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Abstract.-Ionizing radiation has been used for decades in studies involving aquatic organisms 
to produce androgenesis and gynogenesis and in attempts to produce reproductively sterile indi­
viduals. Tn these studies, gametes or organisms were exposed to a broad range of doses of ionizing 
radiation in various containers to obtain the desired results. However, there are many factors that 
affect irradiation levels and cause target doses and actual absorbed doses to be different. Our goal 
in this study was to use intensive dosimetry to determine the variation in dosage possible in 
irradiation of aquatic organisms. Using the Fricke dosimetry technique, we found suprisingly high 
levels of vertical and horizontal variation in dose rates inside of a small (hut typical) container 
( 14.5 cm high, 16.7 cm wide, and 2.8 Lin volume). The presence or absence of container rotation 
further affected these variations. When the container was rotated, vertical variation ranged between 
I% and 21 %, and horizontal variation ranged between 10% and 19%. When the container was not 
rotated, vertical variation ranged between 6% and 28%, and horizontal variation ranged between 
20% and 72%. Comparisons between air and water as a surrounding medium showed that the dose 
rate in air could he 42% higher than in water when the container rotated and as much as 218% 
higher in air when the container did not rotate. These variations would cause samples irradiated 
in water to receive dosages lower than desired. It is therefore crucial that careful dosimetry be 
performed before carrying out experiments and that they be performed in the same medium in 
which specimens are to be irradiated (presumably water for aquatic organisms). Such measurements 
are typically not reported or are not performed in irradiation studies of aquatic organisms. Ex­
perimental errors such as these would complicate comparisons among studies and organisms and 
hinder development and application of valuable techniques such as radiation-induced sterilization 
of genetically modified organisms. 

Ionizing radiation is commonly used to elimi­
nate chromosome sets in fish and other aquatic 
organisms to produce androgenesis (all-paternal 
inheritance; Thorgaard et al. 1990; Nagoya et al. 
1996) and gynogenesis (all-maternal inheritance; 
Dai et al. 1993). Androgcnesis and gynogenesis 
have numerous potential applications, including 
the generation of homozygosity, in which the re­
maining chromosome set is duplicated by sup­
pression of the first cleavage, and recovery of ge­
notypes from cryopreserved sperm (Thorgaard 
1986). Ionizing radiation is routinely used to ster­
ilize pest insect species (Steiner et al. 1965, 1970). 
It has also been used to induce sterility in some 
fish species (Nelson et al. 1976; Konno and Tashiro 
1982; Hanson 1990). Reproductively sterile indi-
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viduals reduce the potential hazards caused by the 
introduction of exotic species or genetically mod­
ified organisms. 

Radiation affects cells primarily by damage to 
nuclear DNA through base damage, single strand 
breaks, or double strand breaks. These breaks may 
result in chromosomal aberrations that prevent 
proper distribution and replication of the chro­
mosomes and their transmission to daughter cells 
during cell division. For example, the frequency 
of DNA alterations detected in DNA fingerprinting 
analysis increased with increasing dose in embryos 
of the F 1 progeny of male Japanese medaka Ory­

zias latipes exposed to 950 and 1,900 radiation 
absorbed doses (rad 0.01 gray) of gamma rays 
(Kubota et al. 1992, 1995). Chromosome frag­
ments, including ring chromosomes, were reported 
in adult rainbow trout Oncorhynchus mykiss and 
their offspring as a result of exposing sperm to 
















