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Effects of Temperature and pH on Reduction of Bacteria in a Point-
of-Use Drinking Water Treatment Product for Emergency Relief
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The effects of temperature and pH on the water treatment performance of a point-of-use (POU) coagulant/disinfectant product
were evaluated. Cold temperatures (~5°C) reduced the bactericidal efficiency of the product with regard to Escherichia coli and

total coliform log,, reductions.

here is evidence that point-of-use (POU) water treatment and

safe storage techniques can be effective interventions to pre-
vent diarrheal diseases in humanitarian emergency contexts (1).
Water quality objectives for humanitarian relief (2) consist of no
Escherichia coli per 100 ml, a free chlorine residual (FCR) of 0.5
mg/liter (30 min contact time and pH < 8), and turbidity of less
than 5 nephelometric turbidity units (NTU).

Coagulant/disinfection products (CDPs) are a POU water
treatment option that provide microbial quality improvements,
turbidity reductions, and a posttreatment FCR. Most commer-
cially available CDPs are sachets containing a coagulant (e.g., fer-
ric sulfate) and a disinfectant (e.g., calcium hypochlorite) along
with other chemical components (e.g., oxidizing agents, floccu-
lant aids, etc.) for a predetermined treatment volume. Cold tem-
peratures (<<5°C) can affect coagulant-assisted treatment pro-
cesses (3), and alkaline pH levels (>8) can render free residual
chlorination less effective (4). Thus, the effects of pH and temper-
ature (under extreme conditions) should be an important part of
the evaluation of the treatment efficiency of CDPs and were the
objective of this study.

Treatment efficiencies (i.e., bacterial removal, turbidity reduc-
tions, and FCR levels) were evaluated against current humanitar-
ian water treatment objectives (2) and recent quantitative micro-
bial risk assessment (QMRA)-based criteria for the evaluation of
POU treatment options (5). This study focused on bacterial water
quality improvements (i.e., E. coli removal), the microbial quality
criterion in relief situations.

Treatment steps of a CDP (PUR; Procter & Gamble Co., Pak-
istan) were adapted to a laboratory setup, namely, mixing (for 5
min), settling (for 5 min), cloth filtration, and continued disinfec-
tion (for 20 min). A Kemwater Flocculator 2000 (Kemira, Swe-
den) stirring paddle was set at 250 rpm to provide uniform mix-
ing. A commercially available cloth (J-Cloth; Associated Brands,
Canada) was used as the filtration material to simulate a worst-
case scenario for this step. This was in line with the objective of
evaluating the CDP’s performance under simulated extreme con-
ditions.

The test water was a 1:5 dilution of primary settled wastewater
(Station d’epuration Est, Québec) in dechlorinated tap water (5).
Treatment efficiencies were tested under different conditions,
namely, “reference” (pH 7, 20°C), “extreme pH” (pH 9, 20°C),
and “cold temperature” (pH 7, 5°C). When needed, pH was ad-
justed with NaOH and H,SO,. A crushed ice jacket around the
mixing vessel kept test water at 5 = 1°C. Turbidity was adjusted to
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approximately 100 NTU using a kaolin clay slurry. In order to
further examine the temperature and pH effect on the different
underpinning treatment processes (e.g., coagulation and disinfec-
tion), experiments under all three conditions were repeated with
the addition of sodium thiosulfate before CDP treatment to neu-
tralize its disinfectant, thereby allowing for an estimation of the
bacterial removal attributable to the coagulant-assisted (i.e., sed-
imentation) and filtration steps.

Turbidity, pH, and FCRs were measured using a 2100 P turbi-
dimeter, HQ40d pH meter, and pocket colorimeter, respectively,
as specified by the manufacturer (HACH, USA). With the excep-
tion of FCRs (sampled only after treatment), all other measure-
ments were made with samples collected before (f = 0 min) and
after (+ = 30 min) treatment. Triplicate bacteriological sampling
was conducted with sterile bottles containing sodium thiosulfate.
Enumeration of E. coli and total coliforms was performed with the
Colilert Quanti-tray/2000 system (IDEXX Laboratories). Cold
temperature and extreme pH effects on microbial indicator re-
ductions in comparison to reference conditions were assessed by
Student’s £ test analyses (o = 0.05). CDP testing under each set of
conditions was repeated 3 times.

Performance data of the CDP are summarized in Table 1. Un-
der reference conditions, its performance was comparable to that
reported previously (6-8). Any differences could be attributed to
the choice of a thinner filtration material used in this study. The
method detection limit of 1 most probable number (MPN)/100
ml for bacterial analysis was used in the geometric mean calcula-
tions when microbial concentrations were less than 1. Cold tem-
peratures (5°C) affected bacterial and turbidity reductions the
most, with the least compliance of recommended quality criteria
with regard to E. coli and turbidity (2). FCRs of at least 0.5 mg/liter
(2) were not observed under any condition, possibly due to the
greater chlorine demand of the primary settled wastewater dilu-
tion used. Tests in naturally occurring surface waters should yield
FCRs in the range of 0.5 to 1.5 mg/liter (9).
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Mean (range) CDP performance summary”

TABLE 1 CDP performance summary
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Room temp, pH 9

5°C, no pH adjustment

Room temp, no pH adjustment (reference)

30 min after treatment Before treatment 30 min after treatment Before treatment 30 min after treatment
3.3 X 10° (<1 X 10° 1.2 X 10° (<1 X 10°

1.0 X 10° (<1 X 10°

Before treatment

Parameter

7.3 X 10° (5.9 X 10° 4.6 X 10° (2.7 X 10°

7.3 X 10° (5.9 X 10°

E. coli (MPN/100 ml)®

to 3 X 10%) [56]
2.6 X 10" (1 X 10° to

to 7.0 X 10%)

1.8 X 10° (1.5 X 10°

to 1.3 X 10') [11]
1.5 X 10% (3.7 X 10°

to 1.0 X 10°)

2.1 X 10° (1.7 X 10°

to 2.0 X 10°) [78]
4.0 X 10° (<1 X 10°

to 1.0 X 10°)
2.1 X 10° (1.4 X 10°

Total coliforms (MPN/100 ml)®

1.7 X 10%) [0]
2.5 (1.8 to 3.7) [100]

to 2.8 X 10°)

101 (93 to 111)

ND

to 5.5 X 10%) [0]
9.2 (6.0 to 14) [0]

to 2.8 X 10°)
97 (92 to 104)

ND

to 4.3 X 10") [11]
1.7 (1.5 to 1.9) [100]

to 2.8 X 10°)
97 (91 to 113)

ND

Turbidity (NTU)

0.09 (0.07 to 0.11) [0]

0.07 (0.07 to 0.08) [0]
6.4 (6.3 10 6.5) [100]

6.6 (6.2t06.8)

0.09 (0.08 to 0.11) [0]

Free Cl, (mg/liter)

pH

6.8 (6.7 t0 6.9) [100]
21.1 (21.1t0 21.2)

9.0 (8.9t09.2)

72(7.2t07.2)

6.4 (6.3 10 6.5) [100]
21.4 (20.9 to 21.7)

72(7.2t07.2)

20.8 (20.7 to 20.9)

6.0 (5.3t0 6.4)

21.0 (20.6 to 21.3)
@ Unless otherwise indicated, results are shown as mean (range) [% of samples within recommended guidelines (2) or below detection limit (for total coliforms)]. ND, not determined.

b Geometric means used for microbial indicator data.
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FIG 1 Average E. coli log reductions (error bars represent 1 standard error;
n = 9 for each condition).

Cold temperature had a statistically significant (P = 0.005)
effect on log reductions of E. coli and total coliforms in compari-
son to results under reference conditions (Fig. 1). E. colilog reduc-
tion calculations for reference and extreme pH conditions were
bound by the method’s limit of detection, as many samples were
below 1 MPN/100 ml after treatment. This also explains why ob-
served differences were greater when considering total coliform
log reductions (Table 1), since the coliforms had a higher initial
concentration. Despite the observed temperature effect, the CDP
still achieved the minimum default QMRA-based 4-log reduction
(5) of bacterial indicator organisms. Extreme pH trials also
showed a statistically significant (P < 0.001) difference relative to
reference condition bacterial indicator log reductions. However,
this difference may not be attributed to the effect of pH on free
chlorination efficiency, as the final measured pH was near neutral
(Table 1). pH changed to nearly the final pH values within a short
time after the product addition (data not shown). The composi-
tion of the product (9) contains components known to affect so-
lution pH (e.g., ferric sulfate and sodium carbonate) and is
thought to bring the final pH to similar near-neutral values.

Under reference conditions, up to approximately 2 log reduc-
tions of E. coli were due to the combined action of the coagulant
(i.e., coagulation, flocculation, and sedimentation) and filter. This
log reduction was decreased by nearly 30% at cold temperatures.
The relative disinfectant potential (i.e., calculated E. coli removal
solely attributed to disinfectant) remained constant, indicating
that differences were likely attributed to coagulation-related pro-
cesses (i.e., coagulation, flocculation, sedimentation, and filtra-
tion). Similar trends were observed for total coliforms (not
shown).

Both E. coli removal and turbidity reductions were affected
mostly by cold temperatures. While turbidity is not a health-re-
lated parameter, perceived water clarity could be an important
factor in the acceptability of CDPs (10). Studies (6, 10) have
shown that a similar product can have a field performance inferior
to that found in laboratory testing (8). Therefore, it is possible that
under cold-water conditions, CPD performance can be further
compromised in field applications. The buffering effect of the
CDP’s formulation explains the lack of effect of pH on product
treatment performance. These results shed light on water quality
and operational limitations that should be taken into account
when deploying such products in relief situations.
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