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Abstract

There is growing awarcncss that drinking-water can become contaminated following its
collection from communal sources such as wells and tap-stands, as well as during its
storage 1in the home. This study cvaluated the post-supply drinking-water quality in
three rural londuran communitics using ¢ither a protected hand-dug well or borehole
supply. Water management practices were documented as a basis for further rescarch o
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thermotolcrant coliform levels in samples taken from community wells and household
drinking-watcr storage containers. Over a two-ycar period, water quality was cxamined
in 43 houscholds and detailed obscrvation made of typical collection, storage and usage
practice. Substantial watcr quality deterioration occurred between the points of supply
and consumption. Deterioration occurred regularly and [requently, and was experienced
by the majority of study houscholds. Only source water quality appearcd to be a
significant factor in determining houschold water quality. Nonc of the storage factors
examined. i.e. covering the container, type of container, the material from which the
container was made, and hours stored, made any significant difference to the stored
water quality. Observation of household water management shows that there are
multiple points during the collection 1o usc scquence where pollution could occur. The
commonality of water management practice would be an asset in introducing

appropriatc intervention measures.



Introduction

Drinking-water [ree of pathogenic organisms is fundamental o breaking one ol the
principal transmission roulcs of inlcetious discase. This fact has stimulated worldwide
investment in the construction of water systems that arc designed to meet stringent
watcr quality standards. [n many developing countrics, communily walcr sysicms oficn
consist of a singlc public well or stand pipe that requires water to be collected,
transported, and then stored for use in the home over a period of 24 hours or more.
Although such water systems can supply water of excellent quality, there is
considerable potential for deterioration to occur because of the amount of handling

involved between supply and consumption.

There arc many studics that have observed water quality deterioration during its
collection and/or storage in the home (Rajasekaran et al, 1977; Shiffinan et al, 1978 Ki
Attar et ol, 1982 Kirchhoff et al, 1985; Heinanen ef af, 1988, Han et al, 1989; Molbak
et al, 1989: Blum et al, 1990, Morin et al, 1990; Verwelj et al, 1991 Simango ef ul,
1992; Swerdlow et ul, 1992, Shears ef al, 1995, Kaltenthaler et al, 1996; Genthe et al,
1997; Hoque et al, 1999). The majorily are studies ol diverse aspects ol waler supply,
hygicne and health issues, and are not directed specifically at water quality
deterioration. Other studies begin with the premise that deterioration happens or is
likely to happen, and concentrate on how to improve the quality of drinking-water
consumed (Hammad & Dirar, 1982; Empereur-Bissonnet et al, 1992, Roberts et al,
2001}, Tlowever, a fow studics describe more detailed rescarch into houschold watcer
managcement with respect to drinking-water quality (Feachem et al, 1978, Lindskog &

Lindskog, 1985; Mertens et al, 1990; Pinfold, 1990, VanDerslice & Briscoe, 1993;



Jagals et al, 1997, Ahmed et al, 1998). 1t is significant that water quality deterioration
has been observed in rural and urban arcas throughout Africa, Asia and Latin Amcrica.
Furthermore, it has been measured in a wide variety of water supply tvpes including:
piped supplics, borcholes, hand-dug wells, and even traditional sources. Only one study
has been found that did not detect any water quality deterioration (Sutton & Mubiana,
1989}, though others have reported finding both deterioration and improvement among

distinct samples (VanDerslice & Briscoe, 1993).

An cstimated 1.5 billion pecople depend on engincered water systems that require
collection, transport, and storage in the home (7Trevett, 2003). 1f water quality
deterioration between supply and congumplion is a common occurrencee, represenling a
public health risk according to the World 1lcalth Organization, then there is good reason
to understand domestic water management practices in order to develop practical
guidelines for maintaining drinking-watcr quality through to the point of consumption
(WO, [1997), 1t may be argued that unless close attention is paid to how water is
collected, stored and managed, there is a risk that inappropriate solutions will be

proposcd and resources wasted.,

llence the objectives of this study were twofold. Ifirstly, to find out if water quality
deteriorates in rural llonduran communitics that depend on public wells, by how much,
and how oftcn. Sccondly, to document the normal practice of collection, transport,
storage and usage, thus providing a conceptual framework for ongoing research aimed

al understanding how (o prevent waler qualily delerioration.



Methodology

The research was carried oul in three rural villages in southern Honduras from July
1998 to March 1999, and October 1999 to August 2000. Two of the villages had
approximately 65 households, the third some 40 households. 'The climate has distinct

rainy and dry seasons; the former typically begins in May and ends in October.

The villages were sclected on the (ollowing basis: belicved to be representative of other
villages in southern llonduras, (the researcher visited around 30 villages prior to the
study and had two yvears experience of rural water projects in the same region);
acccessible by vehicle; and the type of water system, namely community wells ued with
hand pumps. The study was introduced to the village water boards as an additional
activity of the Association of Ilonduran Watcr Boards (A1IJASA). AIIJASA is a “grass
roots’ style organisation that works with member communities by providing technical
support for water system management. No specific mention was made to any
community member of a rescarch projeet in an attempt to minimise the “obscrver

cffect’.

Principal study activities consisted of the analysis of microbiological water quality, and
detailed observation of water collection, transport and storage practices. Initially the
paramctcers sclected for measurement included: thermotolerant coliforms as an indicator
of faecal contamination, pl1, chlorine residual, turbidity and temperature. 1lowever,
chlorine residual and turbidity measurement were discontinued at an early stage as

chlorine was not uscd, and turbidity was invariably rccorded at less than 5 N'TU.



Communitics were usually visited in the morning between 8am and 12pm. Three

samplcs were taken from the communiiy well and cach ol the storage containers [rom 4

arc unlikely to be distributed homogencously in natural waters. The most practical
sample volumes for accurately counting colony-forming units (cfu) were found to be
10m] for storage containers and hand-dug wells, and 100ml for bereholes. Disposable,

pre-sterilised 10ml syringes were normally used to remove samples from the storage
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I somic containers {c.g. jorry cans) required thal watcr
was first poured into a sterile sampling beaker before using a syringe to draw a 10ml
sample. A portable laboratory using membrane filtration allowed samples to be
processed on site, (Oxtam-DelAgua water testing kit, Robens Centre for Public and
Environmental Icalth, University of Surrcy, UK). Samplcs were incubated on
membrane lauryl sulphate broth at 44°C + 0.5°C for 18 — 24 hours, and procedurces
followed those recommended by the Department of the Iinvironment (7953). All bright
yellow colonies — the yellow appearance is characteristic of £. coli' - were counted
regardless of size. The water quality results in this paper are reported in terms of

cf/100ml. As a control to ensure that the equipment was being adequately sterilised

An cxtension worker from ALIJASA accompanied the researcher on the first visit to
cach community to providc introductions to scveral houscholds, and indicate the

location of ihe wells. Additional houscholds were incorporated into the siudy cither by

directly approaching the houscholder for permission or occasionally through self-

' K. coli, a thermotolerant coliform, is the most abundant coliform organism that is normally present in
human and warm-blooded animal intestine.  Furthermore, they usually represent around 95% of
thermotolerant coliforms (Bartram & Pedley. 1996).



selection by more curious householders. The aim was to visit each household at least

twice, though not nceessarily on consccutive visits to the community. [f it was
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the houscholder was uncomtortable with the researcher entering their

home no further visits were made.

On the initial visit to each household the women were asked about water collection,
storage and use. ‘This information formed the baseline knowledge regarding rypical
procedures involved in domestic water management and how widely these varied
between houscholds. Questioning focuscd on whalt was uscd Lo collect and siore walcr,
how it was served, and whether it was trealed in any form. On all houschold visits the

following information was also noted:

o lype (bucket, jerry can, {ingja, caniare), and material (plastic, clay) of drinking-

water storage container from which samples were taken

If the storage containcr was covered

The method used for serving drinking-water (poured. ladled, dipped)

s  Approximule ime waler had been collecied (rom the source

Relevant obscrvations of hygicne behaviour and water usage (c.g. hand washing,

presence of animals in the house, location of water containers, ctc.)

As the raw [microbiological] data cxhibited a very skewed distribution, they were log
transformed 1o oblain an approximaltcely normal distribution. Analysis ol variance was
then used for probability testing. The relationship between hours stored and

microbiological water quality was examined with the Spcarman rank corrclation test.



All statistical analysis was carried out using Minitab (Release 13.1 €2000, Minitab

Inc.).

Results

Data characteristics
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dug well and 17 used borehole water. The median number of household visils was 4,
and 79% of study households were visited at least twice. Seven households, (16% of
study sample), were visited on 10 or more occasions. This provided a measure of the
regularity and frequency of water quality deterioration in an individual houschold.
Source water was consistently better from the borehole than any of the hand-dug wells.
Groundwater levels in all sources were approximately 5 to 10 metres below ground
level with some seasonal variation, Although it was beyond the study erms of
rclerenee Lo investigate the causes of source water contamination, it was noled that the
wells had similar [evels of sanilary protection, namcly head walls, concreic aprons and
drainage. Furthermore, all sources were fitted with Mecare hand pumps. an improved

rope and washer design.

Water quality

Table 1 shows the mean bacteriological water quality measured at source and in the
household storage container. It can be seen that substantial post-supply deterioration
occurs. ‘The calculated probability values demonstrate that water quality becomes
significantly worsc following collection and storage. Decterioration is particularly
noticcable in the casc of the borchole water supply, which provided water quality that

consistently exhibited zero or very low levels of pollution. It is also evident that



household stored water originating from the borehole is of significantly better quality

than that drawn from hand-dug wells.

Using the classification system proposed by Lloyd and Ilclmer (7991, water quality
samplcs have been caicgorised according to the magnitude of contamination (Table 2).
It provides a clear illustration of the proportion of samples that moved from one grade
of watcr quality (A to E) to another, indicating the magnitude of water quality

deterioration,

For example, borchole water never exceeded grade C, and 81% of samples were
recorded in grade A and B. llowever, 36% and 20% of household stored water drawn
from the borchole was classified in grades D and E respectively. Water supplied by
hand-dug wells is of much poorer quality than the horehole but nevertheless
considerable deterioration still occurs. This is scen in the sialler proportion of samples
in grades B and C, and the increase in grade E. Furthermore the classification conceals
the fact that many households using a hand-dug well source experienced deterioration

within grade D.

ITouschold water quality varied widely on any given day (data not shown), his Icads
to the conclusion that the individual householder was responsible for the pollution, and
not the result of an environmenial condition expericneed by all houscholds. [louschold
water quality did not improve over the study period, which suggests that any observer

cffcct was insignificant.



Water quality dcterioration was obscrved to be a widespread problem and was
experienced at least once by 95% of all study households. Data from households that
were visited on 10 or more occasions showed that water quality deterioration happencd
rcgularly and [requently. 1lowcever, no consisicnt patterns of watcr qualily deterioration
emerged among individual households. IYor example, a household recorded as having
poor waler qualily on one occasion might be found 1o have excellenl water quality in the
[ollowing analysis. Thus ii was not possiblc 1o distinguish between houscholds on the
dSiS Cul:‘- end ey S JI-"..I._.\ o

relation to season or the occurrence of rainfall.

lable 3 presents a comparison of water quality according (o the slorage characierislic.,
i.e. covered and uncovered storage containers, clay and plastic containers. 'T'he data
used arc [rom study days when both covered and uncovered containers were analysed,
and similarly for days with both clay and plastic containcrs. No significant diffcrence in
stored walter quality resulted [rom covering the container. Nceither did the material from
which the storage container was made have any significant advantage in terms of better

water quality. However, in the case of clay and plastic containers using hand-dug well

important rcsult was the complcete absence of any correlation between hours of storage

and drinking-water quality.

Mean (arithmetic) water temperature in clay containers was lower than its respective
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the external wall of the clay containers. A slight increasce in pll was observed following



storage, which is most likely explained by alkaline hydrolysis caused by a reaction
between water and the clay mineral surface (P.J. L.oveland, National Soil Resources

Institute, Cranfield University, personal communication, 11 July 2001).

[louschold water management

Virtually no variation in the procedure of water collection, transport and storage was
obscrved among the 43 study houscholds. This may be becausc villages tend 1o be quite
nuclcated, and distances from houses to wells are usually in the low hundreds of metres.
Conscquently a single water management practice could have developed because
households are situated at similar distances to the well. It was also noted that
communities are essentially based on a number of extended families. For example, a
community of 60 houscholds — defined as the occupants of a single house - may consist
of only 20 or so families. This is also likely to add to the establishing of a common
water management practice because the family remains very central to the social

structure 1n rural Honduras.

Scveral container types were used for water collection including plastic and mctal

buckets, plastic jerry cans, and a plastic copy of the traditional clay cdniaro. The most

rarely brought to the well, though they were used in the home. This was in contrast to

jerry cans, which in most cases were used with lids, Clay conlainers were not uscd for

water collection.
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On arrival at the well, containers were usually rinsed out with freshly pumped water.
Buckets were olicn rubbed with the hand while being rinsed. Afler rinsing, containers
were usually filled to the point of overflowing. Women normally carry the collection
container home on their heads and further hand - watcr contact was often observed as
the container was lifted on to the head. This was more often the case when buckets
were uscd hecause jerry cans and caniaros have narrow openings, and also most have a
handle (unlike most buckets). l'or the same reasons huckets were more vulnerable to

hand - water contact on the journey home when occasionally steadied by the hand.

Water storage and use

‘ater is either poured into the drinking-water storage container, or scooped from the
collection container using a small bowl or gourd. When drinking-watcr is transterred to
the storage conlaingr a very common praclice is to pass it through a picee of linen type
matcrial. [n a separaie bul related siudy 35 ol 36 households siaied that they “filtered’
their drinking-water in case there were any insects or dirt in the water (7revett ef

2001),

Drinking-water is most often stored in a traditional clay container. either a fingja or
caniaro. Although the confainers are very similar in appearance and volume
(approximatcly 20 litrcs), water is scrved in two distinct ways. The finaja has a widc
opening that allows a cup or similar utensil to he dipped, whereas the cdniaro has a
much narrower neck that requires water to be poured. 'The majority of households have
just one container for drinking-water and fingjas arc preferred over any other container

type. lhis is because of the ‘cooling” effect and the case of drawing water by dipping.

11



The method used for serving drinking-water was largely dependent on the type of
containcr uscd. Dipping the containcr with a cup or occasionally a gourd was the
method used in 77% of the study houscholds. Six (14%) houscholds pourcd their
drinking-watcr, and 4 morc (9%) had ladles that were used to scrve water into a cup for

drinking.

In the vast majority of households the drinking-water container was kept covered,
usually with a saucepan lid. Out of a total of 192 household visits 88% of drinking-
water containers were covered. This practice is recommended in hygiene education

matcrials usced by the Ministry of Icalth and scveral development organisations.

Hygicne in the domestic environment

General obscrvations were made about the hyvgicene situation in the houscholds, Animal
faeces, particularly of chicken or duck origin were regularly seen inside the house.
Other animals such as pigs were [requently scen to enicr the house bricfly belore being

driven out. In the yard it was very common o see pig and goat facces,

On onc occasion il was obscrved thal a baby was washed and changed on a table next o
the drinking-water storage container. Other households stated that babies were bathed
in or ouiside the house. This would seem 1o be a relatively high-risk hygicne behaviour
given that the women are responsible for water management and food preparation. It

was further noted that although soap was present in many households, hand washing

12



Discussion

Lhis study has provided further evidence that water quality deterioration ¢an and docs
occur between the points of supply and consumption. It has been shown that it can
deteriorate to the extent that it is considered grossly polluted according to the
classification system proposed by Lloyd & [lelmer (7991). Even the relatively poor
watcr quality supplied by the hand-dug wells shows significant deterioration following
collection and storage. This suggests that ongoing pollution is outstripping the bacterial
dic-off reported by Tomkins ctal (7978). VanDerslice & Briscoc (7993) were surprised
that 16% ol their samples exhibited a nel deercase in [accal coliform levels. Ilowever,
this is quite plausible because aside from bacterial die-off, there is often less than
perfect knowledge about water management.  For example, on one occasion a woman
was obscrved clecaning the drinking-water ladle with household bleach. This could
certainly have a disinfectant cffect when immersed in the finagja. In another houschold a
bottle of colloidal silver for water disinfection was being used. It had been obtained

from a vigiting foreign medieal brigade and was not locally availahle.

to happen regularly and frequently. No difference in the magnitude of water quality
deterioration was observed as a result of season, neither did only certain households
cxpericnce delerioration. ‘This is significant as it suggest that there cxisis a constant and
widespread problem in the handling of waler between collection and consumplion

resulting in poor quality drinking-water.

13



Stored water quality did appear to be source-dependent. Stored watcr that originated
from the borchole was significantly better than that which came from hand-dug wells.
Young & Briscoc (1987) also observed that stored water quality appears to be a function
of source water quality. In contrast, Pinfold (7994) concludcd that stored water quality
is a function of its intended usc and not source water quality. llowever, a specific
comparison of stored drinking-water quality with its respective source water quality is

not mentioned.

Nong of the waler storage [actors considered in this study had any signilicant cllcel on
bacteriological water quality. For example, covering the storage container did not
appear to make any difference. This observation has also been made by other studies
(Lindskog & Lindskog, 1988, Simango et ai, 1992, VanDerslice & Briscoe, 1993).
Neither did the type of container appear to influence water quality, though a possible
cxplanation may lic in the rclatively small sample size. VanDerslice & Briscoc (7993)
recorded lower faecal coliform counts from containers with taps than from those that
had to be dipped. Other studics also report better water quality from containers
designed to prevent hand-water contact and require that water be poured (Hummad &
Dirar, 1982, Empereur-Bissonnet ef al, 1992, Roberts et al. 2001). 'The comparison of
water quality between plastic and clay containers produced an interesting result in the
casc of water supplicd by hand-dug wells. Although not statistically significant, water
quality in clay containers was considerably better than in plastic ones. The opposite
was truc of water supplicd by the borchole though the sample size was small. Mertens
ctal (1990) also [ound that [aecal colilorm levels in plastic and meital conlainers were

slightly lower than those in clay containers. It is possible that a complex relationship

14



between the microbiological flora in source water and a biofilm on the inside of storage

containers leads to different coliforim survival rates.

Clay storage containers maintained water temperature at about 4.5°C lower than the
mean source water tempcerature as a result of cvaporation through the porous material
and were prelerred over other conluiner Lypes [or this reason. ‘This cooling cffect has
been observed clsewhere (K Affar et al, 1982; Hammad & Dirar, 1982). 1f the
introduction of an “improved’ storage conlainer is being contemplated this could be an

important factor to takc into account.

No correlation was found between water quality and time in hours since collection.
Simango ct al (7992) reporled a similar resull. While other studies have observed a
progressive increase in faceal coliform levels (Empereur-Bissonnet ef al, 1992;
Swerdlow et al, 1992; Roberts et al, 2001, Feachem et ai, 1978), Mertens ct al (1990)
noted a slight improvement when more than 12 hours had clapsed since collection. The
conflicting results are probably due to methodological differences, and because they are

observations of the highly variable net effect of pollution and die-off.

Conclusion

The queslion of what causes waler quality 1o delerioratle has not been the subject of this
paper. Tlowever, detailed obscrvations made of houschold water management will be
developed into a sct of hypothesces o be tesied in ongoing rescarch. 11 is clear that there
are a great number of points in the sequence of collection, transport, storage and use
during which contamination could he introduced. Hands, containers, dippers, “filter’

cloths, dust, insects and animals, are all potential sources of contamination. There is

15



also a qucstion mark over the possibility of bacterial growih taking place in the storage
contlainers. Further on-going scientific and social scientific research into the causes of
deterioration will be reported, and this will form the basis of sensible, practical

rccommendations that can be incorporated into water supply policy.
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Table 1: Geometric mean ¢fu/100ml in water samples measured at source and in
household storage containers with calculated prohability values.

Water Water quality at Water quality in houschold P-
supply tvpe source (sample size) storage container (sample size) value
Iand-dug well| 111 (108) 202 (334) 0.025
Borchole 1 (72) 72 (238) <0.001
Comparison of household water by origin (borehole versus hand-dug well) <0.001

Table 2: Classification of water quality samples according to the magnitude of
contamination (adapted from Lloyd & Helmer, 1991).

Classification of microbial [[Iand dug well Borehole
water contamination
Proportion (%) of samples | Proportion (%) of samples
according to risk category | according lo risk category
Grade | cfu/100ml | Risk Supply Consumption Supply Consumption
point point point point
A 0 No risk 0 4 33 11
B 1-10 Low risk 10 4 48 18
C 11-100 [ntermediate o 33 16 19 15
high risk
D 101-1000 | Gross pollution; 47 49 0 36
high risk
E =1000 Gross pollution; 10 27 0 20
very high risk
100% 100% 100% 100%

Table 3: Geometric mean ¢fu/100ml compared in (a) covered versus uncovered
containers; (b) clay versus plastic containers; and (¢) the corrclation of stored
water quality with hours stored.

Stored water origin Storage charaeteristic (sample size) P-valuqg
(a) Containcr covered Containcr uncovered

ITand-dug well 273(115) 167 (57) 0.186
Borchole 154 (33) 213 (15) 0.736
(b) Clay container Plastic containcr

ITand-dug well 224 (187) 384 (93) 0.057
Borchole 167 (24) 49 (8) 0.398
(c) Hours since collection FC/100ml

All stored drinking-walter | Spearman Rank Correlation = -0.02 0.769




