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ABSTRACT
It is widely known that FA particles emitted from coal-fired plants contain several toxic trace metals (1). On the other
hand, due to the availability of large quantity of FA and the presence of high concentrations of Ca and Mg in most FA
sources, FA appears to be a suitable soil amendment for limiting purposes and to enhance Ca and Mg contents in the soil
(2, 3). FA utilization as a soil amendment indicates the necessity to take precautions against the excessive accumulation
of heavy metals by plants grown on a media with coal FA. The diversity of chemical properties among FA suggests that
every use of FA as a soil amendment should follow its detailed chemical analysis because it has been established that
leachate from places with high concentration of FA may affect water supply. Pollutants associated with FA include
several elements (Al, As, Cd, Cr, Cu, Hg, Ni, Pb, and V) whose excessive presence in the environment may become toxic (1,
4, 5, 6). In this study we discuss environmental toxicology of listed above trace elements present in coal ash. Our work is
based on the literature review and performed by ourchemical analysis of coal FA to determine the concentration of
mentioned above potentially toxic trace elements using inductively coupled plasma spectrometry (ICP). We compared
the concentrations of these elements to the levels present in the soil, and diverse water sources. Based on these
comparison, we speculated about the environmental safety of coal FA as a material to be utilized as plant growth media.
Our own results of chemical analysis have been included into this short review as marked in bold.
Overall, our work should contribute to the phytoremediation of coal FA deposits and prevent water and air erosion of FA.
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INTRODUCTION
Major coal combustion residue, fly ash (FA) carries the potential for environmental contamination during
the disposal of these coal combustions by-products (7). Because FA contains multiple toxic elements and
predominantly heavy metals, the disposal of FA may lead to leaching out of these elements and
contaminate soils as well as surface water and groundwater (8). This contamination could lead to the
health, environmental, and land-use problems (9). FA is often used to amend soil as there are significant
benefits that result from the application of FA as a soil amendment. These benefits include improved soil
texture, increases soil nutrient holding capacity, andincreased concentration of extractable potassium,
calcium, magnesium, copper, iron and manganese (10). A major limiting factor to use FA in agriculture is
the environmental concern that persists even through the U.S. Environmental Protection Agency (EPA)
has determined that power plant FA applied to agricultural soils is largely free of health and
environmental risks, and EPA does not regulate its agricultural use (11). These toxic metals that can be
absorbed by plants through phytoremediation can then bioaccumulate in humans and other organisms in
toxic levels (12). The elements this study focused on are aluminum, arsenic, cadmium, chromium, copper,
lead, mercury, nickel, and vanadium as they are all naturally occurring toxic metals that can be found in
coal fly ash.
MATERIAL AND METHODS
Seven different coal ashes (from lignite and semi-bituminous coal), collected from diverse locations in
North Dakota, Minnesota and Montana, have been tested for heavy metals concentration by using
inductively coupled plasma (ICP) specrtophotometry.
Over the period of five years (2010-2014) thirtyplant species have been tested (cereal crops, grasses,
legumes). The experimentshave been conducted in three replications, and replied three times. On every
petri dish30 seeds were planted and covered witha thin layer of coal ash based growth media, and
watered to approximate field capacity of growth media. The percentage of seeds germinated was
determined.Plants were grown for 14-21 days (depending on the time of seedlings
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development),harvested, dried and weighted. The concentration of heavy metals in FA was determined by
using ICP.Plant samples in our study were wet-digested in a nitric-perchloric acid mixture prior to
analysis of elements (7). Chemical analysis of plant growth media and soil was performed using
inductively coupled plasma (ICP) emission spectrophotometry (8). The data was analyzed statistically
using ANOVA and Statistical Analysis System (13).
In leaching studiesplexiglas columns (30.4 -cm long, 5-cm inner diameter) have been employed to study
the transport and leaching of cations and heavy metals from a coal fly ash based plant growth media. A
Fargo-Ryan soil (pH=6.1-8; organic matter=8%) has been sampled and used as a control treatment.
To facilitate leaching, distilled water has been gradually applied to the top of each column to deliver one
pore volume of water per 24 hours. Leachate fractions have been collected at each ½ pore volume (pore
volume= to be determined) for a total of five pore volumes. Concentrations of trace elements in the
leachate have been determined using inductively coupled plasma (ICP) emission spectrophotometry.
RESULTS AND DISCUSSION
Aluminum
Aluminum (Al) is the most abundant element in Earth’s crust (14). Al occurs naturally in the United
States soils at the levels of 7-100 g/kg (15). What we found in our fly ash based plant growth media that
the concentration of Al was up to 10.766%.The highest concentration of Al in our leaching studies was
10.68 mg/l. The highest Al accumulation in plant tissues determined by inductively coupled plasma (ICP)
was in winter wheat at 1161 mg/kg and barley at 1052 mg/kg.The concentration of Al in our coal ash
based plant growth media didn’t exceed values found in soils (8). Despite this, the concentrations of Al in
plant tissues in our experiments were high, but were approximately three times lower than the highest
concentrations of Al found in plant tissues: 3410 mg/kg in grasses and 3410 mg/kg in clovers (16, 17).
The concentration of Al in the United States drinking water ranges from 0.001-1 mg/L (16). The Al
concentration in drinking water of the USA is mainly below 0.1 mg/l, and the US EPA accepted a broad
level for Al in drinking water at the range of 0.05-0.20 mg/l. There are concerns regarding the Al toxicity
in freshwater systems. The toxicity of Al to fish in acidic waters, especially of lakes and rivers, has been
well documented (18). Respiratory problems in fish occur in fish due to Al toxicity, when the disturbance
of ion regulatory is resulting in imbalances in ions, especially sodium and chloride. High concentrations of
water Ca may decrease Al toxicity to fish.
The concentration of Al in mammalian tissues ranges between 0.9 and 4.4 mg/kg, being the highest in
skin, hair, and the lowest in heart and brain (19). There is increasing awareness and concern of the Al
toxicity to human population and ecosystems due to acid rain (20). Although there are strong debates on
Al effects on humans, so far no final conclusions have been made. Al might be degenerative to the
neurological system causing dialysis encephalopathy, cognitive decline, and is known to play a role in
Alzheimer’s disease (15).
Arsenic
Arsenic (As) is found in United States soils with average values of 2-4 mg/Kg (21). Agricultural practices
may be a significant source of As, and its contents may be elevated by using pesticides, sludge, and
manure (16). Increased contents of As in agricultural soils have become a significant problem. This issue
is especially severe in the case of soils that are highly modified by anthropogenic activities, especially in
the areas of rapid economic development. The concentration of As over 650 mg/kg has been reported for
highly polluted soils.
The average concentration in U.S. surface and groundwater is 1ppb (21). In some countries, such as U.S.,
Argentina, Chile, New Zealand, Taiwan, India, and Bangladesh, elevated concentrations of As in
groundwater has been reported due to weathering and leaching of As from As-rich geological formations,
mining activity, waste disposal, and from thermal springs (16).
Arsenic is a common constituent of plants, but little is known about its biochemical role. Plants take up As
passively with the water flow. Some plant species (e.g. Douglas fir) express a great capability to
accumulate As. Contents of As in food plants varies, and most commonly is in a range of 10-60 µg/kg, with
the tendency to be increased in green vegetables (16).
The highest concentration of arsenic recorded in fly ash was 83.746 mg/Kg. The highest As concentration
in our leachates from coal ash in our studies was 1.58 mg/l, which is lower than the global median
concentration of As in seawaters (3.7 µg/l), and higher than the world average level of As in river waters,
estimated at 0.62 µg/l (22). The concentration of As in our coal ash based plant media and in our soil
used as control (Fargo Clay)was below ICP detection limits.
When As builds in the system of animals and humans, it can have varying harmful effects. At low levels As
impacts the gastrointestinal system (G.I. track) causing nausea and vomiting, abdominal pain, and/or
diarrhea (21). As can also cause a decrease in the production of blood cells and damage blood vessels
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(21). When As reaches higher levels it can alter ones mental state, cause organ failure and cause skin,
liver, bladder, and lung cancers.
Beryllium
The concentration of beryllium in soils has not been investigated on a large scale. Beryllium (Be) is
commonly found in rocks, coal, oil, soil, and volcanic dust. Be is similar to Al in geochemical behavior and
can substitute for Si and Al in some minerals (16). Beryllium is the lightest of the alkaline earth and
although widely distributed, exists in relatively small quantities. The average concentration occurring in
United States soils is 3 mg/kg (23). Be concentration in waters ranges broadly. Its common contents are
established for the range of 0.008- 0.6 µg/l. In acidic conditions, Be might be easily mobilized from fly ash
and slag, and its increased levels (in many cases more than 800 µg/l) in aquatic environment around coal
power plants might be a reason for serious concerns.
The highest concentration of Be in fly ash in our study was 3.9 mg/kg. The highest concentration of Be
leached from coal ash based media was 0.05 mg/l. Be was below ICP detection limits in the plant tissues
of plants grown on coal fly ash. The concentration of Be in our coal fly ashes was only slightly higher than
the concentration spotted in the soils.
Be is mainly harmful when it is inhaled causing pneumonia symptoms and Chronic beryllium disease.
Chronic beryllium disease resembles severe allergies that develop granulomas (23). Be can cause
fatalities when exposed to a high enough dosage through the lungs, as there have been no effects reported
when Be was ingested .
Cadmium
Cadmium (Cd) is most commonly found in ores with zinc, copper and lead. Cd occurs in the United States
soils at the average level of 0.255 mg/kg (24). Anthropogenic sources of Cd in soils are of a great concern
(16). The level of Cd in soils contaminated with sewage sludge may reach 3400 mg/kg, contaminated with
coal fly ash – 13 mg/kg, and excessive usage of phosphorus fertilizers may lead to Cd concentration in the
soil of up to 300 mg/kg. Average Cd levels in water in the United States are less than 0.1 µg/L (25, 26).
The highest concentration of Cd in fly ash in our study was 3.896 mg/Kg. The highest level of Cd in the
leachates from coal ash leached was 0.016 mg/L Concentrations of Cd in growth media was below ICP
detection limits. Our results indicate that in our experimental conditions there was no endangerment of
transferring Cd contamination to the environment.
Cd is a heavy metal with severe risks to animal and humanhealth. Cd causes kidney, bone, and pulmonary
damage. Kidney damage is the main problem with Cd as it bioaccumulates there. In Japan where there is
heavy Cd poisoning Itai-Itai disease is common where we find people with extreme skeletal
decalcification and an increase in bone fracture rates (26). In rats there was reproductive system
concerns such as low birth weights and spontaneous abortions.
Chromium
The world median content of chromium (Cr) in soils has been determined as 54 mg/kg (16). Its content in
soils is determined mainly by its abundance in the parent material. The Cr concentration in soils may be
elevated due to pollution from such sources as pigments by products and tannery wastes, leather
manufacturing wastes, and municipal wastes. Cr concentration in United States soils varies from 2-60
mg/Kg (27, 28).
The median Cr content in river waters has been determined at 0.7 µg/l, with the range of 0.04- 1.3 µg/l,
reaching the concentration up to 47 µg/l in polluted rivers (29).
The highest level of Cr composition in our fly ash recorded was 76.660 mg/kg. The highest level of Cr
leached from fly ash in our studies was 0.035 mg/l. With ICP detection we found oats to have the highest
concentration at 43.2 mg/kg and winter wheat at 36.26 mg/kg. As compared to a range of Cr in plant
tissues determined at up to 0.35 mg/kg (16), the concentration of Cr in plant tissues in our study was
elevated and should be a matter of concern and requiring further investigations.
Cr is required as a trace element for the human diet (28).High concentrations of Cr may impact human
health including creating ulcers in the stomach, cardiovascular collapse, cause miscarriages, and damage
DNA (27). At high doses Cr is lethal, with its toxic effects observed if consumed at a level of 70-100
mg/kg. In animals there were observed harmful effects of Cr on the respiratory system and a weakened
immune system.
Copper
Copper (Cu) is found in rock, soil, water sediment, and at low levels in the air (30). The average
concentration of Cu in United States soils ranges from 5-70 mg/kg. Cu concentration in the soil is closely
associated with soil texture and usually is the lowest in light sandy soils and the highest in heavy, loamy
soils. Soil contamination by Cu has been the subject of detailed studies. Several significant sources such as
fertilizers, sewage sludge, agrochemicals,industrial by-product wastes and the quality of irrigation waters
have contributed to increased Cu levels in agricultural soils (16).
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Copper levels in Lakes and Rivers average 10 ppb, and the Environmental Protection Agency (EPA)
regulates drinking water at 1.3 mg/L of Cu (16).
The highest recorded Cu composition in fly ash in our studies was 243.5 mg/kg. The highest
concentration of Cu leached from tested by us coal fly asheswas 0.729 mg/L. Although the concentration
of Cu in coal ash reached the level spotted in Cu contaminated soils, levels of Cu leached from fly ash were
within the limits allowed for drinking water.When we looked at the Cu composition in plant matter there
was no difference between plants grown on 100% fly ash and 100% soil.
Copper is an essential element for all living organisms at low levels, but becomes toxic at high levels
(ATSDR 2004). Humans consume about 1 milligram of copper a day which is excreted through urine and
feces, keeping the Cu level generally constant.
Lead
Lead (Pb) is a heavy metal that is harmful when ingested. Natural levels of Pb in United States soil range
from 50-400 mg/kg (31). Lead near industrial facilities has been spotted in the concentrations of Pb as
high as 11,000 mg/kg (32). EPA has set,for Pb concentration in drinking water, as up to 15 µg/l (33).
Relatively high Pb concentrations, between 5 and 30 µg/l, have been measured in several thousands of
samples of surface waters and groundwater in the USA (16).
We found in our tests that the highest concentration of Pb in our fly ash was 106.3 mg/kg, and the highest
Pb concentration in leachates from coal ash was14 µg/l. The concentration of Pb in plant matter was
below ICP detection limits. Our results showed the concentration of lead in coal ashes relatively low,
within the range spotted in the soil, and almost no intake of lead by plant seedlings grown on coal ash
based media.In addition, we didn’t notice any significant leaching of Pb from coal ash, and the levels of
lead in the leachated were within values obtained in surface waters and groundwater in the US.
Exposure to lead can happen from contaminated water, soil, paint chips, inhalation of soil and/or dust,
and ingestion of food (31). This exposure to Pb can lead to lead poisoning. Early symptoms of lead
poisoning are often not suspected as they resemble other illnesses with symptoms such as: fatigue,
irritability, appetite loss, insomnia, stomach discomfort and/or constipation. (31). When lead poisoning
becomes more severe, it leads to poor muscle condition, nerve damage to sensory organs and nerves,
increase in blood pressure, hearing and vision impairment, and restarted fetal development. Lead
poisoning in children causes brain damage, anemia, behavioral problems, liver damage, kidney damage,
hearing loss, developmental delays, and hyperactivity. In extreme cases Pb may cause death.
Mercury
Mercury (Hg) is a metal that is liquid at room temperature. Average concentration of Hg in United States
soils varies greatly and ranges from 20-636 mg/kg, and the concentration in surface water are on average
less than 5 parts per trillion (34). Mercury is highly bioavailable and easily accumulates in fish (16). High
Hg concentrations in fish tissues are reported in acidic lakes, and Hg content in fish tissues may reach up
to 0.5-1.0 mg/kg in fish species being on the top of food chain, such as walley and pike.
The results of our studies showed the concentration of Hg in fly ash was below detection limits, and the
highest leaching concentration in the leachates from coal ash was 0.009 mg/l, which may raise some
concerns, as we compare such concentration to a concentration in surface waters. The concentration of
mercury in plant tissues in our studies was below detection limits.
Hg exists as either Methylmercury( CH3Hg) or elemental mercury which is liquid at room temperature.
When humans are exposed to Methylmercury we find brain, nerve, and kidney damage (34). Metalic Hg,
which is only harmful when inhaled in the vapor form, causes personality change, tremors, changes in
vision, deafness, muscle incoordination loss of sensation, and difficulties with memory. Kidney damage
can occur from any Hg ingestion, and living organisms may even be able to recover depending on the
amount of damage after the Hg is removed. Pregnant women should be weary of Hg because it poses
risks to the fetus as well as the infants that are breastfeeding (34). Hg is also more harmful to children
than adults because their brain is still developing.
Nickel
The concentration of Nickel (Ni)in United States soils ranges from 4-80 mg/kg (NIH 2013). Nickel has
become a serious soil pollutant that is released into the soil from the increased combustion of coal and oil,
and also from sewage sludges and phosphate fertilizers.Nickel (Ni) has the ability toaccumulate in plants
(9, 19, 22), and the level of Ni in cereal crops ranges from 0.34 to 14.6 mg/kg.Concentration of Ni in river
waters range from 0.15 to 10.39 µg/l, and the world average is 0.8 µg/l (16). The global Ni average
concentration in ground water is estimated at 15 µg/l.
The highest concentration of Ni found in coal fly ashes in our studies was 43.5 mg/Kg. Such level of Ni
concentration doesn’t even exceed the concentrations found in the soil. The highest concentration of Ni
leached from plant growth media composed of coal fly ash was 0.580 mg/l. Such value exceeds Ni levels
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found in waters and in groundwater. The highest concentration of Ni in plants was 11.45 mg/kg, which
within the range of Ni concentrations spotted in plant tissues.
Nickel’s effects on health vary. The most common problem with Ni is allergic reactions as roughly as 1020% of the human population is sensitive to Ni (16, 35). When people who are sensitive to Ni and they
inhale it, the Ni can create asthma attacks. The most serious effects of Ni are chronic bronchitis, reduced
lung function, and lung and nasal sinus cancers.
Vanadium
The vanadium (V) contents of soils are related to those of the parent rocks from which they are formed
(36). Average contents of V in soils vary from 10 mg/kg in sandy soils to 500 mg/kg in calcerous soils.
The soils in the USA contain V in the range of 36-150 mg/kg (36, 37). The level of V in surface water
ranges from .04-220 µg/L (9, 22). Some municipal waters in the US have been found to contain V levels of
between 1 and 6µg/l, and the highest concentrations of vanadium in rivers have been found in rivers in
the area rich in uranium ores (16).
The highest concentration of V found in our fly ash was 305.8 mg/kg, and such concentration remains
within the range of V concentration found in some soils. The highest concentration of V leached from our
coal ash based plant growth media was 0.232 mg/l, and such concentration is much higher than spotted
naturally in surface waters. We found that the highest vanadium concentration in plant tissues in our
studies was 7.48 mg/kg in rye seedlings. Such concentration is several times higher than average
concentration (10 to 700 µg/kg) reported for plants (16).
Vanadium has negative effects on animals and humans at high levels. Vanadium pentoxide causes a cough
in humans. Vanadium pentoxide causes damage to lab animal’s lungs, throats, and noses as well as
causing lung cancer (37, 38). Vandayle sulfate and Sodium metavanadate have been used in experimental
treatments for diabetes. These patients developed nausea, mild diarrhea, and stomach cramps while
taking 13 mg of V/day orally. Lab animals treated with V had a decrease in red blood cell production, an
increase in blood pressure, mild neurological effects, and developmental effects (37). There were also
birth defects observed when levels of vanadium affected the mother, and occasionally when V did not
affect the mother .
CONCLUSIONS
Our investigations lead to the conclusion, that there is a no risk or a low risk of harm coming from plants
growing on coal fly ash based plant growth media. Aluminum had the highest uptake level by plants
grown on coal as based growth media, and Al was determined as an element of concern. Elements that
could also pose some environmental health risk are chromium, nickel and vanadium. To make a final
determination, though, additional in-depth studies are required.
We also believe that the people at greatest risk of harm from the metals discussed in this paper are those
who are exposed to the elements routinely. We should also have to keep in mind that coal ash is very
diverse in terms of chemical composition depending on coal source, and each load of fly ash is unique in
its chemical composition.
Supported by North Dakota INRBE Grant Number P20 RR016741 from the National Center for Research
Resources (NCRR), a component of the National Institutes of Health (NIH).The authors would like to
thank Dr. MarinusOtte and Dr. Donna Jacob for performing chemical analysis of FA samples and plants,
for consultation and constructive comments; both from North Dakota State University, Fargo, ND.
REFERENCES
1.
2.
3.
4.
5.
6.

Alva A.K., Bilski, J.J., Sajwan K.S., van Clief D. 2000. Leaching of metals from soils amended with fly ash and
organic byproducts, in. Biogeochemistry of Trace Elements in Coal and Coal Combustion, Ed: K. Sajwan et al.,
Kluwer Academic, New York, pp. 193-207.
Rai, D. 1987. Inorganic and organic constituents in fossil fuel combustion residues, EPRI, Vol. 2, Res. Project
2485-2488.
Patham, S.M., Aylmore, L.A.G., Colmer, T.G. 2003. Properties of several fly ash materials in relation to use as soil
amendments. J. Environ. Qual., 32:687-693.
Bilski, J., Alva A.K., Sajwan O.S. Agricultural uses of coal fly ash.1995. In Environmental Aspects of Soil
Amendments, Vol. 1: Inorganic Fertilizers, Ed: Jack E. Rechcigl, Lewis Publishers, Boca Raton, Florida, pp. 255291.
Kabata-Pendias, A., and Adriano, D.C. 1995. Trace metals. In Environmental Aspects of Soil Amendments, Vol. 1:
Inorganic Fertilizers, Ed: Jack E. Rechcigl, Lewis Publishers, Boca Raton, Florida, pp.139-167.
Li, Y., and Chen, J. 2006. Lechability of trace metals from sandy and rocky soil amended with coal fly ash. In: “Coal
Combustion Byproducts and Environmental Issues”, Ed. K. Sajwan et al., Springer Inc., New York, NY, pp. 105114.

RJCES Vol 2 [4] August 2014

31 | P a g e

© 2014 AELS, INDIA

Hecker and Bilski

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

Bilski, J. Jacob, D. Mclean, K. Mclean, E. Soumaila, F. and Lander, M. (2012) Agro-toxicological aspects of coal fly
ash (FA) phytoremediation by cereal crops: effects on plant germination, growth and trace elements
accumulation. Advances in Bioresearch. Vol. 3[4], 212-129.
Bilski JJ, Alva AK (1995) Transport of heavy metals and cations in fly ash amended soil. Bull. Environ
ContamToxicol 55:502-509
Inyang, H. I.: 1992, ‘Energy Related Waste Materials in Geotechnical Systems: Durability and Environmental
Considerations’, in R. K. Singhal, A. K. Mehrotra, K. Fytas and J. L. Collins (eds), Environmental Issues and Waste
Management in Energy and Minerals Production, Balkema, Rotterdam, The Netherlands, pp. 1157–1164.
Wang, Q., Yuncong, L., and Klassen, W., 2006. Influence of fly ash and other amendments on leaching of soil
nutrients and metals from a calcerous soil. , In: K.S Sajwan, I.Twardowska, T. Punshon, A.K. Alva (eds), Coal
combustion byproducts and environmental issues., Springer Verlag, N.Y., 3-13.
Kramer, U. 2007. Phytoremediation-Novel Approaches to Cleaning Up Polluted Soils." Current Opinion in
Biotechnology”, pp. 133-141.
Mahale, N. K., Patil, S. D., Sarode, D. B., &Attarde, S. B. (2012). Effect of Fly Ash as an Admixture in Agriculture and
the Study of Heavy Metal Accumulation in Wheat (Triticumaestivum), Mung Bean (Vignaradiata), and Urad
Beans (Vignamungo). Polish Journal Of Environmental Studies, 21(6), 1713-1719.
SAS, 2005, Statistical Analysis System.
World Health Organization (WHO). (1998). Aluminum in Drinking-water. Geneva, 1998. http://www.who.int
/water_sanitation_health/dwq/chemicals/en/aluminium.pdf
Agency for Toxic Substances and Disease Registry (ATSDR). (2006). Toxicological Profile for Aluminum, Atlanta,
GA: U.S. Department of Health and Human Services, Public Health Services. http://www.atsdr.cdc.gov/toxguide22.pdf?id=1129&tid=34
Kabata-Pendias, A., and Mukherjee, A. 2010 Trace elements from soil to human, Springer Vetlag, Berlin. pp 331336.
Maharaj, S., Barton, C., Koo, B.J., and Newman, L. 2006. Phytoavailability of trace elements from a landfill
containing coal combustion waste, in: Coal combustion byproducts and environmental issues., Springer., 195201.
Camilleri C, Markich SJ, Noller BN, Turley CJ, Parker D, Dam RA. (2003). Silica reduces the toxicity of aluminium
to a tropical fish (Mogurdamogurunda). Chemosphere, 50: 355-364.
Jorgensen SE. 2000. Principles of pollution abatement. Pollution abatement for the 21th century. Elsevier,
Amsterdam.
Matsumoto H, Yamamoto Y., Devi SR. (2001) Aluminium toxicity in acid soils: plant responses to aluminium. In:
Prasad MNV (ed) Metals in the Environment: Analysis by biodiversity. Marcel Dekker, New York, pp.289-320.
Agency for Toxic Substances and Disease Registry (ATSDR). (2007). Toxicology Profile for Arsenic, Atlanta, GA:
U.S. Department of Health and Human Services, Public Health Services. Web http://www.atsdr.cdc.gov/
ToxProfiles/tp2-c1-b.pdf
Gaillardet J., Viers J., Dupre B. (2003). Trace elements in river waters. In: Holland H.D. ,Turekian K.K (eds).
Treatise on geochemistry. Elsevire, Oxford, 5: 225-227.
Agency for Toxic Substances and Disease Registry (ATSDR). (2007). Toxicology Profile for Beryllium, Atlanta, GA:
U.S. Department of Health and Human Services, Public Health Services. http://www.atsdr.cdc.gov/ToxProfiles
/tp4-c1-b.pdf
Page, A.L., Elseewi, A.A., and Stranghaun, I.R. 1979. Physical and chemical properties of fly ash from coal-fired
plants with reference to environmental impacts. Residue Rev. 71:83-88.
World Health Organization (WHO). (2011). Cadmium in Drinking-water. Geneva, http://www.who.int/
water_sanitation_health/dwq/chemicals/cadmium.pdf
Godt, Scheidig, Grosse-Siestrup, Esche, Brandenburg, Reich, and Groneberg. (2006). The toxicity of cadmium and
resulting hazards for human health. Journal of Occupational Medicine and Toxicology, 123-137.
Eco-USA.net. 2014. Chromium. Web http://www.eco-usa.net/toxics/chemicals/chromium.shtm
Agency for Toxic Substances and Disease Registry (ATSDR). (2008). Chromium Toxicity. Atlanta GA: U.S.
Department of Health and Human Services, Public Health Services. http://www.atsdr.cdc.gov /csem/
csem.asp?csem=10&po=0
Neal C., Neal M., Davies H., Smith J. (2003). Fluoride in U.K rivers. Sci Total Environ.,314/316:209-231.
Agency for Toxic Substances and Disease Registry (ATSDR). (2004). Toxicology Profile for Copper, Atlanta, GA:
U.S. Department of Health and Human Services, Public Health Services. http://www.atsdr.cdc.gov /phs/
phs.asp?id=204&tid=37
Environmental Protection Agency (EPA). (2013). Human Health and Lead. Washington, DC.
http://www.epa.gov/superfund/health/contaminants/lead/contact.htm
National Research Council. 1980. Lead in the human environment. Washington, DC: National Academy of
Sciences. Report Number PB-82-117136. OSTI Identifier: 5455381; ISBN No. 0309030218.
Agency for Toxic Substances & Disease (ATSDR). 2012. Lead toxicity, what are the U.S. standards for lead levels.
Atlanta, GA. Web. http://www.atsdr.cdc.gov/csem/csem.asp?csem=7&po=8
Agency for Toxic Substances and Disease Registry (ATSDR). (1999). Toxicology Profile for Mercury, Atlanta, GA:
U.S. Department of Health and Human Services, Public Health Services. http://www.atsdr.cdc.gov/
ToxProfiles/tp46-c1-b.pdf

RJCES Vol 2 [4] August 2014

32 | P a g e

© 2014 AELS, INDIA

Hecker and Bilski

35. Agency for Toxic Substances and Disease Registry. (2005). Public Health Statement Nickel. Atlanta, GA: U.S.
Department of Health and Human Services, Public Health Services. http://www.atsdr.cdc.gov/ToxProfiles/tp15c1-b.pdf
36. Wang, Q., Yuncong, L., and Klassen, W., 2006. Influence of fly ash and other amendments on leaching of soil
nutrients and metals from a calcerous soil. , In: K.S Sajwan, I.Twardowska, T. Punshon, A.K. Alva (eds), Coal
combustion byproducts and environmental issues., Springer Verlag, N.Y., 3-13.
37. Agency for Toxic Substances and Disease Registry (ATSDR). (2012). Public Health Statement Vanadium. Atlanta,
GA: U.S. Department of Health and Human Services, Public Health Services. http://www.atsdr. .gov/Tox
Profiles/tp58-c1-b.pdf
38. Waters, M.D.(1977).Toxicology of vanadium. Adv. Mod.Toxicol., 2: 147-189.

CITE THIS ARTICLE
Garret Hecker and Jerzy Bilski. Environmental toxicology and coal fly ash chemical composition. Res. J. Chem. Env. Sci.
Vol 2 [4] August 2014. 27-33

RJCES Vol 2 [4] August 2014

33 | P a g e

© 2014 AELS, INDIA

