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Uplake of Mercury from Soils by Western Wheatgrass Seedlings'

Abstracl

The uptake oI metcury by westetn wheatgrass (Agft>pfnn nzithii cv. Rosana) seedlings ftom five
eastern Montara soils amended with 1.0 ppm Hg applied as Hc(NOr)2 was investigated ia a
greenhouse study. Above-grouod- tissues showed plint/soil concenuition Taiors of 0.01 io 0.1. Up
to 21 perceot of the soil-applied Hg was lost by votatilizatioo during the 22-day gowth period. 

-

Introduclion
r$fith the development of the energy resoutces qf the western United States have come
concerns legalding the environrnental impact of the ernissions associated with po,q/er-
generation on he grassland biome. Due to its volatility and known toxiciry, mercury
(Hg) emitted ftom both coal-fired and geothermal power plants has been a metallic
airborne pollutant of particular concern.

Coal from dre Powder Riyer Basin of norrheasrem Wyoming arrd southeastern Mon-
rana contains an average of 0.09 ppm Hg ( Swansoz et d1.,, 1974). The scrubbers and
electrostatic precipitators used to contol air pollution from coal-fired lnwer plants are
ineffective in the removal of Hg, present in the hot flue gas primarily as metallic meJ-
cury vapor ( Hg' ) , and about 90 percent of that in rhe coal is released ro the environ-
ment (Billings and Matso,n, 1972; Montarn State Delmnment of Natural Resources and
Conservation. 1974).

Numerous sites for the potential development of geothermally-powered electic gen-
erating plart'ts exist in Otegon, California, Nevada, and Nerv Mexico. Mercury present in
geothermal reservoirs can be released to the surface environment with the live steam
during drilling and ven.iog and from the spent steam in condensate ponds ( U.S Dept.
of Interior, 1973; Siegel and Siegel, 1975).

Thus the potential for environmeotal contaminatioq and bioconcenration of mer-
cury exists in these energy development aleas. \Testern wheatgrass (Agrapltran witbii)
is a widely disttibuted range species in the western United States aod Canada, and is
often the dominant species in the Norhern Great Plains (Martir^, 1969) . Little is known
regarding its upnke of heavy metals, a computerized search of Biological dbsuacts
sirce 1972 revealing only a single study (Munshower and Behan, i971). The uprake of
mercury from soils by wesreJn wheatgrass was therefore smdied in a greenhouse experi-
ment.

Melhods and Materials

Five surface soils ( Table 1) were collected from uncultivared sites in southeastetn Mon-
rana, air-dried, and ground to pass a 2 mm sieve. The soil pH (1:2 soil:water), calcium
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carbonate equivalent, organic carbon (T/alkley-Black titation), total Kjeldahl nitrogen.
extactable P (0.5 ff sodium bicarbonate, pH 8.)), total soluble salts (sacuration excract
electrical conductiviry), extractable potassium and sodium, and cation exchange capa.city
(1N ammonium acetate, pH 7) were determined (Kauffman and Gardner, 1976). Na-
tive soil mercury levels were determined by flameiess atomic absorption spectrometry
following digestion of the soil with aqua regia. Particle size analysis was by the pipette
method (Day, 1965). The /:'bar moisture percentage was determioed by the method of
the U.S. Salinity Laboratory St^tf (.1954).

The soils, in 70 g (oven-dry basis) portioos, were a-mended with 1.0 pg Hg/g soil
using '03Hg-Hg(NOr):: applied with suJficient water to reach the Yt-lm content, and
contained in plastic cups without drainage holes. There were 3 replicates per soil per
tleatment. After a 24-hour equilibration period, twenty seeds of "Ro,sana" western wheat-
grass q/ere applied to the surface of the soil and covered with 40 g of moist sand. The
plants were grown in a chemical fume hood located in a greenhouse. Distilled q/arer

was added on alternate days to make up {or evapotanspiration losses and to bring the
soils back to the Vz-bat moisture conrent. No fer,rility amendments were made to the
soii either initially nor during the course of the experiment. Natriral illum.ination was
supplemented by incandescent lights (G.E. Gro-Sho; 16-hour-day length ) whose heat
was dissipated by a flowing-water filter cell. Twenty-two days after planting, the above-
ground tis3ue was harvested, radioassayed using a NaI l-sciorillarion specrometer ( Pack-
ard model 5210), and dried at 80 C. Tissue Hg concentmrions were calculated from the
specific activity of the added Hg assuming no dilution by the endogenous soil mercury
pool.

In order to assess the exte[t of volatile i<xs of the added Hg from the soils during
the course of planr growrh, soil mercury content w,Ls monitored by radioassay of the en-
tire soil mass using a small animal, whole-body, liquid scintillation specffometer sys-
tem (Armac model 446, Packard Insrument Co.). A special sample holder established
a reproducible counting geometry in the sample well. The samples were counted using
the 0.28 Mev 7-radiation of the 203Hg after soil amendment and again after tissue har-
vest.

Results and Discussion
Plant/soil concentrarion factors (CF:4g Hg/g tissue) for Hg in the above ground

pg Hglg soil
portion of western wheatgrass seedlings range from 0.01 to 0.1 ( Table 2). Tissue Hg
concentfations were iowesr for rhe Campspass and Atvada soils, the soils highest in or-
ganic matter and clay respectively, aod highest in the highJime Heidt soil. No toxicity

TARLE 2 .  Up iake  o l  Hg by  abore  grouna l  Dor t ion  o l  Fes tern  Nhea igrass  seed l ings  gro lv r  io r  22
d&ys on soils ahenaleal vith 1.0 pg H€i/g soit,
'Iissue corcentruti.rns shovn are menns of 3 replicates i standarat orror, and are cal
culareal on a dry hatler bnsis.

ng Hg/g DN

Held t

3 1  J  2 _ 3
1 2  1  6 . 4
!6 : !  22
4 0  i  5 . 8
3 7  a  8 . 3
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symptoms or yield reductions with reslxct to control plants growl on unamended soils
were evident. Tissue yields on the Arvada and Campspass soils were about double tho,se
on the Tefry soil, with the Heldt and Bainville yields falling in the intermediate range.

The volatile loss of Hg, presumably as Hgo, from soils amended with divalent mer-
cury has been reported by several investigators ( Rogers, l97t: Hogg, i976). At the
end of the 22-d.ay growth period, from 9 to 21 percent of the initially-applied mercury
had been lost from the soil-plant systems (Table l). As the above-ground portion of

TABLE 3. Percenl ol initially-added Hs remajnins in soil (correcteal tor ptant remolal) at end ol
22 day plant srowth perioal.

Va lues  reDor ied  a le  means o l  S  rep l i ca tes : !  s tan i la ra l  e r ro r

So i l  Ser ies % IIs remaining

Helali
Bainville

9 0 . E  a  0 . 4
9 3 . 4 : !  0 . 2
8 3 . 8 : : !  0 . 2
9 0 . 6  a  0 . 5
? 9 . 4  i  0 . 6

the seedlings are exposed to Hg vapors emanating from the soil, the Hg found in the
aetial tissue is probably the result of both foliar interception of volarilized Hg (Zim-
rierman ard Crocker, 1933), as well as translocatioo from the ro,ors.

The concentration factors reported here are similat to those found for bromegrass
(CF:0.05-0.06) growr for 4) days on soils amended with 10 g.g tlg Gs HgCIz) /S
soil ( Hogg, 1976), ad for wheat and hadey (CF:9.94-6.1f , growo ro the heading-
out or maflrre stage on soils amended with O.5 pg Hg as Hg(NOs)r/g soil (Lee,
1974). Cadmium (Cd) is the Periodic Table neighbor of Hg in group IIb, and Mur-
shower and Behan (1971) report a CF of 0.8 (based on acid extractable soil Cd) for
westefri wheatgrass growing 20 miles from a zinc-cadmium smelter in Montana. Cd is
generally considered to be more plant available than Hg ( Lagerwer ff, Ig72).

In spite of rhe lntential for both foliar and root uptakg on.ly limited quantities of
Hg were found in the above-ground portion of wesrem wheatgras grown on Hg-
amended soils. !fiesrern wheatgrass would not appear to represenr a source for food
chain magnification of environmental metcuty.
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