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Methylpyridines are used as solvents and raw materials in preparation of various chemical products in the agro-chemical,
pharma and textile industries. The excessive presence of alkylpyridines in aquatic ecosystems has led to serious concerns
regarding their neurotoxicity. An increasing volume of 2-methylpyridine (2Mp) containing wastewater is let out as effluent by
various industries due to poor regulations regarding its usage and production, especially in developing countries. This obser-
vation coupled with the refractory nature of 2Mp, mandate its complete removal from the environment. The present review
consolidates the physical properties, occurrence scenarios, pathways to exposure and methods of removal of 2Mp from aque-
ous or simulated solutions. Industrial working environments, nearby surface water bodies, and contaminated surface and sub-
surface soil were found to be the pathways for human exposure to 2Mp. While conventional biological treatment was found
to be slow and not as efficient, sorptive processes based on nanomaterial sorbents were found to have tremendous potential

in 2Mp treatment over a wide range of concentrations.
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Introduction

Methylpyridines are volatile and toxic organics that are
flammable with a pungent and unpleasant odour. Methyl-
pyridine refers to three monocyclic isomers with a chemical
formula CzH;N and a molar mass of 93.13 g/mol. 2-
Methylpyridine (2Mp) is the most commonly detected vari-
ant with the methyl group attached to the alpha positioned
carbon of pyridine. It is used in agro-chemical, pharma and
textile industries in concentrations of 0-200 mg/L and passes
through the activated biological treatment mostly without
change'. The wastewater containing 2Mp is toxic to aquatic
life and has harmful effects on the liver and the central ner-
vous system of humans?. 2Mp is only partially bio-degraded
naturally, is miscible with water and most organic solvents
and bears no net charge, making its removal harder than
anticipated. Recurrent contact with even low doses of 2Mp
could lead to liver and kidney damage, eventually ending in
multiple organ failure®.

Thus, the presence of this neurotoxin needs to be con-
trolled prior to effluent discharge from the industry. While
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developed countries like the USA monitor the import, pro-
duction and usage of 2Mp, developing countries do not have
any such substantial framework in place. Very limited sources
of concise information exist with regards to 2Mp, its expo-
sure pathways and its lifecycle in the environment.

This review thus tries to analyse and compile studies
pertaining to, (i) properties and production of 2Mp; (ii) efflu-
ent standards and toxicity limits for discharge in developed
and developing countries; (iii) case studies that reported the
presence of 2Mp and its pathways to human exposure; (iv)
degradation of 2Mp in the natural environment and its treat-
ment by biological and sorptive techniques.

Properties of 2Mp:

Methylpyridines are slower and less biodegradable than
their other substituted counterparts like pyridine-carboxylic
acid. 2Mp was the first pyridine compound reported to be
isolated in pure form from coal tar. Itis a yellowish liquid with
an intensely disagreeable pungent odour.

While short term exposure in low concentrations is rela-



Chatterjee et al.: A review on the occurrence and treatment of methylpyridine: An industrial solvent

tively safe, recurring exposure leads to its accumulation in
one or many human organs. Liver and kidney damage may
lead to mortality. 2Mp is partially polar due to its unsymmetri-
cal structure. It is a good solvent for both polar and non-
polar ingredients and is itself soluble in both water and alco-
hol. 2Mp is a flammable product (to be stored below 23°C).
2Mp is lighter than water with a density of 0.943 g/mL, a
vapour density of 3.2 (vs air), vapour pressure of 10-12.6
mm Hg (24.4°C). The melting and boiling point of 2Mp is -
66.7°C (206.3 K) and 129.5°C (402.5 K) respectively®. It has
a pKa of 5.9, making it a weakly basic compound. 2Mp at
neutral and alkaline pH is poorly ionizable, leading to poor
treatability. At pH values lower than its pKa, it undergoes
protonation”.

Occurrence of 2Mp
Production:

2Mp is a high production volume chemical. Trends in the
US show a gradual overall increase in 2Mp import, produc-
tion and usage throughout the country. Attempts have been
made by their environmental protection agency (US-EPA) to
curtail its usage over the years, but they seem to have suc-
ceeded only to a particular degree®. Reported annual usage
changed from 8 million kg (1989), to an estimated quantity >
0.5 million kg (1994), to a wide usage range of 5-25 million
kg (2006), to finally an undisclosed quantity (2012). No such
data is reported in developing countries.

International standards and toxicity:

The typical concentration of pyridinic derivatives like
methylpyridines in the effluent from the manufacturing plants
is generally in the range of 0-200 mg/L. Studies by the US
Environmental Protection Agency (US-EPA), UK and Russia
have mandated certain industries to set 1 mg/L as the 2Mp
threshold in effluent discharged®. The continuous dermal/
skin exposure standard is set at a limit of 15 mg/m3 for in-
dustry workers. Whereas Central Pollution Control Board,
India (CPCB) lists 2Mp as an odorous irritant?. Unpleasant
odour is detectable at a concentration of 0.82 mg/L. Average
2Mp presence limit in edible fish and crabs is 0.2 mg/kg,
while 0.5 mg/L makes it unpalatable>8.!". According to the
American Medical Association, oral toxicity in rat is, LDgj ~
400 mg/kg and dermal toxicity through rabbit skin is, LDgq =
386.6 mg/kg®.

Pathways of exposure:

There are two broad pathways of 2Mp exposure in hu-
mans. They have been discussed below.

Exposure to industry workers:

The first pathway is by means of working in an industry
where 2Mp is synthesised or used as a chemical intermedi-
ate or solvent. Contact with 2Mp is via direct exposure to
skin and by inhalation'?'3, Persons exposed to 2Mp in in-
dustrial manufacturing and processing is estimated in ex-
cess of 1in 99 (US-EPA, 2014). Till date 11,240 cases (1,234
female) of ailment due to 2Mp exposure have been reported
in the US (National Occupational Exposure Survey,
2006)'415. 2Mp is used as a solvent and a chemical inter-
mediate in manufacture of timber products, organic chemi-
cals, pharmaceuticals, and public owned treatment works
and thus is found in these industry effluents. Picloram (her-
bicide) and amprolium (coccidiostat) use 2Mp as an ingredi-
ent in manufacture'®. A case study is mentioned in Table 1,
serial number 1.

Exposure to public:

(i) The second pathway involves exposure to 2Mp that
has persisted in the industrial effluent even after biological
treatment and has been released into the environment. The
effluent 2Mp with its high mobility moves through soil and
affects crops in neighbouring agricultural fields. 2Mp displays
high to medium mobility with K ,,, (soil adsorption coefficient)
values ranging from 4-215 mL/g'317 It also seeps through
the soil to pollute groundwater at depths up to 6-10 m. A
case study is mentioned in Table 1, serial number 6. In an
aerobic sediment column study where subsurface sediment
was leached with contaminated groundwater, 65% of the ini-
tially applied 2Mp was removed after 5 weeks of operation™®.
In anaerobic aquifer slurries, 2Mp remained even after 97
days'®.

(ii) Another portion of the effluent 2Mp reaches
waterbodies in the vicinity of the industry, polluting the water.
This water may be used by persons residing beside the
waterbodies for various activities. Case studies are mentioned
in Table 1, serial numbers 3-5.

2Mp has also been found to be affecting fisheries present
in the waterbodies themselves. Meat from fishes and crabs
in such lake polluted lakes has shown presence of 2Mp. This
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Table 1. Case studies elucidating the different pathways of 2Mp exposure

SI. No. Type of pathway Location/source

1. Industry workers Shale oil processing
wastewater

2. Fisheries Korean fish pastes

3. Waterbodies Coal gasification
wastewater

4. Waterbodies Low temperature
carbonization wastewater

5. Waterbodies Tar plant drainage
wastewater

6. Sub-surface soil Wood works wastewater

2Mp concentration Comment Ref.

5-25 mg/L Itis used as a 27
cleaning agent

146 nglkg Exceeds limits by 28
a large margin

3.71 mg/L - 29

5 mg/L Mean concentration 30
from 10 samples

54 mg/L Highest concentration 7
of 2Mp observed

0.91 mg/L At depth of 6 m 31

2Mp inadvertently enters humans on consumption of fisher-
ies. A case study is mentioned in Table 1, serial number 2.

Treatment of 2Mp

2Mp remains rather neutral in an aqueous environment
without undergoing hydrolysis because of absence of hy-
drolysing groups2’. Various treatment techniques have been
developed for the removal of 2Mp from water and wastewa-
ters. 2Mp is partially degraded by Actinobacteria. It was bio-
degraded only 30% in 3 weeks under aerobic conditions and
10% in 3 months under anaerobic conditions, while using an
enrichment culture obtained from sub-surface soil as an in-
oculum?!. Another anaerobic study which used sludge from
awastewater treatment plant digester as inoculum found simi-
lar results?2.

Many researchers have studied the feasibility of using
adsorption as a physico-chemical method for 2Mp uptake. A
consolidated list of studies utilizing various sorbents in 2Mp
removal, with optimal sorption equilibrium conditions is given
in Table 223, Nanomaterials like graphene oxide and sylopute
(pure amorphous silica which is non-crystalline in nature)
have shown a tremendous potential in 2Mp sorption over a
broad 2Mp loading range. They seem to outperform activated
carbons with their sorption capacity’242°. Graphene oxide
has shown an ability to exist in the form of nanoparticles,
which in effect allows it to exhibit high exposed surface area
that can be investigated for sorption. Parameters that affect
sorptive interaction between 2Mp and the adsorbents are
initial 2Mp loading, pH, time of contact, adsorbent dosage
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and maintained temperature.
Observations:

Most studies that have been conducted have focused on
using conventional adsorbents for uptake of 2Mp over very
high 2Mp concentrations. This is in direct contradiction to
2Mp occurrence and exposure literature and has had led to
poor understanding of 2Mp sorption at low concentrations.
No focus is given to usage of 2Mp as a manufacture solvent
(used to dissolve chemical ingredients), as used in the tex-
tile colouring industry (conc. 2.5-20 mg/L). This is a high
volume, low concentration usage case. The problems relat-
ing to sorptive treatment were remediated by a study by
Chatterjee and Majumder’ which used a new age adsorbent,
graphene oxide nanomaterial (GON) instead of conventional
sorbents like soil, zeolites and activated carbons in 2Mp re-
moval3428_ Graphene oxide nanomaterial was reported to
have lower dosage requirements and a higher surface area.
It is evident from Table 2 that as 2Mp concentration rises,
the adsorption capacity also rises. GON is seen as having
similar or better sorption capacity values when compared to
other studies at comparable 2Mp loading (10 mg/L), but the
dosage of GON (1.5 g/L) is much lower34. The adsorbent
GON has a much faster rate of equilibrium attainment (1.5
h). Another new-age adsorbent used in 2Mp removal is
sylopute?d. It has shown good potential for usage at high
2Mp concentrations (up to 7000 mg/L). Such concentrations
are not expected to be encountered even in the most critical
of situations.
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Table 2. Comparative studies of different adsorbents used in batch adsorption of 2Mp
(Co—initial 2Mp concentration, q, —adsorption capacity)

Sl Adsorbent Co Dose pH  Time Temp. Best fit Qe (mg/g) at Ref.
No. (mg/L)  m{(g/L) t (h) T (K) isotherm corresponding C (mg/L)
1. Graphene oxide 2.5-20 1.5 7 1.5 293-313 Redlich- 2.50 mg/g at 5 mg/L 7
nanocomposite Peterson 4.76 mg/g at 10 mg/L
8.78 mg/g at 20 mg/L
2. Commercial 2.5-20 14 6.5 2 293-313 Langmuir 0.23 mg/g at 5 mg/L 7
activated carbon 0.45 mg/g at 10 mg/L
0.81 mg/g at 20 mg/L
3. Coconut shells 1-100 2 6 48 283-313 Langmuir 4.84 mg/g at 10 mg/L 3
activated carbon (CS) 24.81 mg/g at 25 mg/L
41.24 mg/g at 100 mg/L
4, Acid activated CS 1-100 2 8 48 283-313 Langmuir 5.14 mg/g at 10 mg/L 3
24 .84 mglg at 25 mg/L
46.85 mg/g at 100 mg/L
5. Jordanian zeolite- 1-500 20 2 24 298 and 328 Brunauer- 0.35 mg/g at 10 mg/L 4
phillipsite Emmett-Teller 2.30 mg/g at 30 mg/L
6. Jordanian zeolite- 1-500 20 2 24 298 and 328 Brunauer- 0.20 mg/g at 10 mg/L 4
faujasite Emmett-Teller 1.20 mg/g at 40 mg/L
7. Agro coal ash 50-300 2 6 7 283-303 Langmuir, 1.87 mg/g at 100 mg/L 26
Freundlich
8. Sylopute 0-7000 4 - 0.5 288-318 Langmuir 75 mg/g at 1000 mg/L 25
220 mg/g at 7000 mg/L
Conclusion fulin addressing these issues in 2Mp removal were reported.

2Mp was found from literature to be abundantly present
in wastewaters from multiple industrial sources. Standards
for 2Mp treatment in developing countries were found to be
inadequate, while developed countries were found struggling
to keep its usage in check. 2Mp was found to affect indus-
trial workers by workplace exposure and other human be-
ings mainly by surface water pollution (water and fisheries)
and land pollution (leading to groundwater pollution). Due to
the poor biodegradability of 2Mp, both aerobic and anaero-
bic treatment processes used in conventional treatment ef-
fluent plants were found not yielding suitable results in a short
period of treatment. To remediate this, traditional adsorbents
with poor sorption capacities have been used in the past two
decades for uptake of 2Mp. These traditional sorbents re-
quire high dosages in application and their exhaustion re-
sults in a landfill hazard. The necessity for mass production
and application of enhanced sorbents like graphene oxide
nanomaterials with better capacity, regenerability and me-
chanical ruggedness was observed. A few studies success-
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