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Four point-of-use disinfection technologies for treating sewage-contaminated well water were compared.
Three systems, based on flocculant-disinfectant packets and N-halamine chlorine and bromine contact disin-
fectants, provided a range of 4.0 to >6.6 log10 reductions (LR) of naturally occurring fecal indicator and
heterotrophic bacteria and a range of 0.9 to >1.9 LR of coliphage.

Disasters and flooding can overwhelm sanitation infrastruc-
ture, leading to sewage contamination of potable waters. This
may be routine during the wet season in many parts of the
world and spreads numerous waterborne diseases (21). Point-
of-use (POU) water treatment has reduced the incidence of
diarrheal disease when used for household drinking water (3,
4, 6, 13) and is now being promoted for disaster relief. While
POU systems have recently been reviewed (14), to our knowl-
edge there has been no direct, experimental comparison for
treating actual sewage-contaminated waters. In this study, the
efficacies of four POU disinfection systems (based on sodium
dichloroisocyanurate [NaDCC] tablets, a flocculent-disinfec-
tant powder, and chlorine and bromine contact disinfectant
cartridges) in reducing the concentrations of six microbial in-
dicators in well water contaminated with raw sewage were
compared.

The NaDCC tablets (67 mg; Aquatabs; Medentech, Wex-
ford, Ireland), used for disinfection in low-turbidity water,
have shown preliminary efficacy for routine household drinking
water treatment (3, 4). The flocculant-disinfectant packet (4 g;
PUR; Procter & Gamble Co., Cincinnati, OH) includes
Fe2(SO4)3, bentonite, Na2CO3, chitosan, polyacrylamide,
KMnO4, and Ca(OCl)2 (13). It achieved �7.3 log10 reductions
(LR) of 24 bacteria species; �4.6 LR of poliovirus and rota-
virus in EPA no. 2 test water (turbidity, �30 nephelometric
turbidity units [NTU]) (15); and reduced diarrheal illness in
Guatemala, Liberia, Kenya, and Pakistan (6, 7, 11, 13).

HaloPure canisters (Eureka Forbes, Mumbai, India) contain
N-halamine polymer disinfectant beads, poly[1,2-dichloro-5-
methyl-5-(4�-vinylphenyl)hydrantoin] for chlorine canisters,
and poly[1,2-dibromo-5-methyl-5-(4�-vinylphenyl)hydrantoin]
for bromine canisters. Seeded laboratory trials achieved �6.8
LR for Escherichia coli and Staphylococcus aureus as water was
passed through the canisters (2). The Cl-contact (producing
residuals ranging from 0 to 0.6 mg/liter) and Br-contact
(with residuals of 0.68 to 1.8 mg/liter) disinfectants achieved

2.9 LR and 5.0 LR of the bacteriophage MS2, respectively,
and 27.5% and 88.5% reductions of the algal toxin micro-
cystin, respectively (5).

Sewage-contaminated water was prepared by mixing 9 liters
of potable, nonchlorinated well water (pH 7.8; turbidity, 0.33
NTU; Williamston, MI) with 1 liter of raw sewage (City of East
Lansing Wastewater Treatment Plant, MI) with an average pH
of 6.6 � 0.1, a biochemical oxygen demand of 144 � 36 mg/
liter, a concentration of total suspended solids of 146 � 31
mg/liter, and a turbidity of 132 � 12 NTU. Three disinfection
trials were conducted at room temperature for each POU
system on three different days to allow for variance in sewage
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FIG. 1. Flow schematic for contact disinfectant cartridges. Arrows
indicate the directions of water flow from the upper reservoir (U),
through the halogen (chlorine or bromine) disinfectant cartridge
(H) containing packed N-halamine beads (N), to the lower reservoir
(L) and out through the open tap.
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strength. The turbidities of 1:10 dilutions of raw sewage aver-
aged 7.5 � 2.0 NTU. Table 1 lists the indicator microorganism
concentrations in the influent and effluent for each system.

All systems were used in accordance with the manufacturer’s
directions for 10 liters of water. For NaDCC trials, one tablet
was added and allowed 30 min of contact time (total dose of
3.2 mg/liter of hypochlorite; in deionized water, one tablet
produced 2.1 mg/liter free Cl residual). For flocculant-disin-
fectant trials, one packet was added, stirred vigorously for 5
min, strained through cheesecloth after 10 min, and allowed 20
min of further contact time. The amount of hypochlorite in-

cluded in one packet was not indicated, but one packet pro-
vided 1.5 mg/liter free Cl residual in 10 liters of deionized
water. Samples were taken at 1, 3, 5, 10, 15, and 30 min for
both systems.

For the Cl-contact and Br-contact trials, disinfectant car-
tridges were installed in AquaSure housings consisting of an
upper reservoir for influent, which flows by gravity through the
disinfectant cartridge to a lower reservoir with a tap for dis-
pensing (Fig. 1). The housings usually include cloth and acti-
vated charcoal prefilters, but these were removed in order to
directly evaluate the disinfectant. With the tap open, 10 liters

FIG. 2. Average LR of naturally occurring microorganisms at 30 min for sewage-contaminated well water (1:10 dilution of raw sewage in well
water) with the use of four POU disinfection systems (error bars represent 1 standard error). � indicates that effluent was below the limit of
detection for all samples. Limit of detection was substituted to calculate LR and actual reductions may be greater than shown.

TABLE 1. Concentrations of influent and 30-min-effluent microorganisms for POU disinfectant systems treating sewage-contaminated water

Microorganism
group

Geometric mean concn (range) �% of samples below detection limit�a

NaDCC Flocculant-disinfectant

Influent Effluent at 30 min Influent Effluent at 30 min

Total coliforms 2.7 � 104 (6.7 � 103 to
7.6 � 104)

4.3 (4.0 � 10�2 to 1.6 � 102) 1.7 � 104 (1.2 � 104 to
2.7 � 104)

4.0 � 10�2 (�1.0 � 10�2 to 2.4 � 10�1) �33�

Heterotrophic
plate counts

8.7 � 104 (2.7 � 104 to
1.8 � 105)

6.4 � 101 (2.1 � 101 to 4.5 � 102) 8.9 � 104 (2.9 � 104 to
4.3 � 105)

8.5 (4.7 to 2.7 � 101)

E. coli 3.3 � 103 (7.7 � 102 to
1.1 � 104)

1.8 � 101 (9.0 � 10�1 to 5.3 � 102) 6.7 � 103 (2.3 � 103 to
4.3 � 104)

1.1 � 10�2 (�1.0 � 10�2 to 1.3 � 10�2) �66�

Enterococci 8.8 � 102 (5.7 � 102 to
1.3 � 103)

2.3 (�1.0 � 10�2 to 4.9 � 101) �33� 6.3 � 102 (5.0 � 102 to
8.7 � 102)

�1.0 � 10�2 �100�

Clostridia 1.6 � 102 (6.0 � 101 to
3.0 � 102)

6.4 (6.7 � 10�1 to 7.7 � 101) 2.0 � 102 (7.0 � 101 to
6.0 � 102)

7.9 � 10�1 (4.5 � 10�1 to 1.4)

Coliphage 1.5 � 102 (1.2 � 102 to
2.2 � 102)

3.1 � 101 (�1.0 to 1.8 � 102) �33� 1.4 � 102 (1.3 � 102 to
1.4 � 102)

1.9 � 101 (�1.0 to 1.1 � 102) �33�

a Values shown are numbers of CFU/ml except those for coliphage, which are numbers of PFU/ml. The percentage of samples below the detection limit (n 	 3 for
all systems) is 0% if not shown.
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of influent was added and samples were collected at first flow
(6 to 12 min) and after 15 and 30 min of flow. A single chlorine
canister was used for all trials; the bromine canister was re-
placed for the third trial because the original clogged.

Microbial indicators in the influent and effluent (collection
tubes contained sodium thiosulfate) in triplicate were quanti-
fied as numbers of CFU/ml by using mENDO agar for total
coliforms (9), mHPC agar for heterotrophic plate counts (8),
mTEC medium for E. coli (19), mEI agar for the genus
Enterococcus (18), and mCP agar for the genus Clostridium (1)
(Becton, Dickinson and Co., Franklin Lakes, NJ). Coliphage
(PFU/ml) were measured with a double agar overlay assay,
EPA method 1601 (17). Residuals (mg/liter) were measured
using a Hach chlorine (free and total) test kit, model CN66
(Hach Co., Loveland, CO) (used for bromine in accordance
with Hach method 8016 [10], with the instrument reading mul-
tiplied by 2.25 [the ratio of the atomic weights of bromine and
chlorine], as advised by Hach Co. technical support).

Comparison of water quality levels was done at 30 minutes.
LR were calculated, with zeros replaced with the detection
limits (Fig. 2). All POU systems reduced microbial concentra-
tions below the detection limit in some trials (Table 1), making
the calculated reductions the lower bound for those trials.

Average LR for each POU system were compared using
two-way analysis of variance with post hoc least-significant-
difference (LSD) tests, performed with SPSS 11.0.1 (SPSS,
Inc.). LR at 30 min differed significantly between systems
(analysis of variance; F3,5 	 20.6; P � 0.001). There was no
significant difference between the LR achieved by flocculant-
disinfectant and contact disinfectants (LSD; mean difference,
0.2 to 0.5 LR; P � 0.05), while the NaDCC tablets induced
significantly lower reductions (LSD; mean difference, 1.5 to 2.0
LR; P � 0.001).

There was detectable residual free chlorine after 30 min for
one NaDCC trial (0.4 mg/liter) and two flocculant-disinfectant
trials (0.1 and 0.4 mg/liter). No contact disinfectant trial pro-
duced a measurable residual.

No system in this study reliably produced residuals for safe
storage after POU treatment or ideal virus reduction. Except
for the NaDCC system, the POU systems achieved approxi-
mately 5.5 LR for E. coli and coliforms, 4.5 LR for enterococci,
4.0 LR for heterotrophs, 2.5 LR for clostridia, and 1.0 LR for

coliphage. Coliphage was reduced below detection limits in all
trials with Br-contact, similar to what was found in previous
research (5). Bromine disinfection has proved safe and effec-
tive for large-scale maritime applications, like U.S. Navy ves-
sels (20), and appears promising for household treatment. Fur-
ther assessment of the Br-contact system is warranted, as is
field comparison of POU systems in disaster relief.
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