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HIGHLIGHTS GRAPHICAL ABSTRACT

Study is first to investigate the possi-
bility of transfer of bacteria through
vapor.

Bacteria exhibited transfer in the
absence of mechanical disturbances
in reactors.

e Gram positive smaller bacteria trans-
ferred more than gram negative
larger bacteria.

Transfer probability increases at
optimal growth temperature of
mesophilic bacteria.

Salinity lowers bacterial survival and
has synergistic effect with tempera-

ture.
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highly humid atmospheres can get transferred through water vapor in the absence of other transfer
media to find their way to the distillate. To achieve this objective, passive solar reactors were chosen as
the medium for experimentation, and distillation experiments were conducted by spiking a pure bacterial
culture (Escherichia coli, Klebsiella pneumonia or Enterococcus faecalis) in low mineralized water vs. highly

I;:{ZZ?;:S: mineralized water in the dark under moderate temperatures ranges (30-35°C, 40-45 °C and 50-55°C).
Aerosolization Results showed that bacteria indeed get transferred with the vapor in stills when not exposed to solar
Water vapor U.V.radiation. The trends observed were adequately explained by a zero-modified Hurdle-Poisson model.
Humidity The numbers of cultivable bacterial colonies transferred were bacterial size, water type and temperature
Solar stills dependent with highest transfers occurring in E. faecalis > E. coli > K. pneumonia at the 40°C range in low

mineralized water. Proper management strategies are recommended to achieve complete disinfection in
solar stills.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Abbreviations: Mdn, Me@ian; I'QR, Inter-quartile range; CI, co'nﬁdence int.er— Many studies have been reported on the physical and oper-
val; CFU/100 ml, colony forming units per 100 ml of water; AIC, Akaike Information . . . s
Criterion. ational aspects of solar stills with most reporting on methods
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http://dx.doi.org/10.1016/j.jhazmat.2014.08.003
0304-3894/© 2014 Elsevier B.V. All rights reserved.


dx.doi.org/10.1016/j.jhazmat.2014.08.003
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhazmat.2014.08.003&domain=pdf
mailto:gayoub@aub.edu.lb
dx.doi.org/10.1016/j.jhazmat.2014.08.003

280 G.M. Ayoub et al. / Journal of Hazardous Materials 280 (2014) 279-287

resulting from these stills. In this context, contradictory results
have been shown to exist in that some studies indicated that the
distillate produced by a solar still was totally disinfected and fit
for direct consumption [10-15] while others have reported bac-
teriological contamination to exist in the distillate [16-20]. Some
of these studies have attributed contamination to the possibility
that salinity and growth of algae and other micro-flora in the
water to have affected the disinfection process in solar stills and
sheltered microbial contaminants from UV radiation [18]. Others
have hypothesized that bubbles, created by the turbulence of
adding water to the basin, could have burst and formed droplets
on the glass cover which contaminated the distillate [17]. Balladin
et al. attributed their distillate bacterial findings to airborne
microorganism contamination and low chloride concentration
[16]; Malaeb on the other hand suspected cross contamination
[19]. These inconsistent results deem to shed doubts as to the
health safety of distillates resulting from solar stills.

The authors who reported the presence of bacterial contami-
nation have not confirmed nor substantiated the sources of such
contamination and the issue was left without plausible explanation.
In the absence of justifications for the reasons leading to distillate
contamination, the present study is initiated to explore the pos-
sible transfer and dispersal of bacteria from contaminated water
subjected to moderate solar-induced temperatures via the gener-
ated vapor as a transport medium in the absence of mechanical
disturbances. The study will be limited to determining any physi-
cal transfer and the related impact of some operating parameters
rather than investigating the dynamics of the transfer. The results of
the study should help in determining the impact of such a transfer if
present and the related dangers in disease transmission and possi-
bly help shape the management strategies of solar stills specifically
and similar technologies that depend on water vapor for water
treatment and reuse.

2. Materials and methods
2.1. Solar stills

Four small single-basin solar reactors were constructed at the
American University of Beirut (AUB) from materials purchased
locally. Each reactor mainly consists of a circular basin, a hemi-
spherical dome and a distillate collector (Fig. 1). The basin has a
diameter of 23.5cm, an area of 433.5cm? and a working capac-
ity of 500 ml of water while each dome has a diameter of 24cm, a
volume of 3620 cm3and a surface area of 905 cm?. The basin can
be detached from the rest of the reactor to add or remove the
contaminated water without contaminating the rest of the reactor.

2.2. Test organisms and growth conditions

Three mesophilic bacterial strains commonly found in contam-
inated water sources were chosen in this study: Escherichia coli
ATCC 25922, Klebsiella pneumoniae ATCC 13883, and Enterococcus
faecalis ATCC 51922. Pure cultures were acquired on inoculated
agar plates from the AUB Medical Center - Beirut, Lebanon. The
cultures were preserved by freezing at —80°C. All reagents, lab-
ware and materials used in preserving the pure cultures were
sterilized by autoclaving. To prepare the stock for each type of
bacteria, the frozen culture was inoculated into 100 ml nutrient
broth and incubated at 37 °C for 18 h to reach stationary phase. The
phase of bacterial growth was determined spectrophotometrically
(E. coli: Agpo, 1.5; E. faecalis: Agpo, 1.1; K. pneumoniae: Agoo, 1.3)
(DR/4000 spectrophotometer, HACH, USA). The inoculated broth
was then centrifuged (Sorvall ST16, Thermo Scientific, USA) three
times at 10,000 rpm for 20 min to ensure the complete removal of
the growth medium and re-suspended into sterile Milli-Q grade
water to form the stock solution with an approximate concentra-
tion of 108 CFU/ml. All types of bacteria were harvested in the same
manner, with differences in the growth media used. MacConkey
agar was obtained from HiMedia Laboratories (Mumbai) and used
for E. coliand K. pneumoniae. Columbia Colistin Naladixic Acid (CNA)
agar was obtained from Deben Diagnostics (UK) and used for E. fae-
calis; and nutrient broth from BD Difco (USA) was used for all three
bacterial types. This method allowed for the detection of viable,
cultivable bacteria only.

2.3. Disinfection procedure

The disinfection of the reactors was insured by a rigorous clean-
ing procedure of the reactors with lab-grade detergent, 70% ethanol,
Milli-Q grade water then subjecting the reactors to ozonation
(Microzone 300, Clear Water Tech, LLC) and artificial 254 nm U.V.
light (Philips, Holland) for 30 min. Selection of the control still
among the four operating stills was done in a sequential manner to
check for any possible carry over contamination from the previous
experiment. If the control showed any contamination, the data was
discarded, the system re-disinfected and the experiment repeated.

2.4. Enumeration technique

The Miles and Misra drop count technique [21] was used for seri-
ally diluting the stock solution after which bacterial counts were
calculated by averaging the number of colonies, multiplying by 50
and dividing by the dilution factor to get the number of CFU/ml.
The sampling water had a bacterial population of approximately
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Fig. 1. Schematic of fabricated hemispherical solar stills.
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106 CFU/ml and was prepared in a batch mode before each exper-
iment then divided and added equally into each of the three stills
while the fourth still was kept as control. Prior to each experiment,
swab tests were taken from inside the dome and distillate collec-
tor of each reactor to ensure the absence of contamination in the
stills. Following the termination of each experiment, which was
determined to be 24 h, two grab samples were taken from the dis-
tillate collector and remaining water in the basin. Samples from
solar experiments were immediately shielded from sunlight and
processed directly to avoid photoinactivation. Processing of sam-
ples was performed using membrane filtration on cellulose filters
(47 mm diameter, 0.4 wm pore size), followed by plating on Mac-
Conkey agar for E. coli and K. pneumoniae or Columbia CNA agar with
5% sheep blood for E. faecalis. As for checking for bacterial transfer
to the dome of the distillation units, swab tests were taken from
each reactor.

2.5. Distillation under dark/thermally heated atmosphere

Reactors in thermally-heated atmospheres were placed in a
Thermo Scientific 1300 Series bio-safety cabinet to eliminate any
environmental contamination. Heat was provided through heating
mantles (Electrothermal, London) fitted with temperature regu-
lators to maintain constant temperatures. Light interference was
eliminated by covering the glass of the cabinet with a black cloth.

Water temperature and humid air temperature variations inside
the reactors were measured by two pre-sterilized K-type thermo-
couples inserted at the top of each reactor. Thermocouples were
attached to a Data Acquisition Module (Cole Parmer, Illinois) con-
nected to a PC and recorded by LabView (National Instruments,
Austin) at 30-min intervals for continual reading of temperature
(Fig. 2). The tests were conducted by adding to the reactors a sin-
gle species of bacteria of the same concentration and operated in
parallel under the same parametric conditions. Three reactors with
identical setups were run. Two samples from the distillate and two
samples from the basin were taken per reactor. A flow diagram of
the experiments is presented in Fig. 3 while experimental blocks
are presented in Table 1.

Fig. 2. Setup of thermal and solar experiments.

2.6. Solar distillation under natural sunlight

For comparative purposes, six solar distillation experiments
with the three bacterial strains where each strain was tested sepa-
rately, were carried out on a building roof at AUB (latitude: N33°54/;
longitude: E35°29’; altitude: 29 m) (Fig. 2). The solar experiments
were conducted for the synergistic role of temperature and U.V.
radiation on the inactivation of bacteria. Two solar experiments
were conducted on E. coli, two using tap water and two sea water,
in the months of September and October with a maximum solar
irradiance of 840 W/m? and average of 460 W/m?2. Water tempera-
tures are recorded in Table 2. Similarly, two solar experiments were
conducted on E. faecalis in April, 2013 under sunny conditions with
a maximum solar irradiance of 830 W/m? and average irradiance
of 456 W/mZ2. As for K. pneumoniae, two solar experiments were
conducted in April and September under sunny conditions with
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Fig. 3. Flow diagram of experiments.
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Table 1
Experimental blocks for thermal experiments.

Experimental  Bacteria type = Water type Water Replication

unit temperature (°C)

1 E. faecalis Tap 30 6

2 Sea 30 6

3 Tap 40 6

4 Sea 40 6

5 Tap 50 6

6 Sea 50 6

7 E. coli Tap 30 6

8 Sea 30 3

9 Tap 40 6

10 Sea 40 3

11 Tap 50 3

12 Sea 50 3

13 K. pneumoniae Tap 30 9

14 Sea 30 3

15 Tap 40 6

16 Sea 40 5

17 Tap 50 3

18 Sea 50 3

1-7(z)
PlG=y= e
T(Z;
i1(1—e~h)

a maximum and average solar irradiance of 837 and 459 W/m?,
respectively. Solar irradiance was measured with a portable CM3
pyranometer (Kipp and Zonen, The Netherlands) measuring global
solar radiation in the spectral range of 305-2800 nm during the
experiments.

2.7. Sampling procedure

Sea water, collected from the AUB Beach, was sampled in batch
mode to ensure consistency throughout the experiments. Prior to
use, samples were autoclaved. Chlorinated tap water samples were
collected from the laboratory where the samples were boiled and
cooled to remove any residual free chlorine. Water quality parame-
ters were analyzed based on standard methods [22] and presented
in Table 3.

Table 2
Experimental blocks for solar experiments.

2.8. Modeling

To explore the data, the Kruskal-Wallis (KW) one-way analysis
of variance by rank test, the non-parametric analogue of a one-way
ANOVA, was used to assess the statistical significance of bacte-
rial transfers as a function of the single effect of bacterial type,
water temperature, and the reactor water type. The Mann-Whitney
(MW) post-hoc test was also conducted whenever the KW test
indicated statistically significant difference between at least two
groups.

As for predicting bacterial transfers, Poisson generalized lin-
ear models were chosen since they are used to model positively
right-skewed count data. However, adopting a Poisson model to
predict bacterial transfer in reactors can result in over-predicting
or under-predicting the number of no transfers (0 CFU). As a result,
a flexible two-part zero-modified Poisson-Hurdle model was used
[23,24].

The Hurdle model for bacterial transfer data was fit using the
pscl package [25,26] in the statistical software R [27,28]. The Hurdle
model allows for zero-deflation, whenever the observed number of
zeros is fewer than expected. The model structure is expressed as
follows:

whenY; =0; 00 < 1
(1)

M > 0andyisapositioninteger greater than zero

where 7 is the probability of a non-zero response (i.e. crossing the
hurdle Pr(Y; >0)) and A is the mean of the Poisson model. Note that
when (1 — ) is less than e~*, the Poisson-Hurdle model results in
zero deflation. A logistic regression is used to model 77(z;) according
to Eq. (3). Additionally, a log link is used to model the mean of the
Poisson model as shown in Eq. (4). Note that x; and z; are (n x p)
vectors of predictor variables and B! and f are (p x 1) regression
coefficient vectors for the Hurdle and Poisson model respectively.
The x; and z; need not be different.

7(z;)
1-7(z)

log(X;) = x; (3)

The response variable (Y;) was defined as the count of the num-
ber of bacteria that were transferred in the reactor. The covariates
of interest were the type of bacteria, the temperature at which
transfer occurred, and the type of water (tap versus seawater). A

logit(7(z;)) = In( )=z (2)

Experimental unit Bacteria type Water type Water tempaverage (°C) Water temppmax (°C)
1 E. faecalis Tap 32.6 389
2 Sea 32.1 383
3 E. coli Tap 37.8 49.6
4 Sea 36.2 47.8
7 K. pneumoniae Tap 38.0 49.8
8 Sea 32.5 38.5
Table 3
Quality parameters of water used in stills.
Conductivity (S/cm?) TDS (mg/1 pH (at25°C) TSS (mg/l) Turbidity (NTUP)
at25°C)
Tap water <1500 563 +250 7.42+0.2 0.13 0.66+0.4
Sea water >15,000 29,000+ 250 7.86+0.2 35.8 0.84+0.4

Note: results are the average of 4 samples taken throughout the study period.
2 wS/cm: microsiemens per centimeter.
b NTU: nephelometric turbidity units.
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Fig. 4. Bacterial transfer measures in CFU/100 ml as a function of bacterial type, water type, and still temperature.

step-wise AIC based analysis was conducted to choose the predic-
tor variables for both the binomial Hurdle model and the truncated
Poisson model. It was found that temperature and the type of bacte-
ria were the best predictors for predicting the possibility of transfer.
Once transfer occurred, the number of bacteria transferred was best
predicted by the type of bacteria, water temperature, and type of
water used. As such Eqs. can be expressed as:

; _ gl 1 1 1
IOglt(n(Zi)) - ﬁE.faecealis + lBE, coli + IBK. pneumoniae + 1340

x I (Temp = 40°C) (4)

IOg()‘i) = IBE.faecealis + lgE. coli ﬂl(.pneumoniae + ﬂ40
x I(Temp = 40°C) + B5¢ x I(Temp = 50°C) + Brap

xI(Water = Tap) (5)

3. Results and discussion
3.1. Exploratory data analysis

The solar reactor efficiency under natural sunlight was calcu-
lated based on the method adopted in [13] to be 14.5%.

_ Qxhg  0.02x2.26x 10°
AxI  0.0434 x 7.2 x 101°

where E is the volumetric efficiency; Q is the average daily distilled
water output under natural sunlight (1); hg is the latent heat of
vaporization of water, equal to 2.26 MJ/l; A is the water surface
area in the still (m2); and I is the average daily solar insolation in
Lebanon, equal to 7.2 MJ/m? [29].

E =0.145

(6)

The rates of evaporation in thermal experiments were an aver-
age of 18 ml of distillate collected when stills were kept at 30°C,
95ml at 40°C, and 120 ml at 50°C.

The effects of water temperature, water type, and bacterial type
on bacterial transfer in solar reactors were assessed. A total of 18
tests were conducted. Each test had between 3 and 9 replications as
shown in Table 1. The number of bacteria in the distillate was mea-
sured following the termination of each experimental unit, which
was 24 hours.

It was found that bacterial transfer showed variability as a func-
tion of the physical conditions of the reactor and the bacterial
culture used (Fig. 4). Bacterial transfer data are clearly not normally
distributed, positively skewed, and lack equal variances across the
different groups (Fig. 5).

Results showed that the number of cultivable bacterial colonies
transferred in thermal experiments, expressed in CFU/100 ml,
from the basin water to the distillate was highest in E. faecalis
(Mdn=21.1,IQR=4.2-160.6) compared to K. pneumoniae (Mdn =0,
IQR=0-50) and E. coli (Mdn =1.25, IQR =0-200) as shown in Fig. 6.
The KW test results indicate that there is a significant difference
(p-value=0.043) in the number of cultivable bacterial colonies
transferred as a function of bacterial type. The results from the
MW post-hoc test indicate that the difference between K. pneumo-
niae and E. faecalis is statistically significant (p-value=0.05). The
other pairwise comparisons between the bacterial groups are not
significant at the 95% CI.

With respect to the effect of reactor temperature, the KW
test results indicated that the numbers of bacteria transferred
were highly affected by reactor temperatures (p-value=0.001394).
MW test results indicated that the only statistically signifi-
cant difference was between reactors heated to 40°C and 50°C
(p-value=0.0018). No statistically significant differences were
observed between transfers occurring at 30 and 40°C or between
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Fig. 5. Probability density function (pdf) plot of bacterial transfer across all bacterial
types, still temperatures, and still water type.

30and 50°C. The highest number of colonies transferred originated
from tap water (Mdn=15.2, IQR=0-203.3), as opposed to colonies
transferred from sea water (Mdn = 1.68,IQR =0-86.1). However, the
effect of water type on bacterial transfer did not show statistical
significance at the 95% CI (p=0.1057).

3.2. Hurdle-Poisson model

The probability of observing bacterial transfer in a reactor was
found to be dependent on the type of bacteria and water tem-
perature (95% CI; p-value<0.05). Meanwhile, the type of water
used in the reactor was not found to be a significant factor (95%
CI; p-value=0.088) in predicting bacterial transfer. As such, it was
dropped from the final model. Similarly, the probabilities of trans-
fer at 30 and 50 °C were not significantly different at the 95% Cl and
as such were combined in the model and predicted by a single term.
Table 4 compares the predicted probability of bacterial transfer to
the observed probability as a function of temperature and bacterial
type. The predicted probabilities are very close to those observed,
indicating that the model is adequately capturing the transfer pro-
cess (Fig. 6). E. faecalis has the highest probability of transfer of the
three bacterial types at a given water temperature. Additionally,

Table 4
Predicted and observed probability of bacterial transfer as a function of bacterial
type and water temperature.

Bacterial type Temperature Predicted bacteria  Observed

(in°C) I transfer bacterial

probability transfer
probability

Enterococcus faecalis 40 0.90 1.00

30 and 50 0.72 0.67
Escherichia coli 40 0.73 0.67

30 and 50 0.43 047
Klebsiella pneumoniae 40 0.60 0.55

30 and 50 0.30 0.29

the transfer probability is higher at 40°C as compared to transfer
rates at 30 and 50°C, irrespective of bacterial type.

Once transfer occurs, the number of bacteria in the distillate
can be predicted by the truncated Poisson model nested within
the Hurdle model. The predicted transfers of bacteria are shown in
Table 3, which summarizes the predicted count data as compared
to the observed counts in reactors that experienced transfer.

The effects of the water type, water temperature, and the bac-
terial type were all found to be significant at the 95% confidence
level (p-values on all model coefficients were <0.05). Additionally,
the model results indicated that there was a significant interac-
tion between the effects of the water type and the effects of water
temperatures (p-values <0.05). Reactors filled with tap water were
predicted to have the higher bacterial counts across all bacterial
types, irrespective of the water temperature. The lowest predicted
number of bacteria transferred occurs when the reactors were filled
with seawater and heated to 50°C. Yet, the effect of temperature
on the number of bacteria transferred was found to be a function of
salinity. Seawater reactors heated to 40 °C had on average slightly
lower bacterial counts as compared to their counterparts that were
heated to 30 °C. The ratio between seawater reactors heated to 40 °C
and those heated to 30°C was 0.85. In freshwater reactors, the
opposite effect was observed; reactors heated to 40°C tended to
have on average 3.3 times more bacteria than the freshwater reac-
tors that were heated to 30°C. When the seawater reactors were
heated to 50°C, the bacterial counts were predicted to be much
lower than those observed under 30 °C; the ratio was predicted to
be 0.04. Nevertheless, the model results indicated that the effect of
heating the water to 50 °C was dampened when the reactors were
filled with freshwater; bacterial counts were predicted on aver-
age to be almost identical (ratio=0.98) to the counts predicted for
freshwater reactors heated to 30°C. This indicates that the effect
of the combined stress of using high salinity water that is heated
to elevated temperatures is larger than the effect of any of the two
stressors alone (Table 5).
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Table 5
Mean predicted transfers of bacteria by the Hurdle-Poisson model.

Bacteria Water temperature (°C) Water type Mean predicted transfer (CFU/ml) Median observed (CFU/ml) Range observed (CFU/ml)
Enterococcus faecalis 30 Tap 431.2 375 10.5-40.7
Seawater 388.5 13.9 7.7-20.0
40 Tap 1427.3 2425.0 5.0-3250.0
Seawater 328.8 228.8 1.7-650.0
50 Tap 420.6 34.0 9.7-2000.0
Seawater 143 6.0 5.0-32.5
Escherichia coli 30 Tap 159.3 26.9 0.8-1195.0
Seawater 143.6 93.9 6.8-181.0
40 Tap 527.5 420.8 1.7-583.3
Seawater 121.5 500.0 500.0-500.0
50 Tap 155.4 NA NA
Seawater 5.3 NA NA
Klebsiella pneumoniae 30 Tap 204.2 167.5 8.0-1379.31
Seawater 184.0 416.7 133.3-1600.0
40 Tap 675.8 50.0 8.8-800.0
Seawater 155.7 1.7 1.7-1.7
50 Tap 199.2 NA NA
Seawater 6.8 NA NA
. . Observed for E. coli and K. pneumonia (0.7-2 logo reduction) as compared to
o A Predicted the original contamination levels when kept at temperatures not
§ 7 : exceeding 45 °C. When heated to 50-55 °C, levels of the two bacte-
rial species were significantly reduced and most often eliminated in
g | . the basin (5.5-61og1o reduction). This was in accordance with the
a3 . findings of Padia et al. [30]. At lower temperatures, results were
consistent with those reported by Rojko [31], who reported that
T 8. . E. coli concentrations were not significantly reduced at 46 °C. Note
§ 5 that Pope et al. [32], who kept E. coli from different water sources in
> storage at 35 °C for 24 hours, reported variable results ranging from
S g ’ no significant reduction to a 95.51% reduction in cultivable colonies
& q n : as tested by the membrane filtration method. Given these results it
é S : deemed expected that transfer at the 30-35 °Cand 40-45 °Cranges
@ 84 would be higher than the transfer at higher temperatures as the
- . . experimental results have shown.
° : " When E. faecalis were heated to temperatures ranging between
37 : 1 . a 30 and 35 °C, microbial counts in the basin, after 24 hours, did not
a 8 a L s . show any reduction. A slight reduction (1-2log;¢ reduction) was
ode S s b . 0 2 b, A ; HN observed at 40-45 °C. At 50 °C, a significant reduction (4.6-5.5 log1g
: | | reduction) was observed in the basin; yet E. faecalis were not com-
5 10 15 pletely eliminated. This was in accordance with studies that have

Experimental Unit

Fig. 7. Plot showing mean predicted bacterial counts by Hurdle-Poisson model.

Similar to the results in the overdispersed Poisson model, the
Hurdle model results indicate that bacterial type is a major factor
influencing the bacterial count in the distillate. The highest rates
of transfer were observed for E. faecalis, while the counts of E. coli
and K. pneumoniae were largely very similar. Model predicted mean
bacterial counts as a function of the experimental units are shown
in Table 5 and illustrated in Fig. 7. The results indicate that the
model tends to capture the main trends in the experimental data
and fits the data adequately well, given the large variability in the
observed data. The model residuals were checked for any biases;
but none were found as all residuals were centered on zero.

3.3. Thermal experiments

Thermal experiments highlighted the ability of bacteria, in the
absence of solar U.V. radiation, to transfer from water to air under
moderate temperatures. Swabs tests did not show any bacterial
presence under all temperature ranges for the three bacterial
species. Membrane filtration tests conducted on the remaining
water in the basin of the reactor showed slight bacterial reduction

reported E. faecalis to be more resistant to heat treatment than
other mesophilic bacteria like E. coli and K. pneumoniae and that the
stationary phase cells of E. faecalis can survive high pasteurization
temperatures of up to 65°C [33].

The study findings show that bacteria indeed have a mode of
transfer via water vapor which promoted transfer to the distillate.
The current results concur with the findings of Bonheyo et al. [34],
who reported that low numbers of bacteria could be transported
on water vapor across hot springs releasing steam. However, bacte-
rial transfer in that study could have been the result of mechanical
transfer mechanisms such as wind currents and cannot be defi-
nitely concluded to be the direct action of water vapor as the current
study has concluded.

No study up to our knowledge has investigated whether vapor
was actually capable of transporting microbial particles in solar
stills. It could be explained that, in the absence of any mechanical
disturbances, thermal convection currents in the water generated
upon heating initiate the aerosolization process of bacteria to the
water vapor particles.

3.4. Solar experiments

Results showed that, under sunlight, a starting contamination
range of 106 CFU/ml was totally eliminated in the distillate as well
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as the brine in the basins of the three bacterial species. Transfer of
bacteria could be taking place under sunlight, however, transferred
bacteria could be inactive and hence unable to be harvested on
growth media. Since dark/thermally-driven experiments showed
transfer, it can be assumed that the total absence of transfer in
solar experiments is due to the synergistic effect of thermal and
optical processes. McGuigan et al. [35] reported that thermal inac-
tivation starts playing a significant role in bacterial inactivation at
water temperatures exceeding 45 °C under sunny weather condi-
tions. However, current results showed that optical inactivation
could be sufficient alone even at temperatures as low as 38 °C when
strong sunshine is available. This corroborates studies [10-15] who
reported total bacterial inactivation in passive solar reactors under
strong sunshine. However, these studies, as well as the present
study, only tested inactivation under favorable sunny weather con-
ditions. Differences in weather conditions, along with other factors
like variations in latitude and season, could explain why some stud-
ies reported less than complete bacterial inactivation [16,17,20]
while others reported total bacterial elimination under sunlight.

4. Conclusions

The present research targeted the transfer of bacteria to the dis-
tillate by three passive single basin solar reactors in the presence
and absence of solar U.V. radiation. Experiments were repeated
with changes in the bacterial species, water type and water temper-
atures. Results showed that under natural sunlight conditions, the
synergistic effect of solar U.V. radiation and temperature plays an
effective role in inactivating the three fecal bacterial species E. coli,
E. faecalis and K. pneumoniae after the evaporation/condensation
cycles within the solar reactors while transfer of bacteria to the
distillate was recorded in thermally heated reactors in the absence
of U.V. radiation.

The trends observed in the experimental reactors that were not
exposed to solar radiation were adequately explained by a two-part
zero-modified HP model. A number of significant findings can be
deduced from the HP model:

e Low-temperature evaporation (30-50°C) in the absence of
mechanical disturbances and UV radiation could lead to the trans-
fer of bacteria through vapor from contaminated raw water in the
evaporation basin to the distillate in a solar still.

The only plausible medium of transfer of bacteria into the distil-
late of the solar still is the vapor.

Bacterial transfer was significantly affected by bacterial type
with gram positive, smaller bacteria (E. faecalis) transferring on
average more than gram negative, larger bacteria (E. coli and K.
pneumoniae).

® As the temperature in the water approaches the optimal growth
temperature of mesophilic bacteria, i.e. 37 °C, the probability of
transfer increases. Hence, transfer at the 40°C range was found
to be significantly higher than transfer at other ranges.

Salinity in seawater significantly lowers bacterial counts in the
distillate and plays a synergistic interaction effect with increased
temperature on bacteria.

Based on the findings of the study, the following recommenda-
tions can be drawn for the management and use of solar stills:

¢ Toensure that complete inactivation of bacteria in the solar still is
achieved, all parts of the still should be exposed to solar radiation
and introduction of the raw water to the still should be performed
during sunshine hours to give ample exposure of the added water
to UV radiation.

e Complete disinfection of solar still distillate should not be pre-
assumed and post disinfection of the distillate should invariably
be carried before ingestion.

Acknowledgments

The study was made possible by funding from the Lebanese
National Council for Scientific Research (NCSR). Any views, find-
ings or conclusions expressed are those of the authors and do not
necessarily reflect the views of the NCSR. The authors extend their
appreciation to Professor George Araj, Director of Clinical Microbi-
ology, for extending his help and advice.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.jhazmat.
2014.08.003.

References

[1] V.Velmurugan, K. Srithar, Solar stills integrated with a mini solar pond - analyt-
ical simulation and experimental validation, Desalination 216 (2007) 232-241.

[2] S. Abdallah, O. Badran, Sun tracking system for productivity enhancement of
solar still, Desalination 220 (2008) 669-676.

[3] M. Reali, G. Modica, Solar stills made with tubes for seawater desalting, Desali-
nation 220 (2008) 626-632.

[4] M. Sakthivel, S. Shanmugasundaram, Effect of energy storage medium (black
granite gravel) on the performance of a solar still, International Journal of
Energy Research 32 (2008) 68-82.

[5] S.Abdallah, M. Abu-Khaderand, O. Badran, Effect of various absorbing materials
on the thermal performance of solar stills, Desalination 242 (2009) 128-137.

[6] M. Aboabboud, G. Mink, A. Kudish, Condensation heat recycle in solar stills, in:
Proceedings of the World Congress on Engineering, vol. I, London, UK, 2009.

[7] B.I. Ismail, Design and performance of a transportable hemispherical solar still,
Renewable Energy 34 (2009) 145-150.

[8] A. Ahsan, S. Islam, T. Fukuhara, A. Ghazali, Experimental study on evapora-
tion, condensation and production of a new tubular solar still, Desalination
260 (2010) 172-179.

[9] G.M. Ayoub, L. Malaeb, Developments in solar still desalination systems: a crit-
ical review, Critical Reviews in Environmental Science and Technology 42 (19)
(2012)2078-2112.

[10] S. Qasim, Treatment of domestic sewage by using solar distillation and plant
culture, Journal of Environmental Science and Health. Part A: Environmen-
tal Science and Engineering: Toxic/Hazardous Substances and Environmental
Engineering 13 (8) (1978) 615-627.

[11] Y.P. Yadav, G.N. Tiwari, Demonstration plants of fibre reinforced plastic multi-
wick solar still: an experimental study, Solar & Wind Technology 6 (6) (1989)
653-666.

[12] D.W. Medugu, D.I. Malgwi, Design and development of solar still for effective-
ness in eliminating microbial contamination and salt in Mubi, Adamawe state,
Nigeria, Nigerian Journal of Physics 18 (2) (2006) 203-209.

[13] L.M. Flendrig, B. Shah, N. Subrahmaniam, V. Ramakrishnan, Low cost thermo-
formed solar still water purifier for D&E countries, Physics and Chemistry of
the Earth 34 (2009) 50-54.

[14] V.G. Gude, N. Nirmalakhandan, S. Deng, Low temperature process to recover
impaired waters, Desalination and Water Treatment 20 (1-3) (2010) 281-290.

[15] J.I. Eze, O. Onyekwere, LR. Ejilah, Solar powered distillation of lagos bar beach
water, Global Journal of Science Frontier Research 11 (6) (2011) 53-58.

[16] D.A. Balladin, O. Headley, A. Roach, Evaluation of a concrete cascade solar still,
Renewable Energy 17 (1999) 191-206.

[17] A. Hanson, W. Zachritz, K. Stevens, L. Mimbela, R. Polka, L. Cisneros, Distillate
water quality of a single basin solar still: laboratory and field studies, Solar
Energy 76 (2004) 635-645.

[18] M.T. Chaibi, A.M. El-Nashar, Solar thermal processes: a review of solar
thermal energy technologies for water desalination G, in: G. Micale, et al.
(Eds.), Seawater desalination: conventional and renewable energy processes,
Springer-Verlag, Berlin Heidelberg, 2009, Chap 6.

[19] L. Malaeb, Development of a solar still desalination system with enhanced
productivity, in: Ph.D. Thesis, American University of Beirut, Beirut, Lebanon,
2011.

[20] S.Kikuchi, H. Toyoda, A. Takami, S. Shimada, M. Ooba, T. Sekiyama, Simple solar
still using solar energy and compost heat for family use, Journal of Arid Land
Studies 22 (2012) 207-210.

[21] A. Miles, S. Misra, The estimation of the bactericidal power of the blood, The
Journal of Hygiene 38 (1938) 732-749.

[22] APHA, AWWA, and WEF, 2012. Standard Methods for the Examination of Water
and Wastewater, 22st edition. American Public Health Association, Washing-
ton, D.C.


http://dx.doi.org/10.1016/j.jhazmat.2014.08.003
http://dx.doi.org/10.1016/j.jhazmat.2014.08.003
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0005
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0010
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0015
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0020
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0025
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0030
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0035
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0040
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0045
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0050
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0055
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0060
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0065
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0070
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0075
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0080
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0085
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0090
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0095
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0100
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0105

G.M. Ayoub et al. / Journal of Hazardous Materials 280 (2014) 279-287 287

[23] ]J. Mullahy, Specification and testing of some modified count data models, Jour-
nal of Econometrics 33 (3) (1986) 341-365.

[24] G.King, Variance specification in event count models: from restrictive assump-
tions to a generalized estimator, American Journal of Political Science 33 (1989)
762-784.

[25] S.]Jackman, in: Department of Political Science, Stanford University (Ed.), pscl:
Classes and Methods for R Developed in the Political Science Computational
Laboratory, Stanford University, Stanford, CA, 2012.

[26] A. Zeileis, C. Kleiber, S. Jackman, Regression models for count data in R, Journal
of Statistical Software 27 (8) (2008) 1-25.

[27] R. Ihaka, R. Gentleman, A language for data analysis and graphics, Journal of
Computational and Graphical Statistics 5 (3) (1996) 299-314.

[28] R. Core Team, R: A Language and Environment for Statistical Computing, Foun-
dation for Statistical Computing, Vienna, Austria, 2013.

[29] Green Line Association, Status and Potential of Renewable Energy Technolo-
gies in Lebanon and the Region (Egypt, Jordan, Palestine, Syria), Green Line
Association, Beirut, 2007.

[30] R.Padia, R. Karthikeyan, S. Mukhtar, I. Parker, Occurrence and fate of E. coli from
various non-point sources in a subtropical watershed, Journal of Natural and
Environmental Sciences 3 (2012) 9-18.

[31] C. Rojko, Solar disinfection of drinking water, in: Masters Thesis, Worcester
Polytechnic Institute, MA, United States, 2003.

[32] M.L. Pope, M. Bussen, M.A. Feige, L. Shadix, S. Gonder, C. Rodgers, Y. Chambers,
J. Pulz, K. Miller, K. Connell, J. Standridge, Assessment of effects of holding time
and temperature on Escherichia coli densities in surface water samples, Applied
and Environmental Microbiology 69 (2003) 6201-6207.

[33] A. Mushtaq, D.G. Smith, S. Mahboob, Effect of heat treatment on stationary
phase cells of Enterococcus faecium and E. faecalis, International Journal of Agri-
culture & Biology 4 (2002) 1560-8530.

[34] G.T. Bonheyo, ]. Frias-Lopez, B.W. Fouke, A test for airborne dispersal
of thermophilic bacteria from hot springs, in: W.P. Inskeep, T.R. McDer-
mott (Eds.), Geothermal Biology and Geochemistry in Yellowstone National
Park, Proceedings of the Thermal Biology Institute Workshop, Mon-
tana State University Publications, Yellowstone National Park, WY, 2005,
pp. 327-342.

[35] K.G. McGuigan, T.M. Joyce, R.M. Conroy, ].B. Gillespie, M. ElImore-Meegan, Solar
disinfection of drinking water contained in transparent plastic bottles: charac-
terizing the bacterial inactivation process, Journal of Applied Microbiology 84
(1998) 1138-1148.


http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0115
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0120
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0125
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0130
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0135
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0140
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0150
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0155
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0160
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0165
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175
http://refhub.elsevier.com/S0304-3894(14)00658-X/sbref0175

	Vapor-induced transfer of bacteria in the absence of mechanical disturbances
	1 Introduction
	2 Materials and methods
	2.1 Solar stills
	2.2 Test organisms and growth conditions
	2.3 Disinfection procedure
	2.4 Enumeration technique
	2.5 Distillation under dark/thermally heated atmosphere
	2.6 Solar distillation under natural sunlight
	2.7 Sampling procedure
	2.8 Modeling

	3 Results and discussion
	3.1 Exploratory data analysis
	3.2 Hurdle–Poisson model
	3.3 Thermal experiments
	3.4 Solar experiments

	4 Conclusions
	Acknowledgments
	Appendix A Supplementary data
	References


