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Abstract
This study aimed to treat the wastewater of Khansaa Hospital in Mosul city by using mud of

( Bentonite , Ninavite & Kaoline ) the experiments were conducted by using the Jar-Test as
laboratory scale .The efficiency had been calculated by the following characteristics :-( Chemical
Oxygen Demand ( COD ) , Biochemical Oxygen Demand ( BOD5 ) , Oil and grease , Chloride ,
Sulphate ,Turbidity ,Total Hardness , Calcium , magnesium , Phosphate , Nitrate, Electrical
conductivity ( Ec ) & ( pH ) ) . Bentonite showed the best removal efficiency , followed by
Ninavite and Kaoline respectively . The removal efficiency was shown at the optimum doses for
Bentonite then Ninavite and Kaoline at doses ( 40 , 50 & 60 ) mg/l respectively .Removal of
COD give (62%,58%,51%) and (55%,50%,45%) for BOD5 at optimum doses , while oil and
grease removal efficiency was (56%,51%&44%).Phosphate removal was (48%,42% & 39%) and
efficiency of sulphate removal (46%,41.6% & 38) , while chloride removal efficiency (22%,20%
& 17.2%).
Key Words: Bentonite Clay, Ninavite Clay, Kaoline Clay, Coagulation,Hospital Wastewater
Treatment.

2008/5/202009/12/23



Al-Rafidain Engineering             Vol.17       No.5                October   2009

50

:

.

.

 )
.(

:
)1( ) (

:-)
(COD))BOD5(

(Ec)(pH)
.(

)2(.

:-
(Lund and Nessen)[13]

(37-20)(pH)(8<).
(Gersberg et al.)[8]

(COD)(20)/.
)Masschelein([14]

.
(Hobson and Pohl)[10]

.
(Dilek and Bese)[7]

.
(Mustafa)[18]
 .80%95%

pH
.

[2]
.

[1]

.
[4]

(60%).
.



 :

51

:

.

 ).(
:-

:-
(1890).

(70-60)%(20-15) %[5].

  .
(8)

.
:-

(Nineveh)
(1987)[11] . .

SiO2
CaO

.
.

:-
 .(Al2O3.2SiO2)

    .
 )

 (
[4].

:
:

 ) (
.

(180)
\(5)(60)
\(30) .  (30)

)G.T (
[16],(Supernatant)

(Optimum dose):-
 )(COD))BOD5(

//////(pH)/(EC)/
//.(



Al-Rafidain Engineering             Vol.17       No.5                October   2009

52

:-
1 _(COD)(Closed Reflux, Titrimetric

Method)[19].
2 _)BOD5()507 ()DO (

)Winkler or Iodometric Method ()Azid
Modification ([19].

3-)(Stannous Chloride Method[19].
4   _(Ultraviolet Spectrophotometer Screening Method)[19].
5  _[6].
6  _[6].
7  _EDTA[6].
8  _EDTA[6].
9  _[6]    .

10 _)pH ()pH-meter (  
)EC (.

:
:-

2007  2007
)Composite Samples (

   .
)1(:-

)1 (

1)COD(760-320/
2)BOD5(500-200/
3)pH(8.2-7.0
4)Ec(875-530/
5)NO3

-1(0.83-0.3/
6 )PO4

-2(9.7-2.0/

764-31/
8280-240/
9)Ca+2(160-55/

10 )Mg+2(32.6-11.4/

11)Cl-1(58-35/

12)SO4
-2(280-150/

1372-48NTU



 :

53

:-
(1)(COD).

)2 ()BOD5. (
)(3.

0

10

20

30

40

50

60

70

20 30 40 50 60 70 80
) 

%
 (

C
O

D
) 

)1 ()COD (

0

10

20

30

40

50

60

20 40 60 80

) 

%
(B

O
D

5)
 

)2 ()BOD5 (



Al-Rafidain Engineering             Vol.17       No.5                October   2009

54

0

10

20

30

40

50

60

20 30 40 50 60 70 80

) 

%
 

)3 (

)(4  .)5(
.

0

10

20

30

40

50

60

20 30 40 50 60 70 80
) 

%
 

)4 (

0

10

20

30

40

50

60

70

20 30 40 50 60 70 80

) 

%

)5 (



 :

55

)6 (.)7(
.

0

10

20

30

40

50

60

20 30 40 50 60 70 80

) 

%
 

)6 (

0

10

20

30

40

50

60

20 30 40 50 60 70 80

) 

%

)7 (

)8 (.)9(  .

0

10

20

30

40

50

60

70

20 30 40 50 60 70 80
) 

%

)8 (



Al-Rafidain Engineering             Vol.17       No.5                October   2009

56

0

5

10

15

20

25

20 30 40 50 60 70 80

) 

%
 

)9 (

)10. (
)11(  .

0
5

10
15
20
25
30
35
40
45
50

20 30 40 50 60 70 80

) 

%
 

)10 (

)11(  .

0
5

10
15
20
25
30
35
40
45
50

20 30 40 50 60 70 80

) 

(E
c)

 

)11 ()Ec (



 :

57

)12 (

)76 % (   )73 % () 69. % (
)13 ( )pH (
)7.13 ( )pH (

)pH. (

30
35
40
45
50
55
60
65
70
75
80

20 30 40 50 60 70 80

) 

%
 

)12 (

6.2

6.4

6.6

6.8

7

7.2

7.4

20 30 40 50 60 70

) 

pH

)13 ()pH(

)40 (/)50 (/
)60 (/.

[1]

)COD (
)27-5 . %(

.
:-



Al-Rafidain Engineering             Vol.17       No.5                October   2009

58

)1(     

.
)2(

[13,12].

)800 (/)
)900 (/[10] .

)5-15 (/100[9]
\)100-60 (/100 .

)550 ([10].

:-
)1(

)40 (/.
)2()50 (/

.
)3()60   (/

.
)4()COD (

)62 %()BOD5 ()55 %()56 %(
)48 %()66 %(.

)53.5%()48.5 %()60.5 %(
)22 %()46%(

)76.%(
)5()58 %()COD ()50 %()BOD5  (

)51 %()42 %()62 %(
 .)49 %(
)45.5 %()57 %( .  )20 %(

)41.6 %()73. %(
)6()COD    ()51 %(

)BOD5 ()45%()44 %(
)39 %()57 %( .)45%(

)42.5 %()54 .  %()17.2 %(
)38 %()69 %(.

:-
1-

.
2- ) (

.



 :

59

:-
1.        "            "   

)2002. (
2.            "            "

)1995. (
3. " ")1982. (
4. . " ")1993. (
5.             "          

 ")1964. (
6.    "_ "

)1990. (
7- Dilek , FB. and Bese , S. , “ Treatment of Pulping Effluents by Using Alum and Clay-Colour

Removal and Sludge Characteristics “ , Water SA , 27 , 3 (2001) .
8- Gersberg , R.M. ; Lyon , S.R. ; Brenner , R. and Elkin , B.V. , “ Performance of Clay-Alum

Flocculation ( CCBA ) Process for Virus Removal From Municipal Wastewater “ , Water
Research , Vol. 22 , No.11 , 1988 , P.1449 .

9- Ham , R. K. and Christman , R. F. , “ Agglomerate Size Changes in Coagulation “ , Jour. Of
Sanitary Engineering Division , ASCE , VOL. 95, NO. SA3, 1969 , P.481 .

10- Hobson , G.D. and Pohl , W. , Modern Pef. Tech., Applied Science Publishers , England
P.310 (1973) .

11- Jassim , S.Z. , Al-Naqib , S.Q. and Dawood , Y. , “Occurrences Porocelenite in Nineveh
Governorate “ Salania Area , S.O.M. Library, Baghdad (1987) .

12- Kawamura , S. , “ Effectiveness of Natural Polyelectrolytes in Water Treatment “ , Jour. Of
AWWA , VOL.83 , NO.10 , 1991 , P.88 .

13- Lund , E. and Nissen , B. , “ Low Technology Water Purification By  Bentonite Clay
Flocculation as Performed in Saoanese Villages Verological Examination“,Water
Reasearch,VOL.20,NO.1,1986,P.37

14- Masschelein , W.J. , “ Unit Processes in Drinking Water Treatment “ , Marcel Dekker , Inc.
New York (1992) P.453-454 , 426-427 and  495-461 .

15- McCooke , N.J. and West , J.R. , “ The Coagulation of a Kaolinite Suspension With
Aluminum Sulfate “ , Water Research , VOL.12 , NO. 10 , 1978 , P.793 .

16- Metcalf and Eddy , Inc. , " Wastewater Engineering Treatment , Disposal And Reuse " ,  2nd

edition , McGraw-Hill , New York (1979) .
17- Montgomery , C.W. , “ Fundamentals of Geology “ , 3rd edition  ,  WCB Mc Graw-Hill  ,

(1997) , P(28-29) , 31, 35 .
18- Mustafa , M.H. , “The Used of Mixed Ninavite and Kaoline for the Removal of Some Heavy

Metals ( Cd , Hg , and pb ) From Their  Effluent “ , Ph.D.Sc. thesis , University of Mosul
,college of science(2005) .

19- Standard Method For The Examination of Water and Wastewater 16th edition  ,  APHA  ,
AWWA , WPCF , New York (1985) .

–


