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Introduction

This report of the Science Advisory Board's Task Force on Ecological
Effects of Non-Phosphate Detergent Builders is the third in a series. The
first report, published December 1978, deals entirely with the organic builder
nitrilotriacetic acid (NTA). The second report, published in 1980, deals with
three other important organic alternatives to phosphate - citrate, carboxymethyloxysuccinate (CMOS), and carboxymethyltartronate (CMT). This report,
the third and final in the series, deals with the inorganic substances -carbonates, silicates and aluminosilicates.
The Task Force was created because restrictions on detergent phosphates
have been applied increasingly and result in releases to the environment of
alternative materials used by the detergent manufacturers. The Task Force was
directed to examine the available information on the ecological effects of
these alternatives and to report on their ecological suitability. The terms
of reference given to the Task Force by the Board are appended. The Task
Force consisted of scientists and engineers selected from those technical
areas that address known and potential environmental effects. These areas
include aquatic chemistry, microbial degradation, wastewater management,
biological effects, and eutrophication. To improve awareness of unpublished
data and ongoing research being conducted by industry and government, liaison
members were solicited from the United States and Canadian Soap and Detergent
Associations, and appr0priate federal agencies within Canada and the United
States. These liaison members are listed in the appendix.
The procedure followed by the Task Force in its evaluation was to request

the liaison members to arrange presentations by industry and government
representatives.

In addition, the available literature was examined by the

Task Force and its members were assigned sections to write based on their
ted
areas of expertise. Sections of the report in draft form were circula
review
al
technic
among the Task Force members for review and comment; outside
selected
was provided by government and industry, and in some cases by
s are
experts. The findings of the Task Force on the three inorganic builder
s.
presented in the chapters following the Conclusions and Recommendation

Conclusions and Recommendations

SODIUM CARBONATE
Carbonate is a natural constituent of the environment.

Its use as a

detergent builder will increase pH, alkalinity, and buffer capacity of
receiving waters because it is not removed by wastewater treatment procedures.
There is no evidence, however, that the concentrations involved affect

wastewater treatment, are toxic, or are otherwise harmful to the freshwater

environment either directly or indirectly.

Based on this and other evidence presented in the report, the Task Force
concludes that the use of sodium carbonate is ecologically acceptable.
SODIUM SILICATE

Silicate is a natural constituent of the environment. Its use as a
detergent builder will increase the pH, alkalinity and buffer capacity of
receiving waters, because the material is not removed by wastewater treatment
processes. However, there is no evidence that the material, at the
concentrations involved, affects wastewater treatment, is toxic or is
otherwise harmful to the freshwater environment either directly or indirectly.

Based on this and other evidence presented in the report, the Task Force
concludes that the use of sodium silicate is ecologically acceptable.
TYPE A ZEOLITE

Type A zeolite is not a natural product. However, it does undergo
approximately 80 percent removal during conventional secondary wastewater
treatment. The material, while not interfering with wastewater treatment
itself, does result in greater production of waste sludge. Although the
remaining zeolite can exchange various heavy metals, it appears to have no
toxic or other detrimental effects in the aquatic environment, either directly
or indirectly. Accordingly, the Task Force concludes that the use of Type A
sodium zeolite is ecologically acceptable.

Aquatic Chemistry

SODIUM CARBONATE

In this and the following sections it should be noted that sodium is
released into the environment along with the various anions. However as
sodium has not been shown to be damaging to the environment at the

have not

concentrations likely to result from use in detergent builders, we

considered it further.

The aqueous chemistry of sodium carbonate (Na2003) can be considered

as the chemistry of inorganic carbon in water. Important reactions include
acid-base, gas-liquid, precipitation, and complex formation equilibria and
photosynthetic processes.
The carbonate anion is a base, i.e. it is a proton accepter.
base equilibria are written as follows:

H2c03* = H+ + Hco3'
HC03- = H+ + co3
Here H2603

*

2

The acid-

log K1

- 6.35

(1)

log K2

- 10.3

(2)

denotes the sum of two species, H2C03 and C02(aq).

The

sum is the concentration of dissolved carbon dioxide measured by most
analytical methods. This terminology follows Stumm and Morgan (1981).

Using a similar nomenclature, the exchange of carbon dioxide across the
atmosphere-water interface can be written as follows:
(302(9) + H20 = H2C03

*

log KH = - 1.47

(3)

The concentrations of some metals in water are controlled by the
solubility of metal carbonates. A representative reaction for the solubility
of divalent metal carbonates is

MeC03(s) = Me2+ + c032'

Ksp

(4)

Values of the solubility product of some metal carbonates are listed in
Table 1. Carbonate and bicarbonate ions also form soluble complexes in fresh
and marine waters with metals such as calcium, copper, cadium and lead.

TABLE 1
SOLUBILITY PRODUCTS OF SOME METAL CARBONATES

(from Stumm and Morgan, 1981)

Solid

Log 10 KSp

CaCO3 (caTcite)

-8.42

SrC03(s)

-9.02

MnC03(s)

-9.30

FeC03(s)

-10.40

PbC03(s)

-13.10

T=25°C, I = O.
FinaTTy, inorganic carbon is required for the formation of algal biomass.
The overaTT photosynthetic reaction can be written as:

106002 + 16M03' + HP04 2'+

122H20 + 18H+

photosynthesis>

{C106 H263 0110 N16 P} + 138 02

(5)

These reactions indicate that carbonate is chemicaTTy and biochemicaTTy
active in the environment, either directly or through the formation of carbon
dioxide by proton transfer reactions (Equations 1 and 2).
CONCLUSION
The addition of sodium carbonate to water can be expected to increase pH,
aTkaTinity, and buffer capacity, permit an increase in the uptake of C02
from the atmosphere through formation of bicarbonate, and Tower the soTubiTity
of some metaTs. The quantity of inorganic carbon that may be added to aquatic
systems through the use of sodium carbonate in detergent is discussed
elsewhere in this report. It is smaTT compared with the amount of inorganic
carbon in the biosphere, and the magnitude of the effects summarized here is
expected to be sTight.

',

*
SODIUM SILICATES

The aqueous chemistry of the sodium silicates can be considered as the
chemistry of silicic acid in water. Important reactions include acid base,
solubility, and polymerization equilibria and photosynthetic processes by
diatoms.

~

Acid-base, solubility, and polymerization reactions of silicic acid have
been presented by Stumm gt_al. (1967) and Stumm and Morgan (1981) as follows:

Si02(quartz) + 2H20 = Si(0H)4

log 10 K = -3.7

(5)

Si02(amorphous) + 2H20 = Si(OH)4

log 10 K =

(7)

Si(0H)4 = Si0(0H)3- + H r
Si0(0H)3- = Si02(0H)2:-+ H+
4Si(0H)4 = Si405(OH)5 + 2H+ + 4H20

log 10 K1 = 9.46
log 10 K2 = -12.56
log 10 K = -12.57

2.7

(8)
(9)
(10)

An upper limit on the concentration of soluble silica in water at pH
values less than 9 is egtgblished by the solubility of amorphous silica
(Equation 7) and is 10' - M or 120 mg/L as Si02. The dominant species is
silicic acid, Si(0H)4. The solubility of quartz is an order of magnitude

Tower, about 12 mg/L as SiOz (Equation 6), but this precipitation reaction

is very slow and is probably unimportant in natural waters. The concentration
of silica in most surface and ground waters is less than 20 mg/L, and is
controlled by the solubility of aluminosilicate minerals and the biological
productions of opaline silica by diatoms.
Sodium silicates are prepared by reacting quartz with a base, either
sodium hydroxide or sodium carbonate. Many different sodium silicates may be
prepared; the composition of the product depends upon the quantities of silica
and base used. Product composition is usually reported in terms of the molar
ratio of silicon oxide to sodium oxide (SiOz/Nazo), denoted ang. Sodium

,
H

E

silicate with an R of 2 is used most often in laundry detergents (Falcone et

21., 1977).

This composition is most likely to form stable polymeric siliEE'

These polymeric silica species are

@

silicate is diluted, as it is in a washing machine, the value of R is not
affected. For R = 2, the polymers can dissolve when the silica concentration
is diluted below the solubility of amorphous silica, about 120 mg/L at pH
below 9.

H
;
5

species in solution (Stumm st 31., 1967).

.

f

surface active and have

been used as corrosion inhibitors.

l

When sodium

CONCLUSION
The addition of sodium silicate can be expected to increase the pH,
alkalinity, and buffer capacity of a water. The extent of these effects will
depend upon the amount added and on other chemical species present in the
water, particularly the inorganic carbon system. The quantity of silica that
may be added to aquatic systems through the use of sodium silicate in
detergents is discussed elsewhere in this report. It is small compared with

7

F
f
l

the amount of inorganic carbon in aquatic systems, and the magnitude of these

effects is expected to be small. The polymeric silica species added to water
in a washing machine are unstable when diluted in wastewater, and can be

expected to depolymerize to silicic acid. The effects of these polymers in
wastewater or in receiving waters are also expected to be negligible. The
possible biological effects of silica on algal growth and speciation are
considered elsewhere in this report.
ALUMINOSILICATES

This discussion focuses on the synthetic sodium aluminosilicate termed
Type A zeolite or SASIL, which is composed of an extended three-dimensional
network of aluminum and silicon atoms in tetrahedral coordination with shared
oxygen atoms. The composition of a unit cell is as follows (Savitsky, 1977):

Na12[(A102)12(Si02)12].27H20
Like all zeolites, this crystalline solid is an ion exchanger. The ratio of
silicon to aluminum is one to one. The ion exchange capacity, associated with
aluminum content, is high.
Type A zeolite can be prepared by the reaction of sodium aluminate and
sodium silicate with sodium hydroxide in an aqueous solution. The resulting
ion exchanger is in the sodium form and contains small amounts of

hydroxysodalite (Na4Al3Si30120H) and aluminosilicate gel.

The mean

diameter of the commercial products is about 4 um (Savitsky, 1978).

The utility of Type A zeolite as a detergent builder stems from its ion
exchange properties; these are also important in assessing its environmental
effects. As the substance is thermodynamically unstable in water, the
kinetics of its decomposition and the products of this decomposition are of
interest.
The cation exchange reaction of Type A zeolite in the sodium form may be
written as follows:

(lZ/n)Men+ + Na12 [(A102)12 (Si02)12](s) =

Me(12/n)[(A102)12 (Si02)12](s) + 12Na+

(11)

The reaction quotient of this reaction, a measure of the selectivity of
the exchanger for the cation Me"+, depends upon the size, charge, hydration,

and polarization capacity of the ions being exchanged. Considering hardness
removal during washing applications, Type A zeolite has a rapid and strong
affinity for calcium ions and a weak and slow affinity for magnesium ions

(Savitsky, 1977).

Type A zeolite has a strong affinity for several cations in addition to
calcium. Savitsky (1978) indicates the following preference in synthetic
aqueous solutions:

Pb2+ > Cd2+ > Cu2+ > Ba2+ > Sr2+ > Ca2+
8

Schwuger et al. (1976) provide the following order of selectivity, also in
prepared aqueous solutions:

Pb2+ > Ag+ > ou2+ > Cd2+ > 2n2+ > Co2+, Ni2+, Mn2+
Roland and Schmid (1978) conducted tests on the selectivity of Type A zeolite
in domestic wastewater and observed a different selectivity sequence:

Cd2+ > Pb2+, Zn2+ >Cu2+, Ag+ > ng+
Equilibrium was not achieved in these latter tests.
These results are of interest because Type A zeolite, substantially
converted to the calcium form in laundry application, may then remove other
metals from wastewater to which the washwater is discharged. If the
wastewater is treated, the zeolite and associated metals would be contained in
the sludge produced by the treatment plant. If treatment is not provided, the
zeolite and associated metals would be discharged to the aquatic environment
where the metals may be either released into solution or be carried with the
solid zeolite to sediments.
The discrepancies in the order of selectivity reported by Savitsky (1978),

Schwuger gt al. (1976), and Roland and Schmid (1978) are caused by at least

two factors: the calcium concentrations tested and the organic matter in
domestic wastewater. Hard waters will tend to maintain Type A zeolite in the
calcium form and also, as noted subsequently, to slow the degradation rate of
the crystalline solid. Soluble complex formers such as the organics in
wastewater and the chloride in sea water can compete with the ion exchanger
for Me+2 species, reduce the uptake of a given metal, and alter the order of
the selectivity of the zeolite. Prediction of the exact effects of Type A
zeolite on metal speciation in wastewater and receiving water is complicated
by the presence of complex formers in the solution and by kinetic effects.
The products

formed and the mechanisms involved in the degradation of Type

A zeolite in water are discussed by Cook et al. (1982).

The breakdown begins

with an irreversible ion exchange involving the uptake of protons. Since the
exchange is irreversible, the cation exchange capacity of the zeolite is
substantially reduced and cations are released into solution.

The reaction

rate depends upon proton activity; at high pH it requires days, and at low pH
it is accomplished in minutes. Cations such as calcium slow the degradation
rate at neutral and alkaline pH, probably by competing with protons for
exchange sites. The presence of complex-forming ligands enhances the
degradation rate by reducing the concentration of free competing cations and
also by dissolving aluminum from the solid.
The degradation reactions involve a change in aluminum coordination from
tetrahedral to octahedral. At neutral pH, and in the presence of dissolved
silica concentrations greater than about 9 mg/L as Si02, the degradation can
be viewed as an incongruent dissolution to form a mineral such as halloysite

(Cook 23 al., 1982):

Na12[(A102)12 (Si02)12](s) + 12H+ + enzo = 6Al28i205(0H)4(s)
+ 12Na+
9

(12)

At lower silica concentrations, silicic acid is released into solution and a

mineral such as gibbsite (a-Al(0H)3) can be formed.
species are released into solution.

At lower pH, aluminum

This could occur in acid lakes.

In summary, Type A zeolite can remove soluble metals from wastewater. As
the zeolite degrades, these metals will be released into the environment to
which the zeolite has been transported, e.g. sludge digester, lake sediment.
The degradation products of Type A zeolite are natural solid materials

(halloysite, gibbsite), soluble silicic acid, and, at low pH, soluble aluminum

spec1es.

CONCLUSION

The quantities of Type A zeolite expected in wastewater, as a result of
its use as a detergent builder, should have little effect on water quality.
REFERENCES
Cook, T.E., Cilley, w.A., A.C. Savitsky, and B.H. Heirs, 1982. Zeolite A
hydrolysis and degradation. Env. Sci. and Tech. lg: 344 350.

Falcone, J.S., Jr., J. G. Blumberg, and w.L. Schleyer. 1977. Detergent
silicates and the environmental biogeochemistry of silica. In:
Presentations prepared by the Procter & Gamble Company for the IJC Task
Force on Ecological Effects of Non-Phosphate Detergent Builders.
Roland, W.A. and R.D. Schmid.

1978. Sodium aluminum silicates in detergents.

Test on the ion exchange behavior toward heavy metal ion in waste waters.

Tenside Detergents, Ié; 281-85.

Translation from German by B.R. Koch.

Savitsky, A.C. 1977. Type A zeolite as a laundry detergent builder.
Household and Personal Products Industry, March. p. 52.
Savitsky, A.C. 1978. The basic chemistry of Type A zeolite. In:
Presentations prepared by the Procter & Gamble Company for the IJC Task
Force on Ecological Effects of Non-Phosphate Detergent Builders.

Schwuger, M.J., H.G. Smolka, and C.P. Kurzendorfer. 1976. The application
of Na Al silicates in detergents. Part IV. Model analyses about the ion
exchange of heavy metals in the range of low ion concentrations. Tenside
Detergents lg: 305 312. Translation from German by B.R. Koch.
Stumm, w., H. Huper and L. Champlin.

1967. Formation of polysilicates as

determined by coagulation effects. Env. Sci. and Tech._l: 221-227.

Stumm, W. and J.J. Morgan. 1981. Aquatic chemistry, 2nd ed.
John Wiley and Sons. 780 pp.

Effects on Management of Municipal Wastewaters

SOD I UM CARBONATE
EFFECTS ON WASTEWATER QUALITY

Carbonate ions are constituents of natural water. Furthermore, the
alkalinity of water increases in the course of its use in public water supply
systems (Bunch and Ettinger, 1964). Thus the assessment of the impact of the
use of carbonate as a detergent builder involves assessment of an incremental
change in a constituent already prevalent in most wastewaters.
Results of a study by Shannon and Kamp (1973) showed that complete
substitution of carbonate detergent increased wastewater alkalinity by about
70 mg/L. In his studies of the effects of carbonate built detergents on
biological wastewater treatment, Silberman (1975) added 60 and 180 mg/L of

"carbonate detergent" and indicated that "the higher level represents an
excess of three times the normal use level . It is unclear whether

Silberman's carbonate concentrations are expressed as carbonate, alkalinity,

sodium carbonate, or detergent. King (1978) estimated that the use of a mixed
builder system containing 20 percent sodium carbonate would
causea raw sewage
concentration of 9.3 mg/L as sodium carbonate or an alkalinity increase of 8.8

mg/L (as CaC03).

For comparison, Bunch and Ettinger (1964) reported the

average total alkalinity of the raw water at five different communities in the
United States to be 140 mg/L as CaC03 and indicated that the alkalinity
increase: by 122 mg/L during one cycle of municipal water use and wastewater
rea en .

The effect of carbonate addition on wastewater pH would, of course, depend
upon the chemical composition of the wastewater. King (1978) added twice the
amount of sodium carbonate expected to be contributed by use of a mixed
builder system and reported a pH increase of 0.3 to 0.4 units.

Shannon and

Kamp (1973) found a pH increase of over 0.8 units in a military housing area
wastewater and of less than 0.2 units in influent to a military wastewater

treatment plant.

EFFECTS ON NASTEWATER TREATMENT
Coagulation and Sedimentation

Results of tests conducted by Procter & Gamble Co. to evaluate the
influence of carbonates on the coagulation and sedimentation of raw wastewater
solids were reported by King (1978). A jar test apparatus was used and up to
50 mg/L of sodium carbonate were added. No effect of sedimentation of
uncoagulated sewage solids could be detected. While it is anticipated that
carbonates would influence optimal chemical coa ulant dosages, data indicated
no discernible effects on chemical coagulation using 200 mg/L of alum or

ferric sulfate) of raw wastewaters.

11

Biological Treatment
Consideration of the influence of carbonate builders on biological
wastewater treatment processes is complicated by carbon dioxide production
during biological treatment. It is conceivable that the concentration of
bicarbonate and carbonate ions would be governed by the partial pressure of
carbon dioxide in the system, not by detergent formulations. Silberman (1975)
reported that the addition of carbonate detergents had "no appreciable
influence" on performance of an extended aeration activated sludge system.

Unexplainably, a higher oxygen uptake rate was measured in the system

receiving carbonate.

Shannon (1975) found that carbonate detergents had no

effect on the performance of a full-scale activated sludge wastewater
treatment plant. Likewise, Mitchell (1971) reported that carbonate detergents
had no effect on semicontinuous laboratory activated sludge systems. Leary g}
31. (1971) also reported no adverse effect of an alkaline waste on the
activated sludge system. Procter & Gamble Co. studies reported by King
(1978) indicated no adverse effects of sodium carbonates on laboratory scale
trickling filters.
Biological wastewater treatment systems have also been successfully
operated with higher sodium concentrations than had been anticipated from the
use of carbonate detergents. Furthermore, no direct adverse effects of sodium
on aerobic biological processes are known.
Phosphorus Removal

The use of carbonate built detergents would likely increase the lime
dosage required to remove phosphorus from wastewater by precipitation. This
condition occurs because lime reacts with alkalinity resulting in the
precipitation of calcium carbonate. Sludge production would also increase
with use

ofcarbonate detergents due to the increased amount of precipitated

calcium carbonate. This anticipated effect of carbonate-built detergents on
the lime dosage for phosphorus removal was confirmed in studies reported by
King (1978). Shannon et 31. (1977) concluded that carbonate-built detergents
"should have no significant effect on lime phosphorus removal systems"
receiving wastewaters with high alkalinity.

Their data show, however, that

significantly lower degrees of phosphorus removal were achieved in systems to
which carbonate detergents were added when lime dosage remained unchanged.
Sludge Production and Characteristics
In any wastewater treatment system in which conditions favor the
precipitation of carbonates, the use of carbonate detergents would result in

increased sludge production. Phosphorus removal by the use of lime
precipitation, and ammonia stripping at high pH values are illustrations of
such treatment conditions. Silberman (1975) found that the treatment of a
synthetic wastewater containing a carbonate-built detergent by a laboratory
activated sludge system resulted in no noticable difference in sludge
production as compared with a phosphate-built detergent.

12

A limited amount of information is available on the effect of
carbonate built detergents on the physical properties of sludges produced in
wastewater treatment. In his comparison of activated sludge treatment of
wastewaters receiving carbonate and phosphate built detergents, Silberman
(1975) found that sludges from systems containing carbonate-built detergents
did not settle as well as those containing phosphate-built detergents.
However, the activated sludge containing an increased concentration of
carbonate dewatered to a higher degree than the other sludge. Novak et al.

(1977) showed that addition of calcium carbonate to activated sludge increased

its settling velocity.
Digestion

Silberman (1975) presented results on the anaerobic digestion of wastes
containing carbonate-built detergents but not under conditions typical of
common anaerobic sludge digesters. However, no significant influence of
carbonate on anaerobic digesters is anticipated as results of a 240-day

experiment on the effects of sodium carbonate on a laboratory septic tank unit

showed no adverse effects (King, 1978).

Soil Systems
It is conceivable that sodium resulting from the use of a carbonate
builder could cause difficulties in soil systems receiving wastewaters or
sludges. Examples are land application systems for wastewaters, sludge
application to agricultural land, and septic tank leaching fields. If the
additional sodium from the detergent builder caused an unfavorable sodium
adsorption ratio, clogging of soils and the resulting failure of the treatment
system could result.
REMOVAL BY WASTEWATER TREATMENT

None of the commonly used wastewater treatment processes are specifically
intended for removal of carbonates. As described in previous sections, high
pH values, such as those associated with ammonia stripping or phosphorus
precipitation using lime, could cause incidental precipitation of carbonates.
In biological wastewater treatment processes, carbon dioxide is produced. The
influence of biological treatment on carbonate concentrations might be
established by the partial pressure of carbon dioxide in the gaseous phase
during the treatment process.
CONCLUSION

Conventional wastewater treatment plants would not effectively remove
carbonates or the sodium with which they would be added to detergents.
Carbonates would not be expected to interfere with the performance of
wastewater treatment plants.
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SODIUM SILICATE

EFFECTS ON NASTEWATER QUALITY
Like carbonates, silicates are common constituents of natural waters.
Davis (1964) indicated that the silica content of natural waters is less
variable than that of other dissolved constituents. He reported that the
median silica content of groundwaters was 17 mg/L. Streams were found to have
a median silica content of 14 mg/L and concentrations less than 3 mg/L were
Assessment of the
found only in lake and ocean water or in rain or snow.
ion of a
considerat
involves
effect from using silicates as builders then,

fractional increase in the amount of silicate already present in most waters.
Because of their use as corrosion inhibitors, silicates are already a

common constitutent of detergent; Hopping (1977) estimated that 1.6 mg/L of

Sioz is contributed to wastewaters due to this usage.

Falcone gt_al,(1977)

estimated that the maximum possible incremental increase in the Si02

concentration of wastewaters caused by full utilization of silicates as

builders would be 6.4 mg/L, while Hopping (1977) considered that current

reduced phosphate detergents containing sodium silicate would add 3.3 mg/L of
SiOg to wastewaters. Hopping (1977) estimated that the use of detergents
containing 20 percent sodium silicate would cause a 5 mg/L (as CaC03)
increase in wastewater alkalinity.

EFFECTS ON WASTEWATER TREATMENT

Small increases in the concentration of silicates in wastewater would not
be expected to have pronounced effects on common wastewater treatment
processes. Results of experiments reported by Hopping (1977) indicated no
influence of silicates on the sedimentation or coagulation of raw
wastewaters. Similarly, no effect was observed on the activated sludge
process or trickling filter performance, and the concentration of heavy metals
in laboratory-scale treatment plant effluents was not found to be affected by

silicates.

Hopping (1977) also reported no interference with the chemical

precipitation of phosphates, but, if lime were used, a slight increase in

chemical dosage would be anticipated because of the increase in alkalinity

caused by the silicates.

Data reported by Hopping (1977) suggested improved removal of heavy metals
in wastewater treatment when silicate builders were used. This condition
resulted in an increase in the heavy metal content of waste sludge. The
average increase in the heavy metal content of solids from wastewater
containing silicate builder was 12 percent for the 7 metals monitored by
Hopping. Differences between the silicate units and control units ranged from
minus 7 percent (for iron) to plus 36 percent (for nickel).
Information on the influence of silicates on sludge treatment and disposal
processes, land application systems, and septic tanks and tile fields is not
known to exist.

However, adverse effects are not anticipated.

As with some

other builders, the increase in sodium concentration accompanying the use of
silicates could be of concern in soil systems receiving septic tank effluent,
wastewater, or sludges when adverse sodium adsorption ratios existed.
14

REMOVAL BY NASTEWATER TREATMENT
The concentration of silicates in wastewaters with or without
silicate-built detergents would, at ordinary pH values, be below the
solubility limit of silicates. Significant removal of silicates would not be
expected in conventional wastewater treatment and has not been observed
(Hopping, 1977). Improved removal of heavy metals, however, might occur (see

previous section).

CONCLUSION

Silicates would not be expected to interfere with the operation of
wastewater treatment plants.
ALUMINOSILICATES
EFFECTS ON NASTENATER QUALITY

Based on the use of 20 percent by weight of anhydrous sodium
aluminosilicates in all granular laundry detergents, Hopping (1978a)
calculated that raw wastewater concentrations of the zeolite would be an
average of 10 mg/L, or approximately 5 percent of typical raw wastewater
suspended solids concentrations. Similarly, Hopping (1978b) and Baumann et

31. (1981) assumed a typical zeolite concentration in raw wastewater of 15

In experiments simulating treatment of household wastewaters in septic
mg/L.
tanks, 52 69 mg/L of hydrous sodium zeolite were used (H0pping, 1978b).
Higher sodium aluminosilicate concentrations have been considered in
European studies. For example, Roland (1980) assumed that an average
concentration of 40 mg/L would occur in wastewater. Stoveland et a . (1979),
invoking arguments based on the relative effectiveness of aluminosilicates and
phosphates, concluded that a concentration in the order of 50 to 100 mg/L
would be used. Considering the ineffectiveness of sodium aluminosilicates in
exchanging magnesium, Stoveland and his co workers concluded that a typical
concentration of sodium aluminosilicate in settled wastewater would be 30
mg/L. Assuming approximately 50 percent removal of the material in primary
sedimentation (see below) the concentration of sodium aluminosilicate in raw
wastewater would represent roughly 25 percent of the suspended solids
contained in American wastewaters.
EFFECTS ON WASTEWATER TREATMENT

es
activated sludge experiments which demonstrated that sodium aluminosilicat
y,
Similarl
process.
sludge
d
activate
the
had no effect on the performance of
on
effect
no
had
ilicates
aluminos
sodium
Fischer et al. (1978) reported that

laboratory activated sludge systems; Roland (1980) indicated no significant

effects on the removal of BOD or COD in activated sludge treatment.
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Hopping (1978a) summarized a variety of different laboratory-scale

. .1

1: A.

Biological Treatment

Hopping (1978b), reporting on full-scale activated sludge treatment
results, indicated no adverse effects due to the presence of sodium
aluminosilicates. Those studies demonstrated that the aluminum concentration
in the activated sludge mixed liquor increased to 16 mg/L because of the
presence of the detergent builder, and, based on the anhydrous form of the
material, the concentration of the sodium Type A zeolite increased to 84 mg/L
in the mixed liquor of the activated sludge process. This latter
concentration is less than would be expected.

If, for example, the mean cell

residence time in the activated sludge process were 8 days and the hydraulic
residence time 4 hours, then from a mass balance the concentration of a
conservative suspended solid material from the influent, such as sodium
aluminum zeolite, would be expected to increase by a factor equal to the mean
cell residence time divided by the hydraulic residence time, or 48 fold.
Hence, the concentration of zeolite in the assumed activated sludge system

would be 48 times that in the influent, or 480 mg/L, using Hopping's (1978b)
assumptions.

Fischer gt_al, (1978) suggested some improvement in the settleability of
activated sludge due to the presence of a sodium aluminosilicate builder.
Indeed, based on the accumulation of the inert material described in the
previous paragraph, such improvement in settleability seems plausible.
Hopping (1978a) on the other hand, indicated that sodium aluminosilicate from detergents had no effect on activated sludge settleability.
Fischer 3} al. (1978) suggested that nitrification might be enhanced by
the presence of sodium aluminosilicate in activated sludge, but Berth (1978)
indicated that enhancement was not important.
Baumann et al.

(1981), as judged from a full-scale study, indicated that

the presence Bf Eodium aluminosilicate in wastewater did not affect the
performance of trickling filters. Similar results had been reported from

laboratory-scale studies by Hopping (1978a) and Fischer £5 31. (1978).
Phosphorus Removal

Hopping (1978a) reported that sodium aluminosilicates had no effect on the

Small-scale tests of the effects of sodium aluminum silicates on household

septic tanks indicated no measurable effects on performance (Hopping, 1978a).

Similarly, no effects were noted on full-scale aerobic biological household
treatment Units. Data presented by Hopping (1978a) indicate that sodium
aluminosilicate in septic tank effluent affects percolation rates in tile
fields.

The data show that order-of-magnitude variations from tap water may

be expected, but deviations from septic tank effluent cannot be inferred. The
mass of septage which would need to be removed from household septic tanks
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Septic Tanks

-

performance of ferric chloride, aluminum sulfate, or calcium hydroxide in
removing phosphates from wastewater. Furthermore, all three processes also
gave effective removal of sodium aluminosilicates. All tests were done at
laboratory scale.

\

i

would likely be increased by the use of sodium aluminosilicate as a detergent

builder, but new studies by Holman and Hopping (1980) suggest that the volume
of the sludge may not be increased.
Sludge Management

l

'

Based on the assumption of 12.1 mg/L calcium aluminum zeolite in feed
wastewater, Hopping (1978a) calculated that the quantity of dry sludge solids
would increase by 7.3 percent. The corresponding increase in suspended solids
content of anaerobically digested sludge was estimated to be 12 percent.

Baumann et 31} (1981) estimated that the increase in the mass of dry suspended
solids fETlowing anaerobic digestion would be 6 percent.

In laboratory studies reported by Hopping (1978a), no effect was noted on
the performance of anaerobic digesters except for an increase in supernatant
liquid aluminum concentration due to solubilization of sodium aluminosilicate
during anaerobic digestion. Based on aluminum measurements, 96 percent of the
aluminum remained in the anaerobic digester. Roland and Schmid (1978)
reported that the presence of Type A zeolite, in concentrations up to 50
percent by weight of dry sludge solids, did not affect the production of gas
from laboratory anaerobic digesters. Similarly, Baumann et al. (1981)

indicated that sodium aluminosilicates had no effect on the production of gas
in anaerobic digesters.

The presence of sodium aluminosilicate in sludges was reported by Roland
(1979) to have a beneficial effect on the dewaterability of wastewater sludges.

Similarly, Hopping (1978a) suggested an improvement in dewaterability if
sodium aluminosilicates were contained in high concentration.

Schmid (1979) and Roland (1980) indicated no such

effect.

Roland and

It has been suggested that the presence of sodium aluminosilicates results
in the reduction of heavy metal discharges from wastewater treatment plants
(Roland and Schmid, 1978). Indeed, Kurzendorfer et al. (1979) suggested that

detoxification of heavy metals occurs as a result af' sing sodium
aluminosilicate.

Removal of heavy metals from wastewater by zeolites, and

subsequent release in sludge from breakdown of zeolites could increase heavy

metal concentrations in digesters and land application systems. However, data
presented by Baumann et al. (1981) suggest no increase of heavy metal

concentrations in digesters.

REMOVAL IN NASTEWATER TREATMENT PROCESSES
I
a

Quantitative evaluation of the fate of sodium aluminosilicates in
wastewater treatment processes is complicated by analytical problems. These

problems have

been reviewed by Hopping (1978a).

Primary Treatment

i
3

g

}

While the small size of sodium aluminosilicate particles (80 percent of
the mass of the material being comprised of particles with diameters of 2 to 6

pm (Hopping, 1978b)) makes their removal by sedimentation unlikely, the

particles apparently agglomerate with wastewater solids so as to be
effectively removed in primary sedimentation tanks. While Baumann st 31.
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sedimentation, Roland
(1981) reported only 30 percent removal in primary
icates was removed in
(1980) indicated about two thirds of sodium aluminosil
"removal by primary
primary sedimentation. Hopping (1978b) generalized that
for normal suspended
treatment was equivalent to or somewhat better than that

solids".

e
The latter results, however, were obtained from small-scal

of similarity with
laboratory sedimentation facilities (Hopping, 1978a); lack
full-scale units precludes interpretation of the data.

Secondary Treatment
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(1980)
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Hopping (1978b), the average concentration of sodium

ng to 79
activated sludge treatment plant effluents is 2.1 mg/L (correspondi in United
solids
percent removal), then 7 percent of the allowable suspended

States municipal

nt
treatment plants with the highest permissible efflue

limitations could be detergent builders.

In full-scale studies with the trickling filter plant, Baumann 33 al
the activated
(1981) found overall removals comparable to those reported for
reported to
sludge process. Overall removal of sodium aluminosilicate was
ed by Hopping
average 81 percent or more. Nearly complete removal was report
of laboratory
(1978a) with chemical treatment of wastewater on the basis

studies.

Pilot-scale studies by Baumann e: 31. (1981) indicated 92 percent

removal by tertiary filtration.
Septic Tanks

Based on small-scale laboratory studies, Hopping (1978a) reported that the
of other
removal of sodium aluminum zeolite in septic tanks exceeded that
ld studies
househo
ale
full-sc
that
d
reporte
suspended solids. The same author
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Removal
.
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CONCLUSION

Although the use of sodium aluminosilicate could substantially increase
it would not
the mass of waste sludge solids produced in wastewater treatment,
imately
Approx
nt.
treatme
be expected to otherwise interfere with wastewater
ter
wastewa
ional
80 percent removal of aluminosilicates would occur in convent
treatment.
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Eff. and Water Treat.

Biological Effects

SODIUM CARBONATE
TOXICITY

Sodium carbonate was among the first inorganic salts to be tested in
bioassays with aquatic organisms. For example, Wells (1915) found 530 mg/L to
be lethal to sunfish (Lepomis pallidus) within three days. More recent tests
with sunfish (L. macrohirus) have supported Hell's work, giving LC5o values*
of: 384 mg/L at 24 hr (Dowden and Bennett, 1965), 300 mg/L at 96 hr (Cairns

and Scheier, 1959), 320 mg/L at 96 hr (Patrick et al., 1968), 357 mg/L at 96
hr (Procter & Gamble Co., unpublished), and zoo g7r for more than 7 days
(Sanborn, 1945). Fathead minnows (Pimephales romelas) have a similar 96-hour
L050 of 267 mg/L (Jungerman and Silberman, 1972 , while carp (C

rinus

car i0) and goldfish (Carassius auratus) are somewhat more tolerant (Sanborn,
19

, Keller et al., 1941).

ihe most susceptible fish appear to be the

salmonids. HEYUU et al. (1952) reported a 5 day "minimum lethal
concentration" of 68'mg/L for chinook salmon (Oncorhynchus tshawytscha), 70
mg/L for coho (O. kisutch) and 80 mg/L for trout (Salmo clarki). Considering

the distribution of salmonids in hard waters and sea water (alkalinity = 2.3
meg/L) the reported lethal concentrations seem low.

Da hnia ma na, a cladoceran, has a tolerance for sodium carbonate similar
to t ag of f1sg. Anderson (1944) found a toxic threshold of 424 mg/L for
exposures of 48 hr in Lake Erie water. Dowden and Bennett (1965) determined
the 48 hr LC5O to be 265 mg/L in lake water and 565 mg/L in a reference

water.

Their tests on planaria (Du esia EB.) and snail eggs (L mnaea g.)

yielded similar toxicities. The mos sen51tive invertebrate tested, t e
amphipod Hyallela, gave L050 concentrations of 176 mg/L sodium carbonate at
48 hr and 67 mg7L at 96 hr.
The toxic effect in these acute bioassays is presumably due to an increase
in pH, with associated damage to respiratory surfaces (EIFAC, 1969). For

example, Sanborn's (1945) continuous flow tests produced pHs above 10 at

sodium carbonate concentrations of 200 mg/L or more. Most of the other
studies did not report pH. As with many such nonspecific tests, acclimation
of the test organisms to the final water quality conditions is an important
factor determining the outcome.
Apparently no chronic bioassays for sodium carbonate with aquatic
organisms have been reported. Considering its fate in natural waters and its
negligible toxicity, (toxic concentrations being in the hundreds of mg/L)

chronic testing does not appear to be justified.

*Concentration lethal to 50 per cent of organisms.
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INDIRECT EFFECTS OF ALKALINITY AND pH
Freshwater organisms are potentially exposed to total alkalinities in the

range 10 400 mg/L as CaCO3 (0.2 to 8 meg/L) (USGS, 1962).

Most of this

buffering capacity is in the form of bicarbonate and carbonate ions. Waters
without carbonate buffering are low in biological production, and stresses on
the aquatic community at low pH are well known. In contrast, most aquatic
organisms can tolerate the upper range of alkalinity, provided that pH does
not exceed 9 (EIFAC, 1969). For this reason, the National Technical Advisory

Committee (1968) and later the U.S. Environmental Protection Agency (1977)
recommended a minimum alkalinity of 20 mg/L as CaCO3 in receiving waters.
They stipulated no maximum value.

Since a sodium carbonate builder would be expected to add to ambient
levels of carbonate, the question becomes whether or not the builder could
contribute sufficient carbonate alkalinity to affect aquatic organisms beyond
the normal range.
King (1978) has estimated a nationwide average raw sewage concentration of
9.3 mg/L sodium carbonate, assuming sodium carbonate makes up 20 percent of
the detergent product. This level represents an alkalinity contribution of

8.8 mg/L as CaCO3 in the raw sewage.

Given a median dilution factor of

100:1 for the United States receiving waters (King, 1978) and assuming no
carbonate removal during waste treatment, the median concentration of sodium
carbonate in receiving waters would be about 0.1 mg/L. The contribution to
alkalinity would also be about 0.1 mg/L as Ca003, or less than 1 percent of

the alkalinity in most natural waters. Reviewers of the U.S. EPA "Red Book"
(Thurston st 31., 1979) have recommended a change in alkalinity of no more

that 25 percent of ambient levels for the protection of aquatic life. Such a
change is considerably greater than the expected contribution due to carbonate
builders. Even in cases where little dilution of effluent takes place the
change in alkalinity will be small, considering that effluent normally

contains in excess of 100 mg/L alkalinity as CaCO3.

Potential changes in pH as a result of various sodium carbonate
concentrations are given in Table 2 for soft and hard wastewaters and for
distilled (unbuffered) water. The addition of 20 mg/L of sodium carbonate to
the soft water produced an increase of 0.4 pH units.
TABLE 2
EFFECT OF ADDED Na ED3ON SEWAGE pH

Raw Sewage A-pH
Raw Sewage B-pH

Distilled Water-pH
Sewage A - hardness
Sewage B - hardness

9

2.

5.8

8.2

7.6
7.8

8.0
8.1

(King 1978)
mg/L of added Na2003

E

8.2
8.3

9.1

35 mg/L, as CaC03
275 mg/L, as CaCO3
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Q

8.4
8.6

9.1

20.

8.6
8.8

9.3

1_9

8.7
9.0

9.4

12

9.0
9.5

9.7

Neither of the wastewaters exceeded pH 9 at carbonate concentrations up t

lOO mg/L far in excess of expected environmental levels. Reviewers of the
U.S. EPA Water Quality Criteria (Thurston et al., l979) recommended an upper

limit of pH 9 and a change of no more than U.6_pH units outside the estimated

natural seasonal maximum or minimum for a "high level of protection" to

aquatic life. Similarly a maximum change of + l.0 unit would afford
"moderate" protection. Carbonate builders shBuld not affect these goals
appreciably.

One potential problem associated with the use of alkaline builders is the

related effect of increased pH on ammonia toxicity to aquatic organisms.
increase in pH from 7 to 8 raises the toxicity of ammonia almost lO-fold

An

because of the increased proportion of un-ionized NH3 (U.S.EPA, l977).

Although the ammonia would be the actual toxicant in the wastewater, alkaline
solutes could aggravate the situation.
CONCLUSION

Sodium carbonate is not toxic to aquatic organisms at levels expected to
occur in receiving waters. Indirect effects caused by changes in pH or
alkalinity should also be negligible.
SODIUM SILICATE
TOXICITY
As with carbonates, the acute toxicity of sodium silicate appears to be an
effect caused by high pH. Unbuffered solutions of sodium silicate greater

than about 200 mg/L produce strongly alkaline conditions (pH > 9.0) that are

detrimental to fish and invertebrates.

The 96 hr L050 for sunfish (L. macrochirus) was found to be 30l-478 mg/L

sodium silicate at pH values of 975 to IU.1 (Rapping, l977).

By comparison,

Cairns and Scheier (l959) used NaOH to produce a 96 hr LC50 at pH 9.5 - l0.4
for L. macrochirus. McKee and Wolf (1963) reported 250 mg/L sodium silicate
to be non-toxic to young rainbow trout (S.

airdneri) in 24 hours.

Mosquitofish (Gambusia affinis) in turbid water s owed a greater tolerance,
with a 96 hr LC50 of 2320 mg7L, above the solubility limit for amorphous

silica (Wallen e: 31., l957).

Two studies on the cladoceran Daphnia ma na determined toxicities of
sodium silicate alone and in combination wi
sodium carbonate. The 96 hr

LC5 levels for sodium silicate were 2l6 mg/L (l.2mM) and 247 mg/L (l.4mM)
in gake water and reference water reSpectively (Dowden and Bennett, l965).
Freeman and Fowler (l953) found 50 percent immobilization of Da hnia in lOO
hours at l58 mg/L (0.87mM) and pH 9.l. Combinations of sodium silicate and
sodium carbonate caused 50 percent immobilization in l00 hours at 85 mg/L

(0.47mM) sodium silicate with l80 mg/L (l.7mM) sodium carbonate at pH 9.3
(Freeman and Fowler, l953). Similarly, l30 mg/L (0.74mM) sodium silicate plus
265 mg/L (2.5mM) sodium carbonate produced acute mortality in 24 hours (Dowden
and Bennett, l965).

Thus the total molar concentration of the combined

builders required to produce toxicity was greater than the toxic concentration
23

tebrates including amphipods,
of sodium silicate alone. Tests on other inver
acute effects only at high
snail eggs, and caddisfly larvae also showed
1965; Habdija, 1975).
den and Bennett,
concentrations of sodium silicate (Dow

silicates to aquatic animals is
No information on the chronic toxicity of
e and metabolic fate studies are likewise

available. Rates of silicate uptak
unreported.

EFFECTS OF SILICATE AND ALKALINITY CHANGES

silicate in sewage is 6.5
The maximum projected concentration of sodium
gents (Hopping, 1977). With a
mg/L assuming a 20 percent use level in deter
ving waters of 100:1 (USGS,
median dilution ratio for the United States recei
ely 0.07 mg/L to ambient
ximat
1962), silicate builders would contribute appro
range from 2 to 25 mg/L
dissolved silica levels. Rivers and lakes typically
ds and Liss, 1973) with the
dissolved silica (Cole, 1979; Davis, 1964; Edwar
lske, 1975; Sutherland, 1970).
Great Lakes at the lower end of the range (Sche
ers would be negligible both
Thus, the possible contribution of silicate build
change in existing silicate
in terms of aquatic toxicity and as a percentage
silicate represents a
levels. The projected concentration of 6.5 mg/L
5 mg/L as CaC03 (Hopping,
potential alkalinity contribution of approximately
1977).

ase is unlikely to stress
As in the case of carbonate, such an incre

aquatic organisms.
CONCLUSION

significant
The projected use of sodium silicate builders should have no
waters.
harmful effect on aquatic organisms in receiving
ALUMINOSILICATES

TOXICITY T0 AQUATIC FAUNA
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Da hnia was slightly lower at 377 mg/L suspended SAS. Marine organisms
(eastern oyster, Crassostrea virginica; pink shrimp, Penaeus duorarum;
pinfish, Lagodon rhomboides) tolerated concentrations up to 780 mg7[ for 96
hours.
Maki and Macek (1978) also reported the results of chronic exposures with
Daphnia, the dipteran midge Paratanytarsus parthenogenica, and fathead

minnows.

The 50 per cent effect concentratibns for Da hnia after 21 days were

211 mg/L for total young production and 215 mg/L for agult survival.

The

maximum no-effect concentration for Ba hnia was 129-264 mg/L, while a similar

level of 100-200 mg/L was determined for the midge. In the midge tests, SAS
particles were allowed to settle on the substrate used by the midge larvae for
case making. Concentrations of SAS greater than 100 mg/L apparently altered
the physical characteristics of the substrate and hindered adult emergence.
By comparison, tests with kaolin clay produced a similar impairment at
concentrations of about 50 mg/L.

A 30-day test with fathead minnows showed no significant effects of
suspended SAS on hatchability, survival, or growth at the highest
concentration tested, 87 mg/L. Kaolin clay was also inneffective at similar
concentrations.
Long term pond studies by Hamm and Raff (1978) failed to show any
deleterious effects of SAS on zooplankton, macroinvertebrate, or fish

populations.

The ponds were treated either with 80-200 mg/L SAS under static

conditions, or with a continuous input of approximately 15 mg/L. Population
changes were monitored in control and treated ponds after a full season
lasting from April to November. Although some SAS accumulated on the bottom
of the flow-through pond, it apparently had no effect on the fish or benthic
invertebrates.

The results of the toxicity tests reported in these studies indicate a
wide margin of safety between effect concentrations and the levels expected in
the environment. Assuming a maximum concentration of 7 mg/L SAS in influent
sewage, with no dilution or removal, a safety factor of approximately 14 would
apply for aquatic organisms, which can tolerate at least 100 mg/L over
extended periods. Under more typical conditions of removal by waste treatment
and dilution by receiving waters, final environmental concentrations of 0.2 to
1.0 mg/L can be expected (Maki and Macek, 1978). At these lower
concentrations, safety factors of 100 to 500 would be allowed for the
protection of aquatic fauna.
EFFECTS OF SUSPENDED SOLIDS

The toxicity tests comparing suspended SAS to kaolin clay indicate that
SAS acts mainly as a nonspecific particle with little or no inherent
toxicity. Most aquatic organisms are affected to some extent by high

concentrations or suspended solids.

Reviews by Sorensen gt_al. (1977) and

others on a variety of particulate materials show that concentrations of

several hundred mg/L suspended solids are usually required to show harmful

effects. Such high concentrations, which appear turbid, may act to reduce
light penetration, impair vision, or irritate gills or other sensitive
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BIOACCUMULATION POTENTIAL
The pond studies of Hamm and Raff (1978) were conducted with indium
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labeled SAS so that accumulation in sediment and biota could be measure
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Mussels (Unio tumidus) and benthic Tubifex worms exposed to 250 mg/L

SAS for 4 weeks in test vessels showed no significant indium accumulation
(Fisher and Gode, 1977). Thus, a variety of organisms that might ingest
suspended SAS or contact the material in sediment showed no evidence of
bioaccumulation.
EFFECTS OF METAL INTERACTIONS

The ability of SAS to exchange heavy metals may act to reduce the toxicity

of such metals to aquatic organisms.

Fisher and Gode (1977) found a

significant reduction in the toxicity of CuSO4 to Daphnia (24 hr L050 =

SAS). In other
0.25 mg/L without SAS and 0.42 mg/L with 20 mg/L ca c1um
to Da hnia and
toxicity
the
tests, they found 10X or greater reductions in

fish (Idus) of copper, mercury, and cadmium mixed with SAS.

The addition of 5

or 20 mg7E of the chelating agent EDTA did not alter the toxicity of SAS
containing 1-3 percent heavy metals.

The reduction of heavy metal toxicity is probably unlikely under
than 1
environmental conditions since SAS would ordinarily be present at less
not
did
SAS
of
mg/L
10
mg/L. Hopping (1978) reported that the addition of
or
Cu,
Zn,
Na,
Mg,
Ca,
significantly reduce the measureable concentrations of
Cd
even
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mg/L
1
Pb in river water, although Cd was reduced somewhat. At
was unaffected.
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CONCLUSION
The use ofaluminosilicate as a detergent builder is unlikely to have any
significant adverse effects on freshwater or marine fauna.
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Eutrophication Effects

SODIUM CARBONATE
TOXICITY TO ALGAE
Although sodium carbonate is a natural substance occurring in all waters,
tests have been conducted to determine its toxicity to algae. One such test,
run by Procter & Gamble Co. (King, 1978), indicated that sodium carbonate in

excess of 200 mg/L has no effect on the growth of Selenastrum capricornutum,

Anabaena flos-a uae and Microcystis aeruginosa over a 22 day period. Patrick
3: al. 119585 determined that concentrations of sodium bicarbonate had to
reach 650 mg/L before Nitzchia linearis was affected. On the other hand.
Lembi and Coleridge (19755 found growth of the lake diatoms Melosira,
Fra ilaria and Asterionella to be inhibted by concentrations II, 57, and 234
mg7E in their experiments, while blue-greens were unaffected. However, such
results may have been caused by pHchanges brought about by the addition of
the carbonate, as similar pH values achieved by the addition of KOH yielded
similar effects.

Furthermore, as the Lembi and Coleridge experiments were

done with mixed cultures of algae, the effects of the sodium carbonate cannot
be regarded solely as being related to toxicity. Changes in the intensity of
competition between the diatoms and the blue-greens may also have occured
since the latter increased in number as the diatoms declined. The results are
in fact similar to those of Shapiro (1973) in which he was able to shift mixed
algal populations from blue-greens to greens by lowering the pH and/or
providing more free carbon dioxide. In the Lembi-Coleridge experiments,
raising the pH fostered the blue-greens.
In any event, the expected concentrations of sodium carbonate in waste
waters from detergent use are in the neighborhood of 10 mg/L, which when
diluted 100 fold, or even tenfold, result in concentrations of only 0.1 to
1 mg/L in the receiving waters. Such concentrations are well below those with
apparent toxic effects.
STIMULATION OF ALGAE

A more likely effect of carbonate, algal stimulation, is unlikely for
sodium carbonate directly, because no algae are known to use the carbonate ion
as a source of carbon. However, following conversion to biocarbonate as a
result of carbon dioxide entering from the atmosphere, or during waste
treatment, the material would add to the pool of carbon available for
photosynthesis. Again, the increment over the natural background of
bicarbonate is expected to be negligible (King, 1978). Furthermore,
carbon-limited systems are exceptional, occurring only where high inputs of
phosphorus and nitrogen are found in situations of low natural alkalinity.

A secondary effect of the use of sodium carbonate might be expected to

arise from its effect on pH.

It has been shown, for example by Shannon and
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increased. Evidence today is that total algal abundance in lakes is a
function of total phosphorus concentrations and possibly of the N/P ratio as
well (Smith and Shapiro, 1981). Thus, if silica concentrations do increase
diatom abundance, it is entirely probable that other algae - greens and

blue greens - will be proportionately less abundant.

Indeed, silica increases might, in addition to increasing the relative
abundance of diatoms, change the competition between different diatom

species.

Such effects have been implied by Kilham (1971) in his finding that

different diatoms dominate at different concentrations of silica, and have
been studied in the laboratory, especially by Titman (1976).

Thus in limnetic freshwater systems the direct effect of added silica
would be classed by most limnologists as beneficial, leading to a greater
proportion of desirable algae at the expense of undesirable forms. In certain
systems where blue greens may be inhibited by high heavy metal concentrations,
and where phosphorus may thus be in excess, an increase in overall algal
abundance may occur.

Even in streams and rivers where dilution factors may be lower, silica is
seldom if ever a limiting nutrient (Lowe, personal communication) because of
the continuous inputs. If silica were to be limiting in a river, it would
have to be in a large, slow moving, stratified, enriched system such as the
Mississippi River. Here too the additions from detergents would be beneficial.

Some stimulation of algal abundance could occur in marine areas where

silica concentrations are relatively low.

However, the effect would be

beneficial. Mackenzie (personal communication) suggests, for example, that
the algal conmunity of the North Sea may have changed to a
dinoflagellate-dominated one because excess nutrient loading of estuaries has
resulted in the removal of silica before it reaches the open sea. This
situation in turn may have led to part of the decline of the North Sea fishery
which has as its base the primary productivity of diatoms.
SECONDARY EFFECTS

Two other ways in which silicate could affect algae are by increasing the
alkalinity and/or having a toxic effect on planktonic herbivores. In the
first instance, the increased alkalinity of wastewater effluent would be 3
percent at most, and since effluent contributes only a small part of the
alkalinity of most surface waters, such an effect would be minimal. In the
second instance, the levels of silicate toxic to such organisms as Da hnia are
so high as to preclude this possibility. (See previous section biological

effects.)

CONCLUSION

Additions of silicate to surface waters from detergent use will add
relatively low concentrations of an already present material. The effects, if
any, are likely to be desirable rather than undesirable.
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ALUMINOSILICATE (SAS)
TOXICITY T0 ALGAE
Numerous studies have shown that concentrations of SAS greatly in excess

of 7 mg/L, the concentration in raw sewage with full use, are not toxic to a
wide range of algae. For example, Roland (1977) found no toxicity at up to
1000 mg/L for unspecified algae; Fischer and Gode (1977) found no toxicity up
to 100 mg/L for Chlorella vul aris and no effects at 25 mg/L for bacteria,
978) found no toxic effect for Selenastrum
yeast, or molds; Maki and ace
capricornutum, Microcystis aeru inosa and Navicula seminulum at 1000, 100 and
(1978), in a complete study in outdoor
a
100 mg/L respectiVely; Hamm an
ponds, found no toxicity at 200 mg/L; Roland (1979) found no toxicity for
various algae at 250 mg/L. Nusch (1980) did find some growth inhibition of
certain algae in the range 10-30 mg/L, which in some cases decreased as the

concentration of SAS was increased.

Nusch (1980) believes this effect was not

a toxic one but onewhich resulted from the withdrawal from the medium, by the
SAS, of essential trace elements. Furthermore, he states that the effect is
noted only in dilute media. In this view he is joined by Maki and Macek
(1978) who showed by means of dialysis bag experiments that the effects of >
50 mg/L of the insoluble SAS remained when the material was separated by
containment within a dialysis membrane.
ALGAL STIMULATION

No significant direct stimulation of algal biomass by SAS has been shown
by the investigators quoted above at concentrations up to 100 mg/L. Payne and
Hall (1978) did find a slight increase in the growth rate of Selenastrum in
water from Barntside Lake with additions of N and P and 10 mg7E SIS, compared
with the N and P control, but the final standing crop was not increased. It
is reported by Nusch (1980) using 1000 litre enclosures in Verse Reservoir,
that diatoms grew somewhat better with added SAS than in its absence. This
effect was evidently due to the fact that the investigator had added domestic
sewage to simulate eutrophic conditions and thereby had probably caused silica
limitation. However, there were no significant differences between the
control and experimental for approximately 30 other species_of algae.
Moreover, the chlorophyll concentrations with and without SAS were similar.
Nusch investigated further and found that Nitzschia alea could not use SAS as
a sole source of silica. In the studies by Hamm and Raff (1978) using large
ponds, there was a remarkable similarity between the algal communities_in
ponds with and without SAS.
1
The ion exchange capacity of the zeolite might act to relieve algae of
heavy metal toxicity, but the probability is low. Thus, Payne and Hall (1978)
showed that the toxicity of Burntside Lake water to Microcystis could not be

alleviated by SAS up to 10 mg/L while it was negated 5y only 0.5 mg/L of NTA.
Similarly, SAS at 5 mg/L could not prevent the toxicity of 30 ppb zinc to
Microcystis in an AAP medium, but "oxydisuccinic" acid did so. This is
unexpected as Roland (1977) claims that zinc is exchanged relatively well by

SAS.

Further, Fischer and Gode (1977) showed that SAS could reduce the toxic

effects of copper, mercury and cadmium to fish.
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SECONDARY EFFECTS

Effects on algal populations via herbivores are unlikely. Roland (1977)
found no toxicity to Da hnia at 500 mg/L for 12 days, and Fischer and Gode
(1977) found no effect on Daphnia magna at 500 mg/L during the 18 days in

which reproduction occured.
Ihe latter further showed that at 25 mg/L SAS,
Daphnia experienced no increased sensitivity to heavy metals, surfactants or

sodium chloride. They also found that SAS could detoxify copper for Daphnia.
Einagly, no detrimental effects on zooplankton were noted by Hamm and Raf
197 .
CONCLUSION

The use of aluminosilicates as a partial substitute for phosphate is
unlikely to have any detrimental effect on algae either directly or indirectly.
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Terms of Reference

Eutrophication of the Great Lakes remains one of the serious problems to
which the Great Lakes Water Quality Agreement is addressed. Phosphorus has
been acknowledged to be the nutrient limiting algal growth and, for this
reason, programs to control the input of phosphorus are presented in Annex 2
of the Agreement.
A significant proportion of the phosphorus entering the Great Lakes is due
to phosphates discharged from municipal sewage treatment plants. Therefore,
the Agreement specifies that waste treatment facilities shall be constructed
and operated to remove phosphorus from municipal sewage.
The Annual Report of the Water Quality Board and the Final Report of the
Upper Lakes Reference Group both presented at the July 1976 meeting of the
International Joint Commission addressed the questions of phosphorus discharge
from municipal wastewater treatment plants. As a significant proportion of
the phosphorus in sewage arises from detergent usage both reports reconnnnd
limitations on the phosphorus content of detergents.
As such a ban or limitation on phosphates in detergents will require
alternative builder compounds and/or levels to be utilized, relevant
ecological information regarding the effects of such materials must be
gathered and interpreted to permit the Commission to evaluate the potential
consequences of such detergent reformulation based upon the best available
scientific information. To provide this information the Science Advisory
Board should review the information on ecological effects of non-phosphate
detergent builders in present use.

To provide this information the Task Force will:
1.

Review and summarize the research findings on detergent builder
alternatives to phosphate.

2.

Identify areas of research in which there are gaps in our knowledge
relative to the effects of potential alternate builder materials.

3.

Report to the Science Advisory Board on the adequacy of studies pertaining
to these materials and identify both these materials which, based on
present information, are judged to be ecologically acceptable and those
which are not.

The Task Force will consider:
1.

Expected discharge levels and the extent to which ambient concentrations
will be increased.

2.

Effects on the sewage treatment process.
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3.

mation.
Biodegradation and physiochemical transfor

4.

special reference to the more
Expected or known degradation products with
stable ones.

5.

Toxicity to biota.

6.

tion of metals.
Chelation of trace metals and mobiliza

types of detergent builders can
When used in appreciable quantities, all
Lakes. Upon completion of its
potentially effect the ecosystem of the Great
phate detergent builders, the Task
review of the ecological effects of non-phos
ts expected with the use of
Force will compare the types and extent of impac
us.
non-phosphate builders to that of phosphor
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