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Sulfamethoxazole (SMX) is a frequently used antibiotic for the treatment of urinary tract, respiratory, and intestinal

infections and as a supplement in livestock or fishery farming to boost production.

sulfamethoxazole

1. Sources of Sulfamethoxazole in Water and Their
Environmental Impacts

There are various point and non-point sources of SMX in rivers and other water resources. The major sources of
SMX (antibiotic) into water are illustrated graphically in Figure 1. The primary sources of this molecule into the
water resources can be classified into five different groups: (i) effluent wastes from hospitals, (ii) effluent waste
from pharmaceutical industries, (iii) effluent waste from the water treatment plant, (iv) effluent waste from
aquaculture system and livestock farming, and (v) effluent and leachates from sanitary landfills . The
concentration of SMX in the river stream and water reportedly varies from ng/L to mg/L . The SMX from the
aquaculture system and livestock farming mostly come into the river stream through the disposal of wastewater
generated from the farms directly into the river. The concentration of SMX from aquaculture systems (fish and
shrimp) and livestock farms (pig and poultry) reportedly varies from 10 ug/L to 7 mg/L as reported in the water
samples collected from shrimp ponds and canals nearby the livestock farming in Vietnam 28, Untreated sewage
is another source of SMX into the water as, during the heavy rainfall, untreated sewage, due to having limited
hydraulic capacity, finds its way into the freshwater line. The concentration of SMX from the sewage discharge
reportedly varies from ng/L up to 60 pg/L, as indicated by the data of the analysis of water samples from the
sewage line discharge and freshwater streams within its nearby areas [4l. Apart from that, the presence of SMX in
the effluent of wastewater treatment plants was also observed in the water samples, as reported in studies
conducted in different countries BI€l. The concentration of this compound in the effluent of sewage treatment plants
reportedly varies from 226 to 3000 ng/L as per the data obtained from different studies conducted in China,
Vietnam, and the Philippines BB | eachate from landfills is another major source of SMX discharge into the
surface and groundwater. However, very little information and understanding of the mechanism is available
regarding the fate and transport of this compound from the landfill sites. The concentration of SMX in the leachates
reportedly varies from 6.4 to 8488 ng/L based on the data gathered from the studies conducted in the landfill sites
of China and Singapore EIl29 Moreover, the effluent waste from the pharmaceutical industries and hospital wastes
are categorized as one of the direct sources of SMX and other antibiotics into the water. Previous studies carried
out in the cities of China and Vietnam indicated the presence of SMX and other antibiotics in wastewater generated

from hospitals and pharmaceutical industries 1112 The typical concentration of SMX in the wastewater generated
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from the pharmaceutical industry and hospitals reportedly varied from 320-2910 ng/L based on the data of the

studies done earlier in China and Vietnam [L1I13]

Figure 1. Graphical illustration of various point and non-point sources of SMX into the rivers and water resources.

| 2. Photochemistry of Sulfamethoxazole in Water

Sulfamethoxazole (SMX) and tetracycline are widely used antibiotics, which are mostly used for the treatment of
human beings and animals (14 These antibiotics are usually detected in wastewater, surface water, and
groundwater in the detection range of ng L™ to ug L™t [18I18] Specifically, sulfamethoxazole (SMX), which comes
under the chemical class of sulfonamide compounds, is an antimicrobial drug with broad-spectrum activity against
gram-positive and negative bacteria 7. The pharmaceutical waste, of which the antibiotic is a part, is usually
hydrolyzed in water. The understanding of the degree and behavior of hydrolysis of antibiotics is of prime concern
to understand their stability and non-biodegradability in the environment 8. Sulfamethoxazole possesses good
chemical stability in the environment, which allows it to resist metabolic processes and natural degradation 22l The
SMX usually absorbs the incident radiation light in the wavelength range of 250 to 300 nm, which also varies with
respect to the change in the surface charge density on the SMX as the pH of the aqueous solution varies from
acidic to alkaline [29. The absorbance range reportedly shifted towards a higher wavelength side (up to 300 nm) as
the pH of the aqueous solution was reduced to 1 from 10 (Figure 2) 29, The pH of the solution plays a key role in
the photocatalytic decomposition of SMX in water, as the SMX degradation rate reportedly was decreased with the
increase in the pH value of the aqueous solution, as shown in Figure 3a [21. The SMX mostly exists in the anionic
form if pH > 5.6, and in the neutral form if pH lies between 1.85-5.6 (Figure 3b), as the pK,; and pK,, values of
SMX was reported to be about 1.85 and 5.60, respectively 2129 The photolytic degradation of SMX is very
difficult as it cannot be completely mineralized during oxidation (21, Previous studies elucidated the photocatalytic

oxidation mechanism of SMX and the formation of intermediatory transformation products (TPs) [2129 The
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detailed mechanism of SMX photodegradation in the presence of reactive oxygen species (ROS), i.e., *OH radical
is shown in Figure 4. It can be observed from the figure that SMX formed its isomerization intermediatory product
and is denoted by P 254. Subsequently, with the addition of «OH radical, the SMX is degraded to an intermediatory
product denoted by 270 c. Thereafter, the addition of *OH radical to the transformation product (TP) defined as 270
c led to the demethylation process, which resulted in the formation of a new TP denoted by P 288. Subsequently,
the breakage of the N—O bond and the removal of the carboxylic group from P 288 lead to the formation of another
TP denoted by P 246. Additionally, the release of N-O and C-C bonds from P 288 formed another intermediatory
product or TP denoted by P 198. The cleavage of the S—N bond from the SMX structure was reportedly occurred
after reacting with an «OH free radical following the binding of N to an H atom, which leads to the formation of
another TP called 3-amino 5-methylisoxazole denoted as P 99 29, The isomerized product of SMX is denoted by P
254, which, after reacting with «OH free radical, leads to the scission of S—N bond from P 254 that leads to the
formation of a TP denoted by P 174. The P 174 on further oxidation with ROS leads to the formation of two new

TPs denoted as P 158 and P 95, respectively, following the loss of C—N and C-S bonds.
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Figure 2. Variations in the wavelength absorbance by SMX with the change in the pH of the agueous solution
(reproduced from 29, Copyright Year 2015, Journal of Hazardous Material @ Elsevier with the permission order
number: 5114720328428) (EP-TiO,: Expanded perlite coated TiO, particles).
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Figure 3. (a) Variations in the photocatalytic degradation of SMX concerning change in the pH of the aqueous
solution (Reproduced from 22 (with the permission order number: 5114291052991); (b) charge variation in the
structure of SMX with respect to the change in pH from acidic to alkaline in the aqueous solution (adapted from 29,
Copyright Year 2015, Journal of Hazardous Material @ Elsevier with the permission order number:
5114720328428).
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Figure 4. Mechanism of photolytic oxidation/reduction of SMX and the formation of various transformative products

(TPs) during its photolysis (reproduced from 21 Copyright Year 2019, Chemical Engineering Journal @Elsevier
with permission License number: 5114291052991© Elsevier).
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