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A B S T R A C T/ One of the most developed River Basins in Ethiopia is the Awash River Basin. Many industries and agro-industries are located along the Upper and Middle Valley of this river. Most of the tributaries streaming from the suburb of Addis Ababa city contain several pollutants. Disposal of industrial wastes and agricultural drain waters from salty agricultural lands to Awash River is great environmental concern. Thus water quality of river, ponds, deep wells and drainage waters were studied in Middle Awash.  Turbidity in river water was high compared to other sampling sites.  Total dissolved solids in most sites were above safe recommended concentration limit.  Maximum carbonate and bicarbonate alkalinity values   carbonate and total hardness as carbonate values were measured in deep wells.  The pHw in deep wells varied from 7.5 to 9.0.  High values of soluble cations and anions and ECw were measured in drainage waters
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Availability of good quality water in Middle Awash Valley due to rapid population growth and agro-industries have created great concern on water quality. Good quality water is very important for general farmstead use, drinking, cooling, cleaning agricultural products, washing and processing equipments (EPA 1975; FAO 1975; FAO 1979a; Jonnalagadda et al., 1991).  Besides these, irrigated agricultural crops need very good quality water (FAO 1985). 



Several contaminants have been known for years to be harmful to human, animal health and plant life (Emeric 1974).  The very common source of contamination to wells is surface water run off into shallow, poorly ceased wells, direct disposal of industrial wastes and agricultural drain water to rivers. Run off from heavy rainfall may contribute contaminants to water ponds (Burwell et al., 1977). Nitrates and nitrites are soluble and if added to the soil may move to the ground. In most cases higher level of toxicity effect of nitrite is more pronounced than nitrate (CAS 1974; FAO 1972). 



The principal problems that can arise from poor quality water are salinity, sodicity (alkalinity) and toxicity hazards (FAO 1988). Crop production in the arid and semi-arid is dependant on irrigated agriculture. Typically, in Middle Awash evapo-transpiration greatly exceeds mean annual rainfall that leads to the accumulation of salts on surface soil from the ground water. Most of the ground water in Middle Awash Valley is saline and saline-sodic. Drainage in Middle Awash has been a continuing problem ever since irrigation became widely practiced (Abegaz et al., 1992; Taddese and Eticha 1992).  The rising concentration of salt and toxic elements in the drainage waters from irrigated lands is a common awareness in middle Awash (Misganaw and Girma 1991). The Awash River, which flows from central highlands through Ethiopia's major industrial and agro-industrial belt, taking in a whole burden of all types of raw effluent stands as an one of Ethiopia's river streams in urban areas of developed rivers (Tesfamariam 1989). Hence, the objective of this work was to evaluate the water quality in Middle Awash Valley.

Methodology


 Awash River of Ethiopia, rising near Addis Ababa and flowing 800 km to a swampy lake near the Djibouti border (Figure 1a and 1b). The Awash Valley is important agriculturally and has hydroelectric plants. A game reserve and national park lie along the river. The name is also spelled Hawash. The Awash River basin is divided into Upper, Middle and Lower valleys.  This water quality study was concentrated only in the Middle valley.  In the study area the Melka Sadi and Amibara irrigation schemes are developed mainly for banana and cotton production. The water for irrigation is developed from Awash River.  Soils are mainly of alluvial origin deposited by erosion from upper fertile basin of the highland part to the low land of the middle valley.  The ground water depth fluctuation is in the order of 0.5 m/year. In most cases the ground water is saline to saline-sodic. Water samples were collected every month from different sampling sites of Awash River, four drainage sites every 15 days from 2 ponds, 8 deep wells, 4 drainages and 5-river site, and a canal for five years.  

The samples for analysis were collected in 1000 ml plastic bottles.  Apparent color, turbidity, total dissolved solids (TDS), carbonate and Bicarbonate alkalinity and total hardness were determined as calcium carbonate (CaCO3) by employing standard determination methods of American Public Health Associations (APHA). Conductivity, pHw, water soluble-cations and anions were also determined by standard methods (Homer et al., 1961; Nakyaama 1982).

Results and Discussion
Physical Quality of the Middle Awash Water



Due to high flow rate of the Awash River, flooding and soil erosion from the highlands and suburb agricultural lands, the apparent color of river water samples was high compared to the drainage, canal, pond and deep well water samples.  Maximum apparent color values were recorded in R5 water samples (Table 1). 



 Water turbidity can be attributed to silt clay, microorganisms and various mineral substances including iron and manganese.  Provided, that water samples collected from different sampling sites of Awash River did not exceed five or ten units of acceptable range. 



 In most collected and analyzed water samples total dissolved solids (TDS) ranged from 100.0 to 40737 mg/l. The excess value of TDS was mainly due to high concentration of soluble carbonates, bicarbonates chlorides, sulfates, phosphates, nitrates, iron, manganese and other minerals in the analyzer water sample. Site R2 is influenced by two Awash River tributaries (Kesem and Kebena). Various hot springs with different effluents are flowing into these streams. The acceptable range for TDS for cooling and washing for cooling and washing farm products is less than 850 mg/l (Mckee and Wolf 1974). In most cases TDS up to 500 mg/l is not objectionable.  However, our TDS results in most of analyzed water samples were above 500 mg/l.  



Very high value of carbonate alkalinity as CaCO3 was measured in W8   and the lowest of all analyzed water samples was obtained from canal water (Table 1, 2). On the other hand, the highest bicarbonate alkalinity was measured in W3.  The high alkalinity in analyzed water samples was usually the result of bicarbonates and carbonates content in water flows over or through limestone deposits. Various hot spring very rich in soluble sodium carbonate and bicarbonate flow to the Awash River also increased the carbonate and bicarbonate alkalinity to some degree.  The total hardness (TH) at the investigated sites varied from 26 to 248 mg/l.  The highest value of hardness of all sites was obtained in W4 in.  In most of the analyzed water samples, TH values were above the recommended range of 180 mg/l.  On the other hand, the limiting values of water hardness for farm processing ranges from 10 to 180 mg/l  (Durfer and Bucker 1964), which is below our measured results. 



High conductivity values were recorded in deep wells (W4, and W8) with 2.36 and 2.44 dS/m (Table 3,7). A little higher values of electrical conductivity were measured in R4 and R5. That was due to high contribution of saline hot springs to these sampling sites. The D2 (Table 7) site was a Pilot Drainage Scheme, where reclamation of salt affected soils was carried.  At this site soil salinity reclamation by leaching with banana plant was run from 1983 to 1992, as a result the ECw of the drainage water was high compared to other drainage water sampling sites. ECw values above 0.7 dS/m can affect crop water requirements and sensitive crops (Ayers and Westcot 1985). Thus, except deep well and drainage waters the Awash River water and ponds can be used with out any restrictions (Table 3 and Fig 1). 



High pHw value was recorded in W2, which was attributed to the content of bicarbonate and carbonate sources from underground calcite mineral weathering. In general, the pHw in deep well varied from 7.5 to 9.0.  The US Environmental Protection Agency (USEPA 1975, 1977) standard limit for drinking water is from 6.5 to 8.5. Above that value, taste and corrosion problems could be encountered. Basically, the pHw values, in most of our deep wells rarely exceeds above US EPA standard limit value.  The pHw in different water sampling sites of Awash River also varied from 8.4 to 8.58 (Figure 2), which was expected to be close to, the normal pHw range that is from 6.5 to 8.4 for some agricultural crops. Particularly, the pHw value at D1 was at the restriction level for household and agricultural uses (Table 3 and Figure 1a and 1b). Ammonia is sometimes corrosive to copper tubing, that, the recommended ammonia nitrogen concentration in water for farm processing should not exceed 0.5 mg/l.  Provided, that our results were below the restriction limit. In general ammonium content varied from nil to 0.34 mg/l in the analyzed water samples (Table 3, 5 and 7). 

Chemical Quality of Middle Awash Water





High concentration of soluble sodium was recorded in deep wells and drainage waters.  More over, soluble Na varied from 71.8 to 500 mg/l and from 75.33 to 1150 mg/l in deep wells and drainage waters respectively. Soluble sodium above 120 mg/l in irrigation water can cause toxicity to many plants.  Thus only Awash River water and pond water could be used for irrigation with out any restriction. It is important to note that potassium, calcium and magnesium are important cations for plant nutrition compared to sodium cations.  However, excess carbonate, bicarbonate and sulfate salts calcium and magnesium can cause plant chlorosis in the irrigation water.  Potassium, calcium and magnesium concentrations were also very high in drainage waters compared to water samples collected from ponds, deep wells and Awash River (Tables 7). 



High concentrations of iron can be tolerated in some situations. However, it is recommended that 0.3 mg/l of iron not to be exceeded for farm processing (McKee and Wolf 1974). In contrast, our water quality for iron in Table 3 and 5 showed that in P2, W5, W7 and W8 water sampling sites was above the recommended restriction limit.  Most of the water samples collected from Awash River and drainage sites for quality analysis were below the restriction limit range for farm processing (Table 3, 5). The recommended maximum concentration of soluble iron (Fe2+) in irrigation water is 5 mg/l  (ESB 1972; FAO 1979a).  Above the maximum recommended value of 5 mg/l, Fe2+ ;  6.04mg/l of Fe2+ was only obtained in W5 . 



Manganese is often found with iron in ground waters and concentrations of Mn2+, less than 0.05 mg/l are generally satisfactory because, the characteristic black stains and deposits of hydrated manganese oxides do not create problems at this level.  However, the obtained overall quality of Mn2+ in ponds, some deep wells, Awash River and drainage waters was above recommended value, that might lead manganese problems in food processing use in Middle Awash. Recommended maximum Mn2+ concentrations in irrigation water are not exceeding 0.2 mg/l (ESB 1972; Kolega 1979). However, this value was quite low of that obtained in ponds, deep wells, and river and drainage waters in Middle Awash. 



Chlorides in drinking water are not harmful to human until high concentration of 1000 mg/l or more is reached. Chloride affects similar crops to those affected by Na.  Tree crops and woody perennial are sensitive to chloride. Most annual crops are not affected at least at low Cl concentrations. However, effects may be worse with sprinklers for aridic climate like in Middle. Crop yields are affected when Cl in saturated extracts is 710 me/l or 354.6 mg/l (Nir 1965).  Above maximum safe chloride concentration limit was recorded in deep well W4 that was about 360 mg/l of Cl.  Apart, from that extremely high concentration that is between 111.95 and 1149.48 mg/l) of chloride was obtained in drainage water at D1. 



The nitrite concentration in water samples collected from ponds, deep wells, Awash River and drainage water was below the recommended value of 10 mg/l. Nitrite content in river and drainage water samples varied from 0.04 to 0.29 and 0.08 to 0.39 mg/l respectively. For nitrate different institution have different safe upper concentration limit in drinking water for livestock and poultry, that is 10 mg/l (Novotny and Chesters 1981), nitrate plus nitrite (NO3 + NO2) 100 mg/l (USEPA 1975); 300 mg/l (CAS 1974); 50 mg/l (CEC 1980) and 45 mg/l. Nitrate concentration in Awash River and drainage water samples ranged from 2.28 to 5.31 and 3.26 to 6.71 mg/l respectively (Table 8). The NO3-N concentration in irrigation water upper safe limit is from 5 to 30 mg/l. Provided, that our water quality results for nitrate from different sampling sites showed less than 3 mg/l NO3-N.  Thus, severe toxicity level of nitrate for several agricultural crops could not be expected. 



Fluoride in waters at a concentration of 3 mg/l will cause mild fluorosis (mottling of teeth), but will also result in teeth with less wear and fewer cavities than if the water had lower fluoride concentration (Mair 1972). In addition to this the (NAS 1974) safe upper concentration limit is 2.0 mg/l of Fluoride. However, the water quality results we obtained from ponds and deep wells were above CAST'S safe upper concentration limit. In those sampling sites fluoride concentration varied from 1.1 to 6.5 mg/l. In river and drainage water Fluoride content was in the range from 1.61 to 4.45 and 2.25 to 6.36 mg/l respectively. Moreover, high value of Fluoride content was recorded in D1 (Table 8) sampling sites.  In fact, Fluoride concentration appeared to be very high due to aridic climate and Rift Valley Zone.  Recommended maximum concentration of fluoride in irrigation water is about 1.0 mg/l (NAS 1974; Pratt 1972). 



Carbonate content in deep well and bicarbonate in drainage waters was high compared to pond and river waters (Table 4, 6, 8).  The usual range for carbonate content in irrigation water is from 0 to 30 mg/l and that of bicarbonate is 61 mg/l. Based on that carbonate and bicarbonate content in D1 was above this limit. Therefore, the water from these drains should not be used for irrigation water. 



Sulphate  (SO42-) content in deep well varied from 33 to 248.3 mg/l that of drainage water varied from 51.87to 612.65 mg/l.  Apparently, more concentration of sulfate (SO42-) was obtained in D1 than any other sites.  The usual range of SO42- in irrigation water is 0.20 me/l or 960 mg/l. Thus, the water in D1 for irrigation is under restriction for sulfate sensitive plants. 



The PO43- concentration ranged from 0.26 to 1.14 mg/l in drainage water that was higher than in river, pond and deep well waters.  Generally, PO43- load appeared to be low in the analyzed water samples.  Probably, this could be due to low solubility or high precipitation of other phosphate source, which contribute to phosphate solubility. The usual range of PO43- in irrigation water is 0-2 me/l or 20.66 mg/l. However, our phosphate result was very low compared to the above range. 


  
Recommended concentration safe upper limit of potentially toxic born (B-) in drinking water for livestock and poultry is 5 mg/l (CAST, 1974).  As little, as 0.6 mg elemental boron/liter in irrigation water may produce toxicity to the yields of citrus and certain stone fruits.  Mass (1984) also reported that above 4 mg/l Boron concentration is harmful to many crops. In contrast to the CAST’s (1974) recommendation for boron restriction in drinking water for livestock and poultry the water quality results of different sampling sites were free from boron toxicity (Table. 4, 6). Boron concentration in deep wells and drainage waters could be toxic to some citrus leaves.  However, the Awash   River water is free from born toxicity for born very sensitive plants.

Table 1. Apparent color, turbidity, total dissolved solids, carbonate, and bicarbonate alkalinity and total hardness.

	PRIVATE 
Site
	Apparent color
	Turbidity (FTU)
	Dissolved total 

Solids (150 oC)

mg/l
	Carbonate 

Alkalinity as

CaCO3
mg/l
	Bicarbonate 

Alkalinity

Ca (HCO3 )2
PRIVATE 
mg/ltc  \l 1 "mg/l"
	Total hardness

(CaCO3)

mg/l



	R1

R2

R3

R4

R5

D1

D2

D3

D4

C


	9020.3

22228.1

24282.1

2390.7

31944.3

161.7

973.0

676.7

5336.9

2865.0


	2121.6

5440.0

7697.8

562.1

2375.1

109.6

348.0

226.3

6231.0

828.0


	3525.0

40737.8

19733.4

1422.0

6079.7

1867.3

10144.4

825.7

1128.0

100.0
	17.0

22.67

18.7

29.0

18.0

62.4

18.5

17.0

18.7

12.81
	508.0

162.0

180.0

168.0

167.7

388.3

154.8

167.3

184.8

128.0
	26.0

93.0

109.4

123.6

104.0

180.0

162.0

174.0

164.0

116.0


NB:     R = Awash River

             D= Drainage

             C= Irrigation canal

Table 2. Apparent color, turbidity, total dissolved solids, carbonate, and bicarbonate alkalinity and total hardness.

	PRIVATE 
Site
	Turbidity (FTU)
	Dissolved total 

Solids (150 oC)

mg/l
	Carbonate 

Alkalinity as

CaCO3
mg/l
	Bicarbonate 

Alkalinity

Ca (HCO3 )2
PRIVATE 
mg/ltc  \l 1 "mg/l"
	Total hardness

(CaCO3)

mg/l



	P1

P2

W1

W2

W3

W4

W5

W6 

W7 

W8
	408.0

918.0

7.5

nil

nil

nil

nil

7

nil

40


	524.0

757.0

745

nil

1066.0

1508.0

955.0

1042.00

596.0

1304.0
	24.0

21.3

38.0

119.0

524.0

66.7

80.0

81.0

84.0

182.0
	159.2

165.0

400.7

486.0

86.0

195.6

364.7

467.0

401.0

508.0
	84.0

102.0

135.0

34.4

10.0

248.0

56.0

134.0

49.0

26.0


              P= Pond and W= deep well

Table 3. Electrical conductivity, pHw and water-soluble cations in deep well and waters ponds.

	Site
	ECw
	pHw
	
	
	Cations (mg/l)
	
	
	
	

	
	
	
	NH4
	Na
	K
	Ca
	Mg
	Fe
	Mn

	P1

P2

W1

W2

W3

W4

W5

W6 

W7 

W8
	0.45

0.50

1.13

1.45

1.65

2.36

1.50

1.83

0.41

2.44
	7.6

8.5

7.5

9.0

8.3

8.1

8.3

8.5

8.4

8.5
	0.27

0.34

0.05

nil

0.05

0.18

0.21

0.13

0.17

0.09
	71.8

76.1

380.0

300.0

353.3

413.2

333.3

190.0

308.3

500.0
	8.2

8.1

2.9

3.0

4.5

7.1

8.1

4.4

5.1

5.6
	26.4

28.0

3.2

15.2

22.4

54.7

12.0

9.6

13.9

5.6
	14.2

7.8

5.8

1.9

7.3

27.1

6.32

0.9

3.4

4.4
	0.17

0.69

nil

nil

0.06

0.05

6.04

nil

0.64

3.4
	0.43

0.77

nil

nil

nil

nil

nil

nil

0.1

0.56


              P= Pond and W= deep well

PRIVATE 
Table 4.  Water-soluble anions in water ponds and deep-water wells.

	Site
	
	
	
	
	anions (mg/l)
	
	
	
	

	
	Cl
	NO2
	NO3
	F
	HCO3
	CO3
	SO4
	PO4
	B

	P1

P2

W1

W2

W3

W4

W5

W6 

W7 

W8
	18.8

28.4

104.6

98.5

115.3

360.0

166.6

218.5

79.0

145.0
	0.01

0.07

0.01

0.03

0.04

0.04

0.01

0.02

0.02

0.06
	4.9

5.4

4.3

4.4

3.1

3.0

nil

nil

3.4

2.4
	2.6

3.1

3.7

4.9

6.5

1.1

1.5

6.5

3.2

2.6
	194.2

201.3

488.4

592.9

639.3

387.1

308.7

427.6

419.7

619.8
	14.4

12.8

22.6

71.4

44.8

40.0

48.1

18.6

38.4

109.2
	18.5

21.3

96.0

68.5

122.8

248.3

79.0

33.8

56.3

137.5
	0.15

0.31

0.12

0.78

0.46

0.54

0.33

0.37

0.65

0.74
	0.28

0.41

0.86

0.80

0.87

0.56

0.81

0.84

1.30

1.40


              P= Pond and W= deep well

Table 5.  ECw, pHw and soluble cations in river water samples

	Water soluble 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cations 

 (mg/l) 
	C4
	 
	R1
	 
	R2
	 
	R3
	 
	R4
	 
	R5

	 
	Mean
	Sd
	Mean
	Sd
	Mean
	Sd
	Mean
	Sd
	Mean
	Sd
	Mean

	NH4
	0.37
	0.29
	0.35
	0.14
	0.33
	0.06
	0.33
	0.15
	0.28
	0.04
	0.31

	Na
	61.87
	7.43
	44.28
	8.07
	71.83
	18.22
	90.18
	32.15
	87.02
	20.39
	85.94

	K
	8.79
	1.93
	7.58
	0.46
	8.52
	1.34
	10.03
	3.04
	21.27
	28
	7.82

	Ca
	31.26
	4.22
	27.64
	3.18
	27.81
	2.26
	30.2
	3.89
	26.71
	4.01
	32.61

	Mg
	7.04
	3.21
	5.21
	1.68
	4.86
	0.84
	8.4
	4.33
	12.38
	12
	11.53

	Fe
	0.15
	0.03
	0.13
	0.07
	0.2
	0.07
	0.19
	0.08
	0.16
	0.08
	0.14

	Mn
	0.41
	0.15
	0.3
	0.14
	0.4
	0.15
	0.35
	0.23
	0.42
	0.18
	0.41


Table 6.  Water soluble anions in river water and canal water samples.

	Water Soluble Anions (mg/l)
	 Statistics
	Canal
	R1
	R2
	R3
	R4
	R5

	Cl
	Mean
	20.08
	15.90
	27.30
	46.95
	33.69
	33.04

	 
	Sd
	3.59
	3.19
	8.34
	23.66
	11.04
	21.68

	NO2
	Mean
	.04
	.20
	.13
	.13
	.29
	.21

	 
	Sd
	.01
	.20
	.17
	.20
	.32
	.21

	NO3
	Mean
	2.28
	3.87
	5.31
	3.25
	2.80
	3.35

	 
	Sd
	.65
	1.56
	4.04
	1.59
	1.02
	1.00

	F
	Mean
	2.17
	1.61
	1.98
	4.45
	2.28
	2.23

	 
	Sd
	1.11
	.50
	.82
	2.36
	.49
	.59

	HCO3
	Mean
	155.57
	150.96
	162.40
	260.90
	208.85
	211.67

	 
	Sd
	32.16
	26.85
	39.34
	132.34
	35.66
	53.17

	CO3
	Mean
	9.80
	10.49
	10.71
	56.51
	15.62
	17.63

	 
	Sd
	1.32
	1.15
	5.13
	67.06
	6.24
	5.81

	SO4
	Mean
	16.84
	15.73
	19.23
	36.53
	21.95
	23.97

	 
	Sd
	3.49
	2.82
	2.83
	20.13
	8.58
	17.30

	PO4
	Mean
	.18
	.43
	.28
	1.07
	.24
	.43

	 
	Sd
	.05
	.56
	.14
	1.29
	.09
	.25

	B
	Mean
	.35
	.55
	.35
	.38
	.38
	.49

	 
	Sd
	.09
	.44
	.11
	.14
	.12
	.15


Table 7.  ECw  pHw and water-soluble cations in drainage water samples

	Water Soluble Cations (mg/l)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	D1
	 
	D2
	 
	D3
	 
	D4
	 

	 
	Mean
	Sd
	Mean
	Sd
	Mean
	Sd
	Mean
	Sd

	NH4
	.33
	.10
	.24
	.04
	.28
	.07
	.34
	.19

	Na
	1150.22
	445.48
	399.22
	248.79
	306.07
	267.36
	75.33
	34.40

	K
	21.45
	6.93
	15.45
	2.78
	12.18
	1.95
	9.57
	1.40

	Ca
	77.23
	34.76
	50.76
	6.03
	49.74
	15.78
	35.00
	5.37

	Mg
	22.95
	12.62
	11.10
	4.23
	10.82
	3.77
	6.59
	2.40

	Fe
	.08
	.02
	.07
	.02
	.19
	.22
	.31
	.39

	Mn
	20.00
	44.16
	.26
	.11
	.22
	.11
	20.00
	44.16


Table 8. Water-soluble anions in drainage water samples

	Water soluble Anion (mg/l)
	
	
	 
	 
	 
	 
	 
	 

	 
	D1
	 
	D2
	 
	D3
	 
	D5
	 

	 
	Mean
	Sd
	Mean
	Sd
	Mean
	Sd
	Mean
	Sd

	Cl
	1149.48
	536.22
	294.32
	146.95
	186.57
	111.95
	120.69
	75.86

	NO2
	.39
	.16
	.16
	.13
	.23
	.39
	.09
	.08

	NO3
	6.71
	3.26
	3.59
	2.01
	3.29
	1.44
	3.54
	1.57

	F
	6.36
	2.66
	2.25
	.73
	2.78
	.85
	2.79
	1.49

	HCO3
	496.45
	163.78
	178.06
	26.86
	200.48
	42.80
	176.03
	25.04

	CO3
	44.27
	17.23
	19.32
	7.18
	11.48
	3.21
	12.88
	4.07

	SO4
	612.65
	282.98
	148.19
	67.53
	105.37
	72.01
	51.87
	42.06

	PO4
	1.14
	.40
	.26
	.05
	.32
	.20
	.53
	.71

	B
	2.49
	1.01
	.89
	.33
	.71
	.11
	.40
	.17
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Figure 3.  Map of Awash  River Basin.

Figure 2. Electrical conductivity (dS/m) and pHw in  river,  a) (pHrw) and b), drainage water (pHdw).
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