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While it is generally recognized that there is a consid-
erable amount of water on the Earth, most of it is un-
available to us. Only about 2.5% is fresh water, and a
considerable fraction of that is inaccessible in the form
of ice or stored in deep groundwater (1). The flows of
water present an even more sobering picture because
the amount of water stored in all the rivers of the world
is thought to be 2,000 km?3, whereas annual withdrawal
of water amounts to about 3,800 km3/year (1). Water
availability may be better expressed as annual discharge,
45,500 km?>/year, that flows through various rivers of the
seven continents to the ocean (1). Although the quantity
of water is surely important, the quality of water is no less
0, and this paper is concerned with the impacts of three
groups of species, arsenic, nitrate, and perchlorate.

Arsenic Species

Arsenic species in groundwater have become a major
worldwide problem, owing to their carcinogenic and
other toxic properties. Relatively high concentrations
have been reported in such countries as Argentina,
Bangladesh, India, Japan, Mexico, Mongolia, Taiwan,
Philippines, and the Peoples Republic of China (2-4).
The Bangladesh situation is especially bad because of the
very high concentrations of arsenic in the groundwater.
Unfortunately, about 97% of the population drank tube
well water (from hand-pump shallow wells), and nearly
85 million persons are at risk from poisoning from arse-
nic-contaminated water (5).

The symptoms of those adversely affected are seri-
ous: skin lesions, hyperkeratosis, melanosis, skin cancer,
cancer of internal organs, and “black-foot” disease (6).
In addition, serious respiratory effects can result from
long-term ingestion of arsenic (7). According to one
source (6), contamination of groundwater by arsenic in
Bangladesh is “the largest mass poisoning of a popula-
tion in history” (6). The main source of drinking water
in that country, especially in the rural areas, is shallow
tube wells (< 150 m deep), and this is a source of tragic
irony. Bangladesh authorities tried to prevent water-
borne diseases by shifting the drinking water supply
from surface water to tube wells, but many of the six to
ten million drinking water wells contain high concentra-
tions of arsenic (8). According to a British Geological
Survey study of 2,200 tube wells from eastern, southern,
and western Bangladesh, about 21 million persons were
drinking water with arsenic concentrations above the
maximum allowable concentration of 50 ppb (50 pg/kg)
set as the Bangladesh standard (9). As a consequence,
widespread arsenicosis occurred with the possibility of
enhanced cancer rates (10).

Several technologies have been presented for re-
moval of arsenic from drinking water. These include
precipitation/coprecipitation, adsorption, lime softening,
ion exchange, and membrane filtration. Precipitation
requires addition of an agent to produce an insoluble
solid. Coprecipitation removes substances in dissolved
or a colloidal state through flocculation and coagulation.
Chemicals used (based on known solubilities) might




18

Bull. Hist. Chem., VOLUME 33, Number 1 (2008) |

include ferric salts, ferric hydroxide, alum, ammonium
sulfate, calcium hydroxide, and copper sulfate (11).

Precipitation and coprecipitation are widely used
techniques, but there are challenges for arsenic removal.
The problem is species-related: the presence of arsenite
decreases the ef-

water systems in the United State were above the stan-
dard; with the new standard, about an estimated 6.187 %
(3,034) of such systems were over the allowed level (16).
Examination of the data more closely indicated that about
97% of the systems affected obtained their water supplies

arsenic removal,
and some oOXi-
dation scheme
must be incor-
porated into the

from groundwa-

. .. ter with the arse-
fectiveness of | Table. Annual mean household cost for attaining 10 ppb As standard (16) nic in the As(III)
Utility size, Number of homes <100  101- 501- 10,000 form,which

would be more

500 1000 50,000 carcinogenic

Cost, $ 358 246 98 23 and more dif-

ficult to treat.

overall process
(12). In addi-
tion, ortho arsenic acid, H;AsO, is a stronger acid (K,
= 2.5 x 10*) than meta arsenous acid, HAst’ K, =
6 x 1019 (13).  This means that at pH 7, all of the
ortho arsenate is ionized, 50% as H,AsO, and 50% as
HAsO,~. In contrast, at the same pH, nearly all of the
As (III) species would be present as the unionized acid,
so removal of both species as precipitates would require
pH adjustment.

A second problem with Bangladesh, and perhaps
other locations, is cost. For rural areas where the prob-
lem is acute, the poverty level is such that a technique
must be exceptionally cheap. A new approach developed
at Lawrence Berkeley National Laboratory may well
overcome both problems (14). The process involves
coal-ash particles (1-10 p) coated with ferric hydroxide.
When arsenic-contaminated water interacted with the
composite, ferric arsenate precipitated. Presumably, in
very small villages, individuals would use a filter in the
form of a pouch containing the composite, and water from
a contaminated well could be passed through the filter
into a suitable container. Laboratory samples with 2,400
ppb could be reduced to an arsenic level of 6-8 ppb. No
comment was made about the presence of arsenite.

While the problems of Bangladesh drinking water
have been well documented, suppliers of drinking water
in the United States face problems as well. The new stan-
dard for arsenic in drinking water (10 ppb) for the United
States was scheduled to begin January 23, 2006, a notable
decrease from 50 ppb. It is estimated that some 4,000
water systems will be required to reduce arsenic levels in
their water supplies, and of these 97% are small utilities
(15). Presumably the cheapest method of treating arse-
nic-laden well water is dilution with arsenic- free water,
but that may not be a viable option if all the wells in the
area have unacceptably high levels. Accordingly, when
the standard was 50 ppb, only 0.51% of all community

About 60% of
the affected sys-
tems were in the “Very Small Water Systems” category
providing water to fewer than 500 persons (16).

The size of the water system affects the increase
in annual mean household cost for meeting the 10 ppb
standard. (Table)

More than one mechanism is envisioned for the avail-
ability of arsenic in ground water in Bangladesh and per-
haps elsewhere. The problem has been most thoroughly
considered for Bangladesh because of the extremely
serious nature of the contamination. One positive aspect
is that the problem seemingly is not due to point-source
pollution caused by humans, although that might lead
to an easier treatment. For example, McArthur and
co-workers (17) dismissed the possibility that competi-
tive exchange of phosphorus in fertilizer contributes to
arsenic availability. One mechanism of contamination
proposed by them is the release of arsenic sorbed onto
hydrous iron oxides, FeOOH, where it is microbially
reduced (17, 18). They assert that the most intense re-
duction and thus the greatest source of arsenic pollution
arises from microbial fermentation of buried peat. A
human component is involved, however, in that micro-
bial fermentation of organic waste from latrines could
also reduce the hydrous iron (IIT) oxide. Sources other
than peat lack the abundance or reactivity to generate
the severe effects noted but could account for low-level
contamination (<50 ppb).

Another mechanism addresses the mobilization in
terms of which species of hydrous iron (III) oxide is
involved: oxidation of pyrite versus oxyhydroxide re-
duction (4). Those that favor pyrite oxidation believe the
arsenic contamination is anthropogenic and can be related
to excessive groundwater withdrawal (4). These authors
suggested that a study by the British Geological Survey
was flawed and rejected the pyrite oxidation hypothesis.




Bull. Hist. Chem., VOLUME 33, Number 1 (2008)

19

The authors (4) criticized errors in the estimates of the
percent of wells that were polluted.

A third mechanism involves inflow of organic car-
bon, which in combination with groundwater removal
had drawn water from a depth where the arsenic level
was a maximum (19). The combination of the two pro-
cesses meant that so-called young carbon had driven
recent biochemical events. Further studies indicate
that field injection of molasses, nitrate, and low-arsenic
water could rapidly mobilize arsenic. This raised issues
of the proximity of irrigation wells to tube wells used for
drinking water (19).

The US EPA Office of Research and Development
has supported a four-system testing program at 40 sites
in 20 states (15). The technology systems tested were
coagulation-filtration, iron removal, anion exchange,
and adsorption (seven media). Presumably the results
of the field tests will be available in due course as will
the US EPA decision.

We believe a system we have described involving an
iron (IIT) derivative of an IMLIG (immobilized ligand),
a polyethyleneamine that is chemically attached to high-
surface silica, Octolig®-21/Fe(Ill) composite, merits
consideration as a removal material on a larger scale
(20). The basic IMLIG, Octolig®-21, has been used in
large-scale applications in the United States and Europe
for removing heavy metals (21). Converting this IMLIG
to the iron (III) composite (Ferrilig) was surely a facile
synthesis (21), and the resulting composite could reduce
300 ppb As (150 ppb As as arsenite and 150 ppb As as
arsenate) to 3 ppb or less by column chromatography (4.5
cm id, 1780 mL of Ferrilig). The removal of arsenic in
the field could be accomplished by using pre-packaged
Octolig®-21/Fe(IIl) composite. We recognize that ad-
ditional research would be needed to test what would
be a suitable container: A tube? A cloth or cloth-like
material used in a similar manner as suggested by Binns
(14)? In addition, it would be necessary to evaluate the
economics and efficacy and the inevitable differences of
various matrices.

Nitrate

Nitrate is thought to be the world’s most common con-
taminant of groundwater aquifers (22), and about 42%
of the US population depends upon groundwater as its
source of drinking water supply (23 ).

The contamination is use-based. For example, total
nitrogen in streams and nitrate in groundwater are highest

in agricultural areas, according to Ward and co-workers
(24), followed by urban areas and areas of mixed land
use. This variation is a consequence of the alteration of
the nitrogen cycle by human activity, especially over the
last fifty years, leading to a significant accumulation of
nitrate ions in the sources for drinking water (24). For
example, human production of nitrogen currently exceeds
fixed nitrogen from natural sources by some 30% (25),
whereas according to Lambert and Driscoll (26), prior
to 1950, human input was a small fraction of natural
sources. Major input associated with human activities is
due to the use of fertilizer, followed by animal and human
wastes, nitrogen oxides (automobiles, trucks, buses and
utilities), and leguminous crops that fix nitrogen (25).

The problem with the build up of nitrate is a con-
sequence of the chemistry of nitrogen. Ward and co-
workers (24) noted that nitrate is not taken up by plants
nor by denitrifying bacteria and migrates to streams and
ground waters. Under reducing conditions, nitrate can
be transformed to molecular nitrogen by denitrifying
organisms under oxygen-poor conditions, a significant
feature of the nitrogen budget in the ocean (27). And vari-
ous sources of nitrogen can be transformed to nitrate by
bacterial nitrification, by hydrolysis, and mineralization
in oxygen-rich conditions of soil and water.

The maximum concentration level (MCL) mandated
by the US EPA for nitrate in drinking water is 10 ppm
(mg/L) nitrate-nitrogen (NO,-N) or 44 mg/L as nitrate
(24). The World Health Organization requires a slightly
higher standard, 11 ppm NO,-N or 50 ppm as nitrate
(28).

The standards are provided out of concern to pro-
tect infants from “blue baby syndrome” or methemo-
globinemia (24). Ingested nitrate is reduced to nitrite,
which can bind to hemoglobin to form methemoglobin.
Elevated levels of this substance exceeding 10% lead to
the condition of methemoglobinemia, as the oxygen-car-
rying capacity of blood is affected, resulting in a change
from a rosy complexion to the so-called “blue-baby
syndrome” (24). The susceptibility of infants arises
from a dual characteristic: a greater capacity to reduce
nitrate to nitrite and their lower levels of a critical enzyme
that converts methemoglobin back to hemoglobin (24).
Nitrate can have an adverse effect on the thyroid gland,
and signs of increased thyroid volumes and thyroid dis-
orders were reported for 10-13-year-old school children
in the city of Kosice, Poland (29). The children lived in
a high nitrate area located in agricultural lowland with a
high nitrate drinking water (51-274 ppm) supplied from
shallow wells.
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How widespread the contamination is depends
upon the source; but one system in Florida has been
well studied: nitrate contamination of spring waters in
the Suwannee River Basin in northern Florida. There
are some unique problems here, including agricultural
factors. When the Lake Okeechobee Technical Advi-
sory Committee reviewed the contamination of Lake
Okeechobee, a major source recognized was waste from
dairy cattle, and a solution was a buy-out scheme: dairy
farmers were paid to take their cows elsewhere, and a
number were taken to the Suwanee River basin where
presumably land was cheaper The amount of nitrogen
from dairy cattle represents a small component of the
total nitrogen available in the system, and only a slight
impact of dairy cows seems to have been observed over
the years (30, 31).

Nitrate is of potential concern because it is a pre-
cursor to N-nitroso compounds, a group of genotoxic
substances that can be animal carcinogens (24). While
nitrate ion is a relatively inert ion that is nonmetaboliz-
able by human enzymes, nitrate-reducing bacteria can
reduce nitrate to nitrite. Under the acidic conditions of
the stomach, highly reactive species are formed that can
react with secondary and tertiary amines to produce the
N-nitroso amines (33). R. S. Braman, for example, found
an association between nitrosamines in urine and bladder
cancer (32). The relationship between intake of nitrate
in drinking water and urinary nitrosamines has not been
established, however (24).

Other cancer effects associated with nitrate in
drinking water have been considered in various studies.
Pancreatic cancer showed no significant associations
with quartile populations having average nitrate intake
or years of exposure (34); the conclusions were similar
for colorectal cancer, except for slightly elevated risks
for certain subgroups, e.g., those with above-medial
meat intake (35). Ward and co-workers (36) reported
dietary nitrate was associated with increased glioma
(brain cancer) risk, but did not find an association with
drinking water nitrate intake.

Probably adverse effects associated with drinking-
water nitrates are, as noted, “the result of a complex
interaction of the amount of nitrate ingested, the concomi-
tant ingestion of nitrosating cofactors and precursors,
and medical conditions of the host that may increase
nitrosation” (24).

The possible association between childhood Type
1 insulin-dependent diabetes mellitus and nitrate intake
has been considered in several investigations(37). One

such study covered over 1,000 cases of Type 1 diabetes in
children (0-14 years old) out of over 2.8 million children
(37), and the authors concluded there was no convinc-
ing evidence that drinking water at current levels in the
Netherlands was a risk factor for this disorder.

Certain areas of the world have significantly high
nitrate levels in drinking water. One of these is north-
ern Punjab, Pakistan, where 16, 40, 67, and 70% of the
samples in four separate districts exceeded WHO and
US EPA drinking water nitrate levels (38). The authors
of the study note that septic tanks, soaking pits, and
solid waste dumps are common in these districts, but
also excessive use of nitrate fertilizers can be a factor
because of leachates from these sources combined with
intensive agricultural production. High concentrations
of nitrate in shallow aquifers can also be found in other
areas of intense agriculture (Belgium, France, Germany,
US Midwest, United Kingdom),as well as in near-desert
regions, sites of heavy stresses on the water resources
(39). Namibia, for example, has recorded 16 times the
recommended limit of 50 mg NO,/L (39).

It would be unwise to focus solely on one species
in a source of water, a lake, for example. Senn and He-
mond (40) noted the positive effects of nitrate in an urban
lake (Upper Mystic Lake in Massachusetts), where they
demonstrated that nitrate controlled iron speciation by
oxidizing iron (II) to iron (II) to produce particles that
tended to remove arsenic (V) species, also favored in
the presence of sufficient nitrate ion. Thus, nitrate levels
in this eutrophic lake, and perhaps many others, affected
the speciation of a truly undesirable element and probably
limited the recycling of arsenic to produce more soluble,
more toxic species of arsenic (III).

The “Eliminate Project,” whose goal is zero efflu-
ent nitrate, is in progress (39). Some 40 selected sites in
the UK have used specially developed nitrate-selective
ion-exchange resins. Though the drinking water is very
good, the resulting effluent (brine with high nitrate con-
centrations) constitutes a significant disposal challenge.
The Eliminate Project is an effort to develop an elec-
trochemical means of converting the nitrate-containing
brine effluent to nitrogen gas and reuse the ion-exchange
regenerate (39).

One good example of this type of approach is the
removal and destruction of nitrate by using water-com-
pliant selective materials such as Purolite’s AS20E or
Rohm & Haas’ Amberlite PWA 555. These materials
are regenerated with a concentration brine to regenerate
the ion-exchange materials. Then the brine solution is
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sent to an electrochemical cell (EDA’s SERIX-systems)
to produce molecular nitrogen and water (41).

Perchlorates

The problem of perchlorate contamination may be
widespread. US EPA identified perchlorate users and
manufacturers in 44 states and releases in 18 states and
came to the conclusion that perchlorate affected the
drinking water of 15 million persons in the United States
(42). Perchlorates represent a comparatively recently
recognized danger as a water contaminant, primarily
since World War II because of the use of ammonium
perchlorate as a rocket propellant. Some lesser problems
associated with fertilizer application have been suspected
because perchlorate can be a natural contaminant of Chil-
ean saltpeter (43), and there is a possibility of naturally
occurring perchlorates in Texas (44).

The concern for perchlorate in water supplies
arises from three factors: the effect on the thyroid, high
solubility of most perchlorates, and, curiously enough,
improvement in the assay for perchlorate. Most com-
monly used perchlorates are quite soluble, so that if
there is contamination through careless applications of
ammonium perchlorate, the material is likely to spread
and contaminate ground water. In 1997, moreover, the
assay sensitivity for perchlorate in water was enhanced
from 0.4 mg /L (400 ppb) to 4 pg/L (ppb) by means of
a new ion chromatography method so that lower levels
of perchlorate could be detected.

Presumably because of releases of ammonium per-
chlorate by defense contractors, military operations, and
aerospace programs and enhanced analytical sensitivity,
perchlorate has been found in drinking water throughout
the southwestern United States (45). Public water sup-
plies in Southern California had detectable perchlorate
ion levels (5-8 ppb), and those in southern Nevada were
at 5-25 ppb (46). The US EPA has recommended a
provisional cleanup level for this pollutant in the range
of 4-18 ppb (47).

On the other hand, industrial usage of ammonium
perchlorate was not the only cause of perchlorate con-
tamination of water supplies, as a thorough study of the
Texas Southern High Plains aquifer system revealed (44).
Among a total of 254 wells in nine counties over an area
of about 24,000 km?, 70% had detectable perchlorate
(>0.5 ppb), 35% had concentration of 4 ppb or greater
(44). Several possibilities were proposed: (1) a natural
mineralogical contaminant, (2) agricultural fertilizers

contaminated with perchlorate, (3) in situ generation of
perchlorate by redox reactions, or (4) some combination
of these factors, not yet fully understood (44).

Perchlorate in drinking water is a risk for public
health because of the effect on the thyroid gland. During
the past 55 years, potassium perchlorate has been used to
treat hyperthyroidism (46). More generally, perchlorate
is a competitive inhibitor of iodide uptake. At current
therapeutic levels or lower, pharmacological effects of
perchlorate are ascribed to inhibition of the sodium-
iodide symporter (NIS) on the thyroid follicular cell
membrane. Levels of interest are those at which thyroid
levels may be reduced or TSH levels increase, and such
exposure may begin at the 35-100 mg/day range. The
level at which perchlorate starts to affect iodine uptake
in humans may occur at about 1 mg/d. The ions can
affect production of metabolic hormones by the thyroid
gland (43, 47), which would affect development; also,
perchlorate ions can even induce thyroid gland tumors.

The concern over the possibility of cancer occur-
ring as a result of drinking water contaminated with
ammonium perchlorate has arisen. One study (48)
examined the number of observed cancers versus those
expected for a California community (1988-1998). No
significant differences were observed between observed
and expected for all cancers, for thyroid cancer, or for
11 other types of cancer, and fewer cases than expected
were reported for lung and bronchus and the colon and
rectum. But more cases than expected were observed
for uterine cancer and skin melanoma.

Perchlorate ion is difficult to remove from water.
Because it is a very soluble ion (2.09 kg/L) (49), there
is no obvious technology for its removal (47). For ex-
ample, while some anion-exchange resins may remove
perchlorate, they remove all other anions first, and the
final product water is too corrosive for use without res-
toration of hardness (47). Use of zerovalent metals may
successfully remediate chlorinated aliphatic compounds
(e.g., trichloroethylene), but they are ineffective for
perchlorate (47).

Bioremediation of perchlorate-contaminated water
has potential (45, 50), as bacteria capable of such degra-
dation are widely distributed in nature in concentrations
ranging from one to thousands per gram of water or
wastewater, sediment, or soil (51, 52 ). And it may well
be that bioremediation will be the penultimate solution
to this challenging problem. At present, though, Logan
(47) suggested that new ion-exchange systems capable
of selectively removing perchlorate would be the best
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solution for small amounts of contaminated water. One
such system is Purolite A-530E bifunctionalized resin,
which offers a high selectivity for perchlorate (53).
Biodegradation has been successful even in 11% brine
solutions, and biodegradation may ultimately be the
most cost-effective system for treating “wide-spread
contamination of drinking water” (47). The problem of
perchlorate contamination is one that is likely to persist,
given the contamination of aquifers, a common source
of drinking water.

The ultimate answer to perchlorate contamina-
tion and related problems may be wisdom of use and
disposal.

REFERENCES AND NOTES

1. T. Oki and S. Kanae, “Global Hydrological Cycles and
World Water Resources,” Science, 2006, 313, 1068-
1072.

2. D. Chakraborti, A. Hussam, M. Alauddin, Guest Ed.,
“Arsenic: Environmental and Health Aspects with Special
Reference to Groundwater in South Asia,” J. Environ. Sci.
Health 2003, A38 (3), 1- 305.

3. A. Fazal, T. Kawachi, and E. Ichion, “Extent and
Severity of Groundwater Arsenic Contamination in
Bangladesh,” Wat. Internat. 2001, 26 (3), 370-379.

4. A.Fazal, T. Kawachi, and E. Ichion, “ Validity of The
Latest Findings on Causes of Groundwater Arsenic Con-
tamination in Bangladesh,” Wat. Internat., 2001, 26 (3),
380-389.

5. Q. Quamruzzaman, M. Rahman, M. A. Salam, A. I.
Joarder, M. Shahjahan, and S. U. Mollah, “Painting Tube
Wells Red or Green Alone Does Not Help Arsenocosis
Patients,” in Arsenic Exposure and Health Effects V.
Chappell, W. R., Ed., Proc. Internat. Conf. on Arsenic
Exposure and Health Effects, San Diego, CA, July 14- 18.
2003, 415-419.

6.  A. H. Smith, E. O. Lingas, and R. Rahman, “Contamina-
tion of Drinking-water by Arsenic in Bangladesh: a Public
Health Emergency,” Bull. World Hith. Org. 2000, 78 (9),
1093-1103.

7.  A.H. Milton and M. Rahman, “Respiratory Effects and
Arsenic Contaminated Well Water in Bangladesh,” In-
ternat. J Environ. Hlth. Effects, 2002, 12 (2), 175-179.

8. D. G. Kinniburgh, and P. L. Smedley, Ed., Arsenic
Contamination of Groundwater in Bangladesh, British
Geologic Survey Report WC/00/19, 2001. [www.bgs.
ac.uk/arsenic/Bangladesh].

9. British Geological Survey. Groundwater Studies for
Arsenic Contamination in Bangladesh. Final Report, Brit-
ish Geological Survey, Mott MacDonald Ltd., London,
1999.

10. U. K. Chowdhury, B. K. Biswas, T. R. Chowdhury, G.
Samanta, B. K. Mandal, G. C. Basu, C. R. Chanda, D.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

Lodh, K. C. Saha, S. K. Mukherjee, S. Roy, S. Kabir, S.,
Q. Ouamruzzaman, and D. Chakraborti, “Groundwater
Arsenic Contamination in Bangladesh and West Bengal,
India,” Environ. Hith. Persp., 2000, 108, 393-397.

W. E. Linke, Solubilities, Inorganic and Metal-organic
from the Periodical Literature, American Chemical So-
ciety, Washington, DC, 1958.

R.S.Oremland and J. F. Stolz, “The Ecology of Arsenic,”
Science, 2003, 300, 939-944.

G. T. Moeller, Qualitative Analysis, McGraw-Hill, New
York, 1958.

J. Binns “Innovative Filter Removes Arsenic From Con-
taminated Water.” Civil Eng., 2005, March, 37.

N. Zelig, “Demo Program Gathers Data on Arsenic-Re-
moval Processes,” Out Front, 2005, October, 6-7.

G. D. Stedge, “Proposed Arsenic in Drinking Water
Rule Regulatory Impact Analysis,” EPA 815-R-00-013.
Developed by Abt Associates Inc. for U.S. Environmental
Protection Agency, Washington, DC, 2000.

J. M. McArthur, P. Ravenscroft, S. Safiulla, and M. F.
Thirlwall, “Arsenic in Groundwater. Testing Pollution
Mechanisms for Sedimentary Aquifers in Bangladesh,”
Wat. Resources Res., 2001, 37 (1) 109-117.

P. Ravenscroft, J. M. McArthur, and B. A. Hoque, “Geo-
chemical and Palaeohydrological Controls on Pollution
of Groundwater by Arsenic,” in W. R.Chappell, C. O.
Abernathy, and R. L. Calderon, Ed., Arsenic Exposure
and Health Effects IV. Proc. Internat. Conf. on Arsenic
Exposure and Health Effects, San Diego, CA, June 18-22,
2000, 53- 77.

C.F Harvey, H. Swartz, A. B. M. Badruzzaman, N. Keon-
Blute, W. Yu, M. A. Alj, J. Jay, R. Beckie, V. Niedan, D
Brabander, P. M. Oates, K. N. Ashfaque, S. Islam, H.
F. Hemond, and M. F. Ahmed, “Arsenic Mobility and
Groundwater Extraction in Bangladesh,” Science, 2002,
298,1602-1606.

D. F. Martin, B. B. Martin, L. O’Donnell, and R. All-
dredge, “Removal of Aqueous Arsenic Using Iron At-
tached to Immobilized Ligands ( IMLIGS), J. Environ.
Sci. Hith., 2007, 42, 97-102.

Anon, Tomorrow'’s Solution Today. Published by Metre-
General, Metre- General Inc., P.O., Box 1149, Frederick,
CO 80530, 2005. http://www/octolig.com [accessed,
June 20, 2006]

R. F. Spalding and M. E. Exner, “Occurrence of Nitrate
in Groundwater — A Review,” J. Environ. Qual., 1993,
22, 392-402.

S. S. Hutson, N. L. Barber, J. F. Kenny, K. S. Linsey, D.
S. Lumia, and M. A. Maupiin, “Estimated Use of Water in
the United States in 2000,” USGS Circular 1268, Denver
CO, U. S. Geological Survey, 2004.

M. H. Ward, T. M. deKok, P. Levallois, J. Brender, G.
Gulls, B. T. Nolan, and J VanDerslice, “Workgroup Re-
port: Drinking water Nitrate and Health —Recent Findings
and Research Needs,” Environ. Hlth. Perspect., 2005,
113,1607-1614.




Bull. Hist. Chem., VOLUME 33, Number 1 (2008)

23

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

S. Fields, “Global Nitrogen: Cycling Out of Control,”
Environ. Hith. Perspect., 2004, 112, A557-A563.

K. F. Lambert and C. Driscoll, Nitrogen Pollution: From
the Sources to the Sea, Hubbard Book Research Founda-
tion, Hanover, NH, 2003.

D. F. Martin, Marine Chemistry, Theory and Applications,
Marcel Dekker, Inc., New York, 1970, Vol. 2, 227-233.
WHO, Guidelines for Drinking Water Quality, Recom-
mendations, World Health Organization, Geneva, Swit-
zerland, 3rd ed., Vol. 1, 2004.

M. Tajtakova, Z. Semanova, Z. Tomkova, E. Szoekeova,
J. Majoros, Z. Radikova, E. Seboekova, I. Klimes, and
P. Langer, “Increased Thyroid Volume and Frequency of
Thyroid Disorders Signs in Schoolchildren From Nitrate
Polluted Area,” Chemosphere, 2006, 62(4), 559-564.
The author was a member of the Lake Okeechobee
Technical Advisory Committee-II, appointed by Florida
Governor Robert Martinez.

B. G.Katz, H. D. Hornsby, J. F. Bohlke, and M. F. Mokray,
“ Sources and Chronology of Nitrate Contamination in
Spring Waters, Suwannee River Basin, Florida,” Water-
Resources Investigations. Rpt 99-4252, U.S. Geological
Survey, Tallahassee, FL, 1999.

R. S. Braman, Dept of Chemistry, University of South
Florida, Tampa, FL, personal communication, 2000.
See also M. F. Katz, Development of a Rapid Screen-
ing Procedure for the Detection of Nitrite, Nitrate, and
Total N-Nitrosamine in Environmental and Physiologi-
cal Samples, Ph.D. Thesis, University of South Florida,
Tampa, FL, 1995.

C. D. Leaf, J. S. Wishnok, and S. R Tannenbaum,
“L-Arginine is a Precursor for Nitrate Biosynthesis in
Humans,” Biochem. Biophys. Res. Commun. , 1989, 8,
1032-1037.

A. Coss, C. Lynch, K. P. Cantor, and M. H. Ward, “Pan-
creatic Cancer and Drinking Water and Dietary Sources
of Nitrate and Nitrite,” Am. J. Epidemiol., 2004, 159,
693-701.

A.J.DeRoos, M. H. Ward, C. F. Lynch, and K. P. Cantor,
“Nitrate in Public Water Systems and the Risk of Colon
and Rectum Cancers,” Epidemiol., 2003, 14, 640-649.
M. H. Ward, E. F. Heineman, R. D. McComb, and D.
D. Weisenburger, “Drinking Water and Dietary Sources
of Nitrate and Nitrite and Risk of Glioma,” J. Occup.
Environ. Med., 2005, 47, 1260-1267.

J.M. S. Van Maanen, H. J. Albering, T. M. C. M De Kok,
S. G. J. Van Breda, D. M. J. Curfs, I. T. M. Vermeer, A.
W. Ambergen, B. H. R. Wolffenbuttel, J. C. S. Kleinjans,
and H. M. Reeser, “Does the Risk of Childhood Diabetes
Mellitus Require Revision of the Guideline Values for
Nitrate in Drinking Water?” Environ. Health Perspec.,
2000, 108, 457-461.

N. Imtiaz, T. Aftab, Z. Igbal, M.R. Asi, and A. Hussain,
“Nitrate Burden in Drinking Water in Northern Punjab,

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Pakistan: A Challenge for Public Health,” J. Chem. Soc.
Pakistan, 2004, 26, 450-452.

M. J. Waite, P. M. Tucker, and D. Foster, “The Eliminate
Project: Zero Effluent Nitrate Removal and Destruction
from Drinking Water Sources,” Ion Exchange at the Mil-
lennium, Proc. IEX 2000, 8" Cambridge, UK, July 16-21,
2000.

D. B. Senn and H. F. Hemond, “Nitrate Controls on Iron
and Arsenic in an Urban Lake,” Science, 2002, 296, 2373-
2376.

Removal & Destruction of Nitrate with SERIX-N (Se-
lective Electrochemically Reagent Extraction). www.
e-d-a.com/html/water/nitrate/nitrate.html
www.epa.gov/safewater/ccl/perchlor/r9699fac.pdf

E. T. Urbansky, “Perchlorate as an Environmental Con-
taminant,” Environ. Sci. Poll. Res. Internat., 2002, 9(3),
187-192;

W. A. Jackson, S. K. Anandam, T. Anderson, T. Lehman,
K. Rainwater, S. Rajagopalan, M. Ridley, and R. Tock,
“Perchlorate Occurrence in the Texas Southern High
Plains Aquifer System,” Ground Wat. Monit. Remed.,
2005, 25(1), 127-149.

E. T. Urbansky, “Perchlorate Chemistry: Implications
for Analysis and Remediation,” Bioremed. J., 1988, 2,
81-95.

O.P. Soldin, L. E. Braverman, and S. H. Lamm, “Per-
chlorate Clinical Pharmacology and Human Health: A
Review,” Therapeutic Drug Monit., 2001, 23, 316-331.
B. E. Logan, “Assessing the Outlook for Perchlorate
Remediation,” Environ. Sci. Technol., 2001, 35, 483A-
487A.

J. W. Morgan and R., E. Cassady, “Community Cancer
Assessment in Response to Exposure to Perchlorate and
Trichloroethylene in Drinking Water,”J. Occup. Med.,
2002, 44, 616-621.

A. A. Shilt, “Perchloric Acid and Perchlorates,” G. Fred-
erick Smith Chemical Company, Columbus, OH, 1979,
33.

B. E. Logan, “AReview of Chlorate- and Perchlorate-re-
spiring Microorganisms” Bioremed. J., 1998, 2, 69-71.
J. D. Coates, U. Michaelidou, R. A. Bruce, S. M.
O’Connor, Jill N. Crespi, and L. A. Achenbach, “Ubiquity
and Diversity of Dissimilatory (Per)chlorate-Reducing
Bacteria,” Appl. Environ. Microbiol., 1999, 65, 5234-
5241.

J. Wu, R. Unz, H. Zhang, and B. E. Logan, “Persistence of
Perchlorate and the Relative Numbers of Perchlorate- and
Chlorate-Respiring Microorganisms in Natural Waters,
Soils, and Wastewater,” Bioremed. J., 2001, 5, 119-130.
“Purolite® Perchlorate Removal” www.purolite.com/
industries&applications/watereatment/Perchlorate_Re-
moval.php




24

Bull. Hist. Chem., VOLUME 33, Number 1 (2008) |

ABOUT THE AUTHORS

Dean Martin is Distinguished University Professor
Emeritus at the University of South Florida, where he
has been a faculty member for 42 years. His teaching
assignments included environmental chemistry and his-
tory of chemistry. Barbara Martin, Assistant Professor

of Chemistry (Courtesy) at USF shares interests in in-
organic and environmental chemistry with her husband
and is coeditor of Florida Scientist. Robert Alldredge, a
chemical engineer, was part of the Manhattan Project and
is currently President of Metre-General, Inc. (Frederick,
CO), a firm that produces supported chelating agents.

FUTURE ACS MEETINGS

April 6-10, 2008 —New Orleans, LA
August 17-21, 2008 —Philadelphia, PA
March 22-26, 2009 —Salt Lake City, UT
August 16-20, 2009 — Washington, DC
March 21-25, 2010—San Francisco, CA
August 22-26, 2010 —Boston, MA
March 27-31, 2011 — Anaheim, CA

WEBSITES

HIST: http://www.scs.uiuc.edu/~mainzv/HIST

CHEMICAL HERITAGE: http://www.chemheritage.org
HISTORY OF SCIENCE SOCIETY: http://www.hssonline.org




