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Post monsoon spatial distribution of uranium in 
water of Alaknanda and Ganges river 

INTRODUCTION 
 

Uranium	 is	 a	 widely	 known	 lithophilic	 and		

naturally	 occurring	 heavy	 trace	 element	 found	

mostly	 in	 earth	 crust	 and	 acidic	 igneous	 rocks	

such	 as	 granites	 	 and	 soils	 (1,2)	 but	 its																																					

concentrations	are	found	variable	in	soils,	rocks,	

different	 type	 of	 minerals,	 food	 materials	 and	

water	 sources	 (3,4).	 Dissolution	 of	 minerals,	

washout	 from	 rain	 water,	 rock-water																					

interaction,	 agricultural	 runoff	 by	 use	 of																																		

phosphate	fertilizers,	the	combustion	of	coal	and	

other	fuels	and	industrial	disposals	are	some	of	

the	sources	of	uranium	in	river	water	system.	

Once	 the	 uranium	 leaches	 to	 the	 water										

system,	 	 its	 solubility	 depends	 on	 many	 factors	

like	 pH,	 temperature,	 oxidation	 reduction									

potential	 (ORP)	 (5,6)	 and	 total	 dissolved	 solids	

(TDS)(7).	 It	 is	 well	 known	 that	 radioactive								

elements	 cause	 both	 radiological	 and	 chemical	

hazard	to	the	 living	systems	 (8).	However,	 in	the	

literature	 it	 has	 been	 reported	 that	 naturally							

occurring	 uranium	 pose	 more	 chemical	 than						

radiological	 risk	 (9,10).	 Studies	 have	 reported												

toxicity	 of	 uranium	 in	 drinking	 water	 showing	

effects	 to	 various	 types	 of	 tissues	 and	 organ													

system	like	kidney	(10-11)	and	in	bone	tissues	(12).		

According	 to	 the	 U.S.	 Environmental																			

Protection	 Agency	 (USEPA)	 and	 World	 Health	

Organization	 (WHO)	 chemically,	 minimum																						
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ABSTRACT 
 

Background: Uranium poses both chemical and radiological hazard to the living 

system. Drinking water from river is one of the major sources of uranium 

intake. Dissolu�on of minerals, washout from rain water, rock-water 

interac�on, agricultural run off, and industrial disposals are some of the 

sources of uranium in river water system. Present study was aimed to 

determine the uranium in the water Alaknanda and Ganges rivers and its post-

monsoon spa�al distribu�on from Nandprayag to Haridwar. Materials and 

Methods:  River water samples were collected during the post monsoon period 

in pre-washed polypropylene bo'les from the designated loca�ons at both of 

the rivers. Samples were filtered and analyzed by fluorimetric technique. 

Results:  The measurements showed the concentra�on of uranium in water of 

Alaknanda river varied  from 3.05 µg/l  to 2.53 µg/l along the downstream 

sampled loca�ons with a mean value of 2.75 µg/l, whereas in water of Ganges 

river the concentra�on varied  in the range 1.70 µg/l to 2.00 µg/l with a mean 

value of 1.86 µg/l. Conclusion: The average concentra�on of uranium was 

found significantly higher (2.75 µg/l) in water of Alaknanda river than in 

Ganges river the average values (1.86 µg/l) of. However, both the values were 

far lower than the permissible limits at the sampled loca�ons. The values 

obtained in present studies were notably higher than that reported elsewhere 

which seems partly a'ributable to post monsoon contribu�ng factors.  
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contaminant	level	(MCL)	or	guideline	limit	of	for	

uranium	 is	 30	 µg/l	 (13,14).	 Several	 studies	 have	

reported	results	on	uranium	concentration	level	

from	 various	 drinking	 water	 sources.	 A	 report	

has	 appeared	 which	 showed	 uranium																																

concentration	ranging	from	≤2	to	644	µg/l	in	the	

subsurface	 of	 water	 of	 Punjab	 state	 of	 India																										
(15)	 whereas	 0.31-	 4.92	 µg/l	 of	 uranium	 was																				

reported	 in	 drinking	 water	 of	 south	 coast																				

districts	 of	 Kerala	 (16).	 The	 concentrations	 of								

uranium	 in	 different	 Indian	 river	 water	 have													

reported	 in	 the	 literature,	 a	 value	 of	 0.09-3.61	

µg/l	and	0.2	-	1.74	µg/l	of	uranium	was	found	in	

Yamuna	and	Chambal	river	respectively	(17).			

Considering	 the	 fact	 that	 river	 Ganges	 is	 the	

largest	 river	 in	 India	 spread	 over	 almost	 2,525	

km	 long	 from	 Gangotri	 (from	 Gangotri	 to	

Devprayag,	 it	 is	 known	 as	 river	 Bhagirathi)	 to	

Bay	 of	 	 Bengal	 and	 its	 basin	 covers	 about	

8,61,404	 km2	 .	 Alaknanda	 river	 is	 one	 of	 the							

tributaries	 of	 Ganges	 river	 which	 joins	 river												

Bhagirathi	 at	 Devprayag	 and	 named	 afterwards	

as	 Ganges	 river.	 The	 Ganges	 river	 is	 one	 of	 the	

major	 sources	 of	 drinking	 water	 supply	 in	 the	

country	 and	 its	 water	 quality	 is	 strongly										

dependent	 on	 the	 environmental	 conditions.	 In	

India,	 monsoon	 plays	 an	 active	 role	 during																							

June-September,	 which	 puts	 in	 heavy	 rainfall	

 

resulting	in	erosion	and	leaching	out	from	rocks	

and	 soils	 (18).	 After	 the	 monsoon,	 the	 post																													

monsoon	 period	 dominates	 about	 one	 third									

period	of	a	calendar	year.	This	signiBies	a	slower	

Blow	 rate	 and	 less	 dilution	 factor	 favoring	 a																															

stable	 environmental	 situation	 in	 the	 river																							

system.	 Thus,	 it	 is	 important	 to	 study	 the																														

environmental	 variations	 after	 monsoon	 to																											

determine	the	prevailing	level	of	uranium	in	the	

river.	More	particularly,	this	study	was	aimed	to	

obtain	a	baseline	data	for	uranium	concentration	

in	the	Alaknanda	and	Ganges	river	water	during	

the	post	monsoon	period.	 
	

	

MATERIALS AND METHODS 
 

Study	area		

Study	 area	 included	 river	 Alaknanda	 and	

Ganges	river	of	India.	Alaknanda	river	meets	the	

river	Bhagirathi	at	Devprayag	and	after	that	it	is	

known	as	river	Ganges.	The	selected	stations	for	

the	 sampling	 on	 river	 Alaknanda	 were	

Nandprayag,	 Karnprayag	 and	 Rudraprayag.										

Similarly,	 different	 locations	 selected	 along	 the	

Ganges	 river	 were	 Devprayag,	 Rishikesh	 and	

Haridwar	 (Bigure	 1).	 Geographical	 Positioning	

System	(GPS)	of	each	location	has	been	given	in	

Figure 1. Study area and different sampling loca�ons along Alaknanda and Ganges river.  

1) Study area in India. 2) Enlarged view of the study area (image source Google earth). 3) Line diagram of the study 

area.  A- Nandprayag, B-Karnprayag, C-Rudraprayag, D-Devprayag, E-Rishikesh, F-Haridwar, → River flow direc�on.  
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value	 found	 in	 our	 study	 may	 partly	 be																																

attributed	 to	 differences	 in	 methods	 employed	

by	 the	 concerned	 laboratories	 e.g.	 we	 used																										

Bluorimetric	 method	 and	 Sarin	 et	 al.,	 employed	

pre-concentration	 method.	 In	 addition,	 our	

measurements	 were	 carried	 out	 in																																						

post-monsoon	 water	 sampling	 (in	 the	 month	 of	

November)	 reBlecting	 the	 role	 of	 after	 rainy																									

season	 contributing	 parameters	 including	 the	

dilution	factor.	It	is	to	be	noted	that	in	post	mon-

soon	period	the	water	Blow	rate	was	slower	than	

in	monsoon	period	(June-September)	when	Blow	

rate	was	highest	due	to	rainfalls	and	snow	melt-

ing	 (18).	 Our	 values	 of	 uranium	seem	 to	 reBlect	 a	

closer	 real	 situation	 and	 Bind	 support	 from	 the	

values	 reported	 in	 geological	 studies,	 4.7	 µg/l,	

from	rock	samples	in	Garhwal	Himalayan	region	
(19).		

Table	 2	 describes	 the	 results	 of	 uranium	

measurement	 in	 samples	 of	 Ganges	 river	 from	

Devprayag	to	Haridwar	downstream	of	the	Blow.	

It	 can	 be	 seen	 that	 in	 water	 of	 Ganges	 river,																								

uranium	concentration	ranged	from	1.70	to	2.00	

µg/l	with	a	mean	value	of	1.86	µg/l.	It	is	noticed	

that	 the	 values	 reported	 from	 our	 studies	 were	

somewhat	 higher	 than	 the	 global	 average	 of															

uranium	in	river	water	i.e.	0.3	µg/l	(7,20).	We	Bind	

it	 difBicult	 to	 offer	 a	 logical	 explanation	 for	 this	

observation	 but,	 it	 needs	 to	 be	 noted	 that	 these	

values	were	within	the	MCL	and	guideline	value	

of	 30	 µg/l	 recommended	 by	 USEPA	 and	 WHO	
(13,14).	 We	 recognize	 that	 continued																																							

measurements	may	be	necessary	to	conBirm	the	

observed	 variations	 of	 uranium	 along	 the																				

downstream	water	Blow.	

table	 1.	 	 Sampling	 was	 carried	 out	 at	 all	 the																								

designated	 locations	 during	 the	 post	 monsoon	

period	in	the	month	of	November	2012.		

	

Methods 

Triplicate	water	samples	were	collected	from	

the	mid	stream	of	river	in	polypropylene	bottles	

which	 were	 previously	 soaked	 in	 15%	 (v/v)	

HNO3	 for	 24	 hr,	 rinsed	 with	 double	 distilled																												

water	 and	 washed	 with	 the	 sample.	 All	 samples	

were	 Biltered	 through	 0.45	 micron	 nylon																														

milipore	 Bilter	 paper	 and	 measurements	 were	

carried	 out	 using	 the	 standard	 protocol	 of																													

Bluorimetric	 technique	 (15,19)	 using	 LED																																						

Bluorimeter	 (Quantalase,	 Indore,	 India).	 All	 the	

statistical	 analysis	 were	 performed	 using	 SPSS	

statistics	17.0	software.	

	
	

	RESULTS	AND	DISCUSSION	
	

	 The	 measured	 concentrations	 of	 uranium	 in	

samples	from	Alaknanada	and	Ganges	rivers	are	

given	 in	 the	 table	 2.	 It	 can	 be	 seen	 that	 the																												

uranium	concentration	 in	 Alaknanada	 river	 was	

found	to	vary	from	3.05	to	2.53	µg/l	with	a	mean	

value	 of	 2.75	 µg/l.	 It	 is	 seen	 that	 uranium																											

concentration	 in	 water	 samples	 showed	 a																								

decreasing	 trend	 in	 downstream	 of	 Alaknanda	

river	 from	Nandprayag	to	Rudraprayag	perhaps	

suggesting	 proximity	 of	 source	 upstream	 of	 the	

Blow.	The	observed	average	value	2.75	µg/l	was	

certainly	 higher	 than	 the	 earlier	 reported																						

average	value	of	1.86	µg/l	in	Alaknanda	river	(7).	

Among	 other	 factors,	 the	 observed	 increased	

Table 1. Sampling loca�ons and Geographical Posi�on System (GPS) of the study area. 

River Loca�ons Longitute La�tute Al�tude (meter) 

Alaknanda Nandprayag 30
0
19.93’ N 79

0
 18.97’ E 876 

Alaknanda Karnprayag 30
0
15.79’ N 79

0
 12.99’ E 728 

Alaknanda Rudra Prayag 30
0
17.28’ N 78

0
 58.07’ E 613 

Ganges Devprayag 30
0
08.73’ N 78

0
 35.86’ E 468 

Ganges Rishikesh 30
0
07.34’ N 78

0
 18.66’ E 328 

Ganges Haridwar 29
0
56.76’ N 78

0
 09.98’ E 289 
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Figure	 2	 shows	 spatial	 distribution	 of																											

uranium	 concentration	 at	 all	 the	 sampled																						

locations	 in	 our	 studies.	 It	 can	 be	 seen	 that																					

uranium	 concentration	 at	 Nandprayag	 and	

Haridwar	 was	 found	 to	 be	 3.05±0.09	 µg/l	 and	

1.7±0.18	µg/l	respectively.	These	values	point	to	

a	 decreasing	 trend	 in	 uranium	 concentrations	

along	 the	 downstream	 of	 river	 Blow.	 The																						

observed	 decreasing	 trend	 in	 the	 river	 may	 be	

due	 to	 additional	 water	 streams	 joining	 the	

Alaknanda	river	as	reported	elsewhere	(18).		

	

	

	RESULTS		

	

Present	 study	 has	 shown	 a	 decreasing	 trend	

of	 uranium	 in	 the	 Alaknanda	 river	 from	

Nandprayag	 to	 Rudraprayag	 but	 these	 values	

were	slightly	higher	than	the	values	reported	by	

other	 authors.	 The	 difference	 in	 values	 are																							

ascribable	 to	 employed	 methods	 and	 various	

postmonsoon	 factors.	 	 The	 average	 uranium								

concentration	 was	 found	 signiBicantly	 higher	

(2.75	 µg/l)	 in	 Alaknanda	 river	 than	 of	 the	 	 of	

Ganges	 river	 (1.86	 µg/l).	 It	 is,	 however,																															

important	 to	 note	 that	 measured	 values	 ranged	

within	 the	 permissible	 limits.	 It	 appears																																			

instructive	 to	 monitor	 uranium	 on	 a	 regular																								

basis	 in	 pre	 and	 post	 monsoon	 conditions	 to																

determine	alterations	 in	the	 level	of	uranium	in	

water	of	Alaknanda	and	Ganges	river	for	special	

variations	along	the	Blow.	

	

		

ACKNOWLEDGEMENTS	

	

Authors	 deeply	 acknowledge	 the	 1inancial																								

support	 from	 Board	 of	 Research	 in	 Nuclear																							

Table 2.  Uranium concentra�ons of river water at different loca�ons. 

River Loca�on Concentra�on of Uranium  (µg/l±SD) 

Alaknanada Nandprayag 3.05±0.09 

Alaknanada Karnprayag 2.67±0.15 

Alaknanada Rudra Prayag 2.53±0.12 

Ganges Devprayag 2.00±0.12 

Ganges Rishikesh 1.70±0.18 

Ganges Haridwar 1.91±0.15 

Figure 2. Varia�on of uranium concentra�on at different loca�ons of Alaknanda and Ganges river.  

Meher et al. / Post monsoon spatial distribution of uranium in water 

98 Int. J. Radiat. Res., Vol. 13 No. 1, January 2015 

 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
01

.0
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

26
-0

5-
13

 ]
 

                               4 / 6

http://dx.doi.org/10.7508/ijrr.2015.01.014
http://ijrr.com/article-1-1426-en.html


Science	 (BRNS),	 Department	 of	 Atomic	 Energy,	

Govt.	 of	 India	 under	 the	 funded	 research	 work	

vide	the	Sanction	No.	2010/36/70-BRNS.	Authors	

acknowledge	the	help	of	Dr.	(Mrs.)	D.N.	Goswami.	

	

Con�lict	of	interest:	Declared	none		

	

	

REFERENCES 
 

1. McCal Wl, Christy TM, Christopherson T, Issacsk H (2009) 

Applica�on of direct push methods to inves�gate uranium 

distribu�on in an alluvial aquifer. Ground Water                             

Monitoring & Remedia�on, 29 (4): 65–76. 

2. Carvalho FP, Oliveira JM, Lopes I, Ba�sta A (2007)                            

Radionuclides from past uranium mining in rivers of                         

Portugal. J Environ Radioac�vity, 98: 298-314. 

3. Birke M, Rauch U, Lorenz H, (2009) Uranium in stream and 

mineral water of the Federal Republic of Germany. Envi-

ron Geochem Health, 31:693–706.                                                                   

DOI 10.1007/s10653-009-9247-4 

4. Birke M, Rauch U, Lorenz H, Kringel R (2010) Distribu�on of 

uranium in German bo'led and tap water. J Geochemical 

Explora�on, 107: 272–282. 

5. Gavrilescu M, Pavel LV, Cretescu I (2009) Characteriza�on 

and remedia�on of soils contaminated with uranium.                    

Journal of Hazardous Materials, 163 : 475–510 

6. Brindha K, Elango L, Nair RN, (2011) Spa�al and temporal 

varia�on of uranium in a shallow weathered rock aquifer 

in southern India. J Earth Syst Sci, 120 (5): 911–920. 

7. Sarin MM, Krishnaswami S, Sharma KK, Trivedi JR (1992) 

Uranium Isotopes and radium in the Bhagirathi-                                  

Alakananda river system: Evidences for high uranium         

mobiliza�on in the Himalaya. Current Science, 62: 801-

805. 

8. Sharma P, Meher PK, Mishra KP (2012) Distribu�on of                     

non-radioac�ve heavy elements in water of river Ganges 

form Rishikesh to Allahabad: A study on possible health 

effects. J Nehru Gram Bhara� Univ, 1 (1): 52-58. 

9. Reguillona AF, Lebuzitb G, Muratb D,  Foosb J, Mansourc C, 

Drayed M (2008) Selec�ve removal of dissolved uranium in 

drinking water by nanofiltra�on. Water Research, 42: 1160 

– 1166. 

10. KurKo P, Harmoinen A, Saha H, Salonen L, Karpas Z, Komu-

lainen H, Auvinen A, (2006) Kidney Toxicity of Ingested 

Uranium From DrinkingWater. Am J Kidney Dis, 47: 972-

982. 

11. Selden AL, Lundholm C, Edlund B, Hogdahl C, Ek BM, Berg-

stroma BE et al., (2009) Nephrotoxicity of uranium in drink-

ing water from private drilled wells. Environmental Re-

search, 109: 486–494. 

12. Lariviere D, Tolmachev SY, Kochermin V, Johnson S (2013) 

Uranium bone content as an indicator of chronic environ-

mental exposure from drinking water. Journal of Environ-

mental Radioac�vity, 121: 98-103.  

13. USEPA (U.S. Environmental Protec�on Agency (2000) office 

of water, radionuclide’s in drinking water. 

14. WHO (World Health Organisa�on) (2011) Guidelines for 

drinking-water quality - 4th edi�on, World Health Organi-

sa�on, Geneva 
15. Ajay K, Usha N, Sawant PD, Tripathi RM, Raj SS, et al., 

(2011) Risk Assessment for natural Uranium in subsurface 

water of Punjab state, India. Human and Ecological Risk 

Assessment, 17: 381-393. 

16. Byju SB, Sunil A, Reeba MJ, Christa EP, vaidyan VK, Prasad 

R, Jojo PJ (2012), Uranium in drinking water from the south 

coast districts of Kerala, India. Iran J Radiat Res, 10 (1):31-

36. 

17.Rengarajan R, Sarin MM, Krishnaswami S (2006) Dissolved 

uranium and 
234

U/
238

U in the Yamuna and the Chambal 

rivers, India. Aqua�c Geochemistry, 12:73-101. 

18. Singh AK and Hasnain SI, (1998) Major ion chemistry and 

weathering control in a high al�tude basin: Alaknanda 

River, Garhwal Himalaya, India. Hydrological Sciences-

Journal- des Sciences Hydrologiques, 43: 825-843. 

19. Mukherjee PK, Purohit KK, Saini NK, Khanna PP, Rathi MS, 

Grosz AE (2007) A stream sediment geochemical survey of 

the Ganga river head waters in the Garhwal Himalaya. 

Geochemical Journal, 41: 83-85. 

20. Palmer MR and Edmond JM (1993) Uranium in river water. 

Geochimica et Cosmochimica Acta, 57: 4947-4955. 

Meher et al. / Post monsoon spatial distribution of uranium in water 

99 Int. J. Radiat. Res., Vol. 13 No. 1, January 2015 

 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
01

.0
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

26
-0

5-
13

 ]
 

                               5 / 6

http://dx.doi.org/10.7508/ijrr.2015.01.014
http://ijrr.com/article-1-1426-en.html


 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
01

.0
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

26
-0

5-
13

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.7508/ijrr.2015.01.014
http://ijrr.com/article-1-1426-en.html
http://www.tcpdf.org

