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SUMMARY 

Large-scale environmental monitoring programs rely on sampling 'many 
media--air, water, food, et cetera--from a large network of sampling 
stations. Although these programs are extensive, it is not possible to cover 
the entire region. For describing the total region possibly impacted by 
contaminants, themost efficient samplerwould beone that covered a large 
region and simultaneously sampled many different media, such as water, air, 
soil, and vegetation. Honeybees have been shown to be useful monitors of the 
environment in this context for detecting both radionuclides and heavy 
metals. 

This study sought to determine the effectiveness of honeybees as 
monitors of low levels of radioactivity in the form of tritium and gamma- 
emitting radionuclides. For the study, approximately 50 honeybee colonies 
were placed on the Hanford Site and along the Columbia River in areas 
downwind of the site. The mini-hive colonies were sampled after 1 month and 
tested for tritium and for gamma-emitting radionuclides. Tritium 
concentrations for all but two sites were below detection limits. The two 
significant concentrations of 1 and 2 pCi/mL were detected at sites along the 
Columbia River across from the Hanford Site. A1 1 gamma-emi tting radionucl ide 
concentrations in honeybees were below detection limits except for cesium-137 
found near Gable Mountain Pond on the Hanford Site. The 0.4 - + 0.08 pCi/g 
(dry weight) cesium-137 concentration was simi 1 ar to that monitored in 
vegetation from the same site. 

From this and other studies, it is known that honeybees can be used to 
detect radionuclides present in the environment. Their mobility and their 

- ability to integrate all exposure pathways (i.e., water, air, vegetation, and 
soil) could expand and add another level of confidence to the present 

. monitoring program. 
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1.0 INTRODUCTION 

~nv- i  ronmental monitoring generally involves sampl ing spec i f i c  media such 
as  a i r ,  water, o r  s o i l  a t  a f ixed location.  This type of monitoring works 
best  f o r  contaminants t h a t  a r e  contained o r  t h a t  follow a known dispers ive  
pat tern  such as  t he  drainage system of a waste s i t e .  In many cases ,  however, 
t h e  means of contamination i s  not known and the  spread i s  over a large  area 
and/or i s  dependent on var iable  weather conditions. For example, wind 
condit ions a t  t he  time of t he  re lease  i s  one process affect ing t he  dispersal  . 
of a plume of contaminated a i r .  To describe t he  area impacted by such a 
plume, a sampler i s  needed t h a t  e i t h e r  covers, o r  can move over, a large  
area.  B u t  t o  be economically f ea s ib l e ,  t he  samples could only be col lected 
in a few locat ions .  One solution would be a mobile sampler t h a t  covers a 
r e l a t i ve ly  large  area and then re turns  t o  a fixed location.  Bees f i t  t h i s  
descr ipt ion and a re  useful monitors of t he  envi ronment . Honeybees (Apis 
mellifera) forage over f a i r l y  large  areas (up t o  7 km2 in well-fed s i t ua t i ons  
(Bromenshenk e t  a l .  1985) and up t o  100 km2 under natural  foraging s i t ua t i ons  
(Visscher and Seeley 1982). They a l so  sample a l l  th ree  media through which 

pol 1 utants  a r e  transported ( i  .e . ,  gases, 1 iquids ,  and par t i cu la tes )  . Because 
honeybees return t o  a f ixed location ( i . e . ,  t he  hive) sampling a c t i v i t y  can 
be concentrated, as w i t h  a fixed sampler. Honeybees can be deployed i n  any 
area where there  i s  su f f i c i en t  food. This requirement l imi t s  t he  usefulness 
of bees as  an environmental monitor t o  the  growing season. However, because 
honeybees a r e  kept both by pr iva te  hobbyists and commercial beekeepers, one 

area can contain a large  number of potential  sampling s i t e s  (Bromenshenk e t  
a l .  1985). 

Honeybees have been used t o  determine the  d i s t r ibu t ion  of heavy metals, 
such as  arsenic  and f 1 uori de (Bromenshenk e t  a1 . 1985) , and of radi onucl ides 
(Kirkham and Corey 1977; Hakonson and Bostick 1976). For heavy-metal . 
detection (Bromenshenk e t  a l .  1985), p r iva te  beekeepers i n  an urban s e t t i ng  

provided much of the  data.  

The Hanford S i t e  and i t s  surrounding areas a r e  monitored by an extensive 
but s t a t i c  network of a i r ,  water, s o i l ,  and vegetation samplers (Pr ice  1985). 
Radioactivity ranges from detectable  l eve l s  a t  some ons i te  areas t o  levels  



t h a t  approach background r a d i o a c t i v i t y  across t h e  Columbia R ive r  from t h e  

Hanford S i t e  (P r i ce  1985). To t e s t  t h e  e f fec t i veness  o f  honeybees as 

moni tors o f  low l e v e l s  o f  r a d i o a c t i v i t y ,  beehives were p laced on t h e  Hanford 

S i t e  and along a 40-mi l e  s t r e t c h  o f  t h e  Columbia River .  



MATERIALS AND METHODS 

Approximately 50 mini-hives were deployed along the Columbia River, from 
the city of Pasco, Washington, to a point approximately 40 miles to the 
north. Mini-hives were also placed at several potentially contaminated sites 
on the Hanford Site (Figure 1). Mini-hives, which are approximately one- 
third the size and cost of regular hives, were used because they are easy to 
move and set up. Honeybees, from Hermiston, Oregon, were placed in mini - 
hives supplied by the University of Montana and were moved to an area south 
of the Hanford complex, where they remained for 2 months before being placed 
at test sites. Twenty-one test sites were selected; five coincided with air- 
samplers used in the Hanford Environmental Monitoring Program (Price 1985) 
and four were at sites with commercial hives. Thirteen hives were placed on 
the Hanford Site at five locations. Two of the onsite locations coincided 
with air samplers, and two were near waste ponds. The mini-hives remained in 
these locations for approximately 1 month. After sampling, the remaining 
bees and hives were shipped to the University of Montana. 

Two samples were taken for radioanalysis. One sample, for a general 
survey of gamma-emitting radionuclides, was taken at the site. Several 
hundred honeybees were aspirated into a polyethylene sample bag using a PVC 
and acryl ic aspi rator attached to a 12-vol t vacuum and were placed on ice 
until they could be frozen. The frozen bees were shipped to the University 
of Montana, where they were dried in a forced-air oven at 45'C. Samples were 
returned to the Pacific Northwest Laboratory (PNL) where they were counted 
for 24 hours using a Lithium-Drifted Germanium [Ge(Li)] detector with a 
multi-channel pulse-height analyzer. This method is used to analyze water, 
soil, vegetation, and wildlife for the Hanford Environmental Monitoring 
Program (Price 1985) and provides a general indication of the degree of 
radionuclide contamination. 

The second sample, for tritium analysis, was collected when the mini- 
hives were disassembled in Montana. After the bees were collected, they were 

microwaved and the liquid was collected. The liquid samples were returned 

to PNL, where tritium concentrations were determined on 4-mL a1 iquots by 
1 iquid scintillation spectrometry (U.S. Dept. HEW 1967). 



FIGURE 1. Locat ion  o f  Min i -H ive  Colonies on t h e  Hanford S i t e  and Along t h e  
East Side o f  t h e  Columbia R ive r  

4 

5 miles t O- 



3.0 RESULTS AND DISCUSSION 

In general, tritium concentrations were below detection 1 imits (Table 

1). Concentrations within 2 sd (standard deviations) are considered to be 
within counting error and are not significantly different from zero. Only 
two honeybee samples (Hives 18 and 54, Table 1) contained tritium 

- concentrations greater than 2 sd; the concentrations were slightly over 1 
pCi/mL and 2 pCi/mL, respectively. These samples were from sites 306 and 404 
(Figure 1). A study of tritium concentrations in honeybees from contaminated 
sites at Los Alamos (Hakonson and Bostick 1976) indicated several sources for 
the tritium. During the growing season, concentrations in the honeybees were 
similar to those in vegetation, while at other times, honeybee tritium 
concentrations were similar to surface-water levels. In the vegetation, 
there were two sources of tritium: contaminated soil and atmospheric 

releases. Sources of tritium at Savannah River (Kirkham and Corey 1977) 
appeared to be atmospheric releases, with tri ti um concentrations in honeybees 
ranging from 8 pCi/mL at a control site to nearly 400 pCi/mL at a 
contaminated site. While there are several possible sources of the tritium 
at sites 306 and 404, data are only available for the Columbia River. 
Tritium concentrations in Columbia River water samples for 1985 averaged 0.15 
pCi/mL, with a maximum of 0.22 pCi/mL (Price 1985, Tables A.13, A.14). No 
data are reported for tritium concentration in vegetation. 

On the Hanford Site, tritium concentrations in honeybees agreed well 
with concentrations in ponds. At B Pond (Price 1985, Table A.15), tritium 
concentrations ranged from 0.2 to 1.1 pCi/mL, while in honeybees, 
concentrations ranged from 0.01 to 0.46 pCi/mL; at Gable Mountain Pond, 
tri ti um concentrations ranged from 0.07 to 0.40 pCi/mL, whi 1 e honeybee 
concentrations were 0.0 to 0.25 pCi/mL. 

A1 1 gamma-emi tting radionucl ide concentrations in honeybees were below 
detection limits except for cesium-137 at one site. Honeybees from one of 

the hives at Gable Mountain Pond (site 205) on the Hanford Site (Figure 1) 
contained approximately 0.4 + 0.08 pCi/g (dry weight) of cesium-137 
(approximately 0.13 pCi/g, wet weight). A comparison of this cesium-137 

concentration with concentrations in air, soi 1, water (i .e., Gable Mountain 



Table 1. 

Hive - 
5 

10 
4 7 

6 
24 
1 
4 

16 
8 

13 
2 
3 

2 1 
20 
37 
43 
6 5 
66 
19 
6 2 
15 
64 
2 7 
32 
23 
6 3 
18 
46 

9 
5 3 

7 
17 
2 2 
42 
45 
3 0 
58 
11 
40 
29 
3 6 
3 9 
4 9 
5 0 
5 4 
3 4 

T r i t i um  Concentrations (pCi /mL) f o r  Honeybees from Min i  -Hives 
Placed on the Hanford S i t e  and Along the East Bank o f  the Colombia 
River. See Figure 1 f o r  Hive Locations 

Location ( S i t e  No.) 

200 - Moni tor ing s ta t i on  (201) 
200 - Moni tor ing s ta t i on  (201) 
200 - Moni tor ing s ta t i on  (201) 
200 - Moni tor ing s t a t i o n  (202) 
200 - Moni tor ing s ta t i on  (202) 
200 - B Pond 
200 - B Pond 

(203) 

200 - B Pond 
(203) 
(203) 

200 - B Pond 
200 - B Pond 

(204 
(204) 

200 - Gable Mountain Pond (205) 
200 - Gable Mountain Pond (205) 
200 - Gable Mountain Pond (205) 
Byers Landing 
Byers Landing 

(301) 

Byers Landing 
(301) 

Byers Landing 
(301) 

Byers Landing 
(301) 

McCl ure/Cottonwood 
(301) 

McCl ure/Cottonwood 
(302) 

P e t t e t t  
(302) 

P e t t e t t  
(303) 

Hayden 
(303) 

Hayden 
(304) 

F i r  Road 
(304) 

F i  r Road 
(305) 

McClure/Ringold 
(305) 

McCl ure/Ri ngol d 
(306) 

Ringold Met. Tower 
(306) 

Ringold Met. Tower 
(307) 

Sagehi l l  Met. Tower 
(307) 

Sagehi l l  Met. Tower 
(308) 

Sagehi l l  Met. Tower 
(308) 

Sagehi l l  Met. Tower 
(308) 

Sagehi l l  Met. Tower 
(308) 

Pasco-Cable Bridge 
(308) 

Pasco-Cab1 e Bridge 
(309) 

Ringold Hatchery - 1 
(309) 

Ringold Hatchery - 1 
(401) 

Ringold Hatchery - 2 
(401) 

Ringold Hatchery - 2 
(402) 
(402) 

Ringold Hatchery - 3 (403 
Ringold Hatchery - 3 
Ringold Hatchery - 4 

(403) 

Ringold Hatchery - 4 
(404) 

Ringold Hatchery - 5 
(404) 
(405) 



Table 1. 

Hive 

5 2 
3 1 
38 
4 1 
60 
5 6 
5 9 
5 1 
6 1 
3 5 
55 
28 
3 3 
12 
14 

(continued) 

Location (S i te  No.) 

Ringold Hatchery - 5 
Ringold Hatchery - 6 
Ringold Hatchery - 6 
Ringold Hatchery - 7 
Ringold Hatchery - 7 
Ringold Hatchery - 8 
Ringold Hatchery - 8 
Ringold Hatchery - 9 
Ringold Hatchery - 9 
Ringold Hatchery - 10 
Ringold Hatchery - 10 
Ringold Hatchery - 11 
Ringold Hatchery - 11 
Ringold Hatchery - 12 
Ringold Hatchery - 12 
Control 

(a)* g rea te r  than number of standard deviations (e.g. ,  * = 1 sd ,  ** = 2 sd) 
(b)ns = no sample 

Pond), animal, and vegetation samples a t  t he  Hanford S i t e  (Table 2) shows 
t h a t  t he  concentration i n  honeybees was s imi la r  t o  t h a t  in vegetation samples 

(Pr ice  1985). 

Cesium concentrations in honeybees a t  contaminated s i t e s  a t  Los Alamos 

(Hakonson and Bostick 1976) ranged from 0.1 t o  1 pCi/g (dry weight) and 

corresponded t o  levels  in a contaminated stream. A t  Savannah River (Kirkham 

and Corey 1977), control honeybees had a concentration of 0.4 pCi/g whi 1 e 
concentrations in honeybees from contaminated s i t e s  ranged from 0.99 t o  8.3 

pCi/g. Vegetation appeared t o  be the  primary source of cesium-137 a t  

Savannah River. 

. Honeybees can be used t o  monitor rad ioac t iv i ty .  Where contamination 

e x i s t s ,  t h e  concentration in honeybees r e f l e c t s  l eve l s  found in vegetation, 

a i r ,  and water. The bees in tegra te  a1 1 exposure pathways and provide a 

summation of t h e  environmental burden. Thus, sampling of honeybee colonies 

would add another level of confidence t o  t h e  monitoring programs car r ied  out 

f o r  areas downwind from the  Hanford S i t e .  Incorporating a honeybee sampling 



Table 2. Cesium-137 Concentrat ions i n  Various Media on t h e  Hanford S i t e  
(P r i ce  1985) . 

Med i a Concentrat ion (a) U n i t s  Reference (b) 

A i r  (200 East Area) 0.0012 - + 0.0007 p ~ i / m 3  (maxi mum) 
Gable Mountain Pond 17.0 - + 2.6 pCi /L  (maxi mum) 
Deer 0.52 - + 0.028 pCi /g  (wet) (maximum) 
Gamebi rds  0.06 2 0.03 pCi /g (wet) (maximum) 
Ducks 11.0 + 0.3 pCi /g (wet) (maximum) 
Rabbits 0.045 0.014 pCi/g (wet) (maximum) 
Soi 1 3.0 2 0.20 pCi/g (dry)  
Vegetat ion 0.12 2 0.03 pCi/g (dry)  

Table A.5 
Table A. 15 
Table A.22 
Table A.24 
Table A.25 
Table A.26 
Table A.28 
Table A.38 

( a l ~ e s u l t s  + two sigma count ing  e r r o r .  
( b ) ~ e e  p r i c e  1985. 

program a t  Hanford would g r e a t l y  expand t h e  area covered, a t  a minimal cos t  
i f  based on e x i s t i n g  commercial honeybee keepers and t h e  j u d i c i a l  placement 
o f  min i -h ives .  
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