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Abstract 

         This study was conducted to assess the  impact of water pollution on human health. In this study the statistical models which are described the relations between the water quality parameters and number of  infections of cholera, diarrhea, typhoid, and hepatitis diseases were established. Data used in the statistical models consist of monthly means of water quality parameters and the monthly mean of number of  infections for each disease. Also a Visual Basic 6.0 language  program was constructed to evaluate the risk in water supply system.

الخلاصة

     أجريت هذه الدراسة لتوضيح تأثير المياه الملوثة على صحة الإنسان. في هذه الدراسة وضعت الموديلات الإحصائية التي تصف العلاقة بين خصائص المياه وعدد الإصابات لكل من مرض الكوليرا، الإسهال، التيفوئيد، والتهاب الكبد الفيروسي وان البيانات المستعملة في الموديلات الإحصائية شملت المعدلات الشهرية لكل من خصائص المياه وعدد الإصابات لكل مرض. وأيضا تم إنشاء برنامج حاسوبي بلغة فيجوال بيسك (6) كأسلوب مرن وبسيط لتقييم الأخطار في نظام تجهيز المياه.

1. Introduction 

         The failure to provide safe drinking water to all people perhaps the greatest development failure in recent century. The most egregious of this failure is the high rate of mortality among human spatially child from water-related disease. As well as water is consider as an important way of human exposure to contaminant.

            Drinking water supplies continue to be a major source of human disease and death globally because many of them remain unsafe and vulnerable. Greater efforts are needed to address the key issues and questions which influence the provision of safe drinking water. Efforts are needed to re-evaluate and set new and better priorities for drinking water research and practice (Sobsey, 2006).
        Contamination of drinking-water is a significant concern for public health throughout the world. Microbial hazards make the largest contribution to waterborne disease in developed and developing countries. Nevertheless, chemicals in water supplies can cause serious health problems. The drinking water must be free from impurities and bacteria (Thompson  et al., 2007).

2. Statistical analysis 

          The statistical model for each disease was generated  to raw, treated, and distributed tap water. The regression analysis was done by using  SPSS program version 17 .Stepwise multiple linear regression models were used for each model. multiple regression procedures will estimate a linear equation of the form (Draper and Smith, 1966):
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                                    ……..(1)

Where:

y = dependent variables.

x1, x2, …, xn = the independent variables.

b1, b2, b3, …bn = are model coefficients, 

  G = model constant term.   

Standard linear form of  Equ. (1) was found to be the most suitable for all regression models. The best fitting of data gives the best model were selected on the basis of the higher coefficient of determination value (R2) and smaller value of the standard error of the estimate. 

3. Data collection and analysis 
             Data concerning raw and treated water quality parameters  were collected from (Babylon Water Directorate) and (Babylon Environmental Directorate) for the period extened from January 2008 to  December 2009. While the data concerning the monthly means of infection cases of cholera, diarrhea, typhoid, and hepatitis disease were collected from ( Babylon Health Directorate) for the period extent from January 2008 to  December 2009.

            In the present study, the number of infections for each disease (cholera, diarrhea, typhoid, and  hepatitis) were  taken as dependent variable (y), and the  parameters of water  quality of raw, treated, and distributed tap water were taken as independent variables. Table (1) shows these variables.

Table (1): Description of independent variables

	Independent variable
	Description

	X1
	Turbidity (NTU)

	X2
	Hydrogen ion concentration (pH)

	X3
	Nitrate (NO3 , mg/L)

	X4
	Total dissolved solids, (TDS, mg/L)

	X5
	Chloride, (CL-, mg/L)

	X6
	Phosphate (PO4 ,mg/L)

	X7
	Total hardness (T.H, mg/L) 

	X8
	Sulphate (SO4, mg/L)

	X9
	Potassium (K, mg/L)

	X10
	Temperature   (T,Co)

	X11
	Alkalinity (Alk., mg/L )

	X12
	Chlorine(free) (Cl , mg/L)

	X13
	E.coli (cell/L)


öAs example the results of statistical analysis can be seen in table (2). This table shows the summary of each model for treated, and distributed tap water in Al-Hashimeya city. 

	
	Period Date
	Depended variable(y)
	model
	Stand. Err.
	R2

	Treated water
	2008-2009
	Number of infection for cholera disease
	0.94*x1+4.25*x2-0.31*x3+2.97*x4+20.95*x6+0.05*x7+0.05*x8+0.24*x10-69.96
	4.820
	0.788

	
	
	Number of infection for diarrhea disease
	8.14*x1- 40.98*x2+68.47*x3+0.08*x4 +0.57*x6- 0.34*x7+434.52*x8+1.43* x10- 14.01*x12+554.11
	17.66
	0.929

	
	
	Number of infection for typhoid disease
	2.34*x1+6.64 *x2 +0.01*x4+ 70.34*x6- 0.03*x8 -4.1*x9 +0.46X10– 1.6*x12+ 168.01
	6.510
	0.734

	
	
	Number of infection for hepatitis disease
	0.08*x1 +1.92*x3+0.001*x4 +18.79*x6+0.03*x7-0.01*x8+0.07*x10-0.64*x12+9.19
	1.318
	0.777

	Distributed water
	2008-2009
	Number of infection for diarrhea disease
	6.75*x1 – 39.61*x2 – 15.96*x3 + 0.65*x8 – 17.12*x12+ 1.75*x13+628.9
	34.438
	0.711

	
	
	Number of infection for typhoid disease
	-0.17*x1 + 1.071*x2 – 1.83*x3 + 0.05*x8 + 0.27*x10+ 1.74*x12+ 0.20*x13+28.48
	2.153
	0.767

	
	
	Number of infection for hepatitis disease
	- 0.02*x1+ 0.68*x3 +0.14*x10 + 1.68*x12+0.31*x13+9.311
	3.725
	0.700
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4. Computer Program, Description and Application

    A computer program was written by using Visual Basic 6.0 language to assess the risk in water supply system. This program had been selected to be easy to use and localization to any area or future applications. The program was divided into two parts : first named ″risk assessment of contaminates in water″, and the second named ″stochastic approach″.

           Fig. (1) shows the flow chart of the program and the steps of the program are as follows: 

First : Risk Assessment of Contaminants in Water

       This part of program calculates the intake, hazard index, and risk for concentration of contaminants in water . The procedures of this part of  program are as follows: 

1. From the front page of the program in Fig.(2) click (risk assessment of contaminants in water ), botton. 

2. From  Fig. (3) select the type of risk (chemical or microbial risk assessment)  as follow : 

A. Chemical risk assessment

· Input the concentration of chemical in water.

· Input parameters required for calculated the intake and hazard index or risk.

· From combo box in Fig. (4)  select the type of risk required as follow:

· HI selected for noncarcinogenic chemicals in water

· Risk  selected for carcinogenic chemicals in water

· Select calculation botton to show the results. These results include intake, noncarcinogenic (HI) or carcinogenic  Risk, and comparison of these results with EPA limitations to show if it’s acceptable or not.

B. Microbial risk assessment 

· Input the concentration of organism  in water.

· Input parameters required for calculated the probability of infection .

· From combo box in Fig. (5)  select the type of probability of infection  as follow:

· PI1 to calculate risk of E.coli in drinking water.

· PI2 to calculate risk for diarrhea caused by E.coli in drinking water.

· Select calculation botton to show the results. and comparison these results with EPA limitations to show if it’s acceptable or not.

Table (3) show the equations using for calculation the chemical and microbial risk assessment :

Table(3): The equations using for calculation the chemical and microbial risk assessment

	Chemical risk assessment

(Davis, and Masten 2004)
	Microbial risk assessment                               (Fewtrell and Bartram, 2001 & Navier et al., 2006)
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       ……………..(2)
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                    ………………(3)

Risk = CDI × SF            …………..(4)

Where 

 I= intake by ingestion (mg / kg.day)

C= chemical concentration in water (mg/L)

IR= ingestion rate (L/day)

EF= exposure frequency (day/year)

ED= exposure duration (years)

BW= body weight (kg)


AT= average time  =ED × 356 days/year .

 HI = hazard index (dimensionless)

 I= intake (mg/kg.day)

 RfD= reference dose (mg/kg.day)  

 Risk = the probability of carcinogenic risk (dimensionless)

 CDI= chronic daily intake (mg/kg.day)

 SF= carcinogenic slop factor (kg.day/mg) 
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       …..(5)

PI1 = (PI (infection/day)) ×365                   …..(6)     
P I2= PI (infection/year) × P (ill/infection) …..(7)    

Where

N50= median infectious dose =8.6×107

α= slope parameter = 0.1778

d=V×C

d= Ingestion dose 

V=Consumption of drinking water (2 L/day).

C= Exposure by drinking water, organisms per liter .




Second: Stochastic Approach

           This part of program using the outputs data resulted from statistical analysis which conduct on number of infections for each disease. The procedures of this part of  program are as follows: 

1. From the front page of the program in Fig.(2) click (stochastic approach), botton.

2. From comb box in Fig.(6) select the type of water and location. 

· Input the parameters included in the regression model.

· Compare these parameters with Iraqi, WHO, and  EPA standards by click comparison  botton.

· From combo box in Fig.(9) selected the type of disease, to calculate number of infections according to the regression model.

· Click map botton to show the number of infections and its location on the map as shown in Fig.(10).  

[image: image10.png]= WELCOM




[image: image11.png]= TYPE OF RISK

Type of Risk

Chemical Risk Assessment Microbial Risk Assessment

BACK




[image: image12.png]CHEMICAL RISK ASSESSMENT

input parameters for ingestion of water

Parameters

Chemical concenfration in Water
Ingestion Rate
Exposwre frequency
Exposwe duration
Body Weight
Averaging Time
Oral Reference Dose

Oral Slope Factor

value

0.0044

2

70
365
70

25550

0.00568

Vday
daysiyear
years
ke
days
mglkg day

ke dayimg

Results
1.26714285714286E-04

7.14057142857143E-07

acceptable risk

Selection
Please select risk type

ingestion intake of water

carcinogen risk for ingestion of water

RISK LIMIT

Operations

Calculation

NEXT

BACK

CLEAR

RETURN




[image: image13.png]MICROBIAL RISK ASSESSMENT;

input parameters for ingestion of water Operations
Parameters value Unit I 3
Calculation
Consumption of drinking water (V) [ Lid
BACK
c 32 Cell /L
- R RETURN
median infectious dose (N50) 86E7 - CLEAR
Results Selection
Risk for E.coli in Water 4.82954206981745E-05 Please select risk type
Risk Limit [ unaccoptable fisk

Risk for Diairhea Caused by E.coli |1 20738551745436E-05 PI2

Risk Limit unacceptable risk




[image: image14.png]Raw water of Shatt Al-Hilla in Al-Hilla station
Treated water in Al-Hilla city

Distrbuted water in Al-Hilla city
Distrbuted water in Al-Hashimiya city

it



[image: image15.png]RAW WATER SHATT AL HILLA

Parameter

Average
value

Iragi
standard

WHO
standard

EPA
standard

comparision value with

Tragi
Standard

WHO

EPA

Acceptable

Acceptable

Acceptable

ot Acceptable

ot Acceptable

ot Acceptable

Acceptable

Acceptable

Acceptable

Comparision with Iragi
standards

Comparision with WHO
standards

| Comparision with EPA.

Acceptable

Acceptable

ot Acceptable

standards

Acceptable

Acceptable

Acceptable

Acceptable

ot Acceptable

[ ot Accptale

[ ot Accptale

Calculate Number
of Infections





[image: image16.png]Typhoid
Hypatits

Number of infections

Cholera -
Diarthea -
Typhiod -
Hepatits -

B[




Fig.(2): Front page of program


Fig.(3): Page of type of risk to calculate risk for contaminants in water



Fig.(5): Page of calculating risk for E.coli in treated water.
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           5. Conclusions  

             According to this study, the following conclusions can be drawn up.

1. The statistical results showed  a good positive  correlation between number of infection of cholera, diarrhea, typhoid and  hepatitis  disease with quality parameters of raw, treated, and distributed water.

2. The computer program can be considered as a guide to the application of rapid technique to assess and monitoring risk.

3. The results of the study help in enhancing awareness of health hazards of contaminated drinking water  among consumers as well as in drawing attention of health regulatory authorities.
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Fig.(1): Flow chart of computer program
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Fig. (4): Page of calculating intake and risk for lead in raw water. 








Fig.(6): Page of stochastic approach to selected type and location of water








Fig.(7): Page of water quality parameters of Shatt Al-Hilla in Al-Hashimeya station.








Fig.(7): Page of input data.








Fig.(8) page of input data





Fig.(9): Page to calculate number of infections.








Fig.(10):Page to show the number of infections on map
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