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This report issues five sets of detailed guidelines
intended to assist drug regulatory authorities in
implementing a rigorous, comprehensive system
for the quality control of pharmaceutical products.
Focused on key components in a national system
for quality assurance, the guidelines set out up-to-
date principles, procedures, standards and require-
ments that can assist both regulators and manufac-
turers in their efforts to control the safety, quality,
potency, and efficacy of pharmaceutical products

The first and most extensive set of guidelines
presents updated requirements for good manufac-
turing practices in pharmaceutical production. The
requirements, which are presented in three main
parts, have been considerably revised and expanded
from the 1975 version to reflect advances in phar-
maceutical manufacturing technology. Part one out-
lines the general concepts and essential elements
of quality assurance in the production of pharma-
ceuticals. The second part, on good practices in
production and quality control, offers guidance on
actions to be taken separately by production and by
quality control personnel for the implementation of
the general principles of quality assurance. The
third part sets out supplementary guidelines for the
manufacture of sterile preparations and the pro-
duction of active pharmaceutical ingredients.

The second guidelines provide a step-by-step de-
scription of the procedures to be followed during
the inspection of pharmaceutical manufacturing
facilities in order lo ascertain adherence to good
manufacturing practices. Details range from ad-
vice on the frequency and duration of inspections,
through basic rules for conducting an inspection,
to an outline of the form and content of the inspec-
tor's report.

The third guidelines cover implementation of the
WHO Certification Scheme on the Quality of Phar-
maceutical Products Moving in International Com-
merce, which has also been revised and consider-
ably strengthened. To make the certification proce-

dures better suited to rigorous control, particularly
in view of the increasingly numerous reports of
substandard and counterfeit drugs found on the
market in developing countries, three different
forms of attestation are proposed These are a prod-
uct certificate issued by the competent authority in
the exporting country; a statement of licensing
status, also issued by the competent authori ty in the
exporting country; and a batch certificate, which is
usually issued by the manufacturer. Models for
each of these forms are also included.

Additional guidelines cover the quality of pharma-
ceutical and biological products prepared by re-
combinant DNA technology, and the validation of
analytical procedures used in the examination of
pharmaceutical products to ensure safety and effi-
cacy at all stages of shelf-life, including storage,
distribution and use. The remaining sections pro-
vide updated lists of available international chemi-
cal reference substances and of adopted interna-
tional infrared reference spectra, and outline a pro-
tocol for a study on the quality of selected drugs at
the point of use in developing countries

The report also contains brief, updated information
on several other elements of quality assurance.
These include, within the development of drug
quality assurance, a planned survey on products of
questionable stability, priorities for the training of
regulators, and arrangements for independent analy-
sis of drug samples.
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Health, safe water and sanitation:
a cross-sectional health production function
for Central Java, Indonesia
D. Wibowo1 & C. Tisdell2 . . .•:.,.-lOlv'AL REFERENCE CENTRE

.. •/)MUNITY WATER SUPPLY AND
The study describes the development 4M&alti$Mi&tlktl&hlG!bctions and their application in the
tion of the health impacts of investments in safe water and sanitation. For this purpose, data <__ _^_
morbidity of waterborne diseases and diarrhoea were collected from medical records in the provi'hc~S"of
Central Java, Indonesia. A reciprocal production function was found to fit the data best. The health pro-
duction functions exhibit constant return to scale, i.e., a simultaneous m-fo/d increase in both safe water
and sanitation coverage produces a 1-1 An decrease in morbidity. Safe water was found to be more
important for health than the sanitary disposal of excreta.

Introduction
Although safe water supply and sanitation (WSS)
have long been accepted as basic necessities for
healthy living, measuring the health benefits that
result from their availability remains controversial.
Some studies indicate that improved WSS facilities
are not efficacious in improving health status and not
particularly cost-effective (/). In contrast, a review
of 67 studies from 28 countries found that WSS
investments can reduce diarrhoea morbidity and
mortality rates by a median of 22% and 21%. respec-
tively (2). Most of the studies reviewed, however,
appear to have serious methodological deficiencies,
e.g.. inadequate health indicators and failure to
control for confounding variables (i). These contro-
versies, along with the introduction of selective pri-
mary health care (SPHC) (/), have placed greater
emphasis on the use of oral rehydration therapy
(ORT). WSS poficies und ORT should nevertheless
both be adopted, since the benefits of WSS extend
far beyond its role in improving health status (4).

The health benefits resulting from investment in
WSS have been measured by a number of
case—control studies since the end of the 1980s.
Such studies have been carried out in Malawi (5), the
Philippines (6) and Lesotho (7). where it was report-
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ed that WSS investments can produce a 20%. 20%.
and 24% reduction, respectively, in the incidence of
diarrhoea.

Despite these findings, doubts remain about the
benefits of WSS since the 95% confidence intervals
(CI) of both the crude and adjusted odds ratios in the
studies in Malawi and the Philippines included ihe
value for the null hypothesis. The 95% CI of the
adjusted odds ratio in ihe Lesotho study also includ-
ed the null hypothesis value. In other words, at ihe
95% CI the WSS investments may not be efficacious
in reducing diarrhoea incidence.

We describe here an alternative approach lo
measuring the effects of WSS on health, using a
production function. Such functions have been
used in agriculture and industry for some time (<V. 9).
Specification of the production function permits
analysis of how health inputs interact to produce a
particular level of health status. The importance of
specifying health production functions is underlined
if a cost-benefit analysis of WSS investments is
carried out: failure to specify production functions
is a serious methodological flaw in most health
care cost-benefit analyses (10).

The present study takes the community as the
unit of analysis instead of the individual or house-
hold and implicity assumes that the health status of
individuals and households is strongly affected by
community environments. Community health indica-
tors such as morbidity, mortality, infant mortality
rates or life expectancy can be used as a measure of
health status. In this study we have adopted morbidi-
ty as the dependent variable, based on the premise
that the health benefits of safe water and sanitation
are better reflected by morbidity rather than by mor-
talitv rates (4. II). Morbidity from diarrhoea and
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i morbidity from all waterbome diseases were taken as
| dependent variables.
| In addition to safe water and sanitation, a num-

ber of other factors may affect diarrhoea morbidity
(or mortality). Water quality is a significant determi-
nant of diarrhoea incidence in Quindio, Colombia
(12); and socioeconomic conditions, e.g., per capita
income, occupation, or literacy rate, are often impor-

1 tant factors that affect morbidity (5-7, 11).
Level of formal education can also influence the

incidence of diarrhoea (13), although a specially
designed education programme for personal hygiene

: and diarrhoea prevention seems to be more effective
: in this respect (12, 13). Nutritional status may affect

diarrhoea mortality in developing countries, where
, the condition is a predominant cause of infant death

(14). The following factors that affect the incidence
of' diarrhoeal diseases have also been identified:
breast-feeding behaviour (75), food hygiene (16),
cholera and rotavirus immunizations (17), measles
immunization (16), and human and animal/livestock
populations (72). Diarrhoea incidence increases
(luring warm rainy seasons (5. 6. 12). Furthermore,
the availability of health services in a community, as
indicated by the ratio—number of health centres or
medical staff: population size—can also influence
measured health status ( / / ) .

The above-mentioned variables can influence
morbidity from waterbome diseases and diarrhoea:
however, inadequate data (either not available or

• inaccurate) precluded their inclusion in the study.
Data on per capita income and water quality, for
example, were not available for most subdistricts in
the study area. In addition, data on breast-feeding
behaviour and food hygiene were not readily avail-
able. Therefore we focused on safe water supply and
sanitation as the only independent variables.

Methods
Model specification
The model is specified by the following general pro-
duction functions:

MWB = i(WTR,SAN) (I)

MDR = ((WTR. SAN) (2)

where MWB = morbidity of waterbome diseases,
including recorded incidences of diarrhoea, cholera,
bacillary dysentery, typhoid fever, paratyphoid fever,
and viral hepatitis A from January to December 1990
per 1000 population:

MDR = diarrhoea morbidity, i.e.. the recorded inci-
dence of diarrhoea from January to December 1990
per 1000 population:
WTR = safe water supply coverage, i.e.. the percent-

age of the population with access to a safe water
supply; and

SAN = sanitation (sanitary excreta disposal) cover-
age, i.e., the percentage of the population with ac-
cess to excreta disposal facilities.

In contrast to the production functions used in
industry, where output normally increases when the
quantities of the inputs increase, the morbidity of
disease(s) will presumably decrease as the quantities
of the inputs included in the model increase. This has
the following consequences: first, the expected sign
of each independent variable is the opposite of that
for the usual production function (Table 1); second,
the marginal productivity and the elasticity of pro-
duction are negative (see Annex for definitions of
the production economics terms used in this article
and also ref. 8, 9, 18). To avoid complications, we
will use the absolute values in this article.

Definitions

The definitions shown below were used'in the study.
"Waterbome diseases" were taken to refer to all

diseases resulting from pathogens in water that can
be transmitted by direct and by indirect faecal-oral
routes, for example via food prepared with or
washed in contaminated water. The usual definition
of diarrhoea is three or more watery stools passed in
the last 24 hours.

The definitions of "safe water supply" and
"sanitation" used by WHO, and adopted by the Indo-
nesian Ministry of Health, were employed in the
study. Safe water supply includes treated surface
water or untreated but uncontaminated water such as
that from protected boreholes, springs and sanitary
wells, either in the home or within 15 minutes walk-
ing distance of it (19. 20).

Because data on sanitation facilities such as"
solid waste disposal were inadequate, we used only
sanitary excreta disposal as the sanitation variable.
Sanitary excreta disposal includes collection and dis-
posal, with or without treatment, of human excreta
and wastewater by waterbome systems or the use of
pit latrines and similar installations (19).

Data collection

Data for the period January-December 1990 were
collected in June-July 1991 from 14 districts (kabu-
paien) and municipalities (kotamadya), including
194 subdistricts (kecamatan) in Central Java provin-
ce. Indonesia. Subdistricts were used as the unit of
analysis, and there were therefore 194 observations.
Data on the variables shown below were collected.
— Population.

— Recorded incidences of waterbome diseases,
including diarrhoea, cholera, bacillary dysentery,
typhoid fever, paratyphoid fever, and viral hepa-
titis A. There may have been some unrecorded
cases within the community in remote villages
because the villagers failed to visit medical facil-
ities or because medical centres did not diagnose
the condition accurately.

— The number of people having access to safe
water facilities, both piped and non-piped sys-
tems. Piped systems supply water to various ser-
vice outlets such as public taps and homes: water
distributed by government enterprises and com-
munity groups is covered. Non-piped water
included all other systems of providing safe
water, i.e., shallow wells, deep wells, spring cap-
tations, rainwater collectors and household treat-
ment systems.

— The number of people with access to adequate
sanitation (sanitary excreta disposal) facilities,
including those with access to improved pit
latrines, pour-flush latrines, septic tanks with or
without latrines, and public latrines.

To ensure that data of adequate quality were col-
lected, discussions were held with the officers res-
ponsible for medical records at the district level. If
inconsistencies were found (either inadequacy of
definition or misrecording). the data were revised.
Site visits were also made to health centres and dis-
trict hospitals.

Econometric procedures

Six basic production functions (linear, quadratic,
reciprocal, log-linear, reciprocal log-linear, and
double-log (Cobb-Douglas)) were fitted to the data
(8). The properties of each function's estimators
(parameters) are shown in Table I. The SHAZAM
econometrics package'was used (21).

The ordinary least square (OLS) method was
employed initially. Since a plot of the data indicated
bolli vertical and horizontal asymptotes, however,
regressions without a constant term (po=0) were also
examined. In this case, the sum of squares was calcu-
lated from zero instead of from the mean value,
resulting in a raw moment of R2 instead of the usual
R2 adjusted (21-23).

Use of cross-sectional data could result in het-
eroscedasticity. and in consequence the OLS esti-
mates of the parameters P( would no longer be the
best obtainable. The tests of hypotheses would no
longer be valid in this case because the OLS meth-
od produces a biased variance estimator (22. 23).

To test for heterosccdasticity, we first applied
the multiplicative heteroscedasticity test. If this test

Table 1: Expected signs of estimates of the parameters,
p,, in the models

Specifications* P, Pr Pj P<

Linear (+) (-) (-) N.A." N.A.
Quadratic

First alternative (*) (-) (+) (-) (+)
or 0

Second alternative (+) (+) (-) (•••) ',-)

or 0
Reciprocal (+) (+) (+) N.A. N.A.

or 0
Log-linear (+) (-) (-) N.A. N.A.

(-)
or 0

Log-linear
reciprocal

Double-log

(+)
(-)

or 0

( • )

( - )

<+>

H

N.A.

N.A.

N.A.

N.A.

J The general mathematical form ot each specification is as fol-
lows:
Linear: V= Po + P,X, + p2X2.
Quadratic: V . pc+PAt+Mz-'-PaX^+P^-
Reciprocal. Y = 0O * ((3,/X.J + (PJ/XJ).
Log-linear: Y = exp([Vp,X,+(}2X2)].
Log-linear reciprocal: y =. exp|P0+(Pi'X,)+(Py'Xj)].
Double-log: / = faxfiix^*.
' N.A. = not available.

failed, the Breusch-Pagan test was used (22). If
heteroscedasticity was detected, we -employed the
generalized least squares (GLS) method to estimate
the values of ($, (21-23).

To compare specifications, we used R1 adjusted,
generalized cross, validation (GCV). the Hanan and
Quinn criterion (HQ), the Rice criterion (RICE), the
SHIBATA criterion, the Schwarz criterion (SC), and
the Akaike information criterion (AIC) (23). Prefer-
red specifications were those having a higher value
of R2 adjusted or. if the total sum of squares was
equal, a lower value of the measures of the other cri-
teria: however, such criteria should not be used to
compare specifications having a constant term with
those that do not (23). In those cases where there
was no constant term, the raw moment of R2 always
increases if a new variable is added to the model.
Thus, we did not use this criterion to compare the
goodness of fit of the quadratic function with that of
the others.

Results
The data collected in this study relate to approxi-
mately 11.24 million people (about 40% of the pop-
ulation of Central Java). The incidence of morbid-

238 WHO Bulletin OMS. Vol 71 1993 WHO Bulletin OMS- Vol 71 1993 239



D. Wibowo & C. Tisdell

ity from waterborne diseases in the study area in
1990 was estimated to be about 31 per 1000, while
ihat for diarrhoea was 23.1 per 1000 (Table 2). Thus,
on average, in each subdistrict about 150 incidents of
waterbome diseases and 111 of diarrhoea were
recorded each month.

Diarrhoea accounted for 75% of the total record-
ed waterbome diseases and bacillary dysentery for
about 18%. In comparison, the incidence of other
diseases was very low. Although the mean inci-
dences of typhoid fever and paratyphoid fever in
most subdistricts were very low or even zero, the
maximum incidences of these diseases were relative-
ly high (Table 2). Thus these diseases pose a serious
health problem in certain subdistricts.

The mean level of safe water coverage in the
smdy sample was 56%. slightly lower than the level
oi 61% for the whole province of Central Java.
About 39% of the population had access to sanitation
facilities (excreta disposal), compared with 37%
for the province as a whole. Sanitation coverage had a
more uneven distribution than that of safe water, as
indicated by the differences in their standard devia-
tions.

Using the OLS method, we found that the speci-
fications that included a constant term exhibited infer-
ior statistical performance. This arose because the
values for R2 adjusted and the f-ratio were low, and
neither safe water coverage nor sanitation coverage
was statistically significant for those specifications.
Application of the OLS method to specifications
without a constant term indicated that reciprocal
functions exhibited the best statistical performance,
having the lowest values of GCV, HQ. RICE, SHI-
BATA. SC. and AIC. For the MWB and MDR regres-

Table 2: Summary statistics of the variables examined
in the study9

Morbidity (per 1000 population)

Diarrhoea

Cholera

Bacillary dysentery

Typhoid fever

Paratyphoid fever

Viral hepatitis A

Toial waterborne diseases

% of population with access to:

Safe water supply

Sanitation

Mean

23.1 (15.8)°

0.0 (0.1)

5.8 (7.6)

1.2 (3.6)

0.6 (2.3)

0.2 (0.3)

31.0 (21.5)

56.3 (20.3)

38.9 (22.0)

Max.

105.4

0.5

39.1

38.3

24.7

2.2

146.2

100.0

98.4

Min.

0.0

0.0

0.0

0.0

0.0

0.0

0.0

14.1

3.0

1 No. of observations = 194 subdistricts: population covered in
Ihe study = 11 236 798.
5 Figures in parentheses are the standard deviations.
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sions. the R2 values were 0.54 and 0.55, respectively,
which are reasonably acceptable for a cross-sectional
analysis. In addition, only the reciprocal functions....
showed the significance of both the safe water and
sanitation variables. The general form of the recipro-. ...
cal function without a constant term is as follows:

r=((3,/X l) + (p:/A',) (3) -

Multiplicative heteroscedasticity occurred in the
MWB regression at the 2.5% significance level. For ~
the MDR regression, multiplicative heteroscedastici- .
ty existed at the 11% significance level. Thus, the
GLS method was used to estimate P^

Table 3 shows the regression results for the
reciprocal functions obtained using the OLS and
GLS methods. It is clear that the GLS method pro-
duced better specifications than the OLS method; the
R2 for the GLS specifications were higher, while
those for GCV, HQ, RICE, SHIBATA, SC, and AIC
were lower than those for the OLS specifications.
Also, the OLS results underestimated Pj.

The preferred estimated reciprocal production
functions (eq. (3)) for MWB and MDR are shown
below:

MWB = 1346.6/W77? + 136.1/SA/V (4)

MDR = 93&.5/WTR+ 101.5/S/WV (5)

For the MWB and the MDR regressions, the
standardized coefficients for WTR were about twice
those for SAN (Table 3). This implies that increased
safe water coverage can produce a greater reduction
in MWB and MDR than that resulting from increased
sanitation coverage, i.e.. safe water has a greater
effect than sanitation on the incidence of waterbome
diseases and diarrhoea.

The properties of eq. (4) and (5) can be explored
using an isoquant map (a set of isoquant curves). The
following morbidity levels were chosen for this pur-
pose: the mean value + 0.5 standard deviations (SD),
the mean value, the mean value -0.5 SD, and the
best case. The best case represents the lowest mor-
bidity level achievable at trie maximum coverage of
safe water and sanitation. The isoquant maps for
MWB and MDR are shown in Fig. 1 and 2. respect-
ively. The abscissa represents safe water coverage and
the ordinate. sanitation coverage. The further a curve
is from the origin the lower is the morbidity level.

A number of important conclusions can be
drawn from the isoquant maps, as discussed below.

• To achieve a given level of morbidity, a minimum
coverage of safe water or sanitation is required. For
example, to maintain the morbidity of waterborne

WHO Bulletin OMS. Vol 71 1993

Table 3: Results of the regression analysis of morbidity
from waterborne diseases {MWB) and morbidity trom
diarrhoea {MDR): reciprocal specifications

Health, sate water and sanitation in Central Java

Fig. 1. Isoquant curves of morbidity from waterborne
diseases (points A, B, and P are explained in the text).

MWB regression'

OLS

Estimated coefficients

Safe water supply

Sanitation

1133.7

(9.1175)"

79.8

(1.8940)

Standardized coefficients

Safe water supply

Sanitation

0.491

0.167

Specification comparisons

R2

^rat io

GCV

HQ

RICE

SHIBATA

SC

AIC

0.54

111.92

671.00

680.14

671.07

670.78

693.91

670.92

GLS

1346.6

(8.6036)c

136.1

(2.1970)°

0.583

0.284

0.57

127.93

291.02

294.99

291.05

290.93

300.96

290.99

MDR regression*

OLS

846.1

(9.2580)

60.8

(1.9623)

0.498

0.173

0.55

116.07

362.45

367.39

362.49

362.34

374.83

362.42

GLS

938.5

(8.6273)'

101.5

(2.3082)"

0.552

0.288

0.57

126.15

197.91

200.61

197.94

197.85

204.67

197.89

5 0

* OLS =• ordinary least squares method; GLS = generalized least
square method.
° Figures in parentheses are f-statistics.
' Significant at a = 2.5%.
° Significant at u = 0.5%.

diseases at a level of 31 per 1000 (the mean value of
our data), it is necessary to have a safe water cover-
age of 45% at a sanitation coverage of 100% or a
sanitation coverage of 8% at a safe water coverage of
100%. These minimum values can be seen in Fig. I
by drawing a perpendicular from the 45% point on
the abscissa, indicating the minimum value of safe
water coverage, or a horizontal line from the 8%
point on the ordinate, indicating the minimum value
of sanitation coverage. Table 4 shows the minimum
values of safe water and sanitation coverage for the
four morbidity levels selected.

• There is a limit to the reduction in the morbidity
of waterbome diseases and diarrhoea that can be pro-
duced by safe water supply and sanitation interven-
tions only. These limits are illustrated by the iso-
quants that are furthest from the origin (15 per 1000
for MWB and 10.5 per 1000 for MDR).

• If any one input is held constant at the current
coverage level, i.e.. at the mean value of WTR or
SAN. it is impossible to reach the most distant iso-
quant curve (the lowest morbidity level) by increas-
ing the coverage of the other variable to 100%. Fig.
1 (points A. B. and P) and Fig. 2 (points C, D.

WHO Bulletin OMS. Vol 71 1993

10 20 30 40 50 60 70 80 90
Safe water coverage (% of population)

<— morbidity • 42/1000 _*— morbidity • 31/1000
i— morbidity • 20/1000 —a— morbidity • 15/1000

WHO 921(387

Fig. 2. Isoquant curves of morbidity from diarrhoea
(points C. D. and P are explained in the text).

f 100

10 20 30 40 50 60 70 80 90 100
Safe water coverage (% of population)

• morbidity 31/1000
. morbidity • 15/1000

morbidity • 23/1000
moroidiiy • 10 5/1000

WHO 911088

and P) show that the existing mean coverage (WSS:
56%; and SAN: 39%) is well below the level need-
ed to minimize morbidity if the only controlled vari-
ables are provision of safe water and sanitation.

To illustrate how morbidity declines if the levels
of the inputs changes, we show below the expres-
sions for the elasticity of production. For MWB the
elasticity of production with respect to safe water
supply (£„-,„ .„„,„) is given by:

4«TO- ,UH s= 1346.6.<v\/V/( 1346.6.SVWV + 1 3 6 . 1 WTR)
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• Table 4: Minimum requirement lor the coverage of safe
water (WTR) and sanitation {SAN) at four morbidity
levels

^Mcroidity level

Waterborne diseases (MWB)

4-, 7-'i 000 (mean + 0.5 SD)
3' 0/1000 (mean)

• 20 2/1000 (mean-0.5 SD)
'5.0/1000 {best case)

dnrrnoea (MDR)

... 1'1.0/1000 (mean + 0.5 SO)
• 22.1/1000 (mean)

•3 2'ICOO (mean-0.5 SD)
'•0.5/1000 (best case)

% coverage for:

WTR

33

45

71

99

31

42

66

99

SAN

5

8

20

89

5

7
17

91

while ;hc elasticity of production with respect lo

sanitation (.4s,\,v-.vu'/i) ' s given by:

4M.V- , T O «= 136.1 W77?/(1346.6.S/1A'+136.1 WTR)

For MDR the elasticity of production with res-
pect to safe water is given by:

TRwDH 101.5W77?)

and the elasticity with respect to sanitation by:

%M\-MOK= 1O1.5VV77?/(938.5.SVW+ \()\.5WTR)

From these expressions it can be seen that the
values of qKTII and c s . i v for both morbidity of water-
borne diseases and diarrhoea are always < 1 . In other
words, if the coverage of either WTR or SAN is mul-

tiplied by a positive constant, m. while the coverage
of the other is held constant, the morbidity of water-
borne diseases and diarrhoea decline by less than
1-l/m. For example, doubling the sanitation cover-
age while holding WTR constant less than halves
the morbidity.

The sum

is equal to the elasticity of production of MWB
(c,,WB). and the sum

to the elasticity of production of MDR
We can easily see that both q.w« atl(^ %MDR a r e

always equal to one. Thus, the production functions
for MWB and MDR exhibit constant returns to scale.
Therefore if we multiply safe water and sanitation
coverage by a positive constant, in. the morbidity of
waterborne diseases or diarrhoea decreases by
l-l/»i. For example, if the coverage of both safe
water and sanitation are simultaneously doubled, the
morbidity of waterborne diseases and diarrhoea will
be halved. Table 5 shows the potential morbidity
reduction resulting from various levels of input.

Along an isoquant one input can be substituted
for another to maintain the same morbidity level.
The elasticities of substitution between safe water
and sanitation (r\) are constant (0.51 for both the
MWB and the MDR production functions.3 Hence at
any level of morbidity, safe water and sanitation
exhibit a low and constant substitutabilitv.

Mathematical proof available upon request.

Table a:
neously

% inD'-'IS
inc/ease

50

75

100

200

300

400

Expected reduction in morbidity if the
or if one input is held constant while the

Both inputs changed

% MWB
reduction

1

33

43

50

57

75

80

% MDR
reduction

1

33

43

50

67

75

80

sanitation (SAN] and
other is changed

SAN held constant

% WTR
inc.-ease

1

50

75

•00

200

300

400

% MWB
reduction

1

29

37

44

58

65

70

% MDR
reduction

1

29

37

43

58

65

69

water (WTH)

% SAN
increase

1

50

75

too
200

300

400

inputs are increased simuita-

WTR held constant

% MWB
reduction

0

4

5

6

9

10

10

% MDR
reduction

0

5

6
j

9

10

11

Discussion
This study has provided additional evidence that safe
water and sanitation are efficacious in improving
health status (5-7, II). The health production func-
tions that fit the data best have a reciprocal form, and
both safe water and sanitation are significant regres-
sors for morbidity from both waterborne diseases, as
a whole, and for diarrhoea in particular.

Some workers have suggested that provision of
sanitation may be more efficacious than safe water in
reducing morbidity from waterborne diseases (2. 24):
our findings, however, indicate that a safe water sup-
ply is more important than sanitation (sanitary excre-
ta disposal) in this respect. If there are budget
constraints, investment in provision of safe water
should therefore be given higher priority than invest-
ment in sanitation.

The above suggestion does not mean that invest-
ment in sanitation is unimportant. First, sate water
and sanitation have a low substitutabilitv. making it
relatively difficult to replace one input with another
while maintaining the same morbidity level. Second,
a reduction in morbidity is unlikely to be maximized
(in relation lo increased investment) if an increase in
safe water coverage is not accompanied by an
increase in sanitation coverage. Finally, if the sanita-
tion coverage falls below the minimum level requir-
ed to achieve a particular targeted morbidity level,
this target will not be achieved even if safe water
coverage is increased to 100%. Consequently, if
health policy aims at maximizing health status in
relation to investment, i.e.. minimizing morbidity
levels, the coverage of safe water and sanitation facil-
ities must both be increased simultaneously.

We estimated the reduction in morbidity result-
in" from a given increase in safe water and/or sanita-
tion coverage. This differs from the case-control
approach (5-7). which estimates the reduction in
morbidity caused by a shift from "not being exposed
to safe water/sanitation facilities" to "being exposed
to such facilities". Thus, the case-control method
implies an increase from zero to 100% coverage,
which was not necessarily the situation in our study.

We calculated a larger reduction in morbidity
than that reported by other workers (5-7). The 20%
morbidity reduction reported in these studies requires
an increase from zero to 100% coverage. In our
study, the same reduction was produced by a 25%
increase in safe water and sanitation coverage.

Fig. I and 2 show that if safe water and sanita-
tion coverage are maximized (equal to or almost
equal to 100% coverage), total eradication of water-
borne diseases and diarrhoea is unlikely. Other para-
meters such as habitat and socioeconomic factors
also influence their incidence.

The approach used in our study is not intended
to be a substitute for the case-control method: rather
both are complementary. The case-control method
permits in-depth observation of an individual's health
status with greater capability for controlling the
confounding variables: however, the possibilities for
model exploration are limited because of its binary-
dependent variable. Our approach uses community
observations and has a greater potential for model
exploration (a quantitative dependent variable is
used): however, its ability to control the confounding
factors was lower because of data limitations.

The study demonstrates how proper medical
records and/or surveillance data can be used to
assess the relationship between health inputs and
community health status. The quality of medical
records and/or surveillance data, particularly morbid-
ity records, plays an essential role in this case. As
discussed above, the morbidity data collected may be
an underestimate, even though strenuous el'lorts were
made to obtain complete data. Thus, it is necessary
to develop an improved medical or surveillance
record system that incorporates data from all medical
facilities, including health centres, clinics, hospitals,
and private practitioners. This will not only be bene-
I'icial for research purposes, but also for health plan-
ning and policy-making.
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Resume

Sante, eau saine et assainissement:
fonction de production transversale a
Java Central, Indonesie
Cet article decrit I'application des methodes eco-
nometriques et de la theone de I'economie de
production au calcul de fonctions de production en
sante. Les fonctions obtenues ont ete utilisees
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pour examiner I'impact de la fourniture d'eau
saine et des investissements dans le domaine de
I'assainissement sur I'elat de sante. Les donnees
ont ete recueillies a partir des registres officiels de
la province de Java Central, en Indonesie, qui
couvre 194 sous-districts. L'etude a ete realisee
entre Janvier et decembre 1990. Les fonctions de
production en sante qui s'adaptent le mieux aux
donnees sont des lonctions inverses, et les resul-
tats montrent que la fourniture d'eau saine et
I'assainissement (evacuation des excreta) sont
des facteurs de regression significatifs pour la
morbidite due aux maladies transmises par I'eau
et a la diarrhee. La fourniture d'eau saine est un
facteur plus important que I'assainissement pour
reduire la morbidite. Les fonctions de production
que nous avons obtenues montrent des regres-
sions constantes, c'est-a-dire que si la couverture
de la fourniture d'eau saine et de I'assainissement
est multipliee simultanement par une constante
positivive m, la morbidite due aux maladies a
transmission hydrique et a la diarrhee baissera
d'un facteur de 1-1/m. Si la couverture de I'assai-
nissement est constante. une augmentation d'un
facteur m tie la couverture de la fourniture d'eau
saine reduit la morbidite d'un facteur inferieur a
1-1/m, et inversement. De plus, une taible valeur
de I'elasticite entre les variables eau saine et
assainissement a ete trouvee. L'emploi de ces
seules interventions pour reduire la morbidite a un
impact limite. ce qui montre la necessite d'utiliser
d'autres programmes sanitaires. La connaissance
des fonctions de production en same est un
prealable indispensable a la bonne execution des
analyses cout/avantages des investissements
realises dans les domaines de la fourniture d'eau
same et de I'assainissement.
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Annex

Explanation of the production economics
terms used in the text
• The Production function expresses the maximum
output that can be produced as a mathematical lunc-
tion of a set of variable inputs, at a given technologi-
cal level.
• Marginal productivity is the variation in total out-
put if the quantity of an input is increased intlnitcsi-
mally. holding the quantity of other inputs constant.

• An isoquant curve represents all combinations of
inputs that yield the same level of output.

• The elasticity of production measures the propor-
tionate change in output relative to the proportionate
change in all inputs. The elasticity of production
with respect to an input measures the proportionate
change in output relative to the proportionate change
in that input, holding other inputs constant.

• Constant returns to scale occur when the output
increases m-fold if all inputs are multiplied by a
positive consiant. m. i.e.. the value of the elasticity
of production is equal to unity.

• Elasticity of substitution is a measure of how
"easy" it is to substitute one input for another along
an isoquant. Low .substiiutability between inputs
occurs if the value of the elasticity of substitution is
below unitv.
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