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Effectiveness of emergency water treatment practices in refugee
camps in South Sudan

Syed Imran Ali? Syed Saad Ali® & Jean-Francois Fesselet

Objective To investigate the concentration of residual chlorine in drinking water supplies in refugee camps, South Sudan, March—April 2013.
Methods For each of three refugee camps, we measured physical and chemical characteristics of water supplies at four points after
distribution: (i) directly from tapstands; (ii) after collection; (iii) after transport to households; and (iv) after several hours of household storage.
The following parameters were measured: free and total residual chlorine, temperature, turbidity, pH, electrical conductivity and oxidation
reduction potential. We documented water handling practices with spot checks and respondent self-reports. We analysed factors affecting
residual chlorine concentrations using mathematical and linear regression models.

Findings For initial free residual chlorine concentrations in the 0.5-1.5 mg/L range, a decay rate of ~5x10* L/mg/min was found across all
camps. Regression models showed that the decay of residual chlorine was related to initial chlorine levels, electrical conductivity and air
temperature. Covering water storage containers, but not other water handling practices, improved the residual chlorine levels.
Conclusion The concentrations of residual chlorine that we measured in water supplies in refugee camps in South Sudan were too low.
We tentatively recommend that the free residual chlorine guideline be increased to 1.0 mg/L in all situations, irrespective of diarrhoeal
disease outbreaks and the pH or turbidity of water supplies. According to our findings, this would ensure a free residual chlorine level of
0.2 mg/L for at least 10 hours after distribution. However, it is unknown whether our findings are generalizable to other camps and further
studies are therefore required.

Abstracts in G H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

The late 19th and early 20th century saw rapid declines in
mortality in industrialized countries. The introduction of
chlorinated piped water supplies in cities was a major con-
tributor to this achievement.' Today, chlorination is the most
widely-used method for the treatment of piped water supplies,
due to its simplicity, low cost and the residual protection it
provides.>* Low levels of residual chlorine in water supplies
limit microbial contamination during distribution and storage,
reducing the risk of waterborne infectious diseases. Drawing
on decades of experience with municipal piped water systems
around the globe, the World Health Organization (WHO)
guidelines for drinking water quality reccommend a minimum
concentration of 0.2 mg/L free residual chlorine at water sys-
tem delivery points.*

Humanitarian agencies generally use centralized batch
chlorination for water treatment in settlements for refugees
and internally displaced persons.” This treatment method en-
tails dosing an experimentally-determined amount of chlorine
solution into a known volume of clear water, and allowing
adequate retention time to allow disinfection to proceed to
completion. Ensuring access to adequate quantities and quality
of water is essential in refugee camps as waterborne diseases
are among the most significant threats facing displaced popu-
lations.** Drawing on WHO guidelines for drinking water
quality, humanitarian organizations have developed several
guidelines stipulating what residual chlorine levels should
be at camp water distribution points.'’'® Generally speaking,
guidelines recommend free residual chlorine levels should be
0.2-0.5 mg/L under normal circumstances and 0.5-1.0 mg/L

during outbreaks of diarrhoeal disease, or when the water
supply is especially turbid or alkaline. A balance is required
between having sufficient residual protection and preventing
taste and odour-driven rejection due to excessive chlorination.

WHO guidelines for drinking water quality are appro-
priate when users drink directly from the flowing household
taps of a municipal piped water system,'” but are unlikely to
provide sufficient residual chlorine protection in the funda-
mentally different reality of a refugee camp. In this setting,
where environmental hygiene may be poor, water is collected
from tapstands, transported in containers through the camp
to shelters and then stored and used over 24 hours or more.
Chlorine treatment based on WHO guidelines for drinking
water quality may not ensure that water remains safe over its
entire course in the setting of a refugee camp.

Studies in non-emergency settings in developing coun-
tries have shown recontamination of previously safe water
does occur during collection and transport from distribution
points, as well as during storage and drawing of water in the
home,'*~?! representing a significant health risk to vulnerable
populations.”»** Recontamination after collection of drink-
ing water has also been documented in refugee camps in
Uganda® and linked to the spread of diarrhoeal disease and
cholera among camp populations in Malawi,”* Kenya®*
and Sudan.” Humanitarian guidelines call for facilities and
practices to preserve the safe water chain including the use
of covered narrow-mouthed water containers with taps and
their regular cleaning, disinfection and replacement. However,
recontamination after distribution in camp settings remains
poorly understood and is not explicitly included in guidelines
for water treatment in emergency settings.
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Table 1. Water supply and sanitation in the three refugee camps, South Sudan, June 2012 to March 2013

Indicator by refugee Sphere 2012 2013
camp L Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Jamam
Population 31686 30277 21179 16751 13984 15439 15765 15765 15765 15670
Water supply, L/person/ >20 75 75 11.3 17 233 228 18.8 13.8 17.5 18.9
day
Water access, users per <80 293 276 151 171.5 89 NA NA 101 101 97
tap
Sanitation access, users <20 37 39 23 22 17 18 16 15.8 16 20
per latrine
Batil
Population - NA NA NA NA NA NA 37199 37199 37199 37199
Water supply, L/person/ >20 NA NA NA NA NA NA 17.7 16.5 19 19.3
day
Water access, users per <80 NA NA NA NA NA NA 85 86 86 84
tap
Sanitation access, users <20 NA NA NA NA NA NA 20 24 18 19
per latrine
Gendrassa
Population = 0 0 6248 12904 14443 14638 14711 14946 14946 15810
Water supply, L/person/ >20 NA NA 9.9 11.6 11.5 153 19.6 212 210 256
day
Water access, users per <80 NA NA 86 130 104 92 90 87 87 88
tap
Sanitation access, users <20 NA NA 18 30 16 12 17 15 15 14
per latrine

NA: not available.

Note: Figures in italics indicate coverage below Sphere targets for each indicator. Indicators without available data are due to gaps in monitoring or because the camp
was not yet established. Per person water supply figures assume 15% system loss.

Source: Médecins Sans Frontiéres.”

Recent experiences in refugee
camps in South Sudan brought this
knowledge gap to our attention. Sur-
veys conducted in the Jamam camp in
October-November 2012 showed that
40-58% of households that collected
water from chlorinated tapstand sources
had no detectable residual chlorine in
their stored household water.””’" An-
other study carried out in Jamam and
the nearby Batil camp in April 2013
found adenoviruses in stored household
water, suggesting faecal contamination.”
These observations, taken in light of the
prolonged hepatitis E and acute watery
diarrhoea outbreaks affecting the Maban
County refugee camps,” raised pressing
questions about chlorination in camp
settings.

Previous work has investigated and
modelled how residual chlorine decays
within water distribution systems.
However, as far as we are aware, residual
chlorine decay after water leaves the
tap of the distribution system has not
been investigated. We sought to: (i) in-
vestigate residual chlorine decay after

distribution in the refugee camp setting
and (ii) identify factors that preserve
or compromise the safe water chain by
exploring how water quality, water han-
dling practices and contextual factors
influence residual chlorine decay. In this
paper, we investigate the effectiveness of
emergency water treatment practices in
the field. We contribute to the evidence
base on water, sanitation and hygiene in
emergencies and make recommenda-
tions for best practice.’>*

Methods
Study setting

The study was carried out at Jamam,
Batil and Gendrassa refugee camps in
Maban County, South Sudan during
March-April 2013. At the time of the
study, the population at these camps was
15500, 37200 and 15800, respectively.
The local climate and terrain in Maban
County exacerbated the crisis and im-
peded response. The region is part of the
Nile basin floodplain and characterized
by thick strata of clay-rich soil. This soil

Bull World Health Organ 201 5;93:550—558' doi: http://dx.doi.org/10.2471/BLT.14.147645

is prone to water-logging, heavy and
difficult to work with and unproductive
with respect to groundwater. The rainy
season runs from May to October and
the dry season from November to April.
The rainy season of 2012 saw the camps
flooding, with latrines overflowing
and inundating the surface, leading to
multiple waterborne infectious disease
outbreaks.” Limited water availability,
poor sanitation coverage and poor en-
vironmental hygiene exacerbated the
outbreaks (Table 1).

Groundwater was pumped from
boreholes in or near the camps,
treated with in-line chlorination then
stored in tanks before being piped to
tapstands for distribution. Tapstands
in each camp were provided within
500 m of shelters, in accordance with
Sphere Project guidelines.'® Supply
was intermittent with water delivered
for several hours in the morning and
afternoon. Retention times in storage
tanks following chlorination varied,
contributing to variation in residual
chlorine at tapstands. Water systems
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in all camps were in a state of flux at
the time of the study, with elements
being added or removed as popula-
tions fluctuated. Finally, given the
outbreaks affecting the camps, out-
break protocols had been adopted and
agencies aimed to deliver, in this case,
0.8-1.0 mg/L free residual chlorine at
distribution points.

Study design

We sought to follow the pathway of
water in the camp setting from distri-
bution at the tapstand to consumption
at the household level. The study had
two elements: (i) water quality analy-
ses; and (ii) surveys of water handling
practices and contextual factors. We
assessed water quality at four points after
distribution:

o analysis event 1: directly from the
tapstand (event 1);

« analysis event 2: from users’ contain-
ers immediately after collection at
the tapstand (event 2);

o analysis event 3: from containers
after transport to shelters (event 3);
and

o analysis event 4: from containers
after several hours of household
storage and use (event 4).

We analysed the following water
quality parameters: free and total resid-
ual chlorine (the parameters of primary
interest); pH and turbidity (both known
to reduce chlorine disinfection effi-
ciency);>* oxidation reduction potential
(a proxy for disinfection potential);*
electrical conductivity (reflects the dis-
solved solids or salt content of drinking
water); and air and water temperature
(which affect the rate of chemical reac-
tions).” Quality control was achieved by
calibrating analytical equipment every
1-2 days using manufacturer calibration
standards.

We documented water collection,
transport and storage practices, as well
as other contextual factors, via spot
checks and respondent self-reports at
the tapstand (i.e. event 2) and in the
household at follow-up (i.e. event 4).
As it was crucial to follow the same unit
of water, we also noted if the water had
been transferred between containers, if
it had been used (and, if so, how much)
and whether it had been mixed with any
other water at any time. The detailed
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Table 2. Variables induded in regression models for water quality, South Sudan,

March-April 2013

Stage

Variables included in regression model

During water

Water quality at tap: free residual chlorine, turbidity, pH, water temperature,

Water quality at tap: free residual chlorine, turbidity, pH, water temperature,

Water quality at tap: free residual chlorine, turbidity, pH, water temperature,

collection electrical conductivity
from tap to Camp identity
container Tap type on the tapstand
Observation of hand contact with water during collection
Container type
Container covering
Container cleanliness
Ambient air temperature
During
transport from  electrical conductivity
tapstandtothe  Camp identity
fousenold Container type
Container covering
Container cleanliness
Ambient air temperature
Distance from tapstand to household
During
household electrical conductivity

storage and use Camp identity

Container type

Container covering
Container cleanliness
Ambient air temperature
Method of drawing water
Elapsed storage time

Water transferred between containers
Original water mixed with other water
Water was used in the household

study design is available from the cor-
responding author.

We initially set out to sample water
from every borehole in each camp, how-
ever we found that boreholes were not
always operational or residual chlorine
was not always present at tapstands.
Accordingly, we adopted a convenience
sampling approach so that we could
maximize data collection in the limited
time available at each camp. We sought
to capture spatial representativeness by:
(1) visiting tapstands dispersed across
the camp areas; and (ii) sampling water
from tapstands attached to different
boreholes. We approached whoever
was collecting water at the tapstand
for enrolment in the study. In total, we
collected 220 unique samples roughly
divided between the three camps. The
study was submitted for ethics review to
the Medical Director of Médecins Sans
Frontiéres Operational Centre Amster-

dam who exempted it from full ethics
review as only routine operational data
was being collected.

Data analysis

We adopted a pooled data approach and
modelled free residual chlorine concen-
tration in MATLAB 7.12 (MathWorks
Inc., Natick, United States of America)
using the general integrated rate law:

1
cN!

=#+(N—1)Kt (1)

0

where C is theinitial chlorine concen-
tration, Cis the chlorine concentration
at time t, N is the order of the reaction,
and Kis the rate constant.
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We stratified by camp and by initial
free residual chlorine concentration due
to the nonlinearity of chlorine decay.*
Having estimated the model parameters
K and N, we calculated the initial free
residual chlorine levels at the tapstand
that would ensure the desired level of
free residual chlorine after storage for a
defined period.

Regression models

To explore associations between residual
chlorine decay and water related physi-
cal and chemical parameters, handling
practices and contextual factors, we
used regression models in Stata 12.1
(StataCorp, College Station, USA).
Regression models were run separately
to investigate variables affecting water
quality during three distinct stages:
(i) during water collection; (ii) during
transport to the household and (iii) dur-
ing household storage and use (Table 2).
Further details are available from the
corresponding author.

Results

Summary statistics on water quality at
the tapstands, in each of the three camps,
are given in Table 3. Residual chlorine
levels were similar in all camps. The
turbidity was below the upper limit for
effective chlorination at all sites (5 neph-
elometric turbidity units, NTU). Water
temperatures averaged greater than
30 °C at tapstands in the morning - an
indication of how hot March and April
are in this setting. The pH of the water
at all camps was below 8.0, the upper
limit for effective chlorination. Oxida-
tion reduction potential varied widely
between camps, partially reflecting
residual chlorine levels but also poten-
tially undocumented factors. Electri-
cal conductivity, a proxy for chemical
quality, was statistically different across
camps (P <0.0001) suggesting that each
camp’s source was unique. As discussed
earlier, chlorination performance at each
site was less than ideal. A histogram of
free residual chlorine concentrations
encountered at tapstands is presented
in Fig. 1.

Modelling residual chlorine

As seen in Table 4, modelling sug-
gested that residual chlorine decay was
a second-order process.*'~*’ The average
model R? was 0.76 (range: 0.57-0.95).
Examining modelling graphs and re-
sidual plots offers additional insight

Research
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Table 3. Water quality measurements at tapstands for the three refugee camps, South

Sudan, March—April 2013

Parameter by refugee camp n Mean (SD) Range
Jamam

Free residual chlorine, mg/L 75 09(1.2) 0.01-4.60
Turbidity, NTU 75 34(2.0) 0.2-8.8
Water temperature, °C 74 32.0(1.0) 29.2-34.1
pH 75 7.3(0.8) 23-7.8
Oxidation reduction potential, mV 75 500 (158) 197-821
Electrical conductivity, mS/cm 75 1.7 (0.8) 02-20
Batil

Free residual chlorine, mg/L 69 1.2(0.3) 0.6-23
Turbidity, NTU 69 14(1.3) 0.01-8.77
Water temperature, °C 69 31.1(1.8) 27.3-376
pH 69 7.2(0.5) 44-77
Oxidation reduction potential, mV 69 701(78) 342-861
Electrical conductivity, mS/cm 58 0.9(0.3) 0.1-1.5
Gendrassa

Free residual chlorine, mg/L 76 14(1.2) 0.1-52
Turbidity, NTU 76 1.4 (0.9) 0.01-3.88
Water temperature, °C 76 30.2(0.9) 27.8-324
pH 75 6.8 (0.7) 34-89
Oxidation reduction potential, mV 76 604 (124) 379-845
Electrical conductivity, mS/cm 60 0.6(0.2) 04-1.0

NTU: Nephelometric turbidity units; SD: standard deviation.
Note: As sampling was initiated when free residual chlorine was detectable at tapstands, zero values were
not captured in the data set and therefore the sample cannot be taken as representative of chlorination

performance in the camps.

Fig. 1. Histogram of free residual chlorine concentrations at the tapstand in refugee

camps, South Sudan, March—April 2013

Batil

Percentage of samples

0 10 20 30 40 50

0 10

Free residual chlorine (mg/L)

Gendrassa

20 3.0 40
Total

20 3.0 40

50

Note: Free residual chlorine concentrations ranged from just detectable (i.e. 0.01 mg/L) to excessive (i.e.
5.2 mg/L), reflecting poor chlorination performance of camp water systems.

regarding goodness of fit. The pattern
of the residuals was consistent across
models, so the most general model (in-

Bull World Health Organ 201 5;93:550—558' doi: http://dx.doi.org/10.2471/BLT.14.147645

cluding data for all camps and all initial
free residual chlorine data) is shown

in Fig. 2.
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Table 4. Modelling of initial free residual chlorine in refugee camps, South Sudan, March—April 2013

Concentration by refugee No. of samples K (L/mg/min) N R’
camp Event 1 Event 2 Event 3 Event4

All camps

All samples 220 186 199 205 8.150x 10 1.98 0.85
0.2-1.0 mg/L 106 90 97 97 6.390x 1073 2.08 0.80
0.2-2.0 mg/L 166 142 151 153 3.824x 107 2.03 0.74
Jamam

All samples 75 68 69 71 6.630x 107 2.00 0.95
0.2-1.0 mg/L 47 45 44 44 1.393x 1072 2.05 0.82
0.2-2.0 mg/L 50 48 47 47 7.048x 107 2.07 0.77
Batil

All samples 69 52 58 66 2777 %1073 1.96 0.59
0.2-1.0 mg/L 30 20 25 28 3.656x 107 2.15 0.57
0.2-2.0 mg/L 67 51 57 64 3.174x107 1.97 0.60
Gendrassa

All samples 76 66 72 68 6.440x 107 1.97 0.81
0.2-1.0 mg/L 29 25 28 25 6.537x 1073 2.06 0.87
0.2-2.0 mg/L 49 43 47 42 5.061x 107 2.02 0.71

Note: Modelling was stratified by camp and initial free residual chlorine concentration. Kis the rate constant and N is the order of the reaction.

Table 5. Projections of free residual chlorine using decay models, South Sudan, March—April 2013

(,(mg/L) Camp K (L/mg/min) N R? (,(mg/L) for a free residual chlo-  Time taken (h) for free residual chlorine
rine of 0.2 mg/L after 12 hours to fall to 0.2 mg/L given ¢ =1mg/L
0.5-1.5 All 5.149%x 1073 197 060 0.84 12.6
Jamam 39971073 216 074 0.37 19.7
Batil 4998103 194 059 0.86 125
Gendrassa 5.884x 107 192 051 2.19 104

Note: Kis the rate constant; N is the order of the reaction; C_ is the initial free residual chlorine concentration.

We calculated the initial free resid-
ual chlorine concentrations required to
ensure a desired level of free residual
chlorine at a designated time after dis-
tribution (Table 5). A primary target of
0.2 mg/L at 24 hours after distribution
was selected,” with a secondary target
of 0.2 mg/L at 12 hours. Table 5 reports
projections using modelling outputs
from the 0.5-1.5 mg/L initial free
residual chlorine strata, as this is the
range most relevant to field practice.

According to our model results, the
primary target of 0.2 mg/L at 24 hours
after distribution could not be achieved.
For the secondary target, 0.2 mg/L at
12 hours after distribution, the initial
concentration of free residual chlorine
averaged 1.1 mg/L (range 0.37-2.19). If
free residual chlorine at the tapstand was
set to 1.0 mg/L, the residual concentra-
tion remained above 0.2 mg/L for an
average of 13.8 hours (range 10.4-19.7;
Table 5).
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Linear regression models were
used to explore relationships between
free residual chlorine decay and water
quality, water handling practices and
contextual factors. These variables ac-
counted for only about 25% of the vari-
ance in the data, suggesting that other
unknown or undocumented factors are
also important. Ambient air temperature
during water collection was positively
associated with free residual chlorine
decay, suggesting that where ambient
temperatures are high we can expect
decay to be accelerated.”” There was
some evidence of a direct relationship
between decay and electrical conductiv-
ity, a proxy measure for dissolved metals
and salts content of water, raising the
possibility that complete oxidation of
dissolved metals and other compounds,
as required for effective chlorination and
maintenance of residual, was not being
achieved before distribution. Covering
household water storage containers

had a protective effect, while there was
inconsistent evidence for other hygienic
water handling practices (e.g. container
cleanliness and method of drawing
water). Detailed regression results
are available from the corresponding
authors.

Discussion

According to our models, under the
conditions in the South Sudan camps,
it is not possible to ensure 0.2 mg/L
of free residual chlorine 24 hours after
distribution. Therefore, we must accept
a lower level of protection than is ideal,
or consider improvements to current
practice. Centralized batch chlorination
may be less appropriate where popula-
tions are dispersed across rural areas
or within existing urban settlements;
among populations with low chlorine
taste or odour acceptance; or during
the transitional phase from an acute to

Bull World Health Organ 2015;93:550-558 | doi: http://dx.doi.org/10.2471/BLT.14.147645
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Fig. 2. Decay model for free residual chlorine in refugee camps, South Sudan, March—April 2013
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a stabilized emergency.” In some situ-
ations, chlorine decay is so rapid that
alternatives or adjuncts such as point-
of-use water treatment may need to be
considered.*

Regarding the safe water chain,
covering household water storage con-
tainers was confirmed to be protective
while there was weak or inconsistent
evidence on the effect of other impor-
tant hygienic water handling practices.
The fact that an effect was not observed
in the present study does not imply
that these practices are necessarily
ineffective; promotion of hygienic wa-
ter handling practices remains an
essential component of emergency
safe water supply. Although there was
some evidence concerning the effect of
container and tap type, the study was

o Predicted free residual chlorine

not sufficiently powered to draw strong
conclusions in this regard.

Current guidelines for free re-
sidual chlorine in emergency water
supplies are not based on field evi-
dence and offer inadequate protection
after distribution in refugee camps
in South Sudan. We recommend that
the free residual chlorine guideline be
increased to 1.0 mg/L in all situations,
irrespective of disease outbreak, pH, or
turbidity conditions. This is a tentative
recommendation because the degree to
which these findings can be general-
ized to other camps in different settings
is unknown. According to our findings,
an initial concentration of 1.0 mg/L
will provide 0.2 mg/L free residual
chlorine protection for at least 10 hours
after distribution. This is consistent

Bull World Health Organ 2015;93:550-558| doi: http://dx.doi.org/10.2471/BLT.14.147645

with the recommended concentration
for point-of-use water chlorination
in emergency and non-emergency
settings*” and is within the limits
generally considered to be acceptable
to users (2.0 mg/L).” Further studies
are required in diverse climatic and
environmental settings to expand the
evidence base. M
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Résumé

Efficacité des pratiques d'assainissement d’'urgence des eaux dans des camps de réfugiés au Sud Soudan

Objectif Enquéter pour déterminer la concentration en chlore résiduel
des approvisionnements en eau potable de plusieurs camps de réfugiés,
au Sud Soudan, entre mars et avril 2013.

Méthodes Pour chacun des trois camps de réfugiés étudiés, nous
avons mesuré les caractéristiques physiques et chimiques des
approvisionnements en eau, a quatre points de mesure a partir du
point de distribution : (i) directement aux bornes-fontaines ; (i) aprés la
collecte ;(iii) apres le transport jusqu'aux ménages ; et (iv) apres plusieurs
heures de stockage par les ménages. Les parametres suivants ont été
mesurés : chlore résiduel libre et chlore résiduel total, température,
turbidité, pH, conductivité électrique et potentiel doxydoréduction.
Nous avons documenté les pratiques de manipulation de I'eau a l'aide
de contrdles par sondages et grace aux auto-déclarations des personnes
enquétées. Nous avons analysé les facteurs affectant les concentrations
en chlore résiduel a I'aide de modeles mathématiques et de régression
linéaire.

Résultats Pour des concentrations initiales en chlore résiduel libre
comprises entre 0,5 et 1,5 mg/L, une vitesse de dégradation denviron

5x10-3 L/mg/min a été observée dans tous les camps. Les modeles de
régression ont montré que la dégradation du chlore résiduel était liée
aux concentrations initiales en chlore, a la conductivité électrique et a
la température de I'air. Le fait de couvrir les conteneurs de stockage de
I'eau (mais aucune autre pratique en termes de manipulation de I'eau)
a entrainé une amélioration des concentrations en chlore résiduel.
Conclusion Les concentrations en chlore résiduel que nous avons
mesurées dans les eaux approvisionnées dans les camps de réfugiés au
Sud Soudan ont été trop faibles. En guise d'essai, nous recommandons
délever la teneur en chlore résiduel préconisée a 1,0 mg/L dans toutes
les situations, quil y ait une épidémie de maladies diarrhéiques ou pas
et quels que soient le pH et la turbidité des eaux alimentées. D'aprés nos
résultats, cela permettrait de garantir un taux de chlore résiduel libre de
0,2 mg/L pendantau moins 10 heures apres la distribution. Néanmoins,
nous ne savons pas sinos résultats sont généralisables a d'autres camps.
D'autres études sont donc nécessaires.
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Pesiome

3¢ PeKTNBHOCTL METOA0B SKCTPEHHOI 06paboTKu BoAbl B Narepsx 6exeHues B K0xxHom CynaHe

Llenb OnpepneneHne KOHUEHTPALIMM OCTaTOYHOIO X/10Pa B 3amnacax
NUTbEBOV BOAbI B narepsx bexxeHues, FOxHbI CyaaH, MapT-anpens
2013 1.

MeTogbl bbinv NpoaHan3nMpoBaHbl dusnueckime n XuMmndeckmne
CBOWCTBa 3aMacoB BOAbl B Tpex narepax OGexeHues. AHanmns
BO[bl MPOBOAMICA B YeTbipe MOMEHTa BpeMeHU nocne ee
NOCTaBKY: (i) HenocpeACTBEHHO Y KPaHOB C BOAOW, (i) nocne cbopa,
(iii) nocne TpaHCNOPTVPOBKYM B lOMa U (iv) CyCTA HECKOMbKO YacoB
XpaHeHua B gome. VI3mepannch cneayiouime XxapakTepucTuKu:
CBOGOAHbIV 1 0OWNIA OCTATOUHBIM XNIOP, TeMNepaTypa, MyTHOCTb,
YPOBEHb pH, aneKkTpuueckaa NPpoOBOANMOCTb U OKUCIUTENBHO-
BOCCTAaHOBUTENbHbIV NoTeHUMan. MeToabl 06paboTku BOfbI
LIOKyMEHTanbHO GUKCMPOBANUCh MyTem BbIOOPOUHbIX MPOBEPOK Ha
MeCTe 1 IYHbIX ONPOCcoB. MaKTOPbI, BINAIOLLME Ha KOHLEHTPALMIO
OCTAaTOYHOrO X/J10Pa, aHaNM3nPOBaANNCh C MCMONb30BaHMEM
MaTeMaTUYeCKrx MOEeNen 1 Moaenen NMHeHOM perpeccun.
Pesynbratbl /117 HauanbHOM KOHLEHTPaLMM CBOOOAHOIO OCTaTOUHOTO
xnopa B8 npegenax 0,5-1,5 Mr/n Bo Bcex narepax oTMevanacb

CKOPOCTb Pa3foXeHNs, NpumepHo paBHas 5*107 n/Mr/mMuH.
PerpeccrnoHHble Mofeny nokasanu, YTo pasfioxkeHne oCTaTouHOro
Xnopa 6bln0 CBA3aHO C HauasbHbIM YPOBHEM KOHLIEHTPaLMK X/10Pa,
3NEKTPUYECKON MPOBOAMMOCTBIO M TeMNepaTypoit BO3ayxa. M3 Bcex
MEeTO[OB XpaHeHA BoAbl YyUlnTb KOHLEHTPALMIO OCTaTOYHOrO
X710pa NMo3BOMANO TOMbKO 3aKPbIBaHKE KOHTENHEPOB.

BbiBoA KOHLIEHTPaLMA OCTaTOUYHOTO XSI0Pa, M3MEPEeHHadA B 3amacax
BOAbI B narepax bexeHues B l0xHom CyaaHe, Obina CMLIKOM
HM3KOW. B nopAgke akCnepuMeHTa nNpeaiaraetca yBennynTb
peKomeHyemoe cofepkaHme cBObO[HOro OCTaTOYHOro XJ1opa
[0 1,0 Mr/n Bo BCex cUTyaumsax 6e3 yyeTa BCMbIEK [MapPeliHbIX
3aboneBaHul, ypoBHA pH vy myTHOCTM noTpebnaemoit Boab!.
CornacHo pesynbTatam UCCNeA0oBaHMs, 3TO NMO3BONUT obecneunTs
KOHLEHTPaLMI0 CBOOOAHOrO OCTATOUHOTO X103, PaBHyto 0,2 Mr/n, Ha
MPOTAKEHUN Kak MUHUMYM 10 4acoB Mocne AOCTaBKY BOAbI. Tem He
MeHee Hemb3A C yBePEeHHOCTbIO CKasaTb, MPYMEHVIMBI NV pe3ynbTaThl
[aHHOro MCCnefoBaHVA K APYrMm narepsam, NO3TOMY HEOOXOAMMO
NpoBeAeHVe AONONHUTENbHbBIX UCCIEA0BAHUIA.

Resumen

La eficacia de las practicas de emergencia de tratamiento del agua en los campos de refugiados de Sudan del Sur

Objetivo Investigar la concentracion de cloro residual en los suministros
de agua potable en los campos de refugiados de Sudan del Sur, entre
marzo y abril de 2013.

Métodos Para cada uno de los tres campos de refugiados, se midieron
las caracteristicas fisicas y quimicas de los suministros de agua en cuatro
puntos después de la distribucion: (i) directamente de las tomas de
agua; (ii) después de la recogida; (iii) tras transportarla a los hogares;
y (iv) tras varias horas de almacenaje en los hogares. Se midieron los
siguientes parametros: el cloro residual libre y total, la temperatura, la
turbiedad, el pH, la conductividad eléctrica y el potencial de reduccién
de oxidacion. Se documentaron las practicas de tratamiento del agua
con verificaciones y autoinformes de los encuestados. Se analizaron los
factores que afectan a las concentraciones de cloro residual mediante
modelos de regresion matemdticos y lineales.

Resultados Para las concentraciones iniciales de cloro residual libre en el
rango 0,5-1,5 mg/l, se encontrd una tasa de depreciacién de ~5x10° 1/

mg/min en todos los campos. Los modelos de regresién mostraron que
la depreciacion del cloro residual estaba relacionado con los niveles de
cloroiniciales, la conductividad eléctricay la temperatura ambiente. Los
niveles de cloro residual mejoraron tras cubrir los contenedores de agua,
pero no tras aplicar otras practicas de tratamiento del agua.
Conclusién Las concentraciones de cloro residual que se midieron
en los suministros de agua en los campos de refugiados de Sudan
del Sur eran demasiado bajas. Se recomendé provisionalmente que
la directriz de cloro residual libre se incrementara a 1,0 mg/l en todas
las situaciones, independientemente de los brotes de la enfermedad
diarreicay del pH o la turbidez de los suministros de agua. De acuerdo
con nuestros resultados, esto deberia garantizar un nivel de cloro residual
libre de 0,2 mg/I hasta al menos 10 horas después de la distribucion. Sin
embargo, no sabemos si nuestros resultados son generalizables a otros
campos Y, por lo tanto, se requieren mas estudios.
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