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P Hg D 2 December 2002

Ta - Dr. Mahfuzar Rahman
| Principal Investigator of protocol # 2002017
Public Health Sciences Division
>

From : Professor Mahmudur Rahman
Chairman, Ethical Review Commitlee (ERC)

Sub  : Approval of pretocel #2002-017

Thank you for your memo dated 7™ December 2002 with the modified version of
your protocol # 2002-017 entitled “Efficacy of flocculent technology as an
| version of the protocol is ‘hercby

arsenic mitigation strategy”. The mod;ifiec
¢ the issue raised by the ERC.

approved upon your satisfactory addressing o

Vou shall conduct the study in accordance with the ERC-approved protocol; and
shall be responsible for protecting the rights and wellare of the subjects and
compliance with the applicable provisions of ERC Guidelines. You shall also
submit report(s) as required under ERC Guidelines. Relevant excerpt of ERC
Guidelines and Annual/Completion Report for Research Protocol imvolving
Himan Subjects' are altached for your information and guidance. ,

T wish you all success in running {he above-mentioned study. ;
1

Thank you.

copy: Acting Chairman, Research Review Commitice
Associale Director, Public Health Sciences Division

o

Oclober 2002 ERC mecting minulcs

3




International Centre for Diarrhoeal Disease Research, Bangladesh

. CENTRE FOR HEALTH AND POPULATION RESEARCH
Mai! : ICDDR,B, GPO Box 128, Dhaka- 1000, Bangladesh
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Fax : 880-2-8823116, 8812530, 8811568, 8826050, 9885657, 8811686, 8812520 .
Cable : Cholera Dhaka

'MEMORANDUM
Date: December 2, 2002

To:  Chairman, Ethiéai Review Committee
From: Mahfuzar Rahman, PHSD WW

Re:  Protocol # 2002-017, “Eff icacy Flocculent Technology as an Arsenic Mitigation
Strategy”. -

" We sincerely appreciate the thoughtful comments and observations from the Chair. We
hereby attached the revised Bangla consent forms. :
The revised Bangla consent forms now include: : .
Appendix 1A: General Voluntary Consent Form for adult household members
Appendix 1B: Head of Household on Behalf of Children and other Household
Members
Appendix 1C: Sentinel Mother for collection of urine specnmens
‘Appendix1D: Consent form for Environmental Testing of Discarded Flocculent
~ (required by CDC).
We sincerely appreciate the careful review and consideration of the Committee and the Chalr :
~ of this proposed evaluation. _ L

" With sincere appreciation, _ ' _ i
Many thanks ‘
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Q[S’D“'gs Cable : Cholera Dhaka

Memorasdum

2 December 2002

To : Dr. Mahfuzar Rahmzn 7
Prmupal Investlgator of protocol i
- _-Pubhc Health Scnences Dmsmn

From : Professor Mahmudur Rahman
Chairman, Ethical Review Commiiit

Sub : Protocol # 3002-017:

H

November 2002 with the mod:ﬁed version
Efﬁcacy of flocculent technology as an
arsenic mitigation strategy Af'ter W, the following observation is made on

the modn" ed version of the prot'

mmﬁ:ﬂmmwmwaﬁ@mﬁ.hﬂm"
ision of the consent forms (Appendix 1A,

The seitence “Srm ﬁﬁlﬁﬂ
should be deleted from the Bengah
1B and IC) :

he above issues and submit the modified
ion of the Chair.

You are, therefore, advised to addr
version of the protocol for cofisic

Thank you.

copy: Acting Chairman, Rese

Associate Director, Publi 'I:'iéalth;S"ciences Division

October 2002 ERC meeting minutes

i




01 December 2002

Review of the revised protocol # 2002 — 017, “ Efficacy of Flocculent Technology as
an Arsenic Mitigation Strategy”.
PI: Dr. Mahfuzur Rahman.

1 am happy to report that PI has finally responded positively to the issues of ethical
concern raised by ERC in its earlier meetings and modified the protocol appropriately to
reflect the following changes:

- The protocol now includes the study of efficacy only of the intervention product
(combined chlorination- flocculent water treatment method) in 100 households
(one household for tube well).

-~ Fully consented study participants (members of 100 households) will only receive
instruction and education regarding safe use of the intervention product. There
will be no promotional activities conducted in the community during the study.

- ‘Control’ group (use of an alternate BRAC brand arsenic mitigation strategy)
have been dropped and will not be part of the proposed study. Instead the study
will detect a difference in individual women of their pretreatment level of urinary
arsenic compared to their level of urmary conc. after 12 weeks of use of the
intervention product.

However from the Bengali versions of the consent forms (Appendix — 1A, 1B and 1C)
the sentence, * ===t zﬁ:ﬁ%’m Turey frafew =9 G =R a8l GBI 2P TS’
should be omitted.

The revised protocol with the suggested modification in the consent form is
recommended for approval. Since the protocol has now been extensively modified, I
wonder if RRC’s fresh approval is mandated or may simply be informed of the changes.

Thanking you - ' Sl RRC
A&&MM/‘ ‘ -tb(g,\&‘d ol ERC ndaa
. ‘ 0, 4

(Prof. AL K.M. Nurul Anwar)

Member, ERC
ember | ‘R‘“a» .

7,/11 Wil

l} EAC Ay snbs ek Y dua b
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MEMORANDUM - Dembans, Edit Lo s z
Date: November.27, 2002 - Grau PN A
_ T ’,’“"‘““") Gl ’

Rlciqa.

To:  Chairman, Ethical Review Committee ok #,,,_J .
From: Mahfuzar Rahman, PHSD '

Re:  Protocol #2002-017, “Efficacy Flocculent Technology as an Arsenic Mitigation
Strategy”.

We sincerely appreciate the thoughtful comments and observations from the Chair, which
have resulted in significant revisions and improvements in the protocol. We attempted to
address each of the issues and concerns raised by the chair in the insightful response from the
Chair dated 17 November 2002.

a) We appreciate the concerns of the Committee regarding the simultaneous examination
of efficacy of the intervention product and its promotion in the community before
efficacy and safety are established. We have undertaken extensive revision of the
protocol to remove all discussion of promotion of the intervention product. Fully
consented study participants will only receive instruction and education regarding safe
use of the intervention product. There w1l] be no promotional activities conducted
during this study

b) At the request of the Chair and the Committee, we have extensively modified the
study design of the protocol to address the ethical concerns regarding achievement of -
the study.objectives. The revised protocol reflects a design that specifies the random
selection of one household per tubewell to receive the intervention flocculent- ‘
'chlormatlon product. Each member of the randomly selected household will provide -
an informed consent. The randomly selected sentinel mother will additionally provide
consent to provide urine samples for arsenic analysis during the study period. The
study will be limited to the 100 households who will receive the intervention product.
Field workers as described in the protocol to monitor safety and use of the product will
follow each of the 100 households with weekly visits. The objective of the visits will
be the collection of data and the collection of urine and water samples. Activities
promoting the product will not be a component of these visits or of any other part of
this proposed study.

¢) We appreciate the Chair’s comments regarding the control arsenic mitigation strategy.
Following reconsideration of the study design, we have eliminated the “control” group
of 100 housecholds from this evaluation. The revised protocol will now include a total
sample size of 100 households who will all receive the intervention product. This
revised sample size will allow us to detect a difference in individual women of their
pretreatment level of urinary arsenic compared to their level of urinary arsenic after 12
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weeks of use of the intervention chlorination-flocculent product with 70% substantial
reduce and 95% confidence. The rgferenées to an alternative, standard arsenic
mitigation strategy have been eliminated from the revised protocol and will not be a
part of the proposed study.

The protocol has been modified to address the concerns of the Chair and the ERC as reflected
in the responses from 17 November 2002. We sincerely appreciate the careful review and
consideration of the Committee and the Chair of this proposed evaluation.

With sincere appreciation,
Many thanks

cc: Associate Director, PHSD




Attachment 1

Date: 27/11/02

(FACE SHEET)

ETHICAL REVIEW COMMITTEE, ICDDR,B.

Principal Investigator:

Application No. 2002-17

Mahfuzar Rahman, MBBS, PhD

Title of Study: Efficacy of Flocculent Technology as an

Arsenic Mitigation Strategy

Trainee Investigator (if any):

Supporting Agency Proctor & Gamble
Project Status:

[ x ) New Study,

[ ]Continuation with change

[ ]No change (do not fili out rest of the form)

Circle the appropriate answer to each of the following (If Not Applicable write NA)

1. Source of Population:
(a} 11l subjects
(b)  Non-ill subjects
(c)  Minor or persons under guardianship

2. Does the Study Involve:
(a)  Physical risk to the subjects
(b}  Soctal risk
{¢c)  Psychological risks to subjects
(d} Discomfort to subjects
(e} Invasion of privacy

(f)  Disclosure of information damaging to

subject or others

3. Does the Study Involve:
(a}  Use of records (hospital, medical,
death or other)
{(b)  Use of fetal tissue or abortus
(¢)  Useoforgans or body fluids

4, Are Subjects Clearly [nformed About:

(a)  Nature and purposes of the study

{b)  Procedures to be followed including
alternatives used

(¢)  Physical risk

(d)  Sensitive questions

(e)  Benefits to be derived

(f)  Right to refuse to participate or to
withdraw from study

{g) Confidential handling of data

(h) Compensation &/or treatment where
there are risks or privacy is involved
in any particular procedure

Yes No
Yes No
Yes No.
Yes Fo:
Yes ]}{2
Yes No
Yes yé

. Yes Ng
Yes No
Yes No
Yes ﬁ:{i
¥e§ No

F’E No
iYes No

6.  Will precautions be taken to protect

5. Will Signed Consent Form be Required:

(a) From subjects
(b) From parents or guardian
(if subjects are minor)

anonymity of subjects

Check documents being submitted herewith to
Committee:

Umbrella proposal - Initially submit an with
overview (all other requirements will be.
submitted with individual studies
Protocol {Required)
Abstract Summary (Required)
Statement given or read to subjects on nature
of study, risks, types of questions to be asked,
and right to refuse to participate or withdraw)
(Required
Informed consent form for subjects
Informed consent form for parent or guardian
Procedure for maintaining confidentiality
Questionnaire or interview schedule*
if the final instrument is not completed prior to
review, the following information should be
included in the abstract summary
A description of the areas to be covered in the
questionnaire or interview which could be
considered either sensitive or which would
Constitute an invasion of privacy
Example of the type of specific questions to be
asked in the sensitive areas
An indication as to when the questionnaire will
be presented to the Committee for review

We agree 1o obtain approvﬁl of the Ethical Review Committee for any changes involving the rights and welfare of subjects

before making such change.

il me—

Principal Investigator

Trainee




‘ICDDR,B: Centre for Health & Population Research RRC APPLICATION FORM
. FOR OFFICE USE ONLY
“"RESEARCH PROTOCOL RRC Approval: Yes/ No Date:
Protocol No. . 2002-017 ERC Approval: Yes/No Date:
AEEC Approval: Yes/No Date;

Pro;ect Title: Efficacy of Flocculent Technology as an Arsenic Mltlgatlon Strategy
{Revised 27 November, 2002)

Theme: (Check all that apply)

Nutrition

Emerging and Re-emerging Infectious Dlseases
Population Dynamics

Reproductive Health

Vaccine evaluation

Environmental Health

Health Services

Child Health

Clinical Case Management
Social and Behavioural Sciences

Qaoaoaq
oaoaa

Key words: arsenic mitigation, flocculent treatment, water quality

Relevance of the protocol: This study is designed to evaluate the effectiveness and assess the acceptance and
use pattern of a point-of-use water treatment method to improve the microbiological and chemical composition
of drinking water. The investigation will be conducted in rural Bangladesh in villages where the water supply
contains arsenic levels above the national standard of 50 ppb. It is estimated that 65% of the 4 million tubewells
constructed in an attempt to provide a microbiologically safe drinking water source, may contain toxic levels of
arsenic in their water. To date, approximately 25 million persons have been exposed to arsenic-contaminated
drinking water and over 7,000 patients have been identified with the manifestations of arsenicosis. A number of
arsenic mitigation strategies, predominantly consisting of structural and filtering treatments, have been
recommended to those at risk; however acceptance and use rates have been less than optimal despite active
educational efforts. The use of alternative sources including surface water, reintroduces the risk of illness from
diarrheal disease resulting from the ingestion of pathogenic organisms known to inhabit untreated surface water
sources. As tubewell water is accessible and acceptable as a drinking source, it would be beneficial to implement
a method that would remove arsenic from the tubewell water thus reducing the exposure of the population at risk
to elevated arsenic levels. Additionally the flocculent technology proposed for use in this efficacy study has the
advantage of reducing the microbiological contamination of treated water through its chlorination activity.
Therefore, the problems of both arsenic contamination and microbiological contamination of tubewell water
would be addressed with the use of the proposed technology.

Principal Investigator: Mahfuzar Rahman, MBBS, PhD Division: PHSD, ICDDR,B: Centre for Health and
Population Research, Phone: +880-2 9885155
Address: ICDDR,B GPO Box 128, Dhaka-1000, Bangladesh ~ Email: mahfuzar@icddrb.org

Co-Principal Investigator(s): Steve Luby, MD Division: CDC
Address: 1600 Clifton Rd NE, MS A-38, Atlanta, GA 30333, USA Phone: 011-404-639-4348 Email: sluby@cdc gov

Co-Investigator(s):

Andi Shane, NCID, Centers for Disease Control and Prevention, USA
Alden Henderson, NCEH, Centers for Disease Control and Prevention, USA
Robert Hoekstra, NCID, Centers for Disease Control and Prevention, USA
Robert Breiman, ICDDR,B

Md. Sirajul Islam, IDDR,B

Abbas Bhauiya, ICDDR,B

M.A. Wahed, ICDDR, B

Md. Yunus, ICDDR.B

K Zaman, ICDDR,B

Md. Jakaariya, BRAC, Bangladesh
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_Collaborating Institute(s): Bangladesh Rural Advancement Committee (BRAC), Bangladesh and Centers for Disease

Control and Prevention, Atlanta, GA, USA

Population: Inclusion of special groups (Check all that apply):

Gender :

Males 'ﬁi
Females

Age

0 — 5 years :C_I
5-9years O
10— 19 years O
20 +

> 65

Project / study Site (Check all the apply):
Dhaka Hospital
Matlab Hospital
Matlab DS area

Mirzapur

Dhaka Community
Chakaria

a

a

o

3 Matlab non-DSS area
m

O

=)

J Abhoynagar

aoaoaaann

Fetuses

Prisoners

Destitutes

Service providers
Cognitively Impaired
CSwW

‘Others (specify )

Animal

Mirsarai
Patyia
Other areas in Bangladesh

o aga
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-PROJECT SUMMARY: Describe in concise terms, the hypothesis, objectives, and the relevant background of the
project. Describe.concisely the experimental design and research methods for achieving the objectives. This description will
serve as a succinct and precise and accurate description of the proposed research is required. This summary must be
understandable and interpretable when removed from the main application. (TYPE TEXT WITHIN THE SPACE
PROVIDED). _

Principal Investigator: Mahfuzar Rahman, MBBS, PhD

Project Name: Efficacy Flocculent Technology as an Arsenic Mitigation Strategy
Total Budget US$ 98,971  Beginning Date: After obtaining ERC permission  Ending Date:

This proposed study is designed to evaluate the effectiveness of a point-of-use combined chlorination-
flocculent water treatment method to improve the microbiclogical and chemical composition of water
used for drinking and other household purposes. The investigation will be undertaken in two phases;
an initial stage that will consist of the collection of baseline data followed by an intervention stage that
will evaluate the efficacy, the acceptance and use pattern of chiorination-flocculent product as a means
of improving drinking water quality and will be conducted in the Matlab area. Following the
identification of communities with arsenic contamination of their drinking water supply (>50ug/L),
baseline data will be collected in the selected communities. This will include information pertaining to
the demographics of households, diarrhea incidence, healthcare utilization, assessment of water use in
the household, laboratory evaluation of water sources, and measurement of biological parameters for
arsenic content. During the intervention phase of twelve-week duration, a total of 100 tubewells and
one associated household per tubewell will be identified. One hundred households deriving their water
from arsenic-contaminated tubewells will be randomly assigned to receive the point-of-use intervention
chlorination-flocculent product and necessary supplies for its use. Baseline and follow-up
measurements of biological parameters and of water composition will be obtained in both study groups.
Weekly evaluation of intervention households’ drinking water for residual chlorine levels and the
incidence of diarrheal episodes will complement the monthly measurements of urine arsenic content in
~the mother of the household and measurements of the arsenic content of household drinking water.

~ Measurements of the microbiological contamination of household water will be conducted at baseline,

~ at mid-study, and at the conclusion of the intervention phase. Individual discussions with households
using the flocculent product will assess use (problems & advantages) and the acceptability at the
conclusion of the intervention phase. If less than half of the intervention households are using the
product at 2 weeks following introduction of the intervention, the rationale for non-use will be explored,
and additional activities to promote use will be undertaken before collecting subsequent urine samples.
An assessment of the potential consequence of exposure to used, discarded flocculent product will be
undertaken in 10 randomly selected households receiving the intervention product. Samples of
discarded flocculent will be collected in a designated container with soil. This soil-flocculent mixture will
be evaluated for arsenic content at mid-study and at conclusion of the intervention period. An additional
10 households who will not receive the intervention product will similarly collect soil from areas where
they might dispose of flocculent, in designated containers. This soil will be evaluated at mid-study and
at conclusion of the study period for arsenic content as a comparisen to the discarded flocculent-soil
mixture collected by the intervention group. -

The principal analysis of this study will be a comparison in individual women of their pre-treatment level
of urinary arsenic compared to their level of urinary arsenic after 12 weeks of use of the intervention
chlorination-fiocculent product. Appropriate statistical methods will be applied to account for repeated
observations of a single individual over time and clustering within communities.
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DESCRIPTION OF THE RESEARCH PROJECT
‘Hypothesis to be tested: Concisely list in order, in the space provided, the hypothesis to be tested and the Specific Aims
-%f the proposed study. Provide the scientific basis of the hypothesis, critically examining the observations leading to the
formulation of the hypothesis.

We postuiate that villagers consuming arsenic and microbiologically contaminated water who utilise
this combined flocculent chlorination product will have a substantially lower body burden of arsenic and
will consume water with an improved chemical and microbiological composition.

Specific Aims:
Describe the specific aims of the proposed study. State the specific parameters, biological functions/ rates/ processes that will
be assessed by specific methods (TYPE WITHIN LIMITS).

The objectives of the proposed study are to introduce a home water treatment that combines
precipitation, coagulation, flocculation, and chlorination into villages in Bangladesh where the water
supply is contaminated with arsenic'and other microorganisms and to:
1.
2.

assess the acceptance and use pattern of chlorination-flocculent product.

assess whether village residents are willing to use the water treatment regutarly through weekly
evaluations that will determine if available drinking water in households assigned to the
intervention chlorination-flocculent product has residual chlorine present.

evaluate the effectiveness of the product in decreasing the body burden of arsenic through the
measurement of biological parameters including spot urine samples for total and organic
arsenic content from a sentinel woman, representing a single tubewell. Urine samples will be
analysed for total and organic arsenic content via atomic absorption spectrophotometry (AAS).
evaluate if consistent use of the product results in improved chemical and microbiological
quality by measuring chemical parameters including arsenic (total and organic) content of water
used for drinking and cooking before and after treatment. Microbiological contamination of
water used for cooking and drinking will be assessed via membrane-filtration analysis both at
baseline and during the intervention period.

explore the potential for arsenic leaching from the discarded flocculent by analyzing the arsenic
content of soil collected with discarded flocculent.




:Background of the Project including Preliminary Observations

.“TJescribe the relevant background of the proposed study. Discuss the previous mla;ted works on the subject. by c.iting §peciﬁc
references. Describe logically how the present hypothiésis is supported by the relevant background observations 1nc[udm'g any
preliminary results that may be available. Critically analyze available knowledge in the field of the proposed study and .dlf:.cuss
the questions and gaps in the knowledge that need to be fulfilled to achieve the proposed poals. Provide scientific validity of -
the hypothesis on the basis of background information. If there is no sufficient information on the subject, indicate the need to
develop new knowledge. Also include the significance and rationale of the proposed work by specifically discussing how
these accomplishments will bring benefit to human health in relation to biomedical, social, and environmental perspectives.
(DO NOT EXCEED 5 PAGES, USE CONTINUATION SHEETS).

The major source of drinking water for persons in Bangladesh prior to the early 1970’s was surface
water, which although accessible, was frequently not potable'. Consumption of microbiologically
contaminated water from surface sources has been associated with morbidity and mortality from
enteric diseases, both in Bangladesh and other areas of the world®. In an attempt to provide a safer
source of drinking water to the inhabitants of the area, approximately 4 million tubewells consisting of
pipes that are sunk into water-bearing strata, fitted with a strainer below the surface and a hand pump
above the surface, were placed. Despite the regular use of tubewell water for drinking, a consistent
decrease in gastrointestinal disease in Bangladesh was not observed®. In many communities,
immediate environmental conditions including the close proximity of tubewells to sewage contaminated
areas, results in contamination of tubewell water with enteric pathogens®. In 1993, chemical analyses
of groundwater and tubewell water revealed elevated arsenic content. Simuitaneously, persons who
were reliant on the tubewell water as a drinking source were noted to have dermatological lesions
consistent with arsenicosis, and further investigation yielded an association between the chronic
ingestion of tubewell water and the development of arsenicosis®. Estimates from field-testing suggest
that up to 65% of the 4 million tubewells may be contaminated with harmful levels of arsenic®.

As with other heavy metals, the toxicity of arsenic is dependent on the form ingested, route of
ingestion, chronicity of exposure, and condition of the host’. The element is ubiquitous in nature and
organic and inorganic forms may be found in foods and beverages, but the inorganic form is most
commonly associated with detrimental health effects. Arsenic exerts its damage in the body by
inhibiting enzymatic reactions and. by inhibiting the formation of peptides, and by reacting with
sulfhydryl groups thus accumulating in keratin containing tissues such as hair and nails®. A
triexponential excretion yields a half-life in the human of approximately 3-4 days'®. A two-year
intervention study following 8 family members in West Bengal who were provided with arsenic-free
drinking water yielded an overall decline in measured urine, hair, and nail metabolites during the 2-year
period of observation. However, variation in point measurements of the biological markers was noted,
especially in those of the urine, with its comparatively shorter half-life. It is hypothesized that in addition
to arsenic exposure from drinking water, that the study participants may have encountered additional
arsenic burden from the ingestion of foodstuffs irrigated with arsenic contaminated water®,

The clinical manifestations of arsenic ingestion are diverse involving multiple organ systems. In
-addition to the characteristic keratoses, hyperpigmentation and hypopigmentation seen with chronic
exposure, hypertension, diabetes mellitus, pulmonary and dermatological malignancies may be
observed '"'*'°, The ramifications of these sequelae extend beyond the clinical, as the disfiguring
lesions often render persons unable to participate in community and work activities.

Mitigation strategies have been implemented by over 35 corganizations to reduce contamination of
drinking water supplies, however issues surrounding accessibility, acceptability, and cost have not
made these efforts universally available. During a comprehensive program of field-testing and
research, the Bangladesh Rural Advancement Committee (BRAC) in cooperation with UNICEF and
other partners initiated a pilot project to raise community awareness, introduce a variety of mitigation
strategies and evaluate their use in a community of 44,000 households. Initial acceptance of




“alternatives to the 25,000 conveniently loc&ted tibswells was | pégﬁ‘Active educational efforts by village

health workers and promaotion of systems including distribution of 10,000 units of the 3-pitcher filter
isystem yielded a rate of use of the intervention of approximately 5%, at 12 months following
" introduction®.

Out of the quest to improve water quality, the Procter & Gamble Company (P&G) developed a product
for point-of-use water treatment that combines precipitation, coagulation, floccuiation, and chlarination.
In joint collaboration, COC, MERTU (Medical Entomology Research and Training Unit) and P&G have
instituted field trials of the product in San Juan Sacatepéquez, Guatemala where microbiological
contamination of water is prevalent. Results from a pilot in home study reveal decreased
microbiological contamination of drinking water, as well as reductions in turbidity and improvements in
water quality. Interim analysis of the full health outcome study shows a decreased prevalence of
diarrhea among users of the product compared to controls.

The Procter & Gamble Company has developed Hydropure, a technology that uses coagulation,
flocculation and chlorination to remove organic material and toxic heavy metals, including lead and
arsenic from drinking water, and leaves a chlorine residual to ensure microbiologic potability of water.
Their goal was to produce treated water which would not only look clearer and smell better than
untreated water, which might facilitate its sustained use, and also be safer than untreated water or
water treated only with bleach. Hydropure is a chemical product that treats source water to make it
potable by incorporating coagulation, flocculation and disinfection technologies. Hydropure is
formulated to reduce the levels of microbial, heavy metal and organic contaminants, while clarifying
and lowering the turbidity of the source water. A chlorine residual in the treated water provides
protection during storage. The current Hydropure formulation to treat 10 liters of water includes; Ferric
Sulfate (2g), Sodium Carbonate (1.34g), Bentonite (1.8g), Chitosan (0.1 g), Magnafloc LT25 (0.05 g)
and Calcium Hypochlorite (80 mg). The reformulated flocculent will also contain potassium
permanganate (2 mg).

Each PUR sachet contains approximately 5.4 g powder (dose for purifying 10 liter source water) with
the following components (Table 1).

Table 1
Typical Level of
Chemical use in DW'
(mg/L)
Iron (1) sul‘phate (i.e. 100-600
ferric) : .

Sodium carbonate 50-130
Bentonite 200
Chitosan* )

. 3

Polyacrylamide 174
Calcium hypochlorite - 10, 0.5-5*

Potassium 15

permanganate

B e



Procter & Gamble has developed a flocculation and chlorination technology (combined product) that

_inot only reduces microorganisms and heavy metals but also removes organic material to render murky
water clear. In August 2001, a yearlong study was launched to evaluate the combined product’s effect
on diarrhea. We now report results from the dry season. We assigned 492 rural Guatemalan
households randomly to 1 of 5 groups: bleach, combined product, bleach plus a narrow-mouthed
vessel, combined product plus specialized tools, and control. At baseline, 40 (10%) of available water
samples from households randomized to intervention were potable and 1 (0.25%) was appropriately
chlorinated. After intervention, 330 (63%) of samples from households given intervention were potable
(<1 CFU Escherichia coli /100 ml) and 281 (54%) were appropriately chlorinated (>0.08-5.0 mg of free
bleach/L). Households given combined product, alone or with a vessel, had less turbid water (49%
reduction in median) than controls. After adjustment for age, sex, week of study, and repeated
measurements, persons in households receiving combined product, with or without a vessel, had
significantly less (25%, P=0.002 and 20%, P=0.01)} diarrhea than controls, as did those given bleach
but no vessel (22%, P=0.005). During the dry season, despite sub-optimal use, both combined product
arms and bleach alone reduced diarrhea. To receive maximum benefit from in-home water treatment,
households must consistently prepare and consume treated water. The visual appeal of clear water
and the potential for profit-funded continual promotion of the combined product could result in
sustained use, thereby empowering households to reduce diarrheal iliness. (Reller M. et. al. 2002,
personal communication)

Arsenic contaminated water sources from Bangladesh before and after treatment with the combination
chlorination-flocculent product was evaluated under laboratory conditions. A reduction in mean arsenic
level in waters from Bangladesh from a mean of 229 pg/L to a mean of 1.2 ug/L was noted following
treatment with the flocculent product in the laboratory. This reduction effected by the product reduced
the levels of arsenic below those of the WHO standard (10 pg/lL) and below those set by the
government of Bangladesh (50 pg/L). :

During a pilot trip to Bangladesh, members of the collaborative study team from-CDC and P&G met
with members of the Public Health Sciences Division of the International Centre for Diarrhoeal
Research Bangladesh (ICDDR, B) to obtain an increased selection of water samples for laboratory
evaluation before and after treatment with the point-of-use product. Additionally, community
demonstrations in villages in two centers, Sonargoan and Matlab, revealed initial acceptance of the
product by community members. Focus groups conducted in five rural villages elicited the participation
of inhabitants in the preparation of drinking water with the product. Households appeared to have the
necessary implements for the preparation of water and members appeared willing to use the product to
decrease the arsenic content and reduce the microbiological contamination of their water sources.
Demonstrations to community members in which a visible reduction in water turbidity and an
improvement in water clarity were particularly well received. Taste and odour of treated waters were
deemed acceptable to community members.

Two rounds of field-testing of water samples in rural communities from arsenic contaminated wells
‘revealed improved water quality as post-treatment waters were shown to be low in arsenic content. Of
eight water samples collected from arsenic-contaminated tube-wells in January 2001 and sent to a
laboratory for evaluation in Newcastle, England, the level of arsenic was reduced from a mean of
229ug/L pre-treatment (49-430) pg/L to 1.2 ug/L (0.4-5) ng/L post-treatment. Subsequent collection of
10 samples of tubewell water in February 2002 from villages in rural Bangladesh revealed a 96%
reduction in the concentration of arsenic from 246-8.6ug/L following treatment with the intervention
product. Three of the 10 samples had arsenic levels above the WHO threshold but below the
Bangladesh government threshoid post-treatment. This may be attributed to their origin from
infrequently used tubewells with highly reducing conditions that may have prevented optimum
flocculation. ' '
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“Microbiological analyses of tubewell water from two field sites revealed significant decreases in total

and fecal coliform counts and E. coli counts to levels below detection following treatment with the
iintervention product. The proposed study is an efficacy study. [t asks the question: if villagers with
arsenic contaminated water supplies are provided this product and encouraged to use it, will they have
a substantially lower body burden of arsenic? The results are uncertain, because foodstuffs, especially
rice, can be a significant source of arsenic. Also, it is unclear that even when the product is provided
without cost, whether or not families will be willing to devote the time to treat their water. If the
intervention does not substantially reduce urinary arsenic we will try to discern whether this is a resuit
of the failure of the product to remove arsenic in the water, the ingestion of other sources of arsenic,
the unwillingness to use the product-or some other reason. This would involve additional study, likely
as an amendment to the currently proposed study.

Alternatively, if the intervention does substantially reduce urinary arsenic, then the next important
question becomes: Can this efficacious product be widely used in Bangladesh? Three primary issues
would need to be addressed to permit wider use: 1) What would be the long term effect of human
exposure to arsenic if this product was widely used throughout Bangladesh and arsenic contaminated
flocculent was disposed in latrines or the surrounding environment? 2} How can persons drinking
contaminated water be encouraged to use the product? 3) Can the product be manufactured and
distributed at a cost that is low enough so that it is affordable to persons exposed to arsenic
contaminated and microbioclogically contaminated water?

Studies to date of the environmental degradation of arsenic contaminated flocculent suggest that the
arsenic remains bound to the iron; therefore it is unlikely that arsenic would reenter food or water
supplies. During the intervention phase of this efficacy study, we propose to assess the impact on the
local environment of the areas surrounding the discarded, used flocculent product. At mid-study and at
the conclusion of the 12 week period, samples of used, discarded flocculent from 10 randomly selected
households receiving the intervention will be collected from their dedicated flocculent disposal sites.
The second question, pertaining to use of the intervention product, is a scientific question that would
involve additional study, some of which could be initiated as an amendment to the currently proposed

study.

The third issue of affordability is not a straightforward scientific question. The product is designed to be
affordable in tow-income countries. It is a product being developed specifically to meet the needs of
persons living in low-income countries. The price has not been set and will depend on a number of
issues, including sales volume and the particular issues related to each country. Approaches that could
improve affordability include bulk supply of the product to non-government organizations that would
manage marketing and distribution, non—government organization subsidies, and licensing technology
for local manufacture. All of these are possibilities that Procter & Gamble has suggested, but getting
the support within Procter & Gamble and the support of institutional partners to work towards resolving
these issues depends on sound efficacy data. If this study demonstrates reduced body burden of
arsenic with use of the product, we envision negotiating with partners and undertaking a district levei
demonstration project. A successful district level project could, in turn, lead to a national level

program.

il




"Research Design and Methods

-*Describe in detail the methods and procedures that will be used to accomplish the objectives and specific aims of the project.
Discuss the alternative methods that are available and justify the use of the method proposed in the study. Justify the scientific
validity of the methodological approach (biomedical, social, or environmental) as an investigation tool to achieve the specific
atms. Discuss the limitations and difficulties of the proposed procedures and sufficiently justify the use of them. Discuss the
ethical issues related to biomedical and social research for employing special procedures, such as invasive procedures in sick
children, use of isotopes or any other hazardous materials, or social questionnaires relating to individual privacy. Point out
safety procedures to be observed for protection of individuals during any situations or materials that may be injurious to
human health. The methodology section should be sufficiently descriptive to allow the reviewers to make valid and
unambiguous assessment of the project. (DO NOT EXCEED TEN PAGES, USE CONTINUATION SHEETS).

Methods

The proof of concept study will be undertaken in two phases; an initial stage that will consist of
collection of baseline data followed by an intervention stage that will evaluate the efficacy of the
product as a means of improving drinking water quality.

Setting :
The study will be conducted in Matlab, a field-study area of ICDDR, B located 70km southeast of

Dhaka in a low-lying deltaic region. In this site of 149 villages, 190,000 residents derive their drinking
water from tubewells that draw water contaminated with arsenic. In addition to widespread arsenic
contamination, surveillance has identified diarrheal disease as a leading cause of morbidity and
mortality in children less than five years in this area.

Following the identification of communities, a baseline data collection phase, with an estimated
duration of three weeks will commence. This will include the collection of information including
demographics and structure of communities, household structure, incidences of diarrheal iliness,
healthcare utilization, assessment of drinking water and household water use, laboratory evaluation of
water sources including arsenic content of drinking water, and urine samples for arsenic content.

Exclusion criteria:

1. Households that decline to participate in the study will be excluded.

2. Households who derive their drinking water from tubewells with water containing less 50ppb of
arsenic will be excluded from the study.

3. Woman with visible skin lesions suspected to be associated with chronic arsenicosis will not be
designated as sentinel women in this proposed sudy and will not provide urine samples for evaluation
of total and organic arsenic content. These individuals when identified, will be enrolled in an ongoing
study, “Arsenic in tubewell water and health consequences” RRC 2001-015.

interventions :

The intervention product, a combination chlorination-flocculent product, containing the active
ingredients calcium hypochlorite and iron sulfate will be provided by the Procter & Gamble (P&G)
Company. The same formulations of this product have been used in field trials in Guatemala and other
areas. The product is contained in a child-resistant packaging to prevent unintentional ingestion. The
intervention will be administered by ICDDR, B and BRAC both of whom have a presence and have
been involved in the provision of community-based care in the communities of Matlab.
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“One household per tubewell with arsenic contamination of their tubewell water supply
. (>50 pg/L) will be randomly selected to receive the intervention chlorination-flocculent product
_«and associated necessary implements for its use :
o main ingredients of the intervention product include calcium hypochiorite and iron
sulfate
o child-resistant packaging

Households will be foliowed weekly for use of the intervention product, safety and adverse effects.
Urine samples will be collected from one randomly selected sentinel woman in each of the 100
households selected to use the intervention product. Education and instruction, as well as monitoring
for compliance, will occur during the weekly visits. Households deriving their water from a single
tubewell will be classified as being affiliated with that tubewell,

Eligibility
Eligible households will be those which:
are located in the study communities

¢ have associated household members who provide informed consent

¢ draw water with arsenic levels > 50 pg/L, measured by in-field analysis

« are not regularly using an arsenic mitigation strategy to treat their household water
Measurements

e Baseline:

o demographics including household and community structure, household water use, diet
of household members, healthcare utilization (Appendix 2}

o biological parameters inciuding a urine sample for arsenic content from the mother of
the household. The mather will be followed because she is expected to be at home
most of the day and so potentially has treated water available for all of her drinking and
cooking. If there is more than one household that derives their water from a single
tubewell, a sentinel mother will be randomly selected by the field health worker enrolling
the househalds to provide urinary samples for assessment of arsenic content

o arsenic (total and organic) content of water

o microbiological contamination of water

e}

¢ Follow-up:

o weekly evaluation to assess if available drinking water in households using the
intervention product have residual chlorine present .

o weekly incidence of diarrheal episodes of members residing in the study households

o monthly measurements of arsenic content of urine of the sentinel mother associated
with a tubewell

o monthly measurements of total and organic arsenic content of household drinking water

o measurements of microbiological contamination of household drinking water at mid-
'study and upon study conclusion

o observations of the use of the chicrination -flocculent product




e

" Scheduled activities for enrolied households
* Baseline
® o Seek informed consent
o Complete baseline survey
o Test and subsequently randomly select eligible tubewells.
o Randomly select a single household per eligible tubewell to receive the flocculent-
chlorination intervention product
Identification and collection of urine sample from sentinel mother associated with each
tubewell :
o Caollection of drinking water sample and analysis for microbiological contamination
o Selection of 10 households receiving the flocculent-chlorination product to collect
flocculent sludge byproduct. Corresponding selection of 10 households not receiving
arsenic mitigation to collect soil samples in dedicated containers.
e Before initiating intervention
o training of health workers
o preparation of households for intervention

o}

* Intervention _
o distribution of intervention product and supplies required for use

s Weekly
o surveillance for diarrheal disease in household members

replenishment of supplies
encouragement of product use _
unannounced visits to measure free-chlorine levels of drinking water

assessment of product use and acceptability

o 0 00

o At 2 weeks following introduction of the intervention product
o If less than half of the intervention product households are using the product at two

weeks following introduction of the intervention, we will explore the rational for non-use
in greater detail and will undertake additional activities to promote use, before collecting
subsequent urine samples.

s Monthly . '

o collection of urine samples for analysis of total and organic arsenic levels

o at mid-study: collection of samples from the 10 households collecting used floccuient
byproduct and soil, and from the 10 comparison households collecting soil samples

e At 3 months
o collection of post-intervention urine for analysis of total and organic arsenic levels

o collection of water samples from 20 households selected to evaluate flocculent disposal

effects
o assessment of use and acceptability (Appendix 4)

s At sfudy conclusion
Selected house hold members will be interviewed to assess attitudes regarding the use of the

intervention product (problems and advantages) and understand perceptions and ideas
regarding use of the product and water-use as outlined in Appendix 4. Comments about the
product and its use as well-as questions about ease of use and acceptability of the product will
be elicited from participants. Qualitative data analyses will be performed by combining
responses into an overaill summary and by incorporating quotations and explanations from
participants. Frequencies of responses and demographic data will be compiled and
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incorporated into the summary. The analyses will be conducted by the PI, BRAC, and study
team, (World Health Organization, Tool “A” Assessment and Evaluation of injection Practices,
K Draft 4.0, October 2000, pp. 1-14, (www.injectionsafety.org).

Variables

The study team will conduct a pre-intervention baseline survey identifying demographics including
household and community structure, household water use, diet of household members, and healthcare
utilization. Additionally, water use, storage, and purification practices will be surveyed, (Appendix 2).
Community health workers will visit study households at a minimum weekly interval during the
intervention phase to assess product use and to monitor diarrheal disease, (Appendix 3). Diarrhea will
be defined as 3 or more loose stools in a 24 hour period and an episode of diarrhea will include all
days of diarrhea that occur within 72 hours of each other.

Primary outcome measurements wil! include
s urinary levels of arsenic

Secondary outcome measurements will include
e arsenic levels in treated water
+ water microbiology of treated water
e the incidence of diarrhea

Laboratory Methods

Urinary arsenic measurements :
Urine samples will be collected for arsenic content in sterile pre-washed polyethylene urine collection

cups™ by study personnel who will gather the samples, add nitric acid (0.1%v/v), and transport them to - |

ICDDR,B for fiow injection hydride generation atomic abscrption spectrophotometry Every tenth urinary
arsenic sample will be divided and sent to a contract laboratory in Newcastle, England for validation via
hydride generation followed by ion coupled plasma detection (ICP). Urinary sampies will be collected at
baseline and at monthly intervals. The urine samples would be stored in cold chests with ice
distributed to the households in which urine samples will be collected. This has shown to be adequate
for storage. "®

Water arsenic measurements

Water samples will be collected in polyethylene bottles pre-washed with nitric acid water, and nitric acid
(0.1%v/v) will be added after collection as a preservative. Samples will be transported to ICDDR,B for
flow injection hydride generation atomic absorption spectrophotometry. Every tenth water sample will
be divided and sent to a contract laboratory in Newcastie, England for validation. Water samples will be
collected at baseline and at monthly intervals during the intervention period.

Water microbiological analyses

Water samples will be collected in pre-sterilised 500mi Nalgene® plastic bottles. Adherence to sterile
technique will be ensured through the use of 70% ethyl alcohat for surface cleansing and the use of
disposable gloves during sample collection and processing. Samples will be transported to the
microbiological laboratories in insulated coolers with ice packs. Qualitative and gquantitative
microbiological analyses will be carried out for total and faecal coliforms. A 100mi sample will be
filtered through a 0.22uM Millipore®filter followed by the placement of the filter on MFC agar plates. The
plates will be incubated at 37°C and 44°C to evaluate total and faecal coliform counts. E. cofi and
faecail4 normal- streptococci will also be assessed following the procedures described by islam ef. al.
2001,




“Analyses of flocculent-sludge byproduct

Ten househoids receiving the intervention product will be randomly selected and requested to collect

_sand store all discarded flocculent accumulated during the intervention portion of the study. The used
flqocuient byproduct will be stored with equal volumes of soil in designated containers. At baseline
mid-study, and conclusion of the study, analyses of the fiocculent-soil samples will simulate arsenié
that may be leached from the discarded flocculent via rainwater and other natural conditions.
Furthermore, ten randomly selected households whom are not receiving the intervention product and
therefore will not have discarded flocculent, will be asked to collect daily soil samples into designated
containers. Similar analyses will occur from these collections that will not contain discarded flocculent
product; these analyses will serve as non-intervention comparisons.

Sample Size Calculations to Assess Arsenic Burden:
Assuming: .
¢ the intervention product will substantially reduce measured urinary arsenic levels among 70%
{+10%) of persons who use the product regularly
an unmatched design
a single follow-up evaluation from a sentinel mother who will represent a single tubewell
95% confidence '

We require 94 tubewells (=100) to estimate this leve! of reduction with 20% loss to follow up. This is a
conservative estimate insofar as multiple post-intervention measurements will be collected. However,
the central uncertainty in home-based water treatment is generally how frequently the water treatment
is used. One hundred tubewells would be expected to provide sufficient power to assess differences.
One sentinel woman from a single tubewell will be randomly selected for urine arsenic measurements.

Sample size for Arsenic L eaching from Discarded Floc

The environmental assessment for arsenic leaching from the discarded flocculent is an exploratory
component of the study. Arsenic is tightly bound to iron, and so the chemistry suggests that leaching
will not be a problem. However, given the history of the arsenic problem in Bangtadesh, we are
seeking some additional reassurance that discarded flocculent will not represent a substantive
environmental hazard.

The sample size of 10 households per arm is not intended to definitively demonstrate that there is zero
risk for leaching of arsenic from the flocculent. Rather, it will provide some data to guide further
thinking. If none of the samples collected from the group with discarded flocculent show elevated
levels of arsenic, this resuit provides reassurance that consistent with our understanding of the
chemistry, leaching is unlikely to be a major problem. On the other hand, if several samples with
discarded flocculent show elevated levels of arsenic, and especially if these levels are markedly higher
than samples without discarded flocculent, then we have identified a substantial problem that will need
further attention. If the results are somewhere between these two outcomes, we will at least have
some data to guide decision making and further evaluation.

Ethical Issues

Informed Consent :
Initially, the proposed study activities will be explained to household members. Many families will hear

about the study from these community discussions and from relatives or neighbors. Next, when going
house to house for recruitment, project workers will specifically explain the project to all adults who are
available in the household at the time of the visit. Members of the household will discuss participation
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) among_st thgmselves, and with others in the community. They will be free to withdraw from the study at
any point without consequence.

Accepting family consent from a head of household departs from standard U.S. guidelines for
informed consent. Regulation 45 CFR 46.116 notes that an IRB may approve a consent procedure
which does not include, or which alters, some or all of the elements of informed consent set forth in
45 CFR 46.116, or waive the requirements to obtain informed consent provided the IRB finds and
documents that:

1. The research involves no more than minimal risk to the subjects;

2. The waiver or alteration will not adversely affect the rights and weilfare of the subjects;

3. The research could not practicably be carried out without the waiver or alteration; and

4. Whenever appropriate, the subjects will be provided with additiona! pertinent information after
participation.

This project involves no more than minimal risk to the subjects. Consent is voluntary; potential subjects
will be fully informed, and the process of deciding whether or not to be in the study is a process
appropriate to the local culture and process of decision-making. Consent will be obtained from each
adult in the family/household members and assent from each child. Should any additional pertinent
information become availabie after enrollment, for example from the study itself or other study of the
product, this information will be shared with study subjects.

All potential study participants will receive information about the intervention product.

The consent form will be composed in English, translated and administered in Bengali and back
translated into English to ensure that the translation is accurate.

Risks/ Benefits

Risks

The studies and interventions proposed in this protocol present minimal risk to participants, including
children and pregnant women. Minimal risk is defined by the Human Assurances Committee of the
CDC and in this study as, "the probability and magnitude of harm or discomfort anticipated in research
is not greater in and of themselves than those ordinarily encountered in daily life or during the
performance of routine physical psychological examinations or tests".

The combination flocculent-chlorination product is composed of traditional chemicals used in drinking
water treatment. Sodium carbonate is used as a flavorant and antioxidant in foods. Bentonite is used
in dental materials, cosmetics and in pharmaceuticals as a binding or suspending agent. Magnafloc is
routinely used in commercial water treatment systems. The World Health Organization recognizes
calcium hypochlorite as equivalent to sodium hypochlorite and as an effective and safe drinking water
disinfectant. Chitosan is derived from chitin, a polysaccharide found in the exoskeleton of shellfish such
as shrimp, lobster, and or crabs. Chitosan is currently being sold as a "fat absorber” through various
nutrition outlets. Clinical studies have shown no adverse health effects from ingestion of chitosan.

* At the dosage in the individual sachets, the chemicals are generally safe and inherently exhibit a low

order of acute and chronic toxicity, except for iron sulfate. The sachet contains 425 mg of ferric iron.
This amount of iron if accidentally ingested by a young child has the potential to cause iron toxicity.

. Ingestion of 30 mg/kg elemental iron is usually required to cause toxicity. A fatal dose is usually >250

mg/kg; however, deaths have occurred from ingestion of as little as 60 mg/kg. In the United States,
child resistant packaging has markedly decreased accidental iron ingestions in children.

Iron supplementation is commonly given to women during pregnancy and post-partum in Bangladesh.
Thus, similar concentrations of iron as would be found in the intervention chlorination-flocculent product
are already present in many Bangladeshi households.
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:I'he treatment for acute iron ingestion is immediate medical attention. Instructions will be provided to

_#rouseholds receiving the intervention flocculent-chlorination product to proceed immediately to the
nearest sub-centre or Matlab central hospital for evaluation in the event of suspected or actual
ingestion of the product.

To minimize the possibility of accidental ingestion in this larger and longer study, the intervention
flocculent product will be packaged in sealed single use sachets that are difficult for young children to
open (child resistant packaging will also be followed in this study). To communicate the potential
hazard from ingestion, adults will receive verbal instructions to keep the sachets away from young
children and to dispose of the sludge away from children. The printing on the sachets will clearly
communicate that the contents are not to be ingested directly. No ingestions have occurred in the
Guatemala field study where packets have been supplied to 200 households for 8 months.

The treated water does not have excessive iron concentration (0.1- 0.3 mg/liter) because the hydrous
oxide form of iron precipitates out of solution. The used flocculent looks like mud and wili likely be
discarded on the ground with other refuse. After water treatment, the vast majority of the iron in the
intervention product is converted from the more soluble ferric sulfate to the much less soluble and less
bioavailable ferric oxide and ferric hydroxide. Thus, the predominant hazardous material in the
discarded flocculent will be the hazardous material that was previously in the water; in this study,
arsenic. Moving the materials from drinking water to refuse would be expected to markedly decrease
the exposure of family members to arsenic. During previous studies in Guatemala, the used flocculent
was consistently discarded far away from children and no accidental ingestions have occurred.

Safety of Intervention

It is hypothesized that naturally occurring arsenic bound to iron in sediment was released into shallow
aquifers under strongly anaerobic and reducing conditions, thus contaminating tubewell water sources.
The intervention combination chlorination-flocculent product creates a strongly oxidizing environment
that drives the arsenic in water to bind quickly with the iron in the product. The sludge byproduct
containing the bound arsenic will be discarded on the soil surface and thus will not likely be subject to
the strong anaerobic and reducing conditions present at several layers beneath the surface. There is
the potential that over several hundred years, the siudge may become buried and subject to the
strongly reducing, anaerobic conditions that may resuit in dissociation of arsenic from the iron, however
this is a possibility that cannot be currently predicted. :

Benefits .

The study participants will benefit from receiving an intervention to reduce the arsenic content of their
drinking water. Additionally, all study participants will benefit from improved surveillance of diarrhea
that according to verbal autopsy reports is the leading cause of death among children less than five
years of age in rural Bangladesh. Community health workers will act as a resource, providing
educational interventions during regular visits to study families. [f children are identified who have
diarrhea, oral rehydration solution and instructions for its use will be provided.

Benefits to households assigned to the intervention product include the possibility of a lower incidence
_ of diarrhea and gastrointestinal iliness as the intervention product contains a chlorine derivative that

reduces the microbiological contamination of water. Households in the intervention product study arm
will also receive materials required for the treatment of water with the product including 10 litre buckets,
suitable stirring utensils, scissors, filtering cloths, and a supply of the intervention product that will be
replenished during the intervention phase of the study. The supplies and training are necessary to
insure proper use of the intervention product and are not considered a payment for participation.

Confidentiality
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| “Each participating household and members;within each household will be assigned unique
identification numbers. These household and member identifiers will be collected on assessments to

_+be used during the project during repeat vigitations. These-alphanumeric identifiers are rjeeded to

" ensure accurate linkage of data. Personal identifiers will be removed from all computer files and only
the identification number will be included in data analyses. _
A list linking the identification codes to the households and household members will be stored with
restricted access at ICDDR,B offices. Professionals on the study team who require the information for
assessing data validity will be provided with access. The list will be destroyed once data analysis is
complete.

Protocol Review
This protocol will be reviewed by the RRC and ERC committees of ICDDR,B and the Institutional
Review Board of the CDC.

Reporting

The results of the study will be shared with the participating institutions. The findings, whether or not
they demonstrate a substantial health benefit, will be drafted as a scientific manuscript for publication
in a peer-reviewed international scientific journal.

Adverse Events
Each of the adverse events and deaths occurring during the study period will be investigated and
evaiuated to determine if the adverse event was related to the study intervention or procedures. The
health of study participants will be protected should any adverse event arise from participation in the
study. If the adverse event(s) suggest a substantial ongoing risk to study participants, the study will be
terminated.
All participating institutions, i.e. ICDDR B (Dr. Mahfuzar Rahman, 8811751-60 ext. 2236), BRAC (Md.
Jakariya 988 1265 x2702), the Centers for Disease Control and Prevention (Drs. Steve Luby and Andi
- Shane 404 639 2206), Procter & Gamble (Dr. Bruce Keswick 513 662-4333, Dr. Roy Kulick (513) 662-
4501), the RRC and ERC of ICDDR,B, and the CDC IRB will be notified of adverse events and protocol
deviations.

Serious adverse events, considered life threatening, judged to be possibly related to study activities will
be reported within 24 hours and less serious events within two weeks of their occurrence.
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Facilities Available

Describe the availability of physical facilities at the place where the study will be carried out. For clinical and laboratory-
"based studies, indicate the provision of hospital and other types of patient’s care facilities and adequate laboratory support.

Point out the laboratory facilities and major equipments that will be required for the study. For field studics, describe the field

area including its size, population, and means of communications. (TYPE WITHIN THE PROVIDED SPACE).

Field Study Setting :
The study will be conducted in Matlab, a field-study area of ICDDR B located 70km southeast of Dhaka
in a low-lying deltaic region. In this site of 149 villages, 190,000 residents derive their drinking water
from tubewells that draw water contaminated with arsenic. In addition to widespread arsenic
contamination, surveillance has identified diarrheal disease as a leading cause of morbidity and
mortality in children less than five years in this area. The intervention will be administered by iICDDR,B
and BRAC both of whom have a presence and have been involved in the provision of community-
based care in the communities of Matlab.

The resources of the arsenic mitigation research activities group based at the Matlab field station will
serve as local support for the activities in the study. Communication among field sites, the Matiab
research facility, and ICDDR,B Bangladesh will be achieved through email, mobile telephone
communication, and two-way radio devices.

Laboratory Support

The ICDDR, B laboratory will perform the microbiological analyses of collected well and drinking
waters. Additional chemical analyses of well and drinking waters and collected urine will be conducted
via atomic absorption spectrophotometry, (AAS) at ICDDR,B laboratories. A contract laboratory in

Newcastle, England will provide confirmatory arsenic profiles of a selected number of urine and water
samples.
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' Data Analysis

.Describe plans for data analysis. Indicate whether data will be analyzed by the investigators themselves or by other
professionals. Specify what statistical softwares packages will be used and if the study is blinde_d, when th_e code will be
opened. For clinical trials, indicate if interim data analysis will be required to monitor further progress of the study. (TYPE
WITHIN THE PROVIDED SPACE). '

Analytic Plan

The primary analysis. will be a comparison in individual women of their pre-treatment level of urinary
arsenic compared to their level of urinary arsenic after 12 weeks of use of the intervention combination
chiorination-flocculent product. Appropriate statistical methods including General Estimated Equations
will be applied to account for repeated observations of a single individual over time and clustering
within communities.

Interim analyses: At two weeks following the introduction of the intervention, acceptability and use data
will be reviewed. If less than half of the intervention product households are using the product, we will
explore the rational for non-use in greater detail and will undertake additional activities to promote use,
before collecting subsequent urine samples. Data will be entered into a database program and
analysed using the Epilnfo 2000, (version 1.1.2, November 2001, CDC, Atlanta, GA) and SAS, (version
8.2, 1991-2001 SAS Institute, quy, NC) statistical packages.

Data management: Questionnaires will be reviewed by a supervisor in. the field for errors, and any
apparent errors will be resolved after discussion with both the respondent and the interviewer. A
sufficient random sample of forms wili be checked by personnel not directly involved. with data entry to
ensure that fewer than 3 data entry errors occur per 1000 entered fields. Data will be double-entered if
an increased rate of errors is noted. Data will be entered into an appropriate data management
software package. '

Following analysis of the data collected during the study period, the team will present the results to the :
community leaders. Community health workers will also visit the study households and discuss the b
results and recommendations that emerge from the analysis. Results will be shared with collaborators !
including ICDDR,B, BRAC, the Bangladeshi Ministry of Health, and the Procter & Gamble Company. In
addition, a manuscript will be prepared for inclusion in the international scientific literature.

Use of Animals

Describe in the space provided the type and species of animal that will be used in the study. Justify with reasons the use of
| particular animal species in the experiment and the compliance of the animal ethical guidelines for conducting the proposed”
- procedures.

This protocol does not involve the use of laboratory animals. "
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Identify all cited references to published literature in the text by number in parentheses. List all cited references sequentially
as they appear.in the text. For unpublished references, provide complete information in the text and do not include them in the
list of Literature Cited. There is no page limit for this section, however exercise judgment in assessing the “standard” length.
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Dissemination and Use of Findings

- Describe explicitly the plans for disseminating the accomplished results. Describe what type of publication is anticipated:
working papers, internal (institutional) publication, international publications, international conferences and agencies,
workshops etc. Mention if the project is linked to the Government of Bangladesh through a training programme.

The results of the study will be shared with the collaborating institutions and the communities whose
members participated in the study. The findings, whether or not they demonstrate a substantial health
benefit, will be drafted as a scientific manuscript for publication in a peer-reviewed international
scientific journal. '

Collaborative Arrangements

Describe briefly if this study involves any scientific, administrative, fiscal, or programmatic arrangements with other national
or international organizations or individuals. Indicate the nature and extent of collaboration and include a letter of agreement
between the applicant or his/her organization and the collaborating organization. (DO NOT EXCEED ONE PAGE)

This study will be conducted under a cooperative research agreement with fiscal support from the
Procter & Gamble Company (P&G), Cincinnati, Ohio. P&G developed the technology that will be used
in the intervention arm of this study. This technology is a combination of coagulation, flocculation, and
chlorination that removes organic material and toxic heavy metals including lead and arsenic from
drinking water, leaving a chlorine residual that ensures microbiological potability.
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Biography of the Investigators

&
’ Gwe biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this

page for each investigator.

1 Name: Steve Luby, MD

2 Present position: Acting Section Chief, Diarrheal Diseases Section, Foodborne and Diarrheal
Diseases Branch, Division of Bacterial and Mycotic Dtseases National Centers for Infectious Diseases,
Centers for Disease Control and Prevention. :

3 Educational background
(last degree and diploma & training
relevant to the preseni research proposal)

University of Texas--Southwestern Medical School at Dallas
MD 1986

University of Rochester--Strong Memorial Hospital
internship and residency in Internal Medicine.

Centers for Disease Control -- Epidemic Intelligence Service 1990
Completed Preventwe Medicine Residency 1993

List of ongoing research protocols
(start and end dates; and percentage of time)

4.1 As Principal Investigator

Protocol Number Starting date End date Percentage
“ of time
Karachi Soap 1/1/02 1/1/04 : 20%.
Health '
Outcome:
Study
Home Water 1/7/01 1/7/03 ' 15%
| Flocculation :
in Guatemala

4.2 As Co-Principal Investigator

Protocol Number Starting date End date Percentage of time

4.3 As Co-Investigator

Protocol Number Starting date - Ending date Percentage of time
HomeWater Flocculation 1/6/02 1/6/03 5%
in Kenya

Biography: S. Luby (continﬁed) _
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"5 Publications

Types of publications Numbers
b) Peer reviewed articles and book chapters
¢) Papers in conference proceedings S 2
d) Letters, editorials, annotations, and abstracts in peer-reviewed 2
journals
e} Working papers
f) Monographs

6 Five recent publications including publications relevant to the present research protocol

1. Luby S, Agboatwalla M, Raza A, Sobel J, Mintz E, Baier K, Rahbar M, Qureshi S, Hassan R,
Ghouri F, Hoekstra R, Gangarosa E. A low-cost intervention for cleaner drinking water in
Karachi, Pakistan. International Journal of Infectious Diseases. 2001; 5(3):144-150.

2. Marsh D, Husein K, Lobo M, Ali Shah M, Luby S. Verbal autopsy in Karachi slums: comparing
single and multiple cause of child deaths. Health Policy and Planning, 1995 10(4) 395-403.

3. Luby S, Syed A, Atiullah N, Faizan K, Fisher-Hoch S. The limited effectiveness of home
drinking water purification efforts in Karachi, Pakistan. International Journal of Infectious
Diseases. 2000 Jan; 4(1):3-7.

4. Dunne EF, Angoran-Biene YH, Kamelan-Tano Y, Sibailly T, Monga B, Kouadio L,
Roels TH, Wiktor SZ, Lackritz EM, Mintz ED, Luby S. Is Drinking Water in Abidjan, Cote
d’Ivoire, Safe for Infant Formula? Journal of the Acquired Immune Deficiency Syndromes.
2001 Dec; 28(4):393-8.

5. Luby S, Agboatwalla M, Raza A, Sobel J, Mintz ED, Baier K, Hoekstra RM, Rahbar MH,
Hassan R, Qureshi SM, Gangarosa EJ. Microbiologic effectiveness of hand washing with soap in
an urban squatter settlement, Karachi, Pakistan. Epidemiology and Infection. 2001
Oct;127(2):237-44.

a) Original scientific papers in peer-review journals 55
\
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Biography of the Investigators (continued)

page for each investigator.

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this

I Name; Andi L. Shane, MD MPH

Disease Control and Prevention.

3 Educational background
(last degree and diploma & training
relevant to the present research proposal)

Columbia University School of Public Health, New York City, NY
MPH 1992

Louisiana State University School of Medicine in New Orleans
MD 1997

List of ongoing research protocols
(start and end dates; and percentage of time)

4.1, As Principal Investigator

2 Present position: Epidemic Intelligence Service (EIS) Officer, Foodborne and Diarrheal Diseases
Branch, Division of Bacterial and Mycotic Diseases, National Centers for Infectious Diseases, Centers for

Albert Einstein College of Medicine — Montefiore Medical Centre, Bronx, NY
Internship, residency, and chief-residency in Pediatrics, 1997-2001.

Centers for Disease Control -- Epidemic Intelligence Service 2001-present

Protocol Number | Starting date End date

Percentage of time

4.2, As Co-Principal Investigator

Protocol Number Starting date End date

Percentage of time
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Biography: A. Shane (continued)
5 Publications

Types of publications ) Numbers
a) Original scientific papers in peer-review journals 2
b) Peer reviewed articles and book chapters '
c) Papers in conference proceedings 3
d) Letters, editorials, annotations, and abstracts in pecr-reviewed
journals : .

: e) working papers
f) Monographs

Five recent publications including publications relevant to the present research protocol

1. Roels TH, Shane A, Goldoft M, Herikstad H, Hedberg C, Angulo F. Foodborne discase
in our global village: a multinational investigation of an outbreak of Salmonella serotype
Enteritidis Phage Type 4 (SE PT 4)Infection in Puerte Vallarta, Mexico. Poster
presentation at the Infectious Disease Society of America, 35" annual meeting,
September, 1997, International Journal of Infectious Diseases, Sept. 2002,

2. Shane, AL, Schroeder, SA , King, D. Respiratory tract infections in children with
tracheostomies, poster presentation at American Thoracic Society (ATS 2001) meeting,
San Francisco, CA, and platform presentation at the New York Academy of Medicine,

June 2001.

3. Joyce JN, Shane A, Lexow N, Winokur A, Casanova MF, Kleinan JE. Serotonin
uptake sites and serotonin receptor sites are alteres in the limbic system of
schizophrenics. Neuropsychopharmacology, 1993, Jun 8(4):315-36.
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ARSENIC AND FLOCCULENT, ¥ Matlab 9th month

*Salaries incl. benefits and taxes Rate/m [|Person-months/Cost
28/11/2002 $ ICDDA,B
Professional staff Name Total
Arsenic epidemiologist, NOC* Mahfuzar Rahman 1016 2.0 2,032
Head, Matlab, NOE Md Yunus 2475 1.0 2,475
Head, HSID, D1 Rob Brieman 0 - -
Head, Environment Microbilogy, P4 | Sirajul Islam 8836 05 4,418
Child Health epidemiologist, NOG Khalequzaman 1471 0.5 736
Social Scientist Abbas Bhuiya 9091 0.5 4,546
Head, Nutrion Biochemistry MA Wahed 1505 0.5 753
Subtotal professional staff 14,959
Field staff
Sr, Lab Tech, Matlab, G54 269 6.0 1,614
Field Research Officer, GS5 353 6.0 2,118
Field manager, NOA 676 3.0 6,084
Field research officer, ethnography GS GS6 459 3.0 1,377
Admin Officer, GS5 i 353 9.0 3,177
Field Research Assistants, water collection,GS3 225 24.0 5,400
Field Research Assisstant, urine collection, GS3 225 18.0 4,050
Progmamer, NOA 676 3.0 2,028
Data Management Assistant, GS 3 225 12.0 2,700
Porter 3, Dhaka (1) and Matlab (2) | 85 18.0 1,170
Subtotal field staff 29,718
Operating expenses [ Rate $ :
Lab supplies 250
Lab supplies water collection 0.1 400 40
Lab supplies urine collection 0.1 600 60
Lab As total in uring and speciation 25 600 15,000
As in water 10 480 4 600
Microbiology, total coliform, fecal coliform, fecal streptococci 8 400 3,200
Subtotal operating expenses | 23,150
Travel and transport
Trave! and transpont, 4000
Subtotal travei 4000
Capital expenditure
Computer and printer 2500 2,500
Freezer for samples -20 degree C 600 2 1,200
Subtotal capital expenditure 3,700
Other expenditures
Printing, photocopies 1,000
Training and dissemination 1,000 .
Communication {e mail fax phone} 650
Office supplies. 500
Unforeseen expenditures 500
Sublotal other expenditure 3,650
Total direct cost 79177
Level of institutional overhead 25%
Institutional overhead cost 19,794
Total 98,971 :
Md. Beziur Rghman
tanager, Budget & Costing e

IGCODRA,8: Centfe for
Heaith & Population|Resaarch
Mohaknali, Dhaky-1212
Banglades
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Budget Justifications

.* Please provide one page statement justifying the budgeted amount for each major item. Justify use of man power, major
equipment, and laboratory services.

~ Staff: ICDDR, B is comprised of field staff, public health specialists, epidemiologists,
biostatisticians, social scientists, laboratory scientists, and clinicians. These personnel are
funded by individual research projects based upon time allocated to the projects. In this study,
Dr. Mahfuzar Rahman will serve as the Principal investigator (40% time commitment, 20%
salary for 6 months). He will coordinate project implementation and will provide scientific
expertise to the collaborative team. Drs. Md. Yunus, and (25% time commitment, 16% salary
for 6 months each) will serve as co-investigators and will provide scientific consultation. in this
budget, funds are not requested for Drs Rob Brieman, but funds are requested for Drs
‘Khalequzaman, Sirajul Islam, Abbas Bahuya and MA Wahed (10% commitment, 6% effort)
who will provide consultation in epidemiology, and will provide technical consultation on
arsenic assessment in biological and water samples.

Fieldwork: Field activities will be performed in Matlab, where a research infrastructure is established.
Only direct field costs relating to this study are included in the budget.

Intervention: Procter & Gamble Company will provide the intervention flocculent-chlorination project for
this efficacy study.

Laboratory analyses: The Environmental Microbiology and Nutritional Biochemistry Section at
{CDDR,B/Intronic laboratory, Dhaka will provide laboratory services including AAS.
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' Ethical Assurance for Protection of Human Rights

. Describe in the space provided the justifications for conducting this research in human subjects. If the study needs
observations on sick individuals, provide sufficient reasons for using them. Indicate how subject’s rights are protected and if
there is any benefit or risk to each subject of the study.

Initially, the proposed study activities will be explained to community leaders. Many families will hear
about the study from these community discussions and from relatives or neighbors who attended.
Next, when going house to house for recruitment, project workers will specifically explain the project to
. all adults who are available in the household at the time of the visit. Members of the household will
discuss them amongst themselves, and with others in the community. They will be free to withdraw
from the study at any point without consequence.
Accepting family consent from a head of household departs from standard U:S. guidelines for informed
consent.

Regulation 45 CFR 46.116 notes that an IRB may approve a consent procedure which does not
include, or which alters, some or all of the elements of informed consent set forth in 45 CFR 46.118, or
waive the requirements to obtain informed consent provided the IRB finds and documents that:

1. The research involves no more than minimal risk to the subjects;

2 The waiver or alteration will not adversely affect the rights and welfare of the subjects;

3. The research could not practicably be carried out without the waiver or alteration; and

4. Whenever appropriate, the subjects will be provided with additional pertinent information after

participation.

This project involves no more than minimal risk to the subjects. Consent is voluntary; potential
subjects will be fully informed, and the process of deciding whether or not to be in the study is
a process appropriate to the local culture and process of decision making. Because of the
work schedule of the extended families living in these villages it is not practical to secure
individual written consent from each adult in the family and assent from each child. Should any
additional pertinent information become available after enroliment, for example from the study
itself or other study of the product, this information will be shared with study subjects
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~ APPENDIX 1A:
International Centre for Diarrhoeal Disease Research, Bangladesh: General Voluntary Consent Form for Adult Household
« Members

Title of the Research Project: Efficacy Flocculent Technology as an Arsenic Mitigation Strategy
| Principal Investigator: Mahfuzar Raman, MBBS, PhD

Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks
involved in the study. Details of all procedures must be provided including their risks, utility, duration, frequencies, and severity. All
questions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children,
consents musi be obtained from their parents or legal guardians. The subject must indicate his/ ker acceptance of participation by signing
or thumb printing on this form.

Hello, my name is . 1 {we) work with [CDDR,B / BRAC. We are working with ICDDR, B/ BRAC, and the Centers for
Disease Control and Prevention in the United States, and the Procter & Gamble Company on a research project. The purpose of our study
is to see if a new product can reduce the amount of arsenic in drinking water.

The study witl last for four months. Each household in the study will receive packets of a new powder to add to all of their tubewell water.
We will ask that all water used for drinking and cooking is treated.

If you want to join the study, we will ask you to do these things: First, we will ask you guestions about your family, your water, and your
health. It will take about 20 minutes to answer our questions. Second, we will come back and tell you how to use the product to make your
water safer. This visit will take betwean 30 and 60 minutes. Third, someone from the project will come once a week for about 10 minutes.
They will ask if anyone in your household has had diarrhea in the last week. They will answer any questions that you have about the
product that you are using to make your water safer. Fourth, someone from the project will come by at an unannounced time to take a
sample of the water that your household uses for drinking and cooking. This will help us to see how often the product is being used. It will
 take us several months to understand the results of the study. But when we do we will explain the results of the study to the community.

The choice to take part in this project is completely up to you. If you choose to be a part of this study, it may help you and your family. The
drinking and cooking water resulting from the different treatment methods used in this study might lower the amount of arsenic that your
farnily consumes. There are some minor risks with the study. If a child eats the contents of the packet of powder given to one group, there
is the possibility that the child could become sick from the amount of iron in the product. To prevent this, the product is in a sealed packet
that can only be opened with a pair of scissors and we suggest that the packets be kept out of the reach of children.

Al results will be kept private to the extent allowed by the law. We will keep the records in locked rooms and only study staff will be
allowed to look at them. Your name and other private facts will not appear when we discuss this study publicly or when we publish the
results. The tests we do for this study, the products, the supplies needed to use the products will be provided at no cost to you.

We will leave a copy of the consent form with you. If you have questions for me (us) during the interview, ask them at any time. Also, if
you want to stop the interview at any time, just let me (us) know. You do not have to answer any questions that you do not want to answer.
You may decide not to join the study or you may decide to stop part way through the study. If you decide not to be in the study or decide to
leave the study, vou will not receive the benefits of being in the study, but you will not be penalized in any other way or lose any other
benefits or services.

If you have more questions about the study, you may contact Dr. Mahfuzar Rahman, ICDDR,B, Dhaka (phone: 8811751-60 ext. 2236) or
. Dr Md Yunus, ICDDR,B, Matlab. If you have other questions related to your rights as a subject in the study, you may contact the
ICDDR,B Secretariat, Mr. Bejoy Saha (phone: 8810117).

If you are willing to be in the study, pleasc sign your name or give left thumb impression below.

Signature/Thumb impression of participant Signature of Interviewer Signature of witness

\' Date: Date: Date:
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" APPENDIX IB:
International Centre for Diarrhoeal Disease Research, Bangladesh: Head of the Household Voluntary Consent Form

X

.‘ - . .
* Title of the Research Project: Efficacy Flocculent Technology as an Arsenic Mitigation Strategy
Principai Investigator: Mahfuzar Raman, MBBS, PhD .

Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks
involved in the study. Details of all procedures must be provided including their risks, wtility, duration, frequencies, and severity. All
questions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children,
consents must be obtained from their parents or legal guardians. The subject must indicate his/ her acceptance of participation by signing
or thumb printing on this form.

Hello, my name is .1 {we) work with ICDDR,B / BRAC. We are working with ICDDR,B/ BRAC, and the Centers for
Disease Control and Prevention in the United States, and the Procter & Gamble Company on a research project. The purpose of our study -
is to see if a new product can reduce the amount of arsenic in drinking water.

The study will last for four months. Y ou will receive packets of a new powder to add to all of your tubewel! water. We will ask that all
water used for drinking and cooking is treated.

1f you want to join the study, we will ask you to do these things: First, we will ask you questions about your family, your water, and your
health. It will take about 20 minutes to answer our questions. Second, we will come back and tell you how to use the product to make your
water safer. This visit will take between 30 and 60 minutes. Third, someone from the project will come once a week for about- 10 minutes.
They will ask if anyone in your houschold has had diarrhea in the last week. They will answer any questions that you have about the
product that you are using to make your water safer. Fourth, someone from the project will come by at an unannounced time to take a
sample of the water that your household uses for drinking and cooking. This will help us to see how often the product is being used.

The choice to take part in this project is completely up to you. If you choose to be a part of this study, it may help you and your family. The
drinking and cooking water resulting from the different treatment methods used in this study might lower the amount of arsenic that your
family consumes. There are some minor risks with the study. If a child eats the contents of the packet of powder given to one group, there
is the possibility that the child could become sick from the amount of iron in the product. To prevent this, the product is in a sealed packet
that can only be opened with a pair of scissors and we suggest that the packets be kept out of the reach of children.

3 All results will be kept private to the extent allowed by the law. We will keep the records in locked rooms and only study staff will be
' allowed to look at them. Your name and other private facts will not appear when we discuss this study publicly or when we publish the
3 results. The tests we do for this study, the products, the supplies needed to use the products will be provided at no cost to you.

We will leave a copy of the consent form with you. If you have questions for me (us} during the interview, ask them at any time. Also, if
you want to stop the interview at any time, just let me (us) know. You do not have to answer any questions that you do not want to answer.
| You may decide not to join the study or you may decide to stop part way through the study. If you decide not to be in the study or decide to
! leave the study, you will not receive the benefits of being in the study, but you will not be penalized in any other way or lose any other

; benefits or services.

- If you have more questions about the study, you may contact Dr. Mahfuzar Rahman, ICDDR.B, Dhaka (phone: 8811751-60 ext. 2236) or
? DBr Md Yunus, ICDDR.B. Matlab. 1f you have other questions related to your rights as a subject in the study, you may contact the
ICDDR,B Secretariat, Mr. Bejoy Saha (phone: 8810117).

[f you aflow your child and other family members to participate in the study, please sign your name or give left thumb impression below.

_ Signature of the Guardian/ Signature of Interviewer Signature of witness
| Thumb impression of participant

Date: Date: Date:
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" APPENDIX IC: ‘
International Centre for Diarrhoeal Disease Research, Bangladesh: Voluntary Consent Form for Sentinel Mother

*"Title of the Research Project: Efficacy Flocculent Technology as an Arsenic Mitigation Strategy
Principal Investigator: Mahfuzar Raman, MBBS, PhD

Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks
involved in the study. Details of all procedures must be provided including their risks, utility, duration, frequencies, and severity. All
questions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children,
consents must be obtained from their parents or legal guardians, The subject must indicate his/ her acceptance of participation by signing or
thumb printing on this form.

Introduction and Purpose:

Hello, my name is . . I (we) work with ICDDR,B / BRAC. We are working with ICDDR,B/ BRAC, and the Centers for

Disease Control and Prevention in the United States, and the Procter & Gamble Company on a research project. The purpose of our study

is to see if a new product can reduce the amount of arsenic in drinking water.

The study will last for four months. Each house in the study will receive packets of a new powder to add to all of their tubewell water. We
| will ask that all water used for drinking and cooking is treated. .

: First, we will ask questions about your family, your water, and your health. Second, we will give the person who prepares the drinking and
cooking water, a specimen cup to collect a urine sample. It will take about 20 minutes to answer our questions and give us the sampies.
Third, we will come back and tell you how to use the product to make your drinking and cooking water safer. This visit will take between
30 and 60 minutes. Fourth, someone from the project will come once a week for about 10 minutes. They will ask if anyone in your
houschold has had diarrhea in the Jast week. They will answer any questions that you have about the product that you are using. Every

| fourth visit, or once a month, for three months, they will give the person who prepares the drinking and cooking water a specimen cup for
‘ the collection of an urine sample. Fifth, someone from the project will come by at an unannounced time to take a sample of the water that
| your household uses for drinking and cooking. This will help us to see how often the product is being used.

The choice to take part in this project is completely up to you. If you choose to be a part of this study, it may help you and your family. The
drinking and cooking water resulting from the different treatment methods used in this study might lower the amount of arsenic that your
family consumes. There are some minor risks with the study. If a child eats the contents of the packet of powder given to one group, there
is the possibility that the child could become sick from the amount of jron in the product. To prevent this, the product is in a sealed packet
that can only be opencd with a pair of scissors or other sharp object and we suggest that the packets be kept out of the reach of children.

We will keep the records in locked rooms and only study staff will be allowed to look at them. The tests we do for this study, the products,

the supplies needed to use the products will be provided at no cost. .

If you have more questions about the study, you may contact Dr. Mahfuzar Rahman, ICDDR,B, Dhaka (phone: 8811751-60 ext. 2236) or
Dr Md Yunus, ICDDR.B, Matlab. If you have other questions related to your rights as a subject in the study, you may contact the
ICDDR,B Secretariat, Mr. Bejoy Saha (phone: 8810117). .

If you are willing to have the person who prepares the drinking and cooking water p')rovide urine samples to us and to be in the study,
please sign your name or give left thumb impression below.

Signature/Thumb impression of participant Signature of Interviewer Signature of witness

Date: Date: Date:
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" APPENDIX 1D:

-

Intcmatiional Centre for Diarrhoeal Disease Research, Bangladesh: Voluntary Consent Form for Environmental Testing of Discarded
Flocculc‘nt

i ) .
Title of the Research Project: Efficacy Flocculent Technology as an Arsenic Mitigation Strategy
Principal Investigator: Mahfuzar Raman, MBBS, PhD

Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks
involved in the study. Details of all procedures must be provided including their risks, wliility, duration, frequencies, and severity. All
guestions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children,
consents|\must be obtained from their parents or fegal guardians. The subject must indicate his/ her acceptance of participation by signing
or thumb printing on this form. '

Hello, my name is . 1 (we) work with ICDDR,B / BRAC. We are working with [CDDR,B/ BRAC, and the Centers for
Diseasc Control and Prevention in the United States, and the Procter & Gamble Company on a research project. The purpose of our study
is to see ;lf a new product can reduce the amount of arsenic in drinking water. The study will last for four months. Your house has been
chosen to receive packets of a new powder to add to all of your tubewell water. We will ask that all water used for drinking and cooking is
treated.

Procedures:

If you will use the packets of powder to treat your water, we will ask you to do these things:

Dispase of all of your used flocculent in a container that you will locate out of the reach of children and animals.

Only diS]l:)ose of the used flocculent in this container.

Add equz:l! amounts of soil collected from your household to the container where you will add the used flocculent.

iit will take us several months to understand the results of this study. But when we do, we will explain the results 1o you.

Risks and Benefits:

The choite to dispose of the fiocculent in a designated container is completely up to you. If you choose to dispose of the flocculent in 2
designate!d container with soil, it will help us to understand what happens to the flocculent after it is discarded. This will help us to know if
this prod{lct would be a good choice to help lower the amount of arsenic that your family consumes.

We do not know if there are risks to disposing of the flocculent in a designated container.

Confidentiality:
The results from the samples will be kept private to the extent allowed by law. We will keep the records in locked rooms and only study

staff wi]llbe allowed to look at them. Your name and other private facts will not appear when we discuss this study publicly or when we
publish the results.

Cost/ Payment:
The tests|we do for this study, the products, the supplies needed 1o use the products will be provided at no cost.

Right to Refuse or Withdraw:

We will leave a copy of the consent form with you. If you have questions for me (us), ask them at any time. Alse, if you do not want to
participate by disposing of your discarded flocculent and soil samples in a designated container, just let me (us) know. You may decide not
to dispose of your used flocculent in a designated container or you may decide stop disposing of your used flocculent in a designated
container!, part way through the study. If you decide not to dispose of your used flocculent in a designated container, you will still receive

the benefits of being in the study, and you will not be penalized in any other way or losc any other benefits or services.

Persons to Contact:
If you have more questions about the study, you may contact Dr. Mahfuzar Rahman, ICDDR, B, Dhaka (phone: 8811751-60 ext. 2236) or

Dr Md Y{Imus, ICDDR.B, Matlab. If you have other questions related to your rights as a subject in the study, you may contact the
ICDDR,B Secretariat, Mr. Bejoy Saha (phone: 8810117).

Apreement to Participate:
If you are willing to dispose of the flocculent in a designated container with soil and have samples collected, please sign your name or give

left thumb impression below.

Signature/Thumb impression of participant Signature of Interviewer Signature of witness

Date: Date: Date:
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,Appendix 2 Baseline Questionnaire

; Efficacy Flocculent Technology as an Arsenic Mitigation Strategy
Househaold ID Date of interview Interviewer
Name of mother Name of father
Address Tubewell that supplies water

1.1 How many people are currently- living in the household?
1.2 How many children under the age of 5 years?

1.3 How many children under the age of 1 year?

1.4 What language is spoken in the home?

1.5 How many people obtain their water from the same tubewell?

1.6 How long has the family been drinking water from this tubewell?
1.7 List the source(s) of water for the following:

1.7a Drinking: (1=tubewell only, 2=surface water only, 3=both, 4=neither)
1.7b Cooking: (1 =tubewell only, 2=surface water only, 3=both, 4=neither)
1.7¢ Bathing: (1=tubewell only, 2=surface water only, 3=both, 4=neither}
1.8 Does the household currently store water? (1=yes, 2=no, 3=don’t know)

1.8a If yes, what is used to store water?

0 plastic container, uncovered 0 plastic container, covered
O aluminum container, uncovered 0 atuminum container, covered
0 clay container, uncovered O clay container, covered

O other {describe)

1.9 Is anything done to treat the water used for drinking and cooking before it is drunk or used to cook?

, (1=yes, 2=no, 3=don’f know)

1.9a If yes, what is done to the water before it is used for drinking or cooking?
|
|
|

O water is boiled

O chlorine is added to water

0 water is fiitered through structural filtering system

O water is filtered through cloth

O alum is added

D flocculent product is added

O other {describe)

1.10  How is drinking water dispensed from the vessel?

0 scooped out with a glass or cup

O poured from the top

0 poured through a tap or spigot

O other (specify)
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dix 2: Baseline Questionnaire (continued)

st all of the people who live in this household {share a commen cocking pot):

ID Number

Name

Sex

Age

Birth date

Does this person leave the
home during the day?
1=yes, 2=no, 3=don’t know




Appendix 2: Baseline Questionnaire (centinued)

1.12  Can the mother of the youngest child in the household read?
1. yes

2. no

3. don't know

1.13  Can the mother of the youngest child in the household write?
yes .

no

don't know

Ll

1.14  What is the highest level of education obtained by the mother of the youngest child?
no schooling

some primary education .

finished primary school

some secondary school

finished secondary school

kL=

1.15  Which of the following describes the occupation of the father of the youngest child?
unemployed

employed on daily wages

salaried employee
shopkeeper

other (please specify)

PN ==

1.16  Considering all of the earning members of the household, in which of the following groups would
o you place your household's monthly income?

< 2000 Tk

2001-3000 Tk

3001-4000 Tk

4001-5000 Tk

5001-10,000 Tk

>10,000 Tk

refused to respond

NO G b WN

1.17  What kind of toilet facilities does your household use?
flush teilet

2. toilet without flush tank

3. pitlatrine

4

5

Taam wime e o

none
other (specify)

8  Where do most members of your household bathe?
1. running stream
2. still pond/ lake
3. other (specify}

19 Do you use soap?
1. yes
2. no
3. don’tknow

1.19a If yes, when do you use soap? {record response)
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Appendix 2: Baseline Questionnaire (continued)

Observations:

2.0 Is the water storage container same as described? 1Y 2.N 3. N/A
2.1 Is there water available for handwashing? 1.Y 2.N 3. N/A
2.2 Is there soap available for handwashin.g'? 1% 2.N 3. N/A
2.3 Are there areas of visible animal and human feces? 1.Y 2.N 3 NA

i 2.4 Describe the general sanitary condition of the household: (check appropriate box)

o very clean o clean o dirty D very dirty

42




Appendix 3: Weekly Data Collection Form

1.

Efficacy of Flocculent Technology as an Arsenic Mitigation Strategy
Household 1D Dateofinterview Interviewer
. Name of mother : Name of father
Address Tubewell that supplies water

In the last 7 days, has anyone in the household had diarrhea? (3 or more foose stools in 24 hrs)
Ny 2)N 3YN/A
{If no, end questionnaire here)

Was this a new episode of diarrhea? (circle N if this episode was previously reported)

)Y 2)N 3) N/A

During how many days since our last visit has a member of the household had diarrhea?
days

Did the person lose noticeable weight during the episode of diarrhea?

Y 2)N 3 N/A

Did you take the person/ did the person go to a healthcare provider for the diarrheal iilness?

Ny 2} N 3)N/A

Did the person stay in a hospital for the diarrheal iliness?
ny 2)N 3) N/A ‘
Did the person take any medicine for the diarrheal iliness?
1Y 2)N "3) N/A

How many days of school/ work did the person miss during the last week due to the diarrheal

illness? days missed
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Appendix 4: Assessment and Acceptability of Intervention Product Data Collection Form

Efficacy of Floccutent Technology as an Arsenic Mitigation Strategy

Household (D Date of interview ___ /1
Interviewer
Name of mother Name of father
Address Tubewell that supplies water
Interviewee: :
O father 0 mother O daughier/ son O other
(specify)

1. What do members of your family say about the product{s) that you are using to make your drinking
water safer?

2. What do members of your family say about the purified water?

3. How much water did your family use for drinking yesterday?

less than 1water vessel

1 water vessel

more than 1 water vessel, but less than 2 water vessels
2 water vessels

more than 2 water vessels, but less than 3 water vessels
3 water vessels

more than 3 water vessels

don't know '

o s

4. Size of water vessel:
small (7L)
medium (10 L)
large {15 L)
20L
35L
unknown

o I o Iy o Y o
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Appendix 4: Assessment and Acceptability of Intervention Product {continued)

5. How much water did your family use for cooking yesterday?

less than twater vessel :

1 water vesse|

more than 1 water vessel, but less than 2 water vessels
2 water vessels

more than 2 water vessels, but less than 3 water vessels
3 water vessels

more than 3 water vessels

unknown

o o O o |

6. Did you treat any of your drinking water with the product that we gave you?
O yes )
0O no

6.a. If yes, how much of your drinking water in the last week did you treat?
0 all ofit

O some of it

O none of it

O don't know

O not applicable

7. Did you treat your cooking water?
O yes
a0 no

7.a. If yes, how much of your water used for cooking did you treat in the tast week?
O allofit

g some of it

O none of it

g1 don't know

I not applicable

8. When did you last treat your water with the product?
0 this morning
0 yesterday afternoon
{1 yesterday morning
O day before yesterday
0 ather (specify)

9. Who treated the last vessel of drinking water for the house?
" 8 mother '
0 other adult
O child
0 don’t know
D not applicable

10. If a child treated the last vessel of drinking water, how many years old is the child?

11. In what vessel do you store treated water? (describe)
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Appendix 4: Assessment and Acceptability of Intervention Product (continued)
12. Is storage vessel for treated water covered when not in use?

O always covered

0 sometimes covered

[0 never covered

O don't know

O not applicable

13. If covered, with what is vessel covered? (describe)

Now we will ask what your husband, your children, and you think about the product that we gave you to
treat your water.

14a. Does your husband prefer drinking treated water or untreated water?
O Treated
O Untreated
C Unsure

14b. Do your children prefer drinking treated water or untreated water?
O Treated
D Untreated
O Unsure

14c. Do you prefer drinking treated water or untreated water?
0 Treated
O Untreated
O Unsure

15a. What does your husband think about the appearance of treated water compared to untreated
water?

O Treated water looks better

0 Treated and untreated water look about the same

O Treated water looks worse

O Unsure

15b. What do your children think about the appearance of treated water compared to untreated water?
O Treated water looks better :
O Treated and untreated water look about the same
0 Treated water looks worse
0 Unsure

15¢. What do you think about the appearance of treated water compared to untreated water?
0O Treated water looks better
1 Treated and untreated water look about the same
O Treated water looks worse
O Unsure

16a. What does your husband think about the taste of treated water compared to untreated water?
0 Treated water tastes better .
[t Treated and untreated water taste about the same
O Treated water tastes worse
& Unsure

46




Appendix 4: Assessment and Acceptability of Intervention Product {continued)

16b. What do your children think about the taste of treated water compared to untreated water?
' O Treated water tastes better
0 Treated and untreated water taste about the same
0 Treated water tastes worse
0O Unsure

16¢. What do you think about the taste of treated water compared to untreated water?
0O Treated water tastes better
0 Treated and untreated water taste about the same
0O Treated water tastes worse
O Unsure

17a. What does your husband think about the smell of treated water compared to untreated water?
0O Treated water smells better
{1 Treated and untreated water smells about the same
0 Treated water smells worse
C Unsure

17b. What do your children think about the smell of treated water compared to untreated water?
O Treated water smells better ‘
O Treated and untreated water smells about the same
0 Treated water smells worse-
0 Unsure

17¢. What do you think about the smell of treated water compared to untreated water?
0 Treated water smells befter
0O Treated and untreated water smells about the same
O Treated water smells worse
O Unsure

18a. Does your husband think that treated water is healthier than untreated water?
O yes ‘
0 no
O there is no difference
3 unsure

18b. Do you think that treated water is healthier than untreated water?
0 yes
0 no
(1 there is no difference
O unsure

19. Additional comments about the water treatment process:

Thank vou very much for your time_and comments
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Appendix 5: Drinking Water Sample Collection Form
Efficacy Flocculent Technology as an Arsenic Mitigation Strategy

Household ID Date of collection___/__/ Time of collection: _:__am/pm
Name of mother Name of father

Address Tubewell that supplies water

Name _ Household ID

Village | Volume of water collected: mi

Did you treat this water?

0O Yes
O No -
0 Don't know

if yes, how was water treated?
D added intervention combination chlorination-flocculent product
U boiled
O filtered
O traditional arsenic mitigation strategy {describe)




‘e
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Check List

After completing the protocol, please check that the following selected items have been included.

Face Sheet Included

1. Approval of the Division Director on Face Sheet

3. Certification and Signature of Pl on Face Sheet, #9 and #10

4. Table of Contents

5. Project Summary

6. Literature Cited

7. Biography of Investigators

8. Ethical Assurance

9. Consent Forms

10. Detailed Budget
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1. Summary

. An initlal environmental (Tier Q') assessment for PUR powder suggests that 'the technology will be
environmentally acceptable, and that no significant environmental issues are to be expected.

The use of the product for local test markets in developing countries can be approved from an environmental point
of view.. The current generic assessment (Sections 1-5) is based on available literature/MSDS data and data
estimated from mathematical models, assuming river water is purified and no abnormally high levels of Arsenic
are present in this source water, It also assumes that after the use of PUR powder, the resuiting waste flacculent
(floc) will be disposed and that it will end up mostly reaching the surrounding soil. Arsenic-contining well water is
considered in Section 6.

For national expansion of the PUR technology in developing countries a more detailed and quantitative test
program on the waste flocculent is recommended, as outlined in this memo. The objective of this testing program
wifl be to derive a realistic PNEC for soil and septic tanks/latrines, which will be used to assess the environmental
safety of the floc. In order to reduce environmental impact by the non-biodegradable/non recyclable sachet, it is
recommended to install a collection system for the (refundable)} sachets.

. In combination with realistic usage habits, to be gathered from consumer tests, a truly quantitative risk
assessment {‘Tier 1) can then be performed.

. The results of the Tier 1 assessment will define eventual additional testing needs (‘Tier 2') (not presented)
to refine the risk assessment if necessary.

The floc is expected to reach as ‘indirect discharge’ the soil and the water, since the floc is recommended to be disposed into the latrine or toilet.
Possible “direct discharge’ into the soil and in the waters surfaces, which may be a common habit in some geographies are also considered

2. Background

2.1 Product use and functioning
The consumer mixes the content of one PUR sachet with 10 liter of water, stirs for 30 seconds and applies

intermittent stirring for 15 minutes. This last is repeated three times, After settling, a waste flocculent (floc) is
filtered over a cloth, and discarded. The water is then suitable for human consurnption after 30 minutes.

2.2 PR powder formulation

Each PUR sachet contains approximately 5.4 g powder {dose for purifying 10 liter source water) with the following
components (Table 1). .

Table 1
Typical Level of use in
Chemical DW? (mg/L)?
Iron (II1) sulphate (i.e. ferric) 100-600
Sodium carbonate S0-150
Bentonite 200
Chitosan* -
Polyacrylamlide 1/43
Calcium hypochlorite 10?, 0.5-5*
Potassium permanganate 1%

*-DW - drinking water, T ceec NSF documentation- Drinking Water Treatment Chemicals - Health Effects, ANSE/NSF Standard 60-2001. Publ. NSF
International, Ann Arbor, MI, USA. *.pepending on use and manemer content. *_EPA Guidance Manual, Alternative Disinfectants and Oxidants, USEPA,

April 1999.
* expected is that Chitosan will be removed from the final formulation and that the concentrations of all sther chemicals will decrease by at least 10-

40%.




2.3 Sachet compaosition

The sachets containing the powder are layered (and child resistant) and consist of the following materials PET23/PE17/AL9/Coex21/LLDPE3R
(PET=polyethylene terephthalate, PE=poiyethylene, AL=aluminum foil, Coex, LLDPE=linear low density polythylene, the numbers refer to the
thickness in microns of each layer). The theoretical empty sachet weight is 1.24 grams per sachet based on target weight and size.

2.4 Waste flocculent (floc) composition

The floc contains the potential organic, inorganic, and biological contaminants entrapped from the starting water,
and the precipitated flocculent/coagulant/disinfectant. Each floc will have a variable volume of approximately 50
mL, depending on the water content of each floc. The composition of a typical floc is given in Annex 1. Note that
this is based on an earlier formulation which did not contain potassium permanganate, therefore the actual levels
of Mn may not be reflected in Annex 1. :

Annex 2 gives the typical composition of sludge issued from waste water treatment plants. Sewage contains
approximately 1000 mg I"* of impurities of which about 2/3 are organic, thus the sewage consists of 99 % of H.0
and 0.1% total solids upon evaporation. The composition of sludge varies considerably depending on the source
of sewage. Where industrial sewage contributes and mixes with the domestic sewage at water treatment works,
higher concentrations of heavy metals such as Pb, Zn, and Cu are expected in the sludge. Thus the produced
sludge requires safe and economical disposal (1}. As for industrial and domestic sludge produced in the waste
water treatment plants, the (long term) environmental impacts of the floc produced by using PUR, should be
considered as well.

The levels of heavy metals in the floc will depend on the source water used. In order to represent a generic
situation, river water will be used to produce the floc test material.

3. Disposal scenarios/ recommendations
3.1 Routes of disposal of the waste flocculent {floc)

When accessible, the recommended disposal route for the waste flocculent is via septic tank (or latrine, available
to up to 70% of the population in Guatemala), or toilet.. It should also be stressed that the floc should not be
buried in a plastic bag, nor in the sachet, since these materials are non biodegradable and the process of
bicdegradation of the PUR sludge would be extremely slowed down,

The environmental risk assessment will focds on ensuring preduct safety under those disposal scenarios. Box 1
{section 5) gives the estimated percentages of each envisaged disposal routes. Realistic disposal scenarios should
be provided in order to refine the risk assessment.

3.2 Disposal of the sachet - Recommendation

Most of the components of the sachet are recyclable, but only when considered separately. Therefore, due to its
multilayer structure, the PUR sachet is not recyclable. It is recommended that the sachet is disposed via the
municipal solid waste and not disposed in the environment, since it will not biodegrade. Volume forecasts for 2003
(B. Ellis, Feb 4, 2002) envisage 38.000.000 sachets used by 2,000,000 households. This will generate 46,12 tons
of non-recyclable, non-biodegradable solid waste. Since Guatemala lacks adequate system for the collection and
disposal of solid wastes, especially in the rural areas where PUR powder is expected to be most used, the sachets
are suspected to be lost in the environment. '

For perspective, the solid waste generated by Guatemala is estimated to be 1,260,000 tons per year (278,000 t
in the urban area, 608,000 tons in the rural area and 374,000 tons in the metropolitan area) # The solid waste
generated by the PUR sachet will contribute to 0.007% of the total solid waste. Guatemala City has a single point
of recycling soild waste, called “El trebol”, and is able to recycle 1200 tons of solid waste per day. The rest is burnt
in the open air or deposited in one of the 500 illegal landfills located around the city *,

# nhitp://www.ecouncil.ac.cr/centroam/conama/conam.htm
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4. Tier O assessment of PUR ingredients

4.1 Amount of floc produced

For perspective, the United States and the European Union (15 countries) produce each yearly an amount of
sludge from waste water treatment plants of about 6.5 million tons (dry solids). In the UK, it is estimated that 1.5
million tons of sludge are produced annually. In Europe, at least, the production of sewage sludge is expected to
increase as a greater proportion of sewage is treated and as higher treatment standards are applied under the
phased in}piementation of the European Community Urban Wastewater Treatment Directive and other related
Directives®.

4,2 Estimation of environmental exposure - Worst case calculation for Tier 0

The Tier O risk assessment is principally based on the assessment of calcium hypochlbrite, since it is the most
toxic chemical. Some initial realistic worst case calculations were performed in the absence of precise user-data;
the estimated maximum use of 2 sachets per person/day. A house hold is assumed to be composed of 5 people.

Septic tanks: The tank/latrine volume is assumed to be of 1 m3. This results in a spent flocculent loading rate of
max. 55 g/m3.day, of which up to 2% is calcium hypochlorite, i.e. 1.1 mg/l.d (assuming no decay).

Soil and agricuftural land: The average soil around a house Is assumed to be 100 m2, with a bulk density 1.5 kg/l
and a depth of 10 cm. This gives a loading rate of ~ 20 kg spent flocculent/15000 kg soil.year = ~ 1.3 g/kg
soil.year of which up to 2% is calcium hypochlorite, i.e, 0.03 g/kg soil.year (assuming no decay).



4,3 Ecotoxicity data summary

Table 2. Overview of acute ecotoxicity data for PUR ingredient used for Tier 0 assessment.

Component EC50 LC50 LCS0 Bicaccumulation
(CAS #) Bio/degradability/ algae invertebrates potential
Chemical reaction (mg/L) {mg/L) FISH
i {mg/L)
Iron (III) sulphate -
(10028-22-5) n.a. n.d. n.d. n.d. n.d.
Sodium carbonate
{144-55-8) n.a. > 250 (3) 2350-4200 (7) 7700 (7) . _VERY LOW (6,8)
Bentonite
(1302-78-9) n.a, 30(8) 22 (8) > 100 (8) VERY LOW (6,8)
Chitosan* Moderately
(9012-75-4) T0.5 soil » 60 days* > 1007 > 1007 > 100 ?
p"(‘r‘:’cr';;:;‘;"r'?’e Moderately {5) > 100 ? > 100 ? > 100 (5) Monomer: VERY LOW
: {monomer FAST 4) (6,8)
Ca""‘;;‘;é‘_’ggf;')"r'te immediate chemical 0.2 (9) 0.005 (9) 0.05 (2) VERY LOW (6,8)
( reaction (23
Potassium
permanganate FAST (4} 602 (8) 1020 (8} 0.75-5 (1) 0.9, BCF8(8)

n.a.: not applicable, n.d : no data found (for Fe{lll)sulfate toxicity will be low due to law solubitity)

* : estimated value based on data for similar materials

References: Italics: predicted/modeled result.

1. M3DS Fischer, 2. Hypochlorite Scientific Support Dossier, AISE, 3. EUF Ecolabel DID list, 4. SRC Biowin v3.67 Biodegradation model, 5. Data for
acrylamide (CAS 79-06-1) in MSDS J).T, Baker, 6. SRC BCF v2.13, 7. Fischer MSDS , 8. ECOSAR log KOW ECOSAR v0.9%e 9. ERA report for sodlum
hypochlorite

THE INGREDIENTS FE(III)SULFATE {FLOCCULENT), SODIUM CARBONATE (CORROSION INHIBITOR), BENTONITE AND
CHITOSAN {FOOD ADDITIVE AND ANTIMICROBIAL AGENT) HAVE A HISTORY OF SAFE USE IN DRINKING WATER/FOOD
PREPARATION. THEY HAVE A LOW ORDER OF TOXICITY, AND ARE NOT EXPECTED TO POSE ANY PARTICULAR ECOTOXICITY
CONCERN. POTASSIUM PERMANGANATE AND CALCIUM HYPOCHLORITE ARE BOTH HARMFUL TG AQUATIC LIFE IN VERY LOW
CONCENTRATIONS.

HTTP:/ /OURWORLD,.COMPUSERVE.COM/HOMEPAGES /JMPETT / SLUDGEAN.HTM

An initial environmental (‘Tier ') assessment for. PUR powder suggests that the technology will be environmentally
acceptable, and that no significant enviranmental issues are to be expected.

5. Generic Tier 1 Risk assessment

5.1 Ecotoxicity test designs for Tier 1

The next assessment tier (Tier 1) will require testing on the flocculent to include the probable effect of interactions
between the PUR ingredients (Table 2). However, to better understand the effects of active chlorine in the tests,
fresh and aged flocculent should be used at least in the short term tests.

Box 1 identifies the tests that could be conducted to initially ensure the environmental safety of the floc. A range
finding procedure will be used prior to each definitive tests, if necessary. Dosage levels for the testing will be
determined based on estimated realistic use scenarios and effects in the range finding tests as to derive a reliable
PNEC.
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Box 1

RIVER WATER USED FOR THE
PREPARATION OF THE TEST MATERIAL (floc)

Waste flocculent (floc)

[
DISPOSAL ROUTES
SEPTIC | - WASTE TOILEY DIRECTLY| |[DIRECTLY IN
TANK BIN IN SOIL WATER
65 % 10 % 5% 15% 5%
|
1. Safety septic tank assessment
a: wastewater solids (batch}
settiing test )
b: growth inhibition of anaercbic
organisms isolated from a septic )
tank WILL END UP INDIRECTLY

IOR DIRECTLY IN WATER
WILL END UP INDIRECTLY OR DIRECTLY IN SOIL |

For the septic tank safety testing two functional endpoints will be assessed: effect on flocculation/settling
and effect on glucose uptake. The levels of sulphide ions should be monitored during the duration of the
test.

Assessment of the effects of flocs in soil organisms is suggeéted, since most of the floc will be ending up
in the soil (in)directly. For the soil safety testing The use of 3 test levels (microorganisms, worms, plants)
will allow to derive a reliable estimate of PNEC s .

In order to evaluate the fertilizing value of PUR sludge (spent flocculent), a study was commissioned to
Rainbow Associates {horticultural product consultants in the UK, A. Rainbow, Report No. RRP20101, Feb
14, 2001). Detailed results on chemical composition are shown in Annex 1. This shows that the flocculent
(as prepared with tap water to which 5 ppm humic acid was added to form a crude model surface water)
had no particular fertilizer quality. It was therefore concfuded that the floc could not stand as a fertilizer

‘alone. The chemical analysis also shows that the floc contains nothing that would be obviously

harmful/phytotoxic, since most potentially toxic elements were undetectable.
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Table 3 inventories the tests that could be conducted and. It must be stressed that actual costs may be ca. 20%
higher since additional handlings may be required for the generation of the test material. Prices indicated in Table
3 do not include analytical measurements for {in}organics in source, purified water and floc .

Table 3. Summary of 'Tier 1’ tests for waste flocculent of PUR powder.

ECSD 2b::EC50" Plant 2¢.:ECS0 Farth--

gerimination. ormttc‘:xicin" 3
Y - Y- -7 T S S

Tho TNO

s0il::

Contractiab  “TNO ¥

Protocol a. QECD 216 & 217: OECD 208: QECD 207
Standard methods Soil Microorganisms, Terrestrial Plants Earthworm:  Acute
2710C & 2710E, Carbon and Nitrogen (3 plants), Growth Toxicity Tests
NEN 6233; Activated Transformation Tests  Test
sludge volume and (1 type of sail, nitrate
settling rate analysis)

h. 1ISO 13641-1 Toxicity
to anaerobic bac-
teria, at high bio-
mass concentra-

tions*™*
28 days 14 days 14 days

48 hours
Dosing range 0- 1000 mg/i 0 - 5000 mg/kg 0 — 5000 mg'kg 0 - 5000 mg/kg
(tbd) :
Costin USD
(ex vat) )
Timeling**** 15 weeks . 15 weeks 18 weeks 14 weeks
Possible Within 2 months but May 2002 April 2002 April 2002

starting period  preferably July 2002

= TNO Netherlands Organisation for Applied Scientific Research.

*=*  including sulfide monitoring

=sx  The effect of active chlpring in the short micrabial assays should be investigated, therefore both fresh and spent flocculent will need to
be tested separately

**+* Time between slgnature of contract and reporting.

The following procedure is proposed for the preparation of representative test material {exact procedure to be
agreed with the contract lab). Results from the four Hydropure focus groups in rural Guatemala (San Juan
Sacatepequez, June 29, 2000) reveal that water is mainly collected from their roofs or mountain streams, or from
a well supplemented with spring water. These waters are generally considered drinkable but not really clean (K.B.
Baier). For practical reasons and for being conservative it is recommended that the water used for the preparation
of the floc to be tested in the contract laboratory should be collected from a river which is believed to be in
someway contaminated with various (in)organic peollutants. The levels of the pollutants might be measured in the
river water, in the purified water and in the floc. Sufficient PUR sachets should be provided to the contact lab for
them to generate test material.

Mix 1 sachet/10 liter river water, apply as recommended on sachet

Filter flocculent over cloth or vacuum filter - collect flocculent

Use directly or allow 24 h aging

Dose according to original sachet dry weight (ﬂocculent will take water during use, which will result
in a higher wet weight after preparation)

5.2 Tier 1 Environmental risk assessment

To be completed based on Tier | test results. If refined assessment is required, additional testing may be required (¢g. chronic test of 8 weeks on
earthworm reproduction: and continuation of an acute test to 100d of the soil microbiology for 2 concentrations:).
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6. Specific Environment Risk Assessment for PUR applied to Arsenic containing

~well water

The above risk assessment relates to a generic sitvation. However, contamination of tube wells with Arsenic (As)
is not uncommon (e.g. situation in Bangladesh), and can lead to significant adverse health effects in the
population from drinking water exposure. The efficiency of PUR to reduce As levels in the drinking water is high
{> 95 % removal from water containing 50 - 500 ppb As). As a consequence, the As ends up in the waste
flocculent, and should he included in the environmental risk assessment.

The environmental chemistry of As is very complex, but it can be assumed that in ground water As is initially
present as the As(V) anion, or as As(III) under mildly reducing conditions. Under strong reducing conditions As
will occur as the insoluble As;S3. When aerated, or in the presence of hypochlorite the As(V) will prevail. Anionic
arsenic (arsenate, AsO,>) will precipitate and strongly adsorb to Fe(III)oxyhydroxides under acidic to neutral
conditions. This high affinity for Fe(III) colloids explains the excellent removal of the As from the raw water.

In soils, As(V} compounds are bound on Fe(III), AI(III), clays and carbonates and are rather immobile, i.e. they
will not leach out significantly under oxic conditions. Their mobility under reducing conditions is higher.
Bioconcentration of As occurs in aquatic organisms, but biomagnification is not significant. Terrestrial plants may
accumulate As by root uptake from soil, and some species do so considerably (ref. EPA). This also depends on
the soil texture, pH, etc. .

As exposure calculation (realistic wors{ case):

Assume 10 L water with 500 ppb As {an extremely high level of As contamination) is flocculated with a PUR
sachet (5.4 g). This will lead to ~5 mg As/5 g waste flacculent (DM}, or ~1 g As/kg sludge DM. The As-rich floc
can be blended into stable solid materials (glass, brick or cement). Analyses of an As-rich sludge in cement (30%
by weight) by the lab procedure called the toxicity characteristic leaching procedure (TCLP) revealed that the
leachate had negligible As levels and were below the limit of acceptability (5 mg As /L leachate) (Gupta et , 2000
in Johnston et al, 2001). Studies mentioned in this report also suggest that when hydrous ferric are used to
remove arsenic from water, the resulting sludge does not require any special disposat,

In practice, it is likely that some of the waste flocculent will be disposed of in the soil. The normal background
values for As in soils are < 30 mg/kg (Ide & Ectors), although some natural soils of specific geological origins can
contain higher levels. The soil levels are to be compared to the soil clean-up standards based on risk assessment,
as applied e.g. in Belgium or The Netherlands. The Belgian guidance (‘A") value, for example, is 20 mg As/kg soil,
and the *C’ value (maximum acceptable) in the order of 50 - 80 mg/kg according to the soil use (excluding
industrial soil). Assuming an As background of 10 mg/kg, critical As levels may be reached in the immediate
vicinity of the house after 1 - 2 generations of assumed continuous use and disposal of PUR. Given the
conservative nature of this assessment this is likely not of real environmental relevance, but could be refined
with real data.

Another aspect of this environmental assessment would be indirect exposure of humans via crops grown near the
house and that may have accumulated As. It is therefore recommended as a precautionary measure not to apply
the sludge to cropland, but to a) collect & treat it (cities) or disperse and dilute it over a wider area (rural
societies). This is unlikely to lead to any adverse environmental effect (but need further assessment of
attractiveness and effects on domestic and wild animals).

*http://www.ce.vt.edu/program_areas/environmental/teach/gwprimer/landa ppl/sewer.html
**http://www.dep.state.pa.us/dep/biosolids/training/sewagesludge/1_1_0.htm
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Annex 1 : Chemical Analysis of Spent Flocculent (floc)- January 2001

% m/m sample 4.5 Whole 95.5 Whole 100
Sample WS Sample

% m/m % m/m mg/l % m/m % m/m pprm
Nitrogen as N 0.2 0.009090 31 0.000296 0.009386 93.9
Phosphorus as P 0.1 0.004545] < 2 0.000191| <« 0.004736 < 47.4
Potassium as K 0.02 0.000909 3 0.000286 0.001195 12.0
Magnesium as Mg 0.43 0.019544 15 0.001432 0.020975 209.8
Sodium as Na 0.06 0.002727 76 0.007255 0.009982 99.8
Calcium as Ca 1.2 0.054540 104 0.009927 0.064467 644.7
Sulphur as S 0.14 0.006363 68 0.006491 0.012854 128.5
Iron as Fe 11.8 0.536310| < 0.5 0.000048| < 0.536358 <« 5364
Copper as Cu 0.02 0.000909| < 0.1 0.000010] < 0.000919 <« 9.19
Zinc as Zn 0.01 0.000455| < 0.1 0.000010] < 0.000464 < 4.64
Manganese as Mn 0.02 (.000909 0.5 0.000048 0.000957 9.57
Boron as B < 0.001 0.000045| < 0.1 0.000010] < 0.000055 < 0.55
Chloride as Cl 0.004 0.000182 44 0.004200 0.004382 43.8
Chromium as Cr < 0.01 0.000455| < 1 0.000095| < 0.000550 <« 5.50
Cadmium as Cd 0.0009 0.000041] < 0.02 0.000002| < 0.000043 < 0.43
Lead as Pb 0.0031 0.000141} < 0.1 0.000010| < 0.000150 < 1.50
Nickel as Ni 0.002 0.000091] < 0.1 0.000010} < 0.000100 < 1.00
Mercury as Hg < 0.0001 0.000005] < 0.01 0.000001| < 0.000005 < 0.05
Aluminium as Al 0.68 0.030906 0.00 0.000000 0.030906 309.1
Insoluble in hot, 10% HC! 35 1.590750 0.00 0.000000 .. 1.,590750 15908
ITOTAL 49.70 2.258915 317.63 0.030319 2.289234 22892
* air dried
Moisture content = 31.4% .
Therefore, dry matter content of whole sample = 3.12% '
Solid fraction Total Concentrated acid Water soluble

soluble
% mfm % m/m %CA/T % mfm %W/T

Nitrogen as N 0.2 ND NA 0.001 0.50
Phosphorus as P 0.1 0.02 20.00| < 0.02 <« 20.00
Potassium as K 0.02 0.02 100.00| < 0.01 < 50.00
Magnesium as Mg 0.43 0.1 23.26| < 0.02 < 4.65
Sodium as Na 0.06 0.05 83.33 0.05 83.33
Calcium as Ca 1.2 0.75 62.50 0.09 7.50
Sulphur as S 0.14 0.07 50.00 0.082 58.57
Iron as Fe 11.8 3.27 27.71 < 0.005 <« 0.04
Copper as Cu 0.02 0.01 50.00| < 0.001 < 5.00
Zinc as Zn 0.01 0.003 30.00( < 0.001 <« 10.00
Manganese as Mn 0.02 0.007 35.00| < 0.001 < 5.00
Boron as B < 0.001 < 0.001 NA < 0.001 NA
Chloride as Cl 0.004 0.004 100.00 0.004 100.00
Chromium as Cr < 0.01 < 0.01 NA| < 0.01 NA
Cadmium as Cd 0.0009 0.0002 2222 < 00002 < 22,22
Lead as Pb 0.0031 < 0.001 < 32.26| < 0.001 < 32.26
Nickel as Ni 0.002 < 0.001 < 50.00 < 0.001 < 50.00
Mercury as Hg < 0.0001 < 0.0001 NA, < 0.0001 NA
Aluminitm as Al 0.68 0.00 0.00 0.00 0.00
Insoluble in hot, 10% HCI 35 NA NA NA NA
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Annex 2: Typical Sludge composition

Constituent Concentration
Organic matter 65 - 75 % dry solids
Nitrogen 4%
Phosphorous 3-4%

Zinc 1600 mg/kg ds
Copper 700

Leag:l 400

Chromium 300

Nickel 150

Cadmium 15

Arsenic 5

Mercury 10

http://ourworld.compuserve.com/homepages/jmpett/SludgeAN.htm

Annex 3: Maximum allowed concentrations of pollutant in
sewage sludge to be applied to the land

Ceiling Concentrations
Pollutant {(mg/kg of sewage sludge
: on a dry weight basis).
Arsenic 75
Cadmium 85
Copper 4,300
Lead 840
Mercury 57
Molybdenum 75
Nickel 420
Selenium 100
Zing 7,500
Paly-Chlorinated Biphenyls 8.6
(PCB's) '

http://www.dep.state.pa.us/dep/biosolids/training/sewagesiudge/l 1 0.htm
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Annex 4: Maximum allowed concentrations of pollutant
in sewage sludge to be applied to a lawn or a home garden

Monthly Average
Pollutant . Concentrations {(mg/kg
of sewage sludge on a
dry weight basis).
Arsenic 41
Cadmium 39
Copper . 1,500
Lead 300
Mercury 17
Molybdenum {N/A)
Nickel 420
Selenium 100
Zinc 2,800
Poly-Chlorinated Biphenyls 4
(PCB's) . ] .

http://www.dep. state.pa.us/dep/biosolids/training/sewagesludge/1 1 0.htm
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PUR Human Safety Assessment

Background

The POR product was developed to "help purify drinking and cooking water" from sources that people are currently
using for drinking and cooking purposes. The PUR product can improve the quality of the water that a consumer
uses for drinking and cooking, including most surface or well water sources, previously treated or not. This product
combines coagulation and flocculation technologies to reduce the levels of suspended solids, bacteria, viruses,
parasites, heavy metals and organics, while also supplying disinfectant technology to further reduce sensitive

microbiological contaminants
Safety Assessment

This Safety Assessment for the PUR product is subdivided into two components:

1) Formulation Safety during storage and use — ingestion of sachet contents, ingestion of the floc resuiting

from water treatment.

2) Finished water safety —microbiological and chemical reduction efficacy, disinfection by-products.

Chemical composition and formulation assessment

PUR has been formulated as a flocculent/coagulant/disinfectant that precipitates out of solution, adsorbing and
entrapping potential organic, inorganic, and biological contaminants. The treated water is filtered through a cloth for
sludge removal and the disinfectant remains in solution, providing disinfectant efficacy after 30 minutes contact time.
As a treatment process, this sequesters the added flocculent and floc building components into a precipitate of
approximately 50 mL volume along with contaminants that were present in the starting water. Thus, both
flocculents/flocculation aids and contaminants are removed from the water and are concentrated in the floc.

Table 1 presents the current PUR formulation.

Table 1. PUR formulation.

Chemical:

Iron (III) sulphate (i.e. ferric)

100-600

Sodium carbonate 50-150
Bentonite 200
Chitosan -
Polyacrylamide 1/4°
Calcium hypochlorite 10%,0.5-5*
15

Potassium permanganate

i STy

_DW - drinking water, >-see NSF documentation- Drinking Water Treatment Chemwals - Health E
3_Depending on use and monomer content. -EPA Guidance Manual, Alternative Disinfectants and

NSF International, Ann Arbor, Mi, USA.
Oxidants, USEPA, April 1999.

ffects, ANSI/NSF Standard 60-2001, Publ.

Table 2 provides a brief functional explanation of each ingredient in the PUR formulation along with any Regulatory

and/or Safety Standards that apply to these chemicals when used in food or for drinking water treatment.

Table 2. Brief functional explanation for PUR ingredients and other relevant uses in the food or water

treatment industries.

* Otlier:Relevant Uses:

" Component ] e
W
tron (IT1) d lant i Generall ized as safe (GRAS) by the USFDA wh
Iphate (i.e Used as a coagulant in water enerally recognized as sa e ) by el when
sulp o treatment used as a flavoring agent in food under conditions of GMP.
ferric sulphate)
Used for corrosion control and softening in water treatment

Sodium
carbonate

Used for pH control

plants and may be certified as a drinking water additive
according to NSF Standard 60 (Drinking Water Additives —
Health Effects). GRAS when used as a flavoring agent and

PUR Safety Assessment
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antioxidant in foods (21 CFR 184.1742) under conditions of
GMP. It meets the requirements of the Food Chemical Codex
and is a permitted food additive under the current UK
legislation "Miscellaneous Additives in Food Regulations"

Used as a coagulant aide for

Commonly vsed in dental materials, cosmetics and in
pharmaceuticals as a binding or suspending agent. It is GRAS

Bentonite removing turbidity associated according to the USFDA when used as a processing aid (apple
with water and wastewater . .
juice, wines) under GMP ]
Used as a flocculent aide and a Itisusedas a processing agerit and thlckener/stablllger in
. . . — Japan (Japan, Food Sanitation Law, 1996-Food Additives of
Chitosan metal binding agent in the PUR . ) : .
Natural Origin) and is sold as a dietary supplement in the
formula. .
United States.
Routinely used in commercial water treatment systems for
Polvacrvlamide Used as a coagulant and improving the efficiency of coagulation and is certified as a
yacry flocculation aid drinking water additive according to NSF Standard 60
(Drinking Water Additives — Health Effects)
Calcium Used for the disinfection of APpr9ved for such use by EPA. and WHO, and is certified as a
hvoochlorite drinking water drmkm‘g water additive according to NSF Standard 60
P (Drinking Water Additives — Health Effects)
Used to oxidize metals such as
2+ 2+ . ..
F . . .
. Mn .ar.lcl e m gddttlon to A commonly used oxidant for water treatment and is certified
Potassium alleviating aesthetic problems o " .
. as a drinking water additive according to NSF Standard 60
permanganate | resulting from the presence of

organic odor and color causing

{Prinking Water Additives — Health Effects)

compounds in water '

Table 3 provides relevant toxicological information for each of the ingredients in PUR. The PUR formula is
composed of traditional chemicals used in potable water treatment with the exception of chitosan. Under conditions
of intended use, the concentration of individual chemicals in the PUR formulation do not pose a significant safety
concern and inherently exhibit a low order of acute and/or chronic toxicity at current formulation concentrations.
For example, special consideration and additional discussion is provided for certain specific components: iron,
polyacrylamide, potassium permanganate, chitosan, and calcium hypochlorite. Although PUR is not intended for
consumption, accidental ingestion of the contents of a sachet of PUR powder should it occur could result in an
adverse reaction due to the 460 mg of iron. Due to the polymerization process used in the production of
polyacrylamide, there is a residual amount of acrylamide monomer remaining in the final product.

PUR Safety Assessment
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CONFIDENTIAL - PUR Human Safety Assessment, Procter & Gamble, PS&RA

Ingesﬁon of Sachet Contents

Polyacrylamide

Polyacrylamide is a polymeric chemical coagulant used for increasing the efficiency of removal of a variety of |
contaminants in drinking water. There are no regulations associated with polyacrylamide due to the inert nature of
the polymer. USEPA and WHO have set a health based maximum contaminant level of 0.5 ppb in drinking water.
Controlling the polymer dose and petcent contaminating monomer attains control of monomer content. Five lots
used to produce PUR over the last year have averaged 0.0014% + 0.0009% (standard deviation) with a minimum of
0.001% and a maximum of 0.003% (i.e monomer content <0.015 ppb). See Appendix | for more information on
acrylamide monomer.

Ferric Sulphate
The sachet contains 460 mg of ferric iron. This amount of iron, if accidentally ingested by a young child has the

potential to cause iron toxicity. Literature data indicates mild to moderate/severe toxicity can occur at 20-60 mg/kg
(see Table 4). Therefore, ingestion by a child <20 kg (approximate age range is < 8 years) would result in this range

of exposure.
Table 4. Dose deEendent outcomes resulting from ingestion of iron at 460 mg Fe3".

" Body Weight (kg). .| - Exposure Level {mg/] i Qutcome '
m
<=2 >= 230 likely fatal

>a? & <=7.5 : <=230 - >=61 highly toxic
>x7.5 & <=15 <=6l ->= 31 moderately toxic to toxic
>= 15 <31 toxic to no toxicity

Iron Poisoning
Iron overdose was the leading cause of death due to toxicological agents in children under 6 years in the United

States (1995). lron is used as a pediatric or prenatal vitamin supplement and for treatment of anemia. With

ingestions greater than 20 mg/kg but less than or equal to 40 mg/kg, patients may show signs of GI toxicity. As the

ingestion of elemental iron exceeds 40 mg/kg, patients are more likely to show signs of toxicity. Ingestions i
exceeding 250 mg/kg are likely to be fatal while adverse responses increase when doses above 60 mg/kg are attained.
Iron poisoning is almost always acute and for practical purposes is mainly limited to toddlers who accidentally ingest |
iron-supplement pills. Acute iron toxicity causes diarrhea, abdominal pain, gastric bleeding, lethargy and seizures. i
If untreated, the condition can lead to coma and death. :

Exposure Assessment for fron
To minimize exposure, POR is packaged in sealed single use sachets. To communicate the potential hazard from

ingestion, adults should receive verbal instructions to keep the sachets away from young children and to dispose of
the flocculated material away from children. The packages should contain a wamning similar to “KEEP OUT OF

i
REACH OF CHILDREN”, ;j

-

There are significant issues associated with the use of Ipecac and potential iron poisoning and these are addressed in
Appendix 2. Appendix 3 contains information on symptoms, pathophysiology, and outcomes resulting poisoning by »

iron. : ;
Potassium permanganate N
Potassium permanganate is added because of the formation of a perceptible yellow coloration in some treated waters.
This discoloration arises from source water manganese and contaminant manganese in the ferric sulphate. The
yellow color is due to the slow oxidation of manganese (Mn*") to manganese dioxide (MnO,), forming a colloid at
the concentrations found after treatment. The level of manganese that apparently causes this can be very low and in
the range of 50 to 100 micrograms/L. These levels are not a safety issue (WHO provisional health-based guideline .
value for manganese is 500 micrograms/L) but they do raise aesthetic issues such as taste and staining. Manganese
can be found in many source waters (especially ground waters) worldwide and water utilities have successfully
addressed high levels with the addition of potassium permanganate (KMnQOy). .

See Appendix 4 (USEPA Guidance Manual — Alternative Disinfectants and Oxidants, April 1999) for more
information related to potassium permanganate and water treatment. Appendix 5 presents information related to
permanganate levels in PUR treated water in addition to toxicological data for permanganate and manganese in

water.

VAL e

e

£ WA i E o
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Calcium Hypochlorite
Hypochlorite is well understood with respect to its action as a disinfectant for the control of waterborne microbial

pathogens. In their book, Guidelines for Drinking Water Quality (2nd ed., Vol. 1,
Recommendations, 1993) the WHO states (pg. 135) that:

Normal conditions of chlorination (i.e., a free residual chlorine of >=0.5 mg per litre, af least 30
minutes contact time, pH less than 8.0, and water turbidity of less than 1| NTU) can bring about
over 99% reductions of E. coli and certain viruses but not of the cysts or oocsyts of parasitic
protozoa.

This view is reiterated in the 1996 WHO Guidelines for Drinking-Water Quality: Health Criteria and Other
Supporting Information Vol. 2 supplement. The 1993 and 1996 WHO guideline publications explicitly support a
maximum free chlorine level of 5 mg/L so that adequate disinfection is never compromised in the delivery of
microbiologically safe drinking water. A reduction of 99% in the concentration of viruses or bacteria may not be
sufficiently protective of public health. The infectious dose associated with a number of viruses of concern (e.g.
rotavirus) can be very low. Depending on the level of contamination, raw source water may contain greater than
1000 cultivable viruses/L (Safety of Water Disinfection: Balancing Chemical and Microbial Risks, Ed. Gunther F.
Craun, 1LS1 Press, Washington DC, USA, 1993). A 99% reduction in this level still leaves 10 cultivable viruses/L, a
sufficiently high dose for infection since, on average, a person consumes approximately 2 liters of water per day.
While bacteria are more susceptible to chlorination they are present at higher concentrations and in the presence of
particulate material can escape the effects of disinfection at low chlorine dosing levels.

Table 5 below provides values for recommended maximum and minimum chlorine residual levels that are protective
of human health in drinking water as recommended by the World Health Organization and the United States
Environmental Protection Agency. Appendix & contains information on chlorine extracted from the WHO
publication Guidelines for Drinking Water Quality: Health Criteria and Other Supporting Information. Vol. 2.
Supplement. 1996). :

PUR Safety Assessment Page 5/16 05/30/02
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WHO International 5.0 mg/L' 0.5 mg/L.?

USEPA United States 4 mg/L.’ 0.2m

0 — ]}
' Based on an NOAEL of 15 mg/kg body weight/day. Tolerable-daily intake (TDI) of 150 mg/kg body weight is calculated when
applying an uncertainty factor of 100. Allocating 100% of the TDI to drinking water, the guideline value is 5 mg residual
chlorine/liter. It is noted, however, that this value is conservative, as no adverse effect level was identified in the study used to
devclop this value,

? For effective disinfection there should be a resu:lual concentration of free chlorine of 20.5 mg/L after 30 minuntes contact time
at pH<8.0. Recommended median turbidity before disinfection should not exceed 1 NTU and it should not exceed 5 NTU in any

one sample.

3 Maximum residual disinfectant level goal (MRDLG = 4) and the maximum residual disinfectant level (MRDL = 4.0 mg/L} are
similar. The MRDLG is established at the level at which no known or anticipated adverse effects on the health of persons occur
and which allows for control of waterborne microbial contaminants. MRDLG was based on an NOAEL of 14 mg/kg/day and
application of a 100 fold uncertainty factor and a source contribution of 80%. USEPA created the terms MRDLG and MRDL,
during the regulatory negotiations to distinguish disinfectants (because of their beneficial use) from contaminants,

1 Surface water treatment rule: The disinfection process must demonstrate by continuous menitoring and recording that the
disinfectant residual in the water entering the distribution system is never less than 0.2 mg/L for more than 4 hours. It is
recommended that a residual level be maintained at the end (or in dead ends) of the distribution system.

Chitosan

Structure

Chitosan is derived from chitin, which is found indigenously in the cell walls of various fungi, crustaceans, and
insects. Chemically chitosan, a cationic polysaccharide, is the N-deacetylated product of chitin. The structure of
chitosan is mainly that of a polymer of D-glucosamine and N-acetyl-D-glucosamine. Both chitin and chitosan are
considered to be nitrogenous polysaccharides. Chitosan can be chemically derived by deacetylating its raw material,
chitin. Commercially, chitin is obtained from the cuticles of sea animals, which are a waster product of the food
industry. The term chitosan refers to a family of polymers whose members differ in their degree of deacetylation and
molecular weight. These two characteristics are fundamental to the physicochemical properties of the chitosans and
therefore have considerable influence on their biological activities.

Uses’
Among other uses, chitosan functions as a flocculating agent for water (Norway) and wastewater treatment and a

chelating agent for removal of trace heavy metal contamination from aqueous solutions. Chitosan is also used as an
excipient for oral drug formulations. Cationic chitosan forms polyelectrolyte complexes with polyanionic polymers
and the chelate complexes with metal ions resulting in precipitation. These reactions have been used for the
clarification of polluted wastewater.

Exposure Assessment for Chn‘osan

Estimates of the mean and 90™ percentile exposure to chitosan (7.97 and 15.94 grams respectively) remains lower .
than the recommended levels of intake for dietary fiber {25-30 grams per day) in the United States. The National
Cancer Institute estimated that exposure through multiple sources can amount to a daily consumption of 10 to 20
grams of chitosan. It was estimated that 0.1 to 0.05% of the chitosan may be present in the diet when it is used as a
food processing aid (i.e. protein coagulating agent} (Dietrich Knorr. 1994. Use of Chitinous Polymers in Food: A
Challenge for Food Research and Development. Food Technology v. 38(1) p. 85-89, 92-97. .pp 85-97). Thercfore,
exposure to chitosan from PUR is likely to be less than 5 —10 ug/L (10 mg/L x percent remaining).

Safety Assessment for Chitosan
There is an application before the USFDA requesting that chitosan be considered as GRAS (Generally Recognized

As Safe - this is usually associated with a petition to use the component as a food additive). Technical effects
ascribed to chitosan fall under FDA 21 CFR 170.3 (o) and include the following; antioxidants, curing and pickling
agents, dough strengtheners, emulsifiers and emulsifier salts, formulation aids, humectants, nutrient supplements,
processing aids, stabilizers and thickeners, surface-active agents, synergists, and texturizers. The safe use of chitosan
has been based on decades of human experience with chitosan consumption in Japan, China, and other Pacific Rim
nations.

As of 1995, EPA has no reports involving adverse events associated with the use of chitosan by workers involved in
its use as a pesticide ingredient. The FDA had 2 reported matches on a search of the 1998 SN/AEMS database

PUR Safety Assessment . Page 6/16 05/30/02
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(Special Nutritional/Adverse Events Monitoring System, 1998 was the latest year available), One involved a report
of "very constipated, stool was very hard and dry" where the only ingredient was chitosan and the other was
"premature ventricular contractions” where the ingredients included chitosan, erythorbic acid, citric acid, cruciferous
concentrate. No reports were found in the literature involving potential immunological responses associated with
persons allergic to crustacean protein (databases searched included HSDB, IRIS, AGRICOLA, RTECS, BIOSIS,
MEDLINE, CSA Biological and Medical Sciences Area, TOXLINE, Food and Human Nutrition).

Chitosan was nominated to the National Toxicology Program (NTP) for study by the National Cancer Institute based
on significant human exposure through use as a dietary supplement and other commercial applications and potential
for toxicity from interference with dietary fat absorption. The ICCEC (Interagency Committee for Chemical
Evaluation and Coordination) recommended that mechanistic studies be performed to evaluate vitamin E and mineral

depletion.

Other Toxicological Considerations

PUR Eye Irritation Toxicity

In 2 Low Volume Eye Test (LVET) study, 100% concentration {dry powder), no rinse, the Mean Average Score
(MAS) for POR was 4.6 over all animals (in triplicate) and all animals cleared within three days. For comparison,
calcium hypochlorite (powder) scores a 66.7 under these conditions, This data indicates that POR would be placed
in the slight to moderate eye irritant category. This study was performed on the non permanganate containing
formulation, but based on the low amount of potassium permanganate in the POR formulation, similar results would

be expected.

PUR Dermal Toxicity
Based on the ingredients used to formulate PUR, overall dermal irritation would be expected to be mild to moderate,

as indicated by the eye irritation test. Ferric sulphate, sodium carbonate, and bentonite represent a significant
percentage (95.78% wt/wt) of the formulation and are all skin irritants. Caleium hypochlorite and potassium
permanganate are strong oxidants in concentrated form and polyacrylamide is a skin irritant. The amount of each
chemical in PUR is low and would hot be expected to contribute significantly to dermal irritation, which is indicated
by the low score in the eye irritation study.

A skin sensitization study was used to assess the possible allergenic potential of chitosan when administered
topically to albino guinea pigs. A modified Buhler Test was used (Ritz, H.L. and Buhler, E.V.: Planning, conduct
and interpretation of guinea pig sensitization patch tests: in Drill, Lazar, Current Concepts Cutaneous Toxicity.
Academic Press, 1980. pp.25-40). Twenty male animals of the test group were treated topically with 7.5% of the
chitosan preparation once a week for a 3 week induction phase. Two weeks after the final induction application the
animals were challenged with the same test article preparation used for induction but at a concentration of 1.875%.
The ten animals of the control group were not treated during the induction but were treated once at challenge with
1.875% of the chitosan preparation. None of the control and test animals were observed with skin reactions afier the
challenge with chitosan at the concentration of 1.875%. Based on these results, chitosan was considered not to be a
skin sensitizer. ’ )

PUR Inhalation Toxicity i
Similar to dermal toxicity and eye toxicity, PUR is expected to be a potential lung irritant according to the individual

ingredients. The 3 major components comprising 95.67% wt/wt would tend to dominate the potential lung and
mucous membrane irritation. Sodium carbonate, at high concentrations can be destructive to tissues of the mucous
membranes and upper respiratory tract. Ferric sulphate may cause irritation to the upper respiratory tract. Bentonite
can be irritating to the respiratory system. Calcium hypochlorite can be irritating in high concentrations, however, at
the low concentration found in POR, it is not expected to be any more irritating than the any other powdered

components in PUR.

Labeling Recommendations

Based on the information in the preceding paragraphs, the following labeling recommendations are suggested from a
human safety perspective:

i} DONOT INGEST POWDER.
2) KEEP OUT OF REACH OF CHILDREN
3) The powder contains calcium hypochlorite and flocculants, including on average 460 mg of iron (IiI) as

Fe,(504)s. If ingested seek medical attention immediately.

4) Statement of irritation to skin and eyes:
a. Rinse eyes and skin thoroughly with water if contacted by powder.

Page 7/16 05/30/62
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Packagmg Recommendations

Based on the potential for iron poisoning as outlined previously, child resistant packaging is recommended. The
current packaging has been tested by a US standard, described in detail in US Code of Federal Regulations Title 16,
Part 1700. This test report is appended as Appendix 7. ’

Floc Ingestion and other Misuse Scenarios

Ingestion of the floc has the same toxicological issues as for ingestion of the sachet and therefore it is recommended
that the floc be disposed of in a manner whereby children and animals would not be expected to come in contact with
a significant amount. Table 6 provides an overview of potential misuse scenarios and the current strategy for risk
minimization (also see section on Protozoan removal).

Efficacy & Finished Water Safety

Table 7 provides concentrations of ingredients remaining in the water after the POR process has been completed,
guideline values that the World Health Organization suggests are protective of human health, and concentrations
typically found in source waters. .
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Disinfection By-products

In 1974, scientists discovered that during the water treatment process, chlorine reacts with organic matter in raw
water to form disinfection by-products (DBPs). Other disinfectants such as ozone, chloramines, and chlorine dioxide
also form DBPs. Concerns that the presence of these compounds in drinking water may present potential health risks
led the U.S. Environmental Protection Agency to propose regulations to control DBPs. Current regulations suggest
that when total trihalomethanes (TTHM), those DBPs most often identified in the presence of chlorine present
minimal risk fo human health when controlled to levels below 80 pg/L. The trihalomethanes (THM) generally act as
an indicator of the presence of other chlorination by-products and control of the four compounds listed in Table 8
should help to reduce levels of other uncharacterized chlorination by-products. The WHO has set a guideline value
for each of the four chemicals listed in Table 8, however, cther regulatory agencies such as the EPA have developed
a drinking water standard based on the sum of the four individual chemicals (e.g. EPA Primary Drinking Water
Regulation for Total THMs is 80 ug/L). In controlling THMs, a multistep treatment system such as is used by PUR
is consistent with accepted methods for reducing precursors (i.e. flocculation and coagulation). '

Table 8. Disinfection bx-Eroducts as total trihalomethanes and values associated with

Chemical Class . ° |- Disinfection by-p -~ * 'WHO Guideliné Value
Chloroform _ | (2000, 200, 20y
Tota! Trihalomethanes Bromoform 100
Bromodichloromethane (600, 60, 6)'
dibromochloromethane 100

! Both compounds were evaluated on the basis of cancer fortnation in laboratory animals and the risk assessment represents a lifetime of
consumption {70 years, 2 liters of water per day, 70 kg bedy weight) using the most protective value. A linearized multistage model was used
and values correspond to an excess risk of 10 (1in 10,000), 10 (1 in 100,000), and 10 (1 in 1,000,000), respectively.

PUR flocculation and coagulation are important for removing organic disinfectant by-product precursor material as
shown in laboratory experiments. PUR reduced the organic humic acids present in model EPA waters from >25
mg/L to less than | mg/L, within the 15 minute period required for the PUR physical process to come to completion.
DBP formation in these model waters is indicated in Table 9 below. Background concentration in starting water was
3 ppb as chloroform. A number of factors impact DBP formation including pH, temperature, source water, time, and
chlorine dose. Additional information on real waters from Guatemala using a no-permanganate containing
formulation indicates that low levels of total THMs were formed (<30 ppb).

Table 9. DBP formation over time due to PUR treatment in different water Exges. :

TTHMs/ppb versus Water Type ™~
Deionised .| Deionised Deionised’

Time/ hour - . - .
ighly contaminated model surface

24 6(5)° | 10(9)° 10 (9)° ~ 35(3,4,7,21)°

48 8(7)° 15 (14)° 15 (14)° 38 (3,4,7,23)°
m

THIS WATER HAD BEEN TREATED WITH DOUBLE DOSE OF FORMULATION,
2 TTHMs QUOTED WiTh CHCL3 CONCENTRATION/PPE QUOTED IN BRACKETS.
* TTHMs quoted with CHCl;, CHBrCly, CHBr,Cl and CHBr3 concentrations/ppb quoted in brackets.

PUR Functionality — Safety/Efficacy Related Conclusions

The PUR product is intended to improve the quality of water that a consumer uses for drinking, it was not developed
to produce potable water from every possible source water. POR employs use of multiple treatment barriers
including flocculation/coagulation, sedimentation/filtration, and disinfection. Flocculation and coagulation are
designed to remove particulate matter including contaminants, turbidity, and microorganisms (see Table 10). During
this process, organic material that creates a disinfectant demand is removed, therefore decreasing the disinfection by-
product formation potential of the source water in addition to permitting a lower dose of chlorine to be applied to
achieve sufficient disinfection. As a generally accepted guideline (USEPA), Table 10 provides some general
conclusions regarding the level of reduction feasible for the 3 classes of organisms relevant to the non-disinfectant
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removal efficacy has been very good, providing 6-log reductions in bacterial colony forming units in post treatment
water (after 30 minutes). Reductions in viral plaque forming units in cell-culture based assays indicate that the

’ drinking water technology related to PUR. Practically, in the presence of chlorine, bacterial inactivation and
' product efficaciously inactivates the model viruses poliovirus and rotavirus. Protozoan cyst reduction, as indicated

by the removal of Cryptosporidium parvum oocysts is in the range of 2 to 4 logs.

Table 10. Waterborne pathogens, disinfectant susceptibility, and levels of reduction achievable by use

’ of typical water treatment procedures.
Resistance to Disinfection

ulation, filtration'

+ | Removal by sedimentation, coag

; Type specifi ally low except fi
Bacteria ype speciiic, generally fow except for Good, 2 to 3 log removal
spores
Viruses Generaily more resistant than bacteria Poor, ! to 3 log removal
Protozoa | More resistant than bacteria or viruses Good, 2 to 3 log removal

LEPA Guidance Manual: Alternative Disinfectants and Oxidants, April 1999.

PUR has been formulated as a disinfectant/flocculent/coagulant that precipitates out of solution, adsorbing and
entrapping potential organic, inorganic, and biological contaminants. Treated water is then filtered through a cloth
for sludge removal and hypochlorite remains in solution, providing disinfectant efficacy after 30 minutes contact
time for up to 24 hours. As a treatment process, this sequesters the added iron, bentonite, chitosan, and Magnafloc
into a precipitate of approximately 50 mlL. volume along with contaminants that were present in the starting water.
Therefore, from an ingestion perspective, consumption of floc has the same implications as consumption of the
powder. Additionally, contaminants that were originally dispersed in 10 liters of water are now concentrated in 50
mL of floc {concentrated approximately 500 times). This sludge should be disposed of with normal household trash
and kept out of contact of people and animals. Table 7, noted previously, provides concentrations of component
ingredients in the water after the PUR process has been completed along with published guideline values that the

World Health Organization suggests are protective of human health.

Microbiological Efficacy
The applicable WHO guideline used for evaluating POR is the following:

Effective terminal disinfection can be carried out by maintaining a chlorine residual of at least 0.5

-*
ppm for 30 minutes in water with a median turbidity of less than 1 NTU (maximum of 5 NTU} at a

pH of less than 8.0.

Bacterial efficacy is correlated with the concentration of residual disinfectant in the post PUR treated water.

Chlorine (hypochlorite) has a long history of efficacious and effective use as a water disinfectant. Laboratory data
using EPA model waters developed for evaluating the ability of devices to produce microbiologically pure !
J (“microbiological purifier”) water weére used in the development stage of PUR. Field-testing in a variety of countries :
i with highly variable raw drinking water quality has shown the effectiveness of PUR to produce water that is ¥
' microbiologically safer than the starting water and meets the WHO guideline noted above. The product has been B,
tested for chemical or biological efficacy on waters from Guatemala, Indonesia, Philippines, Bangladesh, Moroccao, :

Kenya, and South Africa. The production of microbiologically safe drinking water depends on the total process H
associated with POR treatment. Turbidity removal is important in the PUR process and other water treatment "
processes because it removes material that creates a chlorine demand in addition to providing surfaces upon which ' : d
bacteria can escape the disinfection process. 1(

WHO guidelines for drinking water quality recommend that indicators of fecal contamination (Escherichia coli or
thermotolerant coliform bacteria) should not be detectable in any 100 mL sample of any water intended for drinking.
While not totally applicable in the case of POR, WHO guidelines for centrally treated and distributed water indicate j

the following: .
Neither fecal indicators nor total coliform bacteria should be detectable in any 100 mL sample of treated "

: 1)
i water entering the distribution system.
For water within the distribution system, the recommendation is again that no fecal indicators should be ;|

2)
detectable in any 100 mL sample. The same applies to total coliforms, although the guideline does make
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|
, allowances in the case of larger supplies where an increased number of samples are examined. In this case
( total coliforms should not be present in 95 percent of the samples taken throughout any 12-month period.

Turbidity Removal
Tests performed on a variety of source waters (surface water, well water, collected rain water, model waters) with a

wide range of starting turbidities (from <1 to >1000 NTU) indicate that on average PUR treatment reduces final
water turbidity to values of less than 1.NTU. This turbidity reduction helps to ensure chlorine is in fact disinfecting
( the water. Efficacy of any disinfection process is determined by the purity achieved by any prior treatment process.
Physical processes such as flocculation and coagulation remove organic material and turbidity that interfere with the
disinfection process. Aggregated and adsorbed microorganisms can be physically removed on coagulated particles
at levels indicated in Table 10 and those remaining in solution are disinfected with the residual chlorine released in

the POR process.

Biological Reduction (Bacteria, Viruses, and Protozoan o0Ccysts)
Both water quality and analytical difficulty introduce variability in viral reduction numbers resulting in a large range

of detected reductions. Cet values (concentrationstime) are the product of the concentration and time required to

bring about a 99% (2-tog) reduction of a given agent. - Concentration is measured in mg/L (parts per million) and

time is measured in minutes. Table 11 provides Cef values for a number of common infectious waterborne

organisms or model microorganisms. PUR provides a Cer value of approximately 144 mgemin/L. after 30 minutes at

a dose of 4.8 mgefree chlorine/L (target dose for PUR) and 288 mgemin/L after | hour. In practice, chlorine .,
residuals are likely to be lower due to chlorine demand in the pre-treated and post-treated water. Thus, Cet values of

90 mgemin/L and 180 mgemin/L after 30 and 60 minutes respectively are much more realistic. The value attained

after 30 minutes indicates that POR should be sufficient for the inactivation of a significant proportion (>99%} of
contaminating microorganisms (bacteria and viruses). Both laboratory and field data indicate that this effectiveness

is attained in real life conditions.

Table 11'. Cer values !mgtmim’L) reguired for 99% inactivation of various agents bx chlorine at 5°C.

0.034 - 0.05

!
‘ FEscherichia coli

Poliovirus type ! 1.1~-28 ‘ :
1 Hepatitis A (virus) 1.8 ,,i
j Rotavirus 0.01-0.05 g
! Giardia lamblia cysts 47 ->150 B
i 30— 630 4]

Giardia muris cysts
C{ZErosgoridium parvum 00Cysts from human feces 7.7x10° — 8.7x10° ;
e S e e v

''_ Table from Guidelines for Drinking-Water Quality. Second Edition. Vol. 2. Health criteriz and other supporting information.
WHO, Geneva. Pg. 113. 1996. ’

PUR was evaluated and qualified by field and laboratory testing. Test data consistently show a >6 log reduction in |
bacterial counts for representative waterborne disease causing organisms. Efficacy against parasites, as determined :
with Cryptosporidium parvum produced log reductions in the range of 1.7 to >4-logs. Data are not available to ]
assess the virus removal efficacy of PUR in field samples, however, laboratory tests show efficacy against model 7 ‘
viruses. For perspective, the contact times required for 99% inactivation of poliovirus 1 are 1.1-2.8 mgemin/L and
for rotavirus they are 0.01-0.05 mgemin/L. Actual reduction values in laboratory tests were 1.3-6.0 logs for

poliovirus 1, 3->5.7 logs for rotavirus, and 3.3 to 6.0 log reduction for a mixed culture of peliovirus and rotavirus

under varying conditions of temperature, pH, and organic load. Low log reduction values were associated with low g
temperature, high turbidity, high TOC and calcium hypochlorite Jevels that were 50% lower than that used in the -“l
final formulation of PUR (i.e. highly stressed water conditions and low hypochlorite levels). d
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Floc Concentration Effects and Protozoan Cyst Removal

Chlorine disinfection is well known to be ineffective at inactivating Cryprosporidium oocysts whereas
flocculation/coagulation can be effective at reducing the concentration of cysts and other particulate matter found in
water. Cysts (and other contaminants) that were in the water prior to treatment become entrapped in the sludge that
is filtered out and this siudge could potentially be ingested. Laboratory measurements on the flocculation efficiency
associated with PUR and resultant Cryptosporidium parvum oocyst removal indicate that approximately 20% of the
floc (volume is approx. 50 mL from treating 10 liters) would need to be ingested for a person to be exposed to the
same number of oocysts that were found in the original source water (see Table 12).

Assumptions:

1) Typical floc volume from treating 10 liters of water is approximately 50 mL,
2) Concentration of oocysts in source water is 10 oocysts/L, and
3) Water consumption =2 liters per day.

Therefore, theoretical oocyst exposure = 20 oocysts/day/person.

Table 12. PUR removal efficiency, floc fractional volume ingested and contaminant exposure in PUR
treated water vs. untreated waters. The numbers in the lightly shaded area are the number of oocysts

ingested at the indicated removal efﬁciencz and fraction of floc inEested.

Fiacti Sl spawm T . val-Efficiency{¥% removal 5
e AR R 1t R
0.10 9 ' 9.999
0.20 18 19.98 19.998
0.50 45 : 49.95 49.995
1.00 90 ; “99.9 ‘99 99
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Appendices

Appendix 1

Polyacrylamide and Acry]amlde Monomer

Appendix 1

Appendix 2
American Academy of Clinical Toxicology; European Association of Poisons Centres and Clinical Toxicologists: Position
Statement on the use of Syrup of Ipecac (Part]) and Drug and Poison Control Center Information: Statement on Iron Poisoning

(Part 2% o .

Appendix 2-Part 1 :
Appendix 2- Part 2

Appendix 3

Iron Poisoning

%)

Appendix 3

Appendix 4

Alternative Disinfectants and Oxidants Guidance Manual. Chapter 5 - Potassium Permanganate. .EPA Document #815-R-99-
014

Appenci 4

Appendix 5

Permanganate formulation information and residual permanganate levels

g

Appendix 5

Appendix 6

Chlorine Information - Guidelines for drinking-water quality, 2nd ed. Vol. 2. Health criteria and other supporting information.

il

Appendix 6

Geneva, World Health Organization, 1996. pp. 796-803.

Appendix 7

Report: Evaluation of the Sachet L’ Blue, F=1 For Child- Remstant Effectiveness for Procter & Gamble
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_ Abstract Summary, Ethics Review Committee
Protocol 2002-17: Efficacy of Flocculent Technology as an Arsenic Mitigation Strategy

This proposed study is designed to evaluate the effectiveness of a point-of-use combined
chlorination-flocculent water treatment method to improve the microbiological and chemical
composition of water used for drinking and other household purposes. The investigation will
be undertaken in two phases; an initial stage that will consist of the collection of baseline
data followed by an intervention stage that will evaluate the efficacy, the acceptance and use
pattern of chlorination-flocculent product as a means of improving drinking water quality
and will be conducted in the Matlab area. Following the identification of communities with
arsenic contamination of their drinking water supply (>50ug/L}), baseline data will be
collected in the selected communities. This will include information pertaining to the
demographics of households, diarrhea incidence, healthcare utilization, assessment of water
use in the household, laboratory evaluation of water sources, and measurement of biological
parameters for arsenic content. During the intervention phase of twelve-week duration, a
total of 100 tubewells and one associated household per tubewell will be identified. One
hundred households deriving their water from arsenic-contaminated tubewells will be
randomly assigned to receive the point-of-use intervention chlorination-flocculent product ‘
and necessary supplies for its use. Baseline and follow-up measurements of biological
parameters and of water composition will be obtained in both study groups. Weekly
evaluation of intervention households’ drinking water for residual chlorine levels and the
incidence of diarrheal episodes will complement the monthly measurements of urine arsenic
content in the mother of the household and measurements of the arsenic content of
household drinking water. Measurements of the microbiological contamination of household
water will be conducted at baseline, at mid-study, and at the conclusion of the intervention
phase. Individual discussions with households using the floccuient product will assess use
(problems & advantages) and the acceptability at the conclusion of the intervention phase. If
less than half of the intervention houscholds are using the product at 2 weeks following
introduction of the intervention, the rationale for non-use will be explored, and additional
activities to promote use will be undertaken before collecting subsequent urine samples. An
assessment of the potential consequence of exposure to used, discarded flocculent product
will be undertaken in 10 randomly selected households receiving the intervention product.
Samples of discarded flocculent will be collected in a designated container with soil. This
soil-flocculent mixture will be evaluated for arsenic content at mid-study and at conclusion
of the intervention period. An additional 10 households who will not receive the intervention
product will similarly collect soil from areas where they might dispose of flocculent, in
designated containers. This soil will be evaluated at mid-study and at conclusion of the study ‘
period for arsenic content as a comparison to the discarded flocculent-soil mixture collected

by the intervention group. The principal analysis of this study will be a comparison in

individual women of their pre-treatment level of urinary arsenic compared to their level of

urinary arsenic after 12 weeks of use of the intervention chlorination-flocculent product.

Appropriate statistical methods will be applied to account for repeated observations of a

single individual over time and clustering within communities.
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1. The population included in this proposed study will be comprised of Bangladeshi
residents of the Matlab DSS area and will include persons of both genders and all
ages. As the intervention product will be added to the household water consumed by
all members of the household, there is the potentiai that special population groups
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will participate in the study. The intervention proposed in this protocol presents a
minimal risk to participants, including children and pregnant women. Consent is
voluntary; potential subjects will be fully informed, and the process of deciding
whether or not to be in the study is a process appropriate to the local culture and
process of decision-making. :

The studies and interventions proposed in this protocol present minimal risk to
participants, including children and pregnant women. The combination flocculent-
chlorination product is composed of traditional chemicals used in drinking water
treatment. Sodium carbonate is used as a flavorant and antioxidant in foods.
Bentonite is used in dental materials, cosmetics and in pharmaceuticals as a binding
or suspending agent. Magnafloc is routinely used in commercial water treatment

- systems. The World Health Organization recognizes calcium hypochlorite as
equivalent to sodium hypochlorite and as an effective and safe drinking water
disinfectant. Chitosan is derived from chitin, a polysaccharide found in the
exoskeleton of shellfish such as shrimp, lobster, and or crabs. Chitosan is currently
being sold as a “fat absorber” through various nutrition outlets. Clinical studies have
shown no adverse health effects from ingestion of chitosan. At the dosage in the
individual sachets, the chemicals are generally safe and inherently exhibit a low
order of acute and chronic toxicity, except for iron sulfate. The sachet contains 425
mg of ferric iron. This amount of iron if accidentally ingested by a young child has
the potential to cause iron toxicity. Ingestion of 30 mg/kg elemental iron is usually
required to cause toxicity. A fatal dose is usually >250 mg/kg; however, deaths have
occurred from ingestion of as little as 60 mg/kg. In the United States, child resistant
packaging has markedly decreased accidental iron ingestions in children. The
treated water does not have excessive iron concentration (0.1- 0.3 mg/liter) because
the hydrous oxide form of iron precipitates out of solution. The used flocculent
looks like mud and will likely be discarded on the ground with other refuse. After
water treatment, the vast majority of the iron in the intervention product is converted
from the more soluble ferric sulfate to the much less soluble and less bioavailable
ferric oxide and ferric hydroxide. Thus, the predominant hazardous material in the
discarded flocculent will be the hazardous material that was previously in the water;
in this study, arsenic. Moving the materials from drinking water to refuse would be
expected to markedly decrease the exposure of family members to arsenic. During
previous studies in Guatemala, the used flocculent was consistently discarded far
away from children and no accidental ingestions have occurred. The standard
arsenic mitigation strategies that are currently in use in Bangladeshi communities
have been evaluated for safety and as most are structural interventions, do not
present a risk to human health. Moreover, the advocacy of the practices themselves,
are part of the routine public health response to arsenic contamination in Bangladesh.
They would occur whether or not this study is conducted. The activity that the study
adds in these arms is increased surveillance.

Iron supplementation is commonly given to women during pregnancy and
post-partum in Bangladesh. Thus, similar concentrations of iron as would be
found in the intervention chlorination-flocculent product are already present in
many Bangladeshi households. The treatment for acute iron ingestion is
immediate medical attention. Instructions will be provided to households
receiving the intervention flocculent-chlorination product to proceed
immediately to the nearest health clinic for evaluation in the event of
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suspected or actual ingestion of the product. Mothers will be provided with the
location of the nearest health clinic or medical facility to the household
receiving the intervention product by the village health worker responsible for

. that household. To minimize the possibility of accidental ingestion, the

intervention flocculent product will be packaged in sealed single use sachets
that are difficult for young children to open. To communicate the potential
hazard from ingestion, adults will receive verbal instructions to keep the
sachets away from young children and to dispose of the sludge away from
children. The printing on the sachets will clearly communicate that the

- contents are not to be ingested directly. No ingestions have occurred in the

Guatemala field study where packets have been supplied to 200 households
for 8 months.

. Each participating household and members within each household wiil be assigned

unique identification numbers. These household and member identifiers will be
collected on assessments to be used during the project during repeat visitations.
These alphanumeric identifiers are needed to ensure accurate linkage of data.
Personal identifiers will be removed from all computer files and only the
identification number will be included in data analyses. A list linking the
identification codes to the households and household members will be stored with
restricted access at ICDDR,B offices. Professionals on the study team who require
the information for assessing data validity will be provided with access. The list will
be destroyed once data analysis is complete.

. Initially, the proposed study activities will be explained to community leaders.

Many families will hear about the study from these community discussions and from
relatives or neighbors. Next, when going house to house for recruitment, project
workers will specifically explain the project to all adults who are available in the
household at the time of the visit. Members of the household will discuss
participation amongst themselves, and with others in the community. They will be
free to withdraw from the study at any point without consequence.
Accepting family consent from a head of household departs from standard U.S.
guidelines for informed consent. Regulation 45 CFR 46.116 notes that an IRB may
approve a consent procedure which does not include, or which alters, some or all of
the elements of informed consent set forth in 45 CFR 46.116, or waive the
requirements to obtain informed consent provided the IRB finds and documents that:
e The research involves no more than minimal risk to the subjects;
e The waiver or alteration will not adversely affect the rights and welfare of the
subjects;
e The research could not practicably be carried out without the waiver or
alteration; and
e Whenever appropriate, the subjects will be provided with additional
pertinent information after participation
a) Please refer to above explanation.

b) The results of the study will be shared with the participating institutions
and the communities who participated in the study.

¢) There is no potential risk to the subject or privacy of the individual and
compensation therefore will not be necessary.
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A village health worker will administer the baseline assessment questionnaire
to the mother or head of household in a 20-minute face-to-face interview held
at the interviewee’s home. Additional weekly assessments will involve verbal
face-to-face interviews of less than 5 minutes duration. An acceptability
assessment conducted as a 20-minute face-to-face interview at the conclusion
of the intervention period will be administered by village health workers to the
mothers of the households whom received the intervention product.

The study participants will benefit from receiving an intervention to reduce the
arsenic content of their drinking water. Additionaliy, all study participants will
benefit from improved surveillance of diarrhea that according to verbal autopsy
reports 15 the leading cause of death among children less than five years of age in
rural Bangladesh. Community health workers will act as a resource, providing
educational interventions during regular visits to study families. If children are
identified who have diarrhea, oral rehydration solution and instructions for its use
will be provided. Benefits to households assigned to the intervention product include
the possibility of a lower incidence of diarrhea and gastrointestinal illness as the
intervention product contains a chlorine derivative that reduces the microbiological
contamination of water. Households in the intervention product study arm will also
receive materials required for the treatment of water with the product including 10
litre buckets, suitable stirring utensils, scissors, filtering cloths, and a supply of the
intervention product that will be replenished during the intervention phase of the
study. The supplies and training are necessary to insure proper use of the
intervention product and are not constdered a payment for participation.
Households assigned to the standard arsenic mitigation strategies arm of the study
will be offered one of the standard interventions appropriate for their community in
accordance with the government of Bangladesh arsenic mitigation strategy and the
policies of the Bangladesh Rural Assistance Committee (BRAC). Additionally, they
will receive education regarding the health effects of arsenic contamination of their
tubewell water supply and will be provided with instruction on how to use their
‘standard intervention.

The proposed study does not require the use of records, organs, tissues, the
fetus, or the abortus. The study will involve the voluntary collection of urine
specimens from sentinel mothers of each intervention household that will
undergo analysis for inorganic arsenic content. Confidentiality will be
maintained regarding the urine arsenic test results and any remaining urine
will be discarded and will not be subjected to additional testing. The statement
to the subject should include information specified in item 2,3,4,5(c) and 7 as well as
indicating the approximate time required for participation in the activity.

The consent form reflects the above items.
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Response to the Reviews (Reviewers | and 2) ICDDR,B RRC

Proposal: “Lifficacy of Floceulent Technology as an Arsenic Mitigation Straiegy™

Reviewer 1:

0.

Selection of participants:

a. We appreciate the suggestion to confine the study to a few adjacent \nilabu fullowed by
the random selection of 200 tubewells for implementation. This was our original
objective and plan for this efficacy study.

b. We appreciate the comment regarding a concern about the variation in: the number of
households per tubewell. As our level of randomization will be the tubeweli. this is nota
prominent concern for us. As we will be analyzing the arsenic levels inform o sentinel
mother chosen from 1 household per tubewelt, there will be an equal number of
intervention and control subjects analyzed.  The ounly problem with having more
households per tubewell is that it will require that we use more products, but we have
planncd for this additional requirement.

Scheduled activities for enrolled houscholds: We will provide training sessions lo an adult,
female houschold member prior to the: implementation of both the intervention and control
Measures.

Variables: primary oulcome measurement
We agree. The new equipment at ICDDRB/Intronics lab, Dhaka will permit us (o speciation the
urinary arsenic into inorganic and organic components and we will do so for the study.

Laboratory methods: We appreciate the comments that the sample collection methodology s
vital to insuring accurale resulls and will review these aspects in detail with those responsible for
collecting the urine and water samples.

Interventions: We appreciate the comments pertaining to the arsenic mitigalion oplions thal may
be available to those houscholds randomly assigned o the control groups. For our study, the
most important comparison will be the change in arsenic levels {rom baseline.

Furthermore, our comparison is not against another specific technology, but will be against the
standard habits and practices.

Stalf provision: We would welcome a review of the protocol by a waler enginger. 11" serics of
tasks that were felt to be an important contribution Lo the protocol would require an ongoing
professional contribution are identificd, we would approach the funding agency to consider
adding a waltcr engineer to the study team. '

Reviewer 2:

Feasibility: .

We appreciale the comments regarding the assessment ol the cnvnonmcnldl mapiet of the
discarded flocculent. The period of evaluation will aclually span the 12 wecks of the intervention
period. Bascline measurements will be assessed during the 2-week bascline period and
environmental samples will be obtained during the subsequent 12-week intervention period.
Although the results obtained from this 12-weck period would likely refleet the short-term




environmental impacl, a moere extensive environmental assessinenl could be condacted witly o
future miplementition study, We realize that even 82 weeks is a relatively shorl e persod . Tl
there is Hille veason to helieve that the stienpth of binding between arsenic and iron swould vary
much by season, Farthermore, we are copnizant that a process cannot he proveén sl dhere s
always o risk (hat another scenario, with more time, or dilTerent assumptions coulil provige
additienal risks. We can. within the limitations of e study design, altempl o model the
cnvirenmental impact of this intervention product,

The stability duta compiled by Procter & Gamble support a 2-ycar shell life ol the Boceulent-
chlorination product.
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Sub

October 2002 ERC: ineefing miinutes

: Dr. M;ihﬁizéf. Rahman ® ...

: Protocol # ZOOZ-Ui 7

International Centre for Diarrhoeal Disease Research, Bangladesh
"CENTRE FOR HEALTH AND POPULATION RESEARCH

Mail : ICDDR, B, GPO Box 128, Dhaka- 100X, Bangladesh

Phone: 880-2-8811751-60, Telex : 642456 ICDD Bl

Fax :880-2-8823i 16, 8812530, 8811568, 8826050, 0885657, 8811686, 8812529

Cable : Cholera Dhaka '

Wienmtarandumg

Principal Investigator of pfotocol # 2002 017 E
Public Health Sciences Dms:on e

Professor Mahriwudur Rahman -
Chairman, Ethical Review Commmee (ERC)

Thank you for your memo dated 3™ November 2002 with the modified version of
your protocol # 2002-017 entitled “Eff'cacy of flocculent technology as an
arsenic mitigation strategy”. Your response and the modified version of the
protocol were placed before the ERC m lts meeting held on 13" November 2002,

After review and discussion in the me ihg, the Committee found that you have

not satisfactorily addressed the 1sst_1es raised by the Committee in its earlier
meetings; and made the following obiT 1;\fat10ns on the modified version of the
protocol: P

a. The Lommlttee felt that that efﬁcacy of a particular technology and its
promotion in the community (befdre efficacy and safety are established)
should not ethically be studiéd slmu[taneously

b. Al households adjacent to an él'réenic contaminated tubewell should not
be encouraged to drink arseni¢:céntaminated water even with an arsenic
mitigation strategy nor shotld be followed up for safety or adverse
effects, education or pro_m{)ﬁ_()rjE unless each of the households are
included in the study for cbﬁafﬂéié evaluation, with informed consent of
each member of the households. Therefore, only one representative
household per tubewell should be included for this efficacy study. That
should satisfy the study objectivé...

c. The PI should specifically mention the control arsenic mitigation
strategy with its efficacy and safety data.

You are, therefore, advised to address the above issues and submil the
modified version of the protocol for consideration of the Chair.

Thank you.

copy: Associate Director -
Public Health Sciences Division

17/11/2002
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