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Contamination of drinking water soon after ccment mortar lining
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Abstract

The quality of water transported through freshly cemented water pipes depends not only on the type of cement used. The
other factor affecting the degree of leaching pollutants from cement coatings is the chemical parameters of the water. A
disinfection process is necessary for maintaining water which is safe for human health and high quality. However, simul-
taneously, the presence of disinfectant in water may cause some problems. The results of the experiments performed
showed that independently of the concentration of sodium hypochlorite in water, rapid changes of water pH soon after
cement mortar lining renovation may always be expected. The addition of disinfectant to water causes an increase in
pollutants leaching from cement coatings, even in the case of a low disinfectant dose. Although the concentration of
disinfectant in water has a differential impact on the degree of pollutants leaching from cement coatings, the increase
in the leaching of the pollutants is not proportional to the disinfectant concentration.
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1 Introduction

Many research papers report the various impacts of differ-
ent cement types used for cement mortar lining renova-
tion on the quality of transported water. In many cases,
the degree of water contamination as a result of elements
leaching from the protective cement coatings is strongly
dependent on the composition of the cement used [1-4].
But the type of cement used for cementing water pipes is
not the only factor to have an impact on water quality. It
is well known that soft water exhibits aggressive proper-
ties in relation to the concrete compounds. In contact with
concrete, soft water causes ions to be leached out of the
cement mortar until the ion balance between the water
phase and the cement liner is established.

The presence of ‘aggressive’ free carbon dioxide (CO,)
and the low content of carbonate (CO;) and bicarbonate
ions (HCO,) in water are responsible for the aggressiveness

of soft water. Leaching out of the calcium and hydroxide
ions from the structure of hardened cement mortar leads
to the creation of a poorly soluble calcium carbonate
(CaCO;) and then to the creation of an easily soluble cal-
cium bicarbonate (Ca(HCO,),).

Because of the leaching of calcium compounds, the
pH of concrete decreases and minerals which are durable
under high pH conditions are dissolved. This causes the
deterioration of the mechanical properties of the concrete.
Moreover, the risk of water contamination is then greater
[5-8].

One of the author’s previous experiments [9] showed
that soft water in contact with freshly cemented water
pipelines is more vulnerable to an increase in water pH
values and aluminium and chromium leaching than hard
water. Similarly, Douglas and Merrill’s experiments [10]
indicate that water with a lower Langelier saturation index
(‘aggressive’ water undersaturated with respect to CaCO;
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causes it to be dissolved [11]) contributes to the greater
increase in water pH and alkalinity and calcium leaching.
Thus, directly after renovation, a different impact of the
quality of water inflowing to the water supply network
on the leaching of pollutants from cement coatings and,
eventually, the degree of water contamination can be
expected.

Consumer tap water quality may be different from the
water quality directly after purification processes. The
quality of water transported from the water treatment
plant to the consumer can deteriorate; the degree of water
quality deterioration depends on many factors. It is known
that among the many different factors, secondary water
contamination depends on the chemical and biological
quality of this water. The lack of biological or chemical sta-
bility of water leads to the secondary contamination phe-
nomenon [12, 13]. Improper or insufficient adjustment of
water treatment processes in relation to the source water
quality affects the further susceptibility of this water’s
biological parameters to deterioration. Biologically stable
water should not support any adverse changes in bac-
teriological parameters [14, 15]. In turn, lack of chemical
water stability, as determined by some physico-chemical
water indices, may lead to the electrochemical corrosion
of metallic surfaces, or as was mentioned earlier, to cal-
cium compounds being deposited and leached from pipes
[16-19].

Considering the impact of some quality parameters of
water produced in water treatment plants on secondary
water contamination, in this paper, an analysis and com-
parison of the leaching of pollutants from cement coatings
into three disinfected waters were performed. Because
chemically instable water leads to the leaching of com-
ponents from new concrete structures, it was decided to
analyse whether any other factors, such as disinfectant
concentration in water, also affect the leaching of pol-
lutants directly after cement lining renovation. Namely,
based on some analysed research papers [20-22], it can
be supposed that when in contact with hardened cement
mortar, disinfected water shows a different aggressiveness
in relation to the cement compounds in comparison with
disinfectant-free water. Moreover, the two-fold nature of
disinfectants in water supply systems tends to support
such an analysis. It is obvious that water disinfection is a
very important process in safe-quality water production.
On the one hand, the use of chemical agents limits the
biological activity of many harmful pathogenic organisms,
in this way making water safe for human health. But on
the other hand, an excessive presence of chlorine com-
pounds in the water may contribute to the deterioration
of the water’s taste and smell. Moreover, disinfectants may
create harmful chemical by-products and accelerate pipe
corrosion [23, 24]. As Polish regulation [25] determines, the
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limitation value for free chlorine or chloramines in drink-
ing tap water is 0.30 mg Cl,/dm? and 0.50 mg Cl,/dm?,
respectively.

2 Experimental section
2.1 Preparation of cement mortar-lined pipes

In laboratory experiments, cemented pieces of water pipes
were used. The internal surfaces all of the four steel water
pipe pieces (pipes 1, 2, 3, 4) (Fig. 1) were covered manu-
ally with cement mortar. During the cement mortar lining
process, it was sought to maintain similar conditions as
during renovation under real conditions on a construction
site. The description of the cemented water pipes used and
cement coating preparation parameters are presented in
Table 1.

After a 24-hour cement coating curing time, all of the
four cemented water pipes were installed on separate test
stands for the static experiments (Fig. 1).

2.2 Water used in the experiments

During the experiments, water with disinfectant and water
without disinfectant was used. For preparing chlorinated
water solutions, sodium hypochlorite (NaOCl) with a con-
centration C=153.8 mg Cl,/dm?® and water collected at
the outflow from one of the water treatment plants for
Cracow (Raba Treatment Plant, Poland) was used. NaOCl|
is an effective disinfectant, commonly used for disinfec-
tion processes in water treatment plants [26]. Three dif-
ferent concentrations of chlorinated water solutions were
prepared: C;~0.38 mg Cl,/dm?, C,~0.16 mg Cl,/dm? and
(;=0.076 mg Clz/dm3. In turn, the water without disin-
fectant was water coming from the Raba Treatment Plant
outflow (soft water).

Fig. 1 Test stands with the cemented water pipes
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Table 1 Parameters of the cemented water pipes and cement coat-
ings

Water pipe
Material Steel
Length 25cm
Nominal diameter 82 mm
Internal volume without cement 1.320 dm?3
coating
Internal volume including cement  0.934 dm?

coating thickness
Cement coating
Portland cement CEM 1 42.5R
Quartz sand (0.4+-0.8 mm)
0.35 [kg water/kg cement]

Cement type
Sand type
Water-to-cement ratio

Sand-to-cement ratio 1:1 [kg sand/kg cement]

Thickness 0.65cm
Surface area 541.92 cm?
Curing time 24h

2.3 Laboratory experiments

The experiments were carried out under water stagnation
conditions. The cemented water pipes were simultane-
ously filled with a chlorinated water solution immediately
after its preparation (pipe 1—C,;=0.38 mg Cl,/dm?, pipe
2—C,=0.16 mg Cl,/dm?, pipe 3—C;=0.076 mg Cl,/dm?
and pipe 4—water without disinfectant). The volume of
water filling the pipes was less than 1.0 dm?>. Each of the
four tested waters remained in contact with the cemented
pipes for the same period of time, in a temperature of
about 23 °C. Based on the Netherlands [27] and Polish [28]
standards, the schedule of collecting water samples was
elaborated. After 1, 2,4, 7,9, 12, 16, 19, 36 and 64 days,
water was collected from test stands and investigated in
the laboratory for different water quality indices, such as
pH and chemical element concentrations, including cal-
cium, aluminium, chromium and lead. Subsequently, the
emptied pieces of pipes were refilled with the same water
types used at the start of the earlier experiment.

2.4 Results elaboration methods

Based on the measured element concentrations in the
water and based on Eqs. (1) and (2) [27], it was possible
to count the chemical elements leaching from the 1 m? of
cement coating surface area after contact with the chlo-
rinated waters (sodium hypochlorite concentration C;, C,
and G;) and with the water with no disinfectant (Fig. 3).
Cumulative leaching graphs (Fig. 3) enabled a compari-
son of the degree of the process of pollutants leaching
from the cement coatings after their contact with differ-
ent water types, including a comparison of the leaching

intensity within the whole investigation period (Tables 2,
3,4 and 5), and a comparison of the total leached amounts
of chemical elements noted at the end of the 64-day inves-
tigation period (Fig. 4).

GV

(M

E,= D P)
i=1

where E,—leaching of chemical element from the cement
coating unit area, (mg/mz), Ci—measured chemical ele-
ment concentration in the collected water sample, (mg/
dm?3), V—the volume of water in contact with cement coat-
ing, (dm3), A—the surface area of cement coating, (m?),
E,—cumulative leaching of a chemical element from the
cement coating unit area, (mg/m?) and n—number of the
water replacement.

3 Results and discussion

During the experiments, independently of the disinfect-
ant concentration in water, rapid growth of water pH in
the initial period of contact with the cement coatings
was observed (Fig. 2). Mostly, the differences between
the water pH in the case of various sodium hypochlorite
concentrations were almost unnoticeable. The changes of
water pH values for the whole 64-day investigation period
were very similar in all of the four tested water types. It can
be stated that the concentration of disinfectant in water
has no meaningful impact on the degree of pH changes
which take place soon after renovation of the cement lin-
ing. Directly after the renovation, a rapid growth of pH
value, exceeding 12.0, may always be expected. In addi-
tion, further increases in water pH values can be observed
for quite some time. The research results presented by
Clark [20] and Deb et al. [21] also indicate that there is no
significant impact of the disinfectant type or its concentra-
tion in water on pH changes after contact with hardened
cement mortar.

It was observed that the addition of disinfectant to
water causes an increase in the leaching of pollutants from
cement coatings. Moreover, even the lowest disinfectant
dose causes a considerable increase in leaching of pollut-
ants (Fig. 3).

In contrast to the pH changes, the concentration of dis-
infectant in water has a differential impact on the leaching
of pollutants from cement coatings (Fig. 3). Nevertheless,
there was no observed proportionality of the increase in
the leaching of pollutants in relation to the disinfectant
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Table 2 Calcium leaching

intensity from cement coatings Time (days) I;T((fi;r;/tsr_ Leaching intensty (mg Ca/mdey)
into different water types 1 G G No disinfectant
~0.38mg Cly/dm®  ~0.16 mg Cl,/dm®  ~0.076 mg
Cly/dm?
0
1 339.52 1144.86 659.16 354.24
1
1 839.68 357.74 694.32 695.86
2
2 440.78 0.00 376.23 289.09
4
3 0.00 0.00 117.66 0.00
7
2 85.58 0.00 0.00 0.00
9
3 0.00 0.00 0.00 0.00
12
4 0.00 0.00 0.00 0.00
16
3 0.00 0.00 0.00 0.00
19
17 0.00 0.00 0.00 0.00
36
28 0.00 0.00 0.00 0.00
64

concentration. The chlorinated water with the lowest
sodium hypochlorite concentration (C;=0.076 mg Cl,/
dm?3) turned out to be the most aggressive in relation to
the calcium (Fig. 3a), aluminium (Fig. 3b) and chromium
(Fig. 3c) compounds in the cement coatings. It resulted in
leaching of the greatest total amounts of elements from
the cement coating into the water with C; disinfectant
concentration (Fig. 4).

In the case of calcium (Fig. 3a), the chlorinated water
with C, disinfectant concentration did not cause signifi-
cant leaching of calcium compounds in the next days of
the experiments, except on the first day. Calcium leach-
ing intensity recorded then was the greatest from among
all of the four water types (Table 2). Nevertheless, at the
end of the 64-day investigation period, the total amount
of leached calcium from the cement coating in the case
of the C, water was smaller by about 40% than in the case
of the C; concentration (Fig. 4). During the experiments,
it was observed that disinfectant concentration in water
has an impact on the degree of calcium leaching from the
newly installed cement coatings. Leaching intensity can be
visibly different, especially in the initial period of contact
of the cement coatings with chlorinated waters of differ-
ent concentrations (Table 2). Research results presented by
Clark [20] confirm that the calcium leaching process on the
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first day of contact of fresh hardened cement mortar with
water with different disinfectant types, or its concentra-
tions, may vary in significance. Similarly to the obtained
laboratory experiments results, Clark’s results [20] show
that the longer the time of concrete exploitation, the less
the disinfectant concentration will affect the degree of cal-
cium leaching. This was the same in all of the four tested
waters; after the most intensive calcium leaching in the
initial period of contact with the cement coatings, the
leaching process ceased after a few days.

Similarly to the calcium compounds, the chlorinated
water with C, disinfectant concentration caused the
lowest aluminium leaching, but in this case it was noted
for the whole investigation period (Fig. 3b, Table 3). This
resulted in a total amount of leached aluminium in the
case of the C, concentration water in the amount of
43.60 mg/m? (Fig. 4). This value ranged from more than
two times to more than three times lower than in the case
of the other tested waters. Although the most intensive
aluminium leaching from the cement coating is expected
soon after the cement lining renovation, independently
of the sodium hypochlorite concentration, a leaching pro-
cess with very weak intensity may be observed for a longer
time than, for example, calcium leaching (Table 3).The con-
firmation of the various impacts of disinfectant type or its
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Table 3 Aluminium leaching

intensity from cement coatings Time (days) '(I'(;r:;)interval Leaching intensity (mg Al/m?/day)
into different water types (@ G G No disinfectant
~038mgCl,/ ~0.16mgCl,/ ~0.076 mgCl,/
dm? dm? dm?
0
1 67.21 19.45 89.00 43.24
1
1 343 19.79 27.82 24.60
2
2 11.33 0.65 14.06 10.19
4
3 4.07 0.00 1.10 1.75
7
2 3.24 0.00 0.11 0.00
9
3 0.50 0.00 0.00 0.04
12
4 0.09 0.00 0.00 0.05
16
3 0.00 0.00 0.00 0.00
19
17 0.07 0.01 0.05 0.05
36
28 0.04 0.01 0.07 0.02
64

concentration on aluminium release from freshly cured
cement mortar to the water are Clark’s results [20] that
are presented in the author’s research paper.

The results obtained from the experiments show a
significant difference between the chromium leaching
from the cement coating to the chlorinated water with
sodium hypochlorite concentration C;~0.076 mg Cl,/dm?
and the water with no disinfectant (Fig. 3c). While in the
case of other chemical elements analysis, disinfectant-
free water caused a quite similar leaching as chlorinated
waters, in the case of chromium, the leaching process to
the water with no disinfectant was weaker in comparison
with the disinfected waters. Both leaching intensity val-
ues presented in Table 4 and the total leached amounts of
chemical elements graph (Fig. 4) confirm the much smaller
aggressiveness of non-disinfected water in relation to the
chromium compounds than the other water types, and a
similar chromium leaching process in all of the three dis-
infected waters.

The lead leaching process from the cement coatings was
tested only for two prepared water types: for water with the
highest sodium hypochlorite concentration (C;=0.38 mg

Clz/dm3) and for water with no disinfectant. In the first day
of the experiments, lead leaching intensity in both cases was
the same (Table 5). When, on the next day, the lead leach-
ing process ceased in the non-disinfected water, the disin-
fected water was still causing leaching of the element. The
result of this was a significant growth of leached lead in the
second day of the experiments (Fig. 3d). What is more, as
noted at the end of the 64-day investigation period, the total
amount of leached lead was three times greater in the case
of chlorinated water than in the case of the water without
disinfectant (Fig. 4).

To compare the obtained laboratory experiments results
with the results of other authors, a research paper of Kow-
alska et al. [22] shows that chlorinated water causes more
intensive leaching of the main cement components, espe-
cially calcium and potassium, than chlorine-free water. In
turn, an intensification of release of trace elements from the
cement coating to the disinfected water was not observed.
The authors of the paper [22] highlight the significant
impact of chlorinated water on the solubility of hardened
cement mortar components in comparison with non-dis-
infected water.
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jl'able{ Chromium Ieaching Time (days) Timeinterval  Leaching intensity (mg Cr/m?/day)
intensity from cement coatings (days) —
into different water types (& G G No disinfectant
~038mgCl,/ ~0.16mgCl,/ ~0.076 mgCl,/
dm? dm? dm?
0
1 0.304 0.468 0.486 0.089
1
1 0.114 0.072 0.099 0.068
2
2 0.059 0.020 0.068 0.048
4
3 0.040 0.00 0.034 0.023
7
2 0.043 0.00 0.017 0.00
9
3 0.017 0.00 0.00 0.00
12
4 0.00 0.00 0.00 0.00
16
3 0.00 0.00 0.00 0.00
19
17 0.00 0.00 0.00 0.00
36
28 0.00 0.00 0.00 0.00
64

Table 5 Lead leaching

. ” . Time (days)  Timeinter- Leaching intensity (mg Pb/m?/day)
intensity from cement coatings

into different water types val (days) G G G No disinfectant
~038mg ~0.16mgCly/dm®  ~0.076 mg Cl,/dm?
Cl,/dm?

0 No No

1 0.036 measurement measurement 0.035
1

1 0.057 0.00
2

2 0.00 0.00
4

3 0.00 0.00
7

2 0.00 0.00
9

3 0.00 0.00
12

4 0.00 0.00
16

3 0.00 0.00
19

17 0.00 0.00
36
28 0.00 0.00

64
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Fig.2 Water pH values after contact with the cement coatings

4 Conclusions

There are many reasons for secondary drinking water
contamination in water supply systems; one of the most
significant is the parameters of water produced in water
treatment plants. The achievement of the chemical and
biological stability of water inflowing to the water network
minimises the risk of the deterioration of water quality
delivered to the consumer. The lack of chemical stability
of water flowing through pipelines with internal cement
coatings may lead to the leaching of cement compounds,
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Fig.4 Total amounts of leached elements from cement coatings
into different water types noted at the end of 64-day investigation
period

thus contributing to the water contamination, e.g. as in
case of ‘aggressive’ soft water.

In this paper, an analysis and comparison of the leach-
ing of some pollutants from cement coatings into disin-
fected waters directly after renovation of the water pipes
were performed. This is in order to determine if there
are any other factors related to the water quality param-
eters affecting the degree of leaching of pollutants from
freshly cemented pipelines. As it turns out, the concen-
tration of sodium hypochlorite has little relevant impact
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Fig. 3 Cumulative leaching of elements from cement coatings into different water types
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on the changes in water pH after its contact with the
raw cement coatings. Independently of the disinfectant
concentration, cement coatings cause a similarly rapid
increase in pH values. In general, as experimental results
showed, adding a disinfectant to water contributes to
the considerable growth of the leaching of pollutants.
In the case of calcium, aluminium, chromium and lead
leaching from cement coatings into disinfected waters
and into disinfectant-free water, more visible differ-
ences were observed than in case of pH. However, as was
observed, the increase in leached pollutants in waters
was not proportional to the disinfectant concentrations.
The disinfected water with the lowest sodium hypochlo-
rite concentration (C;=0.076 mg Clz/dm3) turned out to
be the most aggressive in relation to the calcium, alu-
minium and chromium compounds, causing its leaching
in the greatest amounts.

It is known that water disinfection during purification
processes in water treatment plants is necessary for safe-
quality water production and to prevent and limit the sec-
ondary water pollution phenomenon. However, the pres-
ence of disinfectants in water may have a negative impact
on some organoleptic water parameters. Additionally, the
performed experiments show that disinfected water may
have an indirect impact on water quality. As it turns out,
the degree of the leaching of pollutants from cement
structures is also related to the presence of disinfectant in
water and its concentration.
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