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Recent findings in Tritium Isotopes in
Small Catchment: A Case of the Middile
Mohlapitsi Wetland, SouthAfrica

F.A. Mekiso™, J. Snyman*and G. M. Ochieng™

Abstract: Seasonal tritium variationsin streamflow, groundwater (GW), spring flow, boreholes, piezometers and
drains were analysed tocompare the hydrology of water resources in the study area. Fifty water samples were
collected and analyzed in iThemba Labs for environmental tritium (®H). Concentrations of tritium in the water
resourceswere measured by scintillation counting after e ectrolytic enrichment. However, theresults did not provide
atemporal record of isotope variationsin the variouswater sources; except the higher valuefor tritium (3.2TU) was
measured during May 2008. The cause for such high concentration of tritium during May 2008 could be that during
the study period, new rainfall water entered the spring storage and mixed with old water. Thelowest tritium value
measured for Valis bore hole (0.3 TU), indicating thiswater isthe ol dest.
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. INTRODUCTION

Tritiumasaform of hydrogenisfound naturally inboth air and water. Tritiumis most useful for distinguishing
between pre-bomb and post-bomb rechargeand isanaturdly occurring radionuclideaswell asonethat is artificially
produced [1]. It has one proton and two neutronsand emits low-energy betaparticle[2]. Tritiumisnaturaly
produced in the atmosphere by cosmogenic processes and interacts with atmospheric nitrogen and oxygen.
Atmospheric tritiumis formed when cosmic rays bombard nitrogen to yield *H; and this occurs according to
equation (1):

“N +n—>"C+°H N

wherenisaneutronfrom cosmic radiation. Tritium atomsthen combinewith oxygen, forming water that subsequently
fdlsasprecipitation. Smal amountsof natural tritium areaso produced by dphadecay of lithium-7 intheearth [3].

About 3 to 5% of all neutronsin the upper atmosphere react with nitrogen to form *H [4]. The natural
concentration of tritiumin the atmosphereisuncertain, because few measurements were made prior to nuclear
testing. However, thenaturd tritium concentration isestimated to be between 4 to 25 TU depending on location
[5]. Tritiumreleased from nuclear power plantsisprimarily produced by neutron activation of Boron and isreleased
inliquid and gaseous effluents. Gaseous form of tritium effluents can bewashed out by precipitationand show up
insurface and groundwater samples|[6]. Inregular water 2 hydrogen acomsbond with oxygento formawater
moleculeof H,O; in Tritiated water however thetritiumis used to replace one of the hydrogen atoms. When tritium
isformed it often combineswith oxygenintheformof HTO, whereH is*H or 2H; T is*H; and O isoxygen. This
isrecognized withachemica symbol of HTOinstead of H,O. Thisisaso called astritiumoxide. Tritiumdistribution
in precipitation dependson latitude, proximity to the seaand distancesfrom artificial sourcesor thermonuclear test
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Figure 1: Tritium concentrations in rainfall. ®H concentrationsare for Ottawa rainfall,
and have been corrected for radioactive decay to 1995 [12]

zones. Thesefactorsand itsradioactive decay mean that tritium can be used to determine how long water hasbeen
present inaquifers[7, 8].

Tritium (®H) isoneof historical tracers suitablefor studies of young groundwaters. Concentrations of this
isotopeinthe atmosphere increased during thelate 1950s and early 1960s asaresult of thermonuclear testing
(Figure1). Thisprovided adlug-likeinput to groundwater systems, and could be used to identify groundwater
which recharged during thistime. 3H has been extensively used in studies of shallow groundwater systems
[9, 10, 11].

Since*H undergoesradioactive decay with arelatively short half-life of 4537 days, the definition of thebomb
peak isdiminishing, andin someaquifers*H concentrationsin samplesrecharged during the 1960sisnot significantly
abovemodemrainfal values[13]. Thisisparticularly so inthe Southern Hemisphere, where concentrations of *H
inrainfal werean order of magnitudelower thaninthe Northern Hemisphere[14, 15].

Measurement and interpretation of the *H/*Heratio in groundwater became an important technique that is
availableinrecent years, which allow direct dating of singlegroundwater samples. *H/*Heareableto estimate
groundwater ageswith aprecison of afew yearsor better, for groundwatersrecharged sincethe 1950s. *H/*He
methods are now widely used in oceanography [ 16] and limnology [17, 18] to study the circulation of water
masses. Inthis paper, we briefly describe the recent findingsof tritium concentration inthe study catchment.

Il. STUDY AREA

L ocation and general description

Thisstudy was conducted at the middie M ohlapits Wetland in Capricorn District of SouthAfrica, whichliesinthe
lower part of the Oliphantsbasin (Figure 1). Thewetland isapaustrine system covering an areaof 183 ha[14].
Moreover, thewetland islocated inthe B71C quaternary catchment (according to South African designation) and
geographicdly on coordinates 24°6' 0" Southand 30°6’ 0" East. Agricultura activities have extensively modified
theecological statusof the wetland systemunder study [14].
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Figure 2: Location of the Middle Mohlapits wetland in the Limpopo Province and the
Oliphants River basin [19]
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Figure 3: Delineation of the Oliphants River basin, the Middle M ohlapits catchment
(B71C, B71D) and the Middle M ohlapits wetland (B71C) [19]

The Mohlapits River isin Limpopo Province of South Africaand drains southwards from the Wolkberg
Mountainsinto the Oliphants River. Theriver flow shows reduction between gabion dam (approximately 3km
upstream of T1) and bridge. Theupper part of the Mohlapitsi Catchment in Olifants Catchment ismountainous
with peaks above 2050m and mainly covered by natura forest, whereasthelower reachesaredluvid valleys[17].
At the confluence with the Oliphants River, the Mohlapitsi catchment is490 km? and upstream of thewetlandit is
approximately 263 kn. Thevalley is narrow and confined; with steep hill dopeson the edges of the valley bottom
(Figure4).
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Figure 4: The Mohlapits Wetland in the valley bottom[19]
[1l. METHODOLOGY

A. Water samplingfor tritium isotopeanalyss

Atotal of 50 water samples (fromdrain, river, springs, boreholes and piezometers) were collected for tritium
analysesduring May 2010, December 2011, April 2012, and October 2013 (Figure 5). Borehole sampleswere
collected from Valisand Mashushu villagesduring al sampling timesexcept May 2010 for isotopic analysisand
both samplesweretaken fromtaps (not directly fromthe boreholes). All the sampleswerecollected with polyethylene
containers. The sample bottles were rinsed several times with water from the site as described by Rozanski
etal.[20].

As*H entersgroundwater systems and beginsto radioactively decay, the noble gas*Heisproduced. Inthe
unsaturated zone, dissolved *He generated from *H decay can belost to the atmosphere. Below thewater table,
dissolved *He concentrationswill increase as groundwater becomes older. Although groundwaterscontain *He
from severa sourcesother than‘H decay, determination of both *H and tritiogenic *He have be used asaresidence
time[21]. Hence, theresdencetime of GW in the Sudy site was calculated using equation 2.

1, (3H
r=1 11n[3—;+1j @

wheret isthe estimated groundwater age, A isthe*H decay constant, and *H and *He were measured in
tritium units. Tritium decays by electron emission with 12.43 yearsby 3 particle, and its A isbetween 5.5 and
5.69 kev. For *H, onetritiumunit (TU) represents oneatom of tritiumin 10°atomsof hydrogen. Concentrations
of tritiuminthe groundwater were measured by scintillation counting after electrolytic enrichment asdescribed
by Clarke and Fritz[ 22]. Analytical uncertaintiesusually result in errorsin age estimates of less than 10%
[23]. Sensitivity of *H/*He ageto recharge temperature wastaken lessthan 0.5 years at °C-1. Sensitivity to
excess air was approximately -5.0 years per cm3 kg-1 of excess air for very young water, decreasing to -
0.25 yearsper cm? kg for water approximately 25 years old. Although, intheory, excess air and radiogenic
3He can be estimated and corrected for, in practice this may not always be so straightforward. Air entrapment
or gasstripping during sampling wasapossible source of error [ 23]. Furthermore, diffusiveloss of *Heto the
atmosphere has been shown to lead to underestimates of ages of surface water bodies, and will similarly lead
to underestimates of groundwater ages[24]. Diffusiveloss of *Heto the atmosphereis greatest when helium
concentrations near the water table arelargest, such aswhenalarge‘H spikeisinjected in the aquifer and
beginsto decay.
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Figure 5: Locations of water resources and sampling points in the study wetland during
2007 through 2013 (own analysis)

V. RESULTSAND DISCUSSIONS

Table 1 and Figure 2 present thetritium-specific activities(TU) for all water samples during sampling periods of
May 2010, December 2011, April 2012 and October 2013. Therewas no noticeabletrend within tritium values
acrossthevarious springsthat were sampled, which was consistent with the variability in theisotopic sgnatures of
the spring water. Also, during April 2010, the three left bank springs (Jordaan Spring, Loumauwe Spring and
goring a T5 environment) did not show significant variation. Thehigher tritiumvaues(TU=1.4) and thesmaller
(TU=0.6) periodic oscillation observed for Piezometer T510, during April 2012 and December 2011 respectively,
could be dueto the small amount of precipitation during April 2012. Furthermore, during April 2012, all five
piezometer samplesdid not show variation. Thetritiumvauesfor theriver water samplesweremuch more consstent,
but did not show any strong seasonal variations, while it might have been expected that the dry season river
sampleswould show up asolder water originating from sourceswithlonger resdencetimes.

Thehigher vauesfor tritiumwere observed at L eft Bank Spring 1 (TU=3.2, during May 2010), located at the
top extreme end of astudy areaas compared to VallisBorehole (TU=0.2, during May 2012). Thisresult isin
agreeable with the result obtained by Thatcher [25] that the atmospheric concentration of tritiumin western
Washington wasegtimated to rangefrom3to 5 TU. The cause for high concentration of tritiumat the study area
during May 2012 could bethat during the study period, new rainfall water entered the spring storage and mixed
with old water. Thisfurther strengthensthe argument that the spring waters come from different sourceswith
different resdencetimes and ages.

The Vallisborehole sample appearsto bethe oldest water (0.2TU); indicating itsage isabout40 years. This
would beexpected asthe concentration of tritiumin groundwater decreasesby radioactive decay [26]. Theresults
of ValisBorehole during December 2009 and A pril 2010 were consistent (Table 1 and Figure 2). The next oldest
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Tablel
Tritium valuesduring M ay 2010, December 2011, April 2012 and October 2013

May2010  Dec.2011 Apr.2012 Oct.2013
Sampledescription TU TU TU TU

Right Bank (RB) Spring 1 32

Left Bank (LB) Spring 2 08

LB Spring 3 0.7

RB Spring 4 14

RB Spring 5 10

RB Spring 6 17

River Upstream 19

River downstream 12

Groundwater at piezometer T510 08

River below downstream new bridge 19

Riveat downstream new bridge 16

River upstream culvert, north of Fertilisvillage 21

River at Transect 1(T1) environment 14

Right Bank Spring 1 17

Right Bank Spring 2 13

Right Bank Drain at T1 environment 23

Right Bank Drain at T2 environment 16

ValisBorehole 02

Mashshu Borehole 0.7

Groundwater at piezometer T510 06

River downstream of Jordaan Spring 14

River upstream of Jordaan Spring 24

River at Vallisvillagecrossing 17

River upstream 17

Piezometer T510 14

Piezometer T101 16

Piezometer T201 16

Piezometer T104 17

Piezometer T302 12

Jordaan Spring 13

L oumauwe Spring 06

Left Bank Spring at T5 environment 0.7

Mashushu Borehole 09
VallisVillageBorehole 03

River below downstream new bridge 14
Right Bank Spring 1 19
Piezometer T201 12
RB Spring 4 11
Riveat downstream new bridge 14
River at Vallisvillagecrossing 17
Piezometer MRB302 12
River upstream 13
River downstream 08
Mashushu bore hole 06
Right bank spring, LBS3 12
L oumauwe Spring 09
Jordaan Spring 13
Piezometer MRB 101 09
DrainT1 13
Valisborehole 07
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water after VallisboreholeisLoumauwe Spring (TU=0.6), located at left bank environment (Table 1 and Figure
2); indicating its age less than 45 years [ 27, 28]. All other water samples plotted between 0.8TU and 4TU;
indicating amix of sub-modern and modern water.

Als0, dl samplesthat fall below 0.8TU indicate sub-modernwater (prior to 1950s). Thedrain sampleisof the
same order of magnitude astheriver water suggesting that the drainage water hasashort residencetimeinthe
wetland. The mgority of the piezometer water samplesare dso similar totheriver water and haverelatively high
tritium values. However, the sampletakenat T5 had avery low tritium value during May 2010, whilethe sample
fromthe same site during December 2011 was more consstent withthe other piezometer stes. This may suggest
that some spring water is contributing to thewetland subsurfacewater content during the dry season.

Only comparative agesof water samplesarereferred to and no absolute aging of water based ontritiumhas
been attempted. While these comparative values have provided someinformation about the age and possible
movementsof water inthewetland environment, amoreintensiveand better planned programme of tritiumanalysis
would haveprovided amore complete assessment. It may be concluded that thisstudy hastherefore demonstrated
some potentia for theuse of tritiumwater analysesinwetland sudies, but that the sampling scheme used withinthis
study doesnot provide conclusive answersabout different ages (and residence times) of different water sources.
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Figure 6: Tritium Values during May 2010, December 2011, April 2012 and October 2013
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Figure 7: Deuterium and Oxygen-18 plot for water samples based on water source
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Figure 7 showsthe relationship between measured tritium in asample and the 6**0 signature. As 6**0 values
increase, the probability of finding tritiuminthat sample also increases. No tritiumis observed in any sample that
has a0 vaue lessthan -6 and the mgjority of sampleswith measureable amounts of tritium have 80 signatures
between -6 and -4«.

V. CONCLUSIONS

To improvethe understanding of the hydrology and the origin of water in the M ohlapitsi Wetland environmental
isotopetracerswere measured. Tritium, the radioactive isotope (*H) of the element hydrogen, isan excellent tracer
of ground water because it isincorporatedinto water moleculesof rainfall that rechargesground water, and its
movement withintheground-water systemisnot restricted by chemical or physical processes.

Concentration of tritiuminwater samples shows seasond variations. The maximum concentrations occur in
lateApril 2012 or end of summer; the next maximum concentrations occur in December 2011 or middle of summer
(Table 1 and Figure 3). All samplesthat lie below 0.8TU indicatethe existence of sub-modernwater (prior to
1950s); while those that fall between 0.8 and 4TU indicate a mix of both modern and sub-modernwaters. The
causefor elevated concentration of tritium during May 2010 measured at |eft bank spring located about 3 kmnorth
of T 1could bethat during thestudy period, new rainfall water entered the spring storage and mixed with old weter.
Hence, thisfurther strengthensthe argument that the spring waterscome from different sourceswith different
resdencetimesand ages.

Furthermore, the presence of tritiumingroundwater samplesat concentrationsgreater than 1 TU indicatesthat
the ground water was recharged after the start of atmospheric testing of thermonuclear weapons. Atmospheric
tritiumfromwegponstesting continuesto decay, and tritium concentrationsin nowadaysrainfal aretill distinguishable
from tritium concentrationsin ground water recharged prior to the period of bomb testing.

Ground water containing tritium concentrations between the detection limit and 1 TU may be considered to
have beenrecharged prior to thebomb testing period or ispredominantly older water that may have mixed witha
smaller fraction of modern ground water recharged after 1953 [22].

Groundwater sampleswith concentrations lessthan 0.4 TU are considered to contain little bomb tritium,
indicating that ground water in these sampleswasrecharged prior to 1953. Tritium concentrationsbetween 0.4
and 1.0 TU wereconddered to fdl inarange whereaclear distinction between modern and pre-modern ground
water could not be assigned based on tritium dataalone.ln generd, the presence of tritiumin groundwater sample
meansthat the groundwater wasrecharged after post bomb-tritiumera(1963) regardless of how HTO water was
measured.

Theimportance of environmental isotopetracers[22, 23] intracing water dynamicsinthe Mohlapits Wetland
isemphasizedin thisresearch. Onthe other hand, there are some limitations related to the costs and logistics of
sampling and the cost of laboratory analysis. Secondly, ahigh level of expertise could berequired for sampling
and interpretation of the analysis.
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