S, 42° 18°W)
were assessed over a one year period and
compared with algal biomass and community
composition. The reservoir has a maximum
depth of 8m and an area of 43 km® in a hot,
humid climate with a summer rainy season,
>18°C in the coldest months.

Algal biomass and species composition showed two
distinct periods: June 1996-November 1996;
December 1996 — May 1997. Soluble reactive
phosphorus (SRP) varied from around 0.3uM to
nearly 2uM, with (not statistically significantly)
higher levels in the first period (Winter-Spring).
Dissolved nitrogen was also lower in the second
period, with NH4 below 2 uM from October-March
and particularly with NO; low from October
onwards (statistically significant) and non detectable
in April-May.

131 algal species were recorded during the study.
Diatoms and crytomonads dominated in the first
period and cyanobacteria (blue-greens) in the second.
Total algal biomass was lower in the first period with
a peak in February (at 4.5x the annual average). This
corresponded to a prolonged (5 month) blue-green
bloom in period 2; dominated first by Microcystis
aeruginosa then by Anabaena spiroides and
Cylindrospermopsis raciborskii.

The dominant non blue-green species from the first
period showed significant positive correlation with
NO;™ and with N/P ratio, and negative correlation
with  temperature and Secchi depth (water
transparency). The dominant blue-green species from
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period 2 showed the inverse significant correlations,
that is: low NO; and N/P ratios were significantly
correlated with dominance of blue-green algae.

The authors conclude that the phytoplankton
assemblages proposed by Reynolds for temperate
lakes apply quite well to this tropical reservoir. The
first period is characterised by D and Y type species
assemblages (C strategists = small, fast growing).
The second period is characterised by M and then H,
H-Sn assemblages (SR and R strategists, adapted to
first low light and then nitrogen deficiency
conditions).

“Nutrient availability and physical conditions as
controlling factors of phytoplankton composition and
biomassin atropical reservoir (Southeastern Brazl)”
Arch. Hydrobiol. 153-3 pages 443-468, Feb. 2002.
http://www.schweizerbart.de/j/archiv-hydrobiologie/

M. M. Marinho, Lab. Ecofisiologia e Toxicologia de
Cianobacteria, IBCCF/UFRJ, bloco G Cidade
Universitaria, Ilha do Fundao, Rio de Janeiro 21.941-590,
Brasil. manzi@biof.uftj.br and V. L. M. Huszar, Lab.
Ficologia, Dept. Botanica, Museu Nacional, UFJR, Quinta
da Boa vista, Sao Cristovao, Rio de Janeiro, 20940-040,
Brasil

Water treatment

Sewage sludge management in Europe

Large quantities of Europe’s sewage sludge
production are currently recycled by agricultural
spreading, effectively allowing both economic
disposal and recycling of the nutrients
(phosphate and nitrogen) and organic contents'.
However, this route is under significant pressure
because of public concerns — objectively justified
or otherwise — concerning risks of heavy metal,
pathogen  or  pharmaceutical  chemicals
contamination of soils and/or of agricultural
products (food). There is also concern about
risks of run-off of such contaminants to ground

and surface waters (drinking water supplies).

1: approximately 36.4% of European sewage sludge is spread on
land, according to Rebecca Renner in “Sewage Sudge, Pros and
Cons”, Environmental Science & Technology vol. 34 - 1.19 1,

October 2000, text at: www.mindfully.org/Pesticide/Sewage-
Sudge-Pros-Cons.htm

These concerns have led in some countries (eg. UK)
to agreements between farmers organisations, water
companies and supermarkets to limit levels of
contaminants and to ensure pre-treatment of sewage

sludges before spreading, or in other countries (eg.
Sweden, Switzerland) to farmers organisations
recommending or legal implementation of bans on
agricultural sludge use.

This EU report analyses the different options for
sewage sludge disposal and concludes that
agricultural use is the best environmental and
economic solution. The development of the
agricultural  spreading route requires the
improvement of both sludge qualities and of
public confidence. Sludge quality guarantee
and labelling systems will be a key tool to
improve this, but with a significant cost to water
companies. Research into sludge quality,
pollutants and their fate in the environment and in
food, and the publication of this research will be
important in facilitating public acceptance.

Proposed tighter regulations

In order to develop public confidence, the EU is
proposing a significant tightening of regulations
concerning biosolids spreading (currently covered
by EU Directive 86/278), to require fuller sludge
pre-treatment before spreading, to lower soil and
sludge limits for heavy metals, and to introduce
limits for certain organic contaminants.

The report estimates that this will have little
impact in countries where national sludge
spreading regulations are already much more
stringent than the existing EU Directive
requirements (Denmark, Finland, Sweden,
Netherlands.  Implementation  costs  will
however be significant in countries where
existing national regulations are only somewhat
more stringent (Austria, Belgium, France,
Germany, Poland) or are similar (Greece, Ireland,
Italy, Luxembourg, Portugal, Spain, UK, Estonia,
Latvia) to the current EU Directive.

Who will bear the costs ?

The total cost implied by the proposed Directive
tightening for the 15 EU Member States is
estimated at almost 1 billion Euroslyear, with a
large proportion of this cost being born by four
EU states who currently recycle to agriculture
large volumes of sludge (Germany 29% of total
cost, UK 26%, France 16%, Spain 11%)).

Asa European average, sewage sludge disposal
costs are estimated at 318 €/tonne dry matter
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(DM), that is at 0.12 €/m’ of drinking water
supplied, compared to total sewage costs of 0.87
€/m’, that is 14%. Total drinking water service
costs (production and treatment) are estimated at
2.2 €/m’. Average sludge disposal costs are
estimated to vary from 263 — 344 €/tonne DM.
Landspreading of solid/semi-solid sludge is
estimated to cost 110-160 €/tonne DM, of which
10-30% of the cost is covered by the fertiliser
value of the sludge.

The report estimates that implementation of
the proposed dludge spreading Directive
tightening would result in 67% (short term)
rising to 83% (long term) of sewage sludge
failing limit values for heavy metals or organic
pollutants in the absence of an effective
“pollution prevention” policy to reduce the input
of such contaminants to raw sewage. Such a
policy could reduce the proportion of sludge
failing limit values to around 25%. Despite this,
the total cost to all stakeholders (water
companies, farmers, industry, public / consumers,
local authorities) of the new Directive with the
pollution prevention policy could be around 15%
higher than without such a policy.

A key difference is that without the pollution
prevention policy, 60% of the costs are born by
local authorities (ending up on the public’s water
bill), 20% by farmers and 16% by the general
public (environmental and health impacts),
whereas with the policy 60% of the costs are born
by the pollution producing industries (discharge
pollution prevention costs).

“ Disposal and recycling routes for sewage sludge” , report
for the EU Commission — DG Environment — B/2, SEDE/
Arthur Andersen, January 2002. Available at:
http://europa.eu.int/comm/environment/sludge/sludge disp
osal.htm

NTNU
C Morwegian Univessiiy of
Setemce amt Techmolegy

=
IWA Specialist Group on Sludge Management —
International Conference
Norwegian University of Science and Technology
(NTNU)

BIOSOLIDS 2003 W astewater
Sludge as a Resour ce
Trondheim, Norway

23-25 June, 2003

Programme includes:
sludge minimisation, sludge characteristics, sludge
dewatering, pre-treatment and aerobic digestion,
treatment technologies for land use —hygiene, case
studies, phosphate recovery (Wed. 25th June,
8n30-10h25), energy recovery, recovery of specific
products, final handling of biosolids and future
perspectives.

Phosphate recovery session includes: Recovery of
phosphate from sludge — a Dutch analysis,
Phosphorous and coagulant recovery by alkaline
dudge treatment, Phosphorusrecovery by one- or
two-step technology with use of acids and bases,
Recycling of sludge with the Aqua Reci — process

http: //mwww.ivt.ntnu.no/ivm/Biosolids2003/
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1STIWA Conference on

Scaling and Corrosion
in Water and Wastewater Systems

25" — 27" March 2003
Cranfield University, UK

..Scaling and corrosion; Biofouling and biocorrosion Iw
Membrane fouling; Mitigation methods and processes

C ranﬁeld

UMIVERSITY

The Schea

\V&lcr Sz.uim.ﬁa

.Prediction and modelling; Test methodologies It Piart

Programmeat: http://www.cranfield.ac.uk/sims/water/iwa/ r'ﬁ'_-:“ reh
In particular, Thursday 27th March 11:30 Session on Struvite: Foundation
Struvite scale formation and control ;
Potential for scale formation and control at wastewater treatment works ; E——
Struvite Scale potential determination using a computer Model ; ﬁ
Struvite control through process and facility design as well as operation strategy

BRITISH WATER

et ise sapdasnle
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