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ABSTRACT 

Uptake and retention of Cs’“’ and Zn” by scawceds were observed under various cnviron- 
mental conditions. Concentration factors and biological half-lives varied widely among 
species, Zn% showing generally higher lcvcls of uptake and retention. No significant rcla- 
tionship bctwcen growth rate and tither concentration factor or biological half-lift was 
found among the spccics tested. 

Both uptake and loss of Cs13’ were stimulated by light, but some CPi movcmcnts oc- 
curred in the dark. Both exogenous substrate (glutamate) and previous cxposurc to light 
stimulated Cs13’ uptake in the dark. Exposure to nitrogen in the dark inhibited both influs 
and efflux of CP’. Neither darkness nor anoxia caused apprcciablc net loss of absorbed 
Cs13’. CP7 was not extensively adsorbed by ccl1 walls or killed tissue. Jnflux and 
efflux of Cs were proportional, respectively, to the external and internal Cs concentrations. 
Intracellular Cs appears to bc largely ionic, with Cs movcmcnts being closely related to 
metabolism. 

Zna was highly conccntratcd by living and killed algae and by cell walls. Light had a 
variable effect on Zn”’ movements. Zinc uptake at different external Zn concentrations 
agreed with the Freundlich adsorption equation. Adsorption exchange appears to bc an 
important mechanism of Zn movements in seaweeds. 

INTRODUCTION 

The increasing occurrence of Csl”’ and 
Zn”‘) in coastal waters has stimulated recent 
studies on the uptake and retention of these 
radionuclides by both aquatic biota and 
sediments (for reviews, see Davis 1963 and 
Rice 1963a). Seaweeds, although they may 
be the principal primary producers of the 
littoral zone ( Blinks 1955)) have been less 
studied than phytoplankton with regard to 
environmental contamination. IIowever, 
seaweeds are often involved in food chains 
leading to man, since they are harvested 
commercially for food, feed, and fertilizer 
( see Davy de Virville and Feldmann 1964). 
The importance of seaweeds in radioactive 
waste disposal was demonstrated at the 
Windscalc Atomic Works, England, where 
the activity absorbed by edible Porphyra 
limited the permissible rate of release 
( Dunster 1958). 

L Research supported by the U.S. Department of 
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Atomic Energy Commission, and a National Insti- 
tutes of Health Predoctoral Fellowship. 

2 Present address: Bureau of Commercial Fish- 
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The uptake of both C.+ and ZrP has 
been reported to be related to photosynthc- 
sis in seaweeds, thus suggesting a possible 
use for these tracers in studies of energy 
flow. Scott (1954) found that accumula- 
tion of CP4 by Rhotlymenia was depen- 
dent upon light and COz, and hc concluded 
that thcrc was an intimate connection be- 
twecn the mechanisms of cesium absorp- 
tion and photosynthesis. Bachmann and 
Odum (1960) 1 a so reported a relationship 
between productivity and ZrP uptake by 
marine algae, but their method has been 
criticized ( Gutknecht 1961) . 

Zinc is an essential nutrient for algae (see 
Wiessner 1962), as well as for higher plants 
and animals (see Vallee 1962 and Nason 
and McElroy 1963,). Cesium is apparently 
a nonessential trace element, but it is ac- 
cumulated by most ceils in a manner quali- 
tatively similar to potassium (see Relman 
1956). Thus, the biological uptake of ZrP 
and CS’~~ is of interest from a physiologi- 
cal, as well as from an ecological and 
health physics, point of view. 

This paper is a report on the uptake and 
retention of ZrP and CslR7 by some sea- 
weeds from the Woods Hole, Massachu- 
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sctts, and Bcaufort, North Carolina, areas. 
Terminology will conform in general to 
that used by Laties (1959) in describing 
various types of ion uptake and loss by 
plant tissues. 

Thanks are due to Dr. T, R. Rice, Dircc- 
tor, and to the staff of the Bureau of Com- 
mcrcial Fishcries Radiobiological Labora- 
tory for helpful discussions and critical 
reading of the manuscript. The technical 
assistance of James N. Willis is gratefully 
acknowledged. Facilities for part of this 
work were provided by the Marine Biologi- 
cal Laboratory, Woods Hole, Massachu- 
setts. 

METHODS 

Algae were collected from the Woods 
Hole and Beaufort harbors and kept in 
Plexiglas tanks of continuously aerated 
seawater under natural illumination (north 
window exposure ) . Small portions of the 
plants were exposed to’ Csrs7 and Znus in 
l-liter flasks of aerated seawater medium. 
Periodically, the plants were removed from 
the flasks and their radioactivity and fresh 
weight determined after blotting with ab- 
sorbcnt tissue. 

The medium was Millipore@~-filtered 
(Type AA) seawater to which 20 ,UM each 
of NaNOs and NaI-IzPOa/liter were added, 
The medium was replaced every day so 
that significant depletion of the tracers did 
not occur. All solutions were buffered at 
j?H 8.0 with Tris (hydroxymethyl) amino 
methane. Experiments were carried out 
either in the dark or at a constant illumina- 
tion of 7,500 lux provided by six “daylight” 
fluorescent tubes. The temperature was 
21 I+ 2c. 

cs137 and ZnGz uptake by killed algae 
( killed by cold 50% ethanol or heat) 
and by isolated cell walls of Ulwa kzctuca 
also was observed. Ulva thalli are somc- 
times foulid to have transparent borders in 
which every cell has libcratcd gametes or 
zoospores following a repeated bipartition 
of the cntirc protoplast ( Smith 1955). 

3 Registered trademark, Millipore Filter Corpo- 
ration, Bedford, Massachusetts. 

Microscopic examination reveals two layers 
of empty cells that are relatively free of 
debris and microorganisms. Thus, an esti- 
mate of Zr+ or Cslz7 uptake by cell wall vs. 
living cell could be obtained by comparing 
equal areas of empty-cell material and liv- 
ing tissue from adjacent sites on the same 
thallus. 

Total zinc was determined as follows: 
Samples were digested with conccntratcd 
HNO:{, taken to dryness, and placed in a 
muffle furnace overnight at 475C. They 
were then taken up in 2 N HCl, and the 
zinc was separated by ion exchange, using 
the method of Kraus and IMoore ( 1953). 
The zinc-containing effluent was analyzed 
by a modification of the dithizone tech- 
nique of Vallec and Gibson (1948). Results 
were corrected for radiochemical yield. 

Radioactivity was measured with either 
a conventional well-type scintillation de- 
tector for integral counting or a single- 
channel analyzer for differential counting 
of ZnG~-Cfj1”7 or CS~“~-CS~“~ mixtures. In 
most experiments, the activity of the mc- 
dium was 4 PC Zn”” and 20 PC Cs137/liter. 
Unless otherwise indicated, carrier-fret 
tracers were used, so that the natural con- 
centration of zinc and cesium was not ap- 
preciably increased. Since chemical analy- 
ses for total ccsium were not feasible in this 
study, net cesium movements were de- 
duced from Cs137 or Csls4 fluxes, The 
natural cesium content of seawater was as- 
sumcd to bc 0.5 k 0.05 pug/liter (Smales and 
Salmon 1955). 

RESULTS 

Concentration focior and biological half-life 
of Zn”” and CPr in seauxeds 

Algae were exposed to ZnGs and CsL”7 in 
the light as described above. When they 
reached an apparent steady state with the 
radioactivity of the medium (5-40 days, 
depending on the species ) , they were 
transferred to nonradioactive seawater, and 
the loss of activity was observed. The bio- 
logical half-life ( T,,, ) of each isotope was 
estimated by the method of Odum and 
Golley ( 1963). Upon completion of the 
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TAIKE 1. Uptake and retention of Zn”’ and Cd”‘, total Zn, and growth rate of seaweeds. Uptake ex- 

pressed as concentration factor 
count min-’ g’ fresh wt 

----- - 
count min-’ ml-’ medium 

(CF), ancl retention expressed as biolog- 

ical half-life (Tbl/,)* 

Species 

CS’37 ZIP” Total zinc (mg/kg) Growth ratr 

CP Cl? Fresh wt Dry wt 
(% increase 

fresh wt/clay) 

Ulna lactuca 7 5 290 Co&m decorticntt~rn 23.8 158 15.0 
4 15 30 I;tmrs uesiclrlosus 0.96 17.0 7.9 

30 8 
Dictgola clichotoma 

3,300 100 124 472 3.0 
10 - 1’orphy.a u.mbilicalis 280 14 5.70 8.2 5 3 255 7 - - 35.0 

Chonclrus crisps 7.5 
30 2 

Gracilaria foliifera 25 12 210 iii Agcrrdhiella tenera .83 37.7 ;:i 6 21 395 70 
9.78 

Il!jpnca musciformis 
91.4 

11 - 150 - 3.54 23.2 55:; 

* Conditions: 
4 plants. 

constant ilhuninntion (7,500 lux), pH 8.0, 21C. Each va111c is the average of snmplcs from nt Icast 

cxpcrimcnt, the algae and media were an- 
alyzed for total zinc. Results arc shown in 
Table 1. 

Zn”5 uptake among species varied by 
about two orders of magnitude. Fucus 
showed by far the highest concentration 
factor ( CF ) , 3,300, while Codium showed 
the lowest, 30. Concentration factors for 
Cs’“’ were less variable, ranging from 30 
in Fuczcs to 4 for Codium. The values for 
Cs13i are slightly lower than those reported 
by Smales and Sahnon ( 1955)) who used 
radioactivation analysis for total cesium 
in seaweeds. Riological half-lives ranged 
from >lOO days for ZrP in Fucus to 2 days 
for CslX in Chonclrus. There was no sig- 
nificant correlation between net produc- 
tion, that is, growth rate, and the CF or 
T,,/, of cs’“7 or Zn”” in these species. 

Total zinc concentrations ranged from 
124 mg/kg fresh wt for Fzccus to 0.96 mg/kg 
in Codium. The zinc content of the me- 
dium was 49 pg/liter. The final specific 
activity of Zn”” in the medium was approxi- 
mately the same as the specific activity of 
ZnGs in the algae, the CF values for total 
zinc being from 0.41 to 1.7 times those for 
Zn”5. 

Nonmetabolic uptake of CS~“~ and ZrF 

The uptake of an element by killed cells 

is sometimes used to estimate the amount 

of nonmetabolic absorption in living cells 
(Kuenzler and Ketchum 1962; Rice 1956; 
and others ) . This method gave low CF 
values of l-2 for CSI:%~ in killed tissues of all 
species ancl cell walls of Ulva. Nonmeta- 
bolic uptake by living tissue also may be 
estimated by the size of the “absoq+ 
tion shoulder,” that is, the intercept of the 
linear phase of the uptake-time curve 
(Laties 1959). This method would be ex- 
pected to yield values somewhat lower 
than those obtained with killed tissue, since 
it is mainly a measure of uptake by extra- 
cellular components. Concentration factors 
for CP7 obtained by this method ranged 
from 0.4 to 0.5. Furthermore, seaweeds 
which had been exposed to Csls7 for up to 
35 days released more than 90% of their 
activity when killed and kept for several 
hours in the same radioactive medium. 
Thus, neither physical adsorption, adsorp- 
tion exchange, nor nonexchangeable bind- 
ing can account for much of the CS’“~ taken 
up by these algae. 

In contrast, considerable nonmetabolic 
uptake of Cs ln7 by both living and killed 
freshwater plants has been reported (Krum- 
holz 1954; Williams 1960; and others). How- 
ever, competition for potential Csls7 ad- 
sorption sites in freshwater material is un- 
doubtedly less than in seawater. For exam- 
ple, it was found that killed seaweeds took 
up 5-10 times more CsJs7 in radioactive tap 
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FIG. 1. Effect of external Zn concentration on 
uptake by Pwphyra, Ulna, and cell walls of Ulna. 
Time of exposure : 24 hr in the light. Each point 
is the average of 4-6 discs of tissue. 

water at pH 8.0 than in a seawater medium 
of the same activity. Similarly, the sorption 
of CS’:~~ by estuarine sediments has been 
reported to bc inversely related to salinity 
( Duke 1963). 

The empirical Freundlich isotherm 
(Frcundlich 1926) has been used widely to 
express data on nonmetabolic adsorption in 
many different systems. The mathematical 
relationship is given by 

x/m 
01’ log (X/m) = 

= acb 

log n. + b log c 

where x is the amount of solute taken up, 
m is the unit mass of adsorbent, c is the 
concentration of solute in solution, and u 
and b are constants for a specific system at 
constant temperature. As noted by Samuel- 
son ( 1953), the validity of the adsorption 
isotherm is not proof of a physical adsorp- 
tion ( largely van der Waals forces ), since 
uptake by ion exchange (that is, adsorp- 
tion exchange ) may give a similar pattern. 
Rcccntly, Bachmann ( 1963) found the LIP- 

take of Zn”” by freshwater plankton, dctri- 
tus, and sediments to be best described by 
this cxprcssion. 
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FIG. 2. Effect of external Cs concentration on 
Cs uptake by C~uciZu~iu after 1 clay (A), 2 days 
(B), 9 clays (C) in the light. Each point is the 
nvcragc of G-12 brnnchcs. 

Zn”‘) uptake by Ulva, Porphyra, and ccl1 
walls of UZULL was found to fit the ad- 
sorption equation (Fig. 1). Also, it was 
found that killed seaweeds generally took 
LIP more Zn (iEi than did living algae, Possi- 
ble reasons for this are given elsewhere 
(Gutknecht 1963). In addition, empty ccl1 
walls of U~VSL took up as much ZrP during 
an 8-hr period as did a similar number of 
living cells. These results are consistent 
with earlier data that suggested that non- 
metabolic adsorption exchange plays an im- 
portant role in ZncG uptake by seawccds 
( Gutknecht 1961, 1963). 

A plot of log Cs uptake vs. log external 
Cs concentration was also linear ( Fig, 2). 
However, x/m in this case did not incrcasc 
less rapidly than c. That is, uptake was 
exactly proportional to external concentra- 
tion, which is not likely in an adsorption- 
type reaction (Briggs, Hope, and Robcrt- 
son 1961). Similar results were obtained 
with Fucus, Ulva, and Porphyra. Thus, 
these data are consistent with the above re- 
sults on nonmetabolic CP adsorption and 
suggest that Cs137 in seaweeds is 
ionic and not extensively adsorbed, 

mainly 
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19~ 3. Effect of light (0) and dark ( l ) on 
Zn’” uptake by F ZICZLS. 
of 2-3 branches. 

Each point is the average 

Effects of metabolism on Cs’37 clnd Zn”5 
uptnike and retention 

Algae were exposed to Cs1”7 and Zn”‘) in 

both the light and the dark. It was found 
previously that in two fast-growing species, 
Uh and Porphyru, the young tissue showed 
a higher Zn65 activity than older tissue 
( Gutknccht 1963). In Fucus, however, the 
opposite was true, that is, nongrowing 
tissue concentrated Zn’;” at a higher rate 
than growing algae ( Fig. 3). The explana- 
tion for this may derive from the physical 
structure of Fucus and its high afEinity ,for 
zinc. Gelatinous algin, characteristic of 
brown algae, fills the intercellular spaces 
( Smith 1955) and may retard the attain- 
ment of equilibrium between the Zn”” in 
the medium and the tissue. For example, 
it took 2-3 days for killed Fucus to reach 
equilibrium with ZnGs in the medium, 
whereas killed tissue of other species in 
Table 1 became equilibrated in several 
hours. Also, the nonphotosynthesizing 
Fucus showed a gradual loss of weight 
( about 0.5%/day) without a concomitant 
loss of ZnGs. This would result in a gradu- 
ally increasing concentration factor regard- 

00 
0 1 2 3 4 5 6 7 

TIME (days) 

FIG. 4. Effect of light (0) and dark (0 ) on 
(&I”’ uptake by Ulzja. Each point is the ovcrnge 
of 6 discs of tissue. 

less of the normal steady-state lcvcl of Znoa 
in the plant. 

Cs’“7 uptake was stimulated by light 
in a11 species. This was first observed by 
Scott ( 1954), who suggested an intimate 
connection between the mechanisms of 
ccsium accumulation and photosynthesis in 
Rhoclynzenin. Scott’s observations, however, 
included a “virtual exclusion” of CS~:~.~ in 
the dark, an observation not confirmed with 
the present species. In some algae, for 
cxamplc, &a and Porphyra, CslS7 accu- 
mulation after 7 days in the dark was from 
30 to 60% of that in the light ( Fig. 4). In 
some others, for instance, Chonclrus and 
Gradaria, Cs237 uptake in the dark was 
much slower but was demonstrated by a 
comparison with CV uptake in a nitrogen 
atmosphere ( Fig. 5). 

The effects of anoxia (continuous bub- 
bling with N2 in the dark), exogenous sub- 
strate ( monosodium glutamate, 50 IIIM ) , 

previous exposure to light (72 hr at 7,500 
lux), nutrients (PO,--:< and NO:{- at 20 PM/ 

liter), and continuous light (7,500 lux) were 
investigated in Grncilarin. Owing to the 
nonuniform cell population in Gmcilnrin 
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(cells range from about 10 to 600 p diamc- 
ter), the determination of ion fluxes is dif- 
ficult (see MacRobbic and Dainty 1958). 
To obtain relative values, however, the 
linear portions of the uptake-time curves 
were compared. Compared with the dark 
controls, light increased the rate of Csls7 
uptake by a factor of 45, glutamate. in- 
creased uptake by a factor of 6.0, and 
anoxia decreased uptake by a factor of 0.31. 
Plants previously exposed to light and then 
placed in Cs1:j7 medium in the dark ab- 
sorbed Csls7 at an initial rate comparable 
to plants in the light, but after 2&30 hr, 
the rate of uptake decreased to a value 
similar to the dark controls. In agreement 
with the findings of Scott (1954), it was 
also found that small amounts of phosphate 
and nitrate slightly stimulate Cs’“7 uptake 
in the light. 

In Gmcilarkz, a plot of log per cent 
activity remaining vs. log time was linear 

1 1 I 1 

1 2 3 4 
TIME (days) 

FIG. 5. Effects of anoxia and glutamate (50 
111~) on CP7 uptake by GraciZuriu in the dark. 
Each point is the avcrage of 4-5 branches. 

100 
90 
80 

3 70 
8 " 60 

10 I I 
1.0 2.0 3.0 4.0 5.0 10 15 20 25 

TIME (dayd 

I%. 6. Kffccts of anoxia (A), darkness (13 ), 
and light ( C ) and ( D ) on CP7 loss from Gmci- 
Zmia (D is a separate experiment). Alga previ- 
ously exposed to Cs”’ for 36 hr in the light. Each 
point is the average of 0 branches. 

(Fig, 6). Although the linearity of the 
full-log plot may be fortuitous, it provided a 
means of comparing loss rates over a period 
of several days. As compared with the dark 
control, CP7 efflux from I to 5 days was 
increased by a factor of 2.3-3.0 in the light 
and decreased by a factor of 0.57 in nitro- 
gcn. The fact that cells are dividing and 
enlarging in CS~:%~ medium in the light may 
partly account for the relatively greater ef- 
fect of light on uptake than on loss of Csls7. 
Rice ( 1963h) showed that Csls7 uptake by 
Nnwochloris closely followed the growth 
of the cells. 

The effects of dark and anoxia on net 
movements of cesium were also investi- 
gated. G~nciZ~& that had accumulated 
Csl:” for 6-9 days to a steady state in the 
light was kept in the same radioactive mc- 
dium in aerated dark flasks and dark flasks 
bubbled with nitrogen. Less than 5% of 
the Csl”’ was lost from the alga either 
under anoxia (5 days) or in the dark (7 
days). Thus, neither respiration nor photo- 
synthesis was required to maintain an in- 
tracellular concentration factor of more 
than 25. However, as noted above, in the 
absence of air, and especially of light, both 
influx and efflux of Cs1”7 were markedly re- 
duced. 
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DISCUSSION 

Mechunism of Cd*37 and Zn”” movements 
(-&I”7 showed little tendency to be ad- 

sorbed by either living or freshly killed 
algae. However, if it is assumed that intra- 
cellular ccsium is largely ionic, CV WX 
accumulated against a concentration gradi- 
ent in all species tested. This may not 
necessitate active transport of cesium, be- 
cause negative intracellular potentials simi- 
lar to those reported for Rhodymenia (Mac- 
Robbie and Dainty 1958) or I-lnUcystis 
( Blount and Levcdahl 1960) could account 
for passive accumulation of CS’:‘~ to the 
levels fou13d in most species. 

It was shown in Fig. 2 that CS~:~~ uptake 
is proportional to external Cs concentration 
over a range of 0.01-100 puM. It was found 
also that efflux of C.sLs7 is proportional to 
the intracellular cesium concentration. That 
is, algae which have accumulated 10k times 
as much cesium as the controls lose ccsimn 
16’ times as fast in natural seawater. Fur- 
thermore, it was found in double-label 
experiments that Gracilnrin, while losing 
Cs1”7-labeled cesium at a rate lo” times 
that of the controls, absorbed carrier-free 
CS~:{~ at a rate identical to that of the con- 
trols, that is, efflux initially exceeded influx 
by a Eactor of RP. Therefore, an obligatory 
exchange of internal Cs for external Cs is 
not involved in cesium movements at these 
concentrations. However, the fact that in 
Grc&5zrin neither light, dark, nor anoxia 
resulted in net Cs movements indicates that 
the observed Cs ~7 fluxes do involve an cx- 
change of some type, probably with a more 
abundant cation such as K+. 

The highest external ccsium concentra- 
tion employed ( 100 PM) caused no rcduc- 
tion in the rate of Cs’Ii7 uptake. If a carrier 
is involved in Cs transport, however, it is 
probably identical with the potassium car- 
rier, as has been shown in many cell types. 
At an external Cs concentration of IO0 ,uM, 

Cs influx in the light was about 75 PM/kg 
cell water x hr. In Gnlcilariu, this is ~CSS 

than 0.1% of the K influx (Gutknecht, un- 
published data). Thus, the K carrier would 

bc far from saturation with respect to CS, a 
condition kinetically indistinguishable from 

fret diffusion ( Rosenberg and Wilbrand t 
1955). 

With regard to Znfi5, the present data arc 
consistent with an earlier hypothesis that 
Zn”” movements involve largely adsorption 
exchange, although Zn”5 turnover is to some 
extent related to metabolism (Gutknecht 
1961, 1963). As indicated by the extensive 
uptake by living and killed tissues and ccl1 
walls, both the cytoplasm and extracellular 
components appear to have large numbers 
of potential binding sites for Zn’js. This 
might be expected, since the high affinity 
of zinc for organic ligands is well known 
(Goldberg 1957; Lowman 1960). In fresh- 
water plankton and detritus, the mecha- 
nism appears similar ( Bachmann 1963). 

Environ~mentnl contnminntio0 hy Cs7*77 
and Zn”/; 

A knowledge of the steady-state concc’n- 
tration factor for a radionuclide in an orga- 
nism aids in evaluating the hazards of fnll- 
out and waste disposal. As noted earlier, 
there is a considerable difference between 
the high CF values found for Cs1’j7 in living 
and killed freshwater algae (Williams and 
Swanson 1958; and others), and the low CF 
values found for marine algae (Boroughs, 
Chipman, and Rice 1957; and the present 
study). It was shown above that part oE 
this variation is probably due to salinity 
differences. Part of it, however, is due to 
the method of determining the CF. As 
noted by Rice ( 1963b), in the experiments 
of Williams and Swanson the external Cs”!’ 
concentration was markedly reduced bc- 
cause of uptake by the cells, thus propor- 
tionally increasing the final CF. In the ex- 
periments of Boroughs, Chipman, and Rice, 
and in the present study, the external Cs”” 
concentration was constant. 

In nature, either of the above conditions 
might occur, depending, for example, on 
whether the release of Cs’:‘; from a reactor 
was continuous or periodic. However, up- 

take during a short exposure in the light 
was more rapid than loss during a similar 
period in nonactive seawater. Therefore, a 
high level of environmental Cs13’ for a 
short time may have a disproportionately 
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large effect on the contamination hazard. 
This was also true of ZrP. 

Sediments, light, pH, and nutrients will 
also influence the uptake and loss of these 
radionuclidcs in nature. In coastal waters, 
for example, the sediments will probably 
remove some Csls7 (Duke, Ibert, and Rae 
1963) and a large proportion of ZrP 
( Duke and Willis 1964). The variable ef- 
fects of light and pH on ZrP uptake and 
loss have beon shown in this and earlier 
studies (Gutknecht 1963). Similarly, studies 
on the uptake and retention of Cs137 arc 
complicated by the effects of light and, in 
some cases, by the presence of intracellular 
compartments that show different rates of 
Cs’ 37 turnover. In general, consideration 
might be given to releasing reactor wastes 
at night, since the uptake rates of ZnGs, and 
especially CS~“~, were usually higher in the 
light. 

One natural means of reducing the hazard 
of a radionuclide in the ocean is the buffer 
action of seawater ( Revellc 1955)) also 
called the “specific activity approach” to 
waste disposal (Isaacs et al. 1962). The 
700 megatons of cesium in the sea, for 
example, will greatly reduce the specific 
activity of any Cs137 present in fallout or 
reactor wastes. In thcsc experiments, how- 
ever, adding stable Cs to reduce the specific 
activity of Cs XV by a factor of l(r did not 
reduce the amount of radioactivity ab- 
sorbed. Thus, the benefits of isotopic dilu- 
tion of Cs’ 87 were not demonstrated. Simi- 
lar results were obtained in experiments 
with pinfish ( Lagodon rhomhoides), mum- 
michog ( Fundulus heteroclitus), and brine 
shrimp (A&m&z snlinu) (Gutknccht, un- 
published data), These results may be duo 
to the relative abundance of K in seawater, 
a condition that simulates isotopic dilution 
(Lowman 1960). On the other hand, Korn- 
berg (1961) claims there is no good evi- 
dence that Cs and K follow similar mcta- 
bolic pathways, 

Relationship of Zn”” and Csy37 uptake 
to photosynthesis 

As noted earlier, the uptake of both Zn65 
and CS*~~ by some seaweeds has been rc- 
ported to depend on light (l3achmann and 

Odum 1960; Scott 1954). The variable 
amounts of these tracers absorbed in the 
dark, however, appear to make this hypothe- 
sis untenable for most species. It has been 
suggested that the reported relationship be- 
tween ZrP uptake and photosynthesis in 
seaweeds may be mainly due to a pH in- 
crease in unbuffered light bottles and a con- 
scqucnt increase in Zn”5 uptake by adsorp- 
tion exchange ( Gutknecht 1961) . 

The relationship between Csls7 move- 
ments and photosynthesis may also be in- 
direct. Cesium transport appears to be 
closely related to metabolism, as indicated 
by the effects of light, previous exposure to 
light, exogenous substrate, and anoxia. 
However, the prcscnt data do not support 
Scott’s (1954) hypothesis of an intimate 
connection between the mechanisms of Cs 
absorption and photosynthesis. 
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