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Abstract: Facing the growing demand for water, discus-
sions on environmental sustainability and conservation of
this resource have become increasingly important. Among
the possibilities for water conservation, air conditioning
systems have potential applicability because, during their
operation, water is generated via the condensation of air
humidity, which is normally discarded. Thus, the objec-
tive of this work was to evaluate the water released by
air conditioning equipment (condensed water) installed in
the Laboratory of Water Analysis (LAnA) qualitatively and
quantitatively, in order to verify its potential for use in the
laboratory itself. For this, the quality of the water produced
by three air conditioners was compared water quality pa-
rameters found in the literature, as well as with water pro-
duced by a distiller and an ultra-purifier, both used in the
LAnA. Water quality was evaluated using physicochemi-
cal parameters (i.e. pH, electrical conductivity, resistivity,
alkalinity, turbidity, apparent color and hardness) and mi-
crobiological parameters (i.e. total coliforms, Escherichia
coli and heterotrophic bacteria). The average water flow
produced by the three monitored air conditioners was 3.08
L/hour, which is higher than the daily consumption by the
LAnA, indicating that its use would be quantitatively pro-
pitious. The physicochemical and microbiological analy-
ses found that, condensed water can be used in the routine
activities of LAnA. However, for its use as reagent-grade
water, a prior treatment would be necessary, mainly due
to the presence of heterotrophic bacteria.
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1 Introduction

The expansion of urbanization, coupled with reduction of
available quality water resources, has led to concerns re-
garding environmental sustainability, which have resulted
in formal discussions on the subject such as those at the
Stockholm Conference in 1972, ECO 92, Rio +10 and Rio
+20, among others. After these debates, the concept of
reuse and utilization became widely diffused, showing the
potential in our environment for optimization of resources,
such as the case of water generated by air conditioning sys-
tems or as referred to in this research, condensed water [1-
3].

Details on studies related to condensate’s potential
use, in terms of quantity and quality are available in liter-
ature. [2] analyzed the reuse of condensed air condition-
ing water in a university campus, obtaining results that
indicated water as a viable and safe source for direct use
in campus, such as in bathrooms, laboratories, sidewalk
washes and irrigation gardens. Already [4] has analyzed a
system of collecting water from air conditioning of a ho-
tel and continuous treatment of the same. The authors ob-
served that the final water quality, permitted its use for
drinking purposes in the building.

According to [5], the operation of an air conditioner
is based on the withdrawal of warm air from the environ-
ment, concomitant with the introduction of cold air. The
evaporator unit, which is part of this equipment, is located
in the interior of the environment, and is responsible for
capturing hot air, which is directed to the condensing unit,
located outside of the environment. Here, the captured air
will undergo the inverse process, which captures the air
from the external environment, and directs it to circulate
through cooling coils following the evaporator unit, which
releases the cooled air to the internal environment [2]. The
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process of cooling air in the coils promotes the condensa-
tion of the gaseous water present in the hot air mass, gen-
erating liquid water as a by-product [3]. Among the more
specific uses of water, there is the use in laboratory activi-
ties. In this context, [6] and [7] emphasized the importance
of reagent-grade water quality for the execution of several
laboratory tests, as well as their monitoring, since alter-
ing water quality may lead to inaccuracies in the results
of tests. Therefore, it is desirable that the condensed water
to be used meet the parameters established by guiding en-
tities, such as the Clinical and Laboratories Standards In-
stitute (CLSI) or the American Society for Testing and Ma-
terials (ASTM).

In their review, [7] describe the CLSI Type I classi-
fication of reagent-grade water as water whose applica-
tions include ultrapure water, molecular biology assays
and cell culture. Classification of Type Il includes water for
general use in the preparation of culture media and solu-
tions, in biochemical assays and for microbiological cul-
tures; while Type III, is used for washing glass-material
and autoclaving. The authors also present the classifica-
tion used by ASTM, which classifies reagent-grade water
into four classes, according to physicochemical character-
istics (Type I, Type II, Type III and Type IV), and three
other classes according to the microbiological character-
istics (Type A, Type B and Type C).

Considering the potential use of condensed water pro-
duced by air conditioning systems and the accentuated
water consumption needed to make distilled water, the
present research aims to evaluate the quality of the con-
densed water generated during the operation of air condi-
tioners and its possible application in the activities devel-
oped in the laboratory itself.

2 Material and methods

This study took place in the Laboratory of Water Analy-
sis of the School of Civil and Environmental Engineering,
Federal University of Goias (LAnA / EECA / UFG), Goia-
nia, Goias, Brazil. The capitation and collection system
consisted of three air condensing units, one of 9000 BTUs
(brand MIDEA) and the other two of 12000 BTUs and 24000
BTUs (brand ELGIN), all connected by 25-mm diameter
PVC pipe with connections and accessories ensuring insu-
lation from the external environment, thereby preventing
possible contamination (Figure 1a). During the study pe-
riod, air conditioners operated at temperatures between
20 to 24°C, where the annual mean temperature in the
city was 26.57°C and relative air humidity was 55.95%. The

Use of condensed water from air conditioning systems = 285

system converged to a single point of condensed water re-
lease, where collections were made, and the accumulated
volume stored in a 100-L closed reservoir (Figure 1b). This
reservoir contained a system to prevent overflow and a tap
for volumetric collection. Initially, the entire system line
was cleaned by sanitization with 1.0 N hydrochloric acid
solution, followed by three successive flushes with ultra-
pure water.

Figure 1: The water storage and collection system located outside
the Laboratory of Water Analysis of the Federal University of Goias
(@), as well as the detail of the reservoir for the storage of collected
water (b).

For purposes of comparison, distilled water from a dis-
tiller (FANEM, 724/2-A), and ultrapure water from an ultra-
purifier (GEHAKA, Master All), were collected directly from
the outlet pipe and evaluated.
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Quantitative analysis took place on a single day, with
the samples being collected between 9 AM and 6 PM. Qual-
itative analyses included physicochemical and microbio-
logical parameters and followed the requirements of the
procedures established in standard methods [8], as de-
scribed in Table 1. Sampling water from the distiller, ultra-
purifier and the air conditioning unit took six days, with
five days of daily collection in the morning. On the fifth day
of sampling, hourly collections were made for six consec-
utive hours corresponding to the operating period of the
laboratory. The heterotrophic bacteria analyses were per-
formed only during the fifth day when 5 samples were col-
lected. Thus, 10 samples were collected for each type of
water, with all analyses being performed immediately af-
ter collection.

All samples were submitted to a Principal Component
Analysis (PCA), for interpretation of the results obtained
from the samples collected from the air conditioning units,
distiller, and ultra-purifier.

3 Results and Discussion

The air conditioner units produced a mean flow rate of
3.08 L/h, ranging from 2.7 to 4.1 L/h (Figure 2), which rep-
resents 30.8 L of water produced from 8 AM to 6 PM daily.
These values are close to those found by [9], who observed
a total flow rate of 4.25 L/h at the Technology Center of
UFRN-Brazil, with 1.06 L/h for a 12000 BTU unit, 1.04 L/h
for a 9000 BTU unit and 2.25 L/h for a 24000 BTU unit.
However, [10] observed a flow rate of 0.50 L/h for a 12000
BTU device and 0.38 L/h for a 9000 BTU device; but, did
not quantify that for a 24000 BTU device. Values well be-
low that are quantified in the present study. According
to [2], the flow produced by air conditioners can be variable
and depends on the power of the equipment and found
that, for air conditioners from 9000 BTUs up to 24000
BTUs, the relationship with air volume is linear. In addi-
tion, [2] pointed out that other factors may interfere with
the production of water from the equipment, such as tem-
perature and relative humidity of the local air and equip-
ment model and maintenance. The present study found
that the volume of condensed water produced is sufficient
to meet the demands of the laboratory in question, which
consumes a volume of less than 20 liters of water daily.
Qualitatively, the bacteriological analysis showed ab-
sence of Escherichia coli and total coliforms in the three
water samples analyzed, as well as the absence of het-
erotrophic bacteria in ultrapure water. However, het-
erotrophic bacteria were detected in the distilled and con-
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Figure 2: Volume of condensed water produced during the opera-
tion of the air condenser LAnA/UFG.

densed waters, particularly in greater quantities in the lat-
ter (Figure 3).

Based on the CLSI standardization, which differenti-
ates water quality among three types, and the ASTM stan-
dardization, which characterizes water among three types,
the review by [7], stated that the average value of het-
erotrophic bacteria in condensed water is over that rec-
ommended for all microbiological categories of water ac-
cording to the ASTM. However, for the CLSI, considering
the maximum amount of CFU found, condensed water
fell within the limits defined for types II and III. The au-
thors also report that, according to CLSI, the use of clin-
ical reagent-grade water (CLRW) should have a maximum
bacterial count of 10 CFU/mL. When special-grade reagent
water (SRW) is required, for example in the case of DNA
and RNA testing, the review recommends that, laborato-
ries should specify the reagent grade water for their use
according to the needs of the analyses.

In this way, to increase the possibility of using con-
densed water, it would need to be treated to reduce or
minimize the count of heterotrophic bacteria. According
to Standard Methods [8], some processes are considered
excellent for reducing bacteria, including distillation, fil-
tration and ultrafiltration. Thus, it is suggested that a fil-
tration treatment be applied to condensed water intended
to be used as reagent grade water.

The presence of bacteria of the genus Legionella has
not been evaluated here. However, comment on its im-
portance should be made, since it is a genus of interest
in public health and may lead to errors in the analyzes
carried out in laboratories. [11] evaluated a contamina-
tion of cooling towers of air conditioning systems by Le-
gionella, in Shanghai, to identify that 58.9% had Legionella
presence. The Legionella species identified in the study
were predominantly the Legionella pneumophila. The au-
thors also demonstrated that, in point out of air temper-
atures (between 25 — 35°C) represent an ideal variation
for the growth of this bacteria genus which is necessary
in your monitoring. The same species was already iden-
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Table 1: Physicochemical and microbiological parameters analyzed, as well as the analytical techniques used according to Standard Meth-

ods [8].
Parameter Unit Analytical technique Method
Alkalinity mg CaCO3/L Titulometric Method 2320B
pH Electrodemaster 4500-H+ B
Turbidity Nefelometric Turbidity Unit (NTU) Nephelometric 2130B
Apparent color Hazen Unit (HU) Spectrophotometric 21208B
Electric conductivity uS/cmat 252C Potentiometric 2510B
Hardness mg CaCOs3/L Titulometric Method EDTA 2340 C
Resistivity M Q-cmat 25 °C Potentiometric 2510B
Total coliforms Mesenteric Lymph Nodes (MLN)/100 mL Chromogenic Substrate 9223 B
Escherichia coli Mesenteric Lymph Nodes (MLN)/100 mL Chromogenic Substrate 9223 B
Heterotrophic bacteria Colony Forming Unit (CFU)/mL Pour Plate 9215B

900 820 824
Condensed water
Destilled water
Average in condensed water
Average in distilled water
600
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300 265
213

lel
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Heterotrophic bacteria (UFC/mL)
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Time of collection day

Figure 3: Quantity of heterotrophic bacteria in CFU/ml found in
distilled and condensed water throughout the monitoring period.

tified in Kuwait region using a water-cooling tower sys-
tem. In this case, ca. 84% of the samples analysed pre-
sented the mentioned bacteria with counts ranging from 1
to 88 CFU/mL [12]. The legionella species was also found in
condensed water in Brazil (Sdo Paulo state). In this study,
ca of 9.7% of Legionella with concentrations ranging from
1,0 x 10% - 1,6 x 10?> UFC/mL was identified. A specific
genus, Legionella pneumophila, was found in condensed
water obtained from hospital [13].

The pH range of the condensed water samples varied
from 6.6 to 7.4 (Figure 4), corroborating other studies, such
as [14] which observed a range of 7.0 to 7.3 and [2] which
documented a range from 6.7 to 7.8. Distilled water had a
pH range of 6.8 to 7.2 and ultrapure water between 5.1 and
6.0. It is important to point out that when the water passes
through a purification process, its temperature is higher
immediately after its exit than that found in stored water.
Thus, when it is exposed to the atmosphere, it is subject
to the dissolution of ionic impurities into its composition,

such as CO,, which can change values of the analyzed pa-
rameters [17].
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Figure 4: pH values found in condensed, distilled and ultrapure
water, with daily (a) and hourly (b) monitoring.

The average turbidity of the samples was lower than
0.40 NTU for all three water types, with the lowest values
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being found for ultrapure water, followed by condensed
water. The average turbidity observed in condensed water
was lower than that presented by [15], which was 2.01 NTU
for research conducted in Saudi Arabia. On the other hand,
[16], observed a turbidity of 0.45 NTU for condensed water
in a study carried out in the state of Paraiba, Brazil, cor-
roborating the data observed here.
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Figure 5: Turbidity values found in condensed, distilled and ultra-
pure waters, with daily (a) and hourly (b) monitoring.

As shown in Figure 6a (daily monitoring) and 6b
(hourly monitoring), the lowest mean alkalinity value
was obtained for ultrapure water with 0.24 mg CaCOs3/L
(SD = 0.07), followed by condensed water with 0.78
mg CaCOs/L (SD = 0.29) and distilled water with 2.0
mg CaCOs3/L (SD = 0.25). The alkalinity obtained in the
samples of condensed water ranged from 0.4 to 1.3 mg
CaCO03/L, corroborating those observed by other authors,
as is the case of [14] and [16], who observed, respectively,
alkalinity of 1.08 mg CaCOs/L and 0.47 mg CaCOs/L.
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Figure 6: Alkalinity values found in condensed, distilled and ultra-
pure water, with daily (a) and hourly (b) monitoring.

The average resistivity of condensed water was around
0.053 MQ-cm (SD = 0.013), distilled water was 0.021 MQ-cm
(SD = 0.002) and ultrapure water was 0.577 MQ-cm
(SD = 0.101). Thus, the resistivity of condensed water was
closer that of distilled water (Figure 7a and 7b).

According to Standard Methods [8], reagent-grade
water is classified as high quality when the resistivity
is higher than 10.0 MQ-cm, medium quality when the
resistivity is higher than 1.0 MQ-cm (but lower than
10.0 MQ-cm) and low quality when the resistivity is higher
than 0.1 MQ-cm (but lower than 1.0 MQ-cm). Accordingly,
all three types of water of the present study are considered
to be of low quality. Furthermore, condensed water does
not meet the established standards for clinical reagent-
grade water (CLRW), when comparing the mean results
with standards established by CLSI and the ASTM, as out-
lined in the review by [7].

The low water quality, according to the parameter of
resistivity, could be explained by the fact that water is
subject to the effect of dissolved CO,, which will produce
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C0527, HCO;~ and H* ions that reduce water resistivity.
The resistivity of pure water, at 25° C, is approximately
18.2 MQ-cm, and when exposed to the atmosphere, rapidly
approaches 1.0 MQ-cm. In addition, accurate resistivity
measurements are not feasible when measuring cells ex-
posed to the atmosphere because of the ionic contamina-
tion described above. Therefore, immersion cells cannot
be recommended for measurements of high purity water
resistivity [17].
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Figure 7: Resistivity values found in condensed, distilled and ultra-
pure water, with daily (a) and hourly (b) monitoring.

The obtained values of electrical conductivity (EC)
showed an average of 48.11 uS/cm (SD = 4.95) for distilled
water, 1.76 pS/cm (SD = 0.50) for ultrapure water and 19.23
uS/cm (SD=4.96) for condensed water. The latter being
practically the same as that obtained by [14], who observed
an EC 0f 20.76 uS/cm in their qualitative-quantitative study
of condensed water. Figure 8 shows the daily (Figure 8a)
and hourly (Figure 8b) values for conductivity. The varia-
tion for condensed water was 12.02 to 28.78 puS/cm. [2] ob-
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served similar values of between 10.13 and 20.69 pS/cm,
but, higher values than those found in the present study
have been reported, such as that of [16], who observed an
EC of 70 pS/cm in condensed water.

The values observed in the present study were higher
than the levels established in the Standard Methods [8],
which may be the result of inaccuracies due to the influ-
ence of other variables in the measuring equipment.
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Figure 8: Electrical conductivity values found in condensed, dis-
tilled and ultrapure waters, with daily (a) and hourly (b) monitoring.

According to [18], apparent color refers to suspended
particles, which is not recommended for reagent-grade wa-
ter since, the medium under analysis can interact with
the particles present and may alter the results of tests per-
formed in the laboratory.

Regarding the results of apparent color, with the ex-
ception of distilled water, the values found were lower
than 0.8 HU, with mean values of 0.37 HU (SD = 0.21), 0.54
HU (SD =0.21) and 1.10 HU (SD = 0.99) for condensed, ultra-
pure and distilled water, respectively. The values found for
condensed water were lower than those observed by [16],
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who reported 4.0 HU (+ 0.001). In general, the results were

below 2.7 HU for all waters.
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Figure 9: Apparent color values found in condensed, distilled and
ultrapure water, with daily (a) and hourly (b) monitoring.

The average daily hardness of condensed water was
3.60 mg CaCO3/L (SD=1.78), while those of distilled it
was 28.4 mg CaCOs/L (SD=12.91), and ultrapure water
was 3.10 mg CaCOs/L (SD = 1.73). These values are lower
than the average values observed by [14], 9.30 mg/L, [2],
4.65 mg/L and [16], 12.0 mg/L (SD = 0.001).

Condensed water possessed values of hardness prac-
tically equal to that of ultrapure water (Figure 9a and 9b),
ranging from 2.0 to 6.0 mg CaCOs3/L for condensed water
and from 1.0 to 6.0 mg CaCO3/L for ultrapure.

According to [18], hardness establishes the concentra-
tion of multivalent cations present in the water. Therefore,
a possible explanation for greater hardness of the distilled
water than those of condensed and ultrapure water is in-
adequate distillation, due to the inflow of incoming wa-
ter into the equipment not being regulated in accordance

DE GRUYTER

with the technical specifications of the apparatus, thereby
making distillation ineffective, causing cations to be trans-
ferred from treated water to the distilled water.
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Figure 10: Hardness values found in condensed, distilled and ultra-
pure waters, with daily (a) and hourly (b) monitoring.

The first two axes of the principal components anal-
ysis (PCA) explained 81.7% of the total variance. Further-
more, a correlation was found between the parameters and
the types of water analyzed (Figure 11), with ultrapure wa-
ter and condensed water having similar characteristics.
Distilled water exhibited more graphically distant values,
evidencing differences in the quality since its parameters
had higher values compared to the other two waters.

The loadings of the PCA are provided in table 2, which
represents the weight of the variables in the linear com-
bination with the main components, that is, the variables
with greater weight are the most important from a sta-
tistical point of view. Regarding Factor 1, which explains
66.73% of the total variance of the observed data, conduc-
tivity and alkalinity are the parameters that interfere the
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most with the quality of condensed, ultrapure and distilled
water.
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Table 2: Loadings of the samples in relation to the direction of the
main components (Factor 1 and 2) for the water types studied.

(a) F1(65.93 %)

Variables (axes F1 and F2: 81.70 %)
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(b) F1(65.93 %)

Figure 11: Principal Component Analysis to the group condensed,
distilled and ultrapure water. Samples whereupon (a) set of data
represented by each group and (b) orientation of the variables con-
sidered.

4 Conclusions

Based on the results of the physicochemical and bacteri-
ological analysis of the present work, it can be concluded
that condensed water possesses a level of quality interme-

Variable Factor 1 Factor 2
Observations (axes F1 and F2: 81.70 %) pH 0.8647 -0.1049
3 Turbidity 0.7830 0.4226
o Condensed water ® Alkalinity 0.9339 -0.0845
2 e Distilled water - ° ® Resistivity -0.8764 0.1523
© Ultrapure water O .
Conductivity 0.9628 -0.0913
s 1 ° To Hardness 0.7127 -0.4138
~ (&) . . 8 . : . Apparent color 0.4231 0.8393
5 e Tt ¢ ' =
~ 8o o
-1 HE diate to that of distilled water and the ultrapure water; but,
8 being closer to the latter. Thus, condensed water has the
g T %o potential to replace distilled water in the activities of the
5 Laboratory of Water Analysis (LAnA).

The types of water tested presented low quality in re-
lation to the parameter of resistivity and electrical conduc-
tivity, not meeting the limits for water grade reagent ac-
cording to Standard Methods and for use in clinical labo-
ratory.

In terms of bacteriological quality, the development of
heterotrophic bacteria in the condensed and distilled wa-
ters was observed and depending on the intended use of
the water in the laboratory, it is suggest that a treatment
be done to reduce the quantity of heterotrophic bacteria in
condensed water.

It can be concluded that the volume of condensed
water produced daily by the air conditioner units of the
present study are sufficient to meet the demands of the lab-
oratory.

Future research related to the use of condensed wa-
ter is recommended, particularly regarding the analysis of
water quality parameters required by international regula-
tory agencies. In addition, the influence of local air quality
on the quality of condensed water needs to be investigated.
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