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Radioecology of nuclear wastes was pioneered in the western United States on the Hanford Site during 
the early 1940's when the Columbia River provided coolant water for production reactors. Ecological 
studies centered on fish and waterfowl as vectors transporting radionuclides to people. After the 
shutdown of production reactors, the radionuclide content of Columbia River water declined. Attention 
was then directed toward radionuclides released into the environment as a result of chemical processing 
of irradiated fuel and as a result of storage of radioactive wastes. 

Sites where radioactive wastes are found are solid waste burial grounds, soils below liquid storage areas, 
surface ditches and ponds, and the terrestrial environment around chemical processing facilities that 
discharge airborne radioactive debris from stacks. This study provides information to help assess the 
environmental impacts and certain potential human hazards associated with nuclear fuel cycles. A data 
base is being developed to define and quantify biological transport routes which will permit credible 
predictions and assessment of routine and potential large-scale releases of radionuclides and other toxic 
materials. These data, used in assessment models, will increase the accuracy of estimating radiation doses 
to man and other life forms. Information obtained from existing storage and disposal sites will provide a 
meaningful radioecological perspective with which to improve the effectiveness of waste management 
practices. Results will provide information to determine if waste management procedures on the Hanford 
Site have caused ecological perturbations, and if so, to determine the source, nature and magnitude of 
such disturbances. 

Important companion studies also are underway. They are funded through local intercontractor 
support agreements rather than through the Office of Health and Environmental Research. These studies 
involve short-term assistance to Hanford plant personnel concerned with characterization of particular 
landscape subunits impacted by operation of nuclear facilities. They are discussed in the section entitled 
Hanford Project Support. 

Aquatic Radioecology of Waste Management 
Areas 

Actinide Transport Study 

U-Pond, a nuclear waste pond on the 
Hanford Site, has been studied for several 
years to determine the ecological fate and 
effects of plutonium and other actinide 
elements (commonly called actinides) that 
have been discharged into it. Recently, 
we have completed an experimental investi
gation at this site to determine the extent 
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to which edible fish are able to concentrate 
actinides. 

For this investigation, U-Pond is an ideal 
experimental environment. It has concentra
tions of the actinides uranium, plutonium and 
americium that are ~l,OOO times background. 
Moreover, it is Shallow enough for the inter
action between biota and sediments, where 
actinides accumulate, to be maximized to an 
extreme. It was speculated that U-Pond could 
represent a freshwater environment having a 
high potential for producing fish containing 



actinides at levels that might pose a risk to 
a human consumer. 

However, it was found that, if a person 
were to eat as much as one pound of bluegill 
(Lepomis macrochirus) or bass (Micropterus 
salmoides) fillets from U-Pond every day, 
after 70 years he would only accumulate a 
radiation dose of not more than 0.12 rem to 
the total body from the actinides in the fish 
muscle. The calculated dose to his bone tis
sue after 70 years of consumption would be no 
greater than 3 rem. These doses are lower 
than the maximum permissible radiation doses 
for an individual (general public), which are 
0.5 rem per year (or 35 rem accrued over 70 
years) to the total body and 1.5 rem per year 
(or 105 rem accrued over 70 years) to the 
bone. Therefore, the hypothetical consumer 
wou 1 d accumu 1 ate much 1 ess than the max imum 
permissible radiation dose by eating a steady 
diet of one pound per day of bluegill or bass 
fillets from U-Pond. 

Dose to natural predators was also investi
gated using actinide concentrations in whole 
fish. Two predators, heron and coyote, were 
considered to be the principal consumers of 
fish from U-Pond. Using typical consumption 
rates, body weights and life expectancies for 
these predators, we calculated their lifetime 
total-body radiation doses. Lifetime doses 
for each of these predators were found to be 
less than 0.2 rad. The natural background 
radiation which these animals receive is about 
0.1 rad every year. Hence, the actinide con
centrations in U-Pond fish do not constitute 
a significant risk to either potential preda
tors or human consumers, in spite of U-Pond's 
high actinide concentrations. 

Fate and Effects of Thorium and Uranium 
in Aquatic Systems 

Recent interest in alternative (nonpro
liferation) fuel cycles has prompted investi
gation into the fate and effects of thorium 
and uranium in aquatic ecosystems. Our lab
oratory experiments on this are designed to 
test actinide uptake in cases of worst pos
sible environmental mobility; therefore, all 
tests are initiated with actinides in a solu
ble state. 

Screening Toxicity Tests 

Thorium was not observed to be toxic to 
rainbow trout (Salmo gairdneri) fry, Daphnia 
magna instars, or amphipods within the range 
of 0.1 to 100 mg/~. The lack of toxic ef
fects is most probably related to thorium's 
strong tendency to form insoluble hydroxide 
complexes. Uranium was toxic to Daphnia 
magna and midge larvae (Chironomus sp.) in 
the range of 1 to 100 mgl~; however, fathead 
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minnows (Pimephales promelas) exhibited no 
stressful effects at 50 mg/t or less. 

Bioconcentration of Thorium by Rainbow 
Trout 

Rainbow trout were exposed to two concen
trations (1.52 pg/t and 614 ng/t total thori
um) over a 27-day period with three sampling 
periods followed by two depuration samples 
at 5 and 25 days. Thorium was determined 
as both a soluble fraction and total frac
tion for both concentrations, the soluble 
fraction representing 49% of the total at 
1. 5 pg/t and 45% of the total at 614 ng/t 
(determined by filtering at 0.3~). Trout 
exposed to 614 ng/~ of thorium appear to 
reach equilibrium at nine days, whereas those 
exposed to 1.5 pg/~ may not have reached 
equil ibrium until 27 days. After five days 
of depuration, both groups of fish lost over 
98% of their total body-burden, indicating 
that the primary route of bioaccumulation was 
either epithelial adsorption or gut loading. 
Concentration ratios based on soluble frac
tions of thorium were roughly double that of 
total thorium at both concentrations irrespec
tive of sampling time. Observed concentration 
ratios appeared to be concentration-dependent; 
that is, concentration ratios calculated at 
614 ng/~ were nine times lower than those 
calculated at 1.52 pg/t. A similar study was 
conducted over a longer period with uranium. 
We are awaiting sample analyses from this. 

Effects of Uranium on Primary Productivity 

Static systems containing periphyton were 
used to assert the potential effects of ura
nium on primary productivity. Concentrations 
between 0.6 and 21 mg/t of uranium did not 
produce any discernible effect on productiv
ity; however, 47% to 72% inhibition of pri
mary productivity was observed at 44 mg/t of 
uranium. Some of our data are still out
standing, but from present data, thorium and 
uranium appear to pose minimal hazards to 
aquatic organisms. Although toxicity was 
demonstrated in the range of 1 to 10 mg/t of 
uranium, these concentrations exceed by two 
orders of magnitude concentrations encoun
tered in contaminated systems on the Hanford 
Site. A greater radiological hazard may re
sult from high-level decay chains (232U and 
228Th); however, the hazard associated with 
this is greatly minimized by the inherently 
low environmental mobility of these actinides. 

Biotic Transport Parameters 

Simulation of the Long-term Accumulation 
of Radio-contaminants in Crop Plants 

In the past, the fifty-year accumulation 
method (FYAM) was used to estimate exposures 



in situations in which radiocontaminants 
were chronically discharged from a reposi
tory into irrigation water over long periods 
of time. For this method, it was assumed 
that the quantities of radionuclides that 
accumulated in the agricultural soils at any 
given time were equal to the total quantity 
deposited within 50 years. However, since 
it was predicted that some of the radio
nuclides would be discharged into the bio
sphere over millions of years, questions 
arose concerning accumulation patterns of 
radiocontaminants in the soil over much 
longer periods of time. A model, named 
CROPRE, was developed to predict both the 
long-term accumulation of radionuclides and 
the concentrations of radionuclides in vege
tation that would result. This model was 
designed to include 1) the chronic input of 
contaminated irrigation water into the soil 
compartment and directly onto the surface of 
the vegetation, 2) the incorporation of 
radiocontaminants into the soil organic 
matter pool and their eventual release for 
re-uptake by subsequent crops, 3) the re
moval of contaminants during harvesting and 
4) the downward movement of radionuclides 
and their loss from the system by percola
tion when the crop plants are overwatered. 

Both of these models were used to esti
mate radionuclide concentrations in edible 
vegetation over varying periods of time. 
There were significant discrepancies between 
the estimates of the two models. When the 
system was not overwatered, estimates of 
radionuclide concentration in edible vegeta
tion from the CROPRE model generally exceeded 
the FYAM values by about 88 years from the 
beginning of irrigation with contaminated 
water. The maximum estimates from the CROPRE 
model, which usually occurred at times great
er than 1000 years, ranged up to a factor of 
120 larger than the corresponding FYAM val
ues. The maximum estimates for radionuclides 
with relatively small plant uptake parameters 
exceeded the corresponding FYAM values by 
greater margins than for those elements with 
larger uptake parameters. The degree to 
which an element is sorbed onto soil had the 
greatest effect on the predictions of the 
concentrations of radionuclides in edible 
plant material when the system was over
watered. The FYAM values exceeded the maxi
mum estimates from CROPRE for radionuclides 
that are slightly retarded from percolating 
through the soil and are readily taken up by 
plants. Conversely, estimates from CROPRE 
exceeded the corresponding FYAM values for 
radionuclides that are retarded by soil and 
have relatively small plant uptake values. 

Rabbit Studies 

Radionuclides entering herbivore food 
chains may be simply attached to the surface 
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of foliage or may be incorporated into plant 
tissues. Incorporated radionuclides are 
likely to be those that occur in chemical 
forms most available to plants. They may 
also be the most available for incorporation 
and retention by consumer organisms. 

Published values for biological half-life 
and fraction reaching the reference organ in 
man may be inaccurate if they were derived 
under one set of experimental contamination 
conditions and are applied to another. This 
work was designed as a pilot study to deter
mine the feasibility of examining the effect 
of alternative environmental pathways (sur
face contamination versus plant root uptake) 
on the uptake and retention of selected radio
nuclides by consumers. In this study, let
tuce plants were grown in soil contaminated 
with 137CsCl while other plants were grown 
in uncontaminated soil. Those raised in un
contaminated soil were surface-contaminated 
with 137CsCl. Rabbits were fed both let-
tuce with incorporated 137Cs and that with 
the surface contamination. The animals were 
whole-body counted to determine which organs 
took up and retained plant-incorporated 137Cs 
and which took up and retained nonincorpo
rated 137Cs. The experimental results are 
currently being analyzed. 

Terrestrial Radioecology of Waste Management 
Areas 

Cesium-137 in American Coots (Fulica 
americana) 

Process ponds located on the Hanford Site 
in southcentral Washington contain low levels 
of radionuclides. Three ponds currently in 
use contain mixtures of fission and activa
tion products which include transuranic 
elements. The ponds presently support a 
variety of plant and animal life. Waterfowl 
use the ponds extensively and are capable of 
transporting radioactive materials offsite. 
Should water-fowl leave the waste ponds and 
be harvested by hunters, they may become 
part of the regional human food supply. 

During this fiscal year, studies of water
fowl using the waste ponds involved analyzing 
data collected in previous years. This was 
done to evaluate the role of American coots 
in exporting radionuclides from the ponds 
and to find the dose to man resulting from 
ingestion. Although a number of waterfowl 
species use the ponds, the coot is the most 
abundant. The breeding population was esti
mated to hatch as many as 200 young per year, 
40 of which may reach flight age. In addi
tion to the breeding population, migrant 
coots use the ponds during fall and winter. 
Peak numbers of coots on the ponds have 
reached nearly 600. Beyond being the most 
abundant waterfowl species on the ponds, 



concentrations of 137Cs in coots' flesh are 
consistently higher than in other waterfowl. 

One- and fifty-year 137Cs total-body dose 
commitments to an individual from ingesting 
all edible tissues of one Gable Mountain Pond 
coot were calculated at 1.9 and 2.1 mrem, 
respectively. The 50-year population dose 
from the projected harvest of Gable Mountain 
Pond coots during one year was estimated to 
be 0.13 man-rem. This is probably an over
estimate because the coots must leave the 
site to be harvested. Total 137Cs export 
from Gable Mountain Pond via coots, having 
an average body-burden of 0.092 ~Ci, was 
estimated to be 46 ~Ci per year. 

Coot Nesting Biology Studies 

During FY 1979, the analysis and final re
port on the nesting biology of the American 
coot on the Hanford Site (see publications 
list; Fitzner and Schreckhise, PNL-2462) was 
completed. The objective of the study was 
to discover whether any differences exist 
between the nesting biology of birds on low-

were found from April through mi d-June on 
most ponds. Clutch size showed no signifi
cant differences. The average number of 
eggs per nest for all ponds was 6.7. Egg 
and chick weights and percent hatching suc
cess were similar among coots from both 
study sites. A general comparison of nest
ing success for coots from Gable Mountain 
Pond on the Hanford Site and from other 
locations is given in Table 3. Feeding 
habits of the coots from the two sites did 
show some differences. However, this is 
probably related to the availability of food 
items in each pond. 

Darkling Beetle Studies 

Our study of darkling beetles was conducted 
as part of a larger program characterizing 
the biota inhabiting areas near energy
related facilities. Four areas were selected 
for intensive study. Two were located near 
the Washington Public Power Supply System's 
(WPPSS) nuclear power plant sites 1 and 4, 
in mixed bitterbrush-sagebrush (Purshia 
tridentata-Artemisia tridentata) and bitter-

TABLE 3. Percentage of Successful American Coot Nests 

Nests 

Number % Success 

66 92 
14 100 
17 
13 

104 
347 
380 
161 

level radioactive waste ponds on the Hanford 
Site and that of nesting coots on control 
ponds. 

Nesting habitats were similar for coots 
from both the control ponds and those ex
posed to radionuclides. All coots selected 
habitats in which the water level was moder
ate to shallow, and stable. Emergent aquatic 
plants such as cattail (~ latifolia) and 
bulrush (Scirpus acutus) were characteristic 
of both habitats. 

There were no apparent differences in 
nesting chronology between birds from the 
different study sites; nests containing eggs 

89 
92 

91 
77 
97 
86 

74 

location 

Washington 
Gable Mountain Pond 
Royal Slough 
Morgan and 
Halfmoon lakes 
Iowa 
Iowa 
Manitoba 
Iowa 

brush communities, respectively. Two other 
study areas were located in sagebrush
dominated communities with cheatgrass (Bromus 
tectorum) understories. One of these w~ 
located near a low-level radioactive waste 
burial site known administratively as the 
B-C Cribs. The other study area was located 
on the nearby Arid Lands Ecology (ALE) 
Reserve. The study plot on the ALE Reserve, 
protected from disturbance, was intended to 
serve as a control for those study areas 
located near the nuclear power plants and 
radioactive waste storage areas. 

The beetles were captured within each of 
the study areas by pitfall trapping. The 



traps were set out in a grid system at 5-m 
intervals in April 1976 and checked at weekly 
intervals through Nov ember when they were 
closed for the winter. They were opened the 
foll owing March and checked through October 4, 
1977. Captured beetles were removed by hand, 
counted and recorded, and released near their 
point of capture. 

A total of 7,831 individuals representing 
11 different species were collected during 
this two-ye,ar study. Six species accounted 
for over 90% of the tot al beetle catch. 
These included Eleodes hispilabris, f. 
novoverrucula, E. humera l is, Eusattus 
muricat us, Coniontis setosa and Philolithus 
densicoll is. - --

The seasonal pattern of total darkling 
beetle abundance for each of the study areas 
is shown in Figure 4. Although there are 
differences in total beetle numbers for par
ticular sample dates, t he same general trends 
appear to have occurred in all study areas 
during 1976. Similar trends continued dur
ing the early 1977 season, but by June great
er catches occurred in the bitterbrush and 
bitterbrush-sagebrush plots. The catches in 
the control and 8-C Crib plots were similar 
throughout 1977. Other studies conducted 
both at Hanford and elsewhere have shown 
that these kinds of periodic fluctuations 
appear to be characteristic of darkling 
beetle populations . Additional analysis 
concerning the seasonal patterns of distri
bution for individual species is planned. 
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Honeybee Studies 

Although honeybees are native only to 
Europe, Asia and Africa, they have been in
troduced throughout the temperate regions of 
the world. Honeybees have evolved highl y 
complex foraging patterns and morphological 
adaptations for collecting and transporting 
provisions for the colony. While forag ing , 
they may effectively cover a 31-sQuare
kilometer area around the colony and carry 
back any material present on the surface of 
vegetation or absorbed in water or nectar. 
Because of the bees' foraging habits, t hey 
are almost certain to return with some 
amount of any environmental contaminant pre
sent. What is not known is how the bees may 
serve as a magnifying agent for particular 
materials. Therefore, the purposes of this 
research are to examine the usefulness of 
honeybees as a tool for environmental moni
toring, and to evaluate the biotic transport 
potential of wild bee colonies located near 
waste storage facilities. 

This year's effort involved establishing 
colonies in an area remote from radioactive 
waste management facilities and collecting 
baseline samples of pollen, honey, and honey
bee carcasses. Twenty hive bodies were 
assembled from new materials and used to 
establish 10 strong two-story colonies from 
bees purchased from a supplier. Pollen and 
honey samples were collected during 
September; pollen was collected with traps 
that fit into the hive entrance, and honey 
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samples were collected from freshly capped 
honeycomb. Next year, colonies will be 
placed near waste processing facilities to 
determine the availability of radiocontami
nants to foraging bees. 

Burrowing Owl Food Habit Studies 

Five pairs of burrowing owls (Speotyto 
cunicularia) were selected for a study of 
feeding strategies on the Hanford Site. 
The purpose of the study was to determine 
1) whether owls of the same species feed on 
the same prey under relatively equal condi
tions or manifest behavioral constraints in 
food preferences, 2) whether seasonal and 
habitat variations in prey availability are 
reflected in owl diets and 3) the physical 
capacity for exploitation of certain size
weight ranges of prey. 

The studies that have been conducted on 
burrowing owl feeding habits in shrub-steppe 
habitats of northwest United States have 
listed small vertebrates, primarily rodents, 
as prey, but no invertebrates. No quantita
tive food habit studies have been reported 
for the shrub-steppe region of Washington, 
nor has an attempt been made to correlate 
burrowing owl diets to prey availability in 
a statistical fashion. The preliminary re
sults of the burrowing owl dietary analyses 
for invertebrate and vertebrate prey are 
given in Tables 4 and 5. 

Preliminary data analyses in this study 
have provided a great deal of information on 
feeding habits of burrowing owls and prey 

TABLE 4. Abundance and Biomass of Invertebrate Taxa 
Occurring Within Burrowing Owl Diets 

Taxa Abundance Biomass (g) 

Coleoptera 2,707 (64) 77.9 (32) 
Diptera 1 «1) <0.1 «1) 
Hemiptera 9«1) <0.1 «1) 
Hymenoptera 159 (4) 1.1 «1) 
Neuroptera 1 «1) <0.1 «1) 
Orthoptera 822 (20) 129.1 (53) 
Siphonaptera 1 «1) <0.1 ( 1) 
Solpugida 48 (1) 3.4 (1) 
Scorpionida 207 (5) 16.2 (7) 
Araneida 137 (3) 16.1 (7) 
Acarina 4 «1) <0.1 «1) 
Unknown 127 (3) not applicable 
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TABLE S. Abundance and Biomass of Vertebrate Taxa in 
Burrowing Owl Diets 

Taxa 

Reptiles 
Side-Blotched Lizard 
(Llta stansburiana) 

Birds 
Pds')eriformes 

Mammals 
Soricidae 

Merridm shrew 
(Sorex merriam,) 

Cricetidde 
Sagebrush vole 
(Lagurus curtalus) 
Deer Mouse 
(Peromyscus manicuiaws) 
\Vestern harvester mouse 
(Reirhrodontomvs 

mega/otis) , 
Hete-romyidae 

Great Basin pocket mouse 
(Perognathus parvus) 

Geomyidae 
Northern pocket gopher 
(Thomomys talpoiJes) 

Unknown rodents 
Lagomorpha 

Abundance 

69 

78 

726 

53 
124 

3 

Biomass (g) 

3.4 

40.0 

3.8 

1359.3 

1388.4 

24.0 

9994.0 

1855.0 
2356.0 

78.0 

availability. Tables 4 and 5 show abundance 
and biomass data on prey consumed by burrowing 
owls. A planned open literature report in 
FY 1980 will examine owl feeding strategies 
as they relate to behavioral differences 
among owls and seasonal variation in prey 
avail abil ity. 

Lizard Studies 

An intensive field study concerning the 
ecology of the side-blotched lizard (Uta 
stansburiana) and sagebrush lizard (SceToporus 
graciosus) has been completed and data have 
been analyzed. We are presently preparing a 
manuscript for publication in the open liter
ature which will cover the life history of 
these lizards on the Hanford Site. One 
aspect of the study has dealt with the food 
habits of the lizards. Table 6 provides 
a general listing of the major taxa preyed 
upon. 



TABLE 6. Number of Prey Eaten by the Sagebrush 
lizard (Sce/oporus graciosus) and the Side-Blotched 
lizard (Uta stansburiana) 

Sagebrush Side-Blotched 
Taxa lizard lizard 

Acarina 14 12 
Araneida 6 45 
Coleoptera 25 22 
Collenbola 11 
Diptera 10 40 
Hemiptera 36 64 
Homoptera 4 31 
Hymenoptera 31 145 
Isoptera 7 
Lepidoptera 10 17 
Nemoptera 1 
Neuroptera 3 4 
Orthoptera 8 49 
Thysanura 1 

Small Mammal Report 

A research report for Rockwell Hanford 
Operations entitled Analysis of Small Mammal 
Populations Inhabiting the Environs of a 
Low-Level Radioactive Waste Pond (see publi
cations list; Gano, PNL-2479) was published 
in 1979. This project supported additional 
interpretation and writing on the data re
ported in this document to prepare it for 
open literature publication. The manuscript 
will be submitted to an appropriate journal 
for revie'fI early in FY 1980. 

Studies of Vegetative Recovery After Fire 

Vegetation plays an important role in 
stabilizing soil surfaces against wind ero
sion. When fire removes most or all vegeta
tion, strong winds can remove the surface 
soil. The soil surface remains susceptible 
to wind erosion until vegetation becomes re
established. The rate of recovery, as well 
as the amount of vegetation growing back, 
depends upon both the soil and the types of 
vegetation growing on the plot before the 
fire. This task examined the rate of vege
tation recovery on three soil types in four 
plant communities following a fire in 1978. 
The results can be compared with an ongoing 
study following a fire in 1973. 

Fifty 0.1-m2 plots, each 1 m apart along 
a transect, were examined for soil and plant 
community type. The data obtained included 
spec ies frequency and cover. Figure 5 shows 
a plot of the cover data comparing the re
covering vegetation with the control vegeta-
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FIGURE 5. Vegetative Recovery Following Fire in aShrub
Steppe. Group I is first-year recovery in low-to-moderate 
erosion areas. Point II is first-year recovery in high-erosion 
areas in cheatgrass/mustard communities. Group III is first
year recovery in high-erosion areas in sagebrushl 
cheatgrass communities. Point IV is recovery in all three 
types of erosion areas after six years. 

tion. Four clusters are apparent, although 
only two clusters actually have more than 
one point (which indicates that more data 
will be required to substantiate any conclu
sions drawn from this work). Cluster I 
represents first-year recovery in four com
munities in low-to-moderate erosion condi
tions. Recovery is proportional to the 
amount of vegetation cover before the fire. 
It averages almost exactly 50%. Cluster II 
represents a single observation in a highly 
eroded cheatgrass (Bromus tectorum)-mustard 
community, where the recovery vegetation 
actually yielded more herbaceous cover than 
the vegetation in the unburned community. 
Cluster III represents a single observation 
of recovery in a sagebrush (Artemisia 
tridentata)-cheatgrass community where ero
sion is high. The recovery vegetation 
amounts to only 5% of the control vegeta
tion. The fourth cluster shows vegetation 
recovery in low-, moderate-, and high-erosion 
conditions after six years. The recovery 
vegetation exceeds the control vegetation by 
a small amount. 

These initial observations need to be sup
ported by more extensive data to confirm the 
results. However, these data consistently 
suggest that even soils with moderate ero
sion potential revegetate readily if the 
vegetation existing before the fire has been 
sufficiently dense. The data also seem to 



imply that, in about six years, recovery is 
complete and the added soil erosion poten
tial disappears. Only in the first season 
is the difference between communities clear. 
If these data reflect a general pattern, 
rather than merely this particular set of 
conditions, then fire may be much more 
hazardous in sagebrush communities than in 
cheatgrass-mustard communities. This fol-

78 

lows from the very sparse revegetation in 
the first year in the sagebrush community 
(Cluster III) compared to the cheatgrass
mustard community (Cluster II). The dif
ference may be due to a greater natural seed 
reservoir in the cheatgrass-mustard communi
ty, a point which needs to be examined next 
year. 




