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TRITIUM CONCENTRATIONS IN BEES AND HONEY AT
LOS ALAMOS NATIONAL LABORATORY: 1979-1996

by

P. R. Fresquez, D. R. Armstrong, and L. H. Pratt

ABSTRACT

Honeybees are effective monitors of environmental
pollution. The objective of this study was to summarize
tritiom (CH) concentrations in bees and honey collected from
within and around Los Alamos National Laboratory (LANL)
over an 18-year period. Based on the long-term average, bees
from nine out of eleven hives and honey from six out of eleven
hives on LANL lands contained *H that was significantly
higher (p <0.05) than background. The highest average
concentration of *H in bees (435 pCi mL™?) collected over the
years was from LANL’s Technical Area (TA) 54—a low-level
radioactive waste disposal site (Area G). Similarily, the highest
average concentration of *H in honey (709 pCi mL™) was
collected from a hive located near three *H storage ponds at
LANL TA-53. The average concentrations of *H in bees and
honey from background hives was 1.0 pCi mL™? and 1.5 pCi
mL7, respectively. Although the concentrations of *H in bees
and honey from most LANL and perimeter (White
Rock/Pajarito Acres) areas were significantly higher than
background, most areas, with the exception of TA-53 and TA-
54, generally exhibited decreasing *H concentrations over time.

I. INTRODUCTION

Honeybees are effective
monitors of environmental pollution;
they forage for pollen and nectar
over a large area (e.g., 7 sq. km)
(Wallwork-Barber et al. 1982),

accumulate contaminants from all

four media (e.g., air, water, plants,
and soil) (Bromenshenk et al. 1985),
and return to a fixed location (the
hive) for sampling (Simmons et al.
1990). The presence and distribution

of pesticides (Anderson and Woijtas




1986), polychlorinated biphenyls
(Morse et al. 1987), heavy metals
(Crane 1984, Jong and Morse 1977,
Free et al. 1983), and radioactivity
(Simmons et al. 1990, Hakonson and
Bostick 1976, and Kirkham and
Corey 1977) have all been assessed
using honeybee colony networks.
Hakonson and Bostick (1976), in
particular, showed the usefulness of
honeybee colonies for determining
the presence of 3H, 37¢s, and Pu in
the environment within the Los
Alamos National Laboratory (LANL)
area. Of the three radionuclides
studied, *H was most readily
collected by the bees and transferred
to the honey.

The objective of this study
was to summarize “H concentrations
in bees and honey collected from
hives located within and around
LANL over an 18-year period.
Results of other radionuclides (57Co,
60Co, 2By, K, "Be, ®Na, *Mn,
BRb, 17Cs, B8Py, 2°Pu, 2°Sr, 2 Am,
and “'U) in honey collected from

hives located around the perimeter of

the Laboratory (L.os Alamos and
White Rock/Pajarito Acres, New
Mexico) have been previously

described (Fresquez et al., 1997).

II. MATERIALS & METHODS
Over the course of this
investigation, approximately 11
LANL, two perimeter (Los Alamos
and White Rock/Pajarito Acres), and
as many as five regional background
areas (San Pedro, San Juan,
Pojoaque, El Rancho, and/or
Chimayo, New Mexico), were
established for study (Figure 1). At
each of these sites, two standard 1.7-
by 1.4- by 0.8- ft Langstroth hives
containing nine 0.5- by 0.8- ft frames
were stocked with approximately 3
Ib of Italian honeybees (Apis
mellifera). Annually, around late
August early September,
approximately 500 g of forager and
nurse bees and two frames of honey
were placed into clean plastic bags,
marked for identification, and

transported to the Laboratory in

locked ice chests.
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Figure 1. Locations of beehives on LANL, perimeter, and regional background areas.
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Bees from LANL and perimeter
areas were collected from 1982
through 1993 and 1982 through
1996, respectively. Honey from
LANL and perimeter areas was
collected from 1979 through 1995
and 1979 through 1996, respectively.

At the Laboratory, 5 mL of
moisture were distilled from each
sample, mixed with 15 mL of a
scintillation solution, and counted
with a scintillation counter for 50
min. for >H.

A nonparametric Wilcoxon
Rank Sum test was used to assess
differences in the arithmetic means
of *H concentrations in bees and
honey collected from LANL and
perimeter stations versus regional
background (all regional stations
were combined) at the 0.01 and 0.05
probability level (Gilbert 1987).
Pearson’s correlation coefficients
were used to compare °H
concentrations in bees with °H
concentrations in honey among the

study sites. Also, a Mann-Kendall

nonparametric test was used to

evaluate trends in *H detected in bees
and honey collected from LANL,
perimeter, and regional background
hives over time at the 0.05
probability level. The probability for
the Mann-Kendall test was taken
from Hollander and Wolfe (1973) in
those cases with <10 data points and
from the normal approximation in
those cases with >10 data points. A
positive value for the statistic
indicated an upward trend while a
negative value for the statistic
indicated a downward trend (the
direction indicated by the statistic
was reported even when the test

result was not significant).

ITI. RESULTS & DISCUSSION
a. Honeybees

The upper limit
background concentration (ULB)
(i.e., the background mean plus two
standard deviations) for *H in bees
collected from regional background
hives over the study period was 3.4
pCi mL™" (Table 1). In general, *H in

bees collected from LANL areas




TABLE 1. Tritium (pCi mL™) in bees from LANL, perimeter, and regional background areas between 1982 and 1996.

1982 1986 1987 1988 1989 1990 1991 1992 1993 1996 Mean
LANL
TA-5 . 14.0 5.7 30.0 44.0 7.2 1.0 20.9 6.5 16.2%*
(4.0)? 1.4 6.0) (8.0) 1.6) (0.6) 2.8) 1.6) 29.3°
TA-8 1.8 71 47 0.7 1.8 35 0.5 14.6 0.6 4.0*
(1.8) 1.2) 0.6) 0.8) 1.0) 0.6) 2.4 0.6) 9.3)
TA-9 12.0 1.6 0.3 1.5 5.7 0.7 1.1 0.6 2.9
2.0) (1.2) 0.6 (0.6) 1.4 (0.6) (0.6) (0.6) @.1
TA-15 5.3 2.2 2.3 780.0 2.4 53 13.1 6.9 102.2%*
(1.4 0.8) (0.8) (160.0) (0.8) 11 (2.2) (1.6) (547.8)
TA-16 1.1 6.8 5.2 44 0.4 0.3 1.1 2.8
0.8) (1.6) 1.2) (1.0) (0.6) 0.6 (0.6) (5.3)
TA-21 3.6 23.0 6.7 18.0 19.0 8.2 16.1 49 12.4%*
2.4) 4.0) 1.6) 4.0 (4.0) (1.6) 2.4) (1.4 (14.8)
TA-33 35.0 8.7 30.0 49 430.0 47.0 14.1 13.5 9.9 65.9%*
3.1 2.0) 6.0) (1.2) (80.0) (10.0) (2.8) 2.2) 2.0) (274.5)
TA-35 21.0 3.6 63.0 190.0 25.0 1.8 1.7 15.6 40.2%+*
4.0) 1.0) (12.0) 4.0) 6.0) (0.6) (0.8) 24 (127.5)
TA-49 2.0 0.6 8.6 5.6 0.9 1.6 0.8 2.9%
(0.8) 0.6) (2.0) 1.4 0.6 0.8) 0.6) 6.1)
TA-53 15.0 6.1 16.0 110.0 3300.0 55.0 49 21.7 245.7 419.4%+
9.9) (1.6 (4.0) (20.0) (600.0) (12.0) (1.0) (2.8) (11.4) (2,166.1)
TA-54 38.0 260.0 130.0 1800.0 760.0 24.1 411.8 54.4 434,8%*
(25.0) (60.0) (20.0) (400.0) (160.0) 4.8 (16.2) 4.6) (1,210.0)
PERIMETER
LA* 1.8 0.1 0.6 0.3 0.7
(1.2) 0.6 0.6 0.3) 1.6)
0.7
(0.3).
WR/PA 11.0 4.6 3.1 10.0 34,6 0.1 10.5*
(1.3) 1.2) (1.0) 2.0) (3.6) 0.3) (25.0)
BACKGROUND
0.7 3.7 2.8 0.2 0.4 1.0 0.6 0.2 0.6 0.2 1.0
0.0 3.7 (3.0) (0.6) (0.5) 0.9) 0.3) ©.1) 0.4) 0.3) 2.4

! Analysis not performed or lost in analysis.
%42 counting uncertainty); values are the uncertainty in the analytical results at the 95% confidence level,

3(+2 standard deviation),

“LA=Los Alamos and WR/PA=White Rock/Pajarito Acres

* and ** denotes significantly different from regional background at the 0.05 and 0.01 level using a Wilcoxcon Rank Sum Test, respectively.




from 1982 through 1993 ranged in
concentration from 0.30 to 3,300.00
pCi mL'. Most hives on LANL
lands in almost every year contained
bees with °H above the ULB
concentration(s). The highest
concentrations of *H in bees year
after year were consistently detected
from hives located at Technical Area
(TA) 53, the Los Alamos Neutron
Scattering Center (LANSCE), and at
TA-54, the Laboratory’s active low-
level waste burial site (Area G).
Operations at TA-53 include the use
of a high-energy linear particle
accelerator, which, upon contact with
the atmosphere, converts water vapor
into *HTO (tritiated water vapor);
and, probably more importantly,
there are three radioactive storage
ponds on site that contain H (EPG
1995). Similarly, TA-54 (Area G)
houses shafts that contain “H-
contaminated wastes, and several
studies have confirmed the presence
of *H in several environmental
matrices (small mammals, soils, and

vegetation) above that normally

detected in materials collected from
background locations (Biggs et al.
1995, Fresquez et al. 1996a, EPG
1995).

Tritium in bees collected
from hives located along perimeter
areas—Los Alamos and White
Rock/Pajarito  Acres—ranged in
concentrations from -0.3 pCi mL"!
(1996) to 1.8 pCi mL" (1982) and
from -0.1 pCi mL’ (1996) to 34.6
pCi mL™* (1993), respectively. Based
on the average concentration of *H
over the years, bees collected from
LANL technical areas—TA-5, TA-8,
TA-15, TA-21, TA-33, TA-35, TA-
49, TA-53, TA-54—and White
Rock/Pajarito Acres had significantly
higher (p <0.01 and 0.05) °H
concentrations than bees collected
from regional background locations.
These data correlate well with those
of Hakonson and Bostick (1976),
who showed that *H concentrations
in bees from three canyon liquid
waste disposal areas within LANL
increased from initial values of <1.0

pCi mL' to as much as 9,200 pCi



TABLE 2. Results of the Mann-Kendall Nonparametric Test for >H Trends in Bees
and Honey from LANL, Perimeter, and Regional Background.

Location Bees Honey
LANL

TA-5 0.36 (Down) 0.00 (Down)**
TA-8 0.27 (Down) 0.00 (Down)**
TA-9 0.09 (Down) 0.02 (Down)*
TA-15 0.89 (Up) 0.03 (Down)*
TA-16 0.09 (Down) 0.05 (Down)*
TA-21 0.45 (Down) 0.55 (Up)
TA-33 0.30 (Down) 0.00 (Down)**
TA-35 0.19 (Down) 0.00 (Down)**
TA-49 0.27 (Down) 0.13 (Down)
TA-53 0.83 (Up) 0.95 (Up)
TA-54 0.50 (No Trend) “1.00 (Up)
Perimeter

LA 0.37 (Down) 0.09 (Down)
WR/PA 0.35 (Down) 0.05 (Down)*
Background 0.05 (Down)* 0.00 (Down)**

'LA=Los Alamos and WR/PA=White Rock/Pajarito Acres

* and ** denotes significance at the 0.05 and 0.01 probability level, respectively.

mL". Although the average
concentrations of *H in bees from
most LANL hives over the years
were significantly higher than
background, most areas, with the
exception of TA-15 and TA-53,
exhibited downward trends (Table
2). None of the trend directions,
with the exception of background,
were statistically significant,

however.

b. Honey

The ULB concentration for
*H in honey collected from regional
hives over the 18-year period was 5.0
pCi mL"' (Table 3). Tritium in
honey collected from LANL areas
from 1979 through 1995 generally
ranged in concentration from -0.2 to
7,600 pCi mL’'.  Again, °H
concentrations in honey from most

LANL hives and in most years were




TABLE 3. Tritium (pCi mL™) in honey from LANL, perimeter, and regional background areas between 1979 and 1996.

1979 1980 1981 1982 1983 1984 1985 1986 1987 1088 1989 1990 1991 1992 1993 1994 1995 1996 Mean
LANL
TA-5 11.8 274 136 12 L 120 100 84 7.7 1.0 1.6 49 0.1 0.8 06 02 02 6.7*
(7.8)> (18.1) (9.00) (4.8) (7.9 (20) (20 (5.1) (©6) (08 (06 (0.6 (06 (0.6) (0.6) (0.6) 14.7
TA-8 7.7 48 590 04 5.9 1.6 2.6 0.8 0.4 0.5 0.1 0.1 7.0
6. (32 (1200 (0.8 (3.9 (06) (0.8 (06) (0.6) (0.6) ©0.6) (0.6) (33.2)
TA-9 1.7 130 45 1.0 0.1 1.4 0.8 02 291 04 07 0.0 43
(L) @20) (08 (07 (0.6 (0.6 (06 (0.6 (3.4 (06 (0.7 (0.6) (17.2)
TA-15 42 260 43 0.5 0.6 3.0 1.0 5.4 1.2 06 -02 05 4.0
28 (600 (12) (06 (0.6 (1.0) (06 (0.6) (0.8) (0.6) (0.6) (0.8 (14.4)
TA-16 2.8 5.2 3.1 11.0 0.0 0.5 0.3 0.5 0.7 1.5 0.1 03 06 2.0
(1.8) (G4 (20 (73 0.6) (0.6) 06 (1.2) (06) (0.8 (06 (0.6 (0.6) 6.3)
TA-21 5.8 56 182 90 810 290 6200 75 140 39 310 1100 91 499 120 20 9.9 388, 1%+
(3.8) (3.7 (12.0) (6.0) (53.5) (19.1) (1200) (1.8) (9.2) (1.0) (6.0) (20.0) (1.8) (5.5 (22) (0.8 (2.0) (2996)
TA-33 579.0 207.0 1560 925 730 990 67.0 330 140 380 550 2400 124 251 -02 213 52 101.0%*
(382) (137) (103) (61.1) (48.2) (65.3) (14.0) (6.0) (9.2) (8.0) (12.0) (40.0) (0.7) (3.0) (0.6) (2.8) (1.4 (283.6)
TA-35 267 179 635 176 310 120 730 84 110 1.3 7.1 9,1 1.8 4.3 2.1 0.6 0.6 16.9%*
(17.6) (11.8) (41.2) (11.6) (20.5) (7.9) (14.0) (20) (7.3) (0.6) (1.6) (20) (0.6) (0.6) (0.8) (0.6) (0.8) 42.7)
TA-49 2.2 1.1 7.1 1.3 0.1 2.5 0.5 0.3 1.9
(1.5) (©.6) (1.6) (06 (0.6) (1.0) (0.6) (0.6) 4.6)
TA-53 112 98 500 7600 0.1 650 610 740 4200 640 327 1179 1300 179.0 709.1%+
(7.4) (6.5 (33.0) (1600) (0.2) (42.9) (12.0) (16.0) (80.0) (1.2) (3.6) (7.2) (1.0) (34.0) (4024)
TA-54 96 214 270 294 290 370 920 02 3700 540 953 947 2380 1017 85.6%*
63) (14.1) (17.8) (194) (19.1) (24.9) (60.7) (0.6) (80.0) (10.0) (16.0) (6.4) (11.0) (6.6) (203.8)
PERIMETER
LA} 3.6 4.0 127 123 02 860.0 0.1 0.3 0.2 0.0 04  81.3*
(24) (2.6) (84 (8.1) (0.1 (180.0) (0.6) 0.6) (0.6) (0.6) (0.3) (516.6)
0.0
0.3)
1.3
(0.4)
WR/ 105 19 3.2 49 4.0 9.0 23 200 02 373 24 02 00  7.8*
PA  (69) (5.2 21) (3.2 @6 (0 (08 (132) (0.6) 8.6) (1.0) (0.6) (03) (209
BACKGROUND?
0.6 3.0 6.3 1.3 4.0 2.5 1.6 0.9 3.8 0.8 0.3 1.0 0.1 0.4 0.1 -0.1 0.1 0.2 1.5
(0.0 (0.0) 00 (00 @4 @& @7 (1.6 (60 (14 (06 (23) (04 (05 (0.8 (05 (0.6 (03) (3.5

!Analysis not performed or lost in analysis. 2(+2 counting uncertainty). *(+2 standard deviation). “The average without the abnormally high 1985 result=3.1 (+ 9.7 [two sigma]).
SLA=Los Alamos and WR/PA=White Rock/Pajarito Acres
* and ** denotes significantly different from regional background at the 0.05 and 0.01 level using a Wilcoxon Rank Sum Test, respectively.



greater than the respective yearly
ULB concentration(s); and,
particularly at TA-53 (LANSCE).
Concentrations of °H in honey
collected from perimeter locations—
Los Alamos and White Rock/Pajarito
Acres—ranged from 0.0 pCi mL*
(1995) to 860 pCi mL™’ (1985) and
from -0.2 pCi mL" (1995) to 37 pCi
mL" (1993) respectively. Based on
the overall average, the
concentrations of °H in honey
collected from hives located at TA-5,
TA-21, TA-33, TA-35, TA-53, TA-
54, and White Rock/Pajarito Acres
were significantly higher (p <0.01
and 0.05) than background.  The
higher average concentration of °H in
honey from Los Alamos as compared
to White Rock/Pajarito Acres was
the result of one very high *H result
(860 pCi mL™") in 1985, when the
Laboratory released 8,638 Ci of *H
to the atmosphere and 76,850 mCi of
*H to the canyons as liquid effluents
(EPG 1986). Since these release
points were closer to the Los Alamos

townsite than to the White

Rock/Pajarito Acres townsite, Los
Alamos was mostly affected. The
average concentration of >H in h;)ney
from the Los Alamos townsite
without the abnormally high 1985 *H
value would be only 3.1 pCi/mL.
Although most hives on
LANL lands and perimeter areas
contained *H concentrations in honey
that were significantly higher than
background, most sites, including
background, exhibited decreasing
concentrations of *H over time—
seven of eleven LANL sites as well
as °H in honey from White
Rock/Pajarito Acres and background
locations showed significantly (p
<0.01 and 0.05) decreasing trends
(Table 2). The downward trends in
*H concentrations in honey collected
from background hives over time
were probably a reflection of the
relatively short half-life of *H (12-
year half-life), weathering, and/or to
lower world wide fallout levels that
currently exist as a result of the
cessation of above ground nuclear

testing in the early ‘60s (Wicker and




Shultz 1982). The reduction in *H
concentrations in honey over time
from LANL and perimeter sites, on
the other hand, may be due in part to
radioactive decay, weathering, and
lower fallout levels, but also to (1) a
reduction in *H operations at LANL,
(2) a reduction in air stack emissions
the

effluents to

environment (EPG 1995), and (3)

and liquid
better engineering controls employed
by the Laboratory (Fuehne 1996).
3

H

in both bees and

These downward trends in
concentrations
honey correlate well with the overall
*H

concentrations in soils within LANL

observation of decreasing
lands over time (Fresquez et al.
1996b).
Tritium concentrations in
bees and honey from most LANL
and perimeter hive sites were not
well correlated with each other
(Table 4). Although the analysis of
bees and honey for monitoring
radioactive  constituents in the
environment undoubtedly exhibited

the presence and distribution of *H

10

TABLE 4. Pearson’s Correlation
Coefficients for *H in bees and
honey among LANL, Perimeter,

and Regional Background
Locations.

Location Coefficient
LANL

TA-5 - -0.25
TA-8 -0.19
TA-9 -0.50
TA-15 0.20
TA-16 -0.24
TA-21 0.54
TA-33 0.07
TA-35 0.06
TA-49 0.82**
TA-53 -0.02
TA-54 0.70
Perimeter

LA 0.96**
WR/PA 0.78*
Background 0.59*

* and ** denotes a significant correlation
between bee and honey at the 0.10 and 0.05
level, respectively.

within the LANL environs, as
compared to background, the low
correlation between these matrices,
especially at sites where *H was
detected in high quantities (CH in
bees and honey tended to be
correlated with each other at sites
lower

that contained °H in

concentrations like the perimeter and




background stations), may reflect the
complexity of factors related to bee
biology/behavior at a given point in
time—i.e., the fluctuations in the
density of bees, the ratio of foragers
to nurse bees collected, longevity,
flower/pollen flight
(light,

temperature), and water sources and

selection,

activity humidity, and
availability, all may have contributed
to some degree or another to the lack
of correlation between the amount of
*H in bees and the amount of *H in
honey at time of sampling (Drescher
1982, Szabo 1980, Herbert et al.
1970, Woodrow 1968, Rothenbuhler

and Kulincevic 1979).

IV. CONCLUSIONS

Honeybees proved to be
useful monitors of *H presence and
distribution in the environment
within and around LANL. Although
many sites exhibited significantly
higher *H concentrations in bees and
honey within and around the LANL
environs as compared to background,

most sites exhibited decreasing *H

11

concentrations in bees and honey
over time. The amounts of *H in
bees and honey on LANL lands were

poorly coorelated with one another.
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