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I.Introduction
 

The University of North Carolina at Chapel Hill and the Institute
 

of Nutrition of Central America and Panama have cooperated in an Agency
 

for International Development sponsored project on "Food Wastage/Saul­

tation Cost-Benefit Methodology." The project was directed to the study
 

of the environment (water supply, sanitation), the impact of health education,
 

diarrheal morbidity and food wastage (through intestinal malabsorbtion)
 

and the relationships between these variables.
 

The contract with A.I.D. requires the contractor to develop, field
 

test and prepare a manual describing a methodology which could be utilized
 

to determine the economic relationship between different levels of improved
 

The waste of food
environmental sanitation and the waste of food energy. 


energy was determined by measuring the efficiency of absorption of food
 

in the intestinal tract. This was expected to be related to the prevalence
 

of those intestinal diseases which are transmitted under unsanitary conditions.
 

Three major reports are required to describe and give the findings
 

of the several phases of the project. These include:
 

a) A Methodology Report which describes the background oF the project,
 

the design of the field trial, and presents a detailed description of the
 

two Guatemalan rural communities.
methodology that has been tested in 


The Methodology Report has been prepared along with an appendix containing
 

the forms used in the project and detailed protocols. The draft Methodology
 

Report (August 31, 1977) is available, A final edited version will be ready
 

by March 31, 1978.
 

This
b) A Report of the Scientific Results of the Field Trials. 


report includes the details of data analysis and the results of the 
field
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studies with their interpretation.
 

c) A final Report on the Significance of the Findings to planners 

in Guatemala and other Less Developed Countries, as well as a manual 

describing a simplified methodology for future studies in the LDC's, 

is in preparation. 

This report on the scientific results of the field trials has two
 

objectives:
 

1) To provide a detailed presentation of the data .nd results of the
 

field trials.
 

2) To test the methodology that was used in the study and which
 

will provide the basis for evaluation and development of a simplified or
 

alternate methodology. This objective will be dealt with in the final
 

report of the study scheduled for June 30, 1978.
 

The first objective is oresented here and should be considered in
 

light of the constraints and methodological limitations which existed in
 

the field. A current evaluation of the problems inherent in studying water/
 

on
health relationships are discussed in the Report of an Expert Panel 


"Measurement of the Health Benefits of Investments in Water Supply" to the
 

I.B.R.D. 	 (Jan 1976).
 

Those readers who seek data which establishes a linkage between water
 

supply and sanitation on one side and a decrease in diarrheal disease and
 

improvement in intestinal absorption on the other, will be disappointed.
 

However, significant guides for future studies and insights into the dynamics
 

of morbidity, malabsorption, and health behavior modification which flow
 

from improvements of water supply and sanitation are presented.
 

The possibility and limitations of using field studies to determine
 

outcomes in specific objectives such as the economic relationship between
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different levels of improved environmental sanitation and waste of food
 

energy are made clearer through these field trials. However, the over­

riding conclusion, which should be considered In any future studies, 

is to approach these complex questions through more limited studies in 

which the time frame is compatible with the objectives. Further, biological 

linkages should be experimentally established outside of the context of 

any such study. In sum, four years of field trials are not sufficient to 

measure the social and biological changes which might result in an improved 

health status. The relationship between malabsorption and water supply will 

not be demonstrable until the linkage between water supply/diarrheal 

morbidity/malabsorptlon is established.
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II. Village Comparisons
 

The environmental and demographic characteristics 
of the two study
 

villages, Guanagazapa (experimental) and Florida Aceituno (control),
 

The principal objective
 
were not static during the forty-two month study. 


for usinq a control village was to track internal 
and external changes in
 

health status, behavior and the community environment 
which presumably
 

would have occurred even in the absence of any large scale intercession.
 

In addition to expected changes over time, the mere 
presence and activities
 

Measurement
 
of the study staff could have stimulated some 

of the changes. 


of both physical and behavioral changes were part of the study 
design in
 

the experimental village.
 

Historical and geographical characteristics 
of the two villages were
 

some detail in the Methodology Section (Volume 
I) of the report.


given in 


Demography
 

A monthly census was used to quantify the population 
dynamics in
 

Detailed census information is presented in 
the Appendix.


each village. 


The population of both villages by family, 
age category and sex at the
 

These
 
beginning and end of the study period is given 

in Table 11.1. 


statistics illustrate the demographic comparability 
of the two villages.
 

TABLE I1.1
 
Village Populations by Age and Sex
 

Florida Aceituno
Guanagazapa 

May 7 August 76May 73 August 76
Characteristic 


37 52
45 42
0 - I years 

170 199
 

1 - 7 years 203 218 


656 755
 
7+ years 769 837 


469 535
528 566
Number of males 

394 471
 

Number of females 489 531 


199 210 
Number of families 202 238 


863 1006
 
Total population 1017 1097 
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Family size is a variable which has implications for computing 

crowding statistics, changes and needs in household sanitation, 

and the relationship to disease incidence. A significant rela­

tionship between family size and morbidity was observed. This relation­

ship will be examined in some detail in a later chapter. The family structure
 

of the villages is presented in Table 11.2.
 

TABLE 11.2
 

Village Population by Family Size in May 1973
 

Number of Families Present
 

Family Percent Percent 

Size Guanagazapa of Total Florida Aceituno of Total 

1 19 9.4 16 8.0 

2 17 8.4 34 17.1 

3 28 13.9 37 18.6 

4 27 13.4 29 14.6 

5 24 11.8 25 12.6 

over 5 87 43.1 58 29.1 

Total 202 100.0 199 100.0 

The populations in these villages were more mobile than was antici-


Some of the mobility in Guanagazapa
pated (Figures I1.1 and 11.2). 


can be explained by the absence of adult males for extended periods for
 

occupational reasons. However, there was also considerable in and out
 

migration. This mobility may have implications, particularly in Guanagazapa,
 

for the reporting of disease incidents and on the impact of environmental
 

exposures such as water quality and household sanitation. Figures I[.1
 

and 11.2 give the dimensions of these population dynamics. No attempt
 

was made in this study to determine why an individual or family moved
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in or out of these villages.
 

Birth and death rates have been widely used in the health compari­

son of communities, regions and nations. Some vital statistics from the 

two villages for the years 1974 and 1975 are given in Table 11.3. 

Meteorology 

Guatemala has a rather uniform rainy-dry seasonal cycle. The rainy
 

season is May through October and the dry season is November through
 

April. There are, however, monthly and daily fluctuations within the
 

monthly seasonal cycles. Rainfall was an interesting variable because
 

other investigators have suggested that morbidity, particularly diarrheal
 

disease, is seasonally related. Rainfall data for the years 1972-1975
 

is shown in Tables 11.4 and 11.5.
 

TABLE 11.4
 

Amount of Rainfall -(Millimeters)
 

Guanagazapa Florida Aceituno
 
Month 1972 1973 1974 1975 1972 1973 1974 1975
 

0 0 10
Jan 0 20 0 0 20 


0 0 10
Feb 0 0 20 0 10 


0 30 0 100 0
Mar 10 0 90 


Apr 80 150 50 90 180 110 10 50
 

May 430 220 400 260 310 390 330 390
 

June 330 610 560 250 370 420 570 210
 

July 190 290 180 190 290 280 200 400
 

Aug 130 520 110 340 190 470 490 300
 

Sept 210 400 450 630 210 360 610 660
 

Oct 330 500 120 340 240 470 180 390
 

Nov 190 70 20 220 140 80 40 180
 

Dec 0 0 0 20 0 30 20 40
 

Total(in.) 75 108 79 92 78 103 94 104
 



Vital 

TABLE 11.3 

Statistics from Guanagazapa and Florida Aceltuno 

Compared to Countries in the Americas 

Vital Statistic 

Crude death rate 

Crude birth rate 

Infant Mortality rate 

Vital index 

Guanagazapa 

1974 1975 

9.9 10.8 

46.5 37.1 

0.0* 97.6 

4700.0 3417.0 

Florida Aceituno 

1974 1975 

17.6 12.3 

54.9 42.0 

60.0 24.4 

3125.0 3416.7 

Guatemala 

1972 

16 

46 

89 

-

Mexico 

1972 

10 

44 

64 

-

Panama 

1972 

10 

42 

43 

United States 

1972 

9.5 

17.," 

21.0 

The infant mortality rates in these villages are based on very few infant deaths. Infant deaths in 
Florida Aceituno were: 1973-2; 1974-3; 1975-1 and in Guanagazapa: 1973-3; 1974-0; 1975-4. 

Key: Crude death rate = total deaths X 1000midperiod total population 

Crude birth rate = total live births X 1000 
total population 

Infant mortality rate = deaths of children < 1 year of age X 1000
total live births 

Vital index = total live births X 1000 
total deaths 

to 
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TABLE 11.5
 

Average Number of Days with Rainfall, 1972-1975
 

(Rainfall Millimeters)
 

Month Guanagazapa Florida Aceituno 

January 0 1 

February 0 1 

March 1 3 

April 5 6 

May 15 18 

June 17 19 

July 13 15 

August 15 20 

September 19 20 

October 16 18 

November 6 7 

December 0 1 

Village Economic Status
 

Economic studies in these two villages were initiated in April
 

1973 and terminated in September 1974. Four indicators (total hours worked,
 

total energy expenditure, gross individual income, days of no economic
 

activity) were chosen to provide a community economic profile. The studies
 

were intended to determine the impact of changes in water usage and improved
 

sanitation on the economic status of families in Guanagazapa. However,
 

these studies were terminated on the recommendation of an external review
 

committee.
 

Adult males in Guanagazapa were generally employed on coffee plantations
 

and those from Florida Aceituno on sugar plantations. There was very little
 

(15% or less) employment in non-agricultural occupations. The average
 

number of hours worked per two week period during the harvesting season
 

was 93 (t 29) for Guanagazapa workers. The harvesting season varies
 



11
 

with the crop grown and the annual rainfall. The mean gross income per
 

worker for a two week period (August 1973-September 1974) was slightly
 

higher in Florida Azeituno ($17.42 t 9.5) than in Guanagazapa ($12.81
 

- 9.05). The gross income includes monetary income from agricultural 

and nonagricultural employment but excludes income from agricultural 

self-employment (sale of crops) and net income from property (real and
 

financial). 

The economic data, though limited in scope and based on a relatively
 

small sample, indicated less unemployment, a higher gross income and
 

more land ownership in Florida Aceituno than in Guanagazapa. The
 

methodology report (Chapter II) provides further information on the study
 

communities including detailed descriptions of the villages, ethnic 

origin of the villagers, occupational patterrs and literacy. 
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III. Morbidity
 

Morbidity data was collected in both villages during each month
 

of the study although several months were missed. For instance, field
 

work was not done in December because of the holiday patterns In
 

Guatemala. A two-week recall method was used (see Methodology: Volume
 

1). Therefore, the data and analyses presented here cover only two
 

weeks of each month and is subject to all the limitations of recall
 

information, including problems of time and of the respondents knowledge
 

of the family health status.
 

Total morbidity was not significantly different in the two villages
 

(Tables lll.1 and 111.2). What appears to be a higher total morbidity
 

and diarrheal morbidity in the first six months of the study (season 1)
 

can only be interpreted as an observer effect due to the newness of the
 

experience for the villagers.
 

TABLE lll.1
 

Total Morbidity by Season
 

Total Morbidity/Fortnight/l000 Population*
 

Season**
 

Village 1R 2D 3R 4D 5R 6D 7R 

Guanagazapa 153 123 186 133 130 107 124
 

Florida Aceituno 170 134 144 126 163 145 155
 

*Incidence computed on two-weeks experience in each month. The true
 

incidence will be higher than this for an entire month.
 
**R: rainy season (May-October); D: dry season (November-April).
 

Diarrheal and respiratory illness, skin infections and infectious diseases 

were selected for detailed analysis. Respiratory illness and diarrhea 

accounted for 67% of the total morbidity in Florida Aceituno
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and 68% inGuanagazapa. Skin infections and respiratory disease were
 

seen more frequently inGuanagazapa while malnutrltl,'n and chronic
 

diseases occurred more often in Florida Aceituno.
 

TABLE 111.2
 

Total Illness by Disease Category
 

Total Morbidity (May 1973-August 1976)
 

Florida Percent Percent 
Disease Category Aceituno of Total Guanagazapa of Total 

Eruptive and viral 72 1.5 161 3.1 

Trauma 132 2.7 119 1.8 

3.7 8.6
Skin infections 181 439 


Respiratory 1633 33.5 2096 40.8
 

Anemia 92 1.9 77 1.5
 

2.8 3.4
Digestive(l) 139 173 


3.7
Malnutrition 390 8.0 188 


Infectious 572 11.7 458 8.9
 

0.5 0.1
Chronic and subchronic 23 4 


33.7 27.6
Diarrhea 1647 1414 


5129 100.0
Total 4881 100.0 


Person Months 32831 37172
 

(1) Excluding diarrhea.
 

There was significant monthly variation inthe illnesses being
 

monitored (Tables 111.3 and 111.4). For a single individual, it can
 

not be assumed that the two week recall each month represents exactly
 

50% of the incidents of illness during that month. The "true number
 

of illnesses" in any given month for an individual may be less than
 

or more than twice the incidence recorded by the field staff. Doubling
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the average community rate reported should be reasonably close to the
 

"true rate" of illness.
 

TABLE 111.3
 

Mean Seasonal Morbidity Rates for
 

Selected Diseases in Guanagazapa
 

Mean Morbidity Rate/1000 Population (1) 

Time 
Interval Diarrhea Respi ratory Skin Infectious (2) 

Season I (R)(3) 82.4 17.2 24.0 3.0 

2 (D) 39.7 53.8 12.5 3.5 

3 (R) 33.3 109.4 12.4 16.6 

4 (D) 23.3 69.6 7.7 10.0
 

5 (R) 28.2 34.4 8.6 37.1
 

6 (D) 27.8 53.9 10.1 1.6
 

7 (R) 39.5 52.7 9.1 4.3
 

Total (Std. Error) 38.3(1.00) 56.7(1.20) 11.9(0.56) 12.4(0.58)
 

(1) Rates computed on two weeks experience in each month.
 

(2) Infectious diseases: conjunctivitis, btitis.
 

(3) Rainy season (May-October); Dry season (November-April).
 

http:12.4(0.58
http:11.9(0.56
http:56.7(1.20
http:38.3(1.00


TABLE 111.4
 

Mean Seasonal Morbidity Rates for Selected 

Diseases in Florida Aceituno
 

Mean Morbidity Rate/l000 Population 

Time 

Interval Diarrhea Respiratory Skin Infectious 

12.2 26.4
Season 1 (R) 98.5 9.6 

2 (D) 59.2 38.0 4.6 7.7 

3 (R) 40.5 68.5 2.3 11.9 

4 (D) 39.4 55.5 4.6 13.4
 

5 (R) 38.2 55.3 6.2 32.4
 

6 (D) 40.6 49.3 5.1 11.9
 

7 (R) 47.1 62.0 6.8 12.9
 

Total (Std. Error) 50.4(1.21) 49.9(1.20) 5.5(0.41) 17.5(0.72)
 

There was an apparent epidemic of respiratory disease in Guanagazapa
 

during the rainy season of May to October 1974 (Season 3). The etiology 

is not known, nor were there any attempts to determine etiological agents
 

by laboratory analysis.
 

Diarrhea 

No cases of typhoid or cholera was seen in either of the villages.
 

on a sample of the populationSalmonella and/or shigella cultures were done 

and were infrequently isolated from individuals with diarrhea. The
 

diagnosis and the
laboratory tests were not intended to confirm a 


etiology of most diarrheas was not established. No laboratory tests
 

for viral isolations were attempted.
 

Children in the 1-2 year age group had a significantly higher
 

diarrheal morbidity rate than other age groups in these populations
 

(Table IM.5). This age group represents the period when children
 

http:17.5(0.72
http:5.5(0.41
http:49.9(1.20
http:50.4(1.21
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have been weaned and are beginning to walk extensively. They are likely
 

to have the highest fecal-oral exposure. Children seven years and under
 

accounted for 83% of all the diarrhea reported in the total population.
 

TABLE 111.5
 

Diarrheal Morbidity Rate by Age and Sex
 

1
 
Mean Morbidity Rate/l00 Population


Age Group 
(years) 

Guanagazapa 
Male Female 

Florida Aceituno 
Male Female Total 

Std 
Error 

0-1 140.9 99.5 122.4 96.0 113.5 5.68 

1-2 204.8 208.8 218.3 225.4 214.4 7.86 

2-7 69.9 74.3 121.0 98.9 89.1 2.64 

7-15 17.8 26.3 35.0 40.5 28.3 1.39 

15-30 9.5 13.4 11.3 22.6 13.9 0.88 

30-45 15.1 12.8 14.0 30.0 17.3 1.31 

45-99 19.3 33.0 18.1 34.2 25.4 1.55 

(1) Rates computed on two weeks experience in each of 35 months.
 

However, adult diarrhea was probably underestimated. Mild diarrheal 

episodes in adults were not considered as disease events by the villagers 

and often were not reported. Adults who elected to come to the health 

post with complaints of diarrhea usually had clinical dysentery with six 

to eight bowel movements each twenty-four hours.
 

Diarrheal disease was not related to sex except in the one year
 

and under age group where the males had a significantly higher rate than
 

females (Table 111.5). Whether this represents a cultural difference
 

in the maternal management of infant males and females is not known.
 

There appears to be a higher incidence of diarrhea in adult females
 



17 

but this is probably an artifact due to the fuller knowledge of the
 

informant (usually an adult female) about diarrheal episodes in the
 

female family members than in the adult male, who left home each day to work
 

in the fields.
 

Diarrheal morbidity was not seasonal in these populations. Diarrhea
 

did not increase inthe rainy season. Even when adjusted for age and
 

sex, diarrhea was not significantly higher in the rainy season (Tables
 

111.6 and 111.7). However, when all the reference factors, including
 

Table 111.6
 

Diarrheal Morbidity Rate by Age and Season
 

Florida Aceituno
 

Morbidity Rate/lO00 Population
 
Seasons (thirty-five months)
 

Age
 
Category IR 2D 3R 4D 5R 60 7R
 

113
0-1 169 92 85 105 93 120 


1-7 183 152 111 99 98 116 135
 

7+ 55 31 19 18 18 14 19
 

Guanagazapa
 

0-1 151 136 96 94 122 139 98
 

1-7 190 104 93 51 76 69 103
 

7+ 49 15 13 12 10 10 19
 

sanitation, were controlled for in the analysis, both infectious diseases
 

and diarrhea rates were statistically higher (p < .05) in both villages
 

inthe rainy season (see page 79, text and Figures IV.12 and IV.73).
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TABLE I11.7
 

Diarrheal Morbidity Rate by Village, Sex and Season
 

Morbidity Rate/lO00 Population
 

Seasons (thirty-five months)
 

Category IR 2D 3R 40 5R 6D 7R 

Florida 98 59 40 39 38 41 47 

Guanagazapa 82 40 33 23 28 28 39 

Males 82 45 33 31 32 30 40 

Females 98 53 41 31 34 38 47 

size in both villages.Diarrheal morbidity varied with family 

to a family size of five orThe rate increased with family size up 

more persons (Table 111.8 and 111.9). This relationship was not un­

expected since larger families have more persons at risk and
 

index case. However, an analysis of diarrheal
in close contact with an 


(( two years),morbidity rates in families with and 	without infants 

did not show a higher rate in adults in those families wlth children. 

This seems to indicate that infants (i two years) were not the usual 

source of diarrhea for adults in a family. 

TABLE 111.8
 

Diarrheal Morbidity by Family Size and Village
 

Morbidity Rate/IO00 Population
 
Number of Persons in Family
 

Village 1 2 3 4 	 5 5+ 

55 49Florida Aceituno 26 21 	 44 54 


35 38 42 35
Guanagazapa 12 25 
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TABLE 111.9
 

Diarrheal Morbidity for Families of Five
 

or More Persons by Season and Village
 

Mean Morbidity Rate/IO00 Population 

Village IR 20 3R 4D SR 6D 7R 

Florida Aceituno 111 61 39 36 37 41 53 

Guanagazapa 91 44 35 17 28 27 42 

Vi llage Morbi di ty 

Detailed morbidity data for both study villages is presented in 

This data covers 32,831 person-months of morbiditythe Appendix (paqe vii). 


37,172 person-months in Guanagazapa.experience in Florida Aceituno and 

was the leading cuase of morbidity. This was
Respiratory illness 

followed by diarrheal disease, with childhood diseases 
(measles,
 

The morbidity profile for both villages
chickenpox) a distant third. 


was not unusual since it appeared to reflect the experience of a
 

free-living population with poor sanitation and low family incomes. 
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IV. Water and Sanitation
 

A water supply system was constructed 	in Guanagazapa (experimental
 

Part of the cost was borne
village) by the Ministry of Public Works. 


by the project. The construction started inAugust 1972 and was completed
 

in September 1973. The disinfection equipment was installed after the
 

distribution system was on-stream and chlorination began In January
 

approximate total cost of construction of the system was
1974. TI! 


$67,240 or $410 per connection (including a faucet and water meter 
for
 

each connection). This estimate is approximate because it was not
 

possible to compute the exact cost since some of the costs were 
absorbed
 

by the Ministry of Public Works and some of the later connections 
were
 

made by individual homeowners. 

Water was piped into the yard of 103 houses during the original 

By May 1976, an additional 61 connections had been madeconstruction. 


and at the end of the study 164 houses (65%) were using the new water
 

system. In addition, 13 houses in the center of the village were using
 

a small water system which existed prior to the installation 
of the new
 

not
 
system. The water supplied by the old 	system was and still is 


chlorinated (Figure IV.I). 

overAfter construction, the operation of the system was taken 

by the National Institute of Municipal Development (INFOM). 
The community
 

provides a municipal employee who is responsible for bill 
collection,
 

system repairs, meter reading and adjusting and measuring 
residual
 

Each family was charged $10 for a connection to the
chlorine levels. 


system and $0.65 per month for quantities of water up to 30,000 
liters
 

(1000 liters/day). At the maximum consumption rate (30,000 liters),
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The usual water rate in
this is equivalent to 12t per 1000 gallons. 


the United States is 60-80t/1000 gallons, however, $0.65 represents
 

3% of the mean monthly income for workers in Guanagazapa. The mean
 

water consumption in Guanagazapa at the end of the study (July 1976)
 

was 68.4 liters per person per day (Table IV.8). Thus, a family of
 

four would use 273.6 liters per day or 83A5 liters per month. At this
 

the cost of water would be 30t per 1000 gallons for this
 usage level, 


family.
 

Shallow wells were the principal water source in Florida Aceituno
 

(Table IV.l). These wells were generally of the dug variety with no
 

casing. The parapet was usually an old automobile tire and no covers
 

were used. Water was drawn manually by bucket.
 

TABLE IV.l
 

Water Sources in Florida Aceituno 1975
 

Source Percent of FamiliesNumber of Families 

Family well 98 48 

Neighbor's well 47 23 

River 19 9 

Unknown 40 20 

Totals 204 100 

Nine percent of the families in Florida Aceituno carried water
 

from the river which ran beside the village. The river was also used
 

for clothes washing and bathing.
 

Protection of Water Quality
 

continuously
The water distribution system in Guanagazapa was 


reflected in the high bacteriological quality
chlorinated and this was 




23
 

of this water. However, each time a sample was collected for bacteriolo­

gical analysis, the condition of the faucet was observed and the data
 

recorded. Nineteen percent of the faucets were not properly maintained,
 

thirty-one percent were leaking and thirty-four percent were dirty
 

(encrusted with foreign matter). These conditions did not appear to
 

affect the high quality of the water being delivered to the consumer
 

(Table IV.5).
 

An inspection of individual dug wells in Florida Aceituno (control
 

village) was also made when samples were collected. These wells were
 

poorly constructed and protected. Sixty percent were without any type
 

of cover to protect against dirt, insects or other contamination,
 

seventy percent were not cased and most were curbed with an old automobile
 

tire.
 

Domestic water containers in Guanagazapa were not adequately
 

protected to maintain the high quality of the water provided in the
 

distribution system (Table IV.2). Sixty percent of the containers
 

TABLE IV.2
 

Protection and Water Quality in Household Containers
 

in Guanagazapa by Season
 

Percent of Total Examined
 

Container Container Coliform Bacteria 
Season Dirty Uncovered Present 

IR 53% 63% 34% 

2D 61 86 52 

3R 58 84 53 

4D 71 80 40 

5R 90 72 28 

6D 71 50 29 

7R 70 60 49 



24
 

examined were dirly, twenty-four percent were in poor condition and only
 

thirty-three percent were covered. These conditions did not inprove
 

over the course of the study (Table IV.2). Water containers in Florida
 

Aceltuno were inworse condition. Seventy-seven percent were dirty
 

and only twenty-nine percent were kept covered.
 

Chemical Water Quality
 

Fifteen water samples were collected from each village during the
 

study period (1973-75) for chemical analysis. Potable water quality
 

met all the criteria, except turbidity, of WHO's International Standards
 

for Drinking Water (1958) and the United States National Interim Primary
 

Drinking Water Standards of 1975 (Table IV.3). Drinking water in both
 

villages was "soft", contained few total solids and had a neutral
 

pH. The well water in Florida Aceituno was, on the average, more turbid
 

than is desirable.
 

Bacteriological Water Quality
 

Bacteriological water quality in both villages was determined using
 

a field test (Colitester*) and standard laboratory procedure (Standard
 

Methods for the Examination of Water and Wastewater, 12th edition,
 

Source water quality (wells in Florida Aceituno,
APHA-AWWA-WPCF). 


use water quality (domestic
distribution system in Guanagazapa) and final 


containers in both villages) were measured.
 

1. Standard Laboratory Analysis
 

Twenty-one water samples were collected randomly among longitudinal
 

sample families in each village during the study period and analyzed
 

for total and fecal coliform bacteria (Table IV.4).
 

*Millipore Corporation
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TABLE IV.3
 

Chemical and Physical Water Quality
 

Mean Values
 

Florida
 
Constituent (ppm) Aceituno Guanagazapa WHO" United States**
 

3±2 4±5 5 units 15 units
Color 


Turbidity 13±28 2±4 5 units 5 units 

Total solids 165±47 190±43 500 500 

76±28 - -Total hardness 69±20 


Carbonate 
alkalinity 4±5 10±14 -

Bicarbonate
 
--alkalinity 5618 87+43 


Chlorides (Cl) 9±5 3±2 200 250 

Nitrates (NO3) 2±4 0.4±0.5 50-1b 45 

Sulfates (SO4 14±4 15±8 200 250 

Copper .03+0.l 0 1.0 1.0 

Iron .07±0.1 .07O0.1 0.3 0.3 

0 0.1 0.05
Manganese .01±.03 


0 0 0.1 0.05
Lead 

-
-Total alkalinity 56±16 95±41 


.03±.03 1.4-2.4
Fluorides .09±.Ol 1.0-1.5 


pH 6.9±0.6 7.3±0.8 7.0-8.5
 

*Permissible standards 
**National Interim Primary Drinking Water Standards 1975
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TABLE IV.4
 

Bacteriological Water qualit
 
(Laboratory Analysis)
 

Mean Number of Bacteria/l00 ml 

Village and Criteria Well Faucet Domestic Container 

Guanagazapa 

MPN (total coliform) 

Range (total coliform) 

Percent satisfactory 

Fecal colform-

-

-

-

611 

0 - 5420 

42% 

484 

423 

0 - 1609 

25% 

393 

Range (fecal coliform) 

Percent satisfactory 

- 0 ­ 5420 

75% 

0 - 2400 

50% 

Florida Aceituno 

MPN (total coliformn) 

Range (total coliform) 

Percent satisfactory 

Fecal coliform 

1840 

23 ­ 2780 

0% 

1205 

-

-

-

2767 

1300 - 9180 

0% 

1304 

Range (fecal coliform) 

Percent satisfactory 

5 - 2400 

0% 

- 79 - 2400 

0% 
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The laboratory analysis of these samples was used as an external
 

quality control for the field test method. Duplicate samples analyzed
 

by both methods indicated that the results were in agreement for 11
 

samples, questionable for 5 samples and did not agree in 2 samples.
 

2 Colitester Analysis
 

The Coli-Count Water Tester (Millipore Corporation, Bedford,
 

Massachusetts) provides a simple, rapid, field method for detecting
 

the presence or absence of coliform bacteria in water.
 

a. Guanagazapa Water Distribution System. Six hundred and ninety­

eight samples were tested. Ninety-seven percent of these samples were
 

free of coliform bacteria (satisfactory quality). The results are shown
 

in Table IV.5. These results demonstrate the high quality of water
 

delivered to the homes connected to the distribution system.
 

TABLE IV.5
 

Bacteriological Water Quality in Guanagazapa
 

Distribution System Water 
Colitester Analysis (faucet) Container 

Number of samples 698 753 

Percent satisfactory (no coliforms) 97.3% 65.2% 

Samples with 155 coliform/lO0 ml 15 142 

Samples with >5 coliform/l00 ml 4 120 

b. Guanagazapa Domestic Water Containers. The use of domestic
 

water containers decreased in Guanagazapa over the period of the study.
 

It became more convenient to go directly to the faucet in the yard and
 

collect only the amount of water which was needed for a specific use.
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Seven hundred and fifty-three samples were analyzed and sixty-five
 

percent contained no coliform bacteria (Table IV.5). When water
 

final use water, i.e., stored in a container
containers were used -the 


in the home - was of a lower bacteriological quality than that in the
 

distribution system. This contamination could have resulted from using
 

a dirty container, from the air or from human sources (Table IV.2).
 

One objective of the sanitary education program was to improve final
 

use water quality (Chapter V).
 

c. Florida Aceituno Well Water. Five hundred and five samples
 

were tested. Forty-eight percent of these samples were free of coliform
 

Source water quality in Florida Aceituno was
bacteria (Table IV.6). 


This correlates well with the poor construction
generally unsatisfactory. 


and protection of individual wells in this village.
 

TABLE IV.6
 

Bacteriological Water Quality in Florida Aceituno
 

Water 

Colitester Analysis Well Container 

Number of samples 505 875 

Percent satisfactory (no coliforms) 48.3% 40.6% 

Samples with l 5 coliform/lO0 ml 133 206 

Samples with>5 coliform/l00 ml 97 314 

d. Florida Aceituno Domestic Water Containers. Eight hundred
 

and seventy-five samples were analyzed and fifty-nine percent were
 

positive for coliform bacteria (Table IV.6). Even though only 52%
 

of the well samples contained coliform bacteria, 59% of the samples
 

from domestic containers were contaminated. This substantiates the
 



data from Guanagazapa that the containers were a source of contumination
 

for final use water quality.
 

Water Consumption
 

Families in Guanagazapa used, on the average, two and one-half
 

times as much water per person (68.4 liters/person/day) as those in
 

Florida Aceituno (26.0 liters/person/day) after the installation of the
 

water system (Table IV.8). Water consumption in Guanagazapa increased
 

in the first few months after the new distribution system was onstream
 

(Table IV.7) but then leveled off between 70-80 liters per person per
 

day and remained relatively constant, on the average, for the remainder
 

of the study. All of this increase does not represent a true doubling
 

of water use. Some of the increase was due to transference of water
 

TABLE IV.7
 

Mean Water Consumption in Guanagazapa
 
(Six Months Experience with Distribution System)
 

Water Consumption
 

Month liters/person/day*
 

October 1973 40.3
 

November 1973 
 49.2
 

48.3
December 1973 


January 1974 70.4
 

February 1974 71.2
 

68.8
March 1974 


July 1976 64.5
 

*Sample includes all families using distribution system.
 

Consumption computed from water meters. Consumption data
 
exceeding 200 liters/person/day was considered spurious
 
and excluded in the computation of means. (see text).
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TABLE IV.8 

Mean Water Consumption inGuanagazapa
 
and Florida Aceituno by Quarter 

Mean Water Consumption 

liters/person/day* 

Quarter Florida Aceituno Guanagazapa 

1 (5/73) -

2 - 40.3 

3 24.6 56.0 

4 21.8 70.2 

5 31.3 63.8 

6 18.0 61.9 

7 33.6 79.0 

8 27.1 82.0 

9 25.2 70.2 

10 22.1 70.0 

11 25.5 80.0 

12 32.2 74.0 

13 (9/76) 24.6 73.5 

Mean 26.0 68.4 

*Florida Aceituno: consumption computed on longitudinal families
 

only, recall method used to compute usage, and usage above 200 li/p/d
 
excluded (see text).
 

Guanagazapa: consumption collected on all families using the distribution.
 
system, usage computed from water meters, and usage above 200 l/p/d
 
excluded (see text).
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.se activities from the river or the community "pila" to the home. 

However, this usage pattern does demonstrate that, when a high quality
 

chlorinated water is available, it will be used for most household
 

purposes. (Figures IV.2 and IV.3) Family consumption which exceeded
 

200 liters/person/day was not included in the computation of means shown
 

in Tables IV.7 and IV.8. This rate was so much above the mean that
 

itwas assumed that leakage had occurred or the water was being used
 

for agricultural or other non-household purposes.
 

The amount of water used, on the average, in Florida Aceituno
 

(control village) was significantly less than that in Guanagazapa
 

(Table IV.8). However, the data for this community was obtained by
 

recall and represents only the water which was drawn from !he well and
 

does not include the use of the river for laundry and bathing purposes.
 

The river in Florida Aceituno was in close proximity j the village which
 

was not the case in Guanagazapa.
 

Water Uses
 

Each month longitudinal families in both villages ,..are asked for
 

what purposes they used water in the home (Table IV.A). In both villages,
 

most families brought water to the house (faucet in the yard is assumed
 

to mein water in the house) for personal hygiene purposes, food preparation
 

and the washing of eating and cooking utensils.
 

In Florida Aceituno, less than one-third of the families did their
 

laundry and less than one-fifth bathed at home. Eighty percent of the
 

families in Guanagazapa washed clothes and bathed at home. These data
 

were collected starting in November 1973, thus the water use practices
 

prior to the installation of the water discribution system is not known.
 

Twenty percent, on the average, of the families observed in Guanagazapa
 



FIGURE IV.2 

Mean Water Consumption by Family in Guanagazapa 
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FIGURE IV.3 

Mean Water Consumption by Family in Florida Acetuno 
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TABLE IV.9
 

Home Water Uses in Guanagazapa
 
and Florida Aceituno by Season
 

Percent of Families
 

Seasons
 

Water Use 1R* 2D 3R 4D 5R 6D 7R
 

........... Florida Aceituno .............
 

Personal hygiene - 100 92 100 98 98 100
 

Food preparation - 100 100 100 99 99 100
 

Utensil washing - 95 96 96 92 96 96
 

Laundry - 28 23 33 31 30 19
 

Bathing - 26 16 16 18 10 12
 

............... Guanagazapa ..............
 

Personal hygiene - 100 100 100 100 100 97
 

Food preparation - 100 100 99 100 100 100
 

Utensil washing - 100 100 99 100 99 97
 

Laundry - 75 83 83 80 91 84
 

Bathing - 75 79 80 80 91 79
 

*Information not available.
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continued to wash clothes and bath away from home even though water 

was available in their yards and the cost per month was the same 

whether they used 1 or 30,000 liters. 

More detailed data on the protection of water sources, protection
 

of water quality and water consumption are shown in Appendix IV (page xxix).
 

Housing Quality and Household Sanitation 

Forty-nine randomly selected houses in Guanagazapa were thoroughly
 

inspected in Aujust and September 1972 at the beginning of the study. 

These inspections were used to document housing quality including
 

construction, number and arrangement of rooms, housekeeping, presence
 

of domestic animals, and protection of food and water. Based on
 

observations made during the study period, these 49 homes were representative
 

of the village as a whole.
 

Only two houses in the sample formed a duplex, most were single
 

unattached structures. House size ranged from one to eight rooms (Table IV.0)
 

TABLE IV.lO
 

Number of Rooms in Guanagazapa Houses
 

Rooms Number Houses Percent 

1 15 31 

2 19 39 

3 7 14 

4 6 12 

5 1 2 

6 0 0 

7 0 0 

8 1 2 

Total 49 100 
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with 31% (15) single room dwellings in which all 	eating, sleeping and
 

The cooking hearth
leisure activities took place in that one room. 


(usually an open fire) was located outside at many of these homes.
 

In houses with two or more rooms, one of the rooms was usually a kitchen­

dining area. Lighty-four percent of the houses contained three rooms
 

or less.
 

The quality and permanence of construction materials was generally
 

Larger houses usually were more permanent
a function of house size. 


our sample
and substantial. For example, the one eight room house in 

roof, adobe walls and a cement floor in was constructed with a metal 


the kitchen. However, there were earthen floors in the other rooms.
 

kitchen floors and eighty percent of the other
Sixty-one percent of all 


our sample were earth (Table IV.11). Only 9 houses had cement
floors in 


floors throughout the structure.
 

Metal was the most common roofing material. Even though it was
 

more expensive than cane or bamboo, it provided better protection 
during
 

the rainy season.
 

Seven families (14%) had provided compounds to restrain domestic
 

animals. Animals were observed inside or in the yard of 90% of the
 

homes inspected. Twenty-nine percent of the families had chickens,
 

twenty-three percent had dogs, fourteen percent had pigs, twelve 
percent
 

had cats, six percent had ducks, four percent had parrots, and two percent
 

had rabbits. These animals were usually allowed to wander freely in
 

and out of the house.
 

Only minor structural
Annual surveys were made of these houses. 


-

improvements were made during the course of the study (August 

1972 


August 1976). The only structural modifications 	advocated by the project 



TABLE IV.11 

Housing Construction in Guanagazapa 

Number of Houses 

Cane- Wood None 

Component Adobe Metal Bamboo Straw Tile Cement Earth Boards Present 

............................. .Living - bedroom(s) ........................................ 

Roof 44 3 2 
Walls 8 32 _3 6 

Floor 4 6 39 

..................................... Kitchen ............................................... 

Roof 23 7 3 16 

Walls 4 24 1 4 16 

Floor 2 3 30 14 
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were the installation of a door barrier to keep animals out of the kitchen
 

and the construction of a latrine.
 

Home Sanitation
 

Regular surveys were made throughout the study (see Methodology)
 

to determine the sanitary conditions of houses included in the longitudinal
 

sample in both villages. Sixteen criteria were chosen as being repre­

sentative of sanitary behavior in Guanagazapa and Florida Aceituno (Table
 

IV.12). These results indicate that garbage and trash were poorly handled,
 

domestic animals were frequently present in the kitchen, eating utensils
 

were not stored to prevent contamination, and housekeeping was poorly done.
 

Maintaining a clean home environment was extremely difficult because of
 

dusty conditions in the dry season, continual mud in the rainy season,
 

earth floors, and the loose construction of walls and roofs. Except for
 

one criteria, cleanliness of clothing, home sanitation was superior in
 

Guanagazapa.
 

Nine of the sixteen criteria were examined over time (by season)
 

to detect improvement in sanitary behavior (Table IV.13). This methodology
 

was also used to evaluate the impact of the health education program in
 

Guanagazapa (see Chapter V). There appeared to be some improvement in:
 

(1)the use of barriers to exclude animals from the kitchen; (2)the
 

protection of cooked food; (3)the condition of the kitchen floor (absence
 

of trash and garbage); and (4)the removal of trash and garbage from the
 

yard. However, there was also improvement in the handling of trash and
 

garbage in Florida Aceituno, both inside and outside the house, and no
 

health education program was instituted in this village.
 

Additional data on housing quality and sanitation is presented in
 

Appendix IV(Page Ilii).
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TABLE IV.12 

I!ome Sanitation in Study Villages
 

Mecan Percentage of Sanisfactory Observations*
 

Florida
 
Environmental Variables Guanagazapa Acel tuno 

Cleanliness of informants clothes** 76% 85% 

Animals in the kitchen 46 42 

Kitchen barrier present 8 1 

Glasses and cups properly stored 19 10 

Cooked food protected 94 94 

Fecal material on kitchen floor 67 52 

Flies seen on food 66 61 

Garbage on kitchen floor 62 42 

Eating plates protected from animals 96 95 

Garbage and trash burned 1 3 

Garbage in the yard 47 41 

Latrine clean 61 50 

Yard recently swept 50 40 

Cleanliness of family's clothes** 72 83 

Cleanliness of house** 50 45 

Soap observed in house 61 36 

*lean percentages rounded to nearest whole integer.
 
**Met the norm for the village.
 



TABLE IV.13
 

Home Sanitation in Study Villages by Season
 

Selected Environmental Variable:
 

Mean of Satisfactory Observations (Percent and Standard Error)*
 

Animals Kitchen Cooked Food Fecal Matter on Flies on Garbage on Latrine Garbage Yard
 

Season Kitchen Barrier Covered Kitchen Floor Food Kitchen Floor Clean in Yard Swept 

Florida Aceituno ......................................................................................... 


IR** 57(3.5) 3(1.3) 48(3.9) 99(0.5) 99(0.6) 48(3.5) 56(7.1) 16(2.5) 47(3.4)
 

2D 34(3.6) 1(0.6) 61(4.1) 61(3.7) 95(1.7) 25(3.3) 40(7.4) 7(1.9) 51(3.8)
 

3R 31(3.3) 5(0.5) 58(3.7) 42(3.5) 73(3.2) 23(3.0) 74(6.9) 17(2.6), 38(3.4)
 

4D 28(4.8) 1(1.1) 58(5.6) 34(5.1) 61(5.4) 32(5.0) 45(11.4) 35(5.0) 36(5.0)
 

5R 30(2.9) 1(0.6) 41(3.2) 30(2.9) 41(3.2) 48(3.2) 66(6.1) 56(3.2) 34(3.0)
 

6D 40(5.6) 3(1.8) 57(6.0) 38(5.5) 60(5.9) 35(5.4) 65(10.2) 47(5.6) 35(5.4)
 

7R 59(3.8) 1(0.6) 59(4.0) 71(3.5) 63(3.8) 60(3.3) 48(7.6) 70(3.5) 55(3.8)
 

Guanagazapa ................................................
 ................................................. 


1R 17(2.6) 2(1.0) 53(3.6) 71(3.2) 94(2.0) 20(2.8) 83(3.9) 11(2.2) 58(3.5)
 

2D 20(2.8) 1(0.7) 54(3.6) 42(3.4) 59(4.3) 22(2.9) 69(5.0) 19(2.7) 40(3.4)
 

3R 39(3.5) 2(0.9) 48(3.8) 60(3.5) 80(3.5) 23(3.0) 35(6.5) 29(3.2) 30(3.2)
 

4D 41(4.8) l(1.0) 74(4.6) 70(4.4) 65(5.2) 50(4.9) 47(7.1) 57(4.8) 56(4.8)
 

5R 54(3.3) 17(2.5) 76(2.9) 81(2.6) 47(3.3) 35(3.1) 58(5.1) 61(3.2) 60(3.2) 4b
 

6D 53(5.8) 24(4.9) 81(4.7) 70(5.3) 66(5.6) 43(5.7) 86(5.5) 55(5.7) 55(5.7) 


7R 46(4.0) 29(3,5) 81(3.2) 62(3.9) 79(3.2) 62(3.9) 67(4.4) 68(3.7) 57(3.9)
 

*Mean rounded to nearest whole integer and standard error to one decimal place.
 
**R-rainy; D-dry. 

0 
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Crowding In the Home
 

Some investigators have suggested that crowding in the home, institution
 

or military barracks can contribute to morbidity.
 

The number of persons occupying bedrooms and total rooms in Guanagazapa
 

was consistently higher (>1.0 persons/bedroom, and 1.0 persons/room) than in
 

Florida Aceituno (Table IV.14). The mean and standard deviation of
 

respiratory illness and diarrheal disease rates were plotted against crowding
 

in bedrooms and in total rooms for both villages (Figures IV.4 through IV.11).
 

Morbidity rates did not increase with either more persons per bedroom or more
 

persons per room.
 

Additional data on crowding and morbidity is shown in Appendix IV(page liii).
 

Data Analyses For Morbidity-Sanitation-Water Associations
 

The combined census, morbidity, and sanitation data have been examined
 

quite extensively by general linear and categorical models in an attempt
 

to reveal any significant relationships between any of four types of morbidity
 

and any of the study's measures of household sanitary quality or changes
 

in sanitary quality. All of the analyses were adjusted for known "noise
 

factors" such as month-to-month variability or seasonal differences. The
 

analyses also included adjustments for, or took accouiat of, factors such
 

as age, sex, size of family and village, which are believed to influence
 

morbidity. The results were adjusted for these factors so that the effects
 

of sanitation could be estimated and tested "clearly", free of the possible
 

effects of other characteristics, which might also affect morbidity. Four
 

classes of morbidity were examined exhaustively: skin infections, infectious
 

diseases, respiratory diseases and diarrhea. The sanitary measurements, which
 

were examined, came from three survey instruments (see Methodology): Monthly
 

Sanitation Survey (Form 32), Water Consumption and Usage (Form 37) and Water
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TABLE IV.14
 

Household Crowding in Study Villages by Season
 

Mean of Observations
 

Persons/Bedroom Persons/Room
 

Season Guanagazapa Florida Aceituno Guanagazapa Florida Aceituno
 

4.0lR* 5.4 4.1 5.1 
3.84.9 4.0 4.7 
4.2
3R 5.2 4.3 5.1 


5.3 4.5
4D 5.4 4.6 

4.45R 5.6 4.5 5.5 
4.36D 5.7 4.4 5.2 

5.4 4.3
7R 5.8 4.4 


*R-rainy; D-dry. 
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FIGURE IV.4
 

Diarrheal Morbidity Rate Versus Total Room Crowding Index
 
(Guanagazapa)
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Persons/room: rounded to nearest whole integer.
 



FIGURE IV.5 

Diarrheal Morbidity Rate Versus Bedroom Crowding Index 
(Guanagazapa) 
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FIGURE IV.6 

Diarrheal Morbidity Rate Versus Total Room Crowding Index 
(Florida Aceituno) 
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FIGURE IV.7 

Morbidity Rate Versus Bedroom 
(Florida Aceituno) 

Crowding Index 

-I 

Mean and Standard Deviation 

I A 

I A 

Diarrhea 
Rate/O00 

iA, 
A. 

,"' 

I 

! 
!A 

A 

A A, 

A 

A 

A 

A.. 

A A 

A 

A 

A 

A 

I 
-- - - -

A 
- - - - - - - - -- - - - - - - - - - - - -- - - - - .... ... --- ---- --- _ .. . .. 

10 

Persons/Bedroom 

Legend: A= 1 observation, B= 2 observations, etc. 
Persons/Bedroom: rounded to nearest whole integer. 



FIGURE IV.8
 

Respiratory Morbidity Rate Versus Total Room Crowding Index
 
(Guanagazapa)
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Persons/room: rounded off to the nearest whole integer.
 



FIGURE IV.9 

Respiratory Morbidity Rate Versus Bedroom Crowding Index 
(Guanagazapa) 
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FIGURE IV.lO 

Respiratory Morbidity Rate Versus Total Room Crowding 
(Florida Aceituno) 

.+Mean and Standard Deviation 

IS 

.~t .e A 

IA 

Respiratory .. nn h±.. A A 

DiseaseA 
Rate/bOO I 

A 

AA 

A.-. A 

A-- A -- A-
C - A 

A 
A 

AA A 

-I 
A A A A 

Legend: A= 1 observation, S= 2 observations, etc.
 
Persons/room: rounded to nearest whole integer.
 



FIGURE IV.ll
 

Respiratory Morbidity Rate Versus Bedroom Crowding Index
 
(Florida Aceituno)
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Quality Survey (Form 26).
 

Unfortunately, perhaps, the results of these analyses may be succinctly
 

summarized. The variables which were "controlled for" in the analyses,
 

such as age, community, month (or quarter or season), and size of family
 

were typically shown to have discernable effects on morbidity. The sizes
 

of the estimates of the effects were different for the different types
 

of morbidity and also varied from analysis to analysis, depending upon the
 

"adjustment variables" being used.
 

In contrast, there were no sanitary status variables which showed
 

persistent effects on morbidity. That is, if a statistically significant
 

one group, the effect would not be significant for another
effect was found in 


for example, a group with identical characteristics
related group, as 


except for a difference in age or sex. Moreover, when statistically significant
 

effects were plotted on graphs, the "effects" proved to be very indefinite.
 

One can conclude from these analyses that chariges in sanitary quality
 

of the magnitude observed in these villages did not produce striking changes
 

in morbidity over the relatively short period of this study. Some very
 

small trends or associations with sanitation may have been detected.
 

For example, increased water consumption in Guanagazapa was associated with
 

decreased diarrhea and skin infections in children aged 13-24 months,
 

not possible to
but the trends or associations are so small that it is 


"separate the signal from the noise." A large number of statistical tests
 

were performed in these analyses and the proportion of "statistically
 

significant" test results was near 5%, about what would be expected when
 

testing at the 5% significance level. It was therefore difficult to determine
 

or the result of random
if effects, such as the one noted above, are real 


variability. Using scatter diagrams, in which morbidity is plotted against
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water consumption [actually, loglo water consumption], it is apparent that
 

even if an effect exists, it was quite small over the time period of this
 

study and is masked by random variability in morbidity experience.
 

A comprehensive description of one statistical analysis, which indicates 

the complexity of the models and the number of variables invlved, is presented 

here. This type of analysis was done for all variables of interest. 

1. General Linear Model Analysis of Family Monthly Morbidity Data for
 

Associations with Monthly Sanitation Survey Variables 

The influence of water consumption and sanitary behavior upon morbidity 

was examined using the monthly family morbidity data. For each family,
 

morbidity rates were computed each month for four categories of morbidity
 

(respiratory diseases, skin infections, diarrhea, and infectious diseases).
 

In this analysis, observations on a particular family in different months
 

were treated as independent. For three of the disease categories (skin
 

infections, respiratory diseases, and infectious diseases), the empirical 

evidence (i.e., month-to-month correlations over families) indicates that
 

this assumption is justified. For diarrhea, correlation of "within family
 

morbidity" was found, but the magnitude was so small that the effect on
 

It should be noted that the effect of such correlations
the results is minor. 


would be to increase bias in the tests of hypothesis. Thus for 

diarrhea, marginally significant results must be viewed with some 

caution.
 

General linear model techniques were used to examine the effect of
 

the various predictor variables on the morbidity rates. The factors studied
 

were:
 

a. Village. Florida Aceituno versus Guanagazapa
 

b. Family size. 1, 2, 3, 4, and 5+ family members 
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c. Month. Thirty-five calendar months for which morbidity data were
 

available
 

d. Sanitary Condition Variables. An indication of whether or not a
 

this 	family during the monthsanitary survey (Form 32) was made on 

and, 	if so, sanitary condition as assessed by each of eleven questions
 

from Form 32. 

or note. Longitudinal Sample Membership. An indication of whether 

this 	family was a member of the lonqitudinal sample.*
 

f. Water Consumptir, (in Guanagaza only). An indication of whether 

or not the family had piped water, and if so, monthly water consumption
 

For each of these factors, a number of indicator variables were created.
 

precise form of these variables will be described in a subsequent section.The 

it becameIn the course of the preliminary examination of these data, 

evident that the variance of the morbidity rates changed as a function of
 

family size, large families showing greater variability. In order to
 

was necessary to use weighted least squares techniques,
deal with this, it 


a straightforward generalization of ordinary least squares (c.f. Searle,
 

1971; Bock, 1975).
 

2. 	 General Description of the Models Fit 

For practical puc oses, one can consider that eight separate models 

were fit, one for each of the four morbidity categories in each village.
 

At a later stage, the two "within village models" for each morbidity type
 

were combined in order to assess interactions of the various other factors 

The general structure of all eight models is identical. The
with village. 


model described in this section is thus the modei applicable in each case.
 

The 	 form of the model is: 

*The longitudinal sample is described in the Methodology report for the
 

p! ject. Membership in the sample is based on the participation of a family
 

member in the Detailed Absorption Studies (Section VII).
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P
 
Yi =1 E; Xli = e '"9
j-- i=1,2,...,N. 

Yi is the observed morbidity rate for the i-th family in a specific month 

(in FA, N=7715 observations; in GU, N=7619 observations). Xii is the value 

of the i-th observation (family for a particular month) on the j-th "inde­

pendent variable". These independent variables were computed from the factors
 

listed above and described in the next section. In Florida-Aceituno 63 such
 

variables were used while in Guanagazapa 65 were used.
 

ei = Yi " Ei Xi.-8 is the observed morbidity rate (Yi) minus the "model 

predicted" morbidity rate, ZjXii j . We assume ei is random and arises from 

a distribution with a zero population mean and a population variance which 

depends upon cofmunity, family size, and type of morbidity rate. 

It is not possible to know the exact values of the Bi, the model's 

primary parameters. The method of weighted least squares is used to estimate 

the 0. and the estimate of a. is called b. The precision of the estimate, 

b., is indicated by its standard error. 

3. Description of Independent Variables in the Model and Corresponding 

Primary Parameters 

One or more independent variables were created from each of the factors 

listed above. Most of these were "indicator variables" which take on only 

values of 0 or 1. For example, one independent variable in the model was 

an indicator variable which corresponds to longitudinal family membership. 

This variable has a value of 1 if the observation comes from a longitudinal 

sample family and 0 otherswise. In some cases, more than one indicator 

variable was genevated corresponding to family size. Every observation 

has a 1 in each of the indicator variables, its position depending on the 

number of people in the family, as shown in Table IV.15. 
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TABLE IV.15 

Formation of Family Size Indicator Variables
 

Indicator Variable 

1 2 3 4 

1 1 0 0 0 

Family 2 0 1 0 0 

Size 3 0 0 1 0 

4 0 0 0 1 

.5 0 0 0 0 

Corresponding to each such variable is a oi, one of the primary para­

meters. The model parameters, rather than the study variables, are used
 

here because they are more meaningful.
 

The primary parameters were grouped to represent the effects on
 

morbidity attributable to:
 

a. Family size (Variables: vvFAMl - vvFAM4) 

b. Calendar month (Variables: vvMNTHl - vvMNTH35)
 

c. Environmental conditions (Variables: vOBSFAMO - vLATCLI)
 

d. Participation in the environmental survey (Variable: vHAV32)
 

e. Membership in the longitudinal sample (Variable: vLNGSAMP)
 

f. Having piped water and water consumption (Guanagazapa only).
 

(Variables: GHAVWAT, GLOGFMWT).
 

[Note: vv denotes the letters FA or GU; v denotes the letter F or G, depending
 

on the village involved.]
 

Monthly "Adjusted" means
 

The data for this analysis included 35 calendar months and the model
 

includes one parameter for each month. The estimate of the parameter
 

corresponding to a particular month is the adjusted mean morbidity rate
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for the month for families satisfying the following conditions:
 

a. Family size: 5 or more
 

b. Month: the specified month
 

c. Environmental conditions: not surveyed
 

d. Participation in environmental survey: Not surveyed
 

e. Membership in longitudinal sample: Family not in longitudinal
 

sample
 

f. Piped water supply: Family does not have access to piped water
 

supply
 

These conditions are called the "reference levels" of these factors.
 

to data from each
For practival purposes, a separate model was fit 


of the two villages. Each monthly mean was "adjusted" for the other
 

xuove. Thus,
variables to reflect the values of the six variables given 


for example, the adjusted mean diarrheal morbidity rate for Guanagazapa
 

7.2(adjusted mean ± standard
families in May 1973 (month 7305) was 35.9 ± 

(Figure IV.12) while theerror) incidents reported per thousand persons 

(adjusted mean ±corresponding rate in June, 1973 (7306) was 130.5 ± 7.1 


standard error). The corresponding rates in Florida Aceituno (Figure
 

This
P1.12) were 52.9 ± 8.4 in May 1973 and 168.4 ± 8.3 in June, 1974. 


large jump in diarrheal morbidity from the first to the second morbidity
 

survey is discussed in additional detail in Chapter III.
 

The parameters (and estimates) corresponding to family size represent
 

the average difference in morbidity rate between families of a given size
 

or more members if all other factors are equal. Thus,
and families having 5 


the coefficient for family size = 1 (Table IV.16) has a value of -25.8 ±
 

This means that in Guanagazapa, other
4.4 (coefficient ± standard error). 


factors being equal, single-person families had an average diarrheal
 



FIGURE IV.12
 

Adjusted Diarrheal Morbidity Rates In Guanagazapa By Month
 
(Mean and Standard Error)
 

i 

Diarrhea 
Rate/1000 ­

t 

C5 

12 26 20 2kL 28 40 41 is 
Note: Adjusted to reference levels for all face'ofs (see text). 



TABLE IV.16
 

Increments In Monthly Diarrheal Morbidity Rates
 
Associated With Selected Parameters
 

Florida Aceituno Guanagazapa 

Parameter Rate S.E. Significance Rate S.E. Significance 

Faily Size = 1 -22.1 5.6 ** -25.8 4.4 ** 

Family Size = 2 -31.8 3.9 ** -10.3 4.1 * 

Family Size = 3 - 7.2 3.7 NS - 0.4 3.9 NS 

Family Size = 4 4.2 3.8 NS 1.4 3.6 NS 

Surveyed, Form 32 118.3 71.3 NS - 1.5 108.8 NS 

Longitudinal Sample 2.9 2.8 NS 2.2 2.6 NS 

Piped Water Supply ----------- NA 20.5 15.1 NS 

Legend: NS: p>.05; /t/<l.96
 
•: p<.05; /t/>l.96
 

•*: p<.Ol; /t/>2.58
 

CO 
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morbidity rate 25.8 ± 4.4 units below the rate for Guanagazapa families of 

5 or more persons. Similarly, the family size =2 coefficient indicates 

Guanagazapa families of two persons had an average diarrheal morbidity rate
 

10.3 ± 4.1 units below the rate for Guanagazapa families of 5 or more persons. 

Families of 3 persons and those of 4 persons had essentially the same rates 

as the 5+ person families, the estimated difference being 0.4 ± 3.9 units 

lower for size 3 families and 1.4 ± 3.6 units higher for 4 person families. 

Table IV.16 presents the increments for mean diarrheal morbidity rates for 

families of sizes 1, 2, 3, and 4 compared to families of 5 or more persons 

averaged over months and for "reference levels" of the other factors.
 

The parameter corresponding to longitudinal sample membership
 

represents the average difference in morbidity between families in and 

not in the longitudinal sample, holding the other factors constant at
 

their reference levels. Thus, one can see from Table IV.16 that, in
 

Guanagazapa, mean diarrheal morbidity for families in the longitudinal
 

sample was 2.2 ± 2.6 units higher than the rate for families not in the 

sample. In Florida Aceituno, families in the longitudinal sample had 

mean diarrheal morbidity rates 2.9 ± 2.8 units higher than those not in 

the longitudinal sample, with all other factors again held constant at 

their reference levels.
 

One parameter in the model corresponds to the incremental effect
 

on morbidity of having been surveyed with a Form 32 in a given month in 

Thus,
comparison to the reference condition of not having been surveyed. 

on the average (Table IV.16), families who were surveyed had d-arrheal 

morbidity rates 118.3 ± 71.6 units higher in Florida Aceituno ano 1.5 ± 

108.7 units lower in Guanagazapa than families who were not surveyed.
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In addition, the model has 11 pairs of parameters, each pair corres­

ponding to one sanitation variable from Form 32. The reference level for 

each Form 32 variable is "not surveyed". For each variable, the first 

of the two parameters represents the increment inmorbidity associated 

with a negative response for the particular Form 32 variable. "Negative 

response" means that response which, for any particular item, corresponds
 

to a less sanitary condition regardless of whether this was coded as a
 

yes or a no answer to a particular sanitary condition. Diarrheal morbidity
 

for families in Florida Aceituno with a negative response to the variable
 

KFLIES (i.e., families who had flies in the kitchen) was on the average,
 

6.1 ± 16.5 units lower than that for families who were not surveyed (Table 

IV.17). The second parameter represents the increment in morbidity 

corresponding to a positive response in relation to the negative category 

(not in relation to the reference level). Thus, families with a positive 

response to KFLIES in Florida Aceituno had a mean diarrheal morbidity 

rate -10.5 ± 7.9 units lower than families with a negative response. For 

KFLIES, then, the average difference in diarrheal morbidity between the 

families not surveyed and those with positive responses is 6.9 ± 10.5 = 

17.4 units. The pairs of parameters for the ten other Form 32 variables
 

were defined by the same analogy.
 

In Guanagazapa, the model has two parameters for water consumption. 

The first is simply the incrmental effect of having a water tap beyond 

the reference level of "no tap". Families with a water faucet had an 

average rate of diarrheal morbidity 20.5 ± 15.1 units higher than that 

The second water parameter is the coefficient
of families without. 


of the loglo of the monthly family water consumption in liters per person
 

per day. Thus, it is the slope of a regression line relating morbidity
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TABLE IV.17 

Increment in Monthly .Diarrheal Morbidity Rate
 
Associated With Sanitary Variables (Form 32)
 

FLORIDA ACEITUflO 	 GUAtiAGAZAPAVARIABLE 
AND 	 RESPOISE 
 RESPOIISE 

+ ,,D*ESCRIPTIOI - , 	 " 
RAlE SE SIG. ITE SE SIG. RATE SE SIG. PATE SE SIG. 

42.1 32.7 NS .12.8 8.0 I1S 21.2 37.1 HS -11.1 5.7 NSOBSFAl 

eration atout
foully
 

KS .3 5.5 NSIKFCLOTil -128.1 80.7 HS 2.7 8.2 NS -13.3 150.6 


tate of informant's
 
clothes 

d 

NS -1.3 46.9 KS -2.4 5.0 KS
I.GARFLR 30.1 96.7 KS -1.5 6.1 

(itchen - Garbage an 

floor 

8.1 24.7 NS 	 -27.3 64.0 US -7.3 8.0 USKJARRIR -62.4 164.0 US 

3 tchen - 33rrier
 

against inials 

US
1K 51.0 	132.1 KS 5.8 5.2 US 20.7 56.9 US 3.9 4.4IMAL 

nAls in Litchen 

9.5 KS -8.7 5.3 US
" KFDCOV 6,7 13.4 KS 5.0 7.6 NS 6.7 

:oked food covered
 

ISK-FLIES -6.1 16.5 11S -10.5 7.9 US 3.7 9.0 US 4.3 5.2. 

les on food I
 

US -.3 5.0 HS 5.2 6.2 NSLCOMTCV 6.2 7.1 US -8.4 6.1 

later container coverec
 

OJGAREAG 18.9 72.9 US 1.3 6.9 14S -26.6 132.9 US 9.1 8.8 KS 
arb'age outside 

-2.1 6.1 US 32.9 74.2 US -8.2 8.4 USOSIEPT -59.0 60.8 US 
fard swept 

NS -1.1 5.9 US -5.5 6.7 KSOJAICL -12.9 7.3 US -5.7 9.7 
.atrine Clean
 

Note: NS: 	 p>.05; /t/<1.96 
p>.05; /t/k1.96 
p<.01; /t k2.58 
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rate 	to amount of water consumed. The estimate of this slope is -6.3
 

± 3.8 units for this effect. Hence, the trend of the relationship is for 

diarrheal morbidity to decrease as water consumption increases (with
 

all 	other factors held constant). 

Description of Hypotheses Tested and Secondary Parameters Estimated 

The model was constructed to answer most questions relating to many
 

of the primary parameters. In addition, there were a number of secondary
 

parameters (linear combinations of the primary parameters) which were
 

estimated and about which corresponding hypotheses were tested.
 

1. 	Questions Involving Primary Parameters
 

a. 	What was the extent of the association between sanitary conditions
 

(as indexed by the eleven Form 32 items)*and morbidity rates?
 

b. 	In Guanagazapa, what was the extent of the linear relationship
 

between the log of water consumption and morbidity?
 

c. 	What was the effect of family size (categorized as 1, 2, 3,
 

4, 	5+ persons) on morbidity? 

d. 	Was there an effect on reported morbidity by simply having been
 

surveyed with Form 32 in a particular month?
 

e. 	What was the difference in morbidity rates between families
 

in the longitudinal sample and those not in the sample?
 

These questions were directly addressed by the primary parameters of the
 

model. Note that each of these questions was evaluated within each of
 

the two variables. The differential effects of these factors (between the
 

two villages) are also obviously of interest. They were estimated as
 

secondary parameters.
 

2. 	Estimates of Secondary Parameters and Corresponding Questions of
 

Interest
 

*Copies of the forms are included in the project report and appendix 

on methodology. 
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a. Was there sighificant 	variability in morbidity from month to 

month? This was assessed by taking the difference between the
 

estimated morbidity rate for August 1976 and the estimated rate
 

for each of the other months. These are differences in the
 

All other factors
primary parameters for months defined earlier. 


The test of the
were controlled at their reference levels. 


monthly differences i's then a simultaneoushypothesis of no 

test of whether all 34 of these secondary parameters are equal 

to zero.
 

b. 	 Was the morbidity rate homogeneous from month to month within 

there significant differences in morbidityquarters? That is, were 

rates among the months within 	each quarter? This question was
 

addressed one quarter at a time (for the eight quarters in which 

all three months of morbidity data was available) and simul­

taneously over all thirteen quarters in which at least two
 

months of morbidity data was available.
 

average quarterly morbidityc. 	 Were there significant differences among 

by averaging the monthly morbidity ratesrates? This was done 

(estimates of primary parameters) within each quarter to form 

secondary parameters which estimate average quarterly morbidity
 

and then taking differences among these averages.
 

d. Were there significant differences among seasonal (6month)
 

average morbidity rates? This is analogous to (c.) above.
 

e. Were the rainy and dry seasons different with respect to average 

morbidity?
 

In addition, the interactions 	of all of these parameters with coirnunity 

were estimated and the corresponding hypotheses were tested.
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Results of the Analysis 

The results of these analyses for both primary and secondary parameters
 

are given below. 

1. Results Involving Primary Parameters
 

a. Sanitary Conditions. The estimates of the parameters associated
 

with the various sanitary conditions are presented in Tables IV.17,
 

IV.18, IV.19 and IV.20. The general pattern of results in these tables
 

is rather clear. None of the sanitary behaviors, as measured by Form 32,
 

were substantially related to changes in morbidity in either village or 

for any of the four morbidity categories. Furthermore (Tables IV.16, 

IV.21, IV.22 and IV.23), there was no significant difference in average 

morbidity between families surveyed with Form 32 and those who were not. 

As a final check on the effect of the sanitary condition variables on 

morbidity, a simultaneous test of the influence of all 11 pairs of effects 

was performed. It would be possible, although uncommon, for each of the 

2z individual tests of significance on Form 32 variables to be non-significant, 

yet for the variables to have a joint effect (acting all at once)
 

which is significant. These tests were performed for each community 

and for each of the four morbidity categories. Seven of the eight tests 

were non-significant while the eighth (skin infection in Florida Aceituno) 

was marginally significant. Thus, in summary, sanitary conditions, as 

measured by Form 32, appeared to have no substantial effect on morbidity
 

rates.
 

b. Water Supply. The relationship between water supply and morbidity
 

in Guanagazapa also appeared to be slight. There were no significant
 

intercepts for the effect of having piped water (Tables IV.15, IV.21, 

IV.22 and IV.23). Furthermore, none of the slope parameters (for the 
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TABLE IV.18
 

Increment in Monthly Skin Infection Morbidity Rate
 
Associated with Sanitary Variables (Form 32)
 

VARIABLE 
Ai 

AND 
DESCRIP(lON 

RATE 

FLORIDA ACEIIUO 
RESPONSE 

,.':" + 
SE SI'G. rTE SE SIG. RATE 

GUANAGAAPA 
RESPONSE 

" 

SE S!G. RAITE 
+ 
SE SIG. 

OBSFAMi 
)bservation about 

family 

-47.9 12.4 *4 3.3 3.0 NS 17.9 21.8 NS - 1.9 3.4 NS 

INFCLOTH 
State of informant's 

clothes 

52.4 30.7 NS -3.7 3.1 NS -13.1 88.8 IS - 2.6 3.2 NS 

K.GARFLR 
Kitchen - Garbage on 

floor 

5.0 36.7 NS -1.3 2.3 NS 18.0 27.6 NS - 2.1 3.0 NS 

KjARRIR 
.ltchen - Barrier 

against animals 

- 9.4 62.3 NS -7.1 9.4 NS 21.2 37.7 NS' -0.1 4.7 NS 

KANIIAL 
niimals in kitchen 

- 2.1 50.2 NS .7 2.0 NS -43.3 33.6 NS 4.5 2.6 MS 

KFCOV 
ooked food covered 

3.2 5.1 NS -2.0 2.9 NS 1.9 5.6 NS -4.8 3.1 NS 

KFLIES 
Flies on food 

.2 6.3 NS -1.4 3.0 NS -4.1 5.3 NS 2.8 3.1 NS 

K-CONTCV 
ater container covere, 

-1.6 2.7 NS 6.1 2.3 ** 3.4 2.9 NS 1.5 3.7 NS 

O_. 
;arbage outside 

9.6 27.6 NS -7.3 2.6 ** -. 8 78.4 US -5.9 5.2 NS 

OSWEP7 
ard swept 

4.1 23.1 NS 1.7 2.3 NS 12.8 43.7 NS 7.5 5.0 NS 

OLATCL 
atrine Clean 

2.0 2.8 NS 2.4 3.7 NS - 2.8 3.5 NS 2.9 2.9 NS 

Note: NS: p.05; /t/<1.96 
p<.05; /t/l.96

• :p<.O1 - /t/Z:2.58 
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TABLE IV.19
 

Increment in Monthly Respiratory Disease Morbidity Rate
 
Associated With Sanitary Variables (Form 32)
 

VARIABLE FLORIDA ACEITU;O 	 GUArVAGAZAPA
 
NNiE 	 RESPONlSE RESPOJISE 

DESCRIPTItOil 	 +-'
 
RATESSEIPGISE SIG. RTEATE SE SIG.* RATE SE SIG.
 

OBSFAII 38.1 41.6 US - 12.3 10.1 US 53.4 59.1 US 1.5 9.2 US 
bservatlon about 

family
 

]NFCLOTH 73.1 102.7 US 8.7 10.4 US 0.07 240.1 NS 1.9 8.8 NS 
-tate of inforrant's" 

clothes
 
d 

KGARFLR 53.9 123.0 US 6.9 7.7 US 139.4 74.7 NS 10.9 8.1 US 
.Itchen - Garbage on 

floor
 

KjARRIR 184.6 208.6 US 29.3 31.5 US 119.9 102.1 NS 2 .9 12.7 US 
'litchen - Barrier 

against anirals
 

"1J1PIAL 146.9 168.1 itS ..8.1'6.6 US 13.2 90.8 NS 6.9 6.9 US 
Ilrals inkitchen­

" FD'OV 12.1 17.1 NS -12.3 9.7 US 20.5 15.2 US ,23.3 8.5 ** 

ooked food covered
 

K.FLIES - 6.5 21.0 US 2.5 10.1' NS -12.1 14.4 U1S 20.5 8.3 * 
*lies on food 

KCONTCV 6.9 9.0 US 11.5 7.8 NS -16.5 7.9 .* 1.9 9.9 NS 
later container coverec 

O._ARBAG 27.8 92.6 US 12.2 8.8 NS 57.5 211.9 US -7.9 14.1 NS 
arbage outside 

O.SWEPT -36.3 77.4 US 16.9 7.7 * 33.8 118.3 NS 3.8 13.5 US 
ard swept
 

O_LATCL 13.8 9.3 US 33.6 12.4 ** -6.8 9.4 US 15.9 10.6 US 
.atrlne Clean
 

Note: NS: 	 p>.0 5; /t/<1.96
 
p>.05; /tl.96


• :p<.Ol ; /t/>.2.58
 

http:t/>.2.58
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TABLE IV.20
 

Increments in Monthly Infectious Disease Morbidity Rate
 
Associated With S,:.aitary Variables (Form 32) 

VARIABLE FLORIDA ACEITUflO GUARIAGAZAPA
 
HAIdE RESPONSE RESPOSE
 

+DESCRIPIJ011 + -
RATE SE SIG. RATE SE SIG. RATE SE SIG. RATE SE SIG.
 

CBSFAM 10.5 19.3 NS -1.1 4.7 NS -12.6 24.9 NS -0.6 3.8 uS 
bservation about 

femily 

]NFCLOTH -16.5 47.7 US -4.9 4.8 NS 15.6 101.3 NS -3.1 3.7 NS 
tate of informant's
 

clothes
 

I.6ARFLR ,213.0 57.1 ** -2.5 3.6 HS -2.3 31.5 NS 4.8 3.4 US 
|tchen - Garbage on
 

floor 

NS -4.4YCARRIR 222.6 96.9 * -1.8 14.6 -5.0 43.1 NS 54 NS 
,itchen - Barrier
 

agaif, ' IAnils 

LJrI -1AL -0.4378.1 hS -1.3 3.1 NS 10.5 38.3 NS -6.5 2.9 * 

nmals in kitchen 

IFDCOV -7.9 7.9 US 0.8 4.5 NS 5.8 6.4 IUS 1.2 3.6 US 

looked food covered
 

6.1 NS 2.6 3.5 USK.YLIES 3.0 9.8 NS -2.8 4.7 NS -5.4 
lies on food
 

_LCO3TCV 8.0 4.2 NS -0.9 3.6 NS -0.0 3.3 NS -1.0 4.2 NS 
later container €overe( 

OGARBAG - 6.2 42.S NS -1.8 4.1 i6S-14.8 89.4 NS -0.9 5.9 NS 
arb ge outside 

ODSWEPT 13.1 35.9 NS -0.3 3.6 NS 27.3 49.9 HS -2.6 5.7 NS 
ard swept 

4.5 NSOLATCL 6.1 4.3 NS -10.9 5.8 US 2.9 3.9 • NS -5.2 

atrine CleaI
 

Note: NS: p>.05; /t/<1.96 
p<.05; /t/al.96


• :P<.Ol ; /t>..58 



TABLE IV.21
 

Increments In Monthly Skin Infection Morbidity Rates
 
Associated With Selected Parameters
 

Florida Aceituno Guanagazapa 

Parameter Rate S.E. Significance Rate S.E. Significance 

Family Size = 1 0.4 2.1 NS -9.2 2.6 ** 

Family Size = 2 - 1.0 1.5 NS -1.4 2.4 NS 

Family Size = 3 1.5 1.4 NS 0.1 2.3 NS 

Family Size = 4 1.6 1.5 NS 6.5 2.1 ** 

Surveyed, Form 32 -10.2 27.1 NS -5.1 64.1 NS 

Longitudinal Sample - 0.2 1.1 NS Y.1 1.5 NS 

Piped Water Supply ------------ NA- -3.5 8.9 NS 

Legend: NS: p>.05; /t/<1.96
 
•: p<.05; /t/2l1.96
 

o.0l; /th2.58*: 

http:t/2l1.96


TABLE,!V.22
 

Inci:=.its In Monthly Respiratory Disease Morbidity Rates
 
Associated With ;elected Parameters
 

Florida Aceituno Guanagazapa 

Parameter Rate S.E. Significance Rate S.E. Significance 

Family Size = 1 20.0 7.1 ** - 9.6 7.0 NS 

Family Size = 2 4.8 4.9 NS -13.2 6.6 * 

Family Size = 3 6.0 4.7 NS - 0.4 6.2 NS 

Family Size = 4 6.0 4.7 NS -13.3 5.7 * 

Surveyed, Form 32 354 90.7 NS -54.2 173.3 NS
 

Longitudinal Sample 11.4 3.6 ** - 7.7 4.1 NS 

Piped Water Supply ----------- NA 19.6 24.1 NS 

Legend: NS: p>.05; /t/<1.96
 
p<.05; It/l.96
 

•*: p<.Ol; /t/2.58
 

a, 



Parameter 

Family Size = 1 

Family Size = 2 

Family Size = 3 

Family Size = 4 

Surveyed, Form 32 


Longitudinal Sample 


TABLE IV.23
 

Increments In Monthly Infectious Disease Morbidity Rates
 
Associated With Selected Parameters
 

Florida Aceituno Guanagazapa
 

Rate S.E. Significance Rate S.E. Significance
 

- 8.7 3.3 ** -12.0 2.9 ** 

-10.9 2.3 ** - 5.3 2.8 NS 

- 5.7 2.2 ** - 4.4 2.6 NS 

4.6 2.3 * 3.4 2.4 NS 

- 2.9 42.1 NS -22.0 73.1 NS
 

- 0.3 1.6 NS 2.2 1.7 NS 

Piped Water Supply ----------- NA 17.4 10.2 NS
 

Legend: NS: p>.05; /t/<l.96
 
p<.05; /t/>l.96
 

•*: p<.Ol; /I/2.58
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regression of morbidity as a function of water consumption) were sig­

nificantly different from zero. In summary, these results show no
 

relationship between water supply and the morbidity rate.
 

c. Family Size. Family size had a substantial effect on morbidity
 

rates, especially for infectious diseases and diarrhea. Tables IV.16,
 

IV.17, IV.20, IV.21, IV.22 and IV.23 present the estimates of increments 

in morbidity rates for families of size 1 through 4 when compared to larger 

families. In particular, families of size 1 reported significantly lower 

morbidity rates in every case except for skin infection in Florida Aceituno 

and respiratory diseases in both villages. In general, morbidity rate 

increases with increasing family size up to three persons.
 

d. Effect of Being Surveyed with Form 32. There was no significant
 

difference in morbidity rates between families who were and were not surveyed
 

in a given month. Estimates of the effects with standard errors and
 

IV.22 and IV.23.
significance levels are presented in Tables IV.16, IV.21, 


e. Longitudinal Sample Membership. As shown in Tables IV.16 and
 

IV.21 through IV.23, longitudinal sample members did not differ significantly
 

from non-members inmean morbidity rates.
 

2. Results Involving Secondary Parameters
 

a. Monthly Variability. The results of the significance tests
 

clearly show significant differences in morbidity rates from month to 

month in each village and for each morbidity category (p <.01 in every 

case). Thus, it was clear that the mean morbidity rates in the two villages 

did change significantly over time. Figures IV.12 through IV.19 are 

plots of the adjusted mean monthly morbidity rates for each of the four
 

morbidity categories in the two groups. These were adjusted to the reference
 

levels for all factors. The boxes represent the adjusted means, while
 



FIGURE IV.13 

Adjusted Skin Infection Rates In Florida Aceituno By Month
 
(Mean and Standard Error)
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FIGURE IV.14
 

Adjusted Skin Infection Rates In Guanagazapa By Month
 
(Mean and Standard Error)
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FIGURE IV.15
 

.t 
Adjusted Respiratory Morbidity Rates In Florida Aceituno By !ionth 

(Mean and Standard Error) 
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FIGURE IV.16
 

Adjusted Respiratory Morbidity Rates In Guanagazapa By Month
 
(Mean and Standard Error)
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FIGURE IV.17
 

Adjusted Inwfectious Disease Rates In Florida Aceituno By Month
 
(Mean and Standard Error)
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FIGURE IV.18
 

Adjusted Infectious Disease Rates In Guanagazapa By Month
 
(Mean and Standard Error)
 

Infiectious
 
Disease
 
Rate/1000
 

"1 

C . 

o 4 t :2 a20eec 2efo f
 
Note: Adjusted to reference levels for all factors (see text).
 

3 



FIGURE IV.19
 

Adjusted Diarrheal Morbidity Rates In Florida Aceituno By Month
 
(Mean and Standard Error)
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the vertical lines above and below the boxes represent one standard error,
 

and indicate the variability around the mean.
 

b. Homogeneity Within Quarters. The equality of the monthly rates
 

within quartcrs was tested for all those quarters in which two or more
 

months of morbidity data was collected. The "within quarter" variability
 

was significant for all disease categories in each village (p < .05
 

in all cases, p < .01 for seven of the eight tests). The vast majority
 

of the individual quarter tests were also significant. 

c. Differences Between Average Quarterly Morbidity. The quarterly
 

average morbidity rates also differed significantly from each other, for 

each village and each morbidity category (p < .05 for one test, p <
 

.01 for the other seven).
 

d. Differences Between Average Seasonal Morbidity. The seasonal
 

average morbidity rates dffered significantly from each other for both 

villages and all disease categories (p < .01 for all tests).
 

e. Wet Versus Dry Season Morbidity. There was no significant
 

difference in morbidity rates between the wet and dry seasons for skin 

infections or respiratory diseases in either village. For infectious 

diseases and diarrhea, morbidity rates were significantly higher during 

the wet season than during the dry, in both villages (p < .05 in all four
 

cases).
 

3. Results fo,- Interactions Between Village and Other Factors
 

The extent to vwhich the estimates of the effects previously defined 

differed between the two communities was assessed. This was done by
 

defining and estimating a series of interaction secondary parameters.
 

For example, to estimate the difference between Florida Aceituno and
 

Guanagazapa of the effect of longitudinal sample membership on diarrheal 
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morbidity, the estimate of the longitudinal sample parameter in Florida 

Aceituno (2.9) was subtracted from the estimate in Guanagazapa (2.2), giving
 

a difference of - .7± 3.8 (which is not significant). Thus, it was 

concluded that the effect of longitudinal sample membership was not different
 

in the two villages. Analogous interaction parameters were defined
 

based on most of the primary and secondary parameters. In each case,
 

those parameters (and the associated tests) address the issue of whether
 

or not the effect of the factor being considered was different in the
 

two villages. The majority of these effects turned out to be slight
 

(i.e., non-significant). The two exceptions were the village by family
 

size parameters and village by time parameters.
 

The overall tests of the family size by village paramnters were
 

significant for skin infections, respiratory diseases, and diarrhea 

(p < .01 in each case). While this demonstrates that family size had
 

different effects on these morbidity categories in the two villages, 

comparison of the FA and GU family size parameter estimates in Tables 

IV.12, IV.22 and IV.23 reveals no systematic pattern to these differences. 

The overall tests of the month by village interactions were significant 

for respiratory diseases, infectious diseases, and diarrhea (all p < .01). 

Unfortunately, there is again no discernable pattern in the differential 

effects of time in the two villages. 

4. Correlations Among Types of Morbidity
 

The correlations among the four classes of morbidity, adjusted for
 

all sources of variation in the model, are shown in Table IV.24. The
 

correlations are shown separately by community. Since each correlation
 

matrix was based upon more than 7000 degrees of freedom, it can be firmly
 

concluded that the four types of morbidity were uncorrelated, on a within­
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TABLE IV.24
 

Correlations Among Four Classes of Morbidity
 
Adjusted ror All Variables In the Model By Community 

A. Florida Actituno 

Morbidity 
Class 

Skin 
Infections 

Resr iratory 
')isease 

Infectious 
Disease Diarrhea 

Skin 
Infections 1 -0.022 -0.001 -0.016 

Respi ratory 
Disease -0.022 1 0.007 0.00 

Infectious 
Disease -0.001 0.007 1 0.023 

Diarrhea -0.016 0.009 0.023 1 

B. Guanagazapa 

Morbidity Skin Respiratory Infectious
 
Disease Disease Diarrhea
Class Infections 


Skin 
-0.010 0.023
Infections 1 -0.005 


Respi ratory
 
1 0.009 0.017Disease -0.005 


Infectious 
Disease -0.010 0.009 1 0.014 

0.014 1
Diarrhea 0.023 0.017 
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family basis, in both communities. Note that these correlations have had
 

the effects of month-to-month (and other sources of) variations removed.
 

If raw correlations were cobputed, ignoring the effects of month-to-m'onth 

variability and other known sources of variation included in these model.-, 

noJn-zero correlations which would reflect temporal variation in mean morbidity 

rates would e.seen. Such nori-zero correlations would not indicate L#0.arlying
 

associations Detween diseases or conditions in the four ciasses analyzed here.
 

Summary 

These results make it clear that the four types of morbidity are extremely 

variable. In addition, the monthly family morbidity rates are preponderantly 

zero. These two features of the data tend to make analyses of the effect
 

of various variables on morbidity difficult. Other than time, family size
 

was the only othe, factor shown to produce substantial effects. The large
 

families have disproportionately high mo;'bidity rates. No substantial
 

morbidity cffects were found to be associated with sanitary conditions, water
 

source, viater quantity used or longitudinal sample membership.
 

Other Morbidity -- Sanitation Analyses
 

These analyses were based upon family monthly morbidity rates.
 

Yhat is, rates were computed for each family each month. The analyses
 

do not take variability into account in morbidity rates among the various
 

age groups within a family nor possible morbidity-sex relationships. LI
 

addition, since rates were computed monthly, a large proportion of the data
 

values were zeroes (no morbidity in that class for family within a given
 

month).
 

A second series of linear model analyses were performed separately
 

for subjects in,different age groups which are defined inTable IV.25.
 

These analyses were performed using morbidity rates accumulat.bd over six­

month seasons. The definition of "seasons" is given in Table IV.26. 

http:accumulat.bd
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TABLE IV.25
 

Age Groups Used in Model Analyses
 

Age group 
Mnemonic Definition 

AGEOO01 Age < 365 days
 

AGEO02 365 5 Age < 2 years 

AGE02_07 2 years s Age < 7 years 

AGE07_15 7 years s Age < 15 years 

AGE15 30 15 years < Age < 30 years 

AGE3045 30 years _ Age < 45 years
 

AGE45+ Age t 45 years
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TABLE IV,26
 

Definition of Seasons Used in Analyses
 

Year
Type 	 _ _
of 

Season Month 173-174 '74-175 '15-'76 '76 

May 1 3 5 

Jun 1 3 5 7 

'July 1 3 	 5 7 

Rainy 'Aug 1 	 3 5 7 

33 .. 5Sep 

E 	 E E5 

- = 3Oct 

C:C 	 -


Nov 0o 2 4 6 

Dec - --

Dry 	 Jan 2 4 6 

Feb - 4 6 

Mar 2 4 6 

Apr 2 4 6 

NOTE: A dash (--) indicates that no morbidity data were collected in the 

indicated month. 
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A morbidity rate was then computed for each age-sex group in each
 

family for each season:
 

number of morbid incidents in this
 
age-sex group in this family during
 
this season
 

Morbidity rate = 1000 X
 
total number of person-months in this
 
age-sex group in this family in this
 
season
 

an
A "person-month" is one person in one month. Thus, one person in 


age group present for six months of a season would equal 6 person-months.
 

No rates were computed for cases inwhich the denominator would be zero.
 

Since a family was sometimes surveyed for sanitary status several
 

times in a season, the average of ail surveys of the sanitation 

variable (e.g., CCOVER) was computed in order to assign sanitation scores.
 

These sanitation scores, based upon the average, were:
 

0.5 :5average: score =+I
 

average : 0.5: score = a., 

no data this season: score = (missing). 

'' connoting a "positive"
Since sanitation variables were assigned a 


or "good" response and a '0' connoting a "negative" response, families 

having at least half of their responses in a season being "good" received 

'+' scores. 

A variety of general linear models analyses were performed to examine
 

the data for possible sanitation status-morbidity relationships. More
 

tnan a thousand model fittings produced no persistent (over age groups
 

or community groups) significant relationships between any of the sanitary
 

variables and any of the morbidity rates. Statistically significant
 

results were found at approximately the rate to be expected (5%) if 

all null hypotheses (H : no correlation between sanitary status and 
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morbidity) were false. Where statistically significant associations were 

found, examination of appropriate data plots indicated little or no real
 

significance of the result. Figure IV.20 is the printout of one of the more
 

than 1000 general linear models analyses performed. The other thousand
 

or so figures are omitted.
 

In addition to the linear models analyses, morbidity rates were
 

computed for each group defined by age, sex, season, village and family 

seasonal score for a sanitary variable (e.g., '+' or '-'for 'CCOVER' for 

whether the water container was covered). Some nine hundred graphs, such 

as Figure IV.21, were produced to examine the data for possible differences
 

between morbidity for families with good sanitation scores and families
 

with poor sanitation scores. Extensive examination of such graphs and
 

comparison with the corresponding linear models analyses failed to produce
 

strong evidence of persistent morbidity-sanitation relationships.
 

Another form of graphical analysis was performed in which morbidity
 

rates were computed for each community, month, and age group. The proportion
 

of families having "positive" scores on a sanitation variable was also 

conputed by community and month. More than one thousand scatter diagrams,
 

such as Figure IV.22, were produced to illustrate possible sanitation­

morbidity associations. Extensive examination of the scatter diagrams
 

and comparison with the corresponding linear models analyses failed to
 

produce strong evidence of persistent sanitation-morbidity relationships.
 

Conclusions 

It can not be reasonably concluded from these results that there is 

no association between sanitation and morbidity since the highel, death rate 

from infectious diseases in the developing countries is clearly demonstrable. 

The issue here is whether, in a free-living population in lowland Guatemala, the 
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FIGURE IV.20
 

Linear Model Analysis of Relationship Between Morbidity and Sanitation
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FIGURE IV.20 CONT'D
 

Linear Model Analysis of Relationship Between Morbidity and Sanitation
 
(Sample Printout)
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FIGURE IV.21 

Diarrheal Morbidity In Families With Good (+) 
(Sample Graph) 

and Poor (-) Saiitation 
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FIGURE iV.22 

Comparison of Respiratory Morbidity and Water Quality 
in Domestic Containers in Both Villages 

(Sample Graph) 
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(which are measurable usingminor variations in sanitary conditions 

surveys such as the ones used in this study) produce macro-level changes
 

in morbidity which are measurable by a two-week recall method, as used
 

in this study. The conclusion is that the relationships between morbidity
 

If they do exist, they
and sanitation may not exist at this macro level. 


are too small to be reliably measured by the instruments and with the sample
 

sizes used in this study.
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V. Health Education 

The objective of the health education program was to reduce fecal
 

contamination in the home and surrounding area and to promote adequate
 

use cvf the convenient potable water system. The program was conducted
 

only in the experimental village. This component of the study focused on:
 

1. Persubding the residents of Guanagazapa to reduce the pre­

sence of both iiuman and animal fecal wastes in the home and the yard.
 

2. Assisting families to install gates to keep domestic animals
 

out of the kitchen.
 

3. The promotion of latrines and assisting families in building
 

latrines with an objective of reducing contamination from human excrement.
 

4. Improving food and water storage practices to reduce contami­

naticn from human, animal, insect and air-borne sources.
 

5. Increasing potable water consumption for hygienic uses,
 

particularly in kitchen cleanliness, handwashing before eating or
 

preparing food, and after defecating or changing soiled diapers. 

The education program took a community health development approach
 

to stimulating change in behavior. This program isdescribed in the
 

Methodology section of this report and includes descriptions of the
 

field procedures and details of the survey instruments.
 

Behavioral Changes
 

In order to examine the change in sanitary behavior over time,
 

the study was divided into two phases. One covering the time period 

prior to the initiation o" the health education component in Guanagazapa
 

(the period prior to April 1975) and the other consisting of those
 

months after the initiation of the health education program (from May 
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1975 to the end of the study). The means from the measurement of environmental 

variables were computed for each family from the monthly sanitation
 

survey (Form 32) for both phases of the study. In all, ten
 

variables were analyzed. Using the meann of these as the dependent
 

variables, a linear model (2x2 factorial) analysis was performed for 

each of the ten variables. 

Statistical Analysis 

Using the model, the pre- and post program means were estimated
 

for each sanitary behavior variable studied. These estimates, with
 

their associated standard errors, are presented in Table V.1.
 

From these estimates, secondary parameters (effect of community,
 

effect of time, community by time interaction) were defined, estimated
 

and tested for significance. The main effect of community is the difference
 

between the means of the two villages averaged over the two time periods.
 

The main effect of time is the difference between the pre- and post­

program means averaged over the two communities. The interaction effect
 

is the difference between Guanagazapa's improvement, if any, from the
 

pre-program to the post-program period and Florida Aceituno's pre­

to post-period improvement, if any. This estimate represents the
 

difference in trends over time in the two villages.
 

Results
 

The results of twenty seven significance tests are summarized 

in Table V.2. All tests were two-tailed (:.e., no directional
 

hypotheses were prespecified). In interpreting these results, a decrease
 

in mean for three of the variables (garbage on the kitchen floor, 

cleanliness of the kitchen floor, garbage in the yard) indicates improve­

ment while such a decrease is retrogressive in the other seven variables.
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TABLE V.1
 

Program Means of Observed Sanitary Behavior in the Home
 

Florida Acoituno Guanagazapa 

Pre-Program Post-Program Pre-Program Post-Program 

Variabla 
Description Mean S.E.* Mean S.E. Mean S.E. Mean S.E. 

Family 
Clothing 1.010 .032 0.993 .034 0.902 .031 0.886 .033 

Informants 
Clothing 1.080 .031 1.150 .033 1.050 .031 9.975 .032 

Fecal matter 
Kit. floor 0.465 .021 0.613 .021 0.386 .021 0.222 .021 

Garbage on 
Kit. floor 0.688 .020 0.482 .023 0.738 .020 0.560 .023 

Cooked food 
Covered 0.528 .021 0.44" .022 0.592 .021 0.760 ,021 

Garbage in 
Yard 0.771 .020 0.444 .022 0.704 .019 0.329 .022 

Wacer Cont. 
Covered 0.778 .040 0.536 .040 1.190 .040 1.480 .039 

Informants 
Shoes 0.358 .025 0.445 .024 0.580 .025 0.619 .025 

Yard swept 
Recently 0.369 .021 0.338 .019 0.347 .021 0.670 .019 

Latrine 
Clean 0.470 .045 0.497 .050 0.479 .036 0.589 .039 

*Standard error 



TABLE V.2
 

Hypthesis Testing for Sanitation Variables
 

Main Effect Interaction Effect
Main Effect 


of Time Community x Time
of Community 


Direction
S Direction Sig.
Drection
Variable ig. 


Family 5 (G2-F2)-(G
 p1.5 1l=T2 pF.0

clothing p2.Ol 


p<.Ol (F2-G2)>(F1-G
clothing p<.05 p>.0 5 TI 2 


Fecal matter
 p<.Ol (F2-G2)>(F!-G 1)
F'G p>.0 5 T1=T2
kitchen floor p<.Ol 


Garbage on
 
kitchen floor p<.0 5 p<.0l p>.05 (F2-G2)=(F1-G1)
 

Cooked food
 
p<.Ol (G2-F2)>(G1-Fj)
p<.01 T2>Tl
covered p<.Ol 


(G2-F2)-(G1-F1 )
p<.O1 T2>T1 p>.03

Garbage in yard p<.Ol F>G 


Water container
 
(G2 F2)>(G- 1 )
covered p<.Ol G>F p>.05 T2>T1 p<.0 


(G2-F2)>(G1-F1)
p<.Ol T2>TI p<.Ol

Yard swept p<.Ol G'F 

p>. 0 5 (G2-F )=%tGI-Fl )G"F pc.Ol T2 >T1 2Informants shoes P<.01 


T1=Peri od before education program
F=Fl on da Acet tuno 

G=Guanagazapa
 

Tz=Period after start of program
- - Mean 
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For the variable which measured the interviewer's rating of the
 

cleanliness of family clothing, families in Florida Aceituno were rated
 

significantly cleaner and both villages were rated significantly cleaner
 

in the period preceeding the start of the sanitation education program.
 

There was no evidence that the health education program had any desirable
 

effect on this variable. 

The interviewer's rating of the cleanliness of the clothing worn
 

whole), showed Florida
by the informant (rather than the family as a 


Aceituno, once again, to be significantly cleaner than Guanagazapa.
 

The average trend in time was not significant, nor was the interaction
 

It was anitcipated that the availability of abundant
of community over time. 


an observable
convenient, potable water in Guan,gazapa would result in 

difference in the cleanliness of the clothing of the female head-of-house 

not The introduction(the usual informant). However, this did occur. 


of changes in

of piped water in Guanagazapa was followed by a number 

the method of clothes washing. Previously, clothing had been washed
 

on rocks in the river, or at a communal pila which consisted of a number
 

of concrete wash sinks filled from a common water reservoir. 
Clothes
 

Based on
 
washing was a social opportunity for women in the villages. 


observation, clothes were washed with greater frequency in 
the home after
 

Many families purchased individual wash sinks
introduction of water. 


Women reported that, while
and connected them to the water system. 


they generally washed clothing more frequently, they washed 
smaller
 

Therefore, with increased water availability, women did
 quantities. 


Clothes washing was an all-day
not wear clean clothing more often. 


chore before the introduction of water. Afterwards, washing was done
 

two or three times per week, requiring less time on any 
given day but
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not -impacting in a noticeable way on the appearance of the family 
clothing.
 

For the variable describing the presence of animal or human 
fecal
 

the floor, Guanagazapa had significantly lower means (desirable
matter on 

for this variable). There was no significant average trend over time, 

conmunity interaction. Thi4 was
but there was a significant time and 

over time in Guapagazapa,to the fact that, while coJitions improveddue 

they got worse in Florida Aceltuno. This pattern suggests that the program
 

fecal matter
did influence families in Guanagazapa to prevent or to rcmovc 

contaminating their floors. 

Reduction of fecal matter in the home environment was 
accomplished
 

in a variety of ways including 	introduction of latrines and building of
 

it seems unlikely that this reduction would

animal barriers. In addition, 

have occurred if far illies had not become more sanitation conscious 
in their
 

The fact that the control con-amunity (Florida Aceituno) got worse 
behavior. 

over time while Guanagazapa got better suggests 
that the program inter­

vention had an impact.
 

than Florida Aceituno,
Guanagazapa had a significantly higher mea 


ited whether or not cooked
 averaged over time, for the variable which indi 


While Florida Aceituno got worse over time,
food was kept covered. 

Thus, the av;erage trend was an 	improvement in the
 
Guanagazapa improved. 


The time by community interaction was, therefore
 protection of cooked food. 


significant and supports the conclusion that the 
desired behavioral change
 

did occur.
 

The education program presented to women consistently 
stressed
 

kitchen hygiete and the importance of keeping food 
and water in clean,
 

Women's programs were well attended and the interests
 covered container3. 


of participants were continually appraised in order 
to match programming
 



98
 

with these interests. Cooking was of great interest. Cooking courses 

which provided new receipes and integrated demonstrations on handwashing, 

hygienic food and water storage were extremely well received. Women 

were very limited.took pridr , their cuoking, even though their mieans 

Program implementation allowed for group cooking and the practice 
of 

the new behaviors while building on the existing cultural mores. 

Guanagazapa had a significantly higher average score (over time)
 

K CONTCV, a variable w-hich indicated whether or not ,iater containers on 

were kept covered. There was no significant trend in tire (averaged 

change came about because Florida over the two cortrunities). However, 

Aceituno was getting worse over time while Guanagazapa got better, 
leaving
 

the average roughly unchanged. The intereaction of coiailunity over time
 

Water, stored in the kitchen, was used for drinking,
was significant. 


Potable vater was available throughout the
cooking, and handwashing. 


pre-educational period. However,it was not until after the program was
 

inoperation that the hygienic storage of water took place.
 

In the case of the surveyor's observation of whether or not
 

Inthe pre-program
the yard was swept, a crossover pattern was observed. 


period, Florida Aceituno was slightly better than Guanagazapa. 
In
 

the post-program phase, however, Florida got worse, while 
Guanagazapa
 

got much better and finished with a mean nearly twice as high as that
 

for Florida. This interaction effect was clear and resulted in a
 

significant community
significant effect of increase over time and a 


Itwas demonstrated

effect with Guangazapa higher than Florida Aceituno. 


that families in Guanagazapa did improve the environment around their
 

homes during the study period.
 

The presence of garbage in the patio was also observed during
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monthly surveys. Guanagazapa had a lower mean, averaged over time,
 

The number of times garbage was observed on the
 for this variable. 


ground surrounding the house decreased significantly 
over time, averaged
 

There was no significant interaction effect.
 over the two communities. 


Although Guanagazapa was considerably cleaner 
than Florida Aceituno
 

at the end of the study, the results of this analysis 
do not suggest
 

that this was due to the sanitary education program 
since improvement
 

was also seen inthe control community.
 

The presence of garbage or refuse on the floor 
of the kitchen
 

was noted on the survey forms. On the average, kitchen floors were
 

Even though the sanitary
Florida Aceituno than in Guanagazapa.cleaner in 


condition of kitchen floors did improve in Guanagazapa over the period
 

This improvement

of the study, Florida followed the same pattern. 


in garbage disposal on the kitchen floor cannot 
be attributed to the
 

education program in Guanagazapa.
 

Garbage thren on the floor inthe kitchen and on the ground outside
 

the house was not uncommon in both villages since food wastes were
 

Actuallv this oarbace was
 often fed to domestic animals inthis way. 


Non-edible refuse was occasionally burned or 
buried
 

quickly consumed. 


but usually itwas dumped on the fringes 
of the property.
 

No attempt was made in the educational program to encourage
 

However, during the monthly
behavioral changes inthe use of shoe,. 


surveys, interviewers noted whether the informant 
was wearing shoes.
 

This data demonstrates that the practice of wearing shoes, particularly
 

by the female head-of-household, was seen 
more frequently in both villages
 

at the end of the study. Since no educational effort was made for this
 

developmental improvement in family

variable, the change suggests a 
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living standards. 

Attitude Changes
 

that morethe health education program wasThe assumption underlying 

perceptions of sanitation
and more failies in Guanagazapa would acquire new 

and change existing attitudes to follow those advocated in the 

sanitary education program.
 

families were interviewed a total of six times,
Longitudinal sample 

1975 and three in 1976. A multivariate linear model was fit 
three in 

(Assessment of Attitudes and 
separately for each variable on Form 41 


for a family over time were treated as 
Perceptions).* The six scores 

within-subject

six dependent variables, thus time was considered 

as a 


treated as the between-subject factor in the 
factor. The convounity was 

were estimatedinteraction parameters
analysis. Conventional main effect and 


were tested. The following tests were
 
and the corresponding hypotheses 

performed: (a)an examination of the difference between the two 
communities
 

averaged over time; (b)the difference between 
the time periods averaged
 

the trend with time 
'over the two comunities; (c) the difference between 

Scores in
 
in one comunity and the trend with time in the other. 

Guanagazapa were expected to increase more rapidly 
than in Florida Aceituno 

as a result of the education program. 

Many of the changes in behavior related directly to the cultural 

collected from the female head-of-household
role of women. The data 

was 

considered the most sensitive indicator reflecting 
attitudinal changes
 

no single response or perception could accurately
in the family. However, 

wide range of sanitary improve­reflect the attitude of a family toward a 


A series of questions, covering a number of dimensions, 
were used
 

ments. 


*See ethodo logy Report 
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and then sunarized using a weighted scale.
 

The responses were ranked so that the highest score 
would reflect
 

The lowest score
 
those attitudes conforming to the goals of the program. 


These scores were weighted

reflected a negative or indifferent perception. 


and then added to produce a health education scale. 
The variables were
 

Those considered more significant were the perceived
 not weighted equally. 

difference between the quality of potable and 
nonpotable water, attitudes 

to the disposal of human feces, the perceived 
health implications

relating 

of domestic animals and flies in the kitchen, 
knowledge concerning the
 

and the family's perception of the relation­
of diarrhea in children,causes 


These variables were given more
 
ship of personal hygiene and disease. 


were knowledge of the
 
weight. Other variables, given less weight, 


reasons
 
cause of diarrhea in adults, knowledge of the germ theory, 


and bathing by family members, and the use of soap

for handwashing 

in the house.
 

Together, these weighted variables formed a sunned 
health educaion
 

A sanitation perception scale was computed 
for the longitudinal


scale. 

There
 

population sample for both Florida 
Acei'uno and for Guanagazapa. 


were three tests in 1975 and three tests in 1976 at approximately 
equal
 

The first
 
Each community was surveyed during the same 

months. 

intervals. 


data point represents a baseline before the start 
of the educational program.
 

Table V.3 shows the changes which occurred in 
the weighted means of health
 

behavior and perception variables over time 
as measured by the health
 

education scale.
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TABLE V.3 

Perception Scale Over Time 

1975 1976 

COMun'i y Tl* T2 T3 TI T2 T3 

Florida Aceltuno 182.7 210.7 204.7 213.7 219.4 219.3 

Guanagazapa 185.7 232.2 238.9 274.4 262.9 268.3 

*Prior to health education program. 

Based on this scale which represents changes in perception but not
 

the time n-ain effects,necessarily in behavior; the community main effects, 

interaction effects were all significantly differentand the cor.munity-time 

at p<.001. 

Since the health education population sample was considered repre­

sentative of each village, the conclusion can be drawn that this program 

clearly reached the residents of the experimental village and influenced 

their attitudes relating to the sanitation changes. Whether these
 

changes in attitude and perception will become permanent is not 

known. 

Water Uses
 

families would bathAlthough it was anticipated that Guanagazapa 

no significantmore frequently given a ready supply of available water, 

reported in the year following the introduction of thedifferences were 

health education program. In both communities, women reported bathing
 

eleven times per month on the average. 

The change in perceptions of Guanagazapa women with regard to differences
 

between tap water and river water was significant. Guanagazapa residents
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generally described potable water as cleaner and recognized 
that it was
 

described as dirty and could carry
treated,while non-potable water was 


disease. In Florida Aceittino, the benefits of treated water were not as 

frequently associated with cleanliness or healthful ness. People 

tap water.
did not distinguish between well water, river water and 

These perceptions on water use, although different 
in the two communities,
 

were not noticeably translated into behavior change 
over the time period
 

The data compares perceptions only between 1975 
and
 

measured. 


a very short period for behavioral changes to occur.
1976,which is 

Cultural mores on bathing and handwashing included the belief that 

deleterious health
bathing while menstruating, ill, or lactating had 

was thought to "chill" the mother's
effects. In the latter case, water 

milk, making her and the infant more prone to diseases. 
Menstruation and
 

place the body in a "hot" state. The shock 
pregnancy were considered to 


of cold water to this person was considered harmful. Men, returning from
 

work in the fields who had perspired and whose 
hands were "hot" from working,
 

believed that the chill of handwashing would cause arthritic or rheumatic 

The educational program did not attempt to change
symptoms to appear. 


The emphasis was on behavioral rather than
 these widespread beliefs. 


in the health belief system was not so
Thus, the changecultural change. 

much marked by the replacement of old beliefs with 
new ones,but by providing
 

additional modern explanations for the behavioral 
changes being advocated
 

through the health education program.
 

Guanagazapa residents reported poorer handwashing 
behavior than did
 

at the start of the study. While both communities showed 
Florida Aceituno 

significant improvements over time, Guanagazapa' 
change was dramatic and
 

This suggests that 
the interaction effect was statistically significant. 
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improved handwashing in the experimental community was produced as a result
 

of the educational program.
 

The program placed emphasis on the need for handwashing,using soap
 

The village perception of handwashlng was "any contact
in addition to water. 


with water". The program sought to improve handwashing methods, frequency,
 

Field surveyors asked the femiale head-of-householdand the use of soap. 

to recall when she normally washed her hands during the course of 
a day.
 

The frequency and purpose for each handwashing was then: recopied.
 

for handwashing were analyzed and handwashlng before
The reasons 


showed afood handling and handwashing after defecating or urinating 

These findings furthersignificant community by time interaction effect. 

efforts did change hygienic behavior,support the conclusion that program 

closely linked to fecal-oral contamination.particularly those most 

Latri ni zation 

A 1972 housing survey showed that 32% (66) of the households in
 

Guanagazapa reported having a latrine although no visual inspection 
was
 

made. Observations made later indicated that usage varied and that many 

A Community Betterment
families failed to use the latrines they owned. 


to set guidelines for the introduction, sale and
Committee was formed 


discussed in the Methodology Report,

control of latrines. The guidelines, 

were designed to encourage optimal usage by the family and to overcome
 

in a previous program to encourage latrine
difficulties encountered 

construction some seven years prior to the current study.
 

During the period between May 1975 and the close of the field program
 

in the summer of 1976, severity-nine new latrines were installed 
in
 

This result is significant since almost no construction of
 Guanagazapa. 


Seventeen of
 
latrines was seen in Florida Aceituno during this period. 
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the new latrines were constructed at homes which already had latrines.
 

The old latrines were either'in a state of disrepair or otherwise
 

unacceptable to the family.
 

a difficult innovation to introduce, particularly
Latrinization is 


among population groups whose previous custom is to defecate by squatting.
 

Latrines were made available for village houses in Guanagazapa by the
 

Guatamalan government. Utilization required, in addition to a change in 

This 
behavior, physiological changes in the use of abdominal muscles. 


factor complicated the change effort needed to accustom the 
family to this
 

innovation.
 

latrine construction occurred in houses
Eighty-two percent of all 


This linkage between sanitation
with water connections in the patio. 


a
improvements implies directional change which can be related to the
 

Eighteen percent of the latrines served two
 health education program. 


or more families, however most latrines were used by 
members of a single
 

Generally, latrines were well maintained once they were 
constructed.
 

household. 


The building of a latrine represented a special effort 
by the family.
 

The cost of construction varied between $1 and $30 
depending on the materials
 

and labor source the family used. However, the majority of families (68.5%)
 

In order to limit the cash outlay, the pit was usually
spent under $2.00. 


constructed from
 
dug by the male head-of-household and the building 

was 


Scrap

materials which were free or inexpensive and readily 

available. 


wood, cane and bamboo were the most common wall materials 
and tin was
 

usually used for the roof.
 

Thirty-nine latrines were installed during the months 
of November
 

This effort followed a community program, led by the
 and December 1975. 


Village Betterment Committee composed of local men, 
to organize groups
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of families throughout the village for six informal discussion 
sessions
 

Two of these sessions were
 regarding sanitary innovations in the home. 


One session concerned construction
devoted to the subject of latrines. 


and included a visit to a latrine already installed 
by a local family and
 

another was devoted to cleaning, usage and maintenance 
of the latrine.
 

These meetings were held during October and November,at 
the end of the
 

This season appeared to be the best time to construct 
latrines.
 

rainy season. 


Soil conditions were ideal and village m~a had the time 
to provide the
 

A similar promotional effort the following spring, 
at
 

necessary labor. 


Even a sound promotional

the height of the dry season, was disappointing. 


program could not encourage the men to construct 
latrines during the dry
 

season when the soil became rock hard after months of no rainfall.
 

In November 1976, after the field program ended, 
latrines continued
 

to be installed at a rate of about two per month.
 

The sanitary inspector re-visited homes with latrines 
during 1977 to
 

This was after the program terminated. The
 
usage. 


Betterment Committee had assumed responsibility 
for the distribution of
 

Families continued to request latrines
 

ascertain 


latrine materials during this period. 


with a slow but steady rate of adoption. Visual inspection and discussion
 

with families by the inspector confirmed that latrines built 
during the
 

educational program were still being used and 
were adequately maintained.
 

Only one family had stopped using their latrine.
 

No significant differences in the perception of 
latrine usefulness
 

found between those families inGuanagazapa who 
built latrines and those
 

was 


However, the guidelines
who did notas determined by attitude surveys. 


described in the Methodology Report

for the latrine program as 


required that the family make a considerable time 
investment in digging
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the pit before a latrine could be obtained. Based on informal discussions
 

the effort expended before installation was important because
 with families 


The male head-of-household
it helped insure a committment for usage. 


usually spent three to five days in excavating the pit and latrines could
 

not be purchased until the excavation was complete. 
The factor that
 

differentiated those who were willing to provide funds 
and labor for a
 

latrine from the unwilling is not identifiable from the surveys.
 

The principal promotional effort that preceded the sharp rise 

in latrie construction during November and December 
1975 was done by 

Many of these had recently installed latrines for 
selected villagers. 


men and their families could discuss
 their households. These loral 


the advantages and difficulties they encountered in 
building and using
 

Although many villagers were aware
 a latrine from their own experience. 


of the fact that latrines were available, it was not until after
 

recommendations by neighbors and an opportunity to 
visit an installation
 

that many families adopted this improvement.
 

Animal Barriers
 

The most commonly owned domestic animals (dogs, pigs, chickens) were
 

Many homes consisted of a single room
 kept in the house or in the yard. 


and no attempt was usually made to keep the animals 
out of the kitchen
 

The sanitary education program promoted the construction 
of
 

segment. 


barriers to prevent the entrance of animals.
 

Pigs were considered a source of ready cash and 
financial security
 

A piglet could be purchased
to the family rather than a source of food. 


at little expense, and with care and minimal feeding 
it could later
 

Women and children were responsible for the care
 be sold for ready cash. 


zlimate such care required close attention
 of the pigs. In a tropical 
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since pigs can easily become overheated and die Orom heat exhaustion.
 

Thus, pigs were not allowed out of sight for very long. During the mid­

afternoon, itwas common for them to be sheltered from the sun 
inside the
 

Pigs were allowed to roam the yard and scavange for food. 
Building


house. 


pig pens would have been expensive and would have necessitated 
feeding them
 

Thus, pig pens were not considered as a
and removing fecal material. 


practical alternative.
 

Chickens were kept for a ready source of eggs and were later 
sold
 

They were also allowed to scavange
rather than being eaten by the owner. 


in the yard and in the house and were often seen on food 
preparation
 

surfaces and eating tables.
 

There was a belief by some villagers that animals that 
were put in
 

a pen were more susceptible to disease. However, there were no cultural
 

The design for kitchen
 mores against barring them from kitchen areas. 


barriers called for inexpensive materials such as cane 
or small branches.
 

These could be secured to the door frame with nails and 
a piece of rubber
 

cut from innertubes.
 

In Guanagazapa, forty-eight households built these animal 
barriers
 

This was highly sig­between June 1975 and the end of the field study. 


nificant since virtually no barriers were installed in 
the control village
 

Data collected from the two communities showed
 during the same period. 


differences in the perception of the harm associated with 
the presence
 

Ten percent of the families in Florida
 of domestic animals in the house. 


Aceituno saw no risks associated with the presence of 
domestic animals
 

while less than two percent of the families in Guanagazapa felt this 
way.
 

Although there was no significant measurable change in 
this perception
 

barriers suggests
over time in Guanagazapa, the installation of animal 
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a greater readiness to initiate new behaviors.
 

Comuriy Participa 'ion 

Family participation in all activities related to the health education
 

Attendance at group sessions and hours of participation
 program was measured. 


Two hundred and five families in Guanagazapa

by each family were recorded. 


The hours of attendance
a planned program.
participated at least once in 


for these families ranged from one to two hundred 
sixty with an average
 

The total
 
of thirty-seven contact hours for each participant 

family. 


number of contact hours with individuals in
the comunity during the program
 

This extensive contact
 
was seven thousand five hundred and sixty tNo. 


was achieved through the use of group multiplier 
methods. In general,
 

no more than two or three program sessions, requiring 
supervision by the
 

field staff, were scheduled per week.
 

Regular sessions for women met once per week 
in the afternoon for
 

Forty to fifty women were usually present 
A total of
 

about two hours. 


three thousand one hundred and eighty-six contact 
hours or 42% of the total
 

The men's Betterment Committee met once per
 effort was directed to women. 


week for two to three ho1,Ys in the evening, except during the two month
 

This
 
period when they were preparing for the community 

extension project. 


latter project involved two sessions per week 
of about three hours and
 

A total of three thousand
 
was attended by a core group of some thirty 

men. 


five hundred and nine contact hours or 46% 
of the total hours were directed
 

The same men's group organized additional 
meetings
 

to men in the community. 


Each team invited from five
 
in the comn-unity to discuss sanitation methods. 


Some eight hundred
 
to ten families to participate in six two-5our sessions. 


and sixty-seven contact hours (11%) of the 
total program effort were
 

completely organized and carried out by these 
village groups.
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The field team responsible for health education consisted of two
 

women with a high school education and the part-time support 
from the health
 

A Sanitary Inspector helped with latrine installation and
 post physician. 


Nurses from the health post were integrated into
 group sessions for men. 


A Health Education Consultant
 special activities such as midwifery training. 


was responsible for the overall program design and operation.
 

Group methods as opposed to individual contacts or home 
visits were
 

observed to be more effective because: (1)group methods 
allowed for
 

greater participation by community members without 
increasing staffing
 

Rather than spending one hour visiting one family, 
the staff
 

requirements. 


could meet with a group of twenty to thirty persons 
at the same time; and
 

(2) group methods seemed to encourage the assumption of 
family responsibility
 

Group methods serve to increase peer pressure and 
mutual
 

for changes. 


Where the potential for behavioral change was likely

support for change. 


to be difficult, as in the construction of latrines 
or animal barriers,
 

families became aware of the problems through discussion 
before trying the
 

Thus, their actual experience in trying the new behavior 
matched
 

inoovation. 

Families,


their expectations. Difficulties encountered were not a surprise. 


listening to peers discuss their experience, seemed 
more prepared to deal
 

part of the adaptive prot~ss.
with problems and accept them as 


Relationship of Participation to Change
 

The relationship between behavior change and attitudes 
was examined.
 

Specific behaviors such as the covering of fcod, 
the covering of water
 

containers, keeping fecal matter off the floor, 
sweeping the yard, making
 

a water connection, building an animal barrier, and 
installing a latrine,
 

were analyzed. Although significant changes in the attitude of the community
 

members can be attributed to the sznitary education 
program, the question
 



remains unanswered as to the connection between attitude 
and behavior
 

change at the family level.
 

Pearson product moment correlation coefficients were computed 
to
 

establish the association between the degree of family attitudinal 
change
 

With two hundred and three
 and the level of observed behavioral change. 


This seems to point

observations, no singificant association was found. 


It is clear that the program
to the independence of the two phenomena. 


did produce attitude changes and behavior changes 
in the population of
 

However, these two effects appear to be independent 
indicators
 

Guanagazapa. 


At the family level, no association was observed
 
of the program processes. 


to exist between attitude and behavioral change.
 

The behavioral scale was correlated with total 
hours of participation
 

in the health education program, to determine the 
association between family
 

The Pearson product moment correlation
 participation and behavior change. 


coefficient was 0.44. This is a highly significant association with a
 

p<.O001. This finding is very important because it supports the value of
 

the approach used in designing and implementing 
the program.
 

Summary
 

multiplier methods to increase
Emphasis was placed on group 


the opportunity for community participation. Programing was i -igned
 

to maximize villager involvement and minimize 
the number of required field
 

An important part of the methodolgoy was that community 
needs
 

personnel. 


and interests were considered in the program design whether or not they were
 

This was done to maintair, interest
 directly related to health or sanitation. 


phases of
 
and to attract as many participants as possible 

to some or all 


the program.
 

The health education program was designed to 
change sanitation behavior
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in order to maximize the benefits arising from the potable water 
system.
 

Analysis of results indicates itmarked program impact on the 
attitudes
 

were
and behaviors of the experimental conunity. Signiificant differences 

observed in the cleanliness of the yard surrounding the 
house and in food 

adopted the practice of 
water storage methods. Guanagazapa familiesano 

and water containers to prevent contaminatiol. Also, families
covering food 

in the home.to the presence of fecal matter
became more vigilant with regard 

No significant change was noted in the cleanliness of 
family clothing or 

Handwashing practices did 
in the amount of garbage seen around the home. 


improve but the frequency of bathing did not chiange.
 

Attitudes toward health and sanitary improvements clearly 
changed in
 

a result of the program. However, no association
 
the experimental village as 


found. Participation by community

between attitudes and behavioral change was 


members in the health education program was strongly 
associated with
 

subsequent behavioral change.
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VI. Digestibility Studies (Reference PopuTation) 

hundred percent efficient
The hui'an gastrointestinal tract is not one 

in digesting and absorbing food or in metabolizing the absorbed nutrients. 

It is necessary to take into account the extent to 
which the ingested food 

is digested and absorbed in order to determine the 
amount of energy made 

from a nutrient. The efficiency of digestica
available to the body 

one food to another. The relationship betrisen the amount of 
varies from 

nutrient in the ingested food to the amount of notrient which is excreted 

is termed the coefficient of digestibility. This coefficient
in the feces 


of digestion and the difference between
 
is a measure of the completeness 

that portion of the ingested food which was 
intake and output represents 

digested and available to the body.
 

area 
The diet regularly consumed by individuals living in the rural 

ofis characterized by its high content
of Guatemala (Pacific lowlands) 


amount of food of animal origin. Information
 
corn and beans and a minimal 

biological value of this diet is fragmentary.
regarding the digestibility and 


were done on healthy

In order to obtain this information, studies 


designated a "reference" group to whom other

soldiers who were as 


all born
 
Guatemalan populations could be compared. These soldiers viere 


in the Pacific lowlands of Guatemala and had been living, during the
 

to two years prior this study, at a military

ifamediate eighteen months to 


The level of environm.ental sanitation
 
installation near Guatemala City. 


to
higher and the diet quantitatively superior
at the military post was 

that available to the rural population in the 
test and control villages.
 

1. 	 Summary of Results 

who were hospitalized
The data obtained from 13 of the soldier-subjects, 
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some detail.
 
during the full period of this study, is presented here in 


Statistical analysis Indicated that the variability between the 
results
 

were less marked than that observed during the
 of Balances 4 through 7 


previous baiance periods. This Is interpreted as evidence that, during 

Balance 4 through 7, the subjects were maximaily adapted to the rural 

corn and bean diet. The mean ab;;orption values derived from
metabolic 

these four balance periods were used as "normal intestinal absorption 

fat for young Guatemalan males.
criteria"l for calories, nitrogen and 

The values, using a hierarchal statistical analysis, 
were 92.3% absorption
 

of calories, 85.6% absorption of nitrogen,, and 86.0% 
absorption of fat.
 

behavior of absorption of the
After evaluating the distribution and 

the lower third of the
three components i-n the subjects studied, 


was chosen as "noyinal". There­rather than the mean,distribution curve, 


82.5% for the absorption of
 
fore, 90.5% for the absorption of calories, 

nitrogen, and 83.5% for the absorption of fat were selected.
 

2. Sutnay of Conclusions 

a. This t,ork represents the first study to evaluate 
the digestibility
 

of a mixed diet containing large amounts of corn 
and beans such as the
 

one regularly consumed in rural Guatemala.
 

b. The "values" derived from this study for the 
"normal" intestinal
 

absorption of calories, nitrogen and fat for 
subjects on the rural
 

Guatemalan diet are more realistic than those 
currently available from
 

This literature is more applicable to North American
 the literature. 


and Western European diets. 

c. The usa of these values permits a scientific approach 
to
 

evaluation of the efficiency of the gastrointestinal 
system of rural
 

Guatemalans in regard to the absorption of a diet similar to that 
which
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they regularly consume. 

Detailed Assessment of Digestibility and 31 Value f xed 

Corn-Bean Rural Guatemalan Diet 

The principal objective of this digestibility stqdy was to evalabte 

tract of a "refe,-rence population"
the capacity of the gastrointestinai 

to absorb the 2,800 Calorie diet whlch was ut-ilizeii at the rural metabollc 

A second objective was to determine values 
ward for village subjects. 


for obligatory nitrogen loss in this "reference population" Aivhle they were
 

receiving an essentially nitrogen..'fee diet. 

results were used to provide an operationa&l defif'tltiOr) of 
The 

in the l4wlands Of 
absorption for com.parison with subjects livingj 

f.ti~nate of the variability
Guatemala. The exprimental deslgn perinited an 

i ncluding
of absorption and excretion of the corponets of this diet, 

subject-to-subject variability and varlability 
,,ithin-a-subjectfrom one
 

balance to another.
 

1. Exporlmental Design and Methodoo9I_ 

group of healthy Guatemalan males 
The reference population was a 

between 18 and 25 years of age with the same 
or similar ethnic and
 

environmental backgrounds as the village 
subjects but who had been living 

under better sanitary conditions for, two 
years prior to the study. 

army, who were born in the Pacific lowlands Soldiers from the Guatemalan 

at. the "Mariscalbut had been living for the last 2 years
of Guatemala, 

City met these criteria.GuatemalaZavala" military post near 

3tudy this reference population included three 
The protocol to 

phases: 
specification of 

a. Phase 1: Selection of the study subjects and 

the Mariscal Zavala Diet (M.Z. Diet).
 



b. Phase 11: Determinatlon of the obligatory nitrogen fecal loss. 

c. Phase III: Detailed absorption studies using the Rural Metabolic
 

Diet. 

a 10-bed motabol,1 ward built at
 
Phases H and IUI were carried out in 

Specially trained pearsonnel, under the direction 
Mariscal Zavala Infirmary. 


of a nutritionist, closely supervised the 
subjects during the studies.
 

b ts and s ecification of thp
Phase I: Selection of the stud 

Mariscal avala DietKZ. Dlet 

One hundred soldiers between
 1. Selection of the study subjects. 

the Pacific lowlands of Guatemala and who 
18 and 25 years of age, born 1I 


at the Mzriscal Zavala barracks, were
 
had lived for 18 months to 2 years 

The selectionwere selected.Nineteen of these subjeCtsidentifind. 

d-Xylose absorption,


normal physic~l examinatlon, normal
criteria viere: 


analyses, three consecutive negative stool
 
hematologicainorm.l urine and 


urinary creatinline

for ova and parasites, normal 24-hour

examinations 

wcight/height ratio above 34 (Kilograms/meters).
excretion, and a 


Diet):

2. Specification of the Mariscal Zavala Diet (M.Z. The 

daily dietary intake of the 19 selected 
soldiers was carefully Investigated
 

hour recall and direct weighing methods (Table V1.1). 
using both the 24 

was used to define two differert diets: The "M.Z. Diet" 
This infoi-mation 

the diet regularly consumed by these soldiers, and 
which was equivalent to 


the M.Z.
the sams foods components as
diet" containinga ".odified M.Z. 

in order to provide
lesser amounts of each food

diet but formulated with 

were in Phase III of this 
only 2,80 Cals/day. Both of these diets used 


of the modified M.Z. diet
 
study. Although equicaloric, the components 

particularlydifferent (Table VI.2),
and tue rural mietabolic diet were very 


in their content of beans and corn:
 



TABLE V1.1 

Soldiers Studied At The "RegimientoDaily Dietary Intake of 19 
Mariscal Zavala" While On Active Duty (974) 

Vauesi24 Hours 

3094 xi62* Kcal.
 
CALORIES (metabolizable)............................................................ 


580 ± 39 Cals. = 18.5 ± 1.0 % of totalBeans 

538 ± 5 Cals. = 17.5 ± 0.3 % of total
Corn 

"118± 44 Cals. = 36.0 ± 1.0 % of totalBeans + Corn 


± 2.2 grarsPROTEINS ..................................071. 
= 36.5 ± 1,6 % of total4017 ± 2.9 g.Of animal origin 
 1.6 % of total
69.8 ± 1.9 g. = 63.5 -
Of vegetable origin 


60.30 ± 2.0 grams..............................

FATS ................................................. 


= 43.9 ± 3.0 % of totalOf animal origin 25.3 ± 2.9 g. 
= 
31.0 ± 1.6 g. 56.1 ± 3.0 % of totalOf vegetable origin 


PER KILOGFUM OF BODY NEIGHT 

- 2.02 CaloriesCALORIES = 49.80 
=
PROTEIU s L7 ± 0.05 grams
 

FATS 1.00 - 0.04 grams
 

*Mean ± S.E. 
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TABLE VI.2
 

theComparison of the "Modified tariscal Zavala Diet" and 
"Rural ~etabolic Diet" 

Mdtfled ariscal Rural Metabolic 
Dieat UnitsZava DietComponent 


Qty* (4of Total) Qty* (, of Total)
 

±0.1 100% KcalTotal Calories (bomb) 3037 ±11 100%) 3081 

±0.0 17%
From beans 568 ±14 19% 528 

589 ± 0.0 19% 1266 ±0.0 41%
From corn 

Beans, corn
 
1794 ±0.0 58%combined '1157 ±14 38% 


18.2 ±: 0.10 100% 18.1 ±0.02 100% g
Total Nitrogen 


100% 113.1 ±0.1 100/0% g
Total Protein 113.7 ± 0.6 

Animal origin 43.1 ± 0.2 38% 38.9 ±0.1 34% 

74.2 ±0.0 66%

Vegetable origin 70.6 ± 0.6 62% 

g
38.7 ± 0.2 100% 32.5 ±0.0 100%
Total Fats 

Animal origin 14.9 ± 0.2 39% 7.0 ±0.01 22% 

25.5 ±0.0 78%

Vegetable origin 23.8 ± 0.1 61% 

*mean + s.e. 
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Rural DietDiet Modified M.Z. Diet 

1:2.4
Approx. Bean: Corn Ratio 1:1 

Percentage of Total Calories 
58%

provided by corn + beans 39% 

healthy
Phase II: Determination of the obligatory nitrogen fecal loss in 

soldiers 

A low nitrogen diet (Table VI.3) was specially prepared 
for this
 

in the wvard, the 19 soldiers had to 
purpose. Due to limitations of beds 

Group 1 was studied in October 1974 and group

be divided into two groups. 


The protocol was the sdme for both groups:
2 in November of the same year. 


Physical checkup.
Day I = Admission to the metabolic ward. 


No balance study.
Day 1-3 = Fed the regular M.Z. diet. 

= Adaption period to the low-nitrogen diet; 3-day 
balance 

Day 4-6 


study (Balance A).
 

7-day balance study; subjects on low-nitrogen 
diet (Balance B).
 

Day 7-13 = 


Day 14-16 = Period of readjustment to M.Z. 
diet; no balance study,
 

period spent on the low-nitrogen diet was 10 
days and a
 

The total 


kept. Biological material
of each subject's daily intake was

careful record 

(stools and urine) were collected and analyzed 
to determine their nitrogen
 

content.
 

the rural metabolic diet
 
Phase III: Detailed absorption studies using 


The
 
The protocol for this phase required 29 days of hospitalization. 


were as follows:out during this period of timeactivities carried 

Mariscal Zavala ad. lib. diet (no control on consumption);
Day 1-4 


Zavala diet (=2800 metabolizable Calories/
Day 5-B Modified Mariscal 
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TABLE VI.3
 

Low-Nitrogen Diet Given To Soldiers
 
In Periods 11-4 and II.-5 

Quantity Per
 
Day (grams)

Component 
20

Juice, Tang 

61
 
Sugar 


360
Bread (N-free Paygel G flour, General Mills) 

34
 
Honey 


12
 
Coffee 


10
 
Margarine 


579
 
Soft drink 


95
 
Pudding 


70
 
Marmalade 


Cookie (N-free Paygel G flour + corn and cotton seed oil + 
11
 

flavoring) 


480
 
Soup (n-free corn flour starch + flavoring + water) 

Toast (N-free Paygel G flour, General Mills) 
23
 

Vitamin supplement
 

Approximate daily total intake
 

0.6 grams

Nitrogcn 


2500-2600 Kcal
 
Metabolizable calories 


33-34 grams

Fat 
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day); 4-day balance study (Balance 2).
 

Adaption to Rural Metabolic Diet; no detailed absorption
Day 9-11 


(balance) studies.
 

Day 12-14 Adaption to Rural Metabolic Diet; 3-day balance study
 

(Balance 3). 

3-day balance study (Balance 4).
Day 15-17 Rural Metabolic Diet, 

3-day balance study (Balance 5).
Day 18-20 Rural Metabolic Diet, 


Day 21-23 Rural Metabolic Diet, 3-day balance study (Balance 
6).
 

balance study (Balance 7).
Day 24-27 Rural Metabolic Diet, 4-day 

augmented by one additional subject (not in the 
This Phase III group was 

original 19) who had been screened at Phase I and had rat 
all criteria for
 

Only 14 of the original group of 19 soldiers were 
admission to the study. 

studied in this phase.
 

study" of absorption characteristics of the 
Phase III-1 was a "baseline 

Phase 111-2 was a second "baseline study"
their usual diet.
soldiers on 


which 
of the soldiers on the "Modifi~d Mariscal Zavala Diet" (Table VI.2) 


the "rural Metabolic Diet". In
 
was a controlled diet but differs from 


Phases 111-3 through 111-8, the soldiers were subjected 
to the "Rural
 

Phase 111-3 is wholly

Metabolic Diet," also summarized in Table IV.2. 


Adaptation
 
an adaptation period and no balance studies were 

performed. 


continued in Phase 111-4 but balance studies 
were performed. Phases I1I-5
 

through 111-8 (Balances 4-7) were directed toward 
establishing reference values
 

the "Modified Zavala Diet" ("MZ") and the "Rural 
As mentioned earlier, 

the proportiondiffer in the bean:corn ratios and
Metabolic Diet" ("RD") 

of Calories provided by corn and beans combined.
 

Results 

"Fable IV.4 is a summary of some selected
 Nineteen soldiers were studied. 
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TABLE VI.4
 

General Characteristics of 15 Soldiers
 
Studied In Phase II
 

Measurement
Unit 


28.30 ± 1.20*%
D-Xylose 

20.70 ± 0.30years
Age 

60.10 ± "1.17Kg
Body Weight 

cm 164.0 ± 1.20 
Height 


1.66 ± 0.10meter2 
Body Surface 

37.00 ± 0.01
Kg/meter
Weight/Height 

8.10 ± 0.20
gPlasma Proteins 

17.40 ± 0.40g/l00 ml
Hemo5 .bifn 

49.00 ± 0.62/100 ml
Hematocrit 


Normal
 
Urine Ar;alysis 

Essentially Negative 
Direct Stool Examination 


* Mean ± SE 
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clinical measurements of the 15 soldiers who completed 
Phase II.
 

1. 	Dail_ Detary Intake Of Healthy Soldiers On Active Duty 

soldiers 
Table VI.1 sumarizes the average daily food intake 

of 19 

surveyed for 3 consecutive days while on active 
duty and eating the regular
 

The caloric intake in these subjects was of
 Harlscal Zavala Diet. 


The bean:corn ratio
 
3094 ± G2 (atean ± SE) metabolizable Cals/day. 

with beans and corn providing 36% of the total 
caloric intakL.
 

was 1:1 

The average intake of proteins was 107.1 ± 2.2 g/day. of which 36.5% 

The fat .intake 
was of animal origin and the rest of vegetable 

origin. 


The quantities
 
was 60.3 ± 2.0 g/day including 43.9% of animal origin. 

of calories, proteins, and fat ingested per 
kilogram of body weight mdt
 

the nutritional requriements of the individuals 
in the study.
 

Ntrogcn Excretion 
2. Determinatio.n of Obliatory (Endogenous) 

Of the 19 soldiers admitted to the metabolic 
ward, only 15 completed
 

Table VI.5 contains
 
the studies described in Phase II of this program. 


a summary of the results obtained during the 
two balance periods while 

The intake of nitrogen, 
these 15 subjects were on the low nitrogen 

diet. 


calories, and fat remained fairly constant 
during the 10-day period
 

The amount of nitrogen and calories present
 of the nitrogen-free diet 


in the stools every 24 hours decreased significantly 
from Balance A (days
 

Fecal nitrogen decreased from 1.8 ± 0.26 
4-6) to Balance B (days 7-13). 


g/day (mean ± SE) to 0.9 ± 0.07 g/day and fecal calories decreased from
 

Fecal fat also decreased,
 
167.8 ± 20.2 Cals/day to 82.3 ± 6.22 Cals/day. 

but only slightly, from 3.9 ± 0.45 g/day to 2.6 ± 0.32 g/day. 

The improvement in the absorption of nitrogen,calories, and 
fat during 

a drop in the fecal content of all these
 
Balance B was reflected in 


nutrients since the intake remained fairly 
stable.
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TABLE VI.5
 

Summary of Detailed Absorption Studies in 15 Hlealthy Soldiers
 

Given A Low Nitrogen (Nitrogen-Freel Diet
 

Age 


Body Weight (BW) 


Height 


Body Surface 


Intake 

N en Intake/Day
 

Intake ............ total mg 


mg/Kg of BW 


Stools ............g 


Caloric Intake/Day
 

Intake ............ total Kcal 


Kcal/Kg of Bw 


Stools ............ Kcal 


Absorption........ % 


Fat Intake/Day 

Intake ............ total grams 

mg/Kg of BW 

Stools ............ g 
%
Absorption ........ 


*Mean ± SE 

(years) 


(Kg) 


(cm) 


(Wn) 


Means 

20.7 ± 0.30* 

60.1 ± 1.17
 

164.0 ± 1.20 

1.66 ± 0.10
 

!al ues/24 Hours 

Balance A 

(days 4-6) 


598 ± 11.0 

9.6 ± 0.50 

1.8 ± 0.26 

2530 ± 68.0 

42.3 ± 0.90 

167.8 ± 20.2 

93.0 ± 0.86 

34.4 + 0.30 


0.55 ± C.01 

3.9 ± 0.45 

88.6 ± 1.32 

Balance B
 
(days 7-13)
 

598 ± 11.0 
9.6 ± 0.50 

0.9 ± 0.07 

2527 ± 58.4 

42.1 ± 0.60
 

82.3 ± 6.22 
96.6 ± 0.25 

32.9 ± 0.29
 

0.52 ± 0.02 

2.6 ± 0.32 

91.2 ± 0.96 
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Table VI.6 sutmarizes endogenous nitrogen excretion (urinary 
and
 

fecal), urinary creatitntne excretion/day, changes in 
body weight, and the
 

plasma proteins during the first 3 days and the last
 concentratiob. -,,F 


The body weight ofon the low nitrogen diet.3 days of the 10-day period 

Average 24-hour 
these individuals remained stable all through this period. 

amount excreted, mg/kg of BW
 urinary creatinine (expressed as the total 


did riot change. The concentration of 
or mg/cm of height or muscle mass) 

g
plasma proteins decreased from 8.6 ± 0.1 g (Balance A) to 7.4 ± 0.1 

The endogenous nitrogen excretion also decreased 
significantly

(Balance B). 


In the urine, these subjects excreted an average
from one period to another. 


of 5.1 ± 0.27 g of nitrogen/day (equal to 82.1 ± 4.4 mg/kg of BW) during 

days 1-3 while during the last 3 days, the urinary 
nitrogen decreased
 

The daily decrease
 
to 2.6 ± 0.10 g/day (equal to 42.8 ± 1.6 mg/kg of BW). 

It 
in endogenous urinary nitrogen excretion Is presented 

In Figure VI.l. 


can be seen that the decrease occurred mainly during the first 5 days.
 

From the 6th day on, the urinary nitrogen excretion 
remained stable, between
 

On the other hand, the fecal
 2.25 ± 3.00 g/day (40-42 mg/kg of BW). 

1.8 ± 0.26 g/day (30.4 ± 4.1 mg/kg of BW) during Balance nitrogen was 


1.2 mg/kg of BW)

A and decreased during Balance B to 0.9 ± 0.07 (14.8 ± 

(Table VI.6).
 

The behavior of these subjects while on a nitrogen-free 
diet was
 

similar to that described in healthy individuals 
from industrialized
 

It is important to note that the body weight 
and the urinary


countries. 


excretion of creatinine did not change significantly 
during the 10-day
 

period of study. The total nitrogen intake of 0.6 g/day was similar to
 

and others. Nevertheless, when 
that used by Calloway and Margen (1971) 

(1971).ICalloway, D.H., and S. Margen. J. Nutrition 101: 205-216 
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TABLE VI.6
 

Endogenous Nitrogen Excretion Of 15 Healthy 
Soldiers
 

On A Low Nitrogen Diet
 

Measurement Day 1-3 Days 8-10* 

Body Weight (Kg) 60.7 ± 0.70** 60.1 ± 0.70 

Serum Proteins (g) 8.6 ± 0.10 7.4 ± 0.10 

Urinary Creati nine/Day 

Total milligrams 

mg per Kg BW 

mg per cm Height 

Muscle mass (Kg) 

1266 ± 68.0 

53.4 ± 3.00 

144.3 ± 7.50 

25.1 ± 1.40 

1240 ± 60.0 

54.1 ± 4.30 

150.8 ± 11.4 

24.9 ± 1.20 

Urinary Nitrogen/DaY 

Total grams 

mg par Kg BW 

g per g creatinine 

5.1 ± 0.27 

82.1 ± 4.40 

4.2 ± 0.16 

2.6 ± O.1a 

42.P z 1.60 

2.1 ± 0.10 

Days 1-3 Days410 

Fecal Nitrogen/Day 

Total 

mg per Kg BW 

mg per cm Height 

mg per 100 Kcal eaten 

1.8 ± 0.26 

30.4 ± 4.10 

11.2 ± 1.60 

76.5 ± 10.7 

0.9 ± 0.07 

14.8 ± 1.20 

5.4 ± 0.40 

36.9 ± 3.00 

• Days on N-free diet. 

•* Mean ± SE 
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FIGURE V1.I 

Endogenous Urinary Nitrogen Excretion 
By 15 Guatemalan 

Soldiers Given A Low Nitroqen (Nitrogen-Free) Diet For 10 Days 
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per unit of body weight, the intake of 9.6 mg/kg 
this intake is expressed 

of BW calculated by Young and Scrimshaw 
of BW Is higher than the 6 mg/kg 

subjects were smaller 
(1968)1 This difference is due 	 to the fact that our 

in the cited studies. Even o, the 
and thinner than the individuals 

of the studylast 3 days
urinary N obtained during the 

amount of endogenous 

falls within the range reported by Calloway 
+ 1.6 mg/kg of Btl/day)(42.8 

14.8 ± 1 2 .g/kgsame period was 
and Hargen. Fecal nitrogen during the 


Expert Cotanlttee
 
of W/day which is similar to Uhat reported by the FAO/WHO 

loss/day
2 was concluded that the obligatory nitrosen 
feca 

(1973) . Thus, it 


living at 4800 feet of iltitude and with 
of healthy adult Guatemalan males, 

1.2 mg/kqthe order of 14.8± 
an average temperature of 22-.24*C, is on 

of body weight.
 

3. Detailed Rrai2L-Det Abspo Stqdijs 

The principal objective of Phase III was to establish accurate referenc(
 

These
 
values for absorption and excretion 

of nitrogen, fat, and calories. 


reference values can be used to define 
malabsorption as measured in other
 

Guatemalan populations.
 

II, only 15 were .vailable for
 
Of the 19 soldiers studied in Phase 

During the course of Phase III, two 
of the 15 subjects 

study in Phase III. 
No 

experienced substantial diarrhea and 
were dismissed from the study. 

data on these two subjects are presented. 
In addition, subjects 061
 

of diarrhea duringor marginal, cases 
and 064 experi-nced very mild, 


The indications of diarrhea were: 
more
 

Balances 7 and 6, respectively. 


a 24-hour period, stool volume greater than the
 
than 3 bowel movements in 


average volume from previous days, and stools had changed from 
solid to
 

IYoung, V.R. and N.S. Scrimshaw. Br. J. Nutr. 22: 9-20 (1968). 

2World Health Organization Technical Report Series, No. 522. FAO 
and WHO,No. 52. Published by FAO 

Nutrition Meetings Report Series, 

121 ps., 1973.
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orHeither subject presented mucus blood in the 
somiliquid or liquid. 

cases of diarrhea were determined not to be
 stools. These marginal 

to warrant exclusion of the data from st ries of 
sufficiently severe 

results or estimates of reference values.
 

:ruaxary of the detailed absorption studies 
of
 

Table VI.7 contains a 

that the Intake of nitrogen and calories
It can be seenBalances 2 to 7. 

very siilar during Balances 2 through 7. Fat intake 
in the subjects was 


2 when the soldiers w.2re
 
was relatively stable except during Balance 

)Diet. In contrast;"Mariscal Zavala"
receiving the 2800 Calorie modified 


fat fluctuated frm;m balance
calories, and
the fecal excretion of nitrogen, 

the pattern of this behavior.
 
to balance. Figures VI.2 and VI.3 show 


loss of Mitrogen,
in the average fecal
Figure VI.2 presents the changes 


7 as well as the respective

and fat during Balances 2 throughcalories, 

the fecal
 
absorption of these constituents. A significant increase in 


during Balaiace 3, indicating a
 
and calories occurredcontent of nitrogen 

From Balance 4 to 7, the awount of nitrogen 
anI
 

decrease in absorption. 


did not change substantially, although
calories present in the stools 

a slight improvement in the absorption 
of both was observed during Balance
 

was 87.9 ± 1.4%, and that of
 
7. The absorption of nitrogen -inBalance 

7 


calories was 93.0 ± 1.3%.
 

The differences in the content of -fecal nitrogen, calories, 
and fat
 

between Balances 3 and 7 and their 
absorption is sun=arized in Figure
 

The amount of the three nutrients in 
feces decreased in Balance
 

VI.4. 

Subjects
 

7, indicating an improvement in absorption 
inmost of the subjects. 


The amount
 
061 and 064 presented, on the contrary, 

a reverse pattern. 


of nitrogen, calories, and fat in their 
feces Increased in Balance 7
 

Itwas found that both had suffered
 
indicating a decrease in absorption. 




TABLE VI.7
 

Surmary Of Detailed Absorction Studies Carried Out in 13 Nealthy 
Soldiers Given The Rt,-al Metabolic Diet During Phse III 

"our o S4s)
(All Values Arp Eiven Ofn A ;er 

75 6
3 4
2
Balance Nunbers 
 24-27~-2

5- 12-14Days 


+ 0.0 17.8 + 0.04--. 1S.0 + 0.017.8 +_ 0.0 18.1 3.1 T 0.4
18.25325+ 0.2*0 18.0 + 0.0 2-9 T 0.40.3 - 2.4 T 0.3= intakeStools 3.4 - 0.4".-

1.0
Snos 

10.6 7 0.6 12.3+ 0.9 12.0 0.5 11.3 + 
------ i. + 0.8 Iu ..... ----- -5.0 ¥ 0.9 15.2 0.9 15.1 T 0.6 13.4w 1.1- iecea 9 .. 1 0.80-1 ,= g ----------

2.7 ' 0.6 5.4 1.43.0 7 0.9 4.9 T 0.8 2.9 + 0.9 
- Eaance 9 

1.8 84.2 T 1.9 82.8 T 2.2 C7.9 * 1.4
 
Absorption f 86.3 + 2.3 80.6; 21. 86.4 7 

4.9 16.1 + 5.2 16.2 7 3.2 25.2 T 6.2 
-enon 16.0 7 5.0 27.0 7 -e 


5 1872
4. 3100 +-0.0 3090 + 0.7
St.1 3099 + 0.3 3031 + 0.8
3022 +14.6 3091 + 0.0
Int,.E:e (bomb) Kcal 273 ;3r.4 250 724.4 218 T39.1 
400 +40.8 248 732.5


Stos (bob) Kcal 177 +20.3 26.6 T 1.4 26.4 + 2.027.3 T 1.8 
-- 21.3 T 1.4 26.3 T 1.5

Uriae - 2.8 +25.4 245 T39.5
300 +30.6
361 T40.9 275 ;32.8

Total ex-reta 9 1.1 93.071.3
 

89.0 T 1.3 92.0+ 1.0 91.1 +1.0 91.4 ; 
Absorption % 94.1 + 0.7 

19.1 71.1 90.3 + 1.0 0.6 + 1.2 92.1 T 1.3 
% -- 88.3 T 1.3
Retention 


32.5 + 0.0 36.5 + 0.0 34.5 + 0.0
 
34.5 + 0.0 3G.5 + 0.0 


intake g 38.7 + 0.2 
5.4 T 0.5 4.7 T 0.6 4.3 T 0.6 

5.0 T 0.5 5.4 ; 0.5 5.4 T 0.6 
Stools 9 07.5 T 1.6 

83.6 7 1.5 85.1 ; 1.5 83.6 + 1.7 87.1 T 1.7 
% 87.1 ; 1.7Absorption 


Mtean + S.E. 
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FIGURE VI.2
 

Fecal Excretion and Absorption of Nitrogen, Calories
 

And Fats In A Group Of Soldiers Receiving Their 
Usual
 

Diet And The Rural Metabolic Diet
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FIGURE VI.3
 

Fecal Excretion Of Calories In 13 Soldiers Receiving
 

Their Usual Diet And The Rural Metabolic Diet
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FIGURE VI.4 

Fecal Loss and Absorption of Nitrogen, Calories and 
Fats of 13 

Soldiers During Balance 3 and 7 of Phase III (Values/24 Hours) 
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marginal episodes of diarrhea.
 

Figure VI.3 shows the individual 
variations in fecal calorie excretion
 

and in absorption during Balances 2 
through 7. Wide fluctuations from one
 

Even so, a majority of the subjects
 
Individual to another is evident. 


had a sharp increase in fecal 
calories, indicating a drop in

absorption,
 

during Balance 3. Three subjects 
seemed to follow rather different 

curves.
 

marked increase in fecal
 (heavy lines) presented a 
Subjects 064 and 061 


calorie excretion and a frank 
increase in absorption during 

the episodes
 

of marginal diarrhea (064 during Balance 
6 and 061 during Balance 7).
 

very low excretion of calories
 

Subject 092, on the contrary, 
consistently had a 


throughout the period of study 
and a very efficient capacity 

to absorb
 

caloires.
 

The daily stool volume observed during each 
of the balance periods
 

The smallest volume observed 
was 141.7 ±
 

is presented in Figure VI.5. 


20.7 (mean ± SE) grams/day during Balance 
2. The highest stool volume 

observed was 263.1 ± 28.0 g/day during Balance 3.
 

In Adult Males From The
 t Absorption

4. Reference Values For Nutri 


ofGuatemala
Pacific Lowlands 


Malabsorption must be defined 
on the basis of some "norm" 

or reference
 

The primary objective of this 
study was to provide
 

value for a population. 


data for the accurate estimation 
of such reference values or 

"norms"
 

The reference value was defined 
as the sample mean of the
 

for Guatemala. 

The mean
 

observed values from the reference 
population of 13 soldiers. 


values for total calories, nitrogen, and fat 
are presented, together with
 

95% confidence intervals and 
standard errors, in Table VI.8.
 

For example, the reference value 
for percent absorption of total
 

a 95% certainty that the true 
population


There is
Calories is 92.0%. 
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FIGURE VI.5
 

Stool 	Volume In,13 Soldiers Given-Their Usual
 
Diet And The Rural Metabolic Diet
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TABLE VI.8 

Marginal Distributions OF Nutrient Absorption 
In A Reference Group Of 13 Soldiers 

(Four Balances Per Sub.ct) 
Standard 

Deviation 

Nutrient 
Cponent Measure Mean 

Standard 
Error (sx ) 

95 
Low 

C.I. 
High 

of 
Individual 
Observations 

Total 
Calories Excreted (Kcal) 

Absorbed (Kcal) 

% Absorptlio 

247 

2846 

92.9 

20.1 

20.3 

0.65 

. 

203 

2802 

90.6 

291 

2890 

93.4 

114.5 

115.6 

3.70 

Nitrogen Excreted (gin) 

Absorbed (gu;i) 

% Absorplii 

2.64 

1G.3 

35.3 

0.2E 

0.26 

1.41 

2.09 

14.7 

82.2 

3.18 

15.9 

88.4 

1.22 

1.23 

6.80 

Fat Excreted (gin) 

Absorbed (gml 

% Absorption 

4.95 

30.1 

85.8 

0.38 

0.38 

1.08 

4.12 

29.3 

83.4 

5.78 

30.9 

83.1 

1.98 

2.62 

5.76 
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A subject, from a population for 
mean lies between 90.6% and 93.4%. 


a reasonable reference population, may be
 which the test population is 

exhibited 85%absorption of total 
compared as follows. If the subject 

= 7.0%of total calories.
calories, the subject malabsorbed 92.0%-85.% 

If the subject exhibited 95% absorption of total calories, 
the subject
 

The means, of the other variables3%of total caloires.hyperabsorbed 

serve as reference values in the same manner.
 

individual observation" column in 
The "standard deviation of an 

Table VI.8 gives an indication of biological 
variability between subjects
 

For example, if a population exhibited a mean of 
in a stable population. 


would expect approximately 95% of
one85% absorption of total calories, 


tn exhibit a percentage absorption of
 
the individuals in the population 

= 77.6%and 85% + 2x3.7% 
total calories between (approxima,tely) 85%-2x3.7% 

92.4%, i.e., within the interval: mean ± 2x 
standard deviation (of an
 

= 


individual observation).
 

Tables V.9 and VI.l0 contain information about the estimated 
spread
 

of the reference population under the statistical 
assuription of a Gaussian
 

seems reasonable. The values frore Table 
or normal distribution, which 


of the percentiles of the distribution.
 
VI.9 	contain the "best estimates" 


a long time, about 10%
repeated measurements overFor example, given many 

of the measurements from the reference population 
would be less than 87.3%
 

the third line of the table) while
of total calories (from,bsorption 

would exceed 96.7% absorption of total calories 
, iut 10% of the measurements 

Those are the best estimates
 
(i.e., the 90-th percentile, third line). 


In this approach, the estimate is that 
of the 10-th and 90-th percentiles. 


80% of the measurements would lie between 87.3% 
and 96.7% absorption of
 

total calories. In contrast, there is a 95% certainty that 80% 
of the
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TABLE VI.1O
 

Estimates of Among-Subject and Within-Subject 
(among balance) Variance of Nutrients 

Total Amang-Subject Within-SubJectNutrient Measure 
.Variance Variance Component Variance Component
Component 


z
 oa . e6eg)2 25 

* Total
 
2650. 20% 10454.
Calories Excreted (Kcal) 2 13104. 80%
 

2691. 20% 10683. 80%
Absorbed (Kcal)2 13375. 


2.78 20% 10.95
% Absorption (%2) 13.72 80%
 

0.87 59%Nitrogen Excreted (gin2 ) 1.48 0.61 41% 

0.87 58%Absorbed (gm2 ) 1.51 0.64 42% 

27.02 58%
Absorption (%2) 46.21 19.19 42% 


1.15 29% 2.79 71%

Fat Excreted (gm2) 3.94 


2) 6.88 0.19 3% .6.69 97%
Absorbed (gm

28% 23.96 72%S Absorption (%2) 33.12 9.16 
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measurements would lie between 87.0% and 97.0% absorption of total
 

These values, 87.0% and 97.0%, ccne from corresponding entries
calories. 


of Table VI.9 (i.e., third line and the 10% and 90% tolerance limits).
 

estimate 98% of future measurements of calories excretedSimilarly, we 

respectively,would lie between 0 and 513, the estimated 1%-ile and 99%-lie, 

but we are 95% certain that the interval 0 to 554 would contain 
98% of
 

future measurements (assuming stability).
 

Tables VI.8 and VI.10 can be used to define malabsorption. 
These
 

tables incorporate considerations of the precision of estimates 
of
 

population means and the inherent biological variability 
of the measurements.
 

There are two important statistical constraints which must 
be considered
 

First, multiple
in the interpretation and analysis of these results. 


observations from one subject cannot be considered to be 
statistically
 

independent. The data from consecutive balances on one subject are in 

As a consequence, multivariate (or multiresponse) statistical this category. 


The secund point
methods were required for the analysis of the data. 


These data contain the results of 4 balance
 concerns the sample size. 


studies from each of 13 subjects. Of course, one would wish to have more
 

The
 
than 13 subjects for the purpose of establishing reference 

values. 


fact that there are 4 balance studies from each subject 
increases the
 

"effective sample size" somewhat, but there is less information than would
 

be available from 4x13 = 52 different subjects, given 
one balance per subject.
 

This is taken into account in the analyses described.
 

Ifmore subjects were available, the effect would 
be to increase
 

to decrease the
 
the precision of the estimates of the means, i.e., 


standard errors and decrease -the lengths of confidence 
intervals. However,
 

the confidence intervals used accurately reflect the 
precision attained
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in this experiment..
 

Distributions of Measures of Nutrient 
Absorption
 

1. Nutrient Absorption 

These data contain substantial information 
about the parameters of
 

of nutrient absorption in the reference 
the distributions of measures 

These results are of biological and statistical interest 
population. 

and will be of importance to persons designing future 
studies.
 

2. 	 Variance Components 

One method of quantifying the variability of measurements in this 

study is to examine the "components" of 
the variance of an observation.
 

of the variables:
One can pose the following model for one 

Yij = p + a, + elj 

where:
 

y denotes a determination of one characteristic 
(e.g.,
 

percentage absorption of total calories) 
on the i-th 

= 1, 2,
subject during the j-th balance period, 

i 


... 9 13, j = 4, 5, 6, 7. 

denotes the (unknown) population mean 
value of the 

characteristic for this population (the 
reference value 

is an estimate of p). 

3 the average deviation about v for the 
i-th 

a	 ...
1 

subject; we assume that each subject 
operates around his 

own level of efficiency, the level of 
efficiency being 

p + ai for subject i. 

two sources of variation which 
a term which includese= is 
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in these data. First, even thoughare indistinguishable 

own level ofeach subject is assumed to operate at his 

from the eeferenceit + ai . we assime, based the data 

group, that the subject'r response varies ab*ut v + ai 

term udesfrom one balance to another. Ihe eii i ncl 

recognize that therethis variability. In addition, we 

laboratory maesura-ent va'iaility ani this is
is some 

Thus e.U is the deviationalso included in the eIi tevmt' 

(p + for the i-th subject, j-th blance,
Yij - ai) and 

may come from two or imore SoUrCeS. 

we the e
three further assumption. First, asseue

There are 

a subject's deviation froml his character­
are random and independent, i.e., 

p + ai , on one balance is unrelated to his 
istic level of efficiency, 

We also assume one subject's deviations
 deviation on any other balance. 


any otherof efficiency is unrelated to 
from his characteristic level 

te assume the lon9 term average of the eij, denoted 
subject's deviations. 

e ii is ar2~,ei .e., all eiiQ(eii), is zero and the variance of each . all 

a measure of a subject's
 
terms have the same variance. The parameter ae2 is 


one balance to another in the same series of balances. 
variability from 


the deviation of the individual's characteristic

We assume the ai , 

level of efficiency from the population characteristic 
level of efficiency, 

from thethe subjects are selected at random 
is random, which is true if 


We assume Var(ai)

population and is also true under other circumstances. 2

2 
, i.e., that each ai has the same variance. 

The parameter aa2
 
= a 

measure of the subject-to-subject variability 
under the conditions
 

is a 


We further assume the ai are all independent of the
 
of this experiment. 


eij. 
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Gi en all these assumptions, the objective is to estimate the para­

measure of nutrient cmaponent absorption.
a 2 and ae2 for eachmeters r,a 

In this case the experiment is a hierarchal design, which peliits estimation 

of the u's were discussed in the previous
of the parameters. The estimates 

section. The estimates of the components of variance,aa2 and ae2 are 

given in Table VI.IO.
 

individual observation

Note that the estimate of the variance of an 

2 a a + ae2 , which is estimated as a = (one subject, ore balance) is 


62 = 0a2 + 6e2 It is interesting to consider 
the percentage of the
 

total variance (o2) contributed by each component 
(6a2 e2),
 

estimatd. 


viz,
 

100 026a2
100 

%~and e *These percentages are presented in Table VI.lO.
 

8a2+0e26a2+0e2 

The percentages of total variance (Table 
VI.lO) illustrate that the
 

at least as large as the
 
within-subject balance-to-balance variation 

is 


This indicates that the subjects are quite
 among-subject variability. 


A subject who is a "malabsorber"
 variable from balance to balance. 


(absorption below the raference value) 
today could well be a hyperabsorber
 

Variability of
malabsorber again next week. 
three days from now and a 


not unusual in biological measurements.
this sort is 


Correlations
 

One expects that when multiple measurements 
are made on one subject
 

This is indeed the case with the
 the measurements will be correlated. 


present data. 

Table VI.11 contains some of the correlations of interest relating 
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TABLE VI.I
 

of Nutrient Onri
Correlations Between Measures 

An Calories FatExcretio'n Measures 

0.79
0.85
1.00
Nitrogen 

0.81
1.00
0.85
Calories 

1.00
0.81
0.79
Fat 


Ntro2&qn Calories Fat
 
Absorption 1teasures 


0.79
0.86
1.00
Nitrogen 

0.82
1.00
0.86
Calories 

1.00
0.82
0.79
Fat 


Fat
Calore
Nitrogen
% Absorption Measurs 
0.79
0.85
1.00
Nitrogen 

0.82
1.00
0.85
Calories 

100
0.82
0.79
Fat 
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betteen measures of
to multiple measurements. 	 First, the correlations 

pemrcentage absorptioln wqhich are the threeexcretion, absorption, and 

This rela­
correlation matrices in the 	Table, are essentially 

identical. 


three types of maeasures are 	nearly
tionship 'is expected because these 

linear functions of each other.
 

ranging from 0.79 to 
In each case the correlations are quite high, 

This indicates that any underlying factors 
%,)hIch cause soldiers
 

0.85. 


to affect the absorption of 	nitrogen,
to differ from one another, tend 

However the correlationsa proportional manner.calories, and fat in 

1.00 support a conclusion that a single 
are not sufficiently close to to 

factor is being measured in three different scales.
underlying 


model discussed
of the variance componentsIf all the assumptions 

above are correct, one would expect the 
correlation between any two balances
 

2,2 O2)]I/2 
(a a2+ 2 ) 1 

be estimates of [aa 
on the same subject to 

The approximate results are: 

Approximate CorrelationVari able 
(Variance Components Model) 

% Absorption Calories 
0.45
 

% Absorption Nitrogen 
0.64
 

% Absorption Fats 
0.84
 

The correlations in Table VI.12 tend not to be constant within each matrix,
 

In
 
suggesting that the variance components model 

may be inappropriate. 


fact, the correlations tend 	to decrease 
with "distance" in time, i.e.,
 

correlations between two successive balance 
studies are higher than
 

correlations between the fourth and sixth 
or fifth and seventh balances.
 

These, in turn, tend to be 	larger than correlations 
between the fourth
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TABLE VI.12
 

Correlations Between Determinations of % Absorption 
From
 

Percentage
 
Absorptt n of
 
Calories 


Balance 4 


5 


6 

7 

Percentage
 
Absorption of
 
Nitrogen 

Balance 4 


5 


6 


7 

Percentage
 
Absorption of
 
Fat 

Balance 4 


5 


6 

7 


SoldiersDifferent Balance Studies On 13 

7
5 6Balance 4 

-0.18
0.72 0.39
1.00 

-0.02
1.00 0.54
0.72 

0.02
1.00
0.54
0.39 

1.00
0.02
-0.02
-0.18 


0.17
0.25
0.72
1.00 

0.50
1.00 0.50
0.72 

0.63
0.50 1.00
0.25 

1.000.50 0.630.17 

-0.13
0.34
0.56
1.00 

0.09
0.46
1.00
0.56 

0.49
1.00
0.46
0.34 

1.00
0.49
0.09
-0.13 
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and sixth or fifth and seventh balances. 
These, in tui'n, tend to be larger
 

These results
 
than correlations between the fourth 

and seventh balances. 


are based upon only 13 observations and 
are not conclusive, but they indicate
 

a stochastic or growth curve model may 
be more appropriate than a variance
 

This topic is also the subject of further 
study. Regard­

components model. 


less of the validity of the model, the estimates of the variance components
 

are useful statistics in that they clearly illustrate the large 
magnitude
 

of the within-subject variability relative 
to among-subject variability.
 

This is one of the most important statistics 
of these studies.
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VII. Detailed Absorption Studies
 

and Results of Detailed Absorption Studies
 Experimental Design 

1. Selection and Participation of Subjects 

The details of the initial selection of subjects 
for detailed abSorp-


Only a summary
 
tion studies have been presented in the 

Methodology Report. 

of the procedure is presented here.
 

Adult male inhabitants (15 or more years 
of age) of each village who
 

medical
 
willingness to participate in the studies were given 

a 

indicated a 


Within each village this
 
screening and a d-Xylose absorption test. 


population was stratified into three 
equally sized groups on the basis
 

of d-Xylose absorption results.
 

The appropriate sample size for the 
experiment was based on statistical
 

These cal­
computations of estimated intestinal 

absorption measurements. 


culations indicated that the sample 
size should comprise at least 60
 

subjects from each of the two villages. 
A stratified random sample of
 

75 subjects was selected from each 
community, with stratification based
 

The additional 15
 
upon the outcome of the preliminary 

d-Xylose tests. 


a pool to replace "dropouts"
 
subjects in each village were to be 

used as 


from the study as these occurred.
 

selection of subjects, the rate of 
participation


After the initial 


was unexpectedly and sharply reduced 
by subjects moving to other villages,
 

subsequent refusal to participate and inability to schedule 
the subjects'
 

Over the four years
 
partizipation in the studies at appropriate times. 


of the study the initial chosen sample 
of 75 per village was extended to
 

a total of 98 subjects in Florida Aceituno 
(FA) and 97 subjects in
 

Guanagazapa (GU) to compensate for the high dropout 
rate.
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Table VII.1 and Figure VII.I presents information on the numbers of
 

subjects who participated in the studies (through every possible combination 

from 1973 through 1976. Following is a brief summary of
of samples) 

participation by the villages. 

FA GU Total 

Total number in pool of participants 
selected (for four years) 98 97 195 

Subjects who never participated -19 -24 -43 

Subjects who participated at least 
once in an absorption test 79 73 152 

Subjects who participated at least 
once, but not inall four years 42 28 70 

Subjects who participated inall 
four years 37 45 82 

Prior to the study itwas assumed a subject's absorption 
for the
 

of the study would be highly correlated, in that a "malabsorber"
various years 

a malabsorber and a "hyperabsorber" in 
in 1973 would probably always be 

shown the 
1973 would continue to be a "hyperabsorber". This study has 

from year to year are not highly correlated. This low 
converse. Results 

correlation makes the subjects appear as members 
of an annual random
 

of their populations.
sample, rather than a one-time random sample 

the fact that some of the subsets participated in all four 
Therefore, 

or less of the annual tests
studies and others participated in three 

is not of real importance to the analysis of the data. 

Sunmary of the Metabolicj'ard Schedule and Protocol2. 
areA sumary of the metabolic study procedures which most important 

are presented in the following sections. 
to an understnading of the results 

as ell as the study design, have 
Extensive details of these protocols, 
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FIGURE V11.1 

metabolic Hard Sample 
(Frequency of Participation) 

471 6 

!r. 1Y.1 .. 

[19
24] 

LONGITUDINAL SAPLE 

Key:98 subjects fromi Florida Aceituno 
subjects from Guanagazapa
97 
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been presented in previous reports and are found in the 
NethodologReport.
 

to a NationalMetabolic studies were performed at a facility adjacent 

Hospital in Esquintla, Guatemala. Esquintla is located in the Pacific
 

two study comunities.
coastal lowlands approximately midway between the 

Approximately 6-8 subjects were scheduled for examination 
in each study
 

period. The 1973 studies lasted 6 days for each group and this period
 

was extended to 9 days for 1974-1976 studies.
 

Studies were initiated in June of each year and continued through
 

Study groups were chosen alternatively between villages.
November. 


During each six- or nine-day study all subjects were from only one of the
 

two villages. Subjects from the two villages were never taken together
 

in the same study period.
 

Scheduling of subjects for the metabolic ward was complicated by
 

a nwpber of factors. The scheduling had to be done several weeks in advance.
 

Episodes of diarrhea or other types of morbidity in 
the two weeks prior
 

Also, the required

to the study period led to exclusion of the subject. 


six- or nine-day absence from home and work made scheduling 
difficult.
 

The schedule of activities within a study period changed 
over the
 

first three years of the study. These schedules are shown in Tables
 

VII.2, 3 and 4. The 1973 studies included only a 
single three-day balance
 

period. An additional three-day balance period was added 
in 1974 to study
 

Subjects

the effects of adaptation to both the metabolic ward 

and diet. 


were assigned to one of three dietary regimens 
in the first balance
 

The
 
period but the second balance period was identical 

for all subjects. 


1975 and 1976 studies involved two consecutive and 
identical three-day
 

balance periods.
 

The treatment of subjects in the second balance period 
of the 1974,
 



TABLE VII.2
 

Schedule of Activities for the 1973 Metabolic Studies 

Day Hour Description of Activity 

Day 1 11:00 hours Admission 

Physical check-up and anthropometry 

12:00 hours Beginning of 72-hour balance period 

(Carbon ig, P.O.) 

Day 2 ----------------------- Continuation of balance 

6:00 hours Blood drawn for hematological work-up. 

Day 3 ----------------------- Continuation of balance 

Day 4 12:00 hours End of balance period (Carmine C.5 g, 

P.O.) 

Day 5 ----------------------- o activities 

Day 6 6:00 hours d-Xylose absorption test 

12:00 hours Discharged. 

Notes:
 

1. Stool cultures for parasitological and microbiological studies
 

were obtained during days 1 or 2.
 

2. Body weight was measured every day at 6:00 and 18:00 hours. 

3. Each subject exercised fGr 10 minutes every day at 9:00 and 

16:00 hours on a stationary bicycle while under 
close supervision. A
 

10-15 miles/hour was maintained.speed between 

4. The 2800 Calorie rural metabolic diet was gigen through the 

entire period of hospitalization. 
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TABLE VII.3
 

Metabolic StudiesSchedule of 	Activities for the 1974 

Hour 

Day 1 11:00 hours 

12:00 hours 


Day 2 --------------------
6:00 hours 


Day 3-----------------------


Day 4 12:00 hours 


Day 5----------------------

Day 6 ---------------------

Day 7 12:00 hours 

Day 8 --------------------

Day 9 6:00 hours 

12:00 hours 


Description 	of A vt 

Physical check-up and anthropometryAdmission -

Beginning of Balance 1. 2000, 2400 or 2800
 

Kcal/day diet to match the pre-study diet.
 
P.O.)(Administer 	Carbon, 1 g., 

Continuation of Balance 1
 

Blood drawn for hematological work-up.
 

Continuation of Balance I 

End of 3alance I - (Carmine 0.5 g, P.O.) 

Ingirning of Balance I1. 2800 Kcal/day 

Rural Metabolic Diet
 

11Continuation of Balance 

Continuation of Balance 1U 

End of Balance II (Carbon 1 g, P.I.) 

No activities 

d-Xylose test 

Discharged
 

Notes:
 

1. Stool samples for parasitological and microbiological 
studies
 

were obtained on day 1 or 2. 

2. Body weight was measured every day at 
6:00, 12:00, 18:00 and
 

21:00 hours.
 

3. The schedule and intensity of daily 
exercise were identical to
 

the 1973 study.
 

4. During Balance I, subjects were given either 2000, 2400 
or 2800
 

Calories per day to approximate the caloric 
intake that the individual had
 

the week prior to admission to the rural 
metabolic ward (determined through
 

During Balance I, all study individuals
 
a detailed dietary survey). 


All diets givenmetabolic diet. 
received the regular 2800 Kcal/day rural 


in both Balance periods contained indentical 
proportions of the same food
 

The decrease in calories was achieved through proportional
 components. 

foods.

reduction of the quantities of the different 
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TABLE VII.4
 

Schedule of Activities for 1975 and 1976 Metabolic Studies
 

Day Hour 

Day 1 11:00 hours 
12:00 hours 


Day 2----------------------

6:00 hours 


Day 3----------------------


Day 4 12:00 hours 


Day 5----------------------


Day 6----------------------


Day 7 12:00 hours 


Day 8 ---------------------


Day 9 6:00 hours d-Xylose test
 

12:00 hours Discharged.
 

Notes:
 

1. Stool samples for parasitological and microbiological studies 

were obtained on day 1 or 2. 

2. Body weight was measured every day at 6:00, 
12:00, 18:00 and
 

21:00 hours.
 

3. The schedule and intensity of dialy exercise 
were identical to
 

the 1973 study.
 

4. During Balance 1, each subject was given 2800 Calories per day.
 

During Balance II,all study individuals received 
the same 2800 Kcal/day
 

Diets given in both Balance periods contained indentical
 rural metabolic diet. 


same food components.proportions of the 

Description of Activity 
Physical check-up and anthropometry
Adission -

Beginning of Balance I. 2800 Kcal/day diet. 
(Administer Carbon, 1 g., P.O.) 

Continuation of Balance I 

Blood drawn for hematological work-up
 

Continuation of Balance I
 

End of Balance 1 (Carmine 0.5 g., P.O.) 
Beginning of Balance II.2800 Kcal/day
 
Rural Metabolic Diet
 

Continuation of Balance 1I
 

Continuation of Balance II
 

End of Balance II (Carbon 1 g., P.O.) 

No activities
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1975 and 1976 studies was identical to the treatment of subjects 
in the
 

single 1973 balance period except for the "adaptation" balance 
period.
 

An abbreviated list of the categories of information collected 
in the
 

metabolic ward is shown in Table VII.5.
 

The protocols and methodology for the detailed absorption 
studies
 

Initial data handling at INCAP
 are presented in the Methodology Report. 


required hand calculations for the integration of the 
lO,OrO laboratory
 

Later these calculations were
 results from each annual sampling. 


The UNC-CH data management group has done
 programmed for the computer. 


Some further
 
extensive data checks with subsequent iterations of 

the data. 


The current edit checks still reveal small
 
iterations are still required. 


ano~malies in the data and the INCAP computer programs 
for calculating
 

the various measures of absorption capacity may 
still result in small
 

Systematic errors in a computer program
systematic errors in the data. 


would affect the data from both villages and in
all applicable years in
 

the same way. Therefore, even with these small systematic errors, 
the
 

general trends reported here would remain even with subsequent 
corrections
 

in the computer programs.
 

3. Description of the Tables
 

The trends in the absorption of nitrogen, calories, 
fat, and d-Xylose
 

are summarized in Tables VII.6 through VII.13 and in Figures VII.2 
through
 

The results for the group
The data have been analyzed in two ways.
VII.9. 


of "all subjects" are for those men who participated in
any one year of
 

the study and are presented in Tables VII.6 through 
VII.9 and Figuares
 

The men who participated in all balances for all
 
VII.2 through VII.5. 


four years are called the "longitudinal sample". The results for this
 

subset of men are presented in Tables VII.lO through 
VII.13 and Figures
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TABLE VII.5
 

Information Collected from Metabolic Vard Subjects
 

Description
Category 

Name, community, correlative number,

Identification 
metabolic ward identification number,
 

family number, relative position within 
famil1y. 

Anthropmetry and
 
Height, weight, arm circumference,Nutritional Status 
trlcip1tal .ki nfold thickness, shoulder­

n circumferences,thoracl c-abdo nal-gi rdl e 
body surface area index (computed, not 
measured), 24-hour consecutive urinary
 

creatinine excretion, serum folate, and
 

blood vitamin B12 level. 

PLrasitological
 
Examinations 

Stool Cultures
 
Detail1ed Absorption
 

Evaluate calorie, nitrogen, and fat
Studies 

absorption
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VII.6 through VII.9.
 

Age was found to have a slight effect upon the absorption of nutrients
 

in the subjects of this study, therefore, all results are presented 
as
 

The results in the tables and figures are not the
 "age adjusted means". 


actual arithmetic means of the observed measurements. These results
 

(means) have been adjusted for slight variations in age to reflect the
 

percentage absorption at the average age of 26 years, 10 months.
 

VII.13 have the same format. The variable for percent
Tables VII.6 ­

and the group of
absorption of nitroget, calories, fat or d-Xylose, 

subjects to which the statistics apply (all suects or longitudinal sample) 

The first panel of the table 
are identified in the title of each table. 

contains the age-adjusted means and corresponding
(Table VII.6 for example) 

standard errors for each village group for each of the 
seven balances.
 

The seven balances include the one balance in 1973 and each of the pair
 

of balances in the remaining years. For example, the first balance in
 

The annual means (averaged
1974 is labeled "74A" and the second "74B". 


over the two balances) and their standard errors are presented 
in the
 

The values for 1973
 
same panel, just below the individual balance means. 


are simply repeated for comparison since there was 
only one balance in
 

that year.
 

The third pair of columns in the first panel contain 
the means,
 

averaged across village groups, for each of the seven balances and, again,
 

for each year (averaged over balances).
 

The farthest right of the four columns in the first 
panel contains
 

These are presented first by year
comparisons between the villages. 


and balance and then by year and average of the two 
annual balances (except
 

The "mean" column contains the difference between the 
village


for 1973). 
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For example, in Table VII.6, the first mean difference corresponds
means. 


The difference in the means for Guanagazapa and Florida Aceituno
 to 1973. 


- 74.16 = 2.93%, with a corresponding standard
 mean is approximately, 77.09 


A t-test of the null hypothesis of no village difference
 error of 1.47%. 

in 1973 gives a t-value of 1.98 which isin percent absorption of nitrogen 

labelled "sig").significant at the 0.047 level (column 

Not all the digits shown are significant. The computer program 

used for these analyses performs compuatations to 16 significant 
digits
 

The textual material
and prints out the six most significant digits. 

has been crpied directly from the computer printout 
in order to avoid
 

copying errors in retyping. 

of each table contains yearly comparisons of the
The middle panel 

Each line contains the comparison of a single study
age-adjusted means. 


the first line of 	the middle panel contains 
year versus 1976. For example, 

the difference in	mean absorption (of nitrogen, in
Table VII.6), computed
 

(over two balances) minus the 1973 mean (only one 
balance).
 

as the 1976 mean 


A t-value
 
The second column contains the corresponding standard 

error. 


for the test of the null hypothesis of no difference 
in the annual means
 

This measurement is followed by the significance
is in the third column. 


level of the t-statistic. For example, in Table VII.6 the 1976 mean
 

(over both balances) for Florida Aceituno for percent absorption of nitrogen
 

The
 
was 77.20%, while the 1973 mean (one balance only) 

was 74.16%. 


difference (1976 minus 1973) is approximately 3.04%, 
with a standard
 

A t-test of the null hypothesis for a
 
error of approximately 1.30%. 


1973 difference yields a t-value of 2.38, which 
is significant


1976 vs 


at the 0.018 level. Similar computations are presented for comparisons
 

of 1976 vs 1974 and 1976 vs 1975 and all the computations are repeated
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for the Guanagazapa subjects. 

The third panel of each of Tables VII.6 to VII.13 presents the annual 

differences of means for the designated variable taken over villages 
and
 

In the left side
the differences of annual between-village comparisons. 

meansthe first line contains the comparison of the 1975of the panel, 

In the case of percent absorption
versus the corresponaing mean for 1973. 

of nitrogen, for example, the 1976 mean (average FA and GU) 
Is shown 

in mid-panel 1 of Table VII.6 to be 80.71%, compared with a 1973 mean of 

75.62%. Tne difference (1976 minus 1973) shows an increase of 5.09% 

absorption of nitrogen, with a standard error of 0.90%, which 
yields a 

X 10-8 level.
t-value of 5.66, significant at the 2.1 


The right side of the third panel shows how the differences between
 

The village

village groups changed over the four years of the study. 


are compared

differences from the farthest right section of the first 

penel 


In the case of percent
(with each year being compared against 1976). 


absorption of nitrogen (Table VII.6), the results (panel 1) show that in 

1973 the subjects from Florida Aceituno absorbed 2.93% less nitrogen 
than 

In 1976, the subjects from Guanagazapa absorbed the Guanagazapa subjects. 


more than those irom Florida Aceltuno. The difference, 7.01% ­
7.01% 


4.08%, shows a substantial improvement by the Guanagazapa 
subjects


2.93% = 


relative to the Florida Aceituno subjects over the four 
years of the study.
 

The standard error of the comparison is 1.79%. A t-test of the null
 

hypothesis of a zero difference yields a t-value of 
2.28, significant
 

at the 0.023 level.
 

The footnote for each table shows the pooled estimate 
of the sample
 

variance for the analysis, together with the number of 
degrees of freedom
 

This value of the degrees of freedom
 associated with the variance estimate. 




TABLE VI1.6
 

Summary of Four Years of Detailed Absorption Studies For Percentage Absorption
 

of titrogen For All letabolic Uard Participants
 

Year and FLORIDA ACEITUNIO (FA)
Balance GUANAGAZAPA (GU) Average: FA & GU 
 Difference: GU - FA 

Mean S.E. Mean S.E. ear. -S.E. tiean S.E. t 
 Sig
 

73 74. 17 1.051 52 1.03 ,7 7r.62u 0.7QU05 2.q3034 1.4771% 1.qV378 0.04761q274A 77.3233 1.01041 79.9227 
 1.0101 77. q73 0.71P668 1.8qq36 1.43285 
 1.3255R 0.125353
 
74B 71.94q7 1.0192o 75.57H 
 1.02777 73.743 0.74q901 
 3. 59818 1.44505 2.49001 0.01297475A 7q.o076 1.01229 81.0928 1.0201R 
 80.0702 0.'?i4052 1.96514 1.43906 1.36557 
 0.172454
75B 75.572q .01232 76.5q98 1.0202S 76.0864 0.770812 
 1.02688 1.43286 0.716667 0.4737,17
76A 77.4665 1.0224q 94.5594 1.01372 81.012Q 0.7231q 7.0,2AR
76B 

1. 32q5 u.9502 9.o02 s5?-776.9422 1.03221 83.8729 
 1.01375 8n.4075 
 0.727198 6.q306, 1.43q11 4.81594 .0000017496
 

73 74.1597 1.05452 
 77.39 1.03c57 75.6249 0.73qUo5 2.q1034 1.47715 
 1. R371 0.047619274Avg 74.486; 0,7187q5 77.2353 0.72:052 75.R604 0.512069 2.74877 1.0175 2.70151 0.007047"
7SAvg 77.3303 0.710201 7R.8263 0.726652 78.0783 0.51397 1.49601 1.01539 
 1.4733U O.14104976Avg 77.2043 0.730352 q4.2161 0.720216 80.7102 0.517978 
 7.0117R 1.0154 6.90541 0 

forida Aceituno (FA) Guanaqazapa (GU -
Mean S.E. t sig Mean S.E.. t sig 

76-73 3.0446S 1.27043 2.37972 0.017557 7. 12612 1.2999 5.66019 2.1009E-0876-74 2.71784 1.01864 2.66811 0.007781 6.9ROR6 1.01619 6.8696476-75 -0.125941 1.01565 -0.124 0.q01346 
0 

5.389$3 1.0156 5.30704 1.44082-07
 

Average: FA & GU 
 Difference: GU - FA
 

Mean S.E. t 
 sig Mean S.E. 
 t Zig 
76-73 5.08t, o.4R8761 5.65824 2.1240E-1R 4.001U4 1.74245 2.27702 0.023046276-74 U.4935 0.720109 6.73423 0 4.26301 1.43748 2.96562 0.00310974 ­76-75 2.6310a 0.71F334 3.66396 0.00026457 5.51S77 1.4359;6 3.A4118 0.00!13204s 

KOTE: These results are adjusted to an average age of 26 years. 10 months. All significance levels
 
2
are based upon a linear model for which s 2 61.0'37 with 807 degrtes of freadom. 



TABLE VII.7
 

Summary of Four Years of Detailed Absorption Studies For Percentage Absorption
 

of Calories for All etabolic Ward Participants
 

Year and rL(RIDA ACEITUNO (FA) GUANAGAZAPA (GU) Average: FA & GU Difference: GU - FA
 

Balance
 
S.E. -Mean S.E. t sig


Mean S.E. Mean S.E. Mean 


R9.379 0.516454 W1.06Q6 0.368751 0.618R7R 0.736676 0.440095 0.401104
 
73 OR.7sql 0.52540 
 1.79002 0.073q258

7"A 8q.3103 0.S03903 90.58"4 0.508741 sQ.q4,)A 0.359=09 1.27911 0.71481 

1.92q43 0.054027S
0.361958q 1.3 47 0.720664 
74B 87.82q8 0.%0S335 RO.2143 O.512r64 qS.%24 

0.71768 0.586877 0.557'i5
0.S13268 90. 1R 0.361095 0.42119

75A 90.6062 O04t4n q1.0274 

0.35q479 0.361173 0.714587 0.50542A 0.613346
 
753 88.6q18 0.504q56 8q.05% 0.50"81 8f.8744 

0.71458 5.04234 5681ti-07 
76A R9.2954 0.50oq3 92.9886 0.505S54 91.087 0.10764 3.60316 

0.71776 3.F0753 0.0001509q6qq.41R7 0.162663 2.73269 

768 89.0523 0.514778 q1.75 0. 05573 


O.R4ooq5 0.401104
 
73 FIB. 51 0.S2590% R9.378 0.516454 89.06S6 0.368751 0.618RR7 0.716675 


1.33479 0.507430 2.63045 O.00nfg8973

74Avg R8.56Q5 0.358473 Rq.qo43 0.3614q3 Rq.:3f9 0.255376 


0.440048
8q.1456 0.2r6324 0.391182 0.506388 O.7724q4

75Avg R9.65 0.358176 93.0412 0.362391 


90.7528 0.258'23 3.16792 0.5063q5 6.255R3 0 
76Avg Rq.16A9 0.364236 q2.3368 0.35q981 


Guanagazapa Mu)Florida Aceituno (FA) 


sig Mean S.E. t Sig
Mean S.E. t 

4,7124 .0000020826
76-73 0.4097S6 0.610066 0.0421RS 0.520916 2.9548 0.627A75 


2.43248 0.5067 7 4,79581 .000001892276-74 0.599353 0.53001 1.17941 0.238425 
2.295f3 0.5064q3 4.53239 .0000067143
76-75 -0.481114 0.506972 -0.94q842 0.342477 

Difference: GU - FA 
Average: FA & C 


sig
sig Mean S.E. t 

Mean S.E. t 


76-73 1.68428 0.440224 3.75767 0.0001q385 2.5404 0.R93q2 2.85153 0.0046195
 

76-74 1.51592 0.359126 4.22113 0.00002707 1.83313 0.716388 
 2.55706 0.0107378
 

76-75 0.907256 0.358243 2.53252 0.0115131 2.77674 0.716131 3.87742 0.000114156
 

All significafle levels
NOTE: These results are adjusted to an average age of 26 years, 10 Oonths. 

2
 

are based upon a linear model for which s - 61.0737 with 807 degrees of freedom. 



TALE VII.8 

Summary of Four Years of Detailed Absorption Studies For Percentage Absorption
 

of Fat for All Metabolic Ward Participants
 

Year and 7LORIDA ACEITWVO (FA) GUA'AGAZAPA (GU) Average: FA & GU Difference: GU - FA
 
Balance
 

Mean S.E. 14ean S.E. t Sig
Mean S.E. Mean S.E. 


0.66 11R 6.41i5 1.32475 4.P4A .0000015116
73 R1.'W1 oA 72! 77.2415 O.q2R729 O.*413 

Q 


0.20417

74A ?q.613R O.QO6159 77.9818 0.91196 7S.7973 0.64452 1.632M8 1.28502 1.27079 

0.453061 0.340844 
74B n.2c 0.91412q 79.01qR 0.q2173r 70.61'74 0. O q3 1. 23;12 1.2qSq6 

1. 4180 1.29059 1.09924 0.271Sq1RO.90Q7 0.64934975A R1.61q 0.90785 AO.2003 0.923 
1.91666 1.2RS03 1.49I53 0.136214O.o4A94 79.%571 0.646444753 80.515% 0.907872 78.5QqR 0 

76A q1.2674 O.Q16QQ7 R3.1813 0.109128 R7.2244 0.648754 9.086-2 1.28c02 6.29262 
3.q9144 .000071654S86.4947 0.65217 5.1515 1.2064

763 89.070% 0.q2r715 81.q19 O.qOq162 

73 77.241S 0.qU572 81.6611 0.92872 80.4511 0.663118 6.41q59 1.32475 4.645R9 .0000015116 

74Avg 7A.5003 0.644635 7q*93%4 0.6r%0061 79.'174 0.459237 1.43405 0.912517 1. 57 154 0.11645 
75Avg 7q.3qq 0.644102 R1.0672 0.651691 RO.2114 0.440042 1.66766 0.910627 1.83133 0.0674191 

76Avg q3.5502 0.654qqq QO.169 0.6459oq 86.8596 0.464537 6.61481 0.q10641 7.26829 0 

Guanagaza;a (GU)
Florida Aceltuno (FA) 


Mean S.E. t sig Mean S.E. t Sig 

76-73 6.0P61 1.14742 5.4q907 5.15342-09 6.50782 1.12ql 5.76375 1.1704Z-08 
76-74 -.0q992 0.9 I 4S 5.52772 4.3809E-08 10.2346 0.q113I6 11.2302 0 
76-75 4.1505q 0.10464 4.%5676 .00000599A2 Q.10173 o.qlR17 9.992q4 0 

Difference: GO - FA
Average: FA & GU 


Mean S.E. t sig

Mean S.E. t sig 


76-73 6.40022 0.R06C32 7. q5032 0 0.199214 1.60752 0.123q26 0.901405 
1.25O17 4.02179 .00006317820 5.1447r76-74 7.64?2 O.645?oq 11.R335 

Z.9s115 1.287L 3.P4464 0.00013022876-75 6.62616 0.944221 10.2R55 0 

NOTE: These r3sults are adjusted to an average age of 26 years. 10 months. All significance levels 

are based pon a linear model for which s2 - 49.1214 with 807 degrees of freedom. 



TABLE VII.9
 

Suawary of Four Years of Detailed Absorption Studies For Percentage Absorption
 

of Oxylose for All Metabolic Ward Participants
 

Year and FLORIDA ACEITUNO (FA) GUANAGAZAPA (GU) Average: FA A GU Difference: GU - FA
 
Balance
 

S.C. Mean S.E. r~ean 	 sig ,
E.E.
Mean S.E. Mean 


73 1q q437 1.11(O5 20.6716 .n1743 	 0o7764S.CQ? 1.72qn6 1.45127 1.19203 0.233601 
1.4077 1.63508 0.10242311.0023 0.706076 2.101777zA 16. 514 0.992702 IQ.1%12 1.00125 

?	 2.37279 1.41973 1.6713 0.0Q5OSL4

74B 16.n30A 1.00143 10Y.3036 1.00 77 1r.1V-2 0.712279 


1.413R5 -0.395376 0.6Q267
23.0906 0.711366 -0.5r003
75A 23.3701 o.qg-%5S 22. I11 1.0111, 

23.23 O.7OR1P3 -0.27A931 1.40776 -0.190139 0.842qR7

753 23.3691 O.qqu57 23.0105 1.00237 

0.710714 4.46603 1.40774 3.17247 0.00156 6A
 

76A 1q.721r 1.0045 24.18n6 0.C95955 21A55 

7.06641 1.4139 4.9q7R2 7.1130r-07
2A.4105 0. 9q9 27.8773 0.714456
768 11.3441 1.01413 

1.72S96 1.45127 1.1i203 0.2 3301

73 1q.0437 1. 01605 20.6736 1.31 19. 0.72645 

2.33e06 0.0146277
74Avg 16.5911 0.706201 14.22q4 0.71215? 13.0597 0.503097 2.3372R 0.9Q9667 


75Avg 23.36qR 0.705617 22.qSOS 0.713q2 23.1603 O.504964 -0.418967 0. 997597 -0.419976 0.674615
 
5.7R002 1.0667E-08


76Avg 10.5338 0.717555 29.3 0.70750- 22.4169 0.508903 5.76622 0.9f7613 


Guaragazapa (GU)
Florida Aceituno (FA) 


Mean S.E. t Sig
Mean S.E. t sig 


76-73 0.S9014 1.2K701 0.t'6948 0.638853 4.6264 1.23693 3.74023 0.000196953
 
76-74 2.64272 1.0007q 2.64362 0.00943532 6.07166 O.Qq8345 6.0814R 0
 

76-75 -3.83599 0.197857 -3.84Q23 0.000130441 2.34919 0.997-05 2.35416 0.0187934
 

Difference: CU - FA
Average: FA & GU 


Mean S.E. t Sig 	 Mean S.E. t $Sg
 

76-73 2.60027 0.f3113 2.913 0.00322472 4.03626 1.7610S 2.29197 0022164
 

76-74 4.35719 0.074qg 6.15867 0 3.42R94 1.41229 2.42793 4,0154029
 
0.292494 6.18:1q 1.4108 4.38418 .0000131822
76-75 -0.743402 0.709748 -1.05335 


results are adjusted to an average age of 26 years, 10 months. All significance levelsNOTE: 	These 
are based upon a linear model for which s2 . 58.9523 with,807 degrees of freedom. 



TABLE V1[.10
 

Suwary of Four Years of Detailed Absor~tion Studies For Percentage 
Absorption
 

of Nitrooen for Lonqitudinal Sample Subjects Only
 

Oifference: GU- FAAverage: FA GUG
GUANAGAZAPA (GU)
Year and FLORIDA ACEIUNO (FA) 

_E,__ _Balance _ _E__ _ _ _n__ S.E.n
 

Mean Mean S.E. Mean

S.E. 


0.03e377
1. 83366 1.81996 2.1092
75.26 0.q1104877.3453 1.2237 1.036P1 0.3002P

73 71.5066 1.34q5q 78.1054 0.91369q 1.M6q5 1.81Q96

1.226 0.O041F i4
 

74A 77.1619 1.3500q 79.9 3.16468 1.82q25 1.73004 

1.35009 76.1.q 1.23q69 74.5246 O.C;I 2 2 

1.83406 i.71162 0.DR752F
7.9422 3.14777 u
74B 1.253 83.0033 0.927 -3 0.16n
81.5772 1.452S9
1.35275 1.8292R
75A 7R.4294 75.4q 0.9227U6 2.6572 

76.8276 1.24 34 4.104R .000046 bh'
 

75B 74.1704 1.35275 a 1.2813 O.3q0OlO 7.52776 .813ps 
85.0452 1.234R2 4.16723 ,00003578S3
1.37474 184116
76A 77.5174 80.2qlR 0.q39992 7.70172


1.23456
54.1417
1.39646
76 76.43 
 0.035377
3.A3866 1.81,96 2.1092 

75.426 0.911048
77.3453 1.2237 i.q57158 0.0507829
1.34859 1.2q027
73 73.5066 0.65034 2.52561


0.A74228 16.315 2.23771 0,0256378

74Avg 75.0521 0M956041 77.5779 

77.7511 0.660109 2,9024A 1.2q707 
79.2024 0.8t49775 5,A4929 8.4559P-0976.29qq 0.954742 7.61474 1.3018275Avg 80.7976 0.671API
0.68RR47


76.9S02 O.98618q 8U.S94976Avg 


Guanogaz&NP4 (U)
Florida Aceituno '%FA) 

S.E, t 
t sig iean

S.E.
tean 4.8268q .0000017968 
2.0325 0.0376AS3 7.24q63 1.9019 

1.66738 1.3334-OE76-73 3.47355 7.01704 1.22964 5.71125
0.1583841.q2812 1.3f51 .912244 1,23356 4.37154 .000014746676-74 5.39256
0.617q4


76-75 0o.6R0303 1.36319 0.490C3 


- FA 

t Sig 

FAfference: GU 


sig Mean S.E. 
S.E.
Mean t 

2 .237271 1.768 0,0920442

3.7760
4.76uS3 .0000024232
1.12c31
5.36159
76-73 
 s.86039 .000001S291 0.01059562.o45176-74 4.47259 0.q2021 4.71226 1..37

0.00102396

3.03643 0.q19721 3.30147

76-75 


10 months. All sigrificance levels
NOTE: These results are adjuted to an average age of 26 years, 

degree-are based upon a lineawr model for which S 67,2463 with V52 of fred" 



TABLE VI1.11
 

Summary of Four Years of Detailed Absorption Studies For Percentage Absorption
 

of Calories for Longitudinal Sample Subjects Only
 

ear and FLORIDA ACEITUNO (FA) GUANAGRZAPA (GUI Average: FA & GU 	 Difference: GU - FA
Balance
 

Mean S.E. Mean S.E. mean S.E. ran $.E. t S 

73 8R.5169 0.64q514 Rq.5327 0.59367 89.026 0.4i 14703 1.01578 0°.76538 1.16R66 0.24701%
 
74A OR.6611 0.6S0238 90.6213 0.590471 Aq.6U12 O.44006 1.96015 0.976539 2.23624 0.025735
 
74B 87.%679 0.65023P R4.3602 0.547064 R8.46 0.442268 1.7q226 0.R91015 2.03432 0.2197M1
 
75A 90.19R3 0.651517 91.4156 0.606046 90.9271 O.46,35 1.25768 0.8,5736 1.09q93 0.156194
 
75B 86.1479 0.65112 8qoA 4 2 O.5QA6s5 88.6661 0.014441:3 1.03627 O.Rn1026 1.17r2 0.240021
 
76A A9.6757 0.662108 q2.9541 0.50,021 q1. 3149 0.4i8349 3.27M6 0.883228 3.71191 0.000226566
 
76B 86.9642 0.67257 1.45AR O.5q741 90.4 11 0.452719 2.Rq462 0.Aq0122 3.251q4 0.00121617
 

73 88.5i69 0.M49514 09.5327 0.599367 89.0248 0.438783 1.01578 0o.P76538 1.58Af6 0.247015
 
74Avg 88.1145 0.460453 An 1907 0.42105 81.0526 0.31322 1.A7621 0.421429 3.01 1 0.00265172
 
75Avg Rq.1731 0.46226 00.3201 0.42RS3R eq.74i66 0.317963 1.14697 0.624701 1. 83603 0.0660913
 
76.vg 89.3199 0.474973 92.4065 0.42072 40.0.612 0.323595 3.08654 0.626991 4.92279 .000007129c4
 

Florida 	Aceituno (PA) _uan,=gv (UJ)
 

rean S.E. t sig ftan E, 	 Sg
 

76-73 0.80 021 0.030i 0.9qq563 0.317766 2.7AMR 0.7233 ;2 3.97*17 0.000000429
 
76-74 1.20541 O.G57465 1.83343 0.067277 2.41,575 0.5917t2 4.0824 O0000511537
 
76-75 0.116821 a. 956546 0.223626 0.023131 2.086 s3 O.S90114 3.51177 0.000461557
 

Gi frere=ce: GU - PAAverage: FA 5 GU 


7- 1.5. t Sig aan S.E, 	 Sig 

76-73 1.63qQ 0.941q7l 3.34201 0.000743517 2.07074 1. 07t)3 1.~1 0.051724 
76-74 1.0105A 0.4*131QG *.085214 .0005OSoq% 1. 2103T4 3.3326W2 1. 371 ID 0,170673 
76-75 1..11661, 0.442961 2.52079 0.0319'902 1.9q3457 0.869404i 2.19165 0.0288216 M_ 

MOTE: 	 Thesc results are adjuste-d to an -4erage ae of US rears, 10 ""Iths. All Signifiant* levels 
are based uon a 16.59W6 with 552 d.greas of frad.,a llnetr =a~dl for wHch % 



Sumary of Four Years of Detailed Absorption Stu4ie. For Percentage Absorption 

of Fat For Longitudinal Sample Sub;ects Only 

Year and FLORIDA ACEITUMO (FA, MWAZAPA (GU) Average: FA & GU Difference: G - FAB~alance
 

M~ean S.E. mean S.E. Heali S.E. _-rtan SIC Si 

73 76. 4%Q 1. 141b4 81.23n4 1. I03~2 7q. 8467 0.771244 6.785vi 1.5LE06 4.40016 .00001279,75 
74A 76.9714 1.142Q2 80.0385 1.03796 78.505 0.77 13S 3.06708 I.Srfo6p 1.99073 0.0470034 
74B 78.9014 1.14242 80.7632 1.04945 7q.1343 0.777368 1.nG176 1.50055 1.211226 0.229778 
7SA 79ou232 1.14516 82.5079 1.0S24 00.9656 O.785V72 3.0P47 1.55685 1. ".13R 0.0 0451 
75B 77.996f 1.lu1?7 81.132 1.05262 70.563 0.79114 3.1353P 1.50t57 2.0247 0.0433794 
76A 83.6181 1.!6373 90.SA03 I.04533 87.0742 0.789058 6.q1225 1.55S24 4 a.452SI 4-000102752 
768 83.8296 1.18217 88.2619 1.04537 86.0052 0.795739 -.313 1.56 56 2.63231 0.00479001 

73 76.454 1. 14164 83.2394 1.01592 79.8*s87 0.7712613 6.78541 1.506P Z.901516 000015,7575 
74Avg 77.935 0.809333 80.400, 0.740075 79.16.86 0.5s0543 2.46442 1,09728 2.25622 0.020473 
7SAvg 78.70Q9 0.8 12508 81.n2 0.753236 0.2649 0.o 8 3.11009 1.q03 2o 03237 0,Q00,I9 Q 
76Avg 83.7238 O.038955 89.3956 0.746525 86.5ri.97 0.566779 5.6717A 1.10205 5. 1655 3.6939E-07 

Flid Actituno- IEQAI) 

?Loan S.E. t Sig vwn Si 

76-73 7.269R3 1141151 5:15038 3.622SLI-07 6.1564 1.2710? .8i196 0000016716 
76-74 5.78741 1.19A62 5.00R07 7.0032-07 A.q9477 1.0401 9.64801 0 
76-75 5.01391 1.156 4.3448 .0000165qs5 7.575,i 1.0427 7.25452 0 

Average: FA &GU 01frrrc:W- FA 

lean S.E. t sig oan SE. t Sig 

76-73 6.71301 0.Q52631 7.046"1 0 -1. 11263 i.1,; 1 -U.Sn7M3 0.556M1 
76474 7.39109 0.177QDI1 9.48792 0 3.20736 1.5si5 .. 06727 0.0391743 
76-75 6.2q07A 0,7789A7 9.058M 0 2.5617a 1. 55SS2 1. 64G87 0.100I50 

MTE: These results are adjusted to an average age of 26 y s, 10 neths. All zgnifivucr 1vls 

are baed upon a lir,or model for whtc1h s . 48.1915 wit.h 552 delw-ee-ef 

http:86.5ri.97
http:79.16.86


TABLE VI;.13
 

Sumary of Four Years of Detailed Absorption Studies For Percentage Absorption
 

Oxylose For Longitudinal Sample Subjects Only
 

Year andDifrneGU-F
 
FA 3 GU Difference: CU - FA

Balance FLCRICA ACEITUU0 (FA) GUANAGAZAPA (GJ) Average: 


Mean S.E. Heanean S. .Hean S.E. ".en $,E, t si
 

73 1.4672 1.2115 20.R268 .0qq31 19.6,7 0.A18434 2.35953 ,.631 1W; 3i1 0.149517
 
74A 1R.2107 1.21285 19.32QU 1.10137 18.7645 0. 20R16 1.11767 1.53495 0..693611 O.0Qli50("
 
74B 18.21(17 1.21295 19.8483 1.11367 19.o0s5 0.324933 1.68762 1.6433 I.0267 M304883
 
7 A 22.2581 1.21523 24.4OQ6 1.13042 23.1913 0.833639 I.R465 1.65211 1.11-766 0.26,!97
 
758 22.2579 1.21524 23.542q 1.11702 22.9004 O.R29943 1.28494 1.64332 0.71 917 0.414599
 
76A 20.725 1.23499 26.79 1.10929 23.602 0.8362?7 5.753% 1.6471;3 3.4Q269 0.000516496
 
758 19.737 1.2545 27.4023 1.10933 23.57 0o.44427 7.66445 1.66029 4.6163t .0000048626
 

73 18.%672 1.2115 20.8268 1.09Q31 19.6!;7 0.A18434 2.35953 1.63t495 1. 44318 0.149S37 
74Avg 1R.2107 0.85 R53 IQ.6133 0.18535A 11.912 O.SGQ229 1.40265 1.15011 1.21011 0,226756
 
75Avg 22.258 0. 62223 23. 8237 0.79q-24 23.040R 0.903077 1.56572 1.16522 1.34371 0.179593
 
76Avg 20.2314 0.885937 26.9406 0.792202 23.586 0.603581 6.702 1.169q .736sq 1.569t-08
 

Florida Aceltuno (VA)I -i~oe(O 
M-an S.E. t sig Run S.E. t Si 

76-73 1.76417 1.497SR 1.17778 0.2393q2 6. 11394 1.340422 4.51139 o0000071878 
765-74 2.02072 1.22633 1.647 O.oq9966 1.32728 1.10374 6.63R6 0 
76-75 -2.02658 1.22461 -1..65487 0.0985187 3.1169 1.10816 2.8 1126 0.0050879S 

Average: FA A GO ftifference: ra -FA 

Hean S.E. Sig p n' S.E. t sig
 

76-73 3.93901 1.01092 3.89g 9 0.000109591 4.3; 6 2.01003 2. 1619A 0.03094
 
76-74 4.674 O.R26665 5.6 40N 2.5151E-08 5.30656 1.64643 3.22307 *.001311109 €
 
76-75 0.545163 0.826226 0.6s9823 0.509642 S.13MR 1.0;507 3.11595 0.00142887 o 

NOTE: These results are adjusted to an average Aqe of 26 years, 10 oths. All signiVicafl levels
 

are based upon a linear model for which s2 5.4.269z wi.h 5m2 degrans of feed. 



169
 

used in computing all the significante levels.was 

4. Description of the Fres 

V1I.2 to VII.9 illustrate many of the statistics presented
Figures 

a guide to compare the
 in Table VI1.6 to VII.13. The following list is 


tables and figures: 

Table fieure Percent Absorption of Group 

6 2 Nitrogen All subjects 

7 3 Calories All subjects 

8 4 Fat All subjects 

9 5 d-Xylose All subjects 

10 6 Nitrogen Longi tud nal subjects 

11 7 Calories Longitudinal subjects 

12 8 Fat Longltudinal subjects 

13 9 d-Xylose LongitudinalI sbjects 

In each figure, the vertical axis represents percentage 
absorption
 

fat, or d-Xylose). The 
of the indicated component (nitrogen, calories, 

indicated on the horizontal axis. The data for 
years of the study are 

plotted above the year designation '173". arethe single balance in 1973 
"74.1" 

The data for the first balance in 1974 are plotted above the label 

and the data for the second balance are plotted 
above the laibel "74.2".
 

to indicate the pairs
75.1 and 75.2, 76.1 and 76.2 were usedSimilarly, 

of balances in 1975 and 1976. 

plotted to give infonnat'on about 
There are six symbols whirh are 

The "F" symbol for a soecified balance
for each balance.variables 

represents the age-adjusted mean percent absorption 
for subjects from
 

be foundvalue of the plotted symbol may
Florida Aceituno. The numical 

of the corresponding table. 
I he first column of the first panel A 
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a "-" is plotted one 
i+" one standard error above the "F" andis plotted 

Similarly, the "G" for a particular balance 
standard error below the "F". 

represe-ats the age-adjusted mean for subjects from 
Guanagazapa and the
 

found in the third column of the first panel of the 
numerical value is 

corresponding Table.
 

an example. The GuanagaZapa subjects absorbed
 Figure VII.2 is taken as 


an average of 77.1% of ingested nitrogen. The number 77.1 comes from Table
 

VII.6 	and the corresponding "G" is plotted above the 
73 (year) value on 

on the vertical axis. 
the horizontal axis and just below the 78 "tic mark" 

the "- sign" imediately below 
The "+ sign" imediately above the "G" and 

0 mean plus and minus one standard error. The mean 
the "GI indicate the 

percent absorption of nitrogen for subjects from Florida Aceituno was much 

In this case, the "-" for Guanagazapa is substantially
at the 74.1% level.lower 


should not be interpreted

the "+" for Florida Aceituno. The graphabove 


overlap which indicates
 
in terms of significance unless the Intervals 


of the two
 
non-significance. The corresponding table gives the 	comparison 

village means and the corresponding 5-test 
value and 	significance level.
 

5. Description of the Histograms 

Histograms are a convenient method for illustrating 
the results of
 

A number of histograms have been prepared
 the detailed absorption studies. 


which illustrate the comparisons between villages 
and among years, as well
 

°
 ' of soldiers from
 
as comparisons with the so-called "reference 

population
 

the Mariscal Zavala army post who were extensively 
studied in 1974 (see
 

a guide for locating and relating the
 Section VI). The following is 


histograms which are numbered as specified:
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derived from the distribution
A plot of the normal distribution curve, 

of absorption values for the "reference population", 
has been drawn on each
 

The normal curves were
 
histogram for visual comparison (see Section 

VI). 


drawn using standard mathematical formulae and the estimates of Means
 

and standard deviations obtained from the "reference 
population" data.
 

The "reference population" data were discussed 
extensively in the 1976
 

That report presented a discussion of the
 annual report of the project. 


curves drawn on the
 
uncertainty of the location and spread of the 

normal 


visual aid, no indication
 Since the curves are presented as a
histograms. 


of the uncertainty has been included.
 

One series of histograms has the combined data from both villages.
 

This series illustrates an annual comparison 
of absorption among lowland
 

Guatemalan males versus the soldier "reference 
population". The final
 

histograms include data for all four years 
as compared with the "reference"
 

population.
 

6. Discussion of the Results
 

More extensive interpretation of the results 
will be presented in the
 

third report of the project (policy implications) 
and following further
 

iterations to further reduce the errors noted in the data.
 

There is a substantial "balance effect" for percent absorption 
of
 

nitrogen and calories during the second 
three-day balance compared to the
 

This effect complicates comparison
first three-day balance. 


of later years with 1973 in which only one balance was performed. Also,
 

In this
 
the first balance in 1974 was different 

from all the others. 


balance, each subject's total caloric intake 
was adjusted to one of three
 

an attempt to approximately match the subject's 
pre-metabolic


levels in 


Therefore, it is reasonable to ask if the drop from Balance I
 
ward intake. 
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to Balance II appears to be slightly larger in 1975 than in 1974. This
 

difference is not significant. The Balance I to Balance II drop in 1976
 

The drop for Guanagazapa subjects was substantially larger
is unusual. 


The "balance effect" was not consistent
than for Florida Aceituno subjects. 


for fat or d-Xylose absorption.
 

Both Florida Aceituno and Guanagazapa subjects showed an increase in
 

the absorption of nitrogen for the first three years if the "balance
 

The increase is slightly more acute in Florida
effects" are ignored. 


Aceituno than in Guanagazapa. The absorption of nitrogen in both groups
 

from 1975 to 1976. In the

levelled off at essentially the same level 

absorption of calories, the Guanagazapa group showed a slightly 
increasing 

trend over the four years of the study while the Florida Aceituno 
subjects 

showed mixed increases and decreases. It -isdoubtful that any significance 

should be attached to either result or in the comparison of the 
two.
 

The results for the percentage absorption of fat are similarly 
mixed.
 

Guanagazapa subjects had a high 1973 level of fat absorption 
which dropped
 

in 1974 and returned in following years to essentially the initial 
level.
 

Florida Aceituno subjects began at an initially low level and 
generally
 

increased their percentage absorption of fat to approximately 
the same
 

This "trend", as the others,
level as the Guanagazapa subjects by 1976. 


is too short to be considered a real trend or to be of real significance.
 

The percentage absorption of d-Xylose also showed mixed results,
 

decreasing from 1973 to 1974 in Guanagazapa subjects and then 
increasing
 

The results for Florida Aceituno subjects
in the following two years. 


fluctuated. Absorption of d-Xylose appears to have shown less "balance
 

effect" than for the other variables.
 

Figures VII.6 to VII.9 present the results for the "longitudinal
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sample", that is the subjects who participated in all four annual metabolic
 

These subjects show essentially the same patterns as seen in
studies. 


the results from the data computed on all subjects. One would expect
 

majority
this result since the "longitudinal sample" subjects comprise a 


of the total subjects in each year's data.
 

Tables VII.14 and VII.15 show two types of correlations which are
 

The first presents the correlations between
of interest in this study. 


absorption of nitrogen, calories, fat, and d-Xylose, adjusted for other
 

effects (Table VII.14). This adjustment is Important since adjusted
 

correlations do not contain extraneous effects such as village, year or
 

balance effects which would be included in simple correlations. The
 

correlations between percent absorption of nitrogen, calories, and fat
 

However, the
 are quite high. These are on the order of 0.4 to 0.8. 


correlations between d-Xylose and nitrogen, calories, and fat are 
0.20,
 

These correlations are all statistically
0.19, and 0.13, respectively. 


The practical significance

significantly different from zero at the 0.05 level. 


of the correlations with d-Xylose remains to be demonstrated.
 

Table VII.15 presents the estimates of correlations between 
similar
 

An example is
 measurements made on the same subject in successive years. 


the correlation between percent absorption of nitrogen measured 
in Balance
 

A in 1974 and percent absorption or nitrogen measured in successive 
balances
 

('74B, '75A, 175B, '76A, and '76B). These measurements are shown in the
 

first line of the table to be 0.32, 0.34, 0.25, 0.06, and 0.31 
respectively.
 

The correlations show thdt the percentage absorption of nitrogen 
is
 

as from year to year.
quite variable from balance to balance as well 


one year are on the order of
 Correlations between successive balances in 


0.2 to 0.3. Correlations between measurements on successive years fall
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TABLE VII.14
 

Correlation Coefficients for Percent Absorption
 
of d-Xylose, Nitrogen, Calories ani Fat 

(Adjusted for village, year, balance effects and age of subject)
 

Component d-Xylose Nitrogen Calories Fat 

d-Xylose 1 0.20 0.19 0.13 

Nitrogen 0.20 1 0.80 0.41 

Calories 0.19 0.80 1 0.46 

Fat 0.13 0.41 0.46 1 

Note: These estimates are based on 804 degrees of freedom.
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TABLE V1I.15
 

Corr lations Among Similar Weasurements 
Made Over Three Year's and Six Balances 

I. Percent Absorption of Nitrogen 

Year 
Balance 

1974 
A 

1974 
B 

1975 
A 

1975 
B 

1976 
A 

1976 
B 

1974A 
B 

1 
0.32 

0.32 
1 

0.34 
0.14 

0.25 
0.23 

0.06 
0.04 

0.31 
0o16 

1975A 
B 

0.34 
0.25 

0.14 
0.23 

1 
0.29 

0.29 
1 

0.22 
0.17 

0.31 
0.18 

1976A 
B 

0.06 
0.31 

0.04 
0.16 

0.22 
0.31 

0.17 
0.18 

1 
0.19 

0.19 
1 

II. Percent Absorption of Calories 

1974A 
B 

1 
0.36 

0.36 
1 

0.26 
0.12 

0.16 
0.27 

-0.02 
0.16 

0.33 
0.23 

1975A 
B 

0.26 
0.16 

0.12 
0.27 

1 
0.11 

'.1 
1 

0.14 
0.16 

0.23 
0.21 

1976A 
B 

-0.02 
0.33 

0.16 
0.23 

0.14 
0.23 

0.16 
0.21 

1 
0.10 

0.20 
1 

III. Percent Absorption of Fat 

1974A 
B 

1 
0.27 

0.27 
1 

0.27 
-0.02 

-0.07 
-0.12 

-0.21 
-0.15 

0.00 
0.10 

1975A 
B 

0.27 
-0.07 

-0.02 
-0.12 

1 
0.26 

0.26 
1 

-0.10 
-0.03 

-0.14 
-0.08 

1976A 
B 

-0.21 
0.00 

-0.15 
0.10 

-0.10 
-0.14 

-0.03 
-0.04 

1 
0.29 

0.29 
1 

Note: Correlations were computed from the error sums of squares and
 

cross products matrix from a full rank general linear multivariate model
 

which included, as mean effects: village, height, weight and age of subjects.
 

on 93 degrees of freedom. Data were included
The estimates are base 

from all sub~3cts wi-h complete data for the six balances indicated,
 

including 46 from Florida A,:ituno and 52 from Guanagazapa.
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in the same range, while correlations between measuremepts two years apart 

range from 0.04 to 0.31. 

The percentage absorption of calories exhibits even more random 

variation and generally less correlation among successive measurements. 

exceptWithin year balance-to-balance correlations are approximately 0.1 

for 1974. Between year correlations fluctuate widely from -0.02 (essentiall 

zero) to 0.33.
 

The percentage absorption of fat exhibits less consistency than calorie 

from year to year, with correlations ranging from -0.21 to -0.02. The
 

absorption of fat is relatively consistent (relative to nitrogen and calorie
 

a year have correlations varying fromSucces.ive balances for fat within 

0.26 to 0.29. 

some
The general conclusion from these results is that there is 


calories, and fat from yearconsistency of percent absorption of nitrogen, 

to year. However, for most practical purposes, knowledge of a subject's 

one year provides little information on the subject'absorptive capaity in 


capacity the next year or the preceding year. 

Technical Note
 

Figures VII.2All the results presented in Tables VII.6 to VII.13 and 

to VII.9 are based upon computations from a general linear univariate model 

In effect,in which each observdtion was entered as an independent unit. 


fitted for the different variables for percentdifferent linear models were 

The analysis was
absorption of nitrogen, calories, fat and d-Xylose. 


vd separately for all subjects and for the longitudinal sample.
perforni 


All standard errors and significance computations were based upon a
 

pooled estimate of the variance (presented at the foot of each table)
 

and tie corresponding pooled degrees of freedom.
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Previous experience and analysis have shown that there are small
 

positive correlations between successive measurements on the 
same subject.
 

One of the assumptions underlying the computation of significnace 
levels
 

in the tables is that such observations are independent. 
This assumption
 

tends to make standard errors appear slightly too small 
and the significance
 

levels appear slightly greater than they really should 
be.
 

D-Xylose Absorption Studies
 

The d-Xylose absorption test is the most cc-ionly used 
test of intestinal
 

In structure, d-Xylose is a 5-carbon mono­function throughout the world. 


which is absorbed by the same transport system as hexose,
saccharide 


glucose and galactose. It is relatively poorly absorbed and not broken
 

down in the body. Csaky presented evidence that d-Xylose is actively
 

The work of Isselbacher and
 transported from the lumen of the intestine. 


Senior indicates that probably as much as 60% of the 
d-Xylose absorbed is
 

metabolized. Nevertheless, the appearance of xylose in the blood 
following
 

oral ingestion reflects the intestine's capacity 
to absorb the pentose
 

and provides useful information regarding the functional integrity of
 

the intestinal mucosa. The appearance of ingested xylose in the urine
 

depends upon normal renal function.
 

Several investigators have pointed out the limitations 
of this test.
 

These limitations include:
 

a. Normal excretion of xylose decreases with age, particularly
 

in patients over 50 years of age.
 

b. Vomiting or delayed gastric emptying can lead 
to low urinary
 

xylose values.
 

c. Inadequate hydration, decreased effective circulating 
volume,
 

renal disease, and the presence of massive ascites can 
lead tz a decreased
 

urinary clearance of xylose and a low xylose excretory 
value.
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Very low values for xylose excretion, as little as 2.5 
grams per
 

5-hours, may be seen in the presence of a massive bacterial overgrowth
 

This is caused by the uptake and meta­in the proximal small intestine. 


Low values are also seen in disease
 bolism if xylose by the organisms. 


states when there is a significant loss of the functional 
integrity of the
 

In spite of a large number of surveys and research studies, 
It
 

jejunum. 


has been difficult to accurately evaluate the usefulness 
of this test.
 

This difficulty is due primarily to the fact that the test has undergone
 

numerous modifications, not only in the oral test 
dose of d-Xylose, but
 

One of the objectives of this project
also in other methodological aspects. 


was to assess the significance and usefulness of 
this test in evaluating
 

Another objective

gastro-intestinal function at the population level. 


was to further investigate whether the presence 
of d-Xylose malabsorption,
 

a given subject, actually reflects food malabsorption 
and, if so,


in 


to what extent.
 

Starting in November 1972, d-Xylose absorption 
tests were performed
 

in adult males in the two study communities and this continued during
 

The protocol for d-Xylose testing

May and November in each study year. 


Tw4 other groups of males were
 was presented in the Methodology Report. 


These were military academy students (in1972 
and 1974)


also studied. 


and healthy soldiers from the rural areas of Guatemala 
who had been living
 

in military barracks near the capital city for a period of two years prior
 

The distribution of
 
to the performance of the absorpiton test (1974). 


d-Xylose excretion in subjects from Guanagazapa and Florida Aceituno are
 

given in Figures VII.IO and VII.ll
 

of the results of d-Xylose testing include:
A summary 

1. The prevalence of d-Xylose malabsorption (below 
16% of the oral
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FIGURE V1I.1O
 

D-Xylose Absorption In Adult Males In Gqnnagaaa
 

S "son S E of $ tests 

Percent

o f J, 

Subjects
 

5 Hour d-Xylose Urinary Excretion (%) 

*Tests performed in October 1972, April 1973, May 1975. 

**116 subjects
 

***95 subjects
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FIGURE V1I11 

n Adult Males in Florida AceitunoD-Xylose Absorptilon 


5of 6 tests*ftb St 

.
Percent 

of 

Subjects I 

@p liVi. 

5 Hour d-Xylose Urinary Excretion (%) 

*Tests performed in August 1972, May-Junie 1973, November
 

1973, April 1974, November 1974, May 1974. 

**162 subjects 

***151 subjects 
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dose) fluctuated between 29 arid 31%. 

2. Seven to 10% of the students of the ml f .arY ac d .y were 

malabsorbers based on the same criteria. Furthermore, d-ylose absorption
 

was higher In cadets than in the rural subjects studied (Figure V1.12).
 

3. The incid.rice of d-Xylose maiabsorption lnt the soldiers studitd 

in 1974 tis 9%and the distribution curve was sirilar to that observed 

in the military academy st-idents (Figure VII.12). 

As can be seen in Figure V1I.13 in November 1975, the distribution 

of d-Xylose absorption of individualbs from Guanagazapa moved to thecurve 

right while thEt of Florida Aceituno rmained fairly stable. In the ny 

1976 test series, tie absorption curve from Gu azap i eted that 

d..Xylose absorption had improved while thai o-F Florida did not shw anmy 

the *f previtus years.significant change coMpared to curves 

(Figure V1I.14) amnng the r ral subjects,A difference was also observed 

students of the military academy, and soldiers when they were divided 

into low (d-Xylose absorption below 1%), intermediate (16-19.9% absurptior), 

Up to May 1975, the percentage
and normal absorbers (above 20% absorption). 


of low absorbers in both conmunlties remained fairly stable around 30%.
 

However, during the test series in November 1975 and May 1976, the mean
 

capacity of subjects from Guanagazapa to absorb d-Xylose did improve 
and
 

equalled that observed in the students of the military academy and 
soldiers.
 

The absorptive capacity of subjects from Florida Aceituno, however, 
did
 

not change.
 

Seven surveys were made to estimate the mean percentage of d-Xylose
 

and Figure VII.15,
The results are summarized in Table VII.1
absorption. 


The differences in absorption between communities were snall In the early
 

two surveys. However, 'the substantial
 surveys but quite large in the final 


year-to-year variability in community means cast doubt on the real
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FIGURE V1X.12 

Comparison of D-Xylose Absorptio 'n Adult Males 
Living Under Yillge 4 Impoved 'wlrd i n11972 to 19701. 

C 

3 

rPercent 
of
 

Subjects / 

I
 
S / 

n.0~ 6W49 45~mi 

5 4Ho U.Il. s Uriar Excretio­
5 Hour d-Xyiose Urinary Excretion (%) 
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FIGURE VII.13
 

Comparison of d-Xylose Absorption InAdult Males
 
Over Two rime Periods
 

Guanagazapa
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FIGURE VII.14
 

Plean Number of Individuals With Low, Intermediate, 
and Normal Xylose Absorption (1972 to 1976)__ 

MAY lr3 - MAV 106 

Percent 
of 

Subjects
 

cWMl.%GAAWAZA =am=fl~L 

dd MSLOW M fO 

M SI --Percent 
of ui"
 

Subjects 

ElK AMAL~bwuii ...... 
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TABLE VII°1
 

Mean D-Xylose Absorption In Adult Males Frwi Florida 
Aceituno and Guanagazapa (1972-1976) 

Test 
Period Vill2age 

Percent 
Absorption* 

Standard 
Error 

Number of 
Subjects 

Sept-Oct
1972 FA 19.01 0.50 137 

GU 19.67 0.64 106 

May 1973 FA 18.61 0.44 172 

GU 18.87 1.66 17 

Oct-Nov 

1973 FA 20.70 0.89 56 

GU 21.17 0.85 48 

May 1975 FA 18.09 0.52 144 

GU 20.24 0.60 106 

Nov 1975 FA 22.02 0.65 157 

GU 22.52 0.54 115 

May 1976 FA 18.10 0.58 143 

GU 23.68 0.84 95 

Nov 1976 FA 17.42 0.66 82 

GU 23.77 1.03 75 

*Of the oral dose administered. 



FIGURE VII.15 

26 

Mean D-Xylose Absorption In Adult Males In 
Florida Aceituno and Guanagazapa (1972-1976) 

Florida Aceituno (95% confidence interval) 

24 1 Guanagazapa (95% confidence interval) 

Percent-
Absorption 

22 
J 

20 

ii 
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Sept 72 May 73 Oct 73 May 75 

Test Periods 
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The apparentsignificance of the differences in the last to surveys. 

future surveys, if they were performed.trend might or might not persist over 

The d-Xylose test is based on the assui.ption thaL the subjects' capacity 

to absorb d-Xylose is indirectly measuring gastrointestinal bacterial 

and this might be related to the degree of sanitation prevailingovergrowth 

where these subjects live. Obviously additional testsin the environments 

can be made on the association
 are needed before further statements 


of d-Xylose, bacterial overgrowth and their relation to sanitation conditions. 
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VIll. Anthropometrlc and Parasitological Studies
 

These surveys were scheduled for both study communities during the
 

first and last year of the project. One hypothesis was that, after the
 

introduction of the sanitary improvements, the population of Guanagazapa
 

would show a decrease in diarrheal disease and an improvement,
in absorption
 

which would, in turn, be reflected by an lmprovemeiat in their nutritional
 

ave to reflect nutritionalstatt's. Anthropometric parameters considered 

change could be expected to occur in the 
status. ThLw<:(ore, a beneficial 

,urveys, especially in children.
period between ;h,- first and the last 


that the availabili #y of water and changes in 
A related hypo I.hc"; i was 

lead to a decrease in intestinal parasitism in the population
sanitation would 

of the improvou comiunity. Of course, these hypotheses were optimistic 

tIe length of ;.,e Etudy. The concluding parasite and anthro­
considerivq 

to the ending of the project earlier than pometry surveys were not done due 

for the baseline
had beeii ,ined. lherefore, the only data collected wasO 

survey. 

Baseline Anfihrono:i~etry Surveey_ 

out in two stages. The first stage was
These .Iurvnys were carried 

1972 when 523 subjects from Florida Aceituno
done durinq Auqust-Octnbo'r 

subj,!ct-, 


and 599 subjectb froin Gudnagazapa were studied. The second stage was 

pcr~urmied duriti the period of Junne-S pttemher -i973 whLi another 439 and 307 

s"sdied from Florida )iceitub1o and Guana,,azap respectively. 

Figu,'e VIII.1 presents the mean and standard deviation of the anthro­

of male and fewiale children from 1 to 6 years old.
pornetric measurec,.ents 

the result% obtained in cider subjects. These 
Tab!!.c; VIH.l and VIII.2 are 

, to those in other gi-oups of rural Guateralans studied 
resui ; are similar 



FIGURE VIII.l
 

Height-For-Age and Weight-For-Height Indices In Children
 
From Two Rural Villages In Guatamala
 

(9 to 72 Months of Age)
 

Weight-For Height Index
 

Females
Males 
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- . - Q 
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TABLE VIII.1
 

Anthropometric Measurements of Individuals From
 
Guanagazapa
 

Males
 
--1 9 7 2, 

dim.* AMMn dz - L'U 
(00 t m MVId&A, 	 (a ) w~m bd rl w fm . IM1]l&, 	 tt I~ m Id~

ig flu h I amI , i~ b i u 

-9 33 122.360o.7)0 23.3(s.37) 14.91(1.4) LS3(8.49) za 10.73Ce. 5) 21.23(3.6n) 14.,(.-4 e.g(I-T) 

J-Is SY 146.02 
(19.1) 

34.37 
(9.4s) 

"S.84 
(.7) 

.3U 
(4.33) 

34 10.25 
(.) 

33.19 
(4.64) 

1e.3 
(1.73 

7.1 
11..1 

Id.23 3S '161.05 
(9.6) 

$1.40 
(Y.1) 

24.13 
(23) 

1.35 l 
(1.5) 

Is 1SO.44 
(6.7) 

S0.01 
(7.83) 

.16 
(Z.;) 

7.4840 
(1.991 

23-29 I2 142.79 
C9.7 

34.17 
(0.1)(1.2. 

2.C 6.29 
(7.1) 

14 12.44 
(1.1) 

S6.913 
3.s4) 

•23.29 
(2.) 

3.21 
CL44) 

XIp- 14 14.13 
(4.8) 

57.o0 
(4.33) 

.. 
(2) 

6..3 
(1.54) 

7 163.11 
(3.7) 

S.4 
(4.34) 

23.81 
(2.2) 

L74 
(5.73) 

31-u 10 763.11 
(3.4) 

3S.55 
(3.89) 

.I 
(1.3) 

.13S 
(.31) 

8 11. 4 
C4.5) 

7.31 
(6.24) 

ZS.32 
(1.4) 

S 
P.60) 

14645 22 1".37 
(0.5) 

39.45 
(1.5) 

26.14 
(2.2) 

L.79 
(2.3) 

.15 163.11 
(5.6) 

38.60 
(7.2) 

24.67 
(1.9) 

L.72 
(1.71) 

>45 2 161.A 
(11.1) 

$6.62 
(10.1) 

2150 
(2.6) 

4.76 
(4.27) 

21 1BM.59 
(7.3) 

3.77 
(10.0) 

we41 
(2.31 

4.53 
(2.76) 

Females
 
,3731..9 7'..2 

h 11mjw. AM 

Ag,~ *kzg iet Halog~ VOISK b.row Q1ziftw k4b of vat 1w )ta W1 
An CcmA. Am 

A@u ugIS 
own) !dvll. (cajgi)() ()ft) (cm) C-) )ro) 

1l P 21.U WO.2 	 0X.L
I-10 5 131.30 	 22.72 17.08 6.2& 49 

(7.) C3.31 (.1 	 (0.90)I .9)4 (3.3M) (1.3) (Z.52) 
533.74 33.9 V0.14 10.3711-55 33 141.70 33.90 3.83 8.33 

(0.71 (3.24) (P.7) (4.03 (1.3) (9.34) (.s) C3.17) 

.26 3 IS0.03 44.4]* 33.16 1.13* 12 l3S.,A 47.33' 22.53 5.3W 

( 5.9 (3.64) (1.4) (4.43) (1., (4.253 (5.7) (4.3) 

131.31 .o.3 24.4 IS.320-n 2 151.3 4.43 24.95 11O 14 
(4.6) (3.31) (I.7) 44.n( 5 9) (1.00) (3.1) (6.s43 

9 540.A 41.47 :4.61 55.41
31630 I2 148.30 50.91 25.22 13.25 

(5.0) (3.3 (M2) (5.14) 94.4) (6.71) (wI) IS.17) 

5 	 52 149.51 413 22.Z 13.w1635 152.29 40.0 24.3 10.20' 
(4.11) (4.14) (1.2) (3.16) ( .3 (6.7p) (1.9) 0.00) 

133.6 4.9.44 24.e 51.3126.010 12.05 :S36-41 34 1,3.3 51.1 
(4.9) 	 (0.33) (3.6) (.O) I .6) (6.41) (2.4) I.S) 

1.00' 13 14o3.5 47.41 24.51' !4.11'
>45 34 148.30 	 41.41 23S.3 

(42) 9.71) (1.7) (.S)(6.6) (10.0 (3.1) 	 (1573 

*Mean±Standard Deviation (). 
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TABLE VIII.2
 

Anthropometric Measurements of Individuals From
 
Florida Aceituno
 

Males
 

Am dvm- AMrUm.Am C An 
wm_ Of wtmv.wm.,, WOWiOwm._ b44vwoS ~ () (Adj Ow- bIWIIA ) 143 (am) 

7-14 55 117.79 21.43 16.73 5.91 34 110.03 &.14 10 6.20 
(s.7)* (2 5 017) C1.46) (.S) 2.j (1.11 jS..) 

11-15 Z 131.10 30.2 16.71 G.9 2 125.W 31.67 19,3 0." 
(10.4) (7-6) (2.4) (2.V0) (ONL.2 (.42) (4.4) C.71 

1.2' 17.254 4.67lt-3 31 154.7' 41.23 =.W S.30 43.70 
(1.0 (O.7) (.o) (2.5) t.3-0)(7) (7.2) (2.3) 

9 17.8.68 .'2.23 23.6 S.442IS&U15."3 56.99 Z1.23 6.12 
(6.1) (8.19) (?1.0) Mw (7.4) (0.34) (2.,) (1.72) 

13312.50 24.07 25.22 S.0(A 10.41 53.00 .4.36 4.71 
( LI) (7.71) (I.56) (1.3) (4.3) ('1.11) (1.2) (1.05) 

21.3% is 156.16 53.91 25.40' 3.00 16 157.3 5249 264 4.03 
(0.L) (6.28) (1.7) (1.35) ( 1.) (4.34) (1.S) (1.76) 

5.45 25.3 5.se to 155.7 $2.25 2* 4 55O•5.45 s1 154.3s 
(17.5) (10.4) (2.O) (2.sz) (5S) (6.29) (4.2) (4.-0) 

*)5 45 150.31 51.6 24.26 5.10 23 159.06 12.09 U5.6 iL3 
(.S) (13.3) (2.1) (1.,0) ( ,.) (6.07) {1.9) (,71) 

Females
 

fte 
b n) 
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ia) 

o1~f5 ht VWh 
Am cLcum-

ferutc 
(cm)W 
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*Mean - Standard Deviation ( ). 
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by other investigators. The indices of weight-for-height (W-H) and height­

sexes, are withinfor-age (H-A) during the first year of life, in both 

normal limits. Both indices showed a drop during the second and third
 

The first drop occurred in the weight-for-height index 
years of life. 

in both males and females during the 13-24
(W-H). This change was seen 

The drop may be attributed
months period which is coincident with weanling. 


to a prolonged exposure to a highly contaminated environment 
and to an
 

increase in diarrhea and infectious diseases. Inmales, the W-H index
 

seems to improve after three years of age and remain stable 
up to school
 

The reasons for this difference
 age. This improvement takes longer in females. 


drop in the H-A index of females occurs after two years
are unknown. The 

(roughly 1 year after the drop in W-H) and although there seems to be 

some recovery by the fourth year of life, recuperation is 
not complete. 

These observations are in agreement with those of other 
investigators
 

and demonstrate that children in chronically malnourished 
populations, who
 

survive the weanling period, do not grow to normal standards 
for well­

stature. This
 
nourished children. The deprived children remain short in 


The end result
 
adaptation may favor the normalization of the W-H index. 


shorter but have relatively normal
is a young and adult population who are 


These measurements are shown in
 
arm circumferences and arm skinfolds. 

Tables VIII.l and VIII.2. Except for a small tendency for the young adult
 

population from Guanagazapa to have greater arm circumference 
and tricipital
 

skinfold measurements, no other significant differences 
were observed il
 

the anthropometric parameters obtained in Florida 
Aceituno and Guanagazapa.
 

Parasitology Survey
 

These surveys were done during the years 1972-1973. 
Eleven hundred 

surveyed, 664 in Guanagazapa and 529 inand ninety three subjects were 
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Floriea Aceituno. Only 47 individuals from Guanagazapa (7.0%) and 46
 

from Florida Aceituno (8.5%) were free of parasites. The other subjects
 

studied harboured one or more intestinal parasites.
 

The species of parasites found most frequently are shown in Table
 

E. histolytica and G. lamblia were the most cormuhn enteropathogeni
VIII.3. 


The former was more connon in Florida
 protozoa found in both communities. 


Aceituno (140 isolations) than in Guanagazapa (95 isolations). 
It is still
 

not certain whether the other protozoa found in these subjects are 
capable
 

of producing damage to the intestines of human beings. In spite of the
 

frequent isolation of these parasites from the stools of the subjects, ther
 

was no significant relationship between their presence and diarrheal 
episoe
 

or evidence of abnormal gastro-intestilnal function. The high incidence
 

of parasitism may reflect the degree of contamination of the 
village
 

Other investigators have suggested that improvements in
 environment. 


sanitation and hygienic conditions are associated with a drop 
in the incid(
 

of these parasites. 

The three species of helminths most commonly found, in order of
 

frequency, were Uncinaria or Hookworm, T. trichiuris, and 
A. lumbricoides
 

In other surveys, done during the years 1950-1960, the
 (Table VIII.3). 


most frequent intestinal parasite found in subjects living in the lowlands
 

of Guatemala was A. lumbricoides, followed by T. trichiuris 
and Uncinaria.
 

The change from the 1950's to the 1970's may have been 
due to the massive
 

such as "Piperazine", during government campa
use of antihelminthic drugs, 

aimed at reducing the incidence of intestinal parasitism. Piperazine is
 

not against Hookworm or T. trichiuri
effective against A. lumbricoides but 

the frequency of isolation of intestinal parasites was analyzed
When 

according to the age of the subjects (Table VIII.3),it was 
observed that
 



TABLE VIII.3 

Frequency of Intestinal Parasites in Study Subjects From Both Villages (1972-73) 
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)b. Subjects 

0-1 
29 

Guanagazapa 

2-3 4-6 ?-IS 
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48% of the children under 1 year of age from Guanagazapa and 64% of children 

of the same age from Florida Aceituno had negative stool examinations. 

Those children, with positive stool examinations, had multiple 
infestations
 

with helminths and protozoa. As age increased, the percentage of negative
 

cases of multiparasitism.
stool examinations decreased with an increase in 


In general, the severity of helminth infection among the population
 

studied can be considered to be mild if judged by the ova counts 
obtained
 

in 284 stool samples from randomly chosen individuals. These samples
 

The results were recorded
 were analyzed by the StollIs concentration method. 


as mean egg counts:
 

Ova/gram Feces
 

9112 ± 2279*A. lumbricoides 


T. trichluris 619 ± 268 

1112 ± 384Uncinaria 


*mean ± S.D. ova counts/gram of feces
 

The number of eggs per gram of feces was higher for A. 
lumbricoides.
 

Very few individuals showed egg counts of Uncinarla which 
are believed to
 

be associated with iron deficiency anemia.
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IX.Quality Control In Intestinal Absorption Studies
 

This chapter describes the qual;ty control employed to assess the 

accuracy of the chemical analyses used in the food absorption studies. 

1. 	Background and Purpose
 

intestinal absorption
The methodology used in these studies to measure 


(inboth norvial subjects and malabsorbers) is well documented. The procedure
 

is directed to obtaining a metabolic balance of fiood intake and food 
excretion
 

A balance between fcond intake and fecal elimination
(intake versus outgo). 


requires that the food actually consumed and the unbsorbed food 
excreted
 

by the subject be accurately measured by chemical analytical procedures. 

The objective was to accurately measure nitrogen (protein), fat 
and calories. 

If desired, the consumption and elimination of carbohydrates 
can be appro­

ximated by computing the difference between the intake of nitrogen 
and fat,
 

assuming that the amount of nondigestible fiber is known. The analytical
 

methods included: the Kjeldahl nitrogen procedure for protein; 
the van
 

These

de Kamer method for fat; and bomb calorimetry for total calories. 


procedures are quite accurate when employed by competent analysts 
(see Volume
 

An alternative procedure, using radio-isotopes, was not
 I, Methodology). 


practical on the scale employed in this study.
 

A total of 120 individuals from the two villages were admitted 
to the
 

The daily

metabolic ward for 5 1/2 to 6 days in each year of the study. 


intake of food and the stools of each individual were analyzed 
for nitrogen
 

In addition, blood and urine samples were
 (protein), fat, and calories. 


collected from each individual to ascertain that the individual 
was not ill.
 

The d-Xylose test was administered, prior to admission to 
the metabolic
 

ward and during the metabolic balances, to screen for malabsorption.
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The total number of samples, including replicates, exceeded 10,000 

separate chemical determinations. Under these circumstances, no matter how 

careful, dedicated, and competent the laboratory personnel, the possibility
 

of error always exists. As pointed out by Whitehead (1), error can be intro­

duced from misreading an instrument, an improperly adjusted instrument, 

errors in calculation, transfer errors (including the transposing 
of digits,
 

e.g. 110 to 101), incorrect placement of a deciral point, use of a wrong 

sample, or use of an incorrectly prepared reagent or standard.
 

To minimize error and maximize accuracy, both internal 
and external
 

were utilized in the Guatemalan study. Internal quality
quality control 

and INCAP laboyatory, was the 
control, at the Esquintla metabolic ward 

was carried outINCAP staff. External quality controlresponsibility of the 


at random from the project metabolic

in North Carolina. Samples selected 

ward and INCAP laboratories were independently analyzed 
by the laboratory
 

of the Department of Animal Sciences at North Carolina 
State University in
 

Raleigh, N.C.'
 

A known sample of cottonseed meal, rigorously analyzed by the National
 

was also used as an external control to
 
Academy of Sciences laboratory (2), 


check the results of both the Guatemala and the UNC 
laboratories. This
 

an established and approved methodology to validate 
the accuracy


procedure is 


of the many chemical determinations from which conclusions may be drawn.
 

in the Cumulative Index Medicus
 There ara many references to quality control 


and 1977). referencesfor 1975, 1976, The
(particularly Volumes 16, 17, and 18 

were obtained from this
 
listed at th( end of this section (1, 3, 4, 5, 6, 7) 


source and were used to organize the methodology used 
for both internal
 

*The analyses were done under the direction of Professor 
Frank H. Smith,
 

Sciences -inAnalytical Chemistry.
Professor of Anim3l 
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was also used in additionand external control. The following guideline (1) 

to external quality control (Figure IX..) 

Figure IX. 

_ua]iCotrolSchema 

Check control material. Has it altered in compositlon? 

If satisfactory, check the standards used.
 

For example, automatic
If satisfactory, check the sampling system. 

pipettes.
 

For example, spectro-
If satisfactory, check the measuring system. 

photometer.
 

If satisfactory, check the calculating system.
 

Try to identify those for which
If satisfactory, prepare reagents. 

stability may be poor.
 

If satisfactory, repeat optimal conditions variance.
 

If satisfactory, check the way in which the method is being routinely
 

performed.
 

Are instructions oeing followed carefully?
 

If there has been a change in precision, check the factors concerned
 
For example, temperatures of
with the analytical process variance. 


reactions, timing, and mixing.
 

If satisfactory, check if instructions are being rigidly followed by
 

the laboratory staff.
 

For example, pipettes.
If satisfactory, check the sampling system. 


For example, spectro-
If satisfactory, check the measuring system. 

photometer.
 

If satisfactory, check the calculating system.
 

If satisfactory, check the reagents.
 

If satisfactory, check the optimal conditions variance.
 

Are they being followed
If satisfactory, check the instructions again. 

carefully?
 



TABLE IX.l 

1974 Quality Control On Analyses of Metabolic Ward Samples 

INCAPIdentifi- Calories(Kcal/lO0 g - Dry weight) Fat(g/100 g Dry weight) 
Nitrogen(g/100 g - Dry weight) 

Food cation % %I 1 
Item Number U C INCAP Diff. Diff. uric INCAP Diff.____ U__c__Iff. INC/_P iff. 

i.Cheese 303 387.30 362.14 -25.16 6.50 2.57 1.36 - !.21 47.08 10.93 10.45 - 0.48 4.39 

2. Meat 
(Beef) 3u,4 507.40 497.62 - 9.78 1.93 13.89 4.36 -9.53 68.61 12.71 12.45 - 0.26 2.05 

3. Rice 305 440.00 436.73 -3.27 0.74 5.76 1.34 -4.42 76.74 1.34 1.57 + 0.23 17.16 

4. Beans 
(Black) 306 395.70 371.00 -24.70 6.24 1.28 5.70 +4.42 345.3 4.31 4.44 +0.13 3.02 

5. Bread 308 426.21 409.43 -16.78 3.94 6.01 4.96 -1.05 17.47 2.27 2.48 +0.21 9.25 

6. Pan Dulce 
(Sweet 309 443.00 431.61 -11.39 2.57 10.78 7.60 -3.18 29.50 1.45 1.54 +0.09 6.21 
Bread) 

7. Tortilla 310 404.80 396.20 - 8.60 2.12 1.83 1.63 -0.20 10.93 1.77 2.04 +0.27 15.25 
(Corn) 
:8. Sools 

9. Stools 

Bal. 40-1E 266 

Bal. 40-1 

490.60 494.15 + 3.55 

1-
0.72 11,96 6.78 -5.18 43.31 

7 

5.08 4.81 -0-27 5.31 

IO.Stools 
E 267

Bal . 40-I 
1449.00
' 

440.10 8.90 1.98 12.59 2.54 -10.05 _ 79.83 6.26 I­ 6.08 -0.18 2.88 

E 268 459.10 436.20 1-22.96 5.00 14.40 3.38 -11.02 76.53 7.00 6.73 -0.27 3.86 

Mean 440.32 427.02 13.51 - 8.11 3.97 5.03 - 5.31 5.26 0.24 -

Std. Error 12.35 14.32 3.01 - 1.64 0.72 1.56 - 1.26 1.19 0.08 -

t 4.25 - 2.65 - 0.63 -

Signi ficance p<.Ol - p<.05 - H.S. 
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2. Application of Quality Control To The Guatemala Project
 

a. Sampling. Specified samples of food and excreta were selected
 

for analysis at irregular iiitervals during the metabolic years 1974, 1975
 

No samples were obtained during 1973. However, the procedures
and 1976. 


developed during 1973 were repeatedly checked and observed. The samples
 

selected were analyzed at the laboratories at INCAP and an aliquot of the
 

same sample analyzed at the control laboratory in the Department of Animal
 

Sciences, North Carolina State University, Raleigh, North Carolina The
 

data obtained from these analyses are shown in Tables IX.1, IX.2, IX.3, and
 

JX.4. As a further check on both laboratories, a sample of cottonseed meal
 

of known composition, obtained from the National Academy of Sc;ences, was
 

also analyzed. These values are found in Table IX.5.
 

The methods used for the deterination of
b. Analytical Procedures. 


calories, fat and nitrogen at INCAP and the Esquintla ward have been 
described
 

in detail in the Methodology Report.
 

The method used for the determination of calories was
(1). Calories. 


bomb calorimetry. The procedure and method employed was that described in
 

The bomb calorimeter used at
Manual No. 130, Parr Instrument Company (8). 


INCAP is the Ballistic Calorimeter, CB-370, manufactured in England by 
A.
 

Using a Ballistic instrument and a Parr
Gallenkamp and Company, Ltd.. 


procedure theoretically should not affect the results of the determination.
 

used in the N.C. State University laboratory for
A Parr Calorimeter was 


external quality control. In both laboratories, each calorimeter was
 

calibrated before use by the combustion of standard benzoic acid of known
 

caloric value.
 

(2). Fat. Food and fecal fat was determined by the method of van de
 

Kamer, Huinink and Wegers (9), applying the precautions noted by Braddock
 



TABLE IX.2
 

1975 Quality Control Or. Analyse: Of Metabolic Ward Samples
 

IRCP Calories Fat Nitrogen 
Dry welaht ) 9100 


Food c3 ti or. O f IINr 

IdFntifi- cal/100 q 01%_ - Dry weight % (__/I0 q Dry weight 

Iteml Nvnber I U'(CI NA Di(ff- -DfINCAPf.UC %iff- 10N n~ff 1niff­

1.Bears ~ 33 434.36 404.80 129.56 6.81 1.85 40.26 14.05 4.10 3.58 -0.52 12.68 
(Black) _ _ _ _j_ _ ._ _ _ _ _I . ' _ _._ _ _ _ __ _ 

2. Cheese 333 1464.14 468.42 1-15.72 3.25 2.73 2.79 +0.05 2.20 11.05 10.52 -0.53 -,.80
 

(Beef) 331 525.84 490.28 3
 - 5.56 6.76 7.83 7.65 -0.23 2.92 13.10 12.87 -0.23 1.76
 

4. Rice t_ 32 [422.36 395.76 1-26.61 I 6.30 7.95 7.68 -0.28 3.52 1.26 1.15 -0.11 8.73 
5 41.20 -10.13 2.20 5.35 5.26 -0.09 1.68 2.36 2.94 -0.12 5.08
 

5. rin LiZe 1 I

(Sv. ee:t 1 337 13.0 3 150 -32.40 1.374 1-00 5.84
 
rE3) 431.0 6.93 9.84 10.34 -0.50 5.08 1.37 1.29 -0.08
 

7._ _ _ _ _ _ _ _L _ _ .I
'1-3 452.14 440.63 1-11.51 2.55 2.35 -o.13y 6.75 1.74 1.66 -0.08 4.60 

a. st:os a1.4S(l)-E3301491.C j 478.12 1-12.95 2.64 15.47 15.04 -0.43 2.78 6.30 6.07 -0.23 3.65 
9. stcos a.4:11" 4335.18 464.62 1-30.56 6.17 10.57 110.14 -0.43 4.07 7.43 7.26 -0.17 2.29
 

10. St:,s BaI.430)-E3343.90 481.15 1-12.75 1 2.52 11.14 10.86 i -0.28 2.51 7.07 6.69 -0.38 5.37 

7,..Stcols 531.48(1''332JL75.15 479.13 +3-93 F 0.84 8.96 8.74 1- .22 2.46 7.27 7.21 -0.06 0.83 
12. Stzols tl.JS(1'-AE325j459.49 439.31 430.13 6.43 4 13.71 13.43 -0.28 2.04 6.94 6.37 -0.57 8.21 

13. St:ols Cal. 43(11)E331,139.81 454.80 35.01 7.15 9.71 9.25 -0.49 5.03 7.85 7.28 -0.57 7.26 

7T . . .1 473.18 42604 5.22 11.49 10.94 -0.55 4.79 5.90 6.26 -0.64 9.28 

I S. lal.45(1)E310 457.37 ;40.IC 8.07 10.2,- 9.80 -0.49 4.76 7.09 6.38 -0.71 I 10.01toois 347.53 

tal.5011)-E345j63.63 4S6.-S 22.23 , 4.37 9.97 9.24 -0.73 7.32 7.06 9.97 4 +2.91 41.22 

1al.50tI)E3-3-55:4.15 501.63 1-2.52 0.50 9.5 8.85 -0.30 3.2P 7.86 7.39 -0.47 5.98 

; o 11s89 490.CO '21.89 4., 11.15 Ir.92 -0.23 1 .06 6.86 1 7.31 +0.45 6.5615 : ;.5].E2(II)E. 4.15 - I - I - -- i - , _7,,0_ 3 6.42 -0,8 12. 

std.E r _ _ _ 5 1_.0 _n_) _ n_ .. Q-7.2..... ...... 1i ­_ .29 I_ _ 71.z..... 


""_ !_ 6.73 _, 13
_ _ ,___1. 

-I. ___­

http:1al.50tI)E3-3-55:4.15
http:45j63.63
http:43(11)E331,139.81
http:tl.JS(1'-AE325j459.49
http:531.48(1''332JL75.15
http:BaI.430)-E3343.90


TABLE IX.3 

1976 Quality Control On Analyses Of Petabolic Ward Samples 

Food 

! te-n 

INCAP 
I entifi-catier 

Nu.ber 

, 

f UNC 

Calories 
(Kcal/100 g - Dry weight) 

INCAP Difff. 

%% 

ff. U: 

Fat 
q_/_- _r.y we__ht) 

I.rAP Diff. Diff. U:,C 

4itrogen 
(Q/100 g - Dry 

INCAP Diff. 

% 

Diff. 

1. Tortilla 094 448.04 
_ _ _ _ _ _ 

2. Eg; Protein 5,4.?Fort.ul a ! 

3. Ecg Droteir 5?.7 
TaT , llO 5 _6.77 

. :e G85 1,24.55 

5. ,ezr I,'.ck, .T906 

6._so s j Il-i __j 

.- , 
7.7. -c3tsI - 3 "8 

6a]3 1 
2. stcc : I " " 15 

9.s-­9.Scl 7 - -

~~~Ii. "- ' 
10. Stools - 9 53.5 

463.00 +14.95 
_ _ _ 
456.21 -8.02 

-6'3 
51C.34 -16.43 

405.73 -18.82 

.441.30 +2.24 

I 
1_ 8 -19.89 

_ _ _.7_'i7V520.53 -22.55 

I35.33-. -15.52____ 

'P +6.95 

730 -33.43 

3.34 
_ _ 
1.73 

I 

31C5 
3.1' 

4.43 

0.51 

3.88 
_4.15 

.3.0 
_________

1.89.73 

6.6-' 

3..6 
_ 

8.5i 

0.51 

0.65 

2. 17 

7.331.71 

77 . 

7.92 

3.02I_ 
7.So 

-=1.4
b.4. 

0./0 

2.0. 
2."

I 
6.70I 6,90__028?90 

7.1= 

7 13 

-0.14 4.43 

-0.-2 7.22 

+03 .~
3 is. 

+0 05 1 7_6T3 

" 7.23
0.17 1~ 7.323 

!-'s 
Rq74 

-

1.3012-6 

-0.7 l 

T­

1.55 

0.93 

3.37 

i 

4.13 

.82 

17 --

f., 81 

1.49 

O.91 

12.00 

1.47 

3.83 

6.00 

6.43 

.64 

6.433 

-0.06 

-0.02 

-1.37 

-0.05 

-0.30 

-______q__ 

-0.J9 

_n.6 

-0.3 

3.87 

_ 

2.15 

10.25 

3.29 

7.251 

572 

9)'VP 

. 

See TABLE IX.4 for sumnary of 1976 samples. 



TABLE IX.4 

1976 Quality Control On Analyses Of Netabolic Ward Samples (cont'd) 

Food 
Item 

INCAP 
I dent i f i-
cation 
Number UNC 

Calories 
- Dra1el0t 

ICAP Dff. 

, 

Diff. 

g ­ y C 

UNC 

IA... 

INCAF 

Fat 
l__ _ g h L. 

Dl f f . f4 U.C 

•eNitr-ger 
o r-

INCAP ciff. 

-

L Df 

-

11. 432 1451.85 416.30 -35.56 7.87 1.79 1.57 -0.22 11.29 4.36 4.16 -0.26 5.95 

!2. Egg 482 93.55 57.03 -36.55 5.27 35.80 3" X10 +2.00 5.59 8.19 7.35 -0.34 4.15 

13. Tortilla 

14. Pice 

472 

E02 

459.14 

-451.23 

431;.O 

438.60 

-21.14 

-12.63 

4.60 

2.8G 3.56 2.60 -0. 96 

23.61 

26.97 

1.56 

1,26 

1.47 

I.24 

-0.09 

-0.02 

• .77 

.59 

15. Pan DuleadS -eet Bread Il, 

16. Stools 

484 440.80 

1.58-
e S373 491.32 

423.70 

472.40 

-17.10 

-18.92 

3.88 

3.85 

4.37 

6.25 

5.18 

6.62 

+0.81 

+0.37 

18.54 

5.92 

1.51 

6.93 

1.51 

6.45 

. 
0.00 

4 
0.48 

-. 

17. Stools 

18. Stcols 

Bal. 58-I7
E - 375 493.57 
Bal. 58 -II 
E - 374 511.78 

i 
466.20 

509.12 

-27.37 

-2.6C 
I 

5.55 

0.52 

6.60 

9.78 

5.72 

8.67 

-0.38 

-1.11 

13.33 

11.35 

7.09 

7.21 
I 
1 

6.816-2 

7.O 

-0.211_ 

09 

9 

19 Stools 
lal. 58-
E - 376cal. 58 -

I 
497.201 477.00 1 -20.20 4.06 10.81 11.15 +0.34 3.15 5.62 5.19 -0.43037E 

20. Stools E-

Mean St.Err13.53 

370 

5 

508.46 

496.13 

496.80 

480.41J12.83 i 

-11.66 

18.133.17 

2.29 9.63 

7.451.75 

7.16 

7.131.85 

-2.47 

0.680.20 

5_.6 6.51 
5.300,2 

6.14 
4.980.66 

-. 37 
0.330.07 

_ _4.93
S_nificance p<. 

L 1.91N.S. 
4.74 



TABLE IX.5
 

Analysis Of National Academy of Sciences Cottonseed Meal
 

Fat Nitrogen* Protein* 
Dry Matter Calorles* g/lO0 g. g/l00 g g/lO0 g 

Origin g/lO0 g small cal/gm (dry weight) (dry weight) calculated (x 6.25)
 

HAS
 

#11208EB 89.95 4250.0 not available 8.55 53.44
 

3.55 7.98 49.87
UNC 93.31 4433.7 


48.00
Guatemala 93.95 4134.3 3.60 7.68 


9.72*
#12340 


UNC -_9.63
 

9.58
Guatemala 


*Average of three determinations
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10) and Saunders (11). An alternative method, which was not used, is that 

employing ether extraction. This latter method is not practical for the 

large numbers of determinations which were necessary in this project. In 

addition, the ether extraction 	method also dissolves ether-soluble but non­

fat materials. 

(3). Nitrogen. The determination of nitrogen was done in both laboratories
 

by the well-known Kjeldal procedure (12) as modified by the procedure of the
 

Association of Official Agricultural Chemists (13).
 

3. Results and Recommendations
 

a. Calories. 1974 metabolic results (see tables IX.l, IX.?, IX.3
 

and 	IX.4) based on quality control samples, are well within a biologically
 

- 6.50%). There is a small, but distinct,
acceptable 10 percent (0.72% 


tendancy for the INCAP energy values to be slightly lower (except for
 

#8) but still within an acceptable 10 percent. It is possible that the
 

use of two bomb calorimeters (UNC's Parr Bomb and INCAP's Gallenkamp) may
 

have been the cause of this difference. As in the 1974 series, all caloric
 

determinations in the 1975 balance studies are well within 10 percent
 

(0.50% - 8.0%). Again, the caloric values obtained are lower than the UNC
 

reference values but still within an acceptable 10 percent. All values in
 

lilA and 2nd balance IIIB
the 1976 Metabolic Balance Studies (1st balance 


combined) are also within an acceptable 10 percent. As was true of the 1974
 

and 1975 results, the caloric values are slightly lower than the UNC reference
 

On the basis of these quality 	control
determinations (0.51% - 6.64%). 


determinations, there does not appear to be any reason why the caloric
 

values should not be used to assess malabsorption and food waste costs.
 

b. Fat. The agreement between UNC's quality control analyses and those
 

This is apparent
completed at INCAP for the 1974 balances are very poor. 
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from an examination of the numerical and percent 
differences in the "Fat"
 

In the 1975 results, there was better agreement
column of Table IX.1. 


All values except 0335 (Table IX.2) are
 between INCAP and UNC values. 


Although the values
 
within the biologically accepted 10 percent 

range. 


for fat In Table IX.3 (1976 balance) are much better than 
those in Table
 

IX.4, the large 	differences make it doubtful 
if they should be used to
 

estimate fat absorption or malabsorption till 
further quality control
 

checks are done.
 

Because of the wide disparity in results between 
the UNC external
 

reference values and the INCAP values for 
fat, the use of these values for
 

Fat determinations
 
acertaining malabsorption must be done with 

caution. 


were a continuing problem which has been discussed 
in several previous
 

reports.
 

In the 1974 balance, with the exception of #305 
(17.16%
 

c. Nitrogen. 


difference) and #310 (15.25% difference), 
the values are within an acceptable
 

Except for samples 335, E345(1) and E360(II) 
in the 1975
 

10 percent error. 


balance, and #1110 and #E435 in the 1976 
combined balances, all values are
 

within the 10 percent range.
 

4. Analysis of 	National Academy of Sciences 
Cottonseed Meal
 

To assess the analytical values obtained 
by both UNC and INCAP for
 

calories, fat and nitrogen, a sample of 
cottonseed meal of known chemical
 

These values are presented
analyzed by both laboratories.
composition (2)	vwas 


There was a close correspondence between 
the results from
 

in Table IX.5. 


the two laboratories.
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Chapter II
 

Village Comparisons
 



Distribution of Persons Present Over Time
 
(March 1973 - September 1976)
 

Year-Month Guanagazapa Florida Aceituno 

7303 906 764 

7304 903 821 

7305 1019 863 

7306 1034 867 

7307 1030 861 

7308 1036 902 

7309 1036 868 
7310 1036 865 
7311 988 865 

7312 988 856 

7401 1009 856 

7402 1009 857 

7403 1079 856 

7404 1079 861 

7405 1076 908 

7406 1075 907 

7407 1074 904 

7408 1096 903 

7409 1109 896 

7410 1082 921 

7411 1048 921 

7412 1048 959 

7501 1077 984 

7502 1113 991 

7503 1098 986 

7504 
7505 

1111 
1111 

970 
982 

7506 1112 1005 

7507 "1116 1020 

7508 1163 1005 

7509 '1170 1009 

7510 1151 981 

7511 
7512 

1157 
1157 

981 
972 

7601 1160 972 

7602 1160 1021 

7603 1171 1021 

7604 1171 1046 

7605 1193 1034 

7606 1194 1044 

7607 1192 1077 

7608 1192 1083 

7609 1188 1083 



Year-Month 

7303 

7304 

7305 

7306 

7307 

7308 

7309 

7310 

7311 

7312
7401 

7402 


7403 

7404

7405 

7406 

7407 

7408 


7409 

7410 

7411 

7412 

7501 

7502 

7503 

7504 

7505 

7506 

7507 

7508 

7509 

7510 


Distribution of Persons Present Over Time by Sex
 

(March 1973 - September 1976)
 

Florida AceitunoGuanagazapa 
Male FemaleMale Female 

417 347
40 426 

445 376
520 473 

469 394


530 489 

472 395
544 490 

468 393
541 489 

481 421


541 495 

470 398
543 493 

470 398
543 493 

475 390
527 461 

475 390
527 461 
 473 383
533 476 

473 383


533 476 


475 382
563 516 

475 381


563 516 474 387

566 510 


411
564 511 497 

499 408


563 511 

498 406


573 523 


494 409

578 531 


492 404
563 519 

502 419


543 505 

502 419


543 505 

524 435
562 515 

531 453
581 532 

528 463


577 521 

532 454


580 531 

528 442


590 521 

531 451


588 524 

545 460
588" 528 

554 466


616 547 

544 461


618 552 

541 468


614 537 
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and igration by SexBirths, Deaths 
-(_April 1973 - Septeber 1976) 

a 	 -Florida Aceitunopopulaon 	 Dynamic Guanay a 

1887 
Entering village* 	

1837 

961
914
Hale 
 926
923
Female 

1568
 

Leaving village* 1555 	
796
770
Male 
 772
785
Female 

319
282


Population 	increase 31 42
 
Population 	increase(%) 


*Entering: 	births, immigration
 
deaths, outmigration
Leaving: 


This data is based on the monthly census completed 
in each village.
 

Note: 

An individual is counted as either entering 

or leaving the village
 
It is
 

if they were present or absent in the 
previous month. 


possible that only a small proportion 
of the total population
 

in either village was responsible for most of the migration,
 

i.e., they 	moved in and out frequently during the study 
period.
 



V 

Village EcOnOmics 

Comparison of Exploymnt and Earnings(April 1973 - Rrh 7 __ 

$25 Aceituno MFloridaMean Earnings Per Two Weeks 

Dollars 

20 

15 

10 

5 

El Guanagazapa 

0 

90 iHean Hours Worked Per Two Weeks (Salary) 

80 

Hours 
70 

60 

50 

40 _ _-__ _ _ _ _ _ _ _, 

Mean Hours Worked Per 
Two Weeks (Self-Employment) 

Hours 

80 

70 

60 

50 

40nt Ai M ii,. A S 

Month 

0 N D j F 



Village Economics
 
Reasons For N4o Economic Activity
 

(Heads of Household)
 

Month August 1973 November 1973 Januar 1974 March 1974 

Number of GU6 FA GU f FA GU FA 
51 58 164 63
Subjects 55 64 62 


..............
Days Absent (Percentage) For Each Group of Subjects
Reason ............... 


Illness
 
14(25) 142(84)
Hospital 12(21) 12(30) 18(28) 13(23) 20(35) 14(37) 


I 
Family 


10(16) 1(2) 9(16) 6(16) 15(27)
Social 3(8) 

Holiday
 
Affairs
 

Could Not
 
Find Work 4(7) 9(22) 27(42) 3(5) 28(49) 10(26) 23(42) ­

- 8(21) 3(6) 8(16)

Resting 31(54) 16(40) 9(14) 39(70) 


-Other 10(18) - - - - - -

Total Days 57(100) 40(100) 64(100) 56(100) 57(100) 38(100) 55(100) 50(100)

Nol, Worked
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APPENDIX
 

Chapter III
 

Morbidity
 



Diarrheal Morbidity Rate Descriptive Statistics
 

by Quarter and Village
 

VILL:FA
 

N PEAN STANDARD NINIUW MAXIMUM SvO ERROR
 
VARIALE LAB""-
 PEAK
VALUE VALUE or
OLVIATION 


138.00000 0@O1?3637
356 1195.751397 113.R538657 1001.000000
UNIOFAx %-DIGIT UNIOUL FAMILY 10 

POqBPEp mtJUopP OF PCRSCOS PRrF.NT FOR PORPIDITY 3s8 ob*.L696 3.072350S 1.0C0000 21.00000 8.1623977 

0.000000 600.000 8.38 7170 
Cnoslopo QARTERLY DIRARHEAL RATES, rjARTER 1

2 V12 67.65ft21 111.3314914 0.000000ng 9E..6sO36 121.7867317 5555S6 ?,4627PO
 
."ARTER
OXAROnO? 400.O0jOO 5.50t%1326
212 41.923nil 80.0e72259 0.000000
QUARTER.3
uTAROR3 


.1767135
97.340262 0.000000 625.00C00

QUARTER 4 iQ8 56.45429 83, 813419 0.000000 66.66667 5.6479036tUARC~o4 QUATER S 731 .2.31UTAR0PI0 

0:000000 50O.lC0000 3.9O318 58
 
6 2311 26:I3bq42 %9.39-32327CU',RTEP 6.255&601


QUARTER 7 242 4.277206 s7.7018557 C.0OOOO0 666.66GG7 
UIARIPO7 


666.6060 S.546pogal
A7SA169506 0.00S00 0
O


qt'ARTER 9 72~ 43.75G914 0.00C000 OOriO0000 5,9&1'0DIAIICIO0 2,2 32.5C6638 01.2003773 
OIA' CPC09 QUAAT[Er 10 0.000000 40".00!'00 4.66030541 

236 29."5i5.9 71.S9?9763 

Pi1 QUARTER 11 0.000000 333.33S33 4.27757342010I pr3 3S.132915 66.6SO7705
UARTER 12

ol.. -R12 37SOOno0 4.465379?
0.000000
7&6 42.703901 7&.5992162
QCWRIER 13 1000.OOCOD 6.!661232UI: CRj5 
14 1-9 3%.124059 105.9937686 0.000000 


QU.'RTERGIZACR14 

vLLU
---------------------------------....................................................
 . ............................
......... 


S5.9510175 2001.000C00 2332.D000 5.38066587315 2170.172959
UXTOFAV • .-OTYI .P40U[ VAPILT 10 

27.00000 0,10316476


q.92"673 3,4446211 1.CO0000 

NUvPEP CF PrRSONS PRESrkT FCR PORDICITY %le


P~inrR 50P.00000 7-3415009%
 
p5.&5fi5A 114.904588 0,0C000


t. RATES, QUAWTER I ';2 500.00000 6,93123027U1TA"Cal QATERLY DIAR 713 A9.246650 101.1579755 0.000000 

UIAROR02 QARTER 3 0q . 20.%21729 57.0772136 O.Oo000oo 4an.accO
QUARTER 2 3.T017100 
UIA 0Rl 3 
 35"QIJARTER 3 P) 92 C.279500006UTA8on03 


0.500 6S~.00000 5.a375rass
52.130W6 100.021%037
QUmflmE 4 7.14 0.Oc0oOO 00 000 .20O5I' ARI %t S 272 45.500751 80.7901651 

OlA2k0RCS 4.5230SC9 0.000000 333.33$33
QUARTER 2.99444-451 

P71 14.407059
6O1CrI06QAPIFR 0 3,4q7208&
QaR-tR 7 P22 lq.7bO3 56.2502511 0.O0a000 333.350!3 

UtARURnn 333,33333 S.t470OS0&


731 27.90CM92 59.94?3747 0.000000 '
 
07AP10R91f (qARTER 8 

20.93t406 58.38!4551 0.000000 375.00000 3.R1 4 
6 0
 

ARTER 9 234 


Q4ARTER 10 


UAO 


?239 24.%04455 56,S531:65 0.000000 333*3333 3.657080
 
OAfloflO . 250.00000 3.10167364


705 L6.b"3%87 48.'405621 0.000000 

VIA11 1 QIJ.IER 11 500.000 3.87649271


2A.707R12 61.047C682 0.000000

QUATER 12 248 0.00000C 38A.868A9 q4.330A480

DIARCI22 13 253 39.907800 68.921932q
EIiR
IAWRE$ 0.000000 1000,00o00 5.6C37101O
 
1s2 17.2979B 87.1745156
AIER 14
UIARORIS 
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Diarrheal Morbidity by Season, Sex and Village
 

Rate/1000 Population
 

......
 
0TH I
MALE 

...............


I FERALE 

I SEASON Ieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 
I I FA GU BOTH FA GU RPTII FA 0) BOTH I 

I I
I 	 I I I I I I 

1 86.9 1 78.2 1 42.3 I 95.S I . 89.8 1
I 1 112.1 86.6 	1 98.1 

: 3.87 2995 I
1 1 1 7,06 1 b.6S 	1 446 1 beoO 1 5,27 1 5,91 I 4o5 

1 -051 9 SqO8 I
I 1999 1 2454 	 1 4453 1 2358 1 2597 1 495 1 4357 

. . .I... . . i . . . G.. ... . .
 
I . . . . . . . . .. .. 


45*2 1 59.2 I F I 43Q

I 1 65.7 1 42.4 52.7 1 53.7 36o8 1 


4.44 1 5.48 9 4,l3 I 3o29 1 2c59 I1 .2 1 4.6 1 3.I4 1 5.36 1
I 2 
 1 6 M0
 
1 I 1491 1 1087 	1 337A 1 1768 1 1794 1 5562 1 3259 1 b 

B II
 

I....... --- .......
ee.......
e...... 
.......... I...-------.-------..------­

45.7 36.9 1 40.7 1 36.1 29o7 1 52.6 1 40,5 33.3 1 764
 

I 3 1 4.26 1 3,9 1 2.67 1 3.481 3,U5 1 7,0 1 2.71 I ,28 ! 1,75
 
576 1 618n 1 1 14761 

2407 1 3093 1 5500 1 20iI1 3095 1 5288 1 

........
--	 .....---------- ... I 
.........-...... ............... 


ISI I
 
I 23*3 1 Z..O I
 

1 38.4 I 25.1 	1 31.2 1 40.3 5 21,4 1 Aea 1 39.4 

1 3.A7 1 2.83 1 P,40 1 	2.81 1 2.09 1 1.73 1
 

S4.00 	 1 3.07 1 2.51 

2577 1 2612 1 5)91 1 4793 I 5203 1996
I 2214 1 2591 1 4805 1 
 I

*IIIII£II 
 I...o
i 	 g......I.. ..........-----........ *|....... 
.......................
 

31.8 1 38,2 I 282 1 :3.0
 
1 39.0 30.2 	1 34.2 1 37.6 B 26.5 1 


2.36 1 3.35 1 2.74 1 ,.15 1 2.48 B 2.04 1.59
 
B 5 3.69 1 3.03 	1 


1 5930 1 3218 1 3440 1 A658 1 5964 I 6624 1 123d I
 
1 2746 1 3184 


ee-e- I....-.-..g...........--.. ...----................
 

1 406 I 27o3 1 33,8 1
47.0 1 31.3 1 38.5 1 35.1 1 24.4 1 2"o6 

B 2.21 Io76 1
 6 	 1 402 1 3,34 1 2,72 1 3.57 1 2?0 1 P.29 P 2.81 


,549 B 	1"97
1 
B 2296 B 2719 5015 1 2652 I 2830 1 K482 1 49 0 I
* 


B..............
........
.
......... -------------------


1 39o5 1 43 ,1
49.0 1 45.1 1 46o9 1 45.5 1 34.2 1 30o6 1 47,1 

1 3.72 1 7.80 1 3.31 1 2JF7 1 2.1
 

7 495 1 4.41 1 3.30 1 4.44 

612 I 	6109 B
1899 1 2Z17 1 4116 1 2198 1 2595 1 4593 B 4C97 


46.6 1 35.1 1 o,0,' 38.3 1 .43.9 1'497 I
41.5 47.5 1 


1 TOTAL 1 1086 1 1,48 9 1.17 1.59 1 1.34 1.04 B 1,2I2 1.00 1 0*7 B

5BoB o 1 


10763 1 34417 3270 i 3690H 1 69614 1
B 15OP2 1 18145 B 33197 1 17654 


Key: 	 Rate/lO00
 
Standard error
 
Number of persons
 
Time-May 1973 to October 1976
 

Cb 



---------------- --------- --------- 

------------------------------------------------------------------- 

------- ------- 

x 

Sex and VillageDiarrheal Morbidity by Age, 

Rate/lOOD Population
 

BT
14AI-F£PILE ---


B~A-
I G ------------------------------------------------------------IFI'L I-U TBOTH

FA Gil BOTHI CATEGORY I 
 I a I I 
a I I 

I1 09.3 118.6 11305 I 
97.6 I 122.4 1 240o* I 110496,0 I 9,t II 

197 1 1861 168 1 354 1 
76 1 157 1 1051 '92 1 

I AGCOO-01I 2 1 I 1702 1I 1417 1I 3119 1I 
I *II A 14'! ?6'41I sop II fiseII 653 1I 1511 1 

-.. 
- - -- - I I II--- -------------- I II.......... I I I I


I I 
I 211.7 5 2219 I 207.0 I 214,2 I 

1 225.4 I 2060 ! 216e5 1 218.Z 1 ?9)4* 
584 I
U 271 1 294 1 290 I145 1 12B II 162 I 31B 1
I AGE01-02 I 15' I 13251 1401 I 2726 1625 1 1280 I I1'44 1 655 1 I I670 I 776 I I I1 I I i*II 
 ----- I 

------- I -------
ee---
e----eeeee---­

1 69.9 1 92,6 I 109.0 I 72.1 I 89,1 I 
8 ,6 I 1210

1 g 98,9 I 74,5 I 576 I 461 I 1037 I230 I 547 1
231 '190 I 317 i 

I AG2-o07 259 I 1910 1 5239 I 6397 i 11636 I 
1 B290 I 


. II 2619 1 3107 
. .I. 

I 5726 
. . .!.. 

t 2620 
. . I . .. .I.I . . .I. . . .I. . .I. . .. 1 

*.. ... I . .. .I. . I .. 
 I 
I ;


I I I I I I I I 


?50 I 37.4 I 22.2 I 28.3 I
 
I I 40! I 26.3 I 31.5 i 35.0 I 1708 I 

1 4n5 I71 1 256 1 216 1 189 
I AGO7"IS 1 103 t 116 1 219 II 

Y37 I 5776 I 8512 I 14288 I
 
I 254F I 4405 I 6951 I 3230 I 4107 II I I I I

C I III 
I I I

I I I I 
I I I I 

11.3 I 13.9 I1031 16.7 1
11,3 1 995 t 

I 22.6 I 13.4 I 17.9 I 141 I 103 I 24q1

i 47 1 97 I147 1 50 
I AGE1S-30 1 91 I 56 I 

9392 I 8458 1 9134 II 17592 I 
4107 I 8200 1 4436 1I 4956 1I II 4022 I I II I I* 


... . I . . I . I...... II ....... 
II
 

-- -.. .. Innnn nI I C I . ... I.......... I I
I I 
17,3 I
 t 15,11 1.5 I 20,6 I 13.9 I 

I 1 30,0 I 12A I 20.6 1 14,0 
68 1 171 1
77 0 103 1
94 1 ',1l 36 1 

1 AGE30-45 1 62 1 32 1 4682 1 98781 I! 2S28 1 239 1I 5317 II 4996 1I I
24'e I'4561 I I1 . 1 2068 1I I* 

I ------- I
 .......
....... i
------I-------.. . . -- Ii I I I 
.......... I ------- I -------I i

I 


25.4 I
I 19,3 %8e7 I 25.1 I 23.8 I 
1 34.2 I 33&0 1 33.6 I 18.1I 133 1 264 1
106 1 131 1 


99 1 RO0 158 1 53 1 53 1 

I AGE45- 781 5210 1 5165 1 10375 I
2743 II 5670 .3II 

I
1 2122 I 4705 II "2927 1I - .......
I 2283 ~ ...~~~ I .... .I IIII --~ "~ ~ ...... I .......
I~...~~ ~... . ....... I........ e I 
n . ..Ie..
~s I4nnnnnnneee~ Innnnnn II I I 

l I


I I I 

I 38.3 I 43.9 I
1 4O.7 I 50*4I 46r6 1 35.2

I 54*8 h 41.5 I 47.5 3061 1661 1 1-183 I 1647 I 1414 I 

I 1578 I 822 I 

1 TOTAL I 825 I 753 1'152 I 32706 I 36943 I 69649 I I 17654 I 18798 I I I I I
 
I I 15052 II 18145 II 33197 I I I 

II 


Key: Rate/lO00
 
Numerator-cases
 
Denominator-population at risk
 



Mean Quarterly Diarrhea Rate Versus Family Size by Village 

Ratei 000 
Rate
 

70 

F 

so. 
 -

F-F 

a 10 250 as 30
 

Fami ly Si ze 



Adjusted Diarrheal Rate for Guanagazapa*
 
(mean and standard deviation)
 

1000 
R. 

Population 

+1 + 

+ + - + -­
+ 

-:4-
+ + 

Dec.
Jan. 

1973 

persons and*Estimate of morbidity rate adjusted for families wiLh five or more 
the geometric mean of their water consumption. 

1976 



C%

Adjusted Diarrheal Rate in Florida Aceituno*
 

(mean and standard deviation)
 

Rate 
1000 

Population 

o -

+ 

b 

+ 

12 

+ 

16 

+ 

+ 

20 

4­

2a 

• 

+ 

36 

" 

Jan. 
1973 

*Estimate of morbidity rate for families with five or more persons. 

Dec. 
1976 



Infectious Diseases Morbidity Rate Descriptive Statistics
 

by Quarter and Village
 

4 WEAN STANDARD 1NINUP VAXIVUm STO ERROR
 
VARt6ftL LArL 
 VALUE OF WEAN
DEVIATION VALUE 


%0012000000 1385.00000 6,5175&3TS

F58 11q5Q751397 113.9538657 


UN~rAP q-OIGIT UNIOUE FAMILY ID 21,00000 0.16237877
 
IUMBER OF PERSONS PRCSFUT rop MORPr!?? !53 4.625698 3.0723505 lOOoO0


PORSPrR 0.00000c 333.33533 UJ.649&499
229 33.352716 63.e48b274 


SPFCaPol QUARTERLY INFECTIOUS DISEASE RATES, QUARTER 1 0.000000 25n.0q900 2.%8!24732
QUARTER 2 212 8.771339 36.1057471
INFCqPP2 
 510.00000 2.54506O63
V12 14.463520 37.0966421 0.000000
QUARTER 3
£NVCORP3 
QUARTER 4 1q8 8.61,929 35.0601267 0,000000 250.0000 2.491&14671 

iNrCO0c4 
 400.000O0 3.01243!23
QUAR7ER 5 719 22."270"1 %4.5529309 0.000000
INFCOC05 
 266.66667 2.33914136
QUARTER 6 '31 20.013709 35.5505509 0.000000

ItFCOR06 


QUARTER 7 231 13.'58267 S5.5615597 0000000 Son00C00 3.XSA208O6
 
jhrCRo07 


QUARTER 8 2'a2 14.723502 50.9105467 0.000000 5.0.00002 3.27265389
 
INFCOR06 
 500,0000C 5.37662265
QUARTER 9 "92 4%.591640 65,3512385 0000090
INFCOR09 
 0.000000 503,00002 3,27080075
QUARTER 10 242 15.050045 50.s017186INFCCR2] 


QUARTER 11 .36 9.866361 36.0151661 0.000300 222.22222 2.34438762 
IPFCORI: 


QUARTER 12 ;'a3 9.220311 29.8340470 0,000000 190.147A1 1.*035s01 
jItFCQR12 
 0.000000 500.00000 2.6!207229
76b 13o681611 4605158914
QUAR7ER 13
ItIFCORI3 
 500.00000 2rS159*986
QUARIE14 4 ?'9 6.o.1532 46.9939759 0.000000

INFCORI1 


----------------------------............
VILLzGU ........ . -. .
 
---.----.-..............-------------------------------------


318 2170172956 95.q510175 20C1.000000 2B32.00000 5.36066587

unjOrw 4-DIGIT UNIQUE FAP7LY 1! 0.193t6%76


PIUMBER OF PERSONS PRESENT FOR MORptOITY S8 .927673 3,1446211 1.000000 27,00000
P2RSPER 
 0.000000 142.85714 1.o09n1976
P32 2.43b566 1".6910552
IKFCOHo1 QUARTERLY INFECTIOUS DISEASE RATES, QUARTER 1 
 125.cocoa 1IoT.0976T
QUARTER 2 P13 3.0674T9 17.090161 0.000000

INrCOPo2 
 E5 51asl7
8.1217260 -,.o00 98i.90901
QUA117ER 3 Pitt 0.7142671PFCOR03 500.00000 2.n305SV30
114 6.5r2569 41.u079590 0.0@0000
QUARTLR 4
INFCORI0 
 0.000000 500.00000 3.3&923224
QUARTER 5 272 9.81359f 6.455465INrcoaos 

QUARTER 6 Ppi 20.?50'P1 %972BS3511 0.000000 B07.61 51 5.t53.3152
 
INC o 6 2.41815717
QUARTER 7 722 4.374098 56.0301774 0.000000 500.00000 

ImFCOP07 


QUARTER 8 231 1%.934985 51.9442147 0.000000 400.0000 3.'1767 1 
INrCORPS 


234 58.6126 2 10t.2608760 0,00000 t7s.86491 ,a.705'12
OUARTER 9
Z'FCOR09 
 69Ge662709
QUARTER 10 239 6.194211 P5,6108532 0,000000 166,667
ItIFCORIP 
 01000000 250.PCC,0 1.23668751
QJARTER 11 P'5 2.589791 19.3572213INFCORII 
 57.63155 0421222%1119> 0.212226 3.3421086 0.000000QUARTER 12
INFCCRI2 0,000000 166,666? 1.0%210946
QUARTER 13 3,3420695 1.57%7657WNFCOR13 

QUARTER 14 202 3,26125q 25e9933958 o,000000 33o3ss- L46?091877 
INFCORI% 


Infectious diseases: otitis and conjunctivitis
 

mailto:0.0@0000


xv 

Infectious Diseases Morbidity by Season, Sex and Village
 

Rate/lO00 Population
 

-- L-----------q.......
Zi-------------------- o----;-----

3IALC F hALE BOTH 

SrASON I-----------------------------------------............................ 
I FA GU ROTM FA GU ROTH FA oU. BOTHI 1 

. I0.I...	 . . . . . . . . . .t---------.; ---


1 31.5 1 3.3 1 15.9 1 22.1 1 2.7 1 3.19 1 26,4 1 3.0 1 13.8 1 

11 3.91 1 1.15 1 1.8A 1 3.02 1 1.02 1 1.54 1 2.43 1 COTT 1 1.40 1
 

* 	1991 1 2454 1 4453 1 2358 1 2597 1 4q55 1 4357 1 5051 1 9408 1 

a I:m o e m e o e I m ue 
I.a.......... --- I------I---- ---------------------...I 	 e.-----.....
 

" 	 9.4 1 3.7 1 6.2 1 6.2 1 3.3 1 4.8 1 7.7 1 3.5 1 5,5 1 

2 	 1 2.50 1 1.40 1 1,3% 1 1.87 a 1.36 1 1,1! 1 1,53 a 0,98 1 0.89 

I 11 1887 1 337A I 1AR 1794 1 5562 1 3259 1 3681 1 6940 1 

1 12.0 1 16.8 14.7 1 11.8 I 16.5 I 14.2 1 11.9 1 16.6 a 14.5 1 

3 I 2.2? 1 2.31 1 1.62 1 2.01 1 2.29 a 1.53 a 2.49 1 1.63 I lll I 
9


1 2407 1 30q3 1 5500 1 2Ua1 30 5 1 %q76 1 5288 1 6188 1 11476 1
 

..	 ,........-.. ... ...------ .... ...----.--- .............
 

12,2 1 10&4 1 11.2 1 14.3 1 9.6 1 11.9 1 13.0 10.0 1 11.6 1
 

a 2.3 a1 1.99 1.52 a 2.34 1 1#91 1 1.51 a 1.66 1 1.38 1 1.07 1
 
a a 2214 1 2591 1 4805 1 2579 a 2612 a 5291 I1193 1 5203 1 9996 a
 

................. 	 ....... ............. ......
 

39.0 1 37.1 1 37.9 1 26.7 0 37.2 a 12.1 1 32.4 a 37.1I 349 a 

a 5 3.69 a 3.35 1 2.48 a 2.4 1 3o23 a P.16 1 2,29 a 2.32 1 1.64 a 

1 2746 1 3184 a 5930 a 3218 9 34 0 1 6658 1 5964 a 6624 a 12588 1 

-------	 .......
---------- ... -------	 .. . ....... -.......
 

11.3 1 i.1 1 5.8 a 12.4 1 2.1 4 7.1 1199 1 1.6 a 6.5 1
 
6 	 2,22 1 0.64 a 1.07 a 2915 aO.86 a 1.14 14a 54 a 0.54 I 0.78 1
 

a 2296 1 2719 a 5015 a 2652 1 2830 1 5482 a 4948 a 5549 a 10497 a
 

.......... ------- ------- ---------- ------............ .... ---a
 

11.6 1 4.1 1 7.5 1 14,1 1 4.6 a 9.1 1 12.9 1 4o3 1 804 a
 
a 7 a 2.46 a 1.55 1 1.35 1 2.52 a 1.38 a 1.q0 1.77 1 0.97 I 0.98 1
 

1 a 1899 a 2217 a 4116 a 2198 a 2395 1 4593 1 4097 a 4612 0 8709 a
 

a a 19.1 a 12.3 15.4 161 a 12o5 1 1*.2 a 17.5 a 124 I 14.8 a
 

a TOTOL a 1.12 1 0.82 1 0.68 a 0,95 1 0*U1 a n.62 a 0.72 a 0.5 a 046 1
 

1 a 15052 a 1814b 1 33197 a 1765q a 18765 a 36417 a 32706 1 36908 I 69614 1
 
1 * I a 	 a a. a a a
 

Key: Infectious diseases: otitis, conjunctivitis
 

Rate/i000
 
Number of persons
 
Time: May 1973 to October 1976
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Infectious Diseases Mlorbidity by Age, Sex and Village
 

Rate/I000 Population
 

ALCFEF'ALE ;;Z;------- 80T14 88 AGE 8-- -----;- -----------------
a -------------------------------------------------------w.......c 

GU BOTH FA sU 90TH FA GU BOTH 4
I CATEFORY I FA 


......
*-----------------------------------------------------------
 I
*II88II 


1 0 6196 1 43*2 1 5.9 145vS 38.3 1 ft? a1 535 40,9 1 470 8 
1 911 588 149IAGEOO-01 1 521 338 858 391 25 64 

8101 7641 1601 81f 6 3 1 .511 17021 14171 31198 

....... --.d........ .......
 ................. --...----------------.......
! a
 

56.7 1 68.7 a 512 1 60.2 1 76.2 1 41. 1 513S3 Q,1 83,6 33.b 1 
56 1 268 828 451 32 8 77 101 588 159 1

IAGEI-02 1 

8 6701 7761 14461 6551 625 1 3280 
 13258 14011 2726 8 

5aaaaaaaati an----se(s~a .lb--------­

1 33.7 1 40'.3 8 %0.3 1 31.3 1 3503 1
1 32.l1I 20.6 1 30.2 1 406,5 

8 89 1 173 1 127 1 .11 1 .233 1 211 8 2be 1 411 1 

AGEO2-07 1 84 

5239 1 6397 1 11636 8 a 5720 2620 '.54W '1 90g 2619 I 3107 8----g-------­

--- -- 1 ... n... ... .s. .. . . . . .. 
8 8I 8 I *.. *':. 

... ... .. . .. .. .... .. i ....... .. ...--


9,8 10.5 9.0 97 1.4 8.6 1 9,7 1 

36 688 318 a78 71 661 T3 139 1 
1 12.6 1 8.2 1 1 I 1 

8AEO?-i1 32 

8 8512 1 14288 I
6951 1 3230 1 4107 8 7337 1 5776
1 0 2546 1 405 1 


II81880III ----- "8------- ------- ------- I.---5------------------------------­-c---------


2.6 1 3,51 4,0 11 79581 4.181 5.78 2.01 3.01 14A6 
98 15 1 248 398 328 71 1
 

1AGM-301 308 171 471 

4436 1 4956 I q392 0458 1 9134 1 17592 I
 

8 8 402? 1 '178 8200 1 IaII88II8I 
......... 8----- ..-----.---..------.. --........---.... fI.... ..............
 

I8888II 
 I 

604 1 1.1 1 3.8 I 3.9 8 '8.5 1 5.3 1 5.1 8
I I 5.If8 6.8 

291 121 9 1 211 24 268 0


1AGE30-451 121 178 

I 206Z 1 2493 1 4561 0 2928 1 2389 1I 5317 1 4996 1 4882 1 9878 II 

-.I. .. . . ............... ...... ...... m .... 8
 . . eeeeeeeeI-......
.....-------...... 
I III 


I 7.7 . 2.1 I 49 1
1 9.6 1 2. b8 6.0 1 6.1 1 16% I 141 

801 11 51 8
68 288 18 5 I 23 1
1AGE45-991 228 

5165 1 10375 I
2422 0 4705 1 2927 1 2743 1 "670 1 5210 1 


1 1 2283 1 I8.8I8888III 
.... I......... .----------......... 0
ssss-.......nnnn....................ei
........
 8 I*I 


89, 1 12*3 15,4 1 16911 12a4 1 72 8 175 112.4 1 14.81
 

1TOTAL 1 2081 
 22418 5128 28411 2341 5188 5728 458 1 030 8 
2 1 32706 1 36943 1 69649 11 1505? 1 18145 1 33197 1 17654 1 18798 1 36. 
 I II 

am ....... 0 ...
 

Infectious diseases: otitis, conjunctivitis
Key: 

Rate/1000
 
Numerator: cases
 
Denominator: population at risk
 



Mean Quarterly Infectious Diseases Rate Versus Family Size by Village 

$ Rate/I000 
I 

Rate I 

I 
3S 

..30. 

a5! F254
 
I
 

F\20 

15 ­

101S 

$ !/ ' 

Fail Siz
 



Adjusted Infect'ous Disease Rate in Guanagazapa 

(.,ean and standard deviation) 

Ai 

Rate 
1000 

Population 
1 
,­

• 

I. 

. 4 . . 
44 
4 4 "* 

] + 

I. .+ + + 

O S 12 16 29 i 2 32 40 45 

Jan. Dec. 
1973 1976 

*Estimate of morbidity rate adjusted for families with five or more persons and the 
geometric mean of their water consumption. 



Adjusted Infectious Disease Rate in Florida Aceituno*
 
(mean and standard deviation)
 

- I 

Population 
Rate 

I 

" 

+ + 

S+ 

+++ 

+ 
+ 

- ++ 
+4 ++. 

+ 
+ 
+ 

+ + + + + + + + 

-811624 28 32 36 

Jan. 

1973 

*Estimate of morbidity rate for families with five or more persons. 

i 

Dec. 

1976 



Respiratory Disease Morbidity Rate Descriptive Statistics 

by Quarter and Village
 

VAqRIA.LE LABEL 
 MEAN 	 STANDARD MINI"UM MAXIMUM STO ERROR
 
DEVIATION VALUE VALUE 
 OF PEAN
 

UN!OFAN %-DIGIT UNIOUE FAMILY 10 
 558 1193.75139? 113.8538657 1001.000000 1385.00000 6.0173656MORBP£k NU4OER OF PERS0ns PRESENT FOR MRIDZY 
 558 84.625698 3.0723505 
 1.000000 21.00000 0.1623788

NESPOROI QUARTERLY RESPIRATION DISEASE RATE, QUARTER 1 
 P(9 21,67480 35.5903777 0.000000 181.81818 8,4618379
KESPORO2 
 QUARTER 2 712 10.8679m5 42.1689530 0.000000 250.00000 2.*961756
 

QSPORD3QUARTER 3 212 30.522q36 73.5566285 0.000000 500.00000 5.0518900
RESPOR04 
 QUARTER 4 i98 33.109869 82.0098757 0.000000 600,00000 5,82Mea8
NESPCRo5 QUARTER 5 219 P4.200716 113.2571425 0,003000 500.00000 7.653205

KNSPoRn6 • QUARTER 6 251 50.492996 94.2019538 0.000000 500O.0000 6,1980335MESPORo? 
 QUARTER 7 731 109.3C6710 155.4053806 0.000000 1000.00000 10.2249234KESPOR08 
 QUARTER 8 2P"2 25.804851 59.0905870 0.000000 333.535333 5,798868KEsPoRo9 
 QUARTER 9 252 43.123913 RS.9175301 0.00000 500.00oo0 5.4122957
 
NESPORIO 
 QUARTER 10 242 7P.657577 114.4323177 0.000000 666.66667 7.3559880
MESPORil 
 QUARTER 11 736 8A.391789 143.4491010 0.000000 583.33335 9,3377411

MESPCqI2 
 QUARTER 12 7843 24.228332" 71,5675996 0.000000 666.66667 4.5910637

K SPC;(13 
 QUARTER 13 '66 65.412674 114.2967180 0.000000 664,66667 l.0079014
KCSPORI4 
 QUARTER 14 259 60.249350 187.6000885 0.000000 1000.00000 11.6693297
 

-------	 ................-----------------------------------------
 VILLzGU --------------- L....... ;.............--.. *............ 

UHIIFAM-. %-DIGIT uN!OuE FAMILY TD AI8 2170.172956 95.9510175 2001.000000 2332.00000 
 5.3806659
PORBPER PUMPER OF PERSONS PRESENT FOR MORPIDITY 518 4.927673 3.4446211 
 1.000000 27.0000 0.1931648
KESPQRVl QUARTERLY RESPIRATION DISEASE RATE. QUARTER 1 
 212 10.630317 37.4012278 O.0000O 333 35335 2.5687269
 
MCSPnRo2 
 QUARTER 2 233 32.71821n 88.5457633 0.000000 500.OouOo 
 6,0670557

NESPORo 3 
 QUARTER 3 21q 35.330691 98.3078411 00000000 500,00000 6,720185?
KCSPOROq 
 QUARTER 4 914 59.69b179 120.410571 C.000000 722.22222 
 8,246529
NESPORn5 
 QUARTER 5 22 145.219598 173.2969968 0.O000 2000,00000 11,6309329

NESPQRo6 
 QUARTER 6 P21 "9,734193 q46.5?071. 0.00000 44%.44444 Z'40580%2
HESPnR07 
 QUARTER 7 122 60.182624 142.2281971 0.000090 1000.00000 TS45?316
HESPOROB 
 QUARTER 8 231 7A.112478 133.7843043 0,000000 857.14206 8,002 610

MESPOR09 
 QUARTER 9 234 29.542003 69.9639962 0.000000 333.33333 4,5736895
KESPORIO 
 QUARTER 10 239 36.679441 70.3916412 0.0000 333.35533 4.5532568
KCSPOR]I 
 QUARTER 11 pq5 55.088103 125.3574400 0,000000 10o.0O0000 
 60C87932
 
"ESPONt2 
 QUARTER 12 948 40.033951 82.2475757 0,000000 375,00000 5.2227263
NCSPOR23 
 QUARTER 13 '53 55.834584 117.7948311 O.OC00 lO00°.OOO ?.4056976
HrSPORI4 
 QUARTER 14 242 50.256352 142.191846 0,000000 1000.00000 9,1871931 

xx 
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Respiratory Disease Morbidity by Season, Sex and Village
 

Rate/1000 Population
 

------;----- ~ ------------- "------------------MAL OTH 
I SEASON 1 - -------------- ­

* FE 	 PALE 
.......................................... 

1 FA GU BOTH FA GU POTH FA GU BOTH I 

1 15.5 I 21.6 I 18.q I 9.3 1 13.1 1 11.3 1 12.2 1 17.2 11 

I 
1 

1 1 
1 

2.76 1 
1999 

2.93 
2454S 

1 2 .0 4 1 
4453 1 

1.98 
2358 

1 
1 

2.23 1 
2597 1 

1.50 I 
4055 1 

1,66 
435? 

1 
1 

1.3 1 
5051 1 

1.25 
9408 1 

e-- I.......-- g nnnnnnnnnI-------I-------------­---............-- ------­

1 38.0 	 53.0 1 U6,R 1 37.3 1 54.6 1 0.O 1 36.0 1 53.s I 46.q I 
a 	 2 1 5,01 1 5.16 1 3.63 1 4.51 1 5 37 1 .51 1 3.35 1 3,72 1 2.52 

1 1491 1 1887 1 3370 1 1768 1 179* 1 3562 1 3259 1 3681 1 6940 1 

.................. -- .....-----­.	 ee-----eeeee--... 

I 1 68.1 I 110.6 1 92.0 1 68.7 1 108.2 1 A9.2 1 68o5 1 109.4 0930.5 1 
I 3 15.141 5.641 3.9C1 4.711 5,b8 1 .69 i 3.471 3*971 2.681 

1 2407 1 3093 1 5500 1 2081 1 3095 1 %76 I 5288 1 6188 1 11476 1 

S...........------. 	 -------..-------..--.. ---ae ---..........e.. .el.......a
 

I 59.6 1 	73.3 I 67.0 I 52.U 1 65.8 1 5.9 1 55.5 1 69.6 1 62,8 1 
1 4 5. 1 5.12 1 3o 1 4.37 1 .A5 I 27 9 3.31 1 3.53 1 2.43 1 
1 2214 1 2591 1 4805 1 2579 1 2612 1 5191 1 4793 1 5203 1 9996 1 

---------.. ;..... 	 ---.- ...... - .....-.
............... 	 ---


S6.5 1 40.2 1 53.3 1 44.1 1 29.0 36.3 I 55.3 34.4 1 44.3 1 
o5 1 3.401 2.92 1 3.62 1 2.86 1 I 1 1 1.83 I4.8P P.29 2.96 2.24 

1 2746 I 3184 1 5930 a 3218 1 3440 1 9658 0 5964 1 6624 1 12580 1 

o.e................ .........----- ......--e- -.... .. e..oI .....i ...
 

1 60.5 1 	57.7 1 59.0 1 39.6 1 50.2 1 Q51 I 49.3 1 53.9 1 510 
6 	 4,90 1 4.47 a 3.33 1 3.79 1 4.10 1 2.80 1 3.L6 . 3,03 1 2.16 1
 

2296 1 2719 1 5016 1 2652 1 2830 1 %402 1 4948 1 5549 I 10497 1
 

71.e! 57.7 1 63.9 1 54.1 1 48.0 1 5919 a 6290 1 52.7 1 57.1 
1 7 1 5.90 4.95 1 3.81 1 4o83 1 4.17 1 3.24 1 3.77 1 3929 1 2.49 
1 11899 1 2217 1 4116 1 2198 1 2395 1 *593 1 4097 1 4612 1 8709 1 

......----...... ne.........I------.------- ... l.aa...a..I..e.I
e. 


56.3 1 60.5 1 58.6 1 44.5 1 53.1 1 48o 1 49.9 1 56o7 1 53o51
 
1 TOTAL 1.801 1.77 1 1.29 1 1.55 1 1ob4 l113 1.20 1 1.20 1 0.85 I
 
1 1 15052 1 18145 1 33197 1 17654 1 18763 1 36417 8 32706 1 36908 1 69614 1 

aaaaa--- - - - - - - - - - --a - - - - - - - - - - .. . . a .. . .. . . 

Key: 	 Rate/1000
 
Standard error
 
Number of persons
 
Time: May 1973 to October 1976
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Respiratory Disease Morbidity by Age, Sex and Village
 

Rate/lO00 Population
 

BOTH
I AGE - FEPALL-ALE 


CCATEGORY FA GI) GOTih FA GU ROTH FA GU BOTH I
 

I I
 

65,7 1
 
i IIIIII 

1 	72.3 1 95,b 1 83,3 1 86.2 1 01.2 1 14*1 1 79.3 1 00.9 1 

741 55 127 A !35 I 1261 2611
I AGCOO-01 1 61 71 13'41 


o 1 8441 7641 16081 6582 653 1 511 ; 1702 1 14171 31191 

*.. . . . . .. . .. I .. .. 	 . . .. . .. . I ... ... .. 

I 	 I* I 


I I 2, 104.4 1 98o9 1 213,0 18I S 110.9 1 102.6 1 106.4 1 104e51
 
1361 149 1 285
I AGE1-021 62 1 81 1431 741 (, 1 142 


I 6701 7761 
14461 65 1 6251 1200 9 13251 11101 27261
 

------------I-------I--------I-------
I 0 

I 1 59,0 74.7 1 67.9 1 63.0 1 799 1 72.4 1 61.5 1 770,1 70.2 1 
3891 1651 2631 428 3221 4951 8171 

I----------I------------------------


IAGE02-07 1571 23.? 

1 1 2615 1 107 1 5726 1 2620 1 3290 15910 5239 6397 1 11636 1
 

1 1 
1AGE07-151 

36.1 1 
921 

49.b 1 
2181 

44.6 I 
3101 

29.4 1 
951 

3.1 1 
177 

37.1 1 
272 0 

32.4 1 
1071 

46.4 1 
3951 

40.7 1 
5821 

1 1 2546 1 4405 1 6951 1 3230 1 4107 1 7337 I 5776 1 8512 1 14288 1 

---------- j--------I--------I--------I-------I--------1--------I--------I------­

1 	43.0 1 41.6 1 42*3 1 26.6 1 53.9 1 304 344 1 37o4 1 36.0 1
 
291 I 342 1 6332
1 AGE15ZO 1 173 1 174 1 3471 128 I 166 I 286 3 

8200 1 4436 1 4956 1 392 1 6458 9134 1 17592 1
1 1 4022 1 4178 

---- It.d------- ----- .. SI------- ------­

490 63.4 1 57.22 43.4 1 40& 1 42.1 4 46.01 52.2 1 49,1 1 
1AGE30-5 i 103 1 1581 2611 1271 971 224 0 2301 255 1 'IRS 

1 1 2066 1 2493 1 4561 1 2928 1 2309 1 317 4996 1 4882 1 9878 1 

-----------g--------------------------e eeeeeeeeeee-eeeeeeeeeeeeeeee 

64.3 1 64.0 II 1 07.2 1 66.9 1 76.7 1 45,4 1 62.0 1 53.4 4 63.7 1 

133 170 303 1 332 3321 6642IAG 45-991 199 162 3611 

1 22 1 2422 1 4705 1 2927 1 2743 1 5670 I 5210 1 5165 1 10375 1 

I-----------I- -------eegn------nn-------nn------- nnnnn- eeeee---eeeeeeeeeeeeee 

I 1 56.3 1 6C.5 1 50.6 1 44.5 1 53.1 1 48.9 6 49.9 1 56,7 1 53,5 1 

I 1945 I 786 1 998 1 1784 2 1633 1 2096 1 3729 1I TOTAL 1 847 I 1090 
I I 15052 1 18115 1 33197 1 17654 1 18798 1 39452 I 32706 I 36943 1 69649 1 

Key: 	 Rate/lO00
 
Numerator: cases
 
Denominator: population at risk
 



Mean Quarterly Respiratory Disease Pate Versus Family Size by Village
 

Rate/i 000
 

Rate 

0 
IF 

Fail Siz 

TJ!. 



Adjusted Respiratory Disease Rate in Guanagazapa*
 
(mean and standard deviation)
 

Rate j 

100
Population . 1-" 

+ 

:/ 

4 
+I 

+ 

+ + 

+ 

++ 

+ 

+ + 

+ 

++ 

+ 

1 

II + 

Jan. Dec. 

1973 1976 

*Estimate of morbidity rate adjusted for families with five or more persons and the 
geometric mean of their water consumption. 



Adjusted Respiratory Disease Rate in Florida Aceituno*
 
(mean and standard deviation)
 

I 
+ 4 

+ 

Rate 
1000 

Population 

C 

C,. 

+ 

" 

+) 

+' + + + + +++ Z + . 

o 
+. 464 

2 

+. 

10 2020 2%i2 25 52 26 

++ 

. 
40li " 

Jan. 
1973 
*Estifate of morbidity rate for families with five or more persons. 

Dec. 
1976 



Skin Infections Morbidity Rate Descriptive Statistics
 

by Quarter and Village
 

VILLwFA 

VARIAOL LABEL N * A' 	 STAtMARD NNIMUU MAXIMUM ST0 ERROR 
OCVI'ATIOF VALUE VALUE OF MCA" 

UNIOFAM 4-DIGIT UNIOUL FAMILY 10 	 %As 1195.751397 113.A30457 iCl.000000 13891.00000 6.01?3637S
 
PORRPER NUMOCR OF PERSONS PRnESF4 FOR ORsIOITY S50 4*62569P 3.072350S 1.Ofooco 21.00000 0.16237877 
SKINPOD1 QUARTERLY SKIN INFECTION RATES, QUARTER 1 "r9 10.23a1&P q0.A7&87 0.000000 333.33333 2.A%3A031 
SKIN0Rn2 QUARTER 2 P12 S.55.S q3,5903584 0.000000 500.00000 2.99379810 
SKItIOR03 QUARTER 3 i12 5.18090 25.7505422 0.000000 166,6667 1.7&SStSO 
59INORO4 QUARTER 4 19& 3.033309 18.6762801 0.000000 166.66667 1.327265%3 
SKINORD5 QUARTER 5 229 0.e83462 ?.7536,9 01000000 83.33535 0.52319020 
SKICJRO6 QUARTER 6 PSI 4,479912 29,6083614 0.000000 33!,33533 1.9%808?1& 
SIciJRn? 'QUARTER 7 151 ft.152873 25.6964564 0.000000 250.O00U0 1.49070271 
SKINORnf QUARTER 8 2082 4.835e44 21.?109298 0.000000 166.66667 1.39563143 
bIc.iFq QUARTER 9 ?%2 5.295534 25.36S6603 000o0000 266.66667 1.5981355P 
bSICtion?O Q!ARTER 10 ?t&2 7.879048 %3.5779o93 0.000000 So.00000 2.AC129410 
KItiHR 1 QUARIER 11 756 5.255367 26.5S49700 0.000000 250.0000 1.7305341 

SKINOR12 QMRTER 12 :,3 t.P32P25 15.8202248 0.000000 1q2.85714 1.20731799 
bK1rjtfR13 QUARTER 13 pfi 6.527927 30 8 04975 9.000000 333,333 I.s9217851 
b9NQRI4 QUARTER 14 760* 7.?41ei.9 42o,785916 0.000OO0 353.33333 2,66434605 

- -- --- - - -- -- -- ... ... .......-- VILL=GU .......... 	 0
.. .. 1. ----.---...... ---... 	 ...--------------------------------------­

uNIOFAP 4-0IGIT UNIOUC FAMILY 10 SS8 2175.172956 ?5.%1746 2001.000000 2332.00000 5.38065687 
WDROPE5" NUmBEP OF PERSOU1 POESVN7 FOR PORPIOITY A38 4.927673 3.4 q62113 1.000000 27.00000 0.19316476 

bKINOROI QUARTERLY SKIN PFECTION RATES. QUARTER 1 ;32 23.32380n 65,9a4g62:87 0.0000 GS666667 4;5975001P 
SKINdOR02 q'JART EP 2 :113 ls.T'aol 71. Fa-'0835 @,oooct;o 625,ooooo %,9-294551 
SKINOR0 QUARTER 3 P3% 15.40332? 59.10372031 6.000005 SoOM0 4.0405889% 
SKINORto' QUARTER 4 214 0.377A57 36.70%,9033 0.00C00 3335333 2.50905363 
SbKIR05 QUARTER 5 222 14.684A91 76.O2.461 Oo0.00t o 10000000 0 5.106V9648 
tKoItJinR 06 QUARTER 6 221 20.7?5030 3..266 A398 0.000000 2S3n.6TS 3 2.30503737 
SKINORO? QUARTER 7 'P2 7.Z3538P 32.7036938a 0.000000 260.000 2.19.92822 
SIIOROS QUARTER 8 2.11 4.62029 21, 51051 G.OcnaOO 222.22Z22 1.'.1890369 
SICINon 9 QUARTER 9 g348 9,07796q 40.15274991 0.000000 40a.00000 2,a27'.8226 
S91NOR10 QUARTER 10 239 e.005926 32.49614514 0.0o0000 2460,6667 2.10213026 
SIhMORII QUARTER 11 :P,,5 O.56435 34.7:GS6655 0Oo000OO 25O.00000 2.21073312 
smC1':R12 QUARTER 12 2'46 P.,,72o6 3o*85f6412 0.0005CCO ISI.75923 1,7~5 
SKINOR13 QUARTER 13 P%3 6A27 69 30eG%0165% G.O00000 33,33335 1.13034'68 
SKIJORI4 QUARTER 14 2'.? 15,799226 75.59025502 0.000000 600.00000 0,A8912434 

'C 



xxvii 

Skin Infections Morbidity by Season, Sex and Village 

Rate/O00 	Population
 

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee---------------
*~~~~~~~~~~ 	 ---- . 

I FE';AL1 -ALC 80111 

I SEASON .----------------------------------------------------------M -....
 
I I FA GU BOTH FA GU ROTH FA GU B0TH I
 

e40-----------------------.... 	 --...-..-----.. 

1 8.0 1 24.0 1 16.8 1 11.0 23o9 1 17.8 1 9.6 1 24.0 1 17.3 1 
1 1.99 1 3.0q 1 1.93 1 2.1I 3.00 1.88 1148 1 2.15 1 1.35 1 

* 1 1999 1 2454 1 4453 1 2358 1 2597 1 4q55 1 4357 1 5051 1946o1 
1 1 I B 1 B I I I 

I 	 .7 1 11.1 1 8.6 4,5 1 13.4 1 1 4.6 1 12.5 1
qu. 8.8 1 
1 2 1 1.77 1 2.47 1 1.59 1 1.60 1 2.71 1 '.58 1 1.19 B 1.83 1 1.12 1 

i 1491 B 1887 I 337P 1 1768 1794 1 S562 1 3259 1 3681 1 6940 1 

SB 2.91 14*21 9.I 1.71 10.71 6.41 2.31 12.I 7.61 
B 3 1.10 1 2o13 1 1.29 B 0.78 1.85 B 1.03 B 0.65 B 1.41 B 0.82 B 
1 I 2407 B 3093 B 5500 B 2881 B 3095 1 5 76 B 5288 1 6188 B 11476 B 

B 5'4 I 8.l I 6.q B 3,9 1 7*3 B 56 1 4.6 B 7.7 B 6.2 B
 
6 1 1,56 1 176 1 le1Q B 1.22 1 1o66 4 1,03 1 09a 1,21 1 079
 

1 22141 2591 1 4410 1 2579 1 2612 1 !291 1 4793 1 5203 B 9996 B
 

B 55a 11.51 0o61 6o81 6.*1 6.51 6.21 8.61 7.51
 
I I 1.41 1.87 1 1.20 1 1,45 1 i.35 0.98 1 1602 1 1.13 B 0.7? B
 
B 2746 1 3184 5930 1 3218 B 3140 1 6658 B 5964 1 6624 B 12588 1
 

1 6.5 1 1.81 7.R 3I,8 1o31 7.7 5ol1 10.11 7o71 
B 	 6 1 ,68 2.79 Bl.24 B 1.19 9 1.99 B 1.18 1 1.01 1 1.34 1 0,65 1
 

1 226 1 2719 1 5015 .26S2 1 2830 1 5482 1 4948 1 5549 1 10497 1
 
I 	 I B B I B B B o Im B;o


I 


I---. I...... ~If~t.......BI----Iw---I.......
10n.....o------ B .......Ieec e...I 


B 	 1 113 1 8,61 7.11 7.81 6081 91 1 8001
,? 8.31 

B 7 1.58 1 2,24 1 1,141 1 1.q7 B 1.72 1 1.50 B 1,29 1 .1140 1 0,96 1
 
B 1899 1 2217 1 4116 1 2198 1 2395 B %S93 I 4097 1 4612 1 8709 1
 

I 5.4 1 127 9.4 1 5.7 1 11.1 B S. 1 5.5 1 11.9 1 8,9 1
 
B TOTAL a 0.60 1 0,83 1 0,53 1 0.56 1 4.76 1 0.48 0*.141 . 0.36 1
 
a 1 15052 1 18145 1 33197 1 17654 B 18763 1 34417 1 32706 1 36908 1 69614 1
 

af............ee.. a---------w.... .... " .... 	 .......
 

Key: Rate/lO00 
Standard error 
Number of 	pevnn_ 
Time: May 1973 to October 1976
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Skin Infections Morbidity by Age, Sex and Village
 

Rate/lO00 Population 

------------------ BOTH ...~tAtE O......
.....
SFMALE ..... ..... 
e . 

.......... 
..... ..... 
..... 
...... 
 GU BOTH I
BOTl FA
BOTH FA Go
I CATEGORY e FA GU nnnnnnn------------. I IiI 3eeeeeeeeee-----------------------------m----------- I------- I II I 

0.2 3 30.3 1 18.3 1
9,3 1 27.6! 172
32.7 1 19,3 1I I 7.1 V7 I 

3 18 263 1 33 
I AGEOO-01 1 £ 25 1 31 ! 

I o5s 653 9 15111 1702 1I 14.7 1I 3119 i,1 
I I !I 843 764 1 160A ! I 
* I 8 

II 33
I I 3 t 

27.7 I 19.8 4 28,8 P4.2 15,0 6 35,7 I 260 1 
I 9 11,9 41 ,2 I 1 so 3 71 11 -311 21 

a 3 52 1 (0 I 1 3
I AGE01-02 c 6251 12801 13253 1401 3 2726 1t141s 1 655 I 1
* 670 1I 776 13 I I 
* ,3 
 aaaaaaaa ...... .S0 

----------- aaa-----a--a---a---aa-a-----aa-------a 3
I I
S . 1 1i Ii I 

1 0.2 1 23.0 1 16.0 1
 
3 Sa3, 2345 1 168.1~ 7.6 3 24,0 1 1608

9 3 4t 152 1 155 1 
20 ! 743 1 

I AGE02-07 9 251 73 1 96 0 
3 5239 1 6397 1 11636 1I1 2620 I 3290 I q910 3 I

S2619 g 310T I 57M6 I I 3 
!.1 3 

e..... t c ... . .a . a. . .I. . an. .I......je i r..... .I 
i.......a 3
...--.....
3... .---...--... 


. 1 .2 1
1 5, 1 4. I1 . 1 03 50 0 1 3 

! 50 1 431 27!1 6o 1 87 13 
l 13 313 4'11 1 5776 1 85%2 I 14206 1AGEOT-15 I 13 3230 I 41U7 1 7337

I 2546 1 4405 3 6951IS 
--------. ........
3.. ..... ...... -.....- .... -- . I..... ---... . . . 3 3 1 ........--. ! 1i 3 


740 1 5117 3 
6,0 1 4.1 1 6*7 1 . 3 4,3 1 

1 405 0 704 9 33 51 36 1 Gil! 0 I 
in 1 31! 49! 161

1 AGE15-30 I 
1192 1 834SL I 9134 1 1,7592 1 

1 0~ 4022 1 4178 1 A2030 1 4436 1 19! 6 1 

-- - -. d-- ....... i
 
u . . ....--- ---....--- ....... 


---- ...--..... ... 

1 I 60 1 5.2 1 
5.5
1 7.2 3 I 4.4 i9 11

1 20 1 511 51 113 1 26!25 1 13 !
I AGE30 45 1 7 a 1s 1 15327 a 4102 9807 I0I 4996 

• 2060 I 2499 1 4561 a 2920 a 238f 3 I !
S 3I 

.......
........­--- m 
------- ------- ------- ! I 3 

------- 1
---------- I3
* 

7013 5 4

5 5,1 1 6a231 5.6!1 .3,01 59 1*1 20231 901 1t 17 ! 323 20 39 0 
55 a P22 27 1 25 1 

0 AGE45-99 e 165 1 10375 3 
0 2283 A I 1 4705. 1 2927 1I702751N I r 5210 ! I I5 2422 


I .. 'lon Iee ..... .. 5.. ........

ccccccc Ia...... .• ! dlm..............eeee ...... - -
I I------ ------- --- -I 

8.9 1&111.4 505 1 1109 21 1211 0 
II 5,4 1 12.7 1 9.q I 5.7 181! 439 1 620 !206 1 308 


a 251 3 312 ! 100 3 

0 TOTAL. 1 36943 1 69649 1011 

1 107991 36452 1 32706 
1 15052 1 18145 1 33197 0 17654
I 1 I 1I 11 1

I I I 8 

Key: Rate/lO00
 
Numerator: cases
 
Denominator: population at risk
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APPENDIX IV
 

Water and Sanitation
 



Protection of Water Source in Guanagazapa. 
by Month of Study 
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Protection of Water Source in Guanagazapa 
by Month of Study 
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Protection of Water Source in Guanagazapa
 
by Month of Study
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Protection of Water Source in Florida Aceituno 
by Month of Study 
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Protection of Water Source in Florida Aceituno 
by Month of Study 
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Protection of Water Source in Florida Aceltuno
 
by Month of Study 
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Legend: Monthly data points are the sample means from Florida Aceltuno. 



Protection of Water Source in Florida Aceituno 
by Month of Study 
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Protection of Water Quality in Guanagazapa and 
Florida Aceituno by Month of Study 
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Legend: Honthly data points are the sample means from both villages. 



Protection of Water Quality in Guanagazapa-and 
Florida Aceltune. by Month of Study 
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Protection of Water Quality in Guanagazapa and 
Florida Aceituno b onth of Study 
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Storage of Domestic Water Containers in Guanagazapa anJ 
Florida Aceituno by Nonth of Study 
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Legend: Monthly data points are the sample means from both villages.
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eacteriological Water Quality (From Faucet) in Guanagazapa 
By Month of Study 
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Bacteriological Water 	Quality (From Wells) in Florida Aceltuno 
by Nonth.ofStm0y. 
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Monthly data points are the sample means from Florida Aceltuno.
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Bacteriological Water Quality (From Domestic Containers) 
in Guanagazapa and Florida Aceituno by Month of Study 
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Water Consumption in Guanagazapa and Florida Aceltuno
 
by Month of Study
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*Mean family consumption greater than 200 lIters/person/day excluded.
 
Guanagazapa data from water meters and Florida Aceltuno data by recall.
 
Monthly data points are the sample means from both villages.
 



Water Consumption in Guanagazapa and Florida Aceltuno
 
by Month of Study
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Mean Water Consumption pet Dal,
 
in Guanaazapa 

wilcou 1 FR!QORI 2 cue nzo ?RceN cue nucewT 

194 

9 
15 
25 
35 
45 
55 
65 
75 
85 
99, 
105 
119 
125 
135 
145 
155 
165 
175 
185 
195 
205 

32 
203 
359 
511 
442 
399 
386 
333 
250 
201 
192 
158 
154 
123 
75 
64 
56 
54 
49 
38 

357 

32 
235 
194 
1105 
1547 
1946 
2332 
2665 
2)15 
3116 
3309 
3466 
3620 
37433 
3818 
38R2 
3938 
3992 
4041 
4079 
4436 

0:721 
4.576 
8.093 

11. 19 
91964 
8.995 
8.702 
7.507 
5.636 
4.531 
4.329 
3.562 
3.4372 
2.773 
1.691 
1.943 
1.262 
1.217 
1.105 
0.857 
8.03 

0:721 
5.298 
13.390 
24.91(0 
34.874 
43.860 
52.570 
60.077 
65.712 
70.243 
74.572 
78.133 
81.605 
84.378 
66.069 
87.511 
88.774 
R9.991 
91.096 
91.952 
100.000 

Mean Water Consumption per Day
 
in Florida Aceituno 

ATCON JRQEENCt" CON rREO PZRCEIT CUR PERCENT 

2857
 
. 232 231 31:565 31.565 
15 234 466 31.837 63.401 
25 77 543 10.476 73.878 
35 37 5R0 5.0343 78.912 
45 27 607 3.673 82.585 

28 635 3.810 86.395
5, 

65 	 22 657 2.993 89.388
 
75 	 12 669 1.633 91.020
 

12 681 1.633 92.653
85 

690 1.224 93.870
95 9 


105 10 700 1.361 95.238
 
115 12 712 1.633 96.871
 

715 0.408 97.279
125 3 

135 2 717 0.272 97.551 
145 4 721 0.544 98.095 

3 724 0.408 98.503165 

0.136 98.639
175 1 725 


726 	 98.776
195 1 	 0.136 

205 9 735 1.224 100.000
 

1. WATCON: Water consu,,ption in liters/person/day.
 
2. Frequency: Number of Families.
 



Descriptive Statistics for Household Water Uses
 

(Both Villages Combined-Form 37)
 

M A.S * STANDARD 	 111UMU maximm STD ESxtOB
LA B.L 

CE IAN
DEVIATION VALUE VALUE 


1.00703 2.000 0.0084172837 F.72154 	 0.4483COMMUNITIYD NUMBER 
 352.000 1.214159

FAM'LY IDENTIFICATION 2837 108.56468 64.6703 2.00000 

0.0535 73.00000 76.000 '.0 1--02 -
YIA8 OF DA A COLLECTION 2837 74.77934 


3.4127 1.00000 12.000 0.064073
2837 6.0831S
FCbTH CF DATA CCLLECTION 

76 -- 00 31.0o 0.194s13


DAY OF DATA COLLLCTION 1742 16.0143 8.0 

2837 21.91435 10.2983 1.00000 40.000 0. 193347 

2&35 b.0i62 1 0.2650 COMOBLOCK NUMHBER 
HOUSE NUMEEIR 


0.002217
1740 0.99138 0.0925 0.00000 1.000 


rCCD PREPARATICN 

PERSONAL IIYGIENE 


1741 0.99770 	 0.0479 U.-00 1.00U 0.001 4rd 
1.000 0.004121
1740 0.96954 	 0.1719 0.00000
UTENSIL LLEANING 
 011857
1740 0.57414 0.4946 0.000000 -.

LAURUIPY 

0.5001 0.00000 1.000 0.011985
1741 0.50390
ELTHIING 


GIVEN 11C MU~ER HOUSES 14 .79U.3658 _f.t a U. 008 1"
 
0.011613
1740 0.4143"1 	 0.4928 0.00G00 1.000 

1.' 4)4 1. 00 1 '(IN _ OTHEF 

DhYS 6ETWEEN READINGS 2801 24.50375 


2837 7.71343 2.9626 1.000014 19.000 0.074397

NUMBER OF INHABITAUTS 


- 1.00000 999o000 J.201038
LI;'T4ES PEP PE JSON PER 01Y 2837 85.93232 170.9-

3.00000 1470.000 	 6.105t5
 

C(,l-SUfFTICN IN LITBIS .ER CAT 930 132.98495 186.2036 


23b.6 i 1149.954S 390U.0 -Ims.i0.0DO 41.45 47-
VME EDIGT2 


* Percent of observations when water was used for these purposes (Minimum value-water never 

used for this purpose, Maximum value-water always used for this purpose). 

.1, 

X 



1.0 

Water Used for Personal Hygiene in Guanagazapa 
by Month of Study 
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Monthly data points are the sample means from Guanagazapa.
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Household Water Used for Bathing in Guanagazapa and
 
Florida Aceituno by !lonth of Study
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Legend: ,onthly data points are the sample means from both villages.
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Household Water Used for Washing Cooking and Eating Utensils 
in Guanagazapa and Florida Aceituno by Month of Study 
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Legend: Monthly data points are the sample means from both villages. 
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Descriptive Statistics for Household Sanitation
 
(Both Villages Combined-Form 32)
 

PUL Nf r.EAO* SIANDARD IMNIZ~U BaIMI aRSTO 21101 
DIVIAXC96 VALUz TALU Q&?SikJI. 

VAI!ILZ K611C.T0 7~.319 3.17105124 1.Q00000 JUS.00000 1.4 - -C3J1/0 
CO,-4U.'ITT ID 2105nER 53S0 1.5109462 0o.49926S 1.000000 2.000000 0.00660945 
14AU OF DATA COLUCTION -5.290 "i.738755 0.S564b!.63 73.00 6.000000 0.01302818 

EOF-TR OF DATA COLLEC-I0N 5350 6.2202226 2.97 55Q61 1.0000000 11.C00000 0.040529063 

OA 0' DA7A COLLZCUON 5JO 'i - 7-'.'-1 I -""0 .oG'uO 0 .095435T 
3.CCK1 b03t 5390 19.3315399 10.3303-2767 1.000.000 QO.O00CO0 0.14070S25 
ROU± mi.IbbR 5jJ90 5.bI,- j2. b.25W06iJU4M 1.00UOUGOU gi.uo0%1QQ U. obj0bti " 

PANILK V.SITC21 01q £OFIN AlR 5377 7.9d3-)7209 1.0000000 71.000CC0 0.10886795T 3.1515715 


IS IFCir.ALi_wA51 1 SPOS 5354 C.5006C9S 0.50002489 0.0000000 1.000000 O.C6833e5 
SAfTE 0i1:ii0R?:A2T9S CLOWIMES 5 

OIEIV.T1,CP AUCUT FAIILY .2S7 0.C250519 0.6C82;366 0.c030000 2.0UO000 0.Q0035710 
C0SL.VATICN ALOUX hoUse 22' 0.4726027 0. O. OCOO00 1.ObuO °SI.02No.4 
_IT7CUL:, - GARUAG 0.?I.CR 5179 0.6024329 0.4P30Ls229 0.000G000 1.000a0 0.00680109 

BATL Oil .- A.o613- ---. 0Ubdj4K.T-.;=tC.L 00-0---- T070TOJ 0.00235743
KI CIIE21 - CA: lE6 AGA.!5? ~1AtL5 51"8 0.0442256 0.205675 0.0000000 1.0000CC 

MIALS 10 9AXTChE2I 5159-M U-1. U. a u vlz 
CCCKED FOCD 12 XITCH1RI 271 0.937269 0.24292644 0.00000O I.oo0000 0.01475673 
COUN.D 0 O.D j60 0.5b921165 0.514 5354- U.00U0V 3. U-0sO0 0.0GIo J1' 
FLILS C1 ICCD 4047 0.369C529 0.0260269; 0.0000000 1.0000 0.00705904 

.

PLAZS POTCTE F1n A7I1£AL3 4.(;Q o.95 67Mi4M-fb 0,0b0" 1.oOUoO 'U. oo000 26 
WAT1S11 CCU7I1%£ CCOE$SP 39'#7 0.647S759 0.78163757 0.0000000 2.000GO 0.0123S466 
CLPS STOBLU rOUTh DOWN 252 0.E540099 0735 120- OO0 0'000 1.000JO 0.£2102U01 
A1PI.AL CC,"t0;6 CuD . 228 0.0833333 0.27695351 0.0000000 .COUCCO 0.01P31431 
AbINALS 1S YARD 259 '.073J.9 0o261220t8 U.000000491.2'0U-0 0. 16Z3Z03
 
GAPF2AE CUTSID2C " 5362 0.E61.15 0.496 6512 0.0000000 1.00.'000 O 0.000567
 
GAIY6AuE BUSNED 304 0.0230263 0.75023031 . ..U 0O0 i75.o0o0 0.00061653 
URD .UEF 5353 0.4537642 0.49790417 0.O0000uO . 1.00C0000 Q.G0605A1
 
LPT14LUX CLIAN V 6 0.5~i 0.4513-5-C .udo0U0 fi 0 0 0U 0.0117103 
.IU S IS LATFIDE SG 0.11U5833 0.32019046- .0.0200000 1.000100 0.03257930 
SV'i. U.ShEY.o 278 ' 0. A Ig1Is0 *..00;', "U.0.a2 o7
 

1:;U r.A £rS O ZOR 
COOKZIN 2 1.0000oG O.CCC1000O 1.OCOOO0 I.°00000 0.00000000
 
CCG [TIC 1 CF ELL 65 1. 07-523 . O.U0000o -. U.0ccO 0.113 721'"
0. -a-'. 

VLLL BUCKET oD CROD 61 0.217541 0.321370',2 0.0000000 1.000000 0.04114721
 

OMICB-ENT IN CHXIL,.EOS 1AP 5 1730 3.00161i"" .1"3"21,7-" m - 1
Goo""U 0.07 

SUVMIC i1t ueP. 5389 17.72703bb 6.21110721 0.0000000 64.000000 0.00460868
 

*Percent of s~tisftctory observations (Minimum value-9% satisfactory,
 
Maximmn value-lO.% satisfactory).
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Infectious Disease Morbidity Rate Versus Total room Crowding Index 
(Guanagazapa)
 

S Mean and Standard Deviation 
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Legend: A- I observation, B= 2 observations, etc. 
whole integer.Persons/roo: rounded to nearest 

Infectious disease: otitis and conjunctivitts. 
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Infectious Disease Morbidity Rate Versus Bedroom Crowding Index 
(Guanagazapa) 

Mean and Standard Deviation 
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Infectious Disease Morbidity Rate Versus Total Room Crowding Index
 
(Florida Aceituno) 

Ron! Mean and Standard Deviation
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Infectious Disease Morbidity Rate Versus Bedroom Crowding Index
 
(Florida 	Aceituno) 

Mann and 	Standard Daviation 
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Legend: 	 A= 1 observation, B= 2 observations, etc.
 
Persons/bedroom: rounded to nearest whole integer.
 
Infectious Disease: Otiti s and conjunctivitis.
 



Skin Infection Morbidity Rate Versus Total Room Crowding Index 
(Guanagazapa) 

Mean and Standard Deviation 
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Legend: 	A- 1 observation, B= 2 observations, etc.
 
Persons/room: rounded to nearest whole integer.
Lee4E-1 bevto, , bevainec 



Skin Infection Morbidity Rate Versus Bedroom Crowding Index 
((uanagazapa) 

tean and Standard Deviation 
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Skin Infection Morbidity Rate Versus Total 
(Florida Acei tuno) 

Room Crowding Index 

Mean and Standard Deviation 
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Skin Infection Morbidity Rate Versus Bedroom Crowding Index
 
(Florida Aceituno)
 

tell Mean and Standard Deviation
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Legend: A= 1 observation, B= 2 observations, etc. 
Persons/bedroom: rounded to nearest whole integer.
 


