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ABSTRACT -

s

Cycling of cesium=-137 and other féllout radionuclides in natural lichen
communities of Northern Alaska was studied by periodic sampling on a

. year-round basis during the period 1964-1969. Maximum concentrations
usually occurréd during summer'mo‘.nths.and minima during winter months,
Vertical strata of lichens, hum;Js and soil taken at those times shoWed
pronounced seasonal shifting of radionuclides betw_ee.ﬁ community com-
po.nenté. AThese data partially account for the sudden increase in c'esium-‘
137 body burdensA of northern Alaskah caribou during spring months of each
year and have importa}.nth implications in the Eskimo populations aebe'nd'ent

upon the caribou for basic food.



Cycling and Compartmentalizing of Radionuclides
In Northern Alaskan Lichen Communities

INTRODUCTION

Lichen co.mmunities have long been recbg_nized as the basic reservoir
o'f natural and artificial radior;uclides from which efficie:'nt fra.nsfer fo caribOu/
reindeer and arctic peoples has reéulted in appreciable concentrations in the
upper trophic levels. Most circumpolar studies have also emphasized the
long retention t'irnes for certain radionuclides, eépecially cesium-137 ..
Effective half—l'ives of 137-Cs in lichens ‘have been reported to range from
4-5’yea.rs (Miettinen and Hasinen 1967) to greater than 10 years (Lidén and
Gustafsson 1967; Ha.nson‘, Watson and Perkins 1967; Ha.néon and Eberha;'dt
- 1969). Thé half-time of strontium-90inlichens has received les{s study be-
: cause of its apparent lesser imﬁortanceh the arctic fgod chain; it has gener-
ally been réported to be more mobile than 137('13 (Nevstrueva et al. 1967).

Our studies of radionuclides in ;r;orth'ern Alaskan ecosystems have pre-
viouslyl repoi‘ted the seasd:nal cycle of 137C§ in caribou and .Eskilmos which
primarily depends upoh the dietar:y shifts of both trophic levéls 'm. a relatively
simple system.!. 'The deceptivé nature of modelling such a system subject to
“ environmental parameters has been discussed in an earlier paper (Eberhardt
and Hanson i969). One aspect of these st‘udies. that has concernedm'_ has been

the consistent and impressively abrupt increase of 137Cs concentrations in

caribou (Rangifer tarandus) flesh samples collected annually during the spring

migraition"of animals from their winter range to the summer rénge. We had

; ~ - 137
ascribed it to the movement of the caribou to ranges containing greater Cs
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concentrations ‘than during preceding months or to sampling variability

: (Ha:nso.n.1966). We have evaluated these possibilfties and believe they can

be ruled out as the major cause of the anomaly and preseﬁt initial evidence
of radionuclide cycling in liche.r.xs that has not b_éen.previou'sly‘;r.eported and -
which explains _ﬁhe pﬁenoménon. | |

METHODS

]
v

The intensive lichen studies were conducted in the vicinity of Anaktuvuk -

Pass, Alaska (68° 10'N, 151° 46'W) during the period January 1964 - August

1970, with a femporary interruption during the period August 1965-April 1966.
Winter range lichens were also collecte.d twice annually at three locations on
the southern edge of the Brooks Range mountains: Kanuti River (66° 25'N,

1529 00'W), Pah River (660 30'N, 1559 32'W) and Tagagawik River (66° 17'N,

1590 05'W) (Figure 1). The period of study began almost simﬁltaneously with

the major period of fallout deposition, as measured at Fairbanks, Alaska (64°
49'N, 147° 52'W), some 400 km southeast of Anaktuvuk Pass (Hardy 1971) as

shown in Figure 2, Strontium-90 deposition rate (mCi/ km2=:nCi/m?‘) at Anaktuvuk

- Pass was considered to be about two-thirds that at Fairlia:nks on the basis of

differences in annual precipitation (30 cm vs 20 cm) (Wa.tson i959). Cesium-137
deposition was calcglated from the ratid} 137Cs: 90gr=1,9 ".*I. 0.2 (Hardy and Chu
1967). |

Samplels collected at Anaktuvuk Pass during the firl‘st five time i:ntervéls

were obtained from the same general area selected in July 1964 for the site of

' radionuclide half-time studies (Hanson and Eberhardt 1969). Two similar loca=-

~ tions on gently follidg terrain were routinely sampléd, one a gridded control plot

I .
adjacent to our "tagged" area for artificial radionuclide half-time studies and the

S .




other in a nearby snow accumulation area. Fruticose lichen samples were
"~ collected from 0,25 or 0, 5m2 areas of nearby uniform communities. Vascular:

1"

plants were separated from the lichens, which included the '"slime area'' just

- above the humus layer underlying the communities. During w.i;n'ter, 0.6-0.8m

. /7

of frozen snow covering the lichens was removed by shovel, which was also used

2

to cut out the 0.25m*" of frozen lichens. These samples were placed in large -

" plastic bags to maintain sample ’forgnk until they w.ere la.fer théwed and proceséed
J'gnto components, |
y - Stratified samples were rem?ved wlith'_a.n ice chisel and divided into upper
6cm of lichens, lower 6cm of iiche.ns (i.n'cluding ”slime area'),4cm humus( or
Ao horizon, zone of fermentation and humus layers), 6cm organic-mineral soil
(A2 horiéon), and ‘mineral soil (B horizo':n)'at 3dm below the soil surface.” S,oil.
horizons follow the descriptions of Lyoﬁ, Buckman and Brady(1952). Unfortu- .
nately, the:mineral soil samples obtained duri.\rié”Flebruary 1970 were lost in
airline tr;annsit.

Samples were individually dried,. milled and .mixed be»for;e aliduots were
processed a.ccordi.r}g to standarjd procedurés to obtain standard dry weights. A
‘( 500rhl standardized co:ntairier. of the dried material wa.s‘a.:naly‘zed for gamma-
| emitters in'a well-type 9 x 11 inch Nal (T1) crystal connected to a 256-channel
analyzer, Gamma-réy energy spectra were converted to estimates of radio- |
miclide co:nce.ntrafions through a c:omput.er-‘programmed| set of correction ‘con-
stants. Samples were then éshed at QOOOC to reduce them to thte ash or min-

eral constituents and then prbces‘sed by fuming nitric acid chemical separation

to isolate 99 sr as 90 SrCO3. The samples were stored until 90 gr-90y gsecular

!
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~quulibrium was achieved and the ¥V

Y was extracted by TTA and counteu

‘ona 1ow.--background beta counter,
RESULTS

Liéhen biomass and species composition at the two Angktuvuk Pass lo-

- cations (Table 1 ) were slightly different, althdugh only 200m ‘apart. These

' differences were considered insignificant for the purposes of this report,

even though species differences in radionuclide concentrations have been ob-| .

" served (Hanson, Watson and Perkins 1967). ' A )

Concentrations of 905, and 137Cs in lichens during the period 1662 -
X - ,

: . 1970 showed strong correlation with fallout deposition (Figui‘e 2), but with
. a rather steady increase to a period of maximum values during 1965-1966.

- Superimposed upon this long-term trend was a seasonal cycle that appeared

to yield maximum values in late summer and minima during mid-winter. This

contrasted with reports of tenacious bin,ding of fallout radionuclides, especially

137¢s, in the mycellia of lichens (Nevstrueva et al., op.ecit.) and the long

half-timco previéus]y dis;:ussed. Our own experiments have includea arti-
ficial amounts of 134Cs and 137 Cs applied to natural licpen communities in
singie drops to indi\A/idual'podéti'a and sprinkled in simulated-rain over 25m?
plots. Although fallout could not be precisely simulated by the _expe'rimeknt,.
137¢s dfoplets applied to single podetia ana sarhpled annuaily fo‘r four years
‘ yielde_dla biological half-time of 6.7 years. Howe;rer.| the results from the

134¢g sprinkled on lichens -and wetted by a heavy rain immedia'tely'following

application showed no décr"gag”_seafter four years (Table 2 ).

.Concentrations of potassium=-40, manganese-54, zi:nc;'-65, ruthenigm-iOG,

e e e e e g e g



and cerium-144-praseodymium-144 i lichens during the intensive sampling
- period 1964-1968 'showed individualistic behavior in their cycling p;‘opeftie S.

The non-selectivity of liqhens for 65zn and 196Ru Eesulted in their rapid.los.s.
' _~Afrom the communities. | |

.Stratifietci samples éf li'chen.s and substrate collecte‘d duri‘rig sufnmer and

winter months further demonstrated the individual and seasonal difference‘s
.in radionuclide cycli.ng propertiés (Figure 3). Lowest retention occurred for .
- SBZn énd 1OGRu, which moved fairly rapidly through the lichens and dom into
the Ao a'pd B soil horlizo::;ls. Manga.nese-ﬂstl concentrations was slightly higher
in liche:ﬁ tops than in lower portions, ‘é.ﬁd m February appeared to move from -
N Athe lower strata upward into the lower portion of the lichens. Cerium-144 -
) praseodymium--illfl occurred as a nearly gniform label throughout the Strfgta.’

40

. and moved deep into the soil. Natural K concentration in soil horizons wéts

- 7-10 times greater than in lichens and was greater in humus than in lichens

"during winter months, Exchange of 905y between humus and the lower portion
of".lichqn was indicated by seasonal shifts of concentrations. Soil benéa.th til,e
lichens contained barely detectable amounts of 90Sr, and negligibly higher con- a

~ centrations in the Ag horizon céompared to B horizon may have resulted from

'the small amoun‘t of vascular pla.'nt’ roots contained therein.

Cesium-137 concentrations were relatively étable in 'the.a upp.e.r"6cm of
lichens, showed an apparent cycling betwleeh lower port;,ions and the'humus

| layer, and moved more readily into soil horiions than did HUSx".' The seasonal
:cha:nge in v‘ér“tical distribution of 905y, and 137¢s in terms‘of total amount of | ,

radionuclide contained within the biomass of one square meter was substantial




{i'able 3). Total and specific amounts of both radionuclides increased in
the lower 6cm portion of lichens during the wintgr period, apparently -at
the expense of amounts both above and below that s.tratumfi |
DISCUSSION . A

The observations of rﬁost studies of ra.diqhuclide retentis:n capacity of
lichens have been pr"mcipal'ly bésed upon sample‘s obtained during summer
mohths (Lidg’n and Gustafssoné_g. cit.; Svenson 1967; Hanéon, Watson and -
' Perkins op. cit.) . Examination of several seasonal measurements contained

i in these studies suggests, however, that cycling of 1‘?’7Cs in lichens and mosses
P

1

in most circumpolar areas is a 'distincf possibility. Further, the recent lichen
s experiments of Tuominen (1967 and 1968) are particularly applicable to the
observations in natural lichen communities. His results indicated that trans-

location of cesium and strontium along the Cladonia a.lpeétrié thallus was pri—

mariiy diffusive in character but complicated by cation exchange, especially
with respect to Sr ions, This attraction of Sr to the thallus strongly retarded

its movement and Cs was, therefore, the more mobile of the two ions. . Hale

}

. . "(1967) also reported that arctic lichens were especially prone to absorb stron-

tium, These findings contradict previous opinions that Cs was the more ten-

aciously held ion, based upon consistent observations of higher 1'37(,‘s concen-

N

tratiozns'inv the top portions of lichens lthat exceeded those of 9OS'r by powers

greater than the 1.9 zjatio of Cs:Sr in radioactivé fa1101|1t. PAart'of t‘h‘e explana-

tion in the natural situation may lie ‘in. the more rapid translocation of 137C_§ :
~ from the A.0 horizon reéervoir and the concept of "reflection at,a boundary'' as
back-diffusi‘ozr.;' bégins from the lichen tops (Tuominezn 1968).

T w e —
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ig ‘Cs and other fallout radionuclides

Increased concentrations of 9:“181:’,
in lilcheps, particulérly the lower pqrtion, collec\ted in the February-August
p'er.iod -of several years is «inter;preted'as upward transport of ions during
the increa}sed photosynthetic rate of lichens during winter (Hale op. cit. ).

9OSr transport, at ieast,‘ i%}as essentially . "

" Tuominen (op. cit.) suggested that

a process of physical chem'istry without any indicat.tions of metabolig aétivity,
and that ioni¢ movement might be depicted as a puxripi:ng action subject to in-, -

- .' . fluence of wind, humidity and water content of the lichens. The decreasi_ng -~

, values for the biological half-time (\) of 137

Cs d‘roplets~in Table 2 may rep-
‘rese:nt the gradual diffusio.n of the ofigi.nél 137Cs application from" the podétia

. subjects into the humus layer., The apparent immobility (A= 51, 3 years) during ‘
the first year of observation might be due to several factors, such as a,dg,orp-
tion to external mycellia, adjustmeht of the 137CsNO3 (pH 4. 0) by the podétia,
or rather stric‘:t containment of the innoculate within the ten podetia randomly
sampled. Sampling error was considered minimal in light of coefficienfs of
variation that ranged from 0.08 to 0. 18, which was less than that observed in
several natural lichen samples obtained from northern'A.la.ska (Eberhardt 1964).
Similar studies of 9081‘ drople'ts on lichen podetia yielded biological half-times
of 1,0 to 1.6 years, with the longer period observed during the first year after
é.pplication, and coefficients of variation of 0,20 to 0. 87, ‘,'.I‘hesé results seem

- compatible with the transiocation studies cited previously a:n'd. it is .p'roposed
~ § thaf the apparently lpnger half-time of 137_Cs compared to___gOSr: in lichens is
due to more !rapid and freer movement of that radionuclid-e and,thaf a lowér frac-

tion of the total invent_ory is tightly bound within the A, horizon. Strontium

- movcement is viewed as slawer, more complicated by ion exchange and other




processes, and once in the A0 horizon tends to be tightly bc.>u.nd there and
unavailablev for relocation into the lichen podefiél.

Ii; is concluded that radionuclide chling within natural arctic lichen
communitiés is a more dynamic mechanism than b‘reviou‘sly 'hoted, that
it is compatibie with several studies of northern lichen communities, and
" that it at least partially a'ccounts for the spring pulse of 13?Cs body burdens
of northern.A laskgn caribou observed annually. Further refinement of trai'l‘s;

fer rate constants await controlled experiments within the natural community

compartments.

¢
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Table 1. Lichen biomass and species composition of study plots,
Anaktuvuk Pass. ‘

Per cent corhposifionby weight

Species Control Plot Alternate Plot
Cladonia rangiferina 48,0 E . 48.0

" alpestris . 460 ' . 39.4

" mitis _ ‘ 0.1 - | 5.5
Alectoria ochroleuca e 2, 1 R ' , . ' 3.5
Cetraria cuculata ) 2.4 - ) I 2.1

" islandica 06 0.6

" richardsonii 0.2 1! 0.2
Thamunolia vermiqularis - 0.6 ) ' : 0.5
Dactylina arctica 0.2 . - : 0,1

Totalg {00.0 . -100. 0

Community biomass:

Standard dry kg/m? + S.E.  1.41 + 0,03 1,87 + 0.08

N 6t o v 34



Table. 2. Retention of »34Cs and 137¢cs by natural lichens at Anaktuvuk

Pass. Single dropsAof 137Cs were applied to individual podeita and

2

134cs was sprinkled on 25 m# lichen carpets.

Daygiaft.er o Spr;'nzlghed Treatment . Sin'g]i%%)roplet Treatment
application . nCi Cs per m . nCi Cs per podetium A
R C T St 22,140,586 1
23 | 990 + 89 |
63. 967+ 45 _ |
380 823+ 34 ' - - .30  21.8 +.0.75  51.3y
752 . 905+ 53 - 786 1o.0+1.08 9.0
(473 - 890+ 44 B 1068 16.9 + 0..81 7.6

1505 1020 + 142 o 1465  14.6+ 0.82. 6.7y



Table 3, Total amounts of 90Sr and 137Cs in vertical strata of Cladonia

lichen communities during summer and winter periods. -

Stratum -

Top 6 cm lichens
Lower 6 cm lichens
Ag

Az

(kg per m

Biomass

’

2y

July ©= TFeb,
1969 1970
1,30 0.80
1.64 1.79 .
2.38. 2,40
6.83 6.80

— B e T B

/
i

Radionuclide content (nCi/m?2)

Strontium-90 Cesium-137

July Feb., =~ July Feb.

1969 1970 1969 1970

6.2 5,7 34,2 19,2

" 3.6 7.6 10.4 17.0
2.9 1.2 2.7 1.4
0.7 0.4 1.6 1.0



Ihgure 1, Map of northern Alaska showing sampling sites. Intensive studies

were done at Anaktuvuk Pass, semi-annual samples were collected on caribou

N .
1

winter ranges along southern edge of the Brooks Range .

Figure 2. Strontium-90 and cesium-137 concentrations in lichens at Anaktuvuk
Pass in relation to fallout depositionérates measured at Fairbanks, Alaska"

during the period 1862~1970,

V- . L4

<

Figure 3. Radionuclide concentrations in vertical strata of an Anaktuvuk Pass
Cladonia lichen community during.summer_' and winter periods. Abbreviations
~are: T= Top 6 cm of lichens; L= Lower 6 cm of lichens; Ao' Ag and B =

respective soil horizons.






