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Abstract—Water quality directly influences human life. Drinking
water contamination can result in severe health problems. This
paper deals with the analysis of water specimens from
submergence of material containing high sulfuric fly ash as base
course material for road building. The specimens were obtained
from real road testing. Results showed that for the material that
used fly ash and chemical admixture, water quality was suitable
for drinking in accordance with the standard parameters
prescribed by the Vietnam Ministry of Health, while for the
material that used the same fly ash without chemical admixture,
the total arsenic content was eight times higher than that of the
former. Thus, if one desires to utilize fly ash with high sulfur as
base course material for road building, it needs to be used in
combination with appropriate chemical admixture, so that it
would not affect ground water quality.
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1. INTRODUCTION

Electricity consumption is growing nowadays especially in
developing countries like Vietnam along with economy
transformation [1]. According to the recent forecasting
consumption, Vietnam electricity system will need more than
500GWh by the year 2030 [2-5]. The latest master plan for the
power system of the country revealed that a half of that figure
will be supplied by coal-fired thermal power plants [6]. Along
with that, there will be million tons of fly ash from these plants
dumped to the environment. Apart from the ordinary fly ash,
there will be also a vast amount of fly ash with high sulfuric
content, which can be used for concrete or cement if it is
properly treated [7-10]. In order to improve the environmental
acceptability and reduce the construction cost of the deep
mixing method, the replacement of ordinary Portland cement
by supplementary cementing materials such as ordinary fly ash
has been recently involved into road building [11-16]. When
mixed with lime and water, fly ash forms a compound similar
to cement. When used with cement, fly ash improves strength
and durability, particularly where the locally available soil is
poor [17, 18]. Fly ash with high sulfur has been attempted to be
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used as base course material for road building [19-21]. This
type of fly ash improved the physical and mechanical
properties of soil similarly to the ordinary fly ash. However,
when it rains, water falling on the road diffuses into soil along
with other materials used for road building, which might be
detrimental to ground water quality, and ultimately would
affect public health [22-24]. The aim of this paper is to evaluate
water, which was used for submerging the specimens up to
saturated condition. The specimens were obtained from a road
which was built by using fly ash with high sulfur as base coarse
material. Water quality was evaluated in accordance with the
standards prescribed by the Vietnam Ministry of Health [25].

II.  WATER SAMPLE COLLECTION

In this study, a real road building test was performed. One-
kilometer rural road in Ward Huu Lung, Lang Son Province,
Vietnam was taken into consideration. The road was divided
into four segments of 250 meters each, which served for testing
four different materials, as shown in Table I. The first material
was local soil with 5% cement and 5% fine crushed stone. The
second and third ones were mixes with 9% and 5% high sulfur
fly ash and 5% cement. In the third mix, chemical admixture
was also used with the amount of 5% cement weight. Fly ash
with high sulfur was not added into the fourth mix, which used
only 5% cement and admixture.

TABLE L MATERIALS USED FOR THE ROAD BUILDING TEST
Material 1 | Material 2 | Material 3 | Material 4
Local soil 1 1 1 1
Cement PC40 0.05 0.05 0.05 0.05
Fine crushed stone 0.05 - - -
Fly ash with high sulfur - 0.09 0.05 -
Chemical admixture - - 0.0025 0.0025

All road building tests were carried out by equipment
provided from the VIETRACO JSC such as SAKAI®
stabilizer machine, rollers, rammers, etc. At first, the optimum
moisture content of the local soil was determined, depending
upon the water content that might be added to the soil. For the
first road segment (Material 1), after the placement of fine
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crushed stone, cement was dispersed with a thin layer, as it can
be seen in Figure 1. For the rest road segments (Material 2,
Material 4) cement and/or fly ash with high sulfur were placed
above the local soil. After the placing of raw materials (fine
crushed stone, cement, and/or fly ash), the stabilizer machine
came in and blended local soil and raw materials together.
Chemical admixture and water were added during the mixing
process (Figure 2). Finally, a rammer and a roller came in to
press and vibrate the composite material until its surface
became plane and dense.

Fig. 1. Cement and/or fly ash placement on the road before mixing with
local soil underneath

At 28 days, specimen extraction was carried out from all
the road segments by a hand-held coring machine. The
specimens from those segments are shown in Figure 3. After
extraction from the field, all specimens were moved to the
laboratory for further study. The specimens were submerged
into distilled water for 72 hours until reaching a saturated
condition, as it can be seen in Figure 4. After that, water
sample collection was conducted, as shown in Figure 5. Water
quality was estimated following the directives of [25] (Table

10).

Fig. 2.

Picture of on site equipment during the test
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Fig. 3. Sample extraction from the four road segments: a) Material 1,
b) Material 2, ¢) Material 3, d) Material 4

Fig. 5.

Water sample collection used for analysis
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TABLE II. STANDARD VALUES OF POTABLE WATER [8]
Parameters Units Standard value
pH indicator - 6.5-8.5
Ammonium content mg/l <3
Total arsenic content mg/l <0.01
Chloride content mg/l <300
Total iron content mg/l <0.3
Lead content mg/l <0.01
Total mercury content mg/l <0.001
Total manganese content mg/l <03
Nitrite content mg/l <3
E coli and/or coliform bacteria - No bacteria/ 100 ml

III.  RESULTS AND DISCUSSION

The results of water quality analysis are presented in Table
III. It can be seen that the pH indicator of all samples, including
the ones with fly ash (Materials 2-3), complies with the
standard potable water values in Table II. Regarding
ammonium content, the similar outcome is also observed. Total
arsenic content from all samples is within the standard values
except the one of Material 2. Chloride content from the water
of Material 2 is the highest, however all of them are within
standard values. The other parameters such as total iron
content, lead content, total mercury content, total manganese
content and nitrite content from the water of all samples are in
compliance with the standard values. Eventually, no E coli
and/or coliform bacteria were found in the water of all
materials.

TABLE III. WATER QUALITY ANALY SIS RESULTS
. Material
Parameters Units 1 2 3 2

pH indicator - 7.93 7.88 7.94 8.27
Ammonium content mg/l | 2.99 2.79 2.59 2.47
Total arsenic content mg/l | 0.006 | 0.08 0.009 0.009
Chloride content mg/l 5.68 6.75 5.68 6.04

Total iron content mg/l | 0.262 | 0.21 0.08 0.08
Lead content mg/l | 0.009 | 0.009 | 0.008 0.001

Total mercury content mg/l | 0.001 | 0.001 | 0.001 0.001
Total manganese content mg/l 0.16 [ 0.074 | 0.0016 | 0.0043
Nitrite content mg/l | 0.545 | 0.593 | 0.591 0.583

E coli and/or coliform bacteria - No No No No

It is noteworthy that due to the total arsenic content from
the water of Material 2, which is about eight times higher than
that of the rest, only this material that used fly ash with high
sulfur would not be applied for road building, because arsenic
is very harmful [22]. On the other hand, Material 3 also
involves fly ash with high sulfur, but the difference here is the
use of proper chemical admixture. According to the supplier,
this admixture is able to be dispersed around heavy metals in
the specimen and prevent them from being emitted to water.

IV. CONCLUSION

Although fly ash with high sulfur can improve physical and
mechanical properties of road building soil, the environmental
issue related to the use of this industrial waste must be
examined. Water from specimen submergence of the material
that used fly ash with high sulfur for road building was
analyzed in this study. The main conclusions of this study are:

e Water derived from specimen submergence of all materials
in this study complies with the quality parameters
prescribed by the Vietnam Ministry of Health, except for
water sampled from the material that used fly ash with high
sulfur.

e For the material that used the same fly ash and chemical
admixture, the water quality was suitable for drinking. The
admixture seemed to prevent metallic substances, which are
very harmful for human health, from being emitted to water
during submergence.

e Thus, if one desires to utilize high sulfur fly ash for road
building, it is recommended to be used in combination with
the appropriate chemical admixture, so that it would not
affect ground water quality.
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