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Spatial and temporal variations in tritium content of 
precipitation at Hyderabad and Kozhikode, stations in 
southern India during 2005–2008 are discussed. The 
tritium content of precipitation varied from 1.59 to 
9.21 TU for the Hyderabad station and from 0.65 to 
6.11 TU for the Kozhikode station. Precipitation at the 
Hyderabad station had excess tritium than Kozhikode, 
mostly owing to its origin at higher latitudes. The pre-
dominance of marine moisture in the precipitation at 
Kozhikode imparts low tritium content to its precipi-
tation during the monsoon period. The tritium con-
centration in precipitation of the two stations during 
this period is compared with that during 1997–1999. 
The tritium content of precipitation of both the sta-
tions showed higher values in the earlier periods,  
reflecting the minor contribution of residual bomb 
tritium that possibly prevailed during that period. 
The present-day tritium concentration in precipitation 
at the two stations suggests that the tritium level in 
both the stations has reached the values that prevailed 
during the pre-bomb era. The tritium data provided 
useful clues for better understanding of the mecha-
nism of monsoonal rainfall at the two locations. Triti-
um inputs in precipitation and its variation in 
southern India, especially in the recent period are 
lacking. This study elucidating the present-day con-
centration of natural tritium in precipitation at the 
two stations may be helpful in applying tritium tech-
niques for hydrological studies in the area. 
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TRITIUM, the radioactive isotope of hydrogen (H-3) exists 

in the environment mostly owing to its continuous natural 

production in the upper atmosphere. It is formed due to 

the collision of cosmic ray neutrons with atmospheric  

nitrogen through the Nitrogen-14 (n, T) carbon-12 reac-

tion. The tritium thus formed combines with stratospheric 

oxygen to form water (HTO) molecule. This partially 

tritiated water formed in the atmosphere reaches the 

ground through precipitation and mixes with surface and 

groundwater components. Tritium decays to helium-3 by 

emitting low-energy (Emax = 18 keV) beta radiation with a 

half-life of approximately 12.32 years. Due to the rela-

tively short half-life of tritium, it does not accumulate 

over geological timescales, but rather occurs in negligible 

quantities in nature. Natural tritium concentrations in 

precipitation are low
1,2

 and amounts to 3.5–4.5 kg, most 

of which is present as part of the water molecule. Tritium 

is used as an excellent tracer for determining timescales 

for the mixing and flow of water and is ideally suited for 

studying processes that occur on a timescale of less than 

100 years. Tritium measurements are frequently used to 

calculate recharge rates and groundwater renewability
3–5

, 

residence times
6,7

, river basin characteristics
8,9 

and rates 

or directions of subsurface flow
10,11

. For these purposes, 

the seasonal, yearly and spatial variations in the tritium 

content of precipitation must be accurately assessed.  

Numerous studies have been reported on the observed 

variations of natural tritium in precipitation in different 

parts of the world
12–15

. The International Atomic Energy 

Agency (IAEA) is monitoring the tritium variation in pre-

cipitation along with its stable isotopic (deuterium and 

oxygen-18) composition at numerous stations worldwide 

through the Global Network of Isotopes in Precipitation 

(GNIP) programme. 

 In the northern hemisphere, the summer precipitation is 

expected to have a slight excess of tritium concentration 

than the winter precipitation
16

. This is due to the onset of 

intense mixing across the tropopouse or more specifically 

due to the sudden upward shifts of the tropopouse level in 

high latitudes during this period
12

. Precipitation during 

this period usually exhibits concentrations that are typi-

cally 2.5–6 times greater than the winter lows. Similar 

seasonal differences were noticed in precipitation  

samples collected from locations across Croatia and  

Slovenia
17 

and Greece
18

. These differences arise due to 

the seasonal upward shifts in the stability regions of the  

atmosphere, which leaves high concentrations of tritium 

behind in the troposphere to be mixed with the moisture 

present in this layer leading to higher tritium concentra-

tions in precipitation. Due to the reasons explained 

above, the tritium concentration in rain increases towards 

mid and high latitudes
12

.  

 Tritium is also released into the atmosphere due to 

various anthropogenic reasons. Anthropogenic tritium is 

released into the atmosphere mostly due to the testing of 

nuclear weapons that started in 1951. The early configu-

rations of the hydrogen bomb used the heat generated by 

the detonation of U-235 fission to compress the deute-

rium–tritium fuel to initiate fusion
6
, which caused only 

minor release of tritium. Later designs of thermonuclear 

devices used the high neutron production of 
235

U-fission 

to split lithium deuteride, and the heat of fission to then 

ignite the deuterium and tritium products
6
. The tremen-

dous neutron flux at the end of this reaction chain acti-

vates atmospheric nitrogen, thus producing significant 

quantities of tritium. These tests continued till the  

Soviet–American treaty was signed in 1963 banning the 

atmospheric testing of thermonuclear devices. These tests 

initiated a period of anthropogenic tritium production 
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which raised concentrations in the stratosphere by several 

orders of magnitude above the natural levels. This sub-

stantial input created a tritium reservoir in the strato-

sphere which contaminated global precipitation systems 

for over four decades. The final year of thermonuclear 

tests conducted in 1962 generated a huge peak, which  

appeared in precipitation in the spring of 1963. This 1963 

peak became a marker used in many hydrological stu-

dies
19,20

. After the nuclear test ban, the tritium activity 

started decreasing more or less exponentially and today it 

has reached the natural cosmogenic levels of the pre-test 

era
16,21

,
 
though some regional increase in tritium concen-

tration in precipitation is noticed at places close to  

nuclear reactors and other nuclear installations like nu-

clear power stations, nuclear fuel-reprocessing facilities, 

etc. Higher concentration of tritium in precipitation col-

lected from Thessaloniki station compared to other sta-

tions in Greece is probably due to emissions from nuclear 

power stations of the neighbouring countries
18

. Minor 

amounts of tritium are also released by the manufacture 

of tritiated paints and gas used in illuminating dials and 

emergency lighting.  

 The moisture evaporating from the ocean is low in  

tritium content. Oceanic and coastal stations thus show 

considerably lower concentration than the continental sta-

tions. This is due to the water vapour exchange between 

the atmosphere and sea surface
22

. Similar differences 

were reported in the mean tritium content of precipitation 

samples from maritime and continental stations in Croatia 

and
 
Slovenia

17
. Kigoshi and Yoneda

23
 studied the daily 

variations in tritium concentration of atmospheric mois-

ture collected in Tokyo for a period of two years. They 

were able to correlate the variations in tritium concentra-

tion with the movement of air masses over Tokyo. They 

found that the high tritium concentrations indicate the  

arrival of continental air masses from the north, whereas 

the low tritium concentrations indicate the presence of 

oceanic air masses. They concluded that the tritium con-

centration in tropical low-pressure air masses was nearly 

equal to that of surface ocean water.  

 In the Indian context, several studies are being reported 

on the application of both natural and injected tritium for 

different hydrological problems
4,9,24,25

. However, the 

variations of natural tritium in precipitation of Indian sta-

tions are not widely reported. Tritium content in precipi-

tation of Indian stations, especially in the recent period is 

scarce. In the present study, the tritium variations in pre-

cipitation at Hyderabad city and Kozhikode during 2005–

2008 are discussed. The tritium concentration in precipi-

tation of these two stations during this period is compared 

with that in 1997–1999. The study establishes the pre-

sent-day concentration and discusses the possible reasons 

for the observed spatial and temporal variations in natural 

tritium in precipitation at the two stations. 

 Hyderabad is the fifth largest and is one of the fastest 

growing urban centers in India. It has an estimated popu-

lation of 6.7 million and an area of around 625 sq. km 

(ref. 26). The mean monthly temperature of Hyderabad 

varies from 22.6 C in January to 32.3 C in May, with 

semiarid climatic conditions. The mean monthly vapour 

pressure of 15.3 hPa is noticed in February, while Janu-

ary shows the highest mean monthly value of 42.2 hPa 

(www.isohis.iaea.org). Hyderabad has a long-term 

(1901–1970) annual average rainfall of 785 mm (ref. 27). 

The Hyderabad samples for the present study were col-

lected from the Mandal Revenue Office, Moinabad (lat. 

17 19 91 N, long. 78 17 23 E; elevation ~560 m amsl).  

 Kozhikode is a northern district in Kerala, and is situated 

at the southwest corner of the Indian peninsula. The state 

extends from 8.2  to 12.8 N parallel and 74.8  to 77.5 E 

meridian and has an approximate area of ~38,800 sq. km. 

Kerala has wet tropical climatic conditions, with the Ara-

bian Sea on its west and the Western Ghats on its east. 

The state is under the influence of dual monsoon system, 

namely the southwest monsoon (summer monsoon) and 

the northeast monsoon (winter monsoon). It receives an 

annual average rainfall of 3000 mm spread over 126 rainy 

days
28

. Precipitation samples for Kozhikode station were 

collected from the Centre for Water Resources Develop-

ment and Management (CWRDM), Kunnamangalam 

Kozhikode district (long. 75 52 15 E, lat. 11 17 07 N, 

elevation ~70 m amsl). Kozhikode receives a large 

amount of rainfall with an annual average value of 

3080 mm (1979–2008). 

 Radioactivity is usually expressed as the number of 

disintegrations given out by a definite amount of the  

radioactive substance under consideration in unit time. 

The SI unit for expressing radioactivity of liquid samples 

is Bq l
–1 

(1 Bq = 1 disintegration per second). In hydro-

logical applications, tritium concentration in water sam-

ples is usually expressed as tritium units (TU). 1 TU is a 

concentration equals to one atom of tritium per 10
18

 hy-

drogen atoms (T/H = 10
–18

). A1so 1 TU = 0.118 Bq kg
–1

 

of water
19

. Tritium analysis of the samples was done by 

liquid scintillation counting with prior enrichment
20,29,30

. 

The 250 g of pre-distilled water samples was electrolyti-

cally enriched using an electrolytic cell having mild steel 

cathode and stainless steel anode, with sodium peroxide 

as electrolyte. The sample after enrichment was subjected 

to secondary distillation after adding lead chloride. Water 

sample after secondary distillation was mixed with orga-

nic scintillator (Optiphase Hisafe-3) in a 20 ml capacity 

scintillation vial. The vials were measured for 400 min 

using Ultra Low Level Liquid Scintillation Counter (Wal-

lac, Quantulus-1220) housed at the Isotope Hydrology 

Division of CWRDM. The National Institute of Standards 

and Technology (NIST), after a comprehensive review 

and critical evaluation, recommends a value of 4500  8 

days as the half-life of tritium
30

. This value was used for 

the decay correction necessary for routine analysis in the 

laboratory. The minimum detectable level of the system 

without enrichment is 9.8 TU and with enrichment it is 
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Table 1. Tritium content of precipitation in Hyderabad during 2005–2008 

 Hyderabad 
 

 2005 2006 2007 2008 
 

Month Tritium Error Tritium Error Tritium Error Tritium Error 
 

February NA NA NA NA NA NA 3.07 0.24 

March NA NA NA NA NA NA NA NA 

April NA NA NA NA 3.70 0.31 NA NA 

May NA NA NA NA 3.57 0.32 9.21 0.30 

June 2.7 0.31 NA NA 2.77 0.29 3.94 0.36 

July 2.1 0.30 4.96 0.31 2.29 0.36 1.59 0.33 

August 3.7 0.31 4.21 0.31 3.21 0.33 3.64 0.35 

September 3.2 0.31 5.12 0.32 4.65 0.32 2.43 0.34 

October 3.6 0.47 NA NA NA NA 3.53 0.35 

November NA NA NA NA NA NA NA NA 

December NA NA NA NA NA NA NA NA 

NA, Data not available. 

 

0.6 TU, within the 2  error (95% confidence level). All 

the results and the respective errors of measurement (1 ) 

are reported as TU. 

 The natural tritium content of precipitation samples at 

Hyderabad station during the study period (2005–2008) is 

given in Table 1. Due to the lack of rainfall or inadequate 

sample volume, the tritium concentration in rainfall for 

all the months during the study period is not available. 

The tritium content of precipitation varied from 1.59 TU 

(July 2008) to 9.21 TU (May 2008) for the Hyderabad 

station. For most of the cases, the average tritium concen-

trations in precipitation during the southwest monsoon 

period (June–September) were higher than that during the 

post-monsoon period (October–February). There are lar-

ger variations in tritium content in precipitation during 

the pre-monsoon (March–May) and the post-monsoon  

periods. In Hyderabad, there is an increase in water input 

towards the city, as a result of urbanization. Huge amount 

of water is being transported into the city for meeting the 

increasing water demand
31

. This will increase the local 

moisture contribution and alter the water balance of the 

city. The locally evaporated moisture may be influencing 

the tritium content of precipitation, especially during  

the pre-monsoon period.  

 Studies by Unnikrishnan Warrier and Praveen Babu
32

 

on the stable isotope variations in three closely placed lo-

cations in Hyderabad (Moinabad, Rajendra Nagar and 

Osmanasagar Reservoir) indicated that the precipitation 

in this region has significant locally derived moisture 

contribution. They attributed these changes in precipita-

tion patterns to the huge amount of water being trans-

ported into the city from outside sources. Rainfall in 

Hyderabad, especially during the non-monsoon period is 

subjected to secondary evaporation
33

. This can enrich the 

tritium content of falling rain drops and may affect the 

tritium concentration of precipitation during this period. 

However, only few samples were available for study dur-

ing pre-monsoon period and hence the tritium variations 

in pre-monsoon period are not discussed in detail. 

 The average tritium content in precipitation of the  

Hyderabad station is compared with that of the Kozhi-

kode station during the same period. Tritium content in 

precipitation at Kozhikode station during 2005–2008 is 

given in Table 2. It varied from 6.11 TU (April 2005) to 

0.65 TU (July 2007). The tritium content in precipitation 

at the Hyderabad station is higher than that of the Kozhi-

kode station. During the pre-monsoon period, the tritium 

content in precipitation at the Hyderabad station showed 

higher values compared to that at the Kozhikode station 

in most cases. The moisture contributing to precipitation 

at both the stations during the pre-monsoon period is of 

local origin
33

. The position of the Hyderabad station at 

higher latitude compared to that of the Kozhikode sta-

tions will result in higher tritium values in precipitation at 

the former during this season.  

 Most of the rainfall in both the stations is received dur-

ing the southwest monsoon period. The tritium content in 

precipitation at the Hyderabad station during this period 

was higher than that of the Kozhikode station. During  

the southwest monsoon period, there is a difference in 

mechanism of rainfall at the two locations. The unique 

position of Kerala in the Indian subcontinent positions it 

directly across the path of the maritime air blowing from 

the Indian Ocean and Arabian Sea in the northern hemi-

spheric summer
28

. The north–south extended western 

mountains intercept this southwest monsoon current. The 

moist air undergoes orographic uplift on the windward 

slopes and gives rise to copious rains. The first outburst 

of the southwest monsoon over the Indian subcontinent 

takes place over Kerala and it starts mostly by the first 

week of June. The monthly rainfall at the two stations 

during the study period is given in Table 3. The marine 

origin of precipitation imparts very low tritium in precipi-

tation at the Kozhikode station during this period. This is 

confirmed by the enriched stable isotopic composition 

and a d-excess value of around 10‰ at the Kozhikode 

station during this period
34

. It was observed that in case 

of very high monsoonal rainfall as observed in 2007 
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Table 2. Tritium content of precipitation in Kozhikode during 2005–2008  

 Kozhikode 
 

 2005 2006 2007 2008 
 

Month Tritium Error Tritium Error Tritium Error Tritium Error 
 

February NA NA NA NA NA NA NA NA 

March NA NA 3.04 0.2 NA NA NA NA 

April 6.11 0.2 2.97 0.2 1.82 0.2 NA NA 

May 4.16 0.2 2.5 0.2 2.25 0.2 NA NA 

June 5.80 0.2 2.91 0.2 NA NA NA NA 

July 4.07 0.2 2.86 0.2 0.65 0.2 1.3 0.26 

August 1.19 0.2 2.81 0.2 0.77 0.2 2.71 0.26 

September 3.44 0.2 3.02 0.2 NA NA 1.52 0.26 

October 4.04 0.2 6.36 0.2 3.81 0.2 1.86 0.26 

November 2.94 0.2 NA NA 1.96 0.2 2.14 0.25 

December 2.22 0.2 NA NA NA NA NA NA 

NA, Data not available. 

 

Table 3. Monthly rainfall at Hyderabad and Kozhikode during the study period 

 Rainfall (mm) 
 

Station  Month 1997 1998 1999 2005 2006 2007 2008 
 

Hyderabad February 0 0 2 0 0 0 141 

  March 0 0 0 0 0 0 56 

  April 4 5 9 NA 19 30 0 

  May 2 18 88 NA 56 30 40 

  June 25 44 38 59 36 195 46 

  July 181 222 149 306 52 23 76.2 

  August 167 266 122 127 57 128 269 

  September 74 141 124 198 135 153 208 

  October 95 240 32 305 188 26 34 

  November 37 6 0 0 14 8 10 

  December 51 0 0 0 0 0 0 
 

Total  642 942 564 995 542 580 880 
 

Kozhikode February 0 0 3 0 0 0 3.8 

  March NA 0 36 159 48.6 0 165 

  April NA 6 61 95.2 48.8 156 88.4 

  May NA 127 475 857.4 662 34.2 72 

  June 695 733 710 897.4 1007 937 828 

  July 1289 526 725 210 633 1383 594 

  August 670 312 230 420 484 712 294 

  September 185 365 39 216 680 711 441 

  October 270 307 448 179 281 333 579 

  November 253 51 31 53 147 78 38 

  December 55 87 2 0 0 0 0 
 

Total  3417 2514 2760 3086 3991 4654 3125 

NA, Data not available. 

 

 

(total rainfall 2743 mm during the monsoon period), the 

tritium contents in precipitation were very low. The 

monthly rainfall weighted average during this period was 

<1 TU. This confirms the marine influence in determin-

ing the tritium content of precipitation at the Kozhikode 

station during the southwest monsoon period.  

 In contrast, the air mass carrying moisture for mon-

soonal precipitation at Hyderabad advects into the region 

from the western coast, north of Kozhikode and travels 

longer distances through the continent before causing 

rainfall at Hyderabad. At this station the southwest mon-

soon starts only by the second week of June. During its 

journey to Hyderabad, it acquires vapour from continen-

tal sources and the precipitation at Hyderabad has signifi-

cant continental vapour contribution formed at higher 

latitudes compared to that at Kozhikode
33

. This is the rea-

son for the higher tritium content of precipitation at the 

Hyderabad station during this season compared to that at 

Kozhikode. The tritium content in precipitation at  

Hyderabad showed higher values in September and lower 
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values in June. The lower value in June (weighted aver-

age 2.2 TU) is due to the initial huge influx of marine 

moisture from the Arabian Sea with the onset of the 

southwest monsoon. The higher value in September may 

relate to the withdrawal of the southwest monsoon from 

the Indian Peninsula and the reversal of direction of the 

monsoon currents towards late September. Towards the 

end of September, due to this reversal of the wind system, 

the precipitation may have a small contribution of vapour 

formed at higher latitudes with higher tritium content. 

Conversely, it may be also due to the lower amount of 

precipitation and hence more influence of local moisture 

and secondary evaporation during this month. However, 

more studies incorporating locations at higher latitude are 

required for a better understanding of this mechanism.  

 In southern India, regions like Kerala and coastal 

Tamil Nadu are also under the influence of the northeast 

monsoon system during October to February. During this 

season the precipitation at the two stations showed com-

parable values. Unlike the southwest monsoon, the north-

east monsoon is of land origin and only has lower 

moisture content. Hyderabad is not greatly influenced by 

the northeast monsoon. During post-monsoon period, 

rainfall in the station is caused by the depressions formed 

in the Bay of Bengal. Moisture evolving from the ocean 

has low tritium content
22

. The low tritium content of pre-

cipitation in Hyderabad during the post-monsoon period 

(weighted average 2.8 TU) may be due to the predomi-

nance of oceanic moisture in precipitation. During the 

northeast monsoon period, the precipitation at Kozhikode 

has a slight excess of tritium compared to the southwest 

monsoon period, and this may attributed to its origin at 

higher latitudes. The northeast monsoon winds originat-

ing from Central Asia can draw moisture from continen-

tal vapour sources as well as oceanic sources like South 

China Sea and Bay of Bengal
35

 during their southward 

journey, and this blend of continental and oceanic vapour 

sources may be governing the tritium concentrations of 

the northeast monsoon samples at Kozhikode.  

 The tritium concentrations in precipitation at the two 

stations during 1997–1999 are available at the IAEA 

GNIP database
36

. Three-year tritium data from 1997 to 

1999 are compared with the three-year data available 

from 2006 to 2008. A graphical representation of the 

variations of weighted average tritium concentration in 

precipitation at the two stations during the above periods 

is given in Figure 1. The tritium content in precipitation 

at the two stations showed higher values during 1997–

1999. The seasonal weighted average (weighted by 

monthly rainfall) tritium content in precipitation at the 

two locations is given in Table 4. The higher tritium con-

centrations in precipitation during 1997–1999 seem to be 

due to the influence of residual bomb tritium. The larger 

differences in weighted average tritium content in pre-

cipitation (weighted by monthly precipitation) at Hydera-

bad compared to that at Kozhikode during 1997–1999 can 

be attributed to the latitudinal difference of the two sta-

tions. The differences in tritium content in precipitation 

were more pronounced in the pre-monsoon and post-

monsoon periods. In the case of Kozhikode, most of the 

moisture causing precipitation in the region is of marine 

origin having low tritium content
34

. This may result in 

low tritium content in the surface water sources at Kozhi-

kode. The rains at Hyderabad have more continental va-

pour with more tritium content. The pre-monsoon rains at 

both the stations are mostly of local origin
34

 and the  

locally derived rain acquires a fraction of tritium from the 

surface water sources. Evidently, the differences in triti-

um content in surface water sources in Hyderabad and 

Kozhikode stations during 1997–1999 were higher than 

those during 2006–2008. The larger differences in tritium 

content in the atmosphere may also have contributed to 

the larger differences in tritium content of precipitation of 

the two stations during the earlier period. The larger  

differences in the tritium content of precipitation at the 

Hyderabad station, especially during the post-monsoon 

period (~7.62 TU) within a short period (~9 years), sug-

gests that post-monsoon precipitation at this station has 

contributions of moisture formed at higher latitudes. 

 As explained earlier, moisture causing post-monsoon 

(northeast monsoon) rains at Kozhikode have a fraction 

of their moisture formed at higher latitudes which are 

having higher tritium concentrations. Conversely, it is  

believed that Hyderabad is not having much influence of 

northeast monsoon and the rainfall at this station during 

this period is due to the depressions formed in the Bay of 

Bengal
33

. However, during the post-monsoon period, the 

Hyderabad station, situated at higher latitude compared to 

 

 

 
 

Figure 1. Variation in weighted average tritium in (a) Hyderabad and 
(b) Kozhikode stations during the periods 1997–1999 and 2006–2008. 
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Table 4. Weighted average (WA) tritium concentration in the two stations during different seasons 

 WA tritium concentration during different seasons (TU) 
 

  Pre-monsoon Monsoon Post-monsoon 

  Average annual 

Station Period rainfall (mm) Tritium Error Tritium Error Tritium Error 
 

Hyderabad 1997–1999  710 8.25 0.32 7.25 0.16 10.42 0.31 

  2006–2008  880 4.10 0.32 3.46 0.21  3.43 0.62 

 

Kozhikode 1997–1999 2720 2.61 0.12 2.58 0.1 3.88 0.15 

  2006–2008 2928 2.39 0.12 1.90  0.10 3.34 0.24 

 

Table 5. Annual weighted average (WA) tritium in precipitation at the two stations 

 Kozhikode Hyderabad 
 

Year WA tritium (TU) Error (TU) Annual rainfall (mm) WA tritium (TU) Error (TU) Annual rainfall (mm) 
 

1998 2.71 0.13 2508  8.19 0.22 942 

1999 2.70 0.15 2755 9.3 0.18 542 

 

2005  4.2 0.09 2508  3.01 0.38 995 

2006 3.10 0.08 3991  4.77 0.40 543 

2007 1.30 0.11 4654  3.45 0.31 546 

2008 1.70 0.26 3125  3.32 0.32 880 

 

 

that of Kozhikode, may also receive a fraction of its 

moisture from still higher latitudes. The higher concentra-

tion of tritium in precipitation and its rapid decrease (re-

cent relative to past) during this period in Hyderabad than 

in Kozhikode confirms the vapour contribution from 

higher latitudes having higher tritium content. The 

slightly higher tritium concentrations that prevailed in 

higher latitudes during 1997–1999 may have imparted 

higher tritium in precipitation at the Hyderabad station 

during this period. The complete disintegration of the re-

sidual bomb tritium has lowered the tritium content of 

precipitation during the post-monsoon period to the pre-

sent levels. The result indicates that in addition to the 

moisture carried by the cyclonic storms, rainfall in  

Hyderabad during the post-monsoon period has a fraction 

of moisture formed at higher latitudes. This will aid in a 

better understanding of the post-monsoon rains in these 

locations. 

 The annual weighted average tritium concentrations 

(weighted by monthly precipitation) at the two stations 

are depicted in Table 5. It is noticed that in most of the 

cases the annual weighted average rainfall is well corre-

lated with the annual rainfall. The lower rainfall years at 

both the stations usually have higher weighted average 

and vice versa. This indicates that rainfall amount is one 

of the major factors deciding the tritium content of pre-

cipitation at the two stations. Also, the annual weighted 

average tritium content at both the stations shows a lower 

trend in comparison to the earlier periods. Not much data 

are available on natural, pre-bomb tritium in precipita-

tion. Brown
37

 measured natural tritium in Ottawa River 

water before 1951 and estimated that the precipitation 

near Ottawa during those periods was around 15 TU (ref. 

37). The pre-bomb tritium concentrations in precipitation 

at the lower latitudes were determined by the dating of 

vintage wine and were found to be between 3.4 and 

6.6 TU (ref. 38). It is estimated that during the pre-bomb 

period, the tritium content of global precipitation was 

probably in the range 2–8 TU (ref. 13). The present-day 

tritium concentrations in precipitation are obtained as 

4.10, 3.46, 3.43 TU and 2.39, 1.90, 3.34 TU respectively, 

for the Hyderabad and Kozhikode stations during the pre-

monsoon, monsoon and post-monsoon periods. 

 In this study, we have analysed the tritium content in 

precipitation at the two stations and explain the possible 

causes for the observed differences. Significant variations 

in tritium content of precipitation were noticed between 

the two stations. Kozhikode is a marine station, while 

Hyderabad is a continental station. The geography along 

with the latitudinal difference between the two stations 

was found to be reason for the observed variations. The 

tritium results support the existing knowledge on the 

mechanism of rainfall at the two locations. The tritium 

content in precipitation at the two stations during 1997–

1999 showed higher values compared to present-day con-

centrations. The higher values are attributed to the traces 

of residual bomb tritium that possibly prevailed in the 

atmosphere during 1997–1999. This study elucidates  

the present-day tritium concentration in precipitation at 

the two stations. The present-day annual rainfall weighted 

average of tritium concentration in precipitation is 3.7 

and 2.2 TU at the Hyderabad and Kozhikode stations  
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respectively. This suggests that the tritium concentration 

has come down to the level which prevailed during the 

pre-bomb era. The data presented in this study may be 

helpful for the future hydrological investigations in these 

regions. 
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