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Abstract 

     Considerable numbers of physical, chemical and bacteriological parameters were measured 

at seven stations in Shatt Al-Arab and North- west Arabian gulf during the period extended 

from winter 1994 to autumn 1995. 

     The observed densities of oil- degrading bacteria were comparable to those reported for the 

same region. In general higher densities were observed in summer, while the lower densities 

were recorded in autumn. 

Statistical treatments of the monitored parameters demonstrated the following: 

1. Stations 4,6 and 7 revealed a different trend in their distribution functions of the 

measured environmental parameters varied significantly of the situations of other 

stations. 

2. Summer season showed dissimilar mode of variations dynamic, different largely, of 

the rest seasons, while winter and autumn were coordinated- approximately, in the 

same patterns of responsibility and distribution functions. 

3. Same groups of environment parameters were marked in highly percentages of 

representation in the principal components reflecting specific signification effects of 

these parameters on the studied circumstances and occurred fluctuations. 
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Introduction 

     Oil –pollution represent the dominant threat in the Arabian gulf, so the qualitative and 

quantitative studies of oil –degrading bacteria (ODB)- as bio-indicator of oil pollution in the 

aquatic environments- has been attracted the attenuations of environments. 

Isolation and enumeration of ODB from aquatic environment are subjected to a number 

different factors.(1,2,3,4) 

     The factors contribute to the distribution of ODB including: pH, temperature, dissolved 

oxygen, salinity, nutrients, hydrocarbons concentrations…etc(2,5,6,7) 

Many studies indicated the fluctuations and correlations between bacterial density and 

environmental factors, and these studies marked, clearly, the significant effects of the factors 

on the density and distribution of ODB (8,9,10) 

     Studies concerned with the quantitative assessment of the aquatic environment, normally, 

require many qualitatively different types of measurements, included: estimation of the 

concentrations of what may be a considerable number of physical, chemical and biological 

components, each of which must be estimated separately, so that contribution of each to over 

all problems must be inferred (11, 12, 13) 

     If the environmental sampling collection for surface water is to yield adequate information, 

we must point which physical, chemical and biological measurements provide the most 

sensitive indices of : 

1. Water quality and differences of water quality between different sampling sites. 

2. Patterns of the fluctuations and correlations between various environmental factors at 

different sites and in different circumstances, to adapt the best choice of sampling sites 

and the frequency of reported measurements (14,15) 

     In the present study we try to make a clear declaration of quantitative assessment of the 

significant environmental factors, which play an important role in controlling the distribution 

of oil degrading bacteria in Shatt al-Arab and North-west Arabian gulf. 
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     This assessment is done to demonstrate the relationships between studied parameters 

providing best clustering of the environmental factors which help in indicating the most 

effective ones that directed the abundance and distribution of oil-degrading bacteria. 

 

Materials and Methods 

    Seven stations were chosen to represent different sectors of Shatt Al-Arab estuary and 

North West Arabian gulf. Figure (1) for the study of the physical, chemical, and 

bacteriological parameters. 

    At each of the above station 24 samples of surface water (10cm deep) were collected in 

500ml sterile glass bottles during the period of the study, this period was extended from 

winter 1994 to autumn 1995. Collected samples were freezing deeply and transferred in cool 

box to the laboratory. 

    Direct plating of ODB was carried out on agar medium B (16) for north –westen Arabian 

gulf samples, while for samples collected from Shatt Al-Arab estuary the medium described 

by (17) was used for enumeration ODB. 

    These above media were supplemented with 100м1/100ml of sterile weathered regular 

Basrah crude oil (API 33.9) as the sole of carbon and energy source . 

    Five milliliter of each water sample was filtered through sterile 0.45 μm Millipore filter 

which was then placed on oil ager plates , triplicate plates were incubated at 20±2  for up 28 

days , after incubation period the numbers of ODB of each plate were recorded and the 

averages of bacterial densities were reported ,PH , water , temperature , dissolved oxygen ,and 

salinity were measured in situ using direct reading neater . Another liter of the collected 

surface water filtered through 0.45 μm Millipore filter before measuring nitrite, nitrate, 

inorganic soluble phosphate and chlorophyll a concentration using the methods described by 
(18). 

     Determination of hydrocarbons concentration was done according to the procedures 

described by (19,20)  
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Statistical procedures:  
     Two approaches were used in the analysis of the reporting data of the measured 

parameters: 

Firstly: Cluster Analysis  

Secondly: The principal component Analysis (PAC) . 

Cluster analysis: 

    Several resemblance coefficients may be used in this analysis among these are two 

coefficients are very common and used in the present study: 

1. Correlation coefficient which computed by the formula : 

 
      The equation is used to measure the correlation between each pair of factors . The range of 

each correlation coefficient should be between -1and 1 where higher similarity and correlation 

when the value of this coefficient become closer to 1. 

2. Standardized Euclidian which is computed by the formula : 

 
Where: 

= distance between X and Y . 

 = the standardized value of was measured follow: 

 
Where: 

 =the value of determined factor (variable ) 

=maen of  value  

 =standard of deviation  

 =number of variable  



  

 

         Quantitative Assessments of Environmental Factors Controlling Distribution 
            of Oil –Degrading Bacteria in Shatt al-Arab and North-west Arabian Gulf 

Tehran S. Zeiara and Adnan N. Abdual-Ritha 
 

 

 

133Vol: ϴ No: ϰ, DeĐemďer ϮϬϭϮ ISSN: ϮϮϮϮ-ϴϯϳϯ  

     The distance coefficient given by the above equation is a dissimilarity measurement , 

therefore coefficients which are closer to zero indicate higher similarity (21) 

Principal Component Analysis (PCA): 

     This constructing technique is used to reduce the variable into fewer orthogonal composite 

variables which account for the variance in the measured parameters (22) in order to indicate 

the most effective factors. 

     The original variable may be rotated individually to be orthogonal with each other .Each 

principal component is calculated as follows: 

Let: be linear combination of original set variable for station .  

 
      For  to be principal component , the vector  must be chosen 

so that the variance of  be maximum ,This could be achieved if  is eigen vector of  . 

This eigen value will be equal to the variance of the first principal component  (22) . 

     The second principal component may be found similarly by computing a corresponding 

eigen vector  to the second largest eigen value of  . Other principal component may be 

found similarly .Total variability of the fewer principal compound will be higher than  . 

 Prepared computer program was used for cluster analysis and principal component 

analysis. 

  

Results and discussion 

     Averages of all measured environmental parameters at the studied station were 

summarized in table 1. 

    The determined levels of the densities of oil –degrading bacteria were comparable to those 

reported for the region previously (7, 23, 24). But they were lower than the densities recorded for 

other areas (17, 25, 26). 
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    According to the seasons analysis, the dendogram of winter showed that station 1 & 5 and 

3 &7 were closely related, these two groups were also related strongly, followed by  stations 2 

& 6 . The above six station were correlated together representing main group .     Finally the 

station 4 was linked to this main group . 

     The dendogram of spring indicated closely relation between station 3 & 5 , This related 

group was closely related with station 1 making an group correlated with station 7 . Other 

correlation was observed in this dendogram , this was between station 2 & 4. The main related 

groups were linked finally to station 6 . 

     In the summer dendogram station 1 &7 were closely related followed by station 5 and 2 

making an group correlated to station 3 . The related group if the mentioned station was liked 

to station 4 . The main produced related group was correlated to station 6 . 

    The dendogram of autumn marked clearly two main group firstly was between station 1 &4 

followed by station 5 , secondly was between station 3 &6 followed by 2 , these two major 

groups were correlated to station 7 . 

    The above dendograms (Fig 2 ) were showed clearly the situations of the fluctuations and 

variation in measured parameters at the studied station during the period of the study , where 

greater variations were observed in summer and spring seasons . 

    The Euclidian distances for these two seasons were extended from zero to 20000 .0 and 

zero to 2000 respectively .while lower variations were indicated during autumn and winter . 

    The studied station were exhibited heterogeneity in the monitored circumstances during 

summer and spring reelecting the wide range of fluctuations in the determined parameter , 

while the variations were became  lesser  ,making the station closer to the homogeneity during 

autumn and winter seasons . 

    Correlation coefficient value (table 2) remarked strong correlation between hydrocarbon 

concentration and bacterial density during winter and spring. Also there was a strong 

correlation between chlorophyll a concentration and bacterial density in spring.    In summer 

there were positive correlation between dissolved oxygen, Nitrite and bacterial density. Nitrite 

was the only parameter correlated strongly with the density in autumn. 
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    The gained value of correlation coefficient were according to the season analysis where the 

measured parameters were analysis at each season . so it was clear that the environment –in 

winter –was slackly and  the mobility of the environmental activities , relationships , reaction 

and other processes were done at low level of efficient functionality ,because of this ,the 

recovery of oil –degrading bacteria (as specific group ) was depending at large degree –on the 

substrate source (hydrocarbon concentrations ) which providing them with the energy and 

other essential requirements . The strong correlation between hydrocarbon concentrations and 

bacterial densities was observed previously (3 , 25 ) .  

    In summer –due to the high water temperature –the dissolved oxygen concentration became 

low depending on the reversible relationship between these two parameters .  

Dissolved oxygen is one of the most effective factors on the aquatic life, because of the 

importance of this essential requirement for the continuation of the aquatic environment 

activities (which seem in high levels of efficiency at summer ) so this parameter was 

correlated to the bacterial density .  

    Oil –degrading bacteria in the aquatic environment –with large interference , and activities 

–required dissolved oxygen intensively to grow , multiply and dissolved oxygen and bacterial 

density was reported in the previous studies  (27 ,28 ) . 

     Three principal components were obtained with eigen values >1.0 foor three seasons 

(winter, spring and summer ), in autumn . four principal components was more than 80 % , 

generally : dissolved oxygen , chlorophyll a ,salinity and nitrate were weighted higher in first 

component which explains more than 34% of the  variability in all cases .This component 

represented the orientation and coordination of some chemical , biological and physical 

environment factors (table 4 ) .group of acidity –nutrient factors was weighted highly in  the 

second component during winter and summer , while group of organic source –nutrient  

factors was representing mainly during in the second component . 

    The group of organic matter –nutrient –temperature was appeared in high representation in 

the third principal component. 

     According to the station analysis ,dendograms of all station (Fig3 ) were exhibited the 

same pattern of the correlation between seasons with in each station ,where seasons 1&4 
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(winter &autumn ) were closely related making an group related to the season 2 (spring ) , the 

produced group was correlated to the season 3( summer ) . 

     Lower fluctuations were observed in station 6 followed by stations 1& 3 while other 

station (2,4,5 &7 ) were indicated higher fluctuations . 

    Correlation coefficient values (table 5 ) marked that the station  (1, 2, 3, 4 & 5 ) showed 

highly positive correlations between bacterial density and temperature & salinity ,strongly 

positive correlation between bacterial density and temperature was also continued in the 

station 6 & 7 . This was in agreement with the studies of (4, 10). Other strong correlations were 

between nutrients and bacterial density and this was in agreement with the results obtained 

previously (8, 9 , 29 ,30 ) . 

     Form the above value of correlation coefficient it was clear that the temperature was the 

most effective environmental it was clear influenced the bacterial density . 

Three principal compounds were obtained with eigen values  for the stations ( 1 ,2 ,5 , 6 

& 7 ) while two components were observed in the stations ( 3 &4 ) ( table 6 ) . 

       The variability of these components was more than , generally dissolved oxygen, 

temperature , hydrocarbon concentration , salinity and chlorophyll a concentration were 

represented highly in the first component – which explain more than of the variability in 

all stations. While acidity –nutrient group was highly weighted in the second component 

(table 7). 

Form the present results- according to the seasons and station analysis, one can conclude: 

1. Stations 6, 4 and 7  revealed different trend in their distribution functions on the measured 

environmental parameters varied significantly of the situation of either stations. 

2. Summer season show dissimilar mode of variations dynamic, different larely, of the rest 

seasons, while winter and autumn coordinated –approximately –in the same pattern of 

responsibility and distribution functions. 

3. Same groups of environmental parameters were observed in highly percentages of 

representation in the principal components reflecting specific signification effects of these 

parameters in the studied circumstances and occurred fluctuations.  
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اόϟرب وشϤال  اΘϟقدϳرات اϟكϴϤة όϠϟواϞϣ اϴΌϴΒϟة اϴδϤϟطرة Ϡϋى Ηوزϊϳ اΒϟكΘرϳا اϠϠΤϤϟة  ϔϨϠϟط ϓي شط
 غرب اϴϠΨϟج اόϟرΑي

 
 طھران ϴγد زϳارة                           ϋدϧا ن Ϥόϧھ Βϋد اϟرضا

Οاόϣة اμΒϟرة –ϴϠϛة اϠόϟوم –Ϡϋ Ϣδϗوم اϴΤϟاة   

  

ϤϟصاϠΨΘδ  

βϴϗ   Ϧϣ ددϋϟرب اϏ الϤη رب وόϟط اη يϓ طاتΤϣ ةόΒγ يϓ ةϤھϤϟة اϴΟوϟوϳرΘϜΒϟة و اϴ΋اϴϤϴϜϟة و اϴ΋اϳزϴϔϟا Ϟϣواό

  .1995إϟى Χرϋ ϒϳام  1994اΞϴϠΨϟ اόϟرΑي ϼΧل اΘϔϟرة اϟزϴϨϣة اΘϤϤϟدة Θη Ϧϣاء 

ϛاΜϛ Ζϧاϓة اΘϜΒϟرϳا اϜδϤϟرة ϔϨϠϟط اΣϼϤϟظة Ϙϣارϧة ϚϠΗ ϊϣ اΜϜϟاϓات اϠΠδϤϟة ϓي βϔϧ اϨϤϟطϘة و όϠϟاϞϣ اϴΘϜΒϟري     

 Ϟμϓ يϓ ةϓاΜϛ يϧاد ΖϠΠγ ϦϴΣ يϓ ϒϴμϟا Ϟμϓ يϓ طϔϨϠϟ  ةϠϠΤϤϟا اϳرΘϜΒϠϟ ةϓاΜϛ ىϠϋأ ΖظΣوϟ ةϣاϋ ورةμΑ .دروسϤϟا

.ϒϳرΨϟا  

    ϞϣواόϠϟ ةϴ΋اμΣت الإϼϣاόϤϟا ΖΤي: أوضϠϳ اϣ  ةγاϘϤϟا  

اΠΗاھا ϔϠΘΨϣا ϓي اϟدوال اΘϟوزϴόϳة όϠϟواϞϣ اϴΌϴΒϟة اϘϤϟاγة ϐΘϳاϳر و ΑدرΟة ϣھϤة Ϧϋ أΣوال   4،6،7.أظھرت اΤϤϟطات 1

  اΤϤϟطات الأΧرى.

ϴϘΑ Ϧϋة اμϔϟول، ϤϨϴΑا ϛان Ϡμϓي اΘθϟاء  -ϒϠΘΨϳ و ΑدرΟة ϴΒϛرة-.اظھر Ϟμϓ اϤϧ ϒϴμϟطا ϐΘϣاϳرا Τϟرϴϛة اϴϴϐΘϟرات2

  ϓي βϔϧ اϤϨϟط Ϧϣ اΠΘγϻاΑة و اΘϟوزϘΗ- .ϊϳرΒϳا–ϒϳ و اΨϟر

.ϟوΣظβϔϧ Ζ اΠϤϟاϦϣ ϊϴϣ اόϟواϞϣ اϴΌϴΒϟة ϠΜϤΘϣة ϋ ΐδϨΑاϴϟة ϓي اϜϤϟوϧات اϟرϴδϴ΋ة ϋاδϛة أھϴϤة Χاλة ΘϟأϴΛر ھذه 3

 اόϟواϓ Ϟϣي اϟظروف اϤϟدروγة و اΘϟذΑذΑات اΤϟاϠλة.

 

 .            ϠΘϟوثا- اϟزΖϳ- اΘϜΒϟرϳا اδϜϤϟرة ϠϟزΖϳ  اϟكϤϠات اΘϔϤϟاϴΣة:
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Table -1- 

Average values of physical, chemical and bacteriological parameters in studied station. 

 

 

 

 

 

 

 

 

 

 

 

 

10 

 

 

 

 

 

 

 

station season Bacterial      

density/ 

100ml 

PH temp˚ D.O 

mg/L 

Salinity 

ppm 

NO2μg-

atm.N-

NO2/L 

NO3μg-

atm.N-

NO3/L 

PO4μg-

atm.N-

PO4/L 

Chlorophyll a 

mg/m3 

Hydrocarbon 

concentration 

mg/g 

 

1 

Winter 7.0×102 8.12 12.7 10.0 0.87 0.45 38.4 1.25 0.62 8.25 

Spring 10.2×103 7.76 25.1 9.4 0.94 0.67 13.2 0.62 0.54 4.24 

Summer 6.6×104 8.30 30.6 6.4 1.10 0.04 16.7 0.53 3.9 3.07 

Autumn 401×102 8.20 18.4 7.3 0.96 0.34 20.8 0.42 3.4 2.18 

 

2 

Winter 4.1×102 8.42 14.5 11.3 0.91 0.62 44.8 1.87 0.66 7.45 

Spring 12.6×103 7.25 23.6 8.9 0.89 0.81 25.3 0.74. 0.60 4.00 

Summer 8.2×104 8.22 31.2 6.8 1.03 0.25 12.2 0.89 4.2 3.1 

Autumn 3.0×102 8.32 20.5 7.5 0.90 0.20 23.7 0.63 3.3 2.28 

 

3 

Winter 6.2×102 8.01 13.2 10.2 0.83 0.50 22.6 0.86 0.51 5.32 

Spring 9.3×103 7.86 22.4 9.2 0.93 0.54 19.01 0.50 0.48 3.56 

Summer 5.6×104 8.27 33.3 6.5 1.24 0.12 16.5 0.33 6.4 3.05 

Autumn 2.4×102 7.79 17.6 6.8 0.91 0.07 11.4 0.78 5.7 2.1 

 

4 

 

 

Winter 13.5×102 7.96 12.5 12.4 0.86 0.42 29.5 1.02 0.42 30.60 

Spring 15.4×103 8.11 22.8 8.6 0.89 0.32 12.4 0.39 0.56 18.38 

Summer 10.1×104 8.12 32.5 7.2 1.74 0.19 17.4 0.43 4.5 8.76 

Autumn 4.3×102 7.68 20.7 7.0 0.82 0.08 28.6 0.64 5.0 22.37 

 

5 

Winter 6.9×102 8.44 15.6 9.8 0.88 0.41 23.4 1.66 1.3 10.65 

Spring 9.7×103 7.57 19.2 9.3 0.94 0.63 10.8 0.47 0.67 6.33 

Summer 7.4×104 8.41 28.4 6.4 1.11 0.22 15.5 0.25 6.5 4.97 

Autumn 3.6×102 8.12 18.1 6.7 0.87 0.15 8.2 0.81 5.9 8.90 

 

6 

Winter 1.2×102 8.21 12.9 12.5 13.6 0.34 15.1 0.58 3.3 9.80 

Spring 4.9×103 8.00 21.4 7.1 14.7 0.18 9.3 1.06 2.3 5.19 

Summer 2.2×104 7.79 30.8 6.1 26.7 0.12 11.6 0.15 8.1 3.92 

Autumn 2.7×102 8.51 19.9 5.2 28.2 0.03 7.1 0.57 6.2 8.32 

 

7 

Winter 6.2×102 8.14 13.5 8.8 32.1 0.65 18.5 0.84 5.02 2.93 

Spring 8.7×103 8.31 24.4 7.7 25.2 0.71 12.1 0.89 1.6 2.18 

Summer 6.8×104 8.53 29.1 5.8 33.4 0.16 13.1 0.56 8.6 1.22 

Autumn 5.5×102 8.72 16.4 6.3 32.8 0.52 8.4 0.97 7.4 1.89 
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  Table-3- 

Eigen values >1.0 and the variability of the principle components of the four seasons 

season component Eigen value Variability % 

 

Winter 

1 3.496 34.962 

2 3.291 32.910 

3 1.476 14.762 

 

Spring 

1 4.831 84.311 

2 2.156 21.560 

3 1.568 15.675 

 

Summer 

1 4.801 48.012 

2 2.246 22.459 

3 1.282 12.816 

 

Autumn 

1 4.641 46.412 

2 2.187 21.867 

3 1.457 14.569 

4 1.264 12.641 

 

  Table -4-                                                                                                                              12 

Principle components with Eigen values > 1.0 for the studied seasons 

season component Variability 

% 

Bacterial 

density 

PH temp˚ D.O salinity NO2 NO3 PO4 Chlorophyll 

a 

Hydrocarbon 

concentration  

 

Winter 

1 34.962 0.615 -0.258 -0.225 0.605 -0.850 -0.454 0.501 0.268 -0.875 0.785 

2 32.910 -0.218 0.824 0.819 -0.335 -0.370 0.372 0.620 0.944 -0.337 -0.344 

3 14.762 0.579 -0.425 -0.229 -0.493 0.191 0.699 0.356 0.096 -0.032 0.037 

 

Spring 

1 48.311 0.618 -0.733 0.054 0.947 -0.828 0.623 0.659 -0.785 -0.942 0.024 

2 21.560 -0.565 -0.240 0.256 -0.064 0.395 0.614 0.319 -0.242 0.226 -0.982 

3 15.675 0.386 0.275 0.887 -0.125 0.243 0.278 0.334 0.414 -0.108 0.147 

 

Summer 

1 48.012 0.791 -0.051 0.463 0.941 -0.839 0.392 0.913 0.514 -0.891 0.569 

2 22.459 0.388 0.851 -0.589 -0.303 0.101 0.365 0.266 0.647 0.031 -0.546 

3 12.816 0.291 0.017 -0.388 0.138 0.136 0.665 -0.217 -0.335 0.308 0.559 

 

Autumn 

1 46.412 0.420 0.739 -0.754 -0.606 0.842 0.558 -0.808 0.673 0.823 -0.423 

2 21.867 0.604 0.145 -0.336 0.732 -0.220 0.809 0.388 0.042 -0.382 -0.386 

3 14.569 0.605 -0.328 0.069 0.008 0.042 0.039 0.280 0.366 0.369 0.792 

4 12.641 0.266 0.516 0.481 -0.276 0.452 0.174 0.857 -0.503 -0.192 -0.170 
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Table -6- 

Eigen values >1.0 and the variability of the principle components of the seven station 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

                                                                                                                                                                                                                                                                            

                                                                                                                                           15 

 

 

 

 

 

 

 

 

 

 

station component Eigen value  Variability %  

 

1 

1 6.616 66.164 

2 2.322 23.219 

3 1.062 10.617 

 

2 

1 6.249 62.493 

2 2.348 23.479 

3 1.403 14.028 

 

3 

1 6.337 63.373 

2 2.948 29.485 

 

4 

1 6.208 62.084 

2 2.914 29.143 

 

5 

1 5.629 56.289 

2 2.573 52.730 

3 1.798 17.972 

 

6 

1 5.472 54.724 

2 2.799 27.988 

3 1.729 17.288 

  

7 

1 5.947 95.465 

2 2.260 22.603 

3 1.793 17.932 
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Table -7- 

Principle components with Eigen values >1.0 for the studied stations 

season component Variability 

% 

Bacterial 

density 

PH temp˚ D.O salinity NO2 NO3 PO4 Chlorophyll 

a 

 

1 

1 66.164 -0.797 -0.531 -0.802 0.970 -0.966 0.775 0.664 0.799 0.827 

2 23.219 0.175 0.826 -0.387 -0.161 0.027 -0.627 0.746 0.486 0.395 

3 10.617 0.579 -0.188 0.455 0.185 0.257 -0.076 -0.047 0.355 0.401 

 

2 

1 62.493 -0.741 -0.011 -0.893 0.986 -0.678 0.699 0.911 0.760 0.878 

2 23.479 0.321 0.913 -0.095 0.117 0.552 -0.524 0.409 0.604 0.350 

3 14.028 0.590 -0.407 0.441 0.119 0.484 0.487 0.048 0.241 0.325 

 

3 

1 63.373 -0.830 -0.531 -0.875 0.931 -0.917 0.804 0.626 0.735 0.715 

2 29.485 0.554 0.747 0.426 0.364 0.399 0.487 0.775 -0.510 0.632 

 

4 

1 62.084 -0.868 -0.272 -0.981 0.830 -0.845 0.654 0.498 0.932 0.696 

2 29.143 0.363 0.962 0.167 0.377 0.328 0.733 -0.672 0.306 -0.220 

 

5 

1 56.289 -0.897 -0.190 -0.959 0.854 -0.868 0.514 0.347 0.825 0.822 

2 52.730 0.051 0.934 -0.056 -0.276 -0.100 -0.744 0.499 0.550 0.540 

3 17.972 0.438 0.303 0.277 0.441 0.486 0.427 0.794 0.133 -0.179 

 

6 

1 54.724 0.765 0.250 -0.934 0.856 -0.855 0.809 0.510 0.650 0.735 

2 27.988 -0.643 -0.885 0.311 0.421 -0.398 0.579 0.755 -0.316 -0.432 

3 17.288 0.009 0.393 -0.174 0.301 0.366 0.104 0.413 0.766 0.523 

  

7 

1 95.465 -0.859 -0.700 -0.677 0.932 -0.528 0.960 0.427 0.697 0.949 

2 22.603 -0.476 -0.708 0.295 0.352 0.079 -0.239 0.864 -0.714 0.147 

3 17.932 0.187 0.092 -0.689 0.084 0.846 -0.144 0.266 0.073 0.278 

           

          16                          

 

I 0.285 0.322 -0.564 -0.726 0.715 0.131 -0.751 0.765   

J 0.124 -0.557 0.571 -0.073 -0.195 -0.484 0.429 -0.122 0.035  
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A B C D E F G H I J 

A 

B 0.457 

C 0.835 0.021 

D -0.674 -0.683 -0.631 

E 0.723 0.487 0.881 -0.894 

F -0.771 -0.716 -0.414 0.834 -0.786 

G -0.426 0.272 -0.843 0.516 -0.674 0.051 

H 0.346 -0.09 -0.667 0.762 -0.667 0.208 0.046 

I 0.601 0.787 0.473 -0.981 0.806 0.069 -0.362 -0.682 

J -0.357 -0.18 -0.633 0.812 0.685 0.363 0.825 0.994 -0.748 
 

A 

 

 

B 0.061 

 

 

C 0.891 -0.251 

 

 

D -0.623 0.048 -0.839 

 

 

E 0.966 0.315 0.766 -0.546 

 

 

F -0.398 -0.685 -0.359 0.685 -0.528 

 

 

G -0.316 0.344 -0.031 0.452 -0.349 0.446 

 

 

H -0.227 0.445 -0.629 0.848 -0.063 0.331 0.951 

 

 

I 0.668 0.451 0.672 -0.863 0.725 -0.932 -0.667 -0.494 

 

 

J -0.347 0.178 -0.764 0.946 -0.245 0.588 0.959 0.597 -0.718 
 

Table -5- 
corelation among bacteriological, phesical and chemical variables for studied station  

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 
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A 

 

 

B 0.879 

 

 

C 0.498 0.691 

 

 

D -0.571 -0.22 -0.661 

 

 

E 0.482 0.785 0.972 -0.709 

 

 

F -0.42 -0.199 -0.41 0.925 -0.544 

 

 

G -0.086 0.281 -0.237 0.866 -0.265 0.052 

 

 

H -0.865 -0.592 -0.963 0.5 -0.876 0.19 0.102 

 

 

I 0.575 0.34 0.573 -0.955 0.688 -0.703 -0.797 -0.356 

 

 

J -0.225 0.212 -0.425 0.898 -0.464 0.781 0.963 0.337 -0.766 
 

A 

 

 

B 0.59 

 

 

C 0.88 0.427 

 

 

D -0.444 0.141 -0.741 

 

 

E 0.966 0.551 0.843 -0.404 

 

 

F -0.239 0.542 -0.537 0.896 -0.233 

 

 

G -0.49 -0.776 -0.653 0.385 -0.409 -0.065 

 

 

H -0.763 0.039 -0.845 0.81 -0.796 0.79 0.135 

 

 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 
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I 0.438 -0.444 0.59 -0.798 0.457 -0.941 0.166 -0.412 

 

 

J -0.884 -0.474 -0.448 0.787 -0.844 0.443 0.691 0.815 -0.543 
 

A 

 

 

B 0.351 

 

 

C 0.979 0.214 

 

 

D -0.587 -0.286 -0.682 

 

 

E 0.987 0.22 0.973 -0.5 

 

 

F -0.312 -0.663 -0.333 0.833 -0.165 

 

 

G 0.062 0.461 -0.141 0.589 0.035 0.146 

 

 

H -0.654 0.397 -0.785 0.611 -0.706 0.072 0.666 

 

 

I 0.755 0.468 0.639 -0.98 0.466 -0.917 -0.35 -0.459 

 

 

J -0.789 0.294 -0.869 0.474 -0.855 -0.056 0.412 0.951 -0.342 
 

13 

A 

 

 

B -0.757 

 

 

C 0.915 -0.579 

 

 

D -0.381 -0.04 -0.719 

 

 

E 0.421 0.255 0.619 -0.776 

 

 

F -0.246 -0.269 -0.592 0.967 -0.866 

 

 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 
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G 0.099 -0.378 -0.331 0.878 -0.652 0.892 

 

 

H -0.639 0.119 -0.489 0.116 -0.643 0.191 -0.267 

 

 

I 0.675 -0.032 0.711 -0.554 -0.907 -0.614 -0.191 0.009 

 

 

J -0.836 0.771 -0.912 0.605 -0.278 0.399 0.265 0.148 -0.362 

 

 

A 

 

 

B 0.247 

 

 

C 0.834 0.227 

 

 

D -0.649 -0.894 -0.598 

 

 

E 0.332 0.391 -0.25 -0.393 

 

 

F -0.712 -0.516 -0.613 -0.799 -0.647 

 

 

G -0.005 -0.886 -0.249 0.724 0.068 0.165 

 

 

H -0.957 0.024 -0.707 0.405 -0.362 0.029 -0.3 

 

 

I 0.549 0.627 0.102 -0.693 0.934 -0.839 -0.196 -0.485 

 

 

J -0.798 -0.743 -0.796 0.96 -0.254 0.836 0.606 0.577 -0.581 
 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 
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