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Abslracl

Analyses of leave of desert shrubs showe,l strung differences in macroelements iccording to species
and l,ccation oo the Arid Lands Ecology (ALE) site io south-ceDtral \vr'a5bington. Halophvt€s were
charncterized by high levels of K, Cl, st, Mn, and Na, and g-fvcolhrtes by high Ievels of C-a and
Nfg. Howcver, iracJ element content was nor siSnificantlv diafereoi - Bi8 sageb sh (Afiert;sia t '

,tiitata) leaves from lVyoming and the ALE site were not greatlv different in trace element content'
Natural leaf fall collecti6ns cao be used to monitor chaoging levels of trace elemcrt content induced
by coal combustion steam'electric plants.

lntroducl ion

Measurements of the mineral content of leaves of desett shrubs gtowing io the shrub

steppe region of south-central Vashington have generally centered upon mineral

cycling behavior (Mack 1977, Rickard 1965, Rickard and Keough 1968, Cline and

Rickard 1974) and have been mostly coocerned with the behavior of maclooutrient

elemeots and sodium rather than trace metals. In lecent years considerable attention has

been paid to trace metals as soil-plant contaminants because some of these are Potentially

toxic, and also because tmce metals are released into the air in large quantities at large

coal combustion steam electric plants even after pollutant suppression devices are

installed (Vaughao e, al, 197r, Turnel and Strojan 1978). After many years of coal

burning, ttace mfials can be expected to show elevated levels in soils neat coal-fired

plaots. With elevated levels of trace metals on and mixed in the rooting substrate,

elevated levels may wentually occut in the leaves of plants as the metals are moved into

the loot zone by leaching, freezing, thawing, and other processes

Connot e, al. (197 6) measured uace metals io soil and big sagebrush (Artemisia

tridenrata) leaves at various distances from ao operating coal-fired power plant io the

Powder River Basin region of northeastern \flyoming and showed elevated levels of

strontium. vanadium, and selenium in leaves; these levels were attributed to smoke

stack emissions. Like many parts of the semi-atid vrestern United States, big sagebrush

is the most abundant shrub on the ALE site in Beoton County, Vashington

This investigation determined the trace element content of freshly fallen leaves

of four desert shrub species on the ALE site and indicates that freshly fallen leaves

can be employed to monitor levels of trace metals that mighr result ftom future opera-

tion of coal-fired steam-elecric Power stations io the semi-arid shrubsteppe region of

sourh-central Washingon and adjacent Oregon. Historically, sourheastero \0ashington
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has been relatively free from coal buming because the electrical requirements of the
region have been mostly provided by hydroelecrric dams and nuclear power.

Methods
Newly fallen leaves were collc.cted in l97g from four desert shrub species by placing
non-merallic cootainers beneath the canopy spread of four individuat plants of each
species and by collecting the newly fallen leaves at monthly intervals (Rickard and
NTarren 1981). The leaf collections at the peak litterfall month, 2 g or more, were arr
q:ied, pooled, and homogenized by grinding o a fine po*der oiith a rJ[iley Mill.
Aliquots of each sample were dissolved by refluxing in a nitric/perchloric acid mixrwe
(4: 1 ). Analysis utilized several techniques. Argon inductive corpi.d plor-u spectroscopy
was used ro analyze simultanmusly for Ca, Mg, Na, K, p, Al, Ba, 

-B, 
Cu, Fe, Mn, Sr,

and Zn. Chromium, Co, Mo, Ni, V, pb, and Sb were aoalyzed using graphite luroace
atomic absorption specffoscopy. Bromium and Cl were determined Ly rraorron *ru"_
tion and subsequent gamma specrroscopy. Arsenic aod Se were determined by atomic
absorption spectroscopy of the separated hydrides. All tissue samples were analyzed in
duplicate and run concurtently with National Bureau of Standarjs reference biological
standards.

Resulls and Discussion
The mineral content of newly fallen leaves of Attemisia ,ril.en atd, purthia rtidentata,
Atriplex lpino,a, attd sarcobatus tennic,laru is summarized in Table i. These species
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represent three plant families: Compositae (Attelnirid), Rosaceae \Pursbia), and
Chenopodiaceae (Sarcobatu and Atriplex) and two ecological categorieq glycophytes
and halophytes. The halophytes rvere generally characterized by high levels of potassium,
chloride, bromide, manganese, and sodium. Artentisia was characerized by relatively
high lwels of calcium, and Purthia cnd Atriplex had relatively high levels of magnesium.
Sarcobatts was low in iroo and alumioum. The trace metal content of shrub lsaves was
not greatly diffcrent, regardless of species or location; howwer, zioc was low in Sar
cobatul and. arseoic and chromium were relatively hlg;h it Purhia,

To detect temporal changes in trace metal content of raogeland plaots, ir is desirable
to sample the same individuals ( non-destructive sampling) at rhe same time of year over
maAy years. This procedure can feduce the inhereot uace element variability associated
with sampliog of differenr plant tissues at different locations and different times of the
year; it alrc avoids the mixing of leaves of different physiological ages.
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Figure 1. Trace elernent contcnt ol big sagcbrush ( Altentirid tride tdha) leaves collected from two

sires ofl the ALE Sitc, Vashington, comparcd wirh mioimum and maximum values fromIlfvoming.
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TRACE ELEMENTS IN SOIL
Figlre 2. Trace elemeot content of soil from the ALE Site, Vashington, compated with minimum

and maximum values from rJ0yoming.

Deset shrubs are longJived plants, and individual mature shrubs can be expected to
be available for sampliog for several decades. However, desert shrubs are occasionally
exposed to destruction by fire, and new sampling locations may need to be selected from
time to time as losses to wildfire occur. Littelfall collectors placed beneath the shrub
canopy of individual plants provides a repeatable non-destrucive way to sample senes-
cent leaves tfuough normal leaf fall. The trace metal content of these leaves repfesents
external (surfare) rerertrion as particulares as well as trace metals delivered internally

1 0

1 . O
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to leaves via the soil-root-shoot pathway. Big sagebrush leaves collected lrom Washing-
ton and \Tyoming indicate that uace metal colteor is not markedly different (Table 1).

Graphic presentations of fface element content of big sagebrush leaves and soil
samples from Washington and I0yoming are shown in Figs. 1 and 2. When arranged
in decreasing order of abundance, titanium and manganese are most abundant in sage-
brush leaves and soil. Cobalt, aotimony, and selenium were least abundant. In general,
the same order of race element abundance is displayed berween sagebrush leaves and
soil. Some of the measured trace element conrcnr io leaves probably tepresents surface
cootarnination by dust. To establish whether elevated soil concentrations of rrace metals
can induce elevated levels of trace elements to sagebrush leaves via root uptake pro-
cesses will require novel experimeotal procedures aod designs to distinguish surface
contamination from root uptake contamination (Srraughan et al. 1981). Becaur big
sagebrush is much more abundant in the study area than other shrub species, ir seems
likely that it offers the best opportunities for long terrn monitoring.
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