
• Sublethal Effects of Tritium on Aquatic Systems 

• Ecological Effects of Lithium and Beryllium on Aquatic Communities 

o Teratological Effects of Low-Level Magnetic Fields 

Principal Investigators: J. A. Strand, T. M. Poston, J. R. Skalski, 

R. M. Emery, D. C. Klopfer and C. S. Abernethy 

Other Investigators: R. G. Genoway and S. A. Barraclough 

Continuing studies of the sublethal effects of tritium on biological systems emphasize the determina

tion of relative biological effectiveness (RBE) of 3H beta irradiation when compared to 60CO gamma 

irradiation applying the relatively radiosensitive immune process of the rainbow trout, Sa/mo gairdneri. 
This study is of practical importance since recent research findings suggest that a higher RBE value than is 

now recognized by the International Commission on Radiological Protection (leRP) may be required. 

We are also studying the potential effects of beryllium and lithium on aquatic systems. Because of 

mining and refining subsequentto the use ofthese metals in the construction offusion reactors, increased 

levels of each are likely to be encountered in surface waters. Studies included an evaluation of potential 

toxicity of lithium on embryological life of rainbow trout and an assessment of fate and effects of lithium in 

artificial stream habitats. Levels of lithium necessary to cause an observed effect would have to be at least 

three orders of magnitude above observed background. 

Studies on teratogenic effects of low-level magnetic fields conducted in FY 1980 address the need to 

develop potentially more sensitive approaches to measure the effects of magnetic fields on biological 

systems. Preliminary results are presented for an approach using a secondary chemical stress in addition to 

the primary stress of magnetic field exposure. It is the objective of this research to assess the potential 

harmful effects of magnetic fields on attendant personnel working in the transport and hot cell areas of 

fusion reactors. 

SUBLETHAL EFFECTS OF TRITIUM ON AQUATIC 
SYSTEMS 

Studies undertaken during FY 1980 applied 
the relatively radiosensitive immune process 
of the rainbow trout, Salmo gairdneri to de
termine the relative biological effective
ness (RBE) for 3H beta radiation as compared 
to 60Co gamma radiation. In earlier stud
ies, we had demonstrated that the primary 
immune response of juvenile (5 month) and 
adult (17 month) rainbow trout, as deter
mined by serum agglutination assay, was sig
nificantly suppressed and permanently 
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altered at 3H doses as low as 4 rads when 
delivered over the first 20 days of embryo
genesis. Of secondary interest, we collect
ed data on the ~otential effects of embryon
ic exposure to 3H and 60Co on hatachability, 
early survival, abnormality, late mortality, 
and growth. 

Approximately 16,000 eggs were stripped 
from 12 three- and four-year-old female 
trout and fertilized immediately with sperm 
collected from 12 three- and four-year-old 
male trout. The embryos were well mixed, 



divided into eight equal groups, and immedi
ately placed in eight recirculating, con
stant-temperature (10.5 ± 0.2°C) incubators. 
Four of the eight groups were exposed for 20 
days to 3HOH (biological grade) at 0, 0.03, 
0.25 and 2.5 radS per day. The other four 
groups were exposed for 20 days to 60Co ra
diation at 0, 0.10, 1.0, ~nd 10.0 rads per 
day. The effective dose levels of embryos 
exposed to 60Co were designed to be approxi
mately 4 times greater than the levels 
resulting from 3HOH exposure.(a) 

After being exposed to either 3HOH or 60Co 
for 20 days, all treatment groups were trans
ferred to a single-pass incubation system 
until hatching. Hatching occurred in 28 ~ 
1.5 days at 10.5 ~ 0.2°C. At 14 days after 
hatch, each treatment group was subdi-
vided into four equal groups; each group was 
asslgned to a different circular culture 
pond. Each pond consisted of eight compart
ments, each compartment receiving one of the 
now eight test groups. At 6 months after 
hatch, all test groups were removed from 
their respective compartments, marked for 
identification (liquid nitrogen cold-brand), 
and released to swim freely within their 
respective circular ponds. At 7 months 
after hatch, all test groups were 
vaccinated with heat-killed Flexibacter 
columnaris antigen in Freund's incomplete 
adjuvant. One week prior to vaccination, 
three weeks after vaccination, and at 2-week 
intervals thereafter, at least 20 fish per 
test group were sampled to determine serum 
agglutination response. A standard micro
agglutination test was applied to determine 
the concentration (titer) of agglutinating 
antibodies to F. columnaris. Decreased 
levels of circulating antibody served to 
indicate the degree of immune suppression 
that had been achieved. 

ThiS design facilitates treatment of the 
resulting agglutinin through the evaluation 
of treatment data by analysis of variance 
and orthogonal contrasts. Dose-response 
relationships for 3HOH and 60Co will 
further be compared to establish the rela
tive biological effectiveness (RBE) of the 
3H-beta radiation. 

The race of experimental fish presently 
reared in the Hanford hatchery only breeds 
during winter, so efforts to determine the 
RBE of 3HOH will continue into FY 1981. 
Because the test fish were too small to 
vaccinate until September, 1980, post
antigenic sampling will not be completed 

(a)Recent evidence indicates an increasing 
RBE for 3H with protracted exposure when 
compared with T or x-radiation. This 
suggests an RBE of 3 or 4 at every low 
doses «20 rads). 
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until December, 1980. Accordingly, results 
at the time of preparing this report are 
limited to observation of the potential 
effects that 3HOH and 60Co have on 
early life-stages of the rainbow trout in 
terms of hatchability and latent mortality. 

Exposure to 3HOH at 0, 0.03, 0.25, and 
2.5 rads per day over 20 days of embryo
genesis resulted in hatching percentages of 
93.3, 94.1, 95.4~ and 94.3, respectively. 
For exposure to oOCo at 0, 0.10, 1.0, and 
10.0 rads per day, hatching percentages of 
95.0, 95.8, 94.9, and 94.5, respectively, 
were recorded. Fry mortality for each 
3HOH treatment group through 60 days was 
3.8%, 5.6%~ 3.4%, and 3.6%, respectively. 
For each 6uCo treatment group, the values 
were 6.5%, 5.2%, 4.8%, and 4.5%, respec
tively. Mortality from day 60 to day 110 
did not exceed 11.3% for the 3HOH or 
60Co treatment group, with the exception 
of the 0.25 rad per day 3HOH group where 
a value of 19.9% was recorded. Finally, 
mortality for day 110 to 200 after randomly 
reducing the number in each treatment group 
from 2000 to 600 averaged 24.0%. During 
this time, vaccination mortality accounted 
for <1.0% in each treatment group. 

ECOLOGICAL EFFECTS OF LITHIUM AND BERYLLIUM 
ON AQUATIC COMMUNITIES 

The purpose of this work has been to 
define the hazards associated with elevated 
concentrations of lithium and beryllium in 
freshwater environments. These elements 
will be expansively mined and used in fusion 
reactors. Our main objectives are to iden
tify the lowest concentrations of either 
element that produce effects on aquatic life 
and to provide an interpretation of the 
significance of those effects. This study 
is in its latter stages of experimentation, 
and the results of lithium testing are being 
analyzed and communicated. Tests with 
beryllium are in progress. 

In the past three years, we have been 
defining the toxicity of lithium and beryl
lium using parameters that measure responses 
in rainbow trout (Salmo gairdneri) and 
Columbia River periphyton communities. As 
a test organism, rainbow trout were exposed 
to lithium at all stages of their life 
cycles except adulthood. The trout are now 
being exposed to beryllium. The response 
parameters used are: 1) egg integrity, 2) 
fertilization success, 3) completion of 
embryogenesis, 4) hatchability, 5) fry sur
vival, and 6) juvenile survival. Also, 
naturally colonizing Columbia River biota 
(mainly algae) were continuously exposed to 
concentrations of lithium. These experi
mental periphyton communities will be used 
to measure beryllium toxicity. The response 



parameters used for these tests are: bio
mass, primary production, and insect 
habitation. 

Our experiments with lithium compounds 
are complete. Tests with beryllium 
compounds will be completed in FY 1981. 

For both elements, we have determined 
that at lower concentrations, where minimal 
effects are observed, the associated anions, 
C03 = and F-, do not play toxic roles. We 
also have statistically verified that only 
the lithium and beryllium cations of these 
most probable compounds associated with 
fusion technology are of toxicological 
concern. 

Findings of our experiments with lithium 
are being prepared for publication. The 
main results are summarized in Table 7.1. 
Lowest concentrations of lithium producing 
effects in our response parameters are shown 
here as LRCT (Lowest Rejected Concentration 
Tested) values. The LRCTs were defined 
statistically using analysis of variance 
followed by a Fisher's protected least sig
nificant difference procedure (LSD at a= 
0.05) . 

Of the nine parameters observed, the 
lowest lithium concentration producing 
effects was 0.26 mg/L (periphyton biomass, 
Table 7.1). In general terms, rainbow trout 
and periphyton were equally sensitive to 
lithium. Most of the toxicologic stress 
occurred in a concentration range of 1 to 
10 mg Li+/L, although periphyton biomass 

was reduced by lithium at a concentration 
range of 0.1 to 1.0 mg/L. This, then, is 
the range at which the lowest concentrations 
of lithium still produced effects. 

Our second major objective is to inter
pret the hazards of lithium to aquatic 
environments. Our interpretation, which 
will be addressed in a forthcoming publica
tion, considers natural concentrations of 
lithium in a variety of aquatic environ
ments. Available data indicate that most 
freshwater systems have maximal lithium 
concentrations in a range of 0.0001 to 
0.001 mg/L. Systems with higher salinity 
have maximum lithium concentrations ranging 
from 0.001 to 0.10 mg/L. Lithium concen
trations in salt lakes and hot springs can 
be as high as 10 mg/L. 

For purposes of setting regulatory stan
dards on lithium concentrations in most 
freshwater environments, we have identified 
a region of uncertainty. This caution zone, 
where normal concentrations are exceeded and 
toxic concentrations are approached, lies 
between 0.001 and 0.1 mg Li+/L. Our con
clusions on the hazards from lithium to 
freshwater environments are based on inter
pretations of the effects expected to result 
when concentrations increase into and beyond 
this region of uncertainty. 

The same approach is being used to define 
and interpret the hazards of elevated 
concentrations of beryllium in freshwater 
environments. 

Table 7.1. Lowest Concentrations of Lithium(a) Producing Effects on Experimental Response Parameters 

LRCT in mg LI+/L 

Response Parameter Test 1 

Rainbow Trout: 
egg integrity 55 ± 4.7* 
fertilization success None 
completion of embryogenesis 55 ± 4.7 
hatchability 10 ± 0.43 
fry survival 10 ± 0.43 
juvenile survival 1.0 ± 0.038 

Colonizing periphyton: 
biomass 0.26 ± 0.039 
photosynthetic rate None 
insect habitation None 

(a) Identified statistically as LRCT values (a = 0.05). 
* The 95 percent confidence interval about the mean. 

*. Not determined. 

Test 2 

4.4 ± 0.11 
None 

4.4±0.11 
2.4 ± 0.048 
2.4 ± 0.048 
1.2 ± 0.028 

1.4±0.34 
3.5 ± 0.56 

None 
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Test 3 Test 4 Lowest LRCT 

4.3 ± 0.055 4.3 
46 ±1.7 ** 46 

8.7 ± 0.22 ** 4.4 
4.3 ± 0.055 *. 2.4 
2.3 ± 0.083 2.3 
1.1 ± 0.11 .* 1.0 

0.61 ± 0.17 0.44 ± 0.15 0.26 
4.2 ± 0.63 None 3.5 

** ** None 



TERATOGENIC EFFECTS OF LOW-LEVEL MAGNETIC 
FIELDS 

Results of previous studies suggested 
that fertilization, development, hatch
ability, and juvenile survival of rainbow 
trout were not affected by exposure to 
either a static (10,000 gauss) or oscil
lating (2,800 - 11,200 gauss) magnetic 
field. Accordingly, studies conducted in 
FY 1980 were directed to develop poten
tially more sensitive approaches to measure 
the effects of magnetic fields on 
representative vertebrate systems. 

One approach has been to use a secondary 
stress in addition to the primary stress of 
magnetic field exposure. The reasoning is 
that perhaps we can not measure the effect 
of a magnetic field alone, but if a syner
gistic effect is observed (an effect greater 
than that pred1cted for either stress 
alone), then it may be reasonable to assume 
that the magnetic field does have some 
degree of influence. 

Hatchability and Early Survival 

Under flow-through conditions, equal 
numbers (2,500) of rainbow trout eggs were 
exposed from fertilization through 21 days 
of development to: a) a high-density, homo
geneous magnetic field (10,000 gauss), b) a 
continuously maintained 50 ppb TRC concen
tration of chlorine (sodium hypochlorite), 
c) both the magnetic field and chlorine, or 
d) neither variable (control). Incubation 
chambers for exposed and control embryos 
were identical. 

At 21 days (eyed stage), the embryos 
were transferred to standard-drip incubators 
where hatching occurred in 28 : 1.5 days at 
10.5 t 0.3°C. Two weeks after hatching, the 
fry from each exposure group were sub
divided into four equal groups and placed 
1n four fiberglass rearing troughs. Each 
trough consisted of four compartments; each 
compartment received one test group forming 
a 4 x 4 Latin Square design. Survival was 
monitored for 3 months. A Chi-square test 
of homogeneity was applied to determine the 
potential for differences among treatment 
groups. Evaluation of each index was con
ducted "in the blind" to decrease the 
possibility of investigator bias. 

Results of the relative influence of 
magnetic field exposure, Chlorine exposure, 
or combined exposures on survival up to 6 
weeks are presented in Table 7.2. Although 
a relatively low survival rate during hatch
ing was observed, no significant difference 
(a = 0.05) in hatchability among treatments 
was found. Similarly, there was no signifi
cant difference (a = 0.05) among treatment 
groups or control for survival through 6 
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Table 7.2. Effect of Magnetic and Chlorine Exposure on 
Early Life Stages of Rainbow Trout 

Number Percent Survival 
Condition of eggs Hatched at 6 weeks(a) 

Control 2355 58.64 87.69 
Magnet 2447 60.37 85.95 
Chlorine 2542 63.92 89.78 
Magnet and Chlorine 2397 59.61 87.54 

(a) Percent survival of hatched fry. 

weeks. The relatively low hatching per
centages might be due to using the spawn 
from 2-year old parental fish in the absence 
of older 3- or 4-year-old fish. 

Growth and Long-Term Survival 

When the fingerlings were 4 to 6 g in 
weight, 25 individuals from each group (4 
troughs x 4 compartments = 16 groups) were 
selected for uniformity of size, marked for 
identification (liquid nitrogen cold
branded), and placed in one of two 1.5-m 
diameter fiberglass circular rearing ponds. 
An additional 10 fish from each group were 
sacrificed for initial weight and length 
measurements. Fish stocks were fed five 
days each week, twice daily. In one pond 
excess food (4% body weight per day) was 
provided; in the other, a subsistence level 
(2% body weight per day) was made available. 
This allowed us to study the optimal growth 
and survival rates of the fish and deter
mine the competitive advantages among treat
ment groups. After 4 and 8 weeks of feed
ing were completed, individual weights and 
lengths of at least 10 fish from each group 
(160 from each pond) were recorded. Sepa
rate analyses for growth and survival rates 
were performed on the data from each pond. 
Analysis of variance was used to compare the 
growth in body weight of the treatment 
groups. The treatment sum of squares was 
partitioned using orthogonal contrasts. A 
Chi-square test of homogeneity for a 2 
(alive vs. dead) x 4 (treatment) contingency 
table was used to compare survival rates 
among treatments. 

Because the race of experimental fish 
presently reared in the Hanford hatchery 
only breed during winter months (December 
through March), studies to determine the 
potential for magnetic field effects on 
growth will carry-over to FY 1981. The test 
fish were not of sufficient size for "cold
branding" until August, 1980, which necessi
tated analyses of growth to continue 
through October, 1980. 


