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1. Description of schematic diagram

Figure S1 provides a schematic overview of potential contamination points within an RO water system. Key areas identified
include the pre-treatment stage, where feed raw water first enters, susceptible to microbial contamination if not properly filtered.
During the RO configuration, microbial adhesion can lead to membrane fouling, particularly without effective pre-treatment or
routine cleaning, fostering biofilm formation. Post-RO water moves through to the post-treatment stage, a critical point where
inadequate maintenance can introduce contaminants. In the storage tank, biofouling may develop if conditions support microbial
growth, while at the tap, dispensing can introduce further contamination risks. Lastly, user handling (sampling) poses a risk

during interactions, often the final contamination point, underscoring the importance of controlled handling protocols.

User handling %

—

Clean water

‘ Feed water

Drain

Carbon pre-filter
Sediment pre-filter

Figure S1: Schematic of Potential Contamination Points in RO Water System, From Pre-Filtration to User Handling.

Figure S2 The research methodology consists of a sequence of stages to ensure comprehensive data collection and analysis.
Survey represents the initial stage, where information is gathered to understand the water sources and usage patterns in the
study area. Following this, Water Sampling is conducted, where samples are randomly collected from various sources to
assess water quality. Field Measurements are then performed, focusing on real-time parameters that can provide immediate

insights into water quality conditions. After field data is collected, samples move to the Lab Analysis stage, where in-depth
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testing identifies contaminants and physical parameters of water. Finally, Data Analysis integrates findings from all previous

stages, interpreting the results to draw conclusions about the water quality and potential health impacts, thereby guiding

further recommendations or interventions.

Survey

Water sampling

Figure S2: Sequential Flowchart of the Research Methodology.

Lab analysis

©9p @

Field
measurements

Data analysis

Table S1 in the Supporting Information provides a comprehensive summary of the water quality testing parameters, methods,

and standards applied in this study. It includes specific criteria from both the World Health Organization (WHO) [1] and the

Bureau of Indian Standards (BIS) [16], ensuring alignment with international and local standards. Key parameters such as

turbidity, pH, temperature, total dissolved solids (TDS), and indicators of microbial presence (e.g., E. coli) are detailed along

with their acceptable and permissible limits. Additional notes highlight the relevance of each parameter, such as turbidity as

an indicator of microbial contamination potential, and pH's influence on water quality. This table serves as a foundation for

understanding the rationale behind the testing protocols and their implications for water safety and usability.

Parameters

Standards WHO and BIS.

Notes

Turbidity

WHO: <5 NTU Ideally <1 NTU
BIS: AL <1 NTU, PL<5NTU
AL - Acceptable limit

PL - Permissible limit

Indicator of microbial presence, and

particles from catchment to point of use




Oxidation-Reduction Potential

This value has to be determined on a case-

50 °C. Preferably:

20 °C >Temp.>50 °C

(ORP) by-case basis; universal values cannot be

recommended (WHO)
pH 6.5-8.5 Affects corrosion and quality
Temperature WHO: Wherever possible, 25°C >Temp.> Influences density, solubility, DO in water

and reaction rates.
Rising temperatures support microbial

growth

Total Dissolved Solids (TDS)

WHO: < 600 mg/L

BIS AL: <500 mg/L, PL <2000 mg/L

TDS becomes unpalatable at levels > 1000

mg/l (WHO)

Conductivity

No alternative: >2500 uS/cm but not

recommended

Indicates potential pollution

Free/Total Chlorine,

Hardness, Alkalinity

WHO: Free chlorine <5mg/L

Hardness (calcium ions, taste threshold)
100-300 mg/L.

BIS: Free residual chlorine:

AL<0.2, PL<1.5. Alkalinity and hardness as

CaCOs: AL £200, PL <600 mg/L

Excessive hardness may elevate health
risks; chlorine > 4 mg/L can impact
breathing. Hardness: soft (0-60 mg/L),
moderate (60120 mg/L), hard (120-180
mg/L). Above ~200 mg/l may cause scale

deposition in water system

Dissolved Oxygen (DO)

WHO: No health-based guideline value is

recommended.

Low levels lead to mineral dissolution,
affecting taste and ecosystem health.
Very high levels of DO may impair

corrosion of metal pipes

Total coliforms, E. coli

WHO: Total coliforms 0/100 mL

E. coli 0/100 mL. Should not be present in
any 100 mL sample

BIS: Shall not be detectable in any 100 mL

sample

Indicator of fecal contamination.
E. coli provides conclusive evidence of

recent fecal pollution

59 Table S1: Overview of the water quality parameters, methods and standards (Drinking water standards of the WHO [1] and

60  Bureau of Indian Standards BIS [16].

61 Quality Assurance and Quality Control (QA/QC) - Text S1
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To ensure sampling consistency, measurement accuracy, and data reliability, a structured quality assurance and quality control
(QA/QC) framework was implemented throughout the field and laboratory phases. All enumerators underwent standardized
theoretical and practical training prior to field deployment, following a detailed standard operating procedure (SOP) covering
household surveys, water sampling, on-site testing, and sample handling. Each sampled water source was assigned a unique
identifier linked to GPS coordinates, sampling time, and photographic documentation, enabling full traceability across field and
laboratory stages.

On-site measurements were conducted using standardized field kits and portable sensors with routine calibration performed
according to manufacturer guidelines. Biological samples for E. coli and total coliform analysis were collected in sterile
containers and transported to the laboratory within 24 hours to preserve sample integrity. Incubation and result interpretation
followed established protocols.

Data verification was supported through multiple mechanisms, including automated time-stamping, survey-duration
monitoring to flag irregular entries, and expert cross-verification. Spatial consistency was further validated using GIS-based

tracking of sampling locations.

This section presents a summary of data collected from 262 water samples obtained from 216 households in Chennai, India.
Among these, 69 households using RO systems provided paired samples collected before and after treatment (n = 138 RO
samples), while the remaining 124 households provided a single drinking water sample each. The analysis integrates field-
based water quality measurements with household-level perceptions to reveal key insights into water quality and public

perceptions.

Figure S3 The map provided offers a spatial overview of water sample collection points across Chennai, as part of the Chennai
Water Survey. Each blue marker represents a location where water samples were gathered, covering a broad area of the city,
from coastal neighborhoods near the Bay of Bengal to inland districts. This distribution allows for a comprehensive
assessment of water quality variability across different parts of Chennai, capturing both urban and suburban areas. By
visualizing the sampling points, the map highlights the geographic scope of the survey, ensuring that diverse water sources

and potential contamination zones are represented in the study.



89
90

91
92
93
94
95
96
97
98
99
100

“ Chennai_Water_Survey @
* ‘u(' "‘:ﬂ?—w
3w

Figure S3: Map of drinking-water sources in the sample area.

Figure S4 provides an overview of the various data categories collected during the household water survey, capturing
comprehensive details about water sources, storage, treatment, usage, and perceived quality. Beginning with General
Information on survey objectives, it addresses Water Source specifics, distinguishing between natural sources (e.g., lakes, rivers)
and artificial sources (e.g., wells, public taps). Household Information and Demographics capture the context of water usage,
including household composition, ages, and education levels. Water Storage practices (e.g., bore wells, municipal supply) and
Water Treatment methods are examined, along with Water Treatment Info like duration and place. Additionally, the overview
assesses Health Impacts potentially linked to water quality Water Usage for different purposes, and Water Quality Tests. Finally,
Perception of Quality and Water Supply availability are included to understand users' subjective experiences with their water,

adding depth to the survey’s findings on drinking water safety and reliability.
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General:
Introductionand
Initial Directions.
U J

4 Survey type: )
HH drinking
water, non

drinking water,

\ Watersource. )

é Water source:
Natural (lake, river)
artificial (well, bore,
\ public tap, etc.)

\

J

-

Household
information:
Drinking / non
\ drinking water.

\

J

(" Demographics:
Age, gender, location,
family role, kids aged
\ 5 and under.

\

J

-

Education:
Education level.

g

\

1

é Water storage: )

Bore, well, river, lake
municipal, canned,

\_ etc. )
+
(" Water treatment: )
Boiled, filtered,
bleached, RO,
\ strained, clay, etc. )
¥
( Water treatment )

info:
Duration, type, size,
Y time, place, etc. Y,
- * N
Perception of quality:
Color, taste, smell,
safety felling.

Figure S4: The survey tool flowchart.

Figure S5 the complete survey:

Water Monitoring Survey

Submission ID

Example: XX01091225 (initials-day, month)

. ‘ J/

1

(" Health: )

Diarrhea, sore throat,
malaria, muscle pain,
\ bone health, etc.

v

é Water usage:
Drinking, laundry,
cleaning, washing,
\ plant water, etc.

v

(
Water quality tests:

Hach, sensors, E.coli,
total coliforms.

Y

\_ J

( )
Water supply:

Recent drinking water

shortagesin the HH.

\_ J/

Date yyyy-mm-dd

When testing households please use the following introduction:

Hi, my name is... I'm taking part in checking the quality of our drinking water in the area.
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This project is part of a research done by IITM, Tel Aviv University and ...

For this purpose, I will need to ask you a few questions on your water practices at home, and test a cup of your drinking water.

It will take about 15 minutes. Are you willing to participate?

General

Researcher name

[

[

)

£[¥)

Water source information (if water source)

Please select the relevant type of water source



132

135

136

137

138

139

145

146

147

148

149

137 Natural

134 Artificial

Please specify the type of natural source (if natural source)

132 Lake
134 River
Other
Specify other.

Please specify the type of artificial source (if artificial source)
14( Open well
141  Bore well
142 Reservoirs
14: Pumping station
144 Piping system
Public tap
Other

Specify other.

Please specify the origin of this source's water (if artificial source)
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159

160

161

162

163

167

168

169

170

171

150 River

151 Lake

152 Metro / Municipal distribution

153 Ground water

154  Rainwater

155 Pond

Effluent

Other

Specify other.

Please name the source

Choose a differentiating name that will allow identifying this source in the future

Is the source covered?

164 The source is fully covered

165  The source is partially covered

166 The source is not covered (i.e., completely open)

N/A

Please take a picture of the source

Household information (if household drinking water)



172 In this part of the survey, please direct all survey questions to the household respondent

173

174  What is your name?

175

176  Respondent gender

177 Female
178 Male
179  Other

180  How old are you?

18 18-29
182  30-39
183 40-49
18- 50-59

185 60 or older
186  What is your family role?
18° Parent
188  Grandparent
189  Daughter / son
190  Other

191  Specify other.

192

193 What is your education level?



198

199

200

201

202

208

209

210

211

212

194 None

195 Primary school (1-6 years)
196  Secondary school (6-12 years)
197  Undergraduate

Postgraduate

¥

How many children under the age of 5 live in this household?

Water distribution and storage (if household drinking water)
What is the source of your drinking water?

203 Bore/ Ground

204  Metro / Municipal distribution

205  Canned water

20¢ Tanker truck / Lorry

207  Open well

River / Lake

Other

Specify other.

When you take water to drink, where do you take it from?
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218

219

220

223

226

229

230

231

234

213 Tap (pipeline)
214 Container
215  Canned water
216 RO system
Packaged water

Please take a picture of the drinking water storage

Is your drinking water stored in a roof tank?
221 Yes

222 No

Do you clean your roof tank?

224 Yes

225 No

When was the last time you cleaned your roof tank? (If roof tank)
227 Last 6 months

228  This year

Prior to this year

Water treatment (if household drinking water)
Did you treat today's drinking water?

237 Yes

233 No

How did you treat today's drinking water? (if treated)



235 RO

236 Water filter

237  Boiled

238 Strained

239 Clay pot filter

240  Bleached/Chlorinated
241  Other

242 Specify other.

243

244  When was the last time the RO maintenance service arrived? (If RO)
245 In the last 3 months
246 In the last 6 months
247  In the last year
24 Never
249 My RO system is less than 6 months old
250  When did you last treat the water we are testing? (if treats)
251 Never Today
252 Earlier this week
253 Prior to this week
25 I don't remember

255  What material is the container made of? (if container)



259

260

261

262

268

269

270

273

276

256 Plastic
257  Clay

258  Aluminum
Other

Specify other.

What is the size of the container? (if container)

263 1-5L
264  6-10L
265 11-20L
26¢ 21-50L
267 51-70L
71-100L

>100

Is the container covered? (if container)

271 Yes

272 No

Is the container on the ground? (if container)

27 Yes

275 No

When did you last clean your container? (if container)
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283

286

289

290

291

295

296

297

298

277  Today

278  This week

279  This month

280  This year

281  Prior to this year

Never

Did you use detergents for cleaning your container? (if container)
284 Yes

285 No

Is your water placed less than 2 meters away from cooking environment?
287  Yes

288 No

For the next section, please ask the respondent to fetch a glass of drinking water and observe

How were the water taken out?

292 Pouring directly from the container
293 Using container's tap

294 Using a cup or a jug

Other

Specify other.

While getting water out of the container, did the respondent's hand touch the water?



299 Yes
300 No
301  Water assessment (if household drinking water)
302  How do you feel about the safety of your drinking water today?
303  Very good
304  Good
305  Satisfactory
30¢ Bad
307  Verybad
308 Have you or another resident in this household recently suffered from one of the following
30 Diarrhea
310 Sore throat
311 Muscle pain
31 Change in your teeth health
315  Malaria
314 Joint pain
31 Bone health issues
316  None of the above
317  Other

318  Specify other.

319

320  When was the last time this household didn't have enough drinking water?
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325

326

327

328

329

330

331
332

333

334

335

336
337

338

339

340

341
342

321 This month

322 This year

323 Before this year

Never

5in 1 test

Total chlorine

Free chlorine

10

10

Hardness

425

Alkalinity

50

120

250

240

80

120

180
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344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

pH

6.2 6.8

pH test

pH first sample

WHO standard: 6.5-8.5

pH second sample

*

pH third sample

#

ORP test

ORP first sample

WHO standard: 300-500mV

ORP second sample

ORP third sample

7.2

7.8

8.4
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364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Conductivity test

Conductivity first sample

WHO standard: 200-400 uS/cm

Conductivity second sample

*

Conductivity third sample

TDS test

TDS first sample

WHO standard: < 300ppm

TDS second sample

TDS third sample

Temperature

Please insert temperature
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384

385

386

387

388

389

390

391

392

395

398

399

400

401

402

403

Turbidity test

Turbidity first sample

WHO standard: < 1 NTU

#

Turbidity second sample

Turbidity third sample

Biological tests

E. coli result - t0 add 24 hours after conducting the test

393 Positive for E. coli

394  Negative for E. coli

Total Coliforms result - t0 add 24 hours after conducting the test
39¢ Positive for Total Coliforms

397  Negative for Total Coliforms

MPN EC result - to add 24 hours after conducting the test

Value above 10 is dangerous for consumption

MPN TC result - to add 24 hours after conducting the test

Value above 10 is dangerous for consumption




404

405

406

407

408

409

410

411
412

413

414

415

416
417

418

419

420

421
422

423

424

425

Pre-treatment water testing (if treats)

» 5in 1 test

Total chlorine

Free chlorine

10

Hardness

425

Alkalinity

50

120

250

240

pH

80

120

180
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427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

6.2 6.8

» pH test

pH first sample

WHO standard: 6.5-8.5

*

pH second sample

pH third sample

» ORP test

ORP first sample

WHO standard: 300-500mV

*

ORP second sample

#

ORP third sample

» Conductivity test

7.2

7.8

8.4



446 Conductivity first sample WHO standard: 200-400 uS/cm

447

448  Conductivity second sample

449

450  Conductivity third sample

#

451

452  » TDS test

453 TDS first sample

454 WHO standard: < 300ppm

#

455

456  TDS second sample

457

458  TDS third sample

459

460  » Temperature

461  Please insert temperature

#

462

463  » Turbidity test
464  Turbidity first sample

465 WHO standard: < 1 NTU



466

467

468

469

470

471

472

475

478

479

480

481

482

483

484

485

486

Turbidity second sample

*

Turbidity third sample

» Biological tests

E. coli result - t0 add 24 hours after conducting the test

473  Positive for E. coli

474  Negative for E. coli

Total Coliforms result - t0 add 24 hours after conducting the test
476  Positive for Total Coliforms

477  Negative for Total Coliforms

MPN EC result - to add 24 hours after conducting the test

Value above 10 is dangerous for consumption

*

MPN TC result - to add 24 hours after conducting the test

Value above 10 is dangerous for consumption

*

Additional comments
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Figure S6 provides an overview of participants' perceptions of water safety. Most respondents rated water safety positively
Figure S6a, this distribution suggests that a majority of participants feel confident in the safety of their water, though some room
for improvement remains. Figure S6b compares satisfaction with water quality based on the presence or absence of household
water treatment. This suggests that while household treatment may improve water satisfaction, many respondents find their

water satisfactory without additional treatment.
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Perception of water safety

Figure S6: (a) How do you feel about the safety of your drinking water today? (n = 210). (b) How do you feel about the safety

of your water with and without household (HH) treatment (n = 210).

Additional analysis of the data presented in Figure S7 explores the correspondence between sensory perceptions and measured
water quality parameters. Water samples reported as having a chlorine odor exhibited higher oxidation-reduction potential
(ORP) values, suggesting a link between perceived chemical odor and oxidative conditions. Similarly, samples described as
having an earthy taste showed elevated conductivity levels, while reports of rusty-colored water were associated with higher
turbidity. These patterns indicate that respondents' sensory observations may reflect underlying physical and chemical
characteristics of the water, reinforcing the potential of user-reported perceptions as preliminary indicators of water quality in

household contexts.
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Figure S7: Physical parameters (conductivity, turbidity, and ORP) vs. subjective parameters (taste, color, and odor)

Survey data and spatial analysis provide insights into how different communities perceive and interact with drinking water
quality. Urban design often mirrors the behavioral significance of drinking water, showing how communities value and interact
with water quality. For example, densely populated areas with limited access to clean water face challenges in water management
and distribution. Additionally, the presence of green spaces, water treatment systems, and infrastructure improvements can relate

to attitudes toward sustainability and environmental responsibility. Figure S8 shows a series of four maps, each representing a
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different attribute of water quality as reported in a survey: Perception, Taste, Color and Odor. These maps show the geographic
distribution of survey responses across the city, of Chennai. The purpose of these maps is to visually convey the spatial patterns
of water quality perceptions in the surveyed area, which can be used for targeted public health interventions, infrastructure
development, and further research into water quality issues. The detailed zoom-in of the perception map on the right highlight’s
specific neighborhoods with varying water quality, revealing local issues such as infrastructure problems or contamination
sources.

On the taste map, different contaminants are distributed unevenly across the region. For instance, areas with "dirt" or "plastic"
issues may indicate poor waste management practices, while "iron" or "oil" contamination could point to industrial pollution or
groundwater quality issues. The "clear" water points highlighted on the color map suggest areas where the water's appearance
is free from visible impurities such as sediment, rust, or discoloration. However, while clear water may appear safe, it does not
guarantee the absence of microbial or chemical contaminants, emphasizing the need to combine physical appearance
assessments with laboratory testing for a comprehensive understanding of water quality. Additionally, areas with "dirt"
identified on the odor map may indicate insufficient cleaning of storage tanks, pipes, or filters, leading to the accumulation of

dirt-like odors
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527 Figure S8: Spatial maps overlaid with the perception, taste, color, and odor of water quality.
528
529  Figure S9 illustrates the analysis of the data from a social and behavioral perspective uncovered some interesting findings,

530 distinguished between households using RO systems for water treatment and those consuming non-treated drinking water.

531
Negative Positive
E. Coli
With RO
Coliforms
E. Coli
Without
treatment
Coliforms
532

533 Figure S9: Social data for households using RO compared to non-treated water.

534 2. Observations from Round 2) Independent Validation)
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As part of the continued development of the People’s Water Data initiative, a second field implementation round
(Round 2) was conducted between August - October 2024. While the analyses presented in the main manuscript rely
solely on data collected during Round 1, Round 2 was performed with a separate cohort of households and an
expanded survey instrument designed to address knowledge gaps identified in the initial phase. In particular, Round
2 introduced detailed variables related to RO system maintenance, including the timing of filter and membrane
replacement, the type of technician providing service, system age, and household self-maintenance practices that were
not captured in the Round 1 questionnaire. These additional variables are therefore not included in the quantitative
analyses reported in the article; however, they provide essential contextual information that supports the interpretation
of microbial findings from Round 1. The supplemental figures presented below summarize key observations from
Round 2 and offer qualitative insights into maintenance-related patterns that influence RO performance in household

settings. Socio-demographic characteristics of the Round 2 are summarized in Table S2.

Characteristic Category n (%)
Age group (years) <18% 15 (5.8)
18-24 20 (7.7)
25-34 72(27.7)
35-44 51 (19.6)
45-54 36 (13.9)
55-64 38 (14.6)
>65 28 (10.8)
Gender (=18 years) Female 126 (51.4)
Male 119 (48.6)
Family role (>18 years) Head of household 101 (41.2)
Spouse of head of household 93 (38.0)
Daughter/son 41 (16.7)
Other family member 10 (4.1)
Education level (>18 years) Literate, no formal schooling 12 (4.9)
Secondary or higher secondary 42 (17.1)
College without degree 22 (9.0)




547
548
549
550
551
552
553
554
555
556
557
558
559
560

General degree 146 (59.6)

Professional degree 23 (9.4)
Children under 5 in household (>18 years) 0 129 (52.7)

1 44 (18.0)

2 54 (22.0)

3 10 (4.1)

4 3(1.2)

>5 5(2.0)
Household area (>18 years) <55 sq ft (<5 m?) 35(14.3)

55-162 sq ft (5-15 m?) 103 (42.0)

>162 sq ft (>15 m?) 107 (43.7)

*Respondents under 18 years of age were excluded from analytical sections, as children are typically not responsible
for RO system maintenance decisions. They are reported here for descriptive completeness only.

Table S2: Socio-demographic characteristics of Round 2 respondents

Water distribution and storage

Among 245 households, drinking water sourcing and storage practices varied. Approximately half of the households
(48.6%, n = 119) relied on stored water, including plastic or metal containers, branded or non-branded canned water,
and traditional clay pots. A total of 43.3% (n = 106) reported using household treatment units, primarily reverse

osmosis (RO) systems or other filtration devices, while 8.2% (n = 20) collected drinking water directly from the tap

(pipeline).

Biological test results
Among 242 households tested in Round 2, E. coli was detected in 46.7% of samples (n = 113; 95% CI: 40-53%).
This overall positivity rate provides contextual background for the maintenance-related stratified analyses presented

below and is shown by water source in Figure S10.
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Figure S10. E. coli test results by water source (Round 2).

RO system service type

E. coli positivity in RO-treated drinking water varied by the type of RO system servicing (Figure S11). Systems
maintained through private service providers showed the lowest E. coli positivity (12.5%, n = 48), followed by
systems serviced by company technicians (30.0%, n = 30). Higher contamination levels were observed among
households relying on partial servicing approaches, including parts replacement combined with self-maintenance
(37.5%, n = 8) or specialist assistance (41.7%, n = 12). Systems that received no maintenance exhibited the highest
E. coli positivity (83.3%, n = 6). Pairwise chi-square comparisons suggested higher contamination among systems
lacking professional servicing compared to privately serviced systems, although these differences did not reach

conventional statistical significance. Given the small subgroup sizes and wide confidence intervals, these findings

should be interpreted with caution.
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574
575  Figure S11. E. coli positivity by RO system service type (Round 2).

576

577 RO system maintenance frequency

578 E. coli positivity in RO-treated drinking water varied by self-reported RO system maintenance frequency (Figure
579 S12; n = 104). Systems reported to be maintained every three months showed the lowest E. coli positivity (13.8%, n
580 = 29), followed by systems maintained every six months (17.8%, n = 45). In contrast, systems maintained only once
581 per year exhibited substantially higher contamination (42.9%, n = 21), while households that were unable to report
582 their maintenance frequency (“don’t know”) showed the highest E. coli positivity (77.8%, n =9). Pairwise chi-square
583 comparisons indicated no significant difference between three- and six-month maintenance intervals (p = 0.65), but
584  asignificant increase in contamination when maintenance was performed annually compared with every six months

585 (x* = 4.71, p = 0.03). Given the small subgroup sizes and wide confidence intervals, these findings should be
586 interpreted with caution.

587
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589  Figure S12. E. coli contamination by maintenance frequency (Round 2).
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	Figure S1 provides a schematic overview of potential contamination points within an RO water system. Key areas identified include the pre-treatment stage, where feed raw water first enters, susceptible to microbial contamination if not properly filter...

