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Abstract
Distribution of sedimentary organic matter was undertaken in Cochin estuary, the second largest wetland ecosystem 
in India. Surface sediment samples were collected from twenty-seven stations during 2016 constituting the pre- and 
post-monsoon periods. The sediment samples were analysed for labile fractions of biochemical constituents such as 
carbohydrates (CHO), proteins (PRT) and lipids (LPD). Irrespective of the sampling periods, proteins (71%, 38%) constitute 
the major labile fraction, followed by carbohydrate (23%, 36%) and finally lipids (5%, 24). The application of biochemical 
index using PRT:CHO ratio revealed the presence of freshly deposited as well as the presence of aged organic matter in 
the estuary. The LPD:CHO ratio revealed low nutritional quality of sedimentary organic matter during the pre-monsoon 
and enhanced quality in post-monsoon. The trophic state classification based on biopolymeric carbon (BPC), PRT and CHO 
values unveils the fact that estuarine sediment nature varied between mesotrophic, eutrophic and meso-oligotrophic 
status. Low BPC:TOC ratios were observed pointing less availability of food to benthic source, and the organic matter 
present was mainly refractory in nature.
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1 Introduction

Estuaries are considered to be versatile and most productive 
aquatic ecosystems sustaining rich bioresources, and estua-
rine sediments act as preferential sites for particles which 
are either of marine or terrestrial origin [8, 45]. The autoch-
thonous biological production is considered to be the major 
source of organic materials to the sediments [11]. However, 
in anthropogenised estuaries waste inputs may significantly 
affect the quality and quantity of organic materials incom-
ing to sediments [11, 28]. Depending upon the water col-
umn chemistry either due to physical, chemical or biological 
processes, considerable amount of organic matter may sink 
and gets preserved in sediments [32], and after sedimenta-
tion, they are continuously subjected to degradation and 
mixing; simultaneously, deposition of other materials is 

continued [10]. Thus, the organic matter present in aquatic 
niches can be regarded as mixture of allochthonous and 
autochthonous sources which originates from primary pro-
duction by intrinsic aquatic plants, contributions from tidal 
transportations, land use changes, agricultural runoff and 
industrial and municipal wastes [39, 76, 78]

The reliability in estimating biochemical composition 
of sediments (involves measurement of carbohydrates, 
proteins and lipids) to unravel the origin of particles and 
the factors controlling their diagenesis are well established 
[10, 11]. The assemblage of biochemical constituents to 
assess the quality of organic materials as available food 
to benthic consumers and to interpret the trophic status 
of marine ecosystems has gained wide acceptance [9, 12, 
16, 17, 20, 29, 46, 52, 59]. Hence, estimation of biochemi-
cal parameters represents ideas regarding biogeochemical 
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characterisation of sedimentary environments in estuaries 
[53, 54, 73].

Cochin estuary (also called Vembanad Lake) is the sec-
ond largest wetland ecosystem in India which nurtures 
diverse types of flora and fauna. But human-induced pres-
sures in the form of industrial effluents, land reclamation, 
harbour expansion development, dredging activities and 
urbanisation have altered the face of the estuary [27, 47]. 
Nutrient enrichment, sewage and domestic inputs, marine 
fish farming [2, 41, 42, 55] are the major anthropogenic 
factors influencing this estuary. Studies conducted per-
taining to organic matter in estuary are few and sparsely 
reviewed [26, 57, 62]. The present study aims to assess the 
biochemical composition in sediments as well as to unveil 
the benthic trophic status through indexes both spatially 
and temporally. This could provide an insight of dynamic 
patterns of organic matter distribution occurring in the 
estuary.

2  Materials and methods

2.1  Description of the study area

The Cochin estuary (Lat  9° 30′–10° 10′ N and Lon 
 76°15′–76025′ E) extends between the cities of Azhikode 
in the north and Allepey in the south. Freshwater supply 
to the estuary is fed by six rivers, namely Pamba, Achank-
ovil, Manimala, Meenaachil, Periyar and Muvattupuzha 
along with their tributaries and several water channels. 
Among these, Periyar in the northern arm and Muvattu-
puzha in the southern arm discharge freshwater directly 
to the estuary, and hence, there was a vibrant effect on 
prevailing salinity of the Cochin estuary. Around > 60% 
of freshwater is received by the estuary during summer 
monsoon (June–September) and 10–25% in the winter 
monsoon (November–December) [36, 67]. The northern 
arm of the estuary is highly subjected to anthropogenic 
interventions owing to several industries, and the river is 
considered to be cess pool of toxins [2, 36, 63, 64]. The 
southern limb constituting fewer industries on the bank 
of River Chitrapuzha (situated on the lower part of Cochin 
estuary) upon bringing freshwater also adds considerable 
amount of pollutants to the estuary. Besides, Muvattupu-
zha River constituting pollution in the form of agricultural 
practices, coconut husk retting centres, fish processing 
plants, wastes from sewage and domestic sector also 
multiplies pollutants in the estuary. Based on the above 
facts, twenty-seven stations (Fig. 1) were selected cover-
ing entire estuary from southern (stations 1–10), central 
(stations 11–15) and northern (16–27) sectors in pre-
monsoon (PRE) and post-monsoon period (POST). During 
PRE period, the river discharge is minimum and influence 

of sea water is maximum resulting the estuary to be well 
mixed creating homogeneity in the water column. Fresh-
water influence is maximum in monsoon, whereas in POST 
the river discharge gradually decreases and tidal influence 
advances and estuary changes to partially mixed type [47]. 

2.2  Sampling and analytical methodologies

Sampling was carried out during the PRE and POST peri-
ods of 2016. Surface sediments were collected using Van 
Veen grab for the analysis of organic biopolymers. The sed-
iments were immediately transferred to plastic containers 
and transported to laboratory, kept at 4 °C prior to analysis.

The frozen sediment samples were freeze-dried and 
homogenised in an agate mortar and kept in a desiccator 
until analysis. Spectrophotometric methods were employed 
for determination of biochemical compounds. Protein (PRT) 
analyses were carried out after extractions with NaOH 
(1 M, 2 h) and were determined according to the Lowry 
procedure [40] as modified by Rice [58] accounting for the 
absorption of phenolic compounds and using albumin as 
standard. Carbohydrates (CHO) were analysed according 
to Gerchacov and Hatcher [25] and expressed as glucose 
equivalents. The method is based on the same principle as 
the widely used method of Dubois et al. [19], but is spe-
cifically adapted for carbohydrate determination in sedi-
ments. Lipids (LPD) were extracted by direct elution with 
chloroform and methanol and assayed using the Barnes and 
Blackstock [6] procedure using cholesterol as the standard. 
The biopolymeric (BPC) fraction of the organic carbon was 
calculated as the sum of PRT, LPD and CHO carbon [21]. To 
obtain carbon equivalents, each fraction was multiplied by 
0.49, 0.75 and 0.4 µg of C µg−1, respectively [51]. The sum 
of all PRT, CHO and LPD was defined as the labile or eas-
ily assimilated organic fraction [9, 15]. Total organic carbon 
(TOC) was analysed using  SkalarPrimacsMCS analyser. Total 
nitrogen was estimated using Vario EL III CHNS analyser. 
Acetanilide standards were used to calibrate nitrogen. The 
complex organic matter (COM) was calculated according 
to Fichez [23] as the difference between TOC and BPC. The 
differentiation between fresh and aged organic matter and 
also to predict the nutritional quality indexes like PRT:CHO 
and LPD:CHO ratios was employed [9, 15, 29, 30, 33]. The 
benthic trophic status was elucidated with the threshold 
values assigned to PRT and CHO by Dell Anno et al. [16]. 
According to this

(1) Benthic trophic status is hypertrophic (H), if 
PRT > 4 mg/g; CHO > 7 mg/g; and PRT:CHO > 1.

(2) Benthic trophic status is eutrophic (E), if PRT = 1.5–
4.0 mg/g; CHO = 5–7 mg/g; and PRT:CHO > 1.

(3) Benthic trophic status is meso-oligotrophic (MO), if 
PRT < 1.5 mg/g; CHO < 5 mg/g; and PRT:CHO < 1.
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The classification was introduced by Pusceddu et al. [54] 
as BPC values for ascertaining trophic status were also 
calculated as

(1) BPC > 3 mg/g; eutrophic (E)
(2) BPC 1–3 mg/g; mesotrophic (M)
(3) BPC < 1 mg/g; oligotrophic (O)

To correlate between the variables, statistical analysis 
using SPSS 13.0 version was used.

3  Results

The present paper presents the biochemical data of Cochin 
estuary comprising the southern, central and northern 
arms. The study period is divided into two seasons, namely 
pre-monsoon (PRE) and post-monsoon (POST).

Seasonal variability of biochemical parameters

(1) Pre-monsoon (PRE)

Fig. 1  Location map of sam-
pling sites
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The labile fraction of organic matter consisting of car-
bohydrates (CHO), proteins (PRT) and lipids (LPD) in the 
three zones was found to be fluctuating in nature. The 
south estuary (SE), where anthropogenic pressures in 
the form of agricultural practices, sewage and domestic 
influences, urban development, etc., are evident, showed 
CHO concentration ranging from 0.46 to 1.2  mg/g 
(0.74 ± 0.28), PRT from 0.17 to 6.09 (1.70 ± 2.25) and LPD 
from 0.07 to 0.35 mg/g (0.19 ± 0.09). The central estu-
ary (CE) where continuous dredging, container terminal 
activities, transportation channels activities, sewage and 
domestic inputs are foregoing, the CHO concentration 
varies from 0.36 to 1.78 mg/g (0.85 ± 0.57), PRT range 
from 0.45 to 4.21  mg/g (2.33 ± 1.64), and LPD range 
between 0.09 and 0.31 mg/g (0.16 ± 0.10). The northern 
estuary (NE) includes mainly industrial inputs and efflu-
ents, waste outlets with sewage and domestic inputs. 
Fewer stations are also selected from near-coastal areas 
where fish peeling centres, fish farming, etc., are under-
going. The CHO values ranged from 0.15 to 1.07 mg/g 
(0.56 ± 0.27), PRT from 0.65 to 6.51 mg/g (2.35 ± 1.60) and 
LPD from 0.07 to 0.38 mg/g (0.15 ± 0.09), respectively. 
The overall average in Cochin estuary comprising the 
three zones was found to be 0.67 ± 0.34 mg/g for CHO, 
2.10 ± 1.83 mg/g for PRT and 0.16 ± 0.08 mg/g for LPD 
(Table 1).

(2) Post-monsoon (POST)

In the estuary with similar conditions and topography as 
above, the biochemical parameters in the SE ranged from 
0.30 to 2.02 with an average value of 1.16 ± 0.63 (CHO); 
0.16 to 3.40 mg/g with a mean value of 1.54 ± 0.95 (PRT); 
and 0.38 to 1.73 mg/g with an average of 1.09 ± 0.39 (LPD), 
respectively. The concentrations in CE ranged from 0.92 to 
5.01 mg/g of CHO (2.00 ± 1.72); 0.75 to 4.07 mg/g of PRT 
(2.33 ± 1.51); and 0.93 to 2.60 mg/g of LPD (1.47 ± 0.67). The 
NE showed values of 0.57 to 5.77 mg/g with an average 

value of 2.71 ± 1.79 for CHO; 0.41 to 6.80 mg/g with a mean 
value of 2.54 ± 2.21 for PRT; and 0.07 to 3.82 mg/g with an 
average of 1.51 ± 1.29 for LPD. The whole average calcu-
lated for CHO, PRT and LPD was 2.00 ± 1.56, 2.13 ± 1.72 and 
1.34 ± 0.93 (Table 2).

4  Discussions

The predominant labile biopolymer observed during 
the sampling period was PRT (71%, 38%) irrespective of 
the seasons studied, followed by CHO (23%, 36%) and 
LPD (5%, 24%). Even though the nature of biochemical 
composition is diverse in different ecosystems, it is usu-
ally characterised by large quantities of PRT followed by 
carbohydrates with small quantities of LPD [20, 48, 65]. 
The dominance of PRT over CHO and LPD reveals the pro-
ductivity of estuary and better preservation potential of 
these compounds in sediments as cited previously [50]. 
Cochin estuary receives surplus amount of allochtho-
nous inputs irrespective of seasons in the form of sewage, 
domestic effluents, fish waste products all of which con-
tribute to the pool of PRT in the sediment organic matter. 
Similar suppositions were observed in the estuary [3, 72]. 
These enriched PRT contents are readily available and are 
consumed by microbial process by which the PRT con-
centration may become low. This might be the probable 
reason for low PRT content during the POST. The above 
statement is further supported by PRT:CHO ratios (Fig. 2) 
affirming the argument that during the PRE season, most 
of the stations (n = 20) were found to exhibit index ratio 
greater than 1 indicating fresh organic matter and a trans-
formation in POST was noted. About half of the stations 
were found to have index value less than 1 representing 
accumulation of aged organic matter. Another possible 
reason might be due to the increase in concentration of 
CHO in the POST. The LPD enhancement in POST is due to 

Table 1  Descriptive statistics of biochemical parameters in the PRE 
(n = 27)

Minimum Maximum Mean SD

CHO (mg/g) 0.15 1.78 0.68 0.35
PRT (mg/g) 0.17 6.51 2.10 1.83
LPD (mg/g) 0.07 0.38 0.17 0.09
BPC (mg/g) 0.35 3.81 1.43 0.93
PRT/CHO 0.25 13.17 3.94 3.57
LPD/CHO 0.09 0.49 0.27 0.11
TOC (%) 0.28 6.39 2.51 1.59
TN (%) 0.03 0.58 0.25 0.14
TOC:TN 5.88 12.88 9.55 1.84
COM (%) 0.18 6.28 2.37 1.60

Table 2  Descriptive statistics of biochemical parameters in the 
POST (n = 27)

Minimum Maximum Mean SD

CHO (mg/g) 0.3 5.77 2.00 1.56
PRT (mg/g) 0.16 6.8 2.13 1.72
LPD (mg/g) 0.07 3.82 1.34 0.93
BPC (mg/g) 1.35 5.83 2.86 1.20
PRT/CHO 0.11 11.96 2.02 2.61
LPD/CHO 0.01 4.44 1.16 1.14
TOC (%) 0.23 6.24 2.44 1.63
TN (%) 0.03 0.55 0.23 0.14
TOC:TN 5.36 13.4 10.10 2.13
COM (%) 0.1 6.01 2.16 1.61
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plankton detritus accumulated in sediments. It is docu-
mented that diatoms and faecal pellets of zooplankton are 
assumed to be important carriers of lipids to marine sedi-
ments [4]. Earlier studies have shown that Cochin estuary 
is diatom-dominated [1]. Profuse concentrations of lipids 
in post-monsoon in certain stations can be ascertained 
with anthropogenic sources such as petroleum and sew-
age inputs. Besides, the silicate concentration was also 
enhanced during the POST (Fig. 3) which implies that dia-
toms are abundant, thereby contributing to LPD enhance-
ment. This fact is exemplified as it was observed that the 
LPD:CHO ratios (Fig. 4) were below 1(PRE) pointing low 
quality of organic matter and above 1 (POST) showing the 
good quality of organic matter.

The total organic carbon (TOC, Fig. 5) content in the 
estuary was found to vary from 0.28 to 6.39%, with a 

mean of 2.51 ± 1.59 in the PRE, and 0.23 to 6.24%, with a 
mean of 2.44 ± 1.63 in the POST, whereas total nitrogen 
(TN, Fig. 6) content varies from 0.03 to 0.58% (0.25 ± 0.14; 
PRE) and 0.03 to 0.55 (0.23 ± 0.14). The plot of TOC with TN 
(Figs. 7 and 8) in both the seasons showed straight lines 
with regression coefficient of R2 = 0.95 (PRE) and R2 = 0.94 
(POST). Hence, C:N ratios reported here can be approxi-
mated to  Corg/Norg. The TOC:TN ratios are widely employed 
to distinguish between terrestrial and marine organic 
matter in aquatic ecosystems to portray the source, fate 
and seasonal processes of organic matter [66, 70, 71, 80, 
81]. According to Stein [68], TOC:TN values less than 10 
point a strict marine origin and values around 10 show 
both terrestrial and marine organic inputs in sediments. 
TOC:TN ratios greater than 10 have also been reported for 
terrestrial organic matter [49]. The TOC:TN ratios (Fig. 9) 

Fig. 2  Seasonal variation of protein-to-carbohydrate ratio

Fig. 3  Seasonal variation of silicate

Fig. 4  Seasonal variation of lipid-to-carbohydrate ratio

Fig. 5  Seasonal variation of TOC
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during the study varied from 5.88 to 12.88 in the PRE 
and from 5.36 to 13.40 in the POST. The high PRT con-
centration during the sampling reveals the presence of 
nitrogen-enriched organic matter and is subjected to 
bacterial degradation making the TOC:TN ratios lower. A 
similar trend was reported for Zuari and Mandovi estu-
ary, generalising the fact that this pattern is common in 
Indian estuaries along the west coast [5, 22]. Further erst-
while measurements taken in the Cochin estuary (Table 3) 
showed a change in the pattern of TOC:TN ratios reflect-
ing the degradation of organic matter. Besides the estuary 
being anthropogenic in nature, the inflow of sewage and 
domestic wastes also contributes to the estuarine organic 
matter. It is cited previously that sewage inputs generally 
exhibit TOC:TN ratios around 12 [60, 77] and is adjacent to 
the mix of terrestrial plants [18, 79] and soils. The TOC:TN 
ratios obtained during the study were close enough to 12 
which supports the fact that adequate loads of sewage as 
well as terrestrial inputs are added to the organic matter. 
It is attributed that the carbon transported from the rivers 
into the estuaries may undergo dilution and mineralisation 
and even mix with marine organic carbon which usually 
have low TOC:TN ratios which may also lead to lowering of 
TOC:TN ratios during the study. Similar assumptions have 
been quoted [37, 69]. Moreover, nutrient fortification is a 
frequent syndrome observed in the Cochin estuary [41, 43, 
44] which eventually enhances algal population leading to 
lowering of TOC:TN values [24, 34, 56]. Thus, the organic 
matter summation in Cochin estuary is profoundly under 
the influence of amalgamation of marine, terrestrial and 
sewage inputs.

The biopolymeric carbon (BPC) (Fig. 10) varies in the 
PRE (range = 0.35–3.81 mg/g; mean = 1.42 ± 0.92) and POST 
(range = 1.35–5.83; mean = 2.86 ± 1.20).The BPC fraction of 

Fig. 6  Seasonal variation of TN

Fig. 7  Correlation of TOC versus TN (PRE)

Fig. 8  Correlation of TOC versus TN (POST)

Fig. 9  TOC:TN ratio depicting PRE and POST
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organic matter is calculated by the sum of PRT, CHO and 
LPD and is stated as labile fraction that is readily available 
to benthic consumers [53, 73]. The major contributor to 
the BPC pool was PRT irrespective of seasonal differences. 
Such high PRT concentration mirrored in the BPC conveys 
that there is no limitation for heterotrophic metabolism 
in the estuary. Besides, threshold values of BPC, PRT and 
CHO are widely used to predict the benthic trophic status 
(Table 4). The enhancement of PRT content is features of 
eutrophic systems [74], and the benthic trophic classifi-
cation based on PRT unravels the Cochin estuary to be 
eutrophic in nature. The classification ascertained using 
BPC unveils mesotrophic condition prevailing in the PRE 
and peripheral eutrophic system during the POST. The shift 
in BPC values from PRE to POST corroborates an increase in 
the labile fraction of organic matter particularly the CHO 
and LPD contents. It is cited that when BPC concentra-
tions in the sediment exceed 2.5 mg C/g, its bioavailable 

fraction is always less than 10% [53]. This depicts the fact 
that during the POST the benthic consumers may expe-
rience typically refractory organic carbon. Even though 
lipid content increases in POST, earlier studies untie the 
fact that it is largely associated with the refractory frac-
tion of sedimentary organic fraction [7, 33]. The estuarine 
and eutrophic environment generally contains BPC equal 
to 3% of TOC [20], and during the study, 3.1 and 6.64% 
of BPC fractions of the TOC were obtained establishing 
the fact the estuary can be considered as eutrophic. Such 
eutrophicated systems have a tendency to accumulate 
mostly refractory matter [53]. The ratio of BPC to TOC is 
considered as an indicator of quality of organic matter that 
is available to its consumers [13]. During the study, low 
BPC:TOC (Fig. 11) ratios were obtained in both the seasons 
confirming that a large part organic matter in Cochin estu-
ary is refractory in nature. Complex organic matter (COM) 

Table 3  Comparisons of 
biochemical fractions and 
TOC:TN ratio within the Cochin 
estuary

CHO (mg/g) PRT (mg/g) LPD (mg/g) TOC:TN ratio References

0.250–1.229 0.205–1.924 0.312–2.815 4.80–10.62 Joseph et al. [35]
1.66–6.339 0.244–2.600 0.415–3.160 0.73–33.62 Renjith et al. [57]
0.434–12.839 0.110–19.420 0.115–8.450 0.57–26.75 Salas et al. [62]
0.150–5.770 0.170–6.800 0.07–3.820 5.88–13.40 Present study

Fig. 10  Distribution of biopolymeric carbon depicting PRE and 
POST

Table 4  Classification of 
Cochin estuary based on 
proteins, carbohydrates, 
biopolymeric carbon and 
the ratio between protein 
and carbohydrate (No. of 
observations = 27)

Parameter Season Classification Season Classification

PRE POST
BPC 1.42 Mesotrophic 2.95 Mesotrophic/eutrophic
CHO 0.68 Meso-oligotrophic 2 Meso-oligotrophic
PRT 2.1 Eutrophic 2.13 Eutrophic
PRT/CHO 3.94 Eutrophic 2.02 Eutrophic

Fig. 11  Seasonal distribution of BPC:TOC ratios
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is the term given to residual fraction of organic matter 
which is not accounted by the labile fraction and gener-
ally consists of complex organic molecules like humic and 
fulvic acids which are degraded gradually, subjected to 
burial and lost for benthic food webs [20]. The TOC was 
positively correlated with COM (Figs. 12 and 13) substan-
tiating the fact that organic matter residing is refractory in 
character. Further the increase in COM values is in agree-
ment with prior studies [31] stating that decomposition 
and accumulation of terrigenous material (TOC:TN > 10) 
can enhance COM concentrations.    

The statistical tool, principal component analysis (PCA) 
(Table 5), was performed on the generated data set com-
prising both the seasons (n = 54). Eigenvalues greater 
than 1 were taken as the criterion for extraction of the 

principal components to elucidate the variances found in 
the data. This analysis transforms the observed variables to 
new set of variables much smaller in number when com-
pared with the original data. The principal components 
obtained are arranged in decreasing order of importance 
for the ease of simplified analysis. The parameter loading 
for the four components from the principal components is 
given in Table 4. Liu et al. [38] classified the factor loading 
as “strong”, “moderate” and “weak” based on loading val-
ues > 0.75, 0.75–0.50 and 0.50–0.30, respectively. The posi-
tive loading indicates that the contribution of variables 
increases with the increasing loading in dimension and 
negative loading indicates a decrease. PC1 accounts for 
33.23% of the total variance in which a strong positive load 
of TOC, COM and TN was found. This implies that the nature 
of organic matter lying within the sediments is controlled 
by the carbon and nitrogen fraction. The ratio of TOC:TN 
points to combination of marine, sewage and terrestrial 
inputs; however, a strong positive loading of COM shows 
that a large part of organic matter is refractory. This points 
the fact that organic matter present is terrestrial in nature, 
since terrestrial organic matter contains lignin-rich com-
pound which tend to be more refractory, undergoes less 
mineralisation and thereby gets preserved in sediment. 
Similar citations are reported [61]. PC2 accounts for 30.03% 
of the total variance of which CHO were strongly positive 
loaded. It is established that CHO are largely produced by 
autotrophic organisms by photosynthesis; they are well 
part of aquatic and terrestrial plants, and moreover, micro-
phytobenthos produce large amount of exocellular carbo-
hydrates derived from metabolic activity [75]. Since the 
vast amount of organic matter in the estuary is found to be 

Fig. 12  Correlation between TOC and COM during PRE

Fig. 13  Correlation between TOC and COM during POST

Table 5  Factor loadings of biochemical components, TOC, TN and 
COM on four significant principal components for 54 sediment 
samples. Values above 0.5 are shown

PC1 PC2 PC3 PC4

Eigenvalue 3.655 3.303 1.828 1.213
Variability % 33.232 30.03 16.615 11.027
Cumulative % 33.232 63.262 79.877 90.904
Factor loadings
CHO 0.81 − 0.482
PRT 0.862
LPD 0.524 0.782
BPC 0.906
PRT/CHO 0.909
LPD/CHO 0.958
TOC 0.979
TN 0.939
TOC:TN 0.646
COM 0.975
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refractory in nature, it must be concluded that structural 
carbohydrates are present which is characterised by lower 
degradation and better conservation in sediments [14]. 
Besides, the positive loading of CHO points to the organic 
detrital nature of the estuary. In such detritus systems, PRT 
augmentations are correlated with complexion of nitro-
gen during detritus ageing and also bacterial biomass [20]. 
This fact is accounted by PC3 in which PRT were strongly 
positive loaded. The ratio PRT:CHO indicates even though 
depositions of fresh organic matter is occurring, utilisation 
of PRT is  also taking place simultaneously.

5  Conclusion

The spatial and temporal variations observed in the bio-
chemical composition of sediments were primarily associ-
ated with the localised anthropogenic influences occur-
ring in the Cochin estuary. The more pronounced labile 
fraction observed to be linked with anthropogenic pres-
sures was the protein content. The TOC:TN ratios reveal the 
assemblage of marine, sewage and terrestrial organic mat-
ter. Even though the TOC percentage observed was high, 
the labile fraction available was found to be less as evident 
from BPC values. This depicts the organic matter in the 
Cochin estuary to be mostly complex and unaccounted 
for benthic organisms. The trophic status using BPC unrav-
els the presence of mesotrophic character during the PRE 
and borderline eutrophic character predominant in the 
POST. However, the ratio of BPC:TOC was low indicating 
the nature of organic matter to be refractory and is less 
available to benthic consumers.
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