
Wat. Res. Vol. 26, No. 6, pp. 817-823, 1992 
Printed in Great Britain. All rights reserved 

0043-1354/92 $5.00 + 0.00 
Copyright © I 992 Pergamon Press Ltd 

SEAWATER FLOCCULATION OF EMULSIFIED OIL AND 

ALKALINE WASTEWATERS 

G. M. Avoue1
, S.-1. LEE2

, C. N. MAzmn3, 1.-S. SEo2, H.-M. CH02 and B. KooPMAN4*®
'Faculty of Engineering and Architecture, American University of Beirut, Beirut, Lebanon,

2Department of Environmental Engineering, Chungbuk National University, Cheongju, 360-763, Korea, 
3Sirrine Environmental Consultants, Greenville, SC 29616 and 

"Department of Environmental Engineering Sciences, University of Florida, Gainesville, 
FL 32611-2013, U.S.A. 

(First received January 1991; accepted in revised form November 1991) 

Abstract-Seawater flocculation at high pH was investigated for the removal of emulsified oil and 
suspended solids from wastewater. As little as 2% seawater by volume, in conjunction with lime or caustic 
for pH adjustment, was required to achieve good flocculation of the oil-water emulsion. The same amount 
of seawater allowed efficient removal of suspended solids from alkaline industrial wastewaters and 
oxidation pond effluent having pH of 10.6 and higher, without addition of an OH- source. Effective 
flocculation was associated with the precipitation of 2-3.5 g equiv m-3 of Mg2+. The minimum seawater 
concentration for effective flocculation, in relation to pH, was predicted successfully based on the solubility 
of magnesium in wastewater-seawater mixtures. 
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INTRODUCTION 

Flocculation of wastewater at high pH achieves 
highly efficient removal of particulates, colloids and 
certain dissolved materials such as humic acids and 
heavy metals. Alkaline flocculation has been found to 
be most effective in suspensions containing relatively 
high levels of Mg2+ ions (Thompson el al., 1972; 
Folkman and Wachs, 1973; Friedman el al., 1977; 
Leentvaar and Rebhun, 1982). This is due in part 
to the positive charge carried by magnesium hydrox­
ide floe (Black and Christman, 1961; Larson and 
Buswell, 1940), which promotes interaction with 
negatively charged contaminant particles. Seawater 
can serve as an economical source of magnesium ions, 
whereas lime or caustic soda are commonly used as 
sources of hydroxyl ions. Seawater flocculation with 
either lime or caustic has been applied successfully 
for the removal of suspended solids, phosphates 
and algae from wastewater effluents (Vrale, 1978; 
Ferguson and Vrale, 1984; Ayoub and Koopman, 
1986; Ayoub el al., 1986). 

The objectives of the present research were to 
explore additional applications of seawater floccula­
tion and to gain a better understanding of the con­
ditions under which effective flocculation is achieved. 
Emulsified oil was one of the pollutants of interest. 
Oil droplets in water carry negative charges at all pH, 
regardless of their source (API, 1969; Franzen et al.,

1972; Luthy et al., 1978; Nalco Chemical Co., 1979). 

"Author to whom all correspondence should be addressed. 

They should thus interact readily with the positively 
charged magnesium hydroxide floe. Seawater floccu­
lation could serve as an alternative to the inorganic 
flocculants (Fe2 +, Fe3 +, Al3 + , lime) now commonly 
in use to break oil emulsions (Huang and Hardie, 
1971; Franzen et al., 1972; Humenick and Davis, 
1978; Little and Patterson, 1978; Sadlen et al., 1978; 
Steiner et al., 1978). Also of interest were industrial 
wastewaters which are highly alkaline, such as some 
food processing and textile wastewaters, as well as 
effluent from oxidation ponds where photosynthesis 
elevates the pH. Because of their alkaline nature, 
flocculation of these wastewaters might be achieved 
merely by addition of seawater, without the need for 
a supplemental source of OH - ions. This would 
represent great cost savings to industries and oxi­
dation pond systems in coastal regions. 

MA TERIAI.S AND METHODS 

Oil removal experiments 

Experiments on oil removal were carried out at the 
University of Florida. The oily wastewater was prepared in 
bulk by mixing a measured amount of oil-based, metal­
working fluid with tap water. The metal-working fluid was 
supplied by Cincinnati Milarcon (Cincinnati, Ohio) under 
the trade name of Cimperial 101 I. It was composed of more 
than 50% mineral oil supplemented with anionic and non­
ionic emulsifiers, preservatives and water. Its reported 
characteristics were: solubility in water (appreciable, emul­
sifiable) greater than 10%; specific gravity, 1.006; flash 
point, l88°C; freezing point, -35°C; pH (5.0% metal­
working fluid in water), 8.7. Laboratory tests of surface 
tension and dynamic viscosity were conducted according to 
ASTM Standards (ASTM, 1986), method A (D 1331-56) 
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and method A (D 2196-81), respectively. Dynamic viscositywas measured with a Brookfield Viscometer operatedat a rotational speed of 1.5 rpm and a shear ratio of5. 75 s - 1. The surface tension of the fluid was found to be3.56 x 10-2 N m-1• Its dynamic viscosity was 0.27 N s m-2•The tap water was lime-softened groundwater having thefollowing typical characteristics: total hardness, 127 g m-3
as CaCO3; total alkalinity, 48 g m-3 as CaCO3; Ca2+ , 63 g m-3 as CaCO3; Mg2+, 64 g m-3 as CaCO3; c1-, 30 g m-3;HCO3-, 42 g m-3 as CaCO3; co/-, 6 g m-3 as CaCO3; pH, 8.2-8.4; TDS, 183 g m-3

. Seawater used in the experimentswas collected off the eastern Florida coast at CrescentBeach. The salinity value, based on a measured specificgravity of 1.0265 at 21.5°C, was 37.6 parts per thousand(APHA et al., 1985). Corresponding Na+ , Ca2+ and Mg2+ 

concentrations were 11560, 444 and 1390 g m-3, respectively(McAllister and Corcoran, 1969). A jar test apparatus having stainless steel paddles and stirrer was used for the flocculation tests. Paddleshad a height of 2.5 cm and diameter of 7.6 cm. The jarswere made of acrylic plastic and had dimensions of11.5 x 11.5 x 25 cm. Values of mean velocity gradient(G) were determined from rotational speeds using thecorrelation of Cornwell and Bishop (1983). Five trials with lime were carried out. Six jars of thetest water were used in each trial. Freshly mixed 5% limeslurry was added to the oil/tap water emulsion in a 20 I.glass carboy. The mixture was then transferred to theindividual jars. Next, seawater was added in predeterminedvolumes. The final liquid volume in each jar was 2.0 I. Flash mixing at a G of 135 s-1 was initiated immediatelyfollowing addition of seawater and was continued for 1 min.The mixing speed was then reduced to impart a G of23 s-1 and held at this level for 30 min. At the end of a45 min quiescent settling period, 800 ml of each supernatantwas carefully transferred to a 1.0 I. extraction funnel formeasurement of oil concentration. An additional 400 mlof supernatant was decanted for determination of pH, calcium hardness, total hardness, phenolphthalein alkalinityand total alkalinity. The same general procedure wasapplied when caustic soda was used to elevate the pH ofthe oil-water emulsion. Four trials, each with six jars, were performed. In order to facilitate comparisons, quantities of lime,caustic soda, calcium, magnesium and alkalinity are ex­pressed in terms of gram equivalents. Lime and causticsoda dosages are relative to the test water volume beforeseawater addition. Seawater concentrations are expressedon a volumetric basis relative to the final volume of eachmixture. The target extractable oil concentration in the test waterbefore seawater addition was 1000 g m  -3. Oil concentrationswere determined by the extraction technique of Standard
Methods (APHA et al., 1985), method 503A. Salinity wasadjusted to the equivalent of 20% (v/v) seawater beforeextracting the oil in order to compensate for the variationin dissolved solids content of the water which otherwisecould cause inconsistent variations in extraction efficiency.Alkalinity, pH, total hardness, calcium hardness and salinitywere determined according to Standard Methods (APHA
et al., 1985) using methods 403, 423, 314B, 31 IC, 210B, respectively. All experiments were conducted at room tem­perature (22 ± l.0°C). 

Pollutant removals were computed accordingfollowing formula: 
removal(%)= 100-- ---c,[ 100 ]Co 100-S 

where

to the 

(I)

C0 = pollutant concentration in wastewater, beforeseawater addition and flocculation 
S = volumetric seawater concentration (%) C, = pollutant concentration after seawater additionand flocculation. 

The term in [] adjusts for the dilution of C0 by seawater.
Alkaline wastewater experiments 

Experiments on seawater flocculation of alkaline waste­water were carried out at Chungbuk National University.The alkaline wastewaters were obtained from a cotton towelmanufacturing plant, vegetable milk extraction facility anda pilot scale oxidation pond. Their characteristics are given in Table I. Seawater was obtained on the southern coastof Korea near Haeundae Beach. Its salinity was 35 parts perthousand. Corresponding Ca2+ and Mg2+ concentrations were 411 and 1293 g m-3, respectively (McAllister andCorcoran, 1969). A jar test apparatus similar to that described previouslywas used in the experiments. In the first of four sets of experiments, wastewater from the two industrial sourcesand oxidation· pond effluent was combined with seawaterin various proportions under rapid mixing conditions(G = 250 s-1). The final liquid volume in each jar was 2.0 I. After I min of rapid mixing, the rotational speed was reduced to give a G value of 22 s-1• This was held for 20 min. Finally, a quiescent settling period of 30 min was allowed. At the end of the settling period, 250 ml of supernatant was decanted from each jar and used for waterquality analysis. The effect of initial pH (pH.) on seawater flocculation was assessed in the second and third sets of experiments. In set 2, strongly alkaline food processing wastewater (pH= 12.7)was mixed with oxidation pond effluent having a lower pH(9.4) due to inactive photosynthesis. The pHis of the mix­tures ranged from 10.0 to 12.0. The mixtures were floccu­lated with seawater according to the procedure described.In set 3, strongly alkaline food processing wastewater(pH = 12.6) was blended in varying proportions with weaklyalkaline wastewater (pH 9.8) from the same source, giving aliquots with pHis ranging from 9.8 to 12.6. These were flocculated with seawater as before. The fourth set of experiments was conducted to determinethe roles of calcium and magnesium precipitation in sus­pended solids removal. NaOH was added to adjust the pHof a stationary phase algal culture (pH 9.5) to values rangingbetween 9.5 and 12. Seawater was added to give a volumet­ric concentration of 10% and the aliquots were flocculatedas before. The water quality parameters alkalinity, pH, total sus­pended solids, total phosphorus, total Kjeldahl nitrogen,chemical oxygen demand and salinity were determinedaccording to Standard Methods (APHA et al., 1985),using methods 403, 423, 209D, 424F, 420B, 508A and210A, respectively. Filterable COD in effluent was measured
Table I. Characteristics of alkaline wastewaters (units arc g m- 3 except for pH and color) 

Wastewater type 

Textile mill 
Food processingt 
Oxidation pond 

•Pore size of 1.2 µm. 

Total Filtered Alkalinity 
COD coo• TSS TKN (as CaCO,) 

610 360 350 140 1233 
850 480 290 65 1333 

455 166 

tFrom glass bottle cleaning operation.

pH 

10.6 
12.6 
10.9 

Color 

BlueYellow
Green 



Seawater flocculation 819 on filtrate from Whatman GF/C filters (effective pore diameter = 1.2 µm). Mg and Ca were measured in filtered (through membrane filters with 0.45 µm effective pore diam­eter) samples by atomic absorption spectrometry (APHA 
et al., 1985; method 303A). All experiments were conducted at room temperature (25 ± 2°C). 

RESULTS AND DISCUSSION 

Effect of seawater concentration, chemical dosage and 
initial pH 

The effect of volumetric seawater concentration on
oil removal efficiency is shown in Fig. 1. Except for
limited removal (approx. 15%) at 20% seawater, the
removal efficiencies were insignificant at lime dosages
of up to 5.4 g equiv m-3 (Fig. 1, top). The removal
of oil at low lime dosage and high seawater con­
centration is attributed to the demulsifying effect of
seawater. This was evidenced by free oil that floated
to the liquid surface and coated the stirrers and inside
of the jar. This phenomenon was not observed in jars
with low seawater concentrations. At lime dosages of
10.8 and 16.2 g equiv m-3, about 79% of the oil was
removed at a seawater concentration of 2%. The
removal efficiency at seawater concentrations of 5%
and greater was in the range of 94-97%. The tests
characterized by efficient oil removal had extensive
floe formation during the flash mix and flocculation
phases of the trials. The floes settled rapidly when
mixing was stopped. 

Similar results were obtained with caustic soda
(Fig. 1, bottom). Almost no removal occurred at
caustic dosages of 1.2 and 2.2 g equiv m-3 with
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seawater concentrations of up to 15%. Limited
removal was noted at 20% seawater. This was
associated with the demulsification and appearance
of free oil. Oil removals at caustic dosages of 5.1 and
17.7 g equiv m-3 with 5% seawater or greater were
excellent. Moderate removal was observed at 2%
seawater and a caustic dosage of 17.7 g equiv m- 3.
This was associated with the formation of small
floes that settled slowly. Excellent removal was
obtained at 2% seawater and a caustic dosage of 5.1 g
equiv m-3. The effects of seawater concentration on removals
of total suspended solids (TSS) from alkaline waste­
waters are shown in Fig. 2. Tests of the three types
of wastewater as discharged showed that poor floccu­
lation (0-36% TSS removal) was achieved in the
absence of seawater, whereas good flocculation
resulted from addition of 10% seawater (Fig. 2, top).
Results were variable at intermediate seawater con­
centrations, whereas flocculation was not improved
by addition of more than 10% seawater. 

Blending of high pH food processing wastewater
with lower pH effluent from the oxidation pond
allowed a gradation of initial pH to be obtained. The
effect of pHi on seawater flocculation of these mix­
tures is shown in the middle of Fig. 2. The minimum
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effective pH; was somewhat in excess of 11.0, whereas 
the minimum effective seawater concentration was 
5%. Flocculation was not markedly improved at 
seawater concentrations in excess of 10%. Similar 
results were obtained with mixtures of high pH and 
low pH food processing wastewater, as shown at the 
bottom of Fig. 2. 

Removal of nutrients, COD and color 

Several water quality parameters in addition to 
TSS were measured in the experiments with alkaline 
wastewaters. Removal of these constituents from 
food processing and textile wastewaters is correlated 
with TSS removal in Fig. 3. TKN and TSS removal 
from textile wastewater was almost identical. Good 
correlation was also exhibited with color removal 
from textile wastewater and COD removal from food 
processing wastewater. It is interesting to note that 
COD removal reached 70%, despite the fact that over 
half the COD was filterable through 1.2 µm pore size 
paper. The top of Fig. 4 shows that removal of total 
phosphorus, TKN, COD and filterable COD was 
well correlated with TSS removal from oxidation 
pond effluent. These correlations are specific to the 
types of wastewater tested, but nonetheless demon­
strate the wide range of pollutants removed by sea­
water flocculation. 

Roles of magnesium and calcium in seawater floccu­

lation 

At the bottom of Fig. 4 are plotted the filter­
able magnesium and calcium concentrations after 
flocculation in the experiments with oxidation pond 
effluent. The metal concentrations were measured 
by atomic absorption spectrometry and therefore 
include both ionic and complexed species. The metals 
are accordingly symbolized by Mgr and Car, respect­
ively. Comparing the top and bottom of this figure, 
we see that high removal of suspended solids (as 
well as total phosphorus, TKN, COD and filterable 
COD) coincides with reduction in Mgr, whereas Car 
remains essentially unchanged. These data indicate 
that Mg precipitation is primarily responsible for the 
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Fig. 3. Correlation between TSS separation efficiency and 
the removal of TKN, color and COD from alkaline waste­

waters by seawater flocculation. 
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Fig. 4. Pollutant removal efficiency in relation to filterable 
Mg and Ca concentrations in oxidation pond effluent 
following seawater flocculation. Seawater concentration = 

10%; initial pH was adjusted using caustic soda. 

observed pollutant removals and that Ca plays little 
or no role in the phenomenon. We can see from the 
figure that precipitation of 2.5 g equiv m-3 of Mg is 
sufficient to achieve good flocculation. Furthermore, 
since more Mg is lost at the higher pH;s, it seems 
likely that precipitation of Mg(OH)2 is involved. 

We explored the role of Mg and Ca further by 
examining data from the experiments with the oily 
wastewater. In this case, the Mg and Ca hardness 
was measured by EDT A titration. Since only reactive 
(ionic) species are measured by this technique, the 
metals are symbolized by Mg2+ and Ca2 + . 

Residual Mg2 + and Ca2+ concentrations in the 
experiments with caustic are shown in relation to final 
pH in Fig. 5. For pHs less than 10.0, Mg2+ ranged 
from 1.3 g equiv m-3 at 0% seawater to 21.8 g equiv 
m- 3 at 20% seawater. These concentrations were 
similar to calculated Mg2+ concentrations assuming 
no Mg2 + precipitation. Mg2+ decreased substantially 
at final pH values of 10.0 and greater. For example, 
at 20% seawater, Mg2+ was reduced from 21.8 g 
equiv m- 3 at a final pH of 9.5 to 9.3 g equiv m- 3 at 
a final pH of 10.3. At 5% seawater, Mg2 + was 
reduced from 5.3 to 0.1 g equiv m-3 between final pH 
values of 9.9 and 11.5. In contrast, Ca2 + concen­
trations were practically invariant through the range 
of final pH. 

The data at the top of Fig. 5 indicate that the 
solubility of magnesium in the oily wastewater­
seawater mixtures is controlled by pH. It is apparent 
that Mg2 + is undersaturated practically at pH less 
than 10.2. Above this value, Mg2+ varies inversely 
with pH in a fashion similar to that predicted by 
the solubility product relationship between Mg2 + and 
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OH - . The magnitude of Mg2+ prec1p1tation indi­
cated is proportional to seawater concentration. 

We calculated the conditional solubility product 
(P,) for Mg2 + precipitation from: 

P, = [Mg2 +] [OH -]2 
(2) 

where 

[Mg2 +] = magnesium concentration measured 
by EDT A titrimetric procedure, in 
units of mol 1- 1

[OH-J = hydroxyl ion concentration calculated 
from the measured pH, in units of 
mol 1- 1

• 

The solubility of magnesium in relation to final pH
is well characterized by a P, of 10-9.s, as shown at the
top of Fig. 5. This value is reasonably close to the 
solubility product of 10-9-4 computed by Ferguson 
and Vrale (1984) in their experiments with municipal 
wastewater-seawater mixtures. 

Residual Mg2 + concentrations in the experiments 
with lime are plotted in relation to final pH in Fig. 6. 
We do not show the Ca2 + concentrations in this 
figure, because Ca2 + concentrations are increased by 
lime addition. Mg2 + appears to be undersaturated 
below pH 10.2. Above this value, Mg2 + varies 
inversely with pH according to a P, of 10-9

-
7
_ 

A consistent relationship between the efficiency of 
pollutant removal and the decrease in Mg2 + concen­
tration accompanying seawater flocculation should 
exist if Mg2+ precipitation as Mg(OH)2 is respons­
ible for the observed flocculation and settling of 
pollutants. We tested this hypothesis using data from 
the oily wastewater experiments. In order to find the 
amount of Mg2+ that was removed in each exper­
imental trial, we computed initial Mg2 + based on the 
relative volumes of seawater and wastewater, then 
subtracted from this quantity the measured final 
Mg2 + concentration. A plot of these data in relation 
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Fig. 6. pH-dependent solubility of Mg2 + in mixtures of
seawater and oily wastewater with lime added.

to oil removal efficiency is shown at the top of 
Fig. 7. Oil removal efficiency was low as long as
Mgz+ decreased by no more than 2.5 g equiv m-3.
At Mg2 + removals of 3 to 3.5 g equiv m-3, oil
flocculation and removal were inconsistent (6-80%). 
Excellent oil removal was associated with precipi­
tation of 6 g equiv m -3 or more of Mg2 +. It would 
appear that precipitation of 3.5 g equiv m- 3 of Mg2+ 

will result in good oil flocculation in most cases. 
In comparison, Ferguson and Vrale (1984) estimated
that between 0.8 and 1.7 g equiv m- 3 precipitate was
necessary for destabilization of municipal waste­
water. 

We could not be as direct in estimating the amount 
of Mg(OH)2 precipitate needed for good pollutant 
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removals from the alkaline wastewaters, since only a 
limited number of Mg measurements were made. 
However, alkalinity measurements were made in each 
trial, allowing computation of the decrease in alka­
linity corresponding to each datum in Figs 2 and 3. 
Cai+ changes little during flocculation, therefore 
nearly all of the observed change in alkalinity can be 
attributed to its reaction with Mg2 +. 

Suspended solids removals from the aikaline waste­
waters are plotted versus decrease in alkalinity at the 
bottom of Fig. 7. The relationship is steeply linear at 
low alkalinity reductions (0.5 g equiv m- 3 or less) and 
plateaus at changes in alkalinity exceeding 2 g equiv 
m-3. The latter value represents a threshold above
which good flocculation is obtained.

Prediction of critical seawater concentration in relation 
to pH 

The minimum seawater concentration needed for 
good flocculation will be a function of the OH_ 
concentration, the solubility of Mg2+ in equilibrium 
with solid Mg(OH)2, and the minimum amount of 
Mg(OH)2 that must be precipitated. Based on Fig. 7, 
a minimum precipitate quantity of 3.5 g equiv m-3 

(0.00175 mol 1-1) is needed to obtain good floccula­
tion of the oily wastewater, whereas a minimum 
precipitate quantity of 2 g equiv m-3 (0.001 mol 1- 1) 

is needed to obtain good flocculation of the alkaline 
wastewaters. Assuming a closed system (i.e. no 
atmospheric exchange of CO2), which is reason­
able given the short time span of the process, we 
developed the following simple model to predict 
the minimum initial Mg2 + concentration for good 
flocculation: 

[M i+] - P, A g i- 10-2(K,. -pH) + (3) 

where 

[Mg2 +l = initial Mg2+ concentration needed for 
good flocculation in mol 1- 1 

P, = conditional solubility product for 
Mg(OH)2 

K
w

= ion product of water (Kw
= 14. l at 

22°c or 14.0 at 25°C) 
A = minimum amount of Mg(OH)2 to be

precipitated. 

The volumetric seawater concentration needed to 
provide [Mg2 + ]i is computed based on the respective 
Mg2 + concentrations in seawater and wastewater. 

The predicted minimum seawater concentration 
for effective flocculation of the oily wastewater is 
plotted versus final pH in Fig. 8. We used a P, 
of 10-9-75 in the computation of this relationship, 
which is the average of the P, values found from data
with caustic and lime. The data are in good agree­
ment with the predicted relationship. Experimental 
combinations of seawater concentration and final pH 
lying to the left and below the line resulted generally 
in poor oil removals (0-59%). Combinations to the 
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right and above the line resulted almost invariably in 
good to excellent removals (80-100%). As the curves 
and data show, the critical seawater concentration 
decreased in relation to final pH. A minimum sea­
water concentration of approx. 2% is apparently 
needed for good flocculation regardless of the final 
pH. 

Model predictions for seawater flocculation of 
the alkaline wastewaters are shown in Fig. 9. All 
but one of the data above and to the right of the 
curve reflect good to excellent flocculation. Most of 
the data below and to the left of the curve reflect poor 
flocculation, although there are a few points in this 
region representing good flocculation. Thus, the 
model seems somewhat conservative in this case. 
A better fit to the data would be expected if we had 
determined separately a value of P, for the alkaline 
wastewater-seawater mixtures. The minimum sea­
water concentration needed for good flocculation was 
about 2%. 

SUMMARY AND CONCLUSIONS 

The results of the present research demonstrate 
that seawater flocculation is effective for demulsifica­
tion of oily wastewater. They also show that floccula­
tion of alkaline wastewaters can be accomplished 
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Fig. 9. Minimum seawater concentration for flocculation 
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merely by addition of seawater. The process is highly 
efficient for suspended solids and phosphorus 
removal, incidentally removes particular forms of 
COD and nitrogen, and was also effective against 
textile dyes. 

Seawater serves as a source of magnesium ions, 
which precipitate as Mg(OHh at high pH. Haugan 
(1977) demonstrated that addition of a Mg2+ salt by 
itself could duplicate the effect of seawater addition. 
The ability to destabilize oil emulsion and particu­
lates, which are negatively charged, suggests that the 
Mg(OH)2 floes carry a positive charge in the waste­
water-seawater mixtures. Proof of this hypothesis will 
require electrophoretic mobility studies, however. 
A minimum precipitate quantity of 2 -3.5 g equiv m-3 

was required to achieve good flocculation. 
The solubility of Mg2+ in wastewater-seawater 

mixtures is well characterized by a conditional solu­
bility product relationship. A simple model based on 
this relationship was successful in delineating the 
minimum seawater concentration needed for good 
flocculation in relation to pH. This amount varied 
from a minimum of 2% to a practical maximum of 
approx. 10%. In coastal areas, chemical cost savings 
realized by addition of seawater should more than 
offset the cost of supplying this modest quantity. 
Increased salinity of the final effluent should not pose 
a problem for ocean or estuarine disposal. Sea salt 
should be considered for enhancement of alkaline 
flocculation processes in inland regions. 

Further research is needed to examine the effective­
ness of seawater flocculation in removal of toxic 
compounds (e.g. aromatic hydrocarbons) in oily 
wastewaters. This could be accomplished by measur­
ing toxicity removals in the process. Dewatering 
properties of the sludges produced by this process 
should also be determined. Fundamental studies on 
the interaction between Mg(OHh floe and waste­
water contaminants could yield information useful 
to all alkaline flocculation processes. 
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