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Abstract


Larvae Carassiusgibelio were developed artificially in the laboratory and exposed to 50, 500, 5000 and 50000 BqL-1 tritium (biological grad) contaminated spring water. After 28 days exposure, selected lots larvae were removed to inactive free-flowing water to study retention and turnover components. Distinction between volatile or "body-water” tritium and non-volatile or "bound” tritium was emphasized. A rapid uptake of tritium during 1 to 2 days was indicated for all concentrations, followed during the ensuing 27 to 28 days of exposure by maintenance of equilibrium levels. The "bound” tritium fraction accounted for approximately 20 % of the total label in each larva, a level not exceeded as measured over the duration of exposure. Both volatile and "bound” fractions, after transfer to free-flowing water, elute rapidly with estimated half-times of 1 and 2 hours, respectively.


The effects of each treatment on larvae was assessed in of the proportions the number abnormal size of the larvae. Selected behavioral and physiological test were applied to detect "sub-lethal” effect. Preliminary consideration of all data indicated that no significant degree of detriment resulted from exposure at these levels during development of larvae.
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Introduction



Tritium (3H) in the natural environment is derived from natural or anthropogenic sources and can be used to estimate human radiation exposure around nuclear fuel reprocessing facilities. Elevated concentrations of 3H in the environment are generally associated with its production at nuclear facilities and exposure of local populations can be a public concern. The concentration of cosmogenic 3H in natural waters is estimated to be 0.1 BqL-1 [1, 2]. In continental environments, which are not directly adjacent to nuclear facilities, the radioactivity concentrations of 3H ("background”) currently range between 1 and 4 BqL-1.


The difference between these and cosmogenic background levels (0.1 to 0.6 BqL-1) can be accounted for by the decreasing influence of fallout from nuclear weapons testing in the atmosphere, which, in the case of 3H, resulted in maximum activity concentrations of nearly 470 BqL-1 in rainwater in 1963. Because 3H is an isotope of hydrogen, it enters the hydrological cycle primarily as tritiated water (HTO) and in the form of tritiated-organic carbon-based compounds [1,3]. Thus, its entrance into the biosphere, migration, bioaccumulation, and pharmacodynamics in higher organisms can be described generally by the behavior of water, as well as by the metabolism of tritiated-organic carbon based compounds. Through these pathways, 3H can become bio available and bio accumulate in higher organisms through tropic levels and eventually, can be taken up by humans [4,5]. Thus, it is important to understand the potential source terms and levels of 3H that contribute to ecosystems in which humans might be impacted.


Exerting a poly tropic effect on organs and tissues of a living body, tritium is a considerably more toxic radio nuclide than other γ-and β-emitters (137Cs, 106Ru) with similar distribution pattern, because it creates 10-30 times higher ionization density in unit volume of the tissue. In addition, tritium exhibits transmutagenic action and can cause genetic effects. According to the UN data (1988), tritium is one of the seven most hazardous radionuclides along with 137Cs, 14C, 32P, 226Ra, 239Pu, and 241Am [1,6]. Tritium is also characterized by high migration ability.


When getting into the environment, it becomes instantaneously involved in all the units of the ecological turnover, replacing protium and causing breaks in RNA and DNA chains in biological structures of all living bodies [5,7,11]. Specifically OBT passing along the entire food chain is the most biologically hazardous compared to tritium water (HTO), which is also a source and a factor of the living body irradiation, replacing protium water (H2O) [4,12]. If the living organism was exposed to higher environmental 3H concentration in the past than in the present, past contamination may remain in some of its tissue.


This is one of the reasons for the high OBT/HTO rations in nature. The biological consequences of low level irradiation have become an important consideration in all environments. Knowledge in the aquatic areas is, however extremely limited, and is mainly concerned 8 with somatic effects. Since tritium will be a major contributor to the radioactivity in the effluents from nuclear power plants and cannot be removed by conventional technology increasing concern has been expressed as to the ultimate, concentration in and the effect. Most available experimental data is concerned with the effects of acute exposures of radiation. While these data indicate that fish and other aquatic organisms are relatively radio resistant in comparison with terrestrial mammals, little pertinent data is available for an assessment of the effects of low-level arid chronic exposure regimens.


Materials and Methods

Larvae of the fish (Carassius gibelio) were developed artificially, in the laboratory, water hardened and at 6hr after fertilization were immersed in 50, 500, 5000and 50000 BqL'1 tritium which were added in water (essentially pathogen free). The experimental conditions were: 28 days at 10.5±2.5 0C, facilitated within are circulating drip incubation system. Water and embryos were sampled at intervals to ascertain the time necessary to reach equilibrium.


After experiment, larvae were rapidly frozen and stored at 40 °C. Immediately before the measurements of the content of tritium the larvae was then placed within the oxidizer unit and subjected to an instrument heat of 200 °C, and low flow of N2 gas was used to sweep the evolved volatile tritium fraction. After the samples were placed into a round-bottom flask, where the sample was mixed with toluene in readiness for azeotropic distillation. The mixture obtained was allowed to stand in the corked flask for 12h and was then placed into a flask-heater. A special device was fitted onto mouth of the flask, which had been developed by the authors, for azeotropic distillation and separation of the aqueous and organic phase [13].


If required, further purification from organic impurities was accomplished by re-distillation with KMnO4 [14], until a transparent and colorless liquid was obtained. Following distillation, aliquots were mixed with the liquid scintillation cocktail and prepared for radioactivity measurements. The purified sample aliquots were mixed with Ultima Gold AB liquid scintillation cocktail in polyethylene vials at a ratio of 1:1; three background samples were simultaneously prepared. Standard tritiated water, with a certified value of 0.1 Bq•L-1, was used as a reference for each type of sample measured. The samples, backgrounds, and 3H references were stored in the system for at least one day to sufficiently decrease chemilum in escence, which interferes with 3H measurement. All vials were then counted using a Quantulus Model 1220 liquid scintillation counter (200 min/sample, cycle-7 times, total measuring time per sample 1400min, measuring region -0.0-18.6keV, corrected appropriately using a quench indicating parameter (i.e. transformed Spectral Index of External standard, TSIE) [15].


The measurement efficiency s was calculated using the standard method [16] by the formula ε = Ī/A, where Ī is the sample counting rate, and Ais the sample radioactivity in DPM (disintegration per minute) units, calculated from the data indicated for the reference sample [16]. For the conditions used for the tritium determination in the samples, the efficiency was 26-28%. The absolute sample activity was found from its true counting rate, knowing the detection coefficient φ. The absolute activity was determined using the method of relative measurements. The method is based on comparison under strictly identical conditions of the counting rates from a test (or control) sample (Ix) and from a reference (standard) sample Ist containing a known amount of the radionuclide [16].



Because the samples contained the same radionuclide, the detection coefficient φ under identical measurement conditions will be the same. Then, the absolute activity (A x) determined by the method of relative measurements will be [16] Ax= (Ix/Ist) Ast. The background determined for the 3H-free water samples prepared ranged between 0.926 CPM and 1.002 CPM and the counting efficiency, using the internal standard method [17-19], was between 25.37% and 26.10% for the maximum figure of merit.

Radiation Effects

The effects of each treatment were assessed in terms of the proportions and the numbers of obviously abnormal larvae. Anomalies included major malformations of the eyes and of the body. The larvae were inspected each day and all dead larvae removed. Selected behavioral and physiological tests were applied to detect "sub-lethal" effect. The relative performance of tritium-treated (5000Bq L-1 exposures for 28 days) and untreated (control) juvenile fish was determined using the method which was described by Bams [20] and Bayley et al. [21]. For other groups of tritium-stressed fish (500 Bq L-1 exposures for 28 days), equilibrium loss and thermal death times were determined.



Results and Discussion 



Accumulation and Incorporation



A rapid uptake of tritium during the first 1 to 2 days was demonstrated at all concentration levels; this was followed during the ensuing 23 to 28 days of exposure by maintenance of equilibrium levels. The uptake for both volatile and "bound" 
fractions at the 500 Bq L-1 levels illustrated in Figure 1. The part tritium fraction accounts for approximately 20% of the total label in each larva, a level not exceeded as determined over the duration of exposure.



 


[image: ]

Figure 1:   Accumulation of tritium in eggs of Carassiusgibelio  
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Figure 2:   Retention of tritium in eggs of Carassiusgibelio  





 

The loss of tritium upon transfer to inactive free-flowing water after exposure for 20 days at an initial level of 500 BqL-1 is shown in Figure 2. For both volatile and "bound” fractions, fast and slow components of turnover are indicated. Initially, both volatile and "bound" fractions elute rapidly. A slower component of the volatile fraction persists for 17 days, as determined in development fry. The slow component of the "bound" fraction, for comparison, persists at 0.6% of the initial bound equilibrium level at 25 days. From data it was evident that exposure to tritiated water resulted in essentially a uniform distribution of the isotope in subsequently all tissues and organs of the larvae. No localization within nuclear organelles was demonstrated.


By inspection of the uptake curves in Figure 2, and with the understanding that the level of isotope in the treatment bath also decreases with time, it would appear that no concentration of tritium above the water equilibrium level had occurred. However, to adequately prove this contention, further statistical analyses normalized on a larvae weight or available water basis must be performed. Preliminary findings in support of this effort disclose an estimated concentration factor of only 0.92 to 1.1.


The curves for elution of volatile and "bound" fractions (Figure 2), indicate, as would be expected, an exponential loss of activities over the first several days. The slopes of the curves correspond to estimated half time of ∼1.0 and 2.0 hr respectively. As expected, the rate of loss of tritium activity in the volatile fraction becomes equal to the rate of loss of the "bound" fraction. This may be attributed to the fact that after sufficient time all essentially volatile or "body water" tritium will be derived from the breakdown or turnover of "bound" tritium-containing organic compounds. The "bound" curve can be resolved fairly well into two major exponential components with slopes corresponding to biological half lives of ∼2.0 hours and ∼8 days. Such resolution can only be considered as an approximation of tritium-binding capacities. Undoubtedly, there are as many more components of the curves as there are compounds in the larvae that are capable of binding tritium. Further uncertainty of the half life of the longer lived components is realized because of the lack of information as to the course of the curve beyond 25 days.


Radiation Effects



Table 1:      Effect of tritiated water on embryogenesis of the Carassiusgibelio 
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Table 2:     Effect of tritiated water on embryogenesis of Carassiusgibelio
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The results of exposure to the four concentrations of tritiated water as determined throughout experiments are illustrated in Tables 1 &  2. In Experiment No. 1, the 95% Confidence Limits for each treatment compared with the control indicate that under the described experimental conditions, a statistically significant reduction in development percentage could not be demonstrated. In fact, a slight enhancement in development efficiency occurred in the 50BqL-1 and 500BqL-1 levels. No demonstrable delay in time of development for any of the three treatment levels as compared with the control was observed. A statistically significant increase in the incidence of abnormal larvae as compared with the control was encountered. The larvae in each treatment were of significantly different size than those of the control, as determined at 28 days, although the high concentration larvae of greater length.



In Experiment No. 2, the lack of rigid temperature control during the last week of development unavoidably resulted in terminating the tritium treated lots before the, greater proportion of the larvae had hatched. The control lot developed under near normal experimental conditions. However, as in Table 2 if mortality is normalized to a period in development there environmental parameters were adequate, 21 days, then a comparison between control and each treatment level is possible.


In this case, a significant increase in the incidence of mortality as compared with the control is encountered, and which may be correlated to increasing exposure level. From Table 1, in the systems 5000 BqL'1 and 50000 BqL'1 levels produced significantly more abnormal larvae than the control. For each of the procedures applied to detect "sub-lethal" effect as a result of exposure during inclusive of determinations of growth rate Table 3, relative performance to predation (Table 4) and equilibrium loss and thermal death (Table 5), no statistically significant degree of impairment was demonstrated.



Table 3:      Growth of tritium-treated (50000 Bq.L-1) of larvae and untreated (control) of Carassiusgibelio

[image: ]





Table 4:    Relative performance of tritium-treated (50000 Bq.L-1- 21 days during embryogenesis) and untreated (control) juvenile to predation as determined at 4 months 
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Table 5:     Thermal sensitivity of tritium-treated and untreated juvenile of Carassius gibelio
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Conclusion

A review of all experimental results to date reveal considerable variation between similar treatments, and as great as those differences arising within treatments. Statistically significant reduction in the proportions of larvae attaining a particular stage in development could not be demonstrated consistently.


Although a statistically significant increase in incidence of abnormal larvae as compared with controls is encountered in most all treatments, the degree of increase could not be correlated to increasing exposure level. Impairment at the higher exposure levels cannot be detected with the criteria presently applied; that is larvae abnormality and such "sub-lethal" indices as growth, predation, equilibrium loss and thermal death.
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