In 1923 Victor Moritz Goldschmidt, the father
of modern geochemistry, proposed the

geochemical classification of the elements
(Goldschmidt, 1923 ; Mason, 1992 ).

Goldschmidt’s® geochemical classification of the elements

Siderophile Chalcophile Lithophile Atmophile Biophile
(organisms)
In meteorites  Terrestrial
Fe, Ni, Co, S, Se, P, As, S,Se,Te,As, O,Si, Ti,Zr, H,N,C,0O,Cl, C,H, O, N,
P, C, Ru, Cu, Ag, Sb, Bi, Hf, Th, F, Br, 1, He, P, S, ClL L
Rh, Pd, Zn,Cd, V, Ga, In, Tl, ClL, Br, I, Ne, Ar, Kr, Minor—
Os, Ir, Pt, Cr, Mn, Pb, Zn, B, Al Sc, Xe B, Ca,
Au, Ge, Fe. Cd, Hg, Y, La, Ce, Mg, K,
Sn, Mo, Minor— Cu, Ag, Pr, Nd, Na, V,
Ta. Te, Sb, Ti, Ni, Pd, Sm, Eu, Mn, Fe,
Minor— Ca Co, Fe, Gd, Tb, Cu
As, W, Ru, Mo. Dy, Ho,
Nb, Se, Te Minor— Er, Tu,
Ge, Sn, Yb, Lu,
Au, Pt, Li, Na, K,
Rh, Ir, Os Rb, Cs,
Be, Mg,
Ca, Sr,
Ba, V, Cr,
Mn, Nb,
Ta, W, U.
Minor—S,
P, H, Sn,
Ga, Fe,
Ni, Co, C

?Goldschmidt titled it ““Geochemical Classification of the Elements, according to Distribu-
tion between Iron, Sulphides, Silicates, Atmosphere, and Organisms™ (Goldschmidt, 1954).

The classification of the
elements: lithophile (affinity for
silicate), siderophile (affinity for

iron—nickel), chalcophile

(affinity for sulfide), and

atmophile (affinity for the
gaseous state)

Goldschmidt included in his
classification the biophile elements.
They are defined as “those elements
that are the most typical in organisms
and organic material, or are
concentrated in and by living plants
and animals” (Bates and Jackson,
1984 ).

The biophile elements all occur as
lithophile and/or chalcophile elements.
Biophile elements include carbon,
hydrogen, oxygen, nitrogen,
phosphorus, sulfur, chlorine, iodine,
bromine, calcium, magnesium,
potassium, sodium, vanadium, iron,
manganese, and copper.



Tables of the distribution of the elements in leading geochemistry textbooks in

1982 and 1995

Siderophile

Chalcophile

Lithophile Atmophile

Mason and Moore (1982)

Fe,” Co,” Ni,* Ru,
Rh, Pd, Os, Ir, Pt,
Au, Re,” Mo,°
Ge,” Sn, W CS
Cu? Ga,” Ge,
As.’ Sb®

Ag, Zn, Cd, Hg, Ga,

In TI, Pb, Bi, S,
Se, Te, Mo.
Minor—Cu, Ge,
Sn, As, Sb, Fe,
Os, Ru, Rh, Pd

Krauskopf and Bird (1995)

Fe, Co, Ni, Ru, Rh,
Pd, Re, Os, Ir, Pt,
Au, Mo, Ge, Sn,
C,P. Minor®—
Pb, As, W

Cu, Ag, Zn, Cd, Hg,
Ga, In, T1, Pb, As,
Sb, Bi, S, Se, Te.
Minord—Fe, Mo,
Re

Li, Na, K, Rb, Cs,

Li, Na, K, Rb, Cs,

N, He, Ne, Ar, Kr,
Be, Mg, Ca, Sr, Xe. Minor—H, O
Ba, B, Al Sc, Y,

La, Ce, Pr, Nd,

Sm, Eu, Gd, Tb,

Dy, Ho, Er, Tm,

Yb, Lu, Si, Ti, Zr,

Hf, Th, P, V, Nb,

Ta, O, Cr, U, H,

F, Cl, Br, I, Mn.

Minor—Fe, Zr,

Ga

H, N, He, Ne, Ar,
Kr, Xe. Minor®—
C,O,FClLBr 1

Be, Mg, Ca, Sr,
Ba, B, Al Sc, Y,
La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm,
Yb, Lu, Si, Ti, Zr,
Hf, Th, V, Nb,
Ta, O, Cr, W, U,
Mn, F, Cl, Br, L.
Minor—Pb, C,
P, Fe, H, TI, Ga,
Ge, N

“Chalcophile and lithophile in the earth’s crust.

®Chalcophile in the earth’s crust.
“Lithophile in the earth’s crust.
4Minor elements belong for the most part in another group but do occur in this group.
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Chapter 2

Modification of Goldschmidt’s geochemical classification
of the elements to include arsenic, mercury, and lead
as biophile elements

Curtis L. Hollabaugh

Arsenic, lead, and mercury
have great affinity to
concentrate in the biosphere.

Under certain conditions they
will reach relatively high
concentrations in coal and
humans.

They are biophile because of
substitutions (lead for calcium),
bioaccumulation (arsenic and
mercury), and methylation
(mercury).
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Research indicates that additional
classification of these traditional chalcophile
elements as biophile elements is indispensable
to future proper understanding
and utilization of arsenic, lead, and mercury in
the modern industrial,
developing, and impoverished world.




Biophile elements

The beauty of Goldschmidt’s classification is
that it is based on the distribution of the
elements. The siderophile, chalcophile,
lithophile, and atmophile elements are well
described and long accepted (Garrett, 2005).

Goldschmidt’s original list
of major biophile elements
wasC,H,O,N,P,S, Cl, and
l. His list of minor biophile
elements was B, Ca, Mg, K,
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Na, V, Mn, Fe, and Cu.
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1. Elements that form bonds with organic carbon and are the major
elements of life (i.e., Goldschmidt lists the major biophile elements C,
H, O, N, P, S, Cl, and I). Lindh (2005) discusses the major and minor
elements in the human body. Eleven elements make up 99.8% of the
atoms in humans. These are oxygen (65%), carbon (18%), hydrogen
(10%), nitrogen (3%), calcium (1.4%), phosphorus (1.0%), magne-
sium (0.5%), potassium (0.34%), sulfur (0.26%), sodium (0.14%), and
chlorine (0.14%). Combs (2005) lists as macronutrient elements Ca, P,
Mg, Na, K, and CL
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Iron 7.5% Other Other

9.2% 7%

/ Hydrogen
v 10%

Calcium
3.4%
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2. Elements that function as skeletal structure (calcium phosphate in
bones, calcium carbonate in shells, silica in some exoskeletons, and
fluorine for OH in bones and teeth). Calcium phosphate in human
bones 1s similar to the mineral apatite, Cas(PO,4);(OH). The calcium
content of the human body is more than 1kg with 99% of this in the
skeleton. About 85% of the bodies’ 700 g of phosphorus occur in bone.
Human bones also contain magnesium with 60-65% of the 20-28 g of
Mg in the bones (Combs, 2005).

3. Fluid medmums (i.e., K, Na, Cl in blood) (Combs, 2005).



4. The elements that are in minor or trace amounts play a necessary role
in life. Combs (2005) lists ten elements as accepted essential micronu-
trient elements (Fe, Cu, Zn, I, Se, Mn, Mo, Cr, F, and Co) and six as
suspected essential elements (N1, Pb, As, B, V, and Si). Lindh (2005)
lists 18 essential and possible essential trace elements (Li, V, Cr, Mn,
Fe, Co, N1, Cu, Zn, W, Mo, Si, Se, F, I, As, Br, and Sn).
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5. Elements that because of functional similarities (size and charge) sub-

stitute for a biophile element (i.e., lead for calcium). Lead is the same
charge as and is similar in size to calcium (Pb?" radii is 1. 19A and
Ca’* radii is 1.00 A) and readily substitutes for calcium in bones.
Skinner’s (2005) proposed substitutes for calcium in bones and teeth are
Pb, Cd, Mg, Sr, Ba, Mn, Na, and K. Substitutions for phosphate, PO, 3
in human bones can be AsO;>, SiOz*%, VO;~, SO;?, SbO;>, CO37,
and AlOz>. The hydroxyl site in apatite can have full substitution by
fluorine and chlorine and limited substitution by Br and I. Carbonate
can substitute for either phosphate or hydroxyl (Skinner, 2005).
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6. Rare or trace elements that will complex with carbon compounds and
build up in the food chain (methylmercury and methylarsenic). The
mercury added to the environment can be added as methylmercury,
Hg(CHs),, or in the metallic, Hg, form. Methylmercury can form
readily within living organisms from metallic or inorganic mercury.
Methylmercury species include CH;Hg", CH;HgOH, CH;HgCl,
(CH3)2Hg, and (CH3Hg),S (Turner, 1987). Bacteria in soil, sediment,
or water readily transforms mercury into (CH;3),Hg and CH;Hg " with
the latter compound going into solution (Stober et al., 2001). In the
form of CH3;Hg " plants pick up the mercury. This can then work its
way up the food chain from plants to small fish to large fish to humans
because it builds up faster than it can be expelled. Typical unpolluted
surface waters contain 0.5-4 ngl~' mercury. Movement of mercury as
methylmercury up the food chain is so great that contaminated fish
occur even in remote lakes. Fish at the top of the food chain, because
of bioaccumulation of methylmercury, may have 1-10 million times
greater concentration of mercury than surrounding water.




. Elements that can be reduced and deposited by organic waste and
remains (S, As, Pb, Hg, and U in peat, coal, and oil). For example, the
organic-rich peat that is buried to form coal originates in wet, reducing
environments. Under these conditions and the diagenesis that forms
coal, chalcophile elements precipitate sulfide minerals. Pyrite in coal
may contain arsenic, mercury, thallium, selenium, nickel, lead, and
cobalt (Davies et al., 2005). Additional elements in coal are cadmium,
chromium, copper, vanadium, fluorine, and uranium (Fuge, 2005).
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The abundance of elements in man versus the crust. Biophile elements are
enriched in man relative to the crust.



Group

1 18
1 1 . . 2
H H | Biophile Elements He
i 2 | 66.7 %—— Ratio of man to crust 13 14 15 16 17 na
3 |4 5 6 7 8 9 10
Li | Be Zn| Minor Biophile Elements BIC|IN|O]|F [Ne
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Periodic table showing biophile elements (shaded) and the ratio of man to crust.
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The biophile elements ratio in man/crust and man/ocean

Element Atomic number

Man/crust Man/ocean
Hydrogen, H 1 66.7 0.09
Boron, B 5 0.0805 0.158
Carbon, C 6 128 8,200
Nitrogen, N 7 1,300 52,000
Oxygen, O 8 1.35 0.7
Fluorne, F 9 0.0685 28.5
Sodium, Na 11 0.0622 0.1
Magnesium, Mg 12 0.00931 0.2
Silicon, Si 14 0.000011 14.3
Phosphorus, P 15 11.0 157,000
Sulfur, S 16 4.76 22
Chlorine, Cl 17 8.00 0.1
Potassium, K 19 1.33 4.8
Calcium, Ca 20 0.28 34.1
Vanadium, V 23 0.00000842 1.07
Chromium, Cr 24 0.00143 3,330
Manganese, Mn 25 0.0000127 7
Iron, Fe 26 0.000952 20,000
Cobalt, Co 27 0.00133 500
Copper, Cu 29 0.0147 333
Zinc, Zn 30 0.418 6,600
Arsenic, As 33 0.0476 43.5
Selenium, Se 34 4.2 467
Bromine, Br 35 1.23 0.055
Rubidium, Rb 37 0.162 80.8
Strontium, Sr 38 0.0128 0.568
Molybdenum, Mo 42 0.0636 7
Cadmium, Cd 48 4.67 14,000
Tellurium, Te 52 10 150,000
lodine, 1 53 0.408 33
Mercury, Hg 80 1.28 1,720
Lead, Pb 82 0.17 56,600

Note: Non-biophile elements with high ratio of human/ocean include: Al at 180, Sc at 1870,
Tiat 290, Ni at 50, Ga at 333, Ge at 1170, Y at 662, Zr at 538, Nb at 20,000, Ag at 97, In at
57,000, Sn at 29,000, Sb at 145, Ba at 10, La at 3,235, Ce at 475,000, Sm at 1560, Ta at 1450,
W at 2.41, Au at 60, Th at 109.

Goldschmidt (1954) had listed eight major (C, H,
O, N, P, S, Cl, and I) and nine minor (B, Ca, Mg, K,
Na, V, Mn, Fe, and Cu) biophile elements.

Based on the abundance of elements in humans
(Lindh, 2005 ), Na, Mg, K, and Ca are included as
major biophile elements and iodine is considered a
minor biophile.

Additional elements included as minor biophile are
the essential micronutrient elements Fe, Cu, Zn, |,
Se, Mn, Mo, Cr, F, and Co. Functional similarities in
size and charge and its ease of substitution for
calcium in human bones place lead as a minor
biophile element.

Other minor biophile elements that substitute
into bone include Si, As, Br, Sr, and Cd. Another
type of functional similarity is when an element
located directly below an element on the periodic
table readily substitutes for it. For example, the
chalcophile mineral sphalerite, ZnS, has as a
common substitute for zinc the element
cadmium (Greenwood and Earnshaw, 1997 ).

Extending this type of functional similarity to
biophile elements adds Rb, Sr, Cd, and Te as
biophile elements because of their easy
substitution for K, Ca, Zn, and Se, respectively.



Environmental geochemistry and anthropogenic dispersion of
arsenic, lead, and mercury

Arsenic, As

At 1.8 ppm arsenic is the 53rd most abundant
element in the earth’s crust.

Arsenic’s typical concentration in soil is 5 ppm,
while its average concentration in the United
States coal is 22 ppm. Arsenic’s abundance in
seawater is 3 ppb. The oxidation states of
Arsenic are As>*, As3*, As, AsZ, and As3. Most
arsenic used in industry is obtained as As,O, f\
from flue dust at lead and copper smelters,

though it is also obtained from arsenopyrite,
FeAsS, and lollingite, FeAsz.
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Arsenic is often considered the classic example of a substance that is very toxic (Fergusson, 1990 ;
Thornton, 1996 ; ATSDR, 2000 ). The toxicity of ingested arsenic varies with oxidation state and
whether it is organic or inorganic. Reduced forms are more toxic than oxidized forms and inorganic
arsenic is more toxic than organic arsenic. The largest human intake of arsenic is from food (e.g.,
seafood). Organic arsenic is of low toxicity. As®* is more soluble than As3* . Inorganic forms of
arsenic occurring in groundwater are most toxic.
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The world production and United States production and consumption of
arsenic from 1900 to 2002. Arsenic production stopped by 1986 in the United States. Total
world production of As from 1900 to 2002 was 3,250,000 tons. United States consumption
was 1,500,000 tons. Data from USGS (2003, 2004).
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Use of arsenic in selected years in the United States after Bleiwas (2000) with
additional data from USGS, Mineral Commodity Summaries and Loebenstein (1994). From
1960 to 2003 an estimated 420,000 tons of arsenic was used in the manufacture of pressure-
treated wood and another 115,000 tons was used in agriculture. From 1910 to 1970 the
largest usage of arsenic was in agriculture.



Arsenic is a semimetal that has both high natural (12,000 tons per year)
and manmade (19,000 tons per year) emissions into the atmosphere.
These emission values are estimates and there exists a range in estimates
that vary with time and the methods used to determine the estimate.
Arsenic’s occurrence in sulfide ores causes its high emissions (12,000 tons
per year) from ore smelters (Loebenstein, 1994).

Total United States arsenic and arsenic compound emissions
reported for 2002 by the EPA Toxic Release Inventory (TRI) are
89 tons. After emissions from electric utilities, metal mining and
processing are the next major sources of arsenic emissions (EPA-TRI,
2004). Arsenic atmosphere emissions represent only 0.02% of total
arsenic waste of 402,394 tons disposed of or released in 2002. Disposal
of arsenic and arsenic compounds on land and on- and off-site were
about 400,000 tons in 2002. Over 95% of this arsenic i1s from metal
mining.

Portion of U.S. air pollution
that comes from power plants
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Arsenic in groundwater can be a risk because it is both reduced and inorganic and
arsenic compounds readily dissolve in water. Drinking water has caused cases of chronic
and acute arsenic poisoning in Taiwan, Argentina, China, and Mexico. A tragic modern
epidemic of arsenic poisoning from groundwater is occurring in 17 nations including
regions of Bangladesh, southern Nepal, China, Vietham, and West Bengal and Bihar,
India. Shallow tube wells were dug in these regions to provide drinking water free of the
threats of diarrhea, dysentery, typhoid, cholera, and hepatitis common in surface water.

Roman mine sites in
Great Britain continue to

ACID MINE DRAINAGE PROCESS generate acid drainage
Toxic and Irreversible 2,000 years later.
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The high arsenic abundance in some coals is an important demonstra-
tion of the biophile nature of arsenic. Arsenic was concentrated in
some coals during their formation; when the coal is burned As emissions
are dispersed and can build up in humans. For example, high-arsenic
lignite (500 ppm As) burned in Slovakia has resulted in arsenic emission
from one power plant of 3000 metric tons since 1953 and nonmelanoma
skin cancer (Ranft et al., 2003). An arsenic threat to human health is the
burning of coal in the Guizhou Province of southwest China. Some coal
samples from Guizhou Province contain up to 35,000 ppm As (3.5% As!),
50ppm Hg, and 20 ppm Sb (USGS, 1998a; Liu et al., 2002). The coal 1s
burned in un-vented ovens inside homes. The ovens can be used to dry
crops such as chili peppers. The fresh chili peppers have less than 1 ppm
arsenic whereas those dried over coal fires have more than 500 ppm As
(USGS, 1998a; Schweinfurth, 2003). Over 3000 cases of arsenicosis
have been reported. High levels of As, Hg, and F up to 181, 10.5 and

2259 ppm, respectively, occur in some locally used coals in China (Zhang
et al., 2004).




A potential health problem of undefined proportions and dimensions
is the several decade long usage of arsenic in pressure-treated wood

7 Pressure-treated wood contains inorganic arsenic that
protects it from decay and insects. The most common treatment is
with chromated-copper-arsenate or CCA. One cubic foot (0.03m?) of
CCA wood contains 1.150z (32.6g) of arsenic. Such wood in an out-
door environment may resist termites and decay for 20-60 years.
However, our research shows that in the warm humid southeastern
United States, that framing timbers in contact with the ground may
disintegrate after ten years (Hollabaugh, 2004, 2005). Over 420,000
tons of arsenic has been used in pressure-treated wood since 1960 in
the United States. A voluntary agreement between the EPA and the
manufacturers of pressure-treated wood removed arsenic in pressure-
treated wood for residential uses in 2004 (Bleiwas, 2000; EPA, 2002;
Brooks, 2003).
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Another 350,000 tons of arsenic has been used since 1960 in the United
States as agricultural chemicals In past decades arsenic-based
agricultural chemicals were used for insecticides, selective plant killers,
defoliants, rat poison, and parasitic control in chicken feed. Today
arsenic as Roxarsone (4-hydroxy-3 nitrophenyl arsenic acid) is used as
feed for broiler chickens to control intestinal parasites. This results in
3-fold greater arsenic concentrations in young chickens than in other
meat and poultry (Lasky et al., 2004).
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Geochemical classification of the elements based on initial, primary, secondary,
and tertiary geochemical differentiation®

Siderophile Chalcophile Lithophile Atmophile Biophile
(organisms)

Fe, Ni, Co, P, S, Se, Te, As, 0, Si, H, Li, Be, N, Ar, Ne, Kr, C, H, O, N,

C, Ru, Rh, Sb, Bi, Ga, B, C, N, F, Na, Xe, O, C Na, Mg, P,
Pd, Os, Ir, In, TL, Pb, Mg, Al Cl, K, S, CLK, Ca
Pt, Au, Ge, Zn, Cd, Hg, Ca, Sc, Ti, V,
Sn, Mo, Ta Cu, Ag, Ni, Cr, Mn, Fe,
Pd, Co, Fe, Ga, Br, Rb, Sr,
Ru, Mo Y, Zr, Nb, Ag,
Cd, In, Sn, Sb,
I, Cs, Ba, La,
Ce, Pr, Nd, Sm,
Eu, Gd, Tb,
Dy, Ho, Er,
Tm, Yb, Lu,
Hf, Ta, W, Hg,
Tl, Bi, Th, U
Minor—As, W, Minor—Ge, Minor—Cu, Ge, Minor—H.* Minor—B, F,
Nb, Se, Te Sn, Au, Pt, P, S, Se, He," HefS.YPb?  Si V,Cr,
Rh, Ir, Os Ar,® Pb.° Kr, Hgd Mn, Fe, Co,
As Cu, Zn, As,
Se, Br, Rb.°
Sr.f Mo, Cd.©
TeS I, Hg,
Pb®

Note: The key elements that characterize the group are in bold. Minor—elements belong for
the most part in another group but do occur in this group.

Initial differentiation is the
formation of the earth and its
separation from the solar system.
Primary differentiation is the
separation of earth into core and
primitive mantle. Secondary
differentiation is the formation
of crust. Tertiary differentiation
is the process of formation and
development of hydrosphere and
biosphere, and lithophile
enrichment of crust by plume
and plate tectonic activity.



£ =
38 b
2.2.2. Lead, Pb el <070p | -

Lead is the 36th most abundant element in the earth’s crust. Most geo-
chemists report lead’s crustal abundance to be between 12.5 and 16 ppm,
although a detailed study by Taylor and McLennan (1985) determined
that continental crust contains 8 ppm lead and ocean floor crust contains
0.8 ppm lead. Lead is the most abundant heavy metal in the earth’s crust;
some of this enhanced abundance is the product of the decay of extreme
lithophile uranium and thorium into lead (Greenwood and Earnshaw,
1997). Oxidation states of lead are Pb, Pb?*, Pb>* (rare), and Pb**
(rare). Common lead minerals are galena, PbS, cerussite, PbCO;, and
anglesite, PbSO,4. Lead concentration in seawater is 0.003 ppb. Figure 2.6
shows the United States production and consumption and world pro-
duction of lead. Some human uses of lead shown in Table 2.5 and plotted
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The world production and United States production and consumption of lead
from 1900 to 2002. Total world production of Pb from 1900 to 2002 is estimated to be
214,000,000 tons. United States consumption was 97,000,000 tons. Data from USGS (2003,
2004).



Natural lead emissions into the atmosphere have been estimated from
2000 to 24,500 tons per year (Sannolo et al., 1995). During the middle of
the 20th century, most of the lead in the atmosphere came from
anthropogenic sources, with manmade emissions exceeding natural
emissions by 346 times (Montgomery, 1989; Schlesinger, 1991). At that

time atmosphere lead concentration was about 0.003 ppb with a residence
time of two weeks to several years. The lead is removed from the atmos-
phere by both wet and dry precipitation.
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Lead is a classic siderophile element, occurring as galena in many
sulfide deposits. Under oxidizing conditions the sulfur is removed or
oxidized and lead behaves as a lithophile element forming cerussite and
anglesite. Lead is a biophile element because of its close size and the
same charge as calcium (Pb”>" radii is 1. 19A and Ca’" is l.OOA). Calcium
in the brain plays a role in ‘“‘converting an electrical neural signal into
a chemical signal” however “Pb does not function as a neurotransmitter,
effectively creating permanent neural differentiation defects resulting in

mental retardation, learning disorders, and attention deficit hyper-activity
disorder (ADHA)” (Filippelli et al., 2005).

Much of the lead in a human body is stored in the bone. Modern
human bones contain 3-30 ppm Pb. Concentration of lead in soft tissue is
about 0.18 ppm. Before the common and widespread burning of leaded
gasoline, human bones contained from 0.05 to 0.08 ppm, and before
heavy industrial development occurred after 1750 human bones con-
tained 0.01 ppm Pb (Sannolo et al., 1995). However, during the peak of
the Roman Empire lead production (80,000 tons Pb per year) when lead
emissions into the atmosphere are estimated to have reached 4000 tons
per year, analyses of Ist to 4th centuries AD Romano-Britons bones and
teeth show 10 times more Pb than a 1960s British city-dweller (Keys,
2003). The body burden of an adult in the United States is 120400 mg
Pb/70 kg person (Sannolo et al., 1995; Emsley, 1998, 2001; Li, 2000).




Burning of leaded gasoline since 1924 has caused the entire biosphere
to have lead levels at least 100 times natural background levels. Four
million tons of lead used in gasoline remains in our dust and soil. Three
million tons of lead is found in lead paint on 60 million private homes in
the United States; about 10 million of these homes have families with
children below seven years old. The 1990 publication of the results of a
11 year follow up study of children that had early lead poisoning indicates
that childhood exposure to lead can cause long-term intellectual under-
development. There i1s also concern that even low-level exposure to lead
may cause a lower intelligence quotient. If this study is correct millions of
young children in the United States may be considered to have excessive
lead levels. Lead poisoning is the number one environmental health
problem to children (Needleman et al., 1990; Stapleton, 1994).




Mercury, Hg

Mercury is a classic chalcophile element occurring most commonly as cinnabar, HgS.
Natural occurrences of high mercury concentrations are limited to a few areas in the crust
where hydrothermal processes have concentrated cinnabar with lesser amounts of native
mercury. Outside of these mineral deposits mercury is a rare substance; Hg is 68th in
abundance at 80 ppb in the earth’s crust, while the concentration in seawater is 0.03 ppb
Hg. Oxidation states of mercury are Hg, Hg*, and Hg?*.

The world production and United States
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12000 [ : . 1900 to 2002. Total world production of Hg from
= World production ) )
1900 to 2002 is estimated to be 530,000 tons.
O US consumption & United States consumption from 1900 to 1997
10000 —
et JS production %El was 13'0,0(_)0 tons.' There has' been no Hg
. L a8 production in the United States since 1992. Data
I\ Pl ¥ at from USGS (2003, 2004).
2 8000 — ! 8 [m -
9 ," N P. = 1!\ ] N
§ ? \‘|| I':“I L =]= I:I,“f J;! Q:'l
() Il Jy =Ei
€ 6000 — o ,‘; ﬂ'[ F L Bl |
> b [ ‘ = \"
3 m | Dﬂ.EIE‘] l'_‘aj'_'li:| |
- | | Ifl '\‘n |
2 4000 TR g - nlj 1 ] “\ 0
% Em nrg) D D O ‘ﬂ'f (]
v D. g | i
2000 o g o 3 el Rrtr ¥y
P oty aF ,HJJ_;I

NEERTRENNANNANNn. ™.
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Year




Mercury differs from other heavy toxic metals in many ways: (1)
elemental mercury i1s a liquid with high volatility and readily vaporizes
into the atmosphere (melting point = —38.9°C and boiling point =
357°C); (2) mercury vapor travels throughout the atmosphere; (3) mer-
cury can undergo reduction with free mercury liquid produced in soils;
(4) mercury is the most soluble metal; (5) mercury dissolves gold and
silver and is dissolved in minor amounts in naturally occurring Au and
Ag; (6) biomethylation of mercury produces very toxic and volatile com-
pounds such as (CHj3),Hg; and (7) methylmercury bioaccumulates in the
food chain (Fergusson, 1990; Sznopek and Goonan, 2000).

Shark Trout o
Pike Tuna Lot
Albacore (can) i
Halibut : ' Kerill
i Salmon
Pollock
'Oyster _
Mercury level
(EPA advice for
consumption)
Eat only a few Eat a few Unlimited

times per month times per week



3000 —

] [ 1 other
— I dental
2500 — i [ instruments
M [ electrical
@ _ I I B batteries
o - i [ agriculture
© 2000 = 1 [l .I HI i l [ pharmaceutical
= —
+= _ _ i 0 [ lab uses
g - M | I|" o [] paint
1500 I AL
> I I III il l.[m Bl C! & Naplants
S I |
o T I I:n
o u O
S 1000 II - |I
I H o a EE
! I I I H| | Q& E B ]
I i | |
" BN e e III I RERRD
| i iRl e
0 —-..l---II.=EEE:_ I -
1941 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2003

Year

Use of mercury in selected years in the United States (Jasinski, 1994; Sznopek and Goonan, 2000).
From 1941 to 1996 an estimated 93,000 tons of Hg was used in the United States. Major uses were
for electrical (18,000 tons, including batteries, wiring devices and switches, and lighting), chlorine
and caustic soda manufacture (12,500 tons), paint (8400 tons), laboratory and measuring and
control instruments (8700 tons), pharmaceutical (3400 tons), agricultural chemicals (5500 tons) and
dental (2700 tons). Recovery by amalgamation of gold and silver is part of “other”. Before 1978
mercury in batteries was included

within electrical.



Annual atmospheric discharges of mercury from natural (3750 tons)
and manmade (3750 tons) sources combine for a total of 7500 tons per
year (AEP, 2004). Mercury in the atmosphere can travel great distances
and be deposited in remote regions of the world where it can build up in
the food chain and contaminate fish. Manmade emissions occur from the
burning of coal (coal contains 0.07 to 50 ppm Hg), mercury mining and
smelting. municinal solid waste incinerators. medical waste incinerators.
and chlor-alkali plants (chlorine and caustic soda production). The larg-
est sources of mercury emissions in the United States are coal-fired
electric power plants (40% or 50 tons per year), industrial boilers
(10%), burning hazardous waste (5%), and chlorine production (5%)
(EPA, 2004a).

World Mercury Extraction

Atmospheric

0 ; H
Anthrapogenic Hg -
g PR __g: Global deposition
o Te===
g e =N . ,
el === terrestrial marine
g == Local and .
| ' Reemitted Reemitted
- ' anthropogenic anthropogenic
- and natural Hg and natural Hg
1
0 \
1850 1875 1900 1925 1950 1975 2000 2025 2050

year

® Mercury (10*3 tonnes) ——Fitto Energy ——2Peaks [

- Methylated
______ Hg |




Methylmercury is the most dangerous form of mercury. Fish and
shellfish are the usual methods of mercury intake by humans. They
contain 1000 to 10,000 times more methylmercury than other foods
(cereals, potatoes, vegetables, fruits, meats, poultry, eggs, and milk).
Most fish contain 0.001 to 0.5ppm Hg and the average amount of
methylmercury in commercial saltwater fish is less than 0.3 ppm. A few
species of large predatory fish commonly have higher levels. Fish to be
avoided by mothers and small children include shark, swordfish, king
mackerel, and tilefish (EPA, 2004b).

The mercury cycle
PRECIPITATION
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(Mlustration by Connie J. Dean, U.S. Geological Survey)



