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ABSTRACT

Alkalinity, pH, and pCO; are generally regarded as the most important parameters affecting trace element
leaching from coal ashes. However, little is known about how those parameters are actually regulated
in the field condition. This study investigated the processes controlling those parameters by observing
undisturbed porewater chemistry in a closed ash disposal site. The site is now covered with 30-50 cm
thick soils according to the management scheme suggested by the Waste Management Law of Korea and
our results show the important role of soil cover regulating those parameters in the shallow porewater.
Without the soil cover, the shallow porewater shows low pCO, and alkalinity, and highly alkaline pH.
In contrast, the porewater shows much higher alkalinity and near neutral pH range when the site was
covered with the low permeability soils. This difference was caused by the CO, supply condition changes
associated with the changes in infiltration rate. The geochemical modeling shows that the calcite pre-
cipitations induced by porewater aging, dolomitization, and weathering of solid phases are the main
processes controlling alkalinity, pH, and pCO, in the deep saline porewaters. The weathering of coal ash

plays the most important role decreasing the alkalinity in the deep porewater.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Several studies report that trace elements leached from coal
ashes can create a potential threat to the environments [ 1-4]. It has
been shown that the trace element leaching can be explained by
geochemical processes such as precipitation/dissolution, adsorp-
tion/desorption, and redox speciation [2,3,5-7]. Since pH regulates
those processes, it is generally regarded as a master variable
controlling the leaching of toxic trace elements in natural envi-
ronments [2]. Alkalinity and pCO, (log partial pressure of CO, in
atmosphere) are also considered as important variables for pre-
diction of trace element leaching because they define solution pH
in natural conditions. Therefore, many previous studies have tried
to measure or predict the element leachability as a function of
pH [3,7-9], alkalinity [10], or pCO, [11]. However, studies mainly
focusing on the processes regulating pH, alkalinity, and pCO, of
porewaters have never been performed so far. In addition, most of
the previous studies were carried out based on lab leaching exper-
iments using fresh coal ashes. As a result, the leaching and the
behavior of trace elements in the field condition are still poorly
understood.
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In this study, we investigated porewaters of a closed ash disposal
site of a power plant, which is located on the western coast of Korea
(Fig. 1a), to see how pH, alkalinity, and pCO, are regulated in natural
conditions. The plant burns about 0.8 Mt of pulverized anthracite
coals annually for production of electric power and has disposed
of its coal ash into ponds formed inside of the concrete offshore
dykes (Fig. 1a). Ashes are conveyed to the pond through pipelines
in slurry form and seawater has been used to make the slurry
because the plant is located on the seashore. The ash disposal site
where this study was performed had been operated since 1983 till
1994 and is now covered with 30-50 cm thick soils (<105 cms~!
in hydraulic conductivity) to avoid blowing of the ashes and to
reduce the amount of leachates [5]. Therefore, a precise inspec-
tion of the porewaters of the study site can also provide substantial
insights into the role of soil cover on the porewater chemistry and
the geochemical processes affecting pH, alkalinity, and pCO, by
interaction between seawater and coal ash. We believe this study
provides valuable insights into the variations of the leachability
and the behavior of trace elements by prolonged reaction with coal
ashes in the field condition.

2. Method

To collect undisturbed porewater samples, two multilevel sam-
plers were installed: one at a site where the dumped ashes were
covered with soils (OM2) and the other in the 2.5 m deep, square-
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Fig. 1. Location of study site (a) and the sampling points of the multilevel samplers (b). Numbers in (b) represent sampling port ID.

Fig. 2. Vertical distributions of various chemical parameters.
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shaped excavation (OM1) (Fig. 1b). The samplers were installed
with a bundle of polyethylene tubes of 3.18 mm in diameter accord-
ing to the hand driven method suggested by Stites and Chamber
[12]. Sampling ports of each sampler were placed at depths rang-
ing from about 4 to about 10 m (Fig. 1b). Each port was screened
with stainless steel mesh (#200). The excavation was dug in August
4-5,2001 and the samplers were installed in August 12-15 of the
same year.

Porewater samplings were carried out three times in September
15,2001, November 10,2001, and April 12,2002. Samples were col-
lected using a peristaltic pump after pumping water till the changes
in temperatures, EC, and pH of the flowing water became negligible.
A seawater sample was also collected directly from the sea near the
study site. Temperature and pH were measured in the field using an
overflowing chamber to minimize the disturbances by the contact
with air. Samples for lab analysis were immediately filtered using
0.45 wm cellulose membranes. The samples for major cations (Ca%*,
Mg?2*, Na*, K*) and silica were acidified to pH < 2 with several drops
of ultra-pure hydrochloric acid. Alkalinity was analyzed using Gran
titration technique. Major cations were analyzed using an atomic
absorption spectrophotometer, anions such as S042~ and Cl~ using
an ion chromatograph, and dissolved silica using a spectropho-
tometer. A computer code PHREEQC [13] was used to calculate
the partial pressures of carbon dioxide as pCO, (log partial pres-
sure of CO, in atm.) and saturation indices with respect to various
mineral phases (Slyineral =10g IAP — log Ksp, where IAP=ion activ-
ity product, Ksp =solubility product), and to quantify geochemical
processes affecting water chemistry.

3. Water analysis results

The analysis results show that porewater chemistry was fairly
stable over time (Fig. 2). Significant differences in pH, alkalinity, and
pCO, were observed according to sampling depths and locations
(Fig. 2a—c). At the site where the soil cover was removed (OM1),
shallow porewaters show higher pH and lower alkalinity than those
at the site covered with soil cover (OM2). OM1 shows continuously
decreasing pH levels as depth increases while OM2 shows nearly
consistent levels. Alkalinity of OM2 is highest near the water table
(5.40-6.64 mN) and shows a continuously decreasing trend with

depth to a level (1.24-1.40 mN) that is even lower than that of sea-
water (2.01 mN). In contrast, alkalinity of OM1 porewaters shows
a trend increasing from 0.93 to 1.41 mN near the water table to its
maximum (2.40 mN) at about 7 m in depth and then declining to a
very low level (~0.40 mN) at the bottom.

4. Discussion
4.1. Origin of porewater and mixing

Chloride, the conservative ionic species, shows an increasing
trend with depth, indicating two different porewater origins: the
seawater at the bottom and the rainwater infiltrated through the
topsoil (Fig. 2d). Seawater fraction calculated based on chloride
concentration was consistent (70-85%) at the depth >~7 m. The
depth range where seawater fraction was less than 65% will be
referred as ‘mixing zone’ in this paper. Considering that major ions
(S042-, Ca%*, MgZ*, Na*, K*) show similar vertical trends to that of
chloride (Fig. 2e-i) and that they are linearly related with sweater
fraction at the shallow depths (Fig. 3), mixing was the main process
regulating concentrations of those ionic species within the mixing
zone.

The seawater fraction observed below the mixing zone is com-
parable with the data obtained from the new ash pond (Fig. 1a).
The pond water and the deep porewater in the new ash pond were
always diluter (between 70 and 90% in seawater fraction) than the
seawater due to influence of precipitation [14]. Chloride levels that
were consistent but diluter than that of seawater indicate that the
deep saline porewater was the one existed before the termination
of ash disposal, which had reacted with coal ash for a longer time
than that in the mixing zone.

4.2. Role of soil cover

The lower pH and the higher alkalinity of OM2 than those of
OMT1 at the shallow depth reflect the importance of soil covers.
In the presence of soil cover, CO, gas generated by oxidation of
unburned coal or dissolved organic carbon would be trapped in
the unsaturated zone. As a result, the shallow porewater of OM2
showed the highest pCO, level in the study site (Fig. 2c). Its high

Fig. 3. Plots of various chemical parameters as a function of seawater fraction.
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alkalinity is also related with the high pCO,. Groundwater with
higher pCO, has more capacity of dissolving solutes by lowering
pH and, thus, can show the higher alkalinity when it reacts with
minerals for enough time [15,16].

When the soil cover is removed, the trapped CO, gas underneath
the soil cover would escape into the open atmosphere, resulting in
lowered pCO, and increased pH levels as we observed in the shal-
low porewater of OM1. This may trigger carbonate precipitation
and the lowered alkalinity could be caused. However, pCO, levels
near the water table in OM1 are even lower than the atmospheric
pCO; (—3.5; Fig. 2¢), indicating that the CO,-degassing hypothesis
is not plausible here.

Since the soil cover was removed in OM1 (Fig. 1b), rainwater can
easily infiltrate into the ash. When the recharge rate is high, the
recharged water would be soon separated from the unsaturated
zone air due to the later recharged water. Under this condition,
the CO, supply is partly limited and the pCO, of water could be
reduced by slight weathering of coal ashes because mineral weath-
ering generally converts H,CO3 (or HCO3~) into HCO3~ (or CO32-)
in water by increasing pH, which lowers pCO, drastically in a
closed system [15,16]. This would be even more significant for
the precipitation-originated porewaters because the rainwater has
very low dissolved CO, contents due to its low ionic strength and
pH. For the case of OM2, however, the recharge is greatly prevented
owing to the soil cover. The shallow porewater could have reacted
with coal ash under a near CO, gas open condition for a longer time.
As aresult, very high alkalinity levels at the shallow depth could be
caused.

To confirm above explanation, a geochemical calculation was
performed using PHREEQC. It was assumed that the shallow pore-
water was originated from rainwater infiltration and was initially in
equilibrium with atmospheric pCO,. Since the shallow porewater
already showed the oversaturation with respect to calcite (Fig. 21),
its chemistry was likely to be affected by weathering of very reac-
tive phases such as lime (CaO) or portlandite (Ca(OH),) and the
extreme increase of alkalinity by the dissolution of those phases
was limited by calcite precipitation [16]. The lime and portlandite
are frequently observed or predicted to exist in coal ash due to burn-
ing of calcite in coal at above 1000°C (i.e., lime) or due to reactions
between lime and H,O (i.e., portlandite) [17,18]. Even small pres-
ence of those phases can greatly regulate the porewater chemistry
due to their high reactivity.

The calculation results show that dissolution of only 5.8 pmol
of portlandite dissolution in a liter of porewater can cause the
pCO, value (about —4.4) observed in the shallow porewater of
OM1 under a CO,-closed condition. However, the pH (7.29) was
much less than the observed ones (8.72-9.42). In contrast, the
dissolution of 0.5 mmol portlandite (or lime) in a liter of porewa-
ter, which is required to show the observed alkalinity (~1.0 mN),
caused the pCO, as low as —9.0 and the pH as high as 11.0. This
reflects that the newly recharged porewater can show the observed
pCO- and pH by reaction with ash minerals if the CO, supply from
the unsaturated zone is only partly limited. This is also reflected in
the total dissolved inorganic carbon (DIC) of the shallow porewa-
ter of OM1 (OM1-1 in Fig. 1; 0.998 mM), which was about 88% of
that (1.131 mM) under a CO, open condition (pCO, = —3.5, alkalin-
ity=1.161 mN). However, the soil cover effect becomes negligible
as the depth increases, considering that both samplers show the
similar water compositions at about 7 m in depth (Fig. 2).

4.3. Dolomitization

Ca and Mg showed different trends from that of chloride below
the mixing zone (Fig. 2f and g). At this depth range, Ca level
increased continuously with depth while Mg showed the declin-
ing concentration, indicating the exchange between Mg in water

and Ca in solid phase. This is evidenced by the plots of Ca, Mg,
and Mg+ Ca as a function of seawater fraction (Fig. 3a-c), which
show that the abrupt increase and decrease in Ca and Mg, respec-
tively, below the mixing zone are exactly balanced. The similar
phenomenon was also observed from the stabilized coal-waste
blocks [19] and the coal fly ash [20], which had been exposed
to seawater for more than 10 years. The blocks and ash particles
showed depleted Ca and enriched Mg concentrations near their sur-
faces. The previous studies interpreted this phenomenon as a result
of two reactions occurring concurrently: Ca leaching and brucite
(Mg(OH); ) precipitation [19,20]. These two processes, however, do
not necessarily induce the exact balances between the depleted Mg
and the enriched Ca as we observed because those are independent
processes. In addition, brucite precipitation is a doubtful process
here because all the porewaters are significantly undersaturated
with respect to brucite (Slpycite = —2.1 to —4.0; Fig. 2j).

We think that the observed exchange is a dolomitization, a
process replacing Cain calcite by Mg dissolved in seawater. Dolomi-
tization is generally observed in marine sediments due to high Mg
concentration in seawater [15]. This is evidenced by the slow reac-
tion, which is reflected in the facts that the exchange becomes more
severe in aged porewaters among the porewaters with similar sea-
water fractions and that the deep porewater showed any significant
changes in Ca and Mg over a period of 7 months (Fig. 2f and g). The
replacement of Ca adsorbed onto the exchangeable sites is a fast
process that can reach equilibrium within several hours. The sig-
nificantly declined Slgoiomite l€vels where the severest exchange is
observed suggest that this process occurs to reach equilibrium with
respect to dolomite (Cag 5Mgo5CO3) as the porewater ages (Fig. 2k).

4.4. Calcite precipitation

4.4.1. Processes

Alkalinity levels even lower than that of seawater in deep saline
porewaters conflict with the results of a batch experiment per-
formed for up to 1 month using seawater and the weathered coal
ashes collected from our study site [21]. This experiment showed
alkalinity levels (2.10-2.30 mN) always higher than that of sea-
water (2.08 mN). It is likely that the low alkalinity levels in deep
porewaters are related with long-term processes that cannot be
easily replicated in the lab experiments. Because the waters are
mostly oversaturated with respect to calcite (Fig. 21), the calcite
precipitation (Ca%*+C032~ = CaCO3) is presumed to take place
slowly as the water ages. This is reflected in the deep porewa-
ters, which showed a decreasing trend in Sl, e as depth increases
(Fig. 21). In addition, the generation of Ca and alkalinity (= CO%‘ +
HCO; + OH™ — H* in equivalent) by coal ash weathering can also
cause calcite precipitation by ‘common ion effect’ if the waters
were saturated or oversaturated with respect to calcite. Dolomi-
tization also can cause the same effect because it increases Ca
concentration.

4.4.2. Evaluation of the roles of the suggested processes

Based on above discussions, three processes are likely to be
important in causing calcite precipitation in the deep saline waters:
(i) ‘porewater aging’, the process causing calcite precipitation
simply to reach an equilibrium state with calcite, (ii) coal ash
weathering generating alkalinity and Ca, and (iii) dolomitization.
Their contributions to the observed variations of pH, alkalinity,
and pCO, below the mixing zone were assessed based on geo-
chemical modeling for six porewater pairs (4=5,5=6,and 6=7
for OM1 and 6= 7, 7= 8, and 8 = 9 for OM2; here, each number
represents sampling port ID shown in Fig. 1b). The modeling was
performed using the averaged chemistry data for the three-time
measurements (Table 1) with an assumption that the shallower
porewater (initial water) chemically evolves into the deeper one
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Fig. 4. Effects of various processes causing calcite precipitation on the variations of pH, alkalinity, and pCO, as the initial porewater (IW) evolves into the final water (FW).
Horizontal solid lines and dotted lines represent the values for initial and final porewaters, respectively.

(final water) by the reaction with coal ash. Even though the selected
porewater pairs show only a small variation in seawater fraction,
the seawater mixing effect was also considered in the calcula-
tion because any changes in Ca concentration can affect the calcite
precipitation.

Five separate calculations were performed to compare the effect
of each process and details of the calculation are summarized
in Tables 2 and 3. The porewater aging (Model A) was approxi-
mated simply by allowing calcite precipitation till the initial water
shows the SI,¢jte Of the final water. The seawater mixing (Model B)

Table 1

Averaged chemistry data for the porewaters used for the modeling shown in Table 2.
Porewater ID OM1 OM2

4 5 6 7 6 7 8 9

Temperature 18.0 18.8 20.0 19.7 19.7 17.3 17.4 17.8
pH 8.32 8.20 8.12 7.81 8.27 8.29 8.30 8.41
Alkalinity (mN) 2.366 1.221 0.365 0.409 2.720 2.366 1.835 1.370
pCO, —3.48 -3.63 —4.08 -3.69 -3.37 -3.47 —3.60 —3.85
Ca%* (mM) 129 12.7 19.6 293 13.6 16.4 18.0 19.5
Cl- (mM) 334 354 393 387 389 433 437 425
K* (mM) 10.2 10.4 123 14.5 11.2 129 12.7 12.7
Mg2* (mM) 35.8 37.0 36.3 243 42.8 47.6 46.0 42.1
Na* (mM) 289 301 327 322 290 323 332 338
S042~ (mM) 18.4 19.3 22 213 213 234 23.8 23.1
Slealcite 0.928 0.532 0.112 0.059 0.965 0.950 0.888 0.888
Seawater fraction (%) 66.0 70.0 77.8 76.5 76.9 85.7 86.5 84.2
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Fig. 5. Amounts of calcite precipitation calculated from each model.

Table 2
Descriptions on the methods used to estimate the roles of various processes inducing calcite precipitation as the shallow porewater (initial water; IW) evolves into the deeper
one (final water; FW).

Model (process) Methods
Model A (porewater aging) IW was allowed to precipitate calcite till it shows the Sl ycite Of FW
Model B (mixing) ACapixing and AMgixing calculated as follows were added into IW in forms of CaCl, and MgCly, respectively

AMgmixing = (SFFW _ SFIW))  Mgseawater
ACamixmg = (SFFW = SF]W) « Caseawater
Slcatcite Of IW was maintained

Model C (dolomitization) AMEdoiomitization aNd ACagolomitization Calculated as follows are added into IW in forms of Ca?* and Mg?*, respectively
AMgdolomitization = MgFW - Mglw - Mgmixing
Acadcz]c'mitization =—A Mgdolomitization
Slcaicite Of IW was maintained

Model D (weathering) The same Ca(OH), as that estimated from Step 2 of Model E was added into IW
Sleatcite Of IW was maintained

Model E (all above) Step 1: CaCl,, MgCl,, Ca?*, and Mg?* used for Model B and Model C, were added into IW
Step 2: Allowed Ca(OH); to dissolve till the water reaches pH of FW
Slcaicite Was maintained to that of FW in all steps

ACa(or Mg)process: Ca (or Mg) concentration increased by the given ‘process’ during the evolution.
Ca(or Mg)water and SFWater: Ca (or Mg) concentration and seawater fraction in the given ‘water’.

Table 3
A summary of the input conditions of each model applied to the initial porewater.
Operations OM1 (IW = FW) OM2 (IW = FW)
4=5 5=6 6=7 6=7 7=8 8=9
Model A Equilibrated Slcacite® 0.532 0.112 0.059 0.950 0.888 0.888
Model B Equilibrated Sleajcite® 0.928 0.532 0.112 0.965 0.950 0.888
CaCl, addition 0.46 0.89 -0.15 1.01 0.09 -0.28
MgCl, addition 2.01 3.94 —0.65 4.45 0.41 -1.21
Model C Equilibrated Slcycice” 0.928 0.532 0.112 0.965 0.950 0.888
Ca?* addition 0.84 4.65 11.38 —-0.32 2.00 2.66
Mg?* addition -0.84 —4.65 -11.38 0.32 —2.00 —2.66
Model D Equilibrated Slcycire” 0.928 0.532 0.112 0.965 0.950 0.888
Ca(OH) ; dissolution 0.50 0.36 —0.0017 0.12 0.24 0.24
Model E Equilibrated Slcycite® 0.532 0.112 0.059 0.950 0.888 0.888
CaCl, addition 0.46 0.89 —-0.15 1.01 0.09 -0.28
Mg(l, addition 2.01 3.94 —0.65 4.45 0.41 -1.21
Ca?* addition 0.84 4.65 11.38 -0.32 2.00 2.66
Mg?* addition —0.84 —4.65 -11.38 0.32 —2.00 —2.66
Ca(OH), dissolution 0.50 0.36 —0.0017 0.12 0.24 0.24

Units are all mM except for Slcacite-

IW, initial porewater; FW, final porewater.
@ Slealcte of the final porewater.
b Sl .icite Of the initial porewater.
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was approximated by introducing CaCl, and MgCl,, the amounts
of which were equivalent to the differences in seawater fraction
(SF) between the final and the initial waters (SFFW —SFW), To
approximate dolomitization (Model C), Mg and Ca concentrations
increased by dolomitization (AMggolomitizations A Cadolomitization)
were introduced into the initial water as free ionic forms (Mg2*,
Ca?*). For this, AMg4olomitization Was calculated first by subtracting
the concentration increased by mixing (AMgmixine) from the dif-
ference between the final and initial waters (Mg"%" MgW), and
then the negative amount of AMggojomitization Was attributed as
ACagolomitization- The coal ash weathering generating Ca and alka-
linity (Model D) was approximated by the dissolution of Ca(OH),
[22]. The amount of Ca(OH), dissolution in Model D was adopted
from the result of Model E. Model E was performed considering all
the processes using the same methods used in the previous models.
But, Ca(OH), was allowed to dissolve till the initial water show the
pH of the final water. The final amount of Ca(OH), obtained from
Model E was used for Model D. SI,cjte values for Models B, C, and
D were set to the values of initial waters to evaluate the effect of
each process. In contrast, Sl.,cite Values of Model E were set to the
values of final waters.

The calculation results show a good agreement with the
observed alkalinity and pCO, of the final waters when all the
processes were considered at the same time (Model E in Fig. 4),
indicating that most of the variations in pH, alkalinity, and pCO,
can be explained by the processes considered in this study. Results
show that the simple calcite precipitation has an effect of reducing
pH and alkalinity, and raising pCO,. This is shown in the results
of Model A, which always show the lower pH and alkalinity, and
the higher pCO, than those of the initial waters (Fig. 4). The cal-
cite precipitation by dolomitization causes the similar effect to
that of porewater aging (Model B). In contrast, the water shows
the decreasing alkalinity and pCO,, and the increasing pH when
mineral weathering induces calcite precipitation (Model D). The
opposite result of Model D for 6 = 7 of OM1 (Fig. 4) was associated
with the negative dissolution of Ca(OH), (Table 3).

Model D generally shows the alkalinity values very close to
the observed ones of the final waters and explains the most of
the calcite precipitation occurring during the porewater evolution
(Figs.4 and 5). The calcite precipitations by Model C were negligible
or much smaller than those by mineral weathering even between
the porewaters where Ca concentrations are significantly increased
by dolomitization (e.g., 5= 6, and 6= 7 of OM1; see Table 3)
because pH is also decreased by dolomitization. The decrease in pH
increases the dissolution capacity and, thus, the mineral precipita-
tion is largely suppressed [15]. Calcite precipitations by porewater
aging were also small relative to the mineral weathering effect
owing to the same reason, leading to a conclusion that the decreases
in alkalinity by the reaction with coal ash are caused mostly by the
weathering-induced calcite precipitation.

No individual process could derive the pH and pCO; values sim-
ilar to those of final waters, indicating that these parameters are
sensitive to all the processes except seawater mixing. The effect of
mixing was generally minor or negligible because the calculations
were performed for the porewaters with small differences in sea-
water fraction. In overall, porewater aging and dolomitization play
arole reducing the drastic pH and pCO, changes that can be caused
by mineral weathering.

5. Conclusions

The results of this study show that pH, pCO,, and alkalinity of
shallow porewater are very sensitive to the soil cover. Under a con-
dition without soil cover, the shallow porewater showed pH as high
as 9.43 because the infiltration of rainwater limits the CO, supply
from the unsaturated zone. The increase in alkalinity was also lim-

ited by calcite saturation; as aresult, the shallow porewater showed
very low alkalinity. In the presence of soil cover, the porewater can
react with minerals under a CO, open condition and the pCO, was
high due to the CO, gas trapped underneath the soil cover, resulting
in the lower pH. Alkalinity, which buffers pH, was also high because
the lowered pH increased the mineral-dissolution capacity. Leach-
ing experiments of previous studies have shown that the release of
trace elements from coal ash is normally high in alkaline or acidic
pH ranges and low in neutral ranges [5-7]. In this regard, cover-
ing the coal ash disposal site with low permeability soils, which is
normally mandatory in many countries, is desirable to prevent the
drastic increase of pH in the porewater of alkaline coal ash disposal
sites.

Alkalinity of the saline porewaters in the depth range where
the effect of soil cover was insignificant showed a continuously
decreasing trend as the residence time increases and the alka-
linity at the deepest part was even lower than that of seawater.
This phenomenon was caused mostly by coal ash weathering,
which is opposite to the general effect of mineral weathering. It
is well known that mineral weathering normally increases alka-
linity [23,24]. However, our study shows that further weathering
of coal ashes under a condition of calcite saturation induces calcite
precipitation by common ion effect and the decrease in alkalinity is
observed. The pH and the pCO, of the saline water are regulated in a
manner that the increase in pH and the decrease in pCO, by mineral
weathering are suppressed by the calcite precipitations induced
by porewater aging and dolomitization. This result also suggests
that dolomitization can play an important role in regulating pH
and pCO, in saline porewaters and, therefore, it also needs to be
considered in predicting leaching and behaviors of trace elements
in the coastal disposal sites.
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