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FOREWORD 

The objective of this study is to determine the feasibil ity of using a cytogenetic 
approach to detect the effects of ionizing radiation in a marine worm, Neanthes 
arenaceodentata. Such an approach may have applicability in evaluating the impact of 
the disposal of radioactive waste on marine ecosystems. 

This investigation was funded by the Environmental Protection Agency (EP\ ) , 
Off ice of Radiation Programs, under FY SO Environmental Protection Agency Agreement 
Number EPA-ADS9F00070. The project officer for EPA is Marilyn Varela. 

The authors thank Tay Minkler, Irene Tones, and Tony Carrano for their technical 
advice during this study and Rose Carri l lo for her assistance in seeing slides. 
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EFFECT OF LOW 6 0 CO DOSE RATES ON SISTER CHROMATID EXCHANGE 

INCIDENCE IN THE BENTHIC WORM Neanthes arenaceodentata 

ABSTRACT 

The usefulness of sister chromatid exchange (SCE) induction as a measure of 
low-level radiation effect was examined in a benthic marine worm, Neanthes 

60 arenaceodentata. Larvae were exposed to Co radiation for 12 to 2ft h at total doses 
ranging from 0.5 to 309 R and a t dose rates from 0.0ft to 13 R/h. Animals exposed at 
intermediate dose rates (0.5, 0.6, 1.25, 2.0, and 2.5 R/h) had SCE frequencies per 
chromosome about twice that of those receiving no radiation (controls), whereas those 
exposed at the higher dose rates (7.0 and UR/h) had SCE frequencies lower than the 
controls. Animals exposed at the lower dose rates (0.0ft and 0.1 R/h) had lower SCE 
frequencies than those exposed at intermediate dose rates (and higher SCE frequencies 
than controls). 

The length of chromosome pair number one differed among ;>etaphase spreads and 
was used as an index of chromosome condensation in a given metaphase. Because there is 
a possibility that chromosome morphology may affect the ability to resolve SCEs, 
morphology will be monitored in future studies. 

A preliminary experiment was performed to assess the effects of 2.2 and 11.5 R/h 
for 2ft h on growth and development. Larvae observed at 6 and 17 d after irradiation did 
not have significantly different numbers of abnormal larvae or survival rates. 

RECOMMENDATIONS FOR FURTHER STUDY 

DOSE RATE 

Extension and confirmation of preliminary data assessing the effects of Co dose 
rate on sister chromatid exchange (SCE) frequency in Neanthes arenaceodentata. 

TOTAL DOSE 

Extension and confirmation of preliminary data assessing the effects of total Co 
dose on SCE frequency in Neanthes arenaceodentata. 
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THE SCE CHANGES WITH TIME 

Determination and assessment of the changes in SCE frequency wi th t ime following 

Co irradiation. The SCE frequency should be observed at 4 to 8 h intervals following 

Co irradiation using dose rates and to ta l doses indicated from the results of previous 

experiments. 

THE SCE LIFE-HISTORY STUDIES 

Comparison of the induction of SCEs in larvae, juveniles, and adult Neanthes 

arenaceodentata following Co exposure. The dose rates and total doses used for these 

experiments should be decided from the results of previous experiments. 

LYSOS WIAL LATENCY 

Determination and assessment of the effect of Co radiation on lysosomal 

latency. The feasibil ity of using lysosomal latency as a measure of radiation should be 

evaluated using a range of either total doses or dose rates, as indicated by the results of 

previous experiments. 

INTRODUCTION 

Disposal of low-level solid radioactive wastes in marine environments occurred on 

both the east and west coasts of the United States (Joseph et a l . , 1971). Although these 

practices were discontinued by 1970, l i t t ie ef for t was made until recently to determine 

the fate and distribution of the radionuclides released from these wastes. Information 

now available indicates that some leakage of radioactivity occurred (Dyer, 1976; Noshkin 

et a l . , 1978), but the total impact of the releases on the ecosystems is not known. 

The United States Environmental D ,-r, iection Agency (EPA) is authorized under the 

Marine Research and Sanctuaries Act of 1972 (PL-92-532) to regulate the ocean disposal 

of radioactive material. This Act requires the EPA to establish regulations and cr i ter ia to 

implement a permit program. To develop valid cr i ter ia, the EPA needs information on 

the effects on the environment of radioactive waste disposal at sea. 

Deleterious effects of radioactivity on marine organisms are well documented 

(Templetcn et a l . , 1976; Blaylock and Trabelka, 1978; Egami, 1980). Damage to genetic 

material includes base damage, single-strand breaks, double-strand breaks, hydrogen bond 
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rupture, and cross-linking between DNA and proteins (Yu, 1976). Some lesions can be 

detected by examining metaphase chromosomes for aberrations and sister chromatid 

exchanges (SCEs). The yield of chromosomal aberrations in cells exposed to radiation 

(Blaylock and Trabelka, 197S) is much better documented than that for SCEs (Kato, 1979). 

The SCEs represent the interchange of DNA replication products at apparently 

homologous loci (Latt e_t a l . , 1981). This exchange, which does not alter the overall 

chromosom- morphology, was demonstrated f irst by autoradiographic techniques using 

t r i t iated thymidine (Taylor, 1958). More recently, these exchanges are distinguished by 

exposing cells to 5-bromo-deoxyuridine (BrdU) for two rounds of replication and a 

combined staining with fluorochrome plus Giemsa (FPG) (Perry and Wolff, 197*). Data on 

SCE frequency in cells exposed to some physical and chemical agents indicate that SCEs 

are a sensitive indicator of ON A damage caused by environmental mutagens and 

carcinogens. 

The effects of ionizing radiation on the frequencies of SCE were studied in a 

number of cell systems exposed to either beta-rays, beta plus x-rays, x-rays, or 

gamma-rays (Table 1). Some studies used H-thyrnidine incorporated into ON A to 

autoradiographically demonstrate the SCEs produced by x-rays (Marin and Prescott, 196*; 

Gatti e_t ah, 197,'. Other studies, also using autoradiography, indicated that the high 

beta-ray dose from the incorporation of H -thymidine into ONA resulted in induced SCEs 

(Gibson and Prescoit, 1972: Kato, 197*). 

After the FPC. technique was developed, several studies were undertaken to 

determine the effect of ionizing radiation on SCE frequencies in mammalian 

chromosomes. However, few data from these experiments are applicable to whole-animal 

iri vivo irradiation. Results from studies in which the irradiation of the cells took place in 

the pii.sence of BrdU (Perry and Evans, 1975; Solomon and Bobrow, 1975; Abramovsky et 

al., 1978: Livingston and Oethlefsen, 1979) may be confounded by BrdU-induced changes in 

radiosensitivity (Yu, 1976; Galloway, 1977; Morgan and Crossen, 1980). Studies using 

human peripheral blood lymphocytes that were irradiated and then labeled with BrdlJ 

show conflicting results. Cells irradiated at the init iat ion of culture, when the cells .vere 

in the G stage of their cycle, showed no increase in SCEs (Galloway, 1977; Li t t lef ie ld e_t 

a]., 1979), whp-eas cells irradiated i*2 h after init iation of culture, when the cells were in 

synthesis (S) stage, showed significant increase in SCEs (Morgan and Crossen, 1980). 

Increases in SCEs were found following in vivo x-irradiation of mice (Nakaniski and 

Schneider, 1979). In this study, like the majority of those listed in Table 1, dose rates 

much greater than those expected at ocean disposal sites were used. Studies are required 

that characterize the incidence of SCEs in whole animals irradiated with dose rates 

expected at ocean radioactive waste disposal sites. 
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TABLE I . Irradiation conditions used in previous studies examining tne frequencies of 
SCEs in cells exposed to different kinds of radiation. 

Cell system 
Radiation 
source 

Kangaroo Rat 
cells (Pt-Kl) 

Chinese hamster 
cells (D-6) 

Chinese hamster 
cells (CHEF-I25) 

Chinese hamster 
cells (CHEF-125) 

Chinese hamster 
cells (CHO) 

Chinese hamster 
cells (CHO) 

8 ( 3 H ) a 

S( 3 H) a 

B( 3 H) a 

or 
g ( 3 H ) a 

plus 
x-rays 

B( 3 H) a 

plus 
x-rays 

x-rays 

x-rays 

Human lymphocytes x-rays 
(normal & ataxia 
telangiectasia) 

Chinese hamster 
cells (CHO) 

Live mice 

x-rays 

x-rays 

Human lymphocytes x-rays 

Human lymphocytes -y(6uCo) 

Human lymphocytes -y(6"Co) 

Human lymphocytes y ( 6 u Co) 

Total 
dose 

Dose 
rate Reference 

8-38 rad 

8-38 rad 

27-3560 rad 

3S0-700 rad 

25-200 rad 

0.3-1.* rad/h Gibson and 
Prescott, 1972 

0.3-1.4 rad/h Kato, 197* 

0.8-99 rad/h 

11-19 rad/h 

50 rad/min 

xSO A'*00 rad %3-I t rad/h 

175 rad 60 rad/min 

50-80 rad 50 rad/rnin 

50-100 rad 

200 rad 

100 rad/min 

50 rad/min 

Marin and 
Prescott, 196'* 

Gatt i et 
a l . , 197* 

Perry and 
Evans, 1975 

Yu, 1976 

Calloway, 1977 

100-600 rad *50 rad/min Livingston and 
Dethlefsen, 1979 

200-1500 rad __b Nakanishi and 
Schneider, 1979 

100-WO rad __b Morgan and 
Crossen, 1980 

50-150 R 300 R/min Solomon and 
Robrow, 1975 

25-200 R 125 R/min Abramovsky 
e t a l . , 1978 

150-300 R 50 R/min Li t t lef ie ld 
et al., 1979 

aWe estimated tota l doses and dose rates for P(^H) radiation from autoradiographic 
f i lm grain counts. The B-radiation dose to a cell nucleus from 3 H incorporated into 
DNA was estimated to be 1.08 rad/disintegration (Goodheart, 1961) and 1* 
disintegrations were estimated to produce one grain count (Marin and Prescott, 196*). 
bDose delivered was not specified. 



Nereid worms are indigenous to marine disposal s i tes used by the U.5. in the past , 

and it is expected that they would be present in any future designated a reas as well. 

Because these worms live in bottom sediments tha t a re known to concen t ra te many 

radionuclides, they could therefore receive both an internal and external radiation dose. 

Pesch and Pesch (1980a) proposed that the marine polychaete Neanthes a renaceodenta ta 

be used as an in vivo cytogenet ic model for marine genet ic toxicology. In a baseline 

study, the effects of ionizing radiation on this species were assessed by quantifying the 

number of chromosomal aberrat ions induced by Co radiation; a t a dose r a t e of 7.5 R/h 

and a total dose of 180 R, an increase in chromosomal aberra t ions was found (Pesch et 

aL, 1981). However, the radiation doses used were higher than expected in most field 

si tuations. It is envisioned tha t a signal system could be developed for use as the f i r s t 

approach in monitoring potential disposal s i tes . If an e levated number of SCEs were seen 

in the sentinel organism in any future disposal si te as compared to a control a rea , it could 

indicate that (1) investigation of gross chromosome anomalies should be made to indicate 

if genet ic change may be sustained and affect localized populations and (2) that levels of 

radiation are becoming such tha t a reevaluation of the limiting capaci ty for s i tes should 

be made. 

The objective of this preliminary study was to cha rac t e r i ze the response of this 

worm to lower levels of radiation (from 0.5 R). We exposed Neanthes a renaceoden ta ta to 

different dose ra tes and tota l doses to determine the relationship between SCli frequency 

and Co radiation. We also performed a preliminary study of the effect of radiation on 

growth and development. 

METHODS 

WORM CULTURE AND HANDLING 

Neanthes arenaceodenta ta were cultured following methods recommended bv i)r. 

Donald Reish of the California S ta te University at Long Beach (Reish, 197<J). Mated pairs 

of adult worms were obtained from Dr. Reish and were shipped through the U.'j . mail in 

inflated plastic bags containing approximately 100 ml of seawater . The worms were 

shipped in the tubes they had constructed from the algae with which they were led. 

Because shipping t imes seldom exceeded 3 d, worm mortali ty was low; only a single death 

occurred during all shipments and none occurred after arrival a t Lawrence Liver.nore 

National Laboratory (LLNL). 
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On arrival at LLNL, mated pairs of adult worms were placed in t- l iter glass 

beakers . The adult worms that produced larvae used in the experiments were reared using 

semis ta t ic culture conditions; the water was aerated continuously and three quarters of 

the volume in the beakers exchanged weekly. Adult worms were maintained 20 to 30 d in 

our laboratory before larvae were harvested. The mean cul ture t empera tu re was 

I9.^°C ± 1.4°C. The adult worms were fed freeze-dried Enteromorpha sp. ad Hb. Uneaten 

food was removed weekly. 

The life cycle of this species is well known (Reish, 1957). Female worms die after 

laying eggs and the embryos are brooded by the surviving male. Hatching occurs 8 to 10 d 

following egg deposition. We harvested larvae 1 t o 3 d after they hatched (3 to 5 setiger 

larvae) by removing the intact worm tube containing the adult mate and larvae from the 

beaker and gently aspirating the larvae from the walls of the tube with a large-bore 

plastic p ipet te . Harvested larvae were washed two t imes with seawater passed through a 

0.^-gin-pore size fil ter. 

The rleanliness of the glass and plastic ware was found to be an important factor in 

the success of exper iments . Some disposable plastic ware is steril ized with ethlvene 

oxide, which has been shown to increase SCFs in hospital workers (Ciarrv et a l . ? 1^79). 

because some larvae appeared to be sensitized bv laboratory ware that was not rinsed or 

that contained residues of laboratory de tergent , all containers used in the assay were 

rinsed 20 times in hot tap water and then air dried. 

TI-U: * V o IRRXDIATION 

Lxposures to CO were e i ther 12 or 2b h, and were del iverer at different dose 

ra tes and total doses (Table 2). All irradiations were conducted m our low-level radiation 

facility equipped with a 1.25 Ci Co source. For each exposure, YJ to 7^ worm larvae 

harvested from 2 to 3 broods were placed in a cylindrical plastic chamber (2.*> cm in 

diameter) containing 30 rni of filtered seawater . A plexiglass sheet ( h 7 x O.fc rut) was 

placed in front of each exposure chamber to ensure electron equliorium. Hiffereni dose 

ra tes were obtained by varying the distance between the chamber and the source, and 

different total doses by varying the duration of irradiation at a given dis tance from the 

source. Delivered dose was determined from tr ipl icate thermoluminescent dosimeters 

placed behind each exposure chamber . 

Two groups of control worms were run with each experiment . Neither group was 

i r radia ted , but one was t rea ted with mitomycin C (MMC) and served as a positive 

cont ro l . Roth controls were maintained in the exposure facility during the irradiation of 

the o ther groups of worms. 
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TABLE 2. The Co dose rates and doses used during irradiations of \eanthes 

arenaceodentata larvae. 

Preliminary 
Dose Experiments growth and 

development 
1 2 3 U 5 6 experiment 

rate, Hose, 
R/h R 

13.0 30V 

11.5 2S0 

7.0 172 

5.0 f,5 

2.5 70 

2.5 h'j 

2.2 52 

2.0 :'"i 

1.25 30 

O.b 7-S 

0."- 12 

0.1 1-2 

0.0^ 0.5 

Ir radlationj^enod (h): 

24 

I'iral ' exposure period (h): 

52 

X X 

X — X 
X X X 

Total dose was determined by triplicate thermoluminescent dosimeters placed at the 
rear of each exposure chamber. Control and VIVIC tripl icate thermoluminescent 
dosimeters showed no radiation exposure. 
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CYTOGENETIC PREPARATION AND SCORING OF WORM CHROMOSOMES 

60 
Immediately following Co exposure, each treatment group of worm larvae was 

transferred under amber l ight, using a large-bore plastic pipette, to 100- x 20-mm plastic 

culture dishes, each containing 30 ml of 3 x 10 \1 BrdU in f i l tered seawater. 

Nonirradiated control groups were also transferred to the same concentration of BrdU or 

to Brdl ' plus 5 x 10" M̂ \I\1C. The BrdU and VU1C exposures were carried out in the 

dark, and colchicine (0.* mg/ml) was added to the seawater for the last ft h of the BrdU 

exposure. Two different BrdU exposure times were used (Table 2). 

We general I v followed the method of harvest of larvae and preparation of larval 

tissue developed by Pesrh and Pesch (lVSOa). Larvae were transferred to 1 5-ml conical 

plastic rubes, the seawater decanted, and 10 ml of 0.07 5 Vl_ potassium chloride added. 

\ f t c r \2 -run, this solution was decanted and the larvae were fixed in three changes of 

methanol : acetic and (3:!). The first f ixative change was performed after 5 min, the 

remaining changes were performed after 1 5 min each. Fixed larvae (50 to 75) were placed 

in ti depression of .) ceramic spot dish, mashed twice with broad tipped forceps. 1 ml of 

(i0^> acetic acid added, and then mashed continuously for an additional minute. Two 

drops of the worm tissues suspended in aceti<~ acid were deposited on the end of a clean 

TIIir rose ope slide held at i*5°C. Using a disposable plastic pipette, we made 10 to 15 

sun nssive transfers of the original drops of tissue suspension to clean areas of the slide. 

Pus process resulted in the deposition of cells n a series of rin^s along the length of the 

slide. Tno slides were dried at 45°C before staining. Generally, '-* slides could be made 
frorn the macerated tissues of 50 to 75 worm larvae. To ensure me best spreading of 

chromosomes, we prepared the slides within I h of the start of f ixation. 

[Inferential staining of the sister chromatids was accomplished by first staining fcr 

10 min in 5-ug/ml Hoe^nst 3325S solution made up in rj."i% sodium chloride (pH <•). 

Hoec ,t-stained slides were rinsed for 5 min in distilled water: air dried fo- at \r ist 

20 mi,-i; placed in a shallow, clear plastic trav; and covered with l / !5 VI Sorensen's buffer 

(DH 6.8) to a depth of 5 mm. Slides were then exposed to UV light in an M-99 printer 

fii00-V\ General Electric mercury lamp) for ^5 min, transferred for 6 to 10 min to 10% 

uiemsa stain in 1 /15^ Sorensen's buffer, air dried, and mounted with permount. Worm 

tissue fixation, slide preparation, and staining were all carried out under amber light. 

Slides were scored by scanning the entire slide using a Zeiss Universal microscope 

equipped with a lOx objective, 63x objective, 1.2 optovar, and 12.5x ovulars. 

Photographs were taken with K ^ak 35-mm, 2U I 5 technical pan f i lm. 
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For each treatment, the proportion of metaphases identified as f i rs t , second, and 
third divisions after the beginning of BrdU exposure was recorded (see Fig. 1). 
Second-division metaphases were examined for the number of chromosomes that could be 
scored and the number of SCEs per metaphase. In addition, chromosome length was 
evaluated for each metaphase that was scored. Chromosomes were measured using an 
ocular micrometer and the degree of chromatin condensation was evaluated based on the 
length of chromosome pair number one (Pesch and Pesch, l9S0b). 

STATISTICAL ANALYSIS 

Statistical methods dealing with the complex populations of cells and events that 

whole-animal SCU data repr>.'sen* are rot well developed. The mean of each treatment 

SCE frequency distribution (XSCE) plus or minus the standard error of the mean was 

calculated. A simple, single- tailed test was also used to make init ial comparisons 

between the SCE frequency distribution of control and those of treatec larvae. For each 

exposure, we calculated the percentage of cells scored with a SCE per chromosome 

frequency greater in value than that found in 90% of the control cells (SCE >90*o). The 

to'.al number of control cells scored wa.-. 111. Of these, 10% ( I I cells) had a SCE 

frequency per chromosome >0.58. For \1V1C (the positive control) a total of 92 cells was 

scored and, of these, 39 (42%) had a frequency >0.58. For each exposure, the percentage 

of scored cells that had a SCE frequency >0.5S was calculated and compared to the 

control and positive control. 

QUALITY ASSURANCE 

-Ml slides were scored blind, and the same slides from the f irst experiment were 

scored ri.idonily by Dr. G. Pesch (EPA, Narragansett) and David Rice and Rose Carri l lo 

(LLNL). The results of the comparative scoring of the f irst experiment are summarized 

in the appendix. The XSCE observed by the EPA, Narragansett, and LL.NL personnel were 

in good agreement except for the 13.0-R/h treatment. 

RADIATION EFFECTS ON GROWTH AND DEVELOPMENT 

Approximately 250 newly hatched larvae were exposeJ to 52 R (2.2 R/h) and 250 R 
(11.5 R/h) and examined for abnormalities and survival at 6 d (5 to 6 setiger larvae) and 
17 d (27 to 30 setiger larvae) following irrad'ation. 
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1G. 1, Neanthes arenaceodentata metaphase chromosomes f rom cells mat have 

undergone different number of replications after the beginning of ftrdU exposure: (a) cell 

identified in f irst division, (b) cell identified in second division, (c) cell identified in 

second di/ isio' i and scored as an outlier (SCE >2.0 per chromosome), and (d) cell identified 

in third division. Image scale: 7 mm = 5 um. 
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RESULTS 

RADIATION EFFECTS ON SCE FREQUENCY 

The frequency of SCEs in cells from worms irradiated with Co varied wi th the 

dose rate and total exposure dose (Fig. 2, Table 3). For a given treatment, both the XSCE 

and the percentage of scored cells that had a SCE frequency per chromosome greater in 

value than that found in 90% of the control cells scored (SCE >S0%) were determined. 

Among all the cells scored, six had very high SCE frequencies (SCEs >2.Q per 

chromosome) and were designated as outliers (Table 3, Fig. l-c). These outliers seemed 

to be randomly distributed and not related to dose rate or total dose. Even thougn the 

number of outliers was low, the frequencies of SCEs in these cells were sufficiently high 

in some cases to substantially alter the XSCE values. 

At the lower dose rates (0.04 and 0.1 R/h), the XSCE and SCF >90% were lower 

than those at intermediate dose rates and higher than those of the controls. At 

intermediate dose rates (0.5, 0.6, 1.25, 2.0, and 2.5 R/h), the XSCE and SCE >V0% were 

all about twice the control values; at the high dose rate= (7 and 13 R/h) the XSCE and SCE 

>10% were .ower than the control values. These results demonstrate an increase in SCEs 

witn certain ' Co radiation regimes: a doubling of the control SCE frequency was 

detected a' dose rates as low as 0.5 R/h and a total dose of 7 to S It . However, we 

cannot explain the decrease in SCEs at the higher dose rates and the similarities in XSCE 

and SCE >90% at the intermediate dose rates. 

At a total dose of about 65 R, the SCE frequency in cells was much higher in worms 

irradiated at a dose rate of 2.5 R/h than in those irradiated at 5.0 R/h. In contrast, no 

apparent difference was seen between cells irradiated at 1.25 and 2.0 R/h, when the total 

dose delivered was about 25 R. These data are insufficient to distinguish between the 

effects oi the total dose and dose rate. 

Two different times of exposure to BrdU were used. In worms exposed to RrdU for 

40 h, the percentage of cells in second division was 56 t 8 and in those exposed for 52 h i t 

was 54 ± 8. Because this difference of 12 h in BrdU exposure did not change the 

percentage of the cells found in second division, data from the 40- and 52-h exposure 

were combined. Our preliminary data on the number of f i rst , second, and third divisions 

found in cells f r rm larvae exposed to BrdU for increasing times indicate that the majority 

of the worm celiS have a cell-cycle t ime of approximately 25 h. 
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TABLE 3. The SCE frequencies in cells from Neanthes arenaceodentata larvae exposed to 

LxpusuTe 
Hose, ce l l s 

U s t o r e d X M - t : a 

2., 

1.2 > 

21 'j.l'<** J 

fa J 'j.if J 

-2 O . J ) * 0 

>** J.l" • 'i 

I I l !uli : rJ. 

U M : I S I . I . per , iifLiciosjiiif • ^ j n d j r a e r ro r ut UR- 'ne.»n (M. ' . l ) . Cel ls A I P I - .'. ', V I. ;>er . hr.vi 

nil luiK1.; in W L. 

' \ k - . i . , *ii_L per iTinxt ios j ie • M.M. i.:ells -Ai tu>^ .0 S O : per c t i rou iosu ' i i t * e r e . •- i iiied n . \ V !.. 

rVr-. t-nl •>! si . i rea < el is A :t i ^ v :_ per e l i ron ioso 'ne t r equem y >>rtMter in ^ j l jf : u i : t u t lo.j*nl i 

i e n s sco red , *:.dt is, •> j.">i S< i. per c n r o ' i u i O ' i i e . 
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EFFECTS OF CHROMOSOME LENGTH ON SCORING 

The length of chromosome pair number one differed among metaphase spreads. The 

SCE control and MMC-treated cells containing chromosome pair number one having 

lengths >6.0 urn were compared with those having lengtiis <6.0um (Figs. 3 and* a id 

Table <t). In cells from control worms that have low SCE incidence, there was l i t t le 

aiiference in SCE frequency distribution and XSCE between those designated as >6.0um 

and <6.0um. In cells from MMC-exposed worms, the XSCE for metaphase spreads with 

chromosome pair number one scored as >6.0um was higher than in those scored as 

<6.0 urn. Also, the frequency distribution of the SCEs in the M.VIC cells was not the same: 

in cells where the length of chromosome pair number one was scored as >(•>.0 um, the 

incidence of metaphases with less than 0.2 SCE per chromosome was low. Because the 

total number of cells scored was low, this difference may not be significant. 

RADIATION EFFECTS ON GROWTH AND DEVELOPMENT 

The larvae that had been exposed to 52 and 2S0 R survived well and had few 
abnormalities (Table 5). At the observation times used, no differences between contiol 
and irradiated larvae were detected, indicating that study of growth and development is 
not a sensitive tool for measuring low-level radiation effects. 
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I - K J . 3. Ncan thes a renaceoden ta ta metaphase chromosomes f r o m ce l l s i n second d i v i s ion : 

(a) chromosome pair number one l eng th scored as >6.0 um and (b) ch romosome number one 

length scored as <6.0 u m . Image scale: 7 m m = 5 urn. 

10 r " 
. i i 1 • • r 
Control <6 pm 

JiLlLu •iJI. l l — . . l . 1 

10 

0 

10 

- Contro 1 > 6 ^ m 

10 

0 

10 

I • l . j . Or • • 
-

10 

0 

10 

Mitomyci i C < 6 p m 

10 

0 

10 

Hk. . , -
n 

10 

Mitomyci i C ^ 6 Mm n 

10 

, , . . . i I 1 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Sister chromatid exchange per chromosome 

1.6 1.8 

F IG . it. The SCE f requency d i s t r i bu t i ons in c o n t r o l and M M C - t r e a t e d Nean thes 

a renaceoden ta ta l a r v a l ce l ls hav ing ch romosome pai r number one lengths of >6.0 urn and 

of 56.O u m . D a t a pooled f r o m expe r imen ts I th rough 6. 

15 

http://�iJI.ll
http://�


T A B L E 4 . The SCE frequency distribution in control and VHtC- t rea ted Neanthes 

arenaceodentata larval cells having chromosome pair number one lengths of >6.0 um and 

< 6 . 0 . a 

Hose 
Chromosome 

length XSCE 

Number 
of cel ls 
scored 

C o n t r o l 

Mitomycin C 

>6.0 um 

<6.0 um 

>6.0 um 

<6.0 um 

0.21 

0 . 2 6 b 

0.65 

0.53 

40 

SO 

25 

57 

Data pooled i r o m e x p e r i m e n t s one through six. 

O u t l i e r of 2.4 3 SCE per ch romosome not inc luded in mean . 

T A K L E 5. Percen tage of abnormal larvae and of larval su rv i va l 

a f t e r exposure t o Co r a d i a t i o n . 

Hose 

Days a f te r Co irradiat ion 

survival % abnormal 

17 

% su rv iva l 3 

C o n t r o l 

52 R 

280 R 

99.2 

97.4 

99.0 

5.4 

4.9 

1.0 

84.0 

89.0 

87.5 

A l l l a rvae appeared n o r m a l . 
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DISCUSSION 

The lowest dose rate used in this study (0.04 R/h) was similar to the estimated 

maximum possible dose rate of about 45 mrem/h at the Wrndscale radioactive waste 

oisposal site in the Irish sea (Woodhead, 1930). Furthermore, the IAEA (1976) concluded 

that the lowest dose rate at which minor radiation-induced disturbances of physiology or 

metabolism night be detectable in fish is on the order of 40 mrem/h. 

Our results indicate that SCEs are induced by low dose rates of ionizing radiation 

delivered in vivo to Neanthes arenaceodentata. Beta radiation delivered at dose rates 

comparable to those used in this study resulted in increased SCE frequencies in 

mammalian cells. Chinese hamster chromosomes exposed for 2S h to H-thymidine 

(0.5 rad/h beta radiation) had XSCE frequencies per chromosome o ' 0.35 (Gibson and 

l Jrescott, 1972) and 0.42 (Kato, 1974). In worm larvae irradiated at a dose rate of 0.5 R/h 

and 0.f> R/h we found that the increase in XSCE frequency per chromosome over control 

values was 0.25 and 0.1S, respectively. 

Available data, hoth from this and other studies, are insufficient to determine the 

roles that dose rate and total dose play in SCE induction. Our preliminary data indicate 

that dose rates and total doses requiring further examination lie between 0.04 and 5.0 R/h 

and 0.5 and 70 R, respectively. 

A plateau in the SCE induction rate was found for beta-radiotion dose rates 

between 1.0 and 1.4 rad/h (Gibson and Prescott, 1972; Kato, 1974). We found l i t t le change 

in the SCE induction rate for gamma-radiation d:>se rates between 0.5 and 2.5 R/h. The 

existence of a plateau may l imit the range of dose rates over which SCEs in Neanthes 

arenaceodentata could be used as an indicator of in vivo environmental exposure to 

radiation. Our data from preliminary experiments indicate that the useful range of dose 

rates may be between background and 0.5 R/h. Detection of changes in SCE frequencies 

greater than the controls wi l l require large data bases and accurate statistical models. 

To validate the usefulness of SCE frequency as a measure of radiation effect in 

benthic worms, more information is needed on factors that may affect SCE incidence and 

the ability to score them. The following need to be evaluated: 

• effect of cell-cycle stage at the t ime of irradiation, 

• effect of life-history stage at the time of irradiation, 

• length of time induced SCEs are retained in cells, 

• effect of chromosome length on ability to score, and 

• effect of sampling time on SCE frequency. 

Some of these were shown to be important in mammalian cell culture systems and may 

also be important in our in vivo worm bioassay. 
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From data on synchronously dividing cultures of mammalian cells , it is known that 

the induction of SCE and chromosomal aberrat ions by x-rays is dependent on the 

cell-cycle stage during irradiation. For SCE induction, S is the most sensitive cell cycle 

stage (Yu, 1976; Morgan and Crossen, 19S0), whereas for chromosomal aberrat ion 

induction, G is the most sensitive stage (Carrano, 1975; Yu, 1976). Because Neanthes 

arenaceodentata larvae represent a nonsynchronously dividing complex population of cells 

and our irradiations were durine several cell-cycle s tages, the role that changes in 

radiosensitivity during cell cycle might play in our observed SCE frequencies is unclear. 

Another factor to be considered is the length of t ime that induced SCEs a re retained 

in the cells. |n vivo irradiated mice that received BrdU after a 26 h delay following 

irradiation still showed an increased SCE incidence (Nakanishi and Schneider, 1979). 

Experiments to examine changes in SCE incidence with t .me following the irradiation of 

worms would provide data relevant to possible influences conservation of SCEs might 

have on SCE incidence. 

There is a possibility that chromosome length may affect the ability to resolve 

SCEs. Longer chromosomes may allow be t t e r resolution of SCEs very close together . 

Another possibility is tha t the longer chromosomes may represent a population of cells 

that enter metaphase la te in the colchicine exposure and this population of cells may 

have a higher SCE frequency distribution. Future exper iments to examine changes in SCE 

incidence with increasing t ime following irradiation should continue to monitor the effect 

chromosome morphology ha'; or, observed SCE frequency distributions. 

A final factor deals with the effect of life-history stage on observed SCE 

frequencies. Worm larvae contain populations of rapidly dividing cel ls , whereas adult 

worms may contain primarily slowly dividing cells. Nondividing human lymphocytes 

exposed to x-rays showed no increase in SCE incidence (Galloway, 1977; Littlefield, e t al . , 

1979; Morgan and Crossen, 1980), while similar populations of cells induced to divide and 

then irradiated showed significant increases in SCE frequencies (Galloway, 1977; Morgan 

and Crossen, 19S0). If measurements of SCE frequency in chronically exposed animals 

are conducted on adult ra ther than larvae worms, then dose response must be established 

for adul ts . 
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APPENDIX 

TABLE A - 1 . Comparative scoring of experiment number one by LLNL and the EPA, 

Narragansett Laboratory. 

l i . N L EPA, Narragansett 

Dose Number of Number of 
rate, 
R/h 

metaphases 
scored 

XSCE per 
chromosome 

metaphases 
scored 

XSCE per 
chromosome" 

13.0 22 O.I6 c 2ft 0.32 
7.0 16 0.17 24 0.21 

2.5 28 0.36 24 0.34 

1.25 2S 0.46 21 0.3S 

Control 24 0.10 25 0.15 

Mitomycin C 11 0.51 25 0.59 

Mean number of chromosomes scored per metaphase by LLNL and the EPA was 16.3 
and 17.6 respectively. 

Metaphases >2.0 SCE per chromosome not included in XSCE. 
This treatment was rescored by LLNL. The XSCE per chromosome for the rescored 

treatment was 0.14. 
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