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Introduction Use of Tritium as a Tracer

As part of the Federal-State Cooperative Program, the
U.S. Geological Survey (USGS) collects, on a
systematic basis, data needed for the continuing
determination and evaluation of the quantity, quality,
and use of water resources in the United States and
appraises the availability of ground and suriace water
through analytical and interpretive investigations. The
resulting information forms the foundation for many of
the Nation's water resources management and
planning activities and allows for the detection of
emerging water problems.

The Mississippi Department of Environmental Quality,
Office of Pollution Control (OPC), is the principai
agency responsible for management and protection of
ground water in Mississippi. The OPC administers
programs and policies to secure, protect, and preserve
the right of citizens to unpolluted waters. Together
with the Mississippi Department of Agriculture and
Commerce, the OPC is developing a comprehensive
program to protect aquifers from suriace and shallow­
source contamination. The USGS, in cooperation with
these agencies, is conducting an investigation to
describe the relative susceptibility of major aquifers in
Mississippi to suriace and shaliowsource
contamination.

Purpose and Scope

One of the objectives of the Office of Pollution
Control's groundwater protection programs is to
investigate the relative age of ground water in the
principal aquifers in Mississippi that are associated
with the Well Head Protection Program. In 1989 and
1990, in cooperation with the OPC, the USGS utilized
radioisotope (tritium) dating techniques to assess the
relative age of shallow ground water for selected
aquifers in the State. This paper summarizes the site
information, methods of sampling and analysis, resu~s
of the tritium analyses, and other selected water­
quality data collected as part of that study.
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Tritium has been used extensively as a hydrologic
tracer since the early 1950's and can be used to
indicate the relative age of water (pre- or post-1953).
Tritium is particularly useful in groundwater studies
because it is relatively unaffected by reactions other
than radioactive decay. Tritium is a radioactive
isotope of hydrogen with an atomic weight of 3 and a
half-life of 12.43 years. Tritium is produced naturally
and occurs in a small but nearly constant
concentration (Lal and Peters 1967) in the
atmosphere. Prior to the initiation of .atmospheric
testing of large thermonuclear weapons in 1953, the
natural tritium content of rainwater was about 1 to 5
tritium atoms per 1018 normal hydrogen atoms
(Thatcher 1962, p. 48), or 1 to 5 Tritium Units. In the
1950's and 1960's, tritium concentrations in
precipitation in the northem hemisphere increased 2
or 3 orders of magnitude--to about 50 Tritium Units for
suriace ocean water and to 100's or 1000's of Tritium
Units for some continental water (Michel 1989, p. 2).

Site Selection Criteria and Site Information

In April 1989 and in April and May 1990, the USGS
collected water samples from 43 shallow wells (less
than 500 feet deep) (fig. 1) for tritium analyses; the
wells were completed in 17 geologic units in 13 of the
14 principal aquifers in Mississippi (tables 1 and 2).
The availability of complete and accurate well­
construction information was an essential selection
criterion for each site; consequently, first preference
was given to public-supply wells for which drillers' logs'
and geophysical logs are available. Other selection
criteria included wells that were in use, had turbine or
submersible pumps, and had a yield of at least 25
gallons per minute.

Methods of Sampling and Analysis

To assure that samples were representative of water
from the water-bearing unit, the wells were pumped
long enough prior to sampling to evacuate at least
twice the volume of water standing in the casing.
Most of the wells sampled were in daily operation, and
some were in continuous operation. Water samples for



tritium analysis were collected in a narrow-mouth flint
glass bottle with a polyseal cap. The bottle was
completely filled, with care taken not to entrain air.
The bottle was capped, and the cap was taped to
prevent it from loosening during transit.

The samples were shipped to the USGS Laboratory in
Denver, Colorado, where they were recorded,
repackaged, and forwarded to the University of Miami
Tritium Laboratory. At the Tritium Laboratory, the
samples were analyzed by an electrolytic enrichment
with gas counting method developed by Ostlund and
Werner (1961). It is the most sensitive method
available through the National Water Quality
Laboratory. The lower detection limit is 0.3 picocurie
per liter.

Results

Tritium concentrations for the 43 wells (table 3) are in
picocuries per liter. For the convenience of the
reader, Tritium Units (which were obtained by dividing
picocuries per liter by a conversion factor of 3.2) are
also shown. Laboratory values for specific
conductance, pH, and alkalinity for water from the 43
wells are also included in table 3.

Tritium concentrations less than about 1 picocurie per
liter are considered to represent water with natural or
background levels of tritium for ground water in
Mississippi (R.L. Michel, USGS, oral commun.,
September 13, 1989). Values greater than 1 picocurie
per liter are considered to represent post-1953 water,
which is commonly referred to as "modern water" or
"bomb tritium water." The limited amount of tritium
data obtained during this study precludes drawing
conclusions about the typical concentrations for any
given aquifer.

Tritium concentrations ranged from less than 0.3 (the
lower detection limit) to 42 picocuries per liter. Tritium
concentrations in water from 24 of the wells were less
than the lower detection limit. In about 40 percent of
the wells, tritium concentrations were greater than 1
picocurie per iiter, indicating modern (post-1953)
water. The largest concentrations of tritium detected
in ground water during this study are approximately
equal to that in present-day (1991) precipitation in the
area (or about 10 Tritium Units, R.L. Michel, USGS,
written commun., January 26, 1991).

The median and mean depth, specific conductance,
pH, and alkalinity values were substantially smaller for
the wells with modem water than for wells with older
(pre-1953) water. Wells with modem water had
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depths ranging from 96 feet to 360 feet, a median
depth of 187 feet, and a mean depth of 196 feet.
Water from these modern-water wells had specific
conductance values ranging from 20 to 558 uS/em
(microsiemens per centimeter at 25 degrees Celsius),
a median of 66 uS/em, and a mean of 144 uS/em.
Water from these wells had pH values ranging from
5.3 to 7.5, a median pH of 5.9, and a mean pH of 6.3.
Water from these wells had alkalinity values (as
CaC03) ranging from 2 to 288 mg/L (milligrams per
liter), a median of 10 mg/L, and a mean of 56 mglL.

Wells with pre-1953 water had depths ranging from
138 feet to 483 feet, a median depth of 277 feet, and
a mean of 278 feet. Water from these wells had
specific conductance values ranging from 30 uS/em to
938 uS/em, a median of 339 uS/em, and a mean of
320 uS/em. Water from these wells had pH values
ranging from 6.2 to 8.6, a median pH of 7.6, and a
mean pH of 7.4. Water from these wells had alkalinity
values (as CaC03) ranging from 7 mglL to 299 mgll,
a median of 158 mglL, and a mean of 135 mglL.

Summary

In April 1989 and in April and May 1990, the U.S.
Geological Survey collected water samples from 43
shallow wells (less than 500 feet deep) for tritium
analyses; the wells are completed in 13 of the 14
principal aquifers in Mississippi. Tritium
concentrations ranged from less than 0.3 to 42
picocuries per liter. Tritium concentrations in water
from about 40 percent of the wells were greater than
1 picocurie per liter, indicating modern (post-1953)
water. The median and mean depth, specific
conductance, pH, and alkalinity values were
substantially smaller for the wells with modern water
than tor wells with older (pre-1953) water.
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Figure 1 . Location of ground-water sites with tritium analyses.
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Table 1. Geologic units and principal aquifers in Mississippi
[Modified from Wasson, 1986; only geologic unit codes for units

tabulated in table 2 are lilted]

En..... SYltem s.n.. G....p GooIooIc Geoiogk: unit PrinclpaJ aqulrer

unl. or aqulrer Iy.tem

""'.
Qua""""" Hol~ Qua""""" oIIuvium

"'" MRVA MiJaigippi Riwz Mislillippi River
1'1_ valley alWvium alluvialaqui!cr
1'1_ Loou

TCInCO dq:ai.ta

PIio<on. CRNL CiaooolIe Fomwioo Cit:ronellcaquifm
G1lMF Graham Fcry Famlliaa

Mio=e Pucaloull Fmmalim

Ih.................. MiOCCDCl aquifer sylUmc....__"PI'" port

CIlILL
c....__1owe< port

MOCN DeoocilI of Miocene Igc
Oligocene VicluburJ BucalUM& FonnatbxJ.

Gn»p WRBR Wayneaboro amd lentil

Byram Fozm.ticm Oligocene aquifer
G1eDdca Umc.lcmo .,...,.,
Marianna Fcmwiod
Mint Sprina Fonnatioa
ForeIt Hill Founltiaa

Ceo"",", Eo=o J.Won yazoo Cay

Tc<Wy Gn»p MoodY' Branch Formatioa
a.il>omo CCKF Cockfidd Formatioa. Cockfield aquifer

Gn»p Coca MOWIlaia Fmmatioa
SPRT SponaSond SpmaaqW'cr

Zilpba Clay

W"mmaSmd
Tll.T Ta1l&hana Fozmaticm Wincm-Tallahw.

""""'" SondManbor aquifCl'
Buic Ci1y Slw. """"'"
Meridian Sand Membez'

MUWX Ma:idiaa. Sand Manbel' Maidian-uppcr Wilcox

"'" Wi1= Gn»p, u""" put "","a
W1lco:r. GJoup. upper part

Ih_t-Fonnotioa_.
Woko. Tuacahoma Fotm.ticrt
G"",p WLCXM Wi1= Gn»p, "'"""" port

Nanafalia Foanalion
FeI.m. Spzinp Mm:1bcr

WLCXL Wiloo.Gn»p,I~put Lower Wilco:r. KJ.uiIcr
Midway Nabeola Founuim
G"",p Pmu:a; Cndt Cay

""uhcwol.mWna Mm Mombor
QayUlD Formatiaa

Mcsc:rz.oi.c Prairie Bluff 0Wk
and Owl Creek Forrnalion

e-"""" U""" Se!m. RPLY Ripley .......... Ripley Iquifcr

e-"""" Gn»p !l<mopoIio CboIk
Coff.. Sond Coffee Sand aquifer
Mo=ville Cha1k
AJaU Lime.tane Member

ElJlW Eutaw Fonnatiaa
.

Tombiaboe Sand Member Eutaw-McShan
TUICaloo.. Euu.. Fomwioa., lowcrput "","a
Gn»p MCSN McShan Foanaticm

GGRD Gordo Formatioa
Coka' Fomation TllIoCI1oou aquifer
Mullivtl MIld .,...,.,

Luwa UodiffCl'a1tilLed

e-""""
Uodiffcrcntiated

Palcawic PUC Palcauric Fnthem Palcar.oic aquifer.,...,.,

95



Table 2. Summary of site information
[Uti!. Utilities; W A. Water Association)

Site c-, Locai 0..- .. ~ -- D<p<h D<p<h GooIos><
....bu wcI1 ........ '" ...... ................. wcI1 "'_ <_table 1)

(r...) mtetVaJ
(feet)

I ADAMS IlO4S BROAOMOORE urn. 31~1· 91"'21"3T ISO 13S MOC'I
2 ATIAl-' 1m3 EIHEL 33"07'30" 89"21'01'" 210 11. TI.LT
3 BOUVAR R074 scatT 33"3S24' 91~"3T 413 431 CCXF
4 OIOCTAW IJJ30 ACKEllMAN 3)"11'46' 89"10"34· 101 64 WLCXM

S Qj,!JlQRNE LD7. PORT GIBSON 31"S719" 90":51'52" 110 110 emu.
6 aJ.RKE AOO2 ENI'ElU'R1SE 3rlU19'" U049'CIlr 2SO 220 MIJWJ(

7 COAHOMA 1009 aARKSDALE 34"12'12"" 9O"34'W 3S7 307 SPIlT
1 <DPIAH VOl. WESSON 31"4729'" 9<r2T14'" m 292 emu.

• <DPIAH V02S WESSON 31"4:l'37'" 90"'23'10" 360 320 emu.
10 DEsaro D022 MINERAl. WELLS W A 34".59'10" 89"51"30" m z:51 SPIlT
11 DESOTO JI073 FAIRHAYEN W A 34'SS'S,' 89·47'3S· 2S4 214 SPRT
12 GREENE N044 MCLAIN 31"05'05'" 81·4I'SI'" 180 140 MOC'I

13 GRENADA IIlI0 GRENADA 33"46'43'" 89"4&'00· J72 132 MIJWJ(

14 GRENADA 1Il13 GRENADA 33"41'.52" 89"43'35" 110 loIS MIJWJ(

IS IIINDS Hl71 BEST WESTERN 32'"23'1 S'" 90"01'46'" 380 320 CCXF
16 IIINDS S016 urrCA 32"05'40" 9O~S'SI" 291 2S8 emu.

17 ITAWAMBA 11021 FULTON 34°16"28" 81-n'33'" 274 m GORD
18 JACKSON Q420 PASCAOOTJU. 30"22'47'" 11"30'29'" 346 266 GRMF
l' JASPER QOO2 HEIDELBERG 31°.53"35. 8&"59'06'" 360 300 CCXF
20 JONES CI67 UUREL 31°4732'" 89"06'S2" m ,.. CIlIlL

21 1CEMP£R NOI6 KIPLING WA 32"4USl'" U°40'26'" 178 138 WLCXL
22 UFAYEITE Rl23 oxroRD 34-:21'55" 89"'30'40" 96 7J MIJWJ(

23 UMAR E209 NLAMAR WA 31"1'7'30" 89""24'10" 187 I'" CllNL
24 L4.MAR J776 NLUMBERTON W A 3t"0S'14'" 89"3S'S3' :m "" CllNL

2S UMAR 1.093 PROCiRESSWA 31"09'30" 19"25'11- 264 m MOC'I
26 lAUDERDALE !l2S TOOMSUBA WA 32'"2.1"10- 11'"31'31- 240 200 WLCXL
27 UW<E AOO6 n!OMASTQWN 3rSl'S6- 89"40'03- 246 206 SPIlT
28 IS IIl93 MooRE·Rlo{ W A 34'IS'46' 88"36"SI' 360 300 EUIW

29 IS 011S CASON WA 34"06'24' 1I~49- 300 2SO MCSN
30 LEFLORE LIS4 GREENWOOD 33""3O'SO- 9<rll'tXr 220 160 SPIlT
31 LOWNDES B030 CAUmONIA 33"41'00- U"19"3O" 32l 283 OORD
32 MADISON UJ2lI DEPT OF WILDlJfE 3T33'S0- I9"S5'10- 211 In a:KF

33 MARlON LOO2 COUJMBJA 31-l4'41- 19"4I'SO" 140 110 1olOOl
34 MARSIIAU P06S LAXECENTER 34-41'20" 89"'21'S9- Il3 13 MIJWJ(

3S RANKIN Rl67 JlEFUCJ10N APTS 3rl9"36- 90"06"33' )SO 330 CCXF
36 SMml ro13 OKATOMAWA 31-4746- 89"'347.6- 241 201 CIlIlL

37 TATE Rl4I S11tAYHORN W A 34"36"06' 90"04'33" 316 276 SPIlT
38 TIPPAH DOI4 'TlPPI.B.SVIllE W A 34"SYW 88'S4'3T' 190 130 RPLY
39 nSHOMD'KiO DOS2 BURNSvn.LE 34'SCY3)" 88'1''22' 280 230 PUC
40 WARREN E023 VlCXSBURG 32"'24"31- 9<rS3'02- 122 12 MRVA

41 WAYNE N1S5 WAYNESBORO 31"'39'S5- 11'"31'045- 138 88 WSBR
42 wn.K!NSON 0023 CENI1lEVILLE W A 31-05'14- 91"03'51- 2lJl 168 CllNL
43 WiN"STON FOOl BONDWA 33"0'744- U"Sn8- 206 181 WLCXL
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Table 3. Values for tritium and selected water-quality properties and
constituents for ground water

[pCi/L, picocuries per liter; TV, tritium units; 1151ern, microsiemens per centimeter at 25 degrees
Celsius; mg/L, milligrams per liter; CaC03, calcium carbonate; <, less than]

Site Date Tritium Speafic pH Alblliuty
nwnbe>- cona:ntntiDn amductanc::e (units) lmgILu

(pClIl) CfU) 4D/<D1l c.cO]l

1 04-20-89 41 13 S58 7.4 2M
2 04-211-90 <.3 <.1 llD 65 28
3 05-03-90 <.3 <.1 340 85 168
4 04-1_ 20 6.2 117 55 8
5 04-20-89 4.3 1.3 486 7.0 246

6 04-25-90 <.3 <.1 4SD 85 242
7 04-26-89 <.3 <.1 ~ 7.2 2S1
8 04-1~ 34 11 61 5.6 7
9 04-19-89 38 12 40 5.6 6

10 04-23-90 2.0 .6 66 7.2 2S

11 04-23-90 6.8 2.1 67 75 19
12 04-17-90 <.3 <.1 354 8.6 163
13 04-23-90 <.3 <.1 354 7.6 161
14 04-25-89 <.3 <.1 33Il 75 148
15 04-2~90 <.3 <.1 537 85 ZI8

16 04-211-89 <.3 <.1 581 7.2 179
17 04-1~ <.3 <.1 65 6.2 24
18 04-18-89 <.3 <.1 !l38 7.9 299
19 04-25-90 <.3 <.1 678 8.3 263
20 04-16-90 <.3 <.1 154 7.1 65

21 04-21-89 31 9.7 36 5.3 2
22 04-25-89 42 13 85 5.7 13
23 04-19--89 14 U 23 5.7 5
24 04-19-89 31 9.7 20 55 3
2S 04-19-89 <.3 <.1 :Jl 6.2 11

26 04-25-90 <.3 <.1 245 8.0 I13
27 04-211-90 <.3 <.\ llD 65 14
28 04-24-90 .6 2 35lJ 8.2 108
29 04-24-90 <.3 <.1 n; 8.0 158
30 04-25-89 .9 3 4S5 7.2 234

31 04-211-89 <.3 <.1 65 6.2 2S
32 04-21>-90 13 4.1 145 7.0 36
33 04-I~ 12 3.8 43 5.8 9
34 04-24-90 30 9.4 37 6.7 10
3S 04-19-90 <.3 <.1 S07 8.4 211

36 04-16-90 28 8.8 53 5.9 4
37 04-25-89 <.3 <.1 91 6.3 38
38 04-1_ <.3 <.1 3lO 7.8 192
39 04-19-89 <.3 <.1 61 6.2 20
40 04-211-89 17 5.3 5lIl 7.1 lS8

41 05-03-90 <.3 <.1 III 8.3 159
42 05-04-90 21 6.6 99 6.4 14
43 04-25-90 <.3 <.1 33 6.6 7
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