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ABSTRACT

Various organisms were tested for their ability to remove the 

ortho-phosphate ion from solution. A system incorporating natural 

algal successions and beds of the oriental clam Corbicula fluminea 

Muller was the most effective of the systems tested. Experiments were 

conducted under rigidly controlled conditions at phosphate concentra

tions of 5.0, 10.0, and 15.0 mg/1 P 0 ^ o Results indicated that this
-3system can remove the P0~ ion to below 0.30 mg/1 in sixteen days or 

less and yield a clear effluent. j

vii
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INTRODUCTION

Hallock (1969) found that a fishery may be established in re

claimed municipal wastewater if fish kills can be prevented. Fish kills 

were experienced during his work when algal respiration during blooms 

reduced the oxygen to nearly zero. Hallock advised a limitation of nu

trients to prevent excessive blooms. In similar projects, Merrell ê L 

al. (1967) at the Santee Recreation Project, Santee, California, and 

Stern and Dryden (1968) at Lancaster, California, noted this same prob

lem of bloom induced kills. To gain maximum use of reclaimed waste

water, it appears necessary to reduce a nutrient to a limiting level 

for algal growth.

Of the primary plant macronutrients, oxygen, carbon, phosphor

ous, and nitrogen, phosphorous may be the only one from an economic 

viewpoint which can be excluded from aquatic ecosystems. Oxygen and 

carbon are readily replenished from the atmosphere. Likewise, free at

mospheric nitrogen is fixed into the nitrogen-deficient aquatic medium 

by many blue-green algae (Sawyer 1968). Phosphorous, however, is not 

found in the atmosphere and so can only enter the aquatic ecosystem 

through the addition of phosphorous-containing materials or dissolution 

of phosphorous-bearing minerals. Stumm (1964) suggested that the pre

cipitation of phosphates and their subsequent dissolution is of utmost 

importance in the eutrophication of lakes. Stern and Dryden (1968) 

found that algal growth rates aire significantly inhibited by phosphate 

concentrations between 0.10 and 0.30 mg/1 .

1
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Clesceri and Lee (1965) showed that, in septic media, the vari

ous polymers of the basic ortho-phosphate unit are rapidly hydrolyzed 

to the ortho-phosphate form. This is of primary importance because one 

of the major sources of phosphates in municipal sewage effluents is the 

various salts of polyphosphoric acids used for water softening in com

mercial detergents. Since phosphorous is used by plants in the ortho

phosphate form, this hydrolysis of polyphosphates relates heavily in 

eutrophication problems.

The purpose of this study was to explore and evaluate means of 

phosphorous removal from water by biological means.

/



METHODS

Well water, with a salt content similar to that of Tucson 

municipal wastewater, was used in all experiments with the addition of 

reagent grade ortho-phosphoric and nitric acids.

All experiments, except where indicated, were conducted in out

door pools (22.7 kl each) at the off-campus research facility of the

Arizona Cooperative Fishery Unit. These pools were one meter deep, and
2had a surface area of 23.6 m . Water samples for chemical analysis were 

taken at 0 . 5  m in pools after preliminary random sampling showed the 

water was homogeneous.

Sediment samples for total phosphate analysis were taken from 

the bottom of each tank at the end of each test with a dip tube designed 

by Hallock (1969). Five samples from each tank were combined in a 

glass bottle, capped, and allowed to settle. After settling, the super

natant was decanted, measured, and analyzed for total phosphate. The
o

sediment was dried in an oven at 85 C until thoroughly dry, weighed 

(i 0.1 g), and homogenized. One gram of the mixture was placed in a
omuffle furnace at 400 C for 24 hr. The sample was cooled and dissolved 

in 5 ml of 3N_HC1. The solution was quantitatively transferred to a 

one-liter volumetric flask and, after addition of the three crucible 

rinsings, diluted to the one-liter mark with deionized water. At the 

same time the sediment was sampled, a water sample was taken from each 

tank for determination of background phosphate.

3
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Aliquots of the prepared bottom sediment were analyzed for 

total phosphate as described below. The results were mathematically 

expanded to represent the total phosphate content of the entire sys

tem. The method of calculation is shown in Table 1.

Fish were prepared for phosphate analysis in a manner similar 

to the technique used for sediments except that they were ashed whole. 

Clam filtration sediments were small in volume and were analyzed with

out aliquoting.

Total phosphate was determined by the ammonium molybdate- 

stannous chloride method (American Public Health Association 1965).

Each reagents and the Each Spectronic 20 phosphate curve, verified by 

standards, were used. Ortho-phosphate was determined by A.P.H.A. also, 

until it was shown that a rather substantial error was being .introduced 

through the hydrolysis of colloidal hydroxy1 -apatite. Colloidal apatite 

was mostly removed by membrane filtration (Millipore HAWP 0.45 microns). 

All of the initial surveys (Tilapia mossambica and algae) of ortho

phosphate have an undetermined positive bias.

The nitrate-nitrite concentration was determined by the Each 

Nitraver II method. Hydrogen ion concentration was determined by Leeds 

and Northrup Model L 4701 meter, with micro-electrodes. Conductivity 

was determined with a Solu-Bridge by International Instruments, Inc.

The bridge was calibrated by standard evaporation dish gravimetric 

technique for total dissolved solids. The total dissolved solids/ 

micromhos factor was 0.69. Calcium (Ca+^) and Mg+  ̂ concentrations were 

determined by atomic absorption spectrophotometry by EFCO Labs of Tucson.



Table 1. Sediment analysis calculation.

Sample ^ o t / l 4  Sup. Vol. / c X D  ^X^22^1 4  E ' F ^
* (A) (B) (C) (D) (E) (F) (G). ’

X 307
000

1 - 1 0.36 mg 12.50 1 28.31 g 15.4 mg 440.5 mg 29.48 mg 411 mg 126.2

All tanks received 150 ml 85% H^PO^; (216 g P0~^);

Each tank contained approximately 17,000 1;
-3Application rate equals 15.Z mg PO^ /I.

Sup. = supernatant; tot = total; Sed. = sediment; Bkgd. = background;
307 - sample aliquot factor.

m
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Turbidity was determined by the Helige Turbidimeter as mg/1 

SiOg, To differentiate between turbidity caused by algae and turbidity 

caused by bacteria and silt, a back-up analysis for total chlorophyll 

was occasionally performed as described by Odum, McConnell, and Abbott 

(1958).

The precipitation of phosphate as hydroxy1-apatite was verified 

by X-ray diffraction analysis and by electron micrographs of the bot

tom sediments by the Department of Civil Engineering, The University of 

Arizona.

Water temperatures were monitored by Taylor maximum-minimum 

thermometers completely immersed in the water. False depression of 

readings by rapid evaporation of water from the bulb was avoided by 

reading the thermometer under water.

Algal species diversity was determined by filtering a sample of 

medium through a millipore filter and then microscopically examining 

the floated filter disk.

Tests of the ortho-phosphate removal ability of algal and clam- 

algal systems were conducted at 5.0, 10.0, and 15.0 mg/ 1  ortho-phos

phate. Algal tests were conducted in sets of three tanks per concen

tration. No attempt was made to introduce any particular species of 

algae. Thus, all algal populations were naturally selected. Clam- 

algal tests differed from algal tests only in that 94.5 1 of water from 

each tank were placed in 150 1 aquaria with 2.73 kg of clams after al

gal metabolism had driven the pH up to 9.0 or greater. The clams were 

suspended on wooden frames with nylon net bottoms. The water was
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allowed to remain in these aquaria until the phosphate concentration 

was below 0.30 mg/1. The conductivity, pH, turbidity, ortho-phosphate, 

and total phosphate of waters in these tanks and aquaria were continu

ously monitored. Nitrate concentrations were maintained in excess of 

1 mg/ 1  to prevent nitrogen from becoming a limiting factor.

/



SURVEY OF POTENTIAL BIOTIC PHOSPHATE REMOVERS

From the beginning of this study, it was obviously necessary to 

remove the ionic phosphate from solution and then physically to remove 

the adsorbed, absorbed, and/or precipitated phosphorous solids from the 

system. In the evaluation of the ability of the various experimental 

systems to accomplish this aim, four basic criteria were taken into 

consideration:
“ 31 6 Removal rate (amount of PO^ removed/unit time)

-32.. Ease of recovery of removed PO^

3 e Dependability of the method

4. Effect on overall water quality
_ 3Organisms tested for PO^ removal ability were selected after a

review of the literature had shown they had relatively high tissue phos

phate levels, high growth rates, and/or other special characteristics.

Tilapia mossambica

Tilapia mossambica Peters were selected to represent fish in 

this study because Hickling (1962) has shown them to have a large growth 

potential and to be amenable to eutrophic conditions such as those pres

ent in tertiary-treated wastewaters.

The T\ mossambica used in this study were hatched and reared at 

the off-campus research facility of the Arizona Cooperative Fishery Unit 

using the method of McConnell (1966). The fry were fed dry fish food 

until they reached 2.0 cm in length. At this time they were stocked at



a rate of 175/tank (74,148/Ha) in each of four tanks. Four other tanks 

without fish were used as controls. Ortho-phosphate was added to each 

of the eight tanks at the rate of 1.52 mg/1/week. No food was added to 

the tanks after stocking. All growth of fish can be attributed to pri

mary productivity. Under these conditions, the yield per unit time was 

more than triple that obtained by Hallock (1969) in his research with 

Mallaca Tilapia hybrids. However, mossambica did not absorb the 216 g
__ g

PO /tank (15.2 mg/l) required for an organism to be considered a feasi-

ble phosphate extractor here (Table 2). In order for the fish to have

absorbed all 216 g of the phosphate, the 60 day biomass increase would
2have had to exceed 1,440 kg/23.6 m tank. There was very little dif

ference between the free phosphate levels in the tilapia and control 

tanks; therefore, fish were omitted from further testing.

Eichornia crassipes 

Eichornia crassipes (Mart and Zucc.) Solms, the common water 

hyacinth, was selected for testing because of its fast growth rate 

(Boyd 1967, Penfound and Earle 1948). Forty plants were obtained from 

a Tucson nursery. • The plants were placed in fresh well water to see 

if they would live. After ten days, a very slight yellowing (chloro

sis) of the leaves was noted, but the original 40 plants had grown to 

258 plants. The test was conducted. Four pools were filled with 

nutrient-treated water and stocked with 48 plants each. Four~adHi- 

tional tanks without plants were used as controls. Chlorosis devel

oped in all of the plants within two weeks, and vegetative reproduction 

ceased. Necrosis set in, followed shortly by death.



Table 2. Phosphate removal by Tilapia mossambica.

Tank
No.

Yield per 
23.6

Yield per mg P O ^  per 
Ha Gram Wet Wt.

Total PO4 3 
Removed

% PO4 3 
Removed

1 1.9164 kg 812;17 kg 1.6 3.07 g 1.42%

2 1.4149 kg 599.63 kg 1.4 1.98 g 0.92%

3 2.0257 kg 858.49 kg 1.4 2.84 g ■1.31%

4 1.7381 kg 736.61 kg 1.5 2.62 g 1.21%

Average 1.7738 kg 751.72 kg 1.5 2.62 g 1.217c

Stocking rate was 175/2.36 X 10" 3 hectare (74,148/Ha).
Time period was 60 days .
216 
in a

grams of phosphate in the ortho-phosphate form was added 
linear gradient of 1.52 milligrams/liter/week.

to each system
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Only when algal blooms had driven the water pH above 8 , 8  did 

chlorosis develop. I suspect that the chlorosis was caused by lack of 

ionic iron and manganese caused by precipitation at elevated pH's*

Since algal blooms must be expected under eutrophic conditions, it was 

necessary to remove water hyacinth from further consideration* Subse

quent tests showed that JE. crassipes is fully capable of flourishing in 

nutrient-treated water as long as. the pH does not become elevated above 

8,8.

Lemna minor and Vallisneria gigantea

Because of the pH problem in the water hyancinth test, an exper

iment was designed to circumvent algal blooms. Boyd (1967) assigned a 

relatively high ash phosphate content to duckweed (Lemna minor L.).

This small plant often covers ponds, filtering out sunlight and thus 

preventing algal blooms. Vallisneria gigantea Graebn has a high growth 

rate and thrives in subdued light such as is afforded by surface covers 

of duckweed (Stodola 1967).

One pound of duckweed and one gross of V. gigantea were obtained 

from Everglades Aquatics. The V_. gigantea were planted with the crowns 

just above the coarse gravel in planters submerged in water. The duck

weed was then dispersed over the.water surface.

Even though the duckweed was present in sufficient quantity to 

blanket the surface, wind action concentrated it at one side of the 

tank and exposed about one-half of the surface area. Subsequently, an 

algal bloom developed. Within two weeks the duckweed became chlorotic 

and died, and within six weeks the submerged Vh gigantea appeared to-be
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dead. Upon removal, however, the roots and crowns of the Vallisneria 

were found to be alive and, when placed in clear water, the plants soon 

recovered their vigor. Since algal blooms are to be expected in most 

eutrophic conditions, gigantea and duckweed were obviously not 

suited to phosphate removal.

Ceratopteris thalictroides 

j A final attempt was made to find a macrophyte capable of grow

ing in the test medium. An emergent species known as water sprite 

(Ceratopteris thalictroides Brongn) was used. A large quantity of this 

plant was grown indoors during the winter under strong incandescent il

lumination (4600 lux). When placed in outside tanks in the spring, this 

plant became chlorotic-and decayed.

Natural Algal Succession 

During the various tests, I observed that heavy algal blooms 

were invariably accompanied by marked decreases in phosphate levels. 

Therefore, a test of the ability of algae to remove phosphates from so

lution was performed.

Four pools were prepared with enriched water. Algal blooms de

veloped within three to four days. Phosphoric acid was added every

seven days at the rate of 1.52 mg/1, This test was continued for 60
-3days. The algae decreased the PO^ concentration from 15.2 mg/1 to 

1.19 mg/1 in this time (Figure 1),
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P04 IN SOLUTION

DAY

Figure 1. Phosphate removal by algae.

/



Corbicula fluminea 

After the algal test yielded positive results, an organism was 

needed to remove the algae from suspension after they had performed 

their role* The oriental clam Corbicula fluminea Muller is a filter 

feeder and is available in vast quantities from the irrigation projects 

of the Southwest* Approximately 450 kg of clams were dredged from the 

effluent canal of the Imperial Reservoir above Yuma, Arizona* The 

clams were placed in an outside pool with circulation provided by a 

Teel IP 683 submersible pump*

Preliminary research with this clam showed that it could clar

ify algae-laden water and that it could survive eutrophic conditions if
o

provided constant water circulation and temperatures below 30 C* I 

then devised a system incorporating natural algal succession ,and clam 

filtration for my major research effort*



RESULTS

Tests indicated a direct correlation between turbidity inten

sity and pH elevation. The six control tanks containing less than 0.05 
_ ̂

mg/1 PO^ never developed a pH in excess of 8.90. Algal blooms, as in

dicated by turbidity readings, were of low intensity. Test solutions 
-3with PO^ concentrations greater than 0.30 mg/1 produced dense algal

blooms with pH values of 9.20 or higher.
_2

Tanks containing 5.0 mg/1 PO^ reached an average pH of 9.20 

within three days after innoculation. Turbidities as high as 21 mg/1 

indicated that heavy algal blooms coincided with" pH elevations. Phos

phate was lowered to 0;27 mg/1 in the clam filtration tanks within 

twelve days. The three tanks which did not receive clam filtration in 

this series had decreased to 0.32 mg/1 in the same period (Table 3).

The amount of sediment in all of these tanks was noticeably greater 

than in the control tanks (Table 4). There was no appreciable change

in the concentration of Ca+^ and Mg+  ̂ as compared to the effluents of

other tanks.

The phosphate level in the clam-filtered tanks in the 10.0 mg/1 

series had been lowered to an average of 0.13 mg/1 in 16 days, while 

the tanks receiving no clam filtration were still reading 1.01 mg/1 

(Table 3). Turbidities as high as 24.0 mg/1 were reached within two 

days after initiation with pHf s above 9.20. Sedimentation was heavier 

in this series than in the 5.0 mg/1 series (Table 4).

15



Table 3. Tests of algae and algae-clams.

K 3] <0.25 mg/1 P0‘3 5 mg/1 PO"3 10 mg/1 PO"3 15 mg/1 P0~3

System
Tested Algae Algae Algae-Clam Algae Algae-Clam Algae Algae-Clam
Initial
[ca+2] 112 mg/1 112 mg/1 112 mg/1 93.0 mg/1 93.0 mg/1 93.0 mg/1 93.0 mg/1
Final
[cat2] 66.8 mg/1 57.7 mg/1 61.1 mg/1 67.0 mg/1 73.0 mg/1 80.7 mg/1 57.5 mg/1
Initial
[Mg+2] 25.0 mg/1 25.0 mg/1 25.0 mg/1 15.0 mg/1 15.0 mg/1 15.0 mg/1 15.0 mg/1
Final 9
[ng+2] 16.0 mg/1 13.0 mg/1 14.0 mg/1 14.8 mg/1 15.1 mg/1 14.1 mg/1 14.7 mg/1
Initial
[po"3] Trace 5.00 mg/1 5.00 mg/1 10.00 mg/1 10.00 mg/1 15.00 mg/1 15.00 mg/1

Final
[po^3] Trace 0.32 mg/1 0.27 mg/1 1.01 mg/1 0.13 mg/1 1.08 mg/1 0.12 mg/1

Elapsed
Time 12 days 12 days 12 days 16 days 16 days 16 days 16 days

PO^3 Pre-
cipita- 0.390 0.394 0.561 0.618 0.870 0.930
tion Rate ------ mg/day mg/day mg/day mg/day mg/day mg/day

mg/1 -- milligrams per liter 
-- concentration
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Table 4. Dry weight of tank sediments.

Phosphate Concentration Sediment Weight

0.05 mg/1 . Trace (Control)

5.00 mg/1 4.30 kg/tank3

10.00 mg/1 5.30 kg/tank

15.00 mg/1 3.28 kg/tank

a. Tank - 23.6 m ^ e
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The clam filtration tanks of the 15.0 mg/1 series had dropped 
—3to 0.12 mg/1 P0~ after 16 days, while the unfiltered tanks were still

reading 1.08 mg/1 (Table 3). There was no appreciable change in the 
+2 +2Ca -Mg concentrations. Sediment yield was lower than in the other 

two series (Table 4). A high turbidity reading of 27.5 mg/1 was re

corded after three days with commensurate pH readings in excess of 9.20.

In general, tests utilizing clam filtration tended to yield ef

fluents containing less than 0.30 mg/1 P O ^  more quickly and more de

pendably than simple algal systems, regardless of initial concentra

tions. An indefinite amount of time would have been required to reduce 
- 3the PO^ concentrations to less than 0.30 mg/1 in the 10.0 and 15.0 

mg/1 series without clam filtration.

The sediment on clam aquaria bottoms settled within -1,0 to 15 

min after being disturbed. These sediments were tightly bound in 

pseudo-feces (particles bound in mucous) and could not be suspended.



DISCUSSION

Quantitative analysis of the liquid and sediment fractions from 

tanks used in the various algal and clam-algal tests showed that the 

final fate of the phosphates was precipitation, except for a very small 

amount in solution. X-ray diffraction analysis of the sediments showed 

that the phosphate had precipitated in the form of hydroxy1-apatite.

Stumm (1964) gives the reaction forming this compound as

5 Ca+2 + 3 POT3 + OH" ■ > CaR(PO.)-0H; K = 10+56. (l)4 * 5 4 3 s. p.

- 3He continues that PO^ will be combined with CaCO^ to form hydroxy1-

apatite in a saturated CaCO^ solution by the reaction

5 CaC03 + H+ + 3 HPO"2 + H^O -  ■ " Ca3(PO^)3OH; K = 10+16. (2)

The calculated free energy of this reaction is -15 kcal/mole. Thus 

CaCO^ will be converted to hydroxy1-apatite in the presence of the mono

hydrogen ortho-phosphate ion.

In their more recent works, Kramer (1964) and Hamm (1969) give 

reaction (l) as

4-9 ^10 Ca + 6 P0“J + 2 OH" C a ^ P O ^ ( 0 H > 2 ;

K = 1.00 X 10+114.s.p. y

They also state that apatite will precipitate before CaCO^ from satu

rated CaCO^ solutions containing phosphates.

19
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Apparently the ortho-phosphate was precipitated as a twofold 

result of the elevation of the pH, causing precipitation of the 

C)a 1 0 ]̂?̂ 4 ^6 ^ E ^ 2  and CaCO^, and conversion of CaCO^ to apatite through 

reaction (2)„ The pH elevation was caused by the removal of CO^ from

the aqueous carbonate system by the reaction

C02 + H20 H 2 C03 HCO™ + H+ ; = f  C0~ 2 + 2H+

C0“ 2 + H20 v— “ HCO” 1 + OH-

by metabolizing algae (Sawyer and McCarty 1967). Conversion of CaCO^
—2to Ca^Q(PO^)^(OH)^ is shown to occur only in the presence of the HPO^

ion [reaction (2)]. Since this ion exists in equilibrium with one
—3 _other ortho-phosphate ionic species (PO^ or H^PO^ , depending on the 

pH) this conversion can occur only when the water pH is above 6.0, with 

a peak effectiveness occurring around pH 10.5 where the concentration 

of the HPO^ ion is highest (Figure 2).

This system is often used in existing chemical tertiary treat

ment processes in a slightly different form. Culp (1969) related the 

use of lime to precipitate phosphate from sewage effluent at South Lake 

Tahoe, California. This procedure causes the precipitation of phosphate 

by increasing the concentration of Ca"*"̂  and OH ions in the water 

rather than elevating the OH ion concentration alone as I have done„

One major drawback to this procedure is that hydroxyl-apatite 

crystals range in size from 400 A up to visible size (Figure 3). Under

these conditions, hydroxy1 -apatite can form very stubborn colloidal
+2 - 3suspensions which will hydrolyze back to Ca and PO^ ions when the pH
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A

Figure 3. Transmission electron micrographs of sediments.

A. Diatom frustule; 5,000X.
B. Apatite crystal from algal test sediment, measuring 

0.40 X 0.50 micron; 10,000X.
C. Apatite aggregate, early stage; 10,000X.
D. Apatite aggregate, typical; note fine matrix surround

ing individual apatite crystals; 10,000X.
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is lowered. Wastewater treatment facilities, such as those at South 

Lake Tahoe, commonly use alum and other flocculating agents to acceler

ate precipitation time. I used clams.

When phosphate-enriched water possessing pH's near or above 9.0 

were subjected to clam filtration,the phosphate concentration decreased. 

This was due to the trapping of colloidal hydroxyl-apatite in the 

sticky mucous coating the clams' mantles and subsequent deposition of 

the material on the bottom in the form of pseudo-feces (Figure 4)e

My experimentation has shown that clam filtration units filled 

with algae-apatite suspensions will quickly remove the apatite and most 

of the algae if the medium is exposed to sunlight. If, however, the 

filtration unit is shaded, a portion of the phosphate will return to 

solution. This phenomenon is a function of the solution pH. The sun- 

lighted systems retained a high pH (above 9.0) through the metabolism 

of algae. The shaded systems were deprived of the pH-elevating algal 

metabolism, and reequilibration of the carbonate system caused the pH 

to drop, driving reaction (1) back to the left until equilibrium was 

reestablished.

Prokopovitch (1969) gives the pumping rate of a onetgram Gorbi- 

cula fluminea clam at over 0.5 1 per day, and the sedimentation rate of 

the same size specimen at 5.4 g (dry weight.) sediment per year. Expan

sion of this data shows that the 2.73 kg of clams used in each aquarium 

filtered the 94.5 1 of water 14.4 times per 24 hr. During this time, 

the same bed of clams could deposit 40.4 g (dry weight) of previously 

suspended materials.
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Figure 4. Comparison of algal and clam-algal systems' ability 
to remove the ortho-phosphate ion from solution.
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Since it is supposed that reclaimed wastewater will eventually 

be applied to some useful purpose, such as recreational fisheries, I 

was concerned lest C_e fluminea might have an obligatory parasitic phase 

(on fish) in its life cycle as do many other clams, Heinsohn (1958) 

has shown that this clam does not have a parasitic life stage. Instead 

it retains its young in a brood chamber (inner demibranchs of ctenidia) 

until the larvae are ready to survive as free-living juveniles.

No attempt was made to introduce any algal species into tests. 

Thus, the species present in any system at any given time was presum

ably the most efficient for that set of condition's. Practically all 

species found during microscopic examination were planktonic forms. 

Cosmarium sp. and various other desmids, Chroococcus sp., and Oscilla- 

toris sp. were found. Chara sp. was found growing on the shells of 

clams dredged from the canal at Yuma. This alga was seldom able to 

survive a heavy planktonic bloom (Smith 1950, Prescott 1964).

Even with membrane filtration at the 0.45 micron level, the 

ortho-phosphate analysis method described above leaves something to be 

desired in accuracy, since even this filter cannot remove from suspen

sion apatite crystals between 400 A and 4,499 A in size (Figure 3B).

It would be well for researchers in this area to bear this in mind and 

to accept ortho-phosphate concentrations reported in the literature as 

possessing an undetermined positive bias, unless proven otherwise.



CONCLUSIONS

The removal of excess phosphates by precipitation in the form 

of hydroxy1-apatite without the addition of any reagents is a feasible 

technique in areas possessing alkaline waters. This precipitation 

process is implemented by elevation of the OH ion concentration 

through the removal of CO^ from the water by algae. The resulting 

hydroxy1-apatite algal suspension is removed from the water by beds of 

clams. The .clams used in this research, Corbicula fluminea, can live 

in eutrophic water if the water is continuously circulated and the
owater temperature is maintained below 30 C .

Since sea water contains an average of 410 mg/1 Ca+ ,̂ it should 

lend itself to this "automatic” removal of phosphate even more readily 

than did the water used in this research (Lange 1946). Research in 

this area could prove to be valuable in combating estuarine eutrophica- 

tion.

Eichornia crassipes could well prove to be valuable in nutrient

extraction from waters possessing low alkalinities. v It would be most

valuable in humid regions, since the transpiration rate of JE. crassipes

has been shown to exceed the natural evaporation rate of open water by

a factor of 7.8 in arid regions (Holm, Weldon, and Blackburn 1969).

The overall quality of water receiving clam-algae phosphate-

removal treatment is enhanced, since elevation of the pH without addi-
+2 +2tion of lime, etc., results in precipitation of Ca and Mg until a

new equilibrium is established in the carbonate buffering system.

■
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Tertiary treated wastewater subjected to nutrient removal can 

be successfully applied to productive, dependable recreational fisher

ies. Care should be taken during processing so that water, is not re

leased until the total phosphate concentration is below 0.30 mg/1.

This will allow high levels of primary productivity without the danger 

of anoxia resulting from excessive buildups of the algal standing crop.

/
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