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Distribution of Iron in Estuarine & Nearshore Waters of Goa
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Estimations of iron concentrations in Mandovi and Zuari estuaries and in the inshore waters
were made for 1 yr. High concentrations (0.01-3.6  mg Fejlitre)  were encountered in these waters
throughout the year. This has been attributed to the influence of river discharges, which flow
through iron ore-bearing terrain.

T HOUGH the importance of iron as a growth-
promoting element for marine life is well
knownl*2  very little information is available

on the distribution and on the various forms of iron
occurring along the Indian coasts except for the work
of Subrahmanyan and Sen Gupta3. In the follow-
ing account an attempt has been made to study the
seasonal distribution of iron in the Mandovi and
Zuari estuaries and in the nearshore waters off Goa.

Mandovi and Zuari rivers are two of the major
rivers of Goa conpected  by 10 km long Combarjua
Canal (Fig. 1). Both the rivers are navigable and
are mainly used for the transportation of iron and
manganese ores by barges. Proximity of iron ore
deposits in this region may influence the estuarine
and coastal waters to a considerable extent and have
an impact on the biological and geochemical condi-
tions of the water. The present study of iron con-
tent in the estuary and inshore waters has been
undertaken as a preliminary to more detailed
investigations.

Materials and Methods
Regular samples were collected for 1 yr (Sept. 1971

to Aug. 1972) from 3 stations each in Mandovi and
Zuari rivers at fortnightly intervals.  Represen-
tative samples were also collected a.t various places
from the upper reaches of the rivers and also at a
few stations along the coast  of Goa.  The station
posit ions are as shown in Fig.  1.  The stat ion
depths were between 4 and 8 m in the estuaries and
lo-20  m in the nearshore waters. Surface samples
were collected in clean plastic bv.ckets and subsur-
face samples with a Van Darn  szmpler. Immetliate-
ly after collection the samples were transferred to
acid-cleaned plastic bottles;  the samples were
deep-frozen if there was delay in :)nalysis.

Total iron was estimated by oxidizing the com-
pounds of iron by boiling 100 ml of sample with
acidified bromine water for 20 min and the intensity
of colour  developed by treating with cr-ct’dipyridyl
was measured spectrocolorimetrically at 522 nm
(ref. 4). Total iron estimated by this technique does
not include iron in the organic compounds which
are resistapt  to this treatment and also the terri-
genous clay and mineral particles”.
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Results and Discussion

Annual distribution of iron at various stations
in Mandovi and Zuari rivers during the period of
investigation  is given in Fig. 2.  In the Mandovi
r i v e r  t h e  annual  variation  i n  i r o n  concentrations
of the water was between 0.01 and 2.2 mg Fe/litre
at the surface and 0.02 and 3.6  mg Fe/litre in the
bottom. In the Zuari river  the surface values varied
between O-02  and 3.5 mg Fe/litre and the bottom
values from 0.02 to  3.1 mg Fe/litre.  In general at
all stations the bottom values were higher thap the
surface values. The values were comparatively
lower (0.01 to O-5 mg Fe/litre) at all stations during
the pre- and postmonsoon seasons whereas during
the monsoon period (June to September) the levels
of iron were very high. The increase in the con-
centrations observed was sometimes tenfold (3.5
mg Fe/litre).

Iron values of the nearshore region collected during
various months are given in Table 1. Variation
in iron concentration at surface waters was from
0.01 to 0.025  mg Fe/litre and the bottom between
0.045 and 0.286 mg Fe/litre. The data from these
waters during the monsoon months were not avail-
able.

Iron concentrations were estiml.ted  in the upper
reaches of both the rivers during June 1972 (Table
2). Concentration in both the rivers was highly
erratic. There was no definite trend in the pattern
of distribution from the estuarine part  of the
system towards upstream. Bottom values were
always higher than surface values. In the Manc!ovi
river, vzziations  ir? the levels of iron were from 0.160
t o  O-690  mg F e / l i t r e  a t  t h e  sL-,rface  e n d  0.225
to  O-805  mg Fe/litre at the bottom. In the Zuari
river the variation was from O-175  to 0.610  mg Fe/
litre at su.rface  and 0.175 to 0.900 mg Fe/litre at the
bottom.

Iron values of the waters collected at various
stations along the GOT,  coast (Fig. 1) during the pre-
monsoon season are given in Table 3. Iron Yalues
were lower than the estuarine waters and they  ranged
between O-040  and 0.265  mg Fe/litre at the surface
and 0.018  and O-320  mg Fe/litre at the bottom. IL
general the concentrations were lower at all depths
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Fig. 1 -Station location map

off Ag~&a  (stations 21-23). Maximum concen-  a greater extent. Iron values in the estuarine
trations  were observed at stations off Cape Ramas waters were significantly higher (l-3 mg Fe/litre)
and ‘off Karwar. during the monsoon period (June to September)
Concentration levels of iron in the estuarine (0.02 when the river runoff is maximum. The high con-

3.5 mg Fe/litre)  and the coastal waters (O*Ol-O-290 centration in the bottom layers has been attributed
mg Fe/litre) off Goa were generally higher than the to the release of iron from the bottom deposits due
normal levels reported from the other parts of the to turbulence.  Subrahmanyan and Sen Gupta3
world. Cooper4  reported iron varying between 0 observed an inverse relationship with the plankton
and 30 l.~+g  Fe/litre from the English Channel. bloom as considerable quantities are utilized by the
Thompson and Bremner5  found larger quantities standing crop. But in these estuarine waters the
varying from 15 to 50 pg/litre  in Pacific. Subrah- seasonal pictv.re of the iron level did not show any
nianyan  and Sen Gupta3 observed iron concentra- marked variation, except during June-September,
t i o n s  v a r y i n g  b e t w e e n  1.7 a n d  1 9 6  pg/litre  o f f  w extremely high. Lack of a
Madras. In the Mandovi  and Zu?.ri  rivers and in n in the iron content may
the coastal waters of Goa, however, the iron contents era1  prevailing of high
were many times more (0.02-3.5  mg Fe/litre) than nd the changes in the
those reported by workers elsewhere. Iron ore a.ctivity  may not  be
posits in this region appear to be influencing d with the high levels
concentration levels of iron of these waters stal waters the distri-
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Fig. 2 - Annual variations in total iron concentrations at stations in the Mandovi (stations 1-3) and Zuari (stations
15-17)  rivers [Solid lines indicate surface values and broken lines bottom values]
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TABLE l.-TOTAL  IRON CONCENTRATIONS AT THE COASTAL STATION (STATION 21) OFF AGVADA  DURINGVARIOUS  MONTHS
(1971-72)

(Values expressed in mg Fejlitre  are monthly averages)

Depth Sept. Oct. Nov. Dec. Jan. Feb. March

Surface 0.160 0.072 0 . 2 5 0 0.700 0.118 0.085 0401
Bottom 0.190 0.045 0 . 2 9 0 0.210 0.132 - 0.250

- -

TABLE  ~-CONCENTRATION OF TOTAL IRON AT STATIONS
COLLECTED FROM THE UPPER REACHES OF MANDOVI AND

ZUARI  RIVERS

(Values expressed in mg Fe/litre  are averages for the month
of June 1972)

Mandovi river Zuari river
- - -  --Y-P-

Station Depth Total Station Depth Total
No. iron NO. iron

1 S 0.595 1 7 S 0.295
B 0.805 B 0.375

2 ii 0.690 1 4 S 0.375
0.580 B 0.710

3 z 0.390 13 S 0.175
0.715 B 0.900

4 S 0.375 1 2 E 0.610
B 0 . 4 8 0 0.480

6 S 0.165 11 S 0.215
B 0.225 B 0.250

; 0.285 1 0 S 0.230
0.640 B 0.174

S 0.370 9 ii 0.175
B 0.565 0.265

S= surface, and B= bottom

bution  of iron is highly erratic. This may partly
be due to the influence of rivers and also partly due
to the local regenerative nctivity.  Iron levels in
the coastal waters are lower than what has been ob-
served in the rivers and r.lso  there is a definite
decrease in the concentrations towards offshore.
Lower iron levels observed in the coastal waters
m?y  be due to the effect of flocculation and precipi-
tation at the $H of sea water.
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TABLE  3 -TOTAL IRON CONCENTRATIONS AT VARIOUS
STATIONS ALONG THE GOA  COAST

(Values are monthly averages during premonsoon 1972)

Station
No.

1 8

1 9

2 0

21

2 2

2 3

Depth
W

Total
iron

mg Fe/
litre

0.16
0 . 2 0
0 .20  _

0 . 0 4
0 . 0 8
0 . 0 4
0 . 2 8

0.0

8:;

::0075

0 . 0 4
0.08
0.08

0.040
0.048
0.040
0.078

0.040
0.040
0.040
0.018
0 . 3 2 0

Station Depth
No. (m)

2 4
1:
15

2 5
1:
2 0

2 6

2 7

2 8

2 9

0

:“o
4 0

Total
iron

mg Fe/
litre

0.145
0.135
0.190

0.085
0.090
0 . 5 0 0

0.090

8:::
0.245

0.265
0.150
0.085

0.105
0.075
0.085
0.150
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