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ABSTRACT 

 
The present investigation on physico-chemical properties of water was carried out for the period of 18-month from 

February 2006 to July 2007 in the Ambrah Creek, Thatta, Sindh. The water quality criteria based on study of monthly 

and seasonal hydrographic condition (temperature, salinity, dissolved oxygen, pH) which showed that generally the 

water temperature varied from 16 to 310 C, salinity ranged from 4 to 39‰, pH fluctuates between 7.9 to 8.1 and DO 

ranged from 4.46 to 8.87 mg/L during the period.  The seasonal data of the hydrographic parameters showed its 

relevance with the monsoon system. The chemical and biological parameters of water were also conducted only once 

on the Ghorabari outfall drainage basin canal and Ambrah Creek channel and results compared with international 

standards. The results showed the parameters such as electrical conductivity, TDS and BOD were above the maximum 

permissible limit set for World Health Organization (WHO) standard. Of the nutrients, chloride, potassium, and metal 

chromium were also higher than the limit in the waters of Ambrah Creek. It is mentioned that the presence of aquatic 

pollution is not only threaten to the aquatic life of the Ambrah Creek water but also indirectly affected the health of the 

human beings. 
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INTRODUCTION 

 

The fan shaped Indus delta branched into seventeen major creeks with network of numerous interconnected 

tributaries and covering about 64,000 ha area (about 85% of the coastal belt in Sindh), it finally merges into the 

Arabian Sea (Meynell 1995, Harrison et al., 1997). Gharo Creek is the first major creek of the Indus delta that 

receives freshwater by the flow of Indus River released from the Kotri Barrage and situated southwest of Karachi at 

district Thatta, Sindh, Pakistan. The district Thatta is bounded on the north by Dadu district, on the east by 

Hyderabad and Badin districts, on the south by Rann of Kutch area and the Arabian Sea and on the west by Karachi 

District (Beg, 2012). Thatta is located at a higher altitude than the Karachi coastal belt with a climate typical of 

subtropical coastal zones lying in the monsoon region. The climatic condition of the area is dry, hot, semi-humid and 

moderate. The mild winter season is short, lasts from mid-December to mid-February, followed by a long hot and 

humid summer that extends from April to mid-July, then up to mid-September the monsoon winds and cloud cover 

dominate over it: the temperatures are moderate, while the humidity is high, a brief hot summer followed gain that 

lasts from September to mid-November (Beg, 2012). Gharo Creek is connected with a subsidiary Ambrah Creek at 

taluka Ghorabari, located along right bank of the River Indus.  Ghorabari is considered as one of the important 

merchandise point of Thatta, the fishermen used to catch fish and shrimps from the creek waters for their livelihood, 

other commercial activities in the area include: jellyfish processing small units, sugar mills, and agriculture related 

farms. There are several reports on the hydrography of the Indus delta and their creeks (Anon., 2004, Khatoon and 

Hussain, 2006, Qureshi et al., 2020, Ahmed et al., 2021); the information pertaining about the Ambrah creek is 

meager. Earlier, Sultana et al., (2011) evaluated experiment on the culture of exotic Artemia strain in the man-made 

ponds along the coastal area of Ghorabari in which water was pumped from the Ambrah Creek; later Sultana et al., 

(2012) reported the accumulation of pesticide residues in fish, shrimp and brine shrimps at Ghorabari culture pond; 

then Kazmi and Sultana (2015) identified a new mysid species collected from the Ambrah creek; while Khatoon et 

al., (2017) reported the free living marine nematodes from the Ambrah Creek. This study was part of the work 

conducted under a PSDP (Public Sector Development Program) project on Artemia culture funded by Ministry of 

Science and Technology, Pakistan (Sultana, 2007). The purpose of the study was to investigate the monthly and 

seasonal variations of hydrographic parameters of water in the Ambrah Creek as well as preliminary study of some 

physico chemical parameters at the start of project which provide the general assessment of water quality in the area 

of Ghorabari. 

 

https://link.springer.com/article/10.1007/s13201-018-0817-4?shared-article-renderer#ref-CR41


Zakia Khatoon et al., 32 

MATERIALS AND METHODS  

 

The Study Area 

 

Ambrah Creek is a tidal creek, located at subdistrict or Taluka Ghorabari (Lat. 24° 23'38.81" N, Long. 67° 

49'33.31" E), district Thatta, it is just about 5 km distance from Garho Town, and approximately 114 km away from 

Karachi city (Fig. 1). It is also connected to the Mithri and Richhal Creeks at the east-western end. The two outfall 

drains (Ghorari and Sakro) and one nala (Kherro) collect sewerage waste, industrial waste as well as upland 

irrigation waste water, all of them discharge into the Ambrah Creek (Sultana et al., 2012, Khatoon et al., 2017). The 

drain canals have regulatory gates, during the ebb tide, the inside water push out into the Ambrah Creek, whereas 

during flood tide the regulatory gates of drain canal remain closed and prevent entry of the seawater to upland 

agricultural areas. By this practice, the Ambrah Creek gets replenish and flush by seawater twice daily during high 

and low tides. The Ambrah Creek discharge into the Gharo-Phitti Creek that ejects into the open sea about 10 km 

down south (Beg, 2012). Current speeds in the creek range from 0.2 to 0.5 m s-
1
 (Harrison et al., 1997), the tidal 

amplitude is over 3 meters and the tidal currents at the entrance of Phiiti Creek are almost half of the mean sea tides 

with about a 45-minute lag (Muzaffar et al., 2017). The creek has depth of about 4.5-6.0 meter in the deepest part at 

high tide whereas 0.9-2.4 meter at low tide (Kazmi and Sultana, 2015). The district Thatta has dry climate with an 

average annual rainfall about 220 mm (Majeed et al., 2010) that falls during June to September (South West 

monsoon); the temperature ranges between 23-28
0
C; water in the creek is brackish (~6-26‰) and salinity varies 

with high and low tides; oxygen ranges between 5-8 mg/l and pH ranges from 7-9 (Mahmood et al., 2014).  

 
Fig. 1. Map showing the study area Ghorabari, located near Gharo at District Thatta, Sindh, Pakistan. 

 

Analysis of physical Parameters  
The present study was carried out during the period from February 2006 to July 2007 for a period of eighteen 

months. During the study, physical parameters (atmospheric and water temperature, pH, salinity and dissolved 
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oxygen) were recorded almost daily from the main channel of Ambrah Creek. The observations of each month were 

averaged out and then examined monthly and seasonally. The monsoon seasons were defined as Northeast (NE 

monsoon) November-March, Southwest (SW monsoon) May-September and transitional periods April (1st) and 

October (2nd) following the classification of Ali-Khan (1976/1977). The other Physico-chemical parameters 

(electrical conductivity (EC), BOD, TDS, turbidity, Ca, Mg, Mn, Na, K, HCO3, Cl, Fe, Cu and Cr) were analyzed 

only once in February 2006 by  the Standard Methods for the Examination of Water and Wastewater (APHA, 2005). 

The water samples were collected in sterilized screw caped glass bottle, labeled and kept in Insulated ice chest.  In 

the laboratory ultrapure water was used obtained from Milli purifier system (Millipore Corp. Bedford, MA, USA). 

All chemicals used throughout the study were of analytical reagent grade and obtained from Merck (Germany). 

Concentrated nitric acid and hydrogen peroxide were used for the digestion of samples. Working standard solutions 

were prepared immediately from stock standards; the prepared solutions were stored at 4°C until needed for 

analysis. In situ measurements included atmospheric and surface water temperature (⁰C) measured by using a 

mercury hand thermometer; salinity (‰) was recorded with the help of ATAGO refractometer; pH was measured by 

portable pH meter (Jenway 370) after calibrated it with standard buffers. Dissolved oxygen (DO) was fixed 

immediately at station and its solubility (mg/L) in water was determined by Winkler’s titration method in the 

laboratory. BOD was estimated after estimation of DO, the same samples were incubated at 20
0
C for 5 days and 

alkaliazide modification method was used to ascertain BOD (APHA, 1992). Rest of the physico-chemical 

parameters in water samples were analyzed in the laboratory; i.e., Conductivity by conductivity meter (Jenway 470); 

Turbidity by Nephello Turbid Meter; TDS by gravimetric analysis; Potassium and Sodium by the Flame photometer 

(Sherwood Scientific TM M410 C), Chloride, Bicarbonate, Calcium and Magnesium were analyzed by conventional 

titration methods as per Standard Methods for the Examination of water and wastewater (APHA). The heavy metals 

Iron, Copper and Chromium were analyzed by atomic absorption spectrophotometer-AAS (Hitachi Model 5000 Z). 

All experimental data were examined in triplicate and calculations (mean ± SD) were done through MS Excel 

Software 2010.   

 

RESULTS 

 

The mean monthly (Table 1 and Fig. 2) and mean seasonal (Table 2) hydrographic parameters data during the 

18 months period from the Ambrah Creek illustrate that air temperature followed a similar pattern with the water 

temperatures, a slight unevenness in temperatures was occurred during the NE monsoon (November to March), as 

well as very small variation appeared during the warm SW monsoon period (May to September) in both air and 

water medium. The monthly data shows that mean low water temperature (16.03⁰C) were recorded in January while 

highest in June (31.63ºC) and July 2007 (31.18º C). The seasonal data (Table 2) shows in general that the lowest air 

(17⁰C) and water temperatures (16.1⁰C) were observed during the NE monsoon period, whereas highest atmospheric 

(31.05⁰C) and water temperatures (31.01⁰C) were observed during the SW monsoon period. Salinity fluctuated 

month to month (Table 1, Figure 2) with the mean lowest values (4.06‰) observed in September 2006 while 

greatest change in salinity occurred in May 2006 with the mean highest value (39.2‰). The seasonal data show that 

both lowest (4.25‰) and highest (32.11‰) mean salinities were recorded during the SW monsoon period. Likewise 

salinity stayed low during the October Transitional period (5.31‰) and in NE monsoon period (10.33‰-14.16‰) 

(Table 2). The mean pH of the water show slight fluctuation (7.9-8.1) during the study period (Table 1 & 2, Fig. 2), 

the mean pH values ranged from a high of 8.1 during the NE monsoon in March and November 2006 to a low of 7.9 

in various months (July, August, September, December) in SW monsoon season and during the 1
st
 Transitional 

period of April. The monthly and seasonal mean DO data shows that the lowest value (4.46 mg/l) was recorded in 

August 2006 during the SW monsoon period, while highest mean DO value (8.87 mg/l) was recorded in December 

2006 (Table 1 and Figure 2) during NE monsoon period (Table 2). The average rainfall data varied from 0.0 mm 

(February, April to June and October in 2006 and January, April, May in 2007) to 148 mm in August 2006 and 110 

mm in June 2007.  The hydrographic data was recorded during morning hours from the Ambrah Creek, the ebb and 

flood tide data during that time was in the range of 0.1 to 3.5 m as shown in Table 1. Table 3 shows the detail 

analysis of water sample which were taken only once in February 2006 at two stations i.e., at the point of drainage 

basin where the two drain canals carries the waste water (st.1), and from the Ambrah Creek channel (st.2), the table 

also shows the permissible limits or standard values set by WHO/EU.  The comparison of two water bodies revealed 

that pH was 8.2 at station (st.). 1 and 8.1 at st. 2; Electrical conductivity was found higher with same values (5720 

μS /cm) at both stations; TDS found higher than the permissible limit, it was 1350 mg/L at st.1, and 3776 mg/l at 

st.2; Turbidity measurements determine the suspended materials in water and associated with the tidal pattern, it was 

within the range at both stations (0.9 & 0.8 NTU); Bicarbonate was detected within the range in the sample, value of 

chloride was (1702 ppm at st. 1 and 1632 ppm at st. 2) found greater than permissible limit of WHO; Sodium was 
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found  in  the  range  of  60  ppm at st.1 whereas it was 1175 ppm at st.2 which is beyond  the  limits  of  WHO; 

Potassium was detected slightly higher at st.1 (14 ppm), while much higher value found at st.2 (50 ppm); Calcium 

concentration was outside the permissible limit at st. 1 (281 ppm) but found within the range at st.2 (136 ppm); 

Magnesium was detected just at the limit (49 ppm) and had quite permissible at st.2 (129 ppm);  Manganese found 

suitable within the range.  The metals, iron was detected 0.07 at both stations, it was within safe limit 0.2 mg/l; 

copper was within the range at st. 1 but exceed the range at st.2; similarly chromium was within the range at st. 1 but 

exceed the limit at st.2.  

 

 

 

 
 

Fig. 2. Monthly variation in mean physical parameters in Ambrah Creek, during the period from February 2006 to 

July 2007. 
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Table 2. Mean Physico-chemical characteristics of Ambrah Creek water during month and seasons 

November to March = NE monsoon; May to September = (SW) monsoon, April and October are Ist and 2nd 

Transitional Period. 

 

Sampling 

month 

Atm. temp. 

(⁰C) 

water temp 

(⁰C) 

Salinity 

(‰) pH 

DO 

(mg/l) Tide (m) Rain (mm)* 

Feb.-06 24.57 22.76 11.05 8 4.67 0.2-2.7  0 

Mar.-06 24.61 24.41 16.83 8.1 5.76 0.1-2.4 N/A 

Apr.-06 27.73 27.7 29.5 7.9 5.31 0.4-2.6 0 

May-.06 29.83 29.38 39.2 8 4.94 0.3-2.6 0 

Jun.-06 30.3 30.4 26.06 8 6.22 0.6-2.7 0 

Jul.-06 29.87 29.32 14.12 7.9 5.98 0.3-2.7 62.2 

Aug.-06 27.2 25.93 4.25 7.9 4.46 1.0-2.9 148.6 

Sept.-06 27.64 27.82 4.06 7.9 7.3 1.0-3.2 21.9 

Oct.-06 29.17 28.51 5.31 8.05 5.58 0.9-3.1 0 

Nov.-06 26.13 24.26 10.33 8.1 6.27 1.0-2.8 3.1 

Dec.-06 18.67 17.38 13.3 7.9 8.87 1.0-2.7 61.3 

Jan.-07 17 16.03 12.51 8 8.5 0.9-2.9 0 

Feb.-07 22.1 22.1 10.32 8 6.75 0.6-2.7 13.2 

Mar.-07 23.74 23.45 11.48 8 5.74 0.7-2.7 33.4 

Apr.-07 25.9 25.13 13.7 7.9 5.27 0.8-3.0 0 

May-.07 27.16 25.96 25.03 8 5.1 0.9-3.5 0 

Jun.-07 31.8 31.63 16.03 8 5.51 0.8-3.2 110.2 

Jul.-07 31.44 31.18 5.74 7.9 5.72 0.7-3.5 N/A 

* Source = Pakistan Meteorological Department 

 

DISCUSSION 

 

The understanding of hydrological properties (e.g., temperature, pH, nutrients, dissolved oxygen etc.) as well as 

their seasonal monsoonal impact is important and plays a vital role within the ecosystem (Qureshi et al., 2020).  The 

regular hydrographic data was collected from the Ambrah Creek during February 2006 to July 2007 showed that all 

hydrographic parameters are interlink with each other and perpetuate on the ecology of the Ambrah Creek. The 

hydrographic conditions of the creek depicts that it is under the control of warm-temperate climate and having a 

mesohaline to polyhaline system as described by Mallin (2004). 

Collectively mean water atmospheric temperature was generally 1-2⁰C lower than the atmospheric temperature 

except the April transitional period and June, July, September in the SW monsoon when both temperatures were 

somewhat similar. Water temperature was cool and within the range of 16-24⁰C in NE monsoon, whereas it was 

warm within the range of 25-31⁰C during the SW monsoon period. Salinity variations during the study showed that 

it was the most fluctuating parameter with wide range (4-39‰). In general, the high mean salinity values were 

noticed during the SW monsoon as observed by Murugan and Ayyakkannu, 1991 in the backwaters of Cuddalore, 

India and stated that it could be due to high solar radiation, neritic water dominance and lack of freshwater flow 

from upstream.  The low values of salinities were also observed in SW monsoon (with sudden change in salinity 
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during July-September 2006, and June 2007), which were happened due to the heavy rainfall during summer 

monsoon (table 2), as a result freshwater discharged into the creek and mixed with the seawater during the ebb tides. 

Likewise, low salinity was also observed during the NE monsoon season (November, December 2006 and February 

– March 2007) and in transitional period (April 2007) when there was splash of rainfall. As dissolved oxygen 

concern, the  biological, chemical  and  physical  processes  are  the  basic  factors  which  might  be responsible to 

increase  or  decrease  the concentration of oxygen (Murugan and Ayyakkannu, 1991).  The mean DO was observed 

low (4.94 mg/l) in May 2006, might be due to the increase in temperature (29⁰C) and salinity (39.2‰) also discharge 

of waste water from the drain channels into the creek and decomposition of organic matter could be the reason to 

utilize high level of oxygen. Likewise the higher mean DO content could be due to higher photosynthetic activity 

and less salinity during NEM and SWM. Generally pH value of water indicates the acidic or alkaline condition, the 

pH values were found remained alkaline in a narrow range 7.9 to 8.1 during the study and within the recommended 

standard of WHO. 

 

Table 3. Analysis of water samples collected from 2 stations of Ghorabari in Feb. 2006 

Station 1. Outfall Drainage Basin and Station 2. At the Ambrah Creek Channel. 

 

Parameters   station 1 station 2 

Standard Values 

WHO/EU 

        

pH (1-14) 8.2 8.1 6.5-8.5 

EC (µS/cm) 5720 5720 50-800 (µS/cm) 

TDS (mg/l) 1350 3776 1000 mg/L 

Turbidity (NTU) 0.9 0.8 < 4 NTU 

BODs (mg/l) 10 11 2-8 mg/L 

HCO3 (ppm) 80 35 120 ppm 

Chloride (ppm) 1702 1632 250 ppm 

Na (ppm) 60 1175 >200 ppm 

K (ppm) 14 50 12 ppm 

Ca (ppm) 281 136 100-150 ppm 

Mg (ppm) 49 128 >50 ppm 

Mn (ppb) 7.5 4.5 0.4-10.0 µg/L 

Fe (ppb) 0.07 0.07 < 2.0 ppm 

Cu (ppm) 0.094 4.75 <100 ppb 

Cr (ppb) 79 222 <100 ppb 

 

 

Table 3 summarizes the comparative study of Ghorabari drainage basin canal and the Ambrah Creek channel in 

the month of February 2006. Electrical Conductivity of water was higher at both stations and not agreed with the 

WHO guidelines; EC shows the sign of solubility of salts in the water, it is an indicator of change in a water system 

(Harilal et al., 2004). TDS was higher than the permissible range at both stations; the high TDS level shows increase 

in the density of water and decrease in solubility of gases like oxygen, which can affect the organism’s ability to 

move in a water column (Tihansky, 1974). Amount of turbidity was within the limit at both stations, it shows that 

light reaching to lower depths hence provide growth to the inside flora and fauna. The higher BOD value at both 

stations is a sign of lower water quality and indicates need of dissolved oxygen for the aquatic organisms. The 
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different dissolved salts in water and their ionic compositions dependent on the surrounding environment and varied 

with the change in water composition. The reason of their change in composition is due to natural flooding, 

evaporation or man-made pollution. The salts studied in seawater were chloride, sodium, magnesium, calcium, 

potassium, bicarbonate, manganese and iron. The bicarbonate ratio was lower at st. 2 and higher at st. 1 because 

drainage basin had freshwater; usually its value higher in freshwater than the seawater. High concentration of 

chloride was observed at both stations which could be due to evaporation and anthropogenic influences (Mahmood 

et al., 2014). Sodium, potassium and magnesium values were lower at st. 1 but higher at st. 2,  their high presence  

in  the  surface  water  might  be  due to wear out of mineral rock and salt deposit erosion along with infiltration of 

surface (Abowei,  2010) water contaminated by irrigation (Singh and Ram,  1971), precipitation leached out through 

groundwater polluted soils (Ghose and Basu,  1968) and by sewage effluent (Jakhrani,  2009). The exceed 

calcium level at st. 1 evidence not properly balanced water might be due to high pH, fluctuating temperatures, and 

evaporation. Likewise manganese content was higher at st. 1, confirms the Mn deposits in the drainage water which 

might contain black sediment and turbidity. The traces of metal ions play an important role but their increasing 

concentrations causes the detrimental effects on ecosystem (Kumar et al., 2015).  The concentrations of iron and 

copper metals in water at stations 1 & 2 were in the standard level, whereas chromium was observed high at the 

Ambrah Creek channel (st. 2), the reason might be due to anthropogenic activity, agricultural runoff and industrial 

effluent discharge.  

Besides agriculture land, factories and industries in the Ghorabari area, the Ambrah Creek also provide 

livelihood to fishermen through catching of commercial fish and shrimp. The mudflats and swampy area of the 

creek is inhabitant of economically important invertebrate crustaceans (Penaeus) and vertebrate fish fauna 

(Clupeiformes, Aulopiformes, Siluriformes, Perciformes, Pleuronectiformes etc.). The Ambrah Creek receives water 

from Ghorabari outfall drain canals and seawater from the open sea under the influence of monsoon system. The 

presence of heavy metals in the flesh of brine shrimps, shrimps and fish caught from the creek area (Sultana et al., 

2012) exhibits alarmed situation that they are indirectly affected by the contaminated drain canal water as well as 

adjacent Creeks water. It is suggested to execute continuous study in the area and understand the detail outcome of 

the dilemma which helps to determine the source of contamination, rate of accumulation in the aquatic biota and to 

develop a policy for the ecological and economical savings of the area.   
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