International Centre for Diarrhoeal Disease Research, Bangladesh
CENTRE FOR HEALTH AND POPULATION RESEARCH
Mail ; ICDDR,B, GPO Bax 128, Dhaka-1000. Bangladesh

Plione: 880-2-8811751-60, Telex @ 642486 1CDD B

Fax : 8§80-2-8823116, 8812530, 8811568, 88206050, 9885657, 8811686, 8812529
Cable : Choicra Dhaka .

Trentaraiidt :

20 November 2002

To :

Priiicipal Investigitor 6 protoldl
" Assotiate Director, Public Heal

From:

Sub

Qctober 2002 ERC mecting minulcs

. Aporoval of protocol # 2002-02"’9__ _

Ploféssdr Lats Ake Perss

Professor Mahmudur Rahman "= o8t
Chairman, Ethical Review Comiitittee (ERC)

Y

Thank you for your mémo dated 20" Nlo'*;r.e‘mber 2002 with the modified version of
yout protocol # 2002-029 :entitled “The Bangladesh arsenic calamity and
reproduction: Does arsenic : contamination of drinking water result in fetal
wastage, intrauterine growth Tetdrdation; neonatal deaths and impaired cognitive
development and to what extent can fiutrition intervention reduce risk?” The
modified version of the protocol i lieteby approved upon your satisfactory
addressing of the issues raised by the ERC in its meeting held on 13" November
2002. ' '

You shall conduct the study in accordaiice with the ERC-approved protocol; and
shall be responsible for protectiig thi¢ rights and welfare of the subjects and
comphliance with the applicable provisions of ERC Guidelines. You shall also
submit report(s) as required uuder ERC Guidetines. Relevant excerpt of ERC
Guidelines and Annual/Complciion Report for Research Protocol involving
Human Subjects’ are attached for your information and guidance.

Thank vou and 1 wish you all success in running the above-mentioned study.
Yy ¥ . y

17/11/2002
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International Centre for Diarrhoeal Disease Research, Bangladesh

CENTRE FOR HEAL'TH AND POPULATION RESEARCH
Mail : ICDDR,B, GPO Box 128, Dhaka- 1000, Bangladesh

Phone: 880-2-8811751-60, Telex : 642486 ICDD BJ

Fax : 880-2-8823116. 8812530, 8811568, 8826050, 9885657, 8811686, 8812529
Cable : Cholera Dhaka

Memorandum
To: Professor Mahmudur Rahman
Chairperson, ERC
From: Professor Lars Ake Persson (//
Associate Director, Public Health Sciences Division S——
Date: - 20 November 2002

Subject: Protocol # 2002-029

Thanks for your observations regarding Item # 4" on the face sheet and on one word in
the Bangla consent form. This has now been corrected.

Thank you again.



Attachment 1

Revised Date: 20 Nov 2002

(FACE SHEET)

ETHICAL REVIEW COMMITTEE, ICDDR,B.

Principal Investigator:

Application No.

Lars Ake Persson

2002-029

Title of Study: The Bangladesh arsenic calamity and

reproduction: Does arsenic contamination of drinking water

result in fetal wastage, intrauterine growth retardation, neonatal

deaths and impaired cognitive development, and to what extent

can nutrition intervention reduce the risk?

Trainee Investigator (if any):

Supporting Agency (if Non-ICDDR,B) USAID, SAREC
Project Status:

[ x ] New Study
[ ] Continuation with change
[ ]No change (do not fill out rest of the form)

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

1.  Source of Population:
{a) Il subjects
{b)  Non-ill subjects
(¢}  Minor or persons under guardianship

2. Does the Study Involve:
(a)  Physical risk to the subjects

Yes @;

es> No
es) No

(b)  Social risk Yes 0
(c)  Psychological risks to subjects Yes [
(d) Discomfort to subjects Yes Q
(e)  Invasion of privacy Yes (N

{(f)  Disclosure of information damagingto Yes (No
subject or others

3. Does the Study Involve:
{a)  Use of records (hospital, medical,

e No

death or other)

{(b)  Use of fetal tissue or abortus

Yes @

{¢)  Use of organs or body fluids Yesy No

3 No
es No

4.  Are Subjects Clearly Informed 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

(fi  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

5. Will Signed Consent Form be Required:

(a) From subjects " No
(b) From parents or guardian @ No

es) o

(if subjects are minor)

6. Will precautions be taken to protect
anonymity of subjects

7. Check documents being submitted herewith to
Committee:

Umbrella proposal - Inifially 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

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
1. 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

T

2.  Example of the type of specific questions to be
asked in the sensitive areas
3. Anindication as to when the questionnaire will

be presented to the Committee for review

L5

Informed consent form for subjects 4
Informed consent form for parent or guardian

" <f

We agree to obtain approval of the Ethical Review Committee for any changes involving the rights and weifare of subjects
before making such change.

A

Principal Investigator

Trainee
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Intérnational Centre for Diarrhoeal Disease Research, Bangladesh
- CENTRE FOR HEALTH AND POPULATION RESEARCH
Mail : ICDDR, B, GPO Box 128, Dhaka-1000. Bangladesh

Phone: 880-2-8811751-60, Telex : 642486 ICDD BJ
Fax : 880-2-8823116. 8812530, 8811568, §826050, 9885657, 881 1686, 8812529

Cable ; Cholera Dhaka

Tempiandim

i7 November 2002

To

From :

Sub

: Protocol #—2002—029

- Professor Lars Ake Persson

Principal Investigator of protocol # 2002-029; and
Associate Director, _Pub]i:c_HeaIth Sciénceés Division

Professor Mahmudur Rahman

Thank you for your protocol # 2002 <02 ent1t1ed “The Bangladesh arsenic ca]amlty and
reproduction: Doé€s arsenic contariiination of drinking water result in fetal wastage,
intrauterine growth retardation, nepnat_al 3eaths and impaired cognitive development and
to what extent can nutrition mtervenil i reduce risk?”, which the ERC considered in its
meeting held on 13" November 2002 “After review and discussion, the followmg
observations were made on the protoco]

a) Onthe ERC Face Sheet, item # 4.(h) should be marked "yes'".

b) On the Bangla consent form the word ‘Freifds’ should be replaced by the
word . : .

You are, therefore, advised to modify the protocol incorporating the above observations

-and submit the modified version of the protacol for consideration of the Chair.

Thank you.

October 2002 ERC meeting minutes ..~ .5 0 - 1771112002
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- Attachiment |

>

Date: ©3/11/2002

(FACE SIHEFTY ETHICAL REVIEW COMMITTEE, ICDDRD.

Principal lnves!iéalor: Professor Lars Ake Persson  Trainee Investigator (if any):
Supperting Agency (if Non-ICDDR B) UJAIQ’_SAKQ_L
Title of Study:  The Bangladesh arsenic calamity T;rnjccl Stalus:
and reproduction: Dues arsenic contamination

of drinking water result in fetal wastage, [|XINecw Sindy

Application No.  2002-029 -

intrauterine growth retardation, neonatal [ ] Continuation with change
deaths and impaired cognitive development, )
«--...intervention reduce the risk? [ ]Nochange (do not fill out rest of the forn)

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

[. Source of Population: . .. 3. Will Signed Consent Form be Required:
(a)  Hlsubjecrs - . Yc:\. No / (a) From subjects No
() Nen-ill subjects B Yes,/ No (b) From parents or guardian @ No
(e} Minor or persons under puardianship €s s No (if subjects are minar)

2. Bocs the Study Involve: ) 6. Will precamtions be taken to protect Yes; No

(™) Physical risk to the subjects

{b) - Social risk

(r)  IPsychological risks to subjects

{d)  Discomlori to subjects

(e} Invastoen of privacy

(N Disclosure of information damaging
ta subject or others

ananymily of subjects

7. Checek documents heing submitied lerewith 1o
Commiltee;
Umibrella propesal - Initially submil an with
- overview (all ather requirements will he
subimilted with individual studies

|

¥ Pratocol (Required)
3. Docs ihe Study lnvolve: ' ' ‘ . _2X Abstract Summary (Required) '
(0} Uscof records (hospital, medical, ~ (Yes) No 2% Statement given ar read fo subjecls an nature
death ar atlier) ol study, risks, types of questions to be asked,
{h)  Use of le1al tissue or abortus Yes (Mo and right to refluse to participate ar withdraw)
{c)  Uscolorgans or body Muids Yes} No - (Required
X Infornyed consenl Torm Tor subjecls L
4. Are Subjects Clearly Informed About: 2% Informied consent form Tor parent ar guardian v
{#)  Nature and purposes of the study (Yes] Mo 25 Procedure far maintaining confidentiality
(b)  Procedures to be followed including Nao _>< OQuestionnnire or infetview schedule*
alternatives used ' I ihe final instrument is not compleled prior to
() Physical risk ' es) Nao review, the following inTormation should be
(d)  Sensitive queslions . @ No included in the absiract sHmmary
(c)  DBenefils to be derived @ No I, A description of the areas to be covered in the
n Right to refuse ta participate or 1o Yes ) No o questionnaire ot interview which could be
withdraw from study ~ considered either sensitive or which would
(z)  Confidential handling of datn @ Ng conslitule an invasion of privacy
(h)  Compensation &/or realnen| where Yes (No 2. Example of the type of specific questions to be
there are risks or privacy is involved asked in the sensitive nreas
in any particular procedure Y Anindication as to when the questionnaire will

. be presented 1a the Comumiltee For review

We agree to obtain approval of the Ethical Review Comuitiee for any changes involving the vights and welfare of subjects
belore making such cliange,
-

(N

Principal Investigator

Traince




Summary for ethical review, 2002-029

This project will generate new and highly needed knowledge on the associations between
arsenic exposures and negative reproductive outcomes, such as miscarriages, stillbirths,
and neonatal mortality for use in the national and international risk assessments. Further,
the studies will provide answer to the question if the arsenic contamination of the -
drinking water is causing foetal growth restriction and impaired infant growth and
development. Such information is much needed in the discussion and forecasting of the
arsenic-related health consequences in Bangladesh. The results will further give a solid
platform for evaluation of needs for arsenic mitigation interventions.

1. This study is nested into a trial, where pregnant women are invited to participate
in food and micronutrient supplementation, as well as blood sampling for
micronutrients, and urine sampling for routine antenatal control (RRC 2000-025
and the follow-up of that protocol, 2002-031). A portion of the antenatal routine
urine sample is stored in freezers for later arsenic analyses. We have earlier
obtained permission from the ERC to store these urine samples for this
forthcoming analysis (addendum to protocol 2000-025). Thus, the current
protocol does not imply any additional collection of information or samples, but
describes the use of the urine samples and analysis in relation to outcomes
described in protocol 2002-025 and 2002-031.

2. This protocol only implies analyses of urine samples already obtained as part of

protocol 2000-025, and statistical analyses in relation to the outcomes assessed in

protocol 2000-025 and its follow-up 2002-031. Thus, it does not imply any risks
to the participants.

There are no potential risks. :

4. Confidentiality of information will be strictly followed, and access to data forms
will be strictly limited.

5. The consent form is that of protocol 2000-025 and its follow-up, described in
protocol 2002-031 -

0. No additional interviews are performed.

7. There is no potential benefit for the individual of the planned urine arsenic
analysis. Data on urine content of arsenic and metabolites will be analysed in
batches, and therefore not being immediately available. Currently we estimate that
the resultof individual urine samples will be available 3-9 months after
completion of pregnancy. However, the study is linked to an ongoing survey in
the same area of arsenic in tube wells where mitigation activities are initiated
whenever needed (RRC 2001-015). Information on arsenic content in the
individual tube wells in the area (from the ongoing tube well screening) and
subsequent advice has been completed for one third of the study population
(September 2002) and this work will be compieted in mid-2003. BRAC is the
responsible partner for the mitigation activities.

8. Information from the databases created by the pregnancy food and micronutrient
supplementation trial (2000-025) and its infant follow-up (2002-031) will be used.
The stored urine samples will be analysed {or arsenic metabolites.

(]



IOTR, B Gntre for Health & Population Research RRC APPLICATION FORM

FOR OFFICE USE ONLY
RESEARCH PROTOCOL RRC Approval: [ JYes/ [ JNo Date:
Protocol No. 2002-029
(Revised Oct 29,2002) . ERC Approval: [ ]Yes/[ |No Date:

AEEC Approval: [_]Yes / [ JNo Date:

Project Title: The Bangladesh arsenic calamity and reproduction: Does arsenic contamination of drinking watet

resuit in fetal wastage, intrauterine growth retardation, neonatal deaths and impaired cognitive development,
and to what extent can nutrition intervention reduce the risk?

Theme: (Check all that apply)

B Mutrition

[ Emerging and Re-emerging Infectious Diseases
[_] Population Dynamics

Reproductive Heatth

[:l Vaccine evaluation

L HIV/AIDS

Environmental Health

Health Services

Child Health

Clinical Case Management
Social and Behavioural Sciences

OOXCIX

Key words: Arsenic, Cognitive development, Drinking water, Methylation capacity, Nufrition interaction, Reproductive
outcomes, Urinary arsenic metabolites

Relevance of the protocol: This project will generate new and highly needed knowledge on the associations
between arsenic exposures and negative reproductive outcomes, such as miscarriages, stillbirths, and neonatal
-mortality for use in the national and international risk assessments. Further, the studies will provide answer to
the question if the arsenic contamination of the drinking water already is causing excess fetal mortality. Such
information is much needed in the discussion and forecasting of the arsenic-related health consequences in
Bangladesh. The results will further give a solid platform for evaluation of needs for arsenic mitigation
interventions. :

Principal Investigator: Lars Ake Persson Division: PHSD Phone: 880-2-9885155
Address: Public Health Sciences Division Fax No: 880-2-8826050
ICDDR, B Email: persson@icddrb.org

Mohakhali, Dhaka-1212

Co-Principal Investigator(s): 1. Shams El Arifeen, ICDDR, B 2. Marie Vahter

Co-Investigator(s): Eva-Charlotie Ekstrom, Gunilla Lindmark, Sally Grantham McGregor, Anisur Rahman, Mahfuzar Rahman, Pet
Kim Streatfield, Fahmida Tofail, Yukiko Wagatsuma, MA Wahed, Md Yunus

Student Investigator/Intern:

Collaborating Institute(s): Institute of Environmental Medicine, Division of Metal and Health, Karolinska
Institute, and International Maternal and Child Health Unit, Uppsalla University, Sweden; Institute of Child

Health, London, UK;
Population: Inclusion of special groups (Check all that apply):

Gender [ Pregnant Women

B4 Male B4 Fetuses

Females [ Prisoners

Age [] Destitutes

0 - 5 years L] Service providers

[1 5-9years [ Cognitively Impaired

B4 10-19 years O csw

20 + [l Others (specify )
[] >65 [ Animal

Revised on: 25 unw 2002



Project / study Site (Check all the apply):

(] Dhaka Hospital [} Mirsarai

(1 Matlab Hospital [] Patyia

BJ Matlab DSS area [ Other areas in Bangladesh

[J Matlab non-DSS area [ ] Outside Bangladesh

[ ] Mirzapur name of country:

{_} Dhaka Community L] Multi centre trial

[7] Chakaria . (Name other countries involved)
{ ] Abhoynagar

‘pe of Study (Check all that apply):
Case Control study

Community based trial / intervention
Program Project {(Umbrella)

| Secondary Data Analysis

Clinical Trial (Hospital/Clinic)
Family follow-up study

-
L

Cross sectional survey

Longitudinal Study {cohort or follow-up)
Record Review

Prophylactic tria

Surveillance / monitoring

Others

I [

Targeted Population (Check all that apply):

X No ethnic selection (Bangladeshi)
[] Bangalee

Expatriates
Immigrants

000 0000ox0d-

[ Tribal groups Refugee

Consent Process (Check all that apply):

X} written ' _ BJ Bengali language

{ ] Oral B English language

{1 None

Proposed Sample size:  Total sample size: 3000 pregnant mothers B

Sub-group O ]

U ' ]

Determination of Risk: Does the Research Involve (Check all that apply):
[} Human exposure to radioactive agents?
[] Fetal tissue or abortus?
[] investigational new device?

(specify )

BJ Existing data available from Co-investigator -

Human exposure to infectious agents?
Investigational new drug

Existing data available via public archives/source
Pathological or diagnostic clinical specimen only

Observation of public behaviour

OOxOO0

New treatment regime
Yes/No

[J B4 Is the information recorded in such a manner that subjects can be identified from information provided directly or through
identifiers linked to the subjects? '

(1 B Does the research deal with sensitive aspects of the subject's behaviour; sexual behaviour, alcohol use or illegal conduct
such as drug use? ' : s

Could the information recorded about the individual if it became known outside of the research:

[ O a place the subject at risk of criminal or civil liability?

{1 X b. damage the subject's financial standing, reputation or employability; social rejection, lead to stigma, divorce etc.

Do you consider this research.(Check one):

L] greater than minimal risk (X no more than minimal risk

[ norisk [] only part of the diagnostic test
Minimal Risk is “a risk where the probability and magnitude of harm or discomfort anticipated in-the proposed research are not greatd
in and of themselves than those ordinarily encountered in daily life or during the performance of routine physical, psychological
examinations or tests. For example, the risk of drawing a small amount of blood from a healthy individual for research purposes is no
greater than the risk of doing so as a part of routine physical examination”,

Yes/No

=



[1 1s the proposal funded? .
If yes, sponsor Name: US Embassy, SAREC, ICDDR, B

Yes/No

[J [J  Isthe proposal being submitted for funding ?

[fyes, name of funding agency: (1)

(@

Do any of the participating investigators and/or their immediate families have an equity relationship (e.g. stockholder) with
‘the sponsor of the project or manufacturer and/or owner of the test product or device to be studied or serve as a consultant to
any of the above? :

IF YES, submit a written statement of disclosure fo the Director.

Dates ol Proposed Period of Support Cost Required for the Buﬂget Period ($)
{Day, Month, Year - DD/MM/YY) a. Ist Year 2" Year 3 Year Other years

Beginning date 01/06/01

End date 01/07/04 : b.  Direct Cost : US$ 359,309 Total Cost: US$ 421,020

Approval of the Project by the Division Director of the Applicant

The above-mentioned project has been discussed and reviewed at the Division level as well by the external reviewets,
The protocol has been revised according to the reviewer’s comments and is approved.

Persson | L/’/-v-' L) zeoL

Name of the Drivision Director Signature Date of Approval
Certification by the Principal Investigator ' :
. Signature of PI L/’J{/
I certify that the statements herein are true, complete ——
and accurate to the best of my knowledge. I am aware Date: f/ ( ( 1.60
that any false, fictitious, or fraudulent staterments or
claims may subject me to criminal, civil, or administra- Name of Contact Person (if applicable)

tive penalties. | agree to accept responsibility for the
scientific conduct of the project and to provide the re-
quired progress reports if a grant is awarded as a result
of this application,




Table of Contents

Page Numbers
Face Page. ... ..., 1-3
Project SUMMAIY. ... e e e, 5
Description of the Research Project......................c.o i 6
Hypothesis to be tested. ... . 6
Spectfic AIIS ..o L e 6
Background of the Project Including Preliminary Observations................ccccoooveivii.n, 7
Research Design and Methods...............oo SRR 9
Facilities Available...................... e 12
Data Analysis. ... ... .12
Ethical Assurance for Protection of Human Rights..............................] e, 13
Use of AnImals. ... 13
Literature Cited. ... ... 14
Dissemination and Use of Findings..............c..ooeieiiininii i e 16
Collaborative AITangementS. .. ....... ..ottt 16
Biography of the Investigators................... . '
Detailed Budget. ... .
Budget Justifications. ...

Other SUPPOTt. ...

Check here if appendix is included




ROJECT 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 WITIIN THE SPACE PROVIDED).

Principal Investigator: Lars Ake Persson

Project Name: The Bangladesh arsenic calamity and reproduction: Does arsenic confamination of drinking
water resull in fetal wastage, infrauterine growth retardation, neonatal deaths and impaired cognitive
development, and to what extend can nutrition interventions reduce the risk?

Total Budget US$ 421,020 Beginning Date  01/06/01 Ending Date 01/07/04

While it is most likely that the presence of high arsenic concentrations in the tube wells in Bangladesh
will cause severe morbidity (i.e. skin lesions, cancers, lung disease, diabetes) the risk for negative reproductive
outcomes is not known,

This project aims at determining the associations between arsenic exposure during pregnancy (urinary
arsenic at gestational weeks 8, 14, 18 and 30) and pregnancy wastage (miscarriages, stillbirth), early neonatal
death, and impaired psychomotor development in infancy. Further, we will determine if an efficient metabolism
(methylation) of arsenic decrease the arsenic-induced fetal toxicity and, lastly, if early supplementation of food
and multiple micronutrient supplements (as compared to routine iron-folate) decrease the arsenic-induced fetal
toxicity. :
Benefiting from the research infrastructure provided by the health and demographic surveillance system
in Matlab, this study is nested into an ongoing food and micronutrient supplementation trial in 3000 women. [t
provides a unique opportunity to get a final answer to the question if arsenic exposure in pregnancy results in
fetal and/or infant deaths and if the exposure damages the development of cognitive function in infancy. It will
also provide information on the possible protective role of food and micronutrient supplements against arsenic
toxicity. Such new knowledge would have direct relevance for the arsenic-related programs in Bangladesh and
globally,

EY PERSONNEL (List names of all investigators including PT and their respective specialties)

Name Professional Discipline/ Specialty Role in the Project
L. Lars Ake Persson Epidemiologist, professor, head of Public Health Principal investigator
B Sciences Division, ICDDR,B

2. Shams El Arifeen Epidemiclogist and head, Child Health Unit Co-principal investigator

3. Eva-Charlotte Ikstrom Nutrtion Epidemiotogist, Clinical Sciences Co-investigator
Division

4. Mahluzar Rahman Environmental Epidemiologist, Public Health Co-investigator
Sciences Division

3. Anisur Rahman Senior Medical Officer, Matlab Health Research Co-investigator

6. Fahmida Tofail ) Medical Qfficer, Clinical Sciences Division and Co-investigator
the Child Development Unit

7.Yukiko Wagaisuma Child Health epidemiologist, Public Health Sciences Co-investigator
Division

8. Peter Kim Streatfield Demographer, head of Health and Demographic Co-investigator

Surveillance Unit

9. Md. Yunus
10. MA Wahed

{1. Marie Vahter

12. Gunilla Lindmark

£3. Safly Grantham McGregor
14, Allan Smith

Scientist and Head, Mallab Healht Reaearch Centre
Head, Nutrition Biochemistry Section, Clinical
Sciences Division

_ Professor, Division of Metals and health, Institute

of Environmental Health, Karolinska Institutet
Stockholm

Professor and Head, [nternational Maternal and
Child Heal(h Unit, Uppsala University, Sweden
Professor, Institute of Child Health, London
Professor, University of Berkely, California

Co-investigator
Coo-investigator

Co-principal invés!ignlor

Co-investigator

Co-investigator
Consultant




DESCRIPTION OF THE RESEARCH PROJECT

Project aims and hypothesis to be tested:

Concisely list in order, in the space provided, the hypothesis to be tested and the Specific Aims of the proposed study, Provide the
scientific basis of the hypothesis, critically examining the observations leading to the formulation of the hypothesis.

This project aims at determining to what extent the current widespread ingestion of arsenic-
contaminated tube-well water in Bangladesh affects reproductive outcome, in particular fetal wastage
(including early miscarriage), intrauterine growth, neonatal mortality and psycho-motor development in
infancy. In addition, we want to elucidate if a more efficient metabolism of arsenic (methylation) and food and
micronutrient supplementation in pregnancy reduce the potential toxic effects. The hypotheses we will test are
as follows (see also Figure below): '

Laboratory-based studies and a few popuiation-based, mainly ecological, studies suggest that arsenic
exposure might seriously affect pregnancy outcome. We postulate that consumption of arsenic contaminated
water during pregnancy causes increased rate of pregnancy wastage (miscarriages, stillbirths), higher risk of
early neonatal deaths, impaired intra-uterine growth, higher proportion of low birth weight and impaired
cognitive development in infancy.

Earlier studies have shown that an efficient methylation of arsenic reduces the toxicity. However,
reactive and extremely toxic intermediate metabolites (trivalent methylated arsenic metabolites) may be formed.
We postulate that pregnant women with an efficient methylation of arsenic and low production of reactive
intermediate metabolites are less susceptible to arsenic-induced fetal toxicity.

There is ample evidence that nutritional factors affect pregnancy outcome. In addition, nutritional
deficiencies may decrease arsenic methylation, and, eventually, increase susceptibility to toxic effects. We
postulate that pregnant women receiving food supplementation with start early in pregnancy (as compared to
later) and multiple micronutrient supplementation (as compared to routine iron-folate) are less susceptible to
arsenic toxicity on fetal growth and survival. These effects may be interrelated.
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Background of the Project including Preliminary Observations

Describe the relevant background of the proposed study. Discuss the previous related works on the subject by citing specific
references. Describe logically how the present hypothesis is supported by the relevant background observations mncluding any
preliminary results that may be available. Critically analyze available knowledge in the field of the proposed study and discuss the
questions and gaps in the knowledge that need to be fulfilled to achieve the proposed goals. 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
ENCEED 5 PAGES, USE CONTINUATION SHEETS).

An increasing number of regions, mainly in low-income countries in Asia and Latin America, have
arsenic-contaminated water sources (WHO/IPCS 2001). Some 20-30 million people in Bangladesh are since 2-
3 decades exposed to arsenic in their drinking water above the Bangladesh permissible levels of 50 pg/L
(WHO limit 10 pg/L) (Smith et al, 2000; Rahman et al, 2001). The health consequences will be extensive and
include excess cancer mortality for skin, lung, urinary bladder and kidney (NRC, 2001; WHO/IPCS 2001). Skin
lesions, skin cancer, diabetes and hypertension have already been associated with arsenic exposure in
Bangladesh (Tondell et al, 1999; Ralunan et al, 1998; Rahman et al, 1999; Kurokawa et al, 2001). Amazingly
little is known about the effects of arsenic in drinking water on human reproductive outcome, and the possible
aggravating role of malnutrition. Firm evidence of negative effects in pregnancy would provide a strong
incentive to reinforce ongoing mitigation activities. Understanding of the role of nutrition in toxicity of arsenic
provides a rationale for intensifying ongoing supplementation programs.

Rationale for investigating effects of arsenic on reproductive outcome. Arsenic is easily transferred to
the fetus (Concha et al. 1998). High doses of arsenic produce detrimental effects on the developing embryo in
avian and mammalian species (Golub et al. 1998; NRC 1999). In humans, prenatal exposure to acute high doses
of arsenic has resulted in miscarriage and early neonatal death (Bolliger et al., 1992). Although a few studies
have addressed the potential reproductive effects of arsenic exposure in the vicinity of arsenic emitting
industries and via drinking water, the evidence is not conclusive (NRC, 2001). Recently, a retrospective survey
in Bangladesh (Ahmad et al. 2001) compared pregnancy outcomes in women éxposed to fairly high (mean 240
ng/L) and low (below 20 ug/L) arsenic concentrations in drinking water and found increased spontancous
abortions, stitlbirths, and pre-term births. However, ascertainment of exposure could be questioned and
outcomes were not clearly defined. An elevation of late fetal, neonatal, and post-neonatal mortality rates was
observed in northern Chile when there was a change in drinking water source leading to increase in arsenic
concentration from 90 to 800 pg/L. (Hopenhayn-Rich et al. 2000). A subsequent decrease in water arsenic
concentrations was accompanied by a retumn to the normal Chilean trend in infant mortality over time, thereby
supporting a causal relationship.

Men are reportedly more affected by arsenic-related health effects than women (Watanabe et al, 2001).
Male fetuses may be more sensitive to chemical insult (Sakamoto et al, 2001). If this applies also for
reproductive effects of arsenic needs to be elucidated.

Arsenic is only excreted in breast milk to a very limited extent (NRC, 1999). Infants in rural Bangladesh
are usually breast fed for an extended period of time (1-2 years, data from HDSS, Matlab). This implies that any
arsenic exposure in fetal life seizes at birth and maintained at a low level throughout infancy — even in
households with arsenic contaminated drinking water. Any effect of fetal arsenic toxicity on infant growth and
development 1s therefore not confounded by exposure in infancy. The National Research Council in the US has
listed investigations into cognitive effects as a priority (NRC, 1999). A few recent cross-sectional studies have
addressed arsenic exposure and cogpition in school children (Siripitayakunkit et al, 1999; Calderon et al, 2001),
but weakness in design make it difficult to draw inferences from those studies.

Rationale for investigating variation in arsenic metabolism. Tnorganic arsenic is methylated in the
body via alternating reduction of pentavalent arsenic to trivalent and addition of methyl groups from S-
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adenosyimetlnomne (NRC 2001). The mdin products, monomethylarsomc acid (MMAY) and dimethylarsinic
acid (DMA"Y), are readily excreted in urine, and more efficient methylation is shown to result in a faster overall
excretion of arsenic (Vahter 2000; 2002). Highly toxic reduced forms of the methylated metabolites, MMA'"
and DMA'"™, may be formed and have been detected in human urine {(Aposhian et al 2000; Mandal et al 2001).
There are marked differences in arsenic methylation, especially in the formation of MMA. Reported urinary
MMA data range from a few percent in indigenous people in northern Argentina and Chile to 25-30% in
Taiwan (Vahter et al, 2002). Among individuals, the percentage of MMA might vary 30-fold, whereas that of
DMA often varies only 2-fold.

Experimental animal studies show that DMA is less toxic to the fetus than is inorganic arsenic (NRC,
1999). However, there is increasing evidence that formation of MMA increases arsenic toxicity. Most
experimental animals methylate arsenic efficiently to DMA, with essentially no MMA being formed, and they
show a faster overall excretion of arsenic than do humans (Vahter 2000; 2002). Also, people with a small
percentage of urinary arsenic as MMA show less retention of arsenic than those with higher percentage MMA
(Vahter 2002). In addition, recent studies indicate increasing prevalence of arsenic-related toxic effects with
increasing percentage of MMA in urine (Del Razo et al. 1997; Hsueh et al. 1997; Yu et al. 2000). However, the
assoctation with human reproductive outcome has not been studied.

Rationale for investigating modifying effects of nutrition. Few studies have addressed toxicity of
arsenic in malnourished populations. In an arsenic-exposed population in West Bengal body weight was
negatively associated with the occurrence of keratosis (Guha Mazumder et al. 1998) and in Taiwan vascular
effects (blackfoot-disease) were associated with undernourishment (high intake of sweet potatoes, low intake of
rice and vegetables) (Chen et al. 1988). In Taiwan, a low serumi B-carotene concentration was associated with a
higher prevalence of arsenic-related skin-cancer (Hsueh et al. 1997) and ischemic heart disease (Hsueh et al.
1998). In animals a low intake of protein, choline or methionine has been shown to result in a decreased arsenic
methylation and a marked increase in tissue retention (Vahter and Marafante, 1987). Zinc has been suggested to
influence arsenic toxicity (NRC, 1999) and mice fed a selenium-deficient diet showed a slower elimination of
arsenic than selenium-sufficient mice (Kenyon et al. 1997). Also, dietary selenium supplementation was found
to prevent cytotoxic effects of arsenic mice in vivo (Biswas et al, 1999). Given that a deficiency in folate and
vitamin B12 might lead to decreased levels of S-adenosylmethyltransferase (Newman 1999), it may also result
in decreased methylation of arsenic. Indeed, folic acid was found to protect mouse embryo fibroblasts against
cytotoxicity of arsenic {Ruan et al. 2000).

Preliminary result

Arsenic in tube wells. In a strategic pilot sample in the Matlab surveillance system, the median arsenic
concentration was 144 pg/L and 25 % were above 300 pg/L . These levels have later been confirmed by an
ongoing field study in Matlab.

Malnutrition The average body weight of women in reproductive age in Matlab is 44 kg (HDSS data).
Almost 3% of pregnant women in a national sample suffer from night blindness (HKI/IPHN, 1999a) and 45%
are iron deficient (HKI/IPHN, .1999b), while 52% have mild and 20% moderate anemia (Ziauddin Hyder et al,
2001). Six out of ten pregnant women have low serum zinc levels (Persson, unpublished data). Studies from
the 1970s to now report 47-50% low birth weight (DS Alam, and R Shaheen, unpublished data; Khan et al,,
1979).

Reproductive outcome. Of the pregnancies registered in 1998 in Matlab, 83% resulted in tive births,
8.1% in miscarriages, and 2.9% in stillbirths (Table 1). The number of early miscarriages is underestimated but
expected to increase considerable when now urine pregnancy tests are offered to women as part of the
pregnancy studies.



Table 1. Number and rates of pregnancy outcomes and early neonatal mortality in Matlah (ICDDR, B Matlab

-surveillance system for 1998).

Type of pregnancy outcome Number Rate

Total pregnancies 6486 120 per 1000 women 15-49 years
Live birth pregnancies 5776 89 % of pregnancies

Total foetal wastage _ 710 10% of pregnancies

Early {(miscarriages) 525! 8.1% of pregnancies

Late (Stillbirths) 185 2.9% of pregnancies

Neonatal deaths (first month) 236 40 per 1000 live births

'Out of this 43% reportedly induced.

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 aims. Discuss the
limitations and difficulties of the proposed procedures and sufficiently Justify the use of them. Discuss the cthical 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).

Study area. The study is performed in Matlab, where ICDDR, B is running a health and demographic
surveillance system (HDSS) in 142 villages, half of which (110,000 population) is included in this study. The
ground is highly affected by the sedimentation process of arsenic laden soil, as it is situated near the Meghna
River. These areas in Bangladesh show the highest arsenic concentrations in tube wells (British Geological
Survey, 2001). The fraction of the Matlab population that got their drinking water from tube wells increased
from 55% in 1982 to 95% in 1996 (HDSS database information).

The Matlab HDSS records births, deaths, in- and out-migration, marriage, pregnancies, pregnancy
outcomes and selected maternal and child health information. Community health research workers (CHR W)
are updating the information on a monthly basis. In addition, socio-economic data are collected by repeated
surveys. A geographic information system (GIS) is a part of the HDSS, and includes spatial information on
households, tube wells, health facilities etc.

ICDDR, B has a central health facility in Matlab that receives 15,000 patients pet year and supports
clinical and public health research in the area. In addition, there are four sub-centers, which provide primary
health care and support to studies. The NGO BRAC on behalf of the Government nutrition program provides
food supplementation to pregnant women. Clinical and laboratory examinations, micronutrient supplementation
administration and approximately 35% of deliveries take place in the Matlab health facilities. A notification
system enables birth weight and length measurements to be performed on infants born at home within 72 hours.

Study population and procedures. This study is nested into a food and micronutrient supplementation
trial, in which the effect of food and micronutrient supplementation on fetal growth and size at birth is
evaluated (supported by UNICEF). We invite 3000 pregnant women to be randomized to either an early start of
a 600 keal daily food supplementation (at week 8) or the routine supplementation (later start, around wk 17). At
week 14, both these groups are further randomized to cither daily 60 mg iron/folate (routine); 30 iron /folate; or
multiple micronutrient supplementation (UNICEF tablets, 15 micronutrients including 30 mg iron, vitamin A,

. zinc and selenium) (UNICEF, 1999).



Pregnancies are identified by urine test performed if amenhorroic at the time of the monthly routine
home visit by the CHRW. In most cases pregnancy is detected in week 6-8. Ultrasound investigation at
subcentres confirms pregnancy and time for conception. This enables detection of early fetal wastage in relation
to arsenic exposure, as measured by arsenic concentration in maternal urine at the time of pregnancy test.
Additional ultrasounds are done for fetal growth monitoring and clinical investigations as well as sampling of
blood and urine are performed at weeks 14, 18 and 30. For women delivering at ICDDR, B facilities (estimated
at 1000 women) a cord blood sample will be collected (late fetal arsenic exposure and micronutrients).

As determination of arsenic in urine is time consuming (50 samples/ week and full time technician) even
with the new AFS method, we select two sampling points for the 3000 women (about 6000 sampies).

[nformation from testing of arsenic in drinking water (about 15,000 tube wells) and individual water
consumption pattern is obtained from a separate ongoing project that so far is supported by Sida and WHO.
BRAC is responsible for an extensive arsenic mitigation component in that project.

Collection of blood and urine. Blood samples for micronutrient status will be taken in weeks 14 and 30.
Urine samples will be collected in pregnancy weeks 6-8, 14, 18 and 30 for analysis of arsenic and its
metabolites (indicator of recent exposure to inorganic arsenic), adjusted for variation in dilution by specific
gravity. Each urine sample will be divided in two sub-samples and deep-frozen (-20°C). One of the samples will
be shipped to Karolinska Institute, Stockholm, for analysis of arsenic; the other sample will be stored in tissue
bank for additional analysis in the future. After training of ICDDR, B staff and technology transfer the analysis
of urine samples will be performed at the biochemistry taboratory, ICDDR, B, Dhaka.

Assessment of arsenic in urine. The concentration of arsenic and its metabolites in urine will be
measured by hydride generation atomic fluorescent spectroscopy (HG-AFS). Samples from all time points for
100 women will show variation in time and enable selection of two most useful time points. Urine of 3000
pregnant women will be analyzed for these two time points (totally 6000 samples). Separation of the different
metabolites of inorganic arsenic in urine will be carried out on samples with elevated levels (estimated at 1500
samples) using HPLC-AFS (Le et al, 2000) and, for quality control purposes, ion exchange chromatography in
combination with HG atomic absorption spectroscopy (HG-AAS).

Assessment of nutritional status. Non-pregnant weight of all women 13-44 years is available from the
Matlab databases. Maternal height and repeated weights are collected during pregnancy. Micronutrient status is
determined at baseline and after 16 weeks of supplementation. Plasma and red blood cell samples will be used
for assessment of nutrients that may interact with toxicity (selenium, zinc), be associated deficiencies (iron,
vitamin A) or related to methylation capacity (folate and B12).

Assessment of intake of food and micronutrient supplements. Compliance to food supplementation is
assessed by monthly recalls, 3-day food frequency recall, and repeated 24-hour recalls. Compliance to iron-
folate or multiple micronutrient supplementation is measured by pill bottles with microchip counting device in
the cap monitoring tablet intake.

Assessment of potential confounders. Validated instruments assess socio-economic status, tobacco use,
workload, chronic stress and determinants of compliarice.

Assessment of reproductive outcome. Intrauterine growth is monitored by ultrasound at week 8, 14, 18
and 30. Birth anthropometry is measured within 72 hours. Miscarriages, stillbirths and neonatal deaths are
monitored by the CHRW in monthly visits. : '

Assessment of cognitive development. Trained field workers will measure milestones of development

monthly from 3 to 12 months of age. Trained paramedic staff will perform One-Step Means-End Support Test
according to Willat (1998) at 7 months. The Bayley subscale for psychomotor development (Johnson, 1996)
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will also be included at 7 months as well as a modified version of Bayley and Wolke’s behavior ratings (Wolke,
1990).

Sample size. According to available information 25% of the population are exposed to relatively high
arsenic concentrations in drinking water, > 300 pg/L, sce below. A two group Chi 2 test with a 0,050 two-sided
significance level will have 80% power to detect the difference between a lower exposure group of 70/1000
perinatal deaths and a higher exposure group of 105/1000 when the sample sizes are 2080 and 693, respectively
(total 2773). Similarly, with this sample size a difference can be detected between a lower exposure group with
8% early miscarriages and a higher exposure group with 12% miscarriages. With 3000 pregnancies a 70 g
difference in birth weight may be shown for each sex. A difference between high-exposure (estimated at 25% of
the sample) and lower-exposure groups of 10 Psychomotor Development Index (PDI) points may be considered
of clinical relevance (Moffat, 1994). However, from a public health point of view a difference of 5 PDI points
may be of importance between combined and single micronutrient supplementation groups and placebo. With a
level of significance of 0.05, and a power of 80%, 71 infants per group will then be sufficient. With 3000
pregnancies and 2670 live births, whereof 667 are estimated to have had a higher exposure to arsenic, the
sample size would suffice would suffice to estimate effects of that size even when breaking down on nutrition
intervention groups (111 in each cell of those with higher exposure).



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 equipment that will be required for the study. For field studies, describe the field area including its size,
population, and means of communications. (TYPE WITHIN THE PROVIDED SPACE).

Matlab Health Research Centre’s infrastructures is presented in the text above. These facilities are unique and
make this project possible. The health and demographic surveillance system will provide a lot of the necessary
information needed. A strong research team has been formed with strong competence in epidemiology, arsenic
epidemiology, nutrition clinical sciences, reproductive epidemiology and biochemistry. Excellent partners have
been identified in the area of arsenic mitigation (BRAC) and arsenic biochemistry (professor Marie Vahter,
Karolinska Institutet). The ICDDR,B biochemistry laboratory has already an AAS equipment for arsenic
analysis (only total arsinic), but the procurement of another AAS equipment would considerably increase the
capacity. '

The subcentres are well communicated with MHRC. 1t takes approximately two and haif hour journey from
MHRC to ICRRD,B center at Dhaka. Locally, two -70° C freezer available for storage of biological samples
along with other freezers. Also, there are two standby generators for constant electricity supply, that ensures
guality storage of biological samples.

Data Analysis

Describe pians for data analysis. Indicate whether data will be analyzed by the investigators themselves or by other professionals.
Specify what statistical software packages will be used and if the study is blinded, when the 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).

Analyses will be based on concentrations of inorganic arsenic and its metabolites in urine and fetal
wastage, neonatal death, fetal growth, size at birth and psycho-motor development ratings and indices.
Exposure will be modeled against outcomes in order to assess dose-effect relationship, slopes and asymptotes.
These analyses will be stratified for randomization groups in order to evaluate the possible modifying effects by
supplementation on pregnancy outcome as well as on methylation. Age, parity and fetal sex will be considered.
Chi 2 tests will be used for dichotomous variables, while ANOVA will be used for continuous normally
distributed data (i.e. birth weight). Dose-effect associations and interactions will be statistically evaluated by
regression analyses with adjustments for potential confounders.




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.

This study is nested into a trial, where pregnant women are invited to participate in food and
micronutrient supplementation, as well as blood sampling for micronutrients, and urine sampling for routine
antenatal control (RRC 2000-025). A portion of the urine sample is stored in freezers for later arsenic analyses.
The supplementation will most likely benefit the participants.

Data on urine content of arsenic and metabolites will be analyzed in batches, and therefore not being
immediately available. Currently we estimate that the result of individual urine samples will be available 3-9
months after completion of pregnancy. However, the study is linked to an ongoing survey in the same area of
arsenic in tube wells where mitigation activities are initiated whenever needed (RRC 2001-015). Information
on arsenic content in the individual tube wells in the area (from the ongoing tube well screening) and
subsequent advice has been completed for one third of the study population (September 2002) and this work
will be completed in mid-2003. BRAC is the responsible partner for the mitigation activities.

Informed consent is sought, and participants are free to refrain (partly or totally) from participation in
the study. The supplementation trial and urine collection have been approved by the Ethical Review Committee
at ICDDR, B, Dhaka, Bangladesh (RRC 2000-025). An additional review, including full plan for the arsenic
analysis and reproductive outcome is now submitted 'to the Ethical Review Committee in October 2002. The
proposal will also be reviewed at the Regional Ethical Committee at the Karolinska Institutet, Stockholm,
Sweden.

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.

NOT APPLICABLE
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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
conterences and agencies, workshops etc. Mention if the project is linked to the Government of Bangladesh
through a training programme.

The findings will be communicated to other actors and stakeholders in the area of arsenic contamination of
ground water and effects on reproductive outcome in Bangladesh. This will be done through reports (popular as
well as scientific) and through a workshop with invited participants at the Matlab Training Centre during the
second year of the project.

The findings will be used in order to recommend appropriate actions in order to protect fetuses and newborns. -

A narrative and financial report will be submitted to funding partners every 6 months. After completion of the
project (at 24 months) a final report will be submitted to the funding agencies within another 2 monts.

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)

ICDDR,B and the Matlab surveillance system and research infrastructure offer unique possibilities for
the planned studies with strong competence in epidemiology, nutrition, reproductive health and biochemistry.
The research team at Institute of Environmental Medicine, Karolinska Institutet has long experience in arsenic
exposure and toxicity research and has modern analytical equipment, e.g. HPLC-HG-AFS, HG-AAS, and ICP-
MS. As part of the project a knowledge transfer will take place, so that urine analysis of total arsenic
metabolites is performed at the ICDDRB laboratory from second half of 2003. International Maternal and Child
Health, Uppsala University (Professor Gunilla Lindmark) has reproductive health expertise for the analyses of
fetal wastage outcome. Professor Allan Smith at Berkely, CA, has participated in the initial discussions of the
project and will participate in the analytical and write-up phase. Professor Sally Grantham McGregor at
Institute of Child Health, London, is assisting the project on the child development component and is also
consultant and mentor to the Child Development Unit at ICDDR,B. She has extensive experience of
development assessments and studies of nutrition and cognitive development.

ICDDR,B Pl Lars Ake Persson Epidemiologist, Head of Public Health Sciences Division. Co-Pl Shams
El Arifeen, Epidemiologist and Head, Child Health Unit. Co-investigator Eva-Charlotte Ekstrom, Nutrition
epidemiologist, Clinical Sciences Division. Co-investigator ‘Mahfuzar Rahman, Environmental epidemiologist,
Public Health Sciences Division. Co-investigator Anisur Rahman, Public Health Physician, Co-investigator
Peter Kim Streatfield, Demographer, Head, Surveillance Unit. Co-investigator Yukiko Wagatsuma,
Epidemiologist, responsible for fetal ultrasound measurements. Co-investigator Fahmida Tofail, Medical
Officer, Child Development Unit, Co-investipator Md. Yunus, Scientist and Head, Matlab. Co-investigator MA
Wahed, Head, Nutrition Biochemistry Section.

Karolinska institutet. Co-principal investigator Marie Vahter, toxicologist, professor, Head of Division
of Metals and Health, Institute of Environmental Medicine. Laboratory technician Barbro Nermell, responsible
for arsenic speciation and training of ICDDRB staff, Division of Metals and Health, Institute of Environmental
Medicine.

Additional collaboration. Co-investigator Gunilla Lindmark Reproductive health specialist, professor
and Head, International Maternal and Child Health Unit, Uppsala University. Consultant Allan Smith,
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_ _Epide1nf0]ogi$t, proféssor, University of Berkely, Calif. Co-investigator Sally Grantham McGregor, Professor,
- Institute of Child Health, London.
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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.

This study is nested into the ongoing supplementation project, fully funded by UNICEF. Funds are
requested to cover the specific cost for this arsenic component as outlined below. In early 2004 analyses of
arsenic exposure and early miscarriages are due, and in late 2004 final scientific reports will be prepared for
scientific journals, meetings and a dissemination workshop in Matlab.

Activity Jan-June Jul-Dec Jan-Jun Jul-Dec Jan-Jun

2002 2002 2003 2003 2004

Recruitment pregnant women

Pregnancy follow-up

Follow-up infants to 12 m

Analyses

Reporting

Professional staff. Lars Ake Persson has initiated the study and is having the overall responsibility for
the fieldwork and the later analytical work and write up. Shams Arifeen is child health epidemiologist and
expert on intrauterine and post-natal growth. Eva-Charlotte Ekstrom is nutritionist and nutrition epidemiologist
and has taken the lead regarding nutrition-arsenic interactions. Mahfuzar Rahman is environmental
epidemiologist and 1s overseeing the practical implementation of different steps in the study. Yukiko
Wagatsuma is epidemiologist with responsibility for the ultrasound component in the pregnancy study. Mr
Wahed is head of our biochemistry laboratory, where the arsenic analysis of urine samples will be built up with
assistance from Karolinska Institute. Anisur Rahman is public health physician and epidemiologist in Matlab,
and responsible for the day-to-day back up and trouble-shooting for the study. The study is also supported by Dr
Md Yunus and J Chakraborty, who are responsible for the Matlab operations overall, and the service activities
in the field, respectively (covered by ICDDRB). Fahmida Tofail is working in the Child Development Unit and
has the immediate responsibility for setting up the assessment of motor milestones and assessment of cognitive
development. Peter Kim Streatfield is head of the Health and Demographic Surveillance Unit and has the
overall responsibility for the integration and use of surveillance data in the project.

Field and laboratory staff. A lab technician in Matlab is handling the urine and blood samples and the
time allocated to this component is estimated at 6 months. A laboratory officer in Dhaka is designated for the
analyses of urine samples and will be trained at Karolinska Institute in the relevant technique from September
2002. In the field urine samples are collected at home visits when pregnancy is identified and thereafter at 4
visits to sub-centres. _

Operating expenses. In addition to analyses of total arsenic in urine arsenic speciation costs are covered
by Karolinska Institute. The micronutrient analyses are proposed to be performed in a subsample of 2x1000
samples at a unit cost of 25 dollars.



ARSENIC ln MINIMAT STUDY, Matlah, 2002-2004

Salaries Incl. benelits and Income taxes Rate/m S Embassy JCODRE SAREC US Embragsy  ICODRBY SAREC
Scp-02 ] manihs months  manths Total

Professional stafl Name units unils  units dollar dollar doltar cost
Epidemialogisi, P). LA Persson 14116 05 1 1 7.148 14,262 14,292 21,439
Chitd heallh epidemiologist $hams El Arileen 7533 05 1 1 3,814 7627 7627 11,441
Mulrition epid. consultant P4 Eva-Charlolte Eksirom A667 1.0 0 2 4,725 4] 9,451 14476
Arsenic epidemiologist, NOC®  |Mahfuzar Ratuman 1025 1.0 3 1 1,038 3113 1,038 5189
Epidemiolagisi/ultrasound Yukiko Wagalsuma B661 1.0 1 t 8,769 4,385 8,769 21,923
Head, arsenic lap NOC* Mr Wahed 1525 10 ) i 1,544 a 1,544 1,544
Public heallh physician Anisur Rahman 1150 1.0 0 ¥ 1,164 (] 1,164 1,164
Head, Mallab Md Yunus 2475 - v] 1 0 4] 2,508 [¢]
Senior manager, NOC* J Chakraborti 1467 - 0 1 0 ] 1485 0
Subtotal professional stalf 28,201 29,418 47 877 76,876
Field and laboralory statf I a
Senior Lab Technician, Mallab,GS4 26% 6.0 1634 a 0 1634
Arsenic lab afficer, Dhaka, G55 353 120 - 120 4289 0 4289 4289
Field ranager, NOA 679 6.0 4126 Q o 4125
Senior Field Research Assisslant, GS4 269 48.0 13073 0 ] 13073
Senior Health Research Assistant, G54 269 720 19610 0 [y 19610
Field Research Assislants.GS3 l 225 120.0 27338 0 O 27338
Child develepmenl research assistant GS6 459 48.0 24.0 22307 11154 )
Dala Managemenl, GSB6 l 459 6.0 2788 o 0 2788
Dala Managemeni Assisiant, G5 3 225 12.0 2734 3] 0 2734
Subtolal kg sla 97899 11154 42689 75591
Cperating expenses ] Rate § -
Uring 1olal arsenic ingl specitic gravity 12 5000 0 1000 60000 12000 80000
Micronulrien analyses I 25 2000 0 0 50000 0 5G000
Subfotal operating expenses 710000 12000 110000
Trvael
Dhaka-Stockhalm-Dhaka 1400 4 5,600 5600
Stipend 1000]. 10 10,000 10000
Subtotal 5600 15600
Capital expenditures
Freezer -70 8500 t 8,500 8500
Sublatal other expentiure o a 8,500 8,500
Other expenditures
Printing, photocopies 1,000 500 Q 1,50¢
Fraining and disseminalion 250 500 o 750
Communication {a mail fax phone) Q 4] o
Unloreseen expendilures l 0 0 2,000
Sublolal oiher expendiure 1,250 1,000 o 4,250
Tolal direct cost [ 237319 41,571 88,266 167,187
Common operaling costs 61,711 4} 22.067 83777
Total l 299,060 41,571 - 110,323 450,964
Salaries adjissted lor ¥ 25% average increase during project period

Total project cost 450,964
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Check List

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

1. Face Sheet Included

2. Approval of the Division Director on Face Sheet

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

4, Table on Contents

[3,]

. Project Summary

@

Literature Cited

!-.l

. Biography of Investigators

@

Bhical Assurance

9. Consent Forms

10. Detailed Budget
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Version: January 1, 2002
ICDDR B: Centre for Health and Population Res arch

VERBAL CONSENT FORM

Good maternal nutrition and treatment of infection during pregnancy are very important for the health and well being of
the mother and her baby. Poor maternal nutrition and infection during pregnancy are very common in Bangladesh, as in
Matlab, which results in lack of energy/protein, vitamins and minerals. Because of this, a lot of illnesses and deaths
take place among mothers and their babies.

ICDDR,B in collaboration with the Govemmment of Bangladesh, Comell University of USA and UNICEEF, is under-
taking a study to improve maternal and infant nutritional status. The study will assist in the ongoing “Pushti” program
by helping some of you to start the feeding program earlier, to provide with either iron tablets at standard or half doses,
or a mix of 15 vitamins and minerals including half dose of iron. This mix has been specially produced by UNICEF for
pregnant women. These tablets will be piven to you today in bottles, which you can take home. The decision on who
will receive what will be decided at random (by chance). After the birth of your child, we will provide you with either
counseling to help you with breast-feeding your baby or health education on care for yourself and the baby.

If you agree to participate, we and other members of our team will visit you several times when you are pregnant and
also after the birth of your child until the baby is 12 months old. We will also request you to visit the ICDDR,B sub-
centre at least 4 times during pregnancy. In the sub-centre, we will give you a full antenatal check up, including
physical and pelvic examination and ultrasonographic monitoring of the baby inside you. We will also collect 5.5 ml of
blood {about a tea spoonful) from your veins two times and once from a finger prick. We will test this blood for
anaemia, and status of other vitamins and minerals. On your first visit to the sub-centre, if you agree, we will test
whether you have an infection in the vagina, which is known to result in early delivery of babies. If you have the
infection, but do not have an abnormal vaginal discharge then you will either receive a seven-day treatment course with
a drug called metronidazole or with something that will look similar to it but will not have the drug. No one will know
who will receive what which will decided by chance. Sometimes people taking this drug experience a metallic taste in
the mouth, nausea, headache and dry mouth. '

We will set up a system so that we will be able to measure the weight, length and other measurements of your newborn
soon after birth. We will request your family to notify us immediately after birth so that we can do this. We will
reimburse you for cost incurred. We will check on your physical condition after birth to assess if you have any health
problems and provide necessary management. We will visit you to take the weight and length of your child once every
month till 6 months of age, and every 2 months thereafter till 12 months of age. We will also ask you about feedmg and
health of the baby.

The purpose of doing all this is to assess the benefit of the food and micronutrient supplementation, treatment of the
infection in the vagina, and of the breastfeeding counseling. The information that will be available from this will help
the policy makers to decide on the best way to provide these services for communities like ours.

We assure you that we shall maintain the confidentiality about the information we collect from you. All records from
this study at the Matlab Diarrhoea Hospital or the Dhaka offices of ICDDR,B will be kept private and in a locked
location. Only people doing the study will be able to look at them. Any study records that are taken from ICDDR,B
will not have any of the names of who tock part in the study.

In general, we have to be careful about what medicines and drugs are taken during pregnancy. What we will offer you,
under the conditions of the study, has been found to be safe. However, if you have any questions about these or any
other aspect of the study we will be happy to discuss them with you. Your participation is absolutely voluntary. You are
at liberty to withdraw from the study at any time during the study without any penalty or change in the routine care you
or your child receives. If you decide not to take part in these parts of the study, it will not change the care you , your
child or your family receives from ICDDR,B in any way. Also, once you have agreed to take part in the study, you
may remove yourself or your child from the study at any time without any penalty or change in the routine care you or
your child receives. You will still receive our routine care and necessary support and treatment.

Once you have agreed to participate in the study, you can contact your home healthcare worker if you have any
problems or quesiions. You may also contact the Matlab Hospital of ICDDR,B or Dr. Lars Ake Persson at the
following phone number at any time: 988 5155 (Dhaka).

* Do you have any questions? Yes No

* Do you understand what this study is doing? Yes No

= Do you agree to participate in this study? Yes No
Date:

Signature of Community Health Research Worker (CHRW)
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WRITTEN CONSENT FORM

Thank you for participating in the study. I am sure you remember the details about this study, but let me repeat some of
the information for your benefit.

Good maternal nutrition and treatment of infection during pregnancy are very important for the health and well being of
the mother and her baby. Poor matemal nutrition and infection during pregnancy are very common in Bangladesh, as in
Matlab, which results in lack of energy/protein, vitamins and minerals. Because of this, a lot of illnesses and deaths
take place among mothers and their babies.

ICDDR,B in collaboration with the Government of Bangladesh, Cornell University of USA and UNICEF, is
undertaking a study to improve maternal and infant nutritional status. The study will assist in the ongoing “Pushti”
program by helping some of you to start the feeding program earlier, to provide with either iron tablets at standard or
half doses, or a mix of 15 vitamins and minerals including half dose of iron. This mix has been recommended by
UNICEF. These tablets will be given to you today in bottles, which you can take home. The decision on whe will
receive what will be decided at random (by chance). Afier the birth of your child, we will provide you with either
counseling to help you with breast-feeding your baby or health education on care for yourself and the baby.

If you agree to participate, we will give you a full antenatal check up, including physical and pelvic examination and
uitrasonographic monitoring of the baby inside you. We will also collect 5.5 ml of blood {about a teaspoonful) from
your veins two times and once from a finger prick. We will test this blood for anaemia, and status of other vitamins
and minerals. If you agree, we will collect a swab from your upper vagina and will test it to see whether you have an
infection in the vagina, which is known to result in early delivery of babies. If you have the infection, but do not have
an abnormal vaginal discharge then you will either receive a seven-day treatment course with a dmg called
metronidazole or with something that will look similar to it but will not have the drug. No one will know who will
receive what which will decided by chance. We will also request you to visit this clinic at least 3 more times during
pregnancy. We will repeat the same things when you come again and vaginal swab will also be taken for one more time
at the sixth months of pregnancy to see whether you have been properly treated with the medicine. On every clinic
visit, we will store part of the urine that is collected for routine antenatal check-up and store it for eventual testing for
the presence of arsenic in it.

We assure you that we shall maintain the confidentiality about the information we collect from you. All records from
this study at the Matlab Diarrhoea Hospital or the Dhaka offices of ICDDR,B will be kept private and in a locked
location. Only people doing the study will be able to look at them. Any study records that are taken from ICDDR,B
will not have any of the names of who took part in the study.

Your participation is absolutely voluntary. You are at liberty to withdraw from the study at any time during the study
without any penalty or change in the routine care you or your child receives. If you decide not to take part in these parts
of the study, it will not change the care you, your child or your family receives from ICDDR B in any way. You will
still receive our routine care and necessary support and treatment.

You may ask any questions regarding the study and I shall be happy to answer them for you. If you have any problems
or questions you can contact your home health care worker, or contact Matlab Hospital of ICDDR,B or Dr. Lars Ake
Persson at the following phone number at any time: 988 5155 (Dhaka).

+ Do you have any questions? Yes No

+ Do you agree to participate in this study? Yes No
Signature of the witness Signature/thumb impression of pregnant woman
(Paramedic)

Date:
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13 November 2002

Review of Protocol # 2002-029 "The Bangladesh arsenic calamity and reproduction:
Does arsenic contamination of drinking water result in fetal wastage, intra uterine
growth retardation, peonatal deaths and impaired cognitive development and to
what extent can nutrition intervention reduce risk?

PI: Prof. Lars Ake Persson

In earlier ERC approved protocols # 2002-025 and follow up of that protocol # 2002-031;
pregnant women were invited to participate in food and micronutrients supplementation
as well as blood sampling for micronutrients and urine sampling for routine anti-natal
control. A portion of the antenatal routine urine sample was stored in freezers for later
arsenic analysis, which was also approved by ERC.

The present protocol does not imply collection of any additional information or samples
but describes the use of the urine samples earlier collected for arsenic estimation and .
analysis in relation to outcomes described in protocols 2002-25 and 2002-031.

There will be no new participants ( except those of protocols 025 and 031). No additional
interviews will be performed. Consent forms are those of earlier protocols, no new
consent form will be necessary.

Thus the study does not imply any risk to the participants.

3k h :
In the face sheet, 4@-}, should be marked yes. “Yes’ marking in 3~e) and 5 (a) and (b)
may be qualified to indicate use of earlier samples or consent form.

The protocol may be recommended for ethical clearance.
Thanking you
W

(Prof. A.K.M. Nurul Anwar)
Member, ERC
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