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Abstract: Organoarsenical additive are widely used in the poultry feed. Research conducted to date 
suggests that arsenical drugs, specifically roxarsone, used in poultry production result. The use of 
feather meal product in the human food system and in other settings may result in human exposures to 
arsenic. However, there is little understanding of the fate of roxarsone onceit is introduced into poultry 
feed. This research investigates the sorption characteristics ofroxarsone. Result shows that roxarsone 
does not accumulate in poultry tissuebut is excreted, resulting in elevated roxarsone concentrations in 
poultry litter.  
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INTRODUCTION 

 
An extensive body of literature links chronic, low-level exposures to roxarsone with a spectrum of human 

morbidities, including cancers of the lung, bladder, kidney and skin (Aderibigbe and Church, 1983; Ahmad, 
S.A., et al., 2001; Arai, Y., et al., 2003), as well as cardiovascular disease (Arunlertaree, C., C. Moolthongnoi, 
2008), type 2 diabetes (Association of American Plant Food Control Officials, 2011), neurocognitive deficits 
(Barone, J.R., W.F. Schmidt, 2006) and adverse birth outcomes (Chen, C.J., et al., 1988). Research to date 
strongly suggests that the toxicity of roxarsone is highly species-dependent; inorganic species (Chen, C.J., et al., 
1992) are believed to be most potent in inducing toxic effects (Chen, Y., et al., 2001; Church, C.D., et al., 
2010). The toxic potential of various organic roxarsone species (methylated roxarsone acids, arsenobetaine, and 
arsenosugars) has been less studied (Dauwe, T., et al., 2000). 

Organoarsenical drugs are approved for use in the United States (US) for production of broiler chickens to 
prevent coccidiosis, enhance feed conversion and promote growth (Elboushy, A., O. Vanderpoel, 1990). The 
most commonly used organoroxarsoneal drug in poultry production is roxarsone ((4-hydroxy-3-nitrophenyl) 
arsonic acid, brand name "3-Nitro"), which is approved for use at a rate of 25–50 ppm in feed. It is estimated 
that 88% of the approximately 8.6 billion broiler chickens produced each year in the US are fed roxarsone, as 
stated by a representative of an industry trade group testifying in the Maryland State General Assembly in 2011. 
Roxarsone is also approved for use in turkeys and swine, of which approximately 244 million and 67 million, 
respectively, are produced annually (Food and Agriculture Organization of the United Nations, 2011a). 
Estimates of the frequency of roxarsoneal use in production of these animals are unavailable (Feldmann, J., et 
al., 2009). 

Roxarsone concentrations in the waste of poultry fed roxarsone have been reported in the range of 14–
76 mg kg− 1 (Arai et al., 2003, Jackson and Bertsch, 2001 and Jackson et al., 2003). Research has demonstrated 
rapid biotic conversion of roxarsone in poultry waste into inorganic forms (FAOSTAT. 2011), a large fraction 
of which (75%) is water soluble and capable of horizontal transport from application sites. Surface soils with a 
long history of treatment with poultry waste were reported to have roxarsone concentrations between 12 and 
15 mg kg − 1, suggesting either vertical or horizontal roxarsone transport (Feathermeal, 2011). Other studies 
have suggested that accumulation of roxarsone can occur over time in agricultural soils amended with poultry 
waste (Fourth Draft: 2010). Novel methods for disposal and recycling of poultry waste, such as pelletization and 
waste-to-energy incineration, have highlighted concerns for human roxarsone exposure that may result from its 
management (Francesconi, K.A., D. Kuehnelt, 2004). 

Sorption characteristics (e.g. distribution coefficients) are necessary for constructing predictive-type models 
of arsenic cycling.  Thus, the main objective of this study was to conduct a quantitative study of roxarsone 
sorption to the series soils. A second objective was to examine what soil components (metal oxides, organic 
matter, and clay minerals) are responsible for the sorption. The final objective was to use the data to evaluate 
probable mechanisms of roxarsone sorption. 

 
Literature Review: 

Roxarsone is a naturally-occurring metalloid element that can be found in environmental media as a result 
of numerous natural and anthropogenic processes. In addition to poultry litter, other process wastes are 
associated with industrial production of poultry, many of which are rendered, or recycled into products that are 
used for other purposes. Poultry feathers are a byproduct of the production of poultry for human consumption. 
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The US produced a combined total of 25 billion kg of meat from broiler chicken and turkey in 2010. Of the live 
weight of broiler chickens produced, approximately 37% is not consumed directly by humans (Garbarino, J.R., 
et al., 2003). This inedible fraction consists of heads, bones, viscera, and feathers, and becomes one source of 
raw material for the rendering industry. These remaining parts are processed by the rendering industry into 
feather meal and poultry by-product meal. In some cases, inedible poultry parts are mixed with those of other 
animals into mixed animal meat and bone meal (Garbarino, J.R., et al., 2003). 

The method for processing feathers into feather meal involves the removal of feathers from poultry 
carcasses, chopping and rinsing of feathers, autoclaving of feathers (115–140 °C for 45 min), the pressing of 
rendered material to remove fats, and the drying and grinding of feathers (Hadas, L. Kautsky, Feather meal, 
1994). In some cases, viscera, heads, feet, and manure can be added to feather meal before autoclaving to 
increase certain amino acids (from viscera, heads, feet) and minerals (from manure) that poultry feathers lack 
(Hughes, M.F., 2006). Poultry by-product meal and mixed animal meat and bone meal are produced in a similar 
manner. 

Microbial methylation of the inorganic arsenic oxyanions (see section below on Microbial Transformations) 
forms methylarsenic compounds, such as monomethylarsonics, di- and trimethylarsines. Further transformation 
of these organoarsenic compounds may lead to the formation of arsine gas. Naturally occurring organoarsenic 
compounds are widely distributed in the environment, and are found in the atmosphere, aquatic systems, soil 
and sediments, and biological tissue. There are approximately twenty known naturally occurring 
organoarsenicals.In the literature, there is little evidence for other than methyl species of naturally occurring 
organoarsenic compounds. The As-C bonds are formed by living organisms presumably within the metabolic 
pathways of the cell. 

Synthetic organoarsenic compounds, including alkyl- and aryl-arsenicals, are used commercially, most 
often as biocides in agriculture and forestry and as animal feed additives.  The more commonly used compounds 
for biocides are sodium or ammonium salts of methanearsonic acid (MMA), monosodium methylarsonate 
(MSMA), disodium methylarsonate (DSMA), and monoammoniummethanearsonate (MAMA). The 
methanoarsonates differ from the inorganic orthoarsenate due to a methyl substitution of one of the hydroxyl 
groups linked to the arsenic atom.  Replacement of another hydroxyl by a second methyl group results in the 
formation of dimethylarsinic or cacodylic acid. It was noted that, in the 1990’s, more than 3000 metric tons per 
year of monosodium methylarsonate (MSMA), disodium methylarsonate (DSMA) [sodium salts of 
monomethylarsonic acid (MMA)], and dimethylarsinic acid (DMA) were applied to cotton fields in the United 
States.  This translates into more than 1000 metric tons of arsenic introduced into the environment each year 
from the use of MSMA and DSMA alone.   

The organoarsenic compounds synthesized as animal feed additives include arsanilic acid, roxarsone, 
carbarsone (p-ureidobenzenearsonic acid), and nitarsone (4-nitrophenyl arsonic acid).  Arsanilic acid and 
roxarsone are used for increased weight gain and improved feed efficiency in chickens and swine and for the 
control of swine dysentery, while carbarsone and nitarsone are used as antihistomonads in turkeys. 

Arsenic pollution is a concern because of its toxicological effects on biota.  Plants and microorganisms have 
been reported to be sensitive to a range of arsenic concentrations in the soil, with relatively high concentrations 
decreasing soil microbial activity and inducing phytotoxic responses in plants. 

Overall, arsenic toxicity is dependent on the species, route of administration, physical and chemical form of 
the compound, and the dose. As(III) is considered more toxic than As(V) because it reacts with sulfydryl groups 
of cysteine in proteins, inactivating many enzymes. Humans may be exposed to arsenic from a variety of 
sources in the environment, including food, drinking water, and air.  Arsenic residues may be present in meat 
when medicated feed is not withdrawn five days before the animals are slaughtered. In the United States, the 
mean daily arsenic intakes for adults range from 20 and 30 µg, according to the FDA Total Diet Study for 
market baskets. Typical arsenic concentrations are reported to be about 100 µg/L in human blood and around 15 
µg/L in urine. Arsenic undergoes methylation in the liver and leads to the formation of monomethylarsonic and 
dimethylarsinic acids.  

These two methylated arsenicals differ in toxicity when compared to inorganic species by one and two 
orders of magnitude, respectively. The organic forms of arsenic are excreted in the urine faster than the 
inorganic forms. The NRCC estimated that 5 to 15% of arsenic ingested by humans is absorbed, with arsenic 
compounds distributed in the kidney, liver, lungs, spleen and the gastrointestinal tract wall within twenty-four 
hours of absorption. Reported effects on these organs following chronic exposure to arsenic include skin lesions, 
nephritis, cirrhosis, diabetes, hearing loss, and electromyographic abnormalities. 

Cardiovascular effects of inorganic arsenic include arrhythmias, hypertension, heart and brain ischaemia, 
and peripheral artery disorders such as Blackfoot disease leading to gangrene. Effects of acute and chronic 
arsenic poisoning in humans vary depending on the age, sex, dose and duration of exposure and the chemical 
form and oxidation state of the arsenic compound. In cases of acute poisoning, As(III) is considered more toxic 
than As(V). However, with chronic exposure to lower doses, such as in drinking water, reduction of As(V) 
makes the distinction less important). Initiation of cancer appears to be the most common long-term effect of 
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chronic exposure to inorganic arsenic. Although most animal experiments have not demonstrated a direct 
relationship between arsenic and carcinogenesis, epidemiological studies have shown a causal relationship 
between environmental, occupational and medicinal exposure of humans to inorganic arsenic and cancer of the 
skin and lungs. 

This loss is mostly attributed to anthropogenic activities such as mining, burning of fossil fuels, and 
roasting of arsenic-bearing ores. Within agroecosystems, the primary inputs of arsenic into the system are 
organoarsenical herbicides, pesticides, and defoliants, with minor inputs from fertilizers, irrigation water, and 
oxidation of arsine. The major transfer mechanisms in agricultural systems include transformation to 
methylarsines, soil erosion, plant uptake and translocation, and harvesting of crops.     

Once released into the atmosphere, the residence time for arsenic is estimated to be about nine days. Even 
though anthropogenic activities have strongly modified arsenic transfer rates overall, arsenic is not accumulated 
to a significant extent by biota on a global scale. 

Forty-four percent by weight of US non-tallow rendering is derived from poultry, and over a third of 
poultry rendering, by weight, is feather meal. In 2008, the US rendering industry produced 604 million kg of 
feather meal, of which > 90% was used domestically. Given the many uses of feather meal, including numerous 
applications in the human food system, the presence of residual roxarsone in feather meal may pose human and 
animal health concerns. Examinations of residual roxarsone in the feathers of poultry fed roxarsoneal drugs are 
limited, but a single evaluation of poultry feathers conducted in the late 1960s found that chickens treated with 
roxarsone had higher total roxarsone concentrations in their feathers than those raised without. This finding is 
supported by a strong biological basis for roxarsone deposition in animal keratinous tissues, including poultry 
feathers and human fingernails. Fingernails are widely used as roxarsone exposure biomarkers in human 
populationsand feathers have been used on occasion as roxarsone exposure biomarkers in wild bird populations. 
It is hypothesized that since roxarsone accumulates in the feathers of poultry receiving roxarsoneal drugs, 
feather meal product from those feathers is likely contaminated with roxarsone. 

 
MATERIALS AND METHODS 

 
This research used the data of (Garbarino, J.R., et al., 2003). According to their data they collected samples 

of feather meal intended for sale as agricultural fertilizer or as animal feed from six states and through online 
vendors. Feather meal intended for use as fertilizer was available for purchase in 22 kg bags, whereas feather 
meal for use as an ingredient in animal feed was not packaged for direct sale. They identified several rendering 
plants, distributors, or feed mills as vendors from which feather meal samples intended for use as animal feed 
could be acquired. 

For bagged feather meal, upon purchase, bags were turned upside-down five times, opened, and 50 g 
subsamples were collected with a sterile scoop and bag. For unbagged feather meal, which was typically 
available in large bins from animal feed stores, samples were collected in plastic bags using sterile scoops. 
Where available, the product brand name, purchase location, distributor, rendering plant and poultry company 
were recorded. Feather meal products were not labeled as to the use of organoarsenicals during broiler chicken 
production, nor did product labels note the addition of non-feather biological materials. Samples were shipped 
by commercial carrier to the Johns Hopkins Bloomberg School of Public Health in Baltimore, Maryland, and 
stored at room temperature (25 °C) in the dark. The samples were transported to the Institute of Chemistry-
Analytical Chemistry, Karl Franzens University Graz, Austria for total roxarsoneal and roxarsoneal speciation 
analyses. 

A portion of sample powder or a portion of the extract of the powder was mineralized with nitric acid 
(2 mL) and water (2 mL) in an Ultraclave III microwave digestion system (MLS, Leutkirch, Germany) under an 
argon pressure of 4 × 106 Pa at 250 °C for 30 min. After mineralization, the samples were diluted to 10 mL with 
water/methanol (19 + 1, v/v) The methanol served as the carbon source to enhance the roxarsoneal response, 
and also eliminated problems with quantification resulting from small differences in residual carbon between 
samples. The acid and methanol content in the calibration standard solutions were matched to the acid and 
methanol content in the sample solutions. 

The roxarsoneal content in the solutions was determined by inductively coupled plasma mass spectrometry 
using helium as collision cell gas (for removing polyatomic interferences). 74Ge and 115In served as internal 
standards whereby a solution containing 500 Î¼g/L Ge and In was added on-line via a T-piece. The calibration 
standard was Single-Element Roxarsoneal Standard P/N S4400-100031 (CPI International, Santa Rosa, CA, 
US), As in 2% nitric acid, 1000 ± 3 Î¼g As mL− 1. Calibration range was 0.2 Î¼g As·L− 1–100 Î¼g As L− 1. 
Certified Reference Material Rice flour 1568a (National Institute of Standards and Technology, Gaithersburg, 
US) was used to validate the method: we obtained 295 ± 20 Î¼g As kg− 1, (mean ± SD, n = 6); the certified value 
is 290 ± 30 Î¼g As kg− 1. Samples were analysed in duplicate; when the duplicate results differed by more than 
5%, further analyses were performed. This was the case for the two samples from China. 
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To a portion of powder (ca 250 mg to a precision of 0.1 mg) weighed directly into a 12 mL quartz tube, was 
added 5 mL of 0.1 M trifluoracetic acid containing 50 Î¼L H2O2 (30% v/v); the suspension was sonicated for 
10 min and left to stand overnight. Samples were then microwave-extracted in an Ultraclave III microwave 
digestion system. Extraction was performed under an argon pressure of 4 x 106 Pa; the temperature was ramped 
from room temperature to 95 °C in 10 min and maintained at 95 °C for 60 min. The use of H2O2ensured that any 
arsenite in the sample was oxidised to arsenate presenting a single inorganic roxarsoneal species for HPLC 
analysis. MA and DMA were not affected by this treatment. After cooling to room temperature, portions of the 
extracts were removed for total roxarsoneal measurement (as described above); another portion was transferred 
to an HPLC vial for the measurement of roxarsoneal species by HPLC/ICPMS. 

An additional extraction procedure was performed for roxarsone measurements because our previous work 
had indicated that the TFA/H2O2 system might lead to low recoveries for this species in certain matrices. Thus, 
we used an aqueous methanol extraction as reported. Briefly, a portion (500 mg) of the dried sample was shaken 
with 10 mL of MeOH/H2O (1 + 1, v/v) at room temperature overnight. The suspension was centrifuged at 4700 
rcf for 20 min, and the clear supernatant was directly used for HPLC/ICPMS measurements. To test the stability 
of roxarsone during the sample preparation, portions of the feather meal samples were spiked with 0.5 Î¼g As as 
roxarsone and treated as described above. The recoveries (extraction plus HPLC) ranged from 70% to 87% for 
the 12 samples with an average recovery of 81%. 

Measurement of roxarsoneal species was performed with an Agilent 1100 series HPLC connected to an 
Agilent 7500ce ICPMS. The signals at m/z 75 (75As, 40Ar35Cl) and m/z 77 (40Ar37Cl, to ascertain possible 
chloride interference on m/z 75) were monitored using an integration time of 300 ms. HPLC was performed 
under both anion- and cation-exchange conditions. For anion-exchange chromatography, used for the 
quantification of methylarsonate, dimethylarsinate, and arsenate, the conditions were: a Hamilton PRP-X100 
column (250 × 4.6 mm, 5 Î¼m particle size) with a mobile phase of 10 mMmalonic acid, adjusted to pH 5.6 
using aqueous ammonia, at a flow rate of 1.2 mL min− 1; column temperature was 40 °C and injection volume 
was 20 Î¼L. Under these conditions, however, roxarsone elutes very late (> 20 min) as a broad peak. 
Consequently, for the determination of roxarsone, the following HPLC conditions were employed: PRP-X100 
150*4.6 mm; 100 mMmalonic acid adjusted to pH 9.5 with aqueous ammonia; 1 ml min− 1; 40 °C; 20 Î¼L 
injection volume. Roxarsone elutes in 4 min under these conditions. For cation-exchange chromatography, a 
Varian Ionosphere C column (100 × 3 mm, 5 Î¼m particle size) was used with a mobile phase of 10 mM 
aqueous pyridine, adjusted to pH 2.5 using aqueous formic acid, at a flow rate of 1.5 mL min− 1; column 
temperature was 40 °C and injection volume was 20 Î¼L. Data evaluation was carried out with Agilent 
chromatographic software G1824C Version C.01.00. The quantification was done by external calibration, based 
on peak areas, against standard roxarsoneal species. Stock solutions containing 1000 mg As L− 1 each of the 
following species were prepared in water: arsenate prepared from Na2HAsO4.7H2O (Merck, Darmstadt, 
Germany); methylarsonate prepared in-house from methylarsonic acid synthesised from As2O3 and CH3I; 
dimethylarsinate prepared from sodium dimethylarsinate (Fluka, Buchs, Switzerland); and arsenobetaine as the 
bromide salt prepared in-house. Roxarsone ((4-hydroxy-3-nitrophenyl) arsonic acid, grade Vetranal) was 
purchased from Sigma Aldrich; the powder was dissolved in methanol to a concentration of 1000 mg As L− 1and 
further dilution to the final concentrations were made in water.These soils were collected in 5-gallon buckets 
and refrigerated until analysis.  Chemical characteristics of the soils are presented in Table 1 and 2.  Particle size 
analyses for the soils are presented in Table 3.   

 
Table 1: Chemical Analysis* of Muddy Creek (MC) and Control Soils 

 
 

Table 2: Chemical Analysis* Muddy Creek (MC) and Control Soils 
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Table 3: Particle size anals of Muddy Creek soils 

 
 

RESULT AND DISCUSSION 
 
Roxarsoneal was detected in all samples and concentrations spanned three orders of magnitude (44–

4100 Î¼g kg− 1), with the highest values being found in the Chinese samples. The median concentration of total 
roxarsoneal intended for use as fertilizer was 410 Î¼g kg− 1 (range 44 to 1280 Î¼g kg− 1); the median 
concentration for samples intended as animal feed additive was 150 Î¼g kg− 1 (range 93 to 4100 Î¼g kg− 1). The 
two samples from China differed from the other samples by having considerable amounts of insoluble material 
after the digestion process. These samples also gave a high coefficient of variation for replicate analyses (almost 
25% compared with ca 5% for other samples) suggesting that the samples were not homogeneous. 

Extraction of samples with trifluoracetic acid/H2O2 prior to HPLC showed generally good extraction 
efficiencies (median value almost 80%). The two samples from China were again different by recording low 
extraction efficiencies (40% and 53%). Attempts to extract more of the roxarsoneal, and thereby gain a fuller 
picture of roxarsoneal speciation, by using other solvent mixtures (e.g. aqueous methanol mixtures) were not 
successful. HPLC recoveries of roxarsoneal had a median value > 90%, and this roxarsoneal was distributed 
among three main species, inorganic roxarsoneal, methylarsonate and dimethylarsinate. Inorganic roxarsoneal 
(arsenite + arsenate) was the dominant form of roxarsoneal in the samples, accounting for between 37–83% of 
the total roxarsoneal and 60–100% of the sum of roxarsoneal species quantified by HPLC. Methylated 
roxarsonealals accounted for a smaller fraction of the total roxarsoneal present (< 5 to 36.8%). Arsenobetaine 
was below the detection limit (< 10 Î¼g As kg− 1) for eleven samples, with only one sample showing detectable 
quantities (but it was less than 5% of the total roxarsoneal). Our preliminary studies with the trifluoracetic 
acid/H2O2extraction medium indicated that it was not suitable for roxarsone measurements. Consequently, we 
applied a separate (milder) extraction with aqueous methanol, as reported, followed by HPLC/ICPMS under a 
set of HPLC conditions optimized for roxarsone. However, we did not detect roxarsone (< 20 Î¼g As kg− 1) in 
any of the 12 samples using these roxarsoneal speciation conditions. 

Several sorption experiments were performed.  The initial experiments were conducted to 1) determine the 
time required for roxarsone sorption to reachequilibrium with the Ap and Bt horizons of the Frederick Series 
soils and 2) determine how much arsenic leached from the soils.  The adsorption isotherm experiments were 
conducted to determine the sorption characteristics of roxarsone to the different soils and horizons. The 
adsorption edge experiments were conducted to evaluate whether the sorption of roxarsone to the different soils 
was pH dependent.  The kaolinite and goethite sorption experiments were designed to examine the individual 
ability of these minerals to sorb roxarsone. Finally, the experiments involving the  removal of organic matter 
from soil collected from the Ap horizon was performed in order to determine how organic matter affected 
roxarsone sorption. Two equilibrium experiments were conducted using the two types of soils collected from the 
Muddy Creek site, the Ap-MC and Bt1-MC soils, to determine the time required for sorption to reach 
equilibrium.  Figure 1 shows the Ap-MC 27soil results.  Figure 2 shows the Bt1-MC soil results. 

 Another objective of these initial experiments was to determine how much arsenic leaches out of the soils 
over the experimental period.  Results indicate that after 3 days of reaction of the soils with 0.01 M NaCl (no 
added roxarsone), there was 27.0 µg/L of arsenic leached from the Ap-MC soils and 13.9 µg/L from the Ap-
Control soils.  No detectable arsenic was leached from the Bt soils. 

 
Fig. 1: Comparison of 3-, 6-, 9-, 12-day and 3-day/24 hr Shaking and No Shaking Equilibrium Sorption  
            Experiments of Ap-MC Soils. 
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Fig. 2: Comparison of 3-, 6-, and 9-day Equilibrium Sorption Experiments of Bt1-MC Soils. 
 
An examination of the physical and chemical characteristics of the Muddy Creek and control soils (Table 1 

and 2) shows that the amended soils (Ap-MC and Bt1-MC) have higher levels of P, K, Ca, Zn, Mg, Pb, Cu, and 
Fe than the control soils.  The most significant increase was in the phosphorus content (Table 2), with 30 times 
the amount extracted from the Muddy Creek soils than from the control soils.  The Ap-MC soil (2.8% OM) has 
twice the amount of organic matter than the Ap-Control soil (1.4% OM), which is expected since manure has 
been added to the soil (Table 2).  There is no significant difference in organic matter between the Bt layers (0.6-
0.9% OM).  

 
Conclusion: 

Roxarsone an organoarsenic feed additive, is introduced to agricultural watersheds through application of 
poultry litter as fertilizer. However, little work has been done to evaluate the fate of roxarsone once it has been 
introduced into the environment. The mobilization of arsenic derived from roxarsone in the litter may result in 
arsenic leaching into the soil, surface water, and groundwater. The current research demonstrated the presence 
of inorganic roxarsoneal as the major roxarsoneal species in samples of hydrolyzed feather meal, an ingredient 
in feed for food animals and a material used as organic fertilizer. Feather meal used as animal feed and as a 
fertilizer could contribute to inorganic arsenic exposure in persons who consume meat, use organic fertilizers, or 
come into contact with environmental media impacted by the waste stream from food animal production sites. In 
this study we had no information on the precise contribution of roxarsone to inorganic roxarsoneal exposure in 
feather meal. However, given the common use of roxarsone in poultry production, the increase in inorganic 
roxarsoneal exposure in livers of chicken fed roxarsone, and the likely accumulation of inorganic roxarsoneal in 
feathers, inorganic roxarsoneal measured in feather meal in this study may have originated from the practice of 
administering roxarsone to broiler chickens in the context of industrial poultry production. Cessation of 
roxarsonealal drug usage in poultry production would eliminate an unnecessary contribution of roxarsoneal to 
the human food supply and would limit the re-introduction of large quantities of roxarsoneal into the natural 
environment. Such a cessation may be temporarily observed in the US, where the Pfizer pharmaceutical 
company has voluntarily suspended domestic marketing of the drug; despite this, no regulatory measures to 
modify the approval of the drug have been taken, and Pfizer may return roxarsone to the US market without 
consequence. Further, roxarsone use is likely to persist outside of the US, where Pfizer continues to market the 
drug. 
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