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A L . PAUL PANDIAN AND V. K. VENUGOPAUAN 

CAS in Marine Biology (Marine Biological Station) Porto Novo, India 

ABSTRACT 

Under light wind conditions, long lines of surface slicks and pajtches of foam appear 
quite commonly in the Vellar Estuary. The foam is of a very stal^le type, and persists 
normally for from several minutes to a few hours and collect in la>"ge masses along the 
shores in the lower part of the estuary. 

Microscopic examination of freshly collected foam revealed th* presence of a con
siderable amount of phytoplankton (chiefly species belonging to the; genera Coscinodiscus 
and Trichodesmium) and detrital material in addition to fine silt parjicles. 

The foam samples were chemically analysed for the anions like I>iitrate, Phosphate and 
Silicate and cations such as Iron, Copper and Manganese. The f^am seems to be very 
rich in these constituents, the concentration being a hundred fold mbre than those of sea 
water (except reactive silicate). The range of variation in the concentration of the 
above constituents is as follows: 

Range \^glgn^ dried foam 

Nitrate 
Phosphate 
Silicate (cold reactive) 
Iron 
Copper 
Manganese 

Further, the chemical 'vamposition as well as water content 
collected during different periods vary considerably. 

INTRODUCTION 

SURFACE slicks appear in coastal waters and estuaries when liiht wind prevails. In 
estuaries, with the beginning of high tide, slicks extend into th^ river and form glossy 
patches in parellel with the shore Une. If the light wind peijsists and blows at an 
angle less than 50° to the slick line, the bubbles found commo|jy in the slicks slowly 
drift towards the shore where they accumulate into huge foabn masses are usually 
left behind in the shore or sometimes drift back into the water. 

Dietz and LaFond (1950) and LaFond and Bhavaiarayana (1959) have 
observed surface slicks in many coastal waters and suggested that the formation 
of slick typically marked by foam is due to organic material, which spreads into a 
monomolecular layer. Due to convergence, such layers wjU appear as patches 
in light wind conditions or in the form of evenly spaced streak! when the wind speed 
increases. Bubbles produced in these slicks due to the w|nd and wave action 
aggregate into very stable foam masses. Oils released froifi dead and decaying 
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•Presented at the 'Symposium on Indian Ocean and Adjacent Sees—Their Origin, Science 
and Resources' held by the Marine Biological Association of India at Cochin from January 12 
to 18, 1971. 
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organisms may also play a major part in the bubble formation (Woodcock, 1948, 
1955). Analysis of surface films show that oleic acid released by phytoplankton, 
is abundant in slicks (Garrett, 1965). Baylor et al. (1962) have shown that artificial 
air bubbles rising through sea water adsorb phosphates. Along with phosphates, 
particulate food materials are also adsorbed into bubbles (Sutcliffe et al., 1963, 
Baylor and Sutcliffe, 1963). This will indicate that foam consists of considerable 
amount of adsorbed inorganic and organic materials. The present attempt relates 
to a study of the composition of the foam - mainly to study the cations such as 
iron, manganese and copper and the anions, nitrate, phosphate and silicate. 

The authors wish to thank Dr. R. Natarajan, Director, CAS in Marine Biology 
for encouragement and facilities. Thanks are due to Shri A. Purushothaman for 
the help in the estimation of nitrate. 

MATERIAL AND METHODS 

The foam bubbles aggregate into large and small masses, near the shoreline. 
If the shore line is slightly curved inwards the foam will remain floating freely in the 
water. Otherwise it v/ill be washed ashore by the action of wind. For the present 
study the freely floating foam alone was collected to avoid any contamination by 
the shore material. The foam was transported to the laboratory in plastic 
buckets, without adding any antifoaming agent and was compressed with a glass 
plate. The compressed foam was passed through a coarse bolting cloth to expel 
air and larger plant materials such as grass and leaves. After 2 hours 
of settling the foam was again passed through coarse bolting cloth and the liquid 
foam by now was devoid of any air bubbles. This liquid foam was very turbid due to 
adsorbed mud. After measuring the volume and weight of the liquid foam it was 
dried in an oven at TÔ 'C to remove water. The dried foam was weighed, ground 
in a glass mortar and sieved through a fine mssh bolting cloth (100 mesh). The 
powdered foam was stored in plastic containers. The samples of foam collected at 
different dates from different regions of the estuary are indicated in Table 1. 

Analysis: For the estimation of total iron, copper, manganese and phosphate, 
50 mg of powdered foam was digested with 5 ml of 1:1 nitric acid and 2 ml of per
chloric acid (70%) in a sand bath. Digestion was continued until solid material 
just began to separate. The digested sample vi'as dissolved in 10 ml of diluted 
hydrochloric acid (4%) and kept overnight at room temperature. The solution 
was then centrifuged and the clear supernatant fluid was analysed for iron, copper, 
manganese and phosphate by the following spectrophotometric methods. 

IRON : dipyridyl method (Lewis and Goldberg, 1954). 

MANGANESE : Pot. periodate exidation method (Snell and Snell, 1959). 

COPPER : Sodium diethyl dithiocarbomate method (Chow and Thompson, 1952). 

PHOSPHATE : Murphy and Riley (1962) as modified by Strickland and Parsons (1968). 

For the estimation of soluble, reactive nitrate, phosphate and silicate, 500 mg 
of powedered foam sample was shaken with 100 ml of distilled water in a mechanical 
shaker for 1 hour and filtered through Whatman No. 41 filter paper. The filterate 
was diluted suitably with distilled water and the soluble nitrate, phosphate and 
silicate were estimated in aliquots of the filtrate according to the methods outlined 
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in Strickland and Parsons (1968) and the concentration of each one is expressed in 
mg/g or fAg/g dried foam. 

RESULTS 

Microscopic examination of the foam revealed the pre^nce of many groups 
of diatoms and algal detritus. The dominant diatoms were ^onscinodiscus sp., but 
other diatoms were not identifiable because of the deterioration. In foam 
samples Nos. 7 and 8, the blue green alga, Trichodesmium eryttiraeum was abundant. 
Living Trichodesmium was found in large numbers in foam Sample No. 8. Apart 
from the plant material, a small amount of animal remains suc|i as eggs and cuticular 
exo-skeleton of Halobates, exo-skeleton of red bugs and dipteifans were also present. 
However, bulk of the organic matter was found to be constitu|ed by detritus. More 
than 70 % of the solid foam consists of very fine mud partiile. Only very small 
amount of exo-skeletons of crustaceans in decaying condition Ivere seen. 

The measurement of actual volume of the foam was vefy difficult. The size 
of the bubbles varied widely and the foam mass was always altbred to a considerable 
degree by wind and temperature. However, it was found that approximately 50 
litres of foam, after condensation, gave 1 litre of liquid. The 'half life' of the foam 
(LaFond and Bhavanarayana, 1959) seem to vary with thf; amount of organic 
substances like oil and mud particles present. If the mud particles were greater 
then the 'half life' appeared to be between 3 and 4 hours. If t ie mud particles were 
less, then the 'half life' was found to be 6 and 8 hours. This indicates the remarkable 
stability of this type of foam. However, in the field due w|nd and temperature, 
the foam left on the shore was devoid of bubbles and formid a brown layer over 
the sand within 2 hours. 

TABLE 1. Details of place and date of collection, volume and weight of foam 

Foam No. Place of collection 
Date of 
collection 

Volume 
of liquid 
foam in 

ml 

Volume 
of water 
in ml 

Weight of 
dried 

foam in 
gm 

Ash % or 
dried 
foam 

2 

3 
4 
6 

7 
8 

Between Biological 
Station and Jetty 
Biological Station 
Jetty 
Between Biological 
Station and Jetty 
Near mouth 
Salt pan 

Jan. 
Jan. 
Jan. 

Jan. 
Feb. 
Mar. 

1969 
1969 
1969 

1969 
1969 
1969 

500 
500 
500 

1000 
2250 
1100 

490 
490 
477 

975 
2160 
1050 

15.0 
; 13.7 
• 29.6 

f 33.9 
78.8 
63.0 

74—75 
69—76 
70—71 

75—76.8 
67—70.2 
65—70 

The weight of the dried foam (Table 1) was dependent i|pon the quantity of 
particulate material adsorbed to it rather than to the volume df liquid foam. For 
example, 1 litre of liquid foam of sample No. 8 yielded 63 ams of dried foam 
whereas in another sample (Foam-7) 2.25 litres of liquid foaiq yilded only 79 gms 
of dried foam. 

Iron 

Iron was found to be the most abundant cation present in l|ie foam. It ranged 
from 22 mg to 44 mg/g oF dried foam (Table 2). In foam sannples 2, 3, 4, 6 and 7 
the concentration of iron was less than 30 mg/g whereas in foaln 8 it was 44 mg/g. 
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Copper 

The concentration of copper in the foam samples anlysed ranged from 4 to 
14 mg/g (Table 2). In foam samples 2, 3, 4 and 6 the copper concentration was 
found to be between 4 and 5 mg/g. In sample 7 as much as 7 mg/g of copper 
was present, while foam sample 8 had twice as much. 

TABLE 2. The composition of foam. The values are expressed in mg or ^g per 1 g of dried foam 

Foam No. 

2 
3 
4 
6 
7 
8 

Iron 
mg 

30.87 
27.85 
28.16 
28.69 
22.63 
44.08 

Manganese 

Copper 
mg 

4.239 
4.020 
4.623 
4.723 
6.997 

14.463 

Manganese 
mg 

0.442 
0.616 
0.627 
0.611 
0.434 
0.849 

Total 
Phosphate 

m g p 

0.618 
0.719 
0.674 
0.724 
0.911 
1.207 

Soluble 
Nitrate 

t^gN 

149 
142 
131 
136 
100 

89 

Soluble 
Silicate 

(AgSi 

146 
159 
178 
222 
185 
233 

Soluble 
Phosphate 

(AgP 

4.0 
6.9 

14.5 
24.1 
18.2 
23.5 

The amount of manganese present in the different foam samples ranged from 
0.4 mg/g to 0.85 mg/g (Table 2). In samples 3, 4 and 6 it was a little over 0.6 mg/g. 
Foam samples 2 and 7 showed 0.4 mg/g of Mn while foam sample 8 showed, as in 
the case of copper and iron, very high concentration of manganese (0.85 mg/g) 

Phosphate 

The total phosphate content was seen to vary from 0.6 mg/g to 0.72 mg/g in 
foam samples 2, 3, 4 and 6 (Table 2). In sample 8 the total phosphourus was more 
than 1.2 mg/g. 

However, the soluble reactive phosphate concentration was very low in the 
foam. Apparently there seems to be no relationship between the total phosphorus 
and soluble phosphorus. In foam samples 2 and 3, the soluble phosphorus was 
less than 10 (^g/g in concentration, while in other foam samples, more than 15 (^g/g 
of soluble phosphate was observed. In samples 6 and 8 the soluble, reactive phos
phorus was slightly more than 23 (^g/g. 

Silicate 

The soluble reactive silicate content ranged from 140 M̂ g/g to 190 (Jig/g in foam 
samples 2, 3, 4 and 7 (Table 2). Like soluble reactive phosphate, the soluble reactive 
silicon concentration was also high in foam samples 6 and 8 (more than 220 t^g/g). 
The low sihcon content of the samples and the fact that about 70 % of the foam is 
mud indicates that perhaps it may be present in non-reactive or polymeric form. 

Nitrite 

The soluble nitrite content ranged from 100 to 150 i^g/g in all the foam samples 
except in sample 8 were it was only 89 M-g/g. Sample 8 shoes high concentrations 
of PO4, SiO,, NOj but not nitrite. This may, in all probability be due to the 
nitrogen occurring in organically bound form. 
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DISCUSSION 

Slicks contain a large amount of organic aggregates. The surface of slicks 
is composed of a monomolecular layer of organic matter and Dietz and 
LaFond (1950) suggested that this monomolecular layer is formed by the hpid 
material derived from either phytoplankton or zooplanktor). It is well known 
that many groups of diatoms and algae contain oil droplets vthich will be released 
on death and decay. This oil will ultimately reach the surface vfater owing to its low 
density andspreadout as a monomolecular layer due to its polarity. Garrett (1965) has 
observed that the slick is formed mainly by lipid materials such 4s oleic acid. Studies 
on dissolved organic matter suggests that it shall exist in th4 form of aggregated 
masses, rather than detrital fragments (Riley, 1963; Riley et al., 1964, 1965; Johannes, 
1967; Kane, 1967). About 27% of the dried solid materialjin the foaming slick 
has been found to be organic matter (Ewing, 1950). Baylor et al. (1962) have 
observed air bubbled through sea-water will remove inorgajiic phosphates from 
water. Further studies show that the phosphate is adsorbel to the bubbles and 
later bound to large organic molecules (Sutcliffe et al., 196^). They have also 
observed higher concentrations of phosphate in Windrows (Slicks) than in water 
outside the slick. Vijayaraghavan and Paul Pandian (1967) llave shown that the 
nitrate and phosphate content of slick water is 2 to 10 times more than that of the 
adjacent sea-water. 

It is therefore, obvious that bubbles and aggregates of'bubbles in the form 
of foam can adsorb a considerable amount of organic matlfer. Along with the 
organic matter mud particles also adhere to the bubbles. In shallow estuaries 
(where the depth is not more than 3 to 4 m) one can expect af substantial displace
ment of mud from the bottom to the surface during high tide* and light wind. In 
the narrow Vellar Estuary, the bubbles aggregate into foam masses and drift towards 
the shore. 

It is clear from the data presented, that cations are highly concentrated in 
foam. If the volume of water in the liquid foam is taken to reifresent the sea-water, 
then 1 gm of dried foam is approximately equivalent to aboii 40 ml of seawater. 
This will mean that was much as 750 mg of iron is present ih one litre of liquid 
foam. When compared to the concentration of iron in sea watejr, it would be 75,000 
times more concentrated in foam. Similarly, the other cationsj copper and manga
nese, are also highly concentrated in foam (Table 2). 

Another interesting point to note is the low concentration of soluble phos
phorus and high concentration of total phosphorus in foam. Sutcliffe et al. (1963) 
have found that air bubbles passed through sea water adsorb phosphates and that 
major portions of the adsorbed phosphorus exist in the form df insoluble fraction. 
They have further recorded that the total phosphorus in the s^ray droplets is very 
high and suggested that during the formation of particles, ccfmsiderable amounts 
of soluble phosphorus is adsorbed, bound or changed in suci a way as to mask 
or prevent the test of soluble phosphorus. This view is firmly supported by the 
results of the investigations in foam material in the present study. 

Like soluble phosphorus, the soluble silicon content alfo is very low even 
though mud particles are present in the foam. Recently Burtoji et al. (1970) have 
pointed out that silicon can occur in a polymeric form which, will not react with 
reagents of silicon estimation. Probably this may apply also'in the present case 
since only low silicon values were obtained for the foam samples. 
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The high concentration of cations in foam sample 8 may be due to the presence 
of large amounts of living Trichodesmium cells. 
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