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Abstract

It has been reported that most mercury (Hg) in USA soils is from atmospheric Hg deposition, mostly from anthropogenic sources. This paper
compares the rates of atmospheric Hg deposition to amounts of Hg in Illinois and USA soils. The amounts of Hg in these soils are too great

to be attributed mainly to anthropogenic atmospheric Hg deposition.
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Introduction

The presumption that the amounts of mercury (Hg) in the
environment are naturally low and environmentally
insignificant ( Borg et al., 1966; Harriss et al., 1970;
Ackefors, 1971; Gardner, 1978; Johansson et al., 1991; U.S.
Geological Survey, 2000) has influenced scientific and
public perception about the amount and influence of human
activities on Hg in the environment. The finding of
widespread environmentally significant amounts of Hg in
landscapes (even those far removed from human activities)
leads to the conclusion that atmospheric deposition of
anthropogenic Hg has increased Hg to environmentally
significant levels (Travis and Hester, 1991; Lindqvist, 1991;
U.S. Environmental Protection Agency, 1997; Wheatley and
Wyzga, 1997; Iyengar and Nair, 2000; Pilgrim et al.,
2000a,b; Lee et al., 2001; United Nations Environment
Programme, 2002; Meili et al., 2003; Watanabe ef al.,2003).

For the North American mid-continent, Swain et al.
(1992), assuming no geological sources of Hg in the
landscape and no mobilisation of Hg in aquatic sediments
(Hg remains fixed in sediment at time of deposition),
estimated that anthropogenic activities have increased
atmospheric Hg deposition from a background deposition
rate of 37 mg ha™ yr' in 1850 to 125 mg ha™ yr'; most of
this increase occurred after 1920. Meili (1995) reduced the
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background estimate to 20 mg Hg ha™ yr™' but subsequently,
the U.S. Environmental Protection Agency (USEPA, 1997,
p. 5-29) announced that the mean background atmospheric
Hg deposition level for mid-continental North America may
be even lower than Meili’s revised estimate because Hg
pollution of the atmosphere began before 1850. Also, Hg in
Illinois and USA soils comes mainly from atmospheric
deposition (USEPA, 1997, p. 5-33, 6-2; U.S. Geological
Survey, 2000; Dreher et al., 2003b).

States in mid-continental North America have issued
mercury advisories. For example, the Illinois Department
of Public Health (2003), in its statewide advisory about high
Hg levels in fish, states that Hg exists naturally in the
environment in small amounts. The Wisconsin Department
of Natural Resources (2001) considers Hg in the
environment to be primarily of human origin. Although
studies of Hg loading to rivers draining the upper Mississippi
River drainage basin and other USA rivers show that the
primary sources of Hg are from eroded soil and terrestrial
plant materials, the unexamined assumption is that Hg
associated with these materials is substantially
anthropogenic (Balogh et al., 1998; 2003; Hurley et al.,
1998). Mercury associated with sediments carried by the
Mississippi River are reported to be primarily responsible
for Hg fisheries advisories in the lower Mississippi River.
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For the USA, 520,000 river kilometres are reported to be
under fish and wildlife advisories (Watanabe et al., 2003).

This paper briefly examines the hypothesis that Hg in
[llinois and USA soils is predominantly of anthropogenic
atmospheric origin.

Methods

The approach used to test the hypothesis about the
anthropogenic source of soil Hg is to compare rates of
atmospheric Hg deposition with soil and Earth crust Hg
content, assuming soil retention of all deposited Hg. The
Hg content of Illinois soils (Table 1) was calculated using
soil data sampled by the Illinois State Geological Survey
(ISGS) at 51 soil sites in 45 counties covering the southern
third of Illinois (Dreher et al., 2002, 2003a,b). These ISGS
data are exceptional in that soils were sampled intensively
in a relatively tight grid (32 km) at multiple depths
throughout the soil profiles (Table 1). Topsoil was defined
as the uppermost soil horizon sampled except for soil sites
12, 18, and 19 where topsoil soils depths of 24.4, 24.4, and
18.3 cm were used, respectively. Topsoil Hg content (g ha™)
was determined by multiplying the ISGS Hg concentration
data by topsoil depth by topsoil bulk density (assumed to
be 1.3 g cm™). Total soil depth was defined as the depth of
soil sampled except for soil site 29 where depth was assumed
to be the top of the bottom-most layer sampled, 366 cm.
Total soil Hg content was determined by multiplying ISGS
whole soil arithmetic mean Hg concentration values by total
soil depth by bulk density, assumed to be 1.5 g cm™ below
the topsoil.

The Hg concentration of USA soils used is the average
reported for the 1318 samples taken by the U.S. Geological
Survey’s 80-km grid of the conterminous USA and sampled
to a depth of about 20 cm (Shacklette and Boerngen, 1984).
The quantity of Hg in average USA soil was calculated,
assuming a soil depth of 20 cm and a bulk density of
1.3 g cm™. Average world soil Hg concentration used was

that reported by Andren and Nriagu (1979). Average soil
content of 1,434 g Hg ha™' was derived by dividing the total
amount of Hg in the Earth’s soil and, assuming that land
area equals soil area, dividing this Hg value by the Earth’s
land area (Andren and Nriagu, 1979). Average soil depth
used to derive the global average soil Hg ha™' value was
estimated to be 140 cm. This estimate was calculated by
dividing global soil mass by global land area (Andren and
Nriagu, 1979), assuming an average bulk density of 1.3 g
cm for the top 20 cm and 1.5 g cm™ for the underlying
soil.

Atmospheric Hg deposition for Illinois was defined as
the sum of wet and dry Hg deposition. Wet Hg deposition is
measured in Illinois by the U.S. Mercury Deposition
Network (MDN). For the 1999-2001 period, MDN reports
that the average annual measured wet Hg deposition in
Illinois ranged from 90 to 96 ha™ yr!' with an average of
92 mg ha! yr! (National Atmospheric Deposition Program,
2003). The USEPA (1997, p. 5-23) reports that dry Hg
deposition in Illinois ranges from 10 to 100 mg ha™ yr™'. A
total deposition value of 184 mg Hg ha™' yr! for Illinois
was derived by assuming that dry deposition equals wet
deposition. Total average atmospheric deposition of
88.4 mg Hg ha!' yr! for the conterminous USA was
calculated from the USEPA estimate that an average total
0f79.6 metric tons Hg yr' is deposited on the conterminous
USA (USEPA, 1997, p. 5-1). The Hg concentration and
content of the Illinois soils (Table 1) were compared with
data from the literature for USA soils, world soils and the
Earth’s crust. Average Hg contents in USA and the Illinois
soils were compared to estimated natural background rates
of atmospheric Hg deposition and average total annual Hg
deposition rates for the USA and Illinois.

Results and discussion

On the global scale, Hg is a trace element: Mason and Moore
(1982, pp. 42, 47) reported that the Earth’s crust averages

Table 1. Concentration and content of mercury in southern Illinois soils.

Sample Hg concentration (ug kg*) Soil depth (cm)
median mean  range median  mean range
Topsoil 28 34 18-104 19.8 19.8 9.14-30.5
Whole soil 29 31 16-58 381 380 181-579
Hg content (g ha'')
Topsoil 72 85 47-151 — — —
Whole soil 1630 1720 514-3980 — — —
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but 80 ug Hg kg™'. Shacklette and Boerngen (1984) reported
that the average concentration of Hg in conterminous USA
soils is 86 pg kg™ (top ~20 cm) and Andren and Nriagu
(1979) reported that the average concentration of Hg in
world soils is 71 pg kg™ (140 cm calculated soil depth).

The average concentration of Hg in the Illinois soils is
even less than concentrations reported above for the Earth’s
crust, average USA soil and average world soil. The median
and mean (average) concentrations of Hg for the topsoil
(~20 cm) from the Illinois soils are only 28 and 34 nug kg,
respectively. Median and average topsoil Hg concentrations
are not much different from those of the underlying ~360
cm of soil (Table 1). Nevertheless, the amount of Hg in these
Illinois soils is large relative to atmospheric Hg deposition.
Quantitatively, assuming that all atmospherically deposited
Hg is retained in the top ~20 cm of soil, the average amount
of Hg in topsoil is equivalent to ~400 years of the current
estimated rate of total Hg deposition (184 mg Hg ha™' yr)
and equivalent to ~4000 years of a background level of total
atmospheric Hg deposition value of 20 mg Hg ha™ yr'.
Assuming that all atmospherically deposited Hg is retained
in the ~380 cm-deep average whole soil profile, the average
amount of Hg in whole soil is equivalent to ~9000 years of
the current estimated rate of total atmospheric Hg deposition
rate and equivalent to ~90 000 years of the background rate
of total atmospheric Hg deposition.

These quantities of Hg in the Illinois soils are too great to
be attributed mainly to anthropogenic atmospheric Hg
deposition.

The reported average Hg concentration of USA soils is
about 2.5 times greater than that of the I1linois soils, whereas
average USA total atmospheric Hg deposition is reported
to be about half that of Illinois. Nevertheless, the USEPA
(1997, p. 5-33, 6-2) concluded that most Hg in USA soils is
anthropogenic by reporting that prior atmospheric
anthropogenic Hg deposition USA soils contained only in
the order of 10 pg kg™'. Assuming that all deposited Hg
remains in the top 20 cm of soil, such an increase of Hg in
the top 20 cm of average USA soil would require ~2000
years of total atmospheric Hg deposition at its current
average USA rate of 88.4 mg ha™' (USEPA, 1997, pp. 5-28
to 5-33). Assuming that the top 140 cm of USA soil now
has the above reported world average soil, or the crustal Hg
content and its natural Hg content was 10 pg kg™, it would
take ~14 000 years or ~16 000 years, respectively, for the
current average estimated rate atmospheric Hg deposition
to account for the Hg content of the soil if all deposited Hg
remained in the soil.

These quantities of Hg in USA soils are too great to be
attributed mainly to anthropogenic atmospheric Hg
deposition.
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When widespread Hg pollution first became a popular
concern, global anthropogenic Hg was compared to global
soil Hg (Wollast et al., 1975; Andren and Nriagu, 1979) as
part of a larger literature that criticised the common
presumption that the principle source of Hg in the
environment is anthropogenic (e.g. Bertine and Goldberg,
1971; Goldwater, 1971; Hammond, 1971; Barber et al.,
1972; Knauer and Martin, 1972; Miller et al., 1972;
Goldberg, 1975; Ketchum et al., 1975). Regarding world
soil Hg content, these early analyses reported that
anthropogenic activities could have increased world soil Hg
content by 0.02 percent (Wollast et al., 1975; Andren and
Nriagu, 1979). Despite this early seminal literature and a
persistent stream of similar publications in following
decades (e.g. Varekamp and Buseck, 1981; Fitzgerald et al.,
1984; Kabata-Pendias and Pendias, 1984, pp. 92, 116—-125;
Siegel and Siegel, 1984; Wolf and Peel, 1985; Morrison
and Therein, 1991; Vandal ef al., 1995; Roulet et al., 1998;
2000; Gustin et al., 2000; Lechler et al., 2000; Mason and
Sheu, 2002; Gustin, 2003), the presumption that
anthropogenic Hg is the principal source of Hg in the soils
that mantle landscapes is still common and exerts a powerful
effect on scientific and public perception of the role of
anthropogenic atmospheric Hg deposition on the
environment of Illinois and the USA.

Conclusion

The hypothesis that most Hg in Illinois and the USA soils is
of anthropogenic origin is rejected. Whereas Hg is a trace
element — its concentration is low compared to that of other
Earth elements — Hg concentrations and contents of Illinois
and USA soils are too great to be accounted for by
atmospheric anthropogenic Hg deposition. This finding does
not mean that atmospheric Hg pollution does not contribute
to environmental Hg. Nor does it mean that there are
situations where conditions are such that most Hg does come
from anthropogenic atmospheric deposition. It does indicate,
however, that because environmentally significant amounts
of natural Hg are generally found in soils, research is needed
to investigate the mobility and fate of natural and
anthropogenic Hg in terrestrial and aquatic environments.
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