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Phosphorous is a significant contributor to the 
development of green colored water in both natural 
and recreational waters. It is a growth limiting nu
trient to both algae and cyanobacteria. Phosphorous 
enters water in a variety of forms and its absence is 
paramount to preventing algae blooms. Various 
chemical treatments can be effective in removing phos
phates from both natural and recreational water and 
each offers their own advantages and disadvantages. 
The use of lanthanum compounds has recently been 
shown to be quite successful in removing orthophos-
phates from recreational water. 

The green, r e d or b r o w n colored water observed 
i n various types of recreational water inc lud ing n a t u 
r a l lakes, ponds, reservoirs a n d s w i m m i n g pools of
ten results f r o m h i g h density g rowth of phytoplank-
ton. Phytoplankton are free f loat ing smal l microscopic 
organisms t h a t include both algae and cyanobacteria 
(Standard Methods 1985, Vi l lee et a l . 1989, M l o t 
1997). They are responsible for many of the so-called 
red and green tides occurr ing along coastal waters 
and estuaries wor ldwide a n d are common indicators 
of fresh water lake eutrophicat ion (Lake 1988). The 
unsight ly green scum seen on the surface of these 
lakes is due to the f i lamentous g rowth of these phy
toplankton species. As ment ioned above and shown 
i n Table 1, the two major phytop lankton forms are 
algae andcyanobacteria. Algae are plants and exhibit 
a cel l s t r u c t u r e w h i c h is of the eukaryot i c type. 
Cyanobacteria on the other h a n d are bacteria and 
therefore exhibit the cell s t ructure typica l of prokary-
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otes. Cyanobacteria were formerly referred to as b l u e -
green algae but are i n fact a bacteria t h a t contain 
chlorophyll , endowing them w i t h the abihty to pho-

Eingdom: Protista 
• Algae (aquatic plants) 
• Eukaryotic (ceU structure, plants & animals) 
• Photosynthetic (chlorophyll) 

Kingdom: Monera 
Cyanobacteria (formerly referred to as blue-
green algae) 

• Prokaryotic (cell structure, bacterial) 
• Photosynthetic (chlorophyll) 

F ix Nitrogen 

Table 1 - Phylogenetic 
Relationship Between Algae and 

Cyanobacteria 

Common Name Common Habitat 

Green Algae 

Red Algae 

Brown Algae 
Dinoflagellates 
Euglenoids 
Golden Brown Algae 
Diatoms 
Yellow-green algae 

fresh water, damp soil, 
tree bark, salt water 
saltwater,some 
freshwater 
saltwater, seaweeds, kelp 
saltwater, freshwater 
freshwater 
freshwater, saltwater,soil 
freshwater, saltwater 
freshwater, saltwater 

Table 2 - Major Algae Groups 
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tosynthesize. A l t h o u g h both algae and cyanobacteria 
convert carbon dioxide to glucose through the pro
cess k n o w n as photosynthesis, the cyanobacteria are 
unique i n t h e i r abihty to fix or utihze gaseous n i t ro 
gen. 

O f the major algae groups hsted i n Table 2, the 
green algae are the most common and contain over 
6000 species. Most algae groups are common to both 
fresh and salt water. The dinoflageUate group are the 
culprits often responsible for numerous fish and sheU-
fish kiUs occurr ing i n t r ibutar ies of the Chesapeake 
Bay a n d N o r t h Carol ina estuaries (Mlot 1997, Ander
son 1994). These par t i cu lar algae are responsible for 
the so caUed red tides commonly reported i n the news. 
Their tox ic i ty is due to the release of potent neuro
toxins w h i c h can result i n the death of land mam
mals t h a t d r i n k the water or consume the f ish and 
shellf ish h a r b o r i n g these toxins (Mett ing 1986). I n 
terest ingly, various cyanobacteria species also pro
duce toxins s imi lar to those of the marine algae d i -
noflageUates ( M e t t i n g 1986,Carmichael 1994). These 
toxins can be released foUowing k i l l i n g of the bacte
r i a by ch lor inat ion or copper sulfate. As previously 
mentioned, the cyanobacteria are able to convert n i 
trogen i n t o usable forms. This property is absent i n 
algae. Some o f t h e c h a r a c t e r i s t i c proper t i es of 
cyanobacteria are: 

• Present i n ponds, lakes, swimming pools, and 
oceans 

• Contain chlorophyU and are photosynthetic 
• F i x n i t rogen gas into usable forms 
• Grow i n nitrogen and phosphorous rich water and 

are responsible for most water blooms 
• C o m m o n l y f o r m the colored scums on water 

surfaces 
• C o n t a i n c a r o t e n o i d , p h y c o c y a n i n a n d 

phycoery thr in pigments 
• Poisonous genera include Anabaena, Microsystis, 

Nodularia 
• Produce t o x i n s i n d r i n k i n g water t h a t have 

resulted i n death of animals and humans 

Nutrient Requirements of 
Phytoplankton 

The n u t r i e n t requirements of phytoplankton are 
s imi lar to those of plants (Villee et al . 1989, South 
and W h i t t i c k 1987). They require the elements car
bon, hydrogen, oxygen, nitrogen, phosphorous, cal
c ium, potassium, magnesium, sulfur, molybdenum, 
copper, i r o n , zinc, manganese, silicon sodium and 
boron. Carbon and nitrogen are the bui ld ing blocks 
of amino acids (bui ld protein) , sugars, DNA, R N A a n d 
fa t ty acids. Phosphorous is required for energy trans
fer i n the f o r m of ATP. I t is also incorporated into the 
s t ructure of nucleic acids such as DNA, R N A and 

membrane hpids. Sul fur is found i n certain amino 
acids and forms the active site of various enzymes 
used to catalyze metabohc reactions w i t h i n the cells. 
Magnesium is part of the photosynthetic pigments 
such as chlorophyll, and calcium helps form the struc
t u r a l components of ceU walls. 

Photosynthesis 
Both algae and most cyanobacteria are photo

synthetic and can use energy f rom the sun to convert 
carbon dioxide gas ( C O g ) in to organic carbon (glu
cose) w i t h the generation of oxygen as described i n 
the reaction below: 

light energy 
6 CO2 + 12 H^O -> C g H ^ p , + 6 O2 + 6 H p 

glucose 
Cyanobacteria, i n contrast to algae, are capable 

of converting nitrogen gas i n the atmosphere to us
able nitrates according to the fol lowing reaction: 

Nitrogenase 
N ^ + 6 e - + I 2 A T P + H2O ^ 

2 N H / + 12 A D P + 12 P O p + 4 

Primary Growth Limiting Nutrients 
Phosphorous and nitrogen are the two major 

growth l i m i t i n g nutr ients for phytoplankton (Fisher 
et al . 1992, Seitzinger and Sanders 1997, Jensen and 
Sicko-Goad 1976, F a l k n e r e t a l . 1984, Schindler 1977). 
Nitrogen is more commonly rate l i m i t i n g i n marine 
environments whi le phosphorous is p r i m a r i l y rate 
l i m i t i n g i n freshwater and is responsible for the i n 
crease i n growth of various phytoplankton result ing 
i n the eutrophication of lakes (Lake 1988, Schindler 
1977). Recent studies have shown that phosphorous 
is also the rate l i m i t i n g n u t r i e n t for bacterial species 
i n d r i n k i n g water (Miett inen 1996). Control l ing phos
phorous is easier t h a n control l ing nitrogen because 
nitrogen and its numerous chemical forms can be as
similated by a var iety of different biochemical reac
tions. The fact tha t nitrogen i n the atmosphere can 
be converted by bacteria in to chemical forms usable 
by both algae and cyanobacteria presents a major dis
advantage i n t r y i n g to control nitrogen (Lipschultz 
and Owens 1996). 

Phosphorous 
Phosphorous is a v i t a l and essential element i n 

a l l h v i n g systems and can exist i n a variety of forms 
(Villee et al . 1989, Sawyer 1962, H a m m 1969, Stryer 
1975, Alberts et al . 1994): 

• Phosphate salts and esters of phosphoric acid 
H3PO4 orthophosphoric acid 
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H^PgO.̂  pyrophosphoric acid 
HgPgOjQ triphosphoric acid 

• Igneous Rocks (calcium phosphates) 

• Inorganic phosphates (orthophosphates, form 
used by algae & cyanobacteria) 
po,-^ 
HPO4-2 

H 3 P O , -

• Condensed Phosphates (can be hydrolyzed to 
orthophosphate) 
H P O 3 metaphosphate 
H^PgO^ pyrophosphate 
H5P3O triphosphate 

• Organic Phosphates (contain 1-3 organic groups 
in ester linkage to oxygen) 
CgHjg024P6 inositol hexaphosphoric acid 
C^^^O^ inositol monophosphate, glucose-

6-phosphate 
CJQHJ3N5OJ3P3 adenosine triphosphate, incl. 

numerous other organic-bound 
phosphates 

The orthophosphates 2ire the forms utilized by 
both algae andcyanobacteria (Jensen andSicko-Goad 
1976). Orthophosphates are primarily used as fertil
izers and are obtained by mining phosphate rock. Con
densed phosphates can be converted to orthophos
phates by enzymatic processes carried out by micro
organisms. They also slowly hydrolyze to the ortho-
phosphate forms when added to water (Shannon and 
Lee 1966). Condensed phosphates are utihzed in wa
ter treatment and in detergents as commercial clean
ing agents (Standard Methods 1985, Bunce 1991). The 
organic phosphates are produced through biological 
processes from orthophosphates and can be utihzed 
directly by microorganisms. 

Maintaining Low Phosphate Levels 
Orthophosphates in pool water can come from a 

number of different sources including: 

• Soil 
Mineral forms (apatites) 
Organic forms (nucleotides, phospholipids, 
inositols) 

• Plant debris 
leaves, bark, pollen and seeds 

• Water - phosphate leached from rock (Florida) 
• Insects 

• Microorganisms 
• Pool chemicals 
• Soaps & detergents 
• H a i r conditioners, shampoo's (natural plant 

extracts & oils) 
• Body waste 

feces, urine, perspiration 
• L a w n and agricultural fertihzers 
• Rainwater 

10 -10 pg phosphate/L (particulates in air) 

Controlling and managing phosphorous in pool 
water is best accomphshed by: 

• Minimizing dirt entering the pool 
• Routinely removing dead plant & insect matter 
• Maintaining proper pool balance 
• Regularly backflushing the filter 
• Minimiz ing input of p h o s p h a t e - c o n t a i n i n g 

chemicals 
• Regular ly u s i n g phosphate prec ipi tants & 

clarifiers 
• Routinely vacuuming debris from pool bottom 

The importance of keeping dirt out of the pool 
water is obvious since it is a high source of both or
thophosphates and organic phosphates. Maintaining 
proper pool balance is critical, particularly with re
spect to sanitizer concentrations. As mentioned ear-
her, microbes can convert condensed phosphates to 
orthophosphates w h i c h feed both algae a n d 
cyanobacteria. Proper p H and alkalinity are also im
portant in minimizing dissolved carbon dioxide which 
is utihzed by growing phytoplankton during photo
synthesis. Low p H shifts the bicarbonate equihbrium 
to higher concentrations of dissolved CO^ (carbon di
oxide) according to the following reaction: 

HCO; +H'^ HfO^ ^ CO, + Hfi 

Backflushing of the filter is important for remov
ing both organic debris and trapped condensed phos
phates which can leach organic phosphates into the 
water as a result of both enzymatic and microbial 
degradation. The use of phosphate-containing chemi
cals should be minimized for obvious reasons. Regu
lar use of clarifiers is important for continual removal 
of suspended phosphate-containing organic colloid. 
Cationic clarifiers such as those containing chitosan 
are particularly effective in removing the anionic 
inositol phosphates which are abundant in plant 
matter. 

Reduction of High Phosphate Levels 
High orthophosphate concentrations in pool 
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water can be reduced by d i lut ion (i.e., p a r t i a l d ra in 
i n g and ref i l l ing) or by precipitation of the phosphate 
using meta l salts followed by filtration. 

Phosphate Precipitation 
Orthophosphates can be precipitated using metal 

salts containing a l u m i n u m , iron or lanthanum. A l u 
m i n u m and i r on are used to remove phosphates dur
i n g t e r t ia ry t reatment of wastewater and each has 
it 's disadvantages (Sawyer 1962, Vollenweider 1968). 

Alum 
The most common a l u m i n u m -conta in ing com

pound used for phosphate precipitation is a lum [alu
m i n u m sulfate, Al2(S04)3 ] . When added to water, i t 
forms acidic aqueous solutions containing insoluble 
a l u m i n u m hydroxide [A1(0H)3] coUoids according to 
the fo l lowing reaction (Lake 1988, Sawyer 1962): 

pH>5 
Al2 (S04 )3+6H20 ^ 2A1(0H)3 + 3H2S04 

The acidity (H^) is neutrahzed by the bicarbon
ate (a lkahnity) i n the water which acts as a buffer 
according to the reaction: 

H C O 3 - + H * ^ H2CO3 ^ CO2 + H2O 

Neutra l i za t i on of the acid generates carbonic 
acid which is i n equi l ibr ium w i t h carbon dioxide. I n 
creased carbonic acid shifts the equi l ibr ium to i n 
creased carbon dioxide which can be utihzed by grow
i n g algae and cyanobacteria i n the process of photo
synthesis. Since calcium is present as hardness, and 
exists i n equ ihbr ium w i t h bicarbonate ( H C O 3 - ) , i t is 
available to react w i t h the sulfate (SO^"") to form cal
c ium sulfate (CaSO^) or gypsum. Calcium sulfate is 
only very shghtly soluble i n water and contributes to 
an incregise i n turb id i ty . The combination of reactions 
can be described as foUows (Sawyer 1962): 

Al2(S04)3+3Ca(HC03)2 
2Al(OH)2 + 3CaS04 + 6 C 0 2 

The removal of orthophosphate by a lum is an 
adsorption process. The insoluble a luminum hydrox
ide [A1(0H)3] formed at pH>5 when alum is added to 
water, tends to adsorb orthophosphate to form an i n 
soluble gelatinous precipitate (Lake 1988). This ge
latinous precipitate can result i n inefficient f i l t ra t i on . 
A t p H values below 5, insoluble a luminum phosphate 
is the predominant species present, due to the reac
t ion of t r i v a l e n t a l u m i n u m cations w i t h orthophos
phate anions. 

+ po^-^ ^ A l P O , 
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A l though a l u m is effective i n reducing ortho
phosphate concentrations, the disadvantages include: 

• Reduction of a l k a l i n i t y 
• F o r m a t i o n of gelat inous prec ipitates t h a t are 

dif f icult to f i l t e r 
• G e n e r a t i o n o f c a r b o n d i o x i d e u t i l i z e d by 

phytoplankton w h i c h enhances growth 

Ferric Sulfate 
The i ron salt, ferr ic sulfate [Fe2(S04)3], exhibits 

simdar chemistry to a l u m . The formation of insoluble 
i ron hydroxide [Fe(0H)3] occurs when ferric sulfate 
is dissolved i n water (Lake 1988). Fe(0H)3 adsorbs 
orthophosphates s imi lar to A1(0H)3 result ing i n ge
latinous precipitates. Whi l e the enhanced uptake of 
carbon dioxide by phytop lankton is a disadvantage, 
the potential for i r o n s ta in ing can also pose a prob
lem. Recent m a r i n e studies have shown that i ron 
appears to st imulate photosynthesis i n marine phy
top lankton leading to algae blooms (Monastersky 
1995). 

Lime 
Lime or calcium hydroxide [Ca(OB),] has been 

used to precipitate orthophosphate by precipitation 
as calcium phosphate [Ca^(PO^,], The pr imary dis
advantage to i ts use i n pools is the requirement for 
h igh p H - 1 0 . 

Lanthanides (trivalent rare earth metals) 
The use of lanthanides i n phosphate removal 

from recreational water is re lat ive ly new and quite 
effective. Two major lanthanide salts are currently 
being used to t reat pool water. 

Lanthanum carbonate - La^CO)^ 
ion exchange 

Lanthanum chloride - LaCl^ 
direct prec ip i tat ion 

The major advantage i n the use of lanthanide 
salts is the extremely low solubi l i ty of the lanthanum 
phosphate formed. Due to the low solubihty product 
constant (K^p) of l a n t h a n u m phosphate (LaPO^), or
thophosphate concentrations can be reduced to sig
ni f icantly low levels. Since orthophosphate is the p r i 
mary growth l i m i t i n g n u t r i e n t to phytoplankton, the 
use of lanthanides i n managing phosphates can be 
very effective i n contro l l ing algae and cyanobacteria. 

Lanthanum Carbonate 
Orthophosphate remova l us ing the insoluble 

carbonate salt of l a n t h a n u m is pr inc ipal ly an ionic 
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exchange reaction. 

2P04-^ 
lanthanum phosphate 
carbonate 

2LaP04-^ 
lanthanum 
phosphate 

carbonate 

The insoluble carbonate associated w i t h lantha
n u m is replaced or exchanged by phosphate result 
ing i n the formation of insoluble lanthanum phosphate 
followed by the release of soluble carbonate ions. The 
carbonate is exchanged for the phosphate due to the 
lower solubility product of l anthanum phosphate com
pared to l a n t h a n u m carbonate. The removal mecha
nism is by ion exchange followed by f i l t r a t i o n of i n 
soluble l a n t h a n u m phosphate particles. This type of 
mechanism requires an insoluble f ine part iculate of 
lanthanum carbonate (high turb id i ty ) to come i n con
tact w i t h soluble phosphate ions whi le suspended i n 
water. This can be less t h a n efficient compared to 
soluble l anthanum ions coming i n contact w i t h soluble 
orthophosphate ions. The addit ion of carbonate ions 
to water tends to increase p H due to the generation 
of hydroxide as described by the fo l lowing equation: 

the formation of scale. The precipitat ion of calcium 
carbonate w i l l eventually reduce hardness through 
the depletion of calcium ions. Carbonate is i n equihb
r i u m w i t h carbon dioxide and bicarbonate and the 
species which predominates is influenced by the p H , 
salinity, p a r t i a l pressure of atmospheric COgand tem
perature. Because algae can utihze both carbon diox
ide and bicarbonate (South and W h i t t i c k 1987), the 
a lka l in i ty and p H of the water needs to be carefuUy 
monitored and properly balanced when using chemi
cals containing carbonate or bicarbonate. 

A l though the use of l a n t h a n u m carbonate for 
phosphate removal does offer dist inct advantages to 
using a l u m i n u m (alum), i r on (ferric sulfate or ferric 
chloride) and calcium salts, the disadvantages include: 

• H i g h turb id i ty , long clarif ication times 
• Potential for decreased hardness 
• Potential for increased scale 
• Potential for increased COg aUowing increased 

phytoplankton growth 
• Insolubihty of l a n t h a n u m carbonate contr ibuting 

to slow removal efficiencies 

CO3-2 + H2O -> H C O 3 - + O H -

A t h i g h p H , calc ium ions (contr ibut ing to h a r d 
ness) combine w i t h carbonate ions resu l t ing i n the 
precipitation of calcium carbonate. 

Lanthanum Chloride 
Orthophosphate removal using the soluble chlo

ride salt of lanthanum, is pr inc ipal ly a direct chemi
cal precipitation between soluble l a n t h a n u m ions and 
soluble orthophosphate ions. 

Ca^2+c03-2 -> CaC03 

This tends to raise t u r b i d i t y and contributes to 

La*^ + PO^-^ ^ 
lanthanum phosphate 

LaPO^ 
lanthanum 
phosphate 

LaCI3 filtered 
LaCI3 unfiltered 

0 53 3 26.5 
Time (hrs.) 

Figure 1 - Reduction of Phosphate by Lanthanum Chloride 
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Figure 2 - Reduction of Phosphate by 
Lanthanum Chloride in a Swimming Pool 
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Figure 3 - Effect of Chlorine Concentration on 
Phosphate Reduction by Lanthanum Chloride 

12 

L a n t h a n u m chloride is water soluble (no signif i 
cant t u r b i d i t y ) resu l t ing i n release of free lanthanum 
ions and free chloride ions when added to water. The 
react ion of soluble t r i v a l e n t l a n t h a n u m ions w i t h 
soluble orthophosphate ions is r a p i d and results i n 
the immediate precipitation of l a n t h a n u m phosphate. 
A l though not ut ihzed by phytoplankton, the insoluble 
l a n t h a n u m phosphate is subsequently removed by 
f i l t r a t i o n . The advantages of l a n t h a n u m ch lor ide -
mediated removal of orthophosphate are: 

• M i n i m a l interference w i t h a lkahn i ty 

• No significant increase i n turb id i ty 
• Low potent ia l for scale 
• Fast removal efficiencies due to soluble reactant 

( lanthanum ions) 

The reaction of soluble lanthanum chloride w i t h 
soluble orthophosphate results i n the formation of 
insoluble l anthanum phosphate which is filterable as 
shown i n Figure 1. Simulated balanced pool water 
was spiked w i t h defined amounts of orthophosphate 
foUowed by the addition of lanthanum chloride. A t 
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various t ime points fo l lowing the addit ion of lantha
n u m chloride, a sample of water was filtered through 
12 micron f i l t e r paper and tested for the presence of 
orthophosphate us ing a standard commercial phos
phate test k i t . A non - f i l t e red sample corresponding 
to each tune po int was also assayed for orthophos
phate i n the same fashion. As shown i n Figure 1, or
thophosphate concentration was significantly reduced 
w i t h i n the f i r s t three hours fo l lowing addition of the 
l a n t h a n u m chloride. These results also demonstrate 
t h a t f i l t r a t i o n is necessary to remove the insoluble 
l a n t h a n u m phosphate f o rmed . T h e n o n - f i l t e r e d 
samples contain precipitated l a n t h a n u m phosphate 
as evidenced by i t s removal fol lowing f i l t ra t i on . When 
analyzing for orthophosphate, the reaction involves 
an acid solubil ization step t h a t dissolves the insoluble 
Ismthanum phosphate a l lowing free orthophosphate 
to react w i t h the chemicals used to detect i t . I f l an 
t h a n u m phosphate is not removed by f i l t r a t i o n , free 
orthophosphate w i l l be detected i n the sample as a 
result of th is acid solubihzation step. 

The requirement for f i l t r a t i o n is also observed 
i n a 25,000 gallon s w i m m i n g pool spiked w i t h ortho
phosphate as shown i n Figure 2. Orthophosphate was 
added to a 25,000 gallon swimming pool and allowed 
to reach equ i l ibr ium concentrations. A known amount 
of l a n t h a n u m chloride was then added and samples 
of water were removed at various t ime points and 
fiOltered i n the laboratory (12 micron) pr ior to assay. 
A d d i t i o n a l samples were also assayed w i t h o u t f i l ter 
ing. A t each t ime point, orthophosphate was measured 

on both the laboratory filtered (12 micron) and n o n -
laboratory filtered s w i m m i n g pool water. Orthophos
phate concentration decreased i n a t ime dependent 
jfashion i n both laboratory - filtered and non- labora
tory f i l tered swimming pool water as seen i n Figure 
2. The difference i n phosphate concentrations between 
laboratory f i l tered and non- laboratory f i l t e red water 
demonstrate the t ime required for the pool filter to 
remove the insoluble l a n t h a n u m phosphate formed. 
From these experiments, i t is clear the rate of removal 
of insoluble l anthanum phosphate is inf luenced by 
the efficiency of f i l t r a t i o n . I t is also clear t h a t ortho
phosphate concentrations are reduced s ignif icantly 
w i t h i n the first 24 hours fol lowing the addit ion of l a n 
thanum chloride to a swimming pool. 

The effects of different pool parameters on phos
phate removal by l a n t h a n u m chloride was also ex
amined using simulated pool water t h a t was adjusted 
appropriately. Chlorine concentration was examined 
over a range of 0 - 12 ppm as shown i n F igure 3. For 
each concentration, l an thanum chloride was allowed 
to react i n simulated pool water containing approxi
mately 1,200 ppb orthophosphate. Af ter 3 hours , a 
sample of water was removed and the chlorine neu
trahzed by the addit ion of thiosulfate. The water was 
filtered and assayed for orthophosphate. The percent 
phosphate removed was calculated relative to the con
tro l water containing the same concentration of phos
phate and chlorine b u t no l a n t h a n u m chloride. The 
results presented i n Figure 3 demonstrate no s igni f i 
cant effect of chlorine on removal efficiencies over a 

CO > o 
E 
& 
(0 

a 
o 

JC 
Q. 

76 ppm 227 ppm 453 ppm 
Calcium (ppm) 

755 ppm 

Figure 4 - Effect of Calcium Concentration on 
Phosphate Reduction by Lanthanum Chloride 

30 Proceedir^ VoL m - N S P I Chemistry Symposium (1998) 



0 ppm 50 ppm 100 ppm 
Alkalinity (ppm) 

150 ppm 200 ppm 

Figure 5 - Effect of Alkalinity on Phosphate 
Reduction by Lanthanum Chloride 
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Figure 6 - Effect of pH on Phosphate 
Reduction by Lanthanum Chloride 

concentration range of 0 - 12 ppm. 
The effect of calcium (hardness) concentration 

was also examined i n the same fashion as chlorine. 
The s imulated pool water was adjusted by addition of 
calcium chloride. As shown i n Figure 4, calcium con
centrat ion d i d not s ignif icantly affect removal effi
ciencies over a range of 76 p p m - 755 ppm. 

The effect of a l k a l i n i t y was also examined. The 
results are shown i n Figure 5. A l though a shght re
duction i n phosphate removal efficiency was observed 
as the a l k a l i n i t y increased, efficient phosphate re
moval was attained. 

The effect of p H on removal efficiency was pro
nounced between p H 8 and p H 9 as shown i n Figure 
6. Reduced phosphate removal may be due to the for
mation of l anthanum carbonate since the carbonate 
ion concentration would be higher at p H 9 vs p H 8. 

L a n t h a n u m chloride-mediated removal of phos
phate was also examined i n the presence of potas
sium monopersulfate, a strong oxidizer. Lanthanum 
chloride was added to orthophosphate containing 
simulated pool water as described above, either i n the 
presence or absence of 12 p p m p o t a s s i u m 
monopersulfate. The results shown i n Figure 7 dem
onstrate tha t potassium monopersulfate had no ef-
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Oppm 12 ppm 
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Figure 7 - Effect of Monopersulfate on 
Phosphate Removal by Lanthanum Chloride 

feet on the ab i l i ty of l an thanum chloride to remove 
orthophosphate. 

These results demonstrate tha t efficient removal 
of orthophosphate can be attained by lanthanum chlo
r ide under a var ie ty of pool conditions. 

Monitoring Phosphate Concentration 
Phosphate concentration can be rout inely moni

tored us ing a var ie ty of phosphate test k i t s on the 
market . These tests involve colorimetric determina
t ion of dissolved orthophosphate. Organic and con
densed phosphates are not measured w i t h the excep
t ion of a smal l percentage that may be hydrolyzed by 
the test procedure. Measurement of condensed and 
organic phosphates require oxidative digestion and/ 
or ac id hydro lys i s at bo i l ing water temperatures 
(Standard Methods 1985). 

The tests involve reacting orthophosphate w i t h 
molybdate i n acidic media resul t ing i n the formation 
of a molybdophosphoric acid complex t h a t is measured 
direct ly or fo l lowing formation of a colored complex 
as a resul t of reduction. The color is measured spec-
trophotometrically or visually and compared to a stan
dard cahbrat ion curve. The three most common test 
methods i n use today are: 

• Vanadomolybdophosphoric Acid ( 1 - 2 0 ppm) 
• Stannous Chloride (10 ppb - 6 ppm) 
• Ascorbic Ac id (10 ppb - 6 ppm) 

The stannous chloride method and the ascorbic 
acid method both result i n a blue color which increases 

i n intensity at higher orthophosphate concentrations. 
The vanadomolybdophosphoric acid method yields a 
yellow color which increases i n intens i ty at h igher 
orthophosphate concentrations. 

Conclusions 
• Waterblooms are caused by phytoplankton (algae, 

cyanobacteria) 
• Phosphate is the growth l i m i t i n g n u t r i e n t 
• L i m i t i n g phosphates i n pools is ef fect ive i n 

preventing phytoplankton blooms 
• I t is important to m a i n t a i n proper pool balance 
• I t is important to monitor phosphate by regular 

testing 
• W h e n p h o s p h a t e s a r e h i g h , d r a i n poo l or 

precipitate phosphate & remove by filtration 
• Regular use of a c lari f ier is i m p o r t a n t 
• Lanthanide t r i va l ent rare earths are preferred 

phosphate precipitants 
• Lanthanum chloride offers numerous advantages 
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