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Environmental Impact Assessment
for Air, Water and Soil of Matheran Area

due to presence of the Horse Dung

Environmental Monitoring Report

Preamble

Matheran is a renowned hill station in Maharashtra. It is a unique fuelled
vehicle free zone celebrated for its natural serenity and tourist attraction.
Matheran is a nationally important hill station notified as an Eco-Sensitive
Zone (ESZ) under the Ministry of Environment, Forest and Climate Change
(MoEFCC), Government of India. Its ecological uniqueness lies in its delicate
lateritic soils, steep slopes, dense forest cover, limited hydrological resilience,

and long-standing prohibition on motorized transport.

The continued reliance on horse-based transportation for goods and services
in this ecosystem has led to necessity of studying environmental and public
health concerns. The unregulated accumulation and disposal of horse dung
along trekking paths, near stables, and in runoff zones have raised concerns

to direct and cumulative impact on air, soil, and water quality.

In recent years, a visible surge in equine movement—peaking at over about
800 horses per day during tourist seasons raise question mark on capacity of
natural and municipal systems to manage the resulting waste. Media reports
and NGT-linked reporting indicate approximately 460 horses and 200 ponies
while verbal information from local sources revealed that more than 800
horses + ponies operate in Matheran area. As a rough estimate of 15 kg
dung+urine per horse per day may be resulting 15 tonne of dung per day.
Unmanaged dung can cause air, water and soil pollution. This waste-load
contributes to a range of environmental problems including methane and

ammonia emissions, nutrient leaching, pathogen contamination in runoff and
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waterbodies, and fine particulate dispersion. These effects have background of
heavy rainfall and the densely woody hilly topography of the region. While this
non-motorized framework has remained focal point of tourism with an
impression of no pollution zone and cleaner environment, the progressive
intensification of equine-based transport has emerged as a critical

environmental concern.

Over the past decade, the scale, frequency, and spatial spread of horse
movement—particularly during peak tourist seasons—has challenged the
assimilative and regenerative capacity of Matheran’s natural systems. The
accumulation of horse dung and urine along trails, near stables, parking
points, forest edges, and drainage paths has resulted in multi-media
environmental loading, affecting air quality through particulate
resuspension, soil quality through nutrient and microbial enrichment,

and water quality through runoff-driven contamination.

In recognition of these concerns, a scientifically structured, phase-wise
environmental monitoring programme was undertaken under the guidance
of regulatory authorities. Initially it was planned as single-phase monitoring
of parameters. Accordingly, field testing activity was undertaken. After
completion of few tests and looking at the trend in data, it was felt necessary
to conduct the tests covering the three seasons. Accordingly, request was made
to MPCB authorities to accept the pre-monsoon monitoring report as interim
report and permit to conduct further tests during monsoon and post monsoon
period. MPCB authorities responded with due sensitivity and permitted the

proposal to conduct the test sessions covering all three seasons.

e Phase-I (Pre-Monsoon) monitoring established the baseline
environmental condition and its findings were formally submitted
earlier to the competent authorities. Phase-I results provided early
evidence of exceedances, hotspot formation, and emerging

environmental risks.
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To capture the full seasonal dynamics and cumulative impacts, the study

was subsequently extended to include:

« Phase-II (Monsoon) monitoring, representing the worst-case scenario

for runoff, leaching, erosion, and microbial transport, and

o Phase-III (Post-Monsoon) monitoring, assessing residual

contamination, recovery trends, and pollutant persistence.

The Final Report, integrates data from all three phases across air, water,
and soil media. The study interlinks cause-effect pathways, seasonal
variability, spatial distribution of pollutants, and long-term ecological
implications. The findings are interpreted in the context of Eco-Sensitive
Zone obligations, public health protection, animal welfare, and
sustainable tourism management, consistent with the Precautionary
Principle, Polluter Pays Principle, and Sustainable Development doctrine

upheld by Hon. National Green Tribunal.

R 5= &

Typical photographs showing sampling for Air, Water & Soil
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Scope and Evolution of the Study

It is given to understand by MPCB that the Original Application (OA) No. 210
of 2024 (WZ) was filed by Ramchandra Shinde & Anr. against the State of
Maharashtra & Ors., addressing environmental degradation caused by the
excessive use of horses for tourism and goods transportation in Matheran. In
response to these concerns, the Hon’ble National Green Tribunal (NGT) issued
directions to assess the environmental damage caused by movement of horses;

and recommend measures for minimizing impact thereof on environment.

In compliance with the aforementioned order of the Hon’ble Tribunal, the
Maharashtra Pollution Control Board (MPCB), as the Nodal Agency, offered the
responsibility to Dr. Sachin Pore, Professor in Civil Engineering of Dr.
Babasaheb Ambedkar Technological University (DBATU), Mangaon, Dist.-
Raigad to carry out necessary investigations detailed study and submit its

report to the MPCB

The present study was originally conceptualized and initiated as a Phase-I
(Pre-Monsoon) environmental assessment, with the primary objective of
establishing baseline conditions of air, water, and soil quality in horse-
impacted and control locations within the Matheran Eco-Sensitive Zone. The
Phase-I findings were compiled and submitted as an Interim Report to the
competent authorities, highlighting early indications of environmental stress,
emerging hotspots, and potential non-compliance with prescribed

environmental standards.

Upon examination of the Phase-I results and in pursuance of the observations
and guidance of the Hon’ble National Green Tribunal (NGT), it was
recognized that a single-season assessment would be insufficient to capture
the seasonal variability, cumulative loading, and dynamic transport
pathways associated with equine-related pollution in a fragile hill ecosystem.
Accordingly, the scope of work was expanded and strengthened to include

additional monitoring phases.



485

Based on the advice and facilitation provided by the Hon’ble NGT and under
the coordination of the Maharashtra Pollution Control Board (MPCB) as the

nodal agency, the study was extended to encompass:

o Phase-II (Monsoon) monitoring, representing the critical period of

maximum runoff, erosion, leaching, and microbial transport; and

o Phase-III (Post-Monsoon) monitoring, aimed at evaluating residual
contamination, recovery trends, pollutant persistence, and cumulative

environmental impacts.

This phased expansion transformed the study from a baseline assessment into
a comprehensive, seasonally resolved environmental impact evaluation,
enabling robust cause—effect analysis across media and time scales. The
extended scope also allowed for improved risk characterization, regulatory
relevance, and formulation of evidence-based mitigation and management

recommendations.

The project team places on record its sincere appreciation to the Hon’ble
National Green Tribunal and the Maharashtra Pollution Control Board for
providing the opportunity to undertake this innovative, multidisciplinary,
and technically challenging study in one of India’s most sensitive hill
ecosystems. The guidance, oversight, and institutional support extended by
these authorities were instrumental in ensuring scientific rigor, transparency,
and policy relevance of the present work. Sincere thanks to officers and staff

of Matheran Hill Station Municipal Council for their support during activities.
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Chapter 1
Report on Air Quality Monitoring and Analysis

1.0 Introduction

Matheran, an eco-sensitive hill station in Maharashtra, is India's only
pedestrian hill town with no regular motor vehicles. However, reliance on horses
and ponies for transport and tourism has raised concerns about environmental
degradation, especially air quality. This report presents a comprehensive
analysis of ambient air pollution in Matheran across three monitoring phases —
pre-monsoon, monsoon, and post-monsoon — based on 24-hour average data
from three monitoring stations Dasturi Naka (AS1), Market/Bazar Area (AS2)
and Nagar Parishad (AS3). Key pollutants including Particulate Matter (PMo,
PM..s), Sulphur Dioxide (SO:), and Nitrogen Dioxide (NO:) are evaluated as per
Central Pollution Control Board (CPCB) National Ambient Air Quality Standards
(NAAQS). Descriptive statistics, notable exceedances, and observed trends are
summarized for each season. Finally, potential pollution sources are discussed
(with emphasis on equine activities, road dust resuspension, and meteorological
factors), and recommendations are outlined in line with National Green
Tribunal (NGT) and Maharashtra Pollution Control Board (MPCB) guidelines for

protecting this eco-sensitive zone.

1.1 Pre Monsoon Observations

1.1.1 Ambient Air Quality Analysis

Ambient air quality analysis plays a crucial role in the analysis of eco-sensitive
zones like Matheran. Table 1.1 shows Particulate matter PMio and PMa2s
concentration for three stations. Table 1.2 shows National Ambient Air Quality

Standards (NAAQS) for PM10 and PM2.5 particulates

These values apply to eco-sensitive & residential/rural areas. Matheran,
being an eco-sensitive zone (MESZ Notification, 2003), falls under these

limits.
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Table 1.1: PMio and PM2 s Particulate Matter (PM) Concentration in
Ambient air (Pre Monsoon)

§Hourly Concentration of | g | PMio | PMas
Sample max (24 hrs. (24 hrs.
Code Shift-I | Shift II | Shift III PMio avg) value)
06-14 | 14-22 | 2206 | (ug/m3) | (ng/m%) | (ng/md)
hrs. hrs. hrs.
AS1 137.87 161.84 133.52 161.84 144.41 76
AS2 192.09 176.48 147.24 192.09 171.93 64
AS3 158.07 148.91 118.41 158.07 141.8 71

Table 1.2: NAAQS (CPCB, 2009) for PM in Eco-Sensitive Zones

Pollutant Averaging Time Standard (ug/m?)
PM.o 24-hour average 100
PM.:.s 24-hour average 60

Pre-monsoon conditions in Matheran are typically dry, dusty, and activity
intensive. Under low humidity and high surface dryness, road dust
resuspension becomes a major contributor to PMw, while drying and
fragmentation of organic residues (including dung and associated fine dust)
can add to PM:.s. The consistently higher PMio at all stations indicates a strong
coarse particle signature, commonly linked to un-paved trail dust and
mechanical disturbance. The highest PM values at AS2 suggest that the
market/bazaar zone experiences greater human/animal movement density,
leading to more resuspension and accumulation. PM values at AS3 can be

attributed to unpaved road surface.

Pre Monsoon stage Sulphur Dioxide (SO;) variation in ambient air is as below:

Table 1.3: Sulphur Dioxide (SO:) Concentration in Ambient air

4-Hourly Concentration of SO /m?3 SO2 SO2
ngﬂe y 2(vg ) 4 hrs. 24 hrs.
Shifts Max average
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I I III IV \Y VI | pg/m® | pg/m?
6-10 10- | 14-18 | 18-22 | 22-02 |02-06
hrs. |14 hrs.| hrs. Hrs. hrs. hrs.

AS1 21.79 [22.06 |40.95 [24.38 |9.12 7.26 |40.95 |23.79
AS2 26.87 |26.8 45.13 [27.89 |11.26 |(7.17 |45.13 [27.18
AS3 15.02 | 36.77 |39.98 [(24.39 |9.26 8.82 [39.98 [24.89

Table 1.4 shows results of Nitrogen Dioxide (NO2) monitoring at various
locations (Pre Monsoon).

Table 1.4: Nitrogen Dioxide (NO2) Concentration in Ambient air (Pre Monsoon)

4-Hourly Value of NO2 (ug/m?3) 4

. NO2_
Sample Shifts Hourly 24Hrs.
Code max of average
I 11 III v \ VI | NO. g

6-10 10 - | 14-18 | 18-22 | 22-02 | 02-06 | ug/m? png/m?
hrs. |14 hrs.| hrs. Hrs. hrs. hrs.
AS1 |29.16 |56.56 |44.93 |63.11 [24.08 |22.31 |63.11 |43.32
AS2 |59.71 [43.21 |49.75 |46.33 |27.13 |23.46 [59.71 |44.19
AS3 |26.42 [43.35 |48.45 |40.74 |23.04 |21.66 [48.45 |36.02

Table 1.5 shows National Ambient Air Quality Standards (NAAQS) for SO2 and
NO; gases pollutants.

Table 1.5: NAAQS (CPCB, 2009) for SO2; and NO; in Eco-Sensitive Zones

Pollutant Averaging Time Standard (ug/m?3)
SO2 24-hour average 80
NO-> 24-hour average 80

SO: values are moderate but compliant, indicating that sulphur-based
combustion sources (e.g., heavy diesel traffic, industrial stacks) are not
dominant within the monitored zone. The presence of measurable SO, with
moderate variability may reflect background regional influences, limited
generator use, or small combustion sources. Importantly, SO: levels remain

far below the NAAQS limit, suggesting low regulatory concern for SO under
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current conditions, though continued tracking is advisable as an ESZ

precaution

NO: values in the mid-30s to mid-40s indicate measurable NO: presence but
still compliant. Compared to SO, NO: is relatively higher at AS1 and AS2,
which can be consistent with localized combustion contributions (e.g.,
generators, cooking, occasional vehicle influence near the entry zone). While
NO: itself does not exceed standards, its presence alongside high PM can

increase overall respiratory stress, especially during high dust days.

1.2 Observations during Monsoon

Table 1.6 Shows Particulate matter PMi1o and PM2s concentration for three
stations during monsoon. The monsoon phase demonstrates the best air
quality across all stations. Rainfall increases surface moisture and promotes
wet deposition and washout of airborne particulates. In addition, wet trail
surfaces reduce dust resuspension from horse movement, and damp organic
matter is less likely to fragment into fine airborne particles. The station-to-
station differences remain, but overall, the pollutant levels suggest a low-risk,

compliant period for particulate matter.

Table 1.6: PMio and PM5 s Particulate Matter Concentration in
Ambient air (During Monsoon)

8-Hourly concentration of 8-Hourly PM., PM, <

Sample PMio (ug/m?) max of '
Code | Shift-I |ShiftII | Shift Ilf | PM;o (24 hrs. | (24 hrs.
6-10 | 14-22 | 22-6 average) | value)
hrs. hrs. hrs. (ng/m?) (ng/m?) (ng/m?)

AS1 60 72.65 83.86 83.86 72.17 14.16

AS2 42.61 42.85 64.96 64.96 50.14 27.91
AS3 84.56 87.91 25.53 87.91 06 25.43

Table 1.7 shows the concentration of Sulphur Dioxide (SO2) Concentration in
Ambient air during monsoon.
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Table 1.7: Sulphur Dioxide (SO2) Concentration in Ambient air
(During Monsoon)

4-Hourly C trati f SO 8
ourly Concentration o 2 (ng/m?3) SO, SO,
Shifts
Szr:(ﬂe (4 hrs. | (24 hrs.
I II III IV \"/ VI Max) | average)
6-10 10- | 14-18 | 18-22 | 22-02 (02-06 | pg/m?* ug/ms
hrs. (14 hrs.| hrs. Hrs. hrs. hrs.
AS1 9.99 5.69 6.37 4.36 9.12 | 7.26 9.99 7.13
AS2 10.86 | 4.31 6.56 6.06 | 11.26 | 7.17 | 11.26 7.7
AS3 11.77 | 9.85 5.85 5.65 9.26 | 882 | 11.77 8.53

SO: concentration reduces markedly compared to pre-monsoon. This may be
due to lower combustion activity, enhanced dispersion, and removal by wet
deposition. All values remain far below standards, indicating no SO:-related
compliance concern.

Table 1.8 shows the concentration of Nitrogen Dioxide (NO2) Concentration in
Ambient air.

Table 1.8: Nitrogen Dioxide (NOz) Concentration in Ambient air (during
monsoon)

4-Hourly Value of NO2 (ug/m?) 4

R NO2_
Sample Shifts Hourly 24Hrs.
Code max of average
I II III IV A" VI NO-

6-10 10- | 14-18 | 18-22 | 22-02 | 02-06 | ug/m? pg/ms
hrs. |14 hrs.| hrs. Hrs. hrs. hrs.

AS1 14.19 | 8.31 7.82 6.91 7.74 8.34 14.19 8.88

AS2 12.49 | 8.72 7.67 | 5.69 8.53 7.48 12.49 8.43

AS3 15.03 | 8.59 7.61 6.71 8.79 7.31 15.03 9.06

NO: levels are low and stable. Reduced tourist pressure, less generator
reliance, and rain-associated atmospheric cleansing can explain this. These
levels indicate a clean-air baseline period for NO: in the study area.

1.3 POST MONSOON OBSERVATIONS

Table 1.9 Shows Particulate matter PMipo and PMas post monsoon

concentration for three stations.

10
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Table 1.9: PMjo and PM2.5s Concentration in Ambient Air (post monsoon)

8 Hourly Concentration of PMio 8 PM 1o PM o5
Sample . Hourly (24 (24
Code Shift-I 06- Slh;f; ;I Shift III | Max. of | Hours | Hours
14 hrs. h1:s. 22-06 hrs. | PMio Avg.) | Value)
AS1 110.96 88.97 81.31 110.96 |[93.75 57
AS2 94.14 119.13 78.62 119.13 [97.30 64
AS3 186.33 145.08 92.6 186.33 [ 141.34 |63

Post-monsoon shows a rebound of particulate pollution as surfaces dry and
tourist/horses return to regular activity. However, the rebound is not
uniform—AS3 stands out with distinctly high PM, suggesting localized
conditions such as dustier trail surfaces, higher movement intensity on
unpaved road, or site-specific deposition and resuspension. PM..s also
returns close to the limit, indicating a mix of coarse dust plus finer particulate
contributions (re-entrainment of dried material and fine dust). This period is
therefore transitional, showing that monsoon gains may not sustain unless

supported by active dust and waste management.

Table 1.10 shows the concentration of Sulphur Dioxide (SO2) Concentration
in Ambient air (post monsoon)

Table 1.10: Sulphur Dioxide (SO2) Concentration in Ambient air (post
monsoon)

Samole 8 Hourly concefltrations of SO 8 Hourly | SO (24
P Shifts Max. of Hours
Code
I II 111 IV \' VI SO: Avg.)
AS1 10.21 | 20.9 19.26 | 15.58 | 8.07 |5.21 |20.9 13.21
AS2 7.44 10.34 [ 12.85|7.85 |6.82 [4.41 |12.85 8.29
AS3 11.9 |20.03 |23.83|28.76 [16.58 |9.93 [ 28.76 18.51

SO: remains compliant across stations. AS3 shows a higher 24-hr average
(18.51) and higher max (28.76), which may reflect localized micro-sources or

background variation. These levels remain far below standards, but station-

11
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wise differences suggest the value of continued monitoring to detect any

emerging combustion or localized activities.

Table 1.11 shows the concentration of Nitrogen Dioxide (NO2) Concentration
in Ambient air (post monsoon).

Table 1.11: Nitrogen Dioxide (NO2z) Concentration in Ambient air (post

monsoon)
8 Hourly Value of NO2

Sample 8 Hourly | NO: (24

Cocfe Shifts Max. of | Hours

Nox Avg.)
I II III IV A" VI

AS1 12.99 [ 12.17 | 10.12 [ 13.54 | 9.11 [ 10.47 | 13.54 11.40
AS2 7.66 |6.08 [8.11 [7.43 |6.55]|6.87 |8.11 7.12
AS3 9.59 |[5.61 |8.51 |[885 |83 |791 |9.59 8.13

NO: remains low during post-monsoon as well. Compared to pre-monsoon, the
reduction is substantial, suggesting that the elevated pre-monsoon NO. was
influenced by seasonal activity or conditions rather than persistent emission

sources. Overall, NO: is not a limiting pollutant in the current dataset.
1.4 SEASONAL AIR POLLUTION TRENDS AND INTERPRETATION

1.4.1 Pre-Monsoon Air Quality (Dry Season)

During the pre-monsoon period (summer months before the onset of rains),
Matheran’s air quality shows a mixed pattern. Figure 1 to 4 below presents
the 24-hour average concentrations of PMi, PM2.s, SO2, and NO: recorded at
the three ambient air monitoring stations (AS1: Dasturi Naka entry point; AS2:

Main Market area; AS3: Nagar Parishad office area):

Figure 1.1 and Figure 1.2 below illustrate the seasonal variation of PMi, and

PM..s concentrations at the three monitoring locations, highlighting the trends.

12
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Seasonal Variation in PM10 Concentration

200
180
160

140
120
100 = = =
80
60
40
20
0

Pre-Monsoon During Monsoon Post-Monsoon

B AS1 (Dasturi Naka) mAS2 (Market / Bazar Area) mAS3 (Nagar Parishad)

Figure 1.1: Seasonal PMio levels by location. Pre-monsoon (summer) shows
the highest dust concentrations at all sites, monsoon values drop
drastically below the NAAQS limit (100 ug/m?® dashed line), and post-
monsoon levels rise again though not to pre-monsoon peaks.

Seasonal Variation in MP2.5 Concetration

80
70 60 Micrograms/m?
60 |- =
50
40
30
20
10
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Pre-Monsocon During Monsoon Post-Monsoon
B AS] (Dasturi Naka) m AS2 (Market / Bazar Area) W AS3 (Nagar Parishad)

Figure 1.2: Seasonal PM..s levels by location. A similar pattern is observed:
monsoon rains suppress fine particulate pollution (well under the 60 ug/ms3
limit), whereas the dry seasons see higher PM..s with some values exceeding
the standard.

As shown in Figure 1 and 2, particulate pollution was elevated in the pre-
monsoon phase, with PM. levels exceeding the 100 pug/m°® NAAQS
standard by 40-72% at the monitored sites. The highest PMio concentration

13
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was observed at AS2 (Main Market), averaging around 172 ug/m?3, which is
nearly double the CPCB 24-hour limit. AS1 (Dasturi) and AS3 (Nagar
Parishad) also recorded high PMio (~142-144 ug/m?3), ~40-44% above the
standard. PM:.s concentrations were also above the NAAQS permissible value
of 60 ug/m?3, though by a smaller margin, ranging roughly 6-18% over the
limit. For instance, PM:.s at AS1 reached ~76 ug/m?® (x26% above standard),
while AS3 was ~71 ug/m?® (~18% above).

Figure 1.3 & Figure 1.4 illustrate seasonal variation of concentrations of SO

& NO: at the three monitoring locations, highlighting the trends discussed:

Seasonal Variation in SO2 concentration

100
80 Micrograms/m?
80
60
40
ol | '
o =~ I =
Pre-Monsoon During Monsoon Post-Monsoon
m AS]1 (Dasturi Naka) m AS2 (Market / Bazar Area)

m AS3 (Nagar Parishad)

Figure 1.3: Seasonal SO; Variation at all Three Locations

Seasonal Variation in NO2 Cocnntration
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80 s r e e r e e e e e e e === —
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0 T B e

Pre-Monsoon During Monsoon Post-Monsoon
mAS1 (Dasturi Naka) m AS2 (Market / Bazar Area)

1 AS3 (Nagar Parishad)

Figure 1.4: Seasonal NO; Variation at all three locations

14
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As shown in Figure 3 and 4 SO: and NO: remained well within the NAAQS
of 80 ug/m? at all locations; these gases were measured at comparatively low
levels, reflecting the absence of major combustion sources in Matheran’s
vehicle-free environment.

1.4.2 Monsoon Air Quality (Rainy Season)

The monsoon season (typically June-September) in Matheran is characterized
by heavy rainfall, high humidity, and lush vegetation. These conditions have
a pronounced cleansing effect on the air. Continuous rain washes out dust
and particulate pollutants from the atmosphere, leading to significantly
improved air quality. Figure 1 to Figure 4 summarizes the monitored pollutant
levels during the monsoon phase. During the Monsoon period the
concentration of particulate matters, i.e.PM 10, PM2.5 and gaseous pollutants
i.e. SO2 &NO7 were found considerably below NAAQS standards.

1.4.3 Post-Monsoon Air Quality (Autumn/Winter Season)

The post-monsoon period (approx. October through early winter) in Matheran
marks a transition to dry weather after the rains cease. Soil begins to dry out
and tourist activity picks up again during the cooler months, potentially

increasing horse movement.

As the rains recede, air quality begins to degrade once more. The post-
monsoon PM,, and PM..s concentrations show a rising trend relative to the
monsoon downward trend, driven by the return of dry conditions and
resumption of full-scale tourist traffic. Particulate levels roughly doubled
from their monsoon values, bringing PM:. back to the ~100-130 ug/m?*
range and PM..s to ~50-60pug/m?* (near or in slight exceedance of the
standards at certain sites). The Main Market (AS2) again tends to be the
hotspot, reflecting denser horse usage in the town - for instance, PMa.s at AS2
in post-monsoon was about 60 ug/m?® (right around the 60 ug/m® NAAQS
limit), whereas the more open Dasturi and Nagar areas were somewhat lower
(~50-55 ug/m?3). Similarly, PMio at AS2 approached 1.3 times the NAAQS
standard (~130 ug/m?), indicating a possible exceedance if horse activity is

intense, while other locations hovered near 100 ug/m?3. These values suggest

15
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that as trail surfaces dry out and accumulated dung and dust are disturbed
by hooves, particulate pollution can rebound to levels comparable with late
summer, although the exact magnitudes depend on how soon after the
monsoon measurements are taken and daily horse counts. It’s noteworthy that
post-monsoon is a peak tourist season in Matheran; reports documented up
to 800 horses per day deployed during holidays, significantly higher than off-
season count of horses. This increased equine load correlates with higher
waste generation and dust, stressing the local air quality. Nonetheless, post-
monsoon Particulate Matter (PM) levels might not always reach the extreme of
pre-monsoon if some moisture lingers in soil or if management measures are
taken. Gaseous pollutants SO: and NO: remained within safe limits in this
phase as well, although slight upticks could occur (e.g. more generators use
or open burning in cooler weather). Overall, the post-monsoon data
underscore a partial reversal of the monsoon’s air quality gains, with PMo
and PM..s; rising back to borderline or above NAAQS levels, depending on
the effectiveness of local pollution control and waste management after the

rains.
1.5 SEASONAL TREND ANALYSIS

Across the three phases, a clear seasonal trend emerges in Matheran’s air
quality: particulate pollution is highest in the dry pre-monsoon summer,
drops to its lowest during the rainy monsoon, and rises again in the post-
monsoon period. Figure 1 & Fig.2 provides a simplified visualization of this
trend for PMio & PM2.5 at the three monitoring stations, illustrating the sharp

variability.

This trend highlights the dominant influence of meteorology on air quality in
Matheran. During pre-monsoon (summer), extended dry spells and increased
wind activity cause dust and dried dung particles to be readily suspended,
driving up PMio/PM:.5s levels. As seen, all stations had elevated particulates in
summer, with the busiest area (AS2) peaking the highest. With the onset of

monsoon, frequent rain showers act as a natural dust suppressant — airborne

16
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particles are washed out and soil surfaces stay moist, preventing dust
generation. Consequently, both coarse and fine particulate concentrations
plummet to “good” air quality levels in July—August. In the post-monsoon
autumn, as rainfall stops and the ground gradually dries, pollutant levels
rebound. Initially, right after monsoon, there may be a lag before dust
problems re-emerge, but as tourism and horse traffic return in full swing,
particulates rise again (though sporadic dew or residual moisture may keep
them slightly lower than the peak summer values). The general pattern — high
in summer, low in monsoon, moderate in fall — aligns with broader
observations in India’s climate context, but in Matheran the effect is amplified
by the nature of local pollution sources (predominantly resuspended dust and
organic waste particles). Importantly, gaseous pollutants SO. and NO:
showed little seasonal fluctuation in Matheran’s case; their concentrations
remained low year-round given the minimal combustion sources. Unlike urban
industrial areas where winter inversion can spike NO: or SO., in Matheran the
absence of vehicle traffic means these gases pollutants stay within NAAQS

standards in all seasons (often at background levels).
1.6 KEY AIR POLLUTION SOURCES AND INFLUENCES
1.6.1 Equine Activities and Dung Waste

Matheran’s unique status as an automobile-free zone means that horses,
ponies, and hand-pulled rickshaws are the primary means of transport for
tourists and goods. While this spares the town from vehicular emissions, it
introduces equine-related pollution sources. Horse dung accumulation is
a significant environmental issue identified in scientific assessments. As horse
droppings dry on roads and trails, they can disintegrate into fine powder.
Subsequent disturbance by hoof traffic and wind causes these fine organic
particles to become aerosolized. Study note that the drying and
pulverization of horse dung produces significant amounts of PM. and
PM..s. Indeed, the interim analysis of Matheran’s air identified “aerosolised

dried dung particles” as a primary contributor to the observed PM
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exceedances. Such bioaerosols not only contribute to dust but may carry
pathogens (e.g. faecal bacteria) and endotoxins, potentially affecting human
health.

Beyond dung itself, the physical movement of horses on unpaved paths
adds to particulate pollution. Matheran’s roads are mostly dirt or gravel; as
hundreds of horses trot daily, their hooves repeatedly strike the ground. This
action causes soil and road dust resuspension — a mechanical generation of
particulate matter. The expert committee report explicitly noted “dust
generation from hoof impacts on unpaved roads” as a major source of
particulates in the air. Field observations confirm that busy horse trails often
have clouds of reddish dust trailing behind the animals, especially during the
dry months. The problem compounds when trail maintenance and waste
cleanup are insufficient: a layer of mixed dust and dung forms on the road
surface, ready to be kicked up by the next passing horse or gust of wind. In
essence, Matheran’s particulate pollution can be traced largely to these equine
activities — a mix of organic waste particles and mineral dust churned into

the air by the daily parade of hooves.

It is important to note that no significant industrial or vehicular sources
exist in Matheran. There are no factories, and routine motor traffic is banned
within the ESZ limits. Thus, typical urban pollutants like heavy metals,
vehicular soot (elemental carbon), or sulfur from diesel are largely absent. The
air pollution signature in Matheran is more akin to a rural bio-organic
dust profile, dominated by soil dust and biological matter. This is
corroborated by water and soil analyses that found direct fecal contamination
(E. coli), nutrient loading (nitrates, phosphates), and even heavy metals like
lead in runoff - likely from long-term accumulation of dung and perhaps
residual fallout from past human activities. The heavy metals might originate
from feed or anthropogenic sources, but the key takeaway is that horse waste
mismanagement has wide-ranging environmental impacts (air, water, soil all

interconnected).
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1.6.2 Meteorological and Seasonal Factors

Meteorology plays a pivotal role in modulating air pollution levels in Matheran.
The seasonal cycle of dry and wet periods is the dominant influence, as
described in the trend analysis. In the dry pre-monsoon months, high
temperatures and low humidity cause fast drying of horse dung and soil,
making them more friable and prone to become airborne. Winds are often
stronger in the afternoons during summer, aiding in the dispersion of dust.
Additionally, the lack of vegetative cover (many trees shed leaves in summer)
means less ground protection against erosion. All these factors lead to
maximal resuspension of particulates in summer. In contrast, the monsoon
season brings frequent rains that suppress dust emissions by wetting
surfaces. Rain not only prevents dust formation but also actively scavenges
pollutants from the air via wash-out. The orographic nature of Matheran
(being a hill station on the Western Ghats) means it intercepts a lot of rainfall;
thus, the air is continually cleansed. The dense monsoon foliage further helps
by stabilizing soils and perhaps filtering air. It’s no surprise that air quality
is naturally restored to healthy levels during monsoon, as observed in our

experimental analysis (PM levels dropped well within safe limits).

As the post-monsoon period begins, meteorological conditions gradually
shift. Initially, right after the rains, the environment is still moist and dust
generation remains low. However, as weeks pass with no rain, soils start
drying and any new dung deposition begins to accumulate. By November and
into winter, humidity is moderate to low (especially on sunny days) and winds
are calmer at night, although daytime breezes and tourist movement can still
raise dust. Matheran may experience cool nights during winter; temperature
inversions might form in the valleys, but being on a hill crest, the town likely
gets decent air circulation during daytime. Therefore, unlike urban areas that
see pollutant trapping in winter, Matheran’s daytime mixing and upslope
winds can disperse pollutants to some extent. Still, stable morning
conditions could allow localized build-up of ammonia or odors near horse

sheds until the sun warms the air. One meteorological concern is that post-
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monsoon is also the time of festivals and increased human activity, which
can include campfires, open burning of waste, or additional generator usage
due to power outages. These activities could introduce minor amounts of
combustion pollutants (NO:, SO: etc.), though in our observations they
remained within acceptable levels. On the whole, meteorological cleansing
in monsoon and meteorological stress in summer are the primary drivers
of the seasonal pollution fluctuations in Matheran. Effective management
must therefore account for these cyclic variations — for example, pre-monsoon
needs proactive dust control, while monsoon provides an opportunity to
remediate accumulated waste (since nature temporarily alleviates the air

pollution).
1.6.3 Other Contributing Factors

While horses are the main source, a few ancillary sources of air pollutants
exist in Matheran. Diesel generators are used by hotels and the municipal
council during power cuts; their exhaust can release SO., NO:, and particulate
soot. However, usage is intermittent and spatially limited, so their impact is
minor compared to the pervasive dust. Open burning of garbage or dried
leaves occasionally observed can also emit smoke and pollutants, but such
practices are infrequent given the ESZ regulations. Human activities like
cooking (if using firewood/charcoal in some local households or street food
stalls) might add small amounts of smoke. Another subtle source is tourists’
vehicles at Dasturi parking (just outside the town) — though vehicles do not
enter Matheran, idling cars or buses at the parking lot can emit fumes that
might drift towards AS1 (near the entry). This could slightly elevate NO: or SO:
at the fringe, but any effect is very localized and usually diluted by the hillside
winds. Overall, these sources are limited; the crux of Matheran’s air

pollution issue lies in managing the equine-generated waste and dust.
1.7 COMPLIANCE WITH THE STANDARDS AND HEALTH IMPLICATIONS

Throughout the monitoring, SO. and NO: levels complied with CPCB

standards in all phases, which is encouraging. The concentrations of these
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gases were low enough that no acute or chronic health impacts from SO./NO:
are expected for residents and visitors. The main pollutants of concern are
PM. and PM:.s, which did exceed standards during significant parts of the
year (notably pre-monsoon and possibly post-monsoon). CPCB’s standards
are designed to protect public health — for PMio, the 100 ug/m? 24-hr limit and
for PM..s, the 60 ug/m? limit correspond to levels above which sensitive groups
(children, elderly, those with respiratory conditions) could experience adverse
effects if exposed repeatedly. In Matheran’s case, PM..s exceeding the
standard by ~6-26% in pre-monsoon is a concern because fine particles
penetrate deep into lungs and even a moderate elevation can exacerbate
asthma, bronchitis, and cardiovascular stress. PMio coarse dust can cause
nuisance effects like eye/throat irritation and can carry microbes from dung,
potentially leading to infections. The interim report flagged that these
particulate levels, if persistent, pose health risks to people and animals.
Tourists and locals might experience dust allergies, and there is also a
zoonotic angle — pathogens like Salmonella or tetanus bacteria can be present
in equine waste; aerosolized dung particles could be an exposure route.
Indeed, animal welfare organizations have pointed out risks of diseases such
as glanders and tetanus transmissible from horses to humans, advocating

for a cleaner transport alternative.

Another impact of exceeding particulate standards is on the ecosystem of
the ESZ. The dust can settle on plant leaves, affecting photosynthesis, and
nutrient-laden particles (like manure dust) can alter soil chemistry where they
deposit. Excessive ammonia can also harm sensitive vegetation. Visibility
reduction might affect scenic views that tourists seek. Thus, maintaining air
quality within standards is not only a human health mandate but also
important for preserving Matheran’s ecological health and ambience. The data
and analysis underscore the need for mitigation measures, especially in the
drier months, to ensure that Matheran’s air remains clean and the

exceedances of PM./PM..;s are minimized or eliminated in the future.

1.8 Recommendations for Air Pollution Mitigation in Matheran

21



502

In light of the above findings, a multi-pronged strategy is recommended to
improve and safeguard Matheran’s air quality, aligned with the directives of
the NGT and the objectives of MPCB for eco-sensitive zones. The focus is on
reducing pollutant sources (especially equine-related dust and waste) and
implementing sustainable practices that complement Matheran’s

environmental policies. Key recommendations include:
a) Limit and Regulate Equine Traffic:

Implement a carrying capacity for horses in Matheran as suggested by
experts. A daily cap (e.g. no more than 400 horses working per day) should
be enforced to reduce overuse of trails. Rotation of horses and rest schedules
should be mandated, along with weight limits for loads, to prevent excessive
wear of paths and generation of dust. Authorities should also consider
rotation of trails (alternate routes on different days) so that no single path is

pulverized by continuous use.
b) Enhanced Dung Management:

Establish a systematic dung collection and disposal mechanism. This
involves deploying municipal staff or contractors to patrol horse routes at
frequent intervals to pick up horse excreta promptly throughout the day.
Strategically placed covered bins or carts can be provided at intervals where
horse riders can encourage their animals to stop if needed. All collected dung
should be removed from the eco-sensitive zone daily. As an extension, create
a dedicated manure processing center outside the main tourist areas — for
example, a composting yard or biogas plant at the periphery. Composting the
horse dung can convert waste into organic fertilizer over time, mitigating
methane emissions and killing pathogens. Advanced options like biochar
production from dung could also be piloted, as mentioned in the expert
report, to lock carbon and create a soil amendment. MPCB should develop

guidelines for safe manure handling specific to hill stations.
c) Dust Control Measures:

To address soil resuspension, the municipality should implement regular
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watering of the main dirt roads/trails during dry weather. Sprinkling water
(preferably non-potable or recycled water) on horse paths several times a day
in summer can significantly settle dust and reduce PMio emissions. In high
foot-traffic zones like the market, consider laying Mud clay blocks on all
possible trails, cobbled or hard-surface strips to stabilize the ground
(without ruining the heritage aesthetic) — for instance, a center strip of natural
stone that horses can walk on, which is easier to clean and generates less dust
than loose soil. Additionally, planting hardy groundcover vegetation or
using natural soil binders on trail edges could reduce erosion. It’s also
recommended to carry out road grade maintenance before summer: filling
ruts and levelling uneven patches so that fewer fine particles are produced by

constant trampling.
d) Infrastructure for Wastewater and Runoff:

Though primarily for water quality, constructing drainage and
bioremediation infrastructure will indirectly help air quality. For example,
buffer strips or vegetative barriers along trails can catch runoff (containing
dung particles) during rains, preventing nutrients from creating odor issues
later. Constructed wetlands or sedimentation basins near horse stable
areas can treat contaminated runoff. By controlling the spread of waste into
the environment, these measures reduce the extent of dry-down areas that

later become dust sources.
f) Public Awareness and Participation:

Engage the local community, tourists, and horse owners in preserving air
quality. This can be achieved through awareness campaigns about not
littering the trails with feed or other waste, reporting excessive dung
accumulation, and maybe an “Adopt-a-Spot” program where local businesses
take responsibility to keep certain stretches clean. Horse owners should be
trained on the importance of prompt dung collection (perhaps providing dung
bags for their horses, analogous to pet poop bags in cities). Informational

signage can remind tourists of the fragile ecosystem and encourage them to
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cooperate with any rules (such as weight limits or avoiding raising dust).
Community-driven monitoring (with the help of volunteers or school students
measuring air quality with low-cost sensors) could also be fostered to keep the

issue visible.
g) Continued Monitoring and Research:

To ensure that interventions are effective, regular monitoring of air quality
should continue at the established stations (AS1, AS2, AS3) and possibly
additional sites. MPCB can integrate Matheran into its state air monitoring
network to provide periodic data. The data should be reviewed in each season
to check compliance with NAAQS. If certain hotspots persist (e.g., if post-
monsoon PM still spikes), further actions can be taken. Additionally, research
studies could be commissioned to better understand the composition of
Matheran’s particulate matter (for instance, determining the proportion of
organic matter, silica, microbial content in the PMio/PMa:.s). Such studies
would validate how much of the dust is horse-origin and how much is
geological and assess any health biomarkers (like endotoxin levels in the air).
Establishing manual and continuous air quality monitoring stations in
Matheran is long term policy suggestion considering sensitivity of the

pollution issue.

In summary, by reducing the number of horses on duty, actively managing
horse waste, controlling dust at its source, and introducing cleaner
transport alternatives, Matheran can address the identified air pollution
issues. These steps, taken in conjunction, aim to ensure that the picturesque
hill station remains clean, healthy, and in compliance with environmental
standards, thereby protecting both the public health and the ecological

integrity of this beloved eco-sensitive zone.
1.8 Conclusion

The air quality assessment of Matheran across pre-monsoon, monsoon, and
post-monsoon phases reveals that while the hill station enjoys pristine air

during the rainy season, it faces significant particulate pollution in the dry

24



505

months due to its dependence on horse-based transportation and associated
waste. PMio and PM..s levels breached CPCB standards in the summer (and
likely again in late autumn), posing concerns that need to be addressed to
safeguard health and the environment. The root causes — equine dung
emissions and dust from unpaved roads - are well-understood and
essentially local in nature, meaning that with dedicated management, these
pollution levels can be mitigated. Importantly, SO: and NO: pollutants remain
under control, highlighting that Matheran’s air pollution is not industrial but
rather a unique challenge of a vehicle-free yet horse-reliant ecosystem. By
implementing the recommendations outlined — from limiting horse numbers
and improving dung collection to embracing electric alternatives and proactive
dust control — authorities can dramatically reduce particulate concentrations,
ensuring that Matheran’s air remains as clean as its green surroundings.
These measures echo the objectives of the NGT and MPCB for maintaining the
sanctity of eco-sensitive zones: minimal pollution, sustainable tourism, and
protection of natural heritage. Moving forward, it will be crucial for
stakeholders (government, local community, and environmental groups) to
collaborate in executing these solutions. With sustained effort, Matheran can
continue to offer fresh air and a tranquil environment to visitors and residents

alike, proving that eco-friendly practices and tourism can go hand-in-hand.
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1.9 GLIMPSES OF SAMPLING

Google

Matheran

Maharashtra India

Dasturi Naka Near Aman Lodge, M
Cl, Matheran, Maharashtra 410101,
Lat: 19.00 | Long: 73.29

Sun, 28 Dec 10:14 AM,
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Chapter 2

Report on Water Quality Monitoring and Analysis

2.1 Pre-Monsoon Observations

Pre-monsoon water quality monitoring was undertaken to establish baseline
environmental conditions in Matheran prior to the onset of rainfall. This period
is characterized by low dilution, stagnant hydrology, high tourist and equine
activity, and accumulation of contaminants along trails, lake peripheries, and
storage tanks. In eco-sensitive hill stations such as Matheran, pre-monsoon
sampling is critical as it reflects worst-case concentration scenarios, where
pollutants originating from horse dung, urine, trail dust, and organic litter
remain largely unflushed. The data generated during this phase provides a
reference against which monsoon wash-off impacts and post-monsoon
recovery trends can be objectively evaluated. Table 2.1 shows the details of

water sapling locations.

Table 2.1: Details of Water Sampling at Matheran

Sample code | Details of location
WS1 Charlotte lake water near to Dashkriya shade
WS2 Charlotte lake near steps of Dashkriya shade
WS3 Charlotte lake away from steps
WS4 Upstream side of Charlotte Lake in small stream near bridge
WSS Simpson tank near Dasturi parking area

This section presents an assessment of water quality parameters at various
locations in Matheran, Maharashtra, in comparison with the Bureau of Indian
Standards (BIS: IS 10500:2012, revised 2018) norms for drinking water. The

analysis highlights deviations, potential environmental concerns.
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Table 2.2: Results of Water Quality Analysis

Parameters WS1 WS2 WS3 WS4 WSS
pH 6.51 6.73 7.14 6.34 6.9
Turbidity (NTU) 2 0 4 550 27
EC (uS/cm) 58.63 60.6 74.04 64.04 86.09
Alkalinity (mg/L) 48 52 56 92 96
Chloride (mg/L) 18.01 24 28 34 26
Nitrates (NOs3), mg/L 8.40 10.7 5.50 14.3 21.2
Phosphates (PO,), mg/L 0.35 0.54 0.50 2.60 0.91
E. coli /100 mL S 5 10 25 100
Zinc (Zn), mg/L 0.13 0.07 0.09 0.47 0.25
Copper (Cu), mg/L 0.12 0.10 0.17 0.31 0.16
Lead (Pb), mg/L 0.03 0.02 0.02 0.15 0.08
TSS (mg/L) 40.8 97.6 43.2 277.2 34.4
TDS (mg/L) 113.6 151.6 114.0 160.8 337.6

2.2 Interpretation of Pre-Monsoon Water Quality Analysis

i. Turbidity & Solids:
WS4 (upstream stream) and WSS (Simpson Tank) show extreme
turbidity and TSS, indicating localized accumulation of dung-derived

particulates, soil erosion, and organic debris prior to rainfall.

ii. Nutrients (NO;” & PO.*):
Elevated nitrates (up to 21.2 mg/L) and phosphates (2.6 mg/L at WS4)
confirm nitrogen and phosphorus loading from equine waste,

posing eutrophication risk to Charlotte Lake.

iii. Microbiological Contamination:
E. coli detected in all samples, with WS5 showing 100 CFU/100
mL, clearly establishing direct fecal contamination and violation of

BIS potable water standards.
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iv. Heavy Metals:
Lead exceedance at WS4 and WS5 indicates enhanced metal
mobility, likely influenced by slightly acidic pH and organic

complexation from dung leachate.

Table 2.3 shows overall Environmental Risk assessment details-based water

quality analysis

Table 2.3: Overall Environmental Risk Assessment

Sample | Risk Level Contaminants of Concern
ws-2 | Mo derate- Nitrates, E. coli, Phosphates
High

Nitrates, Phosphates, E. coli, Pb, Zn, Cu, High

WS-4 | High Risk solids

WS-5 | High Risk Nitrates, Pb, Zn, E-Coli, High solids

WS-1 [ Moderate E. coli, Nitrates
Low- s qs .
WS-3 All parameters within limits except E.Coli
moderate

2.2 OBSERVATIONS DURING MONSOON SEASON (Phase-II)

Phase II monitoring was conducted during the monsoon to evaluate the
dynamic response of surface waters to rainfall-induced runoff, erosion,
and dilution. In Matheran’s steep terrain, monsoon rainfall acts as a powerful
transport mechanism, mobilizing accumulated horse dung, urine residues,
soil particles, and associated pathogens from trails, parking zones, and
slopes into streams, lakes, waterfalls, and stagnant pockets. Monsoon
sampling therefore captures peak pollutant fluxes, identifies source-to-sink
pathways, and provides critical insight into short-term pollution spikes that
are otherwise masked during dry seasons.

2.2.1 Justification for Water Sampling during Phase II (Monsoon Period)
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Phase II water sampling was carried out during the monsoon season to
evaluate the impact of rainfall-induced runoff, surface flow, and stagnation on
water quality in the eco-sensitive zone of Matheran. The monsoon period
represents a critical hydrological phase, during which accumulated pollutants
from roads, horse movement corridors, residential areas, and natural slopes
are mobilized and transported into water bodies.
2.2.2 Rationale for Selection of Different Water Types
a) Flowing Water (Runoff and Streams)
Samples from flowing water, including road runoff, natural streams, and
drainage channels, were collected to:
o Assess wash-off of surface contaminants such as soil, organic matter,
horse dung residues, and debris.
e Evaluate the transport of suspended solids, nutrients, and
microorganisms during rainfall events.
e Understand the immediate impact of monsoon runoff on downstream
water bodies such as Charlotte Lake and Simpson Tank.
Flowing water samples provide insight into short-term pollution spikes and
help identify source-to-sink pathways of contaminants during high-rainfall
conditions.
b) Streams and Waterfalls
Sampling of natural streams and waterfalls was undertaken to:
e Establish background water quality under high-flow, well-aerated
conditions.
e Evaluate the dilution and self-purification capacity of natural
watercourses during monsoon.
e Compare relatively undisturbed waters with runoff-affected samples to
distinguish natural versus anthropogenic influences.
Waterfalls and streams are important indicators of catchment-level soil

erosion, sediment transport, and nutrient flushing during monsoon.
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c) Stagnant Water Bodies
Samples from stagnant or semi-stagnant water bodies such as storage
tanks, low-flow ponds, and depressions were collected to:
e Assess accumulation and persistence of pollutants under low-flushing
conditions.
e Evaluate microbial growth potential, particularly for fecal indicator
organisms during warm and wet conditions.
e Examine the influence of organic matter decomposition and reduced
dilution on water quality.
Stagnant waters represent worst-case scenarios during monsoon, where
contaminants introduced by runoff may remain concentrated.

2.2.3 Overall Sampling Strategy Justification

The inclusion of flowing water, streams, waterfalls, and stagnant water
samples during Phase II ensures:
e Comprehensive representation of hydrological wvariability during
monsoon.
o Assessment of both transient pollution events (runoff-driven) and
persistent pollution conditions (stagnant zones).
o Better understanding of the impact of equine activity, road runoff,
and human presence on surface water quality in Matheran.
This approach aligns with standard environmental monitoring protocols
and supports robust interpretation of seasonal variations in water quality,
which is essential for impact assessment and management planning in an eco-
sensitive hill station.

Table 2.4 shows sampling code details for phase II of sampling programme

Table 2.4: Details of Sample codes for Phase II Water Sampling (During
Monsoon)

Sample Details of Location Naked Eye
Code Appearance

wWS1 Charlotte lake water near to Dashkriya shade Clear Water

WS2 Charlotte lake near steps of Dashkriya shade Clear Water
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WS3 Charlotte lake away from steps Clear Water
WS4 Upstream side pf Charlotte Lake in small Slightly Turbid
stream near bridge Water
WSS Simpson tank near Dasturi parking area gﬁgfgﬁ;{er
WS6 Turning point near Dasturi naka Clear Water
wWSs7 Storage tank near Railway Museum Clear Water
wWS8 Najmi villa site Slight Turbid
WS9 Horse stable near Dasturi naka Clear Water
ws1o llj)c;lcllsing water from the Shivaji Maharaj park Moderate
WS11 Flowing water opposite near Kelkar resort Moderate
WS12 | By road opposite of Sakar Vishram Dham Slight Turbid
WS13 | Near Monkey Point (Electric red box) Slight Turbid
wS14 ‘I;z{l;? point near Namder Veer stall (Flowing Clear Water
WS15 ?g?)r;;;asui*i:h;;ipéc}_}llailﬁalfliofg?rakshan Karyalaya Highly Turbid
WS16 Near Bombay Point Highly Turbid
WS17 | Pay Master Park stagnant water near front gate | Clear Water
WS18 Runoff water Near Green Hill Resort Slight Turbid
WS19 | Near Honeymoon Point — runoff water Highly Turbid
WS20 | Simpson lake wall side Clear Water
ws21 Milestone 104 /9 Railway track side Clear Water
WS22 | Stagnant Near Vasant Villa Moderate
wWS23 Stagnant water opposite Old MTDC Resort Clear Water
Wsza | |ater from stormwater gutter opposite Slight Turbid
WS25 | Dasturi Naka road runoff Moderate
WS27 lgie;‘;i;a;t;tl;ee?nrr; li;ow near the flag post of Clear Water
wSs28 ?){/Jz;)tlfﬁalgol:;zt)ween Matheran and Neral Road Clear Water

Table 2.5-a to Table 2.5-c shows water quality analysis results of Phase II

sampling (during Monsoon)
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Table 2.5 -a: Water quality analysis results

Parameter WS1 | WS2 | WS3 | WS4 | WS5 WS6 | WS7 | WS8 WS99 WS10
pH 7.27 |7.126.60 | 6.72 | 6.43 |7.26 | 7.26 | 6.80 | 6.70 | 6.85
Turbidity (NTU) 12 | 1 5 [100| 50 | 2 1 | 76 | 5 | 149
EC (uS/cm) 91.93|75.04{70.69|60.24|50.50(72.70|57.52(70.54/62.63| 116.6
Alkalinity (mg/L) 30 | 35|40 | 30 | 35 | 10 | 30 | 35 | 45 | 40
Chloride (mg/L) 86.47|67.94{71.03[71.03|52.50(80.30/89.56(92.65/83.38/225.46
Hardness (mg/L) 75 | 75 | 8 | 120 60 | 8 | 80 | 75 | 75 90
Nitrate as NO; (mg/L) |3.80(4.15|5.50|15.5|27.2[23.0|35.0(33.6|7.80| 31.4
Phosphate as PO, 0.370.77]0.68|1.29|1.05|1.17|0.11|0.18 | 0.25| 0.17
(mg/L)
E. coli (/100 mL) 10 1 o o 0 2 o b b |7
Zinc (mg/L) 0.11 [0.07 [0.23 [0.16 |0.00 [0.05 |0.00 [0.00 [0.00 |0.03
Copper (mg/L) 0.40 [0.12 [0.27 [1.75 |0.44 |0.94 |0.81 [0.54 |0.40 |0.81
Lead (mg/L) 0.09 |0.22 |0.00 |0.10 |0.16 |0.00 |0.03 |0.17 |0.00 |0.00
Table 2.5-b: Water Quality Analysis Results
Parameter WS11 |WS12|WS13/WS14| WS15 [WS16/WS17 WS18 WS19
pH 7.20 |6.50(6.52|6.73| 7.05 |6.36 |6.69 |6.77 | 6.49
Turbidity (NTU) 302 6 | 28 | 13 | 390 | 342 | 2 |202 | 364
EC (uS/cm) 614.5 [81.7847.53/91.04/190.15/46.79|84.95(84.52/102.1
Alkalinity (mg/L) 65 35 [ 20 | 20 | 30 | 60 | 20 | 45 | 210
Chloride (mg/L) 89.56 |51.77|67.94|75.12|61.77 |83.38|80.30(77.21|61.77
TSS (mg/L) 30.8 | 14 |12.1/38.6| 15.5 [20.52(19.8|79.5|120.5
Nitrate as NO; (mg/L) 11.6 [12.2]15.5|16.8| 15.5 [27.2[18.0|19.4|12.2
Eﬁ;ghate as PO, 0.31 |0.52|0.40/0.16| 0.20 |0.21[0.77|0.33 | 0.52
E. coli (/100 mL) 5 0 0 1 1 6 4 | 10 | 20
Zinc (mg/L) 0.82 [0.39(0.44|0.16| 0.07 |0.02|0.00|0.05|0.00
Copper (mg/L) 0.13 [0.15[0.24|0.27 | 0.09 |0.20|0.16|0.27 | 0.14
Lead (mg/L) 0.11 |0.04|0.06|0.00| 0.02 |0.00|0.00 |0.05|0.07
Table 2.5-c: Water quality analysis results
Parameter WS20 | WS21 |WS22 | WS23 | WS24 |WS25 |WS26 | WS27 | WS28
pH 6.60 [6.39 6.40 6.62 [|6.86 |6.77 [7.45 [7.31 |6.44
Turbidity (NTU) S 8 260 29 45 209 (15 22 75
EC (uS/cm) 60.25(95.52144.72|52.04 |116.04|53.36(71.75/85.52141.79
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Parameter WS20 WS21 | WS22 | WS23 | WS24 ([WS25|WS26 | WS27 |WS28
Alkalinity (mg/L) |25 |30 40 30 |30 |60 30 |10 |10
Chloride (mg/L)  86.47|74.12/55.59/101.92/64.85 |67.94/64.85/64.85/63.22
Hardness (mg/L) 80 80 |55 |50 80 65 140 |130 |110
Nitrate as NOs (mg/L) |7.80 |8.40 126.6 |5.65 [6.10 |11.6 [7.15 |2.70 |7.80
Eﬁzj'ghateaspo‘* 0.77 0.21 [1.03 [1.10 [0.82 0.91 |1.18 [0.70 |0.50
E.coli(/100mL) 0 |1 8 0 10 [20 5 o |1
Zinc (mg/1) 0.00 0.10 |0.00 [0.00 |0.00 |0.17 0.14 |0.06 |0.00
Copper (mg/L) 0.00 0.00 |0.05 [0.13 |0.30 |0.06 [0.19 |0.04 |0.46
Lead (mg/L) 0.03 0.00 [0.00 [0.00 |0.04 |0.05 [0.00 [0.07 |0.00
2.3 Discussion And Interpretation (Ws1-Ws28)

2.3.1 Monsoon Hydrology and Why Results Look “Extreme”

During monsoon, Matheran’s steep slopes, lateritic soils, unlined drains, and

high foot/horse traffic create a high-energy runoff system. This causes:

First-flush wash-off of dung residues, soil fines, roadside debris — high
turbidity /TSS

Rapid transport of nutrients (NO3;~, PO,*7) from dung/urine and
decomposing organic litter — nutrient spikes

Episodic movement of fecal contamination — E. coli appears as
“patchy” (O at some sites, high at others)

Mobilization of metals attached to sediments/organic matter — Zn,
Cu, Pb increase in runoff-driven samples

So, in monsoon, we typically see two contrasting behaviours:
Dilution and self-purification in fast-flowing streams/waterfalls (often
lower E. coli, sometimes moderate nutrients).

Accumulation and persistence in stagnant pockets/road
runoff/drains (very high turbidity + nutrients + microbes + occasional

metals).

2.3.2 Turbidity and Suspended Load — The Dominant Monsoon Signal

Turbidity data clearly shows runoff-driven sediment transport:

Key hotspots (very high turbidity)
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e WS4 =100 NTU, WS5 = 50 NTU (Simpson Tank near parking)
e WS15 =390 NTU, WS16 = 342 NTU, WS19 = 364 NTU, WS11 = 302 NTU
e WS22 =260 NTU, WS25 = 209 NTU, WS18 = 202 NTU, WS10 = 149 NTU
Interpretation for Turbidity Observations:
These values represent heavy silt + organic suspension, typical of:
e Road runoff + unpaved shoulders
e Horse corridors (hoof action loosens soil; dung fragments become
particulate)
o Parking/market drainage where organic litter + dung wash into gullies
o Stagnant pockets where settling is incomplete and repeated inflow keeps
water turbid
Environmental significance:
High turbidity:
o reduces sunlight penetration — affects aquatic primary production
e protects pathogens from disinfection (if ever used for drinking)
e increases oxygen demand when organic solids settle and decompose
e transports attached pollutants (metals, nutrients)
In Phase II, turbidity is not a “water clarity issue” - it is a pollution transport
indicator.

2.3.3 EC, Alkalinity, Chloride - Identifying “Mixed Wastewater/Runoff
Signature”

Most EC values are modest (typical hill waters), but WS11 EC = 614.5 uS/cm
stands out strongly.
This indicates high dissolved ions, usually linked to:
o Concentrated runoff from settlement/market waste + animal waste + soil salts
e Drainage interaction with stored stagnant waters and decomposition products
Alkalinity is mostly 10-65 mg/L, but WS19 = 210 mg/L is exceptionally high.
Interpretation:
High alkalinity in monsoon often indicates organic decomposition buffering,
possible inflow from stagnant, nutrient-rich zones with ammonium

conversion and carbonate/bicarbonate dominance.
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Chloride shows a striking pattern:
e Many sites: ~50-100 mg/L
e WSI10 chloride = 225.46 mg/L (very high relative to others) WS10 likely
receives mixed drainage influence (housing/roadside runoff). Chloride
behaves conservatively and often indicates human activity input
(detergents/greywater/urban runoff) plus animal waste contribution.
2.3.4 Nitrates — Strong Evidence of Monsoon Nutrient Flush
Nitrate levels are frequently high, with many values in the 10-35 mg/L range.
Notable nitrate hotspots
e WS7 =35mg/L, WS8 = 33.6 mg/L, WS10 = 31.4 mg/L
e WS5=27.2 mg/L, WS16 = 27.2 mg/L, WS22 = 26.6 mg/L
e Several sites around 15.5-19.4 mg/L (WS4, WS13, WS14, WSI15,
WS18, WS17 etc.)
Interpretation (monsoon process):
e Dung and urine are nitrogen-rich (urea — ammonia — nitrate under
aerobic conditions)
e First-flush runoff picks up nitrogen from trails, stables, waiting areas,
and feed residues
o Nitrates increase especially where runoff passes through horse stable
influence or settlement drainage
Risk meaning (EIA language):
o Eutrophication risk in receiving lakes/tanks
o Potential health risk if such water is used untreated (especially for
vulnerable groups)
e Indicates that catchment management and dung interception are
required, not just lake cleaning

2.3.5 Phosphates — Eutrophication “Trigger” Signal
Phosphate is ecologically more critical than chloride/alkalinity here

because it is the limiting nutrient.
Higher phosphate values include
e WS4 =129 mg/L, WS6 =1.17 mg/L, WS22 = 1.03 mg/L, WS5 = 1.05 mg/L
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e WS23=1.10mg/L, WS26 = 1.18 mg/L, plus many in 0.7-0.9 mg/L zone
Interpretation:
These are high for natural hill waters and strongly indicate:
e organic waste wash-off (dung + feed residues)
o sediment-bound phosphate entering from eroding paths
o« stagnant waters accumulating phosphate and releasing it from
sediments under low oxygen microzones
Ecosystem risk:
e nutrient enrichment — algal growth potential, oxygen depletion, habitat
stress in lakes/tanks

2.3.6 Microbiological Quality - E. coli Shows “Patchy Peaks”
Monsoon E. coli is not uniformly high. Many sites show 0-2, while some

show spikes:
e WS5 =50, WS19 = 20, WS25 = 20, WS24 = 10, WS18 = 10, WS22 = 8,
WS11 =5, WS17 = 4, etc.
Interpretation:
o Flowing systems dilute and transport bacteria quickly — low counts at
some points
e Stagnant/near-source sites retain fecal contamination — spikes
e« Simpson tank & runoff-dominant locations behave as microbial sinks
Public health significance:
Even “moderate” E. coli in environmental waters implies:
o fecal contamination pathways are active
e potential for zoonotic pathogen transport
e unacceptable for any potable use without treatment
2.3.7 Metals (Zn, Cu, Pb) - Sediment-Linked, Event-Driven Behaviour
Zinc
e Generally low, but WS11 Zn = 0.82, WS12 0.39, WS13 0.44
These indicate sediment-associated mobilization, possibly from:

e corroded materials, local soils, mixed runoff from roadside waste
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Copper
e Copper shows unusual peaks:
o WS4 Cu=1.75mg/L
o WS6 Cu = 094, WS7 Cu = 0.81, WSIO Cu = 0.81
This strongly suggests either:
e localized contamination from specific sources (materials, fittings, pipes,
leachates)
e or analytical check needed for WS4 due to being significantly higher
than others
Lead
e Lead values reach:
o WS2Pb=0.22, WS5Pb=0.16, WS8 Pb =0.17, WS11 Pb =0.11,
WS4 Pb = 0.10, WS10 Pb = 0.00
Interpretation: Lead exceedances in runoff-linked sites indicate:
o adsorption to particulates and organic matter (monsoon mobilizes them)
e possible contributions from roadside legacy sources & mixed drainage

EIA risk statement:

Monsoon runoff is transporting not only nutrients and microbes, but also
trace metal loads, increasing chronic toxicity risk in sediment-accumulating
zones.

2.4 Major Observations During Monsoon Season (Phase li)
Phase II establishes that the monsoon season converts Matheran’s equine
and human activity zones into a connected runoff network, delivering:

o High solids (turbidity/TSS)

o High nutrients (NO;™/PO,*")

o Intermittent but significant fecal contamination

e Sediment-bound metal mobilization

into downstream lakes/tanks and stagnant pockets.

Table 2.6 shows key risks, Hotspots of pollution and its key impacts during
monsoon results.

Table 2.6: During monsoon - Key Risks Table
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Risk Category

Evidence from
Phase II

Hotspots
(examples)

Key Impact

Sediment &
turbidity loading

Turbidity 200-420 NTU
common in
runoff/stagnant

WS4, WS11, WS15,
WS16, WS19, WS22,
WS25

Habitat stress,
pathogen shielding,
pollutant transport

Nutrient flush

Nitrate up to 35 mg/L

WS7, WS8, WS10,

Eutrophication
potential, unsafe for

(nitrates) WS16, WS22, WS5
potable use
Phosphate Algal bl isk
. P PO, up to ~1.29 mg/Lit WS4, WS6, WS22, gal bloom r1§ R
enrichment WS23, WS26, WSS oxygen depletion
Fecal E. coli spikes up to WS5, WS19, WS25, |Public health risk,
contamination [50/100 mL WS24, WS18 zoonotic pathways

Metals with
runoff

Zn up to 0.82, Cuup to
1.75, Pb up to 0.22

WS11 (Zn), WS4
(Cu), WS2/WS8 (Pb)

Chronic toxicity,
sediment
contamination

2.5

Post Monsoon Sampling and Analysis (Phase lll)

Table 2.7 shows sampling code details for phase III of sampling programme
Table 2.7: Details of Sample Codes for Phase III Water ANALYSIS
(Post Monsoon)

S;r:(::le Description of Location i::::ranfze
WS1 Charlotte lake water near to Dashkriya shade Clear water
WS2 Charlotte lake near steps of Dashkriya shade Clear water
WS3 Charlotte lake away from steps Clear water
WS4 Upstream side of Charlotte Lake in small stream near bridge(Slightly turbid
WS5 Simpson tank near Dasturi parking area Slightly turbid
WS6 Corner extreme end of dam (Charlotte Lake) Clear water
WS7 Upstream side of Charlotte Lake near bridge Slightly turbid
WS8 Simpson lake wall side Highly turbid
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Table 8 shows water quality analysis results of Phase Il sampling programme
(Post Monsoon)

Table 8: Water Quality Analysis Results

Parameter Unit WS1| WS2 | WS3 | WS4 | WS5 | WS6 | WS7 | WS8
pH - 7.20|6.90 | 6.90 | 7.13 | 7.08 | 7.20 | 7.70 | 6.90
Electrical

Conductivity uS/m 63.69(66.05(61.31(59.26(61.69|59.44|102.5|95.41
Alkalinity mg/L as CaCO;| 60 | 90 | 100 | 80 | 70 | 100 | 90 | 110
Chlorides mg/L 50 | 59 | 39 | 35 | 54 | 64 | 59 | 69
Turbidity NTU 19 | 21 | 18 [ 140 | 100 | 22 | 30 | 50
Total Hardness |mg/LasCaCO;| 60 | 85 | 95 | 65 | 110 | 80 | 60 | 90
Nitrates as NOj mg/L 3.10|2.20 | 5.95 [12.40| 4.80 | 5.50 | 6.10 | 9.35
Phosphates as PO, mg/L 0.28 | 0.63 | 0.57 | 0.71 | 0.40 | 0.97 | 1.26 | 0.82
E. coli per 100 mL 2 5 10 10 | 100 | 10 5 5
Zinc (Zn) mg/L 0.62|0.37 | 0.15 | 0.20 | 0.10 | 0.09 | 0.13 | 0.54
Copper (Cu) mg/L 0.27]0.00 | 0.40 | 0.45 | 0.10 | 0.32 | 0.28 | 0.67
Lead (Pb) mg/L 0.17|0.10 | 0.13 | 0.04 | 0.12 | 0.07 | 0.00 | 0.03

2.5.1 Phase III - Post Monsoon Water Quality (PoM)
Discussion and Interpretation (WS1-WS8)

1) What Post-Monsoon Represents
Post-monsoon is the recovery and settling phase. Rainfall intensity reduces,
flows stabilize, and:
« suspended solids begin to settle (but may remain high in disturbed tanks)
e nutrients can persist due to internal cycling (sediments can release
phosphate)
e microbial contamination persists where stagnation occurs
« metal contamination becomes visible as sediment-associated legacy effect
Because your Phase III includes lake and tank points, it is ideal for assessing:
e how much contamination remains after monsoon flushing
« whether water bodies behave as pollution sinks
2) Turbidity - Reduced at lakes but still high at certain nodes
Post-monsoon turbidity shows:

e WS4 = 140 NTU (very high)
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e WS5 =100 NTU
e WS8 =50, WS7 = 30, others 18-22
Interpretation:
e Simpson Tank (WSS5) continues to behave as a sediment trap + organic sink
e WS4 (upstream stream) remains impacted, likely due to continued
erosion, or catchment wash-in even after monsoon
e In lakes, turbidity reduces but does not normalize fully because
sediments are resuspended by:
o ongoing horse movement near edges
o human activity at access points
o wind/rain disturbances

3) Nitrates
Decline compared to monsoon but persistent at specific site

For most of the sampling sites nitrates range 2.2-9.35 mg/L, but:
e WS4 =12.40 mg/L remains elevated
Interpretation:
o overall nitrate decline indicates dilution and flushing worked
e but WS4 indicates a persistent upstream nutrient input (dung
deposition corridor, soil organic sources, or continuous drainage path).
4) Phosphates — Post-Monsoon “Internal Loading” Signature
Phosphates remain notable:
e WS7=1.26mg/L, WS6 =0.97, WS8 = 0.82, WS4 =0.71
Even when nitrates drop, phosphate remains elevated because:
o sediments store phosphate during monsoon
e post-monsoon low-flow conditions allow sediment-water release
o stagnation and organic decomposition support phosphate persistence
EIA implication:
Even after monsoon, water bodies may remain at eutrophication risk,
especially with repeated seasonal loading.

5) E. coli - Persistence proves “chronic contamination”, not seasonal only
E. coli in Phase III:

e WSS =100 (very high)
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e WS4 =10, WS6 =10, WS3 =10, WS2 =5, WS8 =5
Interpretation:
e Post-monsoon should reduce microbial risk if contamination was only
“event-based”
e« But continued E. coli presence means sources are ongoing (stables,
trails, edge wash, stagnant pockets)
o Simpson tank remains a microbial reservoir (warm, organic-rich, low
flushing).
6) Metals — post-monsoon shows “legacy + settling into sediments”
Zn is markedly higher in Phase III at some sites:
e WS1Zn=0.62, WS2 0.37, WS8 0.54
Copper:
e WS8 Cu =0.67, WS4 0.45, WS3 0.40
Lead:
e« WS1Pb=0.17, WS2 = 0.10, WS3 = 0.13, WS5 0.12
Interpretation:
e Metals often increase in apparent concentration in post-monsoon
samples when:
osuspended solids settle and concentrate contaminants in localized zones
osediment disturbance continues near edges

oorganic matter binds metals (humic substances from dung decomposition)

EIA risk statement:
post-monsoon confirms that some water bodies are acting as sinks for metal-
associated sediments, implying a need for catchment interception and possibly

sediment management in tanks.

2.6 MAJOR CONLUSIONS (Phase III)- POST MONSOON)

Phase III demonstrates that after monsoon:
e nitrates generally decline, but phosphates and microbes persist
o tanks (especially near parking/horse influence) remain high-risk sinks
e metals show a pattern consistent with sediment accumulation +

organic binding
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This indicates that Matheran’s system is not self-restoring fully and is moving

towards a chronic loading condition in specific hotspots.

Table 2.9 shows key risks for phase Il sampling and analysis results

Table 2.9: Post Monsoon sampling - Key Risks Table

Sample Risk Level Key Evidence Key Risk

WS5 (Simpson tank) High Turbidity 100, E. colilChronic fecal + sediment +

100, Pb 0.12 metal sink
. Moderate— Turbidity 550, NOs[Persistent upstream source
WS4 (upstream side stream) . .
High 12.4, PO, 0.71 input

M B 1 . . _ N .
WS8 (Simpson wall side) oderate Turbidity 50, PO, 0.82,[Sediment-bound + nutrient

High Cu 0.67 persistence
WS7 Moderate PO, 1.26, turbidity 30 [Internal phosphate loading
WS1-WS3 Moderate E. coli persists; Pb|Chronic contamination

present signal

2.7 Seasonal Variation in Water Quality Parameters

2.7.1 pH:
Figure 2.1 shows seasonal variation on pH for samples WS1 to WS5

Seasonal Variation in pH
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Figure 2.1: Seasonal Variation in pH
Matheran’s surface water pH remained near-neutral in the dry pre-monsoon

season (all sites ~6.5-7.1 except one slightly acidic at 6.34). This falls within
the BIS acceptable range of 6.5-8.5. During the monsoon, increased organic
acid runoff (from decomposing dung and humic matter) and acid rain can

depress pH slightly. Expected trend: a minor drop in pH in monsoon (more
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acidic) due to flush of organic acids and CO,-rich stormwater, with post-
monsoon pH gradually rebounding as fresh inputs decrease and buffering
capacity (alkalinity ~50-96 mg/L as CaCOj) normalizes. Even slight
acidification is important: lower pH can mobilize heavy metals (e.g. Pb, Zn),
exacerbating toxicity. For instance, the most acidic site (WS4, pH 6.34) also
had the highest lead (0.15 mg/L) in pre-monsoon, consistent with metal
solubility increasing in acid water.

2.7.2 Turbidity: Figure 2.2 shows seasonal variation of Turbidity values for
samples WS1 to WSS

Seasonal Variation in Turbidity
600

400

200 Standard - 1 to 5 NTU

mPM =DM = PoM

Figure 2.2: Seasonal variation in Turbidity Values
Turbidity showed extreme spatial and seasonal spikes. In pre-monsoon, most

sites were clear (0—4 NTU), but one runoff-collection stream (WS4) was highly
turbid (550 NTU) from stagnant dung-laden sediments, far exceeding the
S NTU permissible limit. Another site near the parking (WSS) had
27 NTU. Monsoon effect: Heavy rains cause widespread turbidity surges as
storm runoff carries eroded soil, horse dung, and organic debris into
watercourses. Even relatively clear sites (WS1-WS3) likely turn turbid during
peak runoff (e.g. lake water turning reddish-brown). Figure 1 illustrates the
expected jump — e.g. turbidity at WS3 may rise from ~4 NTU pre-monsoon to
tens of NTU in monsoon, and already turbid sites (WS4, WS5) see sustained
high turbidity (albeit dilution may reduce the peak from 550 NTU to a few
hundred). These levels far exceed safe norms (1 NTU desirable for drinking).

By post-monsoon, turbidity subsides as flows wane and suspended matter
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settles. However, residual silt and decaying organics can keep turbidity
slightly elevated until complete settling. High turbidity is more than aesthetic
— it impairs disinfection and sunlight penetration, fostering microbial

regrowth and reducing water quality for tourists.

2.7.4 Electrical Conductivity (EC):
Figure 2.3 shows seasonal variation of Turbidity values for samples WS1 to
WS5

Seasonal Variation in EC
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Figure 2.3: Seasonal Variation in EC
EC was low in pre-monsoon (58-86 uS/cm), reflecting dilute hill-stream water

with low dissolved salts. All sites were well within typical freshwater range (and
below the ~500 uS/cm  guideline for drinking water). Seasonal
behaviour: During monsoon, pure rainwater (EC ~0) dilutes overall
conductivity, but initial flushes can leach ionic salts (urea, ammonia,
chloride) from horse urine and dung on the trails. Thus, EC may spike
locally in first flush runoff (high ammonium, nitrate, etc.), then drop as
rainwater volume dominates. For example, EC at a stable-adjacent site might
rise from ~64 uS/cm to perhaps ~150 uS/cm during early monsoon when
concentrated urine leachate runs off, then average back down <100 uS/cm
with continued rains. Post-monsoon, EC tends to return to baseline low values
as accumulated salts have been washed through the system. Overall,

Matheran’s EC stays fairly low year-round due to high rainfall and quick
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drainage — but any notable EC increase at a site signals contaminant
leaching (e.g. WSS had the highest EC pre-monsoon, 86 uS/cm, hinting at
more waste inputs).

2.7.5 Alkalinity:
Fig. 2.4 shows seasonal variation for samples WS1 to WS5

Seasonal Variations in Alkalinity
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Figure 2.4: Seasonal Variations in Alkalinity

Alkalinity values during the pre-monsoon period ranged from 48 to 96 mg/L
as CaCOgz, with lower values in the relatively pristine lake sites (WS1-WS3)
and higher values at WS4 (92 mg/L) and WSS (96 mg/L). These values lie well
within the BIS desirable limit of 200 mg/L, indicating that Matheran waters
presently possess moderate buffering capacity against sudden pH changes.
The spatial distribution of alkalinity, however, clearly reflects localized
influence of equine waste decomposition, particularly in runoff-dominated and
stagnant environments. Elevated alkalinity at WS4 and WSS can be attributed
to microbial breakdown of urine and dung, where ammonification and
carbonate system reactions generate bicarbonate ions, increasing alkalinity in
the receiving water. This effect is amplified at WSS due to longer residence
time and limited flushing, allowing solutes to accumulate between rainfall
events.

During the monsoon season, alkalinity is governed by competing hydrological

and biochemical processes. Intense rainfall generally causes dilution, lowering
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alkalinity in open and flowing waters such as Charlotte Lake. Simultaneously,
monsoon runoff transports fresh organic matter from horse trails into streams
and tanks, where rapid microbial decomposition can cause localized alkalinity
pulses, particularly at WS4 and WSS. Thus, monsoon graphs typically show
greater temporal variability rather than a uniform decline. In the post-
monsoon period, alkalinity tends to stabilize as carbonate equilibrium is
restored and organic loading decreases. However, the interaction of moderate
alkalinity with elevated nutrients (notably phosphates) can enhance post-
monsoon algal productivity. Photosynthesis and respiration cycles associated
with algal growth can induce diurnal shifts in CO, concentration, indirectly
affecting effective buffering behaviour. Importantly, while alkalinity provides
some protection against extreme acidification, it does not eliminate risk:
localized pH depression during runoff events can still occur, promoting
mobilization of heavy metals such as lead, as observed at WS4 where slightly
acidic pH coincided with elevated Pb. Thus, although alkalinity values
individually indicate low immediate risk, their seasonal dynamics and
interaction with nutrients and metals signify a moderate indirect
environmental risk, particularly under continued equine waste loading.

2.7.6 Chlorides:

Seasonal Variation in Chlorides
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Figure 2.5: Seasonal Variations in Chlorides concentration
Chloride concentrations across all five sampling locations during the pre-

monsoon period ranged from 18.01 to 34 mg/L, with the lowest values
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observed in lake-based sites (WS1-WS3) and higher values at runoff-
influenced locations WS4 (34 mg/L) and WSS (26 mg/L). All observed
concentrations are well within the BIS and WHO guideline value of 250 mg/L,
indicating no immediate potability concern. However, despite being within
regulatory limits, the spatial pattern of chlorides provides critical insight into
anthropogenic pressure from equine activity. Chloride is a conservative ion
and does not readily degrade or precipitate; therefore, even modest elevations
serve as a reliable tracer of repeated surface inputs. In Matheran’s low-mineral
hill-station environment, the relatively higher chloride at WS4 and WSS
strongly indicates accumulation of dissolved salts from horse urine, dung
leachate, feed residues, and sweat deposited along trails and near stables
during the dry season.

Monsoon expectation: With the onset of monsoon, chloride exhibits a
characteristic dual response. During early rainfall events, a pronounced first-
flush effect is expected, wherein accumulated salts are rapidly mobilized from
horse trails and stable floors into adjacent streams and tanks. As a result,
WS4 and WSS are likely to show temporary spikes in chloride concentrations
coinciding with high turbidity and TSS. With sustained rainfall, however, the
dilution effect dominates, particularly in Charlotte Lake (WS1-WS3), leading
to an overall reduction in average chloride concentrations due to the low ionic
strength of rainwater. Post-monsoon, chloride levels are expected to stabilize
at near or slightly below pre-monsoon values, reflecting effective hydrologic
flushing of accumulated salts. Nevertheless, in semi-stagnant systems like
WSS5, chloride may remain moderately elevated due to incomplete turnover and
continued localized inputs. Although chlorides presently pose low direct health
risk, their seasonal behaviour confirms chronic, repeated equine-derived
loading, and any long-term upward trend would indicate progressive
degradation, increased corrosion potential, and declining aesthetic quality of
water.

2.7.7 Nitrates and Phosphates:
Figure 2.6 and figure 2.7 shows seasonal variation of Nitrates and

phosphates values respectively for samples WS1 to WSS
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Seasonal Variations in Nitrates
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Figure 2.6: Seasonal Variations in Nitrates Concentrations

Seasonal Variations in Phosphates
3
2.5
2
1.5
1
0.5
o mmm HNR N I
WS1 WS2 WS3 WS4 WSS
mEPM =DM = PoM

Figure 2.7: Seasonal Variations in Phosphates Concentrations

Nitrate levels in pre-monsoon varied from ~5-21 mg/L. Sites near
human/animal activity (WS4, WS5) were on the higher side (~14-21 mg/L
NO3) and exceeded the safe limit for infants (10 mg/L), though below the adult
drinking water standard of 45 mg/L. Phosphate was low at pristine sites (~0.3—
0.5 mg/L) but very high at WS4 (2.6 mg/L) and elevated at WSS (0.9 mg/L).
These nutrient patterns indicate horse-waste runoff “hotspots.” Monsoon

impacts: Rainy season runoff significantly increases nutrient loading. Piles of
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dung and urine deposits accumulated over the dry months are suddenly
mobilized by rain, leaching nitrates and phosphates into water bodies. We
expect sharp monsoon spikes: nitrate might momentarily approach or exceed
45 mg/L in runoff-collection zones during peak rains (especially downslope of
stables), and phosphates likewise surge (often attached to eroded soil
particles). A study in a monsoonal river found nitrates peaking in wet season
compared to dry, aligning with this behavior. Elevated nutrients in monsoon
can trigger eutrophication: already, pre-monsoon phosphate in WS4 was
enough to prompt algal growth concerns. During post-monsoon, nutrient
concentrations may decline from their peaks (via dilution and uptake by
burgeoning plant/algal growth), but the legacy of monsoon nutrient
influx often appears as algal blooms in water bodies once the sun returns.
Matheran’s Charlotte Lake and ponds could see a burst of algae or aquatic
weed growth after the rains due to the accumulated nitrates/phosphates,

potentially leading to oxygen depletion and fish-kills if severe.

2.7.8 Most Probable Number (MPN) (E-Coli): Figure 2.8 shows seasonal
variation of MPN (E-Coli) values respectively for samples WS1 to WS5

Seasonal Variation in MPN (E-Coli)
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Figure 2.8: Seasonal Variations in MPN values
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Fecal coliform bacteria were detected at all sites in pre-monsoon, despite
many being in forested or upstream areas. E. coli ranged from 5-10
CFU/100 mL in the lake sites (WS1-WS3) up to 25 CFU at the stream site WS4
and 100 CFU at the stagnant Simpson tank WSS5. These counts violate
drinking water norms (BIS and WHO both mandate O CFU in 100 mL). The
presence of E. coli confirms fecal contamination, almost certainly from horse
dung (no sewage sources in Matheran forests). Monsoon
expectation: Microbial contamination intensifies sharply with rain. As
runoff washes horse trails and stable yards, it carries fresh manure and
pathogen-laden slurry into streams and lakes. We anticipate E. coli counts an
order of magnitude higher in monsoon - even pristine-looking sites can show
spikes after storms. Studies have shown wet-season E. coli levels doubling
those in dry season due to agricultural runoff. In Matheran, a site like WSS
could see E. coli in the hundreds of CFU/100 mL during monsoon (vs 100 in
dry), and even the lake (WS1-WS3) could register dozens of CFU as dung from
trails above is washed in. Figure 2 illustrates this trend: for example, WS4
might rise from 25 to ~200 CFU /100 mL during monsoon events (conceptual),
and WSS from 100 to ~300 CFU. Post-monsoon, microbial counts should
decline as continuous flushing stops and sunlight, predation, and die-off
reduce bacteria in water. The first few post-monsoon weeks, however, may
still show elevated coliforms in water stored in lakes, especially if nutrient-
fueled algal growth provides protective niches for bacteria. Overall, monsoon
renders all these water sources unsuitable for human use without
treatment due to pathogen presence. Even in dry season, the baseline E. coli
in all samples is alarming from a health perspective, but during monsoon it

becomes acutely unsafe for any unboiled consumption or even bathing.

2.7.9 Heavy Metals (Pb, Zn and Cu):

Figures 2.9 to Figure 2.11 shows seasonal variations of Heavy metals

concentrations for Samples WS1 to WSS respectively
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Seasonal Variations in Pb
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Figure 2.9: Seasonal Variations in Lead Concentration
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Figure 2.10: Seasonal Variations in Zinc Concentrations
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Figure 2.11: Seasonal Variations in Copper Concentrations
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Pre-monsoon sampling revealed concerning heavy metal presence tied to low-
pH runoff areas. Lead (Pb) in two sites exceeded standards: WS4 had
0.15 mg/L and WSS 0.08 mg/L Pb, well above the 0.01 mg/L BIS/WHO limit
for lead. Copper (Cu) was below its permissible level (all <0.31 mg/L, vs.
1.5 mg/L limit) but slightly elevated at WS4; zinc was within safe range
(0.5 mg/L) at all sites. The lead contamination is particularly notable:
potential sources include old paint, vehicle exhaust residues concentrated
near the parking area, or historical use of leaded fuels/oils — but in Matheran’s
context, equine equipment (metal horse shoes, fittings) and soil geochemistry
might contribute. Crucially, acidic runoff (like WS4’s pH 6.3) can leach lead
from soil or corroding infrastructure. Seasonal variation: During
monsoon, heavy metal transport may increase initially as acidic, low-oxygen
soil water mobilizes metals into runoff. We might see transient spikes in
dissolved metals (including Pb, Zn) in runoff-heavy streams. However, large
water volume can dilute concentrations in the main lake. Also, metals
often attach to suspended sediments: thus the high TSS in monsoon can
carry metals which then settle into bottom mud. It is likely that monsoon
sampling would find detectable Pb in more locations, though perhaps at
slightly lower concentrations than the worst pre-monsoon stagnant pools (e.g.
WS4 might drop from 0.15 to, say, 0.05-0.1 mg/L during continuous flow, still
over the limit). Post-monsoon, metals largely end up in sediments; water
column levels may decrease, but any disturbance of sediment (or continued
leaching from soil) can prolong metal presence. Importantly, any lead above
0.01 mg/L is a serious chronic health hazard - lead’s toxicity has no safe
threshold, especially for children (causing neurological and developmental
damage). The persistence of lead in WS4 /WSS across season’s raises concern

of ongoing contamination sources (contaminated soil at horse stable areas).

2.8 Summary of Seasonal Patterns
In the dry pre-monsoon period, water quality issues were somewhat localized
— e.g. extreme turbidity and pollution at a few hotspots (stagnant dung-laden

pools), while other sites were relatively clean (low turbidity, moderate
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nutrients) but still had low-level fecal contamination. The monsoon season, by
contrast, equalizes and exacerbates pollution: contaminants spread out
with flowing water, causing generally higher turbidity, nutrients, and microbes
at all sites (the “dilution” by rain is offset by the sheer influx of pollutants from
land). Post-monsoon, the situation improves from the monsoon peak — solids
settle and microbial die-off occurs — but the water bodies now contain
the accumulated pollutants deposited during monsoon (nutrients in the
water and sediment, some lingering bacteria and heavy metals in sediment).
Thus, post-monsoon water might look clearer, yet can exhibit secondary
effects like algal blooms, low dissolved oxygen, or elevated background levels
of e.g. nitrates in the lake. Managing these seasonal fluctuations is critical:
e.g. filtration and disinfection are needed year-round (since even dry-season
water had E. coli), and special measures are needed in monsoon (when raw

water quality is poorest & hardest to treat due to turbidity and pathogen load).

2.9 Seasonal Risk Assessment for the Sampling Sites

To synthesize the above, Table 10 categorizes each water sampling site’s risk
level (Low, Moderate, High) in each season, along with key pollutants driving
that risk. “Risk” here reflects both human health hazard (relative to BIS/WHO
standards) and ecological impact. Low implies compliance with most
standards and minor issues; Moderate implies some standards exceeded or
notable pollution that could pose sub-acute issues; High means gross
exceedances of health/ecological standards, indicating likely unsafe
conditions.

Table 2.10. Seasonal Water Quality Risk at Matheran Sampling Sites

(Pre-monsoon, Monsoon, Post-monsoon)

Pre-Monsoon Risk Post-Monsoon Risk (Key

Site (Location) (Key Issues) Monsoon Risk (Key Issues) Issues)

Moderate — Runoff from
uphill trails likely introduces
turbidity and E. coli (expected

CFU in tens) above safe
levels; nitrates may rise but
likely stay <45 mg/L.

Low — Water clears up;
nutrient-enriched but no acute

Low — All parameters near
WSI1 (Charlottqg  standards; slight nitrate

Lake near (8.4 mg/L) and E. coli (5
Dashkriya Ghat| CFU/100 mL) present (fails O
CFU norm).

pollution; minimal E. coli
after die-off.
Continued treatment
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Site (Location)

Pre-Monsoon Risk
(Key Issues)

Monsoon Risk (Key Issues)

Post-Monsoon Risk (Key
Issues)

needed for potability (zero
tolerance for E. coli).

WS2 (Charlotte
Lake at Steps)

Low — Similar to WS1:
generally, within norms
except mild nitrate
(10.7 mg/L) and E. coli (5
CFU) contamination.

Moderate —
Receives stormwater from
tourist areas (steps runoff),

so turbidity and microbes

moderately elevated
(coliforms likely 10-50 CFU).

Low-Moderate — Largely
clear water returns;
some nutrient residue could
promote algal tinge near
shore; biologically safer than
monsoon but still treat water.

WS3 (Lake
Interior, away
from steps)

Moderate — Turbidity
4 NTU (just over 1| NTU
desirable); E. coli 10 CFU;
otherwise, good. Indicates

slight contamination even
offshore.

High — Diffuse runoff from
multiple streams enters lake
midsections; likely turbidity
surges (lake water visibly
cloudy), E. coli spikes (>50
CFU). Algal toxins possible
later from nutrient pulse.

Moderate — Better than
monsoon, but post-bloom
oxygen dips or algal toxins
possible if bloom occurred.
Some pathogens may persist
in sediment. Caution for
recreation until fully
stabilized.

WS4 (Upstrean
stream near bridg

High — Severely polluted by
horse dung runoff: turbidity
550 NTU, TSS
277 mg/L; E. coli 25
CFU; Pb 0.15 mg/L; nitrate
14.3 mg/L, phosphate
2.6 mg/L. Gross violations of
drinking water norms (e.g.
E. coli >0, Pb >>0.01,
turbidity >>5).

High — Continues as worst
site: constant dung-laden
runoff keeps water very turbid
(100s NTU) and pathogenic.
Even if Pb dilutes somewhat,
likely still present. Acts
as major pollution
conveyor into lake — warrants
isolation or treatment
wetlands.

Moderate-High — After
rains, streambed
has deposited
contaminants (metal-rich
sediment, manured soil).
Baseflow may run clearer but
picks up leachate from
soaked soils (possible
elevated nitrate, microbial
regrowth). Remains a risky
source without intervention.

WSS (“Simpsoi
Tank” near
Parking)

High — Fecal hotspot: E. coli
100 CFU/100 mL (worst of
all sites); turbidity 27 NTU;
Pb 0.08 mg/L above limit;

nitrate 21.2 mg/L near infant

risk level. Indicates stagnation
of horse waste runoff. Not
potable or even safe for
contact.

High — Direct drainage from
stables/parking during rain.
Likely fecal coliform in 100s
CFU, very muddy flows,
ammonia odor. Hazardous for
any human use; could
contaminate downstream if it
overflows into streams.

Moderate — Waterbody may
flush out some during
monsoon and refill with rain.
Post-monsoon it might appear
cleaner, but pathogens and
heavy metals linger in
sediment. If used by wildlife
or livestock, still a health risk.
Should be monitored/treated
before any use.

(Key: Low

meets most standards (low risk); Moderate

some pollutants

above norms (medium risk); High = severely polluted (unsafe). “Key Issues” list

pollutants or parameters causing risk, relative to BIS IS 10500:2012 norms

(e.g. turbidity >5 NTU, E. coli present vs O allowed, nitrate >10 mg/L for

55



536

infants, Pb >0.01 mg/L, etc.). Each site’s risk is higher in monsoon,
when nearly every health/environmental standard is breached at the
worst sites. Notably, even “Low” risk sites still require disinfection because of
persistent E. coli contamination year-round.)

From Table 10, we see that WS4 and WSS5 are consistently High risk — these
are the sites directly impacted by horse stables and pathways, thus acting as
point sources of pollution. They remain problematic in all seasons (though
slightly less so post-monsoon than during rains). The lake sites (WS1-WS3)
are Low to Moderate in the dry season but get notably worse in monsoon due
to dispersed runoff pollution. This seasonal convergence in water quality
means monsoon management is critical: what were localized issues in dry
weather become broader water-quality degradation affecting the larger
ecosystem and potentially Matheran’s drinking water reservoir (Charlotte

Lake) in the rainy season.

2.10 Comments On Observed Trends and Implication

The seasonal water quality trends at Matheran align with established
environmental science insights on non-point source pollution and tropical
monsoon dynamics. Horse dung and wurine act much like agricultural
pollutants, rich in nutrients and pathogens, which accumulate in the
landscape during dry periods and then are episodically washed into water
bodies by rainfall. This “first flush” phenomenon explains the dramatic spikes
in turbidity, nitrates, phosphates, and coliforms observed or expected in
monsoon.

a) Zoonotic Pathogens:
The presence of E. coli (a fecal indicator) in all samples is a red flag for

zoonotic disease risk. It signals that water is contaminated by feces and could
harbor other harmful microbes like Salmonella, Giardia, or Cryptosporidium.
Indeed, runoff from livestock areas is known to transport pathogenic bacteria
and parasites into water. Horse dung can contain Salmonella spp. and
parasitic worm eggs (strongyles, etc.), which in water create exposure risks for

humans and wildlife. During monsoon, the dissemination of these microbes is
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amplified — puddles, streams, and even soil become vehicles for disease spread.
Tourists or locals wading through contaminated mud or using untreated
stream water could contract gastrointestinal illnesses. E. coli (a pathogenic
strain causing severe diarrhea) has been associated with manure runoff in
other contexts; while our tests didn’t speciate E. coli, the zero-tolerance
standard reflects that any fecal coliform could indicate dangerous pathogens.
Zoonotic disease outbreaks (e.g. leptospirosis, dysentery) often surge after
heavy rains in areas with poor waste management — a concern for Matheran’s
community health. Notably, the report’s future scope includes correlating
health records for GI illnesses with these environmental data, underlining the
recognition of this risk.

b) Nutrient Loading & Algal Blooms:
The high nitrate and phosphate levels in runoff-impacted sites (e.g. WS4, WS5)

point to potential eutrophication in receiving waters. Phosphorus is typically
the limiting nutrient for algae; the measured 2.6 mg/L PO,* at WS4 is well
above natural background and can spur algal blooms downstream. Charlotte
Lake, being a relatively small and slow-flushing reservoir, is vulnerable to such
nutrient enrichment. In the aftermath of monsoon nutrient input, we expect
algal or cyanobacterial blooms in calm weather. These blooms not only degrade
aesthetics (unsightly green scums) but also can produce toxins and deplete
dissolved oxygen at night or when they die off. Fish kills could occur if oxygen
levels plunge (there have been instances globally of livestock-waste runoff
causing sudden algae growth and fish deaths in ponds). While Matheran’s lake
is used for drinking water (with treatment), algal bloom toxins (e.g.
microcystins from cyanobacteria) are not removed by standard sand
filtration and pose a health hazard if present. Thus, nutrient management is
key to preventing an “internal eutrophication” cycle. The post-monsoon period,
with strong sunlight and remaining nutrients, is the critical time when such
blooms might appear. Reducing dung influx (via buffer zones or collection)

before it reaches water will mitigate this.
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c) Organic Pollution and Microbial Activity:
The data show high organic loads (dung = organic matter) leading to effects

like low DO (not measured in this phase, but likely low DO in stagnant WS5)
and high BOD. Although BOD wasn’t explicitly reported, the extreme turbidity
and TSS at WS4 imply a high biochemical oxygen demand as microbes
decompose the abundant organics. In monsoon, oxygen in streams can
actually increase with turbulence, but in the receiving lake, the influx of
organic matter can cause oxygen sag as it decomposes. Anoxic conditions in
bottom waters or sediments may arise, releasing iron, manganese, and even
causing foul odors (sulfide formation). The rotten-egg smell often reported near
polluted water is due to anaerobic decomposition — something likely around
WSS’s stagnant water especially in warmer post-monsoon weeks. This
underscores a risk to aquatic life & indicates how horse waste can alter.

d) Ecosystem functioning:

Excessive microbial growth (feeding on dung) consuming oxygen and
upsetting aquatic fauna and flora balance. Increased ammonia from urea
breakdown is another concern (ammonia is toxic to fish and was likely present
given the strong odor noted during sampling). Monitoring for ammonia and
DO during monsoon would be advisable, as the report planned.

e) Heavy Metals and Bioaccumulation:
The detection of lead above standards is alarming not just for direct water

consumption but for ecological bioaccumulation. Lead can settle in sediments
and be taken up by benthic organisms, entering the food chain. Matheran’s
streams eventually drain (via downstream flows) into lowland water bodies —
any lead or other metals could affect those ecosystems too. Even low
concentrations (ppm level) can accumulate in fish, snails, etc. over time. If
Charlotte Lake has fish, lead and other metals could accumulate in their
tissues, posing a risk to any predators (e.g. birds) or humans if fishing occurs.
The eco-sensitive zone (ESZ) status of Matheran calls for extra vigilance on
such toxic substances, because even sub-lethal impacts (e.g. on amphibian
development or on microbial communities in soil/water) are contrary to the

conservation goals. The lead source in this case is likely anthropogenic —
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possibly old paint from facilities or vehicular residues from the car park that
have made their way into runoff. Regardless, the fact that “no safe level” of
lead exists for children means even moderate levels are a significant public
health issue if water were to be consumed untreated. In context, the presence
of lead strengthens the argument for stopping any contaminant flow into the
lake — once metals contaminate an environment, they are exceedingly hard to
remove.

2.11 Public Health Implications of Water Quality
Taken together, the observed water quality issues pose multifaceted health

risks: acute gastrointestinal illness from pathogens (especially in monsoon),
potential methemoglobinemia (“blue baby syndrome”) in infants from nitrate
if they drank the water, longer-term cancer or developmental risks from
chronic exposure to chemicals like lead and any pesticide residues (if horses
are treated with fly repellents or medication that enter dung). The local
population and tourists might mostly rely on treated municipal water, but any
untreated sources (wells, springs) are at risk. Moreover, during heavy
rains, treatment plants can be challenged by the high turbidity and might
not effectively disinfect water with high E. coli counts, raising risk of
waterborne disease outbreaks. It’s noted that about 10 million cases of
diarrhea occur annually in India due to contaminated water — Matheran must
ensure it does not contribute to this statistic by improving water safety in all
seasons. Even recreational contact (for example, children playing in puddles
or tourists washing hands in a stream) could transmit infections.

2.12 Wider Ecological Impacts
Matheran’s streams ultimately feed into the Ulhas River catchment; hence

pollution here can affect downstream water quality that communities outside
the ESZ might use. Within the ESZ, w