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ABSTRACT

A review of recent information on the environmental levels,
ecological effects and health effects of thirty five elements
which may be released into the environment by the combustion
of coal is presented. Elements discussed include: Ag, Al, As,
B, Ba, Be, Bi, ¢4, Co, Cr, Cu, F, Fe, Ga, Ge, Hf, Hg, In, Mn,
Mo, Ni, Pb, Rb, Sb, Sc, Se, Sn, Sy, Te, Ti, Tl, U, V, W and Zn,

Fourteen of these elements are found to be potentially
harmful to organisms from various ecosystems either through
direct contact or secondarily through incorporation in food
chains. Of these, the trace elements found to be potentially
harmful to man and usually other biota include: As, Be, Cd,
Cr, Hg, Ni, Pb, Se, Sn and Tl. Those elements which are
primarily deleterious to organisms other than man include: Ag,
Cu, F and Zn.

Another six elements Ba, Bi, Co, Ga, Mn and Te remain
guestionable as to whether they are of environmental concern,
Vanadium is important as an indicator of the combustion of
fossil fuels.
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INTRODUCTION

The Middle East o0il embargo of 1973-74 has resulted in the
United States initiating programs which are designed to lead to
energy independence. These programs will cause:

a. an increase in the use of coal combustion for electric power
generation, and

b. an increase in the production of fuels and chemicals produced
synthetically from coal.

Materials identified to date in the literature as possibly
being released into the environment during coal combustion or
gasification are listed in Table 1,¢371°) A1l of these substances
eventually will enter aquatic and terrestrial systems and may
move through these systems to man. Research to date on the
effects of these pollutants on ecosystems, levels in the environ-
ment, and their transport to man has been scattered and often
times is completely lacking.

This report is a review of the literature on one class of
these pollutants, trace elements, their occurrence in the environ-
ment and their potential toxicity to man.

GENERAL OVERVIEW OF THE LITERATURE

Considerable attention has been given to the problems
associated with the release of trace metals into the environment.
However, most of the studies that have been conducted in the past
have dealt with acute effects of particular trace metals on
laboratory animals and human health, rather than their levels in
the environment and their long term chronic effects. A summary
of the health effects of trace metals on humans and laboratory
animals is presented in Table 2,(%*71%)

Most of the research that has been conducted on the levels
of trace metals in the environment and their ecological effects
have been investigations of mercury, and to a lesser extent,
cadmium and lead. Compared to the number of studies cited in
the literature for these substances, the information available on
other trace metals is spotty at best and almost non-existent in



most cases.

In general, a wide range of trace metals have been found in
coal (see Table 3),(173:8-1°9,17) gii3ies have shown that the trace
element composition of coal varies greatly even within a given
locality. However, most trace elements in coal occur in concen-
trations which approximate the earth's continental crustal
material. (*°)

The anthropogenic contribution of trace elements to the
environment from the combustion of fossil fuels has been estimated
to be significant for many of these elements(3:7:8:18:19) (g
Tables 4 and 5). In one study,‘®’ it was shown that the elemental
additions due to coal combustion were never less than 1.5% of their
mobilization by weathering and that coal combustion also introduced
As, Co, Cu, Fe, Hg, Mo, Ni, Pb, Sc, U, V and Zn into the environ-
ment at rates comparable to that of weathering. Researchers at
Lawrence Livermore Laboratorycz) have estimated that over one
billion tons/year of coal may be burned in 1990. They predict
that this may result in yearly releases into the environment of
28 x10° 1bs. arsenic, 2 x 10° 1lbs. cadmium, 20 x 10® 1bs. lead,

30 x 10° l1bs, nickel and 0.4 X 10° 1bs. of mercury.

The order of volatility of trace elements depends upon their
different chemical states. When volatilized by a DC arc, the
order of volatility of Ag, As, Bi, Co, Cui Ga, Ge, Hg, In, Rb, Sb,
Sn, Tl and Zn was found to be as follows: ' 3’

1. As volatile oxides, sulfates, carbonates, silicates and
phosphates: As, Hg > Cd, Pb, Bi, Tl > In, Ag, Zn > Cu, Ga >
Sn > Rb. ‘

2. ~In the elemental state: Hg > As > Cd > Zn, Sb =2 Bi > Tl >
Mn > Ag, Sn, Cu.> In, Ga, Ge.

3. As:sulfides: As, Hg > Sn, Ge = Cd > Sb, Pb =z Bi > Zn, Tl >
“In, Cu > Co, Ni, Mn, Ag.

Thus, one might expect a preferential release of arsenic,
cadmium, mercury, lead, and thallium to the atmosphere. Recent
mass balance and particulate studies have in fact shown that many
of the elements are, as expected, concentrated in the ash (Ag, Al,
B, Ba, Co, Cr, Cu, Fe, Ge, Mn, Rb, Sc, Sn, Ti, Th, W, Zn), while
a few percent of these substances are released into the environment
as particulates or gases. Other elements are volatilized to the
extent of 50% or more (As, Cd, Hg, Pb, Sb, Se, Te, Tl), whereas



still others are volatized to a somewhat lesser extent (Be, Mo,
Ni, V) (8,10,20-24)
3 .

The trace element content and species in vapors and particu-
late matter produced by the combustion of fossil fuels is mainly
unknown. ¢?2+285)  Arsenic has been shown to be emitted in sufficient
quantities to modify the aerosol content downwind of coal fired
plants. Similar results have been found for mercury and selenium.
The metals As, Tl, Cd, Se, Pb and Sb are concentrated in fly ash
particles Qf respirable size. These particles, 1-2 microns in
diameter, contain between 3 and 18 times more of the above toxic
metals than fly ash particles greater than 40 microns in diameter.
These six metals are concentrated on the surface of the fly ash
due to their vaporization and recondensation on the particle
surface. ¢2%:27)

The elements Ag, Cd, Co, Cr, Cu, Fe, Hg, Ni, Ti and Zn have
been found to be enriched in soils around a coal fired power plant
whereas, Cd, Fe, Ni and Zn were found to be enriched in plant
material. The enhanced metal content in the soil was found to be
in general agreement with the wind roses for the area and metal
content of the coal except for mercury which was only slightly
enriched. ‘®®) It should be noted that all of these substances,
the volatile, semi-volatile and the refractory material in the ash,
will all be released into the environment to some extent.

Summaries of the trace metal content of some crustal materials,
water, foods and biota are presented in Tables 6-10,(2+18:29-34)

In general, from the information available on their toxicity
to humans, released amounts and ecological effects, the trace
elements released from coal which are of greatest environmental
concern in at least one of their chemical forms are: arsenic,
beryllium, cadmium, copper, chromium, flourine, lead, mercury,
nickel, selenium, silver, thallium, tin and zinc. While little
information is available on the occurrence of antimony, barium,
bismuth, cobalt, gallium and tellurium in the environment, there
are some reports of at least their potential toxicity and thus
they remain as possible environmental hazards (see Table 11).(35)
Vanadium, although not toxic, remains important as an indicator of
the combustion of fossil fuels,

The following is a general survey of the background levels,
and the health and ecolcgical effects of some of the trace elements
found in coal. Those elements which are toxic to mammals or
potentially destructive to aquatic and terrestrial ecosystems are
erphasized. The elements are presented in alphabetical order by
symbol.



1. Ag (Silver)

Silver is toxic to marine organisms. It has been found to
be concentrated from sea water by factors ranging from 80 for
marine algae up to 1,000 for marine mammals. Concentrations of
silver as low as 2 ug/4 have been found to delay development and
cause deformations in sea urchins. ‘2%’ silver may also cause
significant respiratory depression in marine teleosts after
exposures to concentrations as low as 0.12 ug/g.‘27)

Silver does not occur normally in animal or human tissues.
The major effects of excessive exposure to silver is a local or
generalized impregnation of the tissues known as argyria. It is
not known to harm individuals in any way other than its un-
sightly appearance. Silver can be absorbed from the lungs and
gastrointestinal tract. Excretion of ingested silver is primarily
via the gastrointestinal tract.‘®®’

2. Al (Aluminum)

Aluminum is toxic to plants in acid soils, however, at pH
values between 5.5 and 8.0 soikg precipitate soluble aluminum so
as to eliminate its toxicity. )

Only massive oral doses of aluminum are reported to be toxic
to mammals.(ll)

3. As (Arsenic)

Arsenic is ubiquitous in the environment, occurring in various
forms. Trivalent arsenic compounds (arsenite) are, in general,
more toxic than pentavalent compounds (arsenate). In nature, the
arsenate compounds are more prevalent than the arsenite compounds.
Arsenic may also be methylated by micro-organisms.

Arsenic occurs primarily in the pentavalent form in the
s0il.3®) The formation of arsenic compounds is affected by
acidity and the Fe, Al, Ca, P, and humus content of the soil.
Soils with high reactive aluminum levels have been found to be
less phytotoxic even after heavy applications of arsenic. ¢3?)
Arsenic toxicity has been observed in plants growing on soils
treated with arsenical pesticides, herbicides and defoliants.
These plants were found to contain relatively low levels of ar-
senic probably due to its action as a metabolic inhibitor.¢%°’
When present in soils, toxic amounts of arsenic arrest the
germination of seeds and reduce the viability of seedlings. 1In



addition, the rate of nitrification in the presence of arsenijic in
soils is decreased.(2?)

Arsenic is a cumulative poison with long term chronic effects
on both aquatic organisms and on mammalian species. There is
some evidence that arsenic is concentrated in aquatic food chains,
often reaching concentrations in excess of proposed EPA standards,(¢?®)
There is little information on the accumulation of arsenic in fresh
water organisms. Some species of freshwater fish have been reported
to concentrate arsenic by a factor of 20-130 above the concentra-
tion in water.(*?’ The fresh water invertebrates Daphnia %g. and
crayfishes have also been reported to concentrate arsenic. )

Arsenic is accumulated by many marine fauna. Marine algae
have also been reported to concentrate arsenic.(‘°) Arsenic also
tends to be accumulated by oysters and other marine shellfish where
concentrations of up to 100 ug/g have been reported.(“)

The toxicity of arsenic to humans depends upon its chemical
form. Organic arsenic compounds are considerably more toxic than
the inorganic forms which occur in living tissues or are used as
feed additives. Differences in toxicities of various forms are
clearly related to their rates of excretion, the least toxic being
the most rapidly eliminated.‘*®’ Arsenic has been shown to
accumulate in the body faster than it is excreted. It can build
to toxic proportions from small amounts absorbed from periodic
exposure or dietary contamination. (*®) Arsenate is excreted
rapidly from the kidneys and probably does not accumulate in humans.
Arsenites accumulate in the liver, muscle, hair, nails and skin.
Intake of arsenic by man has been implicated in skin and respiratory
cancer. (1%?

Most arsenic is ingested by humans in fish, meat and poultry
(56%)z d?iry products (23%), grain and cereal (14%), and potatoes
(6%) . %7

4, B (Boron)

Boron occurs regularly in natural water supplies and in plant
and animal tissues. It is an essential nutrient to plants, but
not to animals. While essential for growth at higher concentra-
tions, boron is very toxic to many terrestrial plants and produces
adverse effects at concentrations exceeding 1.0 mg/4 of water, (38)
Available data on toxicity of boron to aguatic organisms are mostly
from fresh water. Since the toxicity of boron is slightly lower
in hard water than in distilled water, it is anticipated that



boric acid and borates would be less toxic to marine aguatic life

o 3 .
than to fresh water organlsms.(ge’ The effects of boron on . marine
vegetation are unknown. (38’

Boron has a low order of toxicity to livestock with no
evidence of accumulation in mammalian tissues.(ae) However, in
lambs, gastrointestinal and pulmonary disorders have been reported
as a result of grazing on vegetation growing in areas of high
boron soil content.‘'!’ The ingestion of 16-20 g of boric acid
per day for 40 days produced no ill effects in dairy cows, 28>

In humans, practically all of the boron is absorbed from food
and excreted via the kidneys. It has been reported that concen-

trations as high as 30 mg/{ of water are not harmful to man, (%8

5. Ba (Barium)

Barium is relatively common in nature and occurs in plant and
animal tissueﬁ.(ll) Plants have been shown to accumulate barium
from soil. (%)

All water and acid soluble barium compounds are reported to
be poisonous. However, the sulfate and carbonate present in sea
water precipitate barium and thus tends to mitigate its effects on
marine life.‘®®) Some concentration factors from sea water for
barium have been reported as 17,000 for phytoplankton, 900 for
zooplankton, and 8 for fish muscle, (88+:44)  an accumulation of
radioactive barium in the internal crgans, gills and scales of

~ - - - - . - - - . - (a8 3
I'ish Trom the northwest Faclrlic fas also peen reporcted, V2R e8)

Of the barium which is ingested, only a small amount is re~
tained in mammals for pericds greater than 24 hours. . Very low
concentrations have been found in the mammalian kidney, spleen,

skeletal muscle, heart, brain, liver, and skeleton. ‘') The
toxicity of barium to mammals depends upon the chemical species.
Insoluble forms of barium, such as barium sulfate, are not toxic

whereas soluble barium compounds are highly toxic. The lethal dose
to humans is considered to be between 0.8 and 0.9 grams of barium
chloride. At present, there are no studies revealing how much
barium is tolerable in drinking water nor have any studies been
made of the long term effects of the consumption of barium. (38

6. Be (Beryllium)

The addition of beryllium to soil has been shown to have
some effects on plant growth. For example, some varieties of
citrus fruit seedlings show toxic effects at concentrations of



£0)

2,5 - 5 ug/4 beryllium.(
to inhibit photosynthesis and growth in some crop plants.
However, it is unknown if the same effect occurs in marine flora

where it has been reported to be concentrated by a factor of
1000, (28 -54)

In addition, beryllium has b?en shown
51-8563)

Beryllium is not well absorbed when given to humans by any
route. After inhalation, beryllium is retained in the lungs and
is mobilized slowly. The beryllium which is absorbed by the body
is mostly excreted in the urine,(ll> In humans, beryllium has
been shown to produce many effects depending upon the dose and
duration of exposure. The most extensive changes usually occur
in the lungs.(ll) At present, it is not clear if exposure to
beryllium compounds 1is associated with an increase in the inci-
dence of carcinomas in humans.‘*?’ The salts of beryllium are
not highly toxic for intake by ingestion since laboratory rats
survived for two years on a diet containing beryllium at a copncen-
tration of 18 mg/kg body weight daily.(as)

7. Bi (Bismuth)

Little is known of the effects of bismuth on either
terrestrial or aquatic systems. Concentrations of 0.04 to 0.3
mg/4 have been reported for marine animals, indicating concentra-
tion factors up to 10,000.<35’54) Bismuth has a fairly low level
of toxicity to mammals. It causes kidney and liver damage only
when ingested in large doses, (5%’

8., Cd (Cadmium)

Cadmium is stated to be "an extremely dangerous cumulative
toxicant causing insidious, progressive chronic poisoning in
mammals, fish and probably other animals, because the metal is
excreted at a very low rate,"'3%’

Cadmium is always found in association with zinc in the
earth's crust.(ss) Cadmium does not degrade in the environment
but rather accumulates in soils and sediments where it may enter
various food chains.(*2?’ When present in soils, cadmium is
apparently readily taken up by a great number of plant species
especially the grasses and grains (e.g., wheat, corn, rice, oats
and millet),(57'58) Cadmium is also found in peas, beets, lettuce
and radishes. The concentration of cadmium reported to be present
in an average background soil is 0.55 ug/g, with plants growing
in this soil containing 0.12 pug/g Cd. Similar soils present
around a coal fired power plant were found to have 1.46 ug/g Cd
and the plants growing in this soil had an average of 0.35 ug/g



cd.‘®’ vields of some crop plants may be reduced up to 25% by the

addition of cadmium to nutrient solutions at concentrations
greater than 100 ug/z.<36) The mechanisms by which cadmium is
taken up by plants is still largely unknown. ‘®? In addition,
there is a lack of information on the behavior of cadmium in
terrestrial ecosystems and its transport through food chains.

In fresh water systems, floating aguatic plants have been
found to accumulate cadmium from concentrations as low as 0.01
lg/g. Although this results in inhibited growth, the concentra-
tions of the metal which accumulated in the leaves and fronds was
up to 82 ug/g or a concentration factor of 8200.(6°)

Little data is available on the cadmium content of marine and
freshwater fish, but it does concentrate in the liver!®*:82) of
these few aguatic organisms studied for cadmium uptake, mollusks
received most of the attention. (63:84) The mollusks accumulate
their cadmium in calcareous tissues and in the vicera. Concentra-
tion factors of 1000 for cadmium have been reported in fish muscle,
as have concentration factors of 3,000 in marine plants and up to
30,000 in some marine animals. (38’ cadmium is also known to have
marked acute and chronic effects on aquatic organisms. The eggs
and larvae of fish are apparently more sensitive than adult fish
to poisoning by cadmium, while crustaceans appear to be more
sensitive than fish eggs and larvae.®®’ cadmium is particularly
toxic to gill bearing marine and freshwater crustaceans and may
induce ultra-structural changes in the gills. (es)

In mammals, approximately 6 to 10% ot the ingested cadmium is
absorbed and transported through the body by red blood cells.
Cadmium collects in the kidney, liver, pancreas and blood wvessels,
Some cadmium is absorbed from the lungs following inhalation. The
amount of cadmium uptake from material in the lungs depends on the
concentration, particle size, solubility of the particulate matter
and physiological considerations. However, under normal conditions,
inhalation does not contribute significantly to intake. Most
cadmium salts have a short retention time in the lum_:;s.(ll r88)

The kidney has been the initial target organ of retained
cadmium. Some symptoms of cadmium poisoning can be prevented by
the presence of zinc, 'selenium, cobalt, estrogens, and cysteine.(ll)
Most cadmium enters the human diet from grains and cereals (23%),
fruits (18%), potatoes (18%), beverages (13%) , dairy products (8%),
and meat, fish and poultry (5%). (47



Cadmium may enter the body via the gastrointestinal tract
from ingestion of fish from polluted waters. When ingested at
very high concentrations, it may cause itai itai (ouch ouch)
disease as reported in Toyama Bay, Japan,(GV) Cadmium, as has
been reported for mercury, may form organic compounds in aquatic
systems which may be highly toxic or lead to mutagenic or
teratogenic effects when 1ngested 38)

9. Co (Cobalt)

Cobalt has been reported to increase in concentration in the
soil around a coal fired power plant from 2.3 ug/g in background
soil to 4.6 ug/g in enriched soils near the plant. 28

Cobalt is an essential element for both plants and animals.
In mammals it is reguired for activation of vitamin Blg.(ll)
The difference between nutritional requirements and toxic dosage
in plants may be very small. A concentration of 0.1 mg/4 of
cobalt in nutrient solutions in irrigation waters is near the
threshold toxicity level of plants, whereas a concentration of
0.05 mg/4 appears to be satisfactory for continuous application
on all soils.‘®®’ For wildlife and domestic animals, such as
sheep and cattle, a wide margin of safety (a factor of 100)
exists between the required and toxic levels. ®)  However, the
slow accumulation of cobalt at a concentration of 1 ug/g, over a
period of time as short as a month, results in cardiomyopathy
(similar s¥mptons to congestive heart failure) in laboratory
organisms. In man, cobalt salts are well absorbed by the
smail intestine. However, significant retention of cobalt by
humans does not occur. Approximately 80% of the ingested cobalt
is excreted in urine, and 15% is removed in the feces, (**)

10. Cr {(Chromium)

The concentration of chromium in soils varies greatly,
however, the soil chemistry of chromium is largely unknown.
In some agricultural crops, high levels of chromium can cause
reduced growth or death of the crops, whereas adverse effects of
low concentrations of chromium on corn, tobacco and sugar beets
have also been documented.‘®®’ The oxides of chromium in the
s0oil are very insoluble and generally unavailable to plants.

(2)

As with other metals, the toxicity of chromium salts for
aquatic life varies with the species, temperature, pH, valence,
and the presence of synergistic and antagonistic substances, (3°¢)
Chromium toxicity is especially sensitive to water hardnes, (32’
Fish are relatively tolerant to chromium salts, but lower forms



of aquatic life are extremely sensitive. Chromium also inhibits
the growth of algae. The reported lethal limits of hexavalent
chromium for fish are 17 and 18 mg/4 as compared to 0.05 mg/4 for
macroinvertebrates and 0.032 to 6.4 mg/4 for algae.

Chromium is only biologically important in the tri- and
hexavalent states. In mammals, there is a conversion of hexa-
valent to trivalent chromium. Trivalent chromium is postulated
to be an essential element to mammals.‘*?’ Even in its most
soluble forms, chromium is not absorbed by mammals and is largely
excreted in the feces.2?'2%) Also, it does not appear to
concentrate in any particular mammalian tissues or to increase in
these tissues with age. (38779

Most human exposure to chromium occurs via intake of food
and water. However, the presence of chromium in these substances
has not produced any significant adverse effects in either man or
experimental animals. (*1) 1t should be noted that chromium passes
through the placenta and enters the fetus, where it is selectively
concentrated in the lung tissue. There is also the possibility
of occupationally induced lung cancer due to the inhalation of

hexavalent chromium, ¢'®’89?
11. Cu (Copper)
Copper is an essential element for most organisms.. However,

it can be strongly toxic to plants and aquatic organisms even at
very low concentrations when present in its ionic form,'7%*72)

In general, copper concentrations less than 1 mg/4 have been
reported to be toxic to many kinds of fish, crustaceans, molluscs,
insects, phytoplankton and zoo plankton. (28) The toxicity of
copper varies between organisms. For example, diatoms, dino~
flagellates and blue green algae are reported to be more sensitive
than green algae to poisoning by Copper.(7l) Thus the enrichment
of copper to an agquatic ecosystem would be expected to result in
a reduction in primary productivity and the standing crop of many
species of phytoplankton. The toxicity of copper to aquatic
organisms is also affected by the physical and chemical
characteristics of the water including temperature, hardness,
curbidity, and carbon dioxide content. In hard water, the toxicity
of copper salts is reduced by the precipitation of copper carbonate
or other insoluble compounds. (a2} Also, the sulfates of copper and
zinc, and of copper and cadmium, are synergistic in their toxic
effect on fish, (3%’ Copper is accumulated by many marine organisms,
with concentration factors of 30,000 reported in phytoplankton,

- 10 -



5,000 in the non-calcareous tissues of molluscs and 1,000 in fish
muscle, It is also concentrated in many aquatic invertebrates in
which the copper is attached to their blood protein hemocyanin
which serves as an oxygen carrier, (32:28:44)

Even when man is exposed to excessive concentrations of copper;
chronic symptoms do not result.*') For humans, the onl¥ limiting
factor of copper in domestic water supplies is taste. (2 : '

12. F (Fluorine)

Most studies of fluorine in the environment have been on its
effects on food crops. It has been shown that airborne fluoride
can damage either the foliage or the fruit of a wide range of
plants. Citrus trees, apricot, cherry, plums, grapes, Douglas
fir and many species of pine, corn, sorgum, and ornamental flowers,
in particular, are extremely susceptible to fluoride damage.(vs)

As a result of fluoride pollution and its entry into food
chains by accumulation in forage crops, extensive damage to grazing
livestock has occurred. Some plant varieties have been found to
build up fluoride concentrations in their tissue to levels that
are millions of times that found in the surrounding air.(7®)

In contrast to terrestrial studies, data from field studies
on bioaccumulation of fluoride in aquatic organisms are virtually
non-existent, However, it is known that fluoride is taken up by
some aguatic plants and is stored in the skeletons of fish, (7%)

In vertebrates, fluoride is stored primarily in the skeletal
tissue. Data from field studies on the levels and biocaccumulation
of fluoride show that a level of 2.0 mg/4 in livestock drinking
water may result in some tooth mottling. This concentration is
not excessive from the standpoint of animal health or the
deposition of fluoride in meat, milk or eggs. Chronic fluoride .
poisoning of livestock has been observed when water contained 10
to 15 mg/4 of fluoride.‘”®) Concentrations of 30 to 50 mg/4 of
fluoride in the total ration of dairy cows is considered by the
EPA to be the upper safe limit.2®) Fluoride is transferred only
to a very small extent into the milk and to a somewhat greater
extent into eggs.(as) However, fluoride uptake in ruminants can
lead to prenatal skeletal defects. The presence of aluminum may
mitigate the effect of fluorosis and it should be noted that
aluminum comprises a fairly large portion of coal ash.,

- 11 -



Fluoride may be transformed by some organisms in the natural
environment into far more toxic organic fluorides. If this trans-
formation occurs to any significant degree, it could have profound
ecological effects, (7%

13. Fe {(Iron)

Iron is widely distributed in the environment with animal
tissues usually having higher concentrations than plants. In
mammals, iron is an essential element needed for the formation of
hemoglobin and myoglobin. Because iron is homeostatically con-
trolled, it is not toxic to man. ‘') The addition of soluble iron
salts(ig)irrigation water may lead to increasing soil acidifica-
tion. *® ‘

14.  Ga {(Gallium)

Little is known of the toxicity of gallium to either plants
or animals. There are no reported adverse effects of gallium in
humans following industrial exposure. Gallium is not readily
absorbed by mammals from the oral route. ‘%)

15.  Ge (Germanium)

The toxicity of germanium and its compounds is low to mammals
even when present at very high levels. Inhalation exposure of
rats to germanium and germanium oxide results in rapid clearance
from their bodies.‘*®’

1lo. "Hf (Hatnium)

There are no reports of human toxicity due to hafnium, ‘%’

17. Hg (Mercury)

Mercury is a particularly dangerous toxicant due to its
volatility and transformation by bacterial action into an
(78) '
alkylated form.

The mercury content in soils of the United States ranges from
10 to 500 ng/g and averages 10 ng/go(g) Mercury tends to be re-
tained in the surface layers of the soil due to adsorption by
organic and inorganic materials and the low solubilities of mercury
salts (phosphates, carbonate, sulfide). (3’ Mercury has been reported
to ‘increase 'in concentration in the soils around a coal fired power
plant from 7,9 ng/g in background soils to 4.6 ug/g in enriched
soils near the installation, 2%)
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In most plants, mercury concentrations range from 10 to 200
ng/g (15 ng/g average), but plants growing near mercury deposits
can contain 500 to 3,500 ng/g mercury. Translocation of mercury
occurs in many plant tissues, including leaves, fruit and tubers.
Toxicity of mercury to terrestrial plants apparently depends more
on chemical form than on its concentration. There are few studies
avallable on the toxicity of mercury to specific plantso(vv)

The occurrence of mercury is recognized as nearly ubiquitous
in aquatic ecosystems. Most of the mercury in fish is in the
methyl form. "% 1In addition, numerous laboratory studies have
demonstrated the toxicity of various mercury compounds to birds,
Highest body burdens occur in fish-eating birds, as compared to
insect-eating birds, (79 Presently, little is known about the
overall effects of mercury on ecosystems. However, mercury is
known to cause alteration of the behavior of various aquatic
organisms, (8°782)

Concentrations of mercury in surface waters have usually
been found to be far less than 5 ug/4. Natural methylation of
bottom sediment mercury in areas bordering mercury deposits
results in a continuous presence of the element in solution.
Mercury is actively taken up by lower orders of biota in fresh-
water aquatic ecosystems. More than 75% of all the methyl-
mercury present in these lower orders is taken up directly from
the water. Higher orders of aquatic biota, such as predatory
fish, take up as much as 60% of their methylmercury directly from
the water. At each higher trophic level, the concentration of
methylmercury has been reported to increase due to kinding in the
muscle tissue.‘®*’ The behavior of mercury in the marine environ-
ment is not completely understood. However, organo-mercurials are
concentrated by marine organisms to a greater extent than are
inorganic mercurials, (4°+88)

(83)

It is stated that all of the organic forms of mercury (alkoxy,
alkyl, and aryl) are toxic, but the alkyl form is the most toxic
to man, The accumulation and retention cof these mercurials in the
nervous system, the ease of their transmittal across the placenta,
and their effect on developing tissue make them particularly
dangerous to man. (%2’

Exposure to mercury vapor results in absorption by the lungs,
with some secondary amounts taken in by the skin. Absorption of
elemental mercury after oral ingestion is minimal compared to the
uptake of methylmercury which is quickly absorbed through the
skin, lungs and gastrointestinal tract. Methylmercury tends to
accumulate in the kidney, brain and blood. In addition, methyl-
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mercury may pass through the placental wall into the fetus,
concentrating in the brain tissue, ()

Recently, it has been shown that the presence of selenium
can decrease the toxicity of methylmercury in birds and rats, (®®?
The presence of selenium may also result in a decreased toxicity
of methylmercury in fish such as tuna, which contains high levels
of selenium. ‘7’

18. In (Indium)

Indium is poorly absorbed from the gastrointestinal tract
and is excreted in the urine and feces. In man, no industrial
injury has been reported from the use of indium, nor has absorp-
tion of indium occurred from the use of indium-plated silver
utensils, (*%)

19. Mn (Manganese)

Manganese is toxic at very low concentrations to many crop
plants. However, its phytotoxicity is dependent upon acidic
soil conditions.‘3®)

Manganese primarily effects lower trophic levels of aquatic
organisms. It has been shown to decrease growth and reproduction
in some species of plankton, and cause increases in growth and
reproduction in others. (82

Manganese is an essential element for mammals, being
required as a cofactor for a number of enzymes. It is present
in all living organisms and is absorbed from food via the gastro-
intestinal tract. In general, it is not toxic to man, except from
chronic inhalation of MnO, during occupational exposure over long
periods of time (2 years)o(ll)

20. Mo (Molvbdenum)

Molybdenum is required by bacteria, higher plants, and animals
for a number of biological processes.

The accumulation of molybdenum by plants is proportional to
the amount added to the soil. It is not toxic to plants at
natural background levels. ‘3%’

It is concentrated by many freshwater and marine organisms
including benthic algae, phytoplankton, zooplankton, molluscs,
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crustaceans, insect larvae and fish,(*4'®®) Molybdenum is also

essential for the fixation of elemental nitrogen by bacteria and
blue green algae, %9’

Molybdenum exists in various valence forms. In mammals, the
soluble hexavalent compounds are well absorbed from the gastro-
intestinal tract and transported to the liver. Ruminants are
partlcularly sensitive to molybdenum which they may ingest while
gra21ng‘g’2\molybdenum concentration of 5 - 10 ug/g is considered
to be toxic to cattle.(®®) Sheep, horses and swine are more
tolerant to molybdenum,

Molybdenum accumulates in the kidneys and adrenals in humans.
Excretion of molybdenum in man is rapid, occurring primarily in
the urine. Excess molybdenum may be excreted in the bile. No
data is available documenting molybdenum toxicity in man due to
industrial exposure.(ll)

21. Ni (Nickel)

Little is known of either the soil chemistry or biological
activity of nickel. (2’

Nickel is very toxic to many plants especially citrus frults
At concentrations above 0.5 ng/4 it will inhibit plant growth, (o)
Nickel is found in many soils in a generally insoluble form, but
acidification may render it soluble causing plant injury or death,
It now appears that the toxicity of nickel for plants may be
caused by a decrease in the cation exchange capacity of the
roots. (92)

As a pure metal, nickel is neot a problem in water pollution
because it is not affected by, or soluble in water, Many nickel
salts, however, are highly soluble in water. (36}  Nickel salts
can kill fish at very low concentrations. Data for the fathead
minnow show death occurring in the range of 5 to 43 mg/4,
depending upon the alkalinity of the water. 987 Little is known
of the toxic effects of nickel in marine systems. However,
nickel is toxic to phytoplankton and algae. Some marine animals
have been found to contain up to 400 ug/4, and marine plants up
to 3,000 pg/4 nickel, (3%) The lethal limit of nickel has been
reported as low as 0.8 mg/4 for some marine fish, and 1.5 mg/4%
for juvenile oystersg(36>

The chemical species of nickel greatly effects its toxicity
to mammals. Nickel carbonyl, Ni(CO0),, is the most toxic of all
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the nickel compounds to man, It causes death after exposure of

30 pg/g for 30 minutes and has been implicated as a respiratory

carcinogen. 1) Nickel carbonyl is formed when hot carbon mon-

oxide is passed over nickel, both of which are waste products of
coal fired power plants.

Dietary nickel is excreted by man largely in the feces,
whereas nickel carbonyl is excreted in the urine, (1!

As a particulate air pollutant, nickel has been found to have
deleterious health effects in both humans and other mammals.<94)

22, Pb_(Lead)

Lead is present in all soils and plants. Soil contains an
average of 10 to 15 ug/g and ranges from 2 to 200 ug/g of lead.
The availability of lead in soils to plants is not understood.
However, soil type and pH have been found to affect lead uptake.
At low pH, lead is more available to plants. Plants are able to
translocate lead from the soil to the roots but poorly transport
it to the leaves and fruits. This occurs even when the soil lead
is soluble and available in the sopil.‘®®) For example, the lead
content of strawberries does not change when the lead content of
soil is increased from 8 to 59 ug/g. In radishes a ten-fold
increase in s0il lead content increases the lead concentration
by a factor of less than two.!?7’ Thus it appears that soil lead
may not be readily incorporated into the food chain via the soil
plant pathway.

There is some evidence that lead may be phytotoxic as it
has been shown to decrease transpiration and photosynthesis in
sunflowers. {®®)

Roadside soils, plants earthworms, trout, and mice have been
shown to have elevated lead levels which decrease rapidly with
increasing distances from the highways,cngleo>

The toxicity of lead to freshwater organisms varies with its
solubility which is a function of water hardness. For example,
brook trout are adversely affected by lead at 0.10 ng/4 in soft

- water, whereas in hard waters the 96 hour ICsze Vvalue is 442 mg/zc(sé)

Little is known of the biological effects of lead on marine
organisms although the common marine mussel has been found to con-
centrate lead without showing detrimental effects.*°*)  In addi-
tion some marine plants may concentrate lead up to 40,000 timesﬂ<36>
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Lead has many detrimental effects on humans which range greatl¥f
in severity. Acute toxicity, however, is most common in childrén.(Q;l
Most lead enters man in the following components of the human diet:’
legumes (31%), garden fruits (19%), other fruits (16%), root ,
vegetables (6%), grain and cereal (7%), meat, fish and poultry (7%),
and leafy vegetables (5%)0(‘7) The major routes of lead uptake in
man are through the gastrointestinal tract and lungs. Of the lead
ingested, 5 to 10% is absorbed and about 37% of the inhaled lead
remains in the lungs. Once absorbed, lead accumulates primarily

in the bones, with lesser amounts in other organs.‘*?)

23. Rb (Rubidium)

Rubidium will substitute for potassium in many physiological
processes in humans. Rubidium is well absorbed after oral
administration, and is stored in the skeletal and cardiac muscle.
There is no evidence that rubidium is toxic to man.‘*?)

24. Sb (Antimony)

Little is known of the ecological effects of antimony. However,
antimony may be concentrated by some marine organisms to levels
above that present in sea water, ¢{1°2)

Antimony is slowly absorbed from the gastrointestinal tract
in man. Trivalent forms of antimony concentrate in the red blood
cells and the liver, and are slowly excreted, primarily in the
feces, Pentavalent forms of antimony accumilate mainly in the
blood plasma, liver and spleen, and are primarily released through

the urine. It appears that antimony will not accumulate in man
over long time periods. If heavy exposure does occur, symptoms
similar to those of arsenic poisoning may result.**? Chronic

effects of antimony uptake in man are unknown. Some investigators
have suggested a relationship between antimony and pulmonary
carcinogenisis based on a possible antimony-containing abnormal
enzyme system.(ll)

25. Sc (Scandium)

The oral toxicity of all of the rare earths is low in man
due to poor gastrointestinal absorptionu(ll)



26. Se (Selenium)

Selenium varies greatly in its soil concentration in the
United States. Some areas of very high selenium content in the
western U, S. have been purchased by the U. S. Government and
removed from crop production. Other areas, such as in the north-
east are deficient in selenium for good animal growthu(loa) It
would thus appear that additional selenium input, such as from
the combustion of fossil fuels, might prove to be beneficial in
certain parts of the country and deleterious in others, ¢?#+1°83)

The soil chemistry of selenium is not understood, so that
predictions of selenium uptake by plants from its soil concentra-
tion cannot reliably be made. {?’ 1In addition, selenium has not
been shown to be essential for plant growth although it is
concentrated by many plants to levels which are toxic to live-
stock. *°%)  For example, selenium at concentrations exceeding
200 pg/g (dry weight) has been found in sweet clover growing
on beds of fly ash.(1°%) It is stated that a concentration of
selenium between 0.04 - 2 ug/g is required to prevent deficiencies
in cattle, whereas concentrations of 4 - 5 ug/g are toxic. %%’
The deficiency of selenium in mammals results in a degenerative
muscle disease. Thus, selenium is essential to mammals, but
within a very narrow range and may be so for man as well.

Information on the levels of selenium in freshwater and marine
invertebrates and fish are limited; although it is known to concen-
trate in some some seaweeds,css) zooplankton,(los) invertebrates,(lov)
and fish.‘*°®? It is believed that Ligh selenium in fishes may
result from high selenium content in the plankton upon which they
feed.*°®) 1n addition, the selenium concentration of some aguatic
organisms has been correlated with those of mercury, arsenic, and
thallium‘*?°? All of these substances irhibit pulmonary selenium
excretion, This has suggested a possible regulating process in
the accumulation of these elements by marine orqanismso(ll°>

Severe cases of livestock poisoning by selenium in waters
have not been reported, although some spring and irrigation waters
have been found to contain over 1 mg/4 of selenium, (3% Very
little is known of the potential toxicity of selenium to humans
when ingested from water. ‘2%’

The human intake of selenium in food in seleniferous areas
may range from 600 to 6,340 pg/day, which is stated to be close to
the estimated levels at which symptoms of chronic selenium
toxicity occur in man,‘3®°''!) Chronic symptoms in man include
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gastrointestinal distress, loss of hair and nails, and decayed
teeth. Also reported are fetal and teratogenic effects, and fatty
necrosis of the liver,(!') The toxicity of selenium to man depends
upon its chemical species. Elemental selenium is prcbably not
absorbed by the gastrointestinal tract. The highest concentration
in man is found in the kidneys and hair, and mainly eliminated via
the urine.‘*!) Most selenium enters the human diet through the
ingestion of meat, fish and poultry (38%), and grain and cereal
(62%)0(47’111)

27. Sn _(Tin)

Very little is known about tin in the environment. Most
investigations of the concentration of tin in plants have reported
values below the level of detectability. This is believed to be
due to low concentration of tin in soils.‘**?) Recently, however,
tin was shown to be concentrated by some plants collected near the
tailings of a tin mine in Malaysia.‘*'?’

Inorganic tin may be considered nontoxic to most organisms
except at very high concentrations (520 ug/g for 14 months¢**?)
Organic tin, however, is extremely toxic to mammals, including
man.,

In humans most of the ingested inorganic tin 1s not abscrbed
and ninety percent of this material is recovered in the feces.
The absorbed inorganic tin concentrates in the liver and kidneys.,
Inhaled inorganic tin remains in the lungs, whereas organic tin
may enter the blood stream and accumulate in the liver with

smaller amounts entering cther organsulil)

It has recently been shown that incrganic tin in both fresh
water and marine sediments may be alkylated by bacterial action.
The resulting organic species of tin may be volatized and released
into the atmosphere.(llz) Thus, tin remains a potential health
and ecological threat,

28, Sr_(Strontium)

The biological action and fanctions of strontium resemble
those of calcium. Strontium may be essential for the growth of
mammals, especially for the calcification of bones and teeth,‘*!)

No adverse effects from the industrial use of strontium have
been reported. Strontium is absorbed from the gastrointestinal
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tract and is exXcreted in the urine and feces. Excess strontium
is stored in the teeth and bones. ‘11

29, Te (Tellurium)

In general, the toxic effect of tellurium depends upon the
particular compound and its dosage.(lls) Little else is known
about the toxic effects of tellurium compounds, and it remains
potentially dangerous.

Most tellurium is stored in bone, with some in the kidney.
Urine is the principal route of excretion. Tellurium metal is of
low toxicity to mammals, whereas tellurates and tellurites
generally are moderately or highly toxic producing symptoms
similar to those of arsenic poisoning. Serious cases of tellurium
intoxication from industrial exposure have not been reported.(ll)

30. T1 (Thallium)

Thallium has been cited as having a very high pollution
potential due to its reported toxicity to bacteria, higher plants
and animals.‘®°’

Little is known of its mode of action upon plants except that
it has been reported to inhibit photosynthesis and transpira-
tion. ®®) There is practically no information available on the
natural levels of thallium in aquatic biota or its toxicity.(114)
It is stated. however, to be lethal to fish at concentrations of
10-6C ng/4, to agquatic insects and invertebrates at 2-4 ng/4 and
to tad poles at 0.4 ng/4.‘***) Thallium has recently been reported
to be as acutely toxic to juvenile Atlantic salmon as copper. It
kills the young salmcn very slowly allowing them to incor%orate
high gill liver and muscle concentrations prior to death.‘**®’
Thallium is also concentrated by some freshwater plants.(114)
There is no information on the effects on thallium compounds on
marine organisms, Although it is reyorted to be concentrated by
kelp'®®), but not clams or mussels.'*?®)

Thallium is not a normal constituent of animal tissues. It
is absorbed through the skin and gastrcintestinal tract. 1In
humans, most thallium accumulates in the kidney, with lesser
amounts in other tissues. Thallium is excreted slowly through
the urine, with small amounts in the feces.*?) Thallium is gquite
toxic, with a lethal dose for humans estimated to be 8 to 12 ug/g.
Rat studies have indicated that thallium oxide is more toxic when
taken orally than when administered by injection.(ll) Thallium
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oxide is believed to be the main species of thallium released by
the combustion of coal.‘?)

31. Ti (Titanium)

Approximately 3% of an oral dose of titanium is absorbed by
man, and of that, most is excreted via the urine. The metal, salts,
and oxides of titanium are all non-toxic to man, and in most cases,
are considered physiologically inert.‘!!’

32. U {Uranium)

There are no data on the concentration of uranium compounds
by fresh water and marine organisms. In addition, the data that
are available suggest that uranyl salts are somewhat less toxic to
marine than to fresh water organisms.(as)

Inhalation of uranium dioxide dust at a concentration of 5
mg/m® for five years produces no evidence of toxicity in mammals.
However, uptake of the soluble uranyl ion may result in acute
renal damage.<ll)

33. V (Vanadium)

Vanadium is ubigquitous in the environment. There is some
evidence that vanadium is useful and possibly essential in both
mammalian and some plant systems.<l*”117)

Vanadium is usually found in luw concentrations in most soil
materials, although it ranges from 20-5C0 Mg/g,(z) Vanadium
enters the atmosphere through the ccmbustion of petroleum
derivatives and coal, and then settles out on the earth's surface
including the oceansﬁm>The ash of some oils, in fact, has been
stated to contain more than 70% vanadium oxide. '**®’ Thus, vanadium
can sexrve as a useful indicator of the presence of other pollutants
in the environment which are associated with the combustion of
fossil fuels.

Vanadium has been shown to accumulate in forest litter, humus,
lichens, mosses and the needles of spruce trees,(llg) However,
when present in plant culture solutions at concentrations of 0.5
1Wg/g or greater, vanadium is toxic to some plants.(*2°) The
accumulated vanadium, in general, remains in the roots of plants
with very little reaching the stem and leaves. It is stated that
plant shoots seldom contain more than 1 1.g/g of vanadium. ¢’
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Information on the occurrence of vanadium in freshwater biota
is lacking. There are also no reports in the literature on the
tpxicity of vanadium to marine organisms. However, several species
of marine algae, *®!) invertebrate ascidians‘?®2?’ and tunicates(!?®)
concentrate vanadium to very high levels.

Vanadium has a very low order of oral toxicity to mammals.
It does not affect growth, life span, nor does it produce tumors
in rats or mice when given in concentrations of 5 mg/4 in their
dietary water, {58)

In humans, vanadium is excreted primarily by the kidneys.
The toxic action of vanadium is largely confined to the respiratory
tract. At very high concentrations (industrial exposure), gastro-
intestinal disorders, kidney damage, and cardiac palpitations have
been observed, Heart disease has also been postulated to be
related to the vanadium concentration in the air. ‘!’

34, W (Tungsten)

There are no reports of tungsten toxicity to either terrestrial
or aquatic biota. Tungsten is usually not found in animal tissue.
It is absorbed by the gastrointestinal tract, and retained in the
bone, with lesser amounts retained in the spleen, liver and kidney,
Oral toxicity does not appear to be a problem. Tungsten may be
antagonistic to the uptake of molybdenum.(ll)

35. Zn (Zinc)

Zinc has been shown to be essential for the growth and normal
development of microorganisms, plants and animals, and is thus
accumulated by most organisms.

Zinc is generally uniformly distributed throughout the soil
profile.(a) Zinc deficiency occurs in soils in most of the
agricultural areas of the United States. *?*) plants vary greatly
in their ability to assimilate zinc from the soil. Tissues of
plants deficient in zinc usually contain less than 15-20 pg/g
zinc while plant tissues containing an excess of 400 pg/g zinc
show toxicity symptoms.(z’lgs) Lichens, in particular, are very
sensitive to zinc and may serve as indicators of excessive zinc
in the environment,(*?%’

According to the Environmental Protection Agency, in zinc

mining areas, zinc has been found in waters in concentrations as
high as 50 mg/4, and in effluents from metal plating works and
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small arms ammunition plants it may occur in significant concen-
trations., In most surface and ground waters, it is present only
in trace amounts. There is some evidence that zinc ions are
adsorbed strongly and permanently on silt, resulting in the
inactivation of the metal.‘%?®) Concentrations of zinc in excess
of 5 mg/4 in raw water used for drinking water produces an un-
desirable taste which persists through conventional treatment. ‘2%’

The acute toxicity of zinc to freshwater organisms varies
greatly with the water hardness, dissolved oxygen concentration,
pH, and temperature. Resistance to zinc toxicity varies between
species, and may be different for juvenile and adult forms, {129)
For example, zinc was found to be most toxic to freshwater minnows
at a pH of 8 and hardness of 50 ug/g and least toxic at pH of 6 and
hardness of 200 pg/g.‘'2°’ The presence of copper in water may
also increase the toxicity of zinc to aquatic organisms.(lza)

It is stated that the main concern of zinc compounds in marine
waters is not one of acute toxicity, but rather the long term sub-
lethal effects of the metallic compounds and complexes. 36)
Invertebrate marine organisms are reported to be more sensitive
than vertebrates to acute zinc toxicityn(ss) Most marine organisms
often concentrate zinc to levels greatly above that present in
seawater, ¢*8%)

While an increase in zinc intake in rats results in an increase
in the concentration of zinc in their tissues, its accumulation is
not great and levels fall rapidly scon after the termination of the
experiment, ‘122’

In humans, zinc is concentrated in the muscle, liver, kidney,
and pancreas, and is eliminated by the gastrointestinal tract,
Zinc has been shown to be antagonistic to the detrimental effects
of cadmium. Exposure to high concentrations of zinc oxide fumes
results in fever in man, but this usually disappears within 24 to
48 hours.‘'*?’ 1In general, zinc is a required nutrient by man and
can be considered essentially harmless except when administered
in very high dosages. Most zinc enters the human diet through
the ingestion of meat, fish and poultry (37%), dairy products (21%),
grain and cereal (19%), and potatoes (7%).¢%*7’
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TABLE 1

TOXIC AND POTENTIALLY TOXIC SUBSTANCES RELEASED INTO
THE ENVIRONMENT DURING COAL COMBUSTION

(References 1-10)

Group Examples

Acids and Anhydrides Maleic Anhydride
Sulfuric Acid
Benzoic Acid
Nitric Acid
Hydrochloric Acid

Amines Ammonia
Aliphatic Amines
o and B Naptithyl Amines
Aniline
Methyaniline
Benzidine

Inorganic Salts Chromium Chloride
Chromium Sulfide

Carbonyl Compounds Formaldehyde
Acetaldehyde

Heterocyclics Pyridines
Quinolines

Hydrocarbons Benzene
Toluene
Xylene
Aliphatics
Olephins

Phenols Phenols
Cresols
Xylanols

Polycyclic Aromatic Benzo (a) pyrene

Hydrocarbons Dibenzoflourene
Dibenzoanthracene
Benzoanthracenes
Benzo (a) anthrone
Dimethylbenzoanthracene



TABLE 1 (Cont'd)

Group Examples

Chrysene
Methylchrysenes
Benzocarbazoles
Indenopyrenes
Carbazoles
Pyrenes

Biphenyl
Acenapthalene
Acenapthalyne
Flourene
Alkylanthracenes
Alkylphenanthracenes
Anthracene
Perylene
Benzoperylene
Coronene

9. Sulfur Compounds Thiophenes
Hydrogen Sulfide
Mercaptans
Carbon Disulfide
Carbonyl Sulfide
Methyl Thiphene

10. Trace Elements Antimony
Arsenic
Barium
Beryllium
Bismuth
Cadmium
Chromium
Cobalt
Copper
Fluorine
Gallium
Lead
Manganese
Mercury
Mo lybdenum
Nickel
Selenium
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TABLE 1 (Cont'd)

Group

Examples

11.

12,

13.

14.

Organometallics

Fine Particulates

Gases

Cyanides

Silver
Tellurium
Thallium
Tin
Uranium
Vanadium
Zinc

Nickel Carbonyl
Tetraethyl Lead

Sulfur Particulates
Respirable Coal Dusts
Tar

Soot

co
SOz
SOs
SO4
NO

Hydrogen Cyanide
Ammonium Cyanide
Napthyl Cyanide
Ammonium Thiocyanate
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TABLE 2

SUMMARY OF TRACE ELEMENT EFFECTS ON HUMANS AND MAMMALS
{References 11-16)

Human

Suspected or

Known Carcinogen Toxic Effects Essential
Humen Body Burden Daily Intake via Inhalation on Humans for Reproductive
Element (mg/70 kg) {ng) Human Target Orgens or Ingestlon Other than Cancer Mammals Effects on Mammals Lbsg Mammals
Ag <1 - Skin - Argyria - 0.008 g/kg (rabbit)
As <100 0.7 Respiratory System, G.I. Tract, CNS, Cancer of mouth, Poisoning of oxidative Reduced litter size 0.07 g/xg (rat)
Liver, Skin, Blood, Endocrine System Esophagus, phosphorylation system urogenital abnor-
Larynx, Bladder malities
B <10 0.01-0.02 G.I. Tract - - - -
Ba 16 16 G.1, Tract, Resplratory System, CNS, - Highly toxie when - 0.07 g/kg (mouse)
VS, Skin ingested
Be - - Respiratory System, Skin, Bone Possible Carcin- Skin damege - 0,0005 g/kg {mouse)
ogen in lungs
and bones
[o%:} 30 0.01640.20 G.I. Tract, Respiratory System, CNS, Carcinomas in Hypertension, Runting, failure 0.027 g/kg (mouse)
CV8, Liver, Skin, Kidney Lungs Pulmonary Emphysema, 1o reproduce
Kidney damage
Co 1 0.3 G.I. Tract, Respiratory System, CNS, - - - 0.5 g/ke (z:at)
CVS, Skin, Endocrine System
Cr <6 0.06 Respiratory System Cancer of Emphysema, Preumonia + - 0.18 g/kg {rat)
Respiramﬂ (cr*3)
tract (Crvl)
Cu 100 3.2 G.I. Tract, Blood - - + - 0.05 g/kg (mouse)
Fe %5100 15 G.1. Tract, Respiratory System, CNS, - - + - 0.9 g/Xg (rat)
CVS, Blood, Endocrine System
Ga - - Kidney, Liver, Muscles Linked to Neuromuscular poison, - 0.05 g/kg (rat)
tumor forme- kidney damage
tion
Ge Trace 1.5 G.I. Tract, Respiratory System, CVS - - - -
Hg Trace 0.02 Respiratory System, CNS, CVS, Liver, - Central Nervous System Neuromiscular 0.027 g/kg (mouse)
Kidney poison abrormalities,
CNS changes
In - - Kidney - - - 0.003 g/kg (rat)
Mo 20 5 Respiratory System, CNS, Kidney - Affects central + - 0.21 g/kg (mouse)
nervous system
Mo 9 0.3% Liver, Blood, Kidney, Bone - - + Death before 0.19 g/kg (rat)
weaning
Ni <10 G.45 Regpiratory System, CNS, Skin Various cancers Resplratory discorders, Death before 0.8 g/xg (dog)
due to nickel Dermatitis weaning,
carbonyl runting
Pb 120 0.3 G.I. Trect, CNS, Blood, Kidney, - Hemolytic and rvenal Failure to 0.15 g/kg {rat)
poison reproduce
Rb 1200 10 - - Disruption of cell - 1.21 g/xg (mouse)
membrane potential
Sb <90 - 6.1, Tract, Respirstory Sysiem, CVS, - implicated in Heart - 0.6 g/kg (mouse}
Liver, Skin Disease
Se - - - - - ~ 4.0 g/kg (mouse)
Se 15 0.06-0.15 G.I. Tract, CNS, Liver, Skin Cencer of liver Degeneration of iiver + Teratogenic, 0.003 g/kg (rat)
and kidney, pneumonia death before
weaning, runting
Sn 30 17 G.I. Tract, CNS - - - 0.16.g/kg (dog)
Sr 140 2 CNS, Teeth, Bone - - + - 0.4 g/%g {mouse)
Te - 0.6 CNS, Liver, Kidney - Kidney and Liver Hydrocephalus 0.002 g/xg (rat)
Degeneration
1 - - G.1. Tract, Respiratory Tract, CNS, - Cumulative Hemolytic - 0.026 g/kg (rat}
Liver, Kidney, Plood, Bone Poison
U 0.02 - Kidney - Kidney disease - -
v 0 2.5 Reapiratory System, CNS, Skin, - - v - 0.2 g/kg (rabbit)
Kidney
W - - Bone - - - 0.24 g/kg (rat)
7n 2300 12 G.I. Tract, Skin, Bone - B + Mild Teratogenic 2.0 g/kg (rebbit)
effecte, increased
. hydrocephalus

G.I. - Gastrointestinel Tract

CNS
cvs

- Centrel Nervous System
-~ Cardiovascular System
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TABLE 3

TRACE METALS IN COAL AND FLY ASH

{(References 1-3, 6-10, 17)

Average Concen. Concen. % Remaining

Concen, Range Remaining in in Fly Ash

in Coal in Coal Fly Ash after Combustion

Element  (ug/9) (ug/9) (ug/9) at 500°C

Ag - 0.1-2 0.4-3 790
As 5 0.5-93 2.8-200 35-50
B 55 5-224 - 795
Ba 64 2-500 110-700 -
Be 2 0.2-4 1-7 82
cd - 0.1-65 2-100 38
Co 12 1-43 25-70 790
Cr 20 4-54 80-~-500 795
Cu 12 5-61 33-300 795
F - 25-220 10-100 -
Fe - 1800-8000 - 790
Ge 8 1-43 - 795
Hg 2 0.2-5 0.1-18 0-10
In 0.18 - 0.2 -
Mn 30 6-181 150-500 795
Mo 6 1-30 34 67
Ni 20 3-80 45-300 76
Pb 9 4-218 95-440 37
Ra - - - -
Rb 25 - 180 790
Sb - 0.2-8.9 5.6-100 50
Sc 8 - 29.5 790
Se 3 0.45-7.7 0.77-40 24
Sn 2 1-51 1.9-100 795
Sr 85 46-160 69-1000 -
Te 0.5 - - 36
Th 3.47 - 17.1 790
Tl 0.125 <0.2-0.7 5-76 -
U - 10-160 - -
\Y 33 11-78 180-2000 70
W 0.93 - 2.7 790
Zn 329 6-5350 70-1000 795
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TABLE 4

AMOUNTS OF SOME ELEMENTS RELEASED INTO THE ATMOSPHERE AS A
RESULT OF THE COMBUSTION OF COAL, OIL, WEATHERING PROCESSES
AND MINING IN 1967

(References 3, 18)

Coal 0il Weathering
Combustion Combustion Mobilization Mining
x10° x10° x10°% (kg/y) x10°
Element (kg/v) (kg/v) River Flow Sediments (kg/v)
Ag 0.07 0. 00002 11 0.03 -
Al 1,400 0.08 14,000 140,000 -
As 0.07 0. 002 72 - 2.7
B 10.5 0.0003 360 - 100
Ba 70 0.02 360 500 -
Be 0.41 0.00006 - 5.6 0.28
Bi 0.75 ~ - 0.6 -
cd - 0.002 - 0.5 30
Co 0.7 0.03 7.2 8 15
Cr 1.4 0.05 36 200 2,000
Cu 2.1 0.023 250 80 4,000
Fe 1,400 0.41 24,000 100,000 -
Ga 1 0.002 3 30 -
Ge 0.7 0.0002 - 12 -
Hg . 0007 1.6 2.5 1.0 -
Mn 7 0.02 250 2,000 6,000
Mo 0.7 1.6 36 28 30
Ni 2.1 1.6 11 160 300
Pb 3.5 0.05 110 21 -
Rb 14 - 36 600 -
Sc 0.7 0.0002 0.14 10 -
Se 0.42 0.03 7.2 - 0.9
Sn 0.28 0.002 - 11 -
Sr 70 0.02 1,800 600 48
Ti 70 0.02 108 9,000 -
U 0.14 0.001 11 8 S -
v 3.5 8.2 32 280 8
Zn 7 0.04 720 80 3,000
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TABLE 5

ROUGH ESTIMATE OF AIRBORNE TRACE ELEMENTS RELEASED
FROM COAL FIRED POWER PILANTS IN 1970
(Reference 7)

Stack Emission

Concen. in Total, Coal~ Per 10° Per m®

Coal Used Fired Plants, Btu in of flue

for Estimate Element Basis Coal gas (STP)

Element (ug/9g) (tons/y) (1b) (mg)

As 5 800 2.3x10° ¢ 0.2
B 55 1,600 4.4x107 % 0.53
Ba 64 1,900 5%x10” % 0.6
Be 2 100 3x107° 0.04
Co 12 360 1074 0.12
Cr 20 600 1.6x107% 0.2
Cu 12 360 107% 0.12
Ga 5 150 4x10”° 0.05
Ge 8 240 6.4x107° 0.08
Hg 2 600 1.6x107* 0.2
Mn 30 900 2.4x107% 0.3
Mo 6 180 5%x10™ 8 0.06
Ni 20 600 1.6x107% 0.2
Pb 9 270 7x10" © 0.09
Rb 25 750 2x1074 0.25
Sc 8 240 6.4x107° 0.08
Se 3 90 3x107 % 0.03
Sn 2 60 1.6x107° 0.02
Sr 85 2,500 7x1074 0.8
Ti 400 12,000 3%10” 3 4
\% 33 1,000 2.6x107% 0.33
Zn 40 1,200 3x1074 0.4
Zr 76 2,300 6x10” % 0.77
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TABLE 6

TRACE ELEMENT CONTENT OF SOME CRUSTAL MATERIALS
(References 29,30)

Average Average Average Average Concen.

Concen. Concen. Concen, Concen. Range
Igneous Rock Shales Sand Stones Soils Soils
Element (ua/qg) (na/q) (ua/9) (ua/q) (na/qg)
Ag 0.07 0.05 0.05 0.1 0.01-5
As 1.8 13.0 1.0 6.0 0.1 -40
Ba 425.0 580.0 50.0 500.0 -
Be 2.8 3.0 <1.0 6.0 0.1 -40
Bi 0.17 1.0 0.3 - 0.1 -1.0
cd 0.2 0.3 0.03 0.06 0.01-0.7
Co - - - 1.4 -
Cr 100. 90. 35. 40. 7-300
Cu - - - 20. 2-100
Ga 15. 19, 12. 30. 0.4 ~-300
Ge 5.4 1.6 0.8 1.0 1-5
Hg 0.08 0.4 0.03 0.3 0.01-0.8
Mn - - - 850. 100-4000
Mo - - - 2. 0.2 -5
Ni 75. 68. 2.0 40. 10-1000
Pb 12.5 20, 7. 10. 2-200
Rb 90. 140. 60. 100. -
Sb 0.2 1.5 0.05 6.0 2-10
Sc 22, 13, 1.0 7.0 -
Se 0.05 0.6 0.05 0.2 0.01-2
Sn 2. 6. 0.5 10. 2-200
Sr 375. 300. 20. 300. -
Te 0.001 - - 10.1 0.5 -1.0
Ti 5700. 4600. 1500. 5000. -
T1 0.45 1.4 0.82 5. -
v 135, 130. 20. 100. 20-500
Zn - - - 50. 10-300
Zr 165. 160. 220, 300. -
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TABLE 7

DISTRIBUTION OF TRACE METALS IN SEAWATER

AND FRESHWATER
(References 31-33)

Average Conc.

Average Conc,

Seawater Freshwater
Element (wa/4) (ug/2)
Ag 0.3 2.6
As 3. 6.4
B 4500. 100.
Ba 30. 43.
Be 0.01 0.19
ca 0.1 9.5
Co 0.1 17.
Cr 0.05 9.7
Cu 3. 15.
F 1300. 920.
Fe 100. 52,
Ga 0.03 1,
Ge 0.07 -
Hg 0.03 0.08
In - -
Mn 2. 58.
Mo 10. 68.
Ni 2. 19.
Pb 5. 23.
Ra 6x107° 3.9x1077
RDb 120, 1.5
Sb 300. -
Sc 0.004 -
Se 16. 20.
Sn 3. 0.04
Sr 8100. 217.
Te - -
Th 0.05 0.02
T1 0.001 -
U 3. 1.
v 2. 40
W 0.1 -
Zn 10. 64.
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TABLE 8

AVERAGE TRACE ELEMENT CONCENTRATION IN PLANTS
(References 2,18,30)

Concen, Annual Uptake Concen,
Average Soil in Plants - by Grasses and Toxic to
Concen, dry weight Crops (Worldwide) Plants
Element (ug/9) (ug/9) (kg) __(pg/9)
Ag 0.1 0.06-1.4 - -
As 6.0 0.2 107 2-1200
B - - 10° 30-71000
Be 6.0 0.1 - -
Bi 0.1-1.0 0.06 10° -
Br - - 10° -
cd 0.06 0.06 107 10-20
Co 1.4 0.05-0.25 10° -
Cr 40 0.23 107 -
Cu 20 14 10° 30
F - - 10° 7.70
Ga 30 0.06 - -
Ge 1.0 0.15 - -
Hg 0.3 0.015 - -
Mn 850 630 10° 400
Mo 2 0.9 107 -
Ni 40 3 107 50
Pb 10 2.7 107 30
Sb 6.0 0.06 - -
Se 0.2 0.2 107 -
Sn 10 <0.3 - -~
Sr 300 - 10° -
Te 10.1 - - -
T1 5 - - -
Th 5 - - -
Ra - 10-9 - -
\Y 100 1.6 107 2.5
W 1 0. 07 - -
Zn 50 100 10° 400
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TABLE 9

CONCENTRATIONS OF TRACE ELEMENTS IN MAJOR FOOD CLASSES (ug/qg)

(References 2,29)

Cereals

Dairy
Products

and
Grains

Nuts

Vegetables Meats

Fruits

Element 8Sea Foods

N.D.~-0.23

N.D.-1.4
0.01-0.45 0.19-3.49 0.1

N.D.=-1.3

-0.17
~-0.03

N.D.
57 N.D.

-15,3 N.,D.-2.4

1.5

As

-0.56 0.03-0.07

0.05-3,66 0.01-~0.

cd
Cr

0.03~-0.27
0.15-0.75

-3.62
~1.07

N.D.

-0.44 N.D.-0.52 N.D.-0.2
0.12-3.63 N.D.-1.05 N.D.-0.85

N.D.

0.3 -1.51 N.D,=-1.23

N.D.
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N.D.
N.D.-2,39 N.D.-1.09

0.01-0.76

N.D.,-2.42

0.02-0.88 N.D.-0.99 N.D.-0.38

Ti

NeDQ
N.D,

-0.77
-6.0

N.D.

-2.93

-0.78 N.D.
N.D,=5.1

N.D,

Te

N.D,~1.96

N.D.

N.D.-6.03 N.D.-0.18

- Not detectable

N.D,



TABLE 10

TRACE METAL CONCENTRATION FACTORS FOR MARINE AND
FRESHWATER FISH AND INVERTEBRATES

(Reference 34)

Conc, Factor Conc., Factor Conc. Factor Conc. Factor

Freshwater Marine Freshwater Marine
Element Fish Fish Invertebrates Invertebrates

Ag 2 3,330 769 3,330
As 333 330 333 333
B 0.2 - - -

Ba 4 - - -

Be 2 200 10 200
Ccd 200 3,000 2,000 250,000
Co 320 100 200 1,000
Cr 4,000 3,000 20 2,000
Cu 200 667 1,000 1,670
F — - - .

Fe - - - -

Ge 3,300 3,300 33 15,700
Hg 1,000 1,670 100,000 33,300
In - - - -
Mn 660 660 40,000 10,000
Mo 10 10 10 10
Ni 100 100 100 250
Pb 300 300 100 1,000
Ra 50 50 250 100
Rb 2,000 - - -

Sb 1 40 10 5
Sc - - - : -

Se 167 4,000 167 1,000
Sn 3,000 3,000 1,000 1,000
Sr - - - -

Te 400 - 75 100,000
Th 30 10,000 500 2,000
Tl 100,000 10,000 15,000 15,000
U 10 - - -

v 10 10 3,000 50
W 1,200 30 10 30
Zn 8,500 2,000 10,000 100, 0600
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TABLE 11

CLASSIFICATION OF SOME TRACE ELEMENTS ACCORDING
TO THEIR TOXICITY TO MAMMALS INCLUDING
MAN AND AQUATIC ORGANISMS

(Reference 35)

Very Toxic and Toxic, but Rare or
Non Toxic Accessible very Insoluble

Li. Ag Ba
Rb As Ga
Sr Be Ti

Bi W

Cd

Co

Cr

Cu

B

Hg

Ni

Pb

S




