g British Department for
Geological Survey I International
NG e Development

HATURAL ENVIRONMENT RESEARCH COUNCIL

Environmental Controlsin IDD:
A Case Study in the Xinjiang
Province of China

DfID KAR Project R7411
Technical Report CR/01/045N







BRITISH GEOLOGICAL SURVEY/DEPARTMENT FOR INTERNATIONAL
DEVELOPMENT

TECHNICAL REPORT CR/01/045N

Environmental Controlsin IDD:
A Case Study in the Xinjiang
Province of China

F M Fordyce', A G Stewart?, X Ge*, J-Y Jiang" and M Cave'
1 British Geological Survey, UK

2 Merseyside and Cheshire Public Health Department, UK

3 National Research Centre for Geoanalysis, China

4 Xinjiang Endemic Disease Research Ingtitute, China

This document is an output from a project funded by the UK Department for
International Development (DFID). The views expressed in this report are not
necessarily those of the DFID.

DFID classification:
Sub-sector : Geoscience

Theme: G2 - Improve geological, geochemical and geotechnical hazard avoidance
strategies in development planning

Project Title: Environmental Controlsin lodine Deficiency Disorders.
Reference: R7411

Front cover

Weight and height measurement
of school children in the Wushi
study areaprior to thyroid
examination.

Bibliographical reference

FORDYCE, F M, STEWARTA G,
GE X, JANG JY AND CAVEM.
2002. Environmental Controlsin
IDD: A Case Study in the
Xinjiang Province of China.
British Geological Survey
Technical Report, CR/01/045N.
130pp.

© NERC 2003 Keyworth, Nottingham British Geological Survey 2003



BRITISH GEOLOGICAL SURVEY

The full range of survey publications is available from the BGS
Sales Desk at the Survey headquarters, Keyworth, Nottingham.
The more popular maps and books may be purchased from
BGS-approved stockists and agents and over the counter at the
Bookshop, Gallery 37, Natural History Museum (Earth
Galleries), Cromwell Road, London. Sales desks are aso
located at the BGS London Information Office, and at
Murchison House, Edinburgh. The London Information Office
maintains a reference collection of BGS publications including
maps for consultation. Some BGS books and reports may also
be obtained from the Stationery Office Publications Centre or
from the Stationery Office bookshops and agents.

The Survey publishes an annual catalogue of maps, which lists
published material and contains index maps for severa of the
BGS series.

The British Geological Survey carries out the geological survey
of Great Britain and Northern Ireland (the latter as an agency
service for the government of Northern Ireland), and of the
surrounding continental shelf, as well as its basic research
projects. It also undertakes programmes of British technical aid
in geology in developing countries as arranged by the
Department for International Development and other agencies.

The British Geological Survey is a component body of the
Natural Environment Research Council .

Keyworth, Nottingham NG12 5GG

Tel: 0115-936 3100
email: sales@bgs.ac.uk
web: www.bgs.ac.uk
i-shop: www.british-geological-survey.co.uk

Fax: 0115-936 3200

Murchison House, West Mains Road, Edinburgh EH9 3LA
Tel: 0131-667 1000 Fax: 0131-668 2683

London Information Office at the Natural History Museum
(Earth Galleries), Exhibition Road, South Kensington, London
SW7 2DE

Tel: 020-7589 4090
Tel: 020-7938 9056/57

Fax: 020-7584 8270

Forde House, Park Five Business Centre, Harrier Way, Sowton,
Exeter, Devon EX2 7THU

Tel: 01392-445271 Fax: 01392-445371

Geological Survey of Northern Ireland, 20 College Gardens,
Belfast BT9 6BS

Tel: 028-9066 6595 Fax: 028-9066 2835

Maclean Building, Crowmarsh Gifford, Wallingford,
Oxfordshire OX10 8BB

Tel: 01491-838800 Fax: 01491-692345

Parent Body

Natural Environment Research Council

Polaris House, North Star Avenue, Swindon, Wiltshire SN2
1EU

Tel: 01793-411500 Fax: 01793-411501



Acknowledgements

The authors gratefully acknowledge the excellent
assistance provided by the following.

Prof Li Jiaxi and Liu Xiaoduan, National Research Centre
for Geoanalysis (NRCG), Beijing for co-ordination of the
project in China.

Prof Wang Shachua, Director of Public Health, Xinjiang
Province; Dr Yerjang Sultang, Director of Administration
and Mr Ren Dekun, Endemic Disease Institute, Urumqi,
for project collaboration and support in Xinjiang.

Mr Wu Jian, Director and Mr He, Deputy Director and
Ms Yao Mingin, Shihezi Public Health Bureau; Mr
Wang, Head, Education Department, and Mr Song,
Deputy Headmaster, AC148 School and Ms Ma, Director,
AC148 Prevention Station for field assistance and
collaboration in Shihezi.

Dr Aniwar, Director, Dr Zhang Yongzhong, Deputy
Director, Ms Pang Wen Gin, General Secretary and Dr
Zhang Hong Wei, Leader, Aksu Prevention Station; Mr
Zhou, General Secretary, Aksu Public Health Bureau; Dr
Abdula, Director, Kuga Endemic Disease Office and Dr
Wang, Director Kuga Public Heath Bureau for field
assistance and collaboration in Aksu County.

Ms Liu, AC148 school nurse, Mr Zhou AC148
Prevention Station; Dr Ani, Aksu Prevention Station, and
Dr Achmed Jousip, Head, Wushi Endemic Disease
Office, Aksu for field assistance in Shihezi and Aksu
Counties.

Mr Chen and Mr Chung, EDI, Urumgi and Mr Ehed,
Kuga Endemic Disease Office, Aksu for driving and
vehicle support.

Dr Bob Delong, Duke University, Durham, North
Carolina USA for background information about iodine
deficiency and the iodine dripping programme in Xinjiang
Province.

Mr Dick Nicholson, Mrs Barbara Vickers, Mr Shaun
Reeder, Mr Mark Allen, British Geological Survey; Ms
Gulina Tuerdi and Xu Yegin, Endemic Disease Institute,
Urumgi and Mr Paul Newlands, Alder Hey Children’'s
Hospital, UK for sample preparation and analysis.

Professor Peter Pharaoh, Department of Public Health,
University of Liverpool, for advice and encouragement in
setting up this project.

Dr J Manning, School of Biological Sciences, University
of Liverpool, for collaboration on the hand surveys

Dr Chris Johnson, British Geological Survey for
assistance with and comments on the text.

Finally very grateful thanks are extended to the school
children and teachers of Shihezi and Aksu Counties who
agreed to take part in this study.






Contents

SUMMARY ottt bbb R R R 13

1 INTRODUCTION

1.1  BACKGROUND.........
1.2 OBUIECTIVES...eiiuitriuetreuetseueestuseseasessesessasessestssssessssse et essessese s s s s s e s es s e et b eesebee s ee s ee s b e b e b e b e A e e b £ b n e bbbt bbb enan b et nnnes
2 SAMPLING DESIGN AND STUDY AREAS ...ttt s bbb bbbt 20
2.1 SAMPLING DESIGN ...oiiuiuieiueerieeinteesssesessesessssessese s sstses st eessseesss s b esssbaesessesesses e s s e b e s ne e bbb bbb e b b eb ettt seen 20
2.2 PHYSIOGRAPHY, GEOLOGY AND SOILS OF THE XINJANG PROVINCE STUDY AREAS......coccvmireerrererseessesesssessessssssssessssees 20
2.3  AGRICULTURE, DIETARY AND MEDICAL INFORMATION
231 Area 1: Agricultural Commune 148.........coccveneenenneneeeneesseensseens
232 Area 2: Kuga District in Aksu County
233 Area 3: WUShi DiStriCt, 1N AKSU COUNLY......cociuririieeiririceeireseeieie st e sttt s st ss bbb sessssssesssnsas
3 GEOCHEMICAL SURVEYS ...ttt sttt tsess sttt se £ 18 b £ e s e s e s bbb ee b e bbbttt enas 31
3.1 SAMPLING METHODS.....cuturtuttriueereeeeseeeeseesesessessssessssessssessssesesseseessseesssassssasssssessssessssessssessssssssssssssssssesssesssssssssesussssastssasssssnsssnes
311 Sampling Design
312 S0il SAMPIiNG @Nd PrEParation ...t sssssssssse st s s sssssssssssssssssessssssssssesssssssesssnssnses
313 LAYz L= 7= T 070 T o OO TR
314 Vegetable and grain sampling and preparation.
315 ROCK Salt and COal SAMPIES......c.cuiiiererirerecir st ssss e e sesss e s st s et ee e s st s e s snsesaensnsesnennsnsesnen
3.2  ANALYTICAL METHODS
321 Field Methods.....................
322 SO ANBIYSES.......cveeieetreieires ettt a R R
323 WVBEEE ANIYSES. ... cocvriaeeiaeiieettie st ses e es s e bRt
324 Vegetable Analyses.............
3.3 DATA QUALITY CONTROL .cturiureriurereeereassressessasessssesssessssesssssssssssssssssssssssssanes
331 Limits of Detection (LOD)
332 Analytical Replicate RESUILS.........ccccvriicierieeeeseee e
333 Sample Replicate Results
334 Field DUPliCate RESUILS........c.ccveeeererrrieirereseee e
335 Resultsfor International Standards...........ccvreenecnecnseeneeeenenens
3.36 Data Processing
34  RESULTS...ccmomnnt
34.1 S o] IS
34.2 Water
343 Wheat and Cabbage 10diNe...........ccouverreereeriereeneseeeseeeeessseens
344 ROCK @NA SAIT SAMPIES......coeeciieeiieeirie e et

T RS = 101010 TS = L= |2 PRI 59
N 1 41 01 o U1 =0T o P 59
41,3 Height and WEIGNt . ... coe e e e e et e e et e e e e e e e e 59
T S =Y o oo o To A =S = o I o 60
S o = o 7o o] o 60
4.2 ANALYYTICAL METHODS. .. c.t ettt tetee et tetiee ean tee e eataee s eetne san saene sanaen e eennneenssananesensensnesenneesnseessns 00
42.1 Methods for Classroom EXamMINGLIONS. ... ... ..cuuiiiitiri e ee e ee e e e e ee e e e e e eea e e ee e e een e 60
422 SPOL-TESE ANAIYSES. ...ttt ittt et ettt e e et e e 60
.23 UIINE ANGIYSES. . ...ttt et et et et e e e e e ettt 60
424 PROLOCOPY ANGIYSES. ... .eite ettt et ettt ettt e et e e e e et e te et e et e et e et e 61
T 51 R B T340 Yo o= o] V75 PR 61
I B N 11, oo AN o) LU 3= TP 62
433  Spot-Test ReSUItS HOrMONES (TSH, TA) ..uuuiit e ie e e e e ee e e e e eeer e e e e eetan e e ee e 68
0 S O 1 o=V VA Koo [ L=/ 1T 68
435  Hand Photocopies (courtesy of DI JManNiNg) ..........ueeuueuisoriiieeoe e e e ee e et s ee e e e e et e ee e e e ae e aees 70



5.1 ENVIRONMENTAL FODINE. .. ...ttt ittt et et et et et et et v e e e e e e e ae eae tae et e et e e e e e e en res aen nen ta ene et eae tneeaes
5.2 POPULATION [ODINE STATUS. .. ce it eet ttt et it e tt eet a et et e e et e e e et et e e et teaa et ee e tae ea tenaen e e e eaneens

6 CONCLUSIONS AND RECOMMENDATIONS. .. ..ot et s e et e e et s e et e e e e ee e

APPENDIX A. SUMMARY INFORMATION FOR THE 15 STUDY VILLAGES
APPENDIX B. LISTING OF SOIL RESULTS

APPENDIX C. LISTING OF WHEAT AND CABBAGE RESULTS
APPENDIX D. LISTING OF WATER RESULTS

APPENDIX E. LIST OF GEOCHEMICAL FIELD SAMPLING EQUIPMENT
APPENDIX F. FIELD ANALYTICAL METHODS FOR WATER SAMPLES
APPENDIX G. BGS ANALYTICAL METHODS

APPENDIX H. LISTING OF MEDICAL RESULTS

71

71

.73
79

81



Tables

TABLE 1.1 PRINCIPLE IDD CHARACTERISTICSOF THE THREE STUDY AREAS.....c.ctititreiseesse ettt sssssenes 16

TABLE 2.1. SUMMARY OF GOITRE PREVALENCE SURVEYS CONDUCTED IN YAHA AND QIMAN VILLAGES KUQA DISTRICT

BETWEEN 1987 AND 1994 (DR ABDULA, PERS COMMUN.) ...cuutuueueummrseessessesessessesssssesesss s ssssssssssssssssssesssssssssssssssssssssnsssssessessesesssns 27
TABLE 2.2. SUMMARY OF GOITRE PREVALENCE AND IODISED SALT SURVEYSCONDUCTED IN 7 VILLAGES INCLUDING WUZUN
AND QIMAN, KUQA DISTRICT IN 1996 (DR ABDULA, PERS COMMUN.)...c.cvutreeeuesemsemessessessesssssessssessessessessessessessesssssssessessessessessessesnes 27
TABLE 2.3. |ODISED OIL DOSES ADMINISTERED TO THE POPULATION OF KUQA DISTRICT IN 1997 (DR ABDULA, PERS.
COMMUN.)... . . .21
TABLE 24. SUMMARY OF GOITRE PREVALENCE AND IODISED OIL INJECTION PROGRAMMESCARRI ED OUT IN KUQA DISTRICT IN
1997 (DR ABDULA, PERS COMMUNL) o.cutututteestteessssesessesessesessesessessessssessssessssessssssssassesassessssssesssssssssssssssssssssssssssssessssessssesssssssessssessssesssnes 28
TABLE 2.5. ESTIMATES OF DIETARY INTAKE IN WUSHI DISTRICT ...cecuieiiueeiiritesessinessisesessese s ssessssssssssssessssesessssssssssssssessssesssssssesssses 29

TABLE 2.6. PROPOSALS FOR THE 1999 |0ODINE DRIPPING PROGRAMME IN WUSHI DISTRICT (SHAOHUA AND DELONG, 2000) ... 30
TABLE 2.7. URINE IODINE CONTENTSIN WUSHI DISTRICT IN 1998 PRIOR TO IODINE DRIPPING (SHAOHUA AND DELONG, 2000)

.......................................................................................................................................................................................................................... 30
TABLE 2.8. SOIL WATER SOLUBLE IODINE CONTENTSIN WUSHI DISTRICT IN 1999 PRIOR TO AND POST IODINE DRIPPING
(SHAOHUA AND DELONG, 2000) .......ovvveeereereseneeesessseeesssssseesssssssssssssssesssssesssssssssssssssssssssssasssssssssssssssssssssnssssssessssssnasessssnassssssnsesssssnseseses 30
TABLE 3.1 LIMITS OF DETECTION FOREACH ANALY TICAL METHOD........orvvvveumeessesessssssessssssessssssessssssssssssssessssssssssssssnsnsssssssnsssssnnes 35
TABLE 3.2 ANALYTICAL REPLICATE RESULTS FOR SOIL , CABBAGE AND WATER SAMPLES.........omerrrveeeessseeessssssssssssesssssssssssssns 37
TABLE 3.3 SAMPLE REPLICATE RESULTSFOR SOIL, CABBAGE AND WHEAT SAMPLES.........oemerverssssssesssssssssssssessssssssessssssssssssns 33
TABLE 3.4 FIELD DUPLICATE RESULTS FOR SOIL, CABBAGE, WHEAT AND WATER SAMPLES........cvvveeeesseeessssssesssssssessssssssssssns 39
TABLE 3.5 RESULTS (DRY WEIGHIT ) FOR INTERNATIONAL STANDARD SOIL AND VEGETATION MATERIALS. ....crvveeeereeeeneeeeens 40
TABLE 3.6 SUMMARY STATISTICS FOR DETERMINANTS IN SOIL, WATER, WHEAT AND CABBAGE SAMPLESFROM THE THREE
STUDY AREAS....oovvvveieeeessseesssssssesssssssesssssssesssssasessssssassssssssssssssessssssssssssssssssssssaessssssssssssssassssssssssssssasssssssessssssssssssssssssssssssesssssssssssssssessssnnn a2
TABLE 3.7 SUMMARY STATISTICS FOR DETERMINANTS IN RIVER TUOGISHAN SOIL AND WATER SAMPLES WUSHI STUDY AREA
.......................................................................................................................................................................................................................... 44
TABLE 3.8 AVERAGE SOIL WATER SOLUBLE | CONTENTSIN VILLAGES INWUSHI DISTRICT (STUDY AREA 3) FROM THE PRESENT
STUDY COMPARED TO THE IODINE DRIPPING ST UDY CARRIED OUT BY (SHAOHUA AND DELONG, 2000).........cc.commrereererereeeneereenne
TABLE 3.9 SPEARMAN RANK CORRELATION MATRIX FOR SOIL PARAMETERS FROM THE THREE ST UDY AREAS...

TABLE 3.11 VILLAGE MEDIAN IODINE CONTENTS IN SOIL, WATER, WHEAT AND CABBAGE SAMPLES........coovvvvoenereseeeesssssnesssens
TABLE 3.10 SPEARMAN RANK CORRELATION MATRX FOR IODINE CONTENTSIN SOIL, WATER, WHEAT AND CABBAGE............. 47
TABLE 3.12 IODINE CONTENTS OF TWO ROCK SALT AND A COAL SAMPLE FROM KUQA .....orvvvensseeeessseessssssesssssssssssssessssssns 58

TABLE 4.1 FLUORINE AND IODINE ANALYTICAL RESULTS FOR URINE STANDARD REFERENCE MATERIALS.........................60
TABLE 4.2 ANALYTICAL REPLICATE RESULTS FOR FLUORINE AND IODINE IN URINE. .. ...ttt venvenveee e e eieaieeievie e eneenn 01
TABLE 43 NUMBERS OF CHILDREN EXAMINED IN ACTLAS. .. ...ttt i e et e e e e et et ettt e tie e e e e a0 DD

TABLE 4.4 NUMBERS OF CHILDREN EXAMINED IN KUQA... PPN o
TABLE 4.5 NUMBERS OF CHILDREN EXAMINED IN WUSHI.. PPN ¢ 22
TABLE46AGESTRUCTUREOFTHESAMPLEPOPULATIONINEACH STUDY AREA.. PP ¢ Y24
TABLE 4.7 BODY SURFACE AREA OF THE CHILDREN IN EACH STUDY AREA.. 62
TABLE 4.8 CHILD THYROID VOLUME RANGES FOR EACH STUDY AREA.. .- PP ¢ 24
TABLE 4.9 AVERAGE CHILD THYROID VOLUME (MLS) IN AGRICULTURAL COMMUNE 148 .......................................... 63

TABLE 4.10 A VERAGE CHILD THYROID VOLUME (MLS) IN KUQA ... ...ttt it i vet e et et e ree e eet e e aee s nen e een e 20 B3
TABLE 4.11 A VERAGE CHILD THYROID VOLUME (MLS) IN WUSHI ... .. cititcit ettt vee e et e e ree e een e eeiee s nen e een 0003

TABLE 4.12 UNPAIRED T -TEST OF CHILD THYROID VOLUMES... ...63
TABLE 4.13 NUMBER OF CHILDREN WITH THYROID VOLUME GREATER THAN THE LOWER LIMITOF VARIOUS STANDARDSIN THE
THREE STUDY AREAS.. PP o
TABLE4.14 SI'ANDARD THYROID VOLUMESIN EUROPEAN AND CHINESE CHILDREN. ...ttt e 63
TABLE 4.15 MEAN LEVELS OF CHILD TOTAL THYROXINE (T4) IN EACH OF THE STUDY VILLAGES... ceeree......08
TABLE 4.16 MEAN LEVELS OF CHILD THYROID STIMULATING HORMONE (TSH) IN EACH OF THE STUDY VILLAGES .............. 68

TABLE 4.17 SUIMMARY OF URINARY IODINE AND FLUORINE CONCENTRATIONS IN EACH OF THE STUDY AREAS....................68
TABLE 4.18 IODINE NUTRITION RELATED TO URINARY [ODINE CONCENTRATION ... c.ttvtvet et it ee eeeenvenee e eieeenaeneeens .09
TABLE 4.19 QUMULATIVE FREQUENCY OF URINARY IODINE IN THETHREE STUDY AREAS. .. ... cuitvtietiereene e eenneneneneen. .09



TABLE 5.1 SOIL, WHEAT, CABBAGE AND DRINKING WATER IODINE CONCENTRATIONS FROM THE PRESENT STUDY COMPARED TO

OTHER AREAS.. e 12
TABLE 5.2 ESTIMATES OF HUMAN DAILY DIETARY IODINE INTAKE FROM WHEAT , CABBAGE AND DRINKINGWATER FROM THE
PRESENT STUDY .. e 03
TABLES3. M EDIAN IODINE AND FLUORINE CONCENTRATIONSIN SOIL WATER WHEAT CABBAGE AND URINE SAMPLES FROM
THE STUDY AREAS... —ay
TABLE 54. SPEARMAN RANK CORRELATION MATRX OF IODINEAND FLUORINE CONCENTRATIONSIN SOIL WATER WHEAT
CABBAGE AND URINE SAMPLESFROM THE STUDY AREAS. .. ..\ttt ittventineatte et e reeeen et aennen veneaeensane e eneanenennennennen 01
TABLE F.1 TOTAL IODINE CONCENTRATIONS (UG/ G) DETERMINED IN SOIL REFERENCEMATERIALS.....ei i i e eeeeenes 103
TABLE F.2 ANALYTICAL REPLICATE RESULTSFOR SOIL T OTAL IODINE.. veenn...103
TABLE F.3 ANOVA TWO-FACTOR WITHOUT REPLICATION OF SOIL TOTAL IODINE ANALYTICAL REPLICATE RESULTS......... 103

10



Figures and Plates

FIGURE 1.1 M AP SHOWING THE LOCATION OF THE THREE STUDY AREASIN XINJANG PROVINCE, CHINA .......ccvviieveeiinene 17
PLATE 1.1 TYPICAL IRRIGATION CHANNEL IN WUSHI DISTRICT (STUDY AREA 3) HARNESSING MELT WATER FROM THE TIEN
SHAN MOUNTAINS.. .....18
PLATE 1.2 THE TAKLIMAKAN DESERT BAS|N RISI NG TOTHE T|EN S—lAN FOOTHlLLS IN THE VICINITY OF KUQA (STUDY AREA
PLATE 1 3 ROCK SALT FROM A M|NE NORTH OF KUQA (SrUDY AREA 2) ................................................................ 19
PLATE 1.4 STE OF IODINE DRIPPING ON THE MAIN IRRIGATION CHANNEL FROM THE RIVER TUOGISHAN IN WUSHI DISTRICT
(STUDY AREA 3) .. it ittt ettt e et e e et e et et ettt et et e e e e r et e e en et e e e e e e aen e eenee e nen e e nen e 1D
FIGURE 2.1 MAP OF AGRICULTURAL COMMUNE 148 (STUDY AREA 1) SHOWING THE LOCATION OF VILLAGES INCLUDED IN THE
PRESENT STUDY .. 22
FIGURE 2.2 MAPOF KUQA D|STR|CT (SrUDY AREA 2) SHOWING THE LOCATION OF VILLAGES INCLUDED IN THE PRESENT
STUDY .. .23
FIGURE 2 3 MAP OF WUSHI D|STR|CT (SI'UDY AREA 3) SHOWING THE LOCATION OF VILLAGES INCLUDED IN THE PRESENT
STUDY . P
PLATE21RlVERTUOGlSHANATWUSHl(STUDYAREAS) . e e e 200 2D
PLATE 2.2 TYPICAL COTTON FIELD IN AGRICULTURAL OOMMUNE 148 (SrUDY AREA 1) . 25
PLATE 2.3 TYPICAL CABBAGE FIELD (ALSO USED FOR GROWING WHEAT IN ROTAT|ON) IN AGRICULTURAL COMMUNE 148
(STUDY AREA 1)... D~
PLATE 2.4 |OD|SED SALT AVAILABL EIN LOCAL MARKETS CONTAINING > 40 MG/KG TODINE 1.+t tet e et e e et ree e nen e 26
PLATE 2.5 ROCK SALT MINE TO THE NORTH OF KUQA (STUDY AREA 2) ... . ittt ittt aee s aet e tet e et e et e e 27
PLATE 3.1 SOIL SAMPLE COLLECTION INWUSHI (STUDY AREA 3)... . e 00 32
PLATE 3.2 COLLECTION OF WATER SAMPLE FROM A TAPINA HOME IN WUSHI D|STRCT (AREA 3) ................................. 32
PLATE 3.3 COLLECTION OF 0.45 UM FILTERED WATER SAMPLE FOR IODINE ANALY SIS.. P
PLATE 3.4 COLLECTION OF WHEAT SAMPLE FROM THE MAIN GRAIN STORE IN AGRICULTURAL COMMUNE 148 (AREA D..... 34
PLATE 3.5 COLLECTION OF WHEAT SAMPLE FROM A HOUSEHOLD GRAIN STORE IN WUSHI (AREA 3)....covie v 34
PLATE 3.6 COLLECTION OF A CABBAGE SAMPLE, LEAVESFROM 5 CABBAGESWITHIN THE SAME FIELD WERE COLL ECTED AND
COMBINED TO FORM ONE SAMPLE.. e 34
FIGURE 3.1A BOX AND WHISKER PLOTSOFTHE 10TH 25TH 50TH 75TH AND 90TH PERCENTILESOF SO|LPARAMErER
DISTRIBUTIONS CLASSIFIED BY STUDY AREA.. . e 48
FIGURE 3.1B BOX AND WHISKER PLOTSOF THE 10TH 25TH 50TH 75TH AND 90TH PERCENTILES OF SOIL PARAMETER
DISTRIBUTIONS CLASSIFIED BY STUDY AREA.. . e 49
FIGURE 3.2A BOX AND WHISKER PLOTSOF THE 1OTH 25TH 50TH 75TH AND 90TH PERCENTILESOF SO|LPARAMErER
DISTRIBUTIONS CLASSIFIED BY VILLAGE.. cerenn80
FIGURE 3.2B BOX AND WHISKER PLOTSOFTHE lOTH 25TH 50TH 75TH AND 90TH PERCENTILESOF SO|L PARAMETER
DISTRIBUTIONS CLASSIFIED BY VILLAGE.. ceennBl
FIGURE 3.2C BOX AND WHISKER PLOTSOF THE lOTH 25TH 50TH 75TH AND 90TH PERCENTILES OF SOIL MUNSELL COLOUR
AND TEXTURE CLASSIFIED BY VILLAGE.. - .....52
FIGURE 3.3 COMPARISON BETWEEN TOTAL ORGANIC CARBON LOSS ON IGNITION AND ORGANIC MATTER CONTENT IN XINJIANG
SOILS.. .4l
FIGURE 3 4 MAPOF TOTAL |OD|NE CONCENTRATlONS IN SOlL SAMPLESCOLLECTED ON THE BANKSOF THE R|VER TUOGISHAN
IN WUSHI DISTRICT (STUDY AREA 3) ..ttt itt ittt ittt e et ettt e e e et sttt e e et e e et e e e ettt ee e tan et s ren e een e e 53
FIGURE 3.5A BOX AND WHISKER PLOTSOF THE 10TH, 25TH, 50T H, 75TH, AND 90TH PERCENTILES OF WATER PARAMETER
DISTRIBUTIONS CLASSIFIED BY STUDY AREA.. . .04
FIGURE 3.5B BOX AND WHISKER PLOTSOFTHE lOTH 25TH 50TH 75TH AND 90TH PERCENTILESOFWATER PARAMETER
DISTRIBUTIONS CLASSIFIED BY STUDY AREA.. . ....55
FIGURE 3.6 M AP OF IODINE CONCENT RAT|ONS|N WATER SAM PLES (pG/L) COLLECTED ON ALONG THE RIVER TUOGISHAN IN
WUSHI DISTRICT (STUDY AREA 3) ...ttt tit it tet et e te e et et et et e oee et e tee et e ettt et eet s ree tet s ree eet e ree ean e nenn 56

FIGURE 3.7 BOX AND WHISKER PLOTSOF THE 10TH, 25TH, 50T H, 75TH, AND 90TH PERCENTILES OF IODINE CONTENTSIN
WHEAT AND CABBAGE SAMPLES CLASSIFIED BY STUDY AREA AND BY VILLAGE AND RATIOS OF WHEAT AND CABBAGE IODINE

VERSUS SOIL TOTAL AND WATER SOLUBLE IODINE CONTENTS CLASSIFIED BY STUDY AREA ... ..ciiiiiii i i i 57
PLATE 4.1 ULTRASOUND THYROID VOLUME DETERMINATIONS IN KUQA, STUDY AREA 2... ... ittt ceniee e et ven e e veneens 64
PLATE 4.2 HEIGHT AND WEIGHT MEASUREMENTS IN WUSHI, STUDY AREA 3... ..ot v v eaeeee a0, 04
PLATE 4.3 HAND PHOTOCOPY MEASUREMENTSIN WUSHI, STUDY AREA 3.. .....64
FIGURE 4.1 BAR CHART OF AVERAGE CHILD THYROID VOLUMES (+/- 95% CONFIDENCEINTERVALS) FOR EACH STUDY AREA .62
FIGURE 4.2 REGRESSION PLOTS OF CHILD BODY SURFACE AREA BY AGE FORTHE THREE STUDY AREAS......ciiviiiiiieineinnenns 65
FIGURE 4.3 REGRESSION PLOTS OF CHILD THYROID VOLUMESBY AGE FOR THE THREE STUDY AREAS.........cecveveneeneenen....06

1



FIGURE 4.4 REGRESSION PLOTS OF CHILD THYROID VOLUMESBY BODY SURFACE AREA FOR THE THREE STUDY AREAS......... 67
FIGURE 4.5. BOX AND WHISKER PLOT OF THE 10T H, 25TH, 50TH, 75TH, AND 90TH PERCENTILES OF FLUORINE DISTRIBUTION IN

URINE SAMPLES FROM THE THREE STUDY AREAS. .. ..ttt ttnttt ettt e tt aetaat et e et easaetaes et e st eenaetiee e enseennenneneneens 09
FIGURE 4.6. BOX AND WHISKER PLOT OF THE 10TH, 25TH, 50TH, 75TH, AND 90TH PERCENTILES OF IODINE DISTRIBUTION IN
URINE SAMPLESFROM THE THREE STUDY AREAS .. .ttt it i i s i i e e s i e et et e e e sae s i e e e e s e aes 69

FIGURE 5.1 BOX AND WHISKER PLOTSOF THE 10TH, 25TH, 50TH, 75TH, AND 90TH PERCENTILES OF ENVIRONMENTAL AND

HEALTH PARAMETER DISTRIBUTIONS CLASSIFIED BY STUDY AREA ... ..ttt ittt it it et et et et aet ven een saneasateeieane e aneeeeeeees (O
FIGURE F.1 EXAMPLE IODINE EMISSION SIGNAL ...ttt et ven aen et et tie e e eeien et reneeneasenseneeneneanenennennenneneenensens e 102
FIGURE F.2 TYPICAL IODINE CALIBRATION CURVE ... ... tut ittt et et et vt ee et ens et eie e ne e eniennennenneneenenneneeneene e 102
FIGURE F.3 EXAMPLE OF THE SOIL IODINE ANALY SISDIGESTION BLANK ... . e vt ettt et v et ee ee ea et et e e e e e e e e 103



Summary

The link between iodine deficiency and the onset of
health problems such as goitre, growth impairment,
mental retardation and cretinism (iodine deficiency
disorders, IDD) has been known since 1895. The WHO
currently estimate that 1 billion people in the world today
are at risk from IDD which make those affected less able
to work and create wealth. People at risk are often the
poorest members of the population who are totally
dependent on subsistence agriculture for their dietary
needs. The inability of their local environment to provide
the correct mineral balance can lead to serious health
problems.

Although many successful remediation programmes
involve dietary interventions such as the provision of
iodised salt and iodised oil, they can be difficult to
implement in regions where these prophylaxes are not
acceptable to the local population. Furthermore, these
techniques do not address the underlying issue of
environmental iodine deficiency and it may be more
beneficial and sustainable to improve the iodine content
of natural food intake.

In many medically driven studies carried out to date, the
iodine deficient state of the population has been
superimposed on the local environment without
examining the parameters that control the distribution and
uptake of iodine into the food chain via the soil-crop-
animal-water-human interface. In Xinjiang Province,
north-west China a new approach based on adding iodine
(iodine dripping) to irrigation water had been tested by
previous investigators and the present study had the
opportunity to examine environmental iodine and impacts
on health in three contrasting areas:

Areal— AC148, low (3.5%) recent goitre
prevalence (20% historic rate); no iodine
irrigation; iodised salt available

Area 2 — Kuga District, > 30% goitre
prevalence rate, no iodine irrigation;
iodised oil programme implemented

Area 3 — Wushi District, 40 — 60% goitre
prevalence rate; iodine irrigation; iodised
0il programme implemented

Results from 5 soil and wheat; 3 cabbage and 1 drinking
water samples collected in 5 villages in each of the three
study areas show that total iodine concentrations in soils
are similar in all three areas (AC148 range 0.3 — 3.9,
median 1.05 pg/g; Kuga range 0.3 — 2.93, median 1.0
po/g and Wushi range 0.3 — 1.73, median 0.84 pg/g) and
are low by world standards. Soil water- soluble iodine
contents are also very low (range 0.012 — 0.040 pg/l,
median 0.012 pg/l) in al three study-areas. The total
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iodine content of wheat in the three study areas is broadly
similar (AC148 5.66 — 31.40, Kuga 3.17 — 38.87 and
Wushi 5.12 — 36.25 ug/100g) and is comparable to other
areas of the world. Cabbage iodine contents also show
little variation between the three study areas (AC148 5.86
— 16.19, Kuga 3.55 — 23.46 and Wushi 6.42 — 21.22
Ho/100g) but are marginally lower than results from
elsewhere. Cabbage may be more sensitive to differences
in soil iodine levels than wheat because uptake into plants
is controlled by iodine volatilisation from the soil and
deposition onto leaves rather than root transfer into the
grain-head.

Previous investigators reported significant (ten-fold)
initial increases in soil water-soluble iodine contents
following the Wushi iodine-dripping progranme carried
out in 1999. The results of the present study, carried out
in 2000 show that over the longer term, there is little
evidence that that the dripping programme has increased
soil or crop iodine levels beyond the natural contents of
the non-dripped areas.

These findings are also in contrast to supposition from
southern Xinjiang Province, suggesting that iodine in
irrigation water may be effective up to 6 years after
application. The reason for this disparity in results may
be due to differences in methodology adopted by the two
studies and may aso reflect differences in soil type
between the Wushi area and southern Xinjiang.

In many soils, the main source of iodine is from marine
volatilisation and atmospheric deposition. The ability of a
soil to retain iodine and the transfer of iodine from the
soil to the food chain via plants is dependent on
geochemical parameters such as the organic matter and
clay content and pH conditions. Acidic soils favour,
whereas akaline oxidising conditions inhibit the
bioavailablity of iodine. This undoubtedly explains the
very low iodine status of the study areas, which lie in a
continental interior, alkaline desert environment. Soils in
the Wushi and Kuga study areas are more akaline and
have lower clay content than soils in AC148, which may
in part explain the greater problems with iodine
deficiency in these areas.

Although soil and crop iodine concentrations are similar
in the three study regions, the surface- and shallow
ground- waters used for drinking in Kuga and Wushi
Districts have very low iodine contents (0.1 — 4.05 pg/l)
whereas waters abstracted from deep boreholes in the
AC148 area contain very high quantities of iodine (78 —
100 pg/l). It is clear that drinking water in AC148 has a
significant impact on the diet, (wheat, cabbage and water
iodine intake 320 pg/day) compared with recommended
daily levels (150 — 300 pg/day). In contrast, dietary
intakes from wheat, cabbage and water in the Kuga and



Wushi study areas are low (139 and 124 pug/day
respectively). The eradication of goitre from the AC148
region may have much to do with the development of the
area and provision of centralised groundwater supplies
rather than iodised salt.

The importance of iodine in drinking water to the diet is
often ignored because in many western countries this
source is very minor compared to food. However, the
results of this study confirm previous investigations and
demonstrate that in subsistence populations consuming
low-iodine foodstuffs, water can be an important dietary
contributor if supplied from deep groundwater resources,
which generally contain much higher concentrations of
iodine than surface waters. Thus in some situations, the
provision of deep groundwaters for drinking may prove
another useful environmental intervention technique in
IDD and may happen inadvertently as groundwater
resources are often supplied in developing country
situations to avoid bacterially contaminated surface
waters.

During the present study, the iodine status of the
population was determined using ultrasound thyroid
volume, age, height, weight, sex and 2'%/4™ finger ratios
on 119 school dildren in AC148 and 300 children in
each of Kuga and Wushi and by TSH, T4, urinary iodine
and fluoride measurements on a sub-set of 50 children in
each region. The ultrasound thyroid volume method is
more reliable than the hand pal pation techniques deployed
by previous surveys carried out in the study region.

Results show that the thyroid volumes are low (0.1 — 7.09
mls) by all standards even taking into account the smaller
size of the children studied compared to Western
counterparts. The results reflect the adequate natural
intake (mainly from water) and salt iodination
programmes in AC148 and the recent iodination
initiatives in Kuga and Wushi demonstrating the success
of these programmes.

Indicators including body surface area against age and the
240 finger ratios show that nutritional status decreases
from AC148 to Wushi in line with the historic goitre
prevalence and reflects the fact that AC148 is the most
developed and Wushi the least devel oped region.

Thyroid volume and TSH results (mean TSH AC148 1.79
miU/l; Kuga 1.31 mlU/l and Wushi 1.17 mlU/l) reflect
the historic goitre picture and nutritional trends and are
highest in Wushi and lowest in the AC148 study area
demonstrating the sensitivity of these techniques and the
underlying differences between the three areas despite the
iodination programmes.

Village mean T4 hormone results (36.14 — 47.60 nmol/l)
are higher than the threshold for endemic cretinism (3.22
nmol/l) indicating that although reported historically, this
isunlikely to be a problem in the region.

Urinary iodine results show a marked contrast between
AC148 (mean 464 ug/l) and the other two regions (means
Kuga 245 pg/l and Wushi 324 ug/l) and reflect the much
higher intake of iodine in drinking water in the AC148
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area. 6%, 44% and 14% of the children studied had
urinary iodine levels below the recommended threshold
indicative of adequate dietary intake (100 pg/l) in AC148,
Kuga and Wushi respectively. The variation in results is
likely to reflect differences in access to iodised sat and
the efficacy of the oil iodination programmes rather than
impacts from iodine-irrigation. The results demonstrate
that despite iodination programmes in Wushi and Kuga,
significant proportions of the population may still be at
risk from iodine deficiency.

In contrast, results for urinary iodine also show that 76%,
34% and 56% of the children examined in AC148, Kuga
and Wushi respectively have levels that exceed the
recommended upper threshold indicative of dietary intake
(300 pg/l). This calls into question the need for iodised
salt provision in the AC148 area in light of the high
iodine intakes from drinking water and highlights the
potential toxicity problems of blanket oil iodination
programmes.

Although the results of this study show that theiodination
programmes carried out in northern Xinjiang Province
have been successful and no incidents of goitre were
evident, the population is still at risk from an iodine
deficient environment and without the prospect of rapid
economic and socia development will remain so into the
future requiring on-going supplementation.

Whereas iodised oil, iodised salt and water-based iodine
releasers address inadequacies directly in the human
population, they do not impact upon the broader
environmental deficiency. Consideration of the wider
environmental issues isimportant because increasesin the
iodine content of soils and plants also improve crop and
animal productivity and can therefore enhance the general
economic and nutritional well being of communities
contributing to sustainable devel opment.

Therefore, although the results of this study suggest that
theiodine added in irrigation watersis only active for 1 or
2 yearsit is till avery cost effective method (1 Yuan per
person per year) to increase environmental levels. In order
to maximise the benefits of this technique, it is
recommended that agricultural practices to enhance the
retention of soil iodine should be considered and factors
that will strongly fix the iodine in the soil and make it
unavailable for uptake to crops should be restricted. In
Xinjiang, such methods could include the addition of
organic matter, for example, ploughing back straw and
manure, to the soils to help retain the iodine. It is also
recommended that the long-term fate of soil iodine added
by the irrigation programmes be investigated more fully.

Further investigations into the costs of iodine
supplementation programmes are recommended. Such
studies should take account of benefits other than
monetary issues such as the effects of additional iodine on
anima and crop productivity, the antibacterial effect of
iodine when added to water or other environmental
components and possible toxicity in the human and
animal population.



1 Introduction

The British Geologica Survey (BGS) is currently
investigating factors in the environment that control the
distribution and prevalence of iodine deficiency disorders
(IDD). This report is an account of field investigations
carried out in the Xinjiang Province of Chinain October
2000 in collaboration with the Institute of Rock and
Mineral Analysis (IRMA), Beijing. Dr Alex Stewart,
Merseyside and Cheshire Public Health Department (UK)
and the Xinjiang Endemic Disease Research Institute
(EDI), Urumgi, China provided the medical contribution
to the project. This study forms part of a British
Government Department for International Development
(DFID) Knowledge and Research (KAR) project (7411).

This account seeksto:

outline the objectives of the case study
report the methods used
present the results of the case study

This report will be used along with other case studies and
literature reviews to formulate a strategy for the
management of environmental iodine to help in reduce
the prevalence of IDD.

The geochemistry of iodine and the causes and
description of IDD will be described in later reports and
will not be discussed further here.

11 BACKGROUND

Plants, humans and other animals require small doses of
several naturally occurring trace elements and minerals to
maintain health. Elements can be assimi lated by humans
via several pathways including the food chain, drinking
water and the inhalation and ingestion of particles from
the atmosphere. Animals and plants in the food chain
ultimately depend upon soil, water and rock in the
environment for the provision of essential minerals. This
link between the environment and the food chain is
particularly important in developing countries where
people are often totally dependent on subsistence
agriculture for their dietary needs. The inability of the
local environment to provide the correct mineral balance
can therefore lead to serious health problems and disease.

In humans and other animals, iodine (l) is essential to
health and forms an important constituent of the thyroid
hormones  thyroxine (T4, aso  known as
tetraiodothyronine) and triiodothyronine (T3). These
hormones play a fundamental biological role controlling
growth and development (Hetzel and Maberly, 1986).

If the amount of utilisable iodine reaching the thyroid
gland is inadequate, or if the thyroid gland is not
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functioning, as it should, then hormone production is
reduced and results in a group of conditions in man,
referred to as lodine Deficiency Disorders (IDD). The
best-known form of IDD is goitre, which is an
enlargement of the thyroid gland in an attempt to make
more efficient use of the inadequate levels of iodine
available. Goitres can vary in size, from small nodular to
monstrous. In more extreme cases, | DD include cretinism,
mental retardation, deafness and retarded growth. One of
the earliest investigations to confirm the link between
endemic goitre and iodine deficiency was the work of
(Marine and Kimball, 1920) who showed dietary iodide
supplementation dramatically reduced the prevalence of
goitre among school children in Ohio, USA.

IDD have been recorded in many areas of the world
including South America (Ecuador, Peru, Bolivia, and
Argentina), Africa (Zaire), Asia (India, Pakistan, Nepal,
Bangladesh, China, Indonesia, Vietnam and Papua New
Guinea) and historically in northern Italy, Switzerland,
the UK and in Ohio in the USA. Extensive dietary
supplementation programmes in may areas of the world
including China, the USA, Switzerland, Papua New
Guinea and India have proved successful in lowering the
prevalence of cretinism and goitre. These programmes
have generaly involved the addition of iodised oil or
iodised sat to the diet. Despite the success of these
programmes, endemic IDD still occur in many areas of
the world. The World Health Organisation (WHO)
estimate that at least one billion people are at risk from
IDD in the world today.

During the current study, in China the project had a
unique opportunity to work in a region where an
experimental environmental approach to tackling the risks
of IDD had been applied by previous workers. lodine was
added to irrigation water at various locations in Xinjiang
Province in the northwest of China since 1992 by the
Xinjiang Uiger Autonomous Region lodine Dripping
Project (XIDP) (Shaohua and Del.ong, 2000), (Cao et d .,
1994), (DeLong et al., 1997) and (Jiang et a., 1997). The
west of Xinjiang Province is an area of severe iodine
deficiency with an associated high infant-mortality rate.
According to the 1995 national IDD survey, the goitre
prevalence rate among school children aged 8 to 10 was
43.3%, the highest in China (Shaohua and Delong,
2000). In some parts of the province the usual method of
iodine supplementation based on universal salt iodination
has significantly reduced the prevalence rate of endemic
goitre such that the 1997 survey showed a decrease to
22.1% goitre prevalence among school children aged 8 to
10 years old (Shaohua and DelLong, 2000). Xinjiang
Province islocated in the northwest of China and shares a
border with Mongolia in the northeast and Kazakhstan in
the northwest (Figure 1.1). The mean annual



precipitation in western Xinjiang is less than 100 mm per
annum and the climate is semi-arid continental interior
with low humidity. Surface water run-off from the
surrounding Kunlun, Pamir and Tien Shan Mountains is
used for irrigation in this rural relatively undeveloped
region. (Plate 1.1). Water drains into the Taklimakan
Desert basin where it evaporates in the arid climate (Plate
1.2). Here rock salt with negligible levels of iodine (0.2
Hg/g) is the traditional source of salt and thisis the reason
why intervention with iodised salt has not been wholly
successful (Cao et al., 1994). Rock salt is aso mined from
the sediments forming the foothills of the Tien Shan
Mountains (Plate 1.3).

The objectives of the XIDP (funded by Kiwanis

International) are summarised by (Shachua and Del ong,
2000):

to introduce iodine dripping to the highest iodine
deficiency prevalence areasin Xinjiang

increase urinary iodine content of women of
reproductive age in the project area to 50 pg/l

improve the infant development indicators

reduce the prevalence rate of endemic goitre and
cretinism

increase live births of sheep and other livestock, thus
resulting inincreased profits from animal husbandry.

Initial iodination of irrigation water commenced in 1992
in Hotan County (DeLong et a., 1997). The work has
been extended and during the period 1997 — 1999, 13.25
tons of potassium iodate were dripped in 16 districts, 168
townships in Hotan, Kashi and Aksu counties covering
some 454,000 hectares of irrigated land (Shaohua and
Del ong, 2000) (Plate 1.4).

12 OBJECTIVES

The objectives of the current study were to investigate the
environmental iodine distribution in areas of Xinjiang
Province and relate this to the current and historical IDD
status of the local population. Three contrasting areas
were selected for this study and their locations are shown
on Figure 1.1. These areas can be described as follows:

Areal - Agricultural Commune 148 (Shihezi County).
An area of historically high goitre prevalence (20%)
where currently a low rate of IDD (3.5%) is reported. It
lies outside the area of iodine dripping projects but
iodised salt has been available to the local population for
thelast 15 years.

Area 2 - Kuga District (Aksu County). An area of high
goitre prevalence (> 30%) where no iodine has been
added to the irrigation water but iodised oil programmes
have been implemented.

Area 3 - Wushi District (Aksu County). An area of high
goitre prevalence (40 — 60%) where iodine has been
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added to the irrigation water and iodised oil programmes
have been implemented.

Through a study of these three areas (summarised in
Table 1.1) the project seeks to achieve the following
aims:

(@) To disseminate data and information about
environmental iodine status, particularly that relevant
to the effectiveness of environmental intervention
techniques

(b) Compare and contrast areas of historically high IDD
where water iodination has, and has not, been applied

(c) Investigate iodine migration from the environment
through the food chain to the local population

(d) Study the input/output balance of natural and added
iodine in an iodine-dripped irrigation area

(e) Study the soil characteristics responsible for fixing
iodinein soils
() Independently verify the effectiveness of the

supplementation project in an iodine-dripped
irrigation area.

TABLE 1.1 PRINCIPLE IDD CHARACTERISTICSOF T HE
THREE STUDY AREAS

Area Study Area High lodine added
Code Prevalence to irrigation
IDD water
1 Agricultural X* X
Commune 148
2 Kuga District v X
3 Woushi District v v

* Current goitre prevalence rates are low (3.5%) but historical rates are
high (20%)



Figure 1.1 Map showing the location of the three study areasin Xinjiang Province, China
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Plate 1.1 Typical irrigation channel in Wushi District (Study Area 3) harnessingmelt water from the Tien Shan
M ountains

Plate 1.2 The Taklimakan Desert basin rising to the Tien Shan foothillsin the vicinity of Kuga (Study Area 2)
T




Plate 1.3 Rock salt from a mine north of Kuga (Study Area 2).

Plate 1.4 Site of iodine dripping on the main irrigation channel from the River Tuogishan in Wushi District (Study
Area3)




2 Sampling Design and Study Areas

21 SAMPLING DESIGN

The sample collection strategy applied in Chinais similar
to that employed during previous projects to investigate
links between trace elements in the environment and
health (Fordyce et a., 2000; Johnson et a., 2002). Within
each of the three study areas, five villages were selected
for investigation and were coded according to the
following scheme:

Area 1, 1 — 5 Low/ no IDD 3.5% current
goitre prevalence rate, no iodine dripping

Area2,1-5 High IDD 30% goitre
prevalence rate, no iodine dripping

Area 3, 1 — 5 High IDD 40 - 50% goitre
prevalence rate, iodine dripping

Based on the expertise of the Chinese project partners,
villages that were representative of the three areas were
chosen for the study. Soil, grain, vegetable, drinking
water, human (school children) urine and blood-spot
samples and thyroid-size measurements were collected
from each village. This sampling strategy was designed to
establish the relationship between the human iodine status
of communities (represented by thyroid, blood-spot and
urine samples); their dietary iodine intake (represented by
staple grain, vegetable and drinking water samples) and
the local geochemical environment characterised by
cultivated soils.

The locations of the 15 study villages are shown on
Figures 2.1 — 2.3 and summary information about each
villageislisted in Appendix A.

22 PHYSIOGRAPHY, GEOLOGY AND SOILS
OF THE XINJIANG PROVINCE STUDY
AREAS

As indicated in Chapter 1 of this report, the study areas
selected for the current investigation are located on the
arid margin of the Taklimakan Desert. Agricultura
Commune 148 (Area 1) is situated approximately 165 km
NNW o Urumgi, the capital of Xinjiang Province and
lies to the north of the Tien Shan Mountain Range on the
southern edge of the Gurbantungutt Desert basin. Kuga
District (Area 2) lies on the main highway between
Urumgi and Kashi on the northwest border of Chinaat the
base of the Tien Shan foothills on the northern edge of the
Taklimakan desert basin approximately 200 km east of
the County capital Aksu. Wushi District (Area 3) liesin
the valley of the River Tuogishan (Plate 2.1) on the very

northern margin d the Taklimakan desert basin in the
foothills of the Tien Shan Mountains approximately 90
km west of Aksu (Figures 2.1 — 2.3). All three study areas
are underlain by Quaternary, Pleistocene and Holocene
aeolian and fluvial sedimentary deposits resulting in
coarse sandy soils classified as brown desert soils in the
Wushi and Kuga regions and grey desert soils in
Agricultural Commune 148 (Tan, 1989) (Li and Wu,
1999). Fluvio-aquatic soils predominate in the valley of
the River Tuogishan in the Wushi area. Thethree areaslie
within the gravelly and shrubby desert vegetation zone,
with three crops per two-year rotation in irrigated areas
(Tan, 1989).

23 AGRICULTURE, DIETARY AND MEDICAL
INFORMATION

231 Areal: Agricultural Commune 148

Agricultural Commune 148 (AC148) is the administrative
centre for a highly organised system of farming villages
developed on an irrigated plain. The area is one of the
main cotton producing regions in China and the current
cotton harvest is estimated at 46 million tonnes. The
staple food crop grown in the region is wheat that is used
to make noodles and bread. Cotton and wheat production
are rotated but wheat is increasingly marginalized in
favour of the more lucrative cotton crop. Nitrogen-
phosphorous-potassium (NPK) fertiliser is used in the
region but animal waste is not routinely applied to the
fields. The cotton seedlings are protected under plastic
sheeting for the first few months of cultivation and
remnants of the sheeting are ubiquitous in the soils of the
area. Food productionin thisareais often restricted to one
part of the village and wheat and vegetables are
commonly grown in one large field. The remainder of the
irrigated land is turned over to cotton production (Plates
2.2 and 2.3). Cabbage, tomatoes, peppers, runner beans
and carrots are the main vegetables consumed in the area.
In winter, seafood and kelp also form part of the diet.

Wheat and cotton from the surrounding villages is stored
and processed centrally in AC148 and children from the
villages attend the AC148 Primary School. Therefore, in
this area, grain and human samples were collected
centrally in AC148 rather than in the individual villages.

Drinking water in this area is supplied from groundwater
resources and is commonly pumped to a central water
tower for each village.



The population in this areais of Chinese descent and has
been subject to iodine-status assessmentsin the past. IDD
surveys commenced in 1982. At that time, the goitre
prevalence rate calculated on the whole population was
20%. In recent years the rate has been calculated on
school children only so it is difficult to compare the old
and new rates. In a study carried out in 1999 the rate was
3.5% (2 out of 56 school children studied) (Dr Wu pers.
commun.).

Until four years ago, pregnant women and children were
routinely given iodised oil capsules. Now all pregnant
women are checked and given the capsules only if
necessary. As part of the Chinese Government’s on-going
programmes, iodised salt has been available in the area
for the past 15 years.

232 Area2: KugaDistrict in Aksu County

Kuga Town is the administrative centre of the District
which comprises agricultural villages scattered on an
irrigated plain in the south and coal mining settlementsin
the more remote mountainous regions to the north. The
population of Kuga District is predominantly of Uiger
descent, however, there is a large Chinese community
particularly in Kuga Town.

Cotton is grown in this region but not on the same scale
as AC 148. The cotton seedlings are protected under
plastic sheeting for the first few months of cultivation and
remnants of the sheeting are ubiquitous in the soils of the
area. Grapes are also an important crop. Wheat is the
staple food crop and is used to make bread and noodles.
Food production is carried out on land managed by
farming families within each village and wheat is stored
in individual homes. Therefore, in this area, soil, grain
and vegetable samples were taken from representative
fields and grain stores within each village. The main
vegetables and fruit in the diet are cabbage, tomatoes,
peppers, beans, rapeseed oil, grapes, watermelon apricots
and walnuts. People of this region predominantly eat
mutton and yoghurt is another common dietary
constituent. Seafood and kelp are not consumed in this
region. NPK fertilisers are used in this area and animal
waste is applied to the land al so.

Water supplies in this area are derived from shallow
springs and groundwater aquifers pumped to homes in
each village.

Children in the area attend local village primary schools.
The Chinese project partners selected an appropriate
school within each village at random for the present
study.

Five years ago, the Kuga Public Health Department
carried out asurvey of 5 villagesin the area and the goitre
prevalence rate was > 30%. Measurements were carried
out by hand palpation and the goitres were all I and 2"
degree (WHO classification). A summary of past surveys
in Qiman and Y aha villages is detailed in Table 2.1. The
goitre rates for these two relatively developed villages
range from approximately 3 — 17 %.
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Although historically, cretinism was a problem in the
District, the cretinism rate in the areais very low. Surveys
of a population of 400 in a coa-mining village in the
north of the District revealed 3 cases. There is no
cretinism in the main populated area in the south of the
District (Dr Abdula, pers. commun.).

The Government has made a commitment to eradicate
IDD in Chinaand several Public Health programmes have
been implemented in this region. lodised salt with
minimum iodine content of 40 mg/kg (Chinese standard)
is widely available throughout the District (Plate 2.4) and
local health workers visit the villages every week with
educational videos to promote the use of the salt.
However, the local Uiger people prefer to eat rock salt
and the take-up of iodised salt is very low (2% over the
whole district). Rock salt is mined locally in sedimentary
deposits in the mountains to the north of Kuga Town. A
typical mine, which has been in operation for 20 years
produces 4000 tonnes of rock salt per year (Plate 2.5).
The price of the iodised salt has recently increased and it
is difficult to persuade people to change their habits
especially as they have limited resources to buy the salt.
The local Chinese population does use the iodised salt but
goitre is still prevalent in this population group. A survey
of goitre prevalence (measured by hand palpation) and
iodised salt uptake was carried out in 7 villages, including
Wuzun and Qiman, in the more developed southern area
of the District in 1996, results are summarised in Table
2.2. Uptake of the salt at this time was approximately
40%.

In 1997 an iodised oil injection programme was carried
out across the District involving 280 000 people in all
villages. All O — 4 year-old children, pregnant women and
recently married women received a 2 ml injection
according to the doses detailed in Table 2.3. During this
programme, goitre surveys were carried out in Wuzun,
Y aha, Qiman, Wagiao and Sandagiao villages as detailed
in Table 2.4.

TABLE 2.3. |ODISED OIL DOSES ADMINISTERED TO THE
POPULATION OF KUQA DISTRICT IN 1997 (Dr Abdula, pers.
commun.).

Age (Years) Dose Oil (ml)
>7 1

3-7 0.5

<3 0.2

As part of the on-going Government IDD prevention
scheme, in March 2000, iodised oil capsules (200 mg
containing 40% iodine) were administered to 40 000
school children in the District.



Figure 2.1 Map of Agricultural Commune 148 (Study Area 1) showing the location of villagesincluded in the present

study.
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Figure 2.2 Map of Kuga District (Study Area 2) showing the location of villages included in the present study.
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Figure 2.3 Map of Wushi District (Study Area 3) showing thelocation of villagesincluded in the present study

(River Tuogishan flows from west to east)
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Plate 2.1 River Tuogishan at Wushi (Study Area 3)

Plate 2.2 Typical cotton field in Agricultural Commune 148 (Study Area 1).




Plate 2.3 Typical cabbage field (also used for growing wheat in rotation) in Agricultural Commune 148 (Study Area 1)
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Plate 2.5 Rock salt mineto the north of Kuga (Study Area 2).
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TABLE 2.1. SUMMARY OF GOITRE PREVALENCE SURVEYS CONDUCTED IN YAHA AND QIMAN VILLAGES KUQA DISTRICT
BETWEEN 1987 AND 1994 (DR ABDULA, PERS COMMUN.)

Wage Rates Year
1987 1988 1989 1990 1991 1992 1993 1994
Yaha |Sample Size 1223 1424 1425 1203 1332 1252 618 510
All Children No of Goitres 28 65 77 147 87 121 55 28
All Children Goitre Rate 228 456 540 1220 653 9.60 9.00 5.50
7 - 14 years Goitre Rate 549 849 750 1950 18.03 9.30 14.60 7.90
Qiman |Sample Size 1478 1180 1350 1291 1279 1424 558 544
All Children No of Goitres 97 83 107 167 151 129 97 51
All Children Goitre Rate 651 7.03 792 1293 1180 9.76 17.40 9.37
7 - 14 years Goitre Rate 9.20 1210 9.87 1340 19.60 1240 17.40 9.40

TABLE 2.2. SUMMARY OF GOITRE PREVALENCE AND IODISED SALT SURVEYS CONDUCT ED IN 7 VILLAGES INCLUDING WUZUN
AND QIMAN, KUQA DISTRICT IN 1996 (Dr Abdula, pers commun.).

Wage Sample Size No of Goitres Goitre Rate Mean Urinary No Taking tsalt -Salt Coverage No of No Containing
%  lodine (mgfl) Rate % Salt Samples 40 mgl/kg
Wuzun 40 16 40.00 85.80 5 12.50 4 3
Qiman 40 17 42.50 166.43 21 52.50 17 14]
7 Villages* 280 101 36.07 113.17 109 38.93 94 72

* includes Wuzun and Qiman
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TABLE 2.4. SUMMARY OF GOITRE PREVALENCE AND IODISED OIL INJECTION PROGRAMMES CARRIED OUT IN KUQA DISTRICT IN
1997 (Dr Abdula, pers. commun.)

Wage Population No of Goitres  Goitre Rate | Children Aged 0 - 6 Children Aged 7 - 14

% Total No  No Receiving Oll Total No No Receiving Oil
Wuzun 1628 95 5.8 3215 882 5825 5743
Yaha 9575 nd 3804 633 5553 4277
Qiman 11193 49 0.4 4360 4051 6289 6187
Sandagiao 8131 143 1.8 3490 3441 4071 4005
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2.3.3 Area3: Wushi District, in Aksu County

Woushi Town is the administrative centre for a network of
villages developed on an irrigated aluvial plain in the
valley of the River Tuogishan.

The population of Wushi District is aimost entirely of
Uiger decent. Cotton is grown in this region but not on
the same scale as AC 148. The cotton seedlings are
protected under plastic sheeting for the first few months
of cultivation and remnants of the sheeting are ubiquitous
in the soils of the area. Grapes are also a very important
crop, the average annua household income is
approximately 1000 RMB (£83) from the sale of grapes
and other fruit (Dr Jousip pers. commun.). Wheat is the
staple food and is used to make bread and noodles. Maize
is aso grown in the region and the population
occasionally buy rice from the market in Wushi Town.
Food production is carried out on land managed by
farming families within each village and wheat is stored
in individual homes. Therefore, in this area, soil, grain
and vegetable samples were taken from representative
fields and grain stores within each village. Unlike the
other two study areas, several farmers reported that their
wheat production was not enough to supply their family
needs therefore wheat is also bought-in from the market
in Wushi Town. The main vegetables and fruit in the diet
are cabbage, tomatoes, peppers, beans, rapeseed ail,
grapes, watermelon apricots and walnuts. People of this
region predominately eat mutton and yoghurt is another
common dietary constituent. Seafood and kelp are not
consumed in this region. No dietary surveys have been
carried out in this area but estimates of likely dietary
intake are shown in Table 2.5. NPK fertilisers are used in
thisarea (10 — 20 kg per mu, 1 mu = 0.067 ha) and animal
waste is applied to the land al so.

TABLE 2.5. ESTIMATES OF DIETARY INTAKE IN WUSHI
DISTRICT

Food Dietary Intake Per Person Per Day
a b

Wheat 0.5kg 0.8 kg

Cabbage 0.3-0.5kg

Vegetables 0.5 kg

Fruit 0.5 kg

Water 21

a= Local farmers estimate b= Dr Zhang estimate

Water supplies in this area are derived from the irrigation
channels, from shallow groundwater wells and deeper
aquifer resources. In each village, the water supply used
by the majority of the population was sampled.

Children in the area attend local village primary schools.
The Chinese project partners selected an appropriate
school within each village at random for the present
study.

Pre 1980 there were no systematic IDD surveys carried
out this region but the area was famous for people with
goitre known as ‘ pumpkin necks'. In a survey carried out
over the whole of Aksu County in 1995 of 1200 8 — 10
year-old children, the goitre prevalence rate in the area
was estimated at 45.6%. In a survey of west Aksu County
including Wushi District in 1999 of 480 8 — 10 year-old
children, the goitre prevalence rate was 60% (Dr Zhang,
pers. commun.) Surveys were based on palpable hand
determinations and the majority of goitres were grade 1
and 2 (WHO classification).

The people in this District cannot afford iodised salt and
don't like the taste of it. The local population use rock
salt, which is mixed with water to form a brine solution
held in kitchen storage jars. The brine is used in cooking.
Initiatives to encourage people to use iodised salt in the
past have included posting guards at the rock salt minesto
prevent extraction and providing subsidies for the
purchase of iodised salt. The Public Health Bureau
developed iodine releasers for use in the kitchen brine
storage jars. Each releaser was designed to provide 200
pg/day per person for 3 — 5 people in each family. The
releasers lasted for 1 year. This approach was adopted in
Wushi and Kuga Districtsin 1995 for one year only asthe
Government emphasis shifted to encouraging uptake of
iodised salt. Aniodised oil programme similar to the one
implemented in Kuga was carried out during 1999/2000
in Wushi District also.

During 1999 as part of the XIDP, potassium iodate
(KIO3) was added to irrigation waters in the area
according to the scheme summarised in Table 2.6. A 5%
solution was dripped at a controlled rate from old metal
oil barrels converted to dripping tanks placed on wooden
frames over the irrigation channels (Shaohua and
Delong, 2000). Dripping was carried out over a2 — 4
week period during May-June corresponding to the
maximal irrigation of the fields devoted to wheat
production during the mid-late growth phases of the crop.
The locations of the dripping tanks are shown on Figure
2.3. Prior to dripping, the iodine content in urine and soils
was determined in each village (Tables 2.7 and 2.8).
Results of a soil survey after the dripping process
revealed a very significant increase in soil water-soluble
iodine contents (Table 2.8).



Table 2.6. Proposals for the 1999 iodine dripping programme in Wushi District (SHAOHUA AND DELONG, 2000)

Village Population Potassium bdate Number of Tanks Land Area
(kg) (mu)*
Dagiao 14160 90 9 66256
Wushi Town 4038 20 2 7293
Aheya 28207 170 17 84805
Autebeixi 19037 120 12 59433
Yimamu 17528 140 14 87422

*1mu=0.067 ha

TABLE 2.7. URINE IODINE CONTENTSIN WUSHI DISTRICT IN 1998 PRIOR TO IODINE DRIPPING (SHAOHUA AND DELONG, 2000)

Village Number of Urinary lodine (ug/l)

Samples Median Geomean Standard Dev.
Dagiao 5 104.81 99.71 254.15
Wushi Town 5 192.52 168.18 63.51
Aheya 5 127.44 131.50 70.97
Autebeixi 4 109.09 120.12 63.55
Yimamu 4 61.07 99.71 254.15

Dev = Deviation

TABLE 2.8. SOIL WATER SOLUBLE IODINE CONTENTSIN WUSHI DISTRICT IN 1999 PRIOR TO AND POST IODINE DRIPPING
(SHAOHUA AND DELONG, 2000)

Village Pre-dripping Post-dripping
Number of Soil water soluble lodine (ng/g) Number of Soil water soluble lodine (ng/g)
Samples Average Standard Dev. Samples Average Standard Dev.
Dagiao 5 17.60 5.55 5 124.44 67.94
Wushi Town 5 17.90 5.86 5 108.70 54.85
Aheya 5 23.20 4.69 5 104.60 36.13
Autebeixi 5 17.10 7.05 5 112.60 112.60
Yimamu 5 12.70 6.03 5 98.60 98.60

Dev = Deviation



3 Geochemical Surveys

31 SAMPLING METHODS

311 Sampling Design

In order to determine the geochemical environment of the
three study areas, in each of the 15 villages a suite of
geochemical samples was collected following sampling
strategies developed during previous geochemistry and
health studies (Johnson et a., 2000) (Fordyce et al.,
2000). In each village 5 topsoil samples, 5 wheat (staple
grain), 3 cabbage (stable vegetable) and 1 drinking water
sample were collected. In order to examine the dispersion
of iodine in the environment in Wushi District (Area 3)
where iodine-dripping technology has been applied to the
irrigation system, 7 additional water and soil samples
were collected from the River Tuogishan, which drains
theiodinated, irrigated zone (Plate 2.1).

Samples were coded UR for Urumgi and numbered
according to a random number list. Sample details were
recorded on field cards. Village and sample details are
summarised in Appendices A-D. Field sampling
equipment is listed in Appendix E.

In addition to the total iodine concentration of
environmental materials, many other factors can influence
the mobility of iodine in the environment and uptake into
crops and the human food chain. Factors that control the
mobility of iodine in soils such as pH, organic matter
content and major element chemistry included in the
present study to enhance the understanding of the
environmental controls on iodine uptake in the three study
areas.

3.1.2  Soil Sampling and Preparation

Soil samples were collected from cultivated land in and
around the targeted villages (Plate 3.1). The soils were
generally very dry when collected, however, in some
recently irrigated fields the soils were damp but not
waterlogged.

(@) All sampling equipment (stainless steel trowel and
plastic sheet) was cleaned before use.

(b) Using the trowel, four holes were made at the corners
of a20 m square and the fifth hole in the centre of the
square. The top c¢.1 cm organic rich layer was
discarded and the samples collected from
approximately 2 — 15 cm depth. The five sub-samples
were placed on aplastic sheet.

31

(c) Any large rootlets and stones were hand picked from
the sample and discarded.

(d) The accumulated sample was homogenised on the
plastic sheet.

(e) The sample was placed in agrey securitainer (49 x 75
mm) and black waterproof marker pen was used to
write the number carefully on the top, side and
bottom of the securitainers (to avoid the number
being rubbed off during transport). Sample containers
were also coded with the letter S to indicate they
contained a soil sample. The grey securitainer
samples were transported back to the UK for sample
preparation in by BGS.

(f) Samplefield cards were completed at each site noting
site characteristics (see Annex B).

(9) Duplicate soil samples were collected in the same
way, from five different holes in the same field as the
original sample.

(h) On return to the BGS laboratory samples were again
homogenised and coned and quartered. One quarter
of the sample was returned to the origina contained
and stored for future reference.

(i) Duplicate samples were split to give analytical sub-
samples to be used for monitoring analytical
precision and accuracy.

(j) The soils were dried in an oven at less than 30° C
then dissaggregated.

(k) A 10 g split of the sample was set aside for soil pH
determination and 5 g for soil colour determination.

() The remaining sample was sieved to - 2 mm. From
this fraction 2 g was taken for loss-on-ignition
determination (LOI).

(m) The -2mm fraction was pulverised in an agate ball
mill to-150pm.

(n) 10 g of each pulverised sample was placed in a small
securitainer pot and sent to the IRMA laboratories for
trace and major element analyses.

(o) 10 g of each pulverised sampled was submitted to the
BGS analytical laboratories  for iodine
determinations, imported to the UK under the terms
of the MAFF import licence.



(p) Excess pulverised material is stored for future
reference. Following receipt of the LOI results thirty
samples were selected for Se, total organic carbon
(TOC) and cation exchange capacity (CEC) analysis.

Plate 3.1. Soil sample collection in Wushi (Study Area
3)

313 Water Sampling

In Agricultural Commune 148, the villages were supplied
by water pumped from underground aquifers and stored in
water tanks in each village. In the Kuga and Wushi areas
the population used water from shallow and deeper
aquifers and surface water sources for drinking. In each
village, the water supply applicable to the majority of the
population was sampled. Therefore a variety of deep
groundwater from taps, shallow groundwater from pumps
and surface water from irrigation channels was collected
during the present study (Plates 3.2 and 3.3). Where
possible taps and pumps were flushed through for several
minutes before the sample was collected. In some
villages, piped water was only available at certain times
of day and water was therefore collected from water
storage containers.

(@) At each site, the following suite of water samples
were collected:

- One 30 ml filtered water sample collected in
trace element free polyethylene Nalgene®
bottles for iodine analysis labelled I.

- One 30 ml filtered acidified water sample
collected in a polystyrene Steralin® vial for
major cation analysis labelled F/A.

- One 30 ml filtered unacidified water sample
collected in a polystyrene Steralin® via for
major anion analysis labelled F/UA.

- One 30 ml unfiltered water sample collected in a
polystyrene Sterain® vial for pH and Eh
determinations.
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- One 250 ml unfiltered water sample collected in
a polyethylene bottle for bicarbonate and
conductivity determinations.

(b) A waterproof black marker pen was used to write the
sample number clearly on the tops and sides of the
bottles.

(c) Each filtered water sample was collected using a 25
ml plastic syringe and a disposable Millipore®
0.45um filter. A new filter cartridge was used for
each site to avoid any possible cross-contamination
between sites.

(d) At each site the filtered water samples were collected
first avoiding disturbance to water in the container
used in each household.

Plate 3.2. Collection of water samplefrom atap in a
homein Wushi District (Area 3)

(e) Water was drawn into the syringe, which was rinsed
out twice. The syringe was filled with water again
and connected to the filter cartridge, which was also
rinsed out twice. The syringe wvas refilled and the
sample bottle was rinsed out twice with filtered water
prior to being filled. The 30 ml Nagene® bottles
were filled to the shoulder.

(f) For wunfiltered water samples, both the 30 ml
Steralin® via and the 250 ml polyethylene bottle for
pH, Eh and conductivity determinations were rinsed
out twice in the water. Where possible, the vial and
the bottle were both submerged underwater whilst the
caps were secured making sure that no air was
trapped in the sample container. This minimises the
degassing of HCO;s in the samples.

(g) Carewastaken to keep all bottles and filters clean.



Plate 3.3 Collection of 0.45 um filtered water sample
for iodineanalysis.

(h) Duplicate samples were collected in the same way
from the same water source as the original samples.

(i) 30 ml samples collected for major cation analysis
were acidified within 4 hours of the end of fieldwork
each day by the addition of 0.3 ml (8 drops)
ARISTAR grade nitric acid. Addition of 1% vol/vol
acid reduces the pH of the samples to approximately
1.0, thus preventing adsorption of dissolved metals to
the interior walls of the storage bottle and minimising
post-sampling microbial activity.

(i) One NaOH pellet was added to each of the samples
collected for iodine analysis to maintain alkaline pH
ensuring any iodine present remained in solution

(k) Care was taken to avoid introducing contamination
through the plastic dropping pipettes, each of which
were stored in a plastic self-seal bag and did not
come into contact with bench surfaces.

(D Eh and pH measurements, bicarbonate and
conductivity determinations were also carried out at
the end of each day’s sampling. Procedures are
detailed in Section 3.2. Following the measurements,
these samples were discarded and the sampling
containers reused.

(m) Three field-blank iodine, filtered acidified, and
filtered unacidified samples were made up near the
start and end of fieldwork. Bottles were rinsed twice
with filtered deionised water, filled to the shoulder
with filtered deionised water and acidified/ treated in
the same way as the samples. The field-blanks were
numbered in the same way as the samples according
to the random list.

(n) At all stages great care was taken to ensure that
sampl e bottle tops were securely tightened.

(o) The 30 ml Steralind vials were transported back to
the UK for analysis at BGS laboratories for Ca, Mg,
K, Na, Cl, NO3, SO4 and F.

(p) The 30 ml Nalgenea bottles were transported back to
Urumgi for iodine analysis at the EDI laboratories.

314 Vegetable and grain sampling and
preparation

Wheat and cabbage were the two staple crops grown in all
three-study areas. Within each village, 5 wheat and 3
cabbage samples were collected. In Agricultura
Commune 148, wheat from the surrounding villages was
held in a central storage facility in AC148 town. In this
study aea, it was not possible to collect wheat samples
from individual villages but 15 samples were collected
from different wheat storage areas within the central
facility to give samples representative of the area (Plate
3.4)

In Kuga and Wushi Districts, wheat was stored on
individual farms. Within each village, wheat samples
were collected from 5 household stores corresponding to
fields from which soil samples had been collected (Plate
3.5).

Samples were collected in cloth bags labelled with the
sample number and G for grain.

Unlike the wheat crop, the cabbage crop was growing in
the fields at the time of sampling. Five sub-samples of
leaves were collected from cabbages at each corner and in
the middle of a 20 m square within each field sampled.
Leaves were mllected into a cloth bag labelled with the
sample number and V for vegetable (Plate 3.6).

Duplicate samples were collected in the same way, from
the same grain store and from cabbage plants in the same
field asthe original samples.

Samples were submitted to the analytical |aboratories of
the EDI in Urumgi for preparation and determination of
iodine.

(@) Sampleswere washed with deionised water
(b) Sampleswereair dried

(c) A coffee blender was used to powder each vegetable
and grain sample.



Plate 3.4 Collection of wheat sample from the main
grain storein Agricultural Commune 148 (Area 1).

Plate 3.5. Collection of wheat sample from a household
grain storein Wushi (Area 3).

3.15 Rock Salt and Coal Samples

Two samples of rock salt, one grey in colour the other
white were collected from a rock salt mine to the north of
Kuga and a sample of coa used for fuel in local homes
was aso collected in Kuga town to assess the iodine

contents. These samples were prepared in the same way
asthe soil samples.

Plate 3.6 Collection of a cabbage sample, leavesfrom 5
cabbages within the same field wer e collected and
combined to form one sample.

32 ANANLYTICAL METHODS

The analytical methods described below were carried out
in the BGS laboratories unless specified otherwise

321 Fidd Methods

Water pH, temperature, Eh, total akalinity and
conductivity were determined on the water samples
during the evening after their collection. These methods
are detailed in Appendix F.

3.22  Soil Analyses

3.22.1 COLOUR

Sail colour was determined using Munsella Soil Colour
Charts on the dry pulverised powders. A Munsell colour
code was determined for each sample and soils were
grouped into general colour ranges based on the Munsell
soil colour name diagram.

3222 PH

Soil pH was determined on 10g of the unprepared soil
sample to which 10ml of 0.01M CaCl, solution had been
added. The pH of the soil paste was measured with a
standard Orion& pH meter. This method of soil pH
determination generally gives lower results (0.5 pH units)
than water based methods (Appendix B).



3.2.2.3 LOSS-ON-IGNITION (LOI)

Accurately weighed sample powders dried at 35°C + 5°C
were placed in afurnace at 105°C and heated to 450°C for
a minimum of 4 hours. The percentage weight loss after
ignition at 450°C can be used as an indication of the
amount of organic matter present.

3.2.2.4 TOTAL ORGANIC CARBON (TOC)

Total organic carbon contents were determined on 30
selected soils (two from each village). The analysis was
performed using a LECO CS125 Carbon Analyser (at
Geolab, UK). Ground samples are accurately weighed
into LECO crucibles. They are treated 4 times with hot
10% HCI to remove oxidised carbon (carbonate) followed
by 4 washes with distilled water. The samples are then
dried inan oven at 60 °C prior to analysis. The instrument
is calibrated with a LECO carbon steel ring.

3.2.2.5 CATION EXCHANGE CAPACITY (CEC)

Cation exchange capacity was determined in 30 selected
soils (two from each village). The technique used is based
on the compul sive exchange between aqueous solution of
MgSO, and a barium soil (Bascomb, 1964). Samples were
saturated with Ba, supplied as BaCl, solution, and any
excess was removed by washing with deionised water.
MgSQO, solution was added to the soil and left for 2 hours.
Barium is removed as insoluble BaSO,, and the amount of
Mg exchanged was determined by titrating the excess
MgSO, solution with EDTA.

3.2.2.6 TOTAL IODINE AND WATER SOLUBLE IODINE

The total and water-soluble iodine content of soils were
determined by vapour generation inductively coupled
atomic emission spectrometry (ICP-AES) according to the
methods outlined in Appendix G.

3.2.2.7 MAJOR AND TRACE ELEMENTS (DI:—FERMINED BY
IRMA)

Major cations (Al, Fe, Ca, Mg, Mn) and trace elements
(Cu, Ni, Zn) were determined in the soils by ICP-AES
following a hot acid (HNO3-HCIO,) digestion (Fordyce et
a., 1998). Total Se was determined in 30 selected soils
(two from each village) by Atomic Fluorescence
Spectrometry (AFS) (Fordyce et a., 1998).

323 Water Analyses

3.2.3.1 IODINE (DETERMINED BY EDI)

lodine was determined by Barker’'s modified incineration
technique and catalytic reduction of the ceric ion (Ce*")
by arsenite salt (AS>") (See section 3.2.4.1 below)

3.23.2 CA,MG K,NA, F, NOs, S04, CL

Major cation (Ca, Mg, K, Na) determinations were carried
out by ICP-AES and anion determinations by ion

chromatography (IC) at the BGS laboratories in Keyworth
(Appendix G).

3.24  Vegetable Analyses

3.2.4.1 |ODINE (EDI)

Total iodine concentrations in grain and cabbage leaf
samples were determined by Barker's modified
incineration technique. 0.5 g of ground powder were
weighed into a test tube. Dilute NaOH was added
followed by ZnSO,. The sample was digested and dilute
HCl and H,SO, added to neutralise the alkaline solution.
As** and Ce** were added and the analytes were heated in
a water bath at 39°C for 10 minutes before the solution
colour was determined. Results are reported as dry weight
(DW).

33 DATA QUALITY CONTROL

In any scientific study it is important to document the
reliability of the sampling and analytical methodsto prove
that the study is robust. During the present study, data
quality was assured by the collection of field duplicate
samples and the inclusion of blank water samples,
analytical replicates and international reference materials
in the analytical runs. Results of these determinations are
detailed in the following sections.

3.3.1 Limitsof Detection (LOD)

The LOD for the various types of analysis are listed in
Table 3.1.

TABLE 3.1 LIMITS OF DETECTION FOR EACH ANALYTICAL
METHOD

Method Sample Type Determinant LOD
ICP-AES Soil Total | 0.5 pg/g
ICP-AES Soil Water Sol. | 0.020 pg/g

Barker’s » Wheat |
Barker's * Cabbage |

1 ug/100g DW
1 pg/100g DW

Barker’s » Water | 0.07 g/l
ICP-AES * Sail Al 0.05 wt%
ICP-AES * Sail Fe 0.05wt%
ICP-AES * Sail Ca 0.05 wt%
ICP-AES * Sail Mg 0.05wt%
ICP-AES * Sail Mn 10 pg/g
ICP-AES * Soil Cu 2 pg/g
ICP-AES * Soil Ni 4 uglg
ICP-AES * Soil Cu 2 pg/g
ICP-AES * Soil Zn 1 ug/g
AFS * Soil Se 0.01 pg/g
ICP-AES Water Ca 0.10 mg/l
ICP-AES Water Mg 0.01 mg/l
ICP-AES Water Na 0.35 mg/l
ICP-AES Water K 0.50 mg/l
IC Water cl 0.10 mg/l
IC Water SO4 0.30 mg/l
IC Water NOs 0.30 mg/l
IC Water Br 0.03 mg/l
IC Water NO. 0.01 mg/l
IC Water F 0.05 mg/l

~ EDI laboratories Urumgqi * IRMA laboratories Beijing
Unless otherwise stated, BGS laboratories Keyworth  Sol = Soluble



3.3.2 Analytical Replicate Results

Repeat analyses were carried out on soil, cabbage, wheat
and water samples. Analytical replicate results for soil pH
(BGS laboratories), soil elements apart from iodine
(IRMA laboratories), and iodine in water and wheat
samples (EDI laboratories) show good repeatability of the
methods (Table 3.2). However, results for iodine in
cabbage samples (EDI laboratories) show marked
variation (> 20%) for sample UR11l. Total and water
soluble iodine in soil replicates show marked variation (>
20%) at low concentrations close to the detection limits
(Table 3.2 and Appendix G).

333 Sample Replicate Results

Six soil, wheat and cabbage replicates prepared by cone
and quartering a sub-sample from the original material
were analysed to assess the homogeneity of the samples
and the reliability of the analytical methods. Soil major
and trace element analyses (IRMA laboratories), soil LOI
and pH determinations (BGS laboratories) and iodine
contents in wheat and cabbage (EDI laboratories) show
generally good repeatability of the results (< 20%
variation) (Table 3.3). However, soil total and water-
soluble iodine contents (BGS laboratories) show marked
variability (> 20%) at low concentrations close to the
detection limit (Table 3.3).

334 Field Duplicate Results

Results for field duplicates indicate that in general,
variability between samples collected in the same location
is low (< 20%) (Table 3.4). Duplicate pair UR28/UR7
show marked variability (> 20%) for CEC in soils
probably due to differences in soil type within the same
field. Soil total iodine concentrations show marked
variability (> 20%) in this and UR71/UR66 duplicate
pairs due to proximity of acncentrations to the limits of
detection and possible differences in soil types collected
in the same field. Samples UR28/UR7 and UR71/UR66
show very marked variability (> 20%) for iodine
concentrations in wheat indicating differences in samples
from the same grain store. Water duplicate pair
UR7/UR28 has very differing nitrite and nitrate
concentrations. In the case of nitrite this may be due to
proximity of the concentrations to the LOD but may also
represent differing chemistry or reactions following
collection between the duplicate samples.

3.35 Resultsfor International Standards

The accuracy of the analytical methods was determined
by the inclusion of international standards in the
analytica runs (Table 3.5). In genera, the results

demonstrate good precision of the methods, however total
iodine concentrations in soil standards GBW07401 and
GBWO07401 and iodine concentrations in the tomato |eaf
standard SRM1573a are lower than the reference values
probably due to differences in the analytical methods
adopted. In particular the tomato leaf reference value is
not certified and was determined by |CP-AES rather than
the modified Barker’ s technique used in the present study.

336 DataProcessing

Results for analytical replicates, sample replicates and
field duplicates were averaged and results below the LOD
set to 2/3 of the detection limit for the purposes of data
interpretation and statistical analyses. Results for soil and
water analysis collected along the River Tuogishan in the
Wushi study area were considered separately from the
interpretation and statistical analysis of village soil and
water results. Spearman Rank non-parametric correlation
coefficients were calculated for statistical analysis, as
these are less sensitive to outlying values than product
monent (Pearson) correlations.



TABLE 3.2 ANALYTICAL REPLICATE RESULTS FOR SOIL, CABBAGE AND WATER SAMPLES

Sample No  Soil |Sample No Soil Sample No Soil Soil Al Soil Fe Soil Ca Soil Mg Soil Mn  Soil Cu Soil Ni Soil Zn Soil Se [|[Sample Cabbage [[Sample No Water |
pH WSol | Total | wt%* wt%* wt%*  wt%* pa/g* pg/g*  ug/g* pg/g*  pg/g* |[No pg/100g” ug/l
HO/g HO/g Dw

UR6 8.20| IS GBW07402  #0.012[IS GBWO07309 5.99 3.49 4.19 151 62200 37.20 26.50 79.10 UR11 11.24 URS8 3.2
URG 8.20| IS GBW07402  #0.02|IS GBW07309 596  3.65 4.52 150 64400 39.60 26.90 82.90 UR1l 7.74 UR58 2.99
\% 0.00V 35.36|V 0.36 3.17 5.36 0.47 2.46 442 1.06 3.32 26.08 4.80
UR10 7.70|UR7 0.020(IS GBW07401 0.14lUR92  8.42 URG6 Dup B1 98.0C
UR10 7.70|UR7 #0.012[IS GBW07401 0.17UR92  9.13 URG66 Dup B1 95.0C
\% 0.00lV 35.35) 13.6 5.72 2.20
UR17 8.00|UR15 0.030[ IS GBW07402 154 0.19UR98  14.19 UR77 3.3C
UR17 8.00|UR15 #0.02| IS GBWO07402 1.42 0.17JUR98  15.32 UR77 3.0C
\% 0.00V 28.28|V 5.70 7.86|V 5.42 \ 6.73
UR19 SS A2 7.70|UR28 #0.012|UR7 1.40

UR19 SS A2 7.80|UR28 #0.012|UR7 0.99

\% 0.91vV 0.00lV 23.83

UR25 8.40|UR36 #0.012|UR16 #0.5

UR25 8.40|UR36 #0.012|UR16 #0.25

\Y 0.00|V 0.00lV 47.14

UR33 7.70|UR38 #0.012|UR24 0.87

UR33 7.80|JUR38 #0.012|UR24 0.96

\Y 0.91}vV 0.00|V 6.84

UR35 9.40|UR50 #0.012|UR31 1.27

UR35 9.40|UR50 #0.012JUR31 141

\Y 0.00|V 0.00|V 7.02

UR46 7.90|UR54 #0.02/UR42 0.59

UR46 7.90|UR54 #0.02|UR42 0.69

\% 0.00lV 0.00lV 11.59

IS GBWO07402 8.60 URS58 0.83

IS GBWO07402 8.70 UR58 1.18

\% 0.82 \% 24.87

UR54 Dup A2 7.70 URG5 1.96

UR54 Dup A2 7.80 URG5 1.22

\% 0.91 \% 32.92

UR56 8.70 UR75 0.91

UR56 8.60 UR75 1.33

\% 0.82 \% 26.64

URG66 Dup B1  7.80 UR82 0.58

UR66 Dup B1  7.90 UR82 0.66

\% 0.90 \% 9.10

UR92 8.20 UR93 1.05

UR92 8.20 UR93 1.19

\% 0.00 \% 8.81

UR98 7.70

UR98 7.80

V 0.91]

V = coefficient of variation expressed as % Unless otherwise stated, BGS lab analysis ” EDI lab analysis * IRMA lab analysis Dup = Field Duplicate IS = International Standard

DW = dry weight
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# At or below LOD

WSol = Water Soluble



TABLE 3.3 SAMPLE REPLICATE RESULTS FOR S0IL, CABBAGE AND WHEAT SAMPLES

LIMS ID Sample No. Soil Wheat | Cabbage |
ug/100g™ DW pg/100g”
Dw
Al wt%* Fewt%* Cawt%* Mgwt%* Mn pg/g* Cu pg/g* Ni pug/g*Zn pg/g* Se pg/g* Total | WSoll pH LOI@
ug/g ug/g 450°C

06873-00066 UR71 Dup Al 6.22 3.10 4.54 1.34 606.00 28.00 27.00 75.00 0.19 158 #0.012 790 2.82 8.95 12.46
06873-00057 UR60 SS Al 6.86 3.09 451 1.37 605.00 27.00 26.00 72.0C nd 160 #0.012 7.90 3.06 7.12 11.74
Y, 6.92 0.23 0.47 157 0.12 257 2.67 2.89 nd 0.76  0.000 0.00 5.77 16.105 4.21
06873-00062 UR66 Dup B1 7.00 3.28 461 140 619.00 29.00 27.00 76.0C 0.21 275 #0.012 7.85 3.04 5.40 10.72
06873-00031 UR34 SS B1 6.56 3.06 4.40 1.39 584.00 26.00 25.00 72.0C nd 1.88 #0.012 7.90 2.80 5.17 10.12
Y 4.59 491 3.30 0.51 411 7.71 5.44 3.82 nd 2647 0.000 045 5.81 3.08 4.07
06873-00051 UR54 Dup A2 5.43 285 10.20 196 622.00 29.00 23.00 83.0C nd 0.60 #0.02 7.75 3.42 1054 8.08
06873-00016 UR19 SS A2 5.44 2.77 9.81 193 599.00 26.00 22.00 80.0C nd 0.71 #0.012 7.75 351 10.45 8.02
Y, 0.13 2.01 2.76 1.09 2.66 7.71 3.14 2.60 nd 1151 35355 0.00 1.84 0.61 0.53
06873-00028 UR30 Dup B2 5.54 284 1011 197 606.00 29.00 24.00 85.0C nd #0.44 #0.012 7.80 3.67 10.20 8.65
06873-00006 UR8 SS B2 5.47 2.77 9.76 194 596.00 30.00 22.00 80.0C nd 0.69 #0.012 7.90 3.40 9.91 7.92
Y 0.90 1.76 2.49 1.09 1.18 2.40 6.15 4.29 nd 3145 0.000 0.90 5.40 2.04 6.23
06873-00026 UR28 Dup A3 6.01 2,92 9.68 159 687.00 31.00 27.00 97.0C 0.22 1.16 #0.012 7.80 2.9§ 341 1374
06873-00050 UR53 SS A3 5.78 2.96 9.79 154 671.00 27.00 25.00 72.0C nd #0.40 #0.02 7.70 2.85 3.14 14.16
Y 2.76 0.96 0.80 2.26 1.67 9.75 544  20.92 nd 6882 35355 091 2.68 5.83 2.13
06873-00005 UR7 Dup B3 5.99 2.89 9.52 159 661.00 28.00 22.00 72.0C 0.28 1.20 #0.016 8.10 2.85 12.88 10.35
06873-00048 UR51 SS B3 5.76 291 9.45 152 670.00 40.00 24.00 72.0C nd 0.91 #0.02 8.00 2.90 12.70 10.45
\Y, 2.77 0.49 0.52 3.18 0.96 24.96 6.15 0.0C nd 1959 15.713 0.88 1.23 1.00 0.68

V = coefficient of variation expressed as %
* |IRMA laboratory analysis

Dup = Field Duplicate
A EDI laboratory analysis

Unless otherwise stated, BGS laboratory analysis

SS = Sub-sample replicate

# At or below LOD

WSol = Water Soluble

nd = no data
DW = dry weight



TABLE 34 FELD DUPLICATE RESULTS FOR SOIL, CABBAGE, WHEAT AND WATER SAMPLES

LIMS ID Sample No. Soil Wheat | Cabbage |
pg/100g”  pg/100g”
Al Fe Ca Mg Mn Cu Ni Zn Se Totall WSoll CEC % TOC % Moisture @ pH LOI @ 450°C| DW DW
wtoe*  wt%*  wt%* wt%* ug/g* ug/g* ug/g* pg/g* pg/g* pglg ua/g meq/ 105°C
1009

06873-00066 UR71 Dup Al 6.54 310 453 1.36 60550 27.50 26.50 73.50 0.19 1.59 #0.012 14.94 0.75 1.68 7.90 2.94 8.04 12.10
06873-00062 UR66 Dup B1 6.78 3.17 451 1.40 601.50 27.50 26.00 74.00 0.21 2.32 #0.012 13.71 0.78 1.63 7.88 2.92 5.29 10.42
\% 255 169 031 2.06 047 000 135 048 7.07 2643 0.00 6.06 2.77 1.88 0.22 0.48 29.20 10.55
06873-00051 URS54 Dup A2 544 281 10.01 1.95 610.50 27.50 22.5C 81.50 nd 0.66 #0.016 nd nd nd 7.75 3.47| 10.50 8.05
06873-00028 UR30 Dup B2 551 281 994 196 601.00 29.50 23.0C 82.50 nd 0.57 #0.012 nd nd nd 7.85 3.54 10.06 8.29
\% 09C 0.13 050 0.36 111 496 155 0.86 nd 10.61 20.20 nd nd nd 0.91 1.41 3.03 2.03
06873-00026 UR28 Dup A3 590 294 974 157 679.00 29.00 26.00 84.50 0.22 0.78 #0.016 14.41 0.92 0.89 7.75 2.9 3.28 13.95
06873-00005 UR7 Dup B3 588 290 949 156 665.50 34.00 23.00 72.00 0.28 1.05 #0.018 9.72 0.96 0.91 8.05 2.88 12.79 10.40
\% 0.24 097 184 045 142 11.22 8.66 11.30 16.97 20.98 8.32 2745 3.01 1.8C 2.69 0.73 83.76 20.62
LIMS ID Samnole No. Water

| Ca Mg Na K Cl SOs NOs Br NO, F pH Temp °C Conductivity Alkalinity Corrected

pg/ll. mg/ll mg/ll._ mg/ll mg/ll mg/ll mg/ll mg/ll mg/l mgl/l mag/l uS mg/l Eh mV

CaCOs

06873-00066 UR71 Dup A1| 88.00 2.19 0.40 105.21 0.50 33.00 50.5C 0.30 #0.03 #0.01 0.99 9.25 24.60 534.00 127.00 333.20
06873-00062 UR66 Dup B1 | 96.50 2.21 0.46 111.78 0.50 32.60 50.6C 0.30 #0.03 #0.01 0.91 9.23 24.40 538.0C 125.00 335.70
\% 6.52 0.93 10.06 4.28 0.00 086 0.14 0.00 0.00 0.00 5.95 0.15 0.58 0.53 1.12 0.53
06873-00051 URS54 Dup A2 0.9C 78.64 33.05 28.28 444 31.70 70.7C 11.30 #0.03 #0.01 0.17 7.47 22.80 758.0C 225.00 300.30
06873-00028 UR30 Dup B2 1.00 80.01 33.97 30.40 409 3250 71.9C 11.70 #0.03 #0.01 0.17 7.49 21.60 722.0C 224.00 308.40
\% 744 123 193 511 582 176 119 246 0.00 0.00 211 0.19 3.82 3.44 0.31 1.88
06873-00026 UR28 Dup A3 440 174.86 61.04 121.02 8.91 164.00 291.0C 16.50 0.06 #0.01 0.08 731 1850 1820.0C 282.00 277.40
06873-00005 UR7 Dup B3 3.70 172.15 59.62 118.03 8.75 177.00 309.0C 8.54 0.05 0.19 0.11 729 1810 1840.0C 288.00 282.20
\% 12.22 110 167 177 130 539 4.24 4496 17.18 127.28 22.33 0.19 1.55 0.77 1.49 1.21
V = coefficient of variation expressed as % Dup = Field Duplicate # At or below LOD nd = no data WSol = Water Soluble
* IRMA laboratory analysis ~ EDI laboratory analysis Unless otherwise stated, BGS laboratory analysis DW = dry weight



TABLE 3.5 RESULTS (DRY WEIGHIT) FOR INTERNATIONAL STANDARD SOIL AND VEGETATION MATERIALS

Standard Type Al wt% Fe wt% Cawt% Mg wt% Mn pg/g Cu ug/g Ni ug/g Zn ug/g Se ug/g Total | ug/g
GBWO07309 Soll 5.99 3.49 4.19 1.51 622 37.2 26.5 79.1

GBWO07309 Soil 5.96 3.65 4.52 1.50 644 39.6 26.9 82.9

Standard Value 5.6+0.08 3.4+40.08 3.82+0.10 1.44+0.05 620+30 32+3 32+4 7815

GBWO07401 Soil 0.14 1.59
GBWO07401 Soil 0.17 1.80
GBWO07401 Soil 1.32
GBWO07401 Soil 1.71
GBWO07401 Soil 1.75
GBWO07401 Soil 1.59
GBWO07401 Soil 1.23
GBWO07401 Soil 1.34
GBWO07401 Soil 1.67
GBWO07401 Soil 1.87
Standard Value 0.14+0.04 1.9+0.2
GBWO07402 Soil 0.19 1.42
GBWO07402 Soil 0.17 1.54
Standard Value 0.16+0.04 1.840.2
GBWO07505 Soil 4.40
GBWO07505 Soil 3.86
GBWO07505 Soil 3.88
GBWO07505 Soil 3.69
GBWO07505 Soil 3.65
GBWO07505 Soil 3.53
GBWO07505 Soil 3.83
Standard Value 3.810.5
SRM1573a Tomato Leaves 0.3097
SRM1573a Tomato Leaves 0.3181
SRM1573a Tomato Leaves 0.3083
SRM1573a Tomato Leaves 0.3082
SRM1573a Tomato Leaves 0.3047
SRM1573a Tomato Leaves 0.3163
SRM1573a Tomato Leaves 0.3115
SRM1573a Tomato Leaves 0.3087
SRM1573a Tomato Leaves 0.3108
SRM1573a Tomato Leaves 0.3091
Standard Value 0.85




34 RESULTS

All geochemical analyses are listed as tables in
Appendices B - D. In this section the data are presented as
graphs and statistical tables, classified according to the
three study areasto aid datainterpretation.

341 Soil

3411 PH

As the box and whisker plots (Figures 3.1 and 3.2) and
Table 3.6 show, soil pH is neutral to alkaline across the
three study areas (range pH 7.7 — 8.4). These results are
consistent with the arid desert environment. AC148 and
Kuga soils average around pH 8.0 (median pH 7.9 and pH
8.0 respectively). Soils from the Wushi are slightly more
alkaline (median pH 8.1) (Figure 3.1) largely due to the
presence of higher pH soils in Dagiao (median pH 8.2)
(Figure 3.2). Soil samples collected along the River
Tuogishan are not shown on the box and whisker plots
but summary statistics are listed in Table 3.7. These soils
are very alkaline ranging from pH 8.2 to 9.4.

3.4.1.2 LOSSON-IGNITION (LOI) AND TOTAL ORGANIC
CARBON (TOC)

TOC was determined on a selection of samples from the
three study areas to assess the relationship between TOC
and LOI as an indicator of organic matter (OM) content.
Assuming that TOC generally accounts for 58% of the
organic matter in soils, the OM content can be calculated
by multiplying the TOC values by 100/58.

The TOC and OM values determined in soil samples are
shown in Figure 3.3. The LOI values are slightly higher
than the TOC and OM contents and OM accounts for 41-
76% of the LOI in the soils. The disparity between OM
content and LOI is probably due to the loss of water from
clay minerals during ignition. LOI can be used as an
estimate of OM content in sandy soils but may be up to
twice the OM content in heavy textured soils because
clays and sesquioxides lose ‘structural’ water between
temperatures of 100 - 500 °C. Soil  moisture
determinations at 105 °C indicate average water contents
of up to 1.6%.

Despite the disparity, LOI values correlate closely (R*=
0.821) with the TOC and OM values (Figure 3.3) and for
the purposes of this study, LOI will be used as an
indicator of OM content.
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Soil LOI % @ 4500C

@® Soil OM %
B Soil TOC %

Soil LOI % @ 4500C = 1.027 + 2.065 * Soil TOC %; R"2 = .821
Soil LOI % @ 4500C = 1.027 + 1.197 * Soil OM %; R"2 = .821

Figure 3.3 Comparison between total organic carbon,
loss on ignition and organic matter content in Xinjiang
soils.

Theresultsfor LOI are generally low indicating soils poor
in OM. Median values for AC148, Kuga and Wushi are
250, 2.20 and 2.80% respectively (Table 3.6). Soils
collected from the banks of the River Tuogishan have
even lower OM contents (median LOI 1.0%, Table 3.7)
than the cultivated soils of the Wushi area. This is to be
expected as these soils comprise coarse river sediment
material.

The box and whisker plot of village LOI% (Figure 3.2)
shows that there is within village variability especialy in
Village 3 of Commune 148. The broad range in LOI
values from the same village can be attributed to
variations in soil type and agricultural practices. Despite
these variations, soils from al three areas have broadly
similar LOI% and TOC% results (Figure 3.1), however,
on average (median values) soils in the Wushi area have
higher TOC hence OM contents (Table 3.6).

3.4.1.3 CATION EXCHANGE CAPACITY (CEC)

The CEC of soils in the AC148 area varies considerably
between villages (Figure 3.2) reflecting different soil
types. CEC in soils in the Kuga and Wushi areas are
broadly similar (ranges 3.4 — 12.10 and 5.6 — 12.70
meq/100g respectively) however, CEC in AC148 soils is
generally higher (range 4.9 — 22.10) than in the other two
areas with the exception of Village 21 (Figures 3.1 and
3.2 and Table 3.6). The difference in the CEC between
AC148 soils and the other two study areas is considered
in more detail in terms of major element chemistry in the
following sections.



TABLE 3.6 SUMMARY STATISTICS FOR DETERMINANT SIN SOIL, WATER, WHEAT AND CABBAGE SAMPLESFROM THE THREE STUDY AREAS

Water
lug/l. Camg/l Mgmg/l Namg/l Kmg/l Cimg/l SOs mg/l NOsmg/l Brmg/l NO.mg/l Fmg/l pH Temp °C Conductivity Alkalinity Corrected
Eh mV
CaCoO3
Whole Dataset
Count 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Minimun 0.10 2.20 043 20.60 0.33 8.58 10.10 0.20 0.02 0.01 0.10 7.3C 18.30 536.00 81.00 267.00
Maximurr 100.00 174.00 112.71 1023.76 11.50 993.00 1150.00 15.00 0.06 0.72 193 924 25.60 5430.00 332.00 336.00
Geom. Mean 6.01 34.50 13.74 99.27 280 7343 119.82 1.83 0.03 0.02 0.42 8.06 22.18 1029.14 165.58 296.28
Median 3.25 57.60 30.40 11500 6.41 64.80 112.00 3.30 0.02 0.01 0.34 7.88 22.20 1080.00 147.00 288.60
Mean 30.10 65.76 37.26 159.34 481 142.67 207.94 4.97 0.03 0.07 0.61 8.08 22.27 1309.93 181.17 297.17
Area l- 148
Count 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Minimun 78.00 2.20 0.43 108.00 0.33 8.58 10.10 0.20 0.02 0.01 0.24 8.50 23.40 536.00 121.00 288.60
Maximurr 100.00 4498 11271 1023.76 2.49 993.00 1150.00 0.30 0.03 0.72 113 9.24 25.60 5430.00 132.00 336.00
Geom. Mean 88.25 5.65 156 18151 054 52.99 70.70 0.22 0.02 0.03 0.80 8.94 24.29 900.84 127.74 322.62
Median 92.25 4.03 0.59 122.00 0.33 33.90 50.60 0.20 0.02 0.02 1.10 9.02 24.40 580.00 129.00 329.00
Mean 88.65 11.79 2298 299.15 0.80 222.48 264.14 0.22 0.02 0.16 091 8.94 24.30 1546.60 127.80 323.12
Area 2 - Kuga
Count 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Minimun 2.40 38.20 2320 4870 6.41 64.80 84.50 0.70 0.02 0.01 0.10 7.3C 18.30 625.00 81.00 267.00
Maximurr 4.05 174.00 60.30 139.00 1150 171.00 300.00 15.00 0.05 0.10 193 8.00 21.40 1830.00 332.00 286.00
Geom. Mean 3.15 83.35 3741 10158 7.76 125.16 182.14 4.30 0.03 0.01 0.38 7.66 19.94 1198.65 164.31 279.13
Median 3.15 90.60 30.40 120.00 6.69 141.00 208.00 4.81 0.03 0.01 0.32 7.76 19.80 1182.00 168.00 281.00
Mean 3.19 95.28 40.44 107.94 7.97 13176 197.50 7.07 0.03 0.03 0.66 7.66 19.98 1282.00 191.80 279.20
Area 3 - Wushi
Count 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Minimun 0.10 54.00 2270 2060 270 31.70 68.60 3.30 0.02 0.01 0.12 7.36 21.70 550.00 147.00 270.00
Maximurr 3.70 113.00 7350 164.00 7.97 174.00 301.00 13.50 0.06 0.07 0.51 8.36 24.10 1840.00 315.00 307.00
Geom. Mean 0.78 87.24 4454  53.06 527 59.70 133.59 6.59 0.03 0.01 0.24 7.65 22.53 1009.46 216.30 288.83
Median 0.95 95.80 53.80 4390 6.41 61.80 112.00 5.00 0.02 0.01 0.21 7.48 22.20 1080.00 224.50 289.00
Mean 1.45 90.22 4836 7092 565 73.78 162.18 7.63 0.03 0.02 0.27 7.66 22.54 1101.20 223.90 289.20
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Table 3.6 cont.

Soil Wheat | Cabbaael
Al wt% Fewt% Cawt% Mgwt% Mnpug/g Cupg/g Nipg/g Znpg/lg Sepg/g Total | WSol |l CEC % TOC % Soil LOI @ |ug/100g  pg/100g
pg/g  pg/g  meq/100g Moisture pH 450°C |DW Dw
@ 105°C
Whole Dataset
Count 76 76 76 76 76 76 76 76 28 76 76 28 28 28 76 76 75 44
Minimun 4.43 1.84 2.49 1.11  464.00 13.00 14.00 49.00 0.14 0.30 0.012 3.40 0.41 0.40 7.70 1.50 3.17 3.55
Maximurr 7.45 390 13.75 272  775.00 53.00 30.00 91.00 0.51 3.90 0.040 22.10 2.05 7.40 840 4.70 38.87 23.46
Geom. Mean 5.74 281 7.62 1.70 613.53 26.71 2197 71.12 0.26 0.92 0.015 8.46 0.74 126 799 2.44 13.08 10.52
Median 5.65 2.83 9.80 1.60 614.00 27.00 2200 7150 0.25 0.98 0.012 8.85 0.72 1.05 8.00 250 12.88 10.51
Mean 5.78 2.82 8.48 175 616.11 2719 2215 7156 0.27 105 0.015 9.51 0.79 162 799 251 14.69 11.32
Area 1- 148
Count 25 25 25 25 25 25 25 25 9 25 25 9 9 9 25 25 25 14
Minimun 5.28 2.52 2.49 1.11  499.00 13.00 18.00 60.00 0.14 0.30 0.012 4.90 0.41 1.00 7.70 1.60 5.66 5.86
Maximurr 7.45 3.90 5.53 1.64 775.00 36.00 30.00 91.00 0.30 3.90 0.030 22.10 2.05 3.50 820 4.70 31.40 16.19
Geom. Mean 6.48 2.98 3.87 134 618.28 26.31 2163 7131 020 091 0.014 12.63 0.77 177 791 245 14.22 10.60
Median 6.66 2.95 3.99 1.32 611.00 26.31 21.00 70.00 020 1.05 0.012 14.90 0.71 1.70 790 250 13.36 10.67
Mean 6.51 3.00 3.98 132 620.78 26.00 2185 71.79 020 111 0.015 13.74 0.87 189 791 253 15.72 10.94
Area 2 - Kuga
Count 25 25 25 25 25 25 25 25 9 25 25 9 9 9 25 25 25 15
Minimun 4.43 1.84 8.64 134 464.00 16.00 14.00  49.00 0.16 0.30 0.012 3.40 0.47 0.40 790 1.50 3.17 3.55
Maximurr 6.04 3.01 13.75 240 696.00 53.00 26.00 78.25 0.35 293 0.030 12.10 0.94 0.90 8.20 2.90 38.87 23.46
Geom. Mean 5.44 2.63 10.63 1.72  625.05 26.62 21.71 66.70 0.24 1.06 0.015 5.36 0.60 0.74 799 2.0 11.98 10.56
Median 5.61 2.77 9.82 157 654.00 27.00 23.00 69.00 024 1.00 0.012 5.00 0.62 0.80 8.00 2.20 12.88 10.76
Mean 5.46 265 10.78 1.76  629.13 2726 2194 67.13 024 116 0.015 5.73 0.62 0.76 799 2.13 14.07 11.71
Area 3 - Wushi
Count 26 26 26 26 26 26 26 26 10 26 26 10 10 10 26 26 25 15
Minimun 4.87 2.29 9.62 1.76  533.00 22.00 18.00 68.00 0.24 030 0.012 5.60 0.66 0.60 7.80 1.80 5.12 6.42
Maximurr 6.06 321 11.83 272 677.00 46.00 27.00 88.00 051 1.73 0.040 12.70 1.08 7.40 8.40 3.70 36.25 21.22
Geom. Mean 5.39 2.81 10.59 2.13 598.19 2720 2258 75.44 0.35 0.80 0.015 8.91 0.87 150 8.07 2.82 13.14 10.40
Median 5.40 2.82 10.64 2.05 595.50 27.00 22.88 75.00 0.32 0.84 0.012 9.15 0.89 1.15 8.10 2.80 12.16 9.35
Mean 5.39 282 1061 215 599.11 2756 2264  75.62 0.36 0.89 0.016 9.09 0.88 2.15 8.08 2.86 14.28 11.28
WSol = Water Soluble Geom. Mean = Geometric  Mean DW = dry weight



TABLE 3.7 SUMMARY STATISTICS FOR DETERMINANTS IN RIVER TUOGISHAN SOIL AND WATER SAMPLES WUSHI STUDY AREA

Soil

Al wt% Fewt% Cawt% Mgwt% Mnpg/g Cupg/g Nipg/g Znpugl/g Total |l pg/g WSol I ug/g pH LOI %
Count 7 7 7 7 7 7 7 7 7 7 7 7
Minimun 3.87 1.92 9.53 136 417.00 20.00 15.00 44.00 0.30 0.012 8.20 0.50
Maximurr 5.36 2.87 12.86 198 621.00 31.00 24.00 69.00 211 0.030 9.40 2.7
Geom. Mean 4.44 2.24 10.96 160 501.14 2283 1737 5124 0.67 0.017 8.53 1.08
Median 4.46 2.18 10.85 152  498.00 21.00 17.00 51.00 0.57 0.012 8.30 1.0C
Mean 4.46 2.25 11.00 162 504.86 23.14 1757 5171 0.82 0.018 8.54 1.31

Water
lug/l  Camg/l Mgmg/l Namg/l Kmg/l Clmg/l SO. NOs mg/l Brmg/l NO., mg/I Fmg/l pH Temp °C Conductivity Alkalinity Corrected
mag/l us mag/l Eh mV
CaCO3

Count 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
Minimun 0.10 45.40 19.60 14.90 229 2130 66.40 2.35 0.02 0.01 0.07 8.06 21.70 476.00 111.00 272.00
Maximurr 1.80 79.60 52.30 64.40 542 67.10 169.00 5.27 0.02 0.05 0.45 8.52 22.70 1014.00 255.00 299.00
Geom. Mean 0.58 54.60 27.61 26.64 3.04 35.67 87.96 451 0.02 0.02 0.15 8.29 22.14 600.42 137.32 283.28
Median 0.65 47.50 22.40 20.00 272 36.50 69.50 5.02 0.02 0.01 0.13 8.33 22.00 510.00 123.00 281.00
Mean 0.81 56.13 29.54 31.34 321 39.00 94.07 4.65 0.02 0.02 0.18 8.29 22.14 627.43 143.43 283.43
WSol = Water Soluble Geom. Mean = Geometric Mean




3.4.1.4 SOIL COLOUR AND TEXTURE

The majority of soils in the study areas are within
Munsell Colour Chart categories light grey, light olive
grey and light yellowish brown (Figure 3.2). Soils in the
AC148 area are also classified as brown or grey brown
and in the Kuga area as pae and yellowish brown. Soil
texture in the three study areas is also very homogeneous
with the majority of soils classified as clay-silt (Figure
3.2). In contrast, soils collected from the banks of the
River Tuogishan in the Wushi area comprise coarser
sandy material (Appendix B1).

3.4.1.5 MAJORAND TRACE ELEMENT CHEMISTRY

Aluminium and Fe contents in AC148 soils are broadly
consistent in all villages (Figure 3.2) and are markedly
higher than in the other two areas (Figures 3.1 and 3.2 and
Table 3.6) (Median values, AC148, Al 6.66 wt%, Fe 2.95
wt%; Kuga Al 5.61 wt%, Fe 2.77 wt% and Wushi Al 5.40
wt%, Fe 2.82 wt%). Conversely all village Ca and Mg
soil contents in the Kuga and Wushi villages are higher
than AC148 values (Figure 3.2). This suggests greater
dominance of carbonate parent materials in soils in the
Kuga and Wushi study areas and higher clay and Al and
Fe oxyhydroxide contentsin soils of the AC148 area.

Trace element (Mn, Cu, Ni, and Zn) concentrations in
soils from the three study areas are broadly similar with
the exception of Sandagiao Village in the Kuga area
Soils from this village have low Fe and Al oxyhydroxide,
clay and OM contents compared to the other soils in the
study (Figure 3.2) and as a conseguence, the CEC of these
soils is also low restricting the ability of the soil to bind
and retain the other trace elements Mn, Cu, Ni and Zn.

Selenium concentrations determined on a sub-set of soils
from each of the study areas are notably higher in the
Wushi soils (median 0.32 ug/g) than the other two regions
(median AC148 0.20 ug/g, Kuga 0.24 pg/g) probably
reflecting the higher pH, Ca and Mg content of soils in
the Wushi area as alkaline conditions enhance the
mobility of Sein the environment.

3.4.1.6 SOIL IODINE

Sail total iodine concentrations range from 0.30 to 3.90
pHg/g (median 0.98 pg/g) across the study areas. These
values are very low compared to most soils. Fuge and
Johnson (1986) list results for iodine in soils from many
parts of the world - an average value of 4 - 8 ug/g is
suggested. Vinogradov (1959) cites an average for iodine
in soils of 5 pg/g. The total iodine concentrations in
Xinjiang soils are lower than soils in Sri Lanka
investigated during previous IDD studies (range 0.13 —
10.00 pg/g, mean 3.11 pg/g) (Fordyce et al., 2000). These
results confirm that the Xinjiang area is an iodine-poor
environment.

Sail total iodine contents in the three study areas are
broadly similar with the exception of Village 3 in the
AC148 area. Soilsin this village show the broadest range
of total iodine concentrations (0.5 to 3.9 pg/g). These
soils also have widely ranging OM contents (as shown by
LOI and TOC values, Figures 3.1 and 3.2) and higher soil
total iodine contentsin this village are likely to reflect the
greater OM content of the soils. In general, soil total

iodine contents decrease in the order AC148 (range 0.3 —
3.9, median 1.05 pg/g) > Kuga (range 0.3 — 2.93, median
1.0 po/g) > Wushi (range 0.3 — 1.73, median 0.84 pg/g).
On the basis of this evidence, the iodine-dripping
programme has not significantly increased the total iodine
content of the soils in the Wushi area above the natural

contents of non-dripped areas.

The total iodine contents of seven soil samples collected
aong the banks of the River Tuogishan in Wushi District
(Study Area 3) to assess the distribution of iodine in the
environment of the dripped study area are shown in
Figure 3.4. Soil total iodine contents show no consistent
relationship with proximity to the iodine dripping sites
(River flows from west to east).

Soil water soluble iodine contents are very low (range
0.012 — 0.040 pg/l, median 0.012 pg/l), close to the
detection limit in all three study areas, however, the
Wushi (dripped) area has a higher proportion of samples
above the detection limit giving some evidence that levels
of water-soluble (bioavailable) iodine are higher in this
area. The iodine-dripping programme carried out by the
XIDP in 1999 was shown to increase the water-soluble or
bicavailable portion of iodine in the local soils by
approximately ten-fold (Table 3.8). However, results of
the present study carried out in 2000 suggest that iodine
applied in this way was not retained in the soil in the
longer term as the levels reported are comparable to the
pre-dripping soil status (Table 3.8). This is probably
because the soils are very sandy, with low clay and
organic matter contents namely; there is very little
material to retain iodine in the soil.

Soil total and water soluble iodine contents show few
significant (95% confidence level) correlations with other
soil parameters, however, the correlation between total
iodine and Mn may indicate that iodine is held in Mn
oxides in the soils (Table 3.9). Interestingly, soil water-
soluble iodine contents do not correlate significantly with
soil total iodine levels; this may be due to the fact that the
majority of soil water-soluble values were below the
detection limit.



TABLE 3.8 AVERAGE SOIL WATER SOLUBLE | CONTENTSIN VILLAGESIN WUSHI DISTRICT (STUDY AREA 3) FROM THE PRESENT
STUDY COMPARED TO THE IODINE DRIPPING ST UDY CARRIED OUT BY (SHAOHUA AND DELONG, 2000)

Village No of Soil Water Soluble lodine (ug/g)
Samples  Pre-dripping Average 1999 Post-dripping Average 1999 Present Study Median 2000
Dagiao 5 0.018 0.124 0.012
Wushi Towr 5 0.018 0.109 0.018
Aheya 5 0.023 0.105 0.012
Autebeixi 5 0.017 0.113 0.016
Yimamu 5 0.013 0.099 0.015
TABLE 3.9 SPEARMAN RANK CORRELATION MATRIX FOR SOIL PARAMETERS FROM THE THREE ST UDY AREAS
Al Fe Ca Mg Mn Cu Ni Zn Totall WSoll OM pH Se* CEC* TOC*
Al -0.625 0.426 -0.053
Fe 0.719 -0.418 0.545 0.192
Ca | -0.716 -0.391 0.466 -0.547 0.035
Mg | -0.628 -0.194 0.884 0.659 -0.201 0.293
Mn 0.508 0.582 -0.128 -0.104 -0.397 0.025 -0.004
Cu 0.366 0.492 -0.135 -0.013 0.344 0.023 0.549 0.370
Ni 0.171 0.476 0.129 0.277 0.630 0.359 0.008 -0.019 -0.055
Zn 0.270 0.681 0.047 0.303 0.380 0.564 0.501 0.118 0.689 0.685
I 0.174 0.155 -0.021 -0.104 0.409 0.006 0.247 0.084 -0.253 -0.024 0.051
WSol || -0.029 -0.008 0.101 0.062 -0.032 0.034 -0.052 0.087 -0.038 0.212 0.150 0.193
OM [ -0.046 0.072 0.016 0.179 0.040 0.040 0.007 0.262 -0.033 -0.009 0.509 0.624 1.000
pH [ -0.431 -0.103 0.524 0.600 -0.013 -0.207 0.273 0.046 0.047 0.150 0.056 0.331 -0.148 0.067
LOI 0.118 0.366 -0.005 0.260 0.047 0.398 0.100 0.688 -0.075 0.007 0.453 0.047 0.337 0.769 0.914
Se* 0.019 0.509
CEC* 0.624

n=76 *n =28 Significant correlations 95% confidence level in bold text

r76 = 0.185

r28 = 0.317

TABLE 3.11 VILLAGE MEDIAN IODINE CONTENTSIN SOIL, WATER, WHEAT AND CABBAGE SAMPLES

(Koch and Link, 1970)

Wheat | Cabbage |

Area \Village No. Soil Total | pg/g Soil WSol | ug/g No. pg/100g DW  No. pg/100g DW No. Water | ug/I
148 Village 2 5 117 0.012 5 10.70 3 1066 1 92.25
148 Village 21 5 1.14 0.012 5 1714 3 10.35 1 100.00
148 Village 3 5 1.16 0.020 5 1059 2 1186 1 93.00
148 Village 4 5 0.67 0.020 5 1820 3 949 1 80.00
148 Village 6 5 0.77 0.012 5 1406 3 1553 1 78.00
Kuga Qiman 5 0.99 0.020 5 1322 3 717 1 3.09
Kuga Sandagiao 5 0.93 0.012 5 1012 3 776 1 3.15
Kuga Wagiao 5 1.16 0.012 5 8.03 3 11.84 1 4.05
Kuga Wuzun 5 1.00 0.012 5 11.26 3 1786 1 2.40
Kuga Yaha 5 1.65 0.012 5 16.29 3 1545 1 3.25
Wushi  Aheya 5 1.37 0.012 5 1568 3 935 1 0.10
Wushi  Autebeixi 6 0.70 0.012 5 11.14 3 1066 1 0.40
Wushi  Dagiao 5 0.62 0.012 5 12.14 3 796 1 3.70
Wushi  Wushi Towr 5 0.94 0.014 5 1526 3 817 1 0.95
Wushi  Yimamu 5 0.98 0.012 5 1211 3 1769 1 2.10
No. = No of Samples WSol = Water Soluble DW = dry weight




34.2 Water

3.4.2.1 CHEMICAL PARAMETERS

The source of drinking water samples in the three study
areas is amaor control on the water chemistry. Drinking
water in AC148 is pumped to storage tanks from deep
groundwater aquifers (60 — 370 m) where contact
residency times between the water and the aquifer rock
are much greater than residency times in the shallower
near-surface water sources in the Kuga and Wushi study
areas. As a consequence, the pH, Eh, conductivity, F,
NO,, Cl, SO4, Na and iodine contents of the AC148
waters are significantly higher than waters from the Kuga
and Wushi areas (Figure 3.5).

Conversely waters from the Kuga and Wushi study areas
have higher Ca, Mg and K contents probably reflecting
the greater dominance of carbonate rock types in these
areas and the influence of the weathering of rock forming
minerals in the near-surface waters. As a result of the
higher Ca and Mg contents, alkalinity is also greater in
these waters than in the AC148 area (Figure 3.5). The
higher NO; contents in waters from the Kuga and Wushi
areas probably indicate agricultural contamination (from
fertiliser usage) in the near-surface environment.

3.4.2.2 WATER IODINE

lodine contents in the AC148 waters are very high (78 —
100 pg/l) compared to the other two areas (Kuga 2.40 —
4.05 pg/l, Wushi 0.1 — 3.7ug/l) (Table 3.6). These
concentrations are similar to high values reported in the
Dry Zone of Sri Lanka (Fordyce et al., 2000) and at these
levels, drinking water iodine will contribute significantly
to dietary intake (See section 5). In the Kuga and Wushi
areas, water iodine concentrations are extremely low
compared to other areas where IDD is prevalent. For
example, the Wet Zone of Sri Lanka (iodine in drinking
water range 3 — 24 ug/l (Fordyce et a., 2000)); northeast
India (iodine in drinking water range 3 — 31.5 ug/l
(Longvah and Deosthale, 1998)) and Heilongjiang
Province in China (iodine in drinking water range 3 — 9
pg/l (Tan, 1989)).

The iodine contents of seven water samples collected
along the River Tuogishan in Wushi District (Study Area
3) to assess the distribution of iodine in the environment
of the dripped study area are shown in Figure 3.6. The
three eastern-most samples collected downstream of the
iodine dripping sites do contain higher iodine
concentrations than samples in the west of the irrigated
area. This suggests the addition of iodine to irrigation
channels in the area which al drain into the River
Tuogishan may have had a small effect on the river water
chemistry.

34.3 Wheat and Cabbage lodine

The total iodine (dry weight) content of wheat in the three
study areas is broadly similar (AC148 5.66 — 31.40, Kuga
3.17 — 38.87 and Wushi 5.12 — 36.25 ng/100g) (Table 3.6
and Figure 3.7). Cabbage iodine contents also show little
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variation between the three study areas (AC148 5.86 —
16.19, Kuga 3.55 — 23.46 and Wushi 6.42 — 21.22
1g/100g) (Table 3.6 and Figure 3.7). This indicates that
the iodine dripping programme in Wushi has not
increased crop iodine contents compared to the non
dripped areas, indeed based on median values wheat and
cabbage samples from the Wushi (12.16 and 9.35
1g/100g respectively) area contain marginally less iodine
than in AC148 (13.36 and 10.67 pg/100g respectively)
and Kuga (12.88 and 10.76 pg/100g respectively). As a
measure of uptake of iodine from soil to crops, the ratios
of wheat/soil and cabbage/soil total iodine contents are
compared between the three study areas (Figure 3.7). On
this basis, there is some evidence to suggest better uptake
of iodine into crops in the Wushi area compared to the
Kuga area, which may be a result of more readily
available iodine in Wushi soils following the dripping
programme, however, the ratios of wheat/water-soluble
soil iodine and cabbage/water-soluble soil iodine do not
confirm this, probably because the majority of soil water-
solubleiodine results were below the limit of detection.

In terms of comparison between soil and crop samples,
Spearman Rank determinations show no significant (95%
confidence level) correlations between iodine values in
soil and wheat (based on 75 samples) which may reflect
the fact that wheat samples were collected from village
stores rather than directly from the fields were soils were
collected (Table 3.10). However, cabbage and soil
samples were collected from the same fields but show no
significant correlation (based on 44 samples) between
iodine contents (Table 3.10). The lack of correlations
between soil water-soluble iodine and crop concentrations
may be due to the number of values below the limit of
detection but may aso reflect the main mechanism of
plant iodine uptake via volatilisation rather than the roots
(See Section 5). Due to the different numbers of each
sample type collected, comparisons between il, wheat
and cabbage results with water are based on village
median values (Table 3.11). Village median results show
no significant correlations between water iodine contents
and any other sample media (Table 3.10).

TABLE 3.10 SPEARMAN RANK CORRELATION MATRIX FOR
IODINE CONTENTS IN SOIL, WATER, WHEAT AND CABBAGE

Soil | Soil WSol | Wheat | Cabbage |
Soil WSol #-0.04
Wheat | #-0.16 #0.11
Cabbage | ~-0.08 ~0.20 *0.15
Water | *0.11 *0.26  *0.00 *0.11

* Based on vmage median results r15 = 0.441
#1175 = 0.185 ~ r44 = 0.235 (Koch and Link, 1970)
Significant correlations 95% confidence level in bold text
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Figure 3.2c Box and whisker plots of the 10th, 25th, 50th, 75th, and 90th per centiles of soil Munsell colour and texture

classified by village.

(148 = noiodine dripping/ low IDD n = 5; Kuga = no iodine dripping/ high IDD n = 5; Wushi = iodine dripping/ high IDD n =5)
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Figure 3.4 Map of total iodine concentrationsin soil samples collected on the banks of the River Tuogishan in Wushi District (Study Area 3).
(River Tuogishan flows from west to east)
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Figure 3.6 Map of iodine concentrationsin water samples (ug/l) collected on along the River Tuogishan in Wushi District (Study Ar ea 3).

(River Tuogishan flows from west to east)
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Figure 3.7 Box and whisker plots of the 10th, 25th, 50th, 75th, and 90th percentiles of iodine contentsin wheat and
cabbage samples classified by study area and by village and ratios of wheat and cabbage iodine ver sus soil total and
water solubleiodine contents classified by study area.
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344 Rock and Salt Samples

Two samples of local rock salt collected from a mine
north of Kuga contain trace anounts of total and water-
soluble iodine confirming the low iodine status of this
salt. It is unlikely that this salt contributes iodine to the
local diet. A sample of local coal was collected in Kugato
assess exposure to iodine via inhalation of coa snoke
used as household fuel. The coa aso contains trace
amounts of iodine and is unlikely to significantly impact
upon the iodine loading of the local population (Table
3.12).

TABLE 3.12 |IODINE CONTENTS OF TWO ROCK SALT AND A
COAL SAMPLE FROM KUQA

Sample Total | Water
pg/g  Solublel
Ho/g
UR Rock Salt 'White' 0.30 0.012
UR Rock Salt 'Grey' 0.30 0.012

UR Coal 0.30 0.020




4 Medical Surveys

41 SAMPLING METHODS

411  Sampling Strategy

Although goitre rates in women are usually higher than in
children, it was decided for logistic reasons that the
medical sampling would be carried out on children rather
than women of childbearing age, since children were
more easily accessible in schools whilst the women were
busy in the fields with the harvest.

Schools were chosen by the local collaborators to cover
the geographical area in which the geochemical sampling
was being undertaken (see Section 2). Within the schoals,
classes were chosen randomly until a maximum of 60
children was eached in Wushi and Kuga Districts and
119 in the boarding school in AC148.

Sample sizes depend on the prevalence of goitre. At a
prevalence rate of 5% (95% confidence level (CL) G
10%) a sample size of 73 is needed. At 10% (95% CL 5
15%) the size is 129, while at 20% (95% CL 15-25%) the
size is 246. Since the goitre prevalence rates and full
extent of the iodination programmes in the study areas
were uncertain, a sample size of 300 children was
selected for thyroid volume determinations in each of
Wushi and Kuga Districts, giving 60 children in each of
the five villages in each area. The prevalence of goitre in
AC148 was expected to be low and so a smaller sample
was taken from the five villages for thyroid volume (119
in total). Since the villages around AC148 pool their
resources, examining children who attend a centra
boarding school gave a representative sample for the
commune as a whole. All children sampled had date of
birth, sex, height, weight and thyroid ultrasound indices
recorded as well as the palmer aspect of the right hand
photocopied to enable the ratio of the second to fourth
fingers to be calculated. This value is seen as a measure
of oestrogen/androgen ratios in utero and is partly
hereditary and partly environmentally (diet) controlled.

A sub-sample of children (50 per area; 10 from each
village) was randomly chosen from the main sample to
give blood-spot and urine for analysis.

It was recognised that as well as a potential difference in
iodine intake between AC148 and Kuga and Wushi
Didtricts, there was an ethnic difference. All the children
in 148 were ethnic Chinese (Han) while the children in
Wushi and Kuga were Uiger (Turki minority).

Although not common practice in medical science, a
random numbering system for sample collection was
adopted to be compatible with the geochemical survey.
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412  Thyroid Ultrasound

A portable (reconditioned) ultrasound, Aloka SSD-500
with a 50 Hz probe and jelly was used to determine the
thyroid volume of the children. It was run from the 220v
mains electricity supply of the school with a trip switch
and cut out always and sometimes a voltage regulator as
well. The ultrasound machine was transported in a thick
sealed cardboard box to protect it from the dusty
environment and rough roads.

All children were laid supine on a bench or school desk at
about elbow height of the seated examiner and the height
and breadth of the right and left lobes of the thyroid were
measured and recorded on the student’s individual survey
record (Plate 4.1).

The probe was then turned laterally and the depth of the
two lobes recorded. Owing to scribal problemsin 148, the
left and right height and the right and left breadth were
occasionally transposed on the sheet. This does not affect
the calculation of thyroid volume but means that
individual lobe sizes cannot be compared between 148
and Wushi and Kuga Districts.

413

All children had their height (to the nearest centimetre)
measured on a stadiometer provided by the local Disease
Prevention Station of the Health Department and then
recorded on the student’s survey form. Each of the three
areas provided their own stadiometer (Plate 4.2).
However, in each area the height of the medical
researcher remained constant so the readings can be taken
to be equivalent. One recorder measured height in Wushi
and Kuga Districts while in AC148 another person
recorded the heights and weights. The height
measurements made in Kuga and Wushi Districts had one
centimetre deducted from the reading to compensate for
shoes at the time of reporting. Retrospectively, one
centimetre has been deducted from the height results for
AC148 presented in this report to make the data
compatible with the other areas.

Height and Weight

Weight (to the nearest kilogram) was measured by the
same recorder as height: in AC148 a balance scale was
used while in Wushi and Kuga dia scales were used.
However, in each area the weight of the medical
researcher remained constant so the readings can be taken
to be equivalent. No deductions were made for the light
clothing (shirt, trousers, shoes and thin jersey) the
children wore.

At the same time, date of birth and sex were recorded on
the student survey form. Name was also recorded but not
used subsequently in the analysis. However, in the event



of confusion over a form or a sample the use of the
child’ s name enabled problems to be solved quickly.

414  Blood-spot Testsand Urine

Blood-spots were taken from the children by finger-prick
onto a blotting paper form as used in the UK for testing
newborns for thyroid dysfunction. Four circles were fully
filled with venous blood fully permeating to the back of
the card. Relevant details (survey serial number, name,
sex, ethnicity, date of birth) were recorded on the form.
The form was then placed in a prepared, waxed envelope
for storage at room temperature.

Urine was taken in 30 ml containers and stored at room
temperature until transported to the laboratory. Survey
serial number was recorded on the bottle.

All specimens were recorded on the student survey forms.

415 Hand Photocopy

Each child had the right hand photocopied on a portable
photocopier to enable second and fourth digit length to be
measured (Plate 4.3). The table of the photocopier moved
over the lamp. This gave many children initial difficulty
but all were eventually copied. The electrical supply in
Qiman was insufficient to run the photocopier and no
hand results were obtained in thisvillage.

42 ANALYTICAL METHODS

421 Methodsfor Classroom Examinations

Thyroid volume was cal culated by the formula:
First lobe V; = height x breadth x depth x 0.479
Second lobe V, = height x breadth x depth x 0.479
Total volume of thyroid V3 = V; + Vs.

The volume of theisthmusis considered negligible.

Student’s ttest was used to compare the mean thyroid
volumes. Thyroid volume was compared with Chinese
and European standards for age and surface area.

Thyroid volume is influenced by a number of factors, of
which the most important are age, size, iodine intake and
thyroid hormone status. Exploration of these factors was
carried out by regression analysis.

Size is influenced both by height and weight and body
surface weight is a convenient way of amalgamating both
these factors. Body surface area of the child was
calculated by the formula: weightiy’™® x heighten > x

71.84 x 10%.

All statistical analyses outlined in this Chapter were

carried out using the StatsDirectd computer package
(Buchan, 2002).

422  Spot-Test Analyses

The blood-spot-test papers were analysed for T4
(thyroxine) and TSH (Thyroid Stimulating Hormone) at
the biochemical laboratory of the Alder Hey Children’s
Hospital, Liverpool by Perkins Elmer Delfia Wallac
fluorescent immunoassay.

423 Urine Analyses

Urinary iodine is a recognised way of approximating
dietary intakes of iodine.

Urine samples were submitted to the analytical
laboratories of the Endemi ¢ Research Institute in Urumai
for preparation and determination of iodine by Barker's
modified incineration technique and catalytic reduction of
the ceric ion (Ce*") by arsenite salt (As™). Urinary
fluorine was aso determined in Urumgi by lon Selective
Electrode. Limits of detection for iodine and fluorine in
urine were 1 pg/l and 0.05 mg/l respectively. Results for
standard reference materials show good precision of the
methods (Table 4.1). In general, analytical replicate
results show good repeatability of the methods (Table
4.2). However, the results for fluorine in urine samples
2260 and 3071 show marked variation (> 20%) and
probably indicate errors in number and value reporting
rather than problems with the sampling and analytical
methods but do show that the fluorine and urine results
generated by the present study should be treated with
caution.

Analytical replicate results were averaged for each sample
prior to statistical analysis of the data.

TABLE 4.1 FLUORINE AND IODINE ANALYTICAL RESULTS
FOR URINE STANDARD REFERENCE MATERIALS

Standard Material F mg/l Reference Analysis mg/l
Range
QCs-0021 1.71-2.23 2.06
QCs-0022 472 -6.82 6.45
Standard Material || pg/l Reference Range | Analysis pg/l
QC-0003-03-1 198.0 - 210.0 202.31
QC-0003-03-1 198.0 - 210.0 205.06
QC-0003-04-1 198.0 - 210.0 203.49
QC-0003-04-1 198.0 - 210.0 209.25

EDI Laboratories, Urumqi



TABLE 4.2 ANALYTICAL REPLICATE RESULTSFOR
FLUORINE AND IODINEIN URINE

Sample No F mg/l Sample No lugl/l
1006 2.15 1046 70
1006 2.15 1046 68

Y, 0.00 Y, 2.05
1013 1.65 1115 600
1013 155 1115 598

\Y 4.42 \Y 0.24
1036 4.40 2034 810
1036 4.40 2034 814

Y 0.00 \Y 0.35
1041 2.10 2068 403
1041 1.90 2068 393

Y, 7.07 Y, 1.78
1047 2.55 2070 38
1047 2.60 2070 40

\Y 1.37 \Y 3.63
2064 0.96 2263 307
2064 1.05 2263 303

Y 6.33 \Y 0.93
2162 0.44 2267 400
2162 0.42 2267 400

Y, 3.29 Y, 0.00
2260 1.15 2280 265
2260 0.66 2280 270

\Y 38.29 \Y 1.32
3029 0.48 3011 700
3029 0.48 3011 695

\Y 0.00 \Y 0.51
3063 4.90 3054 510
3063 4.70 3054 514

Y, 2.95 Y, 0.55
3066 2.60 3069 327
3066 2.85 3069 325

\Y 6.49 \Y 0.43
3071 1.30 3099 282
3071 2.00 3099 277

\Y 30.00 Y 1.26
3077 0.66 3123 255
3077 0.59 3123 262

Y, 7.92 Y, 191
3104 0.75 3213 417
3104 0.62 3213 423

\Y 13.42 \Y 1.01
3254 0.64
3254 0.67

Y 3.24
3278 0.56
3278 0.59

Y, 3.69

V = coefficient of variation expressed as % EDI Laboratories, Urumaqi
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424  Photocopy Analyses

The ratio of the second to the fourth digit (2D:4D ratio)
was determined by measurement of the photocopy of the
right hand from the palmar crease to the fingertip using
vernier callipers recording to 0.01 mm. There is no
significant difference between 2D:4D ratios measured
directly from hands and those from photocopies of hands.
This work formed part of alarger study undertaken by Dr
John Manning of Liverpool University, to whom we are
grateful for his willingness to contribute his findings to
the present study.

43 RESULTS

All medical analyses are listed as tables in Appendix H.
In this section the data are summated in terms of the three
study areas.

431 Demography

The numbers of children examined are given by village in
Tables 4.3 — 4.5 and the age structure of the sample
population is given in Table 4.6. The average age of the
children was 8.0 years in AC148, 9.9 years in Wushi and
8.5 yearsin Kuga.

TABLE 4.3 NUMBERS OF CHILDREN EXAMINED IN AC148

All Subjects Blood & Urine
f m f m
Grand Total 60 59 25 27
f = female m = male

TABLE 4.4 NUMBERS OF CHILDREN EXAMINED IN KUQA

\Village All Subjects Blood & Urine
f m f m
Qiman 30 30 5 5
Sandagiao 30 30 5 5
Waqiao 31 31 6 6
Wuzun 29 28 3 4
Yaha 30 31 6 5
Grand Total 150 150 25 25

f=female m = male



TABLE 4.5 NUMBERS OF CHILDREN EXAMINED IN WUSHI

Village All Subjects Blood & Urine

f m f m
Aheya 28 32 5 5
Dagiao 28 32 4 6
Autebeixi 40 20 5 5
\Wushi Towr 28 32 5 5
Yimamu 37 23 5 5
Grand Total 157 140 24 25

f=female m = male

TABLE 4.6 AGE STRUCTURE OF THE SAMPLE POPULATION
IN EACH STUDY AREA

Years ACL148 Kuga Wushi]
Age <6 0 0 1
Age 6 21 15 0
Age 7 43 68 i |
Age 8 36 135 72
Age 9 14 53 93
Age 10 1 15 63
Age 11 4 12 35
Age 12 0 1 14
Age 13 0 0 11
Age 14 0 0 1
No age 0 1 0

The body surface areas of the children are shown in Table
4.7 and mean values for each area can be summarised as
follows: AC148 0.93 nf (n = 119; 95% CL 0.93 to 0.95),
Wushi 0.97 M (n = 297; 95% CL 0.96 to 0.98), Kuga
092 n? (n = 297; 95% CL 0.91 to 0.93). The Wushi
children were older, accounting for their greater surface
area, athough the children as a whole are smaller than
their European counterparts.

TABLE 4.7 BODY SURFACE AREA OF THE CHILDREN IN
EACH STUDY AREA

Body Sur:]féelce Area|l AC 148| Kuga|Wushi
<0.8 2 |
0.8-0.9 20 58 22
0.9-1.0 58 142 113
1.0-1.1 25 80 107
11-1.2 12 13 36
1.2-1.3 2 0 14
1314 2 2 4
No data 0 3 g
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The growth of children in the three areas is different. The
slope of the graph of surface area (a product of height and
weight) against age is steepest for AC148 and flattest for
Wushi (Figure 4.2 Section 4.3.2) consistent with either
the historical goitre prevalence or the social gradient from
Wushi as the poorest and most remote of the three areas
and AC148 as the most developed with closer access to
larger towns or both.

432 Thyroid Volume

The range of thyroid wolumes differ between the three
study areas (Figure 4.1 and Tables 4.8 - 4.11), with
AC148 having the lowest average volume (0.53 mls, 95%
CL 0.48 to 0.58) and Wushi the highest (1.03 mls, 95%
CL 0.96 to 1.10). Kuga was intermediate (0.88 mls, 95%
CL 0.84 to 0.92). Although all three areas have volumes
within the normal range, the differences between the
means are al significant (p<0.001) by unpaired ttests
assuming unequal variances (Table 4.12).

Figure 4.1 Bar chart of average child thyroid volumes
(+/- 95% confidenceintervals) for each study area
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TABLE 4.8 CHILD THYROID VOLUME RANGES FOR EACH
STUDY AREA

Thyroid AC148 Kuga Wushi]
Volume mis
Minimum 0.10 0.19 0.22
Maximum 1.83 2.20 7.09

The normal values for thyroid volumes differ by age
(Tables 4.9 — 4.11, Appendix H) but all volumes in this
study were below the lower limits of normal. One boy in
Wushi (Dagiao village) had a markedly larger thyroid
than the others (7.09 mls) but for his age (13.5 years) was
below the Chinese lower limit (9 mls), so does not have a
goitre. Only 3 children in Wushi, all older boys, had
thyroid volumes greater than 2.75 mls (age 13 years,
thyroid 3.36 mls, Dagiao; age 9.4 years, thyroid 3.26 mis,
Yimamu and the boy mentioned above — age 13.5 years,
thyroid 7.09 mis, Dagiao). Otherwise, al children in al
three areas had thyroid volumes below the lower limits
for European or Chinese children by age and sex and



below the lower limit for body surface area (Tables 4.13
and 4.14).

TABLE 4.9 AVERAGE CHILD THYROID VOLUME (MLS) IN
AGRICULTURAL COMMUNE 148

f m
Average 0.51 0.55
f=female m = male

TABLE 4.10 A VERAGE CHILD THYROID VOLUME (MLS) IN
KUQA

Village f m
Qiman 0.88 1.03
Sandagiao 1.01 1.02
\Wagiao 0.74 0.92
Wuzun 0.85 0.97
Yaha 0.67 0.70
Average 0.83 0.92
f=female m = male

TABLE 4.11 A VERAGE CHILD THYROID VOLUME (MLS) IN
WUSHI

Village f m

Aheya 0.80| 0.88
|Dagiao 0.87| 1.244
Autebeixi 1220 1.07
\Wushi Towr 0.93 0.9
Yimamu 1.06 1.27]
Average 1.00] 1.06}
f=female m = male

TABLE 4.13 NUMBER OF CHILDREN WITH THYROID
VOLUME GREATER THAN THE LOWER LIMIT OF VARIOUS
STANDARDSIN THE THREE STUDY AREAS

Standard Lower AC148 Kuga | Wushi
Limit

Chinese 6 >3.5 mls 0 0

year old boy

Body >4.7 mis 0 0

Surface

Area <0.8

nm

European 6 | >5.0 mls 0 0 il |

year old girl

TABLE 414 STANDARD THYROID VOLUMES IN EUROPEAN
AND CHINESE CHILDREN

Europe Standard China Standard
Thyroid Volumes mls Thyroid Volumes mls

Age Male Female Child

6 years 5.6 5.0 3.5

7 years 5.7 5.9 4.0

Body

Surface

Area(m?)

0.8 4.7 4.8

0.9 5.3 5.9

The spread of thyroid volume values by surface area or by
age (Figures 4.3 and 4.4) shows a decreasing trend from
Wushi through Kuga to AC148, in line with the history of
iodine deprivation and subsequent supplementation in
these areas.

The best predictors of thyroid volume by multiple linear
regression analysis were age and surface area (Figures
4.2-4.4).

Multiple linear regression (all children)

TABLE 4.12 UNPAIRED T -TEST OF CHILD THYROID Intercept b0=-0.83 | t=-1.14 [ P=0.2545
VOLUMES Age b1=006 |t=33L | P=000L
Areas SE df t(d) Lower 95% | Upper 95%
confidence | confidence Surface area | b2=-0.46 | t=-0.09 [ P=0.9285
interval interval — —
AC148 [ 0.043 | 398.045 | 11.608 | -0.59 -0.42 AClas P3=-034 | 1=-7.05 1 P<00001
& Wushi Waushi b4 =0.02 t=0.41 P =0.683
AC148 | 0.033 | 262.856 | 10.409 | -0.41 -0.28
& Kuga Sex b5=-0.003 | t=-0.09 | P=0.9249
\Ij\yuqsii & 10.040 | 483.656 | 3.868 | 0.08 0.23 Height b6 =0.01 t=0.32 P =0.7527
SE = Combined standard error All P values <0.0001 Weight b7 =0.02 t =0.296 | P=0.7671
df = Degrees of freedom

t(d) = t-test statistic, assuming unequal variances

Thefull regression equationis:

Thyroid Volume (mls) =

-0.83 + (0.05)Age (years) -
(0.46) Surface area () — (0.34)AC148 + (0.02)Wushi -

(0.003)Sex + (0.009)Height cm + (0.02)Weight kg

StatsDirecta , the statistics programme used, allows the
extraction of the best subset, a subset that accountsfor all



the variation in thyroid volume found by the full equation.
Thefollowing was the result:

Thyroid volume (mls) = -0.62 + (0.06)Age (years) +
(1.1)Surface Area () — (0.34)AC148 — (0.001) Sex

In other words, thyroid volume increases by 0.06 ml for
every year increase in age, by 1.1 ml for every nf
increase in surface area and decreases by 0.34 mis if the
child is resident in AC148. There was no difference
between residency in Wushi or Kuga in this equation.
There is a further slight decrease of 0.001 mis if the child
ismale and 0.002 mis if female.

Although important variables, age, surface area and
residency account for only 22% of the variation in thyroid
volume. The rest of the variation in thyroid volume is due
to unknown or unmeasured factors.

In order to determine whether iodine intake (measured as
the dietary proxy: urinary iodine) or thyroid activity
(measured by thyroid hormones) are factors determining
thyroid volume the regression analysis was calculated on
the data for the subset of children who had blood and
urine measurements done.

Multiple linear regression (children with blood & urine
tests, only)

Intercept b0 =-0.89 t=-0.23 | P=0.8161
Age bl =0.04 t=1.27 | P=0.2051
Surface area | b2 =0.72 t=158 | P=0.1168
AC148 b3 =-0.34 t=-3.68 | P =0.0003
Wushi b4 =0.17 t=194 | P=0.0545
Sex b5 =-0.11 t=-1.59 | P=0.1139
TSH b6 = 0.01 t=041 | P=0.6818
T4 b7 =0.002 t =042 | P=0.6725
Urinary | b8 =-0.00002 | t=-0.17 | P =0.8683

The full regression equation thus becomes:

Thyroid Volume (mls) = -0.089 + (0.04)Age +
(0.72)Surface Area (nf) — (0.17)AC148 + (0.17)Wushi —
(0.11)Sex + (0.01) TSH (mlIU/l whole blood) + (0.001)T4
(nmol/I whole blood) — (0.00002) Urinary lodine(ug/1)

Extracting the best subset gives the following result:

Thyroid volume (mls) = 0.03 + (1.06)Surface Area (nf) —
(0.36)AC148 + (0.20)Wushi — (0.11)Sex

In this subset, the addition of the blood and urine factors
did not help predict the thyroid volume, although 30% of
the variance could be accounted for by surface area and
place of residence.

Plate 4.1 Ultrasound thyroid volume determinationsin
Kuga, study area 2

Plate 4.2 Height and weight measurementsin Wushi,
study area 3

Plate 4.3 Hand photocopy measurementsin Wushi,
study area 3
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Figure 4.2 Regression plots of child body surface area by age for thethree study areas.
(148 = no iodine dripping/low IDD; Kuga = no iodine dripping/high IDD and Wushi = iodine dripping/high IDD)
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Thyroid Volume in AC148 by Age
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Figure 4.3 Regression plots of child thyroid volumes by age for the three study areas.
(148 = no iodine dripping/low IDD; Kuga = no iodine dripping/high IDD and Wushi = iodine dripping/high IDD)
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Thyroid Volume in AC148 by Surface Area
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Figure 4.4 Regression plotsof child thyroid volumes by body surface area for the three study areas.
(148 = no iodine dripping/low IDD; Kuga = no iodine dripping/high IDD and Wushi = iodine dripping/high IDD)
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433  Spot-Test Results Hormones (TSH, T4)

The mean hormone levels are given by village in Table
4.15 for thyroxine (T4) (total) and Table 4.16 for thyroid
stimulating hormone (TSH). The hormone values do not
add any precision to the estimate of thyroid volume by
height, weight, age or place of residence, as shown in the
regression eguation above.

TABLE 4.15 MEAN LEVELS OF CHILD TOTAL THYROXINE
(T4) IN EACH OF THE STUDY VILLAGES

Village N | Mean | LCI ucCl

AC148 51 | 45.36 | 42.24 | 48.47

Kuga (Al) | 50 | 41.01 | 38.14 | 43.89

Qiman 10 | 39.54 | 34.93 | 44.15

Sandagiao | 10 | 47.27 | 37.58 | 56.96

Wagiao 10 | 37.93 | 31.10 | 44.76

Wuzun 10 | 41.23 | 34.34 | 48.12

Yaha 10 | 39.10 | 32.37 | 45.83

Waushi (All) | 50 | 44.20 | 40.83 | 47.57

Aheya 10 | 36.14 | 30.55 | 41.73
Autebeixi 10 | 47.60 | 40.05 | 55.15
Dagiao 10 | 39.08 | 33.41 | 44.75
Wushi 10 | 53.12 | 46.38 | 59.86

Yimamu 10 | 45.05 | 34.01 | 56.09

I
Total T4 measured as nmol/L whole blood
LCI = lower 95% confidence interval; UCI = upper 95% confidence interval
N = number

TABLE 4.16 MEAN LEVELS OF CHILD THYROID
STIMULATING HORMONE (TSH) IN EACH OF THE STUDY
VILLAGES

Village N Mean LCI ucCl
AC148 52 1.79 1.52 2.04
IKuga (All) 50 1.31 1.01 1.61|
Qiman 10 0.90] 0.49 1.3
Sandagiao 10 1.00} 0.33 1.67
\Wagiao 10 1.40 0.39 241
Wuzun 10 1.77, 0.99 2.55
Yaha 10 1.49 0.75 2.23
\Wushi (All) 50 1.17) 0.89 1.44
Autebeixi 10 0.79 0.46 1.13
Aheya 10 1.43 0.87] 1.99
|Dagiao 10 1.24 0.38 2.19
\Wushi 10 1.63 0.76 2.5Q
Yimamu 10 0.76 0.10 1.42

TSH measured as mIU/l whole blood

LCI = lower 95% confidence interval; UCI = upper 95% confidence interval
N = number

Unlike the range in thyroid volume, which matches the
historical prevalence of goitre, the distribution of thyroid
hormones is highest in AC 148 but lowest in Kuga
(Tables 4.15 and 4.16).

The median values for the three areas (AC 148: T4 47.5
nmol/l whole blood, TSH 1.75 mlU/I whole blood; Kuga:
40.90, 1.10; Wushi: 43.25, 0.85) are similar to the mean
values for T4 but differ most for TSH in Wushi.

The WHO reports higher prevalence rates of mortality
and cretinism in mothers whose serum total T4 is below
25 pg/ml (= 0.25 pg/dl x 12.87 = 3.22 nmol/l) (WHO,
1996). Based on village mean values, none of the whole
blood total T4 levels in children in the study area are
below thislevel.

434 Urinary lodine & Fluorine

The data on urinary iodine and urinary fluorine are
presented in Appendix H and summarised in Table 4.17.

TABLE 4.17 SUMMARY OF URINARY IODINE AND FLUORINE
CONCENTRATIONS IN EACH OF THE STUDY AREAS

Area Fluorine mg/l lodine pg/l

N Min Max [Mean [N Min | Max [ Mean

All 151]10.03 [5.20 [1.32 |150 (5 1112 | 344

AC148 51 |0.03 |520 [1.79 |50 |50 |1112 (464

Kuga (All) |50 |0.13 |5.00 |1.23 |50 |5 912 [245

Qiman 10 (0.63 |[5.00 |3.15 |10 |70 |810 |425

Sandagiao |10 [0.27 [3.30 |1.14 |10 |35 |912 |296

Wagiao 12 1028 |2.85 (084 |12 |15 (680 |248

Wuzun 7 0.13 (058 |0.33 |7 5 85 40

Yaha 11 ]0.19 |0.87 (057 |11 |20 (345 |163

Wushi (Al) |50 |0.11 |4.80 [0.94 |50 |17 |1032 |324

Aheya 10 |0.36 |4.80 (1.36 |10 |100 (1032 |408

Autebeixi |10 [0.19 (4.60 |[0.87 |10 |17 |730 |329

Dagiao 10 |0.12 [3.10 (0.90 |10 |20 (812 |291

Waushi 10 1021 [1.95 (093 |10 |25 (810 |[344

Yimamu 10 (0.11 |1.10 |0.62 |10 |110|400 |250

The distribution of urinary iodine is lower in Wushi and
Kuga (Wushi mean 324.5 ug/l, 95% CL 264.0 to 385.0,
median 334.5; Kuga mean 245.2, 95% CL 179.4 to 311.1,
median 182.5) than in AC 148 fnean 463.9, 95% CL
395.2 to 5325, median 460). This is confirmed
statistically by the Kruska-Wallis test T=22.669,
P<0.0001, showing that at least one sample population
tendsto yield larger observations than at |east one other.

Further refining this by the all-pairwise comparisons of
Dwass-Steel-Chritchlow-Fligner reveals that Wushi and
Kuga values are not dissimilar (P=0.0569) while both




differ significantly from AC 148 (0.0069 and <0.0001
respectively).

Dietary iodine intake in humans is commonly estimated
on the basis of urinary iodine levels according to the
thresholds shown in Table 4.18. The cumulative
frequency distribution of urinary iodine from the present
study (Table 4.19) indicates that in the two old goitrous
communities (Wushi and Kuga) there are still anumber of
individuals who have a lower than advisable daily iodine
intake, as indicated by a urinary iodine level of =100 g/l
per day. Even in the small population sampled for this
study, there are too many in both Wushi and Kuga with a
very low intake of iodine (4% and 10% < 20 ug/l,
respectively). It is interesting to note that there are fewer
people in the historically more isolated and more goitrous
Wushi communities with low urinary iodine than in
Kuga, which might be expected to have a better intake.

Interestingly, in Kuga and Wushi respectively, 34 and
56% of the community may have an excessive, potentially
toxic, daily intake, indicated by urinary levels of >300
po/l per day. While AC148 has only 6% with urinary
iodine levels indicating a lower than recommended daily
intake it has over 70% in the potentially toxic group.

TABLE 4.18 IODINE NUTRITION RELATED TO URINARY
IODINE CONCENTRATION

Median Corresponding | lodine Nutrition
Urinary lodine | Approximate

Concentration | lodine Intake

(ng/h) (ug/day)

<20 <30 Severe deficiency
20-49 30-74 Moderate deficiency
50-99 75-149 Mild deficiency
100-199 150-299 Optimal

200-299 300-449 More than adequate
>299 >449 Possible excess
Source: WHO/ICCIDD/UNICEF

http://www.people.virginia.edu/%7Ejtd/iccidd/aboutidd.htm

TABLE 4.19 QUMULATIVE FREQUENCY OF URINARY IODINE
INTHETHREE STUDY AREAS

Area | Number (%) in each urinary iodine category | N

=20 | =50 | =100 | >100 | >200 | >300
po/l [ ug/t | pg/t | pa/t | pg/l g/l

Wushi [ 2 6 7 43 36 28 50
4 ((@12) | (14) | (86) | (72) (56)

Kuga |5 9 22 28 24 17 50
(10) |(@8) | (44) | (56) | (48) (34)

AC 0 1 3 47 44 38 50

148 2 |6 |@©4 |@88) (76)

The distribution of urinary fluorine is similar to the
distribution of iodine (Wushi mean 0.94 mg/l, 95% CL

0.66 to 1.21; Kuga mean 1.23, 95% CL 0.87 to 1.60; AC
148 mean 1.79, 95% CL 1.46 to 2.13).

Statistically significant differences are found by the
Kruskal-Wallistest T=19.4746, p<0.0001, showing that at
least one sample population tends to yield larger
observations than at least one other. Further refining this
by the adl-pairwise comparisons of Dwass-Steel-
Chritchlow-Fligner reveals that Wushi and Kuga are not
dissimilar (p=0.6029) while both differ significantly from
AC 148 (<0.0001 and 0.0061 respectively).

Thevariationsin urinary fluorine and iodine resultsin the
three study areas are shown graphically in Figures 4.5 and
4.6.
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Figure 4.5. Box and whisker plot of the 10", 25, 50",
75" and 90" per centiles of fluorine distribution in
urine samplesfrom thethreestudy areas
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Red lines indicate recommended minimum (100 pg/l) and
maximum (300 pg/l) concentrations in urine with regard to dietary
intake

Figure 4.6. Box and whisker plot of the 10", 25, 50",
75" and 90" per centiles of iodine distribution in urine
samples from thethree study areas.



435 Hand Photocopies (courtesy of Dr J Manning)

From the present study, 420 Uiger children (200 boys and
220 girls, mean age 8.96+0.07SE years) from Wushi and
Kuga Districts had their hands photocopied while 118
Chinese children (59 boys and 59 girls, mean age
7.52+0.10SE years) had photocopies made of their hands
in AC148. These results were incorporated into a large
study of in utero hormone levelsin children asfollows.

Overall, the study also included 151 black Jamaican
children (78 boys and 73 girls, mean age 7.66+0.12SE
years) and 320 Caucasian children from the northwest of
England (160 boys and 160 girls, mean age 8.50+0.13SE
years).

The overall mean male ratio of the length of the second
and fourth digit (2D: 4D) was lower than mean female
2D: 4D (males 0.955+0.002, females 0.964+0.002,
t=3.17, p=0.002).

There were also significant differences in mean 2D: 4D
between ethnic groups (English 0.991+0.003, AC 148
0.954+0.003, Wushi and Kuga combined 0.945+0.002,
Jamaican 0.935+0.0003, ANOVA F=103.83, p=0.0001).
A two factor ANOVA showed significant independent
sex (MS=0.02, F=13.32, p=0.0003) and ethnic differences
(MS=0.17, F=105.16, p=0.0001). The variance in 2D: 4D
ratio due to ethnic differences was therefore about eight
times greater than that due to sex.

The magnitude of the sex difference appeared to be
similar within ethnic groups (ANOVA interaction
MS=0.0004, F=0.27, p=0.85). There was no relationship
between age and 2D: 4D after controlling for sex and
ethnicity (age multiple regression coefficient b=0.001,
t=1.16, p=0.25.

Participants with masculinised ratios have lower TSH
levels compared to participants with feminised ratios; this
association isindependent of sex, age and ethnicity. There
was no relationship between the 2D: 4D ratio and T4
levels.
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5 Discussion

51 ENVIRONMENTAL IODINE

Although iodine is a ubiquitous element in nature, the
oceans are by far the primary reservoir. Volatilisation of
iodine from seawater possibly as elemental iodine or as
organically-bound iodine (methyl-iodide CHsl) is the
main source of the element in the environment (Fuge,
1996). It is estimated that every year 400 000 tons of
iodine escape from the surface of the oceans (Hetzel and
Maberly, 1986). The geochemical cycle of iodine
involving easy transfer to the atmosphere and mechanical
removal from sails is critically important in determining
its distribution in the environment. Due to its large ionic
radius, iodine is seldom found in primary minerals
therefore concentrations in many rocks are uniformly low.
However, concentrations in sedimentary rocks can be
more variable. Marine sediments generally contain more
iodine than non-marine sediments and shales tend to have
higher concentrations than sandstones. Some limestones
are relatively enriched in iodine, however, greatest
enhancement occurs in organic-rich sediments (> 40
po/g) (Fuge, 1996). The iodine content of soils is
generally controlled by the quantity of the element in the
environment and the ability of the soil to fix iodine - the
lodine Fixation Potential (Fuge and Johnson, 1986). The
major source of iodine in most soils is wet and dry
deposition from the atmosphere as the iodine content of
rocks generaly contributes little during weathering to
soils. Indeed soil iodine levelstend to be greater than that
of the parent materials. In general, coastal soils contain
more iodine than continental soils and in regions where
there is high rainfall, iodine tends to be enriched in soils
as it is flushed out of the atmosphere on a regular basis
(Fuge, 1996).

Several factors control the retention of iodine in soils.
Organic-rich soils have been show to contain higher
levels of iodine than other soils. Johnson (1980)
demonstrated that iodine was associated with organic
matter in topsoil samples (0 - 20 cm), which plays an
important role in fixing iodine in the upper layers of soil
exposed to the atmosphere. Whitehead (1984)
demonstrated that soil iron (Fe) and aluminium (Al)
oxyhydroxides also play an important role in the sorption
of iodine. Clay minerals also retain iodine in soils but this
fixation mechanism is thought to be less important than
organic matter and Fe and Al oxyhydroxides. lodine
sorption onto Fe and Al oxyhydroxides and clay minerals
isgreatest in acid conditions and little sorption takes place
under neutral and alkaline conditions.

However, neutral to alkaline soils developed over
limestones are often much richer in iodine than acid soils
from adjacent areas. Fuge (1996) accounts for this
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phenomenon in terms of the recycling of iodine in the soil
environment. Although the volatilisation of iodine from
the marine environment and subsequent transfer on land
represents the most important stage of the iodine
geochemical cycle, the zone of iodine enrichment in soils
close to the coast is relatively narrow (for example,
approximately 20 km in the UK). It is therefore unlikely
that much of the marine derived iodine directly reaches
central continental areas. The gaseous iodine found in
continental atmospheres is probably derived from the
revolatilisation of iodine from soils in a step-wise
progression from the marine environment across the
continental interior.

Fuge (1996) proposes the following controls on iodine in
soils. lodine added to soils from precipitation can be in
the forms I or 103. A proportion of these ions will be
adsorbed in the soil by organic matter, Fe and Al
oxyhydroxides and clay minerals. The amount of sorption
will be controlled by a number of factors including the
abundance of these soil components and the soil pH.
However, some of the iodine will remain in amobile form
and the fate of this iodine will be determined by the Eh-
pH regime of the soil. In acid oxidising soils the 103™ will
be converted to volatile forms and lost to the atmosphere
whereas in neutral and akaline soils I' will be converted
to 103™ and retained in the soil. Organic rich and alkaline
soils therefore pose a barrier to the migration of iodine in
theterrestrial environment.

Interestingly, several historic endemic areas of IDD are
associated with adequate levels of iodine in soil (Fuge,
1996). This may be because plants do not necessarily
uptake significant quantities of iodine from soils into the
food chain (Al-Ajely, 1985). Absorption of iodine from
the atmosphere by plant leaves may be a more important
mechanism for plant uptake hence the availability of
volatile iodine from the soil rather than the soil total
iodine contents is a magor factor in assessing iodine
deficient environments (Whitehead, 1984). However,
iodine rich fertilisers applied to soils have been shown to
double or triple the levels of iodine in food crops and
pastures (Hetzel and Maberly, 1986).

Bearing these factors in mind, it is hardly surprising that
the results of the geochemical investigations carried out
during the present study indicate that that total and water-
soluble iodine concentrations in the soils of the three
study areas are very low (0.030 — 3.900 pg/g and 0.012 —
0.040 pg/g respectively) and are lower than values
reported in other IDD endemic areas such as Sri Lanka
(Table 5.1). The three study areas lie within an arid
climate with very low rainfal therefore minimal
atmospheric depositional inputs of iodine. In addition, the
study areas are located in a continental interior, far from
the sea, on the landward side of a highly alkaline desert



environment. Any volatilised marine iodine circulating in
weather systems drawn in over the continent is likely to
be trapped in the arid desert to the south before reaching
the study areas. Furthermore, the soils in the study areas
are very sandy and contain very low organic matter
contents limiting the ability of the soil to trap and retain
iodine and the amount of water soluble or mobile iodine
in the il is very low compared to other areas (Table
5.1). Despite the low soil contents, wheat iodine levels
(32 — 389 ng/g) are similar to results reported from
elsewhere in the world (Table 5.1). In contrast, cabbage
iodine concentrations (36 — 235 ng/g) are marginally
lower than in other areas of the world (Table 5.1). The
differences between wheat and cabbage iodine status are
probably due to the different plant types. Wheat
concentrationsin Xinjiang are similar to other areas of the
world because the grain-head of the plant is generaly a
poor source of iodine regardless of soil iodine contents.
Muramatsu et al. (1985) have shown that the soil-to-plant
transfer factor for iodine in cerea plantsis very low and
that, for example, 1000 times more iodine is taken up in
the leaves of rice plants than in the grain. Cabbage being
a leafy vegetable is a far more sensitive indicator of
environmental iodine levels.

Although the iodine concentrations in crops reported in
the present study are broadly similar for the three study
areas, the soil geochemical evidence suggests that the
presence of limestone and higher concentrations of Ca
and Mg and resultant higher pH of the soils in the Wushi
and Kuqga areas will inhibit the volatilisation of iodine
from the soil into the crops compared to the AC148 area.
This may in part explain the historically greater
prevalence of IDD in these two areas.

Wheat iodine values range widely from low levels
comparable to pre-dripping, to contents in excess of the
post dripping concentrations reported for Xinjiang by Cao
et al. (1994). However, values in excess of the post-
dripping results occur in al three study areas and are not
restricted to the Wushi area where iodine dripping took
place. On the basis of the results of this study, thereis no
evidence that the iodine-dripping programme carried out
in Wushi has increased soil or crop iodine contents
beyond levels in other areas, indeed wheat and cabbage
contents in Wushi are marginally lower than in the other
two study areas (See section 3.4.3). In this type of
environment, adding iodine to irrigation waters is unlikely
to be successful over the longer term as the soils contain
too little organic matter and Fe and Al oxyhydroxides to
retain the iodine for subsequent volatilisation and are too
akaline to allow the ready volatilisation of iodine for
plant uptake. Other environmental interventions such as
improving the organic matter content of the soil or direct
spraying of iodine fertiliser onto plant leaves may prove
more successful.

TABLE 5.1 SOIL, WHEAT, CABBAGE AND DRINKINGWATER
IODINE CONCENTRATIONS FROM THE PRESENT STUDY

COMPARED TO OTHER AREAS
Material Location lodine ng/g Reference
Soil Total | Xinjiang 300 - 3900 Present Study
Soil Total | World 4000 - 8000 (Fuge and Johnson,
1986)
Soil Total | World 5000 (Vinogradov, 1959)
Soil Total | World 100-100000  (Fuge, 1996)
Soil Total | World 100 - 72 000 (Johnson, 2003)
Soil Total | Sri Lanka 130 - 10 000 (Fordyce et al.,
2000)
Soil Total | USA 750 (Shacklette and
Boerngen, 1984)
Soil WSol | Xinjiang 12 - 40 Present Study
Soil WSol | Wales 300 - 8500 (Johnson, 1980)
Cabbage Xinjiang 36 — 235 Present Study
Cabbage Xinjiang Post 70 - 240 (Jiang et al., 1997)
lodination
Cabbage World 0-950 (Barakat et al.,
1972)
Cabbage World 52 - 260 (Chilean lodine
Educational
Bureau, 1952)
Cabbage USA 16 - 791 (Beeson and
Matrone, 1972)
Wheat Xinjiang 32-389 Present Study
Wheat Xinjiang Pre 32 (Cao et al., 1994)
lodination
Wheat Xinjiang Post 65 —94 (Cao et al., 1994)
lodination
Wheat World 37-44 (Chilean lodine
Educational
Bureau, 1952)
Wheat Germany 15 (Anke et al., 1993)
Wheat UK 130 (Food Standards
Agency, 2000)
Wheat Austria 2-30 (Shinonaga et al.,
2001)
Wheat Morocco 227 (Aquaron et al.,
1993)
Water pg/l AC148 78 — 100 Present Study
Water pgl/l Waushi + 0.1-4.05 Present Study
Kuga
Water pg/l Xinjiang Pre 1-15 (Jiang et al., 1997)
lodination
Water pg/l Xinjiang Post 7 -85 (Jiang et al., 1997)
lodination
Water pg/l World 0.01-70 (Edmunds and
Smedley, 1996)
Water pg/l World 1.6-1270 (Fuge and Johnson,
1986)
Water pg/l World Low | 3-5 (McClendon and
Williams, 1923)
Water pg/l World IDD <20 (Hetzel and
Maberly, 1986)
Water pg/l Heilongjiang 3-9 (Tan, 1989)
IDD
Water pg/l Sri Lanka 3-24 (Fordyce et al.,
IDD 2000)
Water pg/l Sri Lanka 53-84 (Fordyce et al.,
High | 2000)
Water pg/l Egypt High| 44 -100 (Fuge, 1989)
Water pg/l Sri Lanka 1.4 - 450 (Balasuriva et al.,
1992)
Water pg/l China 5-50 (Tan, 1989)
Water pg/l Denmark 2-30 (Larsen et al., 1999)
Water pg/l New Zealand 0.7 —14.8 (Dean, 1963)
Water pg/l Morocco 1.08-1.19 (Aquaron et al.,
1993)
Water pg/l USA 6.42 —7.68 (Fuge, 1989)
Water pg/l Surface <15 (Fuge and Johnson,
Water 1986)
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Although the soil and crop iodine status of all three study
areas are similar and explain the historic occurrence of
goitre in all three areas, water iodine concentrations show
very marked variability between AC148 and the other
areas. The surface- and shallow ground- waters used for
drinking in Kuga and Wushi Districts have very low
iodine contents (0.1 — 4.05 pg/l) compared to other parts
of the world whereas waters abstracted from deep
boreholes in the AC148 area contain very high quantities
of iodine (78 — 100 pg/l, Table 5.1). On the basis of the
dietary information outlined in Table 2.5, the daily intake
of iodine from wheat, cabbage and water samples (median
values) in the study areas were estimated (Table 5.2). It is
clear that high iodine contents of drinking water in the
AC148 study area have a significant impact on dietary
intakes, which are generous (320 ug/day) by comparison
with recommended daily levels (150 — 300 pg/day). In
contrast, dietary intakes in the Kuga and Wushi study
areas (139 and 124 ug/day respectively) are below
recommended levels despite the iodine-dripping
programme carried out in Wushi District (Table 5.2). It
should be noted, however, that these results are for three
major dietary components only, not for the whole diet and
that iodine can be lost from bod and water during the
storage and cooking process such that raw food content
does not necessarily equate to dietary intake. The
importance of iodine intake from drinking water and
impacts on disease prevalence rates affirm results of
previous investigations carried out in Sri Lanka where
high iodine drinking waters were aso thought to
contribute to the lack of IDD in the arid north of the
country compared to high IDD rates in south where the
climate is much wetter and waters contain little iodine
(Fordyce et al., 2000). Similar linkages between low
water iodine contents and IDD have been made in India
(Longvah and Deosthale, 1998), other areas of China
(Tan, 1989) and historically in Australia (Eastman, 1993).

All iodine dietary intake estimates reported in the present
study are in excess of the level below which cretinism
occurs (25 pg/day (WHO, 1996)). Although historically
goitre was a problem in the AC148 areq, it is clear that
since this former desert region was colonised and
developed for agriculture and deep boreholes sunk to
provide the water supply, goitre probably ceased to exist
in the area. In contrast, the results of the present study
indicate that the populations of Kuga and Wushi are still
at risk from iodine deficiency in terms of dietary exposure
to natural foodstuffs, however, the assessments of
population iodine status also had to take account of the
government iodination programmes as follows.

73

TABLE 5.2 ESTIMATES OF HUMAN DAILY DIETARY IODINE
INTAKE FROM WHEAT , CABBAGE AND DRINKINGWATER
FROM THE PRESENT STUDY

Dietary Daily Intake lodine pg
AC148

Composition Kuga Waushi

Wheat (0.7 kg) 93 90 85

Cabbage (0.4 kg) 43 43 37

Water (2I) 184 6 2

Total 320 139 124

Recommended daily intake 160 — 200

(Hetzel and Maberly, 1986)

Recommended daily intake 150

(WHO, 1996)

Recommended dalily intake in 200 — 300

goitrogen areas (WHO, 1996)

Level below which cretinism 25
occurs (WHO, 1996)

Reference nutrient intake UK 140
adults (Food Standards

Agency, 2000)

Reference nutrient intake UK 50 — 140
children (Food Standards

Adency, 2000)

Average dalily intake in the UK 163-226

(Gregory et al., 1990)

Average daily intake in the UK 250
(Food Standards Agency,

2000)

Maximum tolerable daily
intake (Food Standards
Agency, 2000)

17 pg per kg body weight

52 POPULATION IODINE STATUS

Surveys of the iodine status of a population depend on
either clinical markers, such as determination of thyroid
size, or on biochemical markers, such as urinary iodine or
thyroid hormones. Each of these measures reflects a
different set of circumstances, controls and time scales.

In the majority of medical surveys, these population
markers have only rarely been determined in conjunction
with the iodine status of the local environment and any
such environmental measures have usually been limited to
a handful of samples of soil or water iodine with little or
no interpretation in the light of other factors which may
influence them.

However, in the medical literature the iodine status of the
environment has often been inferred from the biochemical
status of the community. Observations that, severa
historic endemic areas of IDD are associated with
adequate levels of iodine in soil (Fuge, 1996) have
usually been discounted as atypical, with the result that
the links between environmental iodine and the iodine
status of the community have remained unexplored.



Theiodine status of acommunity depends on a number of
factors such as the iodine supply, the nutrition of the
individual and the community and, sonmetimes, the
presence of goitrogens in the diet. Goitrogens are goitre
producing agents, which act within the body to oppose
normal iodine metabolism in a variety of ways.

Normally the iodine supply to individuals and the
community is from the diet. But in Xinjiang Province
there have also been supplies of iodinated oil and salt
over the two years prior to the study. These extra sources
can seriously alter the local situation.

Daily dietary iodine supply approximately equals the
daily loss of iodine in the diet, so measuring urinary
iodine is an excellent measure of intake over the last 24
hours, alow output meaning there is alow intake and vice
versa. The daily intake of iodine can be expected to vary
widely in any one individual over the course of many
days. However, in a community survey, measuring the
iodine intake of a group of people by urinary iodine is a
good indicator of the community supply of iodine. When
iodised salt is available then the amount of salt used in the
day will affect the dietary intake in the same manner in
which the intake of crops or water, with their natural
supply of iodine, will. lodised oil is somewhat different,
in that it provides a depot within the body from which
iodine is constantly released, in an exponentialy
decreasing fashion.

In the Districts studied here there are important
differences in iodine intake, as measured by urinary
iodine, at the community level. While the confidence
intervals for urinary iodine in Wushi and Kuga overlap,
indicating that the overall intake is similar, AC148 has a
significantly higher level of urinary iodine than the other
two Districts.

The distribution of urinary iodine varies not only between
the communities but within them as well (Table 4.17),
particularly in Kuga where most of the villages have an
adequate mean intake. Wuzun, however, has a very low
average intake of iodine while Qiman has a high intake.
There is far less spread within the villages of Wushi
where only 14% have an intake lower than 100 pg/l as
against 44% in Kuga. These differences are further
demonstrated by comparison of the mean and median
values. The mean and median urinary iodine in AC148
and Wushi are almost exactly the same as each other in
both Districts, while in Kuga there is a large difference
between the mean (245 pg/l) and the median (182 ug/l).
The spread of values in Kuga is skewed to the left, with
more people with lower values and a few with very high
values.

This variation in urinary iodine reflects a differencein the
daily iodine supply in the children in the three Districts,
including iodised salt, or to the release of iodine from
depots of iodised ail. It is likely that the children with the
very high intakes of iodine have either been given iodised
il or have a high intake of salt. The low levels of urinary
iodine found in both Wushi and Kuga indicate that there
are still people not using iodised salt or who have not
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been given iodised ail recently. Oral iodised oil capsules
can be expected to release iodine for 6-9 months.

There is little environmental evidence for any long-term
effect of the irrigation water iodination programme in
Wushi but this remains one of the few differences
affecting environmental iodine between Wushi and Kuga
and it is tempting to suggest that the water iodination
programme may have contributed to fewer people in
Wushi, when compared with Kuga having urinary values
below 100 pg/l. However, on the basis of this study, these
differences are more likely to be caused by variations in
theiodised oil programmes between the two areas.

In most situations, it is generally accepted that between
80 and 90% of the dietary intake of iodine comes from
food, with only 10-20% coming from water (atmospheric
iodine breathed in accounts for a negligible amount).
However, for the present study, estimates of the intake of
iodine from wheat and cabbage in the three Districts are
very similar (Table 5.2). The main variation in the
estimated intake comes from water (see previous section)
and is possible that some of the differences within and
between the communities are due to the different levels of
water iodine and not to the supplementation programmes
of salt and oil.

Figure 5.1 demonstrates the similarity in water and urine
element distributions between the three study areas but no
relationship  between soil, wheat or cabbage
concentrations and human (urine) | status. Although
different numbers of environmental and human urine
samples were collected in the three study areas, it is
possible to compare these data using median values for
each village (Table 5.3). Spearman Rank calculations
show that significant (95% CL r; = 0.521, (Koch and
Link, 1970)) correlations exist between urinary iodine and
fluorine and that correlations between urinary and water
iodine and fluorine are almost significant (Table 5.4).
Therefore, it is likely that the marked difference in water
iodine contents between AC148 and the other two areas
does affect the iodine status of the population as indicated
by the urinary iodine results. The high urinary | levelsin
AC148 are also commensurate with the history of very
low goitre prevalence.

However, it is a matter of concern that the mean urinary
value (464 pg/l) in AC148 is well above the highest
recommended threshold (Table 4.17), with over 70% of
the children examined having levels over 300 ug/l.
Nevertheless, this is not an isolated phenomenon, since
about athird to a half of the children in Wushi and Kuga
aso have high urinary iodine levels above 300 ug/l,
indicating that a potentially toxic intake in these Districts
iS not uncommon.

Overadll, the numbers of persons with urinary iodine
exceeding 300 g/l per day is worrying. It suggests that,
in AC148, the naturally high concentrations of iodine in
the drinking water are more than sufficient to supply
adequate amounts of iodine to the diet without the need to
target the popul ation with iodised salt.



There is interplay between nutrition and iodine status,
deficiencies in each affecting the other adversely. The
main effect of poor nutrition on iodine status is to
decrease iodine intake (Fisher, 1996) while the effect of
iodine deficiency is to decrease growth hormones
(Nazaimoon et al., 1996) with stunted height as a
consequence.

The children seen in Xinjiang, whether Han Chinese in
AC148 or Uiger children in Wushi and Kuga Districts
were all small for their age by western standards. They
were also lighter for their height than western children, as
seen by their surface area. Suitable Chinese standards
were not readily available for height and weight. There
was a clear difference between the slope of the graph of
surface area against age in the three areas, indicating that
the poorest nutrition was found in Wushi and the best in
AC148. This is consistent with the observation of the
study team that Wushi is more isolated than Kuga, which
in turn is more isolated than AC148; it is also consistent
with the historical differencesin goitre prevalence.

It is not easy to unravel the effects of social isolation,
which include poor nutrition and stunting, and its related
iodine deficiency, which aso includes stunting,
particularly now that the communities have been heavily
supplemented with iodine. However, given the
differences between the environmental iodine in the
communities it is likely that some of the variance in
surface area and height are due to deficiency iniodine.

Thyroid volumes determined during the present study are
a more accurate and quantifiable method of measuring
goitre than the historical surveys by palpation and visua
examination of the neck. The large number of children
measured during the present study gives confidence in the
accuracy of the results, despite the unknowns of the
effects of the recent iodination programmes.

The thyroid volumes in all three areas were lower than
those found in iodine replete western children. This is
likely to be due to the smaller size of the children and the
recent iodination of the community by oral oil capsules,
with or without dripping into irrigation waters.

Nevertheless, it is possible to see an underlying trend
concordant with the difference in goitre prevalence from
pre-iodination days and nutritional status between the
three study areas. AC148 had the smallest thyroids, while
Wushi had the largest with Kuga in between. The
historical goitre rates were AC148 20%, Kuga 30% and
Wushi 40-60%. Even if the age differences between the
children are taken into account (AC148 had the youngest
children) there is a rea difference in thyroid volume
between the three Districts.

Examining the best subset regression equation indicates
that there are independent effects on thyroid volume of
age, surface area, residence and sex. Adding in thyroid
hormones and urinary iodine did not alter the form of the
regression. These factors reflect that time is needed to
cause thyroid enlargement. Urinary iodine reflects the
past 24-hour intake of iodine while hormone levels reflect
time on a scale of afew months, perhaps one to three.
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The effect of residence, as a reflection of the historical
rates, is small since the children are young and have not
been exposed to the historical differencesiniodine supply
in the communities for many years. Visible goitre is
unusual in children in any community, so the fact that
thyroid volumes by ultrasound detect historical trends is
both a comment on the sensitivity of the technique and on
the strength of the underlying differences between the
communities, despite iodisation programmes.

Another factor that may affect the iodine status of a
community is the presence or absence of goitrogens. Only
one goitrogen was measured in this study, urinary
fluorine, which did not show any trend that could be
interpreted asimportant in the production of goitre.

However, given the paucity of the explanation of
variation in thyroid size by the factors in the regression
equation it remains a possibility that either there is an
unrecognised goitrogen in the province, or, more likely,
the study did not measure the correct variables to explain
the variation.

Thyroid stimulating hormone (TSH) is produced by the
pituitary gland in the base of the brain. TSH levels reflect
the effort needed to produce thyroid hormones. Typically
the levels are high when the dietary supply of iodine is
low and low when iodine supply is high. AC148 had the
lowest TSH whilst Wushi had the highest (Table 4.16).
This pattern is in accord with the historical goitre picture
and with the thyroid volumes measured in this study.

T4 (thyroxine) is the main hormone produced by the
thyroid. It does not always reflect the patterns found in
TSH and thyroid volumes since, even in the presence of
an abnormally low iodine intake it is possible to maintain
an adequate secretion of thyroid hormones such as T4.

In this study the differences between the three Districtsin
the mean values of T4 parallel the surface area means
with Kuga having the lowest values for both and AC 148
the highest (Table 4.15). The Wushi mean was
intermediate in both cases. However, there is no
correlation between T4 levels and surface area in
individuals. As noted earlier, the T4 levels were higher
than the threshold for endemic cretinism and no cretins
were seen during the present study. Historically, cretinism
has been recorded in Aksu County but it was probably of
low prevalence.

Our findings support the hypothesis that the origin of the
2D:4D ratio in finger length is in early life. There are
differences both between the sexes and between the two
ethnic groups. The ethnic differences are much larger than
the sex differences.

It is possible that the differences between the Han
Chinese children in AC148 and the Uiger children in
Woushi and Kuga Districts in thyroid indices is due to this
ethnic difference. The historical distribution of goitre
might have been affected by this as well. However, there
is little in the literature to indicate ethnic differences in
goitre rates. Certainly, the genetic component in iodine
deficiency is exceedingly limited. The 2D:4D finger ratio



is only partly geneticaly determined. The early
environment plays a large part. So it is likely that the
ethnic difference merely reflects the same influences that
affect the iodine intake of the children rather than being a
separate causal factor. The ratio can thus be seen as
strengthening the case for differences beween the
communities, differences that are likely to be explained
by environmental influences.

The association between the masculisation of the
individual and lower TSH levels might have significance
for the kinds of diseases these individuals are prone to
later in life. The 2D:4D ratio correlates with susceptibility
to childhood and adult-onset diseases such as heart
attacks. What the link between TSH and the ratio is
remains unclear, although, as noted above, it is likely to
be a common environment. The association may reflect
access to nutritious foods in early childhood, since the
Uiger communities live further from the centres of
civilisation than the AC148 children.

Thus, despite the iodination programmes, two measures
(thyroid volumes and TSH) in this study confirm the
historical picture and show a gradient of thyroid response
between the three Districts.

Classically, this gradient would be interpreted as
indicating that the environment is increasingly iodine
deficient from AC148 through Kuga to Wushi District.
The standard medical interpretation for such
environmental iodine deficiency includes increasing
distance from the sea, glaciation ‘stripping’ the soil, or the
presence of limestone (alkaline environments). In this
case, distance from the seais afactor in all three areas but
the gradient in goitre prevalence does match increasing
alkalinity of the soils from AC148 to Kuga and Wushi.
However, the differences in thyroid volumes most closely
reflect the very marked differences in water iodine
contents between AC148 and the other two areas and the
level of development of the three communities, being
greatest in the most remote, least developed area of
Wushi and smallest in the more developed AC148 area.

As an indication of iodine status, thyroid volumes in the
three study areas were small, by all standards. In AC148,
this is confirmation of the natural, adequate intake of
iodine and availability of iodised salt. Wushi and Kuga
Districts historically have been iodine deficient. Despite
the recent ‘double’ iodination in Wushi District by oil and
the iodine-dripping programme the greater thyroid
volumes of the children there reflect a previously poorer
iodine supply than in Kuga.

The iodination programmes in both Wushi and Kuga
Districts have been successful, as seen by the very low
thyroid volumes recorded in all the children.

In other words, the diet in AC148 is and has been iodine
replete, largely as a result of high iodine intakes in
drinking water. In Kuga District there has been a
moderate iodine deficiency, which has been overcome by
iodination programmes. Similarly, the iodination
programmes in Wushi District have successfully
enhanced what was the most deficient diet of the three
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areas studied. What part in this reduction in Wushi
District has been played by orally administered iodine
from the government programmes and what part is due to
the iodination of the irrigation canals cannot be
determined by the medical survey but evidence from the
geochemical survey suggests that this environmenta
intervention has had little long term impact on the iodine
status of the soils, crops or drinking water therefore the
influence on the population islikely to be small compared
to the oral interventions.

These findings are in contrast to the outcomes reported by
for iodine dripping programmes in southern Xinjiang
Province where it is speculated that iodine added to
irrigation waters is effective for up to six years (DeLong,
2002). The discrepancy may be due in part to the different
sampling and analytical methods adopted by the two
studies and may also reflect differences in soil type
between the Wushi area and southern Xinjiang.

However, the difficulties of distinguishing the health
effects of the iodine-dripping programme versus those of
iodised salt, oil capsule and iodine drinking-water-
releaser initiatives are also highlighted in the southern
Xinjiang study. The long-term fate of the iodine added to
these soils via irrigation water is currently the subject of
further investigation by Dr DeLong and his colleagues.

DelLong (2002) compares the economics of different
iodination methods. Even if the iodine added in irrigation
water is only active for 1 to 2 yearsit is still a highly cost
effective means to increase iodine in the environment
(costs 1 Yuan per person for annual irrigation). As Dr
DelLong, indicates, it has the added benefit of raising
iodine levels in soils, crops, water, animals thus
improving crop and animal productivity, which in turn
enhance the nutritional status and wealth of as well asthe
direct benefits of increased iodine in the population. In
contrast, other intervention schemes such as the salt (cost
1 — 2 Yuan per person), releasers (cost 2 Yuan each
annually) and oil programmes target the population only
and do not address the underlying environmental iodine
deficiency.

However, it should be noted that most economists would
prefer to use marginal rather than average costs, as these
are a better indicator of the true price since average costs
are easily biased by the inclusion or exclusion of capital
and running expenses. To our knowledge, no evaluation
of the marginal costs of any type of iodine
supplementation programme has been determined.

The present study suggests that the population in the
Kuga and Wushi are at risk froman iodine deficient
environment and athough the results show that the
iodised oil programmes implemented in 1997 and 2000
have successfully reduced IDD, the population will
continue to require iodine supplementation in some form
well in to the future. Environmental enhancements may
prove more beneficial, cost effective and safer as a whole
than medical interventions.



TABLE 5.3. MEDIAN IODINE AND FLUORINE CONCENTRATIONSIN SOIL, WATER, WHEAT, CABBAGE AND URINE SAMPLES FROM
THE STUDY AREAS

Area Village No. [Soil Soil No. [Wheat | |[No. [Cabbage | |No. |Water | |Water F |No. [Urine | pg/l[Urine F
Total | (WSol | pg/100g pg/100g ug/l mg/l mg/l
MO/g  |MO/g DwW DwW
AC 148 AC 148 25 1.05( 0.012) 25 13.39 14 10.67 5 92.25 1.10p 50| 460 1.60
Kuga Qiman 5 0.99( 0.020} 5 13.24 3 7.17 1 3.09 0.76] 10 408, 2.80
Kuga Sandagiao 5 0.93 0.012} 5 10.13 3 7.76 1 3.15 1.931 10| 225 0.99
Kuga Wagiao 5 1.16] 0.012) 5 8.03 3 11.84 1 4.05 0.10] 12 175 0.64
Kuga Wuzun 5 1.000 0.012) 5 1129 3 17.86 1 2.40] 0171 7 33 0.24
Kuga Yaha 5 1.65 0.012) 5 16.29 3 15.45 1 3.25 0.32 11 150 0.55
\Wushi Aheya 5 1.371 0.012} 5 15.69 3 9.35 1 0.10] 0.51] 10 366 1.09
\Wushi Autebeixi 6f 070 0.012) 5 1114 3 10.66] 1 0.40] 0.12} 10| 356, 0.33
\Wushi Dagiao 5 0.62] 0.012} 5 12.14 3 7.96 1 3.70 0.34] 10 286 0.649
\Wushi Wushi Town 5 0.94 0.014 5 15.2q4 3 8.17 1 0.95 0.17] 10| 342 1.09
\Wushi Yimamu 5 0.98 0.012] 5 12.11 3 17.69 1 2.10 0.21] 10| 259 0.54

DW = dry weight

TABLE 5.4. SPEARMAN RANK CORRELATION MATRX OF IODINE AND FLUORINE CONCENTRATIONSIN SOIL, WATER, WHEAT,
CABBAGE AND URINE SAMPLES FROM THE STUDY AREAS

Soil Total | Soil WSol | Wheat | ug/g|Cabbage | pg/g|Water | pg/l|\Water F mg/l{Urine | Urine F
Ha/g Ha/g g/l mg/l

Soil Total | pg/g 1.000

Soil WSol | pg/g -0.080, 1.000

\Wheat | ug/g 0.486 0.169 1.000

[Cabbage | pg/g 0.339 -0.412 -0.053} 1.000

\Water | pg/l 0.019 -0.119 0.079 -0.052 1.000

\Water F mg/| -0.036 0.089, -0.100; -0.439 0.353] 1.000

IUrine I pa/l -0.238 0.382 0.321 -0.649 0.459 0.237 1.000

IUrine Fmagll 0.023 0.850] 0.233 -0.565] 0.305 0.420 0.642 1.009

R (11) = 0.521 95% confidence level (Koch and Link, 1970) significant correlations are highlighted in bold
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Theresults of this study have shown that the
iodination programmes carried out in
northern Xinjiang Province based on salt, oil
and iodine irrigation have been successful in
that no goitre prevalence was evident.
However, it is not possible to distinguish the
efficacy of the iodine irrigation programme
alone on the population because of the
blanket iodised oil progranmes also
implemented in the region.

Environmental investigations demonstrate
that the soils and crops of this region are
very low in iodine and that the soils do not
have the ability to retain iodine added via
irrigation water over the longer term. As a
result of this environment and the
remoteness of the Kuga and Wushi study
areas, the population will remain at risk
from iodine deficiency into the future. The
question then arises, which is the most
efficient means to continue to enhance the
iodine status of the population.

Although iodised salt programmes have
proved successful in other areas of the world
and are relatively cost effective (1-2 Yuan
per person), the take-up in this region is
poor for socia-economic reasons — the
population prefer to use local rock salt
rather than iodised salt which has to be
purchased in the market.

Oil iodination programmes have proved
successful in Xinjiang but do require major
organisation and government intervention
and are therefore more expensive than some
other measures.

The water storage jar iodine releasers tested
in the region by local authorities previously
are also relatively cost effective (2 Yuan
each per year) and similar methods of
supplementation have proved successful in
other parts of the world.

However, the issue with al these
interventions, the salt, oil and iodine-
releasers is that they target the human
population only without addressing the
underlying problem of low environmental
iodine.

It is important to consider environmental
interventions because in addition to direct

6 Conclusions and Recommendations

I

concerns about the human population,
increases in the iodine content of soils and
plants aso improve crop and animal
productivity and can therefore enhance the
general economic and nutritional well-being
of communities contributing to sustainable
development.

Methods to enhance environmental iodine
include addition of Hertilisers to soil but
this is only likely to be effective if the soil
has the ability to retain iodine and make it
available for plant uptake. Since many
fertiliser products are of a calcareous nature,
adding these to the already akaline soils of
Xinjiang may have the opposite effect and
make iodine even less bioavailable.
Furthermore, iodine fertilisation is unlikely
to be as cost effective as the iodine-
irrigation programme trialed in Xinjiang.

Even if, as the results of this study suggest,
the iodine added in irrigation waters is only
active for 1 or 2 years it is still a very cost
effective method (1 Yuan per person per
year). In order to maximise the benefits of
this technique, it is recommended that
agricultural practices to enhance the
retention of soil iodine should be considered
and factors that will strongly fix the iodine
in the soil and make it unavailable for
uptake to crops should be restricted. In
Xinjiang, such methods could include the
addition of organic matter, for example,
ploughing back straw and manure, to the
soils to help retain the iodine. It is
recommended that the long-term fate of soil
iodine added by the irrigation programmes
be investigated more fully.

The importance of iodine in drinking water
to the diet is often ignored because in many
western countries this source is very minor
compared to food. However, the results of
this study confirm previous investigations
and demonstrate that in subsistence
populations consuming low-iodine
foodstuffs, water can be an important
dietary contributor if supplied from deep
groundwater resources, which generally
contain much higher concentrations of
iodine than surface waters. Thus the
provision of deep groundwaters for drinking
may prove another useful environmental
intervention technique in IDD with the



added benefit that groundwaters are
generally free of the bacteriological
contamination that can affect surface waters.
However, any such approach should take
account of potential additional water quality
problems such as high arsenic or fluoride
concentrations prior to groundwater use.

The results of this study suggest that like
many other health effects, the risks of IDD
decrease with increased development. For
areas of the world where marked economic
and socia development are unlikely to take
place over the shorter term, low-cost
environmental interventions could be used
along side medical techniques to reduce the
risks of IDD provided the political will
exists to implement these measures.

Further investigations into the costs of
iodine supplementation programmes are
needed. Such studies should take account of
benefits other than monetary issues such as
the effects of additional iodine on animal
and crop productivity, the antibacterial
effect of iodine when added to water or
other environmental components and
possible toxicity in the human and animal
population.
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APPENDIX A. SUMMARY INFORMATION FOR THE 15 STUDY VILLAGES

Area Code Area Name |Village Name |Population of |School Name Longitude of|Latitude of
Village School School
1- Low IDD/ no | dripping |AC148 Village 3 400 148 Primary 86.30832 44.85051
1- Low IDD/ no | dripping |AC148 Village 21 500 148 Primary 86.30832 44.85051
1- Low IDD/ no | dripping |AC148 Village 2 1100 148 Primary 86.30832 44.85051
1- Low IDD/ no | dripping |AC148 Village 4 2000 148 Primary 86.30832 44.85051
1- Low IDD/ no | dripping |AC148 Village 6 1000 148 Primary 86.30832 44.85051
2 - High IDD/ no | dripping [Kuga Qiman 33000 (area) [Qiman Primary 82.89593 41.52012
2600 (village)
2 - High IDD/ no | dripping [Kuga Sandagiao 5500 (area) Sandagiao Primary [82.75428 41.64926
484 (village)
2 - High IDD/ no | dripping [Kuga Yaha 240 Yaha Primary 83.23561 41.74297
2 - High IDD/ no | dripping [Kuga Wuzun 500 Wuzun Primary 83.05934 41.68706
2 - High IDD/ no | dripping [Kuga Wagiao 1670 Wagiao Primary 82.89330 41.69552
3 - High IDD/ | dripping Wushi Aheya 30000 Aheya Primary 79.70520 41.21262
3 - High IDD/ | dripping Wushi Dagiao 15959 Dagiao Primary 79.42725 41.20714
3 - High IDD/ | dripping Wushi Wushi Town 30 000 (area) [Wushi Town Primary|79.22566 41.21069
4000 (town)
3 - High IDD/ | dripping Wushi Autebeixi 20 000 Autebeixi Primary  [79.13452 41.18071
3 - High IDD/ | dripping Wushi Yimamu 17500 Yimamu Primary 79.45888 41.26902




APPENDIX B. LISTING OF SOIL RESULTS
Appendix B.1 Soil Field Data

Sample Number Area Name Location Longitude Latitude Field Soil Sampling Soil Clasts Comments

Colour Texture Depth (m)
UR1 148 Village 2 86.34332 44.81329 LB Clay-Silt  0.10 None Ploughed wheat field after harvest.
UR27 148 Village 2 86.33967  44.81452 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR33 148 Village 2 86.34333  44.82029 LB Clay-Sit  0.10 None Cotton field, previous crop = wheat. Soil is damp, been irrigated.
UR66 (Dup B1) 148 Village 2 86.33828  44.81547 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR71 (Dup Al) 148 Village 2 86.33828  44.81547 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR87 148 Village 2 86.33876  44.81489 LB Clay-Silt  0.10 None Harvested wheat field now w ith cabbage crop. Soil is damp, been irrigated.
UR13 148 Village 21 86.29671  44.81384 LB Clay-Silt  0.10 None Ploughed wheat field after harvest. Straw ploughed into field.
UR22 148 Village 21 86.29474  44.81539 LB Silt 0.10 None Cotton field, previous crop = wheat
UR62 148 Village 21 86.29687  44.81376 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR84 148 Village 21 86.29526  44.81243 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR89 148 Village 21 86.29688  44.81287 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR5 148 Village 3 86.30249  44.85463 LB Silt 0.10 None Cotton field, previous crop = wheat
UR37 148 Village 3 86.29543  44.84878 LB Silt 0.10 None Harvested wheat field now with cabbage crop to S of village. Soil is damp,
UR75 148 Village 3 86.32156  44.84854 LB Silt 0.10 None a%er\r/‘elgtlggtv'\a/ﬂéat field now with cabbage crop. To E of village
UR83 148 Village 3 86.30329  44.85572 LB Silt 0.10 None Ploughed field beside main road from 148 to village. Previous crop =

wheat. current croo = sunflowers. Animal fertiliser on field

UR99 148 Village 3 86.31927  44.84941 LB Silt 0.10 None Harvested wheat field now with cabbage crop to E of village
UR11 148 Village 4 86.29101  44.87255 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR14 148 Village 4 86.29030 44.87348 LB Clay-Silt  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR39 148 Village 4 86.28722  44.87415 LB Clay-Silt  0.10 None Cotton field, previous crop = wheat.
UR79 148 Village 4 86.29530 44.86791 LB Clay-Sit  0.10 None Ploughed wheat field after harvest, sunflower stalks ploughed into field
UR93 148 Village 4 86.29101 44.87334 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR10 148 Village 6 86.30645 44.88418 LB Clay-Sit  0.10 None Harvestedwheat field now with cabbage crop. Soil is damp, been irrigated.



Sample Number Area Name Location Longitude Latitude Field Soil Sampling Soil Clasts Comments
Colour Texture Depth (m)
UR20 148 Village 6 86.30557  44.88440 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR21 148 Village 6 86.30277  44.88500 LB-GY Clay-Silt  0.10 None Ploughed wheat and sunflower field after harvest.
UR24 148 Village 6 86.33062 44.87889 LB Clay 0.10 None Cotton field, previous crop = wheat. Soil is damp, been irrigated.
UR44 148 Village 6 86.30494  44.88451 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR29 Kuga Qiman 82.92020 41.51246 LB Clay-Sit  0.10 None Ploughed wheat field after harvest
UR58 Kuga Qiman 82.92376  41.51496 LB Clay-Sit  0.10 None Ploughed wheat field after harvest
UR59 Kuga Qiman 82.92069 41.51225 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop.
URS88 Kuga Qiman 82.93928 41.51042 LB-R Clay 0.08 Sltst Harvested wheat field now with new wheat crop.
UR90 Kuga Qiman 82.93948  41.51140 LB-R Clay-Silt  0.08 Sltst Harvested wheat field now with new wheat crop.
UR15 Kuga Sandagiao  82.76102 41.63218 LB-OR Silt 0.08 None Ploughed wheat field after harvest
UR45 Kuga Sandagiao  82.76224  41.62607 LB-OR Clay-silt  0.10 None Harvested wheat field now with new wheat crop.
UR50 Kuga Sandagiao  82.76244  41.03225 LB-OR Silt 0.08 Sltst Harvested wheat field now with new wheat crop.
UR57 Kuga Sandagiao  82.77062  41.61944 LB-OR Clay-Sit  0.10 None Harvested wheat field now with new wheat crop.
UR77 Kuga Sandagiao  82.75656  41.63069 LB-R Silt 0.08 None Harvested wheat field now with new wheat crop.
UR7 (Dup B3) Kuga Wagiao 82.95064 41.69511 LB-R Clay-Silt  0.10 Sltst Harvested wheat field now with cabbage crop.
UR28 (Dup A3) Kuga Wagiao 82.95064 41.69511 LB-R Clay-Silt  0.10 Sltst Harvested wheat field now with cabbage crop.
UR49 Kuga Wagiao 82.96382 41.68739 LB-R Clay-Sit  0.10 Sltst, Ist,  Harvested wheat field now with cabbage crop.
UR55 Kuga Wagiao 82.95312  41.69402 LB-R Clay-Sit  0.10 g(l};;lt Ist  Harvested wheat field now with pea crop.
UR78 Kuga Wagiao 82.95242  41.69412 LB-R Clay-Sit  0.10 Sltst, coal Ploughed wheat field after harvest.
UR100 Kuga Wagiao 82.95005 41.69534 LB-R Clay-Silt  0.10 Sltst, Ist ~ Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR9 Kuga Wuzun 83.06312 41.67757 LB-R Clay-Silt  0.10 Sltst Ploughed wheat field now with cabbage crop.
UR31 Kuga Wuzun 83.05798 41.67846 LB-R Clay-Sit  0.10 Sltst Harvested wheat field now with cabbage crop.
UR40 Kuga Wuzun 83.05771 41.67667 LB-R Clay-Sit  0.10 Sltst Ploughed wheat field after harvest.
UR69 Kuga Wuzun 83.05751 41.67751 LB-R Clay-Sit  0.10 Sltst Harvested wheat field now with cabbage crop.
UR70 Kuga Wuzun 83.06312 41.67766 LB-R Clay-Sit  0.10 Sltst Ploughed wheat field after harvest.
UR26 Kuga Yaha 83.28368  41.75003 LB-R Clay-Silt  0.10 Sltst Ploughed wheat field after harvest.
UR46 Kuga Yaha 83.28301 41.75100 LB-R Clay-Silt  0.10 Sltst Harvested wheat field now with new wheat crop.



Sample Number Area Name Location Longitude Latitude Field Soil Sampling Soil Clasts Comments
Colour Texture Depth (m)
UR48 Kuga Yaha 83.27235 41.74760 LB-R Clay-Sit  0.10 Sltst Ploughed wheat field after harvest.
UR67 Kuga Yaha 83.27130  41.74716 LB-R Clay-Silt  0.08 Sltst Ploughed wheat field after harvest.
UR85 Kuga Yaha 83.28353  41.74937 LB-R Clay-Sit  0.10 Sltst Ploughed wheat field after harvest.
UR36 Wushi Aheya 79.66796  41.20408 LB Clay-Sit  0.10 None Ploughed wheat field after harvest.
UR38 Woushi Aheya 79.67975 41.20124 LB Clay-Silt  0.10 None Harvested wheat field now with cabbage crop.
UR61 Woushi Aheya 79.67988  41.19744 LB-GY-YE Clay-Sit 0.10 None Harvested wheat field now with cabbage and grass crops
UR65 Woushi Aheya 79.66699  41.20325 LB Clay-Silt  0.10 None Ploughed wheat field after harvest.
UR74 Wushi Aheya 79.67197  41.19485 LB Clay-Silt  0.10 None Harvested wheat field now with cabbage and new wheat crops
UR41 Wushi Autebeixi 79.15717  41.17253 LB Silt 0.10 None Ploughed wheat field after harvest.
UR82 Wushi Autebeixi 79.13145 41.18076 LB Clay-Silt  0.08 Mdst, sltst Ploughed wheat field after harvest to E of dirt track. Soils irrigated with
iodine water 2 years ago.
UR16 Woushi Autebeixi 79.15801 41.17300 LB Silt 0.10 None Harvested wheat field now with cabbage crop.
UR23 Woushi Autebeixi 79.15255 41.17687 LB Silt 0.10 None Cabbage field next to house.
UR23 (2) Woushi Autebeixi 79.15094  41.17900 LB Silt 0.10 None Ploughed wheat field after harvest separate to house
UR76 Wushi Autebeixi 79.15899  41.17173 LB-GY Silt 0.10 None Harvested wheat field now with cabbage crop.
UR6 Wushi Dagiao 79.44982  41.20461 LB-GY Clay-Silt  0.10 None Ploughed wheat field after harvest.
UR18 Waushi Dagiao 79.45909  41.22694 LB Silt 0.10 None Ploughed wheat field after harvest.
UR25 Wushi Dagiao 79.45084  41.21843 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop.
UR42 Wushi Dagiao 79.45208  41.21887 LB Clay-Silt  0.10 None Harvested wheat field now with maize crop.
UR81 Wushi Dagiao 79.49645  41.22684 LB Clay-Silt  0.10 None Harvested wheat field now with maize crop.
UR17 Wushi Wushi Town 79.20022  41.20279 LB-YE Clay-Sit  0.10 None Harvested wheat field now with ¢ hickpea crop.
UR30 (Dup B2) Wushi Wushi Town 79.19675  41.20609 LB Clay 0.10 Sltst Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR54 (Dup A2) Wushi Wushi Town 79.19675  41.20609 LB Clay-Sit  0.10 Sltst Harvested wheat field now with cabbage crop. Soil is damp, been irrigated.
UR73 Wushi Wushi Town 79.19227  41.20684 LB-YE Clay-Sit  0.08 Sltst Harvested wheat field under orchard.
UR97 Wushi Wushi Town 79.19541  41.20452 LB Clay-Sit  0.10 Sltst Harvested wheat field now with cabbage crop.
UR98 Wushi Wushi Town 79.19785  41.20496 LB Silt 0.10 None Harvested wheat field now with cabbage crop.
UR4 Wushi Yimamu 79.44896  41.25358 LB-GY Clay-Sit  0.10 None Harvested wheat field now with new wheat crop.



Sample Number Area Name Location Longitude Latitude Field Soil Sampling Soil Clasts Comments
Colour Texture Depth (m)
UR72 Wushi Yimamu 79.44603  41.25198 LB Clay-Sit  0.10 None Harvested wheat field now with new wheat crop.
UR80 Woushi Yimamu 79.45091 41.25699 LB Clay-Silt  0.10 Sltst Harvested wheat field now with cabbage and maize crop.
UR92 Waushi Yimamu 79.45427  41.25730 LB Clay-Silt  0.10 None Harvested wheat field now with cabbage and maize crop. Soil is damp,
been irricated.
UR%4 Wushi Yimamu 79.45720  41.25583 LB Clay-Sit  0.10 None Harvested wheat field now with cabbage crop.
UR35 Wushi R. Tuoshigan 79.71754  41.21993 LB-YE Sand 0.10 Mdst, sltst, Grass field on riverbank N of Aheya.
sst, qtz,
grdior
UR43 Wushi R. Tuoshigan 79.16931  41.24976 LB-YE Sand 0.10 Mdst, sltst, Grass field on river bank N of Wushi
sst, gtz,
grdior
UR52 Woushi R. Tuoshigan 79.10217  41.20770 LB-YE Sand 0.10 Mdst, sltst, River terrace at Autebeixi power plant iodine dripping site
sst, qtz,
grdior
UR56 Wushi R. Tuoshigan 79.46812  41.32035 LB-YE Sand-Sit 0.10 Mdst, sltst, River terrace N of Yimamu
sst, qtz,
grdior
UR64 Wushi R. Tuoshigan 78.98192  41.14431 LB-YE Sand-Silt 0.08 Mdst, sltst, Junction of aqueduct (concrete) and stream at village with tombs W of
sst, qtz,  Autebeixi, water is from river. Goats grazing.
grdior
UR86 Wushi R. Tuoshigan 78.95720 41.11892 LB-OR Fine sand 0.05 Mdst, sltst, 250 m east of aqueduct on river alluvium. Goats grazing.
sst, qtz,
grdior
UR95 Wushi R. Tuoshigan 79.78012 41.17254 LB Sand-Silt 0.10 None River terrace E of Aheya. Soil has 4 mm thick salt crust.
UR Rock Salt 'White' Kuga Kuga Mine  82.88977  41.90721 Sample collected from mine
UR Rock Salt 'Grey' Kuga Kuga Mine  82.88977  41.90721 Sample collected from mine
UR Coal Kuga Kuga Town Sample collected from road-side coal pile

LB = Light Brown, R = Red, YE = Yellow, GY = Grey, OR = Orange

Dup = Field Duplicate

SS = Sub-sample

Sltst = siltstone, Sst = sandstone, Lst = limestone, Mdst = mudstone, Qtz = quartz, Grdior = granodiorite
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Appendix B.2. Soil Chemical Element Determinations

(Al, Fe, Ca, Mg, Mn, Cu, Ni, Se - IRMA laboratories Beijing) (I, Water Soluble | - BGS laboratories Keyworth)

LIMS ID Sample Number Al Fe Ca Mg Mn Cu Ni Zn Se I ug/g WSol | pg/g
wt% wt% wt% wt% pg/g  pg/g  pg/g pg/g  pglg

06873-00001 UR1 6.25 270 471 1.28 580.00 24.00 19.00 60.00 0.85 <0.020
06873-00002 UR4 517 264 981 2.03 577.00 24.00 22.00 71.00 0.35 0.98 <0.020
06873-00003 UR5 6.32 263 4.76 12359500 24.00 19.00 67.00 1.16 0.030
06873-00004 UR6 487 229 10.64 2.72 533.00 22.00 18.00 69.00 0.44 0.46 <0.020
06873-00005 UR7 Dup B3 599 289 952 159 661.00 28.00 22.00 72.00 0.28 1.40/0.99 0.020/<0.020
06873-00006 UR8 SS B2 547 277 9.76 194 596.00 30.00 22.00 80.00 0.69 <0.020
06873-00007 UR9 561 269 864 1.44 638.00 25.00 21.00 65.00 0.85 <0.020
06873-00008 UR10 6.73 3.12 256 1.27 613.00 28.00 19.00 72.00 0.77 <0.020
06873-00009 UR11 7.08 282 375 1.23 574.00 27.00 19.00 64.00 0.67 <0.020
06873-00010 UR13 6.35 270 3.63 1.22 611.00 23.00 21.00 60.00 0.17 <0.5 <0.020
06873-00011 UR14 717 3.02 387 1.36 595.00 29.00 21.00 72.00 0.21 0.36 0.020
06873-00012 UR15 448 191 1274 1.97 494.00 22.00 16.00 50.00 <0.5 0.020/0.030
06873-00013 UR16 547 277 996 1.88 567.00 29.00 21.00 72.00 0.5/<0.5 0.030
06873-00014 UR17 550 279 9.62 1.91 580.00 35.00 22.00 77.00 0.51 0.49 0.030
06873-00015 UR18 5.17 259 1059 2.47 553.00 26.00 22.00 73.00 0.48 0.62 <0.020
06873-00016 UR19 SS A2 544 277 981 1.93 599.00 26.00 22.00 80.00 0.71 <0.020
06873-00017 UR20 725 322 259 1.38627.00 27.00 20.00 78.00 <0.5 <0.020
06873-00018 UR21 6.80 3.08 254 1.34583.00 28.00 21.00 72.00 0.59 <0.020
06873-00019 UR22 528 252 357 1.28 563.00 24.00 22.00 60.00 1.17 <0.020
06873-00020 UR23 576 290 10.50 1.99 648.00 46.00 23.00 78.00 0.29 0.99 <0.020
06873-00021 UR23 (2) 541 273 10.04 1.88 572.00 23.00 23.00 72.00 0.78 <0.020
06873-00022 UR24 740 390 4.13 1.64 775.00 32.00 26.00 91.00 0.19 0.87/0.96 <0.020
06873-00023 UR25 546 2.77 10.86 2.42 557.00 33.00 21.00 70.00 0.39 <0.020
06873-00024 UR26 566 2.85 9.12 1.57 666.00 27.00 24.00 69.00 0.65 <0.020
06873-00025 UR27 725 340 514 156 665.00 28.00 29.00 79.00 1.17 <0.020
06873-00026 UR28 Dup A3 6.01 292 9.68 1.59 687.00 31.00 27.00 97.00 0.22 1.16<0.020/<0.020
06873-00027 UR29 522 259 1218 2.38 608.00 32.00 24.00 69.00 0.99 0.030
06873-00028 UR30 Dup B2 554 284 10.11 1.97 606.00 29.00 24.00 85.00 0.44 <0.020
06873-00029 UR31 584 285 9.12 150 665.00 27.00 23.00 68.00 1.27/1.41 <0.020
06873-00030 UR33 6.55 2.86 4.18 1.23 566.00 26.00 21.00 69.00 1.05 <0.020
06873-00031 UR34 SS B1 6.56 3.06 4.4C 1.39 584.00 26.00 25.00 72.00 1.88 <0.020
06873-00032 UR35 3.87 192 11.15 1.52 417.00 21.00 15.00 44.00 1.14 <0.020
06873-00033 UR36 577 3.01 1094 2.54 629.00 27.00 24.00 79.00 0.72<0.020/<0.020
06873-00034 UR37 6.08 2.89 504 1.40 663.00 24.00 21.00 70.00 3.90 <0.020
06873-00035 UR38 516 290 11.17 2.56 612.00 24.00 24.00 71.00 0.24 0.73<0.020/<0.020
06873-00036 UR39 6.01 2.87 358 1.19 566.00 25.00 21.00 68.00 1.27 <0.020
06873-00037 UR40 561 277 882 1.43652.00 31.00 23.00 65.00 1.00 <0.020
06873-00038 UR41 546 2.83 10.17 1.84 592.00 29.00 24.00 73.00 <0.5 <0.020
06873-00039 UR42 5.03 2.82 10.63 2.31 559.00 27.00 23.00 75.00 0.59/0.69 <0.020
06873-00040 UR43 453 218 1051 1.48 495.00 23.00 17.00 51.00 0.57 <0.020




LIMS ID Sample Number Al Ca Mn Cu Ni Zn I ug/g WSol | pg/g
wt% wt% wt% wt% ug/g  pg/g  pg/g po/g  pglg

06873-00041 UR44 572 3.09 249 1.42585.00 30.00 22.00 85.00 0.21 0.86 <0.020
06873-00042 UR45 500 216 1298 1.86 534.00 20.00 18.00 57.00 1.13 <0.020
06873-00043 UR46 583 295 9.05 1.61 668.00 28.00 24.00 70.00 0.21 1.65 <0.020
06873-00044 UR47 IS GBWO07402 1.42 0.020
06873-00045 UR48 573 271 981 158 676.00 25.00 24.00 74.00 0.24 1.72 <0.020
06873-00046 UR49 6.04 282 982 156 692.00 31.00 24.00 76.00 2.93 <0.020
06873-00047 UR50 5,02 225 1342 1.96 554.00 27.00 17.00 62.00 0.96<0.020/<0.020
06873-00048 UR51 SS B3 576 291 945 1.52 670.00 40.00 24.00 72.00 0.91 0.020
06873-00049 UR52 446 216 1043 1.36 499.00 31.00 18.00 49.00 <0.5 <0.020
06873-00050 UR53 SS A3 578 296 9.79 154 671.00 27.00 25.00 72.00 0.40 0.020
06873-00051 UR54 Dup A2 543 2.85 10.20 1.96 622.00 29.00 23.00 83.00 0.60 0.020/0.020
06873-00052 UR55 574 285 922 149 661.00 53.00 22.00 71.00 1.16 0.030
06873-00053 UR56 412 2.04 12.86 1.98 449.00 20.00 15.00 47.00 0.47 0.030
06873-00054 UR57 523 236 13.18 2.07 479.00 20.00 18.00 59.00 0.25 0.93 0.020
06873-00055 UR58 543 2.84 1188 2.34 638.00 28.00 24.00 76.00 0.83/1.18 0.020
06873-00056 UR59 521 261 1291 2.34 634.00 23.00 23.00 69.00 0.35 0.82 <0.020
06873-00057 UR60 SS Al 6.86 3.09 451 1.37 605.00 27.00 26.00 72.00 1.60 <0.020
06873-00058 UR61 554 297 11.27 2.60 631.00 25.00 23.00 76.00 1.58 0.040
06873-00059 UR62 6.67 278 3.67 1.22 626.00 26.00 21.00 62.00 1.54 <0.020
06873-00060 UR64 536 2.87 953 1.88 621.00 27.00 24.00 69.00 2.11 <0.020
06873-00061 UR65 516 2.79 10.74 2.35589.00 23.00 22.00 68.00 0.29 1.96/1.22 <0.020
06873-00062 UR66 Dup B1 7.00 328 461 1.40619.00 29.00 27.00 76.00 0.21 2.75 <0.020
06873-00063 URG7 500 251 878 1.34 606.00 25.00 20.00 61.00 1.67 <0.020
06873-00064 UR69 578 287 9.34 1.46 686.00 26.00 24.00 70.00 0.24 1.83 <0.020
06873-00065 UR70 564 281 9.28 1.42 669.00 27.00 22.00 68.00 0.20 0.86 <0.020
06873-00066 UR71 Dup Al 6.22 3.10 454 1.34 606.00 28.00 27.00 75.00 0.19 1.58 <0.020
06873-00067 UR72 539 293 10.67 2.14 634.00 31.00 24.00 79.00 0.44 0.89 <0.020
06873-00068 UR73 533 282 9.79 1.81 607.00 24.00 22.00 73.00 0.29 1.73 0.020
06873-00069 UR74 516 2.72 11.08 2.41 578.00 22.00 20.00 76.00 1.37 0.020
06873-00070 UR75 6.72 312 478 1.39 666.00 24.00 18.00 75.00 0.20 0.91/1.33 0.020
06873-00071 UR76 525 2.80 10.26 1.80 586.00 26.00 23.00 71.00 0.97 <0.020
06873-00072 UR77 443 184 1292 1.66 464.00 16.00 14.00 49.00 0.16 0.68 <0.020
06873-00073 UR78 584 298 948 152 689.00 29.00 26.00 72.00 1.03 <0.020
06873-00074 UR79 563 2.68 278 1.11 499.00 26.00 18.00 66.00 0.30 0.53 0.020
06873-00075 URS0 547 2.88 11.04 2.07 615.00 28.00 22.00 75.00 0.61 <0.020
06873-00076 URS81 6.06 3.21 1183 2.50 677.00 27.00 27.00 88.00 1.16 <0.020
06873-00077 UR82 5.74 3.07 11.01 2.03 637.00 30.00 25.00 82.00 0.25 0.58/0.66 0.020
06873-00078 URS83 569 278 436 1.19 598.00 26.00 19.00 69.00 0.50 0.020
06873-00079 UR84 568 295 417 1.34686.00 13.00 27.00 69.00 <0.5 0.020
06873-00080 URS85 580 293 9.82 1.53695.00 25.00 24.00 71.00 1.05 0.020
06873-00081 URS86 441 236 10.85 1.45555.00 20.00 17.00 51.00 0.45 0.020
06873-00082 UR87 745 353 514 152 684.00 35.00 30.00 88.00 221 0.020
06873-00083 URS88 520 2.60 13.75 2.40 638.00 24.00 22.00 67.00 0.29 0.75 <0.020
06873-00084 UR89 691 290 398 1.30668.00 23.00 24.00 65.00 0.14 1.14 <0.020




LIMS ID Sample Number Al Fe Ca Mn Cu Ni Zn I ng/g WSol | ug/g
wt% wt% wt% wt% ug/g  pg/g  pg/g po/g  pglg

06873-00085 UR90 524 267 1331 2.39 654.00 28.00 24.00 69.00 1.36 0.020
06873-00086 UR92 559 295 1157 2.22 628.00 26.00 25.00 88.00 1.09 0.020
06873-00087 UR93 6.20 3.19 391 1.32631.00 36.00 22.00 78.00 1.05/1.19 0.020
06873-00088 UR%4 534 277 10.66 1.93 599.00 26.00 23.00 75.00 1.39 <0.020
06873-00089 UR95 446 223 11.70 1.65 498.00 20.00 17.00 51.00 0.73 0.030
06873-00090 UR96 IS GBW07402 1.59 <0.020
06873-00091 UR97 515 2.70 10.64 1.76 584.00 28.00 21.00 72.00 0.94 <0.020
06873-00092 UR98 529 2.84 10.28 1.84 627.00 27.00 22.00 81.00 1.04 <0.020
06873-00093 UR99 6.89 3.06 553 1.40697.00 33.00 20.00 82.00 0.17 2.08 <0.020
06873-00094 UR100 6.02 3.01 10.16 1.51 696.00 31.00 23.00 73.00 1.37 <0.020
06873-00095 UR Rock Salt 'White' <0.5 0.020
06873-00096 UR Rock Salt ‘Grey' <0.5 <0.020
06873-00097 UR Coal <0.5 <0.020

IS = International Standard SS = Sub-sample

Dup = Field Duplicate

WSol = Water Soluble



Appendix B.3 Soil CEC, TOC, pH, LOI and Colour Determinations

(CEC, TOC, pH, LOI and colour - BGS laboratories Keyworth)

LIMS ID Sample Number CEC meq/100g CEC meq/100g % TOC on % Moisture @pH LOl @ Munsell Munsell Chart Munsell Munsell Chart

corrected for LOI @on prepared prepared material not 105°C on 450°C Code (Dry) Colour Code (Dry) Colour

105°C material not corrected for moisture prepared (KCO) (SM)

corrected for material
moisture

06873-00001 UR1 7.9 2.42.5Y 5/2 greyish brown 5Y 5/2 reddish grey
06873-00002 UR4 9.2 8.7 0.82 52 8.0 2.610YR 6/2 light brownish grey  2.5Y 6/3 light yellowish brown
06873-00003UR5 8.0 2.510YR5/3  brown 2.5Y5/2  greyish brown
06873-00004 UR6 12.7 11.8 1.02 7.48.2/8.2 3.72.5Y 5/2 greyish brown 2.5Y 5/2 greyish brown
06873-00005UR7 Dup B3 9.7 9.6 0.96 0.9 8.1 2.910YR 5/4  yellowish brown 7.5YR5/3 brown
06873-00006 UR8 SS B2 7.9 3.42.5Y7/2 light grey 2.5Y 6/2 light olive grey
06873-00007 UR9 7.9 2.410YR 5/4  yellowish brown 10YR 5/3  brown
06873-00008 UR10 7.717.7 2.67.5YR5/2 brown 10YR 5/2  greyish brown
06873-00009UR11 7.8 2.12.5Y6/3 light yellowish brown2.5Y 6/1  grey
06873-00010UR13 4.9 4.9 0.48 1.0 7.8 1.910YR5/3  brown 10YR 6/2  light brownish grey
06873-00011UR14 15.0 14.7 0.62 18 738 2.610YR5/2  greyish brown 2.5Y 5/2 greyish brown
06873-00012UR15 7.9 1.72.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00013UR16 80 2725Y6/2 light olive grey 25Y7/2  light grey
06873-00014UR17 9.8 9.7 0.96 1.28.0/8.0 3.42.5Y 6/3 light yellowish brown 2.5Y 6/2 light olive grey
06873-00015UR18 104 10.2 1.08 17 80 3.42.5Y7/2 light grey 2.5Y7/2 light grey
06873-00016 UR19 SS A2 7.7/78  3525Y7/2 lightgrey 2.5Y6/2 light olive grey
06873-00017 UR20 7.8 2.72.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00018 UR21 7.9 2.62.5Y 6/3 light yellowish brown 5Y 6/2 light olive grey
06873-00019 UR22 8.1 1.82.5Y 6/3 light yellowish brown 2.5Y 6/2 light olive grey
06873-00020UR23 8.3 8.2 0.82 0.6 7.9 2.62.5Y 7/3 pale yellow 2.5Y 712 light grey
06873-00021UR23 (2) 7.9 2.52.5Y 7/2 light grey 2.5Y 6/2 light olive grey
06873-00022UR24 22.1 21.3 0.72 35 8.0 3.32.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00023 UR25 8.4/8.4 3.12.5Y 6/3 light yellowish brown 2.5Y 7/2 light grey
LIMS ID Sample Number ~ CEC meq/100g CEC meq/100g on % Moisture @pH LOI @ Munsell Munsell Chart Munsell Munsell Chart

corrected for LOlI @on prepared

prepared material not

450°C Code (Dry) Colour

Code (Dry) Colour




105°C material not corrected for moisture prepared 450°C (KCO) Colour (SM) Colour
cor'rected for material
moisture

06873-00024 UR26 8.0 2.110YR 6/4  light yellowish brown 10YR 6/3  pale brown
06873-00025 UR27 7.8 2.72.5Y 6/2 light olive grey 10YR 6/1  grey
06873-00026 UR28 Dup A3 14.4 14.3 0.92 09 78 3.010YR 6/4  light yellowish brown 10YR 6/3  pale brown
06873-00027 UR29 8.0 2.22.5Y6/3 light yellowish brown 2.5Y 6/2 light olive grey
06873-00028 UR30 Dup B2 7.8 3.72.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00029 UR31 8.0 1.710YR 6/4  light yellowish brown 10YR 6/3  pale brown
06873-00030UR33 7.7/7.8 2.32.5Y 6/2 light olive grey 2.5Y7/1 light grey
06873-00031UR34 SS B1 7.9 2.82.5Y 6/3 light yellowish brown 5Y 6/2 light olive grey
06873-00032 UR35 9.4/9.4 1.02.5Y 6/3 light yellowish brown 2.5Y 6/2 light olive grey
06873-00033UR36 8.2 3.02.5Y 7/2 light grey 2.5Y7/2 light grey
06873-00034 UR37 8.2 2.52.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00035UR38 5.6 55 0.66 08 81 2.32.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00036 UR39 7.9 2.32.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00037 UR40 8.0 2.510YR 6/4 light yellowish brown 10YR 6/3  pale brown
06873-00038 UR41 8.0 2.32.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00039 UR42 8.3 3.02.5Y 7/2 light grey 2.5Y 6/2 light olive grey
06873-00040UR43 8.3 0.72.5Y 6/2 light olive grey 5Y 6/2 light olive grey
06873-00041UR44 18.2 17.9 0.71 19 81 2.52.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00042 UR45 8.0 1.62.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00043 UR46 5.6 5.5 0.50 0.97.9/7.9 2.110YR 6/4  light yellowish brown 10YR 6/3  pale brown
06873-00044UR47 IS GBW07402 8.6/8.7 3.0
06873-00045UR48 6.9 6.9 0.62 07 7.9 2.410YR 6/4 light yellowish brown 10YR 6/3  pale brown
06873-00046 UR49 7.9 2.510YR 6/4 light yellowish brown 10YR 6/3  pale brown
06873-00047 UR50 7.9 1.72.5Y 6/3 light yellowish brown 2.5Y 6/2 light olive grey
06873-00048UR51 SS B3 8.0 2.910YR 5/4  yellowish brown 10YR5/4  yellowish brown
06873-00049 UR52 8.2 0.52.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00050UR53 SS A3 7.7 2.910YR 6/4 light yellowish brown 10YR 6/4  light yellowish brown
LIMS ID Sample Number ~ CEC meq/100g CEC meq/100g % TOC on % Moisture @pH LOI @ Munsell Munsell Chart Munsell Munsell Chart

corrected for LOI @on prepared prepared material not 105°C on 450°C Code (Dry) Colour Code (Dry) Colour

105°C material not corrected for moisture prepared (KCO) (SM)
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105°C cor_rected for corrected for moisture (KCO) (SM)
moisture

06873-00051UR54 Dup A2 7.7/78  3.425Y6/2 light olive grey 2.5Y6/2 light olive grey
06873-00052 UR55 8.1 2.810YR 6/4 light yellowish brown 10YR 6/4  light yellowish brown
06873-00053 UR56 8.7/8.6 2.72.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00054 UR57 4.0 3.9 0.50 0.8 8.2 1.82.5Y 6/3 light yellowish brown 2.5Y 6/2 light olive grey
06873-00055UR58 8.2 2.42.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00056 UR59 4.4 4.3 0.73 08 81 2.32.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00057UR60 SS Al 79 3.125Y6/2 light olive grey 2.5Y6/2 light olive grey
06873-00058 UR61 8.1 2.62.5Y 7/3 pale yellow 2.5Y 6/3 light yellowish brown
06873-00059 UR62 7.9 1.82.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00060UR6G4 8.3 2.22.5Y 7/3 pale yellow 2.5Y 7/3 pale yellow
06873-00061 UR6G5 9.1 8.9 0.68 17 82 2.62.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00062 UR66 Dup B1 13.7 135 0.78 1.67.8/7.9 3.02.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00063UR67 7.9 1.910YR 6/4  light yellowish brown 10YR 6/4  light yellowish brown
06873-00064 URG9 4.9 4.8 0.62 08 7.9 2.210YR 6/4 light yellowish brown 10YR 6/3  pale brown
06873-00065UR70 5.0 5.0 0.54 07 7.9 2.210YR 6/4  light yellowish brown 10YR 6/3  light yellowish brown
06873-00066 UR71 Dup Al 14.9 14.7 0.75 17 79 2.82.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00067UR72 9.7 9.6 0.96 09 81 2.82.5Y7/2 light grey 2.5Y 6/2 light olive grey
06873-00068 UR73 7.5 7.4 1.00 09 8.0 3.32.5Y7/2 light grey 2.5Y 6/3 light yellowish brown
06873-00069 UR74 8.2/8.1 2.62.5Y 7/3 pale yellow 2.5Y 6/3 light yellowish brown
06873-00070UR75 14.9 14.6 1.42 26 81 4.210YR 6/2  light brownish grey 10YR5/1  grey
06873-00071UR76 8.1 2.82.5Y 6/2 light olive grey 2.5Y 6/2 light olive grey
06873-00072UR77 34 34 0.47 04 8.0 1.72.5Y 6/3 light yellowish brown 2.5Y 6/3 light yellowish brown
06873-00073UR78 8.0 2.610YR 7/3  very pale brown 10YR 6/3  pale brown
06873-00074UR79 115 114 0.68 1.2 7.8 2.42.5Y 6/2 light olive grey 2.5Y5/2 greyish brown
06873-00075URS0 82  285Y7/2 light grey 5Y 7/2 light grey
06873-00076 UR81 8.2/8.2 3.32.5Y7/2 light grey 2.5Y7/2 light grey
06873-00077URS82 8.6 8.5 0.81 11 8.1 2.72.5Y 7/3 pale yellow 2.5Y 6/2 light olive grey
LIMS ID Sample Number CEC meq/100g CEC meq/100g on % Moisture @pH LOlI @ Munsell Munsell Chart Munsell Munsell Chart

corrected for LOI @on prepared prepared material not 450°C Code (Dry) Colour Code (Dry) Colour

105°C material not corrected for moisture (KCO) (SM)

corrected for




moisture

material

06873-00078 UR83
06873-00079 UR84
06873-00080URS85
06873-00081 UR86
06873-00082UR87
06873-00083URS8
06873-00084 UR89
06873-00085UR90
06873-00086 UR92
06873-00087 UR93
06873-00088 UR94
06873-00089 UR95

06873-00090UR96 IS GBW07402

06873-00091UR97
06873-00092UR98
06873-00093 UR99
06873-00094 UR100

5.3
7.3

155

5.2
7.1

153

7.8

8.1

8.0

8.3

7.9

0.62 0.8 81
0.41 17 81
8.1

8.2/8.2

7.9

8.1

8.7

8.7

7.9

7.7/7.8

2.05 16 7.7
7.9

2.22.5Y 6/2

1.92.5Y 6/3

1.710YR 6/4
0.62.5Y 6/3

2.52.5Y 6/2

1.52.5Y 6/2

1.62.5Y 6/3

1.92.5Y 6/3

2525Y7/2

2.22.5Y6/3

1.82.5Y 7/2

1.52.5Y7/2

3.0

3.32.5Y 7/2

3.12.5Y7/2

4.72.5Y 6/2

2.510YR 6/4

light olive grey 2.5Y 6/3
light yellowish brown 2.5Y 6/2
light yellowish brown 10YR 6/3
light yellowish brown 2.5Y 6/3
2.5Y 6/2
light olive grey 2.5Y 6/2

light yellowish brown 2.5Y 6/3

light olive grey

light yellowish brown 2.5Y 6/2

light grey 2.5Y 712
light yellowish brown 2.5Y 6/2
light grey 2.5Y 7/2
light grey 2.5Y 6/2
light grey 2.5Y 6/2
light grey 2.5Y 6/2
light olive grey 2.5Y 6/2

light yellowish brown 10YR 6/3

light yellowish brown
light olive grey

pale brown

light yellowish brown
light olive grey

light olive grey

light yellowish brown
light olive grey

light grey

light olive grey

light grey

light olive grey

light olive grey
light olive grey
light olive grey

pale brown

Dup = Field Duplicate

SS = Sub-sample

IS = International Standard



APPENDIX C. LISTING OF WHEAT AND CABBAGE RESULTS

(I - EDI laboratories, Urumqi)

Sample No. Village Name Area

Longitude Latitude Wheat | pg/100g Cabbage |
DW

Name pg/100g DW
1 Village 2 148 86.34332 44.81329 12.08
4 Yimamu Wushi  79.44896 41.25358 11.59
5 Village 3 148 86.30249 44.85463 13.36
6 Dagiao Wushi  79.44982 41.20461 11.12
7 Dup B3 Wagiao Kuga 82.95064 41.69511 12.88 10.35
8 SS B2 Wushi Town Wushi  79.19675 41.20609 9.91 7.92
9 Wuzun Kuga 83.06312 41.67757 14.14 10.76
10 Village 6 148 86.30645 44.88418 12.16 11.04
11 Village 4 148 86.29101 44.87255 18.22 11.24/7.74
13 Village 21 148 86.29671 44.81384 14.27
14 Village 4 148 86.29030 44.87348 12.4 8.2
15 Sandagiao Kuga 82.76102 41.63218 17.75
16 Autebeixi Wushi  79.15801 41.17300 13.26 21.22
17 Wushi Town Wushi  79.20022 41.20279 16.05
18 Dagiao Wushi  79.45909 41.22694 13.12
19SS A2  Wushi Town Wushi  79.19675 41.20609 10.45 8.02
20 Village 6 148 86.30557 44.88440 14.06 15.53
21 Village 6 148 86.30277 44.88500 121
22 Village 21 148 86.29474 44.81539 11.8
23 Autebeixi Wushi  79.15255 41.17687 11.14 10.66
24 Village 6 148 86.33062 44.87889 18.12
25 Dagiao Wushi  79.45084 41.21843 18.9 7.96
26 Yaha Kuga 83.28368 41.75003 16.29 23.46
27 Village 2 148 86.33967 44.81452 10.7 10.66
28 Dup A3 Wagiao Kuga 82.95064 41.69511 341 13.74
29 Qiman Kuga 82.92020 41.51246 11.87 7.17
30Dup B2 Wushi Town Wushi  79.19675 41.20609 10.2 8.65
31 Wuzun Kuga 83.05798 41.67846 5.89 17.86
33 Village 2 148 86.34333 44.82029 8.17
34 SS B1 Village 2 148 86.33828 44.81547 5.17 10.12
36 Aheya Wushi  79.66796 41.20408 12.16
37 Village 3 148 86.29543 44.84878 10.59 tube exploded
38 Aheya Wushi 79.67975 41.20124 11.31 11.75
39 Village 4 148 86.28722 44.87415 18.2
40 Wuzun Kuga 83.05771 41.67667 11.13
41 Autebeixi Wushi  79.15717 41.17253 9.99
42 Dagiao Wushi  79.45208 41.21887 5.12 9.39
44 Village 6 148 86.30494 44.88451 22.01 16.19
45 Sandagiao Kuga 82.76224 41.62607 9.49 10.88
46 Yaha Kuga 83.28301 41.75100 4.95 15.45
48 Yaha Kuga 83.27235 41.74760 29.18
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Sample No. Village Name Area

Longitude Latitude Wheat | pg/100g Cabbage |
DW

Name pg/100g DW

49 Wagiao Kuga 82.96382 41.68739 3.17 8.64
50 Sandagiao Kuga 82.76244 41.03225 6.14 6.63
51 SS B3 Wagiao Kuga 82.95064 41.69511 12.7 10.45
53 SS A3  Wagiao Kuga 82.95064 41.69511 3.14 14.16
54 Dup A2 Wushi Town Wushi  79.19675 41.20609 10.54 8.08
55 Wagiao Kuga 82.95312 41.69402 7.16

57 Sandagiao Kuga 82.77062 41.61944 10.12 7.76
58 Qiman Kuga 82.92376 41.51496 38.87

59 Qiman Kuga 82.92069 41.51225 27.43 3.55
60 SS A1  Village 2 148 86.33828 44.81547 7.12 11.74
61 Aheya Wushi  79.67988 41.19744 17.17 7.17
62 Village 21 148 86.29687 44.81376 30.18 8.14
65 Aheya Wushi  79.66699 41.20325 15.68

66 Dup B1  Village 2 148 86.33828 44.81547 5.4 10.72
67 Yaha Kuga 83.27130 41.74716 13.65

69 Wuzun Kuga 83.05751 41.67751 11.26 20.51
70 Wuzun Kuga 83.06312 41.67766 12.88

71 Dup Al Village 2 148 86.33828 44.81547 8.95 12.46
72 Yimamu Wushi  79.44603 41.25198 16.71

73 Wushi Town Wushi  79.19227 41.20684 15.26

74 Aheya Wushi  79.67197 41.19485 36.25 9.35
75 Village 3 148 86.32156 44.84854 5.66 13.58
76 Autebeixi Wushi  79.15899 41.17173 16.84 6.42
77 Sandagiao Kuga 82.75656 41.63069 16.79

78 Wagiao Kuga 82.95242 41.69412 23.56

79 Village 4 148 86.29530 44.86791 28.94

80 Yimamu Wushi  79.45091 41.25699 22.61 20.98
81 Dagiao Wushi  79.49645 41.22684 12.14 6.92
82 Autebeixi Wushi  79.13145 41.18076 7.95

83 Village 3 148 86.30329 44.85572 21.88

84 Village 21 148 86.29526 44.81243 17.14 10.67
85 Yaha Kuga 83.28353 41.74937 16.71 9.42
87 Village 2 148 86.33876 44.81489 314 5.86
88 Qiman Kuga 82.93928 41.51042 13.22 9.47
89 Village 21 148 86.29688 44.81287 24.23 10.35
90 Qiman Kuga 82.93948 41.51140 6.43

92 Yimamu Wushi  79.45427 41.25730 11.24 8.42/9.13
93 Village 4 148 86.29101 44.83734 11.19 12.09
94 Yimamu Wushi  79.45720 41.25583 12.11 17.69
97 Wushi Town Wushi  79.19541 41.20452 23.09 7.57
98 Wushi Town Wushi  79.19785 41.20496 5.81 14.19/15.32
99 Village 3 148 86.31927 44.84941 7.41 10.14
100 Wagiao Kuga 82.95005 41.69534 15.73 11.84

Dup = Field Duplicate

SS = Sub-sample

DW = dry weight



APPENDIX D. LISTING OF WATER RESULTS

Appendix D.1 Water Field Data

Sample No. Area Name Location Longitude Latitude Source Water Comments
Depth m

URS 148 Village 3 86.30832  44.85051 Groundwater 60 szljtelr4 gollected from 148-school kitchen tap. Pumped to a tank and then piped to Village 3
an .

UR7 Dup B3 Kuga Wagiao 82.95090 41.69430 Groundwater 87 Water collected from tap in house. Piped to house.

UR22 148 Village 21 86.29214  44.87150 Groundwater 300 Water collected from tap in village centre. Pumped to a tower and piped to the village. At
harvest time water is also taken from Village 22. The water is saline.

UR24 148 Village 6 86.30780  44.88380 Groundwater 200 Water collected from zinc tank in kitchen. Pumped to village at certain times of day.

UR28 Dup A2 Kuga Wagiao 82.95090 41.69430 Groundwater 87 Water collected from tap in house. Piped to house.

UR30 Dup B2 Wushi Wushi Towr 79.19675 41.20609 Groundwater 8 Water collected from pump outside house. Water light brown with moderate s uspended solids.

UR31 Kuga Wuzun 83.05893 41.67759 Groundwater 60 Water collected from tap in house. Water pumped to village.

UR35 Wushi River Tuoshigan 79.71754  41.21993 River 0 Water brown with high suspended solids.

UR38 Wushi Aheya 79.67728  41.20032 Groundwater 60 Water collected from tap in house. Pumped to tower and piped to village. Water light brown
with moderate suspended solids

UR42 Wushi Dagiao 79.45022  41.21926 Groundwater 8 Water collected from pump outside house. Water light brown with minor suspended solids.

UR43 Wushi River Tuoshigan 79.16931  41.24976 River 0 Water brown with moderate suspended solids

UR52 Wushi River Tuoshigan 79.10217  41.20770 River 0 Water brown with moderate suspended solids

UR54 Dup A2 Wushi Wushi Towr 79.19675 41.20609 Groundwater 8 Water collected from pump outside house. Water light brown with moderate suspended solids.

URS56 Wushi River Tuoshigan 79.46812  41.32035 River 0 Water is brown with high suspended solids

UR58 Kuga Qiman 82.92376  41.51496 Groundwater 80 Water from tap outside house. Pumped to a tower and piped to the village

UR64 Wushi River Tuoshigan 78.98192  41.14431 River 0 Water brown with high suspended solids

UR66 Dup B1 148 Village 2 86.33967  44.81452 Groundwater 350 Water collected from tap in village shop. Pumped to a tower and piped to the village.

UR71 Dup Al 148 Village 2 86.33967  44.81452 Groundwater 350 Water collected from tap in village shop. Pumped to a tower and piped to the village.

UR77 Kuga Sandagiao 82.75478  41.63053 Groundwater 13 Water collected from pump outside house. Water light brown with minor suspended solids.

UR79 148 Village 4 86.30157  44.86661 Groundwater 370 Water collected from metal storage drum in kitchen of house. Water is pumped to village at
certain times of day.

URS80 Wushi Yimamu 79.45080  41.25575 Groundwater 7 Water collected from pump outside house. Water light brown with moderate suspended solids.

UR82 Wushi Autebeixi 79.13452  41.18071 lrrigation 0 Water collected from irrigation channel outside school 5 m downstream of school toilets, used

channel as drinking water by 50% of village population. Water brown with moderate suspended solids.

URS85 Kuga Yaha 83.28560 41.75189 Spring 0 Water collected from tap in house. Water light brown with minor suspended solids

UR86 Wushi River Tuoshigan 78.95720  41.11892 River 0 Water brown with high suspended solids

UR95 Wushi River Tuoshigan 79.78012  41.17254 River 0 Water brown with high suspended solids

Dup = Field Duplicate
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Appendix D.2. Water Chemical Parameter Determinations

(Ca, Mg, Na, K, SO4, NO2, NO3, Br, F - BGS laboratories Keyworth) (I - EDI laboratories Urumgqi) (pH, Temp, Conductivity, Alkalinity, Eh - field determinations)

LIMS ID Sample No Water | Camg/l Mgmg/l. Namg/l Kmg/l CImg/l SOs mg/l NOsmg/l Brmg/l. NO, mg/l. Fmg/l pH Temp °C Conductivity Alkalinity Field Eh Corrected
pg/l us mg/l CaCO; mV Eh mV

10035-0001 UR2 BW 1.5 3.67 0.031 <0.350 <0.500 0.22 <0.30 <0.30 <0.03 <0.01 <0.05 nd nd nd nd nd nd
10035-0002 UR3 BW 1 0.296 0.027  0.425 <0.500 nd nd nd nd nd nd nd nd nd nd nd nd
10035-0003 UR5 93 3.14 0.457 115 <0.500 33.9 50.6 <0.30 <0.03 0.02 1.10 9.15 23.6 622 132 107.2 328
10035-0004 URY Dup B3 3.7 172 59.6 118 8.75 177 309 8.54 0.05 0.19 0.11 7.29 18.1 1840 288 56.3 282
10035-0005 UR22 100 45.0 113 1024 2.49 993 1150 <6.00 <0.60 0.72 1.12 8.50 25.6 5430 131 70.2 289
10035-0006 UR24 78 4.03 0.587 122 <0.500 44.1 59.4 <0.30 <0.03 0.03 1.13 8.80 234 580 121 108.1 329
10035-0007 UR28 Dup A3 4.4 175 61.0 121 8.91 164 291 16.5 0.06 <0.01 0.08 7.31 18.5 1820 282 51.9 277
10035-0008 UR30 Dup B2 1 80.0 34.0 304 4.09 325 71.9 11.7 <0.03 0.01 0.17 7.49 21.6 722 224 86 308
10035-0009 UR31 2.4 90.6 30.4 104 6.69 126 166 15.0 0.03 0.01 0.17 7.76 191 1083 168 56.6 282
10035-0010 UR32 BW 0.3 1.25 0.246  0.681 <0.500 1.18 2.24 <0.30  <0.03 <0.01 <0.05 nd nd nd nd nd nd
10035-0011 URS35 1.8 76.5 52.3 64.4 5.42 67.1 132 5.27 <0.03 0.05 0.07 8.13 22.6 1014 255 60 281
10035-0012 UR38 0.1 109 53.8 96.8 7.97 69.3 258 13.5 <0.03 <0.01 0.51 7.68 24.1 1296 253 50 270
10035-0013 UR42 3.7 113 73.5 164 6.91 174 301 3.30 0.06 0.01 0.34 7.36 22.1 1840 180 67 289
10035-0014 UR43 0.1 46.6 224 17.9 2.29 23.3 66.4 5.16 <0.03 0.01 0.10 8.28 22.7 479 111 77.6 299
10035-0015 UR52 0.6 45.4 21.3 17.4 241 24.2 66.8 5.20 <0.03 0.02 0.13 8.33 21.8 476 115 54.5 277
10035-0016 UR54 Dup A2 0.9 78.6 33.1 28.3 4.44 317 70.7 11.3 <0.03 0.01 0.17 7.47 22.8 758 225 79.1 300
10035-0017 UR56 11 46.9 27.9 281 274 36.5 85.5 5.02 <0.03 0.01 0.15 8.36 21.7 561 128 725 295
10035-0018 URS58 3.20/2.99 38.2 23.2 48.7 641 64.8 84.5 0.70  <0.03 <0.01 0.76 7.88 214 625 81 63.7 286
10035-0019 UR64 0.65 47.5 21.4 20.0 2.33 447 69.3 2.35 <0.03 0.01 0.45 8.52 225 498 123 50 272
10035-0020 UR66 Dup B1 98/95 2.21 0.462 112 <0.500 32.6 50.6 <0.30 <0.03 <0.01 0.91 9.23 24.4 538 125 116.1 336
10035-0021 UR71 Dup Al 88 2.19 0.401 105 <0.500 33.0 50.5 <0.30  <0.03 <0.01 0.99 9.25 246 534 127 113.8 333
10035-0022 UR77 3.30/3.0 116 59.2 139 115 141 229 2.33 0.04 0.01 1.93 7.36 21.3 1690 332 44.4 267
10035-0023 UR79 80 4.58 0.700 127 <0.500 8.58 10.1 <0.30 <0.03 <0.01 0.24 9.02 24.4 565 129 116 336
10035-0024 URS80 21 95.8 58.3 43.9 6.41 61.8 112 5.00 <0.03 0.01 0.21 7.41 22.6 1080 315 55 276
10035-0025 UR82 0.4 54.0 22.7 20.6 2.70 317 68.6 4.85 <0.03 0.07 0.12 8.36 217 550 147 85 307
10035-0026 URS85 3.25 57.6 29.1 128 6.44 156 208 4.81 0.03 <0.01 0.32 8.00 19.8 1182 93 56.3 281
10035-0027 URS86 0.25 50.4 19.6 14.9 2.72 21.3 69.5 4.89 <0.03 0.01 0.11 8.06 22 510 113 60.5 283
10035-0028 UR95 1.2 79.6 41.9 56.7 4.59 55.9 169 4.64 <0.03 0.02 0.23 8.33 21.7 854 159 55 277
Dup = Field Duplicate BW = Blank Water Temp = Temperature nd = no data



Large plastic sheet

APPENDIX E. LIST OF GEOCHEMICAL - 200 grey 49x75 mm securitainers and white lids
FIELD SAMPLING EQUIPMENT . 100 large self-seal plastic bags

100 blank field cards

random number |ist

Supplied by the BGS Geochemistry Group: 3 black marker pens

compass and hand lens

aluminium carrying case .
Garmin 12 GPS
portable pH/Eh meter - (HI 9024/ HI 9025) Hanna

Instruments Water-resistant Microprocessor

portable conductivity meter - (HI 933100) Hanna Supplied by the Bureau of Public Health, Xinjiang:

Instruments Portable Microprocessor Conductivity . Concentrated ARISTAR grade HNO;

Meter o
De-ionised water

spare AAA meter batteries

Eh electrode - (Model 96-78-00) Orion Research
Platinum Redox Electrode

Plastic bucket
temperature probe Supplied by IRMA, Beijing

pH electrode - Russel pH Limited Combination pH - Cloth vegetation sample bags
Electrodes

pH buffer solutions 4.01, 7.01 and 10.01
Orion AgCI electrode filling solution 90-00-01
30 NaOH pellets for iodine water samples
conductivity standard 12.86 mS/cm
Zobelles Eh calibration solution

pH electrode storage solution

deionised water wash bottle

50 30 ml Nalgene® bottles

5 250 ml polyethylene bicarbonate bottles
50 30 ml Steralin® tubes

4 plastic syringes

30 Millipore® 0.45um disposable filter cartridges
and 10 prefilters

digital titrator - (Model 16900-01) Camlab Hach
bromocresol indicator

2 0.16N and 2 1.6N H,SO, Camlab titrator cartridges
250 ml plastic conical flask

1 plastic beaker

100 ml plastic measuring cylinder

disposable pipettes

Parafilm

1 roll laboratory towel

box of tissues

stainless steel trowel



APPENDIX F. FIELD ANALYTICAL
METHODS FOR WATER SAMPLES

pH and Temperature

@)

(b)

(©

(d)

(€)

(f)

(9)

(h)

0)

Remove the protective cap from the pH electrode and
check that no air bubbles are trapped in the bulb at
the end of the electrode. If air is present in the bulb,
shake the electrode like a thermometer to remove the
air. Connect the electrode and the temperature probe
to the portable pH/Eh meter. Rinse the electrode and
probe thoroughly with deionised water and dry them.

Switch on the meter holding the on/off button for a
few seconds until the LCD display appears.

To calibrate the meter press the CAL button. The
meter is now expecting the 4.01 calibration buffer
solution. The first buffer solution measured during
calibration is usually 7.01 therefore use the up arrow
button to flick through the buffer solution options
until 7.01 is selected. The meter is now ready to
begin the calibration.

Place the pH electrode and the temperature probe in
the first buffer (7.01) and wait for the reading to
stabilise. The meter initially indicates that the reading
is NOT READY and will flash a READY signal
when the reading has stabilised. Once the READY
signal has appeared and the reading is stable press the
CFM (confirm) button. Record the pH and
temperature readings.

The meter automatically expects the second buffer
solution. Use the up and down arrow buttons to flick
through the buffer solution options until the correct
solution is selected (usually 4.01 for acid samples or
1.01 for akaline samples). The meter is now ready to
continue the calibration.

Rinse the electrode and temperature probe thoroughly
in deionised water and dry them. Place the electrode
and probe in the second buffer solution and wait for
the READY signal before pressing the CFM
(confirm) button. Note the pH reading. The
calibration is now complete and the meter
automatically switches to pH measurement mode.

To check the calibration, rinse the electrode and
probe in deionised water, dry and return to the first
buffer solution. The reading should stabilise around
7.01.

Rinse the el ectrode and temperature probe thoroughly
in deionised water and dry them before measuring the
first sample. Rinse the electrode and probe with some
of the sample water in-between measuring each
sample.

Store the pH electrode with the protective cap
containing pH electrode storage solution over the
end. Do not alow it to dry out. Care must be taken to
avoid damage to the bulb at the end of the electrode.

If the electrode performance is not satisfactory on
calibration try shaking it to remove any air from the
bulb.

100

Redox Potential

@)

(b)

(©

(d)

(€)

(f)

(9)

Remove the protective cap from the redox (Eh)
electrode and uncover the filling hole. Fill the
electrode using Orion filling solution 90-00-11 to just
below thefilling hole. Empty the solution to waste by
pushing the cap and body together and refill with
solution ensuring that no bubbles are trapped around
the electrode base. Connect the electrode and the
temperature probe to the pH/Eh meter. Rinse the
electrode and probe in deionised water and dry them.

Switch on the meter holding the on/off button for a
few seconds until the LCD display appears.

Select the redox measurement function by pressing
the RANGE button, mV will appear on the display.

To check the electrode performance, place the
electrode and probe in Zobelles solution. The value
should settle between 200 and 250 mV, depending on
the temperature.

Rinse the electrode and temperature probe thoroughly
in deionised water and dry them before measuring the
first sample. Rinse the electrode and probe with some
of the sample water in-between measuring each
sample.

The readings obtained require correction to redox
potential relative to the standard hydrogen electrode
according to the formula:

Corrected Eh = Measured Eh + (224 - Temperature°C)

Prior to storage the electrode should be emptied and
rinsed with deionised water. Store the electrode dry
with the protective cap in place. A small amount of
electrode storage solution should be added to the cap
before storage.

Total Alkalinity

(@)

(b)

(€

(d)

Select a sulphuric acid cartridge 1.6N or 0.16N
according to the expected alkalinity of the samples.

Fit the cartridge to the hand held digital titrator and
push the titrator piston down until it meets the top of
the cartridge. Remove the cap from the cartridge and
fit a feeder straw into the end of the cartridge. Wind
the large wheel on the titrator until all the air is
removed from the cartridge and the straw and a drop
of acid leaves the end of the straw. Wipe the end of
the straw to remove excess acid. Reset the titrator
scale to zero by winding the small wheel to the left of
the scale forwards.

Rinse the measuring cylinder and conical flask with
deionised water prior to rinsing them with a small
amount of the first sample. Using the measuring
cylinder, measure 100 ml of the first sample into the
conical flask.

Make sure the lid is securely tightened on the sample
bottle in-between each stage of the measurements to
reduce degassing of the samples.



(€)

()

(9)

(h)

(i)

)

Add a few (two) drops of bromocresol green
indicator using asmall pipette.

Add the acid using the large wheel on the titrator
until the solution changes from blue to green-yellow
and note the reading on the titrator scale when this
occurs.

When the 0.16N cartridge is used the readings should
be multiplied by 0.1.

The reading is the total alkalinity expressed as mg/l
CaCOs.

The titrator should be reset to zero and the conical
flask and measuring cylinder rinsed in a small
amount of the next sample prior to the next
measurement.

Titrations should be carried out as quickly as possible
to reduce degassing effects.

Conductivity

(@)

(b)

(©

(d)

(€)

(f)

(9)

(h)

Remove the plastic cover from the conductivity
probe and rinse the probe and the cover in deionised
water. Dry the probe and the cover and replace the
cover. Connect the conductivity probe to the
conductivity meter.

Switch on the meter and place the probe in the 12.88
mS. calibration buffer solution making sure the
solution covers the probe up to the join between the
probe and the cover. The holes in the cover must be
immersed in the solution.

Shake the probe in the solution to remove any air
bubbles trapped between the probe and the cover.
This isimportant as the probe measures conductivity
in the volume of liquid defined by the cover therefore
ar trapped in the cover will affect the readings.

Press the CAL button and the 1413 pS indicator will
be lit on the LCD display. Press the BUF button to
change to the 12.88 mS calibration.

When the reading is stable and the calibration is
within +/- 15% of the ideal value the BUF indicator
on the display stops flashing and the CON indicator
appears a the display. When the CON indicator
appears press the CFM (confirm) button. The meter
is now calibrated and will automatically return to
measurement mode. To quit from calibration mode at
any time press the CAL button.

Remove the plastic cover from the probe, rinse with
deionised water and dry the probe and the cover prior
to measuring each sample. Remember to cover the
probe with sample up to the join between the cover
and the probe and to remove air by shaking the
probe.

The probe and cover should be rinsed in deionised
water and dried before storage.

If the meter is difficult to calibrate try shaking the
probe to remove air trapped under the cover.
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APPENDIX G. BGS ANALYTICAL
METHODS

lodine Generation Inductively Coupled
Plasma Atomic Emission Spectrometry (I CP-
AES)

The method was adapted from the work of (Cave and
Green, 1989) and (Nakahara and Mori, 1994). The
following standards were prepared for calibration: O, 1, 5,
10, 25 and 50 ng/g | in deionised water from a stock Kl
solution. Standards and smples were prepared by the
addition of 2 ml of 1% (w/v) ascorbic acid to 20 ml of
standard/sample. The oxidation solution to convert I"to I,
was 0.2 g of NaNO, dissolved in 200 ml of 50% (v/v)
H,SO4. The soil samples were fused and dissolved
according to (Fuge et al., 1978). For the determination of
water-soluble iodine, 1.5 +/- 0.05 g of prepared soil
material were weighed accurately into 15 ml glass screw
cap bottles and 15 ml of deionised water added. Samples
were shaken on an end-over-end stirrer overnight then
decanted into centrifuge tubes and centrifuged at 13 500
rpm for 3 minutes prior to analysis.

| odine was determined by |, generation ICP-AES.
The instrument conditions were as follows

Varian Vista|CR-AES

Power 1.2 kW

Coolant Ar flow 18 |/min

Intermediate Ar flow 1.5 I/min

Injector flow 0.7 | min

Time resolved collection mode — 100 s data collection
time with 1000 ms per data point.

lodine wavelength 178.215 nm.

lodine Generator

The generator consists of aglass bulb gas liquid separator
(GLS) of about 30ml in volume. The injector gas to the
ICP flows through the GLS. On the gas inlet side to the
GLS an Omnifit injection valve with a 2.5 ml injection
loop is connected, allowing the sample to be injected into
the GLS using the injector gas flow to flush the sample
from the sample loop into the GLS chamber. The GLS is
aso fitted with a liquid input line to alow the oxidation
reagent to be injected into the chamber and, at the base of
the GLS, a ground glass tap is used to drain off the
exhausted solution after the iodine has been generated
from the sample. The gas inlet to the GLS bubbles Ar
directly into the sample/oxidation solution.

The GLS is operated in the following mode:
1. Load theinjection valve with the sample
2. Drain the spent solution from the GLS

3. Inject 5ml of fresh oxidisation solution into the
GLS

4. Inject the sample into the GLS with the valve
and simultaneously start data collection
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Results

The iodine generated from the GLS is swept into the ICP
where | emission is detected. Typical signals are shownin
Figure F.1. The area under the curve after the initia

pressure pulse is used to calibrate the method (Figure
F.2).

lodine emission signal

Emissior

Figure F.1 Exampleiodine emission signal

Typical calibration curve

37000

y = 459,50 + 7964.3
R?=0.9992

32000
. /

©
2 22000
<

_ /I/

1, ppb

Figure F.2 Typical iodine calibration curve

For the Xinjiang soil samples, duplicate digestions and
soil reference materials were anaysed in the same
analytical runs as the samples. The results for the
reference materials are shown in Table F.1 and
demonstrate that there was a bias a the lower
concentration but at the higher concentration the accuracy
was good.

The results for analytical duplicate digestions are given in
Table F.2. Analysis of variance (ANOVA) of the data
show that whilst there are significant differences between



the samples, the ‘within batch’ variation in the digestion
duplicatesisinsignificant (Table F.3).

The detection limit with pure standards is about 1ng/g in
solution, which is equivalent to 0.2 pg/g in the soil
sample. However, there was quite a large blank from the
sample fusions that degrades the detection limit to about
0.5 ng/g in the soil and probably contributes to the lack of
accuracy at the lower concentrations. Figure F. 3 shows
anillustration of the digestion blank.

TABLE F.1 TOTAL IODINE CONCENTRATIONS (Hg/g)
DETERMINED IN SOIL REFERENCE MATERIALS

Date GBWO07401 Date GBWO07505
50701 1.59 300601 4.40
300601 1.80 290601 3.86
290601 1.32 280601 3.88
280601 1.71 270601 3.69
270601 1.75 260601 3.65
260601 1.59 200301 3.53
200301 1.23 260301 3.83
200301 1.34
200301 1.67
200301 1.87
Average 1.59 Average 3.83
SD 0.22 SD 0.28
Reference value 1.9 3.8

TABLE F.2 ANALYTICAL REPLICATE RESULTS FOR SOIL

TOTAL IODINE
Date Sample No Analytical Replicates | ug/g
300601 87 1.052774 1.192572
290601 77 0.577435 0.656904
280601 70 0.910013 1.33249
270601 61 1.963961 1.222329
260601 55 0.825034 1.177099
220601 5 1.397821 0.994646
130301 13 0.500851 0.249351
200301 22 0.874856 0.963781
200301 29 1.274271 1.407438
260301 39 0.586687 0.691438
260301 44 1.543531 1.30418
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Digestion blank

Sppb Digestion Calibration
blank blank

Emission

Time, s

Figure F.3 Example of the soil iodine analysis
digestion blank

TABLE F.3 ANOVA TWO-FACTOR WITHOUT REPLICATION
OF SOIL TOTAL IODINE ANALYTICAL REPLICATE RESULTS

Summary Count Sum Average Variance

Row 1 2 2.245346 1.122673 0.0097772
Row 2 2 1.234338 0.617169 0.003158
Row 3 2 2.242503 1.121252 0.089244
Row 4 2 3.18629 1.593145 0.275009
Row 5 2 2.002133 1.001066 0.061975
Row 6 2 2.392467 1.196234 0.081275
Row 7 2 0.750201 0.375101 0.0316249
Row 8 2 1.838638 0.919319 0.003954
Row 9 2 2.681709  1.340855 0.008867
Row 10 2 1.278125 0.639062 0.0054849
Row 11 2 2.84771 1.423855 0.028644
Column 1 11 11.50723 1.046112 0.209044
Column 2 11 11.19223 1.017475 0.126134
Source of

Variation SS df MS F P-value F-crit
Samples  2.757281 10 0.2757284.6379890.011727 2.97824;
Duplicates 0.00451 1 0.00451 0.075870.7885824.964591
Error 0.594499 10 0.05945

Total 3.35629 21




APPENDIX H. LISTING OF MEDICAL RESULTS
Sample |Sample Area |Village Date of Age [Sex |Heightcm [Body Surface |Weight |Thyroid [Th h/r [Th h/l [Th b/r |Th b/l |Th d/r|Th d/l |TSH |T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm mlU/l  [nmol/l {mg/l ug/l mg/l ug/l

AC148) (minus 1 cm mls whole [whole |Raw Raw

ht AC148) blood |blood

1001 uU/s AC 148 |AC 148 01-Apr-93 |7.5 |f 123.0 0.94 26.0 0.39 0.7 0.9 0.5 0.7 (0.7 |09
1002 Blood & U/S |AC 148 [(AC 148 24-Feb-92 |86 |m [123.0 0.93 255 0.62 1.0 0.9 0.8 08 (09 |08 15 28.6 [1.95 275 1.95 275
1003 Blood & U/S [AC 148 |AC 148 27-Feb-93 [7.6 |m [125.0 0.96 26.4 1.72 11 1.2 1.2 14 (12 [12 |29 475 [2.90 1060 2.90 1060
1004 u/s AC 148 |AC 148 10-Jan-94 6.7 [m [121.0 0.87 22.6 0.34 0.9 0.6 11 09 (05 |04
1005 u/s AC 148 |AC 148 13-Mar-92 (85 [m [127.0 0.97 26.7 0.43 0.9 0.9 0.9 06 (0.7 0.6
1006 Blood & U/S |AC 148 [AC 148 01-Jun-91 (9.3 |m [138.0 1.29 45.1 0.58 0.8 0.7 1.0 06 (1.0 J1.0 1.8 55.9 [2.15/2.15[1112 2.15 1112
1007 Blood & U/S |AC 148 [AC 148 18-Mar-93 (7.5 |f 1215 0.87 22.2 0.27 0.6 0.8 0.7 08 [06 05 |22 53.9 (2.90 720 2.90 720
1008 u/s AC 148 |AC 148 18-Jan-93 |7.7 [m ]120.5 0.88 22.9 0.57 0.9 0.8 0.8 12 |06 [0.8
1009 Blood & U/S [AC 148 |AC 148 31-May-93 [7.3 119.0 0.84 21.3 0.22 0.5 0.4 0.6 09 (0.7 |07 1.3 61.1 [0.42 50 0.42 50
1010 Blood & U/S |AC 148 [AC 148 08-Dec-91 8.8 |f 134.0 0.99 255 0.78 11 13 0.9 09 (0.7 |08 16 52.0 [1.20 425 1.20 425
1011 u/s AC 148 |AC 148 23-Feb-93 |7.6 |f 120.5 0.87 22.3 0.36 0.8 0.8 0.5 05 [1.0 |09
1012 Blood & U/S [AC 148 |AC 148 29-Mar-92 (8.5 |f 130.5 1.03 295 0.30 0.8 0.7 0.8 09 [05 |05 12 50.1 |(0.45 195 0.45 195
1013 Blood & U/S |AC 148 [AC 148 12-Aug-91 [9.1 |f 130.5 1.00 27.0 0.41 0.8 0.7 0.8 08 (08 o6 |31 41.6 [1.65/1.55(610 1.60 610
1014 Blood & U/S |AC 148 [AC 148 06-Dec-90 9.8 |m |135.5 1.05 28.8 0.28 0.8 0.6 0.6 04 (0.8 |08 1.7 48.1 [3.30 460 3.30 460
1015 u/s AC 148 |AC 148 18-Nov-92 (7.9 |f 120.0 0.86 22.0 0.94 11 1.2 0.7 09 [10 11
1016 Blood & U/S |AC 148 [AC 148 15-Dec-91 (8.8 |f 131.1 1.00 27.0 1.15 1.6 11 1.0 08 (09 J11 |03 33.2 [0.52 168 0.52 168
1017 u/s AC 148 |AC 148 06-Mar-92 (8.6 127.0 0.96 25.7 0.52 0.9 0.9 0.7 08 (0.7 |09
1018 Blood & U/S [AC 148 |AC 148 03-Jun-91 (9.3 128.5 1.00 27.7 0.49 0.9 1.0 0.7 05 09 [09 |03 449 [3.10 720 3.10 720
1019 Blood & U/S |AC 148 [(AC 148 14-Apr-93 |75 [m [125.0 0.93 24.8 0.20 0.7 0.8 0.7 09 (04 03 |09 48.8 [1.35 325 1.35 325
1020 Blood & U/S |AC 148 [AC 148 30-Apr-92 8.4 |f 1355 1.07 30.0 0.16 0.8 0.6 0.6 04 (04 |06 |0.2 39.7 |[1.85 318 1.85 318
1021 Blood & U/S |AC 148 [AC 148 12-Apr-92 (8.5 |f 125.0 0.85 20.0 0.25 0.4 0.7 0.6 08 08 [06 |08 423 |1.30 215 1.30 215
1022 Blood & U/S |AC 148 [(AC 148 05-Apr-90 [10.5 |m [130.0 1.06 315 0.68 11 0.7 0.9 10 (08 [09 |28 65.7 |[1.55 445 155 445
1023 Blood & U/S |AC 148 [AC 148 11-Apr-92 (85 f 134.0 1.04 28.6 0.47 0.8 0.8 0.7 09 (06 09 |28 51.4 |[5.20 460 5.20 460
1024 Blood & U/S |AC 148 [AC 148 12-Apr-91 [9.5 |f 131.0 0.93 22.6 1.07 11 1.0 11 09 [11 J10 J21 41.0 [1.70 450 1.70 450
1025 Blood & U/S |AC 148 [(AC 148 08-Feb-92 |8.6 |m [125.5 0.92 24.0 0.67 13 1.0 0.6 05 (11 11 |47 49.4 10.87 295 0.87 295
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l

AC148) (minus 1 cm mls whole [whole |Raw Raw

ht AC148) blood |blood

1026 Blood & U/S |AC 148 |AC 148 24-Mar-94 16.5 |m |119.5 0.86 22.0 0.12 0.8 0.8 0.8 0.4 0.3 0.2 15 52.7 10.42 95 0.42 95
1027 Blood & U/S |AC 148 |AC 148 20-Mar-92 (8.5 |f 1215 0.94 26.5 0.31 0.5 0.6 0.7 0.8 0.6 0.9 3.0 52.7 |1.60 680 1.60 680
1028 Blood & U/S [AC 148 [AC 148 05-Aug-93 [7.1 |f 122.0 0.90 23.7 0.59 1.0 1.0 0.6 0.7 0.9 1.0 2.2 52.0 |0.74 630 0.74 630
1029 Blood & U/S |AC 148 |AC 148 03-Nov-91 |89 |f 128.0 0.91 22.5 0.45 0.6 0.8 0.7 0.7 0.9 1.0 2.6 585 10.21 460 0.21 460
1030 Blood & U/S |AC 148 |AC 148 21-Jul-93 (7.2 |m |122.0 0.85 20.7 0.82 1.2 0.8 1.0 0.8 1.0 0.8 2.8 345 |1.80 470 1.80 470
1031 Blood & U/S [AC 148 [AC 148 15-Sep-92 (8.0 [m |1245 0.92 24.4 0.62 0.5 0.8 1.1 11 0.9 0.9 2.4 nd 1.10 830 1.10 830
1032 Blood & U/S |AC 148 |AC 148 07-Apr-92 |85 |m |126.5 0.95 25.7 0.86 0.9 0.9 1.0 11 0.9 1.0 2.2 195 [1.05 nd 1.05 nd
1033 Blood & U/S |AC 148 |AC 148 27-Dec-91 |18.8 |m ]130.0 1.00 27.6 0.36 0.8 0.7 0.5 0.5 1.0 1.0 1.0 46.8 [0.91 205 0.91 205
1034 Blood & U/S [AC 148 |AC 148 07-Dec-93 (6.8 |m [117.5 0.86 226 0.41 0.9 0.8 0.8 09 [05 0.7 14 35.8 [0.03 485 0.03 485
1035 Blood & U/S |AC 148 |AC 148 15-May-91 [9.4 [m [126.5 0.95 25.4 0.44 1.0 11 0.8 0.8 0.6 0.5 1.8 37.1 |3.10 600 3.10 600
1036 Blood & U/S |AC 148 |AC 148 19-Feb-89 [11.6 [m |136.0 111 325 1.19 1.0 0.9 1.6 0.9 1.0 11 1.1 46.2 |4.4/4.4 |520 4.40 520
1037 Blood & U/S |AC 148 [AC 148 10-Apr-92 (8.5 |m [122.5 0.91 240 0.60 0.7 0.7 0.9 1.0 [11 [08 [3.0 48.8 10.29 305 0.29 305
1038 Blood & U/S |AC 148 |AC 148 09-Aug-89 |11.1 |m |132.5 1.02 28.0 0.59 1.0 0.9 1.1 0.8 0.6 0.8 2.0 33.8 |1.05 300 1.05 300
1039 Blood & U/S |AC 148 |AC 148 16-Jul-92 (8.2 |f 124.5 0.96 26.6 0.56 0.6 0.7 1.1 11 0.6 1.0 1.0 61.1 |1.85 460 1.85 460
1040 Sample leaked  (AC 148 |AC 148 12-Jul-93 |7.2 [m [137.0 1.14 34.0 0.31 0.6 0.5 1.0 0.9 0.7 0.5 3.8 41.6
1042 Blood & U/S |AC 148 |AC 148 27-Aug-92 18.1 |m |125.3 0.98 27.5 0.56 0.9 0.7 0.7 1.2 0.8 0.8 2.2 52.7 10.67 600 0.67 600
1043 Blood & U/S |AC 148 |AC 148 25-Jan-92 |18.7 |m ]129.5 1.07 32.0 0.52 0.7 0.8 0.9 0.8 0.8 0.9 2.7 35.1 |2.50 460 2.50 460
1044 Blood & U/S |AC 148 [AC 148 21-May-91 (9.4 |m [132.0 0.99 26.2 0.32 0.6 0.5 1.0 09 |06 [0.7 1.2 481 [2.30 930 2.30 930
1045 Blood & U/S |AC 148 |AC 148 22-Apr-A4 6.4 |f 1185 0.84 21.5 0.28 0.8 1.0 0.8 0.8 0.3 0.5 15 48.8 (1.00 340 1.00 340
1046 Blood & U/S |AC 148 [AC 148 23-May-94 16.3 |f 1235 0.90 235 0.33 1.3 0.9 11 15 (03 [0.2 0.6 345 |0.78 70/68 |0.78 69
1047 Blood & U/S |AC 148 [AC 148 12-Nov-92 (7.9 |f 1225 0.87 220 0.57 0.8 0.8 1.0 10 (0.8 [07 |08 28.6 [2.55/2.6 (260 2.58 260
1048 Blood & U/S |AC 148 |AC 148 18-Mar-94 (6.5 |f 121.0 0.87 22.6 0.23 0.8 1.0 0.9 0.9 0.3 0.3 0.3 40.3 (1.30 335 1.30 335
1049 Blood & U/S |AC 148 [AC 148 03-Dec-93 |6.8 |m |120.5 0.86 21.7 0.27 0.7 0.6 0.8 06 (0.7 05 |25 64.4 |[1.15 510 1.15 510
1050 Blood & U/S |AC 148 |AC 148 04-Aug-92 (8.1 |f 137.0 1.14 34.2 0.37 0.7 0.8 1.0 0.6 0.7 0.6 0.5 319 |3.60 163 3.60 163
1051 u/s AC 148 |AC 148 05-Sep-92 |18.1 |m |120.0 0.88 23.1 0.44 1.0 0.6 0.6 0.9 0.9 0.7
1052 u/s AC 148 |AC 148 05-Oct-92 8.0 |f 120.0 0.88 23.0 0.31 0.7 0.8 0.6 06 (05 |09
1053 u/s AC 148 |AC 148 05-Aug-92 |18.1 |m |123.5 0.91 23.8 0.52 0.7 0.8 0.7 1.0 0.9 0.8
1054 u/s AC 148 |AC 148 19-Oct-93 (6.9 |f 122.5 0.88 22.5 0.35 0.8 0.8 0.6 11 0.6 0.5
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

1055 u/s AC 148 |AC 148 28-Mar-93 |75 |f 123.0 0.93 25.4 0.57 1.0 0.9 1.1 1.2 0.5 0.6

1056 u/s AC 148 |AC 148 12-Jul-93 (7.2 |f 118.0 0.82 20.0 0.34 0.8 0.7 0.6 0.6 0.6 1.0

1057 u/s AC 148 |AC 148 18-Feb-92 8.6 [m [123.0 0.90 23.8 0.78 0.9 0.8 11 09 [1.0 |09

1058 u/s AC 148 |AC 148 12-Nov-93 (6.9 |[f 113.0 0.79 20.0 0.34 0.8 0.6 0.8 0.8 0.6 0.7

1059 u/s AC 148 |AC 148 13-May-94 (6.4 |f 120.5 0.86 22.0 0.48 0.8 0.5 0.9 0.9 0.9 0.8

1060 u/s AC 148 |AC 148 21-May-92 |18.4 |f 1245 0.89 225 0.33 1.0 0.7 0.7 08 (05 0.6

1061 u/s AC 148 |AC 148 16-Jul-92 (8.2 |f 119.0 0.85 21.9 0.54 0.8 0.9 1.1 0.8 0.7 0.7

1062 u/s AC 148 |AC 148 23-Jul-92 (8.2 |m |1345 1.23 42.2 0.56 0.7 1.0 0.8 0.8 0.8 0.9

1063 u/s AC 148 |AC 148 15-Feb-93 [7.6 |m [121.0 0.89 23.7 0.65 1.0 1.0 0.9 0.8 [0.7 [0.9

1064 u/s AC 148 |AC 148 16-Feb-93 (7.6 |f 116.0 0.80 195 0.53 0.5 0.8 0.9 0.8 1.2 0.9

1065 u/s AC 148 |AC 148 10-Jan-94 |6.7 [m [123.5 0.89 23.0 0.93 1.0 1.2 1.2 13 0.7 0.7

1066 u/is AC 148 |AC 148 27-Nov-92 |7.8 |f 119.0 0.90 251 1.23 1.2 11 0.7 0.8 1.7 1.3

1067 u/s AC 148 |AC 148 12-Aug-92 (8.1 |f 113.0 0.81 21.0 0.73 1.2 1.2 0.5 0.8 1.1 0.9

1068 u/s AC 148 |AC 148 15-Nov-90 [9.9 [m (138.0 1.13 33.2 1.16 13 13 0.9 1.2 1.0 0.8

1069 u/S AC 148 [AC 148 01-Jan-93 (7.7 |f 1225 0.87 220 0.66 0.9 0.8 0.9 09 |09 [09

1070 u/s AC 148 |AC 148 14-Apr-93 (7.5 |f 123.0 0.92 25.0 0.54 0.6 0.8 0.9 1.0 0.9 0.8

1071 u/s AC 148 |AC 148 27-Feb-93 |7.6 |f 120.0 0.86 22.3 0.79 0.9 0.8 1.2 11 0.8 0.9

1072 ui's AC 148 |AC 148 10-Jan-94 6.7 |f 110.0 0.75 18.7 0.21 0.7 0.7 0.8 0.8 0.3 0.5

1073 u/s AC 148 |AC 148 12-Mar-89 [11.5 [m (146.0 1.34 45.1 1.83 11 11 1.4 15 1.3 11

1074 u/s AC 148 |AC 148 19-Nov-93 (6.9 |f 116.5 0.78 18.5 0.34 0.6 0.5 1.0 1.2 0.6 0.6

1075 u/S AC 148 |[AC 148 21-Oct92 (7.9 |m [123.0 0.90 235 0.27 1.0 0.8 0.5 08 |05 [05

1076 u/s AC 148 |AC 148 21-Mar-92 |85 |f 1185 0.87 23.2 0.46 0.9 0.8 0.8 0.6 0.8 0.8

1077 u/s AC 148 |AC 148 17-Mar-93 7.5 [m (1245 0.89 22.4 0.68 0.7 0.6 0.9 11 1.1 11

1078 u/is AC 148 |AC 148 15-Jul-92 18.2 |f 127.0 0.99 28.0 0.77 0.7 11 1.1 11 1.0 0.7

1079 u/s AC 148 |AC 148 27-Feb-92 (8.6 |m |126.0 0.95 25.5 0.22 0.7 0.5 0.5 0.7 0.7 0.6

1080 u/s AC 148 |AC 148 07-Jun-94 16.3 |m |115.5 0.81 20.5 0.48 0.9 1.0 0.5 0.6 0.9 1.0

1081 u/s AC 148 |AC 148 03-Jul-93 (7.2 |m [116.5 0.77 18.0 0.31 0.5 0.7 0.7 0.7 |10 [06

1082 u/s AC 148 |AC 148 17-May-93 (7.4 |f 123.0 0.87 21.8 0.52 1.0 0.9 1.2 0.8 0.6 0.5
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

1083 u/s AC 148 |AC 148 16-Jun-93 |7.3 126.0 1.01 29.4 0.25 0.7 0.8 0.8 0.9 0.4 0.4

1084 u/s AC 148 |AC 148 13-Mar-94 16.5 126.0 0.87 21.0 0.79 11 1.0 0.6 0.9 1.0 11

1085 u/s AC 148 |AC 148 08-Dec-92 |7.8 126.0 0.95 25.3 0.51 0.9 1.0 0.8 0.7 (0.8 0.7

1086 u/s AC 148 |AC 148 12-May-93 (7.4 |f 120.0 0.83 20.3 0.54 11 11 0.6 0.6 1.0 0.7

1087 u/s AC 148 |AC 148 20-Oct-90 9.9 |m |137.0 1.08 30.0 0.65 11 1.0 0.7 0.9 0.6 1.0

1088 u/s AC 148 |AC 148 21-Apr-A4 6.4 |f 120.0 0.83 20.0 0.10 0.7 0.3 0.6 1.0 (0.3 |03

1089 u/s AC 148 |AC 148 14-Dec-93 6.8 [m (120.0 0.91 25.3 0.25 0.9 0.5 0.7 11 0.4 0.5

1090 u/s AC 148 |AC 148 13-Jun-93 (7.3 |f 1235 0.90 23.6 0.38 0.5 0.5 0.8 0.7 1.0 11

1091 u/is AC 148 |AC 148 03-Dec-92 (7.8 129.0 1.00 27.7 0.49 11 0.8 0.7 0.7 0.9 0.6

1092 u/s AC 148 |AC 148 24-Mar-93 |7.5 122.0 0.91 24.3 0.53 1.0 0.7 1.0 1.2 0.6 0.6

1093 u/s AC 148 |AC 148 03-Feb-93 |7.6 |f 1185 0.82 20.0 0.18 0.8 0.7 0.6 0.5 0.5 0.4

1094 u/is AC 148 |AC 148 20-Jan-91 9.7 |f 133.0 1.08 31.7 1.04 0.8 0.8 0.9 1.4 1.3 11

1095 u/s AC 148 |AC 148 05-Nov-93 [6.9 |f 1175 0.79 18.7 0.46 0.9 11 0.7 0.7 0.9 0.5

1096 u/s AC 148 |AC 148 20-Nov-92 |7.9 |m |127.0 0.91 229 0.41 0.9 0.6 0.8 1.0 0.6 0.7

1097 u/is AC 148 |AC 148 26-Dec-91 8.8 |f 124.0 0.96 27.3 0.59 0.7 0.6 0.6 11 1.2 11

1098 u/s AC 148 |AC 148 28-Jun-94 6.2 |f 108.5 0.77 20.0 0.22 0.8 0.6 0.7 0.8 0.4 0.5

1099 u/s AC 148 |AC 148 26-Jun-94 16.3 |m |127.5 0.95 25.1 0.19 0.6 0.8 0.7 11 0.3 0.3

1100 u/S AC 148 |AC 148 19-Apr-92 (8.4 130.0 0.94 23.6 0.24 0.5 0.6 0.7 1.0 (0.6 [05

1101 Blood & U/S |AC 148 |AC 148 20-Jul-92 (8.2 124.7 0.93 24.7 0.47 0.7 0.7 0.7 0.7 0.9 11 0.5 28.6 ]0.11 620 0.11 620
1102 u/s AC 148 |AC 148 18-Jan-92 (8.7 |f 111.0 0.78 19.7 0.55 0.8 0.7 0.8 0.9 0.9 0.9

1103 Blood & U/S [AC 148 |AC 148 18-Mar-89 [11.5 |f 135.0 1.03 27.3 0.46 11 0.9 0.6 08 [0.7 [0.7 |06 53.9 |[2.10 660 2.10 660
1104 Blood & U/S |AC 148 |AC 148 10-Jul-92 (8.2 [m |1335 111 33.2 0.84 1.0 1.2 1.1 0.7 0.9 0.9 2.2 195 |2.10 830 2.10 830
1105 Blood & U/S |AC 148 |AC 148 10-May-93 (7.4 |f 128.0 0.94 24.4 0.97 0.7 11 1.1 0.9 1.1 1.2 1.2 39.7 10.93 230 0.93 230
1106 u/s AC 148 |AC 148 01-Jan-93 (7.7 |f 117.0 0.82 20.8 0.58 0.9 0.8 0.8 1.0 (0.8 |08

1108 Blood & U/S |AC 148 |AC 148 02-Jun-93 |7.3 |f 127.0 0.99 28.0 0.56 0.8 0.9 0.8 0.9 0.8 0.8 1.7 53.3 |1.55 340 1.55 340
1111 Blood & U/S |AC 148 |AC 148 15-Jan-93 (7.7 |f 126.0 0.95 25.3 0.49 0.8 0.9 1.1 0.9 0.6 0.6 2.1 38.4 |3.60 740 3.60 740
1115 Blood & U/S |AC 148 [AC 148 12-Apr-93 (7.5 |f 130.0 1.01 28.0 0.31 0.7 0.8 0.6 09 (07 [05 [24 49.4 12.90 598/600 (2.90 599
1117 Blood & U/S |AC 148 |AC 148 05-Jan-93 |7.7 |m 1185 0.77 17.5 0.26 0.6 0.6 0.6 0.7 0.7 0.7 2.1 53.3 |2.60 468 2.60 468
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

1121 u/s AC 148 |AC 148 02-Mar-93 |7.6 132.5 1.08 32.0 0.54 11 0.7 0.6 11 0.9 0.7

1125 u/s AC 148 |AC 148 28-May-93 |7.3 121.0 0.86 21.7 0.29 0.5 0.5 1.1 0.9 0.7 0.5

1138 u/s AC 148 |AC 148 13-May-93 |7.4 112.0 0.78 194 0.66 0.8 0.7 0.8 12 (11 |08

1141 u/s AC 148 |AC 148 15-Apr-91 (9.5 |f 130.0 0.95 24.4 0.74 1.0 0.8 0.9 1.0 1.1 0.7

1146 u/s AC 148 |AC 148 14-Feb-91 (9.6 [m ]125.0 0.98 28.0 0.34 0.6 0.3 1.0 1.0 0.9 0.6

1168 u/s AC 148 |AC 148 20-Sep-93 |7.0 |f 129.0 0.95 245 0.31 0.6 0.6 0.6 1.1 (0.7 [0.6

1171 Blood & U/S |AC 148 |AC 148 23-Jul-91 [9.2 |f 142.0 1.18 35.0 0.68 1.0 1.0 0.8 0.9 1.0 0.7 2.8 68.9 |2.50 355 2.50 355
1173 u/s AC 148 |AC 148 13-Dec-93 [6.8 [m [123.5 0.87 21.8 0.37 0.8 0.6 0.6 0.9 0.7 0.8

1176 Blood & U/S [AC 148 [AC 148 27-Jun-91 9.3 |f 134.0 1.02 27.2 0.58 0.9 0.5 0.8 11 1.0 0.9 1.3 475 |4.40 340 4.40 340
1185 u/s AC 148 |AC 148 10-Jun-93 (7.3 |f 124.0 0.94 25.8 0.62 1.0 0.8 0.9 0.9 0.8 0.8

2001 Blood & U/S |Wushi [Aheya 08-May-89 |11.5 |/m |140.0 1.08 29.0 1.38 13 1.0 1.3 1.2 1.0 1.0 0.6 345 14.80 350 4.80 350
2002 u/is Wushi |Dagiao 15-May-90 |10.5 [m [139.2 1.10 30.5 1.34 13 0.9 11 0.8 (1.3 13

2003 u/s Wushi |Dagiao 06-Aug-87 |13.2 |m |143.0 1.16 33.0 0.60 0.7 0.7 0.9 0.9 1.0 1.0

2004 u/s Wushi |Aheya 05-Oct-88 |12.1 |m |147.0 1.14 30.5 0.77 1.2 1.0 0.9 0.9 0.9 0.7

2005 u/s Wushi [Aheya 01-May-89 [11.5 [m [140.0 0.96 220 0.81 0.9 0.9 0.9 12 (09 |09

2006 u/s Wushi |Aheya 13-Mar-92 8.6 [m (126.0 0.96 26.0 0.92 13 0.9 1.0 11 0.8 0.9

2007 u/s Wushi |Dagiao 01-Feb-92 (8.8 |m |130.0 0.96 25.0 0.89 1.2 11 1.1 1.2 0.8 0.6

2008 u/is Wushi |Dagiao 04-Oct-91 (9.1 |f 142.5 1.00 235 0.79 0.8 0.7 1.2 11 1.0 0.9

2009 u/s Wushi |Dagiao 05-Jun-91 (9.4 |f 1315 0.97 25.0 1.19 1.2 0.9 1.2 1.0 1.1 1.0

2010 u/s Wushi |Aheya 23-Mar-91 |19.6 |m |132.0 1.00 27.0 0.79 0.9 0.9 1.1 1.2 0.9 0.7

2011 Blood & U/S [Wushi |Aheya 04-Nov-91 (9.0 |f 136.5 1.00 25.0 0.71 0.7 0.6 1.0 1.2 1.0 11 1.1 50.7 |1.10 322 1.10 322
2012 u/s Wushi |Dagiao 10-Mar-91 [9.6 [m (129.0 0.99 27.0 0.60 0.9 1.0 0.7 0.7 1.0 0.9

2013 u/s Wushi |Aheya 12-Apr-90 (10.6 |f 121.7 0.89 23.5 0.66 1.2 11 0.8 0.8 0.8 0.7

2014 u/s Wushi [Aheya 05-Jul-92 (8.3 |f 130.8 0.89 20.5 1.24 1.3 1.0 11 1.3 [09 (1.0

2015 u/s Wushi |Dagiao 01-Sep-91 [9.2 |f 130.5 0.95 24.0 0.79 1.0 1.0 0.8 0.7 1.1 11

2016 u/s Wushi |Aheya 29-Aug-90 |10.2 |f 135.7 1.06 29.0 1.15 1.0 0.9 1.1 1.2 1.2 1.0

2017 u/is Wushi |Aheya 04-Aug-92 (8.2 |f 121.0 0.86 22.0 0.95 0.9 0.9 0.9 11 1.1 11

2018 u/s Wushi |Aheya 15-Jun-92 (8.4 |f 121.2 0.88 23.0 1.02 0.9 1.0 1.2 1.4 0.8 0.9
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

2020 u/s Wushi |Aheya 25-Mar-90 |10.6 |m |128.5 0.89 21.5 0.28 0.7 0.6 0.9 0.9 0.5 0.5

2021 Blood & U/S |Wushi [Aheya 29-Sep-91 (9.1 |f 122.5 0.83 19.5 1.38 11 11 1.1 1.0 1.2 13 2.3 299 |1.35 440 1.35 440
2022 u/s Wushi  |[Aheya 15-Dec-90 (9.9 [m [127.0 0.89 215 0.73 1.0 1.0 0.9 09 (0.8 |09

2023 u/s Wushi |Aheya 05-Dec-90 [9.9 |f 131.0 0.94 23.5 0.50 0.7 0.7 0.8 11 0.9 0.7

2024 u/s Wushi |Aheya 23-Jul-90 [10.3 |m |137.8 1.03 26.5 0.72 0.9 1.0 1.1 0.8 0.8 0.9

2025 Blood & U/S [Wushi |Aheya 22-Aug-90 [10.2 |m |137.5 0.92 20.5 2.19 1.4 12 1.3 1.2 1.4 1.4 2.2 371 |0.42 415 0.42 415
2026 u/s Wushi |Dagiao 03-Mar-90 [10.7 |f 125.8 0.94 25.0 1.04 1.0 0.8 1.0 11 1.2 11

2027 u/s Wushi |Aheya 08-Feb-91 (9.7 |f 135.5 0.93 21.5 0.72 11 11 0.7 0.6 1.1 1.0

2028 u/is Wushi |Dagiao 15-Jun-91 9.4 |f 120.5 0.82 195 0.73 14 11 0.4 0.6 (1.3 12

2029 u/s Wushi |Aheya 24-Apr-90 |10.5 |m |136.5 1.14 34.0 0.98 1.0 1.0 1.2 1.2 0.9 0.8

2031 u/s Wushi |Dagiao 04-Apr-90 |10.6 |m |135.5 1.05 28.5 1.31 1.0 0.9 1.4 1.2 1.1 11

2032 u/s Wushi |[Dagiao 02-Sep-92 (8.2 |m [130.7 0.93 23.0 0.69 0.8 1.2 0.8 08 09 [0.9

2033 u/s Wushi |Aheya 10-Oct-92 (8.1 |f 125.0 0.85 20.1 0.39 1.0 0.6 0.8 0.9 0.6 0.6

2034 Blood & U/S |Wushi |Dagiao 01-Apr-91 |19.6 |m |125.0 0.89 22.0 0.54 0.9 1.0 0.9 0.8 0.7 0.7 0.6 358 |1.25 810/814 (1.25 812
2035 u/is Wushi |Aheya 23-Oct-87 [13.0 |m |153.0 1.01 21.0 0.80 0.9 0.7 0.9 1.0 1.1 11

2036 u/s Wushi |Aheya 29-Jan-88 |12.8 |/m |140.0 1.09 29.5 0.46 0.8 0.8 0.9 0.8 0.8 0.6

2037 u/s Wushi |Aheya 01-Apr-89 |11.6 |/m |150.0 1.22 34.0 0.60 13 0.9 0.4 11 0.9 0.8

2038 Blood & U/S [Wushi |Aheya 18-Feb-91 (9.7 [m 135.0 1.08 30.5 1.57 1.2 1.1 1.7 1.2 0.9 1.1 1.0 43.6 [1.15 470 1.15 470
2039 u/s Wushi |Aheya 10-Jan-93 (7.8 |f 124.5 0.89 22.5 0.26 0.6 0.6 0.7 1.0 0.6 0.5

2040 u/s Wushi |Dagiao 10-Apr-91 9.6 [m (1295 0.96 25.0 1.18 1.4 0.9 0.9 1.0 1.1 1.2

2041 Blood & U/S [Wushi [Aheya 18-May-90 [10.5 [m [139.0 0.92 20.0 1.36 1.0 0.9 15 11 11 [12 |02 24.7 10.36 383 0.36 383
2042 u/s Wushi |Aheya 07-Feb-92 [8.7 |f 121.0 0.90 24.0 0.72 0.9 0.8 0.8 1.0 1.1 0.9

2043 u/s Wushi |Aheya 02-Apr-91 (9.6 |f 128.8 0.92 23.0 1.35 0.9 0.9 1.4 13 1.3 1.0

2044 u/s Wushi [Aheya 10-Nov-90 (10.0 [m [133.0 1.09 325 0.97 0.8 0.9 1.2 1.3 (09 [1.0

2045 u/s Wushi |Dagiao 15-Jun-90 |10.4 [m (1425 1.19 35.0 0.89 0.9 11 0.9 0.9 1.2 0.9

2046 Blood & U/S |Wushi |Dagiao 01-Apr-91 |19.6 |m |130.0 0.94 23.5 0.49 0.9 0.8 0.6 11 0.6 0.8 0.2 53.3 |0.61 450 0.61 450
2047 Blood & U/S [Wushi |Dagiao 02-May-91 [9.5 |m [125.0 0.89 220 0.68 11 0.9 0.8 0.7 09 [1.0 11 37.7 |0.12 365 0.12 365
2048 u/s Wushi |Dagiao 03-Jan-90 |10.8 |m 122.0 0.84 20.0 0.41 0.6 0.6 1.3 11 0.5 0.7
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood
2049 u/s Wushi |Dagiao 15-Mar-91 (9.6 |f 123.8 0.88 22.0 0.66 11 1.0 0.8 0.7 1.0 0.7
2050 Blood & U/S |Wushi |Dagiao 15-Jul-91 (9.3 [m |126.5 0.94 25.0 0.60 0.8 11 0.8 0.8 1.0 0.7 2.5 325 |1.20 334 1.20 334
2051 u/s Wushi |Dagiao 10-Jul-91 (9.3 f 1245 0.90 23.0 0.61 0.8 0.9 0.7 09 (11 |08
2052 u/s Wushi |Aheya 29-Jan-91 (9.8 |f 128.8 0.87 20.0 1.08 11 0.9 1.1 0.9 1.2 1.0
2053 u/s Wushi |Dagiao 10-Apr-90 (10.6 |f 127.0 0.93 24.0 0.95 1.0 0.9 1.2 1.0 0.9 1.0
2054 u/s Wushi |Dagiao 08-Jul-91 9.3 |f 123.0 0.77 16.5 0.53 0.9 0.7 0.6 08 [1.0 1.0
2055 u/s Wushi |Dagiao 15-Jun-91 |94 [m [125.2 0.90 23.0 1.15 1.2 1.2 1.1 0.9 1.0 1.0
2056 u/s Wushi |Aheya 05-Mar-92 (8.7 |f 1215 0.84 20.5 0.32 1.0 0.6 0.5 1.0 0.6 0.6
2057 u/is Wushi |Dagiao 02-Oct-90 |[10.1 |f 134.5 1.04 28.5 1.63 1.4 1.1 1.2 1.3 1.0 1.2
2059 u/s Wushi |Aheya 12-Oct-89 [11.1 [m [135.5 1.09 31.5 0.75 11 11 0.7 0.8 0.9 1.0
2060 u/s Wushi |Dagiao 05-Apr-91 (9.6 |f 122.5 0.86 21.0 0.64 11 0.9 0.7 0.8 0.8 1.0
2061 u/is Wushi |Aheya 01-Nov-88 [12.0 |m |151.5 1.34 42.0 0.89 11 0.9 0.8 11 1.1 0.9
2062 u/s Wushi |Aheya 05-Jun-92 (8.4 |f 130.8 0.88 20.0 0.72 11 11 0.8 0.8 0.9 0.8
2064 Blood & U/S |Wushi [Aheya 15-Sep-91 (9.1 |f 135.5 0.90 20.0 0.75 0.8 0.7 0.9 11 1.1 1.0 2.0 33.1 ]0.96/1.05|275 1.01 275
2065 u/s Wushi [Aheya 26-Dec-88 [11.9 [m [137.5 1.07 29.0 0.46 0.8 0.7 0.9 09 |08 |[06
2066 u/s Wushi |Dagiao 04-May-91 [9.5 |f 126.5 0.91 23.0 1.04 11 1.0 1.1 11 0.8 11
2067 u/s Wushi |Dagiao 15-Aug-91 [9.2 [m ([125.0 0.93 25.0 0.53 11 11 0.6 0.5 1.0 0.8
2068 Blood & U/S [Wushi [Dagiao 01-Feb-91 [9.8 |f 1235 0.85 20.5 0.39 0.6 0.6 0.7 1.1 (0.7 [08 (2.2 33.2 [0.78 393/403 [0.78 398
2069 u/s Wushi |Dagiao 15-Aug-91 |9.2 126.5 0.94 25.0 1.42 11 13 1.2 0.9 1.0 14
2070 Blood & U/S |Wushi |Dagiao 18-Jan-92 |8.8 135.0 1.06 29.5 0.74 0.9 0.8 1.4 1.2 0.7 0.7 0.6 28.6 |0.66 38/40 0.66 39
2071 u/is Wushi |Dagiao 02-Aug-90 [10.3 |f 141.5 1.06 27.0 1.29 1.4 11 1.1 1.0 1.1 0.9
2072 u/s Wushi |Aheya 04-Oct-90 |10.1 |m |130.0 0.93 23.0 0.74 1.2 0.8 0.9 0.9 0.9 0.8
2073 Blood & U/S |Wushi [Aheya 28-Jan-89 |11.8 |m |141.5 0.94 20.3 1.58 1.2 1.2 1.3 11 1.1 1.2 1.7 39.0 |0.49 100 0.49 100
2074 u/is Wushi |Aheya 10-Sep-88 [12.1 [m |147.0 121 345 0.76 1.0 0.9 1.0 11 0.9 0.7
2075 u/s Wushi |Aheya 12-Apr-92 (8.6 |f 124.0 0.85 20.5 0.38 0.8 0.5 0.9 0.7 0.8 0.6
2076 Blood & U/S |Wushi [Aheya 15-Jul-92 (8.3 |f 1315 0.92 22.2 0.49 0.8 0.7 0.9 0.9 0.8 0.7 0.8 279 |2.40 1032 2.40 1032
2077 u/s Wushi [Aheya 23-Jun-92 (84 |m [119.5 0.89 240 0.73 11 0.8 0.9 1.0 (09 [o8
2078 u/s Wushi |Dagiao 16-Sep-90 (10.1 [m 126.0 0.92 23.5 0.64 0.9 0.7 1.0 11 0.8 0.8
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

2079 u/s Wushi |Aheya 15-Aug-90 (10.2 |f 139.5 0.94 21.0 1.04 13 1.0 0.9 1.0 1.0 1.0

2080 u/s Wushi |Aheya 17-Nov-91 |9.0 123.0 0.88 22.0 0.59 11 1.0 0.7 1.0 0.7 0.7

2081 u/s Wushi  |[Aheya 03-Jun-92 8.4 115.2 0.77 18.0 0.22 0.5 0.7 0.7 05 (0.8 |05

2082 Blood & U/S |Wushi [Aheya 05-Jul-92 (8.3 |f 141.2 0.93 20.0 0.89 1.0 1.0 0.8 1.0 1.2 0.9 2.4 409 0.48 293 0.48 293
2083 u/s Wushi |Aheya 15-Mar-91 [9.6 [m [136.5 1.06 29.0 1.12 1.0 1.0 1.3 13 0.8 1.0

2084 u/s Wushi  |[Aheya 30-Dec-92 |7.8 |f 120.0 0.86 22.0 0.29 0.6 0.5 0.6 09 (0.8 0.7

2085 Blood & U/S |Wushi |Dagiao 03-Dec-89 |10.9 |m |126.5 0.98 27.5 0.59 15 11 0.6 0.6 0.7 0.9 0.5 35.8 10.18 20 0.18 20
2086 u/s Wushi |Aheya 14-Feb-91 (9.7 [m ]1285 0.87 20.0 0.87 13 1.0 0.7 11 0.9 0.9

2087 u/is Wushi |Aheya 11-Jan-90 |10.8 |f 135.6 0.92 21.0 0.97 1.0 11 1.2 1.2 0.8 0.8

2088 u/s Wushi |Aheya 03-May-90 |10.5 |m |134.0 1.05 29.0 0.72 1.0 0.8 1.1 0.8 0.9 0.8

2089 u/s Wushi |Aheya 29-May-88 [12.4 |f 136.5 1.03 27.0 1.03 1.0 0.9 1.4 11 0.9 0.9

2090 u/s Wushi [Aheya 18-Feb-89 [11.7 [m [143.5 1.17 335 0.62 0.9 0.9 1.0 09 |09 [06

2091 u/s Wushi |Dagiao 15-Jul-90 [10.3 [m |128.0 0.93 24.0 0.68 0.9 11 1.2 1.0 0.6 0.7

2092 u/s Wushi |Aheya 03-Apr-92 |8.6 127.0 0.90 22.0 1.02 1.0 0.8 1.4 1.4 0.8 0.9

2093 u/is Wushi |Aheya 23-Mar-92 8.6 |f 121.5 0.87 22.0 1.10 11 11 1.0 1.2 1.0 0.9

2094 u/s Wushi |Aheya 17-May-92 (8.5 |f 121.0 0.84 20.5 0.25 0.5 0.4 0.8 0.9 0.7 0.7

2095 u/s Wushi |Aheya 15-Aug-89 [11.2 [m (138.0 1.13 33.0 1.15 11 0.8 1.4 1.2 1.0 0.9

2096 u/is Wushi |Dagiao 05-Jun-91 |94 |f 144.0 1.07 27.0 0.98 1.4 1.0 0.8 0.8 0.9 1.3

2097 u/s Wushi |Aheya 05-May-92 185 |m ]123.3 0.89 23.0 0.50 1.0 0.9 0.8 0.9 0.7 0.6

2098 u/s Wushi |Aheya 27-Aug-90 |10.2 |f 135.0 1.05 28.5 1.26 11 0.9 1.2 1.2 1.1 11

2099 u/s Wushi [Aheya 18-Apr-92 (8.5 |f 133.0 0.97 245 0.69 11 0.8 0.8 1.0 (09 [o.8

2100 u/s Wushi |Dagiao 15-Mar-91 |9.6 126.5 0.86 20.0 0.46 0.9 0.7 0.9 0.8 0.7 0.7

2101 u/s Wushi |Dagiao 07-Feb-87 [13.7 |m |154.0 1.29 37.5 3.36 15 14 1.7 1.6 1.7 1.2

2102 u/s Wushi  [Autebeixi 07-Dec-89 [10.9 |f 139.0 1.03 26.0 0.77 1.0 0.9 0.8 12 (0.8 [0.9

2103 u/s Wushi  |Wushi Town |07-May-91 |9.5 |f 133.0 1.01 27.0 1.15 1.0 1.0 1.3 1.0 1.0 11

2104 Blood & U/S |Wushi [Wushi Town |05-Aug-92 (8.2 [m ]130.0 0.90 21.5 1.03 11 1.2 0.9 0.8 1.1 11 2.1 345 |1.00 460 1.00 460
2105 u/is Wushi  |Wushi Town [02-Mar-92 8.7 [m [139.0 1.19 37.0 0.69 11 1.0 1.1 0.6 0.7 1.0

2106 u/s Wushi  |Wushi Towr [06-Dec-91 |8.9 130.0 0.98 26.0 0.43 0.7 0.7 0.8 0.8 0.8 0.8
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

2107 u/s Wushi  |Wushi Town [04-Jul-92 |8.3 128.0 0.90 22.0 0.85 0.9 11 0.8 0.9 1.1 1.0

2108 u/s Wushi  |Wushi Town [05-Nov-91 |9.0 129.0 0.97 26.0 0.69 1.0 0.9 0.8 0.9 0.9 0.9

2109 u/is Wushi  |Wushi Town [03-Apr-91 |9.6 130.0 0.96 25.0 1.79 15 11 1.3 10 |13 11

2110 u/s Wushi  |Wushi Town [01-Aug-98 |2.2 128.0 0.92 23.0 0.71 1.4 1.0 0.4 0.7 1.4 1.0

2111 u/s Wushi |Dagiao 02-Aug-88 |12.3 145.0 1.22 36.0 1.01 11 1.2 1.0 0.6 1.2 11

2112 u/s Wushi  |Wushi Town |10-Jun-91 (9.4 126.0 0.97 27.0 1.57 1.2 1.3 0.9 08 [1.3 1.8

2113 u/s Wushi  |Wushi Town [01-Feb-91 |9.8 135.0 1.02 27.0 1.31 0.9 1.2 1.2 1.2 1.2 1.0

2114 u/s Wushi |Autebeixi 15-Jul-90 |10.3 128.5 0.99 27.0 1.81 15 13 1.1 11 0.9 1.6

2115 u/is Wushi  |Wushi Town |16-Apr-91 |9.5 138.0 1.07 29.0 2.63 1.3 12 2.0 1.6 1.3 11

2116 u/s Wushi  |Wushi Town |01-May-90 [10.5 [m [127.0 0.98 27.0 0.74 11 0.8 0.9 0.9 0.9 0.9

2117 u/s Wushi  |Wushi Town [02-Aug-91 |9.3 128.0 0.97 26.0 0.65 1.0 1.0 1.0 0.7 0.8 0.8

2118 Blood & U/S [Wushi |Wushi Town [01-Jul-92 (8.3 125.0 0.93 25.0 0.73 0.9 0.8 0.9 1.0 [1.0 [09 [40 62.4 [1.95 260 1.95 260
2119 Blood & U/S |Wushi [Wushi Town |03-Jan-92 (8.8 125.0 0.89 22.5 0.71 0.8 0.6 1.0 0.6 1.3 1.2 1.8 43.6 [0.21 25 0.21 25
2120 u/s Wushi |Autebeixi 03-Oct-89 |11.1 127.0 0.84 19.0 0.59 0.7 0.8 0.9 1.0 0.8 0.9

2121 VS Wushi |Dagiao 02-Apr-87 |[13.6 147.6 1.20 34.0 2.19 1.3 1.4 1.3 1.3 1.3 1.3

2122 Blood & U/S |Wushi |Dagiao 02-Jun-91 |9.4 130.2 1.00 27.5 0.57 1.0 1.0 0.6 0.7 0.8 1.0 3.8 429 (0.40 238 0.40 238
2123 u/s Wushi  |Wushi Town [01-Jul-92 |8.3 125.0 0.90 23.0 1.14 11 13 1.1 1.0 0.9 1.0

2124 Blood & U/S [Wushi |Wushi Town |21-Mar-92 |8.6 131.0 0.97 25.0 0.93 0.8 0.9 1.1 1.2 1.1 0.9 0.2 66.9 |1.25 293 1.25 293
2125 u/s Wushi |Dagiao 25-Feb-87 (13.7 148.2 1.24 36.5 1.25 13 1.2 0.9 1.0 1.1 11

2126 u/s Wushi |Autebeixi 07-May-90 |10.5 130.0 0.95 24.5 1.07 1.0 0.9 1.1 0.9 1.3 1.0

2127 u/is Wushi  |Wushi Town [01-Nov-91 |9.0 131.0 1.00 27.0 0.80 11 0.9 0.7 1.2 0.9 0.9

2128 u/s Wushi |Autebeixi 19-Sep-90 |10.1 142.0 0.97 22.0 1.08 1.0 1.0 1.1 0.9 0.9 14

2129 u/s Wushi  |Wushi Town |03-Nov-89 |11.0 |/m  (143.0 1.14 32.0 1.23 0.9 11 1.1 1.2 1.0 1.2

2130 u/s Wushi  |Wushi Town [17-Feb-91 (9.7 122.0 0.89 23.0 0.49 0.8 0.8 0.8 08 (0.8 0.8

2131 Blood & U/S |Wushi [Autebeixi 25-Jan-89 |11.8 126.0 0.96 26.0 2.24 1.2 1.2 1.3 1.4 1.7 1.2 1.1 35.1 |0.26 358 0.26 358
2132 u/s Wushi  |Wushi Town |[01-Aug-92 |8.3 130.0 0.95 24.0 0.49 0.8 0.8 0.9 0.7 0.8 0.8

2133 u/s Wushi [Autebeixi 12-Jun-89 (11.4 134.0 0.93 220 0.62 1.0 0.8 0.8 09 (0.8 |09

2134 u/s Wushi |Dagiao 01-May-88 |12.5 147.6 1.15 30.5 1.18 0.8 11 0.9 1.0 1.6 1.2
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

2135 u/s Wushi  |Wushi Town |05-Feb-93 (7.7 |f 125.0 0.89 22.0 0.51 0.9 0.9 1.0 0.7 (0.7 |07

2136 u/s Wushi  |Wushi Town |01-May-91 (9.5 133.0 0.98 25.0 1.96 0.4 0.8 4.2 43 0.8 [0.8

2138 u/is Wushi |Dagiao 25-Sep-86 (14.1 |m  [148.2 111 28.0 1.86 12 1.2 1.2 15 |12 12

2139 u/s Wushi |Dagiao 19-Apr-89 [11.5 |f 145.5 1.17 33.0 0.81 11 1.0 0.9 10 (09 |08

2140 u/s Wushi  |Wushi Town |03-Nov-91 (9.0 |f 130.0 0.96 25.0 0.82 1.0 1.0 0.9 10 (09 [0.9

2141 u/s Wushi |Dagiao 01-Feb-87 |13.8 |m |148.5 1.12 28.5 1.77 1.1 1.4 12 11 (14 |12

2142 u/s Wushi  |Wushi Town [01-Jun-91 (9.4 |f 129.0 0.92 23.0 0.73 0.9 1.0 0.9 10 (09 |08

2143 u/s Wushi  |Autebeixi 06-Feb-91 9.7 |f 137.7 1.05 28.0 1.02 11 0.9 11 11 (11 |08

2144 u/is Wushi  |Wushi Town |21-Dec-91 |89 [m [116.0 0.85 23.0 0.75 0.8 0.9 1.2 0.7 1.1 0.8

2145 u/s Wushi  |Wushi Town [04-May-91 (9.5 |f 127.0 0.93 24.0 0.58 0.8 0.7 11 09 (0.8 |08

2146 Blood & U/S |Wushi [Dagiao 01-Oct-91 9.1 |f 115.5 0.83 215 0.48 1.0 0.8 0.7 08 (0.8 0.7 0.2 50.7 (3.10 113 3.10 113
2147 u/s Wushi |Dagiao 16-Mar-89 [11.6 |f 146.5 1.22 36.0 0.89 12 1.2 0.9 0.8 (1.0 (0.8

2148 u/s Wushi |Dagiao 15-Sep-88 [12.1 |f 151.0 1.32 41.0 1.49 14 13 1.0 09 (13 11

2149 u/s Wushi  |Wushi Town |01-Feb-92 (8.8 [m [130.0 0.99 27.0 1.25 1.8 1.0 0.9 10 (10 (1.0

2150 u/S Wushi  [Wushi Town [01-Mar-92 [8.7 |m [132.0 1.00 27.0 0.36 0.7 0.6 0.9 08 (0.6 0.8

2151 u/s Wushi  [Wushi Town [01-Oct-89 [11.1 [m [130.0 0.95 24.0 0.78 0.9 0.9 0.9 09 [1.0 |10

2152 u/s Wushi  |Wushi Town |03-Sep-90 [10.2 [m [135.0 1.02 27.0 1.07 11 0.8 11 11 (12 |09

2153 Blood & U/S [Wushi [Autebeixi 11-May-89 [11.5 |f 1335 1.01 27.0 1.20 11 11 1.2 12 [10 [0.9 |05 54.6 [0.19 730 0.19 730
2154 u/s Wushi |Dagiao 03-Jun-87 [13.4 |f 138.9 1.09 30.0 0.65 1.0 0.7 0.6 10 (12 |09

2155 u/s Wushi |Autebeixi 08-May-89 |11.5 |f 125.0 0.89 225 1.00 11 0.9 11 1.1 (09 (1.0

2156 u/s Wushi  [Wushi Town [01-Aug-89 [11.3 [m [130.0 0.98 26.0 1.47 11 1.2 11 12 (11 |12

2157 u/s Wushi  |Wushi Town [01-Oct-91 (9.1 133.0 1.01 27.0 0.69 0.9 0.8 0.9 11 (09 (0.8

2158 u/s Wushi |Autebeixi 09-Sep-89 |11.1 |f 1315 0.96 245 1.87 11 1.2 1.3 13 (12 (14

2159 u/s Wushi  [Wushi Town [01-Aug-92 (8.3 |f 130.0 0.98 26.0 0.60 1.0 0.9 0.9 05 (1.0 |08

2160 u/s Wushi  |Wushi Town [18-Sep-92 (8.1 |f 115.0 0.82 21.0 0.51 0.8 0.6 0.8 0.8 (09 |10

2161 u/s Wushi |Autebeixi 17-Jan-93 [7.8 [m [127.0 0.95 25.0 0.77 0.9 1.0 0.6 08 [12 1.2

2162 Blood & U/S [Wushi |Autebeixi 14-Dec-89 (10.9 |f 134.7 1.07 305 1.03 0.8 0.9 0.9 13 [12 [11 |05 41.6 |0.44/0.42|43 0.43 43
2163 u/s Wushi  |Wushi Towr [28-Oct-92 (8.0 |f 118.0 0.82 20.0 0.48 1.0 0.8 0.6 09 (0.7 |08
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood
2164 u/s Wushi |Dagiao 05-Jun-87 |13.4 |m |135.0 1.02 27.0 0.83 0.9 0.8 1.1 0.9 1.1 0.9
2165 u/s Wushi  |Wushi Town [25-Sep-91 |9.1 128.0 0.95 25.0 0.59 0.6 0.7 0.9 1.2 0.9 0.9
2166 u/s Wushi  |Wushi Town |01-Sep-91 (9.2 122.0 0.89 23.0 1.14 1.1 11 12 12 (10 |08
2167 u/s Wushi  |Wushi Town [23-Jun-92 |8.4 122.0 0.85 21.0 0.64 0.9 1.0 0.7 0.7 1.0 1.0
2168 u/s Wushi |Dagiao 03-Jun-90 |10.4 135.0 0.96 23.5 1.03 1.2 11 1.0 1.4 0.9 0.7
2169 u/s Wushi  |Wushi Town |01-Mar-91 (9.7 132.0 1.00 27.0 0.72 0.8 0.9 1.0 1.1 (09 |08
2170 u/s Wushi |Dagiao 01-Apr-89 |11.6 145.0 1.13 30.5 1.22 1.2 1.2 0.9 1.2 0.9 11
2171 u/s Wushi |Dagiao 06-Apr-89 |11.6 140.8 1.10 30.0 1.05 1.0 1.0 1.1 1.0 1.0 11
2172 u/is Wushi  |Wushi Town |04-Aug-91 |9.2 122.0 0.87 22.0 0.99 0.9 12 0.9 0.8 1.0 1.3
2173 Blood & U/S |Wushi |Dagiao 06-May-91 |9.5 1175 0.86 23.0 0.46 0.5 0.7 0.8 1.0 0.8 0.9 0.7 40.3 |0.66 1455 0.66 1455
2174 u/s Wushi  |Wushi Town [24-Jun-92 |8.4 128.0 0.97 26.0 1.15 11 1.0 0.9 11 1.2 11
2175 u/is Wushi  |Wushi Town |01-Aug-91 |9.3 133.0 1.06 30.0 1.32 1.3 11 1.0 0.8 1.3 1.2
2176 u/s Wushi |Dagiao 05-Oct-87 |13.1 147.2 1.18 325 1.06 11 0.9 1.1 11 1.1 0.9
2177 u/s Wushi |Autebeixi 17-Apr-87 [13.5 136.0 0.97 23.5 0.77 0.9 0.8 0.9 11 1.0 0.9
2178 u/is Wushi  |Wushi Town [03-Jul-91 9.3 126.0 0.94 25.0 0.77 11 0.8 0.9 11 1.0 0.7
2179 Blood & U/S |Wushi [Wushi Town |07-Sep-92 (8.2 125.0 0.88 21.5 0.68 0.9 1.0 0.9 0.7 0.9 1.0 1.2 48.1 (1.30 115 1.30 115
2180 u/s Wushi |Autebeixi 15-Aug-90 |10.2 130.5 0.95 24.0 1.13 1.0 0.8 1.4 1.2 1.0 1.0
2181 u/S Wushi  |Wushi Town |09-Feb-92 (8.7 132.0 0.97 25.0 0.72 0.8 0.8 1.3 09 |09 [08
2182 u/s Wushi |Dagiao 05-Apr-87 |13.6 |m |149.8 1.27 38.0 7.09 1.9 1.7 2.3 2.1 2.0 1.7
2183 u/s Wushi |Autebeixi 15-Aug-90 |10.2 138.5 0.95 22.0 0.81 1.0 0.9 0.8 0.9 1.0 11
2184 u/is Wushi  |Autebeixi 10-Aug-90 |10.2 131.0 0.96 245 1.18 1.3 1.0 1.1 1.0 1.1 0.9
2185 u/s Wushi |Dagiao 01-May-88 |12.5 |m |134.5 1.03 28.0 1.86 1.2 1.2 1.5 11 1.2 13
2186 u/s Wushi  |Wushi Town |01-May-92 |8.5 132.0 0.97 25.0 0.67 0.9 0.8 1.0 1.2 0.8 0.7
2187 Blood & U/S [Wushi |Wushi Town [10-Oct-92 (8.1 118.0 0.85 220 0.78 0.7 0.9 1.2 1.1 [10 [o.8 1.0 54.6 [1.01 390 1.01 390
2188 Blood & U/S |Wushi [Wushi Town |08-Aug-92 (8.2 122.0 0.93 26.0 0.80 1.0 0.9 1.1 0.9 1.0 0.7 0.8 56.6 |1.15 810 1.15 810
2189 u/s Wushi  |Wushi Town [07-Jun-89 |11.4 134.0 1.05 29.0 1.28 13 0.9 1.3 1.0 1.1 0.9
2190 Blood & U/S [Wushi [Wushi Town |24-Jun-92 (8.4 129.0 1.00 275 1.80 1.2 1.2 1.4 1.2 1.3 11 3.4 52.7 10.24 143 0.24 143
2191 Blood & U/S |Wushi [Wushi Towr |01-Jan-91 [9.8 128.0 1.03 30.0 0.70 11 11 0.8 0.5 1.1 0.9 0.8 52.0 10.48 480 0.48 480
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

2192 u/s Wushi |Autebeixi 10-Jun-88 [12.4 141.5 1.03 255 0.81 0.7 0.9 11 12 (08 [1.0

2193 u/s Wushi  |Wushi Town [11-Jul-91 (9.3 127.0 0.98 27.0 0.93 0.8 1.0 12 11 (10 (0.9

2194 u/s Wushi  |Wushi Town |01-Sep-91 (9.2 132.0 1.00 27.0 0.73 1.1 0.9 0.8 09 (09 |09

2195 u/s Wushi  [Wushi Town [13-Aug-91 (9.2 119.0 0.85 22.0 0.86 0.8 0.9 1.0 11 (10 (1.0

2196 u/s Wushi  |Wushi Town |01-Jun-92 (8.4 121.0 0.85 21.0 0.64 0.7 0.8 12 08 (09 |09

2197 u/s Wushi  |Wushi Town |25-Feb-92 (8.7 116.0 0.82 21.0 1.37 1.2 11 0.9 11 (13 1.2

2198 Blood & U/S |Wushi [Wushi Town [12-Jul-92 (8.3 128.0 0.93 24.0 0.78 11 0.8 11 06 (11 |06 1.0 59.8 [0.67 460 0.67 460
2199 u/s Wushi  |Wushi Town |01-Jul-91 (9.3 131.0 0.97 25.0 0.86 1.0 1.0 1.0 09 (09 1.0

2200 u/is Wushi  |Wushi Town |15-May-92 |8.5 137.0 1.23 41.0 1.09 11 1.0 14 1.0 0.9 0.9

2201 u/s Wushi [Autebeixi 15-Sep-90 |10.1 [m [132.0 0.99 26.0 0.60 0.9 0.9 0.7 0.7 (1.0 1.0

2202 u/s Wushi |Yimamu 05-Aug-92 (8.2 1225 0.87 22.0 1.70 11 1.3 14 14 (10 (11

2203 u/s Wushi  [Yimamu 20-Mar-92 (8.6 123.0 0.94 26.0 1.15 11 0.9 1.0 11 (12 |11

2204 VS Wushi  |Yimamu 01-Nov-91 [9.0 130.0 1.01 28.0 2.35 14 13 15 12 (13 (14

2205 u/s Wushi  |Autebeixi 15-Jun-88 [12.4 [m |140.5 0.95 215 0.95 0.8 1.0 11 11 (10 (1.0

2206 u/s Wushi  [Autebeixi 25-Jul-90 [10.3 134.0 0.91 21.0 0.65 0.9 0.9 0.9 0.7 09 [1.0

2207 Blood & U/S |Wushi [Yimamu 08-Apr-91 [9.6 1235 0.96 27.0 0.86 1.0 0.9 0.9 11 (10 (09 |03 30.0 [1.05 335 1.05 335
2208 u/s Wushi |Yimamu 10-Jul-92 (8.3 126.5 0.88 21.0 1.48 11 1.2 14 13 (10 (1.0

2209 u/s Wushi  [Yimamu 17-May-91 (9.5 130.0 0.96 25.0 1.16 1.2 0.9 1.0 11 (12 (1.0

2210 u/s Wushi [Autebeixi 20-Jul-90 |10.3 1275 0.91 225 0.89 1.0 0.9 0.9 12 (11 (0.8

2211 u/s Wushi |Autebeixi 23-Dec-90 9.9 1375 1.05 28.0 1.13 15 11 0.6 09 [14 |11

2212 u/s Wushi |Yimamu 05-Jun-92 (8.4 130.0 0.91 22.0 1.27 1.2 1.0 1.0 10 (13 (11

2213 u/s Wushi [Autebeixi 01-Sep-90 [10.2 1325 0.95 235 0.84 0.8 0.8 1.0 12 (10 (1.0

2214 u/s Wushi |Autebeixi 12-Oct-90 (10.1 126.5 0.93 24.0 1.41 11 1.0 0.9 12 (14 (13

2215 u/s Wushi  |Yimamu 17-May-91 (9.5 1315 1.05 30.0 111 11 11 1.0 09 [12 1.0

2216 Blood & U/S |Wushi [Autebeixi 13-Jun-89 [11.4 137.0 1.05 28.0 1.22 13 0.8 11 13 (12 (0.8 [0.0 59.2 [4.60 490 4.60 490
2217 Blood & U/S |Wushi [Autebeixi 07-Jan-89 |11.8 1435 0.98 22.0 0.94 11 0.9 1.0 12 |09 [0.9 16 65.7 [0.24 45 0.24 45
2218 u/s Wushi  [Autebeixi 15-Apr-90 (10.6 140.0 0.95 215 1.32 11 11 12 13 (10 (1.0

2219 u/s Wushi  |Yimamu 05-Mar-92 (8.7 125.0 0.93 25.0 1.39 11 1.0 1.3 12 (11 |11
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

2220 u/s Wushi |Autebeixi 15-Sep-90 (10.1 |f 124.0 0.81 18.0 1.06 0.9 1.0 1.3 13 0.9 0.9

2221 u/s Wushi |Autebeixi 15-May-90 (10.5 |f 126.5 0.90 22.5 0.57 1.0 1.0 0.8 0.8 0.7 0.8

2222 u/s Wushi  |Autebeixi 31-Mar-90 |10.6 |f 135.0 0.94 22.0 1.37 14 1.2 0.8 09 [14 1.2

2223 u/s Wushi |Autebeixi 25-Sep-88 [12.1 |f 145.0 1.00 22.5 1.32 13 1.2 1.0 0.9 1.2 11

2224 u/s Wushi |Autebeixi 15-Jul-90 (10.3 |f 1275 0.96 25.5 1.86 13 13 1.3 11 1.2 13

2225 u/is Wushi |Autebeixi 15-May-90 |10.5 [m [134.5 0.94 22.5 1.00 11 1.0 11 11 09 |09

2226 u/s Wushi  |Yimamu 01-Jun-91 (9.4 |f 134.0 1.00 26.0 1.95 11 1.2 1.3 1.4 1.2 14

2227 u/s Wushi |Autebeixi 15-Sep-90 |10.1 [m (128.0 0.97 26.0 1.05 0.7 1.0 1.1 13 1.0 11

2228 u/is Wushi  [Yimamu 27-Apr-92 |85 |f 130.0 0.91 22.0 0.86 0.9 0.9 1.0 11 0.9 1.0

2229 u/s Wushi  |Yimamu 04-Dec-91 (89 |f 129.0 0.94 24.0 0.57 0.7 0.8 0.6 0.8 1.0 1.2

2230 u/s Wushi |Yimamu 20-May-92 (8.5 |f 131.0 1.01 28.0 1.48 1.2 1.2 1.3 1.4 0.9 1.0

2231 u/is Wushi  [Yimamu 16-May-91 |9.5 |f 125.0 0.89 22.0 1.23 1.2 0.9 1.1 1.1 1.2 1.0

2232 u/s Wushi  |Yimamu 12-Jun-92 |84 [m [126.5 0.94 25.0 0.73 1.0 0.9 1.0 1.0 0.8 0.8

2233 u/s Wushi |Autebeixi 15-Apr-90 [10.6 [m (134.0 0.97 24.5 0.54 0.7 0.6 0.8 1.4 0.8 0.8

2234 u/is Wushi  [Yimamu 12-Apr-92 (8.6 [m ]126.0 0.91 23.0 1.20 1.2 13 0.9 1.0 1.0 11

2235 u/s Wushi |Yimamu 01-Jun-90 |10.4 |m |131.5 0.97 25.0 1.10 1.2 11 1.1 0.8 1.0 11

2236 u/s Wushi |Yimamu 01-Apr-91 |9.6 |m |135.0 1.05 29.0 1.72 1.4 1.2 1.3 1.2 1.1 11

2237 u/is Wushi  |Autebeixi 15-Sep-89 |11.1 |f 150.0 1.07 25.0 2.58 1.2 13 1.7 1.4 1.3 1.5

2238 u/s Wushi |Yimamu 03-Jun-91 9.4 |m |131.0 1.01 28.0 1.04 11 11 0.8 1.0 1.1 11

2239 VS Wushi |Autebeixi 01-Sep-91 (9.2 |f 131.0 0.93 23.0 0.91 11 0.8 1.0 11 1.0 0.9

2240 u/is Wushi  [Yimamu 10-May-92 |8.5 |f 124.0 0.91 24.0 1.13 0.9 11 1.2 1.3 1.0 0.9

2241 u/s Wushi |Autebeixi 27-Feb-89 [11.7 |f 142.5 0.97 22.0 1.16 13 0.9 1.1 1.0 1.0 11

2242 u/s Wushi |Autebeixi 15-May-88 [12.5 [m (144.0 0.99 22.5 1.76 13 11 1.3 15 1.1 11

2243 u/is Wushi |Autebeixi 12-Sep-89 |11.1 |f 151.6 1.01 215 2.50 1.2 13 1.6 11 1.6 15

2244 Blood & U/S |Wushi [Autebeixi 01-Mar-89 |11.7 |m |134.0 0.97 24.0 1.58 1.2 11 1.4 1.2 1.1 11 1.3 43.6 [0.25 355 0.25 355
2245 u/s Wushi  |Yimamu 14-Sep-91 (9.1 |f 123.0 0.88 22.0 0.57 0.7 0.9 0.9 11 0.8 0.7

2246 u/s Wushi  |Yimamu 23-Aug-91 [9.2 |f 129.5 0.93 23.0 0.89 0.8 11 1.0 12 (10 |[o8

2247 u/s Wushi |Yimamu 10-Apr-92 (8.6 [m 129.0 1.00 28.0 1.39 11 1.2 1.2 11 1.2 1.0
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1cm mls whole [whole |Raw Raw
ht AC148) blood |blood
2248 u/s Wushi  |Yimamu 19-Nov-91 (9.0 |f 129.0 0.94 24.0 0.77 1.0 1.0 0.9 0.7 1.0 1.0
2249 u/s Wushi |Yimamu 01-May-92 8.5 |f 122.0 0.82 19.0 1.09 1.0 0.9 1.1 13 0.9 11
2250 u/s Wushi |Yimamu 15-Sep-91 (9.1 f 134.0 1.06 30.0 0.49 0.8 0.9 0.8 08 (0.7 |08
2251 Blood & U/S |Wushi [Yimamu 01-Jun-91 (9.4 |f 130.5 0.95 24.0 0.86 1.0 0.9 1.0 11 0.9 0.9 2.4 48.8 |0.58 250 0.58 250
2252 u/s Wushi |Autebeixi 15-May-90 [10.5 [m [137.5 1.05 28.0 1.32 11 1.2 1.2 1.2 1.1 0.9
2253 u/s Wushi |Yimamu 12-May-92 (8.5 |f 126.0 0.97 27.0 1.04 1.0 1.2 11 1.0 (10 |09
2254 u/s Wushi  |Yimamu 12-Jul-92 (8.3 |f 124.0 0.85 20.0 1.06 11 11 1.1 0.7 1.2 1.0
2255 u/s Wushi |Yimamu 12-Jun-93 (7.4 |f 126.0 0.91 23.0 0.77 1.0 0.9 0.9 11 0.9 0.8
2256 u/is Wushi  [Yimamu 21-Sep-91 (9.1 |m |132.0 1.02 28.0 0.65 0.9 0.7 1.0 11 0.9 0.7
2257 u/s Wushi  |Yimamu 15-Sep-91 (9.1 |f 132.0 1.02 28.0 0.65 11 1.2 0.8 0.5 1.0 0.8
2258 u/s Wushi |Yimamu 30-Jan-91 [9.8 |f 122.0 0.87 22.0 1.04 1.0 1.2 1.0 0.9 1.1 1.0
2259 u/is Wushi  [Yimamu 02-Sep-91 (9.2 |f 121.0 0.88 23.0 0.85 1.0 0.9 0.9 0.8 1.1 11
2260 Blood & U/S |Wushi [Yimamu 21-Sep-91 |9.1 130.0 0.93 23.0 1.49 1.2 1.2 1.4 1.2 1.0 1.0 0.3 59.8 |1.15/0.66|150 0.91 150
2261 u/s Wushi  |Yimamu 01-Aug-91 |9.3 1315 1.00 27.0 1.08 13 1.0 0.8 0.9 1.3 1.0
2262 u/is Wushi  |Autebeixi 18-Jul-90 |10.3 |f 124.0 0.90 23.0 0.94 11 1.0 0.8 0.9 1.1 11
2263 Blood & U/S |Wushi [Yimamu 21-Jan-91 [9.8 |f 1315 0.97 25.0 1.10 1.2 1.0 1.1 1.0 0.9 11 0.5 409 [0.45 307/303 (0.45 305
2264 u/s Wushi |Autebeixi 15-Jul-90 (10.3 |f 128.0 0.93 23.5 1.03 1.2 0.9 0.9 0.9 1.1 1.2
2265 u/is Wushi  [Yimamu 10-Apr-90 |10.6 |f 129.0 1.02 29.0 1.14 0.9 1.0 1.1 1.3 1.1 1.0
2266 u/s Wushi  |Yimamu 27-Oct-90 |10.0 |/m |140.0 1.14 33.0 1.84 15 13 1.1 11 1.2 13
2267 Blood & U/S |Wushi [Yimamu 29-Dec-90 |9.8 135.5 1.02 27.0 1.32 1.4 11 0.9 0.7 1.4 13 0.4 234 |1.10 400/400 (1.10 400
2268 u/is Wushi  [Yimamu 10-Apr-92 8.6 |f 119.0 0.84 21.0 1.02 1.0 0.9 1.2 1.3 0.8 1.0
2269 u/s Wushi |Yimamu 16-May-91 (9.5 |f 1185 0.82 20.0 1.38 13 11 1.0 1.0 1.2 1.2
2270 Blood & U/S |Wushi [Yimamu 07-Nov-92 (8.0 |f 128.0 0.95 25.0 1.03 11 1.0 1.0 13 0.9 0.9 0.9 66.9 10.40 1255 0.40 1255
2271 u/s Wushi  |Yimamu 07-Dec-92 |79 |m [132.0 1.00 27.0 0.69 1.0 0.8 0.8 1.0 (10 |08
2272 u/s Wushi |Yimamu 11-Aug-91 [9.2 [m (1323 0.97 25.0 0.47 0.7 0.6 0.9 1.0 0.9 0.7
2273 u/s Wushi |Autebeixi 25-Oct-90 |10.0 |m |139.0 1.03 26.0 1.05 11 1.2 0.9 1.0 1.0 1.0
2274 u/is Wushi  [Yimamu 01-Jun-90 [10.4 |m |135.0 1.07 30.0 1.09 1.2 11 0.9 0.9 1.1 11
2275 u/s Wushi |Autebeixi 01-Jul-90 |10.3 |f 128.0 0.93 24.0 0.94 0.9 0.8 1.0 11 1.2 1.0
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

2276 u/s Wushi |Autebeixi 10-Aug-90 |10.2 [m (1455 0.98 21.5 0.95 11 0.9 1.0 11 1.0 0.9

2277 u/s Wushi |Yimamu 15-Nov-91 (9.0 |f 135.0 0.99 25.0 1.99 11 13 15 15 1.1 1.2

2278 u/s Wushi |Yimamu 07-Aug-92 8.2 |f 124.0 0.90 23.0 0.86 0.9 0.9 1.0 1.1 (09 (1.0

2279 Blood & U/S |Wushi [Autebeixi 15-Aug-89 (11.2 |f 145.0 1.00 23.0 1.37 1.0 1.0 1.3 13 1.2 1.0 0.7 55.3 10.28 445 0.28 445
2280 Blood & U/S |Wushi [Yimamu 15-Nov-92 (8.0 |f 126.5 0.93 24.5 0.95 11 11 1.0 0.8 1.0 1.0 2.5 50.1 |0.68 270/265 |0.68 268
2281 u/is Wushi |Autebeixi 15-Jun-89 (114 |f 145.8 1.22 36.0 2.14 1.4 12 1.1 11 1.7 1.4

2282 Blood & U/S |Wushi [Autebeixi 04-Jan-89 |11.8 |m |136.5 0.98 24.0 1.28 11 0.8 1.0 1.4 1.2 1.2 0.6 429 0.38 17 0.38 17
2283 u/s Wushi |Autebeixi 12-Mar-90 |10.6 [m (1315 1.02 28.0 0.55 1.0 0.8 0.7 0.8 0.9 0.8

2284 u/is Wushi  |Autebeixi 21-Sep-90 [10.1 |f 132.8 1.00 26.5 1.16 1.0 11 1.1 0.9 1.4 0.9

2285 u/s Wushi  |Yimamu 05-Nov-91 [9.0 |f 130.0 0.95 24.0 1.06 13 11 0.7 1.0 1.1 11

2286 u/s Wushi |Autebeixi 15-Jul-90 (10.3 [m |1155 0.79 19.5 1.15 11 1.0 1.0 0.9 1.2 1.2

2287 u/is Wushi  |Autebeixi 03-Sep-90 [10.2 |f 135.6 1.04 28.0 1.05 11 11 0.9 10 |10 |11

2288 Blood & U/S |Wushi [Yimamu 01-Jun-91 |9.4 1335 0.91 21.0 1.75 1.0 11 1.4 1.6 1.1 1.2 0.0 546 10.44 358 0.44 358
2289 Blood & U/S |Wushi |Autebeixi 03-May-88 |12.5 |m |146.5 0.99 22.0 1.49 1.4 11 1.2 13 1.0 1.0 0.7 44.2 |0.55 455 0.55 455
2290 u/S Wushi  |Yimamu 24-Nov-91 8.9 |f 134.5 0.97 24.0 0.74 0.9 0.9 1.0 09 |10 [0.8

2291 u/s Wushi |Yimamu 05-Aug-92 (8.2 |f 129.0 0.87 20.0 0.82 0.9 1.0 1.0 1.0 0.8 1.0

2292 u/s Wushi |Yimamu 28-Jan-91 |19.8 |m |130.0 0.95 24.0 0.86 0.9 0.9 0.9 11 1.0 1.0

2293 u/s Wushi  [Autebeixi 06-Sep-90 [10.2 |f 125.0 0.81 18.0 0.63 0.8 0.6 0.9 10 [10 |10

2294 u/s Wushi |Yimamu 01-Jun-89 |11.4 |m |138.0 1.07 29.0 0.97 0.8 1.2 1.2 0.8 1.1 1.0

2295 Blood & U/S |Wushi [Yimamu 21-Nov-91 |8.9 130.0 1.01 28.0 1.30 1.2 11 1.2 0.7 1.3 11 0.0 221 011 110 0.11 110
2296 u/s Wushi  [Yimamu 10-May-92 (8.5 124.0 0.00 nd 0.27 0.9 0.9 0.9 08 [0.7 [0.0

2297 u/s Wushi |Autebeixi 29-Jun-89 [11.3 |f 142.0 1.07 27.5 1.64 11 1.2 1.5 1.0 1.2 1.2

2298 u/s Wushi |Autebeixi 18-Jul-89 [11.3 |f 133.6 1.01 27.0 1.79 13 1.2 1.4 1.2 1.1 1.2

2299 Blood & U/S |Wushi [Autebeixi 17-Nov-89 [11.0 |f 147.0 1.14 30.0 0.61 11 0.7 0.9 12 (0.7 [07 [0.9 33.8 [1.55 355 1.55 355
2300 u/s Wushi |Yimamu 01-Dec-92 |79 |f 126.0 0.91 23.0 0.80 0.9 11 0.9 0.8 1.2 0.8

2311 Blood & U/S |Wushi [Yimamu 24-May-91 9.4 |m |131.0 1.01 28.0 3.26 1.6 14 1.7 15 15 13 0.3 53.9 ]0.50 200 0.50 200
2376 u/is Wushi  [Yimamu 20-Aug-92 (8.2 |m |119.0 0.80 19.0 1.38 14 1.2 1.0 1.0 1.2 1.0

3001 u/s Kuga [Sandagiao |10-Sep-92 (8.1 |f 130.0 0.95 24.0 0.77 0.8 1.0 0.5 11 1.0 11
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Sample [Sample Area |Village Date of Age |Sex [Height cm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3002 u/s Kuga [Qiman 08-Sep-92 [8.1 |f 125.0 0.87 21.0 0.48 0.9 0.7 0.8 0.8 0.7 0.9

3003 u/s Kuga [Qiman 19-Feb-93 (7.6 |f 113.0 0.81 21.0 0.69 0.9 0.8 0.8 0.9 0.9 11

3004 u/is Kuga [Sandagiao [06-Apr-92 (85 |m ]125.5 0.98 28.0 1.56 13 1.0 1.2 14 |11 11

3005 u/s Kuga [Sandagiao [10-May-92 (8.4 [m ]133.0 1.03 28.0 1.46 11 0.9 0.7 1.2 1.3 1.9

3006 u/s Kuga [Sandagiao |10-Nov-91 (8.9 [m |124.0 0.95 26.0 0.80 0.9 0.6 1.4 1.0 0.9 0.9

3007 u/s Kuga [Qiman 03-Nov-91 |89 |m |121.0 0.83 20.0 0.86 1.0 0.8 0.9 10 (12 |09

3008 u/s Kuga [Qiman 01-Apr-93 |75 |m |125.0 0.92 24.0 0.60 0.6 0.9 1.0 1.0 0.9 0.8

3009 u/s Kuga [Qiman 18-Sep-92 (8.1 |f 115.0 0.82 21.0 0.57 0.7 0.7 0.9 11 0.8 0.9

3010 u/is Kuga [Sandagiao [21-Nov-91 (8.9 |m ]124.0 0.95 26.0 0.95 11 11 1.0 09 (1.0 (0.9

3011 Blood & U/S |Kuga |[Sandagiao [30-Apr-91 [9.5 |f 132.5 0.98 25.0 0.78 0.9 1.0 0.6 1.2 0.8 1.0 0.0 35.1 |3.30 700/695 |3.30 698
3012 u/s Kuga [Qiman 02-Sep-91 |19.1 |m |122.5 0.91 24.0 0.91 1.0 0.9 1.1 1.0 1.0 0.9

3013 u/is Kuga [Sandagiao [08-Jul-91 (9.3 |f 1315 0.99 26.0 1.78 14 1.0 14 13 |11 12

3014 u/s Kuga [Sandagiao [08-Oct-91 (9.0 130.0 1.01 28.0 1.23 11 0.9 1.3 1.4 1.0 0.9

3015 u/s Kuga [Qiman 11-Dec-92 |7.8 129.5 1.01 28.0 1.21 13 11 1.0 0.9 1.1 11

3016 Blood & U/S [Kuga [Sandagiao [30-Jan-92 (8.7 136.0 1.01 26.0 0.51 0.6 0.9 0.8 1.0 (0.7 [08 [0.2 53.3 [1.40 35 1.40 35
3017 u/s Kuga [Sandagiao [28-Dec-91 (8.8 |f 123.0 0.91 24.0 0.95 11 11 0.8 0.7 1.2 1.2

3018 u/s Kuga [Sandagiao |18-Sep-91 (9.1 [m |119.0 0.84 21.0 0.76 0.9 0.8 0.9 1.2 1.0 0.8

3019 u/is Kuga [Qiman 04-Feb-93 7.7 |f 115.0 0.77 18.0 1.09 1.2 11 0.9 0.9 1.1 1.1

3020 u/s Kuga [Sandagiao [05-Dec-91 (8.9 130.5 0.93 23.0 0.93 0.9 0.9 1.2 1.2 0.9 0.9

3021 u/s Kuga [Sandagiao [10-Nov-91 (8.9 1175 0.80 19.0 0.62 0.8 0.9 1.0 0.8 0.9 0.8

3022 u/is Kuga [Sandagiao [08-May-92 (8.4 |f 120.0 0.88 23.0 2.07 15 15 11 13 |12 12

3023 u/s Kuga [Sandagiao [04-Nov-93 [6.9 [m ]120.0 0.86 22.0 0.81 11 0.9 0.8 1.0 1.0 0.9

3024 Blood & U/S |Kuga |Sandagiao |15-Aug-92 |8.2 |f 124.0 0.93 25.0 1.19 1.2 0.8 1.1 13 1.1 1.0 3.1 449 (1.90 265 1.90 265
3025 u/s Kuga [Sandagiao [18-Nov-91 [8.9 [m [123.0 0.86 21.0 1.05 11 0.8 1.7 09 (09 |07

3026 u/s Kuga [Qiman 01-Apr-93 |75 |f 128.0 0.90 22.0 0.61 0.7 0.8 0.9 11 0.9 0.8

3027 u/s Kuga [Sandagiao |15-May-91 (9.4 [m |136.5 111 32.0 1.28 1.0 13 0.9 0.9 1.4 1.2

3028 u/s Kuga [Qiman 19-Sep-91 (9.1 |m [118.0 0.88 240 0.84 0.9 0.9 0.8 09 [12 11

3029 Blood & U/S |Kuga |[Sandagiao |27-Sep-91 [9.0 |f 127.0 0.93 24.0 1.13 1.0 0.9 1.3 1.6 0.7 1.0 1.7 66.3 0.48/0.48|372 0.48 372
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3030 u/s Kuga [Qiman 16-Oct-92 [8.0 [m (1215 0.87 22.0 1.58 1.2 1.0 1.3 13 1.2 11

3031 u/s Kuga [Qiman 19-Sep-91 (9.1 |f 128.0 0.93 24.0 0.31 0.5 0.7 0.7 0.8 0.7 0.7

3032 u/s Kuga [Qiman 07-May-92 184 |m |128.0 0.90 22.0 0.90 1.1 0.9 0.9 09 [10 |11

3033 u/s Kuga [Sandagiao [07-Oct-91 (9.0 |f 133.0 0.99 26.0 0.90 0.9 0.9 0.7 11 1.1 1.2

3034 u/s Kuga [Qiman 02-Apr-92 |8.5 129.0 0.89 21.0 1.14 11 11 1.0 13 1.0 0.9

3035 u/s Kuga [Sandagiao [15-Oct-91 (9.0 127.5 0.92 23.0 0.61 1.1 0.8 0.7 08 [1.0 0.8

3036 u/s Kuga [Sandagiao [14-Mar-92 (8.6 |[f 122.5 0.89 23.0 0.86 1.0 0.8 1.1 11 1.0 0.8

3037 u/s Kuga [Sandagiao |09-May-92 (8.4 |f 130.0 0.98 26.0 1.08 1.2 1.0 1.1 1.0 1.1 0.8

3038 u/is Kuga [Sandagiao [06-Nov-91 (8.9 130.0 0.98 26.0 1.18 12 1.0 0.8 08 (14 (14

3039 u/s Kuga [Sandagiao [09-Oct-91 (9.0 nd nd nd 1.43 14 1.0 0.8 1.0 1.6 1.2

3040 u/s Kuga [Qiman 21-Oct-91 [9.0 |f 121.0 0.85 21.0 0.90 1.2 0.9 0.8 0.7 1.1 13

3041 u/is Kuga [Sandagiao [08-Oct-90 (10.0 |f 130.0 0.91 22.0 0.72 0.8 0.8 1.0 08 (1.0 (11

3042 u/s Kuga [Sandagiao [15-Feb-92 (8.7 [m ]129.0 0.99 27.0 1.33 11 11 1.3 1.2 1.2 0.8

3043 u/s Kuga [Sandagiao |10-Sep-91 (9.1 |f 132.5 0.98 25.0 0.69 0.9 0.9 0.9 11 0.8 0.8

3044 u/is Kuga [Sandagiao [05-Oct-91 (9.0 |m |131.0 1.05 30.0 1.44 12 11 1.0 12 |14 |10

3045 VS Kuga [Qiman 06-Jul-93 7.3 1185 0.87 23.0 1.36 13 1.2 0.8 11 1.2 1.2

3046 u/s Kuga [Qiman 16-Apr-93 |75 [m (1105 0.76 19.0 0.70 11 11 0.7 0.9 1.0 0.7

3047 u/is Kuga [Qiman 17-May-92 |8.4 |f 125.0 0.89 225 0.85 0.8 0.9 1.1 1.0 1.0 1.0

3048 u/s Kuga [Qiman 03-Nov-92 |7.9 |m |122.5 0.89 23.0 1.14 11 0.9 1.0 13 1.0 11

3049 u/s Kuga [Qiman 07-Sep-92 |18.1 |m |119.5 0.90 25.0 0.95 1.0 11 1.1 0.8 1.0 1.0

3050 u/is Kuga [Qiman 03-Oct-91 (9.0 |m [134.0 1.02 27.0 0.80 1.0 1.0 11 10 0.8 |0.8

3051 u/s Kuga [Qiman 23-Sep-92 |18.0 |m ]108.0 0.76 20.0 0.65 1.0 1.0 0.7 0.6 1.0 11

3052 u/s Kuga [Sandagiao |01-Sep-91 (9.1 |f 138.0 1.10 31.0 1.53 1.2 1.0 1.4 13 1.2 0.9

3053 u/s Kuga [Qiman 06-Oct-91 (9.0 |f 1235 0.88 220 1.03 1.2 0.9 11 09 (09 1.2

3054 Blood & U/S |Kuga [Qiman 09-Nov-90 [9.9 |f 1255 0.94 25.0 1.16 11 11 0.9 11 1.1 11 0.9 417 |2.75 510/514 (2.75 512
3055 u/s Kuga [Qiman 24-Nov-91 |18.9 |m |118.5 0.85 22.0 0.73 1.0 0.8 1.1 1.0 0.8 0.8

3056 Blood & U/S |[Kuga [Sandagiao [01-Dec-91 [8.9 |m [132.5 0.94 23.0 1.36 1.0 1.2 14 12 (09 (11 1.3 55.9 ]0.60 65 0.60 65
3057 Blood & U/S |Kuga [Qiman 09-Sep-92 |8.1 128.0 0.93 24.0 0.78 11 0.8 0.7 0.7 1.1 14 0.3 37.7 |5.00 70 5.00 70

120



Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3058 u/s Kuga [Sandagiao [14-Oct-90 (10.0 133.0 1.01 27.0 0.91 0.9 0.8 1.2 1.0 1.1 0.9

3059 u/s Kuga [Sandagiao [13-Oct-91 (9.0 124.0 0.90 23.0 0.95 1.0 0.9 1.0 11 1.1 0.9

3060 u/s Kuga [Qiman 01-Mar-92 |8.6 135.0 1.08 31.0 1.09 14 11 0.7 0.7 (1.3 1.3

3061 u/s Kuga [Sandagiao [05-Dec-91 (8.9 128.0 0.98 27.0 2.09 11 11 1.7 1.6 1.3 11

3062 u/s Kuga [Sandagiao [08-Aug-92 (8.2 122.0 0.82 19.0 1.08 1.4 1.0 0.7 13 1.1 0.9

3063 Blood & U/S |Kuga [Qiman 01-Jan-91 |9.8 130.0 0.98 26.0 1.33 1.3 1.0 11 11 (11 (11 |06 429 |4.9/4.7 (470 4.80 470
3064 u/s Kuga [Sandagiao [18-Nov-91 (8.9 128.0 0.93 24.0 0.83 1.0 0.9 1.0 1.0 1.1 0.7

3065 Blood & U/S |Kuga [Sandagiao |07-Nov-91 [8.9 130.5 0.98 26.0 0.88 0.9 11 0.7 1.0 1.0 11 1.2 48.8 [0.78 93 0.78 93
3066 Blood & U/S [Kuga |Qiman 09-May-93 (7.4 123.5 0.93 25.0 1.37 15 12 0.6 0.9 1.5 1.4 0.6 39.0 [2.6/2.85 |345 2.73 345
3067 u/s Kuga [Qiman 10-Nov-91 |8.9 134.0 1.04 28.5 1.44 1.2 0.8 1.2 15 1.0 1.3

3068 u/s Kuga [Qiman 04-Feb-92 (8.7 1215 0.88 23.0 0.66 0.8 0.9 0.9 0.9 0.8 1.0

3069 Blood & U/S [Kuga |Qiman 05-Oct-92 (8.0 121.5 0.87 22.0 0.95 11 0.9 0.9 1.0 1.0 11 1.0 234 2.90 327/325 (2.90 326
3070 u/s Kuga [Qiman 17-Sep-91 |9.1 130.0 1.02 29.0 151 1.0 1.2 1.1 13 1.3 11

3071  |Blood & U/S [Kuga |Qiman 10-Sep-92 (8.1 106.5 0.79 220 |0.59 08 |06 (09 [09 |09 |11 |13 |462 (L1312 (180 165 |180
3072 Blood & U/S |Kuga [Sandagiao |11-Jun-92 (8.3 130.5 0.96 25.0 0.71 1.2 0.8 0.7 0.8 1.0 1.0 0.0 43.6 [0.32 54 0.32 54
3073 u/is Kuga [Sandagiao [13-Dec-91 (8.8 1255 0.85 20.0 1.14 1.0 11 1.0 09 (1.2 12

3074 u/s Kuga [Sandagiao [12-Aug-92 (8.2 123.0 0.84 20.0 0.54 1.0 0.7 0.8 1.0 0.8 0.7

3075 u/s Kuga [Sandagiao [05-Apr-92 (8.5 120.5 0.86 22.0 0.73 0.9 0.9 0.7 11 1.0 0.9

3076 u/s Kuga [Sandagiao [08-Oct-92 (8.0 132.0 0.96 24.0 0.76 0.9 0.8 0.9 12 (09 |09

3077 Blood & U/S |Kuga [Qiman 22-Jun-92 |8.3 108.0 0.80 22.0 0.63 0.9 0.9 0.7 0.7 1.1 1.0 1.3 36.4 |0.66/0.59|720 0.63 720
3078 u/s Kuga [Qiman 07-Nov-92 |7.9 1145 0.86 24.0 1.00 11 0.9 0.9 1.0 1.2 1.0

3079 u/is Kuga [Sandagiao [10-Jul-90 [10.3 |/m ]125.0 0.93 25.0 1.09 1.0 1.2 1.2 1.0 |09 1.0

3080 u/s Kuga [Sandagiao |25-Apr-91 (9.5 128.0 0.95 25.0 0.67 0.9 0.7 0.8 13 0.8 0.9

3081 u/s Kuga [Sandagiao [09-Oct-90 [10.0 130.0 0.96 25.0 1.06 1.2 1.2 1.1 0.8 1.1 0.8

3082 Blood & U/S [Kuga [Sandagiao |25-Oct-91 (9.0 120.0 0.88 23.0 1.27 0.9 1.0 14 14 |10 |10 1.2 65.6 [0.27 185 0.27 185
3083 u/s Kuga [Sandagiao [05-Dec-91 (8.9 128.0 0.98 27.0 0.82 1.0 0.7 1.2 1.4 0.7 0.9

3084 Blood & U/S |Kuga [Sandagiao |12-May-91 (9.4 121.8 0.90 24.0 0.61 0.9 1.2 0.6 13 0.9 0.5 0.7 345 |1.15 912 1.15 912
3085 Blood & U/S [Kuga |Qiman 15-Oct-92 8.0 126.5 0.97 27.0 1.34 1.2 11 1.4 1.3 0.9 0.9 2.0 44.2 |4.60 335 4.60 335
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3086 u/s Kuga [Sandagiao [05-Aug-91 (9.2 139.5 1.03 26.0 1.04 0.9 11 1.1 1.0 1.2 0.9

3087 u/s Kuga [Sandagiao |04-May-91 (9.4 135.5 1.04 28.0 0.95 0.9 11 1.1 11 0.9 0.9

3088 u/is Kuga [Sandagiao [14-Nov-91 (8.9 |f 118.0 0.88 24.0 142 0.9 11 14 11 |12 12

3089 u/s Kuga [Sandagiao [12-Feb-92 (8.7 |f 116.0 0.82 21.0 0.62 0.7 1.0 1.0 0.9 0.7 0.9

3090 u/s Kuga [Sandagiao |04-Nov-91 (8.9 |f 130.0 0.99 27.0 1.14 11 13 1.1 0.9 1.0 1.0

3091 u/s Kuga [Qiman 05-Jan-92 8.8 |f 1245 0.93 25.0 1.78 14 15 0.8 10 (13 |15

3092 u/s Kuga [Sandagiao [03-Dec-91 (8.9 [m ]120.5 0.89 24.0 0.84 11 11 0.7 0.9 1.0 1.0

3093 u/s Kuga [Sandagiao |12-Aug-92 (8.2 |f 128.0 0.94 24.5 0.64 1.0 11 0.9 0.6 0.9 0.8

3094 u/is Kuga [Sandagiao [22-Jul-91 (9.2 |m ]125.0 0.92 24.0 0.81 1.0 1.0 0.8 09 (11 (0.9

3095 u/s Kuga [Sandagiao [03-May-92 (8.4 |[f 131.0 0.98 26.0 1.01 0.9 11 1.1 11 0.9 1.0

3096 u/s Kuga [Qiman 08-Oct-92 (8.0 |f 1185 0.80 19.0 0.73 1.2 0.9 0.5 0.9 1.2 1.0

3097 u/is Kuga [Sandagiao [03-Nov-91 (8.9 |f 1215 0.87 22.0 1.13 1.0 0.9 0.9 11 |13 12

3098 u/s Kuga [Sandagiao [18-Jan-92 (8.7 |f 1235 0.91 24.0 0.95 0.9 1.0 0.8 1.2 1.1 1.0

3099 Blood & U/S |Kuga [Sandagiao |17-Dec-91 (8.8 [m |127.5 0.93 24.0 0.29 0.9 0.6 0.6 0.7 0.8 0.4 0.6 247 |1.25 282/277 |1.25 280
3100 u/is Kuga [Qiman 13-Aug-93 (7.2 [m ]122.0 0.87 22.0 0.91 11 1.0 0.8 1.0 0.9 11

3101 u/s Kuga [Qiman 21-Feb-93 [7.6 |m |130.0 0.99 27.0 1.60 11 11 1.1 1.0 1.4 15

3102 u/s Kuga [Wuzun 10-May-93 |7.4 [m [123.0 0.88 22.0 0.81 13 0.9 0.6 1.2 1.2 0.7

3103 u/s Kuga [Yaha 19-Oct-91 (9.0 |m [133.0 1.03 28.0 0.65 1.0 0.9 0.7 09 |10 [0.8

3104 Blood & U/S |Kuga [Yaha 09-Jul-92 8.3 |f 128.0 0.92 23.0 0.86 0.9 0.9 1.0 0.9 1.1 1.0 2.0 30.6 |0.75/0.62|85 0.69 85
3105 u/s Kuga [Yaha 01-Sep-92 [8.1 |f 113.0 0.74 17.0 0.44 0.7 0.7 1.0 1.0 0.8 0.5

3106 u/is Kuga [Yaha 17-Sep-91 9.1 [m [128.0 0.88 21.0 0.43 1.0 0.7 0.8 12 0.6 |05

3107 Blood & U/S |Kuga [Yaha 27-Sep-92 |18.0 |m ]128.0 0.92 23.0 0.86 0.9 0.9 1.0 1.0 1.0 1.0 2.7 25.4 10.87 235 0.87 235
3108 u/s Kuga [Yaha 07-Aug-93 |7.2 |m |116.0 0.84 22.0 0.60 0.9 0.9 1.0 1.0 0.7 0.7

3109 Blood & U/S [Kuga |[Yaha 03-Dec-92 (7.9 |m [127.0 0.99 28.0 1.47 11 1.0 1.0 10 [16 [13 |06 423 |0.58 305 0.58 305
3110 u/s Kuga [Yaha 08-Feb-93 (7.7 |m |131.0 0.98 26.0 0.61 0.7 1.0 0.9 1.0 0.6 0.9

3111 u/s Kuga [Qiman 03-Nov-92 |7.9 |m |112.0 0.79 20.0 0.87 1.2 0.9 0.9 0.9 1.0 0.9

3112 u/s Kuga [Yaha 18-Apr-93 (7.5 |f 128.0 0.93 240 0.66 0.9 1.0 0.7 09 09 [09

3113 Blood & U/S |Kuga [Yaha 09-Jan-92 |8.8 |m 130.0 0.98 26.0 0.47 1.0 0.8 0.6 0.8 0.9 0.7 2.7 46.2 (0.80 205 0.80 205
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood
3114 u/s Kuga [Wuzun 04-Apr-92 |85 |f 123.0 0.91 24.0 1.23 13 1.0 0.6 1.2 1.3 13
3115 u/s Kuga [Yaha 07-Sep-91 |19.1 |m |140.0 1.08 29.0 0.93 1.0 0.8 1.0 13 0.9 1.0
3116 u/s Kuga [Yaha 11-Sep-92 (8.1 |f 124.0 0.95 26.0 0.75 1.0 1.2 0.8 0.7 (0.9 1.0
3117 Blood & U/S |Kuga [Yaha nd nd |f 127.0 0.93 24.0 0.73 11 0.9 0.6 0.8 1.0 1.2 1.9 409 [0.55 150 0.55 150
3118 u/'s Kuga [Yaha 11-Sep-92 (8.1 |f 127.0 0.88 21.0 0.81 1.0 0.9 1.1 11 0.9 0.7
3119 u/s Kuga [Yaha 18-Jan-92 (8.7 [m [126.0 0.91 23.0 0.37 1.1 0.9 0.6 1.0 (05 |05
3120 u/s Kuga [Wuzun 10-Dec-93 (6.8 |f 120.0 0.83 20.0 0.71 0.8 0.9 0.9 1.0 0.8 1.0
3121 Blood & U/S |Kuga [Qiman 11-Mar-93 (7.6 |f 120.5 0.71 14.0 0.82 1.2 0.8 0.7 1.0 0.9 1.2 1.0 43.6 [2.75 478 2.75 478
3122 Blood & U/S [Kuga [Qiman 05-Dec-91 (8.9 |f 131.0 1.00 27.0 0.72 0.9 0.9 1.3 1.1 (0.6 [08 0.0 40.3 [3.70 810 3.70 810
3123 Blood & U/S |Kuga [Yaha 21-Mar-92 (8.6 |f 113.0 0.76 18.0 0.19 0.6 0.7 0.5 0.4 0.7 0.7 0.3 33.2 |0.55 255/262 |0.55 259
3124 u/s Kuga [Yaha 28-Nov-93 |16.9 |m |118.0 0.83 21.0 0.73 0.9 0.9 0.9 0.8 1.0 1.0
3125 u/is Kuga [Qiman 01-Dec-92 |7.9 |f 122.5 0.86 21.0 1.20 1.2 1.0 0.9 1.2 1.1 1.1
3126 u/s Kuga [Wuzun 25-Aug-93 |7.1 |f 118.0 0.80 19.0 0.99 0.8 1.0 1.4 13 0.8 0.9
3127 u/s Kuga [Yaha 07-Sep-92 [8.1 |f 134.0 0.97 24.0 0.58 0.9 1.0 1.0 0.7 0.8 0.7
3128 u/s Kuga [Wuzun 14-Jun-93 (7.3 |f 128.0 0.93 24.0 0.52 11 0.9 0.6 06 [09 [09
3129 Blood & U/S |Kuga [Yaha 09-Oct-93 |7.0 |f 117.0 0.77 18.0 0.61 1.2 1.0 0.6 0.7 1.0 0.8 0.8 48.8 [0.55 62 0.55 62
3130 u/s Kuga [Yaha 19-Nov-92 (7.9 |f 124.0 0.86 21.0 0.59 1.0 0.8 0.8 0.8 0.9 0.8
3131 Blood & U/S [Kuga |Wuzun 02-Aug-93 [7.2 |f 114.0 0.78 19.0 0.37 0.6 0.8 1.0 0.9 0.7 0.5 0.7 371 |0.21 13 0.21 13
3132 u/s Kuga [Yaha 19-Sep-93 7.1 [m (123.0 0.94 26.0 0.80 11 1.0 0.6 0.9 0.9 1.2
3133 Blood & U/S |Kuga [Wuzun 06-Aug-93 |7.2 |f 122.0 0.90 24.0 1.10 11 11 1.0 0.9 1.1 11 1.9 299 |0.21 5 0.21 5
3134 u/is Kuga [Qiman 27-Sep-92 8.0 |f 112.5 0.77 19.0 0.79 0.9 1.0 0.8 1.0 |09 1.0
3135 u/s Kuga [Yaha 07-Jun-93 |7.3 |m |123.0 0.88 22.0 0.94 11 1.2 0.9 0.9 1.0 0.9
3136 u/s Kuga [Yaha 08-Sep-92 (8.1 |f 130.0 1.01 28.0 0.51 11 0.8 0.5 0.8 0.9 0.9
3138 u/s Kuga [Qiman 06-Sep-92 [8.1 |m |1235 0.89 23.0 1.19 1.1 0.9 1.0 0.7 1.4 15
3139 u/s Kuga [Qiman 08-Feb-92 (8.7 |f 132.5 1.05 30.0 1.23 1.2 1.2 0.8 11 1.3 1.0
3140 u/s Kuga [Yaha 05-Apr-93 |75 |f 132.0 1.00 27.0 1.16 1.2 11 0.9 0.9 15 0.8
3141 u/s Kuga [Qiman 30-Sep-92 (8.0 |f 117.5 0.80 19.0 0.52 11 0.6 0.7 08 09 |[o08
3142 u/s Kuga [Yaha 13-Sep-92 (8.1 |f 127.0 0.99 28.0 0.74 11 11 0.7 0.7 1.0 1.0
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3143 u/s Kuga [Wuzun 14-Sep-92 (8.1 |f 121.0 0.85 21.0 0.82 0.8 0.9 1.0 1.2 0.8 1.0

3144 u/s Kuga [Yaha 18-Jan-92 (8.7 [m (114.0 0.80 20.0 0.30 0.9 0.6 0.6 0.5 0.7 0.8

3145 u/s Kuga [Yaha 25-Jun-93 7.3 |f 122.0 0.89 23.0 0.50 0.9 0.7 1.0 1.0 (0.7 [0.6

3146 u/s Kuga [Qiman 19-Oct-92 (8.0 |f 1185 0.84 21.0 0.73 11 0.9 0.8 0.6 1.0 1.2

3147 u/s Kuga [Qiman 04-Oct-91 (9.0 |f 123.0 0.91 24.0 1.42 15 15 0.8 0.9 1.0 13

3148 u/s Kuga [Qiman 28-Sep-92 18.0 |f 117.0 0.77 175 0.42 0.9 0.8 0.6 09 (0.7 |07

3149 u/s Kuga [Yaha 18-Sep-93 7.1 [m [123.0 0.91 24.0 0.42 0.8 0.9 0.7 0.9 0.7 0.6

3150 u/s Kuga [Yaha 07-May-93 |7.4 |m |130.0 0.99 27.0 0.57 1.0 1.0 0.7 0.7 0.8 0.9

3151 Blood & U/S [Kuga |[Yaha 25-Sep-92 (8.0 |m [130.0 1.01 28.0 0.48 0.7 0.7 0.9 09 |08 (0.8 [0.7 55.9 [0.52 345 0.52 345
3152 u/s Kuga [Yaha 06-Feb-93 |7.7 |f 125.0 0.89 22.0 0.52 0.9 0.8 0.7 0.9 0.8 0.8

3153 u/s Kuga [Wuzun 14-Oct-92 (8.0 |f 116.0 0.82 21.0 0.69 0.9 0.8 0.8 11 0.9 0.9

3154 u/is Kuga [Qiman 09-Feb-93 7.7 |f 115.0 0.78 19.0 0.67 1.0 0.7 0.7 11 0.9 1.0

3155 Blood & U/S |Kuga [Wuzun 10-Apr-93 (7.5 |f 117.0 0.81 20.0 0.76 11 1.0 0.9 1.0 0.8 0.8 0.1 35.1 ]0.13 33 0.13 33
3156 u/s Kuga [Yaha 16-Apr-93 |75 [m ([128.0 0.95 25.0 0.75 1.2 0.9 0.7 0.8 1.1 0.9

3157 u/s Kuga [Yaha 08-Sep-92 (8.1 |f 132.0 0.99 26.0 0.78 0.9 1.0 0.9 09 |10 [09

3158 u/s Kuga [Wuzun 14-Dec-92 (7.8 |f 119.0 0.87 23.0 0.71 0.9 0.9 0.8 1.0 0.8 1.0

3159 Blood & U/S |Kuga |[Yaha 19-Mar-93 (7.6 |f 121.0 0.86 22.0 1.10 11 0.9 1.0 1.2 1.1 1.0 0.4 35.8 ]0.62 65 0.62 65
3160 u/s Kuga [Yaha 17-Sep-93 (7.1 f 126.0 0.89 220 0.69 0.8 0.8 0.6 12 (08 |11

3161 u/s Kuga [Wuzun 05-Nov-92 |79 |f 126.0 0.89 22.0 0.36 0.7 0.6 0.9 0.9 0.6 0.7

3162 u/s Kuga [Wuzun 12-Apr-93 |7.5 117.0 0.79 19.0 0.71 11 1.0 1.1 0.9 0.7 0.7

3163 u/is Kuga [Yaha 08-Jul-93 7.3 |m [126.0 0.92 24.0 0.96 1.0 1.0 1.0 1.0 1.0 1.0

3164 u/s Kuga [Qiman 26-Sep-92 (8.0 |f 125.0 0.93 25.0 0.49 0.8 0.8 0.8 0.8 0.8 0.8

3165 u/s Kuga [Yaha 07-Sep-92 |18.1 |m |125.0 0.89 22.0 1.49 1.9 11 1.0 11 1.0 1.0

3166 u/s Kuga [Yaha 01-Dec-92 (7.9 |m [127.0 0.93 240 0.57 11 0.7 0.7 09 |09 (08

3167 Blood & U/S |Kuga [Yaha 17-Mar-92 8.6 [m (123.0 0.91 24.0 0.32 0.6 0.7 0.9 1.0 0.6 0.5 2.8 319 |0.19 65 0.19 65
3168 u/s Kuga [Qiman 09-Nov-91 |18.9 |m |133.5 1.03 28.0 0.71 1.2 0.9 0.7 0.9 0.9 0.9

3169 u/is Kuga [Yaha 15-Sep-93 |7.1 |f 122.0 0.87 22.0 0.73 11 1.2 0.5 0.7 1.1 11

3170 u/s Kuga [Qiman 02-Sep-92 [8.1 |f 125.0 0.93 25.0 1.26 1.2 1.0 1.0 1.2 1.0 1.2
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3172 u/s Kuga [Yaha 26-Sep-92 |8.0 128.0 0.97 26.0 0.61 11 0.9 0.8 0.9 0.8 0.7

3173 u/s Kuga [Qiman 04-Apr-93 |7.5 130.0 0.96 25.0 1.17 13 1.2 0.7 0.8 1.1 15

3174 u/s Kuga [Yaha 07-Sep-93 |7.1 122.0 0.87 22.0 0.51 1.0 0.7 0.7 09 (09 |07

3175 u/s Kuga [Yaha 22-Oct-93 |7.0 123.0 0.86 21.0 0.42 0.8 0.8 0.8 0.9 0.7 0.6

3176 u/s Kuga [Qiman 29-Oct-92 |8.0 120.0 0.86 22.0 0.62 11 0.6 0.8 11 0.8 0.9

3177 u/is Kuga [Wuzun 14-Aug-93 |7.2 120.0 0.89 24.0 1.64 11 11 1.2 1.2 1.3 1.3

3178 u/s Kuga [Yaha 05-Oct-91 |9.0 130.0 0.96 25.0 0.61 1.0 1.0 0.7 0.8 0.9 0.8

3179 u/s Kuga [Yaha 07-Apr-93 |7.5 126.0 0.91 23.0 0.93 11 0.9 0.8 1.2 1.1 0.9

3180 Blood & U/S [Kuga |Yaha 17-Sep-92 8.1 130.0 0.93 23.0 111 1.0 1.0 1.1 11 1.0 11 2.9 57.2 10.38 20 0.38 20
3181 u/s Kuga [Yaha 07-Dec-93 |6.8 118.0 0.83 21.0 0.28 0.7 0.5 0.7 1.0 0.6 0.6

3182 u/s Kuga [Qiman 07-Dec-91 |8.8 1175 0.81 20.0 1.74 1.4 0.9 1.7 0.8 1.1 1.4

3183 u/is Kuga [Wuzun 04-Aug-93 (7.2 122.0 0.89 23.0 0.95 11 11 1.0 1.0 0.9 0.9

3184 u/s Kuga [Wuzun 13-Jun-92 8.3 128.0 0.95 25.0 151 13 13 1.1 1.0 1.3 1.0

3185 u/s Kuga [Qiman 07-Oct-92 |8.0 123.0 0.91 24.0 0.79 0.9 0.9 0.7 11 0.9 11

3186 u/s Kuga [Yaha 04-Jul-93 (7.3 128.0 0.98 27.0 0.46 1.0 0.9 0.6 1.1 (0.6 [0.6

3187 u/s Kuga [Yaha 07-Nov-93 |6.9 129.0 0.97 26.0 0.50 1.0 0.9 0.6 0.7 1.0 0.7

3188 u/s Kuga [Yaha 09-Nov-91 |8.9 126.0 0.94 25.0 1.35 11 11 1.0 13 1.0 1.2

3189 u/s Kuga [Yaha 06-May-93 [7.4 126.0 0.89 220 0.72 0.9 0.9 11 1.0 (0.8 [o0.8

3190 u/s Kuga [Yaha 07-Nov-92 |7.9 129.0 0.96 25.0 0.81 0.9 1.0 1.1 1.0 0.9 0.8

3191 u/s Kuga [Yaha 23-Sep-93 |7.0 117.0 0.83 21.0 0.45 0.7 0.8 0.9 1.0 0.6 0.7

3192 u/s Kuga [Wuzun 15-Jan-94 (6.7 122.0 0.87 220 0.78 0.9 1.0 0.9 1.0 (0.9 |09

3193 u/s Kuga [Yaha 08-Mar-92 |8.6 128.0 0.92 23.0 0.62 0.9 0.8 0.7 0.9 0.9 1.0

3194 u/s Kuga [Yaha 07-Oct-92 |8.0 123.0 0.91 24.0 0.53 0.9 0.7 1.1 1.2 0.6 0.6

3195 u/s Kuga [Yaha 01-Dec-93 (6.9 121.0 0.85 21.0 0.68 11 0.9 0.9 1.0 (0.8 [0.7

3196 u/s Kuga [Yaha 09-Mar-92 |8.6 132.0 0.99 26.0 0.78 0.9 0.9 0.9 1.2 0.8 0.9

3197 u/s Kuga [Yaha 05-Dec-93 |6.8 125.0 0.90 23.0 0.56 0.8 0.8 0.9 0.8 0.9 0.8

3198 u/s Kuga [Yaha 17-Sep-93 (7.1 118.0 0.87 23.0 0.61 0.8 0.8 11 1.0 (0.8 [0.7

3199 u/s Kuga [Yaha 07-Dec-93 |6.8 125.0 0.92 24.0 0.54 0.9 0.8 0.9 1.0 0.7 0.7
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |FUrine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3200 u/s Kuga [Yaha 08-Sep-92 |18.1 |m |133.0 0.98 25.0 0.86 1.2 11 0.6 0.7 1.2 1.2

3201 u/s Kuga [Wuzun 18-Oct-92 8.0 [m (118.0 0.82 20.0 0.52 0.9 0.9 0.8 0.8 0.8 0.7

3202 u/is Kuga [Wagiao 09-Jun-91 (9.3 |m [130.0 0.97 255 1.09 0.9 1.0 1.2 12 |10 |10

3203 Blood & U/S |Kuga [Wuzun 06-Apr-93 |75 |m |122.0 0.89 23.0 0.75 11 0.8 0.9 1.2 0.8 0.8 1.4 345 10.48 85 0.48 85
3204 u/s Kuga [Wuzun 20-Apr-92 |85 |f 124.0 0.90 23.0 1.70 1.4 13 0.9 1.2 1.2 13

3205 u/s Kuga [Wuzun 27-Mar-92 185 |f 128.0 0.95 25.0 0.63 1.1 0.8 0.6 09 [1.0 |09

3206 u/s Kuga [Wuzun 15-Jul-92 (8.2 |f 125.0 0.90 23.0 0.77 1.0 0.8 0.9 11 1.0 0.8

3207 u/s Kuga [Wagiao 07-Sep-91 [9.1 |f 123.0 0.88 22.0 0.81 0.8 0.9 0.9 0.6 1.3 1.4

3208 u/s Kuga [Wagiao 10-May-91 (9.4 |m [131.0 1.00 27.0 0.65 0.9 0.8 0.9 1.1 (0.8 [o0.8

3209 u/s Kuga [Wagiao 14-Jan-94 (6.7 |f 118.0 0.80 19.0 0.47 0.9 0.9 0.6 0.9 0.6 0.8

3210 u/s Kuga [Wagiao 28-Jul-90 |10.2 |f 128.0 1.07 33.0 0.65 1.0 1.0 0.8 0.7 0.9 0.9

3211 u/is Kuga [Wuzun 05-Dec-92 |7.8 |f 113.0 0.79 20.0 0.67 1.3 12 0.5 0.7 1.0 0.9

3212 u/s Kuga [Wagiao 17-Jan-89 (11.7 |f 138.0 1.12 32.0 1.57 15 1.7 1.0 0.8 1.1 1.2

3213 Blood & U/S |Kuga |Wagiao 17-Jan-89 [11.7 [m (133.0 1.04 29.0 0.70 0.8 0.9 1.0 11 0.7 0.9 15 55.3 10.28 417/423 (0.28 420
3214 u/is Kuga [Wagiao 05-Sep-91 (9.1 |f 119.0 0.84 21.0 0.84 11 11 0.8 0.8 (1.0 (1.0

3215 u/s Kuga [Wuzun 17-Apr-92 (8.5 |f 113.0 0.76 18.0 0.98 11 1.2 0.9 0.8 1.1 1.0

3216 u/s Kuga [Wagiao 28-May-90 [10.4 |f 138.0 1.02 26.0 1.04 11 11 1.1 11 1.0 0.8

3217 u/is Kuga [Wuzun 17-Oct-91 9.0 |f 127.0 0.90 22.0 1.15 11 1.0 1.0 1.0 1.1 1.2

3218 u/s Kuga [Wagiao 11-Oct-91 (9.0 |f 123.0 0.89 23.0 0.72 11 11 0.8 0.8 0.8 0.9

3219 u/s Kuga [Wuzun 29-Nov-91 |8.9 128.0 1.01 29.0 0.77 1.0 0.9 0.8 1.0 1.0 0.9

3220 u/is Kuga [Wagiao 09-Sep-90 [10.1 m [124.0 0.90 23.0 0.98 13 1.0 0.8 10 |10 |10

3221 u/s Kuga [Wuzun 07-Aug-93 |7.2 |f 120.5 0.86 22.0 0.69 1.0 1.0 0.9 0.9 0.9 0.7

3222 u/s Kuga [Wuzun 01-Aug-92 |8.2 126.0 0.89 22.0 0.34 0.7 0.6 0.6 0.9 0.9 0.6

3223 u/s Kuga [Wuzun 28-Sep-91 (9.0 128.0 0.95 250 0.51 0.7 0.7 0.9 1.1 (0.6 [0.9

3224 u/s Kuga [Wagiao 15-Oct-92 (8.0 |f 122.0 0.90 24.0 1.26 11 1.0 1.1 1.0 1.1 13

3225 u/s Kuga [Wuzun 07-Nov-92 |7.9 |m |125.0 0.97 27.0 0.89 1.0 0.9 1.0 1.2 1.1 0.7

3226 Blood & U/S [Kuga [Wagiao 15-Sep-94 (6.1 |f 113.0 0.76 18.0 0.47 1.0 1.0 0.6 09 |06 [0.7 |05 31.9 [0.78 50 0.78 50
3227 u/s Kuga [Wuzun 05-Jul-92 8.3 |f 124.0 0.95 26.0 0.90 13 0.8 0.7 1.0 1.1 11
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Sample [Sample Area |Village Date of Age |Sex [Height cm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3228 u/s Kuga [Wagiao 11-May-92 (8.4 |f 123.0 0.91 24.0 0.53 1.0 1.0 0.6 0.8 0.9 0.7

3229 Blood & U/S |Kuga [Wuzun 05-Nov-92 |7.9 |m |116.0 0.82 21.0 0.71 1.0 0.9 0.7 0.8 1.0 11 1.4 43.6 [(0.24 15 0.24 15
3230 u/is Kuga [Wagiao 05-Nov-93 [6.9 |m [117.0 0.84 22.0 0.42 1.0 13 0.7 0.6 [0.7 [05

3231 u/s Kuga [Wagiao 04-Feb-92 (8.7 |m [121.0 0.91 25.0 0.89 0.9 11 0.8 11 0.9 1.0

3232 u/s Kuga [Wagiao 27-Mar-89 |11.5 |m |142.0 1.14 32.0 0.88 0.9 11 1.2 11 0.8 0.8

3233 Blood & U/S |Kuga [Wagiao 03-Jun-89 |11.4 |f 132.0 1.05 30.0 0.68 0.9 0.8 0.7 09 [10 J11 |07 241 (0.40 110 0.40 110
3234 u/s Kuga [Wuzun 20-Sep-91 9.1 |m |116.0 0.82 21.0 1.28 11 1.2 1.0 11 1.1 11

3235 u/s Kuga [Wuzun 04-May-92 (8.4 |f 122.0 0.85 21.0 0.44 0.9 1.0 0.6 0.7 0.8 0.7

3236 u/s Kuga [Wuzun 01-May-92 (8.4 |m [125.0 0.90 23.0 0.59 0.9 0.7 1.0 09 |08 |[0.8

3237 Blood & U/S |Kuga [Wagiao 28-Jan-94 6.7 |f 117.0 0.76 17.0 0.42 0.6 11 0.9 0.5 0.7 0.9 1.9 50.7 10.88 298 0.88 298
3238 u/s Kuga [Wuzun 07-Aug-93 |7.2 |f 122.0 0.87 22.0 0.60 1.2 0.8 0.7 0.9 0.9 0.7

3239 u/is Kuga [Wuzun 05-Mar-92 (8.6 |m |122.0 0.87 22.0 121 11 13 0.8 1.0 1.1 1.2

3240 u/s Kuga [Wagiao 10-May-91 (9.4 |f 131.0 0.93 23.0 0.63 0.9 0.8 1.1 11 0.8 0.6

3241 u/s Kuga [Wuzun 14-Jul-93 (7.2 |f 128.0 0.92 23.0 0.45 11 0.9 0.6 0.6 1.0 0.5

3242 u/s Kuga [Wagiao 06-Jan-94 (6.8 |f 113.0 0.76 18.0 0.55 0.9 0.9 0.7 08 09 [o0.8

3243 u/s Kuga [Wagiao 06-Sep-90 |10.1 |m |135.0 111 33.0 2.18 1.4 15 1.0 1.4 1.3 13

3244 u/s Kuga [Wuzun 09-Jan-92 |8.8 132.0 0.99 26.0 0.70 0.9 1.0 0.8 1.2 0.7 0.8

3245 u/s Kuga [Wagiao 20-Feb-92 (8.6 |f 118.0 0.83 21.0 0.69 0.9 1.0 0.8 09 |10 [0.8

3246 VS Kuga [Wuzun 14-Mar-93 |7.6 119.0 0.87 23.0 1.19 1.0 11 1.3 1.2 0.9 1.0

3247 u/s Kuga [Wuzun 18-Nov-91 |8.9 115.0 0.80 20.0 0.58 0.9 0.8 0.7 0.9 0.9 0.9

3248 u/is Kuga [Wuzun 27-Nov-91 (89 |m |125.0 0.90 23.0 1.86 1.4 1.2 1.2 1.3 1.2 1.2

3249 u/s Kuga [Wagiao 13-May-89 (11.4 |f 131.0 1.00 27.0 0.62 0.8 0.9 0.9 1.0 0.8 0.8

3250 u/s Kuga [Wagiao 08-Jan-89 |11.8 |m |146.0 1.29 41.0 0.92 13 1.0 1.0 11 0.8 0.8

3251 u/s Kuga [Wagiao 15-Nov-91 (8.9 [m |122.0 0.90 24.0 1.29 1.2 1.2 0.9 0.9 1.2 1.3

3252 u/s Kuga [Wagiao 04-Sep-93 |7.1 |m |116.0 0.81 20.0 0.73 1.0 1.0 0.8 0.8 0.9 1.0

3253 u/s Kuga [Wagiao 29-Jan-91 |9.7 |m |131.0 0.97 25.0 0.61 0.8 1.0 1.0 0.8 0.8 0.8

3254 Blood & U/S [Kuga |Wagiao 15-Oct92 (8.0 |m [116.0 0.84 220 0.55 0.9 0.8 0.8 10 (0.7 [08 (23 50.1 [0.64/0.67(240 0.66 240
3255 u/s Kuga [Wagiao 01-Jun-92 |8.4 |m 126.0 0.94 25.0 0.74 11 0.9 0.9 0.9 0.9 0.8
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3256 u/s Kuga [Wagiao 04-Feb-90 [10.7 |f 129.0 0.94 24.0 0.70 11 1.0 0.6 0.8 1.0 1.0

3257 u/s Kuga [Wagiao 15-Dec-90 [9.8 [m (132.0 1.02 28.0 0.74 13 1.0 0.7 0.9 0.9 0.8

3258 u/s Kuga [Wagiao 10-Mar-92 (8.6 |f 122.5 0.89 23.0 0.45 0.8 0.6 1.0 08 (0.7 |08

3259 u/s Kuga [Wuzun 14-Oct-91 [9.0 [m ([125.0 0.90 23.0 0.78 0.9 0.7 0.8 1.0 1.1 1.2

3260 u/s Kuga [Wagiao 11-Oct-89 (11.0 |f 140.0 1.05 27.0 0.58 0.7 0.8 1.0 0.8 1.0 0.8

3261 u/is Kuga [Wagiao 27-Sep-91 9.0 |m [128.5 0.89 21.0 0.71 11 1.0 0.6 0.7 1.2 1.0

3262 Blood & U/S |Kuga [Wagiao 19-Feb-89 (11.6 |f 140.0 1.13 32.0 0.73 0.8 0.8 0.9 11 0.9 1.0 4.9 35.8 |1.20 680 1.20 680
3263 u/s Kuga [Wagiao 10-Mar-90 |10.6 [m [132.5 0.98 25.0 0.91 1.0 0.9 1.0 11 0.9 1.0

3264 Blood & U/S [Kuga [Wuzun 10-Nov-92 (7.9 |m [123.0 0.89 23.0 0.74 0.9 0.8 1.0 09 |10 [09 [36 50.7 [0.45 65 0.45 65
3265 u/s Kuga [Wagiao 07-Sep-93 |7.1 |m |113.0 0.76 18.0 0.71 1.2 0.8 0.7 0.9 1.0 0.9

3266 u/s Kuga [Wagiao 02-Oct-90 |10.0 |m |122.0 0.89 23.0 1.03 11 0.9 1.1 1.2 0.8 11

3267 u/is Kuga [Wagiao 14-Jul-89 |11.2 [m [126.0 1.00 29.0 1.09 1.2 12 0.8 11 1.0 1.0

3268 Blood & U/S |Kuga [Wagiao 05-Jul-92 (8.3 |f 128.0 0.97 26.0 1.01 1.2 1.2 0.8 0.8 1.1 11 0.8 455 [2.85 75 2.85 75
3269 u/s Kuga [Wagiao 05-Jun-91 (9.4 |f 126.0 0.96 26.0 0.40 1.0 0.7 0.7 1.0 0.6 0.6

3270 u/is Kuga [Wuzun 19-Mar-92 (8.6 [m ]123.0 0.95 27.0 0.62 1.0 0.9 0.6 0.7 1.1 1.0

3271 u/s Kuga [Wuzun 12-Oct-92 (8.0 |f 122.0 0.84 20.0 0.87 1.0 1.0 0.8 11 0.9 1.0

3272 u/s Kuga [Wuzun 30-Nov-91 |18.9 |m |131.0 1.03 29.0 1.86 1.4 13 1.1 13 1.2 1.2

3273 u/is Kuga [Wuzun 14-Apr-92 |85 |f 117.0 0.83 21.0 0.92 1.0 12 0.7 1.0 1.2 0.9

3274 u/s Kuga [Wagiao 02-Jul-91 [9.3 |f 128.0 0.95 25.0 1.08 1.2 13 0.9 1.0 1.0 0.9

3275 u/s Kuga [Wagiao 28-May-90 |10.4 |f 135.0 nd nd 0.86 11 0.9 0.9 0.9 1.0 1.0

3276 u/is Kuga [Wuzun 07-Nov-92 (7.9 |m |114.0 0.83 22.0 1.00 11 11 0.9 11 1.0 0.9

3277 u/s Kuga [Wagiao 20-Jul-92 [8.2 |f 121.0 0.88 23.0 0.68 0.8 0.7 1.2 1.2 0.7 0.9

3278 Blood & U/S |Kuga [Wuzun 10-May-93 [7.4 [m [123.0 0.88 22.0 1.24 13 0.9 0.9 1.2 1.2 11 2.6 28.6 0.56/0.59|63 0.58 63
3279 Blood & U/S [Kuga |Wagiao 25-Oct-88 [12.0 [/m [148.0 1.26 38.0 1.40 11 11 11 1.3 1.0 (12 |20 40.9 |0.58 493 0.58 493
3280 u/s Kuga [Wagiao 16-Apr-92 (8.5 |f 127.0 0.93 24.0 0.95 1.2 11 0.7 0.8 1.1 1.2

3281 u/s Kuga [Wagiao 29-Jul-92 (8.2 |m |120.0 0.86 22.0 1.21 1.0 11 1.2 1.2 1.0 1.0

3282 u/s Kuga [Wuzun 05-Jul-92 (8.3 |m [124.0 0.88 220 1.20 1.9 11 1.0 09 |09 (08

3283 u/s Kuga [Wagiao 08-Jul-92 (8.3 116.5 nd nd 1.03 11 11 0.8 0.9 1.1 1.2
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Sample [Sample Area |Village Date of Age |Sex [Heightcm |Body Surface [Weight |Thyroid [Th h/r [Th h/l |Th b/r [Th b/l [Th d/r|Th d/l |TSH (T4 F Urine |l Urine |F Urine |l Urine
Number |Type Birth (minus 1 cm|Aream? kg Volume [cm cm cm cm cm cm miU/l |nmol/l img/I ug/l mg/l ug/l
AC148) (minus 1 cm mls whole [whole |Raw Raw
ht AC148) blood |blood

3284 Blood & U/S |Kuga |Wagiao 02-Sep-89 |11.1 |f 137.0 1.05 28.0 0.89 1.2 1.0 0.7 1.0 0.9 11 0.6 42.3 0.62 35 0.62 35
3285 u/s Kuga [Wuzun 03-Sep-92 |18.1 |m |118.0 0.88 24.0 2.05 1.2 0.9 15 1.8 1.3 1.2

3286 u/s Kuga [Wuzun 17-May-92 (8.4 |f 128.0 0.93 24.0 0.82 1.0 1.0 0.9 1.0 (09 [0.9

3287 Blood & U/S |Kuga [Wagiao 26-Mar-89 |11.5 |m |130.0 1.04 30.0 1.10 1.2 11 0.9 1.0 1.0 11 1.6 35.8 ]0.62 90 0.62 90
3288 u/s Kuga [Wuzun 17-Sep-90 |10.1 [m (141.0 1.10 30.0 1.00 0.8 1.0 1.1 11 1.0 11

3289 Blood & U/S |Kuga [Wagiao 02-Dec-91 |89 |m |122.0 0.87 22.0 0.62 1.1 0.9 0.8 1.1 (0.8 (0.6 |0.0 30.6 [0.91 15 0.91 15
3290 u/s Kuga [Wagiao 01-Sep-91 [9.1 |f 122.0 0.87 22.0 0.67 1.0 1.0 0.7 0.7 0.9 11

32901 u/s Kuga [Wagiao 03-Jan-90 |10.8 |f 141.0 1.09 29.0 0.75 11 1.0 0.7 0.9 1.1 0.8

3292 u/is Kuga [Wagiao 15-Nov-91 |89 [m [122.0 0.90 24.0 1.33 15 14 0.8 0.8 (1.2 12

3293 u/s Kuga [Wuzun 19-Oct-91 [9.0 [m ([126.0 0.94 25.0 1.29 1.0 0.8 1.2 1.2 1.2 1.3

3294 u/s Kuga [Wagiao 01-Jun-92 |84 |m |121.0 0.88 23.0 0.81 11 0.9 0.8 1.0 1.0 0.9

3295 u/is Kuga [Wagiao 07-Aug-89 [11.2 m [133.0 1.01 27.0 0.65 1.0 0.9 0.8 11 0.7 |0.8

3296 u/s Kuga [Wuzun 04-Dec-91 (89 |f 130.0 1.02 29.0 0.96 1.0 1.0 0.9 1.0 1.0 11

3297 u/s Kuga [Wagiao 08-Feb-90 [10.7 |m |131.0 0.98 26.0 1.20 1.2 1.2 0.9 1.0 1.2 1.0

3298 u/s Kuga [Wagiao 25-Mar-94 (6.5 |m [115.0 0.83 220 0.55 0.9 0.7 0.8 09 |09 [08

3299 Blood & U/S |Kuga [Wagiao 01-Jan-91 |19.8 |m |126.0 0.92 24.0 0.79 1.2 1.0 0.7 1.0 1.0 0.8 0.3 319 |0.28 475 0.28 475
3300 u/s Kuga [Wuzun 04-Aug-92 |18.2 |m |131.0 0.95 24.0 1.04 1.2 11 1.0 1.0 0.9 1.0

3305 u/is Kuga [Wagiao 27-Mar-91 9.5 |f 121.0 0.91 25.0 0.87 11 1.2 0.7 08 (1.0 (11

3383 u/s Kuga [Wagiao 21-Apr-91 [9.5 |f 120.5 0.85 21.0 0.34 0.9 0.8 0.5 0.7 0.7 0.7

Th h/r = thyroid right-lobe height

Th b/r = thyroid right-lobe breadth

Th d/r = thyroid right-lobe depth

Th h/l = thyroid left-lobe height
Th b/l = thyroid left-lobe breadth
Th d/I = thyroid left-lobe depth
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U/S = Ultrasound

nd = no data
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