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Abstract

Water samples were collected from four East Al Hammar Marsh stations from July
2019 to May 2020. The measured variables included water temperature, light
penetration, dissolved oxygen, reactive nitrate, reactive nitrite, total phosphorous,
ammonium ion, and chlorophyll-a. This study applied the Trophic State Index (TSI) and
Trophic Index (TRIX). The results showed that the range of variables for the water of
the East Hammar Marsh was: water temperature (15.4 to 28.3) -C, light penetration (24
to 60) cm, dissolved oxygen (3.60 to 9.33) mg/L, nitrate (3.6 to 7.1) mg/L., nitrite (0.2
to 1.2) pg nitrogen atom /L, ammonium (0.7 to 7.6) mg/l, total phosphorus (2.75 to
24.23) ug phosphorous atom/I, chlorophyll-a (10.24 to 59.19) mg/m?3. Seasonal changes
in the values of the TSI index were 25.07 to 44.04, which classified the level of
nutritional status ranged (low-medium). The general average (34.66) was classified
within the first category of poor nutritional status (Oligotrophic), and based on the
nutrition index (TRIX), results showed that the values ranged from (2.47 to 3.58)
described as having a very low nutritional level. Results revealed that (TRIX) was more
effective than (TSI) in determining the nutrient levels of the waters of the East Al-
Hammar Marsh.
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Introduction The marshes of southern and central Iraq
were described as important ecological
areas with unique characteristics that
were considered one of the main areas
famous for growing crops and raising
livestock for over ten thousand years
(DouAbul et al. ., 2009). The United
Nations programs have classified them
as the most important centers of
biodiversity in the world
(UNEP/GEMS, 2006).

Water quality assessment has become a
central and significant issue in many
countries, particularly in countries that
have taken steps to address potential
water shortages (Varol et al., 2011).
The marsh is defined as a low water
body dominated by weeds, sedges, and
reeds. It is a natural plant with an
accumulation of organic matter in its

sediments and is constantly exposed to Water quality indices (WQI) are
water immersion (Mitch and Gossilink, among the most effective methods in
2007). determining water quality and its

adherence to uses due to the difficulty of



estimating many chemicals, physical
and biological variables (Almeida,
2007).

Guan (2011) defined WQI as an
expression used to describe water's
physical, chemical, and biological
properties and how it can be used. The
process of estimating water quality is
one of the critical processes (Salim et
al., 2009) that requires the use of
efficient means and evidence to monitor
and communicate the necessary simple
and accurate information to the
decision-makers, as it is based on
making appropriate decisions and
drawing up policies to preserve water
quality from deterioration
(Ramakishnaiah et al., 2009 Karakaya
and Evrendilek, 2010; Al-Asadi, 2019).
The traditional studies conducted to
assess water quality included physical,
chemical, and biological variables
(Stambuk, 1999). If the value of this
variable deviates from permissible
limits, it is the determining factor in
water quality according to its use
(Moyel, 2010; Dojlido et al., 1994).
Common measures of nutritional status
are Nutrients, Chlorophyll a, and Secchi
disc depth (Nalamutt and Karmakar,
2014).

The Trophic status index (TSI) is one of
the standard indicators used by marshes
that are affected by freshwater sources,
local runoff, industrial waste, and waste
from agricultural and livestock activities
that cause increased nitrogenous and
phosphate compounds in the aquatic
environment as well as of a trophic
condition that supports the excessive
growth of a variety of phytoplankton,
benthic algae, and macro plants, which
lead to unfavorable changes highly
desirable in the aquatic ecosystem and
the emergence of a eutrophic condition
(Carlson, 1977; Al-Asadi,2019).

Vollenweider et al. (1998) present a
complex nutritional indicator (TRIX);
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this is based on some physicochemical
parameters (percentage of oxygen
saturation, inorganic nitrogen, and total
phosphate) and biological parameters
(Chlorophyll a). This made the TRIX
indicator more developed to assess the
nutritional status. The index values
range from 0-10. Water is classified as
having a very high nutritional level if the
index value is between 6-and 10. It is
classified as a very low nutritional level
if the index value is (less than 4).

The current study aimed to know some
environmental factors' seasonal changes
and estimate the nutritional status in the
waters east of the Al-Hammar Marsh.

Materials and Methods
The Study Area

The Al-Hammar Marsh is located in the
southern region, specifically between
Thi- Qar and Basrah provinces, one of
the three main marshes in Iraq,
representing 56% of its total area within
Thi- Qar province and 44% of its total
area within Basrah province. The
Hammar Marsh is divided into eastern
and western sections (Mutlag et al.,
2009). The East Al-Hammar Marsh
represents the southeastern part of the
marsh. Its length is estimated at 33 km,
with a water depth ranging between 1.2-
3 m depending on the tides' state
(Hussain and Sabbar, 2020) , classified
as a tidal marsh, as it is affected by the
semi-daily tides and has brackish water,
which receives its water from the Shatt
Al-Arab (Hussain, 2014).

Four  stations  (Al-Siddah, Al-
Mandhouri, Al-Mansouri, and Al-
Nakara) were selected in East Al-
Hammar Marsh. The locations of these
stations were determined using the
Geological Positioning System (GPS),
as shown in Fig. (1)
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Figure 1: Map of study stations in East Al- Hammar Marsh

Water samples collection

Water  samples  were  collected
seasonally for the period from July 2019
to May 2020, which expressed as
summer (July - August), autumn
(October-November), winter (January-
February)and Spring (May) from four
stations (Al-Siddah, Al-Mandhouri, Al-
Mansouri, and Al-Nakara) in the eastern
marsh of Al-Hammar to conduct
physical, chemical, and biological tests.

The air and water temperature was
measured using a graduated mercury
thermometer (0-100) °C. The light
penetration was measured to express
water transparency using a 25 cm
diameter Secchi disc. Azid Modification
for Winkler's method (Lind, 1979) was
used to determine dissolved oxygen
levels in the water, while Chlorophyll a
was measured according to the method
described in APHA (2017). Total

phosphorous was measured according to
the APHA method (2005) using a device
spectrophotometer with a wavelength of
885 nm.

As for nitrate measurement, its
estimation was based on the ultraviolet
method (APHA, 2005). Nitrite was
measured according to the method
described in APHA (2005). The
ammonium ion was estimated according
to what was mentioned in APHA (2005).

Trophic Indices
Trophic State Index (TSI):

This index is intended to classify the
trophic status of rivers and lakes into
primary productivity by phytoplankton
and aquatic plants (Dodds and Cole,
2007). According to the method
described by Carlson (1977), the
Trophic Status Index (TSI) was
calculated as in the following equations:

TSI (SD)=60 -14.41 Ln( Secchi disc depth (m))

TSI (Chl)=9.81 Ln (Chlorophyll a (ng/1)) +30.6
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TSI (TP)=14.42 Ln (Total phosphorus(pg/1)) +4.15

Average TSI=[TSHTP)+TSI{ChIl) +TSI{SD)]/3

Where:

SD= Secchi disk
Chl.a= Chlorophyll a
TP= Total Phosphorus.

Table (1): Water Trophic Index Scale (Carlson, 1977)

Categories Index (TSI) Description

<30 Oligotrophic (low productivity)

40-50 Mesotrophic (medium productivity)
50-70 Eutrophic (high productivity)

70-100 hypertrophic (Very high productivity)

Trophic State Index (TRIX)

Trophic state index was calculated
according to Vollenweider et al.(1998)
as the equation below:

TRIX = [ logio (Chl. a *DO% * min N
*TP)+1.5] /1.2

Whereas:

Chl.a = Chlorophyll A concentration
(Hg/1)

DO% = is the percentage of dissolved
oxygen calculated as the absolute value
of the deviation in the oxygen
concentration from the percentage of
water saturation with oxygen at water
temperature.  The  percentage  of
complete deviation Equals 100%

Inorganic nitrogen N = is metallic
nitrogen (inorganic) (nitrate + nitrite +
ammonia in pg/L).

Table (2): TRIX nutritional status index values (Vollenweider et al.1998)

Statistical Analysis

One-way analysis of variance
(ANOVA test-one way) correlation
coefficient was applied.

Primary ~ Component  Treatment
Analysis (PCA) through software

Index Value) (TRIX Description nutritional level
<4 Low
4<TRIX<S5 Medium
5<TRIX<6 High
6<TRIX<10 Very high (XLSTAT
2015) to

determine a variety of physical,
chemical, and biological waters most
important to water values, user guide,
main evidence, and that angle indicates
the extent of the relationship between
variables and evidence. The obtuse
angle is an inverse relationship.



Results and Discussion

The values of the environmental
variables were recorded seasonally for
the East Al-Hammar Marsh, as shown in
Table (3). The highest average values of
water temperatures(28.3°C)were
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recorded at the first station in summer,
while the lowest (15.4°C) at the first
station in winter table(3). The One Way
(ANOVA) statistical analysis showed
significant differences in seasons' water
temperatures (P = 0.00).

Table (3): Ranges of water variables at East Al-Hammar Marsh stations during the

studied period.

Parameters Unit Station 1 Station 2 Station 3 Station4
Water °C 154 -28.3 16.1-28.2 16.6 - 25.5 155-25.4
Temperature
Transparency cm 26 - 60 24 - 59 24 -41 26 -39
DO mg/L 4,90 - 8.93 5.17-9.33 3.68- 8.90 3.60 -8.83
NO73 mg/L 4.6-6.8 41-6.8 3.9-6.9 3.6-7.1
NO> pg N/L 04-1.1 0.2-1.2 0.2-1.1 0.3-1.0
NH"4 mg/L 1.1-29 1.3-76 1.0-2.2 0.7-25
Total pgP/L | 275-24.23 | 3.93-13.01 450 - 23.94 5.65-10.13
Phosphorus
Chlorophyll a pg/L 19.80-41.39 | 10.24-50.29 | 15.13-59.19 | 14.24 -50.29

Temperature is one of the important
environmental indicators of its direct
impact on the aquatic environment's
physical, chemical, and biological
properties, as it affects the activity of
living organisms (Larinier et al., 2010).
The seasonal changes in water
temperatures are due to Irag's hot, dry
climate and long daylight hours during
summer and spring, whereas cold rainy
winter, with long night hours (Al-Atbee,
2018). The results did not show
significant  differences in  water
temperatures among stations; this is due
to the closeness of the stations to each
other or perhaps a return to climate
changes (Al-Hejuje, 1997).

The highest average light transition
Secchi disc was 60 cm in the first
station, and the lowest was 24 cm in the
second and third stations, and there were
significant (P<0.05) differences among
the stations. The highest average light
transition values were recorded in

winter and the lowest in spring (P<0.05).
The statistical analysis using analysis of
variance showed significant differences
in light transition (P = 0.00) among
seasons.

Light transition is an important
characteristic of water that expresses the
transparency of the water surface due to
organic and inorganic substances
suspended in the water column, such as
mud, silt, plant, animal, plankton, and
other suspended matter, or due to
external influences such as dust and the
effect of weather conditions (Al-
Abbawy,2012), or high temperatures
that cause an increase in the
decomposition of organic matter
(Rasheed, 2019), or the flourishing and
presence of prominent and submersible
plants (Mutlag, 2012). The high
percentage of permeability in the winter
season, especially in Al- Nakara station,
may be attributed to the increase in
water levels in the winter season, the



lack of vital activities, and the delay in
the decomposition of organic matter due
to low temperatures, and this is
consistent with Rasheed (2019).

The highest value of dissolved oxygen
was recorded in the second station (Al-
Mandori) 9.33 mg/L during the winter
season, while the lowest (3.60) mg/L
was in the fourth station (Al-Nagara)
during summer. There were no
significant differences (P = 0.674)
among stations because they are too
close, while significant differences (P =
0.00) among seasons.

The high percentage of dissolved
oxygen during the winter and the lowest
during the summer was agreed with
most previous studies (Abdul, 2010; Al-
Asadi, 2014; Al-Zaidi, 2017; Al-Asadi,
2019). The increase in rainfall, low
temperature reduce the rate of
evaporation and the decrease in the
activity of living organisms, leading to
A decrease in the rate of decomposition
processes of organic matter (Lind,
1979), and the solubility of oxygen in
water is inversely proportional to the
temperature (Al-Hejuje, 2014).

The highest value of nitrate (7.1 mg/L)
was recorded in the fourth station (Al-
Nagara) during the winter season, while
the lowest value (3.6 mg/l) was recorded
in the fourth station during the autumn
season. There were no significant
differences among stations (P=0.997)
but significant differences among
seasons (P=0.005).

Nitrate values increased during the
winter season in the fourth station, this
may be due to the presence of dead fish
floating on the surface coinciding with
the times of sample collection due to
incorrect fishing operations (personal
observation),  which  results in
decomposition processes of organic
compounds rich in nitrates or due to
rainwater and torrential rain that washes
away soils, rocks, and sewage water
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containing nitrates of human and animal
waste, which increase the values of
nitrates, and the high level of oxygen in
the water in winter oxidizes nitrites into
nitrates. An increase in nitrates increases
decomposing bacteria and converts
them into nitrates (Al-Hejuje et al.,
2014). Its decline in the autumn season
in the fourth station may be due to its
consumption by aquatic plants and
phytoplankton or its reduction and
transformation into nitrite due to high
temperatures (Akbar et al., 2005).

The highest value of nitrite (1.2 pg
atom N as NO2/ L) was recorded in the
second station (Al-Mandhouri) during
the autumn season, while the lowest
value (0.2 pg atom N as NO2/ L) was
recorded in the second and third stations
during the spring season table(3). There
were no significant differences (P =
0.950) among the stations. While
significant differences in the nitrite
values(P=0.005) among seasons.

The highest values of nitrite may be
due to an increase in the levels of
organic pollution waste in nearby
residential areas or due to buffalo
breeding, where the high level of nitrite
indicates pollution with sewage, or The
reduction of nitrates to nitrites occurs at
high temperatures, and the nitrification
processes of free ammonia increase or
drainage from agricultural lands (Varol
et al., 2011) and the decrease of nitrite
may be due to aquatic plants growth (Al-
Shammary, 2008).

The highest value of ammonium (7.6
mg/L) was recorded in the second
station (Al-Mandhouri) during the
autumn season, while the lowest value
(0.7 mg/L) was recorded in the fourth
station during the spring season. There
were no significant differences between
stations (P=0.102) and no significant
differences in the values of the
ammonium ion (P=0.536) among
seasons.



The highest value may be untreated
wastewater or organic materials and
fertilizers from neighboring agricultural
lands. At the same time, the lowest value
may be due to low water levels and
coincided with the increase in nitrate
levels, as the ammonium ion oxidizes to
nitrite (Al-Asadi, 2019). Al -Saadi et al.
(1980) found that high ammonium
values attributed to the fact that water-
containing plants contain  higher
concentrations than open water due to
the decomposition of plant parts and
ammonium to the water.

The highest value of total phosphate
(24.23 mg/L) was recorded at the first
station (Al-Seddah) during the spring
season, while the lowest (2.75 mg/L)
was recorded at the first station during
the winter season. There were no
significant differences (P = 0.885)
among the stations. While there were
significant differences in the total
phosphorous values (P = 0.001) among
seasons.

The increase in phosphate is due to
animal and plant wastes and plants
containing chemical pesticides. Its
decrease sometimes is due to its
consumption by phytoplankton and
aquatic plants, which is consistent with
the study of Al-Hejuje et al.(2014). The
decrease in phosphorous levels may be
due to the increase in water levels, the
dilution, and the growth of plants and
phytoplankton that consume
phosphorous compounds (Faragallah et
al., 2009).

The highest value of Chlorophyll a
(59.19 ug/L) was recorded in the third
station during the spring season, while
the lowest value (10.24 pg/L) was
recorded in the second station (Al-
Mandhouri) during the winter. There
were no significant  differences
(P=0.434) among stations. There were
significant differences in Chlorophyll a
(P=0.000) values among seasons.
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Chlorophyll is a measure of living
mass due to its presence in all
phytoplankton and aquatic plants (Al-
Rakabi, 1990). Chlorophyll values
increase during the spring season due to
higher nutrient values such as Nitrate,
Phosphate, and Silica, which contribute
to the growth of aquatic plants and
phytoplankton (Harnstrom et al., 2009).
This study agreed with Radi's (2014)
and Al-Rasheed (2019) studies. While a
decrease in Chlorophyll during the
winter season may be due to the high
water level and the death of plants in this
season due to the cold weather and low
temperatures.

Trophic state index (TSI)

The nutritional index is calculated from
three variables (light transition, Total
phosphorous, and Chlorophyll-a). The
stations were classified into the first and
second categories (low to medium
nutritional status) (Table 4). The index
values in the spring
season44.04(Mesotrophic) at the fourth
station is attributed to the low levels of
domestic waste disposal or due to the
high levels of Chlorophyll in that station
as a result of agricultural lands discharge
or due to low levels of transparency due
to the flourishing of plants,
phytoplankton and materials. The
relationship that caused an increase in
the level of turbidity as a result of the
decrease in the index values in the
winter Season 25.07 (Oligotrophic) is
due to the increase in water levels and
the dilution of pollutants, and the death
of plants and phytoplankton that affects
Chlorophyll and total phosphorous.

Trophic index combined images of
inorganic nitrogen, Chlorophyll a, and
oxygen saturation ratio, in addition to
the effective phosphorous
concentration, as it is one of the best
evidence compared to Carlson's index
(TSI) because it used images of
inorganic  nitrogen and  oxygen



saturation and not use a Secchi disc
because of its inaccuracy. The highest
values  of  the index  were
3.58(Oligotrophic) in the fourth station
(Al-Nakara) during the spring season,
while the value was 2.47(Oligotrophic)
in the fourth station in the autumn
season (Table 4). The lowest value may
be attributed to the high water levels and
the possibility of rain that reduce the
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amount of total phosphorous, total
nitrogen, and chlorophyll-a, which
proved their influence on the index
value. Whereas the rise in the index
value resulted from the high percentage
of phosphorous due to animal waste
from neighboring residential areas (Al-
Asadi, 2019), and thus the index values
were classified within the first category
(low nutritional status level).

Table.4.The values of nutritional status indicators during the seasons and study stations

Study sessions | TSI | Category TRIX | Category
stations classification classification
Summer | 34.77 | oligotrophic 2.85 | Low Trophic level
Autumn | 33.92 | oligotrophic 2.98 | Low Trophic level
Station 1 | Winter | 25.92 | oligotrophic 2.62 | Low Trophic level
Spring | 43.63 | mesotrophic 3.54 | Low Trophic level
Summer | 33.86 | oligotrophic 2.79 | Low Trophic level
Autumn | 32.79 | oligotrophic 2.94 | Low Trophic level
Station 2 | Winter | 25.07 | oligotrophic 2.62 | Low Trophic level
Spring | 40.67 | mesotrophic 3.30 | Low Trophic level
Summer | 36.24 | oligotrophic 2.83 | Low Trophic level
Autumn | 36.71 | oligotrophic 3.04 | Low Trophic level
Station 3 | Winter | 29.19 | oligotrophic 2.65 | Low Trophic level
Spring | 39.16 | oligotrophic 3.30 | Low Trophic level
Station 4 | Summer | 35.69 | oligotrophic 2.71 | Low Trophic level
Autumn | 32.45 | oligotrophic 2.47 | Low Trophic level
Winter | 30.50 | oligotrophic 2.77 | Low Trophic level
Spring | 44.04 | Mesotrophic 3.58 | Low Trophic level
Average 34.66 | oligotrophic 2.90 | Low Trophic level
Conclusions of the waters of the eastern Hammar

The current study found a significant
increase in some variables values and
deterioration in the water quality of the
East Al-Hammar Marsh over the
previous years, while some variables
recorded a marked decrease than
previously, including the fluctuation of
water levels, chlorophyll-a (Chl.a) and
dissolved oxygen levels. Case evidence
relied on the nutritional status showed
that (TRIX) was more effective than
(TSI) in determining the nutrient levels

marsh Because it uses oxygen and N2
compounds, and its divisions are very
precise, which is classified under the
category of poor nutritional status
(Oligotrophic).
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