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Recycled asphalt pavement (RAP) is a material resulting the removal and reprocessing of 

the existing asphalt pavement. Annually, more than 80 million tons of RAP is produced 

in the United States. Most of the RAP is landfilled, which constitutes a significant 

economic burden and a waste of landfill space. RAP has great potential in highway 

construction due to its good physical properties. However, concerns have been raised due 

to potential surface water and groundwater contamination by metals including some 

heavy metals and Polycyclic Aromatic Hydrocarbons (PAHs) present in RAP. A series of 

batch-level pH-dependent leaching tests and Toxicity Characteristics Leaching Procedure 

(TCLP) tests were conducted to investigate the leaching of metals from seven RAPs 

collected across the state of Maryland.  The results of the pH-dependent leaching tests 

indicated As to be slightly above the U.S EPA Water Quality Limit (WQL). The results 

of a series of TCLP tests showed that two PAHs, chrysene and Indeno[1,2,3-cd]pyrene, 

may be present in the leachates, albeit, at concentrations very comparable to those leach 

from a new asphalt material. The results of the geochemical modeling indicated that the 



 

leached metals were solubility-controlled. Oxide and hydroxide minerals control the 

leaching of Al and Fe; whereas, leaching of Ba, Ca and Mg were controlled by carbonate 

and/or sulfate minerals.      
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1. INTRODUCTION 

Approximately 94 percent of the 2.7 million miles of paved roadways in the United 

States are surfaced with asphalt and the amount of hot mix asphalt produced annually is 

estimated to be 400 million tons worth in excess of $30 billion (NAPA, 2017). Repair 

and replacement of deteriorated hot mix asphalt roadways often requires the removal of 

existing asphalt. This process consequently generates millions of tons of used asphalt, 

which are milled and the rest is disposed of in landfills. When the existing asphalt is 

milled, the resulting product is called recycled asphalt pavement (RAP). Keller (2013) 

defined the roadway millings (RAP) as “the fine particles (generally from dust to less 

than an inch or so) of bitumen and inorganic material that are produced by the 

mechanical grinding of bituminous concrete surfaces.” 

 There is growing interest in incorporating industrial by-products into roadway 

construction, as part of the Green Highways Partnership Program supported by the U.S. 

Federal Highway Administration (FHWA), the U.S Environmental Protection Agency 

(EPA) and several State Departments of Transportations (DOTs) (FHWA, 2008). RAP is 

one of these industrial by-products and is commonly reused in highway construction 

(FHWA 2012). According to NAPA (2013), RAP is used as a construction material in 48 

states and Puerto Rico and the estimated tons of RAP used in asphalt mixes in 2011 were 

66.7 million tons.  In a survey conducted by the U.S. Federal Highway Administration, in 

2015, nearly 85 million tons of hot mix asphalt (HMA) was stockpiled for future use 

across the country saving approximately $2 billion to taxpayers (NAPA 2015). In order to 

reduce cost of construction, many Departments of Transportation (DOTs) allow the use 

of RAP in the production of new HMA. In the U.S., RAP has also been put back into the 
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roadways as a base or surface material, or as an embankment fill (Sayed et al., 1993; 

Mokwa and Peebles, 2005; Washington DOT, 2010; FHWA, 2012). In addition to its 

cost-effectiveness, RAP reuse has several benefits including reduction in landfill 

requirements for solid waste disposal, conservation of production energy, and eventually 

providing sustainability in pavement construction.  

Even though RAP has acceptable index and mechanical properties for its use in 

roadway construction, the RAPs produced in the United States may constitute trace 

metals due to the mineralogy of hot mix asphalt. Additionally, HMA contains significant 

amounts of organic contaminants, such as Polycyclic Aromatic Hydrocarbons (PAH), 

which may be exposed when the material is milled. Vehicle exhaust on roadways also 

contributes to the release of chromium, lead and PAHs adding to the existing ones in the 

original asphalt. Once they come in contact with acid rain, these contaminants may leach 

out of  RAP before percolating into groundwater and eventually ending up in drinking 

water.   

Significant efforts have been made to determine the risks involved in the usage of 

RAP as a base course material. Several studies have been conducted to determine the 

amount of metals leaching from RAP. Kriech (1991) perform a series of TCLP (Toxicity 

Characteristic Leaching Procedure) tests on RAP collected from six different locations in 

the state of Illinois.  RAP samples include fines at 5-7% by weight.  Small amounts of 

barium (Ba), lead (Pb), and chromium (Cr) are detected in the effluent solutions; 

however, all three metal concentrations remain below the EPA maximum concentration 

limits (MCLs) for drinking waters.   Townsend (1998) perform field lysimeter and 

laboratory batch leaching tests on six RAP samples.  In all batch tests as well as 
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overwhelming majority of the field tests, concentrations of select metals (Ba, Ca, Cr, Cu, 

Pb, Ni, and Zn) are below the detection limit of the equipment and the regulatory limits 

for groundwater contamination. Only one unsaturated lysimeter results in a leachate with 

Pb concentrations above the groundwater guidance concentration (15 ppb), which also 

decrease with time and the final Pb concentrations are well below the regulatory limits. 

Brantley and Townsend (1999) collect six different RAPs from different several 

construction sites in Florida. The samples are tested for Ba, Ca, Cr, Cu, Pb, Ni, and Zn.   

At the batch level, concentrations of all the detected metals are below the drinking water 

standards. However, lead detected in column leach test effluents is above enforcement 

limits in three out of six RAP samples. Legret et al. (2005) examine the possible metal 

and PAH leaching behavior of RAP procured from a reconstruction road site located in 

France.  Laboratory batch and column leaching tests are conducted.  For most species, 

leaching concentrations are below the European Union maximum concentration limits for 

drinking waters (European Union 1998). The metal concentrations in laboratory column 

experiments are higher initially, but they diminish with time.  Consentino et al. (2001) 

also study the heavy metal leaching from RAP using a comparative analysis on the in-situ 

leachate and the laboratory TCLP and SPLP leachates. The in-situ leachate is collected 

two days after a rainfall on the site where the RAP is used. Both tests indicate negligible 

concentrations of metals compared to the EPA standards. Shedivy et al. (2012) study 

leaching characteristics of five different RAPs as possible unbound base materials.  The 

results of the batch leaching tests show that leaching concentrations are below MCL 

concentrations for drinking waters for all pollutants, except for Mn and As.  
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Several studies have also been conducted to evaluate Polycyclic Aromatic 

Hydrocarbons (PAH) leaching from RAP. Norin and Strömvaix (2004) show naphthalene 

to be the most dominant PAH leached from RAP, with approximately 80% of the total 

PAH in the column leachate. Brandt and Groot (2001) report similar results for nine 

different RAP samples from Netherlands, with naphthalene showing the highest 

concentrations among all PAHs leached. Kriech et al. (2002) determine that, out of 29 

PAH compounds analyzed from RAP leachate, only naphthalene and phenanthrene are 

above detection limits but at concentrations below the drinking water limits. Brantley and 

Townsend (1999) find the PAH concentrations to be below detection limits and 

Benzo[a]pyrene to be below the drinking water limits both in batch and column leach test 

effluents, After additional testing at a lower detection limit of the samples presenting high 

concentrations of Benzo[a]pyrene, no more of that compound can be detected. Legret et 

al. (2005) conduct some laboratory tests at the batch level and find the concentrations of 

all PAH compounds, except phenanthrene, to be close or below detection limit. However, 

the observed concentration is still below the Dutch groundwater regulatory limits. This 

variability in the results suggests that the amount of heavy metals and PAH leaching from 

RAP depends on the location where it has been collected.     

A few studies were conducted to evaluate the leaching of Volatile Organic 

Compounds (VOC) and BTEX compounds from asphalt. Pinto et al. (2011) in their 

analysis of VOCs in hot mix asphalt leachate reported concentrations of the compounds 

below detection limit except for acetone and 2-butanone. However, they indicated that 

the leached concentrations were below the regulatory limit and also that volatilization of 

VOCs was high.  Townsend (1998), on the other hand, found concentrations of VOCs 
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below detection limit in RAP leachates. Bergerson et al. (2014) conducted a series of 

batch tests on asphalt binder and modified asphalt binder, which contains used motor oil. 

Their findings show that BTEX concentrations in leachates from unmodified asphalt 

binder are below detection limit. However, leachates from asphalt containing used motor 

oil contained some BTEX. As the oil content increased, the BTEX concentration within 

the leachates increased. Based on the volatility of the compounds combined with the 

exposure of RAP to the different processes including milling, VOC or BTEX analysis 

was not considered in the current study. 

Most of the previous studies indicate that the roadway millings, i.e., RAP, is an 

excellent material for use as a base course aggregate or HMA aggregate (O’Mahony et 

al., 1991; Taha et al., 1992; Hudson et al., 1996; Simon, 1997; Bennert et al., 2000; Chini 

et al., 2001; Goulias et al., 2016). Several studies have investigated gradation, hydraulic 

and strength properties of RAP as a base course material; however, limited information 

exists on the adverse environmental impacts that the reuse of asphalt pavement can 

present. This is particularly important for RAP originating from Maryland because there 

is no water quality data available for RAPs produced and/or used in Maryland.  

Furthermore, pH-dependency of metal leaching from Maryland RAPs has never been 

investigated.   Thus, there is a need to evaluate the leaching behavior of RAP samples 

produced in Maryland. To respond to this need, a series of batch tests were conducted on 

RAPs collected from seven different sites in the State of Maryland. TCLP and pH--

dependent tests were conducted to evaluate the metal and polycyclic aromatic 

hydrocarbon leaching from the Maryland RAPs.  
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2. MATERIALS  

Seven different RAP samples, originating from different highways around Maryland and 

covering a wide range of characteristics were investigated in this study.   Each RAP 

sample was numbered based on the order of reception at the University of Maryland 

Geotechnical Laboratories. Two conventional top soils were also tested as control 

materials Table 1 shows a summary of the origin of each individual RAP and topsoil 

sample. ASTM D4318 was employed to determine the plasticity of each sample. In order 

to evaluate the specific gravities of each specimen, ASTM C127 and ASTM C128 were 

used. The different properties of each individual RAP and topsoil are given in Table 2. 

 

3. METHODS 

3.1 Toxicity Characteristics Leaching Procedure (TCLP) 

The toxicity characteristics leaching procedure also known as the EPA method 1311 is a 

leaching test method developed by the U.S. Environmental Protection Agency (EPA) in 

order to evaluate the leaching potential of certain contaminants from waste materials in 

landfills. The test is designed to determine the mobility of organic and inorganic 

compounds present in solid, liquid, and multiphase wastes (U.S. EPA, 1992). As part of 

the testing protocol, the RAP particles were sieved through the U.S number 10 sieve (2 

mm). An acetate buffer with a pH of 4.93 was used as an extraction fluid with a liquid-to-

solid ratio (L:S) of 20:1. The extraction fluid was added just once and at the beginning of 

the extraction. The samples were then rotated through a tumbler for 18 hours at a rate of 

28±2 rotations per minute (rpm). Upon tumbling, the samples were centrifuged through a 

Beckman Coulter Allegra X-22 model centrifuge for 10 minutes at a rate of 4000±100 
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rpm in order to allow the solid particles to settle. The electrical conductivity as well as 

pH were measured right after sample collection. The leachate samples were then filtered 

through a 0.7-micrometer TCLP glass fiber filter. Samples were separated into two 

groups before being refrigerated with one that was acidified with nitric acid at pH<2 (for 

inorganics) and another one that was kept intact (for organics analysis). The samples used 

for organic compound analysis were stored in borosilicate glass. All samples were 

refrigerated in 4°C before being analyzed.  

 

3.2 Organic Compound Extraction 

In order to analyze the leachates for possible polycyclic aromatic hydrocarbon (PAH) 

leaching, samples had to undergo a separation phase process. Approximately 3 mL of 

methylene chloride along with 10 μg of surrogate standard and a small amount of sodium 

sulfate (approximately 2- 3 grams) were added to 6 mL of sample in a 15 mL collection 

vial.  The surrogate standard was used to quantify the mass loss during the procedure. 

The mixture was vortexed for 5 minutes and allowed to rest for 10 minutes in order for 

the organic layer to separate from the aqueous phase. This process was repeated three 

times to ensure a full separation between the phases and a maximum recovery of the 

organic phase. The aqueous phase was pipetted out of the collection vial and additional 

sodium sulfate was added to absorb all the aqueous phase in the solution. The residual 

aqueous phase was pipetted out and placed in new collection vials, which were placed 

under a gentle stream of nitrogen evaporator. This allowed the volume to be reduced 

from approximately 5 mL to 1 mL without any organic compound mass loss. The 
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Table 1 Origin of recycled asphalt pavement and topsoil sample 

 

RAP1 RAP2 RAP3 RAP4 RAP5 RAP6 RAP7 Topsoil1 Topsoil2 

Location 

of origin 

NA Baltimore 

region 

Garret 

County 

Prince 

George’s 

county 

Frederick 

County 

Worcester 

county 

NA NA NA 

Company 

producing 

the RAP 

NA Maryland 

Paving, Inc 

Keystone 

Lime Co. 

Aggregate 

Industries 

Richard F. 

Kline, Inc. 

Allan 

Myers, Inc. 

Craig 

Paving, 

Inc. 

David A. 

Bramble, 

Inc. 

Hollins 

Organic, 

Inc. 

NA=Not available
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Table 2 Physical properties of recycled asphalt pavement samples 

 RAP1 RAP2 RAP3 RAP4 RAP5 RAP6 RAP7 Topsoil1 Topsoil2 

Classification 
USCS 

Well-

graded 

sand with 

gravel 

Well-

graded 

sand with 

gravel 

Poorly 

graded 

sand with 

gravel 

Well-

graded 

sand with 

gravel 

Well-

graded 

sand with 

gravel 

Well-

graded 

sand with 

gravel 

Well-

graded 

sand with 

gravel 

Silty 

sand  

Poorly 

graded 

sand 

with silt  

AASHTO A-1-a A-1-a A-1-a A-1-a A-1-a A-1-a A-1-a SM SP-SM 

Plasticity Index NP NP NP NP NP NP NP NP NP 

Optimum 

Moisture content 
5.9% 6.8 % 6.2 % 8.1 % 7.5 % 6.4 % 8.2% 11.8% 13.6% 

Specific 

gravity 

Coarse 

aggregate  
2.55 2.42 2.28 2.59 2.46 2.52 2.47 NA NA 

Fine 

aggregate  
NA 2.33 2.23 2.33 2.16 2.44 2.34 1.59 1.26 

Hydraulic conductivity              

(cm/s) 
3.6 x 10-3 5.5 x10-2 1.4 x10-1 2.5 x10-2 4 x10-3 2.1 x10-2 5.3x10-2 7.2x10-5 6.2x10-4 

Dry Unit 

Weight 

(pcf) 

pcf 123.5 120.4 110 119 122.4 121.6 117.5 116.5 108.8 

kN/m3 19.4 18.9 17.3 18.7 19.2 19.1 18.5 18.3 17.1 

Notes:  NP:  Non plastic, NA: Not available 
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remaining volume was transferred to Gas Chromatograph (GC) vials and the collection 

vials were rinsed three times with hexane in order to recover the maximum mass of PAH 

and achieve solvent exchange from methylene chloride (dichloromethane) to hexane. The 

hexane rinses were also transferred to the GC vials to avoid mass loss. The vials were 

capped and refrigerated before being analyzed.   

 

3.3 pH-Dependent Leaching Tests 

The test method, also known as the Leaching Environmental Assessment Framework 

(LEAF) (USEPA Method 1313), was designed to determine the liquid-to-solid 

partitioning at equilibrium for different pH values going from 1 to 13.  As part of the 

LEAF testing protocols, acid-base titration process was conducted in order to determine 

the amount of acid or base needed to reach a given pH value for the mixture. The samples 

were prepared at a L:S of 10:1 and 4 grams of dry material with a particle size smaller 

than 2 mm. Depending on the acidity of the material, 2N to 3N nitric acid (HNO3) was 

used for the acidic pH values and 2N sodium hydroxide (NaOH) was used to prepare 

solutions to achieve alkaline pH values. Different volumes of acid and sodium hydroxide 

were used in order to adjust the pH from 1 to 13. Reaction vessels of 50 mL 

polypropylene centrifuge tubes were used instead of the recommended 500 mL ones due 

to availability in the laboratory. The samples were then rotated through a tumbler at a rate 

of 28±2 rpm for 48 hours. After collection, they were centrifuged at 4000±100 rpm for 10 

minutes before measuring their pH, electrical conductivity, and the oxido-reduction 

potential (ORP). The recorded pH values were plotted against the required volume of 

acid or base to obtain a given pH value to obtain the titration curves.  
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In order to evaluate the leaching behavior of RAP samples as well as topsoil 

several pHs, a series of pH-dependent leaching tests were performed following the U.S 

EPA Method 1313. The tests were conducted at L:S of 10:1 and a pH range of 1-13. All 

laboratory equipment including centrifuge tubes, syringes and filter holders were acid-

washed and rinsed with deionized water before usage. The dried samples were sieved 

through a U.S. standard #10 sieve (2 mm). The titration curve was used to determine the 

required volume needed to obtain a given pH value. The prepared batches were then 

rotated through a tumbler at a rate of 28±2 rpm for 48 hours. After collection, the batches 

were centrifuged at 4000±100 rpm for 10 minutes in order to allow the major solid 

particles to settle in the centrifuge tube so that the filtration would be easier. The eluate 

was then filtered through a 0.45 μm filter paper to separate the solid and liquid phase. 

Each sample had a duplicate test to ensure accuracy. pH, electrical conductivity and 

oxido-reduction potential (ORP) were recorded for each sample. The pH and ORP were 

measured using an Orion 520A meter model equipped with a sure-flow model pH probe. 

The electrical conductivity (EC) was measured using a YSI Model 35 conductance meter. 

15 mL of the eluate was acidified with nitric acid at pH< 2 and refrigerated for further 

analysis of metals while the rest was directly refrigerated for sulfate and total inorganic 

carbon analysis.  

 

3.4 Chemical Analysis 

3.4.1 Metals and Sulfate  

Elemental composition of the acidified leachates was measured using a SHIMADZU 

ICPE-9000 series inductively coupled plasma atomic emission spectrometer (ICP) 
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located in the University of Maryland Environmental Engineering Laboratories. The 

acidification of samples at pH<2 would prevent any potential interference with organic 

matter and also ensure the metals to be in their free forms, meaning no reaction would 

occur in the solution. 

Prior to running the samples in the ICP, calibration curves were generated using 

the standards provided in the laboratory. During the test, a standard with known 

concentration of metals was tested every 15 samples to ensure that the concentration 

readings from the ICP were accurate. Additionally, the sulfate was assumed to be present 

in the form of sulfur. The total sulfur was also run through the same equipment (ICP-

AES), but using a different method. The standards used were prepared using a 

concentrated sulfur solution. The same process as the other metals was followed for the 

sulfate analysis.  

 

3.4.2 Total Inorganic Carbon  

The total inorganic carbon was measured using a SHIMADZU Total Organic Carbon 

Analyzer with ASI-L autosampler and an SSM-5000A Solid Sample Module. The sample 

was heated at 680°C with a platinum catalyst in the combustion furnace (inside the TC 

combustion tubes), which is supplied with purified air.  Carbon was converted to carbon 

dioxide (CO2) by the combustion. The resulting CO2 is cooled and dehumidified before 

being detected through a non-dispersive infrared (NDIR) gas analyzer. As for the 

inorganic carbon, the oxidized sample undergoes a sparging process during which the 

inorganic carbon is converted into CO2 and its concentration is determined by detection 

through the NDIR gas analyzer.  
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3.4.3 Polycyclic Aromatic Hydrocarbons (PAHs) 

The mobility of PAHs was measured using an Agilent 7890B series gas chromatograph 

coupled to a mass selective detector (Agilent 5877 A).  Analytes were separated using 

5% phenyl-methyl silicone (HP-5) bonded phase-fused silica capillary column (Hewlett-

Packard, 60 m x 0.25 mm i.e., film thickness 0.25 um), operating at 25 psi of column 

head pressure, resulting in a flow of 1.2 mL/min at 50°C.  The injection port was set to 

splitless mode.  The initial temperature program was 100°C during 0.5 min before rising 

to 290°C at a rate of 5°C/min. It was maintained at this temperature for 42 minutes.  The 

transfer line to the mass spectrometer (MS) was maintained at 290°C.  The mass spectra 

were obtained by electron impact (EI) at 70 eV, a multiplier voltage of 1013 V collecting 

data at a rate of 2.82 scan/second.  Detection compounds was carried out in selective ion 

monitoring (SIM) mode and the precursor/product ion transitions for each analyte are 

illustrated in Table 3.  

 

4. RESULTS AND DISCUSSION OF LABORATORY TESTS 

4.1 Acid-Base Neutralization Capacity 

All samples exhibit a similar neutralization behavior, indicating that an addition of large 

amounts of acid is required to obtain lower pH, whereas the extremely alkaline pH values 

require a small amount of base. The values are in agreement with the findings of the 

study conducted by Edil et al. (2012), where the ANC of recycled concrete aggregate 

(RCA) was measured according to the method by Kosson et al. (2002). Edil et al. (2012) 

reported a rapid drop of pH followed by a plateau around pH 4.7 to 7.2, comparable to a 

plateau observed in the current study between pHs 4.9 and 7.0.  The pH plateau is 
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associated with the dissolution of calcium carbonate, which comes from a reaction 

between calcium silicate hydrate and portlandite with carbon dioxide existing in the 

environment (Garrabrants et al., 2004).  

The data in Figure 1 suggests that less acid and/or base is needed to reach extreme 

pH values for RAP6 and natural soils. Dayioglu (2016) observed similar results for 

comparing the ANC of steel slag and indicated that the amount of acid or base added to 

reach a certain pH increased with increasing MgO and CaO content of the slag (Dayioglu 

2016). The total elemental analyses show a low Ca content for all RAP6 and topsoils, 

which may be the reason for requiring lower amount of acid/base during titration tests 

(Table 4). Johnson et al. (1999) argued that Ca yields to Ca(OH)2 in aqueous solutions, 

which, in turn,  has a significant effect on the alkalinity of the solutions. Table 4 also 

shows the pH value of each RAP in deionized water. As expected, the recorded pH 

values for RAP6 (pH 8.67) and topsoils (pH 6.15-8.29) are lower than the ones for other 

RAPs (pH 9.07-9.69).  

 

4.2 pH-dependent Leaching Tests  

The relationship between leachate pH and redox potential (Eh) is provided in Figure 2. 

For all samples, Eh is larger under acidic conditions, indicating the presence of oxidizing 

conditions. Eh decreases linearly as the pH increases and becomes negative under very 

alkaline pH values (pH>9). Based on the measured redox potential, elements in the 

leachates should exist in an oxidized form. 

Eh is obtained by adding the standard reference half-cell of the electrode to the 

oxidation-reduction potential (ORP) values. The standard reference half-cell of the 
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electrode is a constant, which depends on the half-cell of the ORP measurement device 

probe and the temperature. In this case, the standard reference half-cell of the electrode 

was 208 mV. Komonweeraket et al. (2010) indicated that the redox potential measured 

with a pH electrode in water is below the stability line in a Pourbaix diagram, thus 

causing lower measured redox potential values compared to the actual values. 

Komonweeraket et al. (2010) also reported that the measured redox potentials might have 

significant differences from the computed thermodynamical data. 

pH-dependent leaching test results were analyzed for aluminum (Al), arsenic 

(As), boron (B), barium (Ba), calcium (Ca), cadmium (Cd), cobalt (Co), chromium (Cr), 

iron (Fe), copper (Cu), mercury (Hg), potassium (K), lithium (Li), magnesium (Mg), 

manganese (Mn), sodium (Na), nickel (Ni), phosphorous (P), lead (Pb), silicon (Si), 

vanadium (V) and zinc (Zn) for all RAPs and topsoils. Based on their elevated 

concentrations in leachates, the differences in their leaching patterns, as well as their 

potential risk to the environment the nine metals selected for further discussion were: 

aluminum (Al), arsenic (As), boron (B), barium (Ba), calcium (Ca), copper (Cu), iron 

(Fe), and magnesium (Mg) and zinc (Zn). Concentrations of the remaining thirteen metals 

are given in Appendix A.  These metals consistently gave concentrations below detection 

limits and did not present any relevant leaching pattern worth discussing. Moreover, the 

metals do not present any serious environmental concern as no EPA Water Quality Limit 

(WQL) is available for them. 
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Table 3 Precursor/Product Ion Transition 

Organic compound Precursor/Product 

Ion Transition 

Acenaphthene 153/154 

Acenaphthylene 152/151 

Anthracene 178/179 

Benz(a)anthracene 228/226 

Benzo(a)pyrene 252/253 

Benzo(b)fluoranthene 252/253 

Benzo(g,h,i)perylene 276/138 

Benzo(k)fluoranthene 252/253 

Chrysene 228/226 

Dibenz(a,h)anthracene 278/279 

Fluoranthene 202/101 

Fluorene 166/165 

Indeno(1,2,3-

cd)pyrene 

276/138 

Naphthalene 128/129 

Phenanthrene 178/176 

Pyrene 202/101 
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Figure 1 Acid Neutralization Capacity (ANC) curves obtained from titration batch tests
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Table 4 Total elemental composition of the samples tested 

Metal RAP1 RAP2 RAP3 RAP4 RAP5 RAP6 RAP7 Topsoil1 Topsoil2 

Al 12137.8 5941.8 5660.3 6948.4 18200 32100 12100 27700 85500 

As <3 11.19 14.84 6.56 <5 <5 <5 <5 <5 

B 2.32 8.14 16.75 9.48 NA NA NA NA NA 

Ba 36.49 26.88 203.89 30.67 109 311 154 365 1183 

Cd <0.4 <0.4 <0.4 <0.4 0.5 <0.4 0.6 <0.4 <0.4 

Ca 6000 151200 172500 70500 120800 42400 198700 1600 11400 

Co 5.20 7.07 5.05 4.78 14 7 3 4 20 

Cr 15.21 52.96 9.11 27.91 239 38 20 23 49 

Cu 11.28 9.43 11.72 23.54 14 26 8 9 32 

Fe 9505.7 8279.9 7668.1 10325.9 19700 24700 8000 15600 51200 

Li 5.97 6.87 15.53 4.47 NA NA NA NA NA 

Mg 2900 39100 10000 17700 29300 18300 54200 1500 10600 

Mn 180.83 206.56 450.41 152.91 296 525 155 303 619 

Ni 2.27 98.32 <0.3 5.93 187 22 17 10 31 

Pb 32.64 13.13 8.82 6.23 8 8 46 12 28 

P 200 200 200 200 110 200 130 360 600 

K 900 3000 2900 1100 7900 9600 7300 11300 27700 

Se <3 <3 <3 <3 NA NA NA NA NA 

Na 363.37 340.14 204.64 726.74 1200 10700 1200 2700 6000 

Sr 12.94 191.15 614.33 109.39 238 115 310 58 124 

S 2200 5000 5200 4400 3000 3000 4000 <1000 <1000 

Ti 228.26 233.54 42.47 257.44 900 2200 600 3400 5700 

V 42.82 71.31 27.22 71.34 62 93 67 35 87 

Zn 26.51 22.78 36.08 32.97 22 54 40 30 113 
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Figure 2 Effect of pH on the oxidation-reduction potential of RAP 
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Two types of patterns were observed for the leaching of the nine metals discussed 

below. Leaching of As, Ba, Ca and Mg, Zn generally followed a cationic behavior, with 

few exceptions, which suggests that the pH and the metal concentrations are inversely 

proportional, i.e., the metal concentrations decrease with increasing pH. On the other 

hand, Al, B, Cu and Fe presented an amphoteric trend, with few exceptions, i.e., higher 

leached concentrations at extreme pHs as compared to those at-near neutral pHs.   

Figure 4 shows the leaching patterns for As, Ba, Ca, Mg observed in the current study. 

These metals exhibit solubility-controlled leaching behavior at low pHs and the  leached 

concentrations are high as the mineral phase in the sample dissolves and/or is desorbed 

(Dayioglu 2016). Under alkaline conditions, these metals precipitate and/or get adsorbed 

to sorptive surface, which results in lower metal concentrations at those pH values (Bin 

Shafique et al., 2002; Sauer et al., 2005; Karapınar, 2016). 

 

4.2.1 Leaching of As 

 
Figure 4a shows that As follows a cationic pattern for all samples except Topsoil 1, 

which follows an amphoteric behavior. Komonweeraket et al. (2015) reported that the 

variation in the leaching pattern of As might be due to factors such as the variation of 

dominant species of As existing in the leachates for a given pH ranges and different 

controlling mechanisms and effects caused by the presence of other dissolved ions in the 

leachates. Komonweeraket et al. (2015) also observed an increase in As concentrations 

with decreasing pH, and related this behavior to the increased protonation of As species, 

which causes their low affinity to sorption at pH<5. The significant drop in As 

concentrations at pH 6 to 8 may be due to sorption of the metals on the geomaterials.
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Figure 3 Liquid solid partitioning as a function of pH (adapted from Kosson et al. 2002) 
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Figure 4 Concentrations of (a) As (b) Ba (c) Ca (d) Mg as a function of pH within the leachates of RAP and topsoil 
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RAP generally contains more arsenic than the top soils (Table 4), therefore As leaching at 

extremely low pHs is higher for RAPs. However, around near-neutral pHs (~7-8), their 

concentrations are about the same. Arsenic concentrations for most of the samples, except 

RAP2 and Topsoil 1, are above the EPA WQL for As (340 ppb) within the EPA 

recommended drinking water pH range (6.5 to 9). Shedivy et al. (2012) also reported 

elevated concentrations of arsenic leaching from RAP at near-neutral pH values. 

  

4.2.2 Leaching of Ba 

Leaching of Ba exhibits two different leaching patterns (Figure 4b). All the RAPs and 

Topsoil 2 present a cationic behavior, where the concentrations decrease with an increase 

in pH, similar to the observations made by Cetin et al. (2012) in testing of fly ash-

stabilized highway base layers. On the other hand, Topsoil 1 follows an amphoteric 

leaching pattern, where the concentrations are high at acidic and alkaline pH values. 

Relatively high leaching of Ba from RAP3 and Topsoils 1 and 2 may be due to the fact 

that these materials are rich in barium (Table 4). Komonweeraket et al. (2015) observed a 

similar variation in leaching patterns (cationic and amphoteric) for Ba, and associated the 

differences in leaching patterns to controlling mechanisms as the leaching of barium is 

believed to be controlled by solubility of barite (BaSO4) (Aalbers et al., 1994; Fallman, 

2000) and dissolution-precipitation of celestite (Fruchter et al., 1990). Even though 

barium does not have any U.S EPA regulated WQL, Ba leached concentrations are below 

the U.S EPA MCL (2000ppb) within the drinking water pH range (6.5-9).   
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4.2.3 Leaching of Ca 

Effect of pH on the leaching mechanisms of Ca is illustrated in Figure 4c. All materials 

show a cationic behavior. Extremely high calcium concentrations are observed at low pH 

values in RAPs, and they leach more calcium than topsoils due their relatively higher 

calcium content (42,400-172,500 mg/L versus 1,600-11,400 mg/L, Table 4).  RAP6 

contains the lowest calcium amount among all RAPs tested (42,400 mg/L), which is 

reflected in the amount of Ca leaching (Figure 4c). Similar leaching behavior for Ca was 

reported by Komonweeraket et al. (2015) and Dayioglu (2016). The increase in 

concentrations of Ca at low pH values may be due to the increasing dissolution and/or 

desorption of metals from mineral phases with decreasing pH. At higher pHs, free 

Ca2+ions might react to form compounds such as Ca(OH)2, which may contribute to a 

decrease in calcium concentrations (Cetin and Aydilek, 2013). Previous studies also 

indicated that, at higher pH values (alkaline), carbonate minerals, calcite (CaCO3) and/or 

aragonite (CaCO3) are the controlling solids for calcium due to the predominance of 

carbonate (van der Sloot et al., 1996; Apul, 2005; Yu-Bin et al., 2015; Declet et al., 

2016). It is important to note that even though considerable amount of Ca can leach from 

RAP, calcium is not listed as a potential contaminant by the U.S EPA.  

 

4.2.4 Leaching of Mg  

Leaching of Mg as a function of pH follows a cationic pattern (Figure 4d). This is in 

agreement with previous studies (Komonweeraket et al., 2015; Dayioglu 2016).  Mg 

leaching from RAPs and topsoils is controlled by solubility and, at a very acidic state (pH 

<2), the mineral phase of magnesium within the leachate dissolves and/or desorbs 
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(Dayioglu 2016). However, as the pH increases, the precipitation of the metal and/or 

adsorption to the sorptive surfaces results in a decrease in concentration (Komonweeraket 

et al., 2010; Cetin and Aydilek, 2013; Komonweeraket et al., 2015; Karapınar, 2016). 

The decrease in concentrations at alkaline pH values may also be due to the precipitation 

with carbonate (CO3
2-, which is CO2 at alkaline pH) to form minerals such as magnesite 

(MgCO3) and dolomite (MgCa(CO3)2) (van der Sloot et al., 1996 and Apul, 2005). 

Lowest Mg concentrations are measured for Topsoil 1 is probably due to low Mg content 

of the material (Table 4). It is important to note that Mg is not listed as a potential 

contaminant by the U.S EPA.  

 

4.2.5 Leaching of Al  

Figure 5a shows the amphoteric leaching pattern of Al, where the leached metal 

concentrations are highest at acidic and basic pH conditions and minimal at near-neutral 

pH.  Topsoils 1 and 2 leach more aluminum than RAP, associated with their higher Al 

content as compared to RAP (27,700-85,500 mg/L versus 5660-32,100 mg/L, Table 4).  

Astrup et al. 2006 and Gitari et al. (2009) reported that the low concentrations of Al at 

neutral to slightly alkaline pH (6 to 9) is caused by the precipitation of Al to form 

gibbsite (Al(OH)3) and Al(OH)3 amorphous. Komonweeraket et al. (2015) related the 

increase in Al concentrations under alkaline pH conditions to the dissolution of Al from 

its solid phase (gibbsite), similar to the observations made by Komonweeraket et al. 

(2010) and Cetin et al. (2012). 

The concentrations of Al presented in Figure 5a are below the EPA WQL (0.75 

ppm) at drinking water pHs (pH 6.5-9) and above the WQL at extreme pH values. 
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However, it should be recognized that Al is listed only in the secondary drinking water 

regulations of EPA and a minimum limit for Al is not listed in the Maryland Aquatic 

Toxicity Limit (ATL) specifications. 

 

4.2.6 Leaching of Fe    

The leaching behavior of Fe shows an amphoteric pattern (Figure 5b).  Garrabrants et al. 

(2004) claimed that oxide/hydroxide minerals have a tendency to release Fe at very acidic 

and basic conditions. Due to high variation in Fe concentrations under acidic conditions, 

the amphoteric pattern is less clear for some of the RAPs. The amphoteric pattern 

observed for Fe is in agreement with Komonweeraket (2015). Fruchter et al. (1990) 

claimed that Fe solubility is controlled by hematite (Fe2O3) and Fe(OH)3 amorphous. The 

presence of these minerals controls the solubility of Fe at different conditions. This is 

related to the fact that they tend to release Fe at highly acidic (pH< 3) and basic (pH>12) 

conditions, causing an increase in Fe concentrations in the leachates (Garrabants et al., 

2004). It is important to note that even though Fe does not have a U.S EPA WQL, the Fe 

concentrations in the leachates of RAPs and topsoils were below the U.S EPA MCL 

(1000 ppb) for iron within the drinking water pH range.     

 

4.2.7 Leaching of B 

 
Leaching of boron as a function of pH follows a cationic behavior in all samples except 

RAP4 and Topsoil1, which follow an amphoteric behavior (Figure 5c).  Boron (B) may 

produce cationic species that adsorb to soil in the aqueous solution or precipitate with Al-

oxides and iron oxides at pH>6.5 (Pagenkopf and Connolly 1982). As a result, the B 
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concentrations are expected to decrease with increasing pH of the effluent solution. Mudd 

et al. (2004) also reported that adsorption of cationic species are very likely to occur at 

alkaline pH conditions (pH>11), which may consequently lead to the decrease in B 

concentrations in the aqueous solutions. The decrease in B concentrations may also be 

due to the presence of CaCO3 minerals, which easily co-precipitate with B under alkaline 

conditions (Hollis et al., 1988). The observations made in the current study are in 

agreement with those of Elseewi et al. (1980), Gitari et al. (2009) and Cetin and Aydilek 

(2013). It is important to note that boron is not listed as a potential contaminant by the 

U.S EPA, thus there was no regulated WQL or MCL for B.   

 

4.2.8 Leaching of Cu 

 
Figure 5d shows an amphoteric leaching pattern for Cu, consistent with the observations 

made in earlier studies (Eighmy et al., 1995; Cetin et al., 2012; Komonweeraket et al., 

2015; Dayioglu, 2016). Higher concentrations of Cu can be observed at extreme acidic 

and alkaline pH conditions; however, at neutral pH values, the concentration of Cu is 

considerably low. Leaching of Cu is solubility-controlled due to the precipitation 

reactions of CuO and Cu(OH)2 (Fruchter et al., 1990; Apul et al., 2005; and 

Komonweeraket et al., 2015).  The dissolution and precipitation of the latter minerals are 

likely to cause the release of Cu into aqueous solutions. Garrabrants et al. (2004), Cetin 

(2012) and Komonweeraket (2015) also reported that the solubility of a metal that 

follows an amphoteric leaching behavior is controlled by the solubility of 

oxide/hydroxide minerals.  The leached concentrations of Cu are below the U.S EPA 

WQL (13 ppb) for all samples except topsoil1 within the regulated drinking water pH
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 Figure 5 Concentrations of (a) Al (b) Fe (c) B (d) Cu (e) Zn as a function of pH in leachates from RAP and topsoil
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range (6.5-9). However, the exceeding Cu concentrations of topsoil1 are below the U.S 

EPA MCL, which is 1300ppb.   

 

4.2.9 Leaching of Zn 

  

Leaching of Zn as a function of pH (Figure 5e) mostly shows a cationic behavior for all 

the samples except Topsoil1, RAP6 and RAP7. This cationic leaching behavior was not 

expected because beyond neutral pH, the Zn metals start precipitating as Zn(OH)2 and 

dissolve completely as Zn(OH)3
- under highly alkaline pH conditions (Cotton and 

Wilkinson, 1999). Jegadeesan et al. (2008) argued that the decrease in Zn concentration 

with increasing pH is due to its surface complexation with Fe-Al-oxide or silicate 

material or the formation of insoluble hydroxides.  Amphoteric leaching pattern of Zn 

was also observed by previous studies (Ricou et al., 1999; Lim et al., 2004; 

Komonweeraket et al., 2010; Cetin and Aydilek, 2012). However, the low concentrations 

of Zn at high pH values recorded in the current study may be due to the low Zn content of 

the samples (Table 4). Cetin et al. (2013) reported that the high pH of the soil itself might 

be responsible for the low Zn concentrations at highly alkaline pH values. Van Herck et 

al. (2000) also reported that the leached Zn concentration could be low in highly alkaline 

conditions. As illustrated in Figure 5e, the Zn concentrations within the leachates are 

below the U.S EPA WQL (0.12 ppm) within the regulated drinking water pH values (6.5-

9). 

Figure 6 and 7 show the leached Al, As, Ba, Ca, Mg, Fe, B, Cu and Zn 

concentrations for RAPs and topsoils at three different pH conditions. The leached 

concentrations of Al, As, Ba, Ca, Mg, Fe, B, Cu and Zn metals are the highest under 
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acidic conditions (pH< 2), consistent with the findings of the previous studies. Quina et 

al. (2009) claimed that concentrations of leached metals increases more than three orders 

of magnitude at pH<6. Saria (2006) also argued that the leaching of heavy metals is 

highly mobilized at low pHs  (pH< 2), due to presence of H+ ions in the acid which 

displaces the cations from their binding sites, thus increasing the desorption of metals. 

This desorption makes the cations readily available in the effluents, resulting in high 

concentrations of metals under highly acidic conditions (Zheng et al., 2012). As the pH 

increases, lower metal concentrations are recorded due to the low presence of H+ ions to 

break the cations binding sites, thus favoring adsorption. Komonweeraket (2015) related 

the decrease in concentration to an increase in precipitation and/or adsorption. The 

precipitation under basic conditions involves the reaction of the cations with hydroxide 

ion (OH)- to form metal hydroxides at high pH (pH>10). On the other hand, amphoteric 

metals (Al and Fe) can easily leach under acidic and basic conditions (Figure 6). 

 

4.3 TCLP Test Results 

4.3.1 Inorganics 

Toxicity Characteristics Leaching Procedure tests (TCLP) were conducted to determine 

the leaching of metals from RAP under acidic conditions. The pH of the TCLP leachates 

ranges from 5.8 to 6.4, as illustrated in Table 5. PHs for all RAPs, except RAP6, varies 

between 6.35 and 6.40. The low pH value of RAP6 (pH 5.8) is probably due to the its 

relatively lower CaO content as compared to other RAPs (42,400 mg/L versus 70,500-

198,700 mg/L, Table 4). Cetin (2012) argued that the release of calcium at high 

concentrations dominates the pH of the TCLP leachate. It is well known that Ca2+ are 
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base cations (Sparks, 2003), thus their free state might increase the alkalinity of the 

solutions, resulting in higher pH values for RAPs in this study.  This observation is in 

agreement with the findings of Mudd et al. (2004) and Cetin et al. (2012).  

Based on their potential impact on the environment and their concentrations in 

RAP, concentrations of twenty-one metals (Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, 

Mn, Na, Ni, P, Pb, V and Zn) leached from RAP were measured.  The TCLP tests results 

in Table 5 show that at pH<6.5, the lower range of the EPA limit for drinking waters, all 

the leached metal concentrations are below the EPA water quality limits (WQLs). Most 

of the measured concentrations are below the detection limits of the ICP.   

Elevated concentrations of Mn were measured for the geomaterials tested. Mn in 

RAP collected from Wisconsin (1.04 mg/L) was also found to exceed the enforcement 

limits for drinking waters (Shedivy et al. 2012). Mn complexes with free OH- ions and 

precipitates as Mn (hydro)oxides in aqueous solution at neutral pHs to alkaline pHs 

(Cetin et al. 2012). Leaching of Mn is extreme at acidic pHs; however, an increase in pH 

would significantly decrease the leaching capability of Mn (Goswami and Mahanta 

2007). Therefore at neutral pH values, which are equivalent to the EPA regulation, the 

Mn concentration is expected to decrease considerably.  

 

4.3.2 Organics 

The results of the Polycyclic Aromatic Hydrocarbons (PAH) analyses are shown in Table 

6. The PAH concentrations are generally below detection limits for most PAHs except for
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Figure 6 Effect of pH on leaching of calcium, arsenic, barium, magnesium, iron and aluminum metals from RAPs and topsoils 
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Figure 7 Effect of pH on leaching of boron, copper and zinc metals from RAPs and topsoils 
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Table 5a Effluent metal concentrations in TCLP tests 

Specimen Name TCLP pH Al (mg/L) As (mg/L) Ba (mg/L) Cu (mg/L) Mn (mg/L) Zn (mg/L) 

RAP1 6.39 BDL BDL 0.397 BDL 0.441 BDL 

RAP2 6.37 BDL BDL 0.318 BDL 0.364 BDL 

RAP3 6.35 BDL BDL 0.606 BDL 1.63 BDL 

RAP4 6.29 BDL BDL 0.345 BDL 0.428 BDL 

RAP5 6.36 BDL BDL 0.409 BDL 0.677 BDL 

RAP6 5.8 BDL BDL 0.465 BDL 0.772 BDL 

RAP7 6.40 BDL BDL 0.489 BDL 0.427 BDL 

U.S EPA WQL 

(mg/L) 
6.5-9 0.75 0.15 NA 0.06 NA 0.12 

MDL (mg/L) 0.02 0.02 0.02 0.004 0.2 0.05 

TCLP Regulatory Limits NA 5 100 NA NA NA 

MDL: Minimum Detection Limits, WQL: Water Quality Limits for protection of aquatic life and human health in fresh water; 

NA: not applicable; BDL: Below Detection Limit 
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Table 5b Effluent metal concentrations in TCLP tests 

MDL: Minimum Detection Limits, WQL: Water Quality Limits for protection of aquatic life and human health in fresh water; 

NA: not applicable; BDL: Below Detection Limit 

 

 

Specimen Name TCLP pH Na (mg/L) Ni (mg/L) P (mg/L) Pb (mg/L) Fe (mg/L) V (mg/L) 

RAP1 6.39 BDL BDL BDL BDL BDL BDL 

RAP2 6.37 BDL BDL BDL BDL 0.293 BDL 

RAP3 6.35 BDL BDL BDL BDL BDL BDL 

RAP4 6.29 BDL BDL BDL BDL BDL BDL 

RAP5 6.36 BDL BDL BDL BDL BDL BDL 

RAP6 5.8 BDL BDL BDL BDL 0.186 BDL 

RAP7 6.40 BDL BDL BDL BDL BDL BDL 

U.S EPA WQL 

(mg/L) 
6.5-9 NA 0.052 NA 0.065 1 NA 

MDL (mg/L) 25 0.005 0.005 0.005 0.004 0.005 

TCLP Regulatory Limits NA NA NA 5 NA NA 
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Table 5c Effluent metal concentrations in TCLP tests 

Specimen Name TCLP pH B (mg/L) Cd (mg/L) Co (mg/L) Cr (mg/L) K (mg/L) Mg (mg/L) 

RAP1 6.39 0.039 BDL BDL BDL BDL 10.02 

RAP2 6.37 0.027 BDL BDL BDL 3.40 7.85 

RAP3 6.35 0.030 BDL BDL BDL BDL 3.48 

RAP4 6.29 0.033 BDL BDL BDL 2.19 9.67 

RAP5 6.36 0.048 BDL BDL BDL BDL 12.83 

RAP6 5.8 0.039 BDL BDL BDL 4.87 34.7 

RAP7 6.40 0.035 BDL BDL BDL BDL 9.83 

U.S EPA WQL 

(mg/L) 
6.5-9 0.75 0.002 NA 0.011 NA NA 

MDL (mg/L) 0.005 0.005 0.005 0.005 25 25 

TCLP Regulatory Limits N/A 1 NA 0.2 NA NA 

MDL: Minimum Detection Limits, WQL: Water Quality Limits for protection of aquatic life and human health in fresh water; 

NA: not applicable; BDL: Below Detection Limit 
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Indeno[1,2,3-cd]pyrene and chrysene. The concentrations of chrysene from all RAPs, 

except RAP2, are slightly above the Maryland groundwater regulations. Previous studies 

have also found traces of PAH in RAP. Norin and Strömvaix (2004) identified 

naphthalene as the predominant PAH leaching from RAP collected in Sweden, and 

indicated that the measured naphthalene concentrations (28 μg/L) exceeded the 

groundwater limits. The measured concentrations of Indeno[1,2,3-cd]pyrene (0.02 μg/L) 

were below the groundwater regulations, and the amount of total PAHs was measured 36 

μg/L. Legret et al. (2005) reported a total PAH concentration of 62 μg/L from a batch test 

and 95 μg/L from a column test, and identified benzo[a]pyrene and fluoranthene as the 

most predominant PAHs present in RAP. The difference in the predominant PAH 

compound was associated with the modes of production of the original asphalt.  

Based on the concern raised by the significant presence of Indeno[1,2,3-cd]pyrene 

in RAPs and for comparative purposes, samples of new asphalt collected from Maryland 

roadways was also employed  for PAH in the current study. The results, as illustrated in 

Table 6, show the concentrations of Indeno[1,2,3-cd]pyrene in the new asphalt and 

Maryland RAPs are highly comparable (1.4 g/L versus 1.3-1.48 g/L). Pohanish (2012) 

claimed that even though there is sufficient evidence on the carcinogenicity of 

Indeno[1,2,3-cd]pyrene on animals, there is no adequate data available for humans. 

Epidemiologic studies have not find any useful data on the carcinogenicity of 

Indeno[1,2,3-cd]pyrene on humans (U.S EPA, 1990). Moreover, the data in Table 6 

shows that the trace amounts of PAHs are comparable with those in new asphalt and the 

concentrations of PAHs in all seven RAPs are lower than those in new asphalt (11-18.62 
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μg/L versus 29.1 μg/L).  Thus, it was concluded that running a column-leaching test for 

measuring PAH leaching from Maryland RAPs would be unnecessary. 

Previous studies show that salinity may have an effect on the amount of 

polycyclic aromatic hydrocarbons leached. Tremblay et al. (2005) reported that the 

increase in salinity increases the sorption of PAH on soil particles, i.e., the salinity 

increases, the partition coefficient for PAH sorption increases and cause a decrease the 

leaching of PAHs. Brunk et al. (1997) reported similar findings on the effects of salinity 

on the sorption of phenanthrene to kaolinite.  The salt (NaCl) content of the different 

RAPs analyzed in the current study is in a wide range as shown in the total elemental 

composition (204-10,700 mg/L); however, no clear-cut relationship was observed when 

the PAHs concentrations that are above the detection limits were plotted against salt 

contents (Figure A3).  

 

4.4 Geochemical Modeling 

4.4.1 Results of Geochemical Analysis 

Leachates contain metals that can exist in different oxidation states. This may affect their 

toxicity and/or solubility. For instance chromium (Cr) can exist in Cr(III) or Cr(VI) in the 

nature. The two are totally different regarding their toxicity because according to the 

Cr(III) is an important nutrient necessary to the human body; whereas, Cr(VI) is known 

to be poisonous (Delaware Health and Social Services 2015). 

In this study, geochemical analysis were conducted on all RAPs to determine the 

dominant oxidation state of the leached metals, and determine whether leaching of these 

elements are solubility-controlled or sorption-controlled. The equilibrium speciation   
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Table 6 Effluent polycyclic aromatic hydrocarbon concentrations in TCLP tests 

Compound Name 

MD 

groundwater 

regulation 

(μg/L)  

DL 
RAP1 

(μg/L) 

RAP2 

(μg/L) 

RAP3 

(μg/L) 

RAP4 

(μg/L) 

RAP5 

(μg/L) 

RAP6 

(μg/L) 

RAP7 

(μg/L) 

New 

Asphalt 

(μg/L) 

Benzo[g,h,i]perylene 18 2.7 BDL BDL BDL BDL BDL BDL BDL BDL 

Dibenzo[a,h]anthracene 0.2 2.7 BDL BDL BDL BDL BDL BDL BDL BDL 

Indeno[1,2,3-cd]pyrene 0.2 1.3 1.38 1.4 1.3 1.34 1.36 1.39 1.48 1.4 

Benzo[a]pyrene 0.2 1.3 BDL BDL BDL BDL BDL BDL BDL BDL 

Benzo[k]fluoranthene 0.3 1.3 BDL BDL BDL BDL BDL BDL BDL BDL 

Benzo[b]fluoranthene 0.2 2.7 BDL BDL BDL BDL BDL BDL BDL BDL 

Chrysene 3 1.3 3.11 0.9 4.2 3.66 3.32 3.27 3.45 2.7 

Benzo[a]anthracene 0.2 1.3 BDL BDL BDL BDL BDL BDL BDL BDL 

Pyrene 18 1.3 1.62 2.8 BDL 6.95 5.92 5.99 6.86 1.9 

Fluoranthene 150 2.7 BDL BDL BDL BDL BDL BDL BDL BDL 

Anthracene 180 1.3 BDL BDL BDL BDL BDL BDL BDL 8.5 

Phenanthrene 180 1.3 10.19 BDL 2.4 6.01 4.93 BDL 4.04 14.6 

Fluorene 24 2.7 2.32 BDL 0.8 BDL BDL BDL BDL BDL 

Acenaphthene 37 13.3 BDL 1.9 2.3 BDL 2.49 BDL BDL BDL 

Acenaphthylene 37 26.7 BDL 10.1 BDL BDL BDL BDL BDL BDL 

Naphthalene 0.65 13.3 BDL BDL BDL BDL BDL BDL BDL BDL 

Total PAH NA - 18.62 17.1 11 17.96 18.02 10.65 15.83 29.1 

DL: Detection Limit; BDL: Below Detection Limit. Concentrations exceeding Maryland groundwater regulations are in bold
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model, VisualMINTEQ, was used for the calculation of the equilibrium composition of 

natural aqueous systems and aqueous solutions in a laboratory setting. This geochemical 

modeling software developed by U.S. EPA, was run in two steps. First, the predominant 

oxidation states from the analyzed metals were determined by using the pH and Eh data 

from the deionized water solutions. Later, the aqueous concentrations of metal species in 

the leachates as well as the dominant control mechanisms were determined. The results 

from VisualMINTEQ can be found in Appendix B.  

 

4.4.2 Predominant Oxidation States 

The geochemical analysis was performed on some of the metals previously analyzed. 

Those metals include Al, As, Ba, Ca, Fe and Zn.  The predominant oxidation states of the 

metals analyzed were determined using the pH and Eh data from the leaching tests. The 

predominant oxidation state was determined for As and Fe. Since Al, Ba, Ca and Mg are 

not redox-sensitive elements, they were not included in the speciation process.  

Pentavalent arsenic [As(V)] was reported to be the dominant oxidation state for 

arsenic in all the leachates. No data from previous studies could be found regarding the 

oxidation state of As in recycle asphalt pavement; however, leachates of fly ash from 

previous studies reported As(V) to be the predominant oxidation state (Fruchter et al., 

1990, Xu et al., 2001; Cetin et al., 2012; Dayioglu 2016). Cherry et al. (1979) claimed 

that even if As is present as As(III), it will be expected to oxidize to As(V) under aerobic 

conditions; thus, As(V) is expected to be the dominant oxidation state in RAP leachates. 

Iron was also reported to be present in its oxidized form Fe(III). Following the 

suggestions of Apul et al. (2005) and Komonweeraket (2010), the predominant Fe species 
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in RAP is assumed to be Fe(III). 

 

4.4.3 Aqueous Phase Composition and Saturation Index Calculation 

In the second stage of the geochemical analysis, the predominant oxidation states, pH, 

electrical conductivity, ORP values and metal concentrations in the aqueous solutions 

were used in VisualMINTEQ to calculate the amount of species in the leachates. The 

predominant oxidation state was used as an input as the following: Al3+, As(V) as 

H3AsO4, Ba2+, Ca2+, Fe3+, Mg2+, SO4
2- and CO3

2-. The total amount of sulfur was 

assumed to exist in SO4
2 and the total inorganic carbon in CO3

2. Schumacher (2002) 

argued that inorganic carbon is present in soils in the form of carbonate. In the current 

study, it was assumed that equilibrium was reached between the leachates and the 

potential solubility-controlling minerals in a 25oC open system. Even though the 

leachates were kept in closed tubes, they were exposed to atmospheric CO2 during the 

multiple preparation steps, i.e., during filtration and chemical analysis. As a result, the 

leachates were assumed to be in equilibrium with the partial pressure of atmospheric CO2 

at 32.N/m2 ( 10-3.5 atm = 3.162x10-4 atm; Langmuir, 1997). VisualMINTEQ provides the 

concentration and the activities of species present in the aqueous solutions. The 

computation of the activity of the solutions requires the use of Davies equation (Eq. 1).  

log 𝛾𝑖 = −𝐴 𝑧𝑖
2 (

√𝐼

1+√𝐼
−  0.3 𝐼) (1) 

where yi is the activity coefficient for ion i; A is a constant dependent on the dielectric 

constant of water and temperature (~0.5 at 20 °C); z is the charge of ion; and I is the ionic 

strength of the solution (Stumm and Morgan, 1996; Gustafsson, 2015). The ionic 

strengths (I) were computed by multiplying the EC values by 0.013, which is a number 
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empirically derived from a large number of river water samples to determine the ionic 

strength of aqueous solutions (Griffin and Jurinak, 1973).  

VisualMINTEQ-computed saturation indices were used to determine the 

controlling mechanisms for leaching of the metals. Those saturation indices were 

determined while accounting for the minerals and solid phases in the VisualMINTEQ 

database. A saturation index (SI) determines if leaching is controlled by solubility or 

sorption with respect to a given mineral. Oversaturated metals present high positive SI 

values, while the undersaturated ones have a highly negative SI value, thus suggesting 

that leaching of the metal is controlled by another mineral or solid phase. When SI=0, the 

solution is in equilibrium with the mineral. If the activities of the metal are in close 

proximity to the solubility line of the mineral or solid phase, the metal is solubility-

controlled. As the distance from the solubility line increases, the metal is either controlled 

by the solubility of another mineral or is not solubility-controlled. The controlling 

mechanisms of the metals were evaluated by plotting the log-activity values computed by 

VisualMINTEQ as a function of pH. Solubility lines were also plotted on the same graph 

to visualize if the leached metal was solubility- or sorption-controlled.  

 

4.4.4 Mechanisms Controlling Leaching 

Concentrations of Al, Ba, Ca, Fe and Mg in the leachates from RAP were found to be 

consistent with the dissolution/precipitation of solid/minerals. Table 7 summarizes the 

dominant oxidation state and controlling-solids for each element of interest. It also points 

out the different RAPs that are controlled by each specific mineral. Oxide and hydroxide 

minerals appear to control the leaching of these metals. Leaching of As is not solubility-
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controlled and no geochemical reactions were elucidated from the results in the research 

reported in this study.  The computations reported by VisualMINTEQ indicate that Al is 

solubility- controlled since the log-activities of the dissolved Al species in the leachates 

are close to Al-hydroxide minerals such as crystalline gibbsite [Al(OH)3], amorphous 

gibbsite and boehmite [AlO(OH)] (Figure 8a).  Reynolds (2006), Astrup et al. (2006), 

Cetin et al. (2013) and Komonweeraket et al. (2014) also reported gibbsite, diaspore and 

boehimite as the minerals controlling the solubility of Al. May et al. (1979) studied the 

solubility of Al in several organic pH buffers (pH 4 to 9), and claimed that amorphous 

forms of Al-oxides control the solubility of Al at slightly acidic conditions. Moreover, 

May et al. (1979) and Hemingway et al. (1991) reported that, in basic conditions (pH>7), 

the solubility of Al is controlled by a phase more stable than gibbsite, arguing that phase 

to be boehmite. The close proximity between the Al solubility and mineral phases can be 

seen in Figure 8a.  The same figure also shows that in the pH range 4-13, concentrations 

of Al in the leachates are consistent with dissolution-precipitation of the latter aluminum 

hydroxides. Aluminosilicates such as mullite (Al6Si2O13) are probable sources of Al3+, 

which results in the formation of aluminum hydroxide precipitates. Mullite might also be 

a potential controlling solid for Al in RAP leachates; however, no conclusion could be 

made due to the lack of data on the mineralogy of mullite and its unavailability in the 

VisualMINTEQ database.  

The solubility of Ba was reported to be mostly controlled by barite [BaSO4] in 

steel slag leachates obtained from different laboratory and field tests (Fallman, 2000; 

Dayioglu, 2016).  The results of the current study are in agreement with these past studies
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Table 7 Controlling solids for elements 

Element Speciation Solubility-Controlling Solids Specimen Controlled by the Solids 

Al Al(III) 

Gibbsite [Al(OH)3]amorphous RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Boehmite [AlO(OH)] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Gibbsite crystalline RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

As As(V) None None 

B B(III) None None 

Ba Ba(II) 
Barite [BaSO4] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Witherite [BaCO3] RAP1, RAP2, RAP4, RAP5 

Ca Ca(II) 

Gypsum [CaSO4] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Anhydrite [CaSO4.2H2O] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Calcite [CaCO3] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Aragonite [CaCO3] RAP 1, RAP2, RAP3, RAP4 , RAP6, RAP7 

Cu Cu(II) 
Malachite [Cu2(CO3)(OH)2] RAP1, RAP2, RAP4, RAP6 

Tenorite [CuO] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Fe Fe(III) 
Ferrihydrite [Fe(OH)3] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Hematite [Fe2O3] RAP1, RAP4, RAP5,RAP7 

Mg Mg(II) 
Dolomite [Mg,Ca(CO3)2] RAP 1, RAP2, RAP3, RAP4, RAP5, RAP6, RAP7 

Magnesite [MgCO3] RAP1, RAP2, RAP3, RAP4 

Zn Zn(II) 
Zinc hydroxide [Zn(OH)2] RAP2 

Zincite [ZnO] RAP2, RAP6, RAP7 
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Figure 8 Log activities of a) Al b) Ba c) Ca d) Fe e) Mg versus pH in leachates from recycled asphalt pavement 
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because sulfate minerals appear to control the solubility of Ba (Figure 8b). An 

oversaturation of the leachates with respect to barite is visible. The concentration of Ba 

might therefore be controlled by the dissolution-precipitation of barite under acidic 

conditions. However, Komonweeraket et al. (2015) reported that solubility of Ba might 

be controlled by witherite [BaCO3] under alkaline conditions since it is more soluble if 

the pH is above 10 (Eary et al., 1990). The results given in Figure 8b also show that, in 

highly basic conditions, whiterite may be controlling the solubility of Ba in some RAPs. 

Calcium is among the major soluble metals leached from RAP. It was also found 

to be one of the most soluble elements that leached from coal combustion by-products 

(Komonweeraket et al., 2015). Sulfur leached from other recycled materials, such as fly 

ash, is assumed to be present in the form of sulfate (SO4
2-). Sulfate minerals are found to 

have a significant impact in controlling the leaching of Ca2+ from RAP under acidic to 

neutral conditions (pH= 2-7). Minerals such as gypsum [CaSO4] and anhydrite 

[CaSO4.2H2O] were found to control the solubility of Ca2+ in acidic conditions. Slight 

undersaturation with respect to the latter minerals occurs in the previously stated pH 

range. This might be due to the incomplete dissolution of mineral phases or insufficient 

minerals in the solid phase. This is in agreement with the findings of Komonweeraket et 

al. (2015). However, in alkaline conditions and in the presence of atmospheric CO2, 

carbonate species become more important (Stumm and Morgan, 1996) and minerals such 

as calcite [CaCO3] and aragonite [CaCO3] control the solubility of Ca2+. Moreover, it can 

be seen from Figure 8c that the leachates were oversaturated with calcite at alkaline pH 

(pH>9). Kirby and Rimstidt (1994) and Komonweeraket et al. (2015) also observed an 

oversaturation with calcite in their respective municipal solid waste incineration and fly 
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ash leachates. Langmuir (1997) and Al-Barrak and Rowell (2006) related this 

oversaturation of Ca2+ with respect to calcite in the leachates to the common ion effect 

based on the calcium resulting from sources other than calcite dissolution. The higher 

dissolution potential of gypsum compared to calcite contributes Ca into the leachate, thus 

providing Ca as a common ion in the leachates and also causing precipitation of calcite 

(Langmuir, 1997). Even though there is no data on the controlling mechanisms of Ca in 

RAP leachates in the current study, previous research on coal combustion by-products 

have reported gypsum, anhydrite, aragonite or calcite to be the controlling minerals of 

calcium. Roy and Griffin (1984) claimed that the Ca concentration in fly ash leachates is 

controlled by anhydrite in acidic to slightly neutral pH conditions; however, in highly 

alkaline conditions, calcite takes over due to the presence of atmospheric CO2. Mudd et al 

(2004) have reported calcite and aragonite as the controlling minerals of Ca from coal fly 

ash when the system is in equilibrium with atmospheric CO2.   

Figure 8d generated from the VisualMINTEQ results shows that ferrihydrite 

controls the solubility of Fe. Fruchter et al. (1990), Garavaglia and Caramuscio (1994) 

and Gitari et al. (2009) also claimed that hydroxide minerals, such as ferrihydrite control 

the solubility of Fe3+ in leachates of industrial by-products. Under neutral to basic pH 

conditions (pH=7-11), the solubility of Fe3+ was controlled by hematite (Fe2O3) in few of 

the RAP leachates similar to the findings of Black et al. (1992) and Dayioglu (2016). Rai 

et al. (1984) indicated that the leaching of Fe from coal ash in short-term and long-term 

batch leaching tests is controlled by the solubility of Fe oxide and hydroxide, which is 

also in agreement with the results reported in the current study.   

The results of VisualMINTEQ indicate that from neutral to slightly basic pH 
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conditions (6<pH<9), the Mg2+ solubility is controlled by carbonate minerals dolomite 

[MgCa(CO3)2] and magnesite [MgCO3] (Table 7). Previous studies have also reported the 

same minerals as the ones controlling the solubility of Mg2+ in waste materials 

(Garavaglia and Caramuscio, 1994; Komonweeraket et al., 2015; and Dayioglu, 2016). 

However in the current study, Mg2+ appears to be significantly undersaturated with 

respect to the two minerals at acidic conditions (pH<6.5) as illustrated in Figure 8e. 

Based on this undersaturation, Komonweeraket et al. (2015) suggested increasing the 

concentration of Mg2+ to check if the log activities will be elevated to get closer to the 

solubility lines of the controlling minerals. After introducing “potential maximum 

concentrations” into the results to check if the log activities will be closer to the solubility 

line, Komonweeraket et al. (2015) found that the undersaturation would still be visible, 

and related the undersaturation of Mg2+ to the insufficient availability of Mg2+ in the solid 

phase.  

B(III) in the form of H3BO3 was the dominant oxidation state of the boron metal 

that was leached from RAP samples. Previous studies also reported B(III) as the 

dominant boron species in the environment (Engelsen et al., 2010). As it can be seen in 

Appendix B, VisualMINTEQ was unable to compute any solid or mineral phase that may 

control the solubility of B(III) in the aqueous solutions. As a result, no graph could 

plotted to show the controlling mechanism of B(III). These findings are in agreement 

with previous studies on the leaching controlling mechanisms of boron metal. Fruchter et 

al. (1990) determined that borate minerals such as pinnoite, inderite, inyoite and borax 

are very soluble and could not control the solubility of B in field fly ash leachates, thus 

was not able to provide any geochemical reaction that can eventually control the leaching 
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of B. Mudd et al. (2004) and Cetin (2012) suggested that the leaching of B is adsorption-

controlled as borate minerals do not control the leaching mechanism of B. Precipitation 

of boron with calcium carbonate [CaCO3] in the aqueous solution and ettringite mineral 

formation were also considered as the possible controlling mechanisms for leaching of 

B(III) (Hollis et al. 1988,  Gitari et al. 2009). 

 The dominant oxidation state of Cu leached from RAP samples was determined to 

be Cu(II). Previous studies have reported tenorite as the controlling solid for the leaching 

of Cu. Fruchter et al. (1990) indicated that, among all the minerals present in the near-

surface geologic environments (including malachite), tenorite is the most likely 

solubility-controlling mineral for Cu. Murarka et al. (1992), Garavaglia and Caramuscio 

1994) and Cetin (2012) also reported tenorite as the mineral controlling the solubility of 

Cu.  The results presented in Figure 9a suggest that the solubility of Cu in RAP leachates 

is controlled by both malachite [Cu2(OH)2CO3] and tenorite [CuO] at neutral and alkaline 

pH conditions (Figure 9a). Malachite has been identified as the solid controlling the 

leaching of Cu from by-products of coal and steel industry (Dijkstra et al., 2004; 

Komonweeraket et al., 2015; Dayioglu, 2016). At pH<7.5, an undersaturation with 

respect to the two latter minerals can be observed, which has been related to the reaction 

between Cu with sorptive surfaces and other aqueous complexes besides tenorite and 

malachite that causes sorption to become the controlling mechanism (Apul et al. 2005). 

Zincite [ZnO] and zinc hydroxide [Zn(OH)2] were identified as the controlling 

solids for Zn2+ (Figure 9b). This is in agreement with the findings of Cetin (2012). An 

undersaturation with respect to these two minerals can be observed for most of the RAPs, 

mainly due to the absence of Zn in the leachates from most of the RAPs. Previous studies 
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have also reported zincite as the controlling solid for the leaching of Zn in fly ash 

(Murarka et al., 1992; Garavaglia and Caramuscio, 1994); Astrup et al., 2006). Engelsen 

et al. (2010) claimed that CaZn2(OH)6.2H2O, which is sometimes present in soil matrix 

during cementitious reactions, could be a mineral controlling the solubility of Zn2+ under 

high alkaline conditions. However, VisualMINTEQ did not present the latter mineral as a 

potential controlling solid. Dijkstra et al. (2004) indicated that, around neutral pHs, 

adsorption of Zn onto Fe and Al (oxy)hydroxide tends to occur. This might be the reason 

why the log activities are far from the solubility line of ZnO around neutral pH values.  

No controlling solids were identified for arsenic [As(V)], for all RAPs. The leachates 

were highly undersaturated with respect to most of the arsenate solids. However, (Yan-

Chu, 1994) claimed that arsenate [AsO4
-] can react with metals in solution such as Al, Ca 

and Fe to form insoluble metal arsenates. Moreover, Bothe and Brown (1999) argued that 

Ca4(OH)2(AsO4)24H2O and Ca5(AsO4)3(OH), which are arsenate apatites are relatively 

insoluble and form only under high calcium activities. Oversaturation of the leachates 

with respect to johnbaumite [Ca5(AsO4)3(OH)] is illustrated in Figure 10a. As the pH 

increases, the activities are less controlled by johnbaumite, and the calcium potential [pH-

(1/2)pCa2+] is controlled by calcite instead of johnbaumite under alkaline conditions. 

Bothe and Brown (1999) reported that the formation of johnbaumite occurs when the 

calcium source is pure, the pH is between 9.5 and 10 and magnesium is absent. Since 

these conditions are not met in the current study, the observed results are as expected. 

Arsenate can also react with trace metals such as Ba, Cu, Mn and Zn to form soluble 

precipitates. Among those precipitates, barium arsenate [Ba3(AsO4)2] is the least soluble 

As(V) solid and forms in natural environments, and the solid form of Ba3(AsO4)2
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Figure 9 Log activities of a) Cu b) Zn versus pH in leachate from recycled asphalt 

pavement 
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Figure 10 Activity ratio diagram of a) pH+pH2AsO4- versus pH-(1/2)pCa2+ and b) 

pH+pH2AsO4- versus pH-(1/2)pBa2+ for the leachates. (SI=0, solid line; -1≥SI≤1, 

dashed line) 
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Table 8 Reactions and activity ratio functions for calcite, witherite, johnbaumite and barium arsenate at SI=0 and -1>SI<1 

Mineral Reaction Activity Ratio Function 

y-Intercept  

for SI = 0 

y-Intercept  

for -1  SI 1 

Calcite [CaCO3] Ca2+ + CO2(g) + 2H2O = CaCO3(s) + 2H+  

(K1 = -9.67)   

(pH-½pCa2+) = b1  

 

b1 = 6.56 b1*  = b1 -1  = 5.56 

b1** = b1+1  = 7.56 

Witherite 

[BaCO3] 

Ba2+ + CO2(g) + 2H2O = BaCO3(s) + 2H+  

(K2 = -9.58)   

(pH-½pBa2+)  = b2  b2 = 6.51 b2*  = b2 -1  = 5.51 

b2** = b2+1  = 7.51 

Johnbaumite 

[Ca5(AsO4)3OH] 

5Ca2+ + 3H2AsO4
- + OH- = Ca5(AsO4)3OH 

+6H+ 

(K3 =  -15.26)   

(pH-½pCa2+)  = 

a3(pH+pH2AsO4
-)+b3 

b3 = 2.93 b3*  = b3 -1  = 1.93 

b3** = b3+1   = 3.93 

Ba3(AsO4)2 3Ba2+ +  2H2AsO4
- = Ba3(AsO4)2+ 4H+ 

(K4 = 13.39)   

(pH-½pBa2+)  = 

a4(pH+pH2AsO4
-)+ b4 

b4 = -2.23 b4*   = b4 -1  = -3.23 

b4** = b4+1  =-1.23 
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might be the controlling solid for As (Wagemann 1978). In the current study, however, 

Ba3(AsO4)2 is not the controlling solid for As (Figure 10b). Carbonate minerals such as 

witherite [(BaCO3)] control the leaching of Ba (Komonweeraket et al., 2015). Under 

acidic conditions, there is an undersaturation of witherite, which later becomes 

oversaturated under alkaline conditions. The reactions and activity functions used to draw 

the solubility lines for SI=0, SI=-1 and SI=1 for calcite, witherite, johnbaumite and  

leachates; however, previous studies reported an absence of those solids for As in fly ash 

leachates (Fruchter et al., 1990; Murarka et al., 1992; and Komonweeraket et al., 2015). 

On the other hand, Xu et al. (2001) associated the leaching of As(V) to dissolution- 

precipitation of As2O5 and sorption-desorption of dissolved arsenate onto iron/aluminum 

oxides on particles, and onto Fe/Al hydroxides in aqueous solutions. Consequently 

leaching of As in the current study might have involved kinetics of dissolution-

precipitation, dissolution-precipitation of arsenate solids/minerals or sorption on mineral 

phases.  

 

5. CONCLUSIONS 

 
A research study was undertaken to investigate the environmental impacts associated 

with RAP on highway base and shoulders in Maryland. A battery of laboratory pH-

dependent leaching tests and toxicity characteristics leaching procedure (TCLP) tests 

were conducted to determine the environmental suitability of RAP. Two topsoils, 

commonly used by the Maryland State Highway Administration (SHA) in shoulder back-

up construction, were also included in the testing program. Geochemical analyses were 

conducted to determine the predominant oxidation states of the metals having a redox 
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potential and also the speciation within the aqueous solutions. The following conclusions 

can be made: 

 

1. Six out of the seven RAPs tested exhibit a similar neutralization behavior, 

where an important amount of acid and/ or base needs to be added in order to 

reach the extreme pH values. The amount of acid/base needed for 

neutralization for one of the RAPs was low due its relatively lower calcium 

and magnesium content.  

2. Leaching of As, Ba, Ca, Mg, Zn follow a cationic behavior, i.e., the 

concentration decreases monotonically as pH increases. In addition, leaching 

of Ba, As and Zn from Topsoil1 and Al, B, Cu and Fe from all samples (RAPs 

and topsoils) were observed to follow an amphoteric behavior. The variation 

in leaching patterns of As and Ba could be due to factors such as a variation in 

dominant species of arsenic and barium existing in the leachates for a given 

pH range as well as the presence of other dissolved ions in the leachates. The 

variation in the leaching pattern of Zn may be associated to the original pH of 

the samples as well as the Zn content.  

3. The concentrations of all metals, except As, from the pH-dependent leaching 

tests were below the U.S EPA WQL within the drinking water pH (pH 6.5-9). 

Based on literature, As is most probably in its oxidizing form [As(V)] in the 

leachates and does not present any concern since As(V) is known to be easily 

removable from water with the existing cleanup technologies.  
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4. The concentrations of all metals from the TCLP leaching tests were also 

below the U.S EPA WQL. The concentrations of most polycyclic aromatic 

hydrocarbons (PAHs) were below the detection limits. Leached chrysene was 

slightly above the Maryland groundwater regulations in six out of the seven 

RAPs tested. Indeno[1,2,3-cd]pyrene was also above the Maryland 

groundwater regulations for all RAPs tested, with highly comparable 

concentrations in new asphalt material (1.3-1.48 g/L versus 1.4 g/L). Due 

to lack of evidence on the carcinogenicity of Indeno[1,2,3-cd]pyrene on 

humans as well as its comparable concentrations in new asphalt, running 

large-scale long-term column leach test was not justified. 

5. The results of the geochemical analysis identified dissolution-precipitation 

reactions as the mechanisms controlling aqueous concentrations of Al, Ba, Ca, 

Cu, Fe, Mg and Zn that leached from RAP with oxide, hydroxide, sulfate and 

carbonate solids. Carbonate minerals control the leaching of Mg, 

oxide/hydroxide solids control the solubility of Al and Fe, and carbonate and 

sulfate minerals control the leaching of Ba and Ca from RAP. 

6. Leaching of As is not solubility-controlled and no geochemical reactions 

controlling the concentration of As could be identified. Based on limited 

observations from the literature, it can be suggested that johnbaumite 

[Ca5(AsO4)3(OH)] control the solubility of As.      
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Figure A1 Concentrations of phosphorus, potassium, manganese and cobalt as a function of pH in the leachates from RAP and topsoil 
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Figure A2 Concentrations of cadmium and silicon as a function of pH in the leachates from RAP and topsoil 
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Figure A3 Concentration of leached PAHs as a function of salt content 
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Table A1. pH dependent test results for RAP1 

 

pH 
Detection 

Limits 
1.08 1.89 2.96 4.94 6.04 7.26 8.55 10.44 11.05 12.24 12.89 

Al (mg/L) 0.005 57.6 38.6 32.3 11.3 BDL BDL BDL 0.639 0.939 2.96 5.79 

As (μg/L) 5 2440 2400 2320 2260 1660 983 162 BDL BDL BDL BDL 

B (μg/L) 5 575 475 272 3.71 BDL BDL BDL BDL BDL BDL BDL 

Ba (μg/L) 5 1030 2050 747 813 391 205 BDL BDL BDL BDL 22.4 

Ca (mg/L) 25 13200 13300 13000 12400 5670 2260 66.3 BDL BDL BDL BDL 

Cd (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Co (μg/L) 2 243 204 191 137 61.8 BDL BDL BDL BDL BDL BDL 

Cr (mg/L) 0.005 0.231 0.149 0.113 0 0 BDL BDL BDL BDL BDL BDL 

Cu (μg/L) 5 681 563 652 281 8.8 BDL 1.6 7 8.36 18.4 66.6 

Fe (μg/L) 5 140000 140000 129000 176 7030 BDL BDL BDL BDL BDL BDL 

Hg (μg/L) 1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

K (mg/L) 25 10.3 8.28 7.36 5.34 BDL BDL BDL BDL BDL BDL BDL 

Li (μg/L) 5 60 38.8 31.6 23.8 7.84 3.49 BDL BDL BDL BDL BDL 

Mg (mg/L) 25 1300 1240 1050 908 252 80.3 7.57 BDL BDL BDL BDL 

Mn (μg/L) 5 10900 9930 9640 8510 4080 1520 0 BDL BDL BDL BDL 

Na (mg/L) 25 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Ni (mg/L) 0.005 2.83 2.26 1.81 1.11 0.284 BDL BDL BDL BDL BDL BDL 

P (mg/L) 0.01 12.6 8.98 2.47 BDL BDL BDL BDL BDL BDL BDL BDL 

Pb (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Si (μg/L) 5 87000 59600 51200 30300 8070 3580 1810 4370 6490 11100 14500 

V (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Zn (mg/L) 0.005 0.847 0.65 0.691 0.548 0.185 BDL BDL BDL BDL BDL BDL 
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 Table A2. pH dependent test results for RAP2 

pH 
Detection 

Limits 
0.93 2.18 4.32 5.34 7.29 8.47 9.43 10.41 11.29 12.23 13.08 

Al (mg/L) 0.005 56.1 35.2 16.8 0.933 0.0245 0 0.211 0.147 0.515 1.51 2.83 

As (μg/L) 5 68400 70100 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

B (μg/L) 5 BDL BDL 59 BDL 12.6 11.7 10.9 10.8 11.2 11.8 20.1 

Ba (μg/L) 5 463 511 452 338 78.3 14.1 BDL BDL BDL BDL 12.2 

Ca (mg/L) 25 14600 14300 14100 9540 1220 60.1 8.41 0.899 BDL 1.19 10.2 

Cd (μg/L) 2 BDL BDL BDL BDL BDL 9.18 10 10.1 9.94 8.57 8.38 

Co (μg/L) 2 120 99.4 84.1 BDL BDL BDL BDL BDL BDL BDL BDL 

Cr (mg/L) 0.005 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cu (μg/L) 5 154 122 71.4 BDL BDL 1.85 3.13 6.68 8.41 12.7 24.1 

Fe (μg/L) 5 76200 76200 390 21600 0 101 BDL BDL 7.61 0.18 18.6 

Hg (μg/L) 1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

K (mg/L) 25 59.1 61.4 42.6 15.8 9.99 5.69 2.75 BDL BDL 3.44 9.8 

Li (μg/L) 5 16.2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Mg (mg/L) 25 1900 1900 1800 545 33.9 3.76 BDL BDL BDL BDL BDL 

Mn (μg/L) 5 8880 8550 9070 5530 464 BDL BDL BDL BDL BDL BDL 

Na (mg/L) 25 BDL BDL BDL BDL BDL BDL BDL BDL BDL 6.03 66.6 

Ni (mg/L) 0.005 0.515 0.506 0.174 BDL BDL BDL BDL BDL BDL BDL BDL 

P (mg/L) 0.01 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.0789 

Pb (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Si (μg/L) 5 50100 34200 29800 6100 1380 1410 1600 1620 1770 5140 5750 

V (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Zn (mg/L) 0.005 0.723 0.731 0.704 0.283 0 0.148 BDL BDL BDL BDL BDL 
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  Table A3. pH dependent test results for RAP3 

pH 
Detection 

Limits 
2.98 4.24 5.1 5.5 6.53 7.46 8.22 11.17 12.07 

Al (mg/L) 0.005 10.8 8.31 6.29 4.29 0.485 0.461 0.556 0.441 1.28 

As (μg/L) 5 1790 1730 1720 1670 1070 488 188 BDL BDL 

B (μg/L) 5 154 80 61.9 60 BDL BDL BDL BDL BDL 

Ba (μg/L) 5 2860 2530 2460 2060 1250 778 296 20.9 44.7 

Ca (mg/L) 25 14200 13800 13100 12600 5340 1870 400 BDL 3.86 

Cd (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL 6.05 BDL 

Co (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cr (mg/L) 0.005 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cu (μg/L) 5 106 75.5 31.2 0.939 BDL 1.27 BDL 13.9 7 

Fe (μg/L) 5 34800 450 175 604 1140 2370 45.6 BDL BDL 

Hg (μg/L) 1 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

K (mg/L) 25 14.8 14.1 13.5 12.9 BDL BDL BDL BDL BDL 

Li (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Mg (mg/L) 25 1180 988 967 867 168 50.9 23.8 BDL BDL 

Mn (μg/L) 5 33000 31800 29800 26400 12300 3420 18.2 BDL BDL 

Na (mg/L) 25 BDL BDL BDL BDL BDL BDL BDL BDL 5.79 

Ni (mg/L) 0.005 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

P (mg/L) 0.01 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Pb (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Si (μg/L) 5 8250 6350 5180 3820 1250 945 643 1700 3120 

V (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Zn (mg/L) 0.005 0.415 0.222 0.185 0.0965 BDL BDL BDL BDL BDL 
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 Table A4. pH dependent test results for RAP4 

pH 
Detection 

Limits 
1.02 1.6 4.48 5.38 6.27 7.35 8.34 8.78 11.05 11.99 13.11 

Al (mg/L) 0.005 113 62.1 10.2 3.77 0.494 0.529 BDL BDL 1.58 3.51 3.86 

As (μg/L) 5 2140 2120 1980 1440 1060 399 111 68.7 BDL BDL BDL 

B (μg/L) 5 1780 486 237 BDL BDL BDL BDL BDL BDL BDL BDL 

Ba (μg/L) 5 828 607 485 128 244 105 17.6 BDL BDL BDL 16.4 

Ca (mg/L) 25 7750 6940 6260 2250 2330 698 68 28 BDL 3.18 BDL 

Cd (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Co (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cr (mg/L) 0.005 0.177 0.0667 BDL BDL BDL BDL BDL BDL BDL BDL 0.0897 

Cu (μg/L) 5 1720 363 181 47.5 0 0 0 1.6 BDL 16.4 61.5 

Fe (μg/L) 5 68000 68000 67600 32600 838 0 172 BDL BDL BDL BDL 

Hg (μg/L) 1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

K (mg/L) 25 37.6 35.7 22.1 6.33 16.1 13.4 BDL 3.36 BDL BDL 6.4 

Li (μg/L) 5 45.4 7.37 0 73.6 BDL BDL BDL 6.12 BDL BDL BDL 

Mg (mg/L) 25 2500 2490 1750 377 156 41.9 18 2.26 BDL BDL BDL 

Mn (μg/L) 5 12000 8680 7090 2710 1990 351 BDL BDL BDL BDL BDL 

Na (mg/L) 25 BDL BDL BDL BDL BDL BDL BDL BDL BDL 4.17 40.8 

Ni (mg/L) 0.005 0 0.125 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

P (mg/L) 0.01 13.3 8.19 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Pb (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 103 

Si (μg/L) 5 112000 57500 27300 15000 5530 2680 1850 1260 7360 11300 12100 

V (μg/L) 2 BDL 0 0 BDL BDL BDL BDL BDL BDL BDL BDL 

Zn (mg/L) 0.005 BDL 1.13 2.24 BDL BDL BDL BDL BDL BDL BDL BDL 
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 Table A5. pH dependent test results for RAP5 

pH 
Detection 

Limits 
1.54 2.09 2.99 4.17 4.76 6.3 7.18 8.39 11.24 11.72 13.21 

Al (mg/L) 0.005 40.1 31.9 27.3 13.1 11.8 BDL BDL BDL 0.872 1.51 6.95 

As (μg/L) 5 1360 1530 1430 1410 1360 743 308 175 BDL BDL BDL 

B (μg/L) 5 263 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Ba (μg/L) 5 439 574 473 349 402 226 90.5 BDL BDL BDL 16.3 

Ca (mg/L) 25 6130 10100 7590 7140 7160 3140 882 75.3 BDL BDL BDL 

Cd (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL 7.5 BDL 

Co (μg/L) 2 174 153 174 95.6 79.3 40.2 BDL BDL BDL BDL BDL 

Cr (mg/L) 0.005 0.16 0.105 0.0823 BDL BDL BDL BDL BDL BDL BDL BDL 

Cu (μg/L) 5 414 316 265 197 78.9 4.03 BDL 2.36 8.35 BDL 69.6 

Fe (μg/L) 5 124000 123000 62100 549 34200 1840 BDL BDL BDL BDL BDL 

Hg (μg/L) 1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

K (mg/L) 25 12.4 12.9 10.9 7.82 7.53 4.94 3.24 6.62 BDL BDL BDL 

Li (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Mg (mg/L) 25 737 714 545 563 426 112 30.8 10.9 BDL BDL BDL 

Mn (μg/L) 5 7010 8050 7580 6440 6680 3520 748 BDL BDL BDL BDL 

Na (mg/L) 25 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Ni (mg/L) 0.005 1.06 0.461 0.124 BDL BDL BDL BDL BDL BDL BDL BDL 

P (mg/L) 0.01 5.19 2.78 0 BDL BDL BDL BDL 0.145 0.109 BDL 0.624 

Pb (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Si (μg/L) 5 57000 49100 32700 22900 32900 5890 2460 1680 8930 6240 22000 

V (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 48.6 

Zn (mg/L) 0.005 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
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 Table A6. pH dependent test results for RAP6 

pH 
Detection 

Limits 
1.08 2.26 3.58 4.22 5.18 6.28 7.32 7.95 9.87 11.21 12.01 

Al (mg/L) 0.005 91.8 67.9 58.9 40.6 2.66 0.0605 0.0315 BDL 0.476 2.13 4.8 

As (μg/L) 5 61500 60800 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

B (μg/L) 5 BDL BDL 59.2 BDL BDL BDL 13.7 11.1 10.5 11.4 84.3 

Ba (μg/L) 5 1170 953 799 826 605 298 86.9 13.1 BDL BDL 367 

Ca (mg/L) 25 3170 3060 2980 3010 2330 753 199 35.1 1.38 BDL BDL 

Cd (μg/L) 2 BDL BDL BDL BDL BDL 10.9 11.4 11.6 12.1 11.9 11.7 

Co (μg/L) 2 76.6 63.8 59.7 57.3 51.9 24.2 BDL BDL BDL BDL BDL 

Cr (mg/L) 0.005 0.118 0.0524 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cu (μg/L) 5 465 370 405 294 55 8.79 6.85 13.4 18.3 28.8 51.6 

Fe (μg/L) 5 80500 39200 4610 12900 21600 310 7.28 BDL 19.2 13 226 

Hg (μg/L) 1 BDL BDL BDL BDL BDL BDL BDL BDL 32.3 42.6 BDL 

K (mg/L) 25 26.1 20.2 19.1 16.9 14.7 9.27 4.92 3.01 BDL BDL 2.63 

Li (μg/L) 5 28.1 18.4 16 20.7 4.49 BDL BDL BDL BDL BDL BDL 

Mg (mg/L) 25 1060 1060 1050 991 696 155 30.2 5.31 BDL BDL BDL 

Mn (μg/L) 5 7640 5150 4740 5880 3610 1730 450 12.9 BDL BDL 2.09 

Na (mg/L) 25 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Ni (mg/L) 0.005 0.0732 0.0184 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

P (mg/L) 0.01 0.619 BDL BDL BDL BDL BDL BDL BDL BDL 0.0844 0.138 

Pb (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Si (μg/L) 5 107000 84100 74400 70700 31800 7610 1640 1670 1270 7190 11500 

V (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Zn (mg/L) 0.005 0.883 0.7 0.652 1.36 0.44 0.0594 BDL BDL BDL BDL 0.115 
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 Table A7. pH dependent test results for RAP7 

pH 
Detection 

Limits 
1.38 1.54 4.78 5.02 6.76 8.05 8.35 9.93 11.19 12.31 12.99 

Al (mg/L) 0.005 29.25 25.7 2.15 3.66 BDL BDL BDL BDL 0.724 1.82 2.73 

As (μg/L) 5 3200 3450 2950 3350 1290 214 161 BDL BDL BDL BDL 

B (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Ba (μg/L) 5 1360 2080 906 2010 473 58.5 41.8 8.21 BDL 11 62.3 

Ca (mg/L) 25 11200 14900 11085 13800 2720 108 57.8 0.732 BDL BDL BDL 

Cd (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Co (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cr (mg/L) 0.005 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Cu (μg/L) 5 292.5 474 4.85 18.5 0.823 4.02 5.35 15.7 18.7 36.5 61.1 

Fe (μg/L) 5 137250 109000 664.8 487 BDL BDL BDL BDL BDL 3.16 4.1 

Hg (μg/L) 1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

K (mg/L) 25 17.2 21.8 3.81 8.56 BDL BDL BDL BDL BDL BDL BDL 

Li (μg/L) 5 130.35 112 63.36 50.4 4.4 BDL BDL BDL BDL BDL BDL 

Mg (mg/L) 25 2000 2000 1870 2000 127 10.7 7.55 BDL BDL BDL BDL 

Mn (μg/L) 5 11190 10100 9360 8810 1870 BDL BDL BDL BDL BDL BDL 

Na (mg/L) 25 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Ni (mg/L) 0.005 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

P (mg/L) 0.01 6.17 8.79 BDL BDL BDL BDL BDL BDL BDL 0.137 0.213 

Pb (μg/L) 5 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

Si (μg/L) 5 20700 25300 2480 8640 1310 887 861 2380 3260 4890 5090 

V (μg/L) 2 BDL BDL BDL BDL BDL BDL BDL BDL BDL 15.8 24.3 

Zn (mg/L) 0.005 1.27 1.67 0.502 1.13 0.0193 BDL BDL BDL BDL BDL 0.281 
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RAP1, pH=1.08 
 Concentration Activity Log activity 

Al(OH)2+ 2.10E-12 1.66E-12 -11.781 

Al(OH)3 (aq) 6.14E-18 7.72E-18 -17.113 

Al(OH)4- 5.58E-23 4.40E-23 -22.357 

Al(SO4)2- 2.45E-07 1.93E-07 -6.714 

Al+3 2.04E-03 2.42E-04 -3.617 

Al2(OH)2+4 7.06E-12 1.59E-13 -12.798 

Al2(OH)2CO3+2 1.76E-18 6.82E-19 -18.166 

Al3(OH)4+5 1.24E-18 3.32E-21 -20.478 

AlOH+2 7.29E-08 2.83E-08 -7.549 

AlSO4+ 9.71E-05 7.66E-05 -4.116 

AsO4-3 2.40E-22 2.84E-23 -22.546 

Ba+2 7.49E-06 2.90E-06 -5.537 

BaCO3 (aq) 5.02E-21 6.31E-21 -20.2 

BaH2BO3+ 5.25E-17 4.15E-17 -16.382 

BaHCO3+ 2.64E-13 2.08E-13 -12.681 

BaOH+ 1.88E-18 1.48E-18 -17.829 

BaSO4 (aq) 1.43E-08 1.79E-08 -7.746 

Ca+2 3.28E-01 1.27E-01 -0.895 

CaCO3 (aq) 7.12E-16 8.95E-16 -15.048 

CaH2BO3+ 4.29E-12 3.39E-12 -11.47 

CaHCO3+ 1.54E-08 1.22E-08 -7.914 

CaOH+ 3.76E-13 2.97E-13 -12.527 

CaSO4 (aq) 1.06E-03 1.34E-03 -2.874 

CO3-2 1.09E-17 4.24E-18 -17.373 

Cu(CO3)2-2 3.04E-30 1.18E-30 -29.929 

Cu(H2BO3)2 (aq) 5.47E-24 6.87E-24 -23.163 

Cu(OH)2 (aq) 2.62E-20 3.29E-20 -19.483 

Cu(OH)3- 1.88E-29 1.49E-29 -28.828 

Cu(OH)4-2 3.62E-41 1.40E-41 -40.853 

Cu+2 1.07E-05 4.14E-06 -5.383 

Cu2(OH)2+2 1.91E-19 7.41E-20 -19.13 

Cu2OH+3 3.27E-16 3.88E-17 -16.411 

Cu3(OH)4+2 5.43E-33 2.10E-33 -32.677 

CuCO3 (aq) 8.22E-17 1.03E-16 -15.986 

CuH2BO3+ 2.32E-14 1.83E-14 -13.738 

CuHCO3+ 2.49E-12 1.96E-12 -11.707 

CuHSO4+ 4.38E-09 3.45E-09 -8.462 

CuOH+ 1.94E-12 1.53E-12 -11.815 

CuSO4 (aq) 3.46E-08 4.35E-08 -7.362 

Fe(OH)2+ 7.81E-08 6.17E-08 -7.21 

Fe(OH)3 (aq) 3.21E-16 4.03E-16 -15.395 

Fe(OH)4- 1.18E-22 9.34E-23 -22.03 

Fe(SO4)2- 1.64E-07 1.30E-07 -6.888 

Fe+3 2.17E-03 2.57E-04 -3.59 

Fe2(OH)2+4 5.03E-07 1.14E-08 -7.944 

Fe3(OH)4+5 5.94E-11 1.59E-13 -12.798 

FeH2BO3+2 6.55E-09 2.54E-09 -8.595 

FeOH+2 7.35E-05 2.85E-05 -4.545 

FeSO4+ 2.65E-04 2.09E-04 -3.679 

H+1 1.05E-01 8.32E-02 -1.08 

H10(BO3)4-2 6.91E-30 2.68E-30 -29.572 

H2AsO4- 1.54E-06 1.21E-06 -5.916 

H2BO3- 5.91E-13 4.67E-13 -12.331 

H2CO3* (aq) 1.12E-03 1.41E-03 -2.852 

H3AsO4 1.60E-05 2.01E-05 -4.696 

H3BO3 5.32E-05 6.68E-05 -4.175 

H5(BO3)2- 3.36E-17 2.65E-17 -16.576 

H8(BO3)3- 2.25E-19 1.77E-19 -18.751 

HAsO4-2 3.85E-12 1.49E-12 -11.826 

HCO3- 9.53E-09 7.52E-09 -8.124 

HSO4- 4.72E-04 3.73E-04 -3.429 

Mg+2 5.33E-02 2.07E-02 -1.685 

Mg2CO3+2 1.82E-17 7.05E-18 -17.152 

MgCO3 (aq) 5.80E-17 7.29E-17 -16.137 

MgH2BO3+ 4.20E-13 3.31E-13 -12.48 

MgHCO3+ 2.02E-09 1.59E-09 -8.797 

MgOH+ 1.17E-12 9.19E-13 -12.036 

MgSO4 (aq) 1.37E-04 1.72E-04 -3.763 

OH- 1.48E-13 1.17E-13 -12.932 

SO4-2 1.18E-04 4.58E-05 -4.339 

Zn(CO3)2-2 4.63E-33 1.80E-33 -32.746 

Zn(H2BO3)2 (aq) 1.02E-26 1.29E-26 -25.89 

Zn(OH)2 (aq) 6.86E-21 8.63E-21 -20.064 

Zn(OH)3- 4.04E-31 3.19E-31 -30.496 

Zn(OH)4-2 1.53E-42 5.92E-43 -42.228 

Zn(SO4)2-2 5.17E-11 2.01E-11 -10.698 

Zn+2 1.29E-05 5.01E-06 -5.3 

Zn2OH+3 2.47E-18 2.93E-19 -18.533 

ZnCO3 (aq) 9.72E-19 1.22E-18 -17.913 

ZnH2BO3+ 7.37E-17 5.82E-17 -16.235 

ZnHCO3+ 1.51E-12 1.19E-12 -11.924 
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RAP1, pH= 1.89 
 Concentration Activity Log activity 

Al(OH)2+ 4.13E-11 3.11E-11 -10.507 

Al(OH)3 (aq) 7.96E-16 9.44E-16 -15.025 

Al(OH)4- 4.65E-20 3.51E-20 -19.455 

Al(SO4)2- 2.34E-07 1.76E-07 -6.754 

Al+3 1.37E-03 1.07E-04 -3.971 

Al2(OH)2+4 1.23E-10 1.32E-12 -11.878 

Al2(OH)2CO3+2 2.70E-15 8.69E-16 -15.061 

Al3(OH)4+5 6.14E-16 5.18E-19 -18.285 

AlOH+2 2.53E-07 8.14E-08 -7.089 

AlSO4+ 6.46E-05 4.87E-05 -4.312 

AsO4-3 6.17E-20 4.83E-21 -20.316 

Ba+2 1.49E-05 4.80E-06 -5.319 

BaCO3 (aq) 1.35E-18 1.60E-18 -17.795 

BaH2BO3+ 4.58E-16 3.45E-16 -15.462 

BaHCO3+ 1.09E-11 8.19E-12 -11.086 

BaOH+ 2.12E-17 1.60E-17 -16.797 

BaSO4 (aq) 3.60E-08 4.26E-08 -7.37 

Ca+2 3.30E-01 1.07E-01 -0.973 

CaCO3 (aq) 9.70E-14 1.15E-13 -12.939 

CaH2BO3+ 1.89E-11 1.43E-11 -10.846 

CaHCO3+ 3.22E-07 2.43E-07 -6.615 

CaOH+ 2.15E-12 1.62E-12 -11.791 

CaSO4 (aq) 1.36E-03 1.61E-03 -2.794 

CO3-2 2.02E-15 6.51E-16 -15.187 

Cu(CO3)2-2 5.92E-26 1.91E-26 -25.719 

Cu(H2BO3)2 (aq) 1.01E-22 1.19E-22 -21.923 

Cu(OH)2 (aq) 8.09E-19 9.59E-19 -18.018 

Cu(OH)3- 3.75E-27 2.82E-27 -26.549 

Cu(OH)4-2 5.39E-38 1.74E-38 -37.76 

Cu+2 8.82E-06 2.84E-06 -5.546 

Cu2(OH)2+2 4.61E-18 1.48E-18 -17.828 

Cu2OH+3 1.52E-15 1.19E-16 -15.923 

Cu3(OH)4+2 3.81E-30 1.23E-30 -29.911 

CuCO3 (aq) 9.19E-15 1.09E-14 -13.963 

CuH2BO3+ 8.38E-14 6.31E-14 -13.2 

CuHCO3+ 4.26E-11 3.21E-11 -10.494 

CuHSO4+ 7.01E-10 5.28E-10 -9.277 

CuOH+ 9.09E-12 6.85E-12 -11.164 

CuSO4 (aq) 3.62E-08 4.29E-08 -7.367 

Fe(OH)2+ 2.02E-06 1.52E-06 -5.818 

Fe(OH)3 (aq) 5.46E-14 6.47E-14 -13.189 

Fe(OH)4- 1.30E-19 9.77E-20 -19.01 

Fe(SO4)2- 2.06E-07 1.55E-07 -6.809 

Fe+3 1.91E-03 1.49E-04 -3.826 

Fe2(OH)2+4 1.51E-05 1.63E-07 -6.788 

Fe3(OH)4+5 6.66E-08 5.62E-11 -10.25 

FeH2BO3+2 2.30E-08 7.42E-09 -8.129 

FeOH+2 3.35E-04 1.08E-04 -3.967 

FeSO4+ 2.32E-04 1.75E-04 -3.757 

H+1 1.71E-02 1.29E-02 -1.89 

H10(BO3)4-2 1.28E-28 4.11E-29 -28.386 

H2AsO4- 6.56E-06 4.94E-06 -5.306 

H2BO3- 3.11E-12 2.35E-12 -11.63 

H2CO3* (aq) 4.37E-03 5.18E-03 -2.286 

H3AsO4 1.07E-05 1.27E-05 -4.896 

H3BO3 4.39E-05 5.21E-05 -4.284 

H5(BO3)2- 1.38E-16 1.04E-16 -15.983 

H8(BO3)3- 7.18E-19 5.41E-19 -18.267 

HAsO4-2 1.22E-10 3.93E-11 -10.406 

HCO3- 2.37E-07 1.79E-07 -6.748 

HSO4- 1.10E-04 8.29E-05 -4.081 

Mg+2 5.08E-02 1.64E-02 -1.786 

Mg2CO3+2 2.11E-15 6.80E-16 -15.168 

MgCO3 (aq) 7.48E-15 8.87E-15 -14.052 

MgH2BO3+ 1.75E-12 1.32E-12 -11.879 

MgHCO3+ 3.99E-08 3.00E-08 -7.522 

MgOH+ 6.30E-12 4.75E-12 -11.324 

MgSO4 (aq) 1.66E-04 1.96E-04 -3.707 

OH- 1.01E-12 7.62E-13 -12.118 

SO4-2 2.04E-04 6.59E-05 -4.181 

Zn(CO3)2-2 8.37E-29 2.70E-29 -28.569 

Zn(H2BO3)2 (aq) 1.75E-25 2.08E-25 -24.683 

Zn(OH)2 (aq) 1.97E-19 2.33E-19 -18.632 

Zn(OH)3- 7.46E-29 5.62E-29 -28.25 

Zn(OH)4-2 2.11E-39 6.79E-40 -39.168 

Zn(SO4)2-2 8.19E-11 2.64E-11 -10.578 

Zn+2 9.90E-06 3.19E-06 -5.496 

Zn2OH+3 9.92E-18 7.77E-19 -18.11 

ZnCO3 (aq) 1.01E-16 1.20E-16 -15.923 

ZnH2BO3+ 2.47E-16 1.86E-16 -15.729 

ZnHCO3+ 2.40E-11 1.81E-11 -10.744 
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RAP1, pH=2.96 

 

 Concentration Activity Log activity 

Al(OH)2+ 4.45E-09 3.32E-09 -8.479 

Al(OH)3 (aq) 1.01E-12 1.19E-12 -11.926 

Al(OH)4- 6.94E-16 5.19E-16 -15.285 

Al(SO4)2- 2.41E-07 1.80E-07 -6.744 

Al+3 1.14E-03 8.23E-05 -4.084 

Al2(OH)2+4 1.16E-08 1.09E-10 -9.963 

Al2(OH)2CO3+2 3.82E-12 1.19E-12 -11.925 

Al3(OH)4+5 6.68E-12 4.55E-15 -14.342 

AlOH+2 2.37E-06 7.39E-07 -6.132 

AlSO4+ 5.79E-05 4.32E-05 -4.364 

AsO4-3 2.04E-17 1.48E-18 -17.831 

Ba+2 5.42E-06 1.69E-06 -5.772 

BaCO3 (aq) 8.02E-18 9.38E-18 -17.028 

BaH2BO3+ 1.08E-15 8.05E-16 -15.094 

BaHCO3+ 5.47E-12 4.08E-12 -11.389 

BaOH+ 8.86E-17 6.61E-17 -16.179 

BaSO4 (aq) 1.48E-08 1.73E-08 -7.762 

Ca+2 3.23E-01 1.01E-01 -0.998 

CaCO3 (aq) 1.54E-12 1.81E-12 -11.743 

CaH2BO3+ 1.19E-10 8.92E-11 -10.05 

CaHCO3+ 4.34E-07 3.24E-07 -6.489 

CaOH+ 2.41E-11 1.80E-11 -10.745 

CaSO4 (aq) 1.49E-03 1.75E-03 -2.757 

CO3-2 3.48E-14 1.08E-14 -13.966 

Cu(CO3)2-2 1.90E-23 5.90E-24 -23.229 

Cu(H2BO3)2 (aq) 5.02E-21 5.87E-21 -20.232 

Cu(OH)2 (aq) 1.27E-16 1.49E-16 -15.828 

Cu(OH)3- 6.90E-24 5.15E-24 -23.288 

Cu(OH)4-2 1.20E-33 3.73E-34 -33.428 

Cu+2 1.02E-05 3.18E-06 -5.498 

Cu2(OH)2+2 8.27E-16 2.57E-16 -15.589 

Cu2OH+3 2.43E-14 1.76E-15 -14.755 

Cu3(OH)4+2 1.06E-25 3.30E-26 -25.481 

CuCO3 (aq) 1.73E-13 2.03E-13 -12.693 

CuH2BO3+ 6.27E-13 4.68E-13 -12.33 

CuHCO3+ 6.80E-11 5.08E-11 -10.294 

CuHSO4+ 7.75E-11 5.79E-11 -10.237 

CuOH+ 1.21E-10 9.02E-11 -10.045 

CuSO4 (aq) 4.73E-08 5.53E-08 -7.257 

Fe(OH)2+ 7.78E-05 5.81E-05 -4.236 

Fe(OH)3 (aq) 2.49E-11 2.91E-11 -10.536 

Fe(OH)4- 6.93E-16 5.17E-16 -15.286 

Fe(SO4)2- 7.61E-08 5.69E-08 -7.245 

Fe+3 5.68E-04 4.12E-05 -4.385 

Fe2(OH)2+4 1.83E-04 1.72E-06 -5.765 

Fe3(OH)4+5 3.32E-05 2.26E-08 -7.645 

FeH2BO3+2 4.36E-08 1.36E-08 -7.867 

FeOH+2 1.12E-03 3.50E-04 -3.456 

FeSO4+ 7.44E-05 5.56E-05 -4.255 

H+1 1.47E-03 1.10E-03 -2.96 

H10(BO3)4-2 1.85E-27 5.75E-28 -27.24 

H2AsO4- 1.47E-05 1.09E-05 -4.961 

H2BO3- 2.08E-11 1.56E-11 -10.808 

H2CO3* (aq) 5.34E-04 6.24E-04 -3.205 

H3AsO4 2.05E-06 2.39E-06 -5.621 

H3BO3 2.51E-05 2.94E-05 -4.532 

H5(BO3)2- 5.21E-16 3.89E-16 -15.41 

H8(BO3)3- 1.53E-18 1.14E-18 -17.942 

HAsO4-2 3.28E-09 1.02E-09 -8.991 

HCO3- 3.39E-07 2.53E-07 -6.597 

HSO4- 1.09E-05 8.13E-06 -5.09 

Mg+2 4.30E-02 1.34E-02 -1.873 

Mg2CO3+2 2.43E-14 7.56E-15 -14.121 

MgCO3 (aq) 1.03E-13 1.21E-13 -12.919 

MgH2BO3+ 9.59E-12 7.16E-12 -11.145 

MgHCO3+ 4.66E-08 3.48E-08 -7.459 

MgOH+ 6.12E-11 4.57E-11 -10.34 

MgSO4 (aq) 1.58E-04 1.85E-04 -3.733 

OH- 1.20E-11 8.97E-12 -11.047 

SO4-2 2.44E-04 7.59E-05 -4.12 

Zn(CO3)2-2 2.46E-26 7.66E-27 -26.116 

Zn(H2BO3)2 (aq) 8.01E-24 9.36E-24 -23.029 

Zn(OH)2 (aq) 2.84E-17 3.32E-17 -16.479 

Zn(OH)3- 1.26E-25 9.42E-26 -25.026 

Zn(OH)4-2 4.30E-35 1.34E-35 -34.873 

Zn(SO4)2-2 1.15E-10 3.60E-11 -10.444 

Zn+2 1.05E-05 3.28E-06 -5.484 

Zn2OH+3 1.33E-16 9.64E-18 -17.016 

ZnCO3 (aq) 1.75E-15 2.04E-15 -14.69 

ZnH2BO3+ 1.70E-15 1.27E-15 -14.897 

ZnHCO3+ 3.51E-11 2.62E-11 -10.581 
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RAP1, pH= 4.94 

 Concentration Activity Log activity 

Al(OH)2+ 7.15E-06 5.30E-06 -5.276 

Al(OH)3 (aq) 1.57E-07 1.81E-07 -6.742 

Al(OH)4- 1.02E-08 7.58E-09 -8.12 

Al(SO4)2- 4.45E-08 3.30E-08 -7.481 

Al+3 2.11E-04 1.44E-05 -4.843 

Al2(OH)2+4 3.60E-06 3.03E-08 -7.518 

Al2(OH)2CO3+2 6.58E-05 1.99E-05 -4.701 

Al3(OH)4+5 3.53E-06 2.02E-09 -8.694 

AlOH+2 4.07E-05 1.23E-05 -4.909 

AlSO4+ 1.04E-05 7.73E-06 -5.112 

AsO4-3 2.13E-13 1.45E-14 -13.838 

Ba+2 5.42E-06 1.64E-06 -5.785 

BaCO3 (aq) 4.75E-13 5.48E-13 -12.261 

BaH2BO3+ 1.36E-15 1.01E-15 -14.997 

BaHCO3+ 3.37E-09 2.50E-09 -8.602 

BaOH+ 8.29E-15 6.15E-15 -14.211 

BaSO4 (aq) 1.49E-08 1.72E-08 -7.764 

Ca+2 3.08E-01 9.32E-02 -1.031 

CaCO3 (aq) 8.72E-08 1.01E-07 -6.997 

CaH2BO3+ 1.44E-10 1.07E-10 -9.973 

CaHCO3+ 2.55E-04 1.89E-04 -3.723 

CaOH+ 2.15E-09 1.60E-09 -8.797 

CaSO4 (aq) 1.44E-03 1.66E-03 -2.78 

CO3-2 2.15E-09 6.51E-10 -9.186 

Cu(CO3)2-2 2.94E-14 8.91E-15 -14.05 

Cu(H2BO3)2 (aq) 3.51E-21 4.06E-21 -20.392 

Cu(OH)2 (aq) 4.91E-13 5.67E-13 -12.247 

Cu(OH)3- 2.53E-18 1.88E-18 -17.726 

Cu(OH)4-2 4.30E-26 1.30E-26 -25.885 

Cu+2 4.37E-06 1.32E-06 -5.878 

Cu2(OH)2+2 1.35E-12 4.09E-13 -12.388 

Cu2OH+3 4.29E-13 2.92E-14 -13.535 

Cu3(OH)4+2 6.61E-19 2.00E-19 -18.699 

CuCO3 (aq) 4.40E-09 5.08E-09 -8.294 

CuH2BO3+ 3.39E-13 2.51E-13 -12.6 

CuHCO3+ 1.80E-08 1.33E-08 -7.875 

CuHSO4+ 3.49E-13 2.59E-13 -12.587 

CuOH+ 4.85E-09 3.60E-09 -8.444 

CuSO4 (aq) 2.04E-08 2.36E-08 -7.627 

Fe(OH)2+ 2.73E-06 2.02E-06 -5.694 

Fe(OH)3 (aq) 8.40E-11 9.70E-11 -10.013 

Fe(OH)4- 2.22E-13 1.65E-13 -12.783 

Fe(SO4)2- 3.06E-13 2.27E-13 -12.644 

Fe+3 2.30E-09 1.57E-10 -9.805 

Fe2(OH)2+4 2.70E-11 2.28E-13 -12.643 

Fe3(OH)4+5 1.82E-13 1.05E-16 -15.981 

FeH2BO3+2 2.20E-13 6.65E-14 -13.177 

FeOH+2 4.21E-07 1.27E-07 -6.895 

FeSO4+ 2.92E-10 2.17E-10 -9.664 

H+1 1.55E-05 1.15E-05 -4.94 

H10(BO3)4-2 5.74E-31 1.74E-31 -30.76 

H2AsO4- 1.59E-05 1.18E-05 -4.928 

H2BO3- 2.70E-11 2.00E-11 -10.698 

H2CO3* (aq) 3.57E-03 4.12E-03 -2.385 

H3AsO4 2.34E-08 2.70E-08 -7.568 

H3BO3 3.43E-07 3.96E-07 -6.402 

H5(BO3)2- 9.11E-18 6.76E-18 -17.17 

H8(BO3)3- 3.61E-22 2.68E-22 -21.572 

HAsO4-2 3.47E-07 1.05E-07 -6.978 

HCO3- 2.15E-04 1.59E-04 -3.797 

HSO4- 1.18E-07 8.73E-08 -7.059 

Mg+2 3.72E-02 1.13E-02 -1.948 

Mg2CO3+2 1.06E-09 3.21E-10 -9.493 

MgCO3 (aq) 5.28E-09 6.10E-09 -8.215 

MgH2BO3+ 1.05E-11 7.76E-12 -11.11 

MgHCO3+ 2.48E-05 1.84E-05 -4.735 

MgOH+ 4.95E-09 3.68E-09 -8.435 

MgSO4 (aq) 1.38E-04 1.59E-04 -3.798 

OH- 1.16E-09 8.58E-10 -9.066 

SO4-2 2.57E-04 7.78E-05 -4.109 

Zn(CO3)2-2 7.05E-17 2.13E-17 -16.671 

Zn(H2BO3)2 (aq) 1.04E-23 1.20E-23 -22.922 

Zn(OH)2 (aq) 2.03E-13 2.34E-13 -12.631 

Zn(OH)3- 8.56E-20 6.35E-20 -19.197 

Zn(OH)4-2 2.85E-27 8.64E-28 -27.064 

Zn(SO4)2-2 9.60E-11 2.91E-11 -10.537 

Zn+2 8.33E-06 2.52E-06 -5.598 

Zn2OH+3 8.02E-15 5.46E-16 -15.263 

ZnCO3 (aq) 8.18E-11 9.45E-11 -10.024 

ZnH2BO3+ 1.70E-15 1.26E-15 -14.9 

ZnHCO3+ 1.72E-08 1.27E-08 -7.895 
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    RAP1, pH= 6.04 

 Concentration Activity Log activity 

Al(OH)2+ 4.55E-17 3.34E-17 -16.476 

Al(OH)3 (aq) 1.36E-17 1.45E-17 -16.838 

Al(OH)4- 1.06E-17 7.75E-18 -17.111 

Al(SO4)2- 1.29E-21 9.48E-22 -21.023 

Al+3 9.00E-18 5.58E-19 -18.254 

Al2(OH)2+4 1.04E-30 7.41E-33 -32.13 

Al2(OH)2CO3+2 8.33E-28 2.42E-28 -27.616 

Al3(OH)4+5 7.07E-42 3.12E-45 -44.506 

AlOH+2 2.10E-17 6.10E-18 -17.215 

AlSO4+ 3.51E-19 2.58E-19 -18.588 

AsO4-3 2.15E-11 1.33E-12 -11.875 

Ba+2 2.83E-06 8.23E-07 -6.085 

BaCO3 (aq) 1.28E-11 1.36E-11 -10.865 

BaH2BO3+ 2.33E-24 1.71E-24 -23.767 

BaHCO3+ 6.73E-09 4.94E-09 -8.306 

BaOH+ 5.35E-14 3.93E-14 -13.406 

BaSO4 (aq) 6.95E-09 7.43E-09 -8.129 

Ca+2 1.40E-01 4.08E-02 -1.389 

CaCO3 (aq) 2.05E-06 2.19E-06 -5.66 

CaH2BO3+ 2.15E-19 1.58E-19 -18.802 

CaHCO3+ 4.45E-04 3.27E-04 -3.486 

CaOH+ 1.21E-08 8.90E-09 -8.051 

CaSO4 (aq) 5.85E-04 6.25E-04 -3.204 

CO3-2 1.11E-07 3.23E-08 -7.49 

Cu(CO3)2-2 2.11E-12 6.14E-13 -12.212 

Cu(H2BO3)2 (aq) 1.22E-39 1.30E-39 -38.886 

Cu(OH)2 (aq) 2.41E-12 2.57E-12 -11.59 

Cu(OH)3- 1.48E-16 1.09E-16 -15.964 

Cu(OH)4-2 3.30E-23 9.59E-24 -23.018 

Cu+2 1.28E-07 3.71E-08 -7.431 

Cu2(OH)2+2 1.79E-13 5.19E-14 -13.285 

Cu2OH+3 4.69E-15 2.91E-16 -15.536 

Cu3(OH)4+2 3.97E-19 1.15E-19 -18.938 

CuCO3 (aq) 6.60E-09 7.06E-09 -8.151 

CuH2BO3+ 3.24E-23 2.38E-23 -22.624 

CuHCO3+ 2.00E-09 1.47E-09 -8.832 

CuHSO4+ 6.74E-16 4.95E-16 -15.306 

CuOH+ 1.75E-09 1.28E-09 -8.892 

CuSO4 (aq) 5.32E-10 5.68E-10 -9.246 

Fe(OH)2+ 1.24E-04 9.12E-05 -4.04 

Fe(OH)3 (aq) 5.21E-08 5.57E-08 -7.254 

Fe(OH)4- 1.64E-09 1.21E-09 -8.918 

Fe(SO4)2- 6.36E-14 4.67E-14 -13.331 

Fe+3 7.03E-10 4.35E-11 -10.361 

Fe2(OH)2+4 4.00E-10 2.85E-12 -11.545 

Fe3(OH)4+5 1.34E-10 5.90E-14 -13.229 

FeH2BO3+2 2.15E-22 6.25E-23 -22.204 

FeOH+2 1.55E-06 4.51E-07 -6.346 

FeSO4+ 7.05E-11 5.18E-11 -10.286 

H+1 1.24E-06 9.12E-07 -6.04 

H10(BO3)4-2 4.95E-67 1.44E-67 -66.843 

H2AsO4- 9.31E-06 6.83E-06 -5.165 

H2BO3- 9.24E-20 6.78E-20 -19.169 

H2CO3* (aq) 1.21E-03 1.29E-03 -2.889 

H3AsO4 1.16E-09 1.24E-09 -8.905 

H3BO3 9.97E-17 1.07E-16 -15.973 

H5(BO3)2- 8.37E-36 6.15E-36 -35.211 

H8(BO3)3- 8.92E-50 6.55E-50 -49.184 

HAsO4-2 2.64E-06 7.67E-07 -6.115 

HCO3- 8.57E-04 6.29E-04 -3.201 

HSO4- 8.12E-09 5.96E-09 -8.225 

Mg+2 1.03E-02 2.99E-03 -2.524 

Mg2CO3+2 3.88E-09 1.13E-09 -8.948 

MgCO3 (aq) 7.53E-08 8.05E-08 -7.094 

MgH2BO3+ 9.50E-21 6.97E-21 -20.157 

MgHCO3+ 2.63E-05 1.93E-05 -4.714 

MgOH+ 1.69E-08 1.24E-08 -7.905 

MgSO4 (aq) 3.41E-05 3.64E-05 -4.439 

OH- 1.49E-08 1.09E-08 -7.961 

SO4-2 2.30E-04 6.69E-05 -4.175 

Zn(CO3)2-2 5.83E-14 1.69E-14 -13.771 

Zn(H2BO3)2 (aq) 4.12E-41 4.41E-41 -40.356 

Zn(OH)2 (aq) 1.14E-11 1.22E-11 -10.913 

Zn(OH)3- 5.75E-17 4.22E-17 -16.374 

Zn(OH)4-2 2.52E-23 7.32E-24 -23.136 

Zn(SO4)2-2 2.38E-11 6.92E-12 -11.16 

Zn+2 2.79E-06 8.12E-07 -6.091 

Zn2OH+3 1.16E-14 7.20E-16 -15.143 

ZnCO3 (aq) 1.41E-09 1.51E-09 -8.821 

ZnH2BO3+ 1.87E-24 1.37E-24 -23.863 

ZnHCO3+ 2.20E-08 1.61E-08 -7.792 
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RAP1, pH= 7.26 

 Concentration Activity Log activity 

Al(OH)2+ 1.41E-18 1.08E-18 -17.965 

Al(OH)3 (aq) 7.67E-18 7.88E-18 -17.103 

Al(OH)4- 9.09E-17 7.01E-17 -16.154 

Al(SO4)2- 7.62E-26 5.88E-26 -25.231 

Al+3 6.71E-22 6.50E-23 -22.187 

Al2(OH)2+4 1.78E-36 2.81E-38 -37.552 

Al2(OH)2CO3+2 4.44E-32 1.57E-32 -31.803 

Al3(OH)4+5 2.51E-49 3.83E-52 -51.416 

AlOH+2 3.35E-20 1.19E-20 -19.926 

AlSO4+ 2.84E-23 2.19E-23 -22.659 

AsO4-3 5.99E-10 5.80E-11 -10.237 

Ba+2 1.48E-06 5.26E-07 -6.279 

BaCO3 (aq) 1.46E-10 1.50E-10 -9.824 

BaH2BO3+ 2.20E-23 1.70E-23 -22.77 

BaHCO3+ 4.24E-09 3.27E-09 -8.485 

BaOH+ 5.43E-13 4.19E-13 -12.378 

BaSO4 (aq) 3.37E-09 3.46E-09 -8.461 

Ca+2 5.59E-02 1.98E-02 -1.703 

CaCO3 (aq) 1.78E-05 1.83E-05 -4.738 

CaH2BO3+ 1.54E-18 1.19E-18 -17.924 

CaHCO3+ 2.13E-04 1.64E-04 -3.784 

CaOH+ 9.36E-08 7.22E-08 -7.142 

CaSO4 (aq) 2.16E-04 2.22E-04 -3.655 

CO3-2 1.57E-06 5.56E-07 -6.255 

Cu(CO3)2-2 2.02E-19 7.14E-20 -19.146 

Cu(H2BO3)2 (aq) 1.20E-46 1.24E-46 -45.908 

Cu(OH)2 (aq) 2.75E-19 2.82E-19 -18.549 

Cu(OH)3- 2.58E-22 1.99E-22 -21.701 

Cu(OH)4-2 8.28E-28 2.93E-28 -27.533 

Cu+2 4.12E-17 1.46E-17 -16.836 

Cu2(OH)2+2 6.33E-30 2.24E-30 -29.649 

Cu2OH+3 7.77E-33 7.53E-34 -33.123 

Cu3(OH)4+2 1.54E-42 5.47E-43 -42.262 

CuCO3 (aq) 4.65E-17 4.78E-17 -16.321 

CuH2BO3+ 1.89E-31 1.46E-31 -30.837 

CuHCO3+ 7.77E-19 6.00E-19 -18.222 

CuHSO4+ 1.11E-26 8.56E-27 -26.067 

CuOH+ 1.09E-17 8.42E-18 -17.074 

CuSO4 (aq) 1.59E-19 1.63E-19 -18.787 

Fe(OH)2+ 9.88E-17 7.62E-17 -16.118 

Fe(OH)3 (aq) 7.56E-19 7.77E-19 -18.11 

Fe(OH)4- 3.64E-19 2.81E-19 -18.551 

Fe(SO4)2- 9.66E-29 7.45E-29 -28.128 

Fe+3 1.35E-24 1.31E-25 -24.884 

Fe2(OH)2+4 4.53E-37 7.14E-39 -38.146 

Fe3(OH)4+5 8.09E-50 1.24E-52 -51.908 

FeH2BO3+2 8.22E-36 2.91E-36 -35.536 

FeOH+2 6.38E-20 2.26E-20 -19.646 

FeSO4+ 1.47E-25 1.13E-25 -24.946 

H+1 7.12E-08 5.50E-08 -7.26 

H10(BO3)4-2 8.58E-65 3.04E-65 -64.517 

H2AsO4- 1.40E-06 1.08E-06 -5.967 

H2BO3- 1.37E-18 1.05E-18 -17.977 

H2CO3* (aq) 7.83E-05 8.05E-05 -4.094 

H3AsO4 1.15E-11 1.18E-11 -10.927 

H3BO3 9.70E-17 9.97E-17 -16.001 

H5(BO3)2- 1.16E-34 8.94E-35 -34.048 

H8(BO3)3- 1.16E-48 8.92E-49 -48.05 

HAsO4-2 5.68E-06 2.01E-06 -5.697 

HCO3- 8.44E-04 6.51E-04 -3.186 

HSO4- 3.40E-10 2.62E-10 -9.582 

Mg+2 3.28E-03 1.16E-03 -2.934 

Mg2CO3+2 8.25E-09 2.92E-09 -8.534 

MgCO3 (aq) 5.23E-07 5.37E-07 -6.27 

MgH2BO3+ 5.46E-20 4.21E-20 -19.376 

MgHCO3+ 1.01E-05 7.77E-06 -5.11 

MgOH+ 1.05E-07 8.07E-08 -7.093 

MgSO4 (aq) 1.00E-05 1.03E-05 -4.986 

OH- 2.37E-07 1.82E-07 -6.739 

SO4-2 1.38E-04 4.88E-05 -4.312 

Zn(CO3)2-2 5.95E-22 2.11E-22 -21.676 

Zn(H2BO3)2 (aq) 4.37E-49 4.49E-49 -48.348 

Zn(OH)2 (aq) 1.40E-19 1.44E-19 -18.843 

Zn(OH)3- 1.07E-23 8.29E-24 -23.081 

Zn(OH)4-2 6.77E-29 2.40E-29 -28.62 

Zn(SO4)2-2 4.39E-22 1.55E-22 -21.808 

Zn+2 9.67E-17 3.43E-17 -16.465 

Zn2OH+3 2.21E-34 2.14E-35 -34.669 

ZnCO3 (aq) 1.07E-18 1.10E-18 -17.96 

ZnH2BO3+ 1.17E-33 8.99E-34 -33.046 

ZnHCO3+ 9.15E-19 7.06E-19 -18.151 
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RAP1, pH=8.55 

 Concentration Activity Log activity 

Al(OH)2+ 4.02E-21 3.72E-21 -20.429 

Al(OH)3 (aq) 5.29E-19 5.29E-19 -18.276 

Al(OH)4- 9.95E-17 9.22E-17 -16.035 

Al(SO4)2- 2.44E-32 2.26E-32 -31.645 

Al+3 1.16E-27 5.82E-28 -27.235 

Al2(OH)2+4 2.93E-45 8.62E-46 -45.065 

Al2(OH)2CO3+2 5.85E-40 4.31E-40 -39.366 

Al3(OH)4+5 2.73E-61 4.04E-62 -61.394 

AlOH+2 2.82E-24 2.08E-24 -23.682 

AlSO4+ 4.40E-29 4.07E-29 -28.39 

AsO4-3 9.39E-10 4.72E-10 -9.326 

Ba+2 9.99E-17 7.36E-17 -16.133 

BaCO3 (aq) 1.87E-20 1.87E-20 -19.728 

BaH2BO3+ 4.05E-32 3.75E-32 -31.426 

BaHCO3+ 2.26E-20 2.09E-20 -19.679 

BaOH+ 1.24E-21 1.15E-21 -20.94 

BaSO4 (aq) 1.00E-19 1.00E-19 -18.998 

Ca+2 1.65E-03 1.22E-03 -2.915 

CaCO3 (aq) 9.98E-07 9.99E-07 -6 

CaH2BO3+ 1.24E-18 1.15E-18 -17.938 

CaHCO3+ 4.98E-07 4.61E-07 -6.336 

CaOH+ 9.35E-08 8.66E-08 -7.062 

CaSO4 (aq) 2.81E-06 2.82E-06 -5.55 

CO3-2 6.73E-07 4.95E-07 -6.305 

Cu(CO3)2-2 5.54E-12 4.08E-12 -11.389 

Cu(H2BO3)2 (aq) 2.21E-36 2.21E-36 -35.655 

Cu(OH)2 (aq) 7.77E-09 7.78E-09 -8.109 

Cu(OH)3- 1.16E-10 1.07E-10 -9.969 

Cu(OH)4-2 4.20E-15 3.09E-15 -14.509 

Cu+2 1.42E-09 1.05E-09 -8.979 

Cu2(OH)2+2 6.03E-12 4.44E-12 -11.352 

Cu2OH+3 1.51E-16 7.61E-17 -16.118 

Cu3(OH)4+2 4.05E-14 2.98E-14 -13.526 

CuCO3 (aq) 3.06E-09 3.06E-09 -8.514 

CuH2BO3+ 1.78E-22 1.65E-22 -21.782 

CuHCO3+ 2.13E-12 1.97E-12 -11.705 

CuHSO4+ 7.07E-21 6.55E-21 -20.184 

CuOH+ 1.28E-08 1.19E-08 -7.926 

CuSO4 (aq) 2.43E-12 2.43E-12 -11.614 

Fe(OH)2+ 3.85E-17 3.57E-17 -16.448 

Fe(OH)3 (aq) 7.11E-18 7.12E-18 -17.148 

Fe(OH)4- 5.44E-17 5.04E-17 -16.298 

Fe(SO4)2- 4.23E-33 3.91E-33 -32.407 

Fe+3 3.17E-28 1.59E-28 -27.797 

Fe2(OH)2+4 1.39E-41 4.08E-42 -41.389 

Fe3(OH)4+5 2.23E-55 3.31E-56 -55.481 

FeH2BO3+2 7.63E-38 5.62E-38 -37.25 

FeOH+2 7.33E-22 5.40E-22 -21.268 

FeSO4+ 3.10E-29 2.87E-29 -28.542 

H+1 3.04E-09 2.82E-09 -8.55 

H10(BO3)4-2 6.75E-63 4.97E-63 -62.303 

H2AsO4- 2.50E-08 2.31E-08 -7.636 

H2BO3- 1.80E-17 1.66E-17 -16.779 

H2CO3* (aq) 1.89E-07 1.89E-07 -6.724 

H3AsO4 1.30E-14 1.30E-14 -13.886 

H3BO3 8.07E-17 8.07E-17 -16.093 

H5(BO3)2- 1.23E-33 1.14E-33 -32.942 

H8(BO3)3- 9.97E-48 9.23E-48 -47.035 

HAsO4-2 1.14E-06 8.40E-07 -6.076 

HCO3- 3.21E-05 2.98E-05 -4.526 

HSO4- 3.01E-12 2.79E-12 -11.555 

Mg+2 3.10E-04 2.29E-04 -3.641 

Mg2CO3+2 1.37E-10 1.01E-10 -9.996 

MgCO3 (aq) 9.41E-08 9.42E-08 -7.026 

MgH2BO3+ 1.41E-19 1.31E-19 -18.884 

MgHCO3+ 7.54E-08 6.99E-08 -7.156 

MgOH+ 3.35E-07 3.11E-07 -6.508 

MgSO4 (aq) 4.21E-07 4.21E-07 -6.376 

OH- 3.86E-06 3.57E-06 -5.447 

SO4-2 1.37E-05 1.01E-05 -4.995 

Zn(CO3)2-2 1.97E-22 1.45E-22 -21.839 

Zn(H2BO3)2 (aq) 9.65E-47 9.66E-47 -46.015 

Zn(OH)2 (aq) 4.75E-17 4.75E-17 -16.323 

Zn(OH)3- 5.79E-20 5.37E-20 -19.27 

Zn(OH)4-2 4.12E-24 3.04E-24 -23.517 

Zn(SO4)2-2 7.83E-24 5.77E-24 -23.239 

Zn+2 4.01E-17 2.96E-17 -16.529 

Zn2OH+3 6.21E-34 3.12E-34 -33.505 

ZnCO3 (aq) 8.42E-19 8.43E-19 -18.074 

ZnH2BO3+ 1.32E-32 1.22E-32 -31.912 

ZnHCO3+ 3.01E-20 2.79E-20 -19.555 
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RAP1, pH=10.44 

 Concentration Activity Log activity 

Al(OH)2+ 1.59E-13 1.40E-13 -12.853 

Al(OH)3 (aq) 1.54E-09 1.55E-09 -8.811 

Al(OH)4- 2.37E-05 2.09E-05 -4.68 

Al(SO4)2- 1.23E-29 1.09E-29 -28.964 

Al+3 1.12E-23 3.64E-24 -23.439 

Al2(OH)2+4 1.50E-33 2.03E-34 -33.692 

Al2(OH)2CO3+2 1.86E-26 1.13E-26 -25.947 

Al3(OH)4+5 8.17E-42 3.58E-43 -42.446 

AlOH+2 1.66E-18 1.01E-18 -17.996 

AlSO4+ 8.00E-26 7.06E-26 -25.151 

AsO4-3 7.54E-18 2.45E-18 -17.611 

Ba+2 9.82E-17 5.95E-17 -16.225 

BaCO3 (aq) 1.68E-18 1.68E-18 -17.774 

BaH2BO3+ 1.73E-31 1.52E-31 -30.817 

BaHCO3+ 2.75E-20 2.43E-20 -19.615 

BaOH+ 8.16E-20 7.20E-20 -19.142 

BaSO4 (aq) 2.24E-20 2.25E-20 -19.648 

Ca+2 9.44E-17 5.72E-17 -16.243 

CaCO3 (aq) 5.21E-18 5.23E-18 -17.282 

CaH2BO3+ 3.09E-31 2.73E-31 -30.564 

CaHCO3+ 3.52E-20 3.11E-20 -19.508 

CaOH+ 3.59E-19 3.16E-19 -18.5 

CaSO4 (aq) 3.66E-20 3.67E-20 -19.435 

CO3-2 9.08E-05 5.51E-05 -4.259 

Cu(CO3)2-2 8.72E-11 5.29E-11 -10.277 

Cu(H2BO3)2 (aq) 5.84E-38 5.86E-38 -37.232 

Cu(OH)2 (aq) 4.89E-08 4.91E-08 -7.309 

Cu(OH)3- 5.95E-08 5.25E-08 -7.28 

Cu(OH)4-2 1.94E-10 1.18E-10 -9.93 

Cu+2 1.81E-12 1.10E-12 -11.959 

Cu2(OH)2+2 4.84E-14 2.94E-14 -13.532 

Cu2OH+3 2.00E-20 6.49E-21 -20.188 

Cu3(OH)4+2 2.05E-15 1.24E-15 -14.905 

CuCO3 (aq) 3.55E-10 3.57E-10 -9.448 

CuH2BO3+ 9.86E-25 8.70E-25 -24.06 

CuHCO3+ 3.35E-15 2.96E-15 -14.529 

CuHSO4+ 2.77E-26 2.45E-26 -25.611 

CuOH+ 1.09E-09 9.64E-10 -9.016 

CuSO4 (aq) 7.03E-16 7.06E-16 -15.151 

Fe(OH)2+ 1.17E-20 1.04E-20 -19.985 

Fe(OH)3 (aq) 1.60E-19 1.60E-19 -18.795 

Fe(OH)4- 9.98E-17 8.81E-17 -16.055 

Fe(SO4)2- 1.64E-41 1.45E-41 -40.839 

Fe+3 2.37E-35 7.69E-36 -35.114 

Fe2(OH)2+4 4.23E-52 5.72E-53 -52.243 

Fe3(OH)4+5 3.07E-69 1.34E-70 -69.871 

FeH2BO3+2 2.25E-44 1.36E-44 -43.866 

FeOH+2 3.33E-27 2.02E-27 -26.694 

FeSO4+ 4.34E-37 3.83E-37 -36.417 

H+1 4.11E-11 3.63E-11 -10.44 

H10(BO3)4-2 8.69E-64 5.27E-64 -63.278 

H2AsO4- 2.25E-20 1.99E-20 -19.701 

H2BO3- 9.48E-17 8.36E-17 -16.078 

H2CO3* (aq) 3.47E-09 3.48E-09 -8.458 

H3AsO4 1.44E-28 1.44E-28 -27.841 

H3BO3 5.21E-18 5.23E-18 -17.282 

H5(BO3)2- 4.22E-34 3.72E-34 -33.429 

H8(BO3)3- 2.21E-49 1.95E-49 -48.711 

HAsO4-2 9.24E-17 5.60E-17 -16.251 

HCO3- 4.83E-05 4.27E-05 -4.37 

HSO4- 1.13E-14 9.94E-15 -14.002 

Mg+2 9.09E-17 5.51E-17 -16.259 

Mg2CO3+2 1.07E-33 6.50E-34 -33.187 

MgCO3 (aq) 2.51E-18 2.52E-18 -17.598 

MgH2BO3+ 1.79E-31 1.58E-31 -30.801 

MgHCO3+ 2.73E-20 2.41E-20 -19.618 

MgOH+ 6.58E-18 5.80E-18 -17.236 

MgSO4 (aq) 2.80E-20 2.81E-20 -19.551 

OH- 3.14E-04 2.77E-04 -3.557 

SO4-2 4.62E-06 2.80E-06 -5.552 

Zn(CO3)2-2 9.38E-22 5.69E-22 -21.245 

Zn(H2BO3)2 (aq) 7.73E-49 7.76E-49 -48.11 

Zn(OH)2 (aq) 9.06E-17 9.09E-17 -16.041 

Zn(OH)3- 9.03E-18 7.97E-18 -17.099 

Zn(OH)4-2 5.77E-20 3.50E-20 -19.456 

Zn(SO4)2-2 2.32E-28 1.41E-28 -27.852 

Zn+2 1.55E-20 9.40E-21 -20.027 

Zn2OH+3 7.55E-39 2.45E-39 -38.611 

ZnCO3 (aq) 2.97E-20 2.98E-20 -19.526 

ZnH2BO3+ 2.22E-35 1.96E-35 -34.709 

ZnHCO3+ 1.44E-23 1.27E-23 -22.897 
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RAP1, pH=11.05 

 Concentration Activity Log activity 

Al(OH)2+ 1.41E-14 1.32E-14 -13.878 

Al(OH)3 (aq) 5.95E-10 5.95E-10 -9.225 

Al(OH)4- 3.48E-05 3.28E-05 -4.484 

Al(SO4)2- 2.33E-31 2.20E-31 -30.658 

Al+3 3.55E-26 2.07E-26 -25.684 

Al2(OH)2+4 2.84E-37 1.09E-37 -36.963 

Al2(OH)2CO3+2 1.59E-29 1.25E-29 -28.903 

Al3(OH)4+5 8.12E-47 1.82E-47 -46.741 

AlOH+2 2.97E-20 2.34E-20 -19.631 

AlSO4+ 8.03E-28 7.56E-28 -27.121 

AsO4-3 1.94E-17 1.13E-17 -16.948 

Ba+2 9.52E-17 7.49E-17 -16.126 

BaCO3 (aq) 4.36E-18 4.37E-18 -17.36 

BaH2BO3+ 2.26E-31 2.13E-31 -30.672 

BaHCO3+ 1.64E-20 1.55E-20 -19.811 

BaOH+ 3.92E-19 3.69E-19 -18.433 

BaSO4 (aq) 5.33E-20 5.34E-20 -19.273 

Ca+2 8.56E-17 6.73E-17 -16.172 

CaCO3 (aq) 1.27E-17 1.27E-17 -16.896 

CaH2BO3+ 3.79E-31 3.56E-31 -30.448 

CaHCO3+ 1.97E-20 1.85E-20 -19.732 

CaOH+ 1.61E-18 1.52E-18 -17.819 

CaSO4 (aq) 8.15E-20 8.15E-20 -19.089 

CO3-2 1.45E-04 1.14E-04 -3.944 

Cu(CO3)2-2 8.12E-12 6.39E-12 -11.194 

Cu(H2BO3)2 (aq) 2.05E-39 2.05E-39 -38.688 

Cu(OH)2 (aq) 2.31E-08 2.31E-08 -7.636 

Cu(OH)3- 1.07E-07 1.01E-07 -6.996 

Cu(OH)4-2 1.17E-09 9.20E-10 -9.036 

Cu+2 3.96E-14 3.12E-14 -13.506 

Cu2(OH)2+2 4.99E-16 3.93E-16 -15.406 

Cu2OH+3 3.65E-23 2.13E-23 -22.672 

Cu3(OH)4+2 9.96E-18 7.83E-18 -17.106 

CuCO3 (aq) 2.09E-11 2.09E-11 -10.68 

CuH2BO3+ 2.91E-26 2.74E-26 -25.562 

CuHCO3+ 4.52E-17 4.25E-17 -16.371 

CuHSO4+ 3.41E-28 3.21E-28 -27.493 

CuOH+ 1.18E-10 1.11E-10 -9.953 

CuSO4 (aq) 3.77E-17 3.78E-17 -16.423 

Fe(OH)2+ 7.08E-22 6.67E-22 -21.176 

Fe(OH)3 (aq) 4.20E-20 4.21E-20 -19.376 

Fe(OH)4- 1.00E-16 9.41E-17 -16.026 

Fe(SO4)2- 2.12E-43 1.99E-43 -42.7 

Fe+3 5.11E-38 2.98E-38 -37.526 

Fe2(OH)2+4 3.72E-56 1.43E-56 -55.846 

Fe3(OH)4+5 9.65E-75 2.16E-75 -74.666 

FeH2BO3+2 7.44E-47 5.86E-47 -46.232 

FeOH+2 4.06E-29 3.19E-29 -28.496 

FeSO4+ 2.97E-39 2.80E-39 -38.553 

H+1 9.46E-12 8.91E-12 -11.05 

H10(BO3)4-2 6.12E-65 4.82E-65 -64.317 

H2AsO4- 5.87E-21 5.53E-21 -20.258 

H2BO3- 9.86E-17 9.28E-17 -16.032 

H2CO3* (aq) 4.33E-10 4.33E-10 -9.363 

H3AsO4 9.82E-30 9.83E-30 -29.008 

H3BO3 1.42E-18 1.42E-18 -17.846 

H5(BO3)2- 1.20E-34 1.13E-34 -33.949 

H8(BO3)3- 1.70E-50 1.60E-50 -49.795 

HAsO4-2 8.06E-17 6.35E-17 -16.198 

HCO3- 2.30E-05 2.16E-05 -4.665 

HSO4- 4.89E-15 4.60E-15 -14.337 

Mg+2 6.97E-17 5.49E-17 -16.261 

Mg2CO3+2 1.69E-33 1.33E-33 -32.876 

MgCO3 (aq) 5.19E-18 5.19E-18 -17.285 

MgH2BO3+ 1.86E-31 1.75E-31 -30.757 

MgHCO3+ 1.29E-20 1.22E-20 -19.915 

MgOH+ 2.50E-17 2.36E-17 -16.628 

MgSO4 (aq) 5.27E-20 5.27E-20 -19.278 

OH- 1.20E-03 1.13E-03 -2.947 

SO4-2 6.71E-06 5.28E-06 -5.277 

Zn(CO3)2-2 1.47E-22 1.16E-22 -21.937 

Zn(H2BO3)2 (aq) 4.56E-50 4.56E-50 -49.341 

Zn(OH)2 (aq) 7.20E-17 7.21E-17 -16.142 

Zn(OH)3- 2.73E-17 2.57E-17 -16.589 

Zn(OH)4-2 5.86E-19 4.61E-19 -18.336 

Zn(SO4)2-2 3.03E-29 2.39E-29 -28.622 

Zn+2 5.70E-22 4.49E-22 -21.348 

Zn2OH+3 3.90E-41 2.27E-41 -40.643 

ZnCO3 (aq) 2.93E-21 2.94E-21 -20.532 

ZnH2BO3+ 1.10E-36 1.04E-36 -35.984 

ZnHCO3+ 3.26E-25 3.07E-25 -24.513 
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RAP1, pH=12.24 

 Concentration Activity Log activity 

Al(OH)2+ 1.85E-16 1.62E-16 -15.792 

Al(OH)3 (aq) 1.12E-10 1.13E-10 -9.949 

Al(OH)4- 1.10E-04 9.59E-05 -4.018 

Al(SO4)2- 2.09E-35 1.83E-35 -34.738 

Al+3 3.53E-30 1.05E-30 -29.977 

Al2(OH)2+4 5.81E-43 6.78E-44 -43.168 

Al2(OH)2CO3+2 5.37E-35 3.14E-35 -34.503 

Al3(OH)4+5 3.95E-54 1.38E-55 -54.86 

AlOH+2 3.15E-23 1.84E-23 -22.734 

AlSO4+ 5.64E-32 4.93E-32 -31.307 

AsO4-3 8.43E-17 2.52E-17 -16.598 

Ba+2 8.41E-17 4.92E-17 -16.308 

BaCO3 (aq) 1.15E-17 1.16E-17 -16.937 

BaH2BO3+ 1.50E-31 1.32E-31 -30.881 

BaHCO3+ 3.03E-21 2.65E-21 -20.578 

BaOH+ 4.29E-18 3.75E-18 -17.425 

BaSO4 (aq) 4.46E-20 4.48E-20 -19.348 

Ca+2 5.96E-17 3.49E-17 -16.458 

CaCO3 (aq) 2.64E-17 2.65E-17 -16.576 

CaH2BO3+ 1.99E-31 1.74E-31 -30.76 

CaHCO3+ 2.86E-21 2.50E-21 -20.602 

CaOH+ 1.39E-17 1.22E-17 -16.915 

CaSO4 (aq) 5.37E-20 5.39E-20 -19.268 

CO3-2 7.85E-04 4.59E-04 -3.338 

Cu(CO3)2-2 9.83E-14 5.75E-14 -13.24 

Cu(H2BO3)2 (aq) 9.98E-43 1.00E-42 -41.999 

Cu(OH)2 (aq) 3.05E-09 3.06E-09 -8.514 

Cu(OH)3- 2.37E-07 2.07E-07 -6.684 

Cu(OH)4-2 4.99E-08 2.92E-08 -7.535 

Cu+2 2.95E-17 1.72E-17 -16.764 

Cu2(OH)2+2 4.92E-20 2.87E-20 -19.542 

Cu2OH+3 3.37E-28 1.01E-28 -27.997 

Cu3(OH)4+2 1.30E-22 7.59E-23 -22.12 

CuCO3 (aq) 4.64E-14 4.66E-14 -13.332 

CuH2BO3+ 1.63E-29 1.43E-29 -28.846 

CuHCO3+ 7.00E-21 6.12E-21 -20.213 

CuHSO4+ 1.68E-32 1.47E-32 -31.834 

CuOH+ 1.09E-12 9.53E-13 -12.021 

CuSO4 (aq) 2.66E-20 2.67E-20 -19.574 

Fe(OH)2+ 2.95E-24 2.58E-24 -23.588 

Fe(OH)3 (aq) 2.51E-21 2.52E-21 -20.598 

Fe(OH)4- 1.00E-16 8.74E-17 -16.058 

Fe(SO4)2- 6.03E-48 5.27E-48 -47.278 

Fe+3 1.61E-42 4.82E-43 -42.317 

Fe2(OH)2+4 7.65E-63 8.93E-64 -63.049 

Fe3(OH)4+5 1.50E-83 5.24E-85 -84.281 

FeH2BO3+2 1.53E-51 8.92E-52 -51.05 

FeOH+2 1.37E-32 7.99E-33 -32.097 

FeSO4+ 6.62E-44 5.79E-44 -43.238 

H+1 6.58E-13 5.75E-13 -12.24 

H10(BO3)4-2 2.69E-67 1.58E-67 -66.803 

H2AsO4- 5.89E-23 5.15E-23 -22.288 

H2BO3- 9.99E-17 8.74E-17 -16.059 

H2CO3* (aq) 7.26E-12 7.29E-12 -11.137 

H3AsO4 5.88E-33 5.91E-33 -32.228 

H3BO3 8.62E-20 8.66E-20 -19.063 

H5(BO3)2- 7.36E-36 6.44E-36 -35.191 

H8(BO3)3- 6.37E-53 5.57E-53 -52.254 

HAsO4-2 1.57E-17 9.15E-18 -17.038 

HCO3- 6.44E-06 5.63E-06 -5.249 

HSO4- 4.34E-16 3.80E-16 -15.42 

Mg+2 1.76E-17 1.03E-17 -16.987 

Mg2CO3+2 3.25E-34 1.90E-34 -33.722 

MgCO3 (aq) 3.92E-18 3.94E-18 -17.405 

MgH2BO3+ 3.54E-32 3.10E-32 -31.509 

MgHCO3+ 6.81E-22 5.96E-22 -21.225 

MgOH+ 7.84E-17 6.86E-17 -16.164 

MgSO4 (aq) 1.26E-20 1.27E-20 -19.897 

OH- 2.00E-02 1.75E-02 -1.757 

SO4-2 1.16E-05 6.76E-06 -5.17 

Zn(CO3)2-2 1.88E-24 1.10E-24 -23.96 

Zn(H2BO3)2 (aq) 2.34E-53 2.35E-53 -52.628 

Zn(OH)2 (aq) 1.00E-17 1.01E-17 -16.997 

Zn(OH)3- 6.36E-17 5.56E-17 -16.255 

Zn(OH)4-2 2.64E-17 1.54E-17 -16.812 

Zn(SO4)2-2 3.89E-32 2.27E-32 -31.644 

Zn+2 4.47E-25 2.61E-25 -24.583 

Zn2OH+3 3.99E-46 1.19E-46 -45.923 

ZnCO3 (aq) 6.87E-24 6.90E-24 -23.161 

ZnH2BO3+ 6.50E-40 5.68E-40 -39.246 

ZnHCO3+ 5.32E-29 4.65E-29 -28.332 
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RAP1, pH=12.89 

 Concentration Activity Log activity 

Al(OH)2+ 1.84E-17 1.36E-17 -16.866 

Al(OH)3 (aq) 3.98E-11 4.20E-11 -10.377 

Al(OH)4- 2.15E-04 1.59E-04 -3.799 

Al(SO4)2- 2.09E-60 1.55E-60 -59.81 

Al+3 6.76E-32 4.52E-33 -32.345 

Al2(OH)2+4 3.01E-45 2.45E-47 -46.611 

Al2(OH)2CO3+2 2.46E-51 7.39E-52 -51.131 

Al3(OH)4+5 7.72E-57 4.19E-60 -59.377 

AlOH+2 1.17E-24 3.50E-25 -24.456 

AlSO4+ 1.27E-45 9.38E-46 -45.028 

AsO4-3 9.82E-17 6.56E-18 -17.183 

Ba+2 1.43E-07 4.31E-08 -7.366 

BaCO3 (aq) 6.26E-22 6.61E-22 -21.18 

BaH2BO3+ 1.32E-22 9.76E-23 -22.011 

BaHCO3+ 4.57E-26 3.38E-26 -25.471 

BaOH+ 1.97E-08 1.46E-08 -7.836 

BaSO4 (aq) 1.65E-22 1.74E-22 -21.758 

Ca+2 2.22E-05 6.68E-06 -5.176 

CaCO3 (aq) 3.14E-19 3.31E-19 -18.48 

CaH2BO3+ 3.80E-20 2.82E-20 -19.55 

CaHCO3+ 9.44E-24 6.99E-24 -23.156 

CaOH+ 1.40E-05 1.03E-05 -4.986 

CaSO4 (aq) 4.35E-20 4.59E-20 -19.338 

CO3-2 9.96E-17 2.99E-17 -16.524 

Cu(CO3)2-2 1.38E-41 4.13E-42 -41.384 

Cu(H2BO3)2 (aq) 1.15E-44 1.22E-44 -43.915 

Cu(OH)2 (aq) 9.64E-10 1.02E-09 -8.992 

Cu(OH)3- 4.12E-07 3.05E-07 -6.516 

Cu(OH)4-2 6.35E-07 1.91E-07 -6.719 

Cu+2 9.70E-19 2.91E-19 -18.536 

Cu2(OH)2+2 5.37E-22 1.61E-22 -21.792 

Cu2OH+3 1.91E-30 1.27E-31 -30.895 

Cu3(OH)4+2 4.72E-25 1.42E-25 -24.849 

CuCO3 (aq) 4.86E-29 5.13E-29 -28.29 

CuH2BO3+ 2.76E-31 2.04E-31 -30.69 

CuHCO3+ 2.04E-36 1.51E-36 -35.821 

CuHSO4+ 3.33E-46 2.47E-46 -45.608 

CuOH+ 9.65E-14 7.14E-14 -13.146 

CuSO4 (aq) 1.90E-33 2.00E-33 -32.698 

Fe(OH)2+ 1.50E-25 1.11E-25 -24.954 

Fe(OH)3 (aq) 4.57E-22 4.82E-22 -21.317 

Fe(OH)4- 1.00E-16 7.40E-17 -16.131 

Fe(SO4)2- 3.08E-73 2.28E-73 -72.642 

Fe+3 1.58E-44 1.05E-45 -44.977 

Fe2(OH)2+4 1.04E-65 8.42E-68 -67.074 

Fe3(OH)4+5 3.92E-87 2.13E-90 -89.672 

FeH2BO3+2 5.51E-54 1.65E-54 -53.782 

FeOH+2 2.58E-34 7.76E-35 -34.11 

FeSO4+ 7.61E-58 5.63E-58 -57.249 

H+1 1.74E-13 1.29E-13 -12.89 

H10(BO3)4-2 1.35E-68 4.06E-69 -68.391 

H2AsO4- 9.07E-25 6.71E-25 -24.173 

H2BO3- 9.99E-17 7.40E-17 -16.131 

H2CO3* (aq) 2.26E-26 2.38E-26 -25.623 

H3AsO4 1.64E-35 1.73E-35 -34.763 

H3BO3 1.56E-20 1.64E-20 -19.785 

H5(BO3)2- 1.40E-36 1.03E-36 -35.986 

H8(BO3)3- 2.29E-54 1.70E-54 -53.77 

HAsO4-2 1.78E-18 5.33E-19 -18.273 

HCO3- 1.11E-19 8.22E-20 -19.085 

HSO4- 5.11E-28 3.78E-28 -27.423 

Mg+2 7.72E-18 2.32E-18 -17.635 

Mg2CO3+2 2.08E-48 6.25E-49 -48.204 

MgCO3 (aq) 5.46E-32 5.76E-32 -31.239 

MgH2BO3+ 7.96E-33 5.89E-33 -32.23 

MgHCO3+ 2.64E-36 1.95E-36 -35.709 

MgOH+ 9.23E-17 6.83E-17 -16.165 

MgSO4 (aq) 1.20E-32 1.27E-32 -31.898 

OH- 1.05E-01 7.75E-02 -1.11 

SO4-2 1.00E-16 3.00E-17 -16.523 

Zn(CO3)2-2 5.84E-53 1.75E-53 -52.756 

Zn(H2BO3)2 (aq) 6.02E-56 6.35E-56 -55.197 

Zn(OH)2 (aq) 7.05E-19 7.44E-19 -18.128 

Zn(OH)3- 2.46E-17 1.82E-17 -16.739 

Zn(OH)4-2 7.47E-17 2.24E-17 -16.649 

Zn(SO4)2-2 5.62E-57 1.69E-57 -56.773 

Zn+2 3.27E-27 9.83E-28 -27.008 

Zn2OH+3 1.12E-49 7.49E-51 -50.126 

ZnCO3 (aq) 1.60E-39 1.69E-39 -38.772 

ZnH2BO3+ 2.44E-42 1.81E-42 -41.742 

ZnHCO3+ 3.45E-45 2.55E-45 -44.593 
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     RAP2, pH=0.93 

 Concentration Activity Log activity 

Al(OH)2+ 1.10E-12 8.73E-13 -12.059 

Al(OH)3 (aq) 2.26E-18 2.87E-18 -17.541 

Al(OH)4- 1.45E-23 1.16E-23 -22.936 

Al(SO4)2- 2.71E-07 2.16E-07 -6.666 

Al+3 1.97E-03 2.55E-04 -3.594 

Al2(OH)2+4 3.37E-12 8.86E-14 -13.052 

Al2(OH)2CO3+2 9.91E-19 3.99E-19 -18.399 

Al3(OH)4+5 2.87E-19 9.75E-22 -21.011 

AlOH+2 5.24E-08 2.11E-08 -7.676 

AlSO4+ 1.04E-04 8.32E-05 -4.08 

AsO4-3 2.27E-21 2.93E-22 -21.533 

Ba+2 3.36E-06 1.35E-06 -5.868 

BaCO3 (aq) 2.44E-21 3.10E-21 -20.509 

BaH2BO3+ 3.27E-29 2.60E-29 -28.584 

BaHCO3+ 1.82E-13 1.45E-13 -12.84 

BaOH+ 6.14E-19 4.89E-19 -18.311 

BaSO4 (aq) 6.79E-09 8.62E-09 -8.064 

Ca+2 3.63E-01 1.46E-01 -0.835 

CaCO3 (aq) 8.52E-16 1.08E-15 -14.966 

CaH2BO3+ 6.57E-24 5.23E-24 -23.281 

CaHCO3+ 2.61E-08 2.08E-08 -7.682 

CaOH+ 3.03E-13 2.41E-13 -12.618 

CaSO4 (aq) 1.24E-03 1.58E-03 -2.801 

CO3-2 1.11E-17 4.46E-18 -17.351 

Cu(CO3)2-2 7.61E-31 3.06E-31 -30.514 

Cu(H2BO3)2 (aq) 2.30E-48 2.92E-48 -47.535 

Cu(OH)2 (aq) 3.04E-21 3.86E-21 -20.414 

Cu(OH)3- 1.55E-30 1.23E-30 -29.909 

Cu(OH)4-2 2.04E-42 8.23E-43 -42.085 

Cu+2 2.41E-06 9.72E-07 -6.012 

Cu2(OH)2+2 5.07E-21 2.04E-21 -20.69 

Cu2OH+3 1.17E-17 1.51E-18 -17.82 

Cu3(OH)4+2 1.69E-35 6.80E-36 -35.168 

CuCO3 (aq) 2.01E-17 2.55E-17 -16.593 

CuH2BO3+ 7.25E-27 5.77E-27 -26.239 

CuHCO3+ 8.60E-13 6.85E-13 -12.164 

CuHSO4+ 1.48E-09 1.18E-09 -8.929 

CuOH+ 3.19E-13 2.54E-13 -12.595 

CuSO4 (aq) 8.27E-09 1.05E-08 -7.979 

Fe(OH)2+ 2.28E-08 1.82E-08 -7.74 

Fe(OH)3 (aq) 6.61E-17 8.40E-17 -16.076 

Fe(OH)4- 1.73E-23 1.38E-23 -22.861 

Fe(SO4)2- 1.02E-07 8.10E-08 -7.091 

Fe+3 1.17E-03 1.52E-04 -3.819 

Fe2(OH)2+4 7.54E-08 1.98E-09 -8.703 

Fe3(OH)4+5 2.41E-12 8.17E-15 -14.088 

FeH2BO3+2 5.01E-21 2.02E-21 -20.695 

FeOH+2 2.95E-05 1.19E-05 -4.925 

FeSO4+ 1.60E-04 1.27E-04 -3.895 

H+1 1.48E-01 1.17E-01 -0.93 

H10(BO3)4-2 4.35E-77 1.75E-77 -76.757 

H2AsO4- 3.14E-05 2.50E-05 -4.603 

H2BO3- 7.88E-25 6.28E-25 -24.202 

H2CO3* (aq) 2.33E-03 2.95E-03 -2.53 

H3AsO4 4.61E-04 5.85E-04 -3.233 

H3BO3 1.00E-16 1.27E-16 -15.896 

H5(BO3)2- 8.52E-41 6.78E-41 -40.169 

H8(BO3)3- 1.08E-54 8.61E-55 -54.065 

HAsO4-2 5.40E-11 2.18E-11 -10.663 

HCO3- 1.40E-08 1.12E-08 -7.952 

HSO4- 6.80E-04 5.42E-04 -3.266 

Mg+2 7.79E-02 3.14E-02 -1.503 

Mg2CO3+2 4.24E-17 1.71E-17 -16.767 

MgCO3 (aq) 9.17E-17 1.16E-16 -15.934 

MgH2BO3+ 8.49E-25 6.77E-25 -24.17 

MgHCO3+ 4.52E-09 3.60E-09 -8.444 

MgOH+ 1.24E-12 9.86E-13 -12.006 

MgSO4 (aq) 2.12E-04 2.69E-04 -3.569 

OH- 1.04E-13 8.27E-14 -13.083 

SO4-2 1.17E-04 4.72E-05 -4.326 

Zn(CO3)2-2 4.38E-33 1.76E-33 -32.754 

Zn(H2BO3)2 (aq) 1.63E-50 2.06E-50 -49.685 

Zn(OH)2 (aq) 3.01E-21 3.82E-21 -20.418 

Zn(OH)3- 1.25E-31 9.99E-32 -31.001 

Zn(OH)4-2 3.25E-43 1.31E-43 -42.883 

Zn(SO4)2-2 4.68E-11 1.88E-11 -10.725 

Zn+2 1.10E-05 4.44E-06 -5.353 

Zn2OH+3 1.26E-18 1.63E-19 -18.788 

ZnCO3 (aq) 8.97E-19 1.14E-18 -17.943 

ZnH2BO3+ 8.70E-29 6.93E-29 -28.159 

ZnHCO3+ 1.97E-12 1.57E-12 -11.804 
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 RAP2, pH=2.18 

 Concentration Activity Log activity 

Al(OH)2+ 1.64E-10 1.25E-10 -9.902 

Al(OH)3 (aq) 6.09E-15 7.39E-15 -14.131 

Al(OH)4- 6.96E-19 5.33E-19 -18.273 

Al(SO4)2- 1.86E-07 1.43E-07 -6.846 

Al+3 1.24E-03 1.14E-04 -3.942 

Al2(OH)2+4 3.99E-10 5.70E-12 -11.244 

Al2(OH)2CO3+2 7.44E-15 2.57E-15 -14.59 

Al3(OH)4+5 6.86E-15 9.00E-18 -17.046 

AlOH+2 4.89E-07 1.69E-07 -6.772 

AlSO4+ 5.90E-05 4.53E-05 -4.344 

AsO4-3 8.55E-18 7.85E-19 -18.105 

Ba+2 3.71E-06 1.28E-06 -5.891 

BaCO3 (aq) 2.42E-19 2.94E-19 -18.531 

BaH2BO3+ 5.47E-28 4.19E-28 -27.377 

BaHCO3+ 1.01E-12 7.72E-13 -12.112 

BaOH+ 1.08E-17 8.30E-18 -17.081 

BaSO4 (aq) 8.17E-09 9.92E-09 -8.003 

Ca+2 3.55E-01 1.23E-01 -0.91 

CaCO3 (aq) 7.51E-14 9.12E-14 -13.04 

CaH2BO3+ 9.75E-23 7.48E-23 -22.126 

CaHCO3+ 1.29E-07 9.86E-08 -7.006 

CaOH+ 4.74E-12 3.63E-12 -11.44 

CaSO4 (aq) 1.33E-03 1.61E-03 -2.792 

CO3-2 1.29E-15 4.47E-16 -15.35 

Cu(CO3)2-2 6.06E-27 2.09E-27 -26.679 

Cu(H2BO3)2 (aq) 4.73E-46 5.74E-46 -45.241 

Cu(OH)2 (aq) 6.93E-19 8.42E-19 -18.075 

Cu(OH)3- 6.28E-27 4.82E-27 -26.317 

Cu(OH)4-2 1.66E-37 5.75E-38 -37.24 

Cu+2 1.91E-06 6.62E-07 -6.179 

Cu2(OH)2+2 8.77E-19 3.03E-19 -18.518 

Cu2OH+3 1.37E-16 1.25E-17 -16.902 

Cu3(OH)4+2 6.37E-31 2.20E-31 -30.657 

CuCO3 (aq) 1.43E-15 1.74E-15 -14.759 

CuH2BO3+ 8.71E-26 6.68E-26 -25.175 

CuHCO3+ 3.43E-12 2.63E-12 -11.58 

CuHSO4+ 7.14E-11 5.48E-11 -10.261 

CuOH+ 4.04E-12 3.10E-12 -11.509 

CuSO4 (aq) 7.15E-09 8.68E-09 -8.061 

Fe(OH)2+ 4.10E-06 3.15E-06 -5.502 

Fe(OH)3 (aq) 2.14E-13 2.60E-13 -12.585 

Fe(OH)4- 9.95E-19 7.63E-19 -18.117 

Fe(SO4)2- 8.41E-08 6.45E-08 -7.19 

Fe+3 8.93E-04 8.19E-05 -4.087 

Fe2(OH)2+4 1.29E-05 1.85E-07 -6.733 

Fe3(OH)4+5 1.01E-07 1.32E-10 -9.879 

FeH2BO3+2 5.35E-20 1.85E-20 -19.733 

FeOH+2 3.32E-04 1.15E-04 -3.939 

FeSO4+ 1.09E-04 8.34E-05 -4.079 

H+1 8.62E-03 6.61E-03 -2.18 

H10(BO3)4-2 1.34E-74 4.62E-75 -74.335 

H2AsO4- 2.75E-04 2.11E-04 -3.675 

H2BO3- 1.39E-23 1.07E-23 -22.972 

H2CO3* (aq) 7.71E-04 9.36E-04 -3.029 

H3AsO4 2.29E-04 2.78E-04 -3.555 

H3BO3 9.99E-17 1.21E-16 -15.916 

H5(BO3)2- 1.44E-39 1.10E-39 -38.958 

H8(BO3)3- 1.74E-53 1.34E-53 -52.874 

HAsO4-2 9.46E-09 3.27E-09 -8.485 

HCO3- 8.21E-08 6.30E-08 -7.201 

HSO4- 4.82E-05 3.70E-05 -4.432 

Mg+2 7.79E-02 2.69E-02 -1.569 

Mg2CO3+2 3.65E-15 1.26E-15 -14.899 

MgCO3 (aq) 8.25E-15 1.00E-14 -13.999 

MgH2BO3+ 1.29E-23 9.88E-24 -23.005 

MgHCO3+ 2.27E-08 1.74E-08 -7.759 

MgOH+ 1.98E-11 1.52E-11 -10.819 

MgSO4 (aq) 2.31E-04 2.81E-04 -3.551 

OH- 1.93E-12 1.48E-12 -11.83 

SO4-2 1.66E-04 5.73E-05 -4.242 

Zn(CO3)2-2 4.44E-29 1.54E-29 -28.813 

Zn(H2BO3)2 (aq) 4.26E-48 5.18E-48 -47.286 

Zn(OH)2 (aq) 8.75E-19 1.06E-18 -17.973 

Zn(OH)3- 6.49E-28 4.98E-28 -27.303 

Zn(OH)4-2 3.38E-38 1.17E-38 -37.933 

Zn(SO4)2-2 6.97E-11 2.41E-11 -10.618 

Zn+2 1.11E-05 3.85E-06 -5.414 

Zn2OH+3 2.40E-17 2.20E-18 -17.658 

ZnCO3 (aq) 8.16E-17 9.91E-17 -16.004 

ZnH2BO3+ 1.33E-27 1.02E-27 -26.99 

ZnHCO3+ 1.00E-11 7.68E-12 -11.115 
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 RAP2, pH=4.32 

 Concentration Activity Log activity 

Al(OH)2+ 1.56E-06 1.22E-06 -5.915 

Al(OH)3 (aq) 7.97E-09 9.87E-09 -8.006 

Al(OH)4- 1.26E-10 9.80E-11 -10.009 

Al(SO4)2- 1.07E-07 8.33E-08 -7.079 

Al+3 5.52E-04 5.85E-05 -4.233 

Al2(OH)2+4 1.53E-06 2.83E-08 -7.548 

Al2(OH)2CO3+2 5.83E-07 2.15E-07 -6.668 

Al3(OH)4+5 2.22E-07 4.34E-10 -9.362 

AlOH+2 3.23E-05 1.19E-05 -4.924 

AlSO4+ 3.18E-05 2.48E-05 -4.606 

AsO4-3 5.15E-26 5.46E-27 -26.263 

Ba+2 3.28E-06 1.21E-06 -5.917 

BaCO3 (aq) 3.76E-15 4.66E-15 -14.331 

BaH2BO3+ 3.90E-15 3.04E-15 -14.517 

BaHCO3+ 1.14E-10 8.87E-11 -10.052 

BaOH+ 1.38E-15 1.08E-15 -14.968 

BaSO4 (aq) 8.07E-09 9.99E-09 -8 

Ca+2 3.50E-01 1.29E-01 -0.889 

CaCO3 (aq) 1.30E-09 1.61E-09 -8.793 

CaH2BO3+ 7.75E-10 6.04E-10 -9.219 

CaHCO3+ 1.62E-05 1.26E-05 -4.899 

CaOH+ 6.74E-10 5.25E-10 -9.28 

CaSO4 (aq) 1.46E-03 1.81E-03 -2.742 

CO3-2 2.04E-11 7.51E-12 -11.124 

Cu(CO3)2-2 1.00E-18 3.69E-19 -18.433 

Cu(H2BO3)2 (aq) 1.71E-20 2.11E-20 -19.675 

Cu(OH)2 (aq) 8.03E-15 9.94E-15 -14.003 

Cu(OH)3- 1.00E-20 7.83E-21 -20.106 

Cu(OH)4-2 3.49E-29 1.29E-29 -28.89 

Cu+2 1.12E-06 4.12E-07 -6.385 

Cu2(OH)2+2 6.05E-15 2.23E-15 -14.651 

Cu2OH+3 6.33E-15 6.71E-16 -15.173 

Cu3(OH)4+2 5.19E-23 1.92E-23 -22.718 

CuCO3 (aq) 1.47E-11 1.82E-11 -10.739 

CuH2BO3+ 4.11E-13 3.20E-13 -12.495 

CuHCO3+ 2.56E-10 2.00E-10 -9.7 

CuHSO4+ 3.39E-13 2.64E-13 -12.578 

CuOH+ 3.41E-10 2.66E-10 -9.576 

CuSO4 (aq) 4.67E-09 5.78E-09 -8.238 

Fe(OH)2+ 4.44E-06 3.46E-06 -5.461 

Fe(OH)3 (aq) 3.18E-11 3.94E-11 -10.405 

Fe(OH)4- 2.04E-14 1.59E-14 -13.799 

Fe(SO4)2- 5.48E-12 4.27E-12 -11.37 

Fe+3 4.48E-08 4.75E-09 -8.323 

Fe2(OH)2+4 6.38E-10 1.18E-11 -10.928 

Fe3(OH)4+5 4.73E-12 9.27E-15 -14.033 

FeH2BO3+2 2.24E-11 8.26E-12 -11.083 

FeOH+2 2.49E-06 9.18E-07 -6.037 

FeSO4+ 6.64E-09 5.17E-09 -8.286 

H+1 6.14E-05 4.79E-05 -4.32 

H10(BO3)4-2 2.30E-27 8.46E-28 -27.072 

H2AsO4- 9.90E-17 7.71E-17 -16.113 

H2BO3- 1.05E-10 8.20E-11 -10.086 

H2CO3* (aq) 6.66E-04 8.25E-04 -3.083 

H3AsO4 5.95E-19 7.36E-19 -18.133 

H3BO3 5.46E-06 6.76E-06 -5.17 

H5(BO3)2- 6.05E-16 4.72E-16 -15.326 

H8(BO3)3- 4.09E-19 3.19E-19 -18.496 

HAsO4-2 4.47E-19 1.65E-19 -18.783 

HCO3- 9.84E-06 7.67E-06 -5.115 

HSO4- 3.67E-07 2.86E-07 -6.543 

Mg+2 7.38E-02 2.72E-02 -1.565 

Mg2CO3+2 5.87E-11 2.16E-11 -10.665 

MgCO3 (aq) 1.37E-10 1.70E-10 -9.77 

MgH2BO3+ 9.84E-11 7.67E-11 -10.115 

MgHCO3+ 2.75E-06 2.14E-06 -5.67 

MgOH+ 2.70E-09 2.11E-09 -8.676 

MgSO4 (aq) 2.45E-04 3.03E-04 -3.519 

OH- 2.61E-10 2.04E-10 -9.691 

SO4-2 1.66E-04 6.12E-05 -4.213 

Zn(CO3)2-2 1.21E-20 4.45E-21 -20.351 

Zn(H2BO3)2 (aq) 2.54E-22 3.14E-22 -21.503 

Zn(OH)2 (aq) 1.67E-14 2.07E-14 -13.685 

Zn(OH)3- 1.71E-21 1.33E-21 -20.876 

Zn(OH)4-2 1.17E-29 4.30E-30 -29.367 

Zn(SO4)2-2 7.65E-11 2.82E-11 -10.549 

Zn+2 1.07E-05 3.96E-06 -5.403 

Zn2OH+3 3.01E-15 3.19E-16 -15.497 

ZnCO3 (aq) 1.38E-12 1.71E-12 -11.767 

ZnH2BO3+ 1.04E-14 8.07E-15 -14.093 

ZnHCO3+ 1.23E-09 9.59E-10 -9.018 
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  RAP2, pH=5.34 

 Concentration Activity Log activity 

Al(OH)2+ 2.41E-06 1.77E-06 -5.753 

Al(OH)3 (aq) 1.36E-07 1.52E-07 -6.817 

Al(OH)4- 2.20E-08 1.61E-08 -7.793 

Al(SO4)2- 2.00E-09 1.46E-09 -8.834 

Al+3 1.24E-05 7.51E-07 -6.124 

Al2(OH)2+4 7.72E-08 5.28E-10 -9.277 

Al2(OH)2CO3+2 6.61E-06 1.90E-06 -5.721 

Al3(OH)4+5 2.83E-08 1.17E-11 -10.93 

AlOH+2 5.66E-06 1.63E-06 -5.789 

AlSO4+ 5.08E-07 3.72E-07 -6.429 

AsO4-3 8.87E-24 5.38E-25 -24.27 

Ba+2 2.45E-06 7.05E-07 -6.152 

BaCO3 (aq) 1.15E-12 1.29E-12 -11.89 

BaH2BO3+ 4.19E-25 3.07E-25 -24.513 

BaHCO3+ 3.20E-09 2.34E-09 -8.631 

BaOH+ 9.11E-15 6.67E-15 -14.176 

BaSO4 (aq) 6.09E-09 6.81E-09 -8.167 

Ca+2 2.37E-01 6.81E-02 -1.167 

CaCO3 (aq) 3.60E-07 4.03E-07 -6.395 

CaH2BO3+ 7.53E-20 5.51E-20 -19.259 

CaHCO3+ 4.11E-04 3.01E-04 -3.521 

CaOH+ 4.02E-09 2.94E-09 -8.531 

CaSO4 (aq) 9.98E-04 1.12E-03 -2.952 

CO3-2 1.24E-08 3.56E-09 -8.448 

Cu(CO3)2-2 1.97E-23 5.67E-24 -23.246 

Cu(H2BO3)2 (aq) 3.87E-50 4.33E-50 -49.363 

Cu(OH)2 (aq) 6.86E-23 7.68E-23 -22.115 

Cu(OH)3- 8.78E-28 6.43E-28 -27.192 

Cu(OH)4-2 3.91E-35 1.12E-35 -34.949 

Cu+2 9.80E-17 2.82E-17 -16.55 

Cu2(OH)2+2 4.10E-33 1.18E-33 -32.929 

Cu2OH+3 5.50E-34 3.33E-35 -34.478 

Cu3(OH)4+2 2.71E-49 7.81E-50 -49.107 

CuCO3 (aq) 5.28E-19 5.91E-19 -18.228 

CuH2BO3+ 5.17E-33 3.79E-33 -32.422 

CuHCO3+ 8.44E-19 6.18E-19 -18.209 

CuHSO4+ 2.76E-24 2.02E-24 -23.695 

CuOH+ 2.64E-19 1.93E-19 -18.714 

CuSO4 (aq) 4.13E-19 4.62E-19 -18.335 

Fe(OH)2+ 3.63E-04 2.66E-04 -3.575 

Fe(OH)3 (aq) 2.88E-08 3.22E-08 -7.492 

Fe(OH)4- 1.89E-10 1.38E-10 -9.86 

Fe(SO4)2- 5.43E-12 3.98E-12 -11.401 

Fe+3 5.33E-08 3.23E-09 -8.491 

Fe2(OH)2+4 9.01E-08 6.17E-10 -9.21 

Fe3(OH)4+5 8.98E-08 3.72E-11 -10.429 

FeH2BO3+2 3.38E-21 9.72E-22 -21.012 

FeOH+2 2.31E-05 6.64E-06 -5.178 

FeSO4+ 5.62E-09 4.12E-09 -8.386 

H+1 6.24E-06 4.57E-06 -5.34 

H10(BO3)4-2 2.41E-68 6.95E-69 -68.158 

H2AsO4- 9.46E-17 6.92E-17 -16.16 

H2BO3- 1.94E-20 1.42E-20 -19.848 

H2CO3* (aq) 3.19E-03 3.57E-03 -2.447 

H3AsO4 5.64E-20 6.32E-20 -19.2 

H3BO3 9.99E-17 1.12E-16 -15.952 

H5(BO3)2- 1.85E-36 1.35E-36 -35.869 

H8(BO3)3- 2.06E-50 1.51E-50 -49.821 

HAsO4-2 5.39E-18 1.55E-18 -17.81 

HCO3- 4.74E-04 3.47E-04 -3.459 

HSO4- 4.37E-08 3.20E-08 -7.495 

Mg+2 2.23E-02 6.42E-03 -2.193 

Mg2CO3+2 1.99E-09 5.71E-10 -9.243 

MgCO3 (aq) 1.70E-08 1.90E-08 -7.721 

MgH2BO3+ 4.28E-21 3.13E-21 -20.504 

MgHCO3+ 3.12E-05 2.29E-05 -4.641 

MgOH+ 7.22E-09 5.29E-09 -8.277 

MgSO4 (aq) 7.47E-05 8.36E-05 -4.078 

OH- 2.96E-09 2.17E-09 -8.664 

SO4-2 2.49E-04 7.16E-05 -4.145 

Zn(CO3)2-2 1.09E-15 3.13E-16 -15.505 

Zn(H2BO3)2 (aq) 2.63E-42 2.94E-42 -41.532 

Zn(OH)2 (aq) 6.52E-13 7.30E-13 -12.137 

Zn(OH)3- 6.82E-19 5.00E-19 -18.301 

Zn(OH)4-2 5.97E-26 1.72E-26 -25.766 

Zn(SO4)2-2 4.20E-11 1.21E-11 -10.918 

Zn+2 4.29E-06 1.23E-06 -5.908 

Zn2OH+3 5.45E-15 3.30E-16 -15.481 

ZnCO3 (aq) 2.26E-10 2.53E-10 -9.596 

ZnH2BO3+ 5.96E-25 4.37E-25 -24.36 

ZnHCO3+ 1.85E-08 1.36E-08 -7.867 
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 RAP2, pH=7.29 

 Concentration Activity Log activity 

Al(OH)2+ 9.96E-08 8.01E-08 -7.096 

Al(OH)3 (aq) 4.66E-09 4.74E-09 -8.324 

Al(OH)4- 4.27E-10 3.43E-10 -9.464 

Al(SO4)2- 5.12E-11 4.12E-11 -10.385 

Al+3 5.17E-07 7.24E-08 -7.14 

Al2(OH)2+4 7.60E-11 2.31E-12 -11.637 

Al2(OH)2CO3+2 2.22E-09 9.25E-10 -9.034 

Al3(OH)4+5 5.48E-13 2.33E-15 -14.633 

AlOH+2 2.58E-07 1.08E-07 -6.968 

AlSO4+ 2.41E-08 1.94E-08 -7.713 

AsO4-3 1.98E-24 2.77E-25 -24.558 

Ba+2 5.69E-07 2.37E-07 -6.625 

BaCO3 (aq) 4.76E-14 4.83E-14 -13.316 

BaH2BO3+ 9.19E-16 7.39E-16 -15.131 

BaHCO3+ 1.62E-10 1.30E-10 -9.887 

BaOH+ 1.92E-15 1.54E-15 -14.813 

BaSO4 (aq) 1.22E-09 1.24E-09 -8.907 

Ca+2 3.03E-02 1.27E-02 -1.898 

CaCO3 (aq) 8.21E-09 8.34E-09 -8.079 

CaH2BO3+ 9.13E-11 7.33E-11 -10.135 

CaHCO3+ 1.15E-05 9.23E-06 -5.035 

CaOH+ 4.67E-10 3.75E-10 -9.426 

CaSO4 (aq) 1.10E-04 1.12E-04 -3.95 

CO3-2 9.51E-10 3.97E-10 -9.401 

Cu(CO3)2-2 2.48E-25 1.03E-25 -24.986 

Cu(H2BO3)2 (aq) 3.21E-30 3.26E-30 -29.487 

Cu(OH)2 (aq) 5.22E-23 5.30E-23 -22.275 

Cu(OH)3- 3.79E-28 3.05E-28 -27.516 

Cu(OH)4-2 8.75E-36 3.65E-36 -35.437 

Cu+2 9.91E-17 4.14E-17 -16.383 

Cu2(OH)2+2 2.86E-33 1.19E-33 -32.923 

Cu2OH+3 3.52E-34 4.92E-35 -34.308 

Cu3(OH)4+2 1.31E-49 5.47E-50 -49.262 

CuCO3 (aq) 9.52E-20 9.67E-20 -19.014 

CuH2BO3+ 4.95E-23 3.98E-23 -22.4 

CuHCO3+ 1.86E-19 1.49E-19 -18.825 

CuHSO4+ 2.94E-24 2.37E-24 -23.626 

CuOH+ 2.42E-19 1.94E-19 -18.711 

CuSO4 (aq) 3.61E-19 3.67E-19 -18.436 

Fe(OH)2+ 9.34E-17 7.51E-17 -16.124 

Fe(OH)3 (aq) 6.14E-21 6.23E-21 -20.205 

Fe(OH)4- 2.28E-23 1.84E-23 -22.736 

Fe(SO4)2- 8.66E-25 6.96E-25 -24.157 

Fe+3 1.38E-20 1.94E-21 -20.712 

Fe2(OH)2+4 3.44E-33 1.05E-34 -33.981 

Fe3(OH)4+5 4.19E-46 1.78E-48 -47.749 

FeH2BO3+2 1.00E-23 4.18E-24 -23.379 

FeOH+2 6.55E-18 2.73E-18 -17.563 

FeSO4+ 1.66E-21 1.33E-21 -20.875 

H+1 8.41E-06 6.76E-06 -5.17 

H10(BO3)4-2 9.55E-29 3.99E-29 -28.399 

H2AsO4- 9.71E-17 7.80E-17 -16.108 

H2BO3- 1.26E-10 1.02E-10 -9.993 

H2CO3* (aq) 8.57E-04 8.71E-04 -3.06 

H3AsO4 1.04E-19 1.05E-19 -18.978 

H3BO3 1.17E-06 1.18E-06 -5.927 

H5(BO3)2- 1.27E-16 1.02E-16 -15.99 

H8(BO3)3- 1.51E-20 1.21E-20 -19.916 

HAsO4-2 2.83E-18 1.18E-18 -17.928 

HCO3- 7.12E-05 5.73E-05 -4.242 

HSO4- 3.18E-08 2.56E-08 -7.592 

Mg+2 1.39E-03 5.80E-04 -3.236 

Mg2CO3+2 1.25E-12 5.20E-13 -12.284 

MgCO3 (aq) 1.89E-10 1.92E-10 -9.718 

MgH2BO3+ 2.52E-12 2.03E-12 -11.693 

MgHCO3+ 4.24E-07 3.41E-07 -6.468 

MgOH+ 4.08E-10 3.28E-10 -9.484 

MgSO4 (aq) 4.02E-06 4.08E-06 -5.389 

OH- 1.85E-09 1.49E-09 -8.828 

SO4-2 9.27E-05 3.87E-05 -4.412 

Zn(CO3)2-2 3.13E-28 1.31E-28 -27.884 

Zn(H2BO3)2 (aq) 4.99E-33 5.07E-33 -32.295 

Zn(OH)2 (aq) 1.14E-23 1.16E-23 -22.937 

Zn(OH)3- 6.75E-30 5.43E-30 -29.265 

Zn(OH)4-2 3.06E-37 1.28E-37 -36.893 

Zn(SO4)2-2 2.84E-22 1.18E-22 -21.926 

Zn+2 9.96E-17 4.16E-17 -16.381 

Zn2OH+3 1.83E-36 2.57E-37 -36.591 

ZnCO3 (aq) 9.35E-22 9.49E-22 -21.023 

ZnH2BO3+ 1.31E-25 1.05E-25 -24.978 

ZnHCO3+ 9.36E-20 7.52E-20 -19.124 
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 RAP2, pH=8.47 

 Concentration Activity Log activity 

Al(OH)2+ 5.80E-21 5.39E-21 -20.268 

Al(OH)3 (aq) 6.37E-19 6.38E-19 -18.195 

Al(OH)4- 9.94E-17 9.24E-17 -16.034 

Al(SO4)2- 2.56E-31 2.38E-31 -30.623 

Al+3 2.35E-27 1.22E-27 -26.914 

Al2(OH)2+4 8.37E-45 2.62E-45 -44.582 

Al2(OH)2CO3+2 1.54E-38 1.15E-38 -37.939 

Al3(OH)4+5 1.09E-60 1.78E-61 -60.751 

AlOH+2 4.84E-24 3.62E-24 -23.441 

AlSO4+ 2.06E-28 1.91E-28 -27.719 

AsO4-3 6.55E-20 3.40E-20 -19.468 

Ba+2 1.02E-07 7.63E-08 -7.118 

BaCO3 (aq) 1.70E-10 1.70E-10 -9.769 

BaH2BO3+ 3.90E-13 3.62E-13 -12.441 

BaHCO3+ 2.47E-10 2.29E-10 -9.64 

BaOH+ 1.06E-12 9.89E-13 -12.005 

BaSO4 (aq) 2.33E-10 2.33E-10 -9.632 

Ca+2 1.48E-03 1.11E-03 -2.956 

CaCO3 (aq) 8.00E-06 8.00E-06 -5.097 

CaH2BO3+ 1.05E-08 9.79E-09 -8.009 

CaHCO3+ 4.77E-06 4.44E-06 -5.353 

CaOH+ 7.06E-08 6.56E-08 -7.183 

CaSO4 (aq) 5.74E-06 5.75E-06 -5.24 

CO3-2 5.83E-06 4.36E-06 -5.361 

Cu(CO3)2-2 2.74E-10 2.05E-10 -9.688 

Cu(H2BO3)2 (aq) 1.25E-16 1.25E-16 -15.903 

Cu(OH)2 (aq) 3.49E-09 3.50E-09 -8.456 

Cu(OH)3- 4.32E-11 4.01E-11 -10.396 

Cu(OH)4-2 1.29E-15 9.63E-16 -15.016 

Cu+2 9.12E-10 6.82E-10 -9.166 

Cu2(OH)2+2 1.74E-12 1.30E-12 -11.887 

Cu2OH+3 5.15E-17 2.68E-17 -16.572 

Cu3(OH)4+2 5.24E-15 3.92E-15 -14.407 

CuCO3 (aq) 1.75E-08 1.75E-08 -7.757 

CuH2BO3+ 1.08E-12 1.00E-12 -11.999 

CuHCO3+ 1.46E-11 1.35E-11 -10.868 

CuHSO4+ 1.23E-20 1.15E-20 -19.941 

CuOH+ 6.89E-09 6.41E-09 -8.193 

CuSO4 (aq) 3.54E-12 3.54E-12 -11.451 

Fe(OH)2+ 8.49E-07 7.89E-07 -6.103 

Fe(OH)3 (aq) 1.31E-07 1.31E-07 -6.883 

Fe(OH)4- 8.29E-07 7.71E-07 -6.113 

Fe(SO4)2- 6.76E-22 6.28E-22 -21.202 

Fe+3 9.81E-18 5.10E-18 -17.293 

Fe2(OH)2+4 9.24E-21 2.89E-21 -20.54 

Fe3(OH)4+5 3.19E-24 5.17E-25 -24.286 

FeH2BO3+2 2.24E-17 1.68E-17 -16.776 

FeOH+2 1.92E-11 1.44E-11 -10.843 

FeSO4+ 2.21E-18 2.05E-18 -17.687 

H+1 3.64E-09 3.39E-09 -8.47 

H10(BO3)4-2 7.27E-23 5.43E-23 -22.265 

H2AsO4- 2.59E-18 2.41E-18 -17.618 

H2BO3- 1.67E-07 1.55E-07 -6.809 

H2CO3* (aq) 2.40E-06 2.40E-06 -5.62 

H3AsO4 1.63E-24 1.63E-24 -23.788 

H3BO3 9.04E-07 9.05E-07 -6.043 

H5(BO3)2- 1.29E-13 1.20E-13 -12.922 

H8(BO3)3- 1.16E-17 1.08E-17 -16.966 

HAsO4-2 9.73E-17 7.28E-17 -16.138 

HCO3- 3.39E-04 3.15E-04 -3.502 

HSO4- 8.07E-12 7.51E-12 -11.125 

Mg+2 1.53E-04 1.15E-04 -3.941 

Mg2CO3+2 2.97E-10 2.22E-10 -9.653 

MgCO3 (aq) 4.15E-07 4.15E-07 -6.382 

MgH2BO3+ 6.57E-10 6.11E-10 -9.214 

MgHCO3+ 3.98E-07 3.70E-07 -6.432 

MgOH+ 1.39E-07 1.29E-07 -6.888 

MgSO4 (aq) 4.72E-07 4.73E-07 -6.326 

OH- 3.20E-06 2.97E-06 -5.527 

SO4-2 3.03E-05 2.27E-05 -4.645 

Zn(CO3)2-2 3.78E-10 2.82E-10 -9.549 

Zn(H2BO3)2 (aq) 2.12E-16 2.12E-16 -15.674 

Zn(OH)2 (aq) 8.28E-07 8.29E-07 -6.081 

Zn(OH)3- 8.38E-10 7.79E-10 -9.108 

Zn(OH)4-2 4.91E-14 3.67E-14 -13.436 

Zn(SO4)2-2 9.77E-13 7.30E-13 -12.136 

Zn+2 9.98E-07 7.46E-07 -6.127 

Zn2OH+3 3.18E-13 1.65E-13 -12.782 

ZnCO3 (aq) 1.87E-07 1.87E-07 -6.728 

ZnH2BO3+ 3.10E-12 2.88E-12 -11.541 

ZnHCO3+ 7.99E-09 7.43E-09 -8.129 
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 RAP2, pH=9.43 

 Concentration Activity Log activity 

Al(OH)2+ 5.48E-12 5.28E-12 -11.278 

Al(OH)3 (aq) 5.69E-09 5.69E-09 -8.245 

Al(OH)4- 7.81E-06 7.52E-06 -5.124 

Al(SO4)2- 2.62E-24 2.52E-24 -23.599 

Al+3 2.03E-20 1.43E-20 -19.844 

Al2(OH)2+4 5.57E-29 3.01E-29 -28.522 

Al2(OH)2CO3+2 9.92E-22 8.50E-22 -21.07 

Al3(OH)4+5 5.23E-36 2.00E-36 -35.699 

AlOH+2 4.53E-16 3.88E-16 -15.411 

AlSO4+ 2.21E-21 2.13E-21 -20.671 

AsO4-3 5.13E-19 3.63E-19 -18.441 

Ba+2 9.83E-17 8.43E-17 -16.074 

BaCO3 (aq) 1.21E-18 1.21E-18 -17.917 

BaH2BO3+ 1.60E-21 1.54E-21 -20.812 

BaHCO3+ 1.86E-19 1.79E-19 -18.748 

BaOH+ 1.04E-20 9.97E-21 -20.001 

BaSO4 (aq) 2.44E-19 2.45E-19 -18.612 

Ca+2 2.00E-04 1.72E-04 -3.765 

CaCO3 (aq) 7.98E-06 7.98E-06 -5.098 

CaH2BO3+ 6.08E-09 5.85E-09 -8.233 

CaHCO3+ 5.05E-07 4.86E-07 -6.314 

CaOH+ 9.65E-08 9.29E-08 -7.032 

CaSO4 (aq) 8.46E-07 8.46E-07 -6.073 

CO3-2 3.27E-05 2.80E-05 -4.553 

Cu(CO3)2-2 9.62E-10 8.24E-10 -9.084 

Cu(H2BO3)2 (aq) 1.80E-16 1.80E-16 -15.744 

Cu(OH)2 (aq) 2.83E-08 2.83E-08 -7.548 

Cu(OH)3- 3.08E-09 2.96E-09 -8.528 

Cu(OH)4-2 7.56E-13 6.48E-13 -12.188 

Cu+2 7.74E-11 6.63E-11 -10.178 

Cu2(OH)2+2 1.19E-12 1.02E-12 -11.99 

Cu2OH+3 3.27E-18 2.31E-18 -17.636 

Cu3(OH)4+2 2.91E-14 2.50E-14 -13.603 

CuCO3 (aq) 1.09E-08 1.09E-08 -7.961 

CuH2BO3+ 3.89E-13 3.75E-13 -12.426 

CuHCO3+ 9.65E-13 9.29E-13 -12.032 

CuHSO4+ 1.20E-22 1.16E-22 -21.936 

CuOH+ 5.91E-09 5.69E-09 -8.245 

CuSO4 (aq) 3.27E-13 3.27E-13 -12.486 

Fe(OH)2+ 1.19E-18 1.15E-18 -17.94 

Fe(OH)3 (aq) 1.74E-18 1.74E-18 -17.76 

Fe(OH)4- 9.71E-17 9.34E-17 -16.03 

Fe(SO4)2- 1.03E-35 9.89E-36 -35.005 

Fe+3 1.26E-31 8.92E-32 -31.05 

Fe2(OH)2+4 1.36E-46 7.36E-47 -46.133 

Fe3(OH)4+5 5.02E-62 1.92E-62 -61.717 

FeH2BO3+2 1.32E-30 1.13E-30 -29.948 

FeOH+2 2.67E-24 2.29E-24 -23.64 

FeSO4+ 3.54E-32 3.41E-32 -31.467 

H+1 3.86E-10 3.72E-10 -9.43 

H10(BO3)4-2 1.67E-22 1.43E-22 -21.844 

H2AsO4- 3.21E-19 3.09E-19 -18.51 

H2BO3- 6.20E-07 5.97E-07 -6.224 

H2CO3* (aq) 1.85E-07 1.85E-07 -6.732 

H3AsO4 2.29E-26 2.29E-26 -25.641 

H3BO3 3.82E-07 3.82E-07 -6.418 

H5(BO3)2- 2.02E-13 1.94E-13 -12.712 

H8(BO3)3- 7.70E-18 7.41E-18 -17.13 

HAsO4-2 9.92E-17 8.50E-17 -16.071 

HCO3- 2.31E-04 2.22E-04 -3.654 

HSO4- 8.11E-13 7.81E-13 -12.108 

Mg+2 9.67E-17 8.29E-17 -16.082 

Mg2CO3+2 8.73E-34 7.48E-34 -33.126 

MgCO3 (aq) 1.93E-18 1.93E-18 -17.714 

MgH2BO3+ 1.77E-21 1.70E-21 -20.77 

MgHCO3+ 1.96E-19 1.89E-19 -18.724 

MgOH+ 8.87E-19 8.54E-19 -18.069 

MgSO4 (aq) 3.24E-19 3.24E-19 -18.489 

OH- 2.82E-05 2.71E-05 -4.567 

SO4-2 2.51E-05 2.15E-05 -4.668 

Zn(CO3)2-2 1.85E-20 1.58E-20 -19.801 

Zn(H2BO3)2 (aq) 4.25E-27 4.25E-27 -26.371 

Zn(OH)2 (aq) 9.35E-17 9.35E-17 -16.029 

Zn(OH)3- 8.33E-19 8.01E-19 -18.096 

Zn(OH)4-2 4.01E-22 3.44E-22 -21.463 

Zn(SO4)2-2 1.04E-24 8.90E-25 -24.05 

Zn+2 1.18E-18 1.01E-18 -17.995 

Zn2OH+3 3.92E-36 2.77E-36 -35.557 

ZnCO3 (aq) 1.63E-18 1.63E-18 -17.788 

ZnH2BO3+ 1.56E-23 1.50E-23 -22.823 

ZnHCO3+ 7.37E-21 7.10E-21 -20.149 
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 RAP2, pH=10.41 

 Concentration Activity Log activity 

Al(OH)2+ 4.19E-14 4.00E-14 -13.398 

Al(OH)3 (aq) 4.12E-10 4.12E-10 -9.385 

Al(OH)4- 5.45E-06 5.20E-06 -5.284 

Al(SO4)2- 1.85E-28 1.76E-28 -27.754 

Al+3 1.83E-24 1.19E-24 -23.924 

Al2(OH)2+4 4.05E-35 1.89E-35 -34.723 

Al2(OH)2CO3+2 2.08E-27 1.72E-27 -26.764 

Al3(OH)4+5 3.12E-44 9.53E-45 -44.021 

AlOH+2 3.73E-19 3.08E-19 -18.511 

AlSO4+ 1.70E-25 1.63E-25 -24.789 

AsO4-3 4.91E-18 3.20E-18 -17.495 

Ba+2 9.60E-17 7.94E-17 -16.1 

BaCO3 (aq) 3.67E-18 3.67E-18 -17.436 

BaH2BO3+ 2.28E-21 2.17E-21 -20.663 

BaHCO3+ 5.94E-20 5.67E-20 -19.247 

BaOH+ 9.40E-20 8.97E-20 -19.047 

BaSO4 (aq) 2.11E-19 2.11E-19 -18.675 

Ca+2 1.98E-05 1.64E-05 -4.786 

CaCO3 (aq) 2.45E-06 2.45E-06 -5.611 

CaH2BO3+ 8.76E-10 8.36E-10 -9.078 

CaHCO3+ 1.64E-08 1.56E-08 -7.807 

CaOH+ 8.87E-08 8.46E-08 -7.073 

CaSO4 (aq) 7.40E-08 7.41E-08 -7.13 

CO3-2 1.09E-04 9.01E-05 -4.045 

Cu(CO3)2-2 2.01E-10 1.66E-10 -9.779 

Cu(H2BO3)2 (aq) 7.88E-18 7.89E-18 -17.103 

Cu(OH)2 (aq) 5.03E-08 5.03E-08 -7.299 

Cu(OH)3- 5.27E-08 5.03E-08 -7.299 

Cu(OH)4-2 1.27E-10 1.05E-10 -9.979 

Cu+2 1.56E-12 1.29E-12 -11.888 

Cu2(OH)2+2 4.28E-14 3.54E-14 -13.451 

Cu2OH+3 1.28E-20 8.38E-21 -20.077 

Cu3(OH)4+2 1.86E-15 1.54E-15 -14.814 

CuCO3 (aq) 6.86E-10 6.86E-10 -9.164 

CuH2BO3+ 1.15E-14 1.09E-14 -13.961 

CuHCO3+ 6.39E-15 6.10E-15 -14.215 

CuHSO4+ 2.28E-25 2.17E-25 -24.663 

CuOH+ 1.11E-09 1.06E-09 -8.976 

CuSO4 (aq) 5.84E-15 5.85E-15 -14.233 

Fe(OH)2+ 1.35E-20 1.28E-20 -19.891 

Fe(OH)3 (aq) 1.86E-19 1.86E-19 -18.731 

Fe(OH)4- 9.98E-17 9.52E-17 -16.021 

Fe(SO4)2- 1.07E-39 1.02E-39 -38.991 

Fe+3 1.68E-35 1.09E-35 -34.961 

Fe2(OH)2+4 2.15E-52 1.01E-52 -51.997 

Fe3(OH)4+5 9.62E-70 2.94E-70 -69.532 

FeH2BO3+2 2.51E-34 2.07E-34 -33.684 

FeOH+2 3.24E-27 2.68E-27 -26.571 

FeSO4+ 4.02E-36 3.84E-36 -35.416 

H+1 4.08E-11 3.89E-11 -10.41 

H10(BO3)4-2 9.58E-24 7.92E-24 -23.101 

H2AsO4- 3.13E-20 2.99E-20 -19.524 

H2BO3- 9.38E-07 8.95E-07 -6.048 

H2CO3* (aq) 6.54E-09 6.54E-09 -8.184 

H3AsO4 2.32E-28 2.32E-28 -27.634 

H3BO3 5.99E-08 5.99E-08 -7.222 

H5(BO3)2- 4.79E-14 4.56E-14 -13.341 

H8(BO3)3- 2.87E-19 2.74E-19 -18.563 

HAsO4-2 9.51E-17 7.86E-17 -16.104 

HCO3- 7.84E-05 7.48E-05 -4.126 

HSO4- 7.87E-14 7.50E-14 -13.125 

Mg+2 8.69E-17 7.19E-17 -16.144 

Mg2CO3+2 2.19E-33 1.81E-33 -32.742 

MgCO3 (aq) 5.38E-18 5.38E-18 -17.269 

MgH2BO3+ 2.32E-21 2.21E-21 -20.656 

MgHCO3+ 5.78E-20 5.51E-20 -19.259 

MgOH+ 7.41E-18 7.07E-18 -17.151 

MgSO4 (aq) 2.58E-19 2.58E-19 -18.588 

OH- 2.71E-04 2.59E-04 -3.587 

SO4-2 2.39E-05 1.97E-05 -4.705 

Zn(CO3)2-2 2.13E-21 1.76E-21 -20.754 

Zn(H2BO3)2 (aq) 1.03E-28 1.03E-28 -27.988 

Zn(OH)2 (aq) 9.17E-17 9.18E-17 -16.037 

Zn(OH)3- 7.87E-18 7.51E-18 -17.124 

Zn(OH)4-2 3.72E-20 3.08E-20 -19.511 

Zn(SO4)2-2 9.77E-27 8.08E-27 -26.093 

Zn+2 1.32E-20 1.09E-20 -19.963 

Zn2OH+3 4.70E-39 3.06E-39 -38.514 

ZnCO3 (aq) 5.64E-20 5.64E-20 -19.249 

ZnH2BO3+ 2.54E-25 2.42E-25 -24.616 

ZnHCO3+ 2.70E-23 2.57E-23 -22.59 
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 RAP2, pH=11.29 

 Concentration Activity Log activity 

Al(OH)2+ 2.55E-15 2.36E-15 -14.627 

Al(OH)3 (aq) 1.84E-10 1.84E-10 -9.734 

Al(OH)4- 1.91E-05 1.76E-05 -4.754 

Al(SO4)2- 7.50E-31 6.93E-31 -30.159 

Al+3 2.49E-27 1.22E-27 -26.913 

Al2(OH)2+4 4.06E-39 1.15E-39 -38.941 

Al2(OH)2CO3+2 8.55E-32 6.23E-32 -31.205 

Al3(OH)4+5 2.45E-49 3.40E-50 -49.468 

AlOH+2 3.29E-21 2.40E-21 -20.62 

AlSO4+ 3.53E-28 3.26E-28 -27.486 

AsO4-3 3.14E-17 1.54E-17 -16.811 

Ba+2 9.70E-17 7.07E-17 -16.15 

BaCO3 (aq) 1.95E-18 1.95E-18 -17.709 

BaH2BO3+ 2.23E-21 2.06E-21 -20.687 

BaHCO3+ 4.31E-21 3.98E-21 -20.4 

BaOH+ 6.56E-19 6.06E-19 -18.217 

BaSO4 (aq) 3.68E-19 3.69E-19 -18.433 

Ca+2 9.07E-17 6.61E-17 -16.18 

CaCO3 (aq) 5.91E-18 5.91E-18 -17.228 

CaH2BO3+ 3.87E-21 3.58E-21 -20.446 

CaHCO3+ 5.37E-21 4.96E-21 -20.304 

CaOH+ 2.80E-18 2.59E-18 -17.587 

CaSO4 (aq) 5.84E-19 5.85E-19 -18.233 

CO3-2 7.39E-05 5.39E-05 -4.269 

Cu(CO3)2-2 3.98E-13 2.90E-13 -12.537 

Cu(H2BO3)2 (aq) 4.33E-20 4.34E-20 -19.363 

Cu(OH)2 (aq) 1.41E-08 1.41E-08 -7.85 

Cu(OH)3- 1.16E-07 1.07E-07 -6.97 

Cu(OH)4-2 2.33E-09 1.70E-09 -8.77 

Cu+2 8.65E-15 6.31E-15 -14.2 

Cu2(OH)2+2 6.65E-17 4.85E-17 -16.314 

Cu2OH+3 3.08E-24 1.51E-24 -23.82 

Cu3(OH)4+2 8.10E-19 5.91E-19 -18.229 

CuCO3 (aq) 2.00E-12 2.00E-12 -11.699 

CuH2BO3+ 6.13E-17 5.67E-17 -16.247 

CuHCO3+ 2.54E-18 2.35E-18 -17.63 

CuHSO4+ 2.96E-28 2.73E-28 -27.563 

CuOH+ 4.24E-11 3.92E-11 -10.407 

CuSO4 (aq) 5.58E-17 5.58E-17 -16.253 

Fe(OH)2+ 3.19E-13 2.95E-13 -12.53 

Fe(OH)3 (aq) 3.23E-11 3.24E-11 -10.49 

Fe(OH)4- 1.36E-07 1.26E-07 -6.9 

Fe(SO4)2- 1.69E-33 1.56E-33 -32.806 

Fe+3 8.89E-30 4.37E-30 -29.36 

Fe2(OH)2+4 3.28E-39 9.26E-40 -39.034 

Fe3(OH)4+5 4.47E-49 6.20E-50 -49.207 

FeH2BO3+2 1.21E-28 8.79E-29 -28.056 

FeOH+2 1.12E-20 8.13E-21 -20.09 

FeSO4+ 3.25E-30 3.00E-30 -29.523 

H+1 5.55E-12 5.13E-12 -11.29 

H10(BO3)4-2 2.40E-25 1.75E-25 -24.758 

H2AsO4- 2.71E-21 2.50E-21 -20.601 

H2BO3- 1.03E-06 9.50E-07 -6.022 

H2CO3* (aq) 6.79E-11 6.80E-11 -10.168 

H3AsO4 2.56E-30 2.56E-30 -29.591 

H3BO3 8.38E-09 8.39E-09 -8.076 

H5(BO3)2- 7.34E-15 6.78E-15 -14.169 

H8(BO3)3- 6.15E-21 5.68E-21 -20.245 

HAsO4-2 6.86E-17 5.00E-17 -16.301 

HCO3- 6.38E-06 5.89E-06 -5.23 

HSO4- 2.10E-14 1.94E-14 -13.713 

Mg+2 6.15E-17 4.48E-17 -16.349 

Mg2CO3+2 5.78E-34 4.21E-34 -33.376 

MgCO3 (aq) 2.01E-18 2.01E-18 -17.697 

MgH2BO3+ 1.58E-21 1.46E-21 -20.835 

MgHCO3+ 2.93E-21 2.71E-21 -20.567 

MgOH+ 3.62E-17 3.34E-17 -16.476 

MgSO4 (aq) 3.15E-19 3.15E-19 -18.502 

OH- 2.12E-03 1.96E-03 -2.707 

SO4-2 5.30E-05 3.86E-05 -4.413 

Zn(CO3)2-2 9.65E-24 7.03E-24 -23.153 

Zn(H2BO3)2 (aq) 1.29E-30 1.29E-30 -29.889 

Zn(OH)2 (aq) 5.88E-17 5.89E-17 -16.23 

Zn(OH)3- 3.96E-17 3.66E-17 -16.437 

Zn(OH)4-2 1.56E-18 1.14E-18 -17.944 

Zn(SO4)2-2 4.74E-28 3.45E-28 -27.462 

Zn+2 1.67E-22 1.21E-22 -21.916 

Zn2OH+3 5.89E-42 2.89E-42 -41.538 

ZnCO3 (aq) 3.76E-22 3.77E-22 -21.424 

ZnH2BO3+ 3.11E-27 2.87E-27 -26.542 

ZnHCO3+ 2.45E-26 2.26E-26 -25.645 
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 RAP2, pH=12.23 

 Concentration Activity Log activity 

Al(OH)2+ 9.89E-17 8.26E-17 -16.083 

Al(OH)3 (aq) 5.56E-11 5.61E-11 -10.251 

Al(OH)4- 5.60E-05 4.67E-05 -4.33 

Al(SO4)2- 2.44E-34 2.04E-34 -33.691 

Al+3 2.86E-30 5.65E-31 -30.248 

Al2(OH)2+4 3.32E-43 1.86E-44 -43.731 

Al2(OH)2CO3+2 1.63E-36 7.94E-37 -36.1 

Al3(OH)4+5 1.75E-54 1.93E-56 -55.714 

AlOH+2 1.98E-23 9.65E-24 -23.016 

AlSO4+ 1.44E-31 1.20E-31 -30.92 

AsO4-3 8.69E-17 1.72E-17 -16.765 

Ba+2 9.47E-17 4.61E-17 -16.337 

BaCO3 (aq) 9.92E-19 1.00E-18 -18 

BaH2BO3+ 1.54E-21 1.28E-21 -20.892 

BaHCO3+ 2.80E-22 2.34E-22 -21.631 

BaOH+ 4.11E-18 3.43E-18 -17.464 

BaSO4 (aq) 1.90E-19 1.91E-19 -18.718 

Ca+2 2.40E-05 1.17E-05 -4.932 

CaCO3 (aq) 8.14E-07 8.22E-07 -6.085 

CaH2BO3+ 7.26E-10 6.06E-10 -9.217 

CaHCO3+ 9.48E-11 7.92E-11 -10.101 

CaOH+ 4.77E-06 3.98E-06 -5.4 

CaSO4 (aq) 8.17E-08 8.24E-08 -7.084 

CO3-2 8.71E-05 4.24E-05 -4.373 

Cu(CO3)2-2 7.00E-16 3.40E-16 -15.468 

Cu(H2BO3)2 (aq) 7.48E-23 7.55E-23 -22.122 

Cu(OH)2 (aq) 2.01E-09 2.02E-09 -8.694 

Cu(OH)3- 1.60E-07 1.34E-07 -6.874 

Cu(OH)4-2 3.79E-08 1.84E-08 -7.735 

Cu+2 2.46E-17 1.20E-17 -16.922 

Cu2(OH)2+2 2.71E-20 1.32E-20 -19.88 

Cu2OH+3 2.39E-28 4.73E-29 -28.326 

Cu3(OH)4+2 4.74E-23 2.30E-23 -22.638 

CuCO3 (aq) 2.96E-15 2.98E-15 -14.525 

CuH2BO3+ 1.23E-19 1.03E-19 -18.987 

CuHCO3+ 4.81E-22 4.01E-22 -21.396 

CuHSO4+ 5.68E-32 4.74E-32 -31.324 

CuOH+ 7.73E-13 6.46E-13 -12.19 

CuSO4 (aq) 8.36E-20 8.43E-20 -19.074 

Fe(OH)2+ 9.99E-17 8.34E-17 -16.079 

Fe(OH)3 (aq) 7.88E-14 7.95E-14 -13.099 

Fe(OH)4- 3.22E-09 2.69E-09 -8.57 

Fe(SO4)2- 4.44E-39 3.71E-39 -38.431 

Fe+3 8.26E-35 1.63E-35 -34.788 

Fe2(OH)2+4 1.74E-47 9.76E-49 -48.011 

Fe3(OH)4+5 1.67E-60 1.85E-62 -61.733 

FeH2BO3+2 6.46E-34 3.14E-34 -33.503 

FeOH+2 5.43E-25 2.64E-25 -24.578 

FeSO4+ 1.07E-35 8.93E-36 -35.049 

H+1 7.05E-13 5.89E-13 -12.23 

H10(BO3)4-2 4.00E-27 1.94E-27 -26.711 

H2AsO4- 4.39E-23 3.67E-23 -22.435 

H2BO3- 1.09E-06 9.10E-07 -6.041 

H2CO3* (aq) 6.99E-13 7.05E-13 -12.152 

H3AsO4 4.27E-33 4.31E-33 -32.365 

H3BO3 9.15E-10 9.23E-10 -9.035 

H5(BO3)2- 8.56E-16 7.15E-16 -15.146 

H8(BO3)3- 7.90E-23 6.60E-23 -22.181 

HAsO4-2 1.31E-17 6.38E-18 -17.195 

HCO3- 6.37E-07 5.32E-07 -6.274 

HSO4- 2.12E-15 1.77E-15 -14.752 

Mg+2 2.08E-17 1.01E-17 -16.994 

Mg2CO3+2 3.48E-35 1.69E-35 -34.772 

MgCO3 (aq) 3.54E-19 3.57E-19 -18.447 

MgH2BO3+ 3.79E-22 3.17E-22 -21.499 

MgHCO3+ 6.62E-23 5.53E-23 -22.257 

MgOH+ 7.88E-17 6.58E-17 -16.182 

MgSO4 (aq) 5.63E-20 5.68E-20 -19.246 

OH- 2.05E-02 1.71E-02 -1.768 

SO4-2 6.33E-05 3.08E-05 -4.512 

Zn(CO3)2-2 1.92E-26 9.33E-27 -26.03 

Zn(H2BO3)2 (aq) 2.52E-33 2.55E-33 -32.594 

Zn(OH)2 (aq) 9.47E-18 9.56E-18 -17.02 

Zn(OH)3- 6.18E-17 5.16E-17 -16.287 

Zn(OH)4-2 2.87E-17 1.40E-17 -16.855 

Zn(SO4)2-2 9.67E-31 4.70E-31 -30.328 

Zn+2 5.35E-25 2.60E-25 -24.585 

Zn2OH+3 5.86E-46 1.16E-46 -45.937 

ZnCO3 (aq) 6.29E-25 6.35E-25 -24.197 

ZnH2BO3+ 7.06E-30 5.90E-30 -29.229 

ZnHCO3+ 5.25E-30 4.38E-30 -29.358 
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 RAP2, pH=13.08 

 Concentration Activity Log activity 

Al(OH)2+ 3.76E-18 2.76E-18 -17.559 

Al(OH)3 (aq) 1.23E-11 1.32E-11 -10.881 

Al(OH)4- 1.05E-04 7.69E-05 -4.114 

Al(SO4)2- 3.47E-38 2.55E-38 -37.594 

Al+3 6.29E-33 3.84E-34 -33.416 

Al2(OH)2+4 6.08E-47 4.21E-49 -48.375 

Al2(OH)2CO3+2 4.18E-53 1.21E-53 -52.919 

Al3(OH)4+5 3.47E-59 1.46E-62 -61.835 

AlOH+2 1.59E-25 4.60E-26 -25.338 

AlSO4+ 4.78E-35 3.51E-35 -34.455 

AsO4-3 9.89E-17 6.03E-18 -17.22 

Ba+2 7.36E-08 2.12E-08 -7.673 

BaCO3 (aq) 2.88E-22 3.09E-22 -21.51 

BaH2BO3+ 1.21E-12 8.84E-13 -12.053 

BaHCO3+ 1.39E-26 1.02E-26 -25.991 

BaOH+ 1.52E-08 1.11E-08 -7.954 

BaSO4 (aq) 3.53E-11 3.79E-11 -10.422 

Ca+2 1.31E-04 3.78E-05 -4.422 

CaCO3 (aq) 1.66E-18 1.78E-18 -17.75 

CaH2BO3+ 4.00E-09 2.93E-09 -8.533 

CaHCO3+ 3.30E-23 2.42E-23 -22.616 

CaOH+ 1.23E-04 9.04E-05 -4.044 

CaSO4 (aq) 1.07E-07 1.14E-07 -6.941 

CO3-2 9.83E-17 2.83E-17 -16.547 

Cu(CO3)2-2 9.20E-43 2.65E-43 -42.576 

Cu(H2BO3)2 (aq) 2.74E-25 2.93E-25 -24.533 

Cu(OH)2 (aq) 1.62E-10 1.74E-10 -9.76 

Cu(OH)3- 1.10E-07 8.04E-08 -7.095 

Cu(OH)4-2 2.69E-07 7.77E-08 -7.109 

Cu+2 7.22E-20 2.08E-20 -19.681 

Cu2(OH)2+2 6.82E-24 1.97E-24 -23.706 

Cu2OH+3 1.65E-32 1.01E-33 -32.997 

Cu3(OH)4+2 1.02E-27 2.95E-28 -27.53 

CuCO3 (aq) 3.24E-30 3.48E-30 -29.459 

CuH2BO3+ 3.66E-22 2.68E-22 -21.572 

CuHCO3+ 9.02E-38 6.61E-38 -37.18 

CuHSO4+ 6.83E-36 5.01E-36 -35.3 

CuOH+ 1.08E-14 7.89E-15 -14.103 

CuSO4 (aq) 5.88E-23 6.30E-23 -22.2 

Fe(OH)2+ 2.10E-16 1.54E-16 -15.813 

Fe(OH)3 (aq) 9.59E-13 1.03E-12 -11.988 

Fe(OH)4- 3.33E-07 2.44E-07 -6.612 

Fe(SO4)2- 3.49E-41 2.56E-41 -40.592 

Fe+3 1.00E-35 6.10E-37 -36.214 

Fe2(OH)2+4 9.72E-48 6.73E-50 -49.172 

Fe3(OH)4+5 5.56E-60 2.35E-63 -62.629 

FeH2BO3+2 6.09E-35 1.76E-35 -34.755 

FeOH+2 2.40E-25 6.94E-26 -25.159 

FeSO4+ 1.96E-37 1.43E-37 -36.843 

H+1 1.13E-13 8.32E-14 -13.08 

H10(BO3)4-2 6.69E-28 1.93E-28 -27.714 

H2AsO4- 3.51E-25 2.57E-25 -24.59 

H2BO3- 1.86E-06 1.36E-06 -5.867 

H2CO3* (aq) 8.77E-27 9.41E-27 -26.026 

H3AsO4 3.98E-36 4.27E-36 -35.37 

H3BO3 1.82E-10 1.95E-10 -9.711 

H5(BO3)2- 3.07E-16 2.25E-16 -15.647 

H8(BO3)3- 5.99E-24 4.39E-24 -23.358 

HAsO4-2 1.10E-18 3.17E-19 -18.5 

HCO3- 6.86E-20 5.03E-20 -19.298 

HSO4- 1.47E-16 1.07E-16 -15.969 

Mg+2 5.28E-18 1.52E-18 -17.817 

Mg2CO3+2 8.88E-49 2.56E-49 -48.592 

MgCO3 (aq) 3.35E-32 3.59E-32 -31.445 

MgH2BO3+ 9.71E-23 7.12E-23 -22.148 

MgHCO3+ 1.07E-36 7.86E-37 -36.105 

MgOH+ 9.47E-17 6.94E-17 -16.159 

MgSO4 (aq) 3.42E-21 3.66E-21 -20.436 

OH- 1.63E-01 1.20E-01 -0.922 

SO4-2 4.58E-05 1.32E-05 -4.879 

Zn(CO3)2-2 1.02E-53 2.94E-54 -53.532 

Zn(H2BO3)2 (aq) 3.73E-36 4.00E-36 -35.398 

Zn(OH)2 (aq) 3.09E-19 3.31E-19 -18.48 

Zn(OH)3- 1.71E-17 1.25E-17 -16.902 

Zn(OH)4-2 8.26E-17 2.38E-17 -16.623 

Zn(SO4)2-2 2.11E-34 6.09E-35 -34.215 

Zn+2 6.35E-28 1.83E-28 -27.737 

Zn2OH+3 6.60E-51 4.02E-52 -51.396 

ZnCO3 (aq) 2.79E-40 2.99E-40 -39.524 

ZnH2BO3+ 8.46E-33 6.20E-33 -32.208 

ZnHCO3+ 3.98E-46 2.91E-46 -45.535 
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RAP3, pH=2.98 

 Concentration Activity Log activity 

Al(OH)2+ 1.73E-09 1.31E-09 -8.883 

Al(OH)3 (aq) 4.11E-13 4.88E-13 -12.312 

Al(OH)4- 2.96E-16 2.23E-16 -15.652 

Al(SO4)2- 9.71E-08 7.32E-08 -7.136 

Al+3 3.77E-04 2.97E-05 -4.527 

Al2(OH)2+4 1.42E-09 1.55E-11 -10.811 

Al2(OH)2CO3+2 1.57E-13 5.08E-14 -13.294 

Al3(OH)4+5 2.97E-13 2.55E-16 -15.594 

AlOH+2 8.62E-07 2.78E-07 -6.555 

AlSO4+ 2.19E-05 1.65E-05 -4.781 

AsO4-3 1.61E-17 1.27E-18 -17.897 

Ba+2 2.08E-05 6.71E-06 -5.173 

BaCO3 (aq) 9.44E-18 1.12E-17 -16.951 

BaH2BO3+ 2.55E-15 1.92E-15 -14.716 

BaHCO3+ 6.18E-12 4.66E-12 -11.332 

BaOH+ 3.64E-16 2.74E-16 -15.561 

BaSO4 (aq) 6.14E-08 7.28E-08 -7.138 

Ca+2 3.53E-01 1.14E-01 -0.943 

CaCO3 (aq) 5.19E-13 6.15E-13 -12.211 

CaH2BO3+ 8.07E-11 6.08E-11 -10.216 

CaHCO3+ 1.40E-07 1.05E-07 -6.977 

CaOH+ 2.83E-11 2.13E-11 -10.672 

CaSO4 (aq) 1.77E-03 2.10E-03 -2.678 

CO3-2 1.01E-14 3.25E-15 -14.488 

Cu(CO3)2-2 2.79E-25 9.00E-26 -25.046 

Cu(H2BO3)2 (aq) 3.02E-22 3.59E-22 -21.445 

Cu(OH)2 (aq) 2.31E-17 2.74E-17 -16.563 

Cu(OH)3- 1.31E-24 9.91E-25 -24.004 

Cu(OH)4-2 2.32E-34 7.50E-35 -34.125 

Cu+2 1.66E-06 5.36E-07 -6.271 

Cu2(OH)2+2 2.47E-17 7.99E-18 -17.097 

Cu2OH+3 6.63E-16 5.22E-17 -16.282 

Cu3(OH)4+2 5.84E-28 1.89E-28 -27.724 

CuCO3 (aq) 8.66E-15 1.03E-14 -13.988 

CuH2BO3+ 6.31E-14 4.75E-14 -13.323 

CuHCO3+ 3.26E-12 2.46E-12 -11.609 

CuHSO4+ 1.31E-11 9.89E-12 -11.005 

CuOH+ 2.11E-11 1.59E-11 -10.799 

CuSO4 (aq) 8.34E-09 9.89E-09 -8.005 

Fe(OH)2+ 2.70E-05 2.04E-05 -4.691 

Fe(OH)3 (aq) 9.00E-12 1.07E-11 -10.972 

Fe(OH)4- 2.63E-16 1.98E-16 -15.703 

Fe(SO4)2- 2.73E-08 2.06E-08 -7.687 

Fe+3 1.68E-04 1.32E-05 -4.878 

Fe2(OH)2+4 1.78E-05 1.94E-07 -6.713 

Fe3(OH)4+5 1.05E-06 8.97E-10 -9.047 

FeH2BO3+2 8.13E-09 2.63E-09 -8.581 

FeOH+2 3.64E-04 1.18E-04 -3.929 

FeSO4+ 2.51E-05 1.89E-05 -4.723 

H+1 1.39E-03 1.05E-03 -2.98 

H10(BO3)4-2 2.13E-28 6.90E-29 -28.161 

H2AsO4- 1.14E-05 8.57E-06 -5.067 

H2BO3- 1.24E-11 9.37E-12 -11.028 

H2CO3* (aq) 1.44E-04 1.71E-04 -3.767 

H3AsO4 1.51E-06 1.79E-06 -5.747 

H3BO3 1.42E-05 1.69E-05 -4.772 

H5(BO3)2- 1.79E-16 1.35E-16 -15.871 

H8(BO3)3- 3.02E-19 2.28E-19 -18.643 

HAsO4-2 2.59E-09 8.38E-10 -9.077 

HCO3- 9.64E-08 7.27E-08 -7.139 

HSO4- 1.09E-05 8.24E-06 -5.084 

Mg+2 4.83E-02 1.56E-02 -1.806 

Mg2CO3+2 9.56E-15 3.09E-15 -14.51 

MgCO3 (aq) 3.56E-14 4.23E-14 -13.374 

MgH2BO3+ 6.67E-12 5.03E-12 -11.299 

MgHCO3+ 1.54E-08 1.16E-08 -7.934 

MgOH+ 7.38E-11 5.57E-11 -10.254 

MgSO4 (aq) 1.93E-04 2.29E-04 -3.641 

OH- 1.24E-11 9.37E-12 -11.028 

SO4-2 2.49E-04 8.05E-05 -4.094 

Zn(CO3)2-2 1.34E-27 4.31E-28 -27.365 

Zn(H2BO3)2 (aq) 1.78E-24 2.11E-24 -23.675 

Zn(OH)2 (aq) 1.90E-17 2.26E-17 -16.646 

Zn(OH)3- 8.88E-26 6.69E-26 -25.174 

Zn(OH)4-2 3.08E-35 9.94E-36 -35.002 

Zn(SO4)2-2 7.80E-11 2.52E-11 -10.598 

Zn+2 6.32E-06 2.04E-06 -5.69 

Zn2OH+3 4.96E-17 3.91E-18 -17.408 

ZnCO3 (aq) 3.22E-16 3.82E-16 -15.418 

ZnH2BO3+ 6.31E-16 4.76E-16 -15.322 

ZnHCO3+ 6.22E-12 4.69E-12 -11.329 
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 RAP2, pH=4.24 

 Concentration Activity Log activity 

Al(OH)2+ 4.19E-07 3.16E-07 -6.501 

Al(OH)3 (aq) 1.81E-09 2.14E-09 -8.669 

Al(OH)4- 2.37E-11 1.78E-11 -10.749 

Al(SO4)2- 7.10E-08 5.34E-08 -7.272 

Al+3 2.79E-04 2.16E-05 -4.665 

Al2(OH)2+4 2.57E-07 2.72E-09 -8.566 

Al2(OH)2CO3+2 2.93E-08 9.40E-09 -8.027 

Al3(OH)4+5 1.32E-08 1.08E-11 -10.966 

AlOH+2 1.15E-05 3.69E-06 -5.433 

AlSO4+ 1.60E-05 1.21E-05 -4.918 

AsO4-3 5.86E-15 4.54E-16 -15.343 

Ba+2 1.84E-05 5.89E-06 -5.23 

BaCO3 (aq) 8.75E-15 1.04E-14 -13.985 

BaH2BO3+ 2.12E-14 1.59E-14 -13.798 

BaHCO3+ 3.14E-10 2.37E-10 -9.626 

BaOH+ 5.83E-15 4.39E-15 -14.358 

BaSO4 (aq) 5.42E-08 6.41E-08 -7.193 

Ca+2 3.43E-01 1.10E-01 -0.959 

CaCO3 (aq) 5.28E-10 6.25E-10 -9.204 

CaH2BO3+ 7.36E-10 5.54E-10 -9.257 

CaHCO3+ 7.82E-06 5.88E-06 -5.23 

CaOH+ 4.97E-10 3.74E-10 -9.427 

CaSO4 (aq) 1.72E-03 2.03E-03 -2.693 

CO3-2 1.07E-11 3.43E-12 -11.465 

Cu(CO3)2-2 2.20E-19 7.05E-20 -19.152 

Cu(H2BO3)2 (aq) 1.91E-20 2.26E-20 -19.647 

Cu(OH)2 (aq) 5.42E-15 6.41E-15 -14.193 

Cu(OH)3- 5.62E-21 4.23E-21 -20.374 

Cu(OH)4-2 1.81E-29 5.82E-30 -29.235 

Cu+2 1.18E-06 3.79E-07 -6.421 

Cu2(OH)2+2 4.13E-15 1.32E-15 -14.878 

Cu2OH+3 6.13E-15 4.75E-16 -15.323 

Cu3(OH)4+2 2.28E-23 7.32E-24 -23.136 

CuCO3 (aq) 6.46E-12 7.65E-12 -11.117 

CuH2BO3+ 4.21E-13 3.17E-13 -12.499 

CuHCO3+ 1.34E-10 1.01E-10 -9.998 

CuHSO4+ 5.11E-13 3.85E-13 -12.415 

CuOH+ 2.72E-10 2.05E-10 -9.689 

CuSO4 (aq) 5.92E-09 7.00E-09 -8.155 

Fe(OH)2+ 4.56E-06 3.43E-06 -5.464 

Fe(OH)3 (aq) 2.77E-11 3.27E-11 -10.485 

Fe(OH)4- 1.47E-14 1.11E-14 -13.956 

Fe(SO4)2- 1.39E-11 1.05E-11 -10.98 

Fe+3 8.68E-08 6.72E-09 -8.172 

Fe2(OH)2+4 1.57E-09 1.66E-11 -10.781 

Fe3(OH)4+5 1.58E-11 1.29E-14 -13.889 

FeH2BO3+2 3.92E-11 1.26E-11 -10.9 

FeOH+2 3.39E-06 1.09E-06 -5.963 

FeSO4+ 1.28E-08 9.64E-09 -8.016 

H+1 7.65E-05 5.75E-05 -4.24 

H10(BO3)4-2 5.14E-27 1.65E-27 -26.783 

H2AsO4- 1.23E-05 9.27E-06 -5.033 

H2BO3- 1.17E-10 8.84E-11 -10.054 

H2CO3* (aq) 4.60E-04 5.44E-04 -3.264 

H3AsO4 8.99E-08 1.06E-07 -6.973 

H3BO3 7.40E-06 8.76E-06 -5.058 

H5(BO3)2- 8.75E-16 6.58E-16 -15.181 

H8(BO3)3- 7.66E-19 5.77E-19 -18.239 

HAsO4-2 5.14E-08 1.65E-08 -7.783 

HCO3- 5.59E-06 4.20E-06 -5.376 

HSO4- 6.02E-07 4.53E-07 -6.344 

Mg+2 4.05E-02 1.30E-02 -1.887 

Mg2CO3+2 7.00E-12 2.25E-12 -11.648 

MgCO3 (aq) 3.13E-11 3.70E-11 -10.432 

MgH2BO3+ 5.24E-11 3.94E-11 -10.404 

MgHCO3+ 7.44E-07 5.60E-07 -6.252 

MgOH+ 1.12E-09 8.42E-10 -9.075 

MgSO4 (aq) 1.61E-04 1.90E-04 -3.72 

OH- 2.27E-10 1.71E-10 -9.768 

SO4-2 2.51E-04 8.06E-05 -4.094 

Zn(CO3)2-2 7.91E-22 2.54E-22 -21.595 

Zn(H2BO3)2 (aq) 8.44E-23 9.99E-23 -22 

Zn(OH)2 (aq) 3.36E-15 3.97E-15 -14.401 

Zn(OH)3- 2.85E-22 2.14E-22 -21.669 

Zn(OH)4-2 1.81E-30 5.80E-31 -30.237 

Zn(SO4)2-2 4.19E-11 1.34E-11 -10.872 

Zn+2 3.38E-06 1.08E-06 -5.965 

Zn2OH+3 2.59E-16 2.01E-17 -16.698 

ZnCO3 (aq) 1.81E-13 2.14E-13 -12.67 

ZnH2BO3+ 3.17E-15 2.38E-15 -14.623 

ZnHCO3+ 1.92E-10 1.44E-10 -9.841 
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 RAP3, pH=5.5 

 Concentration Activity Log activity 

Al(OH)2+ 1.64E-05 1.23E-05 -4.912 

Al(OH)3 (aq) 1.30E-06 1.52E-06 -5.819 

Al(OH)4- 3.09E-07 2.30E-07 -6.638 

Al(SO4)2- 8.49E-09 6.33E-09 -8.199 

Al+3 3.54E-05 2.52E-06 -5.598 

Al2(OH)2+4 1.35E-06 1.23E-08 -7.91 

Al2(OH)2CO3+2 3.34E-05 1.03E-05 -4.986 

Al3(OH)4+5 2.92E-06 1.90E-09 -8.721 

AlOH+2 2.54E-05 7.86E-06 -5.105 

AlSO4+ 1.90E-06 1.42E-06 -5.848 

AsO4-3 1.89E-12 1.35E-13 -12.87 

Ba+2 1.50E-05 4.62E-06 -5.335 

BaCO3 (aq) 1.69E-12 1.97E-12 -11.706 

BaH2BO3+ 2.25E-13 1.68E-13 -12.775 

BaHCO3+ 3.32E-09 2.47E-09 -8.607 

BaOH+ 8.42E-14 6.28E-14 -13.202 

BaSO4 (aq) 4.34E-08 5.06E-08 -7.295 

Ca+2 3.13E-01 9.67E-02 -1.015 

CaCO3 (aq) 1.14E-07 1.33E-07 -6.875 

CaH2BO3+ 8.77E-09 6.54E-09 -8.184 

CaHCO3+ 9.25E-05 6.90E-05 -4.161 

CaOH+ 8.05E-09 6.00E-09 -8.222 

CaSO4 (aq) 1.54E-03 1.80E-03 -2.745 

CO3-2 2.69E-09 8.31E-10 -9.081 

Cu(CO3)2-2 1.60E-16 4.94E-17 -16.306 

Cu(H2BO3)2 (aq) 4.15E-20 4.84E-20 -19.315 

Cu(OH)2 (aq) 2.18E-14 2.54E-14 -13.595 

Cu(OH)3- 4.10E-19 3.05E-19 -18.515 

Cu(OH)4-2 2.48E-26 7.67E-27 -26.115 

Cu+2 1.46E-08 4.52E-09 -8.345 

Cu2(OH)2+2 2.02E-16 6.25E-17 -16.204 

Cu2OH+3 1.72E-17 1.23E-18 -17.91 

Cu3(OH)4+2 4.43E-24 1.37E-24 -23.864 

CuCO3 (aq) 1.89E-11 2.21E-11 -10.656 

CuH2BO3+ 6.80E-14 5.07E-14 -13.295 

CuHCO3+ 2.14E-11 1.60E-11 -10.797 

CuHSO4+ 3.40E-16 2.54E-16 -15.596 

CuOH+ 5.96E-11 4.44E-11 -10.352 

CuSO4 (aq) 7.21E-11 8.40E-11 -10.076 

Fe(OH)2+ 1.04E-05 7.74E-06 -5.111 

Fe(OH)3 (aq) 1.15E-09 1.35E-09 -8.871 

Fe(OH)4- 1.11E-11 8.29E-12 -11.081 

Fe(SO4)2- 9.67E-14 7.21E-14 -13.142 

Fe+3 6.39E-10 4.56E-11 -10.341 

Fe2(OH)2+4 2.77E-11 2.53E-13 -12.597 

Fe3(OH)4+5 6.82E-13 4.45E-16 -15.352 

FeH2BO3+2 3.70E-12 1.14E-12 -11.941 

FeOH+2 4.35E-07 1.34E-07 -6.871 

FeSO4+ 8.82E-11 6.58E-11 -10.182 

H+1 4.24E-06 3.16E-06 -5.5 

H10(BO3)4-2 5.23E-25 1.62E-25 -24.791 

H2AsO4- 1.11E-05 8.31E-06 -5.08 

H2BO3- 1.59E-09 1.19E-09 -8.926 

H2CO3* (aq) 3.42E-04 3.98E-04 -3.4 

H3AsO4 4.50E-09 5.24E-09 -8.28 

H3BO3 5.54E-06 6.46E-06 -5.19 

H5(BO3)2- 8.74E-15 6.52E-15 -14.186 

H8(BO3)3- 5.65E-18 4.21E-18 -17.376 

HAsO4-2 8.70E-07 2.69E-07 -6.57 

HCO3- 7.51E-05 5.60E-05 -4.252 

HSO4- 3.37E-08 2.51E-08 -7.6 

Mg+2 3.55E-02 1.10E-02 -1.959 

Mg2CO3+2 1.26E-09 3.90E-10 -9.409 

MgCO3 (aq) 6.51E-09 7.59E-09 -8.12 

MgH2BO3+ 6.00E-10 4.48E-10 -9.349 

MgHCO3+ 8.46E-06 6.31E-06 -5.2 

MgOH+ 1.74E-08 1.30E-08 -7.886 

MgSO4 (aq) 1.39E-04 1.62E-04 -3.79 

OH- 4.17E-09 3.11E-09 -8.507 

SO4-2 2.63E-04 8.12E-05 -4.09 

Zn(CO3)2-2 2.02E-17 6.25E-18 -17.204 

Zn(H2BO3)2 (aq) 6.47E-21 7.54E-21 -20.123 

Zn(OH)2 (aq) 4.75E-13 5.53E-13 -12.257 

Zn(OH)3- 7.30E-19 5.45E-19 -18.264 

Zn(OH)4-2 8.69E-26 2.69E-26 -25.571 

Zn(SO4)2-2 1.84E-11 5.70E-12 -11.244 

Zn+2 1.47E-06 4.54E-07 -6.343 

Zn2OH+3 8.99E-16 6.41E-17 -16.193 

ZnCO3 (aq) 1.86E-11 2.17E-11 -10.664 

ZnH2BO3+ 1.80E-14 1.34E-14 -13.873 

ZnHCO3+ 1.08E-09 8.04E-10 -9.095 
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RAP3, pH=6.53 

 Concentration Activity Log activity 

Al(OH)2+ 3.94E-06 2.89E-06 -5.539 

Al(OH)3 (aq) 3.64E-06 3.89E-06 -5.41 

Al(OH)4- 8.73E-06 6.40E-06 -5.194 

Al(SO4)2- 1.62E-11 1.19E-11 -10.924 

Al+3 8.17E-08 5.05E-09 -8.296 

Al2(OH)2+4 8.19E-10 5.82E-12 -11.235 

Al2(OH)2CO3+2 4.98E-07 1.45E-07 -6.84 

Al3(OH)4+5 4.82E-10 2.12E-13 -12.674 

AlOH+2 5.88E-07 1.71E-07 -6.768 

AlSO4+ 3.75E-09 2.75E-09 -8.56 

AsO4-3 9.07E-11 5.61E-12 -11.251 

Ba+2 9.07E-06 2.63E-06 -5.58 

BaCO3 (aq) 3.11E-11 3.33E-11 -10.478 

BaH2BO3+ 2.29E-23 1.68E-23 -22.775 

BaHCO3+ 5.31E-09 3.90E-09 -8.409 

BaOH+ 5.29E-13 3.88E-13 -12.411 

BaSO4 (aq) 2.62E-08 2.80E-08 -7.554 

Ca+2 1.32E-01 3.85E-02 -1.415 

CaCO3 (aq) 1.47E-06 1.57E-06 -5.804 

CaH2BO3+ 6.22E-19 4.57E-19 -18.34 

CaHCO3+ 1.03E-04 7.59E-05 -4.12 

CaOH+ 3.53E-08 2.59E-08 -7.586 

CaSO4 (aq) 6.49E-04 6.93E-04 -3.159 

CO3-2 8.49E-08 2.46E-08 -7.609 

Cu(CO3)2-2 8.82E-22 2.56E-22 -21.592 

Cu(H2BO3)2 (aq) 8.24E-48 8.81E-48 -47.055 

Cu(OH)2 (aq) 1.65E-20 1.76E-20 -19.753 

Cu(OH)3- 3.14E-24 2.30E-24 -23.638 

Cu(OH)4-2 2.16E-30 6.28E-31 -30.202 

Cu+2 9.17E-17 2.66E-17 -16.575 

Cu2(OH)2+2 8.81E-31 2.56E-31 -30.592 

Cu2OH+3 7.49E-33 4.63E-34 -33.334 

Cu3(OH)4+2 1.34E-44 3.89E-45 -44.41 

CuCO3 (aq) 3.61E-18 3.86E-18 -17.413 

CuH2BO3+ 7.15E-32 5.25E-32 -31.28 

CuHCO3+ 3.55E-19 2.60E-19 -18.584 

CuHSO4+ 1.84E-25 1.35E-25 -24.869 

CuOH+ 3.87E-18 2.84E-18 -17.546 

CuSO4 (aq) 4.49E-19 4.80E-19 -18.319 

Fe(OH)2+ 2.03E-05 1.49E-05 -4.827 

Fe(OH)3 (aq) 2.63E-08 2.81E-08 -7.551 

Fe(OH)4- 2.56E-09 1.88E-09 -8.725 

Fe(SO4)2- 1.51E-15 1.11E-15 -14.956 

Fe+3 1.20E-11 7.44E-13 -12.128 

Fe2(OH)2+4 1.12E-12 7.96E-15 -14.099 

Fe3(OH)4+5 6.13E-14 2.69E-17 -16.57 

FeH2BO3+2 1.13E-23 3.29E-24 -23.483 

FeOH+2 8.22E-08 2.39E-08 -7.622 

FeSO4+ 1.42E-12 1.04E-12 -11.982 

H+1 4.02E-07 2.95E-07 -6.53 

H10(BO3)4-2 4.62E-66 1.34E-66 -65.873 

H2AsO4- 4.10E-06 3.01E-06 -5.521 

H2BO3- 2.84E-19 2.08E-19 -18.681 

H2CO3* (aq) 9.63E-05 1.03E-04 -3.988 

H3AsO4 1.66E-10 1.77E-10 -9.751 

H3BO3 9.91E-17 1.06E-16 -15.975 

H5(BO3)2- 2.56E-35 1.88E-35 -34.726 

H8(BO3)3- 2.71E-49 1.99E-49 -48.702 

HAsO4-2 3.60E-06 1.04E-06 -5.981 

HCO3- 2.11E-04 1.55E-04 -3.81 

HSO4- 3.09E-09 2.27E-09 -8.644 

Mg+2 6.88E-03 2.00E-03 -2.7 

Mg2CO3+2 1.32E-09 3.82E-10 -9.418 

MgCO3 (aq) 3.83E-08 4.09E-08 -7.388 

MgH2BO3+ 1.95E-20 1.43E-20 -19.845 

MgHCO3+ 4.33E-06 3.18E-06 -5.498 

MgOH+ 3.49E-08 2.56E-08 -7.591 

MgSO4 (aq) 2.68E-05 2.86E-05 -4.544 

OH- 4.60E-08 3.38E-08 -7.471 

SO4-2 2.71E-04 7.87E-05 -4.104 

Zn(CO3)2-2 1.20E-24 3.48E-25 -24.458 

Zn(H2BO3)2 (aq) 1.38E-50 1.48E-50 -49.831 

Zn(OH)2 (aq) 3.87E-21 4.14E-21 -20.383 

Zn(OH)3- 6.02E-26 4.42E-26 -25.355 

Zn(OH)4-2 8.15E-32 2.37E-32 -31.626 

Zn(SO4)2-2 1.17E-21 3.40E-22 -21.469 

Zn+2 9.92E-17 2.88E-17 -16.541 

Zn2OH+3 4.53E-35 2.80E-36 -35.553 

ZnCO3 (aq) 3.82E-20 4.08E-20 -19.389 

ZnH2BO3+ 2.03E-34 1.49E-34 -33.826 

ZnHCO3+ 1.92E-19 1.41E-19 -18.85 

 

 



96 
 

RAP3, pH=7.46 

 Concentration Activity Log activity 

Al(OH)2+ 9.91E-08 7.76E-08 -7.11 

Al(OH)3 (aq) 8.74E-07 8.94E-07 -6.049 

Al(OH)4- 1.61E-05 1.26E-05 -4.899 

Al(SO4)2- 2.98E-15 2.33E-15 -14.632 

Al+3 1.67E-11 1.85E-12 -11.733 

Al2(OH)2+4 2.85E-15 5.71E-17 -16.244 

Al2(OH)2CO3+2 1.45E-11 5.47E-12 -11.262 

Al3(OH)4+5 2.52E-17 5.57E-20 -19.254 

AlOH+2 1.42E-09 5.35E-10 -9.272 

AlSO4+ 9.41E-13 7.37E-13 -12.133 

AsO4-3 4.69E-10 5.19E-11 -10.285 

Ba+2 5.65E-06 2.12E-06 -5.673 

BaCO3 (aq) 1.01E-10 1.03E-10 -9.986 

BaH2BO3+ 1.36E-22 1.07E-22 -21.972 

BaHCO3+ 1.82E-09 1.42E-09 -8.847 

BaOH+ 3.43E-12 2.68E-12 -11.571 

BaSO4 (aq) 1.62E-08 1.65E-08 -7.782 

Ca+2 4.64E-02 1.75E-02 -1.758 

CaCO3 (aq) 2.69E-06 2.75E-06 -5.561 

CaH2BO3+ 2.08E-18 1.63E-18 -17.787 

CaHCO3+ 1.99E-05 1.56E-05 -4.807 

CaOH+ 1.29E-07 1.01E-07 -6.997 

CaSO4 (aq) 2.25E-04 2.30E-04 -3.637 

CO3-2 2.52E-07 9.49E-08 -7.023 

Cu(CO3)2-2 1.71E-12 6.42E-13 -12.192 

Cu(H2BO3)2 (aq) 9.02E-38 9.22E-38 -37.035 

Cu(OH)2 (aq) 2.14E-10 2.19E-10 -9.66 

Cu(OH)3- 3.13E-13 2.45E-13 -12.611 

Cu(OH)4-2 1.52E-18 5.72E-19 -18.243 

Cu+2 1.20E-08 4.50E-09 -8.347 

Cu2(OH)2+2 1.43E-12 5.36E-13 -12.271 

Cu2OH+3 1.02E-15 1.13E-16 -15.945 

Cu3(OH)4+2 2.69E-16 1.01E-16 -15.994 

CuCO3 (aq) 2.46E-09 2.51E-09 -8.6 

CuH2BO3+ 8.92E-23 6.98E-23 -22.156 

CuHCO3+ 2.54E-11 1.99E-11 -10.701 

CuHSO4+ 2.51E-18 1.97E-18 -17.706 

CuOH+ 5.26E-09 4.12E-09 -8.385 

CuSO4 (aq) 5.81E-11 5.94E-11 -10.226 

Fe(OH)2+ 4.15E-05 3.25E-05 -4.488 

Fe(OH)3 (aq) 5.14E-07 5.26E-07 -6.279 

Fe(OH)4- 3.85E-07 3.01E-07 -6.521 

Fe(SO4)2- 2.25E-17 1.76E-17 -16.754 

Fe+3 2.00E-13 2.21E-14 -13.655 

Fe2(OH)2+4 2.58E-14 5.16E-16 -15.287 

Fe3(OH)4+5 1.72E-15 3.81E-18 -17.419 

FeH2BO3+2 2.04E-24 7.69E-25 -24.114 

FeOH+2 1.62E-08 6.07E-09 -8.216 

FeSO4+ 2.90E-14 2.27E-14 -13.644 

H+1 4.43E-08 3.47E-08 -7.46 

H10(BO3)4-2 1.89E-64 7.10E-65 -64.149 

H2AsO4- 4.92E-07 3.85E-07 -6.415 

H2BO3- 2.09E-18 1.64E-18 -17.785 

H2CO3* (aq) 5.35E-06 5.47E-06 -5.262 

H3AsO4 2.60E-12 2.66E-12 -11.575 

H3BO3 9.58E-17 9.79E-17 -16.009 

H5(BO3)2- 1.75E-34 1.37E-34 -33.864 

H8(BO3)3- 1.71E-48 1.34E-48 -47.874 

HAsO4-2 3.02E-06 1.14E-06 -5.945 

HCO3- 8.96E-05 7.02E-05 -4.154 

HSO4- 2.49E-10 1.95E-10 -9.709 

Mg+2 2.08E-03 7.84E-04 -3.106 

Mg2CO3+2 6.03E-10 2.27E-10 -9.644 

MgCO3 (aq) 6.05E-08 6.19E-08 -7.208 

MgH2BO3+ 5.64E-20 4.42E-20 -19.355 

MgHCO3+ 7.21E-07 5.64E-07 -6.248 

MgOH+ 1.10E-07 8.63E-08 -7.064 

MgSO4 (aq) 8.04E-06 8.22E-06 -5.085 

OH- 3.70E-07 2.89E-07 -6.538 

SO4-2 1.53E-04 5.76E-05 -4.239 

Zn(CO3)2-2 1.75E-23 6.59E-24 -23.181 

Zn(H2BO3)2 (aq) 1.14E-48 1.16E-48 -47.934 

Zn(OH)2 (aq) 3.78E-19 3.87E-19 -18.413 

Zn(OH)3- 4.52E-23 3.54E-23 -22.451 

Zn(OH)4-2 4.32E-28 1.62E-28 -27.789 

Zn(SO4)2-2 6.17E-22 2.32E-22 -21.634 

Zn+2 9.75E-17 3.67E-17 -16.436 

Zn2OH+3 3.51E-34 3.89E-35 -34.41 

ZnCO3 (aq) 1.96E-19 2.00E-19 -18.698 

ZnH2BO3+ 1.91E-33 1.50E-33 -32.825 

ZnHCO3+ 1.04E-19 8.14E-20 -19.089 
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RAP3, pH=8.22 

 Concentration Activity Log activity 

Al(OH)2+ 3.77E-09 3.24E-09 -8.489 

Al(OH)3 (aq) 2.14E-07 2.15E-07 -6.667 

Al(OH)4- 2.04E-05 1.75E-05 -4.756 

Al(SO4)2- 3.53E-19 3.04E-19 -18.517 

Al+3 9.03E-15 2.32E-15 -14.635 

Al2(OH)2+4 3.35E-20 2.99E-21 -20.524 

Al2(OH)2CO3+2 7.68E-15 4.20E-15 -14.377 

Al3(OH)4+5 5.32E-24 1.22E-25 -24.914 

AlOH+2 7.08E-12 3.87E-12 -11.412 

AlSO4+ 3.46E-16 2.98E-16 -15.526 

AsO4-3 7.30E-10 1.87E-10 -9.727 

Ba+2 2.15E-06 1.17E-06 -5.93 

BaCO3 (aq) 8.33E-10 8.38E-10 -9.077 

BaH2BO3+ 3.53E-22 3.03E-22 -21.518 

BaHCO3+ 2.33E-09 2.01E-09 -8.698 

BaOH+ 9.96E-12 8.56E-12 -11.067 

BaSO4 (aq) 2.92E-09 2.94E-09 -8.531 

Ca+2 9.93E-03 5.43E-03 -2.265 

CaCO3 (aq) 1.25E-05 1.25E-05 -4.902 

CaH2BO3+ 3.03E-18 2.61E-18 -17.584 

CaHCO3+ 1.44E-05 1.24E-05 -4.908 

CaOH+ 2.10E-07 1.81E-07 -6.743 

CaSO4 (aq) 2.30E-05 2.31E-05 -4.637 

CO3-2 2.55E-06 1.39E-06 -5.857 

Cu(CO3)2-2 3.15E-19 1.72E-19 -18.764 

Cu(H2BO3)2 (aq) 3.02E-45 3.04E-45 -44.517 

Cu(OH)2 (aq) 9.04E-18 9.09E-18 -17.041 

Cu(OH)3- 6.82E-20 5.86E-20 -19.232 

Cu(OH)4-2 1.45E-24 7.90E-25 -24.102 

Cu+2 1.03E-17 5.61E-18 -17.251 

Cu2(OH)2+2 5.09E-29 2.78E-29 -28.556 

Cu2OH+3 3.97E-33 1.02E-33 -32.992 

Cu3(OH)4+2 3.99E-40 2.18E-40 -39.661 

CuCO3 (aq) 4.57E-17 4.60E-17 -16.337 

CuH2BO3+ 5.21E-31 4.48E-31 -30.349 

CuHCO3+ 7.37E-20 6.33E-20 -19.198 

CuHSO4+ 1.60E-28 1.37E-28 -27.862 

CuOH+ 3.45E-17 2.96E-17 -16.528 

CuSO4 (aq) 2.37E-20 2.39E-20 -19.622 

Fe(OH)2+ 5.88E-07 5.06E-07 -6.296 

Fe(OH)3 (aq) 4.69E-08 4.72E-08 -7.326 

Fe(OH)4- 1.81E-07 1.56E-07 -6.807 

Fe(SO4)2- 9.95E-22 8.55E-22 -21.068 

Fe+3 4.03E-17 1.03E-17 -16.985 

Fe2(OH)2+4 4.21E-20 3.75E-21 -20.425 

Fe3(OH)4+5 1.88E-23 4.31E-25 -24.366 

FeH2BO3+2 3.38E-27 1.85E-27 -26.733 

FeOH+2 3.00E-11 1.64E-11 -10.786 

FeSO4+ 3.97E-18 3.41E-18 -17.467 

H+1 7.01E-09 6.03E-09 -8.22 

H10(BO3)4-2 2.74E-63 1.50E-63 -62.824 

H2AsO4- 4.88E-08 4.20E-08 -7.377 

H2BO3- 9.81E-18 8.43E-18 -17.074 

H2CO3* (aq) 2.41E-06 2.42E-06 -5.616 

H3AsO4 5.02E-14 5.04E-14 -13.297 

H3BO3 8.70E-17 8.75E-17 -16.058 

H5(BO3)2- 7.30E-34 6.28E-34 -33.202 

H8(BO3)3- 6.39E-48 5.49E-48 -47.26 

HAsO4-2 1.30E-06 7.13E-07 -6.147 

HCO3- 2.08E-04 1.79E-04 -3.748 

HSO4- 1.27E-11 1.09E-11 -10.961 

Mg+2 9.75E-04 5.33E-04 -3.273 

Mg2CO3+2 2.81E-09 1.54E-09 -8.813 

MgCO3 (aq) 6.13E-07 6.17E-07 -6.21 

MgH2BO3+ 1.80E-19 1.54E-19 -18.811 

MgHCO3+ 1.14E-06 9.77E-07 -6.01 

MgOH+ 3.93E-07 3.38E-07 -6.471 

MgSO4 (aq) 1.79E-06 1.80E-06 -5.745 

OH- 1.94E-06 1.67E-06 -5.777 

SO4-2 3.40E-05 1.86E-05 -4.731 

Zn(CO3)2-2 2.87E-21 1.57E-21 -20.805 

Zn(H2BO3)2 (aq) 3.39E-47 3.41E-47 -46.468 

Zn(OH)2 (aq) 1.42E-17 1.42E-17 -16.846 

Zn(OH)3- 8.75E-21 7.52E-21 -20.124 

Zn(OH)4-2 3.64E-25 1.99E-25 -24.701 

Zn(SO4)2-2 4.88E-23 2.67E-23 -22.574 

Zn+2 7.43E-17 4.06E-17 -16.392 

Zn2OH+3 1.07E-33 2.75E-34 -33.56 

ZnCO3 (aq) 3.23E-18 3.25E-18 -17.488 

ZnH2BO3+ 9.91E-33 8.52E-33 -32.07 

ZnHCO3+ 2.67E-19 2.30E-19 -18.639 
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RAP3, pH=11.17 

 Concentration Activity Log activity 

Al(OH)2+ 3.80E-15 3.54E-15 -14.451 

Al(OH)3 (aq) 2.10E-10 2.10E-10 -9.678 

Al(OH)4- 1.63E-05 1.52E-05 -4.817 

Al(SO4)2- 1.61E-30 1.50E-30 -29.824 

Al+3 6.02E-27 3.18E-27 -26.497 

Al2(OH)2+4 1.39E-38 4.48E-39 -38.348 

Al2(OH)2CO3+2 1.00E-30 7.54E-31 -30.123 

Al3(OH)4+5 1.17E-48 2.00E-49 -48.7 

AlOH+2 6.29E-21 4.74E-21 -20.324 

AlSO4+ 8.32E-28 7.76E-28 -27.11 

AsO4-3 2.50E-17 1.32E-17 -16.878 

Ba+2 1.42E-07 1.07E-07 -6.971 

BaCO3 (aq) 9.12E-09 9.13E-09 -8.04 

BaH2BO3+ 3.24E-22 3.01E-22 -21.521 

BaHCO3+ 2.63E-11 2.45E-11 -10.611 

BaOH+ 7.45E-10 6.94E-10 -9.158 

BaSO4 (aq) 5.07E-10 5.07E-10 -9.295 

Ca+2 8.07E-17 6.08E-17 -16.216 

CaCO3 (aq) 1.68E-17 1.68E-17 -16.774 

CaH2BO3+ 3.43E-31 3.20E-31 -30.495 

CaHCO3+ 2.00E-20 1.86E-20 -19.73 

CaOH+ 1.94E-18 1.81E-18 -17.743 

CaSO4 (aq) 4.90E-19 4.91E-19 -18.309 

CO3-2 2.21E-04 1.67E-04 -3.778 

Cu(CO3)2-2 1.36E-11 1.03E-11 -10.988 

Cu(H2BO3)2 (aq) 1.51E-39 1.51E-39 -38.82 

Cu(OH)2 (aq) 3.01E-08 3.01E-08 -7.522 

Cu(OH)3- 1.86E-07 1.73E-07 -6.762 

Cu(OH)4-2 2.76E-09 2.08E-09 -8.682 

Cu+2 3.10E-14 2.34E-14 -13.632 

Cu2(OH)2+2 5.08E-16 3.83E-16 -15.417 

Cu2OH+3 2.98E-23 1.57E-23 -22.803 

Cu3(OH)4+2 1.32E-17 9.93E-18 -17.003 

CuCO3 (aq) 2.29E-11 2.29E-11 -10.64 

CuH2BO3+ 2.19E-26 2.04E-26 -25.691 

CuHCO3+ 3.80E-17 3.54E-17 -16.451 

CuHSO4+ 1.31E-27 1.22E-27 -26.915 

CuOH+ 1.18E-10 1.10E-10 -9.959 

CuSO4 (aq) 1.88E-16 1.88E-16 -15.725 

Fe(OH)2+ 4.07E-22 3.80E-22 -21.421 

Fe(OH)3 (aq) 3.15E-20 3.16E-20 -19.501 

Fe(OH)4- 1.00E-16 9.31E-17 -16.031 

Fe(SO4)2- 3.12E-42 2.90E-42 -41.537 

Fe+3 1.85E-38 9.76E-39 -38.011 

Fe2(OH)2+4 8.25E-57 2.66E-57 -56.575 

Fe3(OH)4+5 1.34E-75 2.29E-76 -75.64 

FeH2BO3+2 2.53E-47 1.91E-47 -46.72 

FeOH+2 1.83E-29 1.38E-29 -28.861 

FeSO4+ 6.56E-39 6.11E-39 -38.214 

H+1 7.26E-12 6.76E-12 -11.17 

H10(BO3)4-2 3.58E-65 2.69E-65 -64.57 

H2AsO4- 4.01E-21 3.73E-21 -20.428 

H2BO3- 9.89E-17 9.22E-17 -16.035 

H2CO3* (aq) 3.65E-10 3.65E-10 -9.437 

H3AsO4 5.03E-30 5.03E-30 -29.298 

H3BO3 1.07E-18 1.07E-18 -17.969 

H5(BO3)2- 9.03E-35 8.42E-35 -34.075 

H8(BO3)3- 9.69E-51 9.03E-51 -50.044 

HAsO4-2 7.50E-17 5.65E-17 -16.248 

HCO3- 2.58E-05 2.40E-05 -4.619 

HSO4- 2.50E-14 2.33E-14 -13.633 

Mg+2 6.38E-17 4.81E-17 -16.318 

Mg2CO3+2 1.99E-33 1.50E-33 -32.824 

MgCO3 (aq) 6.66E-18 6.66E-18 -17.176 

MgH2BO3+ 1.63E-31 1.52E-31 -30.818 

MgHCO3+ 1.27E-20 1.18E-20 -19.926 

MgOH+ 2.92E-17 2.72E-17 -16.565 

MgSO4 (aq) 3.08E-19 3.08E-19 -18.511 

OH- 1.60E-03 1.49E-03 -2.827 

SO4-2 4.67E-05 3.52E-05 -4.453 

Zn(CO3)2-2 1.73E-22 1.31E-22 -21.884 

Zn(H2BO3)2 (aq) 2.36E-50 2.36E-50 -49.627 

Zn(OH)2 (aq) 6.57E-17 6.58E-17 -16.182 

Zn(OH)3- 3.33E-17 3.10E-17 -16.509 

Zn(OH)4-2 9.71E-19 7.31E-19 -18.136 

Zn(SO4)2-2 7.39E-28 5.57E-28 -27.254 

Zn+2 3.13E-22 2.36E-22 -21.628 

Zn2OH+3 1.56E-41 8.27E-42 -41.082 

ZnCO3 (aq) 2.26E-21 2.26E-21 -20.646 

ZnH2BO3+ 5.80E-37 5.41E-37 -36.267 

ZnHCO3+ 1.92E-25 1.79E-25 -24.747 
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RAP3, pH=12.07 

 Concentration Activity Log activity 

Al(OH)2+ 1.75E-16 1.48E-16 -15.831 

Al(OH)3 (aq) 6.88E-11 6.94E-11 -10.159 

Al(OH)4- 4.74E-05 4.00E-05 -4.398 

Al(SO4)2- 8.68E-34 7.32E-34 -33.136 

Al+3 9.84E-30 2.11E-30 -29.676 

Al2(OH)2+4 1.92E-42 1.24E-43 -42.907 

Al2(OH)2CO3+2 8.67E-35 4.37E-35 -34.36 

Al3(OH)4+5 1.66E-53 2.30E-55 -54.639 

AlOH+2 4.94E-23 2.49E-23 -22.604 

AlSO4+ 5.23E-31 4.41E-31 -30.356 

AsO4-3 8.14E-17 1.74E-17 -16.759 

Ba+2 2.90E-07 1.46E-07 -6.835 

BaCO3 (aq) 2.60E-08 2.62E-08 -7.581 

BaH2BO3+ 4.46E-22 3.76E-22 -21.425 

BaHCO3+ 1.05E-11 8.86E-12 -11.052 

BaOH+ 8.95E-09 7.54E-09 -8.123 

BaSO4 (aq) 5.91E-10 5.96E-10 -9.225 

Ca+2 6.71E-05 3.38E-05 -4.471 

CaCO3 (aq) 1.95E-05 1.96E-05 -4.707 

CaH2BO3+ 1.92E-19 1.62E-19 -18.79 

CaHCO3+ 3.25E-09 2.74E-09 -8.563 

CaOH+ 9.47E-06 7.98E-06 -5.098 

CaSO4 (aq) 2.32E-07 2.34E-07 -6.63 

CO3-2 6.94E-04 3.50E-04 -3.456 

Cu(CO3)2-2 8.19E-14 4.13E-14 -13.384 

Cu(H2BO3)2 (aq) 1.14E-42 1.14E-42 -41.941 

Cu(OH)2 (aq) 1.71E-09 1.73E-09 -8.763 

Cu(OH)3- 9.35E-08 7.88E-08 -7.103 

Cu(OH)4-2 1.49E-08 7.52E-09 -8.124 

Cu+2 4.22E-17 2.13E-17 -16.672 

Cu2(OH)2+2 3.97E-20 2.00E-20 -19.699 

Cu2OH+3 4.84E-28 1.04E-28 -27.984 

Cu3(OH)4+2 5.91E-23 2.98E-23 -22.526 

CuCO3 (aq) 4.35E-14 4.38E-14 -13.358 

CuH2BO3+ 2.01E-29 1.69E-29 -28.772 

CuHCO3+ 1.01E-20 8.53E-21 -20.069 

CuHSO4+ 1.42E-31 1.20E-31 -30.922 

CuOH+ 9.44E-13 7.95E-13 -12.099 

CuSO4 (aq) 1.46E-19 1.47E-19 -18.832 

Fe(OH)2+ 6.47E-24 5.45E-24 -23.263 

Fe(OH)3 (aq) 3.57E-21 3.60E-21 -20.444 

Fe(OH)4- 1.00E-16 8.43E-17 -16.074 

Fe(SO4)2- 5.79E-46 4.88E-46 -45.312 

Fe+3 1.04E-41 2.23E-42 -41.652 

Fe2(OH)2+4 1.35E-61 8.71E-63 -62.06 

Fe3(OH)4+5 7.80E-82 1.08E-83 -82.967 

FeH2BO3+2 7.86E-51 3.96E-51 -50.402 

FeOH+2 4.95E-32 2.50E-32 -31.603 

FeSO4+ 1.42E-42 1.20E-42 -41.922 

H+1 1.01E-12 8.51E-13 -12.07 

H10(BO3)4-2 5.84E-67 2.94E-67 -66.531 

H2AsO4- 9.24E-23 7.79E-23 -22.109 

H2BO3- 9.97E-17 8.40E-17 -16.076 

H2CO3* (aq) 1.21E-11 1.22E-11 -10.915 

H3AsO4 1.31E-32 1.32E-32 -31.879 

H3BO3 1.22E-19 1.23E-19 -18.91 

H5(BO3)2- 1.04E-35 8.80E-36 -35.055 

H8(BO3)3- 1.29E-52 1.08E-52 -51.965 

HAsO4-2 1.86E-17 9.36E-18 -17.029 

HCO3- 7.54E-06 6.35E-06 -5.197 

HSO4- 2.98E-15 2.51E-15 -14.6 

Mg+2 2.61E-17 1.31E-17 -16.881 

Mg2CO3+2 4.66E-34 2.35E-34 -33.629 

MgCO3 (aq) 3.79E-18 3.82E-18 -17.418 

MgH2BO3+ 4.50E-32 3.79E-32 -31.421 

MgHCO3+ 1.02E-21 8.56E-22 -21.068 

MgOH+ 7.01E-17 5.90E-17 -16.229 

MgSO4 (aq) 7.17E-20 7.23E-20 -19.141 

OH- 1.40E-02 1.18E-02 -1.928 

SO4-2 5.99E-05 3.02E-05 -4.52 

Zn(CO3)2-2 4.04E-24 2.04E-24 -23.691 

Zn(H2BO3)2 (aq) 6.90E-53 6.95E-53 -52.158 

Zn(OH)2 (aq) 1.46E-17 1.47E-17 -16.833 

Zn(OH)3- 6.51E-17 5.48E-17 -16.261 

Zn(OH)4-2 2.04E-17 1.03E-17 -16.988 

Zn(SO4)2-2 2.88E-30 1.45E-30 -29.838 

Zn+2 1.66E-24 8.35E-25 -24.078 

Zn2OH+3 3.84E-45 8.23E-46 -45.084 

ZnCO3 (aq) 1.67E-23 1.68E-23 -22.775 

ZnH2BO3+ 2.07E-39 1.75E-39 -38.758 

ZnHCO3+ 1.99E-28 1.68E-28 -27.776 
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 RAP4, pH=1.02 

 Concentration Activity Log activity 

Al(OH)2+ 9.75E-12 8.93E-12 -11.049 

Al(OH)3 (aq) 2.44E-17 3.54E-17 -16.451 

Al(OH)4- 1.88E-22 1.72E-22 -21.764 

Al(SO4)2- 2.22E-07 2.03E-07 -6.693 

Al+3 3.95E-03 1.79E-03 -2.746 

Al2(OH)2+4 2.60E-11 6.38E-12 -11.195 

Al2(OH)2CO3+2 1.22E-18 8.59E-19 -18.066 

Al3(OH)4+5 6.44E-18 7.17E-19 -18.145 

AlOH+2 2.54E-07 1.79E-07 -6.748 

AlSO4+ 2.34E-04 2.14E-04 -3.669 

AsO4-3 4.24E-23 1.93E-23 -22.715 

Ba+2 6.02E-06 4.24E-06 -5.373 

BaCO3 (aq) 2.00E-22 2.90E-22 -21.537 

BaH2BO3+ 2.06E-16 1.89E-16 -15.725 

BaHCO3+ 1.20E-14 1.10E-14 -13.958 

BaOH+ 2.01E-18 1.84E-18 -17.734 

BaSO4 (aq) 6.80E-09 9.86E-09 -8.006 

Ca+2 1.93E-01 1.36E-01 -0.867 

CaCO3 (aq) 2.07E-17 3.01E-17 -16.521 

CaH2BO3+ 1.23E-11 1.13E-11 -10.949 

CaHCO3+ 5.14E-10 4.71E-10 -9.327 

CaOH+ 2.95E-13 2.70E-13 -12.569 

CaSO4 (aq) 3.70E-04 5.37E-04 -3.27 

CO3-2 1.90E-19 1.34E-19 -18.874 

Cu(CO3)2-2 7.63E-33 5.37E-33 -32.27 

Cu(H2BO3)2 (aq) 2.11E-22 3.06E-22 -21.515 

Cu(OH)2 (aq) 7.55E-20 1.10E-19 -18.96 

Cu(OH)3- 4.61E-29 4.22E-29 -28.375 

Cu(OH)4-2 4.82E-41 3.39E-41 -40.469 

Cu+2 2.70E-05 1.90E-05 -4.721 

Cu2(OH)2+2 1.61E-18 1.13E-18 -17.945 

Cu2OH+3 1.54E-15 6.97E-16 -15.157 

Cu3(OH)4+2 1.52E-31 1.07E-31 -30.969 

CuCO3 (aq) 1.03E-17 1.49E-17 -16.825 

CuH2BO3+ 2.85E-13 2.61E-13 -12.583 

CuHCO3+ 3.56E-13 3.26E-13 -12.486 

CuHSO4+ 7.48E-09 6.85E-09 -8.164 

CuOH+ 6.54E-12 5.99E-12 -11.223 

CuSO4 (aq) 5.18E-08 7.51E-08 -7.124 

Fe(OH)2+ 1.11E-07 1.02E-07 -6.993 

Fe(OH)3 (aq) 3.89E-16 5.65E-16 -15.248 

Fe(OH)4- 1.22E-22 1.12E-22 -21.952 

Fe(SO4)2- 4.55E-08 4.16E-08 -7.381 

Fe+3 1.29E-03 5.83E-04 -3.234 

Fe2(OH)2+4 1.73E-07 4.25E-08 -7.371 

Fe3(OH)4+5 8.80E-12 9.80E-13 -12.009 

FeH2BO3+2 2.55E-08 1.80E-08 -7.746 

FeOH+2 7.83E-05 5.51E-05 -4.259 

FeSO4+ 1.95E-04 1.79E-04 -3.747 

H+1 1.04E-01 9.55E-02 -1.02 

H10(BO3)4-2 4.72E-28 3.32E-28 -27.479 

H2AsO4- 1.18E-06 1.08E-06 -5.965 

H2BO3- 1.59E-12 1.45E-12 -11.838 

H2CO3* (aq) 4.03E-05 5.84E-05 -4.233 

H3AsO4 1.42E-05 2.06E-05 -4.685 

H3BO3 1.65E-04 2.39E-04 -3.622 

H5(BO3)2- 3.23E-16 2.95E-16 -15.53 

H8(BO3)3- 7.71E-18 7.06E-18 -17.151 

HAsO4-2 1.65E-12 1.16E-12 -11.935 

HCO3- 2.97E-10 2.72E-10 -9.565 

HSO4- 1.76E-04 1.61E-04 -3.793 

Mg+2 1.02E-01 7.20E-02 -1.143 

Mg2CO3+2 3.82E-18 2.69E-18 -17.57 

MgCO3 (aq) 5.51E-18 7.99E-18 -17.097 

MgH2BO3+ 3.92E-12 3.59E-12 -11.445 

MgHCO3+ 2.19E-10 2.01E-10 -9.697 

MgOH+ 2.98E-12 2.73E-12 -11.564 

MgSO4 (aq) 1.56E-04 2.26E-04 -3.646 

OH- 1.09E-13 9.96E-14 -13.002 

SO4-2 2.45E-05 1.72E-05 -4.763 

Zn(CO3)2-2 3.55E-47 2.50E-47 -46.602 

Zn(H2BO3)2 (aq) 1.21E-36 1.75E-36 -35.757 

Zn(OH)2 (aq) 6.05E-32 8.78E-32 -31.056 

Zn(OH)3- 3.02E-42 2.77E-42 -41.558 

Zn(OH)4-2 6.21E-54 4.37E-54 -53.36 

Zn(SO4)2-2 5.66E-23 3.98E-23 -22.4 

Zn+2 9.98E-17 7.03E-17 -16.153 

Zn2OH+3 1.08E-40 4.92E-41 -40.308 

ZnCO3 (aq) 3.72E-31 5.40E-31 -30.268 

ZnH2BO3+ 2.77E-27 2.54E-27 -26.595 

ZnHCO3+ 6.60E-25 6.04E-25 -24.219 
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 RAP4, pH=1.6 

 Concentration Activity Log activity 

Al(OH)2+ 1.55E-11 1.14E-11 -10.942 

Al(OH)3 (aq) 1.57E-16 1.79E-16 -15.747 

Al(OH)4- 4.65E-21 3.43E-21 -20.465 

Al(SO4)2- 2.19E-08 1.61E-08 -7.792 

Al+3 2.28E-03 1.48E-04 -3.83 

Al2(OH)2+4 8.71E-11 6.73E-13 -12.172 

Al2(OH)2CO3+2 3.48E-18 1.03E-18 -17.986 

Al3(OH)4+5 1.93E-16 9.70E-20 -19.013 

AlOH+2 1.96E-07 5.81E-08 -7.236 

AlSO4+ 2.35E-05 1.73E-05 -4.761 

AsO4-3 1.05E-20 6.83E-22 -21.165 

Ba+2 5.05E-05 1.50E-05 -4.825 

BaCO3 (aq) 1.02E-20 1.17E-20 -19.933 

BaH2BO3+ 7.38E-16 5.45E-16 -15.264 

BaHCO3+ 1.58E-13 1.16E-13 -12.934 

BaOH+ 3.48E-17 2.57E-17 -16.59 

BaSO4 (aq) 3.00E-08 3.42E-08 -7.466 

Ca+2 9.05E-03 2.68E-03 -2.571 

CaCO3 (aq) 5.92E-18 6.77E-18 -17.17 

CaH2BO3+ 2.46E-13 1.82E-13 -12.741 

CaHCO3+ 3.77E-11 2.78E-11 -10.556 

CaOH+ 2.85E-14 2.10E-14 -13.677 

CaSO4 (aq) 9.11E-06 1.04E-05 -4.982 

CO3-2 5.13E-18 1.52E-18 -17.818 

Cu(CO3)2-2 5.01E-29 1.49E-29 -28.828 

Cu(H2BO3)2 (aq) 3.82E-21 4.37E-21 -20.36 

Cu(OH)2 (aq) 3.19E-17 3.64E-17 -16.439 

Cu(OH)3- 7.49E-26 5.53E-26 -25.257 

Cu(OH)4-2 5.91E-37 1.75E-37 -36.756 

Cu+2 1.37E-03 4.06E-04 -3.391 

Cu2(OH)2+2 2.72E-14 8.05E-15 -14.094 

Cu2OH+3 1.93E-11 1.25E-12 -11.901 

Cu3(OH)4+2 8.53E-25 2.53E-25 -24.597 

CuCO3 (aq) 3.18E-15 3.63E-15 -14.44 

CuH2BO3+ 6.19E-12 4.56E-12 -11.341 

CuHCO3+ 2.83E-11 2.09E-11 -10.681 

CuHSO4+ 5.12E-08 3.78E-08 -7.422 

CuOH+ 6.84E-10 5.05E-10 -9.297 

CuSO4 (aq) 1.38E-06 1.58E-06 -5.802 

Fe(OH)2+ 9.58E-09 7.07E-09 -8.151 

Fe(OH)3 (aq) 1.36E-16 1.55E-16 -15.809 

Fe(OH)4- 1.64E-22 1.21E-22 -21.918 

Fe(SO4)2- 2.44E-10 1.80E-10 -9.745 

Fe+3 4.02E-05 2.61E-06 -5.583 

Fe2(OH)2+4 1.71E-09 1.33E-11 -10.878 

Fe3(OH)4+5 4.24E-14 2.13E-17 -16.672 

FeH2BO3+2 2.22E-10 6.57E-11 -10.182 

FeOH+2 3.28E-06 9.73E-07 -6.012 

FeSO4+ 1.07E-06 7.87E-07 -6.104 

H+1 3.40E-02 2.51E-02 -1.6 

H10(BO3)4-2 3.46E-29 1.03E-29 -28.989 

H2AsO4- 3.60E-06 2.66E-06 -5.575 

H2BO3- 1.61E-12 1.19E-12 -11.925 

H2CO3* (aq) 4.03E-05 4.60E-05 -4.337 

H3AsO4 1.17E-05 1.33E-05 -4.875 

H3BO3 4.50E-05 5.14E-05 -4.289 

H5(BO3)2- 7.04E-17 5.19E-17 -16.284 

H8(BO3)3- 3.62E-19 2.67E-19 -18.574 

HAsO4-2 3.65E-11 1.08E-11 -10.965 

HCO3- 1.10E-09 8.14E-10 -9.089 

HSO4- 5.64E-05 4.16E-05 -4.381 

Mg+2 3.57E-01 1.06E-01 -0.976 

Mg2CO3+2 2.23E-16 6.62E-17 -16.179 

MgCO3 (aq) 1.17E-16 1.34E-16 -15.874 

MgH2BO3+ 5.85E-12 4.32E-12 -11.365 

MgHCO3+ 1.20E-09 8.84E-10 -9.054 

MgOH+ 2.14E-11 1.58E-11 -10.801 

MgSO4 (aq) 2.85E-04 3.26E-04 -3.487 

OH- 5.33E-13 3.93E-13 -12.406 

SO4-2 5.71E-05 1.69E-05 -4.771 

Zn(CO3)2-2 7.96E-34 2.36E-34 -33.627 

Zn(H2BO3)2 (aq) 7.46E-26 8.53E-26 -25.069 

Zn(OH)2 (aq) 8.71E-20 9.96E-20 -19.002 

Zn(OH)3- 1.68E-29 1.24E-29 -28.908 

Zn(OH)4-2 2.60E-40 7.71E-41 -40.113 

Zn(SO4)2-2 9.45E-12 2.80E-12 -11.553 

Zn+2 1.73E-05 5.12E-06 -5.291 

Zn2OH+3 1.59E-17 1.03E-18 -17.987 

ZnCO3 (aq) 3.92E-19 4.48E-19 -18.349 

ZnH2BO3+ 2.05E-16 1.51E-16 -15.82 

ZnHCO3+ 1.79E-13 1.32E-13 -12.88 
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 RAP4, pH=3.02 

 Concentration Activity Log activity 

Al(OH)2+ 6.42E-09 4.69E-09 -8.329 

Al(OH)3 (aq) 1.76E-12 1.94E-12 -11.712 

Al(OH)4- 1.35E-15 9.83E-16 -15.007 

Al(SO4)2- 1.46E-07 1.07E-07 -6.972 

Al+3 1.47E-03 8.67E-05 -4.062 

Al2(OH)2+4 2.47E-08 1.62E-10 -9.791 

Al2(OH)2CO3+2 5.92E-13 1.68E-13 -12.773 

Al3(OH)4+5 2.47E-11 9.56E-15 -14.019 

AlOH+2 3.17E-06 9.01E-07 -6.045 

AlSO4+ 4.67E-05 3.41E-05 -4.467 

AsO4-3 1.95E-28 1.15E-29 -28.938 

Ba+2 5.40E-05 1.54E-05 -4.813 

BaCO3 (aq) 7.36E-18 8.12E-18 -17.09 

BaH2BO3+ 2.41E-14 1.76E-14 -13.754 

BaHCO3+ 4.22E-12 3.08E-12 -11.511 

BaOH+ 9.54E-16 6.97E-16 -15.157 

BaSO4 (aq) 1.07E-07 1.18E-07 -6.929 

Ca+2 9.57E-03 2.72E-03 -2.565 

CaCO3 (aq) 4.23E-15 4.66E-15 -14.331 

CaH2BO3+ 7.97E-12 5.82E-12 -11.235 

CaHCO3+ 9.98E-10 7.29E-10 -9.137 

CaOH+ 7.73E-13 5.65E-13 -12.248 

CaSO4 (aq) 3.22E-05 3.55E-05 -4.45 

CO3-2 3.62E-15 1.03E-15 -14.987 

Cu(CO3)2-2 5.47E-24 1.56E-24 -23.808 

Cu(H2BO3)2 (aq) 8.97E-19 9.89E-19 -18.005 

Cu(OH)2 (aq) 5.25E-15 5.79E-15 -14.237 

Cu(OH)3- 3.18E-22 2.33E-22 -21.633 

Cu(OH)4-2 6.86E-32 1.95E-32 -31.71 

Cu+2 3.25E-04 9.24E-05 -4.034 

Cu2(OH)2+2 1.02E-12 2.91E-13 -12.535 

Cu2OH+3 2.90E-11 1.72E-12 -11.765 

Cu3(OH)4+2 5.12E-21 1.46E-21 -20.837 

CuCO3 (aq) 5.08E-13 5.61E-13 -12.251 

CuH2BO3+ 4.49E-11 3.28E-11 -10.485 

CuHCO3+ 1.68E-10 1.22E-10 -9.912 

CuHSO4+ 1.50E-09 1.10E-09 -8.96 

CuOH+ 4.16E-09 3.04E-09 -8.518 

CuSO4 (aq) 1.09E-06 1.20E-06 -5.92 

Fe(OH)2+ 1.36E-06 9.92E-07 -6.004 

Fe(OH)3 (aq) 5.22E-13 5.75E-13 -12.24 

Fe(OH)4- 1.62E-17 1.18E-17 -16.926 

Fe(SO4)2- 5.56E-10 4.06E-10 -9.391 

Fe+3 8.85E-06 5.24E-07 -6.281 

Fe2(OH)2+4 5.68E-08 3.73E-10 -9.429 

Fe3(OH)4+5 2.16E-10 8.39E-14 -13.076 

FeH2BO3+2 1.46E-09 4.16E-10 -9.381 

FeOH+2 1.81E-05 5.16E-06 -5.287 

FeSO4+ 7.25E-07 5.29E-07 -6.276 

H+1 1.31E-03 9.55E-04 -3.02 

H10(BO3)4-2 5.17E-26 1.47E-26 -25.833 

H2AsO4- 8.88E-17 6.48E-17 -16.188 

H2BO3- 5.13E-11 3.75E-11 -10.426 

H2CO3* (aq) 4.09E-05 4.51E-05 -4.346 

H3AsO4 1.12E-17 1.24E-17 -16.908 

H3BO3 5.59E-05 6.16E-05 -4.21 

H5(BO3)2- 2.69E-15 1.97E-15 -14.706 

H8(BO3)3- 1.66E-17 1.21E-17 -16.916 

HAsO4-2 2.44E-20 6.95E-21 -20.158 

HCO3- 2.88E-08 2.10E-08 -7.678 

HSO4- 7.26E-06 5.31E-06 -5.275 

Mg+2 2.72E-01 7.73E-02 -1.112 

Mg2CO3+2 8.42E-14 2.40E-14 -13.621 

MgCO3 (aq) 6.01E-14 6.63E-14 -13.179 

MgH2BO3+ 1.36E-10 9.95E-11 -10.002 

MgHCO3+ 2.28E-08 1.66E-08 -7.779 

MgOH+ 4.18E-10 3.05E-10 -9.515 

MgSO4 (aq) 7.25E-04 8.00E-04 -3.097 

OH- 1.42E-11 1.04E-11 -10.983 

SO4-2 2.00E-04 5.69E-05 -4.245 

Zn(CO3)2-2 2.11E-39 6.02E-40 -39.221 

Zn(H2BO3)2 (aq) 4.26E-34 4.70E-34 -33.328 

Zn(OH)2 (aq) 3.50E-28 3.86E-28 -27.414 

Zn(OH)3- 1.73E-36 1.27E-36 -35.897 

Zn(OH)4-2 7.33E-46 2.09E-46 -45.681 

Zn(SO4)2-2 6.14E-22 1.75E-22 -21.758 

Zn+2 9.97E-17 2.84E-17 -16.547 

Zn2OH+3 1.41E-38 8.36E-40 -39.078 

ZnCO3 (aq) 1.53E-27 1.68E-27 -26.774 

ZnH2BO3+ 3.62E-26 2.65E-26 -25.577 

ZnHCO3+ 2.58E-23 1.88E-23 -22.725 
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 RAP4, pH=4.48 

 Concentration Activity Log activity 

Al(OH)2+ 1.89E-06 1.39E-06 -5.858 

Al(OH)3 (aq) 1.48E-08 1.65E-08 -7.782 

Al(OH)4- 3.29E-10 2.41E-10 -9.618 

Al(SO4)2- 5.96E-08 4.36E-08 -7.36 

Al+3 5.15E-04 3.09E-05 -4.51 

Al2(OH)2+4 2.54E-06 1.70E-08 -7.769 

Al2(OH)2CO3+2 6.16E-08 1.76E-08 -7.754 

Al3(OH)4+5 7.38E-07 2.97E-10 -9.527 

AlOH+2 3.23E-05 9.24E-06 -5.034 

AlSO4+ 1.78E-05 1.30E-05 -4.885 

AsO4-3 1.78E-25 1.07E-26 -25.971 

Ba+2 5.59E-05 1.60E-05 -4.796 

BaCO3 (aq) 7.56E-15 8.42E-15 -14.075 

BaH2BO3+ 1.31E-24 9.56E-25 -24.019 

BaHCO3+ 1.51E-10 1.11E-10 -9.956 

BaOH+ 2.86E-14 2.09E-14 -13.68 

BaSO4 (aq) 1.18E-07 1.32E-07 -6.881 

Ca+2 4.05E-03 1.16E-03 -2.936 

CaCO3 (aq) 1.77E-12 1.98E-12 -11.704 

CaH2BO3+ 1.77E-22 1.29E-22 -21.889 

CaHCO3+ 1.46E-08 1.07E-08 -7.97 

CaOH+ 9.47E-12 6.93E-12 -11.16 

CaSO4 (aq) 1.45E-05 1.62E-05 -4.791 

CO3-2 3.59E-12 1.03E-12 -11.989 

Cu(CO3)2-2 2.35E-19 6.74E-20 -19.171 

Cu(H2BO3)2 (aq) 1.05E-40 1.17E-40 -39.931 

Cu(OH)2 (aq) 1.89E-13 2.10E-13 -12.678 

Cu(OH)3- 3.32E-19 2.43E-19 -18.615 

Cu(OH)4-2 2.05E-27 5.87E-28 -27.232 

Cu+2 1.41E-05 4.04E-06 -5.394 

Cu2(OH)2+2 1.61E-12 4.62E-13 -12.336 

Cu2OH+3 1.58E-12 9.45E-14 -13.025 

Cu3(OH)4+2 2.92E-19 8.37E-20 -19.077 

CuCO3 (aq) 2.19E-11 2.44E-11 -10.613 

CuH2BO3+ 1.02E-22 7.46E-23 -22.127 

CuHCO3+ 2.53E-10 1.85E-10 -9.734 

CuHSO4+ 2.44E-12 1.78E-12 -11.749 

CuOH+ 5.22E-09 3.82E-09 -8.418 

CuSO4 (aq) 5.06E-08 5.64E-08 -7.249 

Fe(OH)2+ 2.04E-05 1.50E-05 -4.825 

Fe(OH)3 (aq) 2.24E-10 2.50E-10 -9.602 

Fe(OH)4- 2.03E-13 1.48E-13 -12.829 

Fe(SO4)2- 1.16E-11 8.48E-12 -11.071 

Fe+3 1.59E-07 9.52E-09 -8.021 

Fe2(OH)2+4 1.52E-08 1.02E-10 -9.991 

Fe3(OH)4+5 8.61E-10 3.47E-13 -12.46 

FeH2BO3+2 1.38E-21 3.94E-22 -21.405 

FeOH+2 9.44E-06 2.70E-06 -5.568 

FeSO4+ 1.41E-08 1.03E-08 -7.986 

H+1 4.53E-05 3.31E-05 -4.48 

H10(BO3)4-2 4.55E-70 1.30E-70 -69.886 

H2AsO4- 9.88E-17 7.23E-17 -16.141 

H2BO3- 2.67E-21 1.95E-21 -20.709 

H2CO3* (aq) 4.85E-05 5.40E-05 -4.268 

H3AsO4 4.29E-19 4.77E-19 -18.321 

H3BO3 1.00E-16 1.11E-16 -15.953 

H5(BO3)2- 2.53E-37 1.85E-37 -36.733 

H8(BO3)3- 2.82E-51 2.06E-51 -50.686 

HAsO4-2 7.80E-19 2.23E-19 -18.651 

HCO3- 9.91E-07 7.25E-07 -6.14 

HSO4- 2.70E-07 1.97E-07 -6.705 

Mg+2 2.72E-01 7.77E-02 -1.109 

Mg2CO3+2 8.43E-11 2.41E-11 -10.618 

MgCO3 (aq) 5.96E-11 6.63E-11 -10.178 

MgH2BO3+ 7.13E-21 5.21E-21 -20.283 

MgHCO3+ 7.90E-07 5.78E-07 -6.238 

MgOH+ 1.21E-08 8.84E-09 -8.053 

MgSO4 (aq) 7.74E-04 8.62E-04 -3.064 

OH- 4.09E-10 2.99E-10 -9.524 

SO4-2 2.13E-04 6.10E-05 -4.215 

Zn(CO3)2-2 2.09E-33 5.99E-34 -33.222 

Zn(H2BO3)2 (aq) 1.15E-54 1.28E-54 -53.892 

Zn(OH)2 (aq) 2.89E-25 3.22E-25 -24.493 

Zn(OH)3- 4.16E-32 3.04E-32 -31.517 

Zn(OH)4-2 5.04E-40 1.44E-40 -39.841 

Zn(SO4)2-2 7.06E-22 2.02E-22 -21.695 

Zn+2 9.97E-17 2.85E-17 -16.545 

Zn2OH+3 4.06E-37 2.44E-38 -37.613 

ZnCO3 (aq) 1.51E-24 1.68E-24 -23.773 

ZnH2BO3+ 1.90E-36 1.39E-36 -35.858 

ZnHCO3+ 8.94E-22 6.54E-22 -21.184 
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 RAP4, pH=5.38 

 Concentration Activity Log activity 

Al(OH)2+ 1.14E-05 8.31E-06 -5.081 

Al(OH)3 (aq) 7.10E-07 7.87E-07 -6.104 

Al(OH)4- 1.25E-07 9.12E-08 -7.04 

Al(SO4)2- 2.63E-08 1.92E-08 -7.717 

Al+3 4.93E-05 2.93E-06 -5.533 

Al2(OH)2+4 1.46E-06 9.69E-09 -8.014 

Al2(OH)2CO3+2 1.98E-05 5.63E-06 -5.249 

Al3(OH)4+5 2.57E-06 1.01E-09 -8.994 

AlOH+2 2.44E-05 6.97E-06 -5.157 

AlSO4+ 3.64E-06 2.66E-06 -5.575 

AsO4-3 1.12E-12 6.65E-14 -13.177 

Ba+2 9.28E-07 2.65E-07 -6.577 

BaCO3 (aq) 7.06E-14 7.82E-14 -13.107 

BaH2BO3+ 1.71E-25 1.25E-25 -24.903 

BaHCO3+ 1.77E-10 1.29E-10 -9.888 

BaOH+ 3.76E-15 2.75E-15 -14.561 

BaSO4 (aq) 4.23E-09 4.69E-09 -8.329 

Ca+2 5.57E-02 1.59E-02 -1.799 

CaCO3 (aq) 1.37E-08 1.52E-08 -7.818 

CaH2BO3+ 1.91E-20 1.40E-20 -19.855 

CaHCO3+ 1.42E-05 1.04E-05 -4.984 

CaOH+ 1.03E-09 7.54E-10 -9.123 

CaSO4 (aq) 4.31E-04 4.78E-04 -3.321 

CO3-2 2.02E-09 5.76E-10 -9.239 

Cu(CO3)2-2 3.88E-15 1.11E-15 -14.956 

Cu(H2BO3)2 (aq) 3.45E-40 3.82E-40 -39.418 

Cu(OH)2 (aq) 6.24E-13 6.92E-13 -12.16 

Cu(OH)3- 8.70E-18 6.36E-18 -17.197 

Cu(OH)4-2 4.28E-25 1.22E-25 -24.913 

Cu+2 7.38E-07 2.11E-07 -6.677 

Cu2(OH)2+2 2.78E-13 7.93E-14 -13.101 

Cu2OH+3 3.43E-14 2.04E-15 -14.69 

Cu3(OH)4+2 1.66E-19 4.73E-20 -19.325 

CuCO3 (aq) 6.45E-10 7.14E-10 -9.146 

CuH2BO3+ 4.21E-23 3.07E-23 -22.512 

CuHCO3+ 9.31E-10 6.81E-10 -9.167 

CuHSO4+ 3.45E-14 2.52E-14 -13.599 

CuOH+ 2.17E-09 1.58E-09 -8.8 

CuSO4 (aq) 5.71E-09 6.33E-09 -8.199 

Fe(OH)2+ 5.50E-04 4.02E-04 -3.396 

Fe(OH)3 (aq) 4.82E-08 5.34E-08 -7.272 

Fe(OH)4- 3.45E-10 2.52E-10 -9.599 

Fe(SO4)2- 2.29E-11 1.68E-11 -10.776 

Fe+3 6.82E-08 4.05E-09 -8.392 

Fe2(OH)2+4 1.77E-07 1.17E-09 -8.932 

Fe3(OH)4+5 2.71E-07 1.07E-10 -9.971 

FeH2BO3+2 4.64E-21 1.32E-21 -20.878 

FeOH+2 3.21E-05 9.14E-06 -5.039 

FeSO4+ 1.29E-08 9.46E-09 -8.024 

H+1 5.70E-06 4.17E-06 -5.38 

H10(BO3)4-2 2.82E-68 8.05E-69 -68.094 

H2AsO4- 9.75E-06 7.12E-06 -5.147 

H2BO3- 2.11E-20 1.54E-20 -19.812 

H2CO3* (aq) 4.34E-04 4.80E-04 -3.318 

H3AsO4 5.35E-09 5.92E-09 -8.227 

H3BO3 1.00E-16 1.11E-16 -15.956 

H5(BO3)2- 1.99E-36 1.45E-36 -35.837 

H8(BO3)3- 2.20E-50 1.61E-50 -49.793 

HAsO4-2 6.13E-07 1.75E-07 -6.757 

HCO3- 7.01E-05 5.12E-05 -4.29 

HSO4- 7.32E-08 5.35E-08 -7.272 

Mg+2 1.54E-02 4.40E-03 -2.357 

Mg2CO3+2 1.52E-10 4.33E-11 -10.363 

MgCO3 (aq) 1.90E-09 2.11E-09 -8.676 

MgH2BO3+ 3.19E-21 2.33E-21 -20.633 

MgHCO3+ 3.16E-06 2.31E-06 -5.636 

MgOH+ 5.44E-09 3.97E-09 -8.401 

MgSO4 (aq) 9.48E-05 1.05E-04 -3.979 

OH- 3.26E-09 2.38E-09 -8.624 

SO4-2 4.60E-04 1.31E-04 -3.882 

Zn(CO3)2-2 6.57E-28 1.87E-28 -27.727 

Zn(H2BO3)2 (aq) 7.18E-53 7.95E-53 -52.1 

Zn(OH)2 (aq) 1.82E-23 2.02E-23 -22.696 

Zn(OH)3- 2.07E-29 1.52E-29 -28.819 

Zn(OH)4-2 2.00E-36 5.72E-37 -36.243 

Zn(SO4)2-2 3.26E-21 9.29E-22 -21.032 

Zn+2 9.92E-17 2.83E-17 -16.548 

Zn2OH+3 3.20E-36 1.90E-37 -36.72 

ZnCO3 (aq) 8.47E-22 9.38E-22 -21.028 

ZnH2BO3+ 1.49E-35 1.09E-35 -34.964 

ZnHCO3+ 6.27E-20 4.58E-20 -19.339 
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 RAP4, pH=6.27 

 Concentration Activity Log activity 

Al(OH)2+ 5.87E-06 4.48E-06 -5.349 

Al(OH)3 (aq) 3.22E-06 3.33E-06 -5.478 

Al(OH)4- 3.96E-06 3.03E-06 -5.519 

Al(SO4)2- 3.18E-11 2.43E-11 -10.615 

Al+3 2.92E-07 2.56E-08 -7.591 

Al2(OH)2+4 3.44E-09 4.57E-11 -10.34 

Al2(OH)2CO3+2 1.77E-06 5.99E-07 -6.222 

Al3(OH)4+5 2.21E-09 2.58E-12 -11.589 

AlOH+2 1.41E-06 4.79E-07 -6.32 

AlSO4+ 1.16E-08 8.85E-09 -8.053 

AsO4-3 2.61E-11 2.29E-12 -11.64 

Ba+2 1.69E-05 5.74E-06 -5.241 

BaCO3 (aq) 3.71E-11 3.83E-11 -10.417 

BaH2BO3+ 2.56E-23 1.96E-23 -22.708 

BaHCO3+ 1.07E-08 8.16E-09 -8.088 

BaOH+ 6.13E-13 4.68E-13 -12.33 

BaSO4 (aq) 3.74E-08 3.86E-08 -7.413 

Ca+2 9.95E-17 3.38E-17 -16.471 

CaCO3 (aq) 7.05E-22 7.28E-22 -21.138 

CaH2BO3+ 2.81E-34 2.14E-34 -33.669 

CaHCO3+ 8.39E-20 6.40E-20 -19.194 

CaOH+ 1.65E-23 1.26E-23 -22.9 

CaSO4 (aq) 3.74E-19 3.86E-19 -18.413 

CO3-2 3.83E-08 1.30E-08 -7.886 

Cu(CO3)2-2 3.33E-11 1.13E-11 -10.947 

Cu(H2BO3)2 (aq) 3.86E-37 3.99E-37 -36.399 

Cu(OH)2 (aq) 8.27E-10 8.54E-10 -9.069 

Cu(OH)3- 8.07E-14 6.16E-14 -13.211 

Cu(OH)4-2 2.73E-20 9.27E-21 -20.033 

Cu+2 1.24E-05 4.22E-06 -5.375 

Cu2(OH)2+2 5.78E-09 1.96E-09 -8.707 

Cu2OH+3 7.32E-11 6.44E-12 -11.191 

Cu3(OH)4+2 4.26E-12 1.45E-12 -11.84 

CuCO3 (aq) 3.13E-07 3.23E-07 -6.491 

CuH2BO3+ 5.83E-21 4.45E-21 -20.352 

CuHCO3+ 5.19E-08 3.96E-08 -7.402 

CuHSO4+ 3.24E-14 2.47E-14 -13.607 

CuOH+ 3.26E-07 2.49E-07 -6.604 

CuSO4 (aq) 4.67E-08 4.82E-08 -7.317 

Fe(OH)2+ 2.77E-06 2.12E-06 -5.674 

Fe(OH)3 (aq) 2.14E-09 2.21E-09 -8.656 

Fe(OH)4- 1.07E-10 8.16E-11 -10.088 

Fe(SO4)2- 2.71E-16 2.07E-16 -15.684 

Fe+3 3.94E-12 3.47E-13 -12.46 

Fe2(OH)2+4 3.97E-14 5.26E-16 -15.279 

Fe3(OH)4+5 2.17E-16 2.53E-19 -18.597 

FeH2BO3+2 2.41E-24 8.17E-25 -24.088 

FeOH+2 1.81E-08 6.13E-09 -8.212 

FeSO4+ 4.03E-13 3.07E-13 -12.512 

H+1 7.04E-07 5.37E-07 -6.27 

H10(BO3)4-2 1.07E-66 3.62E-67 -66.442 

H2AsO4- 5.34E-06 4.08E-06 -5.39 

H2BO3- 1.46E-19 1.11E-19 -18.953 

H2CO3* (aq) 1.74E-04 1.80E-04 -3.745 

H3AsO4 4.23E-10 4.37E-10 -9.36 

H3BO3 9.97E-17 1.03E-16 -15.987 

H5(BO3)2- 1.28E-35 9.75E-36 -35.011 

H8(BO3)3- 1.32E-49 1.00E-49 -48.998 

HAsO4-2 2.29E-06 7.77E-07 -6.11 

HCO3- 1.95E-04 1.49E-04 -3.827 

HSO4- 3.43E-09 2.62E-09 -8.582 

Mg+2 8.16E-02 2.77E-02 -1.558 

Mg2CO3+2 1.14E-07 3.87E-08 -7.412 

MgCO3 (aq) 2.90E-07 2.99E-07 -6.524 

MgH2BO3+ 1.39E-19 1.06E-19 -18.975 

MgHCO3+ 5.53E-05 4.22E-05 -4.374 

MgOH+ 2.57E-07 1.96E-07 -6.707 

MgSO4 (aq) 2.43E-04 2.51E-04 -3.6 

OH- 2.44E-08 1.87E-08 -7.729 

SO4-2 1.47E-04 4.99E-05 -4.302 

Zn(CO3)2-2 3.34E-25 1.13E-25 -24.945 

Zn(H2BO3)2 (aq) 4.78E-51 4.93E-51 -50.307 

Zn(OH)2 (aq) 1.43E-21 1.48E-21 -20.83 

Zn(OH)3- 1.14E-26 8.72E-27 -26.059 

Zn(OH)4-2 7.60E-33 2.58E-33 -32.588 

Zn(SO4)2-2 4.71E-22 1.60E-22 -21.796 

Zn+2 9.93E-17 3.37E-17 -16.472 

Zn2OH+3 2.41E-35 2.12E-36 -35.673 

ZnCO3 (aq) 2.44E-20 2.52E-20 -19.599 

ZnH2BO3+ 1.22E-34 9.34E-35 -34.03 

ZnHCO3+ 2.08E-19 1.59E-19 -18.8 
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 RAP4, pH=7.35 

 Concentration Activity Log activity 

Al(OH)2+ 1.84E-07 1.53E-07 -6.815 

Al(OH)3 (aq) 1.36E-06 1.37E-06 -5.863 

Al(OH)4- 1.81E-05 1.50E-05 -4.823 

Al(SO4)2- 7.17E-15 5.97E-15 -14.224 

Al+3 3.12E-11 6.02E-12 -11.22 

Al2(OH)2+4 6.82E-15 3.67E-16 -15.436 

Al2(OH)2CO3+2 2.81E-10 1.35E-10 -9.869 

Al3(OH)4+5 6.79E-17 7.06E-19 -18.151 

AlOH+2 2.82E-09 1.36E-09 -8.868 

AlSO4+ 2.55E-12 2.13E-12 -11.672 

AsO4-3 2.03E-10 3.92E-11 -10.407 

Ba+2 5.06E-06 2.43E-06 -5.614 

BaCO3 (aq) 4.52E-10 4.56E-10 -9.341 

BaH2BO3+ 1.15E-22 9.60E-23 -22.018 

BaHCO3+ 9.72E-09 8.10E-09 -8.092 

BaOH+ 2.87E-12 2.39E-12 -11.621 

BaSO4 (aq) 1.66E-08 1.68E-08 -7.775 

Ca+2 9.92E-17 4.78E-17 -16.321 

CaCO3 (aq) 2.87E-20 2.90E-20 -19.538 

CaH2BO3+ 4.21E-33 3.51E-33 -32.455 

CaHCO3+ 2.54E-19 2.12E-19 -18.674 

CaOH+ 2.58E-22 2.15E-22 -21.669 

CaSO4 (aq) 5.54E-19 5.59E-19 -18.253 

CO3-2 7.59E-07 3.65E-07 -6.437 

Cu(CO3)2-2 8.56E-20 4.12E-20 -19.385 

Cu(H2BO3)2 (aq) 2.44E-46 2.46E-46 -45.609 

Cu(OH)2 (aq) 5.68E-19 5.73E-19 -18.242 

Cu(OH)3- 5.98E-22 4.99E-22 -21.302 

Cu(OH)4-2 1.88E-27 9.06E-28 -27.043 

Cu+2 4.04E-17 1.95E-17 -16.711 

Cu2(OH)2+2 1.26E-29 6.08E-30 -29.216 

Cu2OH+3 8.56E-33 1.65E-33 -32.782 

Cu3(OH)4+2 6.24E-42 3.01E-42 -41.522 

CuCO3 (aq) 4.15E-17 4.19E-17 -16.378 

CuH2BO3+ 2.85E-31 2.37E-31 -30.625 

CuHCO3+ 5.14E-19 4.28E-19 -18.369 

CuHSO4+ 1.17E-26 9.72E-27 -26.012 

CuOH+ 1.66E-17 1.39E-17 -16.858 

CuSO4 (aq) 2.26E-19 2.28E-19 -18.642 

Fe(OH)2+ 7.38E-07 6.15E-07 -6.211 

Fe(OH)3 (aq) 7.66E-09 7.73E-09 -8.112 

Fe(OH)4- 4.14E-09 3.45E-09 -8.462 

Fe(SO4)2- 5.20E-19 4.33E-19 -18.363 

Fe+3 3.58E-15 6.92E-16 -15.16 

Fe2(OH)2+4 5.68E-18 3.05E-19 -18.515 

Fe3(OH)4+5 4.10E-21 4.26E-23 -22.37 

FeH2BO3+2 3.92E-26 1.89E-26 -25.724 

FeOH+2 3.07E-10 1.48E-10 -9.831 

FeSO4+ 7.54E-16 6.28E-16 -15.202 

H+1 5.36E-08 4.47E-08 -7.35 

H10(BO3)4-2 9.29E-65 4.47E-65 -64.349 

H2AsO4- 5.79E-07 4.82E-07 -6.317 

H2BO3- 1.55E-18 1.29E-18 -17.89 

H2CO3* (aq) 3.47E-05 3.50E-05 -4.456 

H3AsO4 4.26E-12 4.30E-12 -11.367 

H3BO3 9.81E-17 9.90E-17 -16.004 

H5(BO3)2- 1.30E-34 1.08E-34 -33.965 

H8(BO3)3- 1.29E-48 1.07E-48 -47.969 

HAsO4-2 2.29E-06 1.10E-06 -5.957 

HCO3- 4.18E-04 3.48E-04 -3.458 

HSO4- 2.68E-10 2.23E-10 -9.652 

Mg+2 1.43E-02 6.91E-03 -2.161 

Mg2CO3+2 1.41E-07 6.78E-08 -7.169 

MgCO3 (aq) 2.08E-06 2.10E-06 -5.678 

MgH2BO3+ 3.67E-19 3.05E-19 -18.515 

MgHCO3+ 2.96E-05 2.47E-05 -4.608 

MgOH+ 7.10E-07 5.91E-07 -6.228 

MgSO4 (aq) 6.36E-05 6.42E-05 -4.192 

OH- 2.70E-07 2.25E-07 -6.648 

SO4-2 1.06E-04 5.11E-05 -4.292 

Zn(CO3)2-2 2.57E-22 1.24E-22 -21.908 

Zn(H2BO3)2 (aq) 8.99E-49 9.08E-49 -48.042 

Zn(OH)2 (aq) 2.93E-19 2.96E-19 -18.529 

Zn(OH)3- 2.53E-23 2.11E-23 -22.676 

Zn(OH)4-2 1.56E-28 7.52E-29 -28.124 

Zn(SO4)2-2 4.79E-22 2.31E-22 -21.637 

Zn+2 9.64E-17 4.64E-17 -16.333 

Zn2OH+3 2.51E-34 4.85E-35 -34.314 

ZnCO3 (aq) 9.67E-19 9.76E-19 -18.011 

ZnH2BO3+ 1.78E-33 1.49E-33 -32.828 

ZnHCO3+ 6.13E-19 5.11E-19 -18.292 
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 RAP4, pH=8.78 

 Concentration Activity Log activity 

Al(OH)2+ 1.40E-21 1.31E-21 -20.883 

Al(OH)3 (aq) 3.16E-19 3.16E-19 -18.5 

Al(OH)4- 9.97E-17 9.35E-17 -16.029 

Al(SO4)2- 1.05E-32 9.82E-33 -32.008 

Al+3 1.27E-28 7.09E-29 -28.149 

Al2(OH)2+4 1.04E-46 3.69E-47 -46.433 

Al2(OH)2CO3+2 3.15E-40 2.43E-40 -39.614 

Al3(OH)4+5 3.06E-63 6.08E-64 -63.216 

AlOH+2 5.57E-25 4.30E-25 -24.366 

AlSO4+ 9.99E-30 9.36E-30 -29.029 

AsO4-3 6.43E-10 3.60E-10 -9.444 

Ba+2 9.94E-17 7.68E-17 -16.115 

BaCO3 (aq) 2.56E-19 2.57E-19 -18.591 

BaH2BO3+ 6.34E-32 5.94E-32 -31.226 

BaHCO3+ 1.80E-19 1.69E-19 -18.772 

BaOH+ 2.17E-21 2.03E-21 -20.692 

BaSO4 (aq) 1.97E-19 1.98E-19 -18.704 

Ca+2 6.89E-04 5.32E-04 -3.274 

CaCO3 (aq) 5.75E-06 5.76E-06 -5.24 

CaH2BO3+ 8.18E-19 7.67E-19 -18.115 

CaHCO3+ 1.67E-06 1.56E-06 -5.806 

CaOH+ 6.87E-08 6.44E-08 -7.191 

CaSO4 (aq) 2.32E-06 2.33E-06 -5.633 

CO3-2 8.44E-06 6.52E-06 -5.186 

Cu(CO3)2-2 2.65E-10 2.05E-10 -9.689 

Cu(H2BO3)2 (aq) 1.48E-36 1.48E-36 -35.83 

Cu(OH)2 (aq) 6.49E-09 6.49E-09 -8.188 

Cu(OH)3- 1.62E-10 1.52E-10 -9.818 

Cu(OH)4-2 9.65E-15 7.45E-15 -14.128 

Cu+2 3.93E-10 3.04E-10 -9.518 

Cu2(OH)2+2 1.39E-12 1.07E-12 -11.969 

Cu2OH+3 1.94E-17 1.08E-17 -16.965 

Cu3(OH)4+2 7.78E-15 6.01E-15 -14.221 

CuCO3 (aq) 1.16E-08 1.17E-08 -7.933 

CuH2BO3+ 7.75E-23 7.26E-23 -22.139 

CuHCO3+ 4.72E-12 4.42E-12 -11.354 

CuHSO4+ 2.24E-21 2.10E-21 -20.677 

CuOH+ 6.21E-09 5.83E-09 -8.235 

CuSO4 (aq) 1.33E-12 1.33E-12 -11.877 

Fe(OH)2+ 1.86E-17 1.74E-17 -16.76 

Fe(OH)3 (aq) 5.89E-18 5.89E-18 -17.23 

Fe(OH)4- 7.56E-17 7.08E-17 -16.15 

Fe(SO4)2- 2.51E-33 2.35E-33 -32.628 

Fe+3 4.82E-29 2.69E-29 -28.57 

Fe2(OH)2+4 9.45E-43 3.36E-43 -42.473 

Fe3(OH)4+5 6.67E-57 1.33E-57 -56.877 

FeH2BO3+2 1.87E-38 1.44E-38 -37.841 

FeOH+2 2.01E-22 1.55E-22 -21.81 

FeSO4+ 9.75E-30 9.14E-30 -29.039 

H+1 1.77E-09 1.66E-09 -8.78 

H10(BO3)4-2 1.19E-62 9.17E-63 -62.037 

H2AsO4- 6.51E-09 6.11E-09 -8.214 

H2BO3- 2.70E-17 2.53E-17 -16.597 

H2CO3* (aq) 8.61E-07 8.61E-07 -6.065 

H3AsO4 2.02E-15 2.02E-15 -14.694 

H3BO3 7.22E-17 7.22E-17 -16.141 

H5(BO3)2- 1.66E-33 1.55E-33 -32.809 

H8(BO3)3- 1.20E-47 1.12E-47 -46.95 

HAsO4-2 4.87E-07 3.76E-07 -6.424 

HCO3- 2.46E-04 2.31E-04 -3.637 

HSO4- 3.30E-12 3.09E-12 -11.509 

Mg+2 9.20E-05 7.10E-05 -4.148 

Mg2CO3+2 1.66E-10 1.28E-10 -9.893 

MgCO3 (aq) 3.85E-07 3.85E-07 -6.414 

MgH2BO3+ 6.58E-20 6.17E-20 -19.21 

MgHCO3+ 1.79E-07 1.68E-07 -6.774 

MgOH+ 1.75E-07 1.64E-07 -6.786 

MgSO4 (aq) 2.46E-07 2.47E-07 -6.608 

OH- 6.47E-06 6.07E-06 -5.217 

SO4-2 2.47E-05 1.91E-05 -4.719 

Zn(CO3)2-2 1.58E-20 1.22E-20 -19.915 

Zn(H2BO3)2 (aq) 1.08E-46 1.08E-46 -45.966 

Zn(OH)2 (aq) 6.64E-17 6.65E-17 -16.177 

Zn(OH)3- 1.36E-19 1.28E-19 -18.894 

Zn(OH)4-2 1.59E-23 1.23E-23 -22.911 

Zn(SO4)2-2 1.29E-23 9.96E-24 -23.002 

Zn+2 1.86E-17 1.44E-17 -16.843 

Zn2OH+3 2.23E-34 1.25E-34 -33.903 

ZnCO3 (aq) 5.38E-18 5.38E-18 -17.269 

ZnH2BO3+ 9.63E-33 9.03E-33 -32.045 

ZnHCO3+ 1.12E-19 1.05E-19 -18.98 
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 RAP4, pH=9.89 

 Concentration Activity Log activity 

Al(OH)2+ 7.81E-13 7.42E-13 -12.13 

Al(OH)3 (aq) 2.31E-09 2.31E-09 -8.637 

Al(OH)4- 9.26E-06 8.79E-06 -5.056 

Al(SO4)2- 3.31E-26 3.14E-26 -25.503 

Al+3 3.87E-22 2.42E-22 -21.616 

Al2(OH)2+4 1.64E-31 7.15E-32 -31.145 

Al2(OH)2CO3+2 1.50E-24 1.22E-24 -23.915 

Al3(OH)4+5 2.45E-39 6.68E-40 -39.175 

AlOH+2 2.33E-17 1.89E-17 -16.723 

AlSO4+ 3.26E-23 3.10E-23 -22.509 

AsO4-3 1.57E-18 9.82E-19 -18.008 

Ba+2 9.90E-17 8.04E-17 -16.095 

BaCO3 (aq) 6.95E-19 6.95E-19 -18.158 

BaH2BO3+ 2.00E-31 1.90E-31 -30.722 

BaHCO3+ 3.75E-20 3.56E-20 -19.449 

BaOH+ 2.89E-20 2.74E-20 -19.562 

BaSO4 (aq) 2.00E-19 2.00E-19 -18.698 

Ca+2 4.68E-04 3.80E-04 -3.42 

CaCO3 (aq) 1.06E-05 1.06E-05 -4.973 

CaH2BO3+ 1.76E-18 1.67E-18 -17.777 

CaHCO3+ 2.36E-07 2.24E-07 -6.649 

CaOH+ 6.25E-07 5.93E-07 -6.227 

CaSO4 (aq) 1.61E-06 1.61E-06 -5.793 

CO3-2 2.08E-05 1.69E-05 -4.773 

Cu(CO3)2-2 3.36E-10 2.73E-10 -9.564 

Cu(H2BO3)2 (aq) 2.74E-36 2.74E-36 -35.562 

Cu(OH)2 (aq) 2.15E-07 2.15E-07 -6.668 

Cu(OH)3- 6.83E-08 6.49E-08 -7.188 

Cu(OH)4-2 5.04E-11 4.09E-11 -10.388 

Cu+2 7.46E-11 6.06E-11 -10.218 

Cu2(OH)2+2 8.72E-12 7.08E-12 -11.15 

Cu2OH+3 8.86E-18 5.55E-18 -17.256 

Cu3(OH)4+2 1.62E-12 1.31E-12 -11.882 

CuCO3 (aq) 6.01E-09 6.01E-09 -8.221 

CuH2BO3+ 4.65E-23 4.41E-23 -22.355 

CuHCO3+ 1.86E-13 1.77E-13 -12.752 

CuHSO4+ 3.32E-23 3.15E-23 -22.501 

CuOH+ 1.58E-08 1.50E-08 -7.825 

CuSO4 (aq) 2.56E-13 2.56E-13 -12.591 

Fe(OH)2+ 1.47E-19 1.39E-19 -18.856 

Fe(OH)3 (aq) 6.08E-19 6.08E-19 -18.216 

Fe(OH)4- 9.92E-17 9.42E-17 -16.026 

Fe(SO4)2- 1.12E-37 1.07E-37 -36.973 

Fe+3 2.08E-33 1.30E-33 -32.886 

Fe2(OH)2+4 2.99E-49 1.30E-49 -48.886 

Fe3(OH)4+5 1.51E-65 4.12E-66 -65.385 

FeH2BO3+2 2.61E-42 2.12E-42 -41.673 

FeOH+2 1.19E-25 9.64E-26 -25.016 

FeSO4+ 4.50E-34 4.27E-34 -33.369 

H+1 1.36E-10 1.29E-10 -9.89 

H10(BO3)4-2 5.88E-63 4.77E-63 -62.321 

H2AsO4- 1.06E-19 1.01E-19 -18.998 

H2BO3- 8.12E-17 7.70E-17 -16.113 

H2CO3* (aq) 1.34E-08 1.34E-08 -7.872 

H3AsO4 2.58E-27 2.58E-27 -26.588 

H3BO3 1.71E-17 1.71E-17 -16.767 

H5(BO3)2- 1.18E-33 1.12E-33 -32.951 

H8(BO3)3- 2.02E-48 1.92E-48 -47.718 

HAsO4-2 9.83E-17 7.98E-17 -16.098 

HCO3- 4.88E-05 4.63E-05 -4.334 

HSO4- 2.45E-13 2.33E-13 -12.633 

Mg+2 9.62E-17 7.81E-17 -16.107 

Mg2CO3+2 4.92E-34 4.00E-34 -33.398 

MgCO3 (aq) 1.09E-18 1.09E-18 -17.961 

MgH2BO3+ 2.18E-31 2.07E-31 -30.685 

MgHCO3+ 3.91E-20 3.71E-20 -19.431 

MgOH+ 2.44E-18 2.32E-18 -17.634 

MgSO4 (aq) 2.62E-19 2.63E-19 -18.581 

OH- 8.23E-05 7.82E-05 -4.107 

SO4-2 2.28E-05 1.85E-05 -4.733 

Zn(CO3)2-2 8.73E-22 7.09E-22 -21.149 

Zn(H2BO3)2 (aq) 8.76E-48 8.77E-48 -47.057 

Zn(OH)2 (aq) 9.62E-17 9.62E-17 -16.017 

Zn(OH)3- 2.51E-18 2.38E-18 -17.624 

Zn(OH)4-2 3.63E-21 2.95E-21 -20.531 

Zn(SO4)2-2 1.00E-25 8.14E-26 -25.089 

Zn+2 1.54E-19 1.25E-19 -18.903 

Zn2OH+3 1.95E-37 1.22E-37 -36.912 

ZnCO3 (aq) 1.21E-19 1.21E-19 -18.916 

ZnH2BO3+ 2.53E-34 2.40E-34 -33.62 

ZnHCO3+ 1.93E-22 1.83E-22 -21.737 
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 RAP4, pH=11.05 

 Concentration Activity Log activity 

Al(OH)2+ 2.36E-14 2.18E-14 -13.661 

Al(OH)3 (aq) 9.81E-10 9.83E-10 -9.008 

Al(OH)4- 5.86E-05 5.41E-05 -4.267 

Al(SO4)2- 4.78E-30 4.42E-30 -29.355 

Al+3 6.96E-26 3.42E-26 -25.466 

Al2(OH)2+4 1.05E-36 2.97E-37 -36.527 

Al2(OH)2CO3+2 4.70E-29 3.43E-29 -28.465 

Al3(OH)4+5 5.89E-46 8.17E-47 -46.088 

AlOH+2 5.29E-20 3.86E-20 -19.413 

AlSO4+ 4.72E-27 4.36E-27 -26.361 

AsO4-3 2.09E-17 1.03E-17 -16.989 

Ba+2 9.54E-17 6.95E-17 -16.158 

BaCO3 (aq) 4.07E-18 4.08E-18 -17.39 

BaH2BO3+ 2.10E-31 1.94E-31 -30.712 

BaHCO3+ 1.56E-20 1.44E-20 -19.841 

BaOH+ 3.71E-19 3.43E-19 -18.465 

BaSO4 (aq) 1.73E-19 1.73E-19 -18.762 

Ca+2 8.63E-17 6.29E-17 -16.201 

CaCO3 (aq) 1.19E-17 1.19E-17 -16.923 

CaH2BO3+ 3.54E-31 3.27E-31 -30.486 

CaHCO3+ 1.88E-20 1.74E-20 -19.759 

CaOH+ 1.53E-18 1.42E-18 -17.848 

CaSO4 (aq) 2.65E-19 2.66E-19 -18.576 

CO3-2 1.57E-04 1.14E-04 -3.942 

Cu(CO3)2-2 6.63E-21 4.83E-21 -20.316 

Cu(H2BO3)2 (aq) 1.47E-48 1.48E-48 -47.831 

Cu(OH)2 (aq) 1.73E-17 1.73E-17 -16.762 

Cu(OH)3- 8.17E-17 7.55E-17 -16.122 

Cu(OH)4-2 9.44E-19 6.88E-19 -18.162 

Cu+2 3.20E-23 2.33E-23 -22.632 

Cu2(OH)2+2 3.01E-34 2.20E-34 -33.658 

Cu2OH+3 2.43E-41 1.19E-41 -40.924 

Cu3(OH)4+2 4.50E-45 3.28E-45 -44.484 

CuCO3 (aq) 1.57E-20 1.57E-20 -19.804 

CuH2BO3+ 2.18E-35 2.01E-35 -34.696 

CuHCO3+ 3.46E-26 3.20E-26 -25.495 

CuHSO4+ 9.08E-37 8.39E-37 -36.076 

CuOH+ 9.02E-20 8.34E-20 -19.079 

CuSO4 (aq) 9.85E-26 9.86E-26 -25.006 

Fe(OH)2+ 7.08E-22 6.54E-22 -21.184 

Fe(OH)3 (aq) 4.12E-20 4.13E-20 -19.384 

Fe(OH)4- 1.00E-16 9.24E-17 -16.034 

Fe(SO4)2- 2.58E-42 2.38E-42 -41.623 

Fe+3 5.95E-38 2.92E-38 -37.534 

Fe2(OH)2+4 4.86E-56 1.37E-56 -55.863 

Fe3(OH)4+5 1.47E-74 2.04E-75 -74.691 

FeH2BO3+2 7.74E-47 5.64E-47 -46.249 

FeOH+2 4.30E-29 3.13E-29 -28.504 

FeSO4+ 1.04E-38 9.59E-39 -38.018 

H+1 9.65E-12 8.91E-12 -11.05 

H10(BO3)4-2 6.13E-65 4.47E-65 -64.35 

H2AsO4- 5.44E-21 5.02E-21 -20.299 

H2BO3- 9.86E-17 9.11E-17 -16.04 

H2CO3* (aq) 4.35E-10 4.36E-10 -9.361 

H3AsO4 8.92E-30 8.93E-30 -29.049 

H3BO3 1.40E-18 1.40E-18 -17.854 

H5(BO3)2- 1.17E-34 1.08E-34 -33.965 

H8(BO3)3- 1.64E-50 1.52E-50 -49.819 

HAsO4-2 7.91E-17 5.77E-17 -16.239 

HCO3- 2.35E-05 2.17E-05 -4.663 

HSO4- 1.74E-14 1.61E-14 -13.794 

Mg+2 7.09E-17 5.17E-17 -16.287 

Mg2CO3+2 1.63E-33 1.19E-33 -32.925 

MgCO3 (aq) 4.91E-18 4.91E-18 -17.309 

MgH2BO3+ 1.75E-31 1.62E-31 -30.791 

MgHCO3+ 1.25E-20 1.15E-20 -19.939 

MgOH+ 2.40E-17 2.22E-17 -16.654 

MgSO4 (aq) 1.73E-19 1.73E-19 -18.761 

OH- 1.22E-03 1.13E-03 -2.947 

SO4-2 2.53E-05 1.84E-05 -4.734 

Zn(CO3)2-2 1.60E-22 1.16E-22 -21.934 

Zn(H2BO3)2 (aq) 4.37E-50 4.37E-50 -49.359 

Zn(OH)2 (aq) 7.16E-17 7.17E-17 -16.145 

Zn(OH)3- 2.77E-17 2.56E-17 -16.592 

Zn(OH)4-2 6.29E-19 4.58E-19 -18.339 

Zn(SO4)2-2 3.97E-28 2.89E-28 -27.539 

Zn+2 6.12E-22 4.46E-22 -21.35 

Zn2OH+3 4.58E-41 2.25E-41 -40.648 

ZnCO3 (aq) 2.93E-21 2.94E-21 -20.532 

ZnH2BO3+ 1.10E-36 1.01E-36 -35.995 

ZnHCO3+ 3.32E-25 3.07E-25 -24.513 
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 RAP4, pH=11.99 

 Concentration Activity Log activity 

Al(OH)2+ 6.94E-16 5.82E-16 -15.235 

Al(OH)3 (aq) 2.26E-10 2.28E-10 -9.642 

Al(OH)4- 1.30E-04 1.09E-04 -3.962 

Al(SO4)2- 9.29E-34 7.79E-34 -33.108 

Al+3 5.83E-29 1.20E-29 -28.92 

Al2(OH)2+4 4.61E-41 2.79E-42 -41.555 

Al2(OH)2CO3+2 2.04E-33 1.01E-33 -32.995 

Al3(OH)4+5 1.64E-51 2.04E-53 -52.689 

AlOH+2 2.38E-22 1.18E-22 -21.927 

AlSO4+ 1.29E-30 1.09E-30 -29.964 

AsO4-3 7.88E-17 1.63E-17 -16.789 

Ba+2 2.07E-08 1.03E-08 -7.988 

BaCO3 (aq) 1.88E-09 1.90E-09 -8.722 

BaH2BO3+ 3.12E-23 2.62E-23 -22.582 

BaHCO3+ 9.18E-13 7.71E-13 -12.113 

BaOH+ 5.25E-10 4.41E-10 -9.356 

BaSO4 (aq) 1.79E-11 1.81E-11 -10.742 

Ca+2 2.90E-04 1.44E-04 -3.842 

CaCO3 (aq) 8.51E-05 8.58E-05 -4.066 

CaH2BO3+ 8.12E-19 6.81E-19 -18.167 

CaHCO3+ 1.71E-08 1.44E-08 -7.842 

CaOH+ 3.36E-05 2.82E-05 -4.55 

CaSO4 (aq) 4.26E-07 4.30E-07 -6.367 

CO3-2 7.25E-04 3.60E-04 -3.444 

Cu(CO3)2-2 1.41E-22 6.99E-23 -22.156 

Cu(H2BO3)2 (aq) 1.78E-51 1.79E-51 -50.746 

Cu(OH)2 (aq) 1.90E-18 1.91E-18 -17.719 

Cu(OH)3- 8.65E-17 7.26E-17 -16.139 

Cu(OH)4-2 1.16E-17 5.76E-18 -17.24 

Cu+2 6.87E-26 3.41E-26 -25.468 

Cu2(OH)2+2 7.15E-38 3.55E-38 -37.45 

Cu2OH+3 1.07E-45 2.21E-46 -45.656 

Cu3(OH)4+2 1.18E-49 5.85E-50 -49.233 

CuCO3 (aq) 7.16E-23 7.22E-23 -22.142 

CuH2BO3+ 3.19E-38 2.68E-38 -37.572 

CuHCO3+ 2.01E-29 1.69E-29 -28.773 

CuHSO4+ 1.19E-40 9.96E-41 -40.002 

CuOH+ 1.26E-21 1.06E-21 -20.975 

CuSO4 (aq) 1.01E-28 1.02E-28 -27.992 

Fe(OH)2+ 9.36E-24 7.85E-24 -23.105 

Fe(OH)3 (aq) 4.27E-21 4.31E-21 -20.366 

Fe(OH)4- 1.00E-16 8.39E-17 -16.076 

Fe(SO4)2- 2.26E-46 1.89E-46 -45.723 

Fe+3 2.25E-41 4.63E-42 -41.334 

Fe2(OH)2+4 4.32E-61 2.61E-62 -61.583 

Fe3(OH)4+5 3.73E-81 4.65E-83 -82.332 

FeH2BO3+2 1.65E-50 8.16E-51 -50.088 

FeOH+2 8.71E-32 4.32E-32 -31.365 

FeSO4+ 1.28E-42 1.08E-42 -41.968 

H+1 1.22E-12 1.02E-12 -11.99 

H10(BO3)4-2 8.23E-67 4.08E-67 -66.389 

H2AsO4- 1.25E-22 1.05E-22 -21.979 

H2BO3- 9.90E-17 8.31E-17 -16.08 

H2CO3* (aq) 1.79E-11 1.81E-11 -10.743 

H3AsO4 2.13E-32 2.14E-32 -31.669 

H3BO3 1.45E-19 1.46E-19 -18.834 

H5(BO3)2- 1.23E-35 1.04E-35 -34.985 

H8(BO3)3- 1.81E-52 1.52E-52 -51.819 

HAsO4-2 2.12E-17 1.05E-17 -16.979 

HCO3- 9.36E-06 7.85E-06 -5.105 

HSO4- 1.56E-15 1.31E-15 -14.884 

Mg+2 2.98E-17 1.48E-17 -16.831 

Mg2CO3+2 6.16E-34 3.05E-34 -33.515 

MgCO3 (aq) 4.38E-18 4.42E-18 -17.355 

MgH2BO3+ 5.03E-32 4.22E-32 -31.375 

MgHCO3+ 1.42E-21 1.19E-21 -20.925 

MgOH+ 6.58E-17 5.52E-17 -16.258 

MgSO4 (aq) 3.48E-20 3.51E-20 -19.455 

OH- 1.17E-02 9.83E-03 -2.008 

SO4-2 2.63E-05 1.31E-05 -4.884 

Zn(CO3)2-2 7.55E-24 3.74E-24 -23.427 

Zn(H2BO3)2 (aq) 1.17E-52 1.18E-52 -51.927 

Zn(OH)2 (aq) 1.75E-17 1.76E-17 -16.754 

Zn(OH)3- 6.53E-17 5.48E-17 -16.261 

Zn(OH)4-2 1.72E-17 8.54E-18 -17.069 

Zn(SO4)2-2 9.50E-31 4.71E-31 -30.327 

Zn+2 2.92E-24 1.45E-24 -23.839 

Zn2OH+3 1.00E-44 2.07E-45 -44.685 

ZnCO3 (aq) 2.98E-23 3.00E-23 -22.523 

ZnH2BO3+ 3.57E-39 3.00E-39 -38.523 

ZnHCO3+ 4.29E-28 3.60E-28 -27.444 
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 RAP5, pH=1.54 

 Concentration Activity Log activity 

Al(OH)2+ 1.17E-11 9.15E-12 -11.039 

Al(OH)3 (aq) 9.84E-17 1.23E-16 -15.91 

Al(OH)4- 2.58E-21 2.02E-21 -20.694 

Al(SO4)2- 2.27E-07 1.78E-07 -6.749 

Al+3 1.41E-03 1.60E-04 -3.796 

Al2(OH)2+4 2.79E-11 5.83E-13 -12.234 

Al2(OH)2CO3+2 5.61E-18 2.13E-18 -17.671 

Al3(OH)4+5 2.83E-17 6.72E-20 -19.173 

AlOH+2 1.42E-07 5.41E-08 -7.267 

AlSO4+ 7.63E-05 5.99E-05 -4.222 

AsO4-3 2.86E-21 3.25E-22 -21.488 

Ba+2 3.19E-06 1.21E-06 -5.916 

BaCO3 (aq) 1.80E-21 2.25E-21 -20.647 

BaH2BO3+ 2.90E-17 2.27E-17 -16.643 

BaHCO3+ 3.29E-14 2.58E-14 -13.588 

BaOH+ 2.28E-18 1.79E-18 -17.748 

BaSO4 (aq) 7.08E-09 8.85E-09 -8.053 

Ca+2 1.52E-01 5.80E-02 -1.237 

CaCO3 (aq) 2.79E-16 3.49E-16 -15.458 

CaH2BO3+ 2.58E-12 2.02E-12 -11.694 

CaHCO3+ 2.10E-09 1.65E-09 -8.784 

CaOH+ 4.97E-13 3.90E-13 -12.408 

CaSO4 (aq) 5.75E-04 7.18E-04 -3.144 

CO3-2 9.53E-18 3.62E-18 -17.441 

Cu(CO3)2-2 1.35E-30 5.14E-31 -30.289 

Cu(H2BO3)2 (aq) 5.64E-24 7.05E-24 -23.152 

Cu(OH)2 (aq) 1.31E-19 1.63E-19 -18.787 

Cu(OH)3- 2.71E-28 2.13E-28 -27.671 

Cu(OH)4-2 1.53E-39 5.81E-40 -39.236 

Cu+2 6.49E-06 2.47E-06 -5.608 

Cu2(OH)2+2 5.77E-19 2.20E-19 -18.658 

Cu2OH+3 3.51E-16 3.98E-17 -16.4 

Cu3(OH)4+2 8.14E-32 3.10E-32 -31.509 

CuCO3 (aq) 4.21E-17 5.27E-17 -16.278 

CuH2BO3+ 1.82E-14 1.43E-14 -13.845 

CuHCO3+ 4.42E-13 3.47E-13 -12.459 

CuHSO4+ 1.07E-09 8.43E-10 -9.074 

CuOH+ 3.36E-12 2.64E-12 -11.579 

CuSO4 (aq) 2.45E-08 3.06E-08 -7.514 

Fe(OH)2+ 5.27E-07 4.14E-07 -6.383 

Fe(OH)3 (aq) 6.24E-15 7.80E-15 -14.108 

Fe(OH)4- 6.65E-21 5.22E-21 -20.282 

Fe(SO4)2- 1.85E-07 1.45E-07 -6.838 

Fe+3 1.82E-03 2.07E-04 -3.684 

Fe2(OH)2+4 2.94E-06 6.15E-08 -7.211 

Fe3(OH)4+5 2.43E-09 5.78E-12 -11.238 

FeH2BO3+2 7.06E-09 2.68E-09 -8.571 

FeOH+2 1.74E-04 6.63E-05 -4.179 

FeSO4+ 2.54E-04 1.99E-04 -3.701 

H+1 3.67E-02 2.88E-02 -1.54 

H10(BO3)4-2 2.51E-30 9.54E-31 -30.021 

H2AsO4- 2.12E-06 1.67E-06 -5.778 

H2BO3- 7.79E-13 6.12E-13 -12.213 

H2CO3* (aq) 1.16E-04 1.45E-04 -3.84 

H3AsO4 7.67E-06 9.58E-06 -5.018 

H3BO3 2.43E-05 3.04E-05 -4.517 

H5(BO3)2- 2.02E-17 1.58E-17 -16.8 

H8(BO3)3- 6.13E-20 4.81E-20 -19.317 

HAsO4-2 1.55E-11 5.91E-12 -11.228 

HCO3- 2.84E-09 2.23E-09 -8.652 

HSO4- 1.94E-04 1.52E-04 -3.817 

Mg+2 3.02E-02 1.15E-02 -1.939 

Mg2CO3+2 4.90E-18 1.86E-18 -17.73 

MgCO3 (aq) 2.77E-17 3.47E-17 -16.46 

MgH2BO3+ 3.08E-13 2.42E-13 -12.617 

MgHCO3+ 3.35E-10 2.63E-10 -9.58 

MgOH+ 1.88E-12 1.48E-12 -11.831 

MgSO4 (aq) 9.06E-05 1.13E-04 -3.946 

OH- 4.30E-13 3.38E-13 -12.472 

SO4-2 1.42E-04 5.41E-05 -4.267 

Zn(CO3)2-2 2.61E-44 9.93E-45 -44.003 

Zn(H2BO3)2 (aq) 1.34E-37 1.68E-37 -36.776 

Zn(OH)2 (aq) 4.35E-31 5.44E-31 -30.264 

Zn(OH)3- 7.40E-41 5.81E-41 -40.236 

Zn(OH)4-2 8.17E-52 3.11E-52 -51.508 

Zn(SO4)2-2 5.56E-22 2.11E-22 -21.675 

Zn+2 9.96E-17 3.79E-17 -16.421 

Zn2OH+3 4.27E-40 4.85E-41 -40.314 

ZnCO3 (aq) 6.32E-30 7.90E-30 -29.102 

ZnH2BO3+ 7.35E-28 5.77E-28 -27.239 

ZnHCO3+ 3.40E-24 2.67E-24 -23.573 
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 RAP5, pH=2.09 

 Concentration Activity Log activity 

Al(OH)2+ 7.93E-11 5.90E-11 -10.229 

Al(OH)3 (aq) 2.45E-15 2.85E-15 -14.546 

Al(OH)4- 2.26E-19 1.68E-19 -18.775 

Al(SO4)2- 1.19E-07 8.85E-08 -7.053 

Al+3 1.14E-03 8.03E-05 -4.095 

Al2(OH)2+4 2.12E-10 1.89E-12 -11.724 

Al2(OH)2CO3+2 3.26E-16 1.00E-16 -16 

Al3(OH)4+5 2.24E-15 1.40E-18 -17.853 

AlOH+2 3.16E-07 9.72E-08 -7.012 

AlSO4+ 4.02E-05 2.99E-05 -4.524 

AsO4-3 1.40E-19 9.87E-21 -20.005 

Ba+2 4.17E-06 1.28E-06 -5.892 

BaCO3 (aq) 2.97E-20 3.46E-20 -19.461 

BaH2BO3+ 4.38E-28 3.26E-28 -27.487 

BaHCO3+ 1.50E-13 1.12E-13 -12.952 

BaOH+ 9.10E-18 6.78E-18 -17.169 

BaSO4 (aq) 8.01E-09 9.31E-09 -8.031 

Ca+2 2.51E-01 7.72E-02 -1.112 

CaCO3 (aq) 5.79E-15 6.73E-15 -14.172 

CaH2BO3+ 4.91E-23 3.65E-23 -22.437 

CaHCO3+ 1.20E-08 8.96E-09 -8.048 

CaOH+ 2.51E-12 1.87E-12 -11.729 

CaSO4 (aq) 8.19E-04 9.52E-04 -3.021 

CO3-2 1.71E-16 5.26E-17 -16.279 

Cu(CO3)2-2 2.17E-28 6.67E-29 -28.176 

Cu(H2BO3)2 (aq) 6.88E-46 8.00E-46 -45.097 

Cu(OH)2 (aq) 1.12E-18 1.30E-18 -17.887 

Cu(OH)3- 8.16E-27 6.07E-27 -26.217 

Cu(OH)4-2 1.93E-37 5.94E-38 -37.226 

Cu+2 4.96E-06 1.52E-06 -5.817 

Cu2(OH)2+2 3.50E-18 1.08E-18 -17.968 

Cu2OH+3 7.74E-16 5.44E-17 -16.264 

Cu3(OH)4+2 3.92E-30 1.21E-30 -29.919 

CuCO3 (aq) 4.05E-16 4.71E-16 -15.327 

CuH2BO3+ 1.61E-25 1.20E-25 -24.922 

CuHCO3+ 1.18E-12 8.76E-13 -12.058 

CuHSO4+ 1.96E-10 1.46E-10 -9.836 

CuOH+ 7.84E-12 5.83E-12 -11.234 

CuSO4 (aq) 1.62E-08 1.88E-08 -7.726 

Fe(OH)2+ 3.85E-06 2.87E-06 -5.542 

Fe(OH)3 (aq) 1.67E-13 1.94E-13 -12.712 

Fe(OH)4- 6.26E-19 4.66E-19 -18.332 

Fe(SO4)2- 1.04E-07 7.76E-08 -7.11 

Fe+3 1.59E-03 1.12E-04 -3.953 

Fe2(OH)2+4 2.58E-05 2.30E-07 -6.639 

Fe3(OH)4+5 2.39E-07 1.50E-10 -9.825 

FeH2BO3+2 6.38E-20 1.96E-20 -19.707 

FeOH+2 4.17E-04 1.28E-04 -3.892 

FeSO4+ 1.43E-04 1.07E-04 -3.971 

H+1 1.09E-02 8.13E-03 -2.09 

H10(BO3)4-2 8.34E-75 2.56E-75 -74.591 

H2AsO4- 5.40E-06 4.02E-06 -5.395 

H2BO3- 1.12E-23 8.30E-24 -23.081 

H2CO3* (aq) 1.43E-04 1.67E-04 -3.778 

H3AsO4 5.61E-06 6.52E-06 -5.185 

H3BO3 9.99E-17 1.16E-16 -15.935 

H5(BO3)2- 1.10E-39 8.21E-40 -39.086 

H8(BO3)3- 1.28E-53 9.54E-54 -53.02 

HAsO4-2 1.65E-10 5.06E-11 -10.295 

HCO3- 1.22E-08 9.11E-09 -8.04 

HSO4- 5.75E-05 4.28E-05 -4.369 

Mg+2 2.93E-02 9.00E-03 -2.046 

Mg2CO3+2 5.39E-17 1.66E-17 -16.781 

MgCO3 (aq) 3.38E-16 3.94E-16 -15.405 

MgH2BO3+ 3.45E-24 2.57E-24 -23.59 

MgHCO3+ 1.13E-09 8.41E-10 -9.075 

MgOH+ 5.57E-12 4.15E-12 -11.382 

MgSO4 (aq) 7.59E-05 8.82E-05 -4.054 

OH- 1.63E-12 1.21E-12 -11.917 

SO4-2 1.75E-04 5.39E-05 -4.269 

Zn(CO3)2-2 5.50E-42 1.69E-42 -41.772 

Zn(H2BO3)2 (aq) 2.14E-59 2.49E-59 -58.603 

Zn(OH)2 (aq) 4.87E-30 5.66E-30 -29.247 

Zn(OH)3- 2.91E-39 2.17E-39 -38.664 

Zn(OH)4-2 1.35E-49 4.16E-50 -49.381 

Zn(SO4)2-2 5.51E-22 1.69E-22 -21.771 

Zn+2 9.97E-17 3.06E-17 -16.514 

Zn2OH+3 1.62E-39 1.14E-40 -39.944 

ZnCO3 (aq) 7.97E-29 9.27E-29 -28.033 

ZnH2BO3+ 8.50E-39 6.33E-39 -38.199 

ZnHCO3+ 1.19E-23 8.83E-24 -23.054 
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 RAP5, pH=2.99 

 Concentration Activity Log activity 

Al(OH)2+ 4.03E-09 2.98E-09 -8.526 

Al(OH)3 (aq) 9.94E-13 1.14E-12 -11.942 

Al(OH)4- 7.26E-16 5.37E-16 -15.27 

Al(SO4)2- 2.05E-07 1.52E-07 -6.819 

Al+3 9.62E-04 6.40E-05 -4.194 

Al2(OH)2+4 9.40E-09 7.59E-11 -10.12 

Al2(OH)2CO3+2 2.94E-13 8.81E-14 -13.055 

Al3(OH)4+5 5.30E-12 2.84E-15 -14.546 

AlOH+2 2.06E-06 6.17E-07 -6.21 

AlSO4+ 4.72E-05 3.50E-05 -4.456 

AsO4-3 1.57E-17 1.04E-18 -17.982 

Ba+2 3.43E-06 1.03E-06 -5.987 

BaCO3 (aq) 5.28E-19 6.07E-19 -18.217 

BaH2BO3+ 2.78E-27 2.05E-27 -26.687 

BaHCO3+ 3.34E-13 2.47E-13 -12.608 

BaOH+ 5.85E-17 4.33E-17 -16.363 

BaSO4 (aq) 9.54E-09 1.10E-08 -7.96 

Ca+2 1.88E-01 5.65E-02 -1.248 

CaCO3 (aq) 9.38E-14 1.08E-13 -12.967 

CaH2BO3+ 2.84E-22 2.10E-22 -21.678 

CaHCO3+ 2.44E-08 1.81E-08 -7.743 

CaOH+ 1.47E-11 1.09E-11 -10.964 

CaSO4 (aq) 8.89E-04 1.02E-03 -2.99 

CO3-2 3.84E-15 1.15E-15 -14.939 

Cu(CO3)2-2 8.70E-26 2.61E-26 -25.584 

Cu(H2BO3)2 (aq) 3.50E-44 4.03E-44 -43.395 

Cu(OH)2 (aq) 5.84E-17 6.71E-17 -16.173 

Cu(OH)3- 3.38E-24 2.50E-24 -23.602 

Cu(OH)4-2 6.49E-34 1.94E-34 -33.711 

Cu+2 4.15E-06 1.24E-06 -5.905 

Cu2(OH)2+2 1.52E-16 4.55E-17 -16.342 

Cu2OH+3 4.35E-15 2.89E-16 -15.539 

Cu3(OH)4+2 8.79E-27 2.63E-27 -26.579 

CuCO3 (aq) 7.33E-15 8.43E-15 -14.074 

CuH2BO3+ 1.04E-24 7.67E-25 -24.115 

CuHCO3+ 2.66E-12 1.97E-12 -11.705 

CuHSO4+ 2.97E-11 2.20E-11 -10.658 

CuOH+ 5.12E-11 3.79E-11 -10.421 

CuSO4 (aq) 1.96E-08 2.25E-08 -7.648 

Fe(OH)2+ 4.35E-05 3.22E-05 -4.492 

Fe(OH)3 (aq) 1.51E-11 1.73E-11 -10.761 

Fe(OH)4- 4.47E-16 3.31E-16 -15.48 

Fe(SO4)2- 3.99E-08 2.96E-08 -7.529 

Fe+3 2.97E-04 1.98E-05 -4.704 

Fe2(OH)2+4 5.65E-05 4.56E-07 -6.341 

Fe3(OH)4+5 6.21E-06 3.33E-09 -8.477 

FeH2BO3+2 9.10E-20 2.73E-20 -19.564 

FeOH+2 6.02E-04 1.81E-04 -3.743 

FeSO4+ 3.75E-05 2.77E-05 -4.557 

H+1 1.38E-03 1.02E-03 -2.99 

H10(BO3)4-2 5.15E-73 1.54E-73 -72.812 

H2AsO4- 9.10E-06 6.73E-06 -5.172 

H2BO3- 8.81E-23 6.52E-23 -22.186 

H2CO3* (aq) 5.03E-05 5.78E-05 -4.238 

H3AsO4 1.20E-06 1.37E-06 -5.862 

H3BO3 9.99E-17 1.15E-16 -15.94 

H5(BO3)2- 8.61E-39 6.37E-39 -38.196 

H8(BO3)3- 9.88E-53 7.31E-53 -52.136 

HAsO4-2 2.25E-09 6.73E-10 -9.172 

HCO3- 3.39E-08 2.51E-08 -7.6 

HSO4- 1.07E-05 7.90E-06 -5.103 

Mg+2 2.23E-02 6.69E-03 -2.174 

Mg2CO3+2 6.69E-16 2.01E-16 -15.698 

MgCO3 (aq) 5.57E-15 6.40E-15 -14.194 

MgH2BO3+ 2.03E-23 1.50E-23 -22.824 

MgHCO3+ 2.33E-09 1.72E-09 -8.764 

MgOH+ 3.32E-11 2.45E-11 -10.61 

MgSO4 (aq) 8.37E-05 9.62E-05 -4.017 

OH- 1.30E-11 9.64E-12 -11.016 

SO4-2 2.63E-04 7.90E-05 -4.103 

Zn(CO3)2-2 2.63E-39 7.87E-40 -39.104 

Zn(H2BO3)2 (aq) 1.30E-57 1.50E-57 -56.825 

Zn(OH)2 (aq) 3.04E-28 3.49E-28 -27.457 

Zn(OH)3- 1.44E-36 1.06E-36 -35.973 

Zn(OH)4-2 5.42E-46 1.62E-46 -45.789 

Zn(SO4)2-2 1.18E-21 3.55E-22 -21.45 

Zn+2 9.96E-17 2.98E-17 -16.525 

Zn2OH+3 1.29E-38 8.58E-40 -39.066 

ZnCO3 (aq) 1.72E-27 1.97E-27 -26.704 

ZnH2BO3+ 6.54E-38 4.84E-38 -37.315 

ZnHCO3+ 3.20E-23 2.37E-23 -22.625 
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 RAP5, pH=4.17 

 Concentration Activity Log activity 

Al(OH)2+ 4.24E-07 3.14E-07 -6.504 

Al(OH)3 (aq) 1.59E-09 1.82E-09 -8.739 

Al(OH)4- 1.75E-11 1.30E-11 -10.887 

Al(SO4)2- 1.31E-07 9.72E-08 -7.013 

Al+3 4.44E-04 2.94E-05 -4.532 

Al2(OH)2+4 4.58E-07 3.67E-09 -8.435 

Al2(OH)2CO3+2 3.21E-09 9.59E-10 -9.018 

Al3(OH)4+5 2.73E-08 1.45E-11 -10.839 

AlOH+2 1.43E-05 4.29E-06 -5.368 

AlSO4+ 2.56E-05 1.90E-05 -4.722 

AsO4-3 3.97E-15 2.63E-16 -15.58 

Ba+2 2.53E-06 7.58E-07 -6.12 

BaCO3 (aq) 8.76E-17 1.01E-16 -15.997 

BaH2BO3+ 3.09E-26 2.29E-26 -25.64 

BaHCO3+ 3.65E-12 2.70E-12 -11.568 

BaOH+ 6.53E-16 4.83E-16 -15.316 

BaSO4 (aq) 8.30E-09 9.53E-09 -8.021 

Ca+2 1.77E-01 5.30E-02 -1.276 

CaCO3 (aq) 1.98E-11 2.28E-11 -10.642 

CaH2BO3+ 4.03E-21 2.98E-21 -20.526 

CaHCO3+ 3.41E-07 2.52E-07 -6.598 

CaOH+ 2.09E-10 1.54E-10 -9.812 

CaSO4 (aq) 9.86E-04 1.13E-03 -2.946 

CO3-2 8.65E-13 2.59E-13 -12.587 

Cu(CO3)2-2 3.27E-21 9.80E-22 -21.009 

Cu(H2BO3)2 (aq) 5.96E-42 6.84E-42 -41.165 

Cu(OH)2 (aq) 9.93E-15 1.14E-14 -13.943 

Cu(OH)3- 8.69E-21 6.43E-21 -20.192 

Cu(OH)4-2 2.53E-29 7.57E-30 -29.121 

Cu+2 3.08E-06 9.22E-07 -6.035 

Cu2(OH)2+2 1.91E-14 5.73E-15 -14.242 

Cu2OH+3 3.63E-14 2.40E-15 -14.619 

Cu3(OH)4+2 1.88E-22 5.63E-23 -22.249 

CuCO3 (aq) 1.22E-12 1.41E-12 -11.852 

CuH2BO3+ 1.16E-23 8.61E-24 -23.065 

CuHCO3+ 2.94E-11 2.17E-11 -10.663 

CuHSO4+ 1.72E-12 1.27E-12 -11.896 

CuOH+ 5.75E-10 4.26E-10 -9.371 

CuSO4 (aq) 1.72E-08 1.97E-08 -7.706 

Fe(OH)2+ 5.04E-06 3.73E-06 -5.429 

Fe(OH)3 (aq) 2.64E-11 3.04E-11 -10.518 

Fe(OH)4- 1.19E-14 8.77E-15 -14.057 

Fe(SO4)2- 2.81E-11 2.08E-11 -10.682 

Fe+3 1.51E-07 9.98E-09 -8.001 

Fe2(OH)2+4 3.33E-09 2.67E-11 -10.574 

Fe3(OH)4+5 4.25E-11 2.26E-14 -13.647 

FeH2BO3+2 6.97E-22 2.08E-22 -21.681 

FeOH+2 4.61E-06 1.38E-06 -5.86 

FeSO4+ 2.24E-08 1.65E-08 -7.781 

H+1 9.14E-05 6.76E-05 -4.17 

H10(BO3)4-2 1.18E-70 3.53E-71 -70.452 

H2AsO4- 1.00E-05 7.41E-06 -5.13 

H2BO3- 1.33E-21 9.86E-22 -21.006 

H2CO3* (aq) 4.94E-05 5.68E-05 -4.246 

H3AsO4 8.71E-08 1.00E-07 -7 

H3BO3 1.00E-16 1.15E-16 -15.94 

H5(BO3)2- 1.30E-37 9.64E-38 -37.016 

H8(BO3)3- 1.50E-51 1.11E-51 -50.956 

HAsO4-2 3.75E-08 1.12E-08 -7.95 

HCO3- 5.05E-07 3.73E-07 -6.428 

HSO4- 8.33E-07 6.16E-07 -6.21 

Mg+2 2.31E-02 6.90E-03 -2.161 

Mg2CO3+2 1.60E-13 4.79E-14 -13.319 

MgCO3 (aq) 1.29E-12 1.49E-12 -11.828 

MgH2BO3+ 3.16E-22 2.34E-22 -21.631 

MgHCO3+ 3.57E-08 2.64E-08 -7.578 

MgOH+ 5.17E-10 3.83E-10 -9.417 

MgSO4 (aq) 1.02E-04 1.17E-04 -3.932 

OH- 1.97E-10 1.46E-10 -9.836 

SO4-2 3.12E-04 9.32E-05 -4.03 

Zn(CO3)2-2 1.33E-34 3.98E-35 -34.4 

Zn(H2BO3)2 (aq) 2.98E-55 3.42E-55 -54.466 

Zn(OH)2 (aq) 6.95E-26 7.98E-26 -25.098 

Zn(OH)3- 4.98E-33 3.68E-33 -32.434 

Zn(OH)4-2 2.84E-41 8.51E-42 -41.07 

Zn(SO4)2-2 1.65E-21 4.93E-22 -21.307 

Zn+2 9.95E-17 2.98E-17 -16.526 

Zn2OH+3 1.95E-37 1.29E-38 -37.889 

ZnCO3 (aq) 3.86E-25 4.43E-25 -24.353 

ZnH2BO3+ 9.88E-37 7.31E-37 -36.136 

ZnHCO3+ 4.75E-22 3.51E-22 -21.454 
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 RAP5, pH=4.76 

 Concentration Activity Log activity 

Al(OH)2+ 4.78E-06 3.52E-06 -5.454 

Al(OH)3 (aq) 7.00E-08 7.96E-08 -7.099 

Al(OH)4- 2.99E-09 2.21E-09 -8.657 

Al(SO4)2- 1.02E-07 7.51E-08 -7.124 

Al+3 3.41E-04 2.17E-05 -4.663 

Al2(OH)2+4 4.06E-06 3.04E-08 -7.517 

Al2(OH)2CO3+2 6.72E-06 1.98E-06 -5.704 

Al3(OH)4+5 2.82E-06 1.35E-09 -8.871 

AlOH+2 4.20E-05 1.23E-05 -4.909 

AlSO4+ 1.95E-05 1.43E-05 -4.844 

AsO4-3 5.98E-14 3.81E-15 -14.419 

Ba+2 2.92E-06 8.58E-07 -6.067 

BaCO3 (aq) 2.49E-14 2.84E-14 -13.547 

BaH2BO3+ 1.36E-25 9.98E-26 -25.001 

BaHCO3+ 2.66E-10 1.96E-10 -9.708 

BaOH+ 2.89E-15 2.13E-15 -14.672 

BaSO4 (aq) 9.71E-09 1.10E-08 -7.957 

Ca+2 1.78E-01 5.22E-02 -1.282 

CaCO3 (aq) 4.91E-09 5.59E-09 -8.253 

CaH2BO3+ 1.54E-20 1.13E-20 -19.946 

CaHCO3+ 2.16E-05 1.59E-05 -4.799 

CaOH+ 8.05E-10 5.92E-10 -9.227 

CaSO4 (aq) 1.00E-03 1.14E-03 -2.943 

CO3-2 2.19E-10 6.44E-11 -10.191 

Cu(CO3)2-2 8.11E-17 2.39E-17 -16.622 

Cu(H2BO3)2 (aq) 3.51E-41 3.99E-41 -40.399 

Cu(OH)2 (aq) 5.98E-14 6.80E-14 -13.167 

Cu(OH)3- 2.03E-19 1.49E-19 -18.826 

Cu(OH)4-2 2.33E-27 6.86E-28 -27.164 

Cu+2 1.23E-06 3.63E-07 -6.441 

Cu2(OH)2+2 4.57E-14 1.34E-14 -13.872 

Cu2OH+3 2.27E-14 1.45E-15 -14.839 

Cu3(OH)4+2 2.68E-21 7.89E-22 -21.103 

CuCO3 (aq) 1.21E-10 1.38E-10 -9.861 

CuH2BO3+ 1.77E-23 1.30E-23 -22.885 

CuHCO3+ 7.42E-10 5.46E-10 -9.262 

CuHSO4+ 1.79E-13 1.31E-13 -12.881 

CuOH+ 8.85E-10 6.52E-10 -9.186 

CuSO4 (aq) 6.97E-09 7.92E-09 -8.101 

Fe(OH)2+ 4.84E-04 3.56E-04 -3.448 

Fe(OH)3 (aq) 9.94E-09 1.13E-08 -7.947 

Fe(OH)4- 1.73E-11 1.27E-11 -10.895 

Fe(SO4)2- 1.86E-10 1.37E-10 -9.863 

Fe+3 9.87E-07 6.28E-08 -7.202 

Fe2(OH)2+4 2.15E-06 1.61E-08 -7.794 

Fe3(OH)4+5 2.72E-06 1.30E-09 -8.887 

FeH2BO3+2 1.72E-20 5.06E-21 -20.296 

FeOH+2 1.15E-04 3.39E-05 -4.47 

FeSO4+ 1.45E-07 1.07E-07 -6.972 

H+1 2.36E-05 1.74E-05 -4.76 

H10(BO3)4-2 1.75E-69 5.14E-70 -69.289 

H2AsO4- 9.63E-06 7.09E-06 -5.149 

H2BO3- 5.16E-21 3.80E-21 -20.42 

H2CO3* (aq) 8.21E-04 9.34E-04 -3.03 

H3AsO4 2.16E-08 2.46E-08 -7.609 

H3BO3 1.00E-16 1.14E-16 -15.944 

H5(BO3)2- 4.99E-37 3.68E-37 -36.435 

H8(BO3)3- 5.68E-51 4.18E-51 -50.379 

HAsO4-2 1.42E-07 4.17E-08 -7.379 

HCO3- 3.24E-05 2.39E-05 -4.622 

HSO4- 2.20E-07 1.62E-07 -6.791 

Mg+2 1.74E-02 5.13E-03 -2.29 

Mg2CO3+2 2.24E-11 6.60E-12 -11.181 

MgCO3 (aq) 2.42E-10 2.75E-10 -9.561 

MgH2BO3+ 9.09E-22 6.70E-22 -21.174 

MgHCO3+ 1.71E-06 1.26E-06 -5.901 

MgOH+ 1.51E-09 1.11E-09 -8.955 

MgSO4 (aq) 7.83E-05 8.90E-05 -4.05 

OH- 7.72E-10 5.68E-10 -9.245 

SO4-2 3.24E-04 9.54E-05 -4.021 

Zn(CO3)2-2 8.24E-30 2.42E-30 -29.616 

Zn(H2BO3)2 (aq) 4.38E-54 4.98E-54 -53.303 

Zn(OH)2 (aq) 1.05E-24 1.19E-24 -23.925 

Zn(OH)3- 2.90E-31 2.14E-31 -30.67 

Zn(OH)4-2 6.55E-39 1.93E-39 -38.715 

Zn(SO4)2-2 1.72E-21 5.07E-22 -21.295 

Zn+2 9.94E-17 2.92E-17 -16.534 

Zn2OH+3 7.63E-37 4.86E-38 -37.313 

ZnCO3 (aq) 9.53E-23 1.08E-22 -21.965 

ZnH2BO3+ 3.76E-36 2.77E-36 -35.558 

ZnHCO3+ 3.00E-20 2.21E-20 -19.656 
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 RAP5, pH=6.3 

 Concentration Activity Log activity 

Al(OH)2+ 3.80E-17 2.81E-17 -16.552 

Al(OH)3 (aq) 2.11E-17 2.23E-17 -16.652 

Al(OH)4- 2.93E-17 2.16E-17 -16.665 

Al(SO4)2- 1.43E-22 1.06E-22 -21.975 

Al+3 2.15E-18 1.41E-19 -18.85 

Al2(OH)2+4 2.01E-31 1.58E-33 -32.802 

Al2(OH)2CO3+2 1.43E-28 4.26E-29 -28.371 

Al3(OH)4+5 1.08E-42 5.58E-46 -45.254 

AlOH+2 9.44E-18 2.81E-18 -17.551 

AlSO4+ 5.87E-20 4.34E-20 -19.363 

AsO4-3 2.58E-11 1.69E-12 -11.771 

Ba+2 1.64E-06 4.89E-07 -6.311 

BaCO3 (aq) 6.34E-12 6.70E-12 -11.174 

BaH2BO3+ 2.47E-24 1.83E-24 -23.738 

BaHCO3+ 1.81E-09 1.33E-09 -8.875 

BaOH+ 5.75E-14 4.25E-14 -13.372 

BaSO4 (aq) 2.77E-09 2.93E-09 -8.533 

Ca+2 8.05E-02 2.40E-02 -1.62 

CaCO3 (aq) 1.01E-06 1.06E-06 -5.973 

CaH2BO3+ 2.26E-19 1.67E-19 -18.778 

CaHCO3+ 1.18E-04 8.73E-05 -4.059 

CaOH+ 1.29E-08 9.53E-09 -8.021 

CaSO4 (aq) 2.31E-04 2.44E-04 -3.613 

CO3-2 8.98E-08 2.67E-08 -7.573 

Cu(CO3)2-2 6.66E-13 1.98E-13 -12.703 

Cu(H2BO3)2 (aq) 1.88E-39 1.99E-39 -38.702 

Cu(OH)2 (aq) 3.81E-12 4.03E-12 -11.395 

Cu(OH)3- 4.20E-16 3.10E-16 -15.508 

Cu(OH)4-2 1.68E-22 4.99E-23 -22.302 

Cu+2 5.87E-08 1.75E-08 -7.757 

Cu2(OH)2+2 1.29E-13 3.84E-14 -13.416 

Cu2OH+3 1.80E-15 1.18E-16 -15.928 

Cu3(OH)4+2 4.49E-19 1.34E-19 -18.874 

CuCO3 (aq) 2.60E-09 2.75E-09 -8.56 

CuH2BO3+ 2.73E-23 2.02E-23 -22.695 

CuHCO3+ 4.27E-10 3.15E-10 -9.501 

CuHSO4+ 1.15E-16 8.52E-17 -16.069 

CuOH+ 1.49E-09 1.10E-09 -8.958 

CuSO4 (aq) 1.68E-10 1.78E-10 -9.749 

Fe(OH)2+ 3.27E-05 2.42E-05 -4.617 

Fe(OH)3 (aq) 2.54E-08 2.69E-08 -7.571 

Fe(OH)4- 1.44E-09 1.06E-09 -8.974 

Fe(SO4)2- 2.23E-15 1.64E-15 -14.784 

Fe+3 5.30E-11 3.47E-12 -11.46 

Fe2(OH)2+4 7.65E-12 6.02E-14 -13.221 

Fe3(OH)4+5 6.40E-13 3.30E-16 -15.482 

FeH2BO3+2 3.01E-23 8.97E-24 -23.047 

FeOH+2 2.20E-07 6.56E-08 -7.183 

FeSO4+ 3.71E-12 2.74E-12 -11.562 

H+1 6.78E-07 5.01E-07 -6.3 

H10(BO3)4-2 1.53E-66 4.56E-67 -66.341 

H2AsO4- 3.55E-06 2.62E-06 -5.581 

H2BO3- 1.65E-19 1.22E-19 -18.913 

H2CO3* (aq) 3.05E-04 3.22E-04 -3.492 

H3AsO4 2.48E-10 2.62E-10 -9.581 

H3BO3 9.96E-17 1.05E-16 -15.977 

H5(BO3)2- 1.48E-35 1.09E-35 -34.961 

H8(BO3)3- 1.56E-49 1.15E-49 -48.938 

HAsO4-2 1.80E-06 5.35E-07 -6.271 

HCO3- 3.87E-04 2.86E-04 -3.544 

HSO4- 2.95E-09 2.18E-09 -8.662 

Mg+2 4.59E-03 1.37E-03 -2.864 

Mg2CO3+2 6.53E-10 1.94E-10 -9.711 

MgCO3 (aq) 2.87E-08 3.04E-08 -7.517 

MgH2BO3+ 7.76E-21 5.73E-21 -20.242 

MgHCO3+ 5.43E-06 4.01E-06 -5.397 

MgOH+ 1.40E-08 1.04E-08 -7.985 

MgSO4 (aq) 1.05E-05 1.11E-05 -4.956 

OH- 2.70E-08 1.99E-08 -7.701 

SO4-2 1.49E-04 4.44E-05 -4.352 

Zn(CO3)2-2 1.42E-24 4.22E-25 -24.375 

Zn(H2BO3)2 (aq) 4.92E-51 5.20E-51 -50.284 

Zn(OH)2 (aq) 1.40E-21 1.48E-21 -20.831 

Zn(OH)3- 1.26E-26 9.31E-27 -26.031 

Zn(OH)4-2 9.87E-33 2.94E-33 -32.532 

Zn(SO4)2-2 3.73E-22 1.11E-22 -21.954 

Zn+2 9.92E-17 2.96E-17 -16.529 

Zn2OH+3 2.66E-35 1.74E-36 -35.759 

ZnCO3 (aq) 4.30E-20 4.55E-20 -19.342 

ZnH2BO3+ 1.22E-34 8.98E-35 -34.047 

ZnHCO3+ 3.62E-19 2.67E-19 -18.573 



117 
 

 RAP5, pH=7.18 

 Concentration Activity Log activity 

Al(OH)2+ 1.98E-18 1.57E-18 -17.804 

Al(OH)3 (aq) 9.33E-18 9.50E-18 -17.022 

Al(OH)4- 8.86E-17 7.04E-17 -16.152 

Al(SO4)2- 4.01E-26 3.19E-26 -25.496 

Al+3 1.07E-21 1.36E-22 -21.868 

Al2(OH)2+4 3.36E-36 8.48E-38 -37.071 

Al2(OH)2CO3+2 5.47E-32 2.18E-32 -31.661 

Al3(OH)4+5 5.25E-49 1.68E-51 -50.775 

AlOH+2 5.17E-20 2.06E-20 -19.686 

AlSO4+ 2.94E-23 2.33E-23 -22.632 

AsO4-3 1.27E-10 1.60E-11 -10.795 

Ba+2 6.57E-07 2.62E-07 -6.582 

BaCO3 (aq) 3.36E-11 3.42E-11 -10.465 

BaH2BO3+ 8.88E-24 7.06E-24 -23.151 

BaHCO3+ 1.13E-09 8.99E-10 -9.046 

BaOH+ 2.19E-13 1.74E-13 -12.76 

BaSO4 (aq) 8.63E-10 8.79E-10 -9.056 

Ca+2 2.19E-02 8.73E-03 -2.059 

CaCO3 (aq) 3.63E-06 3.70E-06 -5.432 

CaH2BO3+ 5.51E-19 4.38E-19 -18.358 

CaHCO3+ 5.03E-05 4.00E-05 -4.398 

CaOH+ 3.33E-08 2.65E-08 -7.577 

CaSO4 (aq) 4.89E-05 4.98E-05 -4.303 

CO3-2 6.39E-07 2.55E-07 -6.594 

Cu(CO3)2-2 5.57E-20 2.22E-20 -19.653 

Cu(H2BO3)2 (aq) 1.25E-46 1.27E-46 -45.895 

Cu(OH)2 (aq) 2.84E-19 2.89E-19 -18.539 

Cu(OH)3- 2.14E-22 1.70E-22 -21.77 

Cu(OH)4-2 5.23E-28 2.09E-28 -27.681 

Cu+2 5.41E-17 2.16E-17 -16.666 

Cu2(OH)2+2 8.52E-30 3.40E-30 -29.469 

Cu2OH+3 1.08E-32 1.37E-33 -32.864 

Cu3(OH)4+2 2.13E-42 8.48E-43 -42.071 

CuCO3 (aq) 3.18E-17 3.24E-17 -16.49 

CuH2BO3+ 2.26E-31 1.80E-31 -30.746 

CuHCO3+ 6.15E-19 4.89E-19 -18.311 

CuHSO4+ 9.76E-27 7.75E-27 -26.111 

CuOH+ 1.30E-17 1.04E-17 -16.984 

CuSO4 (aq) 1.21E-19 1.23E-19 -18.911 

Fe(OH)2+ 9.90E-17 7.87E-17 -16.104 

Fe(OH)3 (aq) 6.56E-19 6.68E-19 -18.175 

Fe(OH)4- 2.53E-19 2.01E-19 -18.696 

Fe(SO4)2- 3.63E-29 2.88E-29 -28.54 

Fe+3 1.54E-24 1.94E-25 -24.712 

Fe2(OH)2+4 4.34E-37 1.10E-38 -37.96 

Fe3(OH)4+5 6.14E-50 1.96E-52 -51.708 

FeH2BO3+2 9.08E-36 3.62E-36 -35.441 

FeOH+2 7.02E-20 2.80E-20 -19.553 

FeSO4+ 1.08E-25 8.59E-26 -25.066 

H+1 8.31E-08 6.61E-08 -7.18 

H10(BO3)4-2 5.36E-65 2.14E-65 -64.67 

H2AsO4- 5.42E-07 4.31E-07 -6.365 

H2BO3- 1.11E-18 8.80E-19 -18.055 

H2CO3* (aq) 5.24E-05 5.34E-05 -4.273 

H3AsO4 5.58E-12 5.68E-12 -11.245 

H3BO3 9.83E-17 1.00E-16 -15.999 

H5(BO3)2- 9.44E-35 7.50E-35 -34.125 

H8(BO3)3- 9.45E-49 7.51E-49 -48.124 

HAsO4-2 1.67E-06 6.68E-07 -6.175 

HCO3- 4.52E-04 3.59E-04 -3.445 

HSO4- 2.02E-10 1.61E-10 -9.794 

Mg+2 1.26E-03 5.03E-04 -3.298 

Mg2CO3+2 6.30E-10 2.51E-10 -9.6 

MgCO3 (aq) 1.05E-07 1.07E-07 -6.972 

MgH2BO3+ 1.91E-20 1.52E-20 -19.818 

MgHCO3+ 2.33E-06 1.85E-06 -5.732 

MgOH+ 3.66E-08 2.91E-08 -7.536 

MgSO4 (aq) 2.24E-06 2.28E-06 -5.643 

OH- 1.91E-07 1.52E-07 -6.818 

SO4-2 6.24E-05 2.49E-05 -4.604 

Zn(CO3)2-2 1.27E-22 5.06E-23 -22.296 

Zn(H2BO3)2 (aq) 3.50E-49 3.57E-49 -48.448 

Zn(OH)2 (aq) 1.11E-19 1.13E-19 -18.945 

Zn(OH)3- 6.86E-24 5.45E-24 -23.263 

Zn(OH)4-2 3.29E-29 1.31E-29 -28.882 

Zn(SO4)2-2 1.15E-22 4.60E-23 -22.338 

Zn+2 9.78E-17 3.90E-17 -16.409 

Zn2OH+3 1.83E-34 2.31E-35 -34.636 

ZnCO3 (aq) 5.62E-19 5.72E-19 -18.242 

ZnH2BO3+ 1.08E-33 8.54E-34 -33.068 

ZnHCO3+ 5.58E-19 4.43E-19 -18.353 
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 RAP5, pH=8.39 

 Concentration Activity Log activity 

Al(OH)2+ 8.37E-21 7.69E-21 -20.114 

Al(OH)3 (aq) 7.56E-19 7.57E-19 -18.121 

Al(OH)4- 9.92E-17 9.12E-17 -16.04 

Al(SO4)2- 4.08E-30 3.75E-30 -29.427 

Al+3 5.39E-27 2.51E-27 -26.6 

Al2(OH)2+4 2.98E-44 7.70E-45 -44.114 

Al2(OH)2CO3+2 2.23E-38 1.59E-38 -37.8 

Al3(OH)4+5 6.19E-60 7.45E-61 -60.128 

AlOH+2 8.72E-24 6.21E-24 -23.207 

AlSO4+ 1.18E-27 1.09E-27 -26.963 

AsO4-3 7.26E-10 3.39E-10 -9.47 

Ba+2 9.92E-17 7.07E-17 -16.151 

BaCO3 (aq) 7.39E-20 7.40E-20 -19.131 

BaH2BO3+ 2.88E-32 2.64E-32 -31.578 

BaHCO3+ 1.30E-19 1.20E-19 -18.922 

BaOH+ 8.30E-22 7.63E-22 -21.118 

BaSO4 (aq) 5.96E-19 5.97E-19 -18.224 

Ca+2 1.85E-03 1.32E-03 -2.879 

CaCO3 (aq) 4.47E-06 4.47E-06 -5.349 

CaH2BO3+ 1.00E-18 9.19E-19 -18.037 

CaHCO3+ 3.25E-06 2.98E-06 -5.525 

CaOH+ 7.08E-08 6.51E-08 -7.187 

CaSO4 (aq) 1.89E-05 1.89E-05 -4.723 

CO3-2 2.86E-06 2.04E-06 -5.69 

Cu(CO3)2-2 1.34E-10 9.58E-11 -10.019 

Cu(H2BO3)2 (aq) 1.65E-36 1.65E-36 -35.783 

Cu(OH)2 (aq) 5.13E-09 5.14E-09 -8.289 

Cu(OH)3- 5.34E-11 4.91E-11 -10.309 

Cu(OH)4-2 1.37E-15 9.79E-16 -15.009 

Cu+2 2.03E-09 1.45E-09 -8.839 

Cu2(OH)2+2 5.69E-12 4.06E-12 -11.392 

Cu2OH+3 2.16E-16 1.01E-16 -15.998 

Cu3(OH)4+2 2.53E-14 1.80E-14 -13.745 

CuCO3 (aq) 1.74E-08 1.74E-08 -7.759 

CuH2BO3+ 1.82E-22 1.68E-22 -21.776 

CuHCO3+ 1.77E-11 1.62E-11 -10.79 

CuHSO4+ 8.80E-20 8.09E-20 -19.092 

CuOH+ 1.23E-08 1.13E-08 -7.946 

CuSO4 (aq) 2.08E-11 2.08E-11 -10.682 

Fe(OH)2+ 5.55E-17 5.10E-17 -16.293 

Fe(OH)3 (aq) 7.02E-18 7.04E-18 -17.153 

Fe(OH)4- 3.75E-17 3.44E-17 -16.463 

Fe(SO4)2- 4.87E-31 4.47E-31 -30.349 

Fe+3 1.02E-27 4.76E-28 -27.322 

Fe2(OH)2+4 6.75E-41 1.74E-41 -40.759 

Fe3(OH)4+5 1.67E-54 2.02E-55 -54.696 

FeH2BO3+2 1.73E-37 1.23E-37 -36.91 

FeOH+2 1.57E-21 1.12E-21 -20.953 

FeSO4+ 5.77E-28 5.30E-28 -27.276 

H+1 4.43E-09 4.07E-09 -8.39 

H10(BO3)4-2 4.23E-63 3.02E-63 -62.52 

H2AsO4- 3.77E-08 3.46E-08 -7.46 

H2BO3- 1.33E-17 1.22E-17 -16.913 

H2CO3* (aq) 1.62E-06 1.63E-06 -5.789 

H3AsO4 2.81E-14 2.82E-14 -13.55 

H3BO3 8.56E-17 8.57E-17 -16.067 

H5(BO3)2- 9.70E-34 8.91E-34 -33.05 

H8(BO3)3- 8.31E-48 7.63E-48 -47.117 

HAsO4-2 1.22E-06 8.70E-07 -6.06 

HCO3- 1.93E-04 1.77E-04 -3.751 

HSO4- 2.71E-11 2.49E-11 -10.603 

Mg+2 4.43E-04 3.16E-04 -3.5 

Mg2CO3+2 1.11E-09 7.93E-10 -9.101 

MgCO3 (aq) 5.36E-07 5.36E-07 -6.27 

MgH2BO3+ 1.44E-19 1.33E-19 -18.878 

MgHCO3+ 6.26E-07 5.75E-07 -6.24 

MgOH+ 3.23E-07 2.97E-07 -6.528 

MgSO4 (aq) 3.59E-06 3.60E-06 -5.444 

OH- 2.69E-06 2.47E-06 -5.607 

SO4-2 8.79E-05 6.26E-05 -4.203 

Zn(CO3)2-2 4.53E-21 3.23E-21 -20.491 

Zn(H2BO3)2 (aq) 6.82E-47 6.83E-47 -46.165 

Zn(OH)2 (aq) 2.98E-17 2.98E-17 -16.525 

Zn(OH)3- 2.54E-20 2.33E-20 -19.633 

Zn(OH)4-2 1.28E-24 9.13E-25 -24.04 

Zn(SO4)2-2 4.07E-22 2.90E-22 -21.538 

Zn+2 5.44E-17 3.88E-17 -16.411 

Zn2OH+3 7.97E-34 3.72E-34 -33.43 

ZnCO3 (aq) 4.55E-18 4.56E-18 -17.341 

ZnH2BO3+ 1.28E-32 1.18E-32 -31.928 

ZnHCO3+ 2.37E-19 2.18E-19 -18.662 
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 RAP5, pH=11.24 

 Concentration Activity Log activity 

Al(OH)2+ 5.44E-15 5.07E-15 -14.295 

Al(OH)3 (aq) 3.53E-10 3.53E-10 -9.452 

Al(OH)4- 3.23E-05 3.01E-05 -4.521 

Al(SO4)2- 1.14E-29 1.06E-29 -28.976 

Al+3 6.25E-27 3.30E-27 -26.481 

Al2(OH)2+4 2.07E-38 6.66E-39 -38.176 

Al2(OH)2CO3+2 1.15E-30 8.67E-31 -30.062 

Al3(OH)4+5 2.50E-48 4.25E-49 -48.371 

AlOH+2 7.67E-21 5.78E-21 -20.238 

AlSO4+ 2.25E-27 2.10E-27 -26.678 

AsO4-3 2.82E-17 1.49E-17 -16.827 

Ba+2 9.39E-17 7.07E-17 -16.15 

BaCO3 (aq) 4.67E-18 4.67E-18 -17.33 

BaH2BO3+ 2.15E-31 2.00E-31 -30.699 

BaHCO3+ 1.15E-20 1.07E-20 -19.971 

BaOH+ 5.80E-19 5.40E-19 -18.268 

BaSO4 (aq) 8.75E-19 8.75E-19 -18.058 

Ca+2 8.30E-17 6.25E-17 -16.204 

CaCO3 (aq) 1.34E-17 1.34E-17 -16.874 

CaH2BO3+ 3.53E-31 3.29E-31 -30.483 

CaHCO3+ 1.35E-20 1.26E-20 -19.9 

CaOH+ 2.34E-18 2.18E-18 -17.661 

CaSO4 (aq) 1.31E-18 1.31E-18 -17.881 

CO3-2 1.71E-04 1.29E-04 -3.89 

Cu(CO3)2-2 3.08E-12 2.32E-12 -11.635 

Cu(H2BO3)2 (aq) 5.72E-40 5.72E-40 -39.242 

Cu(OH)2 (aq) 1.57E-08 1.57E-08 -7.805 

Cu(OH)3- 1.14E-07 1.06E-07 -6.975 

Cu(OH)4-2 1.99E-09 1.50E-09 -8.825 

Cu+2 1.17E-14 8.81E-15 -14.055 

Cu2(OH)2+2 9.98E-17 7.52E-17 -16.124 

Cu2OH+3 4.98E-24 2.63E-24 -23.58 

Cu3(OH)4+2 1.35E-18 1.02E-18 -17.993 

CuCO3 (aq) 6.68E-12 6.69E-12 -11.175 

CuH2BO3+ 8.26E-27 7.70E-27 -26.114 

CuHCO3+ 9.44E-18 8.79E-18 -17.056 

CuHSO4+ 1.09E-27 1.02E-27 -26.992 

CuOH+ 5.23E-11 4.88E-11 -10.312 

CuSO4 (aq) 1.85E-16 1.85E-16 -15.732 

Fe(OH)2+ 2.95E-22 2.75E-22 -21.561 

Fe(OH)3 (aq) 2.68E-20 2.69E-20 -19.571 

Fe(OH)4- 1.00E-16 9.31E-17 -16.031 

Fe(SO4)2- 1.11E-41 1.03E-41 -40.985 

Fe+3 9.68E-39 5.12E-39 -38.291 

Fe2(OH)2+4 3.14E-57 1.01E-57 -56.995 

Fe3(OH)4+5 3.70E-76 6.31E-77 -76.2 

FeH2BO3+2 1.33E-47 1.00E-47 -46.999 

FeOH+2 1.13E-29 8.50E-30 -29.071 

FeSO4+ 8.97E-39 8.36E-39 -38.078 

H+1 6.18E-12 5.75E-12 -11.24 

H10(BO3)4-2 2.61E-65 1.96E-65 -64.707 

H2AsO4- 3.27E-21 3.04E-21 -20.517 

H2BO3- 9.91E-17 9.23E-17 -16.035 

H2CO3* (aq) 2.04E-10 2.05E-10 -9.689 

H3AsO4 3.49E-30 3.49E-30 -29.457 

H3BO3 9.14E-19 9.15E-19 -18.039 

H5(BO3)2- 7.71E-35 7.19E-35 -34.143 

H8(BO3)3- 7.06E-51 6.57E-51 -50.182 

HAsO4-2 7.18E-17 5.41E-17 -16.267 

HCO3- 1.70E-05 1.58E-05 -4.801 

HSO4- 5.54E-14 5.16E-14 -13.287 

Mg+2 6.13E-17 4.62E-17 -16.335 

Mg2CO3+2 1.42E-33 1.07E-33 -32.971 

MgCO3 (aq) 4.94E-18 4.95E-18 -17.305 

MgH2BO3+ 1.57E-31 1.46E-31 -30.834 

MgHCO3+ 8.04E-21 7.49E-21 -20.125 

MgOH+ 3.30E-17 3.07E-17 -16.513 

MgSO4 (aq) 7.70E-19 7.71E-19 -18.113 

OH- 1.88E-03 1.75E-03 -2.757 

SO4-2 1.22E-04 9.18E-05 -4.037 

Zn(CO3)2-2 7.07E-23 5.32E-23 -22.274 

Zn(H2BO3)2 (aq) 1.62E-50 1.62E-50 -49.791 

Zn(OH)2 (aq) 6.19E-17 6.20E-17 -16.208 

Zn(OH)3- 3.68E-17 3.43E-17 -16.465 

Zn(OH)4-2 1.26E-18 9.51E-19 -18.022 

Zn(SO4)2-2 3.42E-27 2.58E-27 -26.588 

Zn+2 2.13E-22 1.61E-22   

Zn2OH+3 8.56E-42 4.52E-42 -41.344 

ZnCO3 (aq) 1.19E-21 1.19E-21 -20.924 

ZnH2BO3+ 3.97E-37 3.69E-37 -36.432 

ZnHCO3+ 8.63E-26 8.04E-26 -25.095 
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 RAP5, pH=11.72 

 Concentration Activity Log activity 

Al(OH)2+ 1.03E-15 9.13E-16 -15.039 

Al(OH)3 (aq) 1.91E-10 1.92E-10 -9.717 

Al(OH)4- 5.60E-05 4.94E-05 -4.306 

Al(SO4)2- 6.04E-31 5.34E-31 -30.273 

Al+3 1.99E-28 6.53E-29 -28.185 

Al2(OH)2+4 1.72E-40 2.38E-41 -40.624 

Al2(OH)2CO3+2 2.13E-32 1.30E-32 -31.887 

Al3(OH)4+5 6.03E-51 2.73E-52 -51.564 

AlOH+2 5.66E-22 3.45E-22 -21.462 

AlSO4+ 7.50E-29 6.62E-29 -28.179 

AsO4-3 6.07E-17 1.99E-17 -16.701 

Ba+2 8.36E-17 5.09E-17 -16.293 

BaCO3 (aq) 1.41E-17 1.41E-17 -16.85 

BaH2BO3+ 1.56E-31 1.37E-31 -30.862 

BaHCO3+ 1.21E-20 1.07E-20 -19.971 

BaOH+ 1.33E-18 1.17E-18 -17.93 

BaSO4 (aq) 1.00E-18 1.01E-18 -17.997 

Ca+2 6.10E-17 3.72E-17 -16.43 

CaCO3 (aq) 3.33E-17 3.34E-17 -16.476 

CaH2BO3+ 2.11E-31 1.87E-31 -30.729 

CaHCO3+ 1.18E-20 1.04E-20 -19.982 

CaOH+ 4.44E-18 3.92E-18 -17.407 

CaSO4 (aq) 1.24E-18 1.25E-18 -17.903 

CO3-2 8.88E-04 5.41E-04 -3.267 

Cu(CO3)2-2 1.84E-21 1.12E-21 -20.95 

Cu(H2BO3)2 (aq) 1.43E-50 1.43E-50 -49.844 

Cu(OH)2 (aq) 3.90E-18 3.92E-18 -17.407 

Cu(OH)3- 9.05E-17 8.00E-17 -16.097 

Cu(OH)4-2 5.59E-18 3.41E-18 -17.467 

Cu+2 3.97E-25 2.42E-25 -24.616 

Cu2(OH)2+2 8.47E-37 5.16E-37 -36.287 

Cu2OH+3 1.82E-44 5.98E-45 -44.223 

Cu3(OH)4+2 2.86E-48 1.74E-48 -47.758 

CuCO3 (aq) 7.68E-22 7.71E-22 -21.113 

CuH2BO3+ 2.28E-37 2.02E-37 -36.695 

CuHCO3+ 3.80E-28 3.36E-28 -27.474 

CuHSO4+ 1.67E-38 1.48E-38 -37.83 

CuOH+ 4.57E-21 4.04E-21 -20.394 

CuSO4 (aq) 8.09E-27 8.12E-27 -26.09 

Fe(OH)2+ 3.24E-23 2.86E-23 -22.543 

Fe(OH)3 (aq) 8.41E-21 8.44E-21 -20.074 

Fe(OH)4- 1.00E-16 8.84E-17 -16.054 

Fe(SO4)2- 3.41E-43 3.01E-43 -42.521 

Fe+3 1.78E-40 5.85E-41 -40.233 

Fe2(OH)2+4 8.71E-60 1.20E-60 -59.92 

Fe3(OH)4+5 1.72E-79 7.81E-81 -80.108 

FeH2BO3+2 1.79E-49 1.09E-49 -48.962 

FeOH+2 4.81E-31 2.93E-31 -30.533 

FeSO4+ 1.73E-40 1.52E-40 -39.817 

H+1 2.16E-12 1.91E-12 -11.72 

H10(BO3)4-2 2.93E-66 1.79E-66 -65.748 

H2AsO4- 5.05E-22 4.46E-22 -21.351 

H2BO3- 9.97E-17 8.81E-17 -16.055 

H2CO3* (aq) 9.39E-11 9.43E-11 -10.026 

H3AsO4 1.69E-31 1.70E-31 -30.771 

H3BO3 2.88E-19 2.89E-19 -18.539 

H5(BO3)2- 2.45E-35 2.17E-35 -34.664 

H8(BO3)3- 7.09E-52 6.27E-52 -51.203 

HAsO4-2 3.93E-17 2.40E-17 -16.621 

HCO3- 2.49E-05 2.20E-05 -4.658 

HSO4- 3.09E-14 2.73E-14 -13.564 

Mg+2 3.74E-17 2.28E-17 -16.642 

Mg2CO3+2 1.79E-33 1.09E-33 -32.961 

MgCO3 (aq) 1.02E-17 1.03E-17 -16.989 

MgH2BO3+ 7.81E-32 6.90E-32 -31.161 

MgHCO3+ 5.82E-21 5.14E-21 -20.289 

MgOH+ 5.18E-17 4.58E-17 -16.34 

MgSO4 (aq) 6.06E-19 6.08E-19 -18.216 

OH- 5.98E-03 5.28E-03 -2.277 

SO4-2 2.40E-04 1.47E-04 -3.834 

Zn(CO3)2-2 8.76E-23 5.34E-23 -22.273 

Zn(H2BO3)2 (aq) 8.34E-52 8.37E-52 -51.077 

Zn(OH)2 (aq) 3.20E-17 3.21E-17 -16.494 

Zn(OH)3- 6.07E-17 5.36E-17 -16.271 

Zn(OH)4-2 7.36E-18 4.49E-18 -17.348 

Zn(SO4)2-2 6.14E-28 3.74E-28 -27.427 

Zn+2 1.50E-23 9.14E-24 -23.039 

Zn2OH+3 1.34E-43 4.41E-44 -43.356 

ZnCO3 (aq) 2.84E-22 2.85E-22 -21.546 

ZnH2BO3+ 2.27E-38 2.00E-38 -37.698 

ZnHCO3+ 7.19E-27 6.35E-27 -26.197 



121 
 

 RAP6, pH=1.08 

 Concentration Activity Log activity 

Al(OH)2+ 2.05E-12 1.51E-12 -11.822 

Al(OH)3 (aq) 6.27E-18 7.12E-18 -17.147 

Al(OH)4- 5.61E-23 4.13E-23 -22.384 

Al(SO4)2- 4.23E-08 3.11E-08 -7.507 

Al+3 3.36E-03 2.13E-04 -3.672 

Al2(OH)2+4 1.72E-11 1.28E-13 -12.894 

Al2(OH)2CO3+2 1.94E-18 5.68E-19 -18.246 

Al3(OH)4+5 5.16E-18 2.42E-21 -20.616 

AlOH+2 8.63E-08 2.53E-08 -7.597 

AlSO4+ 3.93E-05 2.89E-05 -4.539 

AsO4-3 1.03E-20 6.50E-22 -21.187 

Ba+2 8.51E-06 2.50E-06 -5.602 

BaCO3 (aq) 4.97E-21 5.64E-21 -20.249 

BaH2BO3+ 8.24E-29 6.06E-29 -28.217 

BaHCO3+ 2.53E-13 1.86E-13 -12.73 

BaOH+ 1.76E-18 1.30E-18 -17.888 

BaSO4 (aq) 5.82E-09 6.60E-09 -8.18 

Ca+2 7.90E-02 2.32E-02 -1.635 

CaCO3 (aq) 1.49E-16 1.69E-16 -15.771 

CaH2BO3+ 1.42E-24 1.05E-24 -23.98 

CaHCO3+ 3.13E-09 2.31E-09 -8.637 

CaOH+ 7.46E-14 5.49E-14 -13.26 

CaSO4 (aq) 9.17E-05 1.04E-04 -3.983 

CO3-2 1.50E-17 4.40E-18 -17.356 

Cu(CO3)2-2 2.24E-30 6.58E-31 -30.181 

Cu(H2BO3)2 (aq) 9.05E-48 1.03E-47 -46.988 

Cu(OH)2 (aq) 1.55E-20 1.76E-20 -19.755 

Cu(OH)3- 1.10E-29 8.06E-30 -29.093 

Cu(OH)4-2 2.64E-41 7.73E-42 -41.112 

Cu+2 7.31E-06 2.14E-06 -5.669 

Cu2(OH)2+2 6.99E-20 2.05E-20 -19.688 

Cu2OH+3 1.67E-16 1.06E-17 -16.976 

Cu3(OH)4+2 1.06E-33 3.11E-34 -33.507 

CuCO3 (aq) 4.89E-17 5.56E-17 -16.255 

CuH2BO3+ 2.19E-26 1.61E-26 -25.794 

CuHCO3+ 1.44E-12 1.06E-12 -11.976 

CuHSO4+ 1.04E-09 7.65E-10 -9.116 

CuOH+ 1.09E-12 8.05E-13 -12.094 

CuSO4 (aq) 8.48E-09 9.63E-09 -8.016 

Fe(OH)2+ 2.91E-08 2.14E-08 -7.669 

Fe(OH)3 (aq) 1.25E-16 1.42E-16 -15.847 

Fe(OH)4- 4.55E-23 3.35E-23 -22.475 

Fe(SO4)2- 1.08E-08 7.98E-09 -8.098 

Fe+3 1.37E-03 8.66E-05 -4.063 

Fe2(OH)2+4 1.80E-07 1.33E-09 -8.876 

Fe3(OH)4+5 1.38E-11 6.48E-15 -14.189 

FeH2BO3+2 4.96E-21 1.45E-21 -20.837 

FeOH+2 3.32E-05 9.75E-06 -5.011 

FeSO4+ 4.10E-05 3.02E-05 -4.52 

H+1 1.13E-01 8.32E-02 -1.08 

H10(BO3)4-2 7.61E-77 2.23E-77 -76.651 

H2AsO4- 3.77E-05 2.77E-05 -4.557 

H2BO3- 1.08E-24 7.93E-25 -24.101 

H2CO3* (aq) 1.29E-03 1.46E-03 -2.835 

H3AsO4 4.05E-04 4.60E-04 -3.337 

H3BO3 1.00E-16 1.14E-16 -15.945 

H5(BO3)2- 1.04E-40 7.66E-41 -40.116 

H8(BO3)3- 1.18E-54 8.70E-55 -54.06 

HAsO4-2 1.16E-10 3.41E-11 -10.467 

HCO3- 1.06E-08 7.81E-09 -8.107 

HSO4- 2.17E-04 1.59E-04 -3.798 

Mg+2 4.36E-02 1.28E-02 -1.893 

Mg2CO3+2 9.53E-18 2.80E-18 -17.553 

MgCO3 (aq) 4.12E-17 4.68E-17 -16.33 

MgH2BO3+ 4.73E-25 3.48E-25 -24.458 

MgHCO3+ 1.39E-09 1.02E-09 -8.99 

MgOH+ 7.84E-13 5.77E-13 -12.239 

MgSO4 (aq) 4.01E-05 4.56E-05 -4.341 

OH- 1.61E-13 1.19E-13 -12.925 

SO4-2 6.68E-05 1.96E-05 -4.708 

Zn(CO3)2-2 5.22E-33 1.53E-33 -32.815 

Zn(H2BO3)2 (aq) 2.59E-50 2.94E-50 -49.532 

Zn(OH)2 (aq) 6.19E-21 7.03E-21 -20.153 

Zn(OH)3- 3.59E-31 2.64E-31 -30.578 

Zn(OH)4-2 1.70E-42 4.97E-43 -42.303 

Zn(SO4)2-2 9.88E-12 2.90E-12 -11.538 

Zn+2 1.35E-05 3.96E-06 -5.402 

Zn2OH+3 2.94E-18 1.86E-19 -18.73 

ZnCO3 (aq) 8.83E-19 1.00E-18 -17.999 

ZnH2BO3+ 1.06E-28 7.81E-29 -28.107 

ZnHCO3+ 1.33E-12 9.78E-13 -12.01 
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 RAP6, pH=2.26 

 Concentration Activity Log activity 

Al(OH)2+ 3.55E-10 2.62E-10 -9.582 

Al(OH)3 (aq) 1.79E-14 1.89E-14 -13.722 

Al(OH)4- 2.28E-18 1.68E-18 -17.775 

Al(SO4)2- 9.82E-08 7.24E-08 -7.14 

Al+3 2.46E-03 1.58E-04 -3.8 

Al2(OH)2+4 2.17E-09 1.65E-11 -10.782 

Al2(OH)2CO3+2 5.50E-14 1.62E-14 -13.789 

Al3(OH)4+5 1.11E-13 5.45E-17 -16.263 

AlOH+2 9.75E-07 2.88E-07 -6.541 

AlSO4+ 5.16E-05 3.80E-05 -4.42 

AsO4-3 1.53E-17 9.83E-19 -18.007 

Ba+2 6.93E-06 2.05E-06 -5.689 

BaCO3 (aq) 9.63E-19 1.02E-18 -17.991 

BaH2BO3+ 9.53E-28 7.02E-28 -27.153 

BaHCO3+ 3.03E-12 2.23E-12 -11.652 

BaOH+ 2.20E-17 1.62E-17 -16.79 

BaSO4 (aq) 9.03E-09 9.57E-09 -8.019 

Ca+2 7.62E-02 2.25E-02 -1.648 

CaCO3 (aq) 3.43E-14 3.64E-14 -13.439 

CaH2BO3+ 1.95E-23 1.44E-23 -22.842 

CaHCO3+ 4.44E-08 3.27E-08 -7.485 

CaOH+ 1.11E-12 8.16E-13 -12.089 

CaSO4 (aq) 1.68E-04 1.79E-04 -3.748 

CO3-2 3.30E-15 9.73E-16 -15.012 

Cu(CO3)2-2 8.73E-26 2.58E-26 -25.589 

Cu(H2BO3)2 (aq) 1.55E-45 1.64E-45 -44.784 

Cu(OH)2 (aq) 3.10E-18 3.29E-18 -17.483 

Cu(OH)3- 3.13E-26 2.31E-26 -25.637 

Cu(OH)4-2 1.15E-36 3.38E-37 -36.471 

Cu+2 5.81E-06 1.72E-06 -5.765 

Cu2(OH)2+2 1.04E-17 3.07E-18 -17.513 

Cu2OH+3 1.61E-15 1.04E-16 -15.985 

Cu3(OH)4+2 2.95E-29 8.72E-30 -29.06 

CuCO3 (aq) 9.27E-15 9.84E-15 -14.007 

CuH2BO3+ 2.47E-25 1.82E-25 -24.74 

CuHCO3+ 1.68E-11 1.24E-11 -10.908 

CuHSO4+ 9.70E-11 7.15E-11 -10.146 

CuOH+ 1.34E-11 9.86E-12 -11.006 

CuSO4 (aq) 1.28E-08 1.36E-08 -7.866 

Fe(OH)2+ 2.43E-06 1.79E-06 -5.746 

Fe(OH)3 (aq) 1.72E-13 1.82E-13 -12.74 

Fe(OH)4- 8.89E-19 6.55E-19 -18.184 

Fe(SO4)2- 1.21E-08 8.94E-09 -8.049 

Fe+3 4.82E-04 3.10E-05 -4.508 

Fe2(OH)2+4 5.25E-06 3.99E-08 -7.399 

Fe3(OH)4+5 3.32E-08 1.63E-11 -10.789 

FeH2BO3+2 2.49E-20 7.36E-21 -20.133 

FeOH+2 1.81E-04 5.34E-05 -4.272 

FeSO4+ 2.59E-05 1.91E-05 -4.719 

H+1 7.45E-03 5.50E-03 -2.26 

H10(BO3)4-2 1.32E-74 3.89E-75 -74.41 

H2AsO4- 2.48E-04 1.83E-04 -3.737 

H2BO3- 1.52E-23 1.12E-23 -22.95 

H2CO3* (aq) 1.33E-03 1.41E-03 -2.851 

H3AsO4 1.89E-04 2.01E-04 -3.697 

H3BO3 1.00E-16 1.06E-16 -15.974 

H5(BO3)2- 1.37E-39 1.01E-39 -38.995 

H8(BO3)3- 1.46E-53 1.07E-53 -52.969 

HAsO4-2 1.15E-08 3.41E-09 -8.467 

HCO3- 1.55E-07 1.14E-07 -6.943 

HSO4- 2.53E-05 1.86E-05 -4.73 

Mg+2 4.35E-02 1.29E-02 -1.891 

Mg2CO3+2 2.12E-15 6.26E-16 -15.203 

MgCO3 (aq) 9.81E-15 1.04E-14 -13.983 

MgH2BO3+ 6.71E-24 4.95E-24 -23.305 

MgHCO3+ 2.04E-08 1.50E-08 -7.823 

MgOH+ 1.20E-11 8.88E-12 -11.052 

MgSO4 (aq) 7.65E-05 8.11E-05 -4.091 

OH- 2.46E-12 1.82E-12 -11.741 

SO4-2 1.17E-04 3.47E-05 -4.46 

Zn(CO3)2-2 2.02E-28 5.97E-29 -28.224 

Zn(H2BO3)2 (aq) 4.41E-48 4.68E-48 -47.33 

Zn(OH)2 (aq) 1.24E-18 1.31E-18 -17.882 

Zn(OH)3- 1.02E-27 7.53E-28 -27.123 

Zn(OH)4-2 7.34E-38 2.17E-38 -37.664 

Zn(SO4)2-2 2.45E-11 7.23E-12 -11.141 

Zn+2 1.07E-05 3.16E-06 -5.501 

Zn2OH+3 2.81E-17 1.81E-18 -17.742 

ZnCO3 (aq) 1.67E-16 1.77E-16 -15.752 

ZnH2BO3+ 1.19E-27 8.80E-28 -27.055 

ZnHCO3+ 1.54E-11 1.14E-11 -10.943 
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 RAP6, pH=3.58 

 Concentration Activity Log activity 

Al(OH)2+ 1.78E-07 1.36E-07 -6.867 

Al(OH)3 (aq) 2.00E-10 2.06E-10 -9.686 

Al(OH)4- 5.01E-13 3.83E-13 -12.417 

Al(SO4)2- 1.21E-07 9.26E-08 -7.033 

Al+3 2.10E-03 1.87E-04 -3.729 

Al2(OH)2+4 7.46E-07 1.01E-08 -7.995 

Al2(OH)2CO3+2 1.06E-08 3.60E-09 -8.443 

Al3(OH)4+5 1.43E-08 1.73E-11 -10.762 

AlOH+2 2.09E-05 7.12E-06 -5.148 

AlSO4+ 6.11E-05 4.67E-05 -4.331 

AsO4-3 1.94E-27 1.72E-28 -27.764 

Ba+2 5.81E-06 1.98E-06 -5.703 

BaCO3 (aq) 3.48E-16 3.59E-16 -15.445 

BaH2BO3+ 9.91E-16 7.57E-16 -15.121 

BaHCO3+ 4.90E-11 3.75E-11 -10.426 

BaOH+ 4.31E-16 3.30E-16 -15.482 

BaSO4 (aq) 9.36E-09 9.65E-09 -8.015 

Ca+2 7.41E-02 2.53E-02 -1.597 

CaCO3 (aq) 1.44E-11 1.48E-11 -10.829 

CaH2BO3+ 2.35E-11 1.80E-11 -10.745 

CaHCO3+ 8.35E-07 6.38E-07 -6.195 

CaOH+ 2.52E-11 1.92E-11 -10.716 

CaSO4 (aq) 2.03E-04 2.09E-04 -3.679 

CO3-2 1.03E-12 3.53E-13 -12.452 

Cu(CO3)2-2 1.25E-20 4.28E-21 -20.369 

Cu(H2BO3)2 (aq) 2.49E-21 2.57E-21 -20.59 

Cu(OH)2 (aq) 1.77E-15 1.83E-15 -14.738 

Cu(OH)3- 3.52E-22 2.69E-22 -21.57 

Cu(OH)4-2 2.43E-31 8.28E-32 -31.082 

Cu+2 6.36E-06 2.17E-06 -5.664 

Cu2(OH)2+2 6.33E-15 2.16E-15 -14.666 

Cu2OH+3 3.90E-14 3.47E-15 -14.46 

Cu3(OH)4+2 9.99E-24 3.41E-24 -23.467 

CuCO3 (aq) 4.37E-12 4.51E-12 -11.346 

CuH2BO3+ 3.35E-13 2.56E-13 -12.592 

CuHCO3+ 3.54E-10 2.71E-10 -9.567 

CuHSO4+ 5.90E-12 4.51E-12 -11.346 

CuOH+ 3.42E-10 2.61E-10 -9.583 

CuSO4 (aq) 1.74E-08 1.79E-08 -7.746 

Fe(OH)2+ 1.80E-05 1.38E-05 -4.862 

Fe(OH)3 (aq) 2.84E-11 2.93E-11 -10.534 

Fe(OH)4- 2.89E-15 2.21E-15 -14.656 

Fe(SO4)2- 2.21E-10 1.69E-10 -9.772 

Fe+3 6.07E-06 5.40E-07 -6.268 

Fe2(OH)2+4 3.93E-07 5.33E-09 -8.273 

Fe3(OH)4+5 1.38E-08 1.67E-11 -10.779 

FeH2BO3+2 4.18E-10 1.43E-10 -9.845 

FeOH+2 5.72E-05 1.95E-05 -4.71 

FeSO4+ 4.54E-07 3.47E-07 -6.46 

H+1 3.44E-04 2.63E-04 -3.58 

H10(BO3)4-2 4.01E-29 1.37E-29 -28.864 

H2AsO4- 9.62E-17 7.35E-17 -16.134 

H2BO3- 1.63E-11 1.25E-11 -10.904 

H2CO3* (aq) 1.14E-03 1.17E-03 -2.931 

H3AsO4 3.74E-18 3.86E-18 -17.414 

H3BO3 5.48E-06 5.65E-06 -5.248 

H5(BO3)2- 7.85E-17 6.00E-17 -16.222 

H8(BO3)3- 4.43E-20 3.39E-20 -19.47 

HAsO4-2 8.38E-20 2.86E-20 -19.544 

HCO3- 2.59E-06 1.98E-06 -5.703 

HSO4- 1.21E-06 9.28E-07 -6.032 

Mg+2 4.31E-02 1.47E-02 -1.832 

Mg2CO3+2 8.70E-13 2.97E-13 -12.527 

MgCO3 (aq) 4.18E-12 4.32E-12 -11.365 

MgH2BO3+ 8.25E-12 6.30E-12 -11.2 

MgHCO3+ 3.91E-07 2.99E-07 -6.525 

MgOH+ 2.79E-10 2.13E-10 -9.672 

MgSO4 (aq) 9.36E-05 9.66E-05 -4.015 

OH- 4.99E-11 3.81E-11 -10.419 

SO4-2 1.06E-04 3.61E-05 -4.442 

Zn(CO3)2-2 2.47E-23 8.43E-24 -23.074 

Zn(H2BO3)2 (aq) 6.04E-24 6.24E-24 -23.205 

Zn(OH)2 (aq) 6.01E-16 6.21E-16 -15.207 

Zn(OH)3- 9.78E-24 7.48E-24 -23.126 

Zn(OH)4-2 1.32E-32 4.52E-33 -32.345 

Zn(SO4)2-2 2.47E-11 8.43E-12 -11.074 

Zn+2 9.95E-06 3.39E-06 -5.469 

Zn2OH+3 4.93E-16 4.39E-17 -16.357 

ZnCO3 (aq) 6.68E-14 6.89E-14 -13.162 

ZnH2BO3+ 1.38E-15 1.05E-15 -14.977 

ZnHCO3+ 2.78E-10 2.13E-10 -9.673 
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 RAP6, pH=4.22 

 Concentration Activity Log activity 

Al(OH)2+ 2.29E-06 1.75E-06 -5.756 

Al(OH)3 (aq) 1.13E-08 1.16E-08 -7.935 

Al(OH)4- 1.23E-10 9.42E-11 -10.026 

Al(SO4)2- 9.10E-08 6.98E-08 -7.156 

Al+3 1.38E-03 1.26E-04 -3.898 

Al2(OH)2+4 6.18E-06 8.83E-08 -7.054 

Al2(OH)2CO3+2 1.07E-06 3.71E-07 -6.43 

Al3(OH)4+5 1.49E-06 1.95E-09 -8.71 

AlOH+2 6.08E-05 2.10E-05 -4.677 

AlSO4+ 4.35E-05 3.33E-05 -4.477 

AsO4-3 3.69E-26 3.38E-27 -26.471 

Ba+2 6.00E-06 2.08E-06 -5.683 

BaCO3 (aq) 4.30E-15 4.43E-15 -14.353 

BaH2BO3+ 8.23E-26 6.31E-26 -25.2 

BaHCO3+ 1.38E-10 1.06E-10 -9.974 

BaOH+ 1.97E-15 1.51E-15 -14.822 

BaSO4 (aq) 1.04E-08 1.07E-08 -7.972 

Ca+2 7.49E-02 2.59E-02 -1.587 

CaCO3 (aq) 1.74E-10 1.79E-10 -9.747 

CaH2BO3+ 1.91E-21 1.47E-21 -20.834 

CaHCO3+ 2.30E-06 1.77E-06 -5.753 

CaOH+ 1.12E-10 8.59E-11 -10.066 

CaSO4 (aq) 2.19E-04 2.26E-04 -3.646 

CO3-2 1.20E-11 4.17E-12 -11.38 

Cu(CO3)2-2 1.27E-18 4.38E-19 -18.358 

Cu(H2BO3)2 (aq) 1.16E-41 1.20E-41 -40.922 

Cu(OH)2 (aq) 2.49E-14 2.56E-14 -13.591 

Cu(OH)3- 2.15E-20 1.65E-20 -19.783 

Cu(OH)4-2 6.40E-29 2.21E-29 -28.655 

Cu+2 4.61E-06 1.59E-06 -5.797 

Cu2(OH)2+2 6.44E-14 2.23E-14 -13.653 

Cu2OH+3 8.93E-14 8.19E-15 -14.087 

Cu3(OH)4+2 1.42E-21 4.92E-22 -21.308 

CuCO3 (aq) 3.80E-11 3.91E-11 -10.408 

CuH2BO3+ 1.95E-23 1.50E-23 -22.825 

CuHCO3+ 7.02E-10 5.39E-10 -9.269 

CuHSO4+ 1.04E-12 8.01E-13 -12.096 

CuOH+ 1.09E-09 8.39E-10 -9.076 

CuSO4 (aq) 1.35E-08 1.39E-08 -7.856 

Fe(OH)2+ 1.31E-04 1.01E-04 -3.998 

Fe(OH)3 (aq) 9.07E-10 9.34E-10 -9.029 

Fe(OH)4- 4.02E-13 3.08E-13 -12.511 

Fe(SO4)2- 9.41E-11 7.22E-11 -10.142 

Fe+3 2.26E-06 2.07E-07 -6.684 

Fe2(OH)2+4 1.05E-06 1.50E-08 -7.825 

Fe3(OH)4+5 2.60E-07 3.41E-10 -9.467 

FeH2BO3+2 1.26E-20 4.36E-21 -20.361 

FeOH+2 9.45E-05 3.27E-05 -4.486 

FeSO4+ 1.83E-07 1.40E-07 -6.853 

H+1 7.86E-05 6.03E-05 -4.22 

H10(BO3)4-2 8.33E-71 2.88E-71 -70.541 

H2AsO4- 9.87E-17 7.57E-17 -16.121 

H2BO3- 1.29E-21 9.93E-22 -21.003 

H2CO3* (aq) 7.04E-04 7.26E-04 -3.139 

H3AsO4 8.84E-19 9.10E-19 -18.041 

H3BO3 1.00E-16 1.03E-16 -15.987 

H5(BO3)2- 1.14E-37 8.70E-38 -37.06 

H8(BO3)3- 1.17E-51 8.97E-52 -51.047 

HAsO4-2 3.72E-19 1.29E-19 -18.891 

HCO3- 6.98E-06 5.35E-06 -5.271 

HSO4- 2.93E-07 2.24E-07 -6.649 

Mg+2 4.07E-02 1.41E-02 -1.852 

Mg2CO3+2 9.27E-12 3.20E-12 -11.494 

MgCO3 (aq) 4.73E-11 4.87E-11 -10.312 

MgH2BO3+ 6.25E-22 4.80E-22 -21.319 

MgHCO3+ 1.01E-06 7.72E-07 -6.112 

MgOH+ 1.16E-09 8.89E-10 -9.051 

MgSO4 (aq) 9.46E-05 9.75E-05 -4.011 

OH- 2.17E-10 1.66E-10 -9.779 

SO4-2 1.10E-04 3.81E-05 -4.419 

Zn(CO3)2-2 7.18E-21 2.48E-21 -20.605 

Zn(H2BO3)2 (aq) 8.10E-44 8.34E-44 -43.079 

Zn(OH)2 (aq) 2.43E-14 2.50E-14 -13.602 

Zn(OH)3- 1.72E-21 1.32E-21 -20.881 

Zn(OH)4-2 1.00E-29 3.47E-30 -29.46 

Zn(SO4)2-2 5.74E-11 1.98E-11 -10.702 

Zn+2 2.07E-05 7.17E-06 -5.144 

Zn2OH+3 9.34E-15 8.56E-16 -15.068 

ZnCO3 (aq) 1.67E-12 1.72E-12 -11.765 

ZnH2BO3+ 2.31E-25 1.77E-25 -24.751 

ZnHCO3+ 1.58E-09 1.21E-09 -8.916 
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 RAP6, pH=5.18 

 Concentration Activity Log activity 

Al(OH)2+ 6.79E-06 5.30E-06 -5.276 

Al(OH)3 (aq) 3.13E-07 3.20E-07 -6.495 

Al(OH)4- 3.04E-08 2.37E-08 -7.625 

Al(SO4)2- 3.16E-09 2.47E-09 -8.608 

Al+3 4.32E-05 4.58E-06 -5.339 

Al2(OH)2+4 5.22E-07 9.66E-09 -8.015 

Al2(OH)2CO3+2 1.29E-05 4.76E-06 -5.322 

Al3(OH)4+5 3.28E-07 6.44E-10 -9.191 

AlOH+2 1.89E-05 6.96E-06 -5.158 

AlSO4+ 1.53E-06 1.19E-06 -5.924 

AsO4-3 2.64E-24 2.80E-25 -24.553 

Ba+2 4.40E-06 1.62E-06 -5.79 

BaCO3 (aq) 3.97E-13 4.06E-13 -12.391 

BaH2BO3+ 5.73E-25 4.47E-25 -24.35 

BaHCO3+ 1.37E-09 1.07E-09 -8.972 

BaOH+ 1.38E-14 1.07E-14 -13.969 

BaSO4 (aq) 8.04E-09 8.23E-09 -8.085 

Ca+2 5.79E-02 2.14E-02 -1.67 

CaCO3 (aq) 1.69E-08 1.73E-08 -7.761 

CaH2BO3+ 1.41E-20 1.10E-20 -19.96 

CaHCO3+ 2.40E-05 1.87E-05 -4.727 

CaOH+ 8.31E-10 6.47E-10 -9.189 

CaSO4 (aq) 1.80E-04 1.84E-04 -3.735 

CO3-2 1.32E-09 4.89E-10 -9.311 

Cu(CO3)2-2 3.25E-15 1.20E-15 -14.922 

Cu(H2BO3)2 (aq) 1.91E-40 1.95E-40 -39.709 

Cu(OH)2 (aq) 4.14E-13 4.24E-13 -12.373 

Cu(OH)3- 3.19E-18 2.49E-18 -17.604 

Cu(OH)4-2 8.27E-26 3.05E-26 -25.516 

Cu+2 8.58E-07 3.17E-07 -6.5 

Cu2(OH)2+2 1.98E-13 7.31E-14 -13.136 

Cu2OH+3 2.78E-14 2.95E-15 -14.531 

Cu3(OH)4+2 7.25E-20 2.67E-20 -19.573 

CuCO3 (aq) 8.89E-10 9.11E-10 -9.041 

CuH2BO3+ 3.46E-23 2.70E-23 -22.569 

CuHCO3+ 1.76E-09 1.38E-09 -8.862 

CuHSO4+ 2.21E-14 1.72E-14 -13.764 

CuOH+ 1.95E-09 1.52E-09 -8.818 

CuSO4 (aq) 2.67E-09 2.73E-09 -8.564 

Fe(OH)2+ 3.59E-04 2.80E-04 -3.553 

Fe(OH)3 (aq) 2.32E-08 2.38E-08 -7.624 

Fe(OH)4- 9.17E-11 7.15E-11 -10.146 

Fe(SO4)2- 3.02E-12 2.35E-12 -11.629 

Fe+3 6.53E-08 6.92E-09 -8.16 

Fe2(OH)2+4 7.52E-08 1.39E-09 -8.856 

Fe3(OH)4+5 4.51E-08 8.85E-11 -10.053 

FeH2BO3+2 3.58E-21 1.32E-21 -20.88 

FeOH+2 2.70E-05 9.97E-06 -5.001 

FeSO4+ 5.94E-09 4.63E-09 -8.334 

H+1 8.48E-06 6.61E-06 -5.18 

H10(BO3)4-2 6.34E-69 2.34E-69 -68.631 

H2AsO4- 9.67E-17 7.54E-17 -16.123 

H2BO3- 1.15E-20 9.00E-21 -20.046 

H2CO3* (aq) 9.99E-04 1.02E-03 -2.99 

H3AsO4 9.71E-20 9.94E-20 -19.003 

H3BO3 1.00E-16 1.02E-16 -15.99 

H5(BO3)2- 1.01E-36 7.84E-37 -36.106 

H8(BO3)3- 1.03E-50 8.02E-51 -50.096 

HAsO4-2 3.17E-18 1.17E-18 -17.933 

HCO3- 8.83E-05 6.89E-05 -4.162 

HSO4- 3.12E-08 2.43E-08 -7.614 

Mg+2 2.85E-02 1.05E-02 -1.978 

Mg2CO3+2 5.71E-10 2.11E-10 -9.676 

MgCO3 (aq) 4.18E-09 4.28E-09 -8.369 

MgH2BO3+ 4.18E-21 3.25E-21 -20.487 

MgHCO3+ 9.54E-06 7.44E-06 -5.129 

MgOH+ 7.80E-09 6.08E-09 -8.216 

MgSO4 (aq) 7.04E-05 7.21E-05 -4.142 

OH- 1.95E-09 1.52E-09 -8.819 

SO4-2 1.02E-04 3.76E-05 -4.424 

Zn(CO3)2-2 3.19E-17 1.18E-17 -16.929 

Zn(H2BO3)2 (aq) 2.31E-42 2.36E-42 -41.627 

Zn(OH)2 (aq) 7.01E-13 7.18E-13 -12.144 

Zn(OH)3- 4.42E-19 3.45E-19 -18.462 

Zn(OH)4-2 2.25E-26 8.30E-27 -26.081 

Zn(SO4)2-2 1.81E-11 6.67E-12 -11.176 

Zn+2 6.70E-06 2.47E-06 -5.607 

Zn2OH+3 8.76E-15 9.28E-16 -15.032 

ZnCO3 (aq) 6.79E-11 6.95E-11 -10.158 

ZnH2BO3+ 7.11E-25 5.54E-25 -24.257 

ZnHCO3+ 6.91E-09 5.38E-09 -8.269 
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 RAP6, pH=6.28 

 Concentration Activity Log activity 

Al(OH)2+ 8.20E-07 7.42E-07 -6.13 

Al(OH)3 (aq) 5.65E-07 5.66E-07 -6.247 

Al(OH)4- 5.85E-07 5.30E-07 -6.276 

Al(SO4)2- 5.21E-12 4.71E-12 -11.327 

Al+3 9.90E-09 4.02E-09 -8.395 

Al2(OH)2+4 5.89E-12 1.19E-12 -11.925 

Al2(OH)2CO3+2 7.25E-08 4.86E-08 -7.314 

Al3(OH)4+5 1.35E-13 1.11E-14 -13.955 

AlOH+2 1.15E-07 7.72E-08 -7.113 

AlSO4+ 1.71E-09 1.54E-09 -8.811 

AsO4-3 1.04E-22 4.22E-23 -22.375 

Ba+2 2.15E-06 1.44E-06 -5.841 

BaCO3 (aq) 2.99E-11 3.00E-11 -10.524 

BaH2BO3+ 5.40E-24 4.89E-24 -23.311 

BaHCO3+ 6.90E-09 6.24E-09 -8.205 

BaOH+ 1.33E-13 1.21E-13 -12.918 

BaSO4 (aq) 1.08E-08 1.08E-08 -7.967 

Ca+2 1.86E-02 1.24E-02 -1.906 

CaCO3 (aq) 8.34E-07 8.35E-07 -6.078 

CaH2BO3+ 8.67E-20 7.84E-20 -19.106 

CaHCO3+ 7.93E-05 7.18E-05 -4.144 

CaOH+ 5.26E-09 4.76E-09 -8.323 

CaSO4 (aq) 1.58E-04 1.58E-04 -3.801 

CO3-2 6.04E-08 4.05E-08 -7.393 

Cu(CO3)2-2 2.91E-12 1.95E-12 -11.709 

Cu(H2BO3)2 (aq) 6.99E-39 7.01E-39 -38.154 

Cu(OH)2 (aq) 1.60E-11 1.60E-11 -10.795 

Cu(OH)3- 1.31E-15 1.19E-15 -14.925 

Cu(OH)4-2 2.75E-22 1.84E-22 -21.735 

Cu+2 1.12E-07 7.51E-08 -7.124 

Cu2(OH)2+2 9.79E-13 6.56E-13 -12.183 

Cu2OH+3 5.16E-15 2.09E-15 -14.679 

Cu3(OH)4+2 1.36E-17 9.08E-18 -17.042 

CuCO3 (aq) 1.79E-08 1.79E-08 -7.747 

CuH2BO3+ 8.69E-23 7.86E-23 -22.104 

CuHCO3+ 2.37E-09 2.15E-09 -8.668 

CuHSO4+ 5.29E-16 4.79E-16 -15.32 

CuOH+ 5.03E-09 4.55E-09 -8.342 

CuSO4 (aq) 9.53E-10 9.55E-10 -9.02 

Fe(OH)2+ 5.52E-06 5.00E-06 -5.301 

Fe(OH)3 (aq) 5.34E-09 5.35E-09 -8.271 

Fe(OH)4- 2.25E-10 2.03E-10 -9.691 

Fe(SO4)2- 6.33E-16 5.72E-16 -15.242 

Fe+3 1.91E-12 7.75E-13 -12.111 

Fe2(OH)2+4 1.38E-14 2.78E-15 -14.556 

Fe3(OH)4+5 3.85E-17 3.15E-18 -17.501 

FeH2BO3+2 2.71E-24 1.82E-24 -23.741 

FeOH+2 2.10E-08 1.41E-08 -7.851 

FeSO4+ 8.45E-13 7.64E-13 -12.117 

H+1 5.80E-07 5.25E-07 -6.28 

H10(BO3)4-2 5.03E-67 3.37E-67 -66.472 

H2AsO4- 7.92E-17 7.16E-17 -16.145 

H2BO3- 1.22E-19 1.11E-19 -18.956 

H2CO3* (aq) 5.34E-04 5.35E-04 -3.272 

H3AsO4 7.48E-21 7.50E-21 -20.125 

H3BO3 9.98E-17 1.00E-16 -16 

H5(BO3)2- 1.04E-35 9.42E-36 -35.026 

H8(BO3)3- 1.04E-49 9.42E-50 -49.026 

HAsO4-2 2.08E-17 1.40E-17 -16.855 

HCO3- 5.01E-04 4.53E-04 -3.344 

HSO4- 3.15E-09 2.85E-09 -8.546 

Mg+2 6.31E-03 4.23E-03 -2.374 

Mg2CO3+2 4.21E-09 2.82E-09 -8.55 

MgCO3 (aq) 1.42E-07 1.42E-07 -6.846 

MgH2BO3+ 1.78E-20 1.61E-20 -19.794 

MgHCO3+ 2.17E-05 1.97E-05 -4.706 

MgOH+ 3.41E-08 3.08E-08 -7.511 

MgSO4 (aq) 4.26E-05 4.27E-05 -4.37 

OH- 2.12E-08 1.92E-08 -7.717 

SO4-2 8.28E-05 5.55E-05 -4.256 

Zn(CO3)2-2 2.91E-14 1.95E-14 -13.71 

Zn(H2BO3)2 (aq) 8.59E-41 8.61E-41 -40.065 

Zn(OH)2 (aq) 2.75E-11 2.76E-11 -10.559 

Zn(OH)3- 1.85E-16 1.67E-16 -15.776 

Zn(OH)4-2 7.59E-23 5.09E-23 -22.293 

Zn(SO4)2-2 5.22E-12 3.50E-12 -11.456 

Zn+2 8.89E-07 5.96E-07 -6.225 

Zn2OH+3 1.68E-15 6.81E-16 -15.167 

ZnCO3 (aq) 1.39E-09 1.39E-09 -8.857 

ZnH2BO3+ 1.81E-24 1.64E-24 -23.785 

ZnHCO3+ 9.44E-09 8.54E-09 -8.068 
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 RAP6, pH=7.32 

 Concentration Activity Log activity 

Al(OH)2+ 1.24E-08 1.12E-08 -7.95 

Al(OH)3 (aq) 9.38E-08 9.40E-08 -7.027 

Al(OH)4- 1.06E-06 9.64E-07 -6.016 

Al(SO4)2- 6.33E-16 5.74E-16 -15.241 

Al+3 1.21E-12 5.06E-13 -12.296 

Al2(OH)2+4 1.06E-17 2.26E-18 -17.645 

Al2(OH)2CO3+2 2.22E-12 1.51E-12 -11.82 

Al3(OH)4+5 3.56E-21 3.20E-22 -21.495 

AlOH+2 1.57E-10 1.06E-10 -9.973 

AlSO4+ 2.11E-13 1.91E-13 -12.718 

AsO4-3 3.97E-21 1.67E-21 -20.778 

Ba+2 6.26E-07 4.26E-07 -6.371 

BaCO3 (aq) 1.44E-10 1.45E-10 -9.839 

BaH2BO3+ 2.18E-13 1.98E-13 -12.704 

BaHCO3+ 3.03E-09 2.75E-09 -8.56 

BaOH+ 4.31E-13 3.91E-13 -12.408 

BaSO4 (aq) 3.13E-09 3.14E-09 -8.503 

Ca+2 4.89E-03 3.32E-03 -2.478 

CaCO3 (aq) 3.65E-06 3.66E-06 -5.437 

CaH2BO3+ 3.16E-09 2.87E-09 -8.542 

CaHCO3+ 3.15E-05 2.86E-05 -4.543 

CaOH+ 1.54E-08 1.40E-08 -7.855 

CaSO4 (aq) 4.15E-05 4.16E-05 -4.381 

CO3-2 9.74E-07 6.63E-07 -6.179 

Cu(CO3)2-2 1.78E-10 1.21E-10 -9.917 

Cu(H2BO3)2 (aq) 3.04E-17 3.05E-17 -16.516 

Cu(OH)2 (aq) 4.46E-10 4.47E-10 -9.35 

Cu(OH)3- 4.00E-13 3.63E-13 -12.44 

Cu(OH)4-2 9.07E-19 6.17E-19 -18.21 

Cu+2 2.56E-08 1.74E-08 -7.759 

Cu2(OH)2+2 6.23E-12 4.24E-12 -11.373 

Cu2OH+3 2.94E-15 1.23E-15 -14.909 

Cu3(OH)4+2 2.40E-15 1.64E-15 -14.786 

CuCO3 (aq) 6.78E-08 6.79E-08 -7.168 

CuH2BO3+ 2.75E-12 2.50E-12 -11.603 

CuHCO3+ 8.18E-10 7.43E-10 -9.129 

CuHSO4+ 1.10E-17 9.96E-18 -17.002 

CuOH+ 1.27E-08 1.16E-08 -7.936 

CuSO4 (aq) 2.17E-10 2.18E-10 -9.662 

Fe(OH)2+ 1.28E-07 1.17E-07 -6.934 

Fe(OH)3 (aq) 1.37E-09 1.37E-09 -8.864 

Fe(OH)4- 6.28E-10 5.70E-10 -9.244 

Fe(SO4)2- 1.18E-19 1.08E-19 -18.969 

Fe+3 3.58E-16 1.50E-16 -15.823 

Fe2(OH)2+4 5.87E-20 1.26E-20 -19.901 

Fe3(OH)4+5 3.70E-24 3.32E-25 -24.478 

FeH2BO3+2 7.09E-17 4.82E-17 -16.317 

FeOH+2 4.41E-11 3.00E-11 -10.523 

FeSO4+ 1.61E-16 1.46E-16 -15.836 

H+1 5.27E-08 4.79E-08 -7.32 

H10(BO3)4-2 1.45E-24 9.88E-25 -24.005 

H2AsO4- 2.59E-17 2.36E-17 -16.628 

H2BO3- 1.67E-08 1.52E-08 -7.819 

H2CO3* (aq) 7.27E-05 7.28E-05 -4.138 

H3AsO4 2.25E-22 2.25E-22 -21.648 

H3BO3 1.25E-06 1.25E-06 -5.903 

H5(BO3)2- 1.78E-14 1.61E-14 -13.793 

H8(BO3)3- 2.22E-18 2.01E-18 -17.696 

HAsO4-2 7.41E-17 5.04E-17 -16.298 

HCO3- 7.45E-04 6.76E-04 -3.17 

HSO4- 2.81E-10 2.56E-10 -9.593 

Mg+2 1.23E-03 8.34E-04 -3.079 

Mg2CO3+2 2.64E-09 1.79E-09 -8.746 

MgCO3 (aq) 4.59E-07 4.60E-07 -6.337 

MgH2BO3+ 4.79E-10 4.35E-10 -9.362 

MgHCO3+ 6.38E-06 5.79E-06 -5.237 

MgOH+ 7.35E-08 6.67E-08 -7.176 

MgSO4 (aq) 8.28E-06 8.29E-06 -5.081 

OH- 2.32E-07 2.10E-07 -6.677 

SO4-2 8.03E-05 5.46E-05 -4.263 

Zn(CO3)2-2 8.19E-22 5.57E-22 -21.254 

Zn(H2BO3)2 (aq) 1.72E-28 1.73E-28 -27.763 

Zn(OH)2 (aq) 3.53E-19 3.54E-19 -18.451 

Zn(OH)3- 2.59E-23 2.35E-23 -22.628 

Zn(OH)4-2 1.15E-28 7.85E-29 -28.105 

Zn(SO4)2-2 5.32E-22 3.62E-22 -21.442 

Zn+2 9.35E-17 6.36E-17 -16.197 

Zn2OH+3 2.02E-34 8.50E-35 -34.07 

ZnCO3 (aq) 2.42E-18 2.42E-18 -17.615 

ZnH2BO3+ 2.64E-23 2.40E-23 -22.62 

ZnHCO3+ 1.50E-18 1.36E-18 -17.866 
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 RAP6, pH=7.95 

 Concentration Activity Log activity 

Al(OH)2+ 6.26E-20 5.95E-20 -19.226 

Al(OH)3 (aq) 2.12E-18 2.13E-18 -17.673 

Al(OH)4- 9.78E-17 9.30E-17 -16.032 

Al(SO4)2- 3.78E-29 3.60E-29 -28.444 

Al+3 2.32E-25 1.47E-25 -24.831 

Al2(OH)2+4 7.84E-42 3.49E-42 -41.457 

Al2(OH)2CO3+2 1.02E-35 8.36E-36 -35.078 

Al3(OH)4+5 9.26E-57 2.62E-57 -56.582 

AlOH+2 1.62E-22 1.32E-22 -21.878 

AlSO4+ 2.72E-26 2.58E-26 -25.588 

AsO4-3 1.66E-20 1.05E-20 -19.977 

Ba+2 9.46E-08 7.73E-08 -7.112 

BaCO3 (aq) 9.40E-11 9.40E-11 -10.027 

BaH2BO3+ 1.25E-13 1.19E-13 -12.924 

BaHCO3+ 4.41E-10 4.19E-10 -9.378 

BaOH+ 3.18E-13 3.03E-13 -12.519 

BaSO4 (aq) 2.64E-10 2.64E-10 -9.578 

Ca+2 8.64E-04 7.05E-04 -3.152 

CaCO3 (aq) 2.78E-06 2.78E-06 -5.556 

CaH2BO3+ 2.13E-09 2.02E-09 -8.694 

CaHCO3+ 5.36E-06 5.10E-06 -5.292 

CaOH+ 1.33E-08 1.26E-08 -7.899 

CaSO4 (aq) 4.09E-06 4.09E-06 -5.388 

CO3-2 2.90E-06 2.37E-06 -5.625 

Cu(CO3)2-2 1.22E-09 1.00E-09 -9 

Cu(H2BO3)2 (aq) 2.16E-16 2.16E-16 -15.665 

Cu(OH)2 (aq) 5.24E-09 5.25E-09 -8.28 

Cu(OH)3- 1.91E-11 1.82E-11 -10.74 

Cu(OH)4-2 1.61E-16 1.32E-16 -15.88 

Cu+2 1.37E-08 1.12E-08 -7.95 

Cu2(OH)2+2 3.92E-11 3.20E-11 -10.494 

Cu2OH+3 3.45E-15 2.19E-15 -14.66 

Cu3(OH)4+2 1.78E-13 1.45E-13 -12.839 

CuCO3 (aq) 1.57E-07 1.57E-07 -6.805 

CuH2BO3+ 5.62E-12 5.34E-12 -11.273 

CuHCO3+ 4.23E-10 4.02E-10 -9.396 

CuHSO4+ 7.34E-19 6.97E-19 -18.157 

CuOH+ 3.35E-08 3.18E-08 -7.497 

CuSO4 (aq) 6.51E-11 6.51E-11 -10.187 

Fe(OH)2+ 8.80E-17 8.36E-17 -16.078 

Fe(OH)3 (aq) 4.19E-18 4.19E-18 -17.378 

Fe(OH)4- 7.84E-18 7.45E-18 -17.128 

Fe(SO4)2- 9.59E-31 9.11E-31 -30.04 

Fe+3 9.33E-27 5.92E-27 -26.228 

Fe2(OH)2+4 7.98E-40 3.55E-40 -39.449 

Fe3(OH)4+5 2.39E-53 6.75E-54 -53.171 

FeH2BO3+2 7.73E-27 6.31E-27 -26.2 

FeOH+2 6.17E-21 5.04E-21 -20.298 

FeSO4+ 2.81E-27 2.67E-27 -26.574 

H+1 1.18E-08 1.12E-08 -7.95 

H10(BO3)4-2 8.06E-24 6.58E-24 -23.181 

H2AsO4- 8.61E-18 8.18E-18 -17.087 

H2BO3- 5.29E-08 5.03E-08 -7.298 

H2CO3* (aq) 1.43E-05 1.43E-05 -4.844 

H3AsO4 1.83E-23 1.83E-23 -22.737 

H3BO3 9.71E-07 9.72E-07 -6.012 

H5(BO3)2- 4.38E-14 4.16E-14 -13.381 

H8(BO3)3- 4.25E-18 4.04E-18 -17.393 

HAsO4-2 9.14E-17 7.46E-17 -16.127 

HCO3- 5.97E-04 5.68E-04 -3.246 

HSO4- 2.92E-11 2.78E-11 -10.556 

Mg+2 2.16E-04 1.77E-04 -3.753 

Mg2CO3+2 3.52E-10 2.88E-10 -9.541 

MgCO3 (aq) 3.48E-07 3.48E-07 -6.458 

MgH2BO3+ 3.21E-10 3.05E-10 -9.516 

MgHCO3+ 1.08E-06 1.03E-06 -5.988 

MgOH+ 6.33E-08 6.02E-08 -7.22 

MgSO4 (aq) 8.13E-07 8.14E-07 -6.09 

OH- 9.44E-07 8.97E-07 -6.047 

SO4-2 3.10E-05 2.53E-05 -4.596 

Zn(CO3)2-2 8.69E-21 7.10E-21 -20.149 

Zn(H2BO3)2 (aq) 1.89E-27 1.89E-27 -26.724 

Zn(OH)2 (aq) 6.41E-18 6.41E-18 -17.193 

Zn(OH)3- 1.91E-21 1.82E-21 -20.74 

Zn(OH)4-2 3.17E-26 2.59E-26 -25.587 

Zn(SO4)2-2 9.47E-23 7.73E-23 -22.112 

Zn+2 7.74E-17 6.33E-17 -16.199 

Zn2OH+3 5.66E-34 3.59E-34 -33.445 

ZnCO3 (aq) 8.63E-18 8.63E-18 -17.064 

ZnH2BO3+ 8.33E-23 7.92E-23 -22.101 

ZnHCO3+ 1.19E-18 1.14E-18 -17.945 
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 RAP6, pH=9.87 

 Concentration Activity Log activity 

Al(OH)2+ 1.53E-14 1.43E-14 -13.844 

Al(OH)3 (aq) 9.30E-10 9.31E-10 -9.031 

Al(OH)4- 7.89E-05 7.41E-05 -4.13 

Al(SO4)2- 3.03E-32 2.84E-32 -31.546 

Al+3 1.89E-26 1.07E-26 -25.97 

Al2(OH)2+4 1.68E-37 6.11E-38 -37.214 

Al2(OH)2CO3+2 3.82E-29 2.97E-29 -28.528 

Al3(OH)4+5 5.36E-47 1.10E-47 -46.958 

AlOH+2 2.25E-20 1.75E-20 -19.757 

AlSO4+ 2.09E-28 1.96E-28 -27.708 

AsO4-3 2.61E-17 1.47E-17 -16.831 

Ba+2 8.35E-17 6.48E-17 -16.189 

BaCO3 (aq) 1.60E-17 1.60E-17 -16.796 

BaH2BO3+ 2.07E-21 1.94E-21 -20.711 

BaHCO3+ 4.17E-20 3.92E-20 -19.407 

BaOH+ 4.92E-19 4.62E-19 -18.336 

BaSO4 (aq) 2.31E-20 2.31E-20 -19.637 

Ca+2 6.07E-17 4.71E-17 -16.327 

CaCO3 (aq) 3.76E-17 3.76E-17 -16.424 

CaH2BO3+ 2.80E-21 2.63E-21 -20.58 

CaHCO3+ 4.05E-20 3.80E-20 -19.42 

CaOH+ 1.64E-18 1.53E-18 -17.814 

CaSO4 (aq) 2.85E-20 2.85E-20 -19.545 

CO3-2 6.20E-04 4.81E-04 -3.318 

Cu(CO3)2-2 1.77E-10 1.37E-10 -9.863 

Cu(H2BO3)2 (aq) 2.73E-19 2.73E-19 -18.563 

Cu(OH)2 (aq) 5.78E-08 5.78E-08 -7.238 

Cu(OH)3- 3.89E-07 3.65E-07 -6.438 

Cu(OH)4-2 6.20E-09 4.81E-09 -8.318 

Cu+2 4.81E-14 3.74E-14 -13.428 

Cu2(OH)2+2 1.52E-15 1.18E-15 -14.929 

Cu2OH+3 7.80E-23 4.41E-23 -22.355 

Cu3(OH)4+2 7.56E-17 5.87E-17 -16.231 

CuCO3 (aq) 1.06E-10 1.06E-10 -9.975 

CuH2BO3+ 3.69E-16 3.46E-16 -15.46 

CuHCO3+ 1.59E-16 1.49E-16 -15.826 

CuHSO4+ 1.42E-28 1.33E-28 -27.876 

CuOH+ 2.05E-10 1.93E-10 -9.715 

CuSO4 (aq) 2.26E-17 2.26E-17 -16.646 

Fe(OH)2+ 7.89E-13 7.40E-13 -12.131 

Fe(OH)3 (aq) 6.75E-11 6.75E-11 -10.171 

Fe(OH)4- 2.33E-07 2.18E-07 -6.661 

Fe(SO4)2- 2.82E-35 2.65E-35 -34.576 

Fe+3 2.80E-29 1.58E-29 -28.8 

Fe2(OH)2+4 2.32E-38 8.41E-39 -38.075 

Fe3(OH)4+5 6.88E-48 1.41E-48 -47.85 

FeH2BO3+2 4.23E-28 3.29E-28 -27.483 

FeOH+2 3.16E-20 2.45E-20 -19.611 

FeSO4+ 7.93E-31 7.44E-31 -30.128 

H+1 6.57E-12 6.17E-12 -11.21 

H10(BO3)4-2 3.69E-25 2.86E-25 -24.543 

H2AsO4- 3.68E-21 3.46E-21 -20.461 

H2BO3- 1.04E-06 9.80E-07 -6.009 

H2CO3* (aq) 8.77E-10 8.78E-10 -9.057 

H3AsO4 4.25E-30 4.25E-30 -29.371 

H3BO3 1.04E-08 1.04E-08 -7.983 

H5(BO3)2- 9.25E-15 8.68E-15 -14.061 

H8(BO3)3- 9.62E-21 9.03E-21 -20.044 

HAsO4-2 7.39E-17 5.74E-17 -16.241 

HCO3- 6.74E-05 6.33E-05 -4.199 

HSO4- 1.70E-15 1.59E-15 -14.798 

Mg+2 5.48E-17 4.25E-17 -16.371 

Mg2CO3+2 4.37E-33 3.39E-33 -32.47 

MgCO3 (aq) 1.70E-17 1.70E-17 -16.769 

MgH2BO3+ 1.53E-21 1.43E-21 -20.844 

MgHCO3+ 2.94E-20 2.76E-20 -19.559 

MgOH+ 2.81E-17 2.64E-17 -16.578 

MgSO4 (aq) 2.04E-20 2.05E-20 -19.689 

OH- 1.74E-03 1.63E-03 -2.787 

SO4-2 3.40E-06 2.64E-06 -5.578 

Zn(CO3)2-2 1.13E-21 8.79E-22 -21.056 

Zn(H2BO3)2 (aq) 2.15E-30 2.16E-30 -29.666 

Zn(OH)2 (aq) 6.38E-17 6.38E-17 -16.195 

Zn(OH)3- 3.51E-17 3.29E-17 -16.482 

Zn(OH)4-2 1.10E-18 8.53E-19 -18.069 

Zn(SO4)2-2 3.26E-30 2.53E-30 -29.597 

Zn+2 2.45E-22 1.90E-22 -21.721 

Zn2OH+3 1.04E-41 5.90E-42 -41.229 

ZnCO3 (aq) 5.26E-21 5.27E-21 -20.279 

ZnH2BO3+ 4.94E-27 4.64E-27 -26.334 

ZnHCO3+ 4.05E-25 3.81E-25 -24.42 
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 RAP6, pH=11.21 

 Concentration Activity Log activity 

Al(OH)2+ 1.53E-14 1.43E-14 -13.844 

Al(OH)3 (aq) 9.30E-10 9.31E-10 -9.031 

Al(OH)4- 7.89E-05 7.41E-05 -4.13 

Al(SO4)2- 3.03E-32 2.84E-32 -31.546 

Al+3 1.89E-26 1.07E-26 -25.97 

Al2(OH)2+4 1.68E-37 6.11E-38 -37.214 

Al2(OH)2CO3+2 3.82E-29 2.97E-29 -28.528 

Al3(OH)4+5 5.36E-47 1.10E-47 -46.958 

AlOH+2 2.25E-20 1.75E-20 -19.757 

AlSO4+ 2.09E-28 1.96E-28 -27.708 

AsO4-3 2.61E-17 1.47E-17 -16.831 

Ba+2 8.35E-17 6.48E-17 -16.189 

BaCO3 (aq) 1.60E-17 1.60E-17 -16.796 

BaH2BO3+ 2.07E-21 1.94E-21 -20.711 

BaHCO3+ 4.17E-20 3.92E-20 -19.407 

BaOH+ 4.92E-19 4.62E-19 -18.336 

BaSO4 (aq) 2.31E-20 2.31E-20 -19.637 

Ca+2 6.07E-17 4.71E-17 -16.327 

CaCO3 (aq) 3.76E-17 3.76E-17 -16.424 

CaH2BO3+ 2.80E-21 2.63E-21 -20.58 

CaHCO3+ 4.05E-20 3.80E-20 -19.42 

CaOH+ 1.64E-18 1.53E-18 -17.814 

CaSO4 (aq) 2.85E-20 2.85E-20 -19.545 

CO3-2 6.20E-04 4.81E-04 -3.318 

Cu(CO3)2-2 1.77E-10 1.37E-10 -9.863 

Cu(H2BO3)2 (aq) 2.73E-19 2.73E-19 -18.563 

Cu(OH)2 (aq) 5.78E-08 5.78E-08 -7.238 

Cu(OH)3- 3.89E-07 3.65E-07 -6.438 

Cu(OH)4-2 6.20E-09 4.81E-09 -8.318 

Cu+2 4.81E-14 3.74E-14 -13.428 

Cu2(OH)2+2 1.52E-15 1.18E-15 -14.929 

Cu2OH+3 7.80E-23 4.41E-23 -22.355 

Cu3(OH)4+2 7.56E-17 5.87E-17 -16.231 

CuCO3 (aq) 1.06E-10 1.06E-10 -9.975 

CuH2BO3+ 3.69E-16 3.46E-16 -15.46 

CuHCO3+ 1.59E-16 1.49E-16 -15.826 

CuHSO4+ 1.42E-28 1.33E-28 -27.876 

CuOH+ 2.05E-10 1.93E-10 -9.715 

CuSO4 (aq) 2.26E-17 2.26E-17 -16.646 

Fe(OH)2+ 7.89E-13 7.40E-13 -12.131 

Fe(OH)3 (aq) 6.75E-11 6.75E-11 -10.171 

Fe(OH)4- 2.33E-07 2.18E-07 -6.661 

Fe(SO4)2- 2.82E-35 2.65E-35 -34.576 

Fe+3 2.80E-29 1.58E-29 -28.8 

Fe2(OH)2+4 2.32E-38 8.41E-39 -38.075 

Fe3(OH)4+5 6.88E-48 1.41E-48 -47.85 

FeH2BO3+2 4.23E-28 3.29E-28 -27.483 

FeOH+2 3.16E-20 2.45E-20 -19.611 

FeSO4+ 7.93E-31 7.44E-31 -30.128 

H+1 6.57E-12 6.17E-12 -11.21 

H10(BO3)4-2 3.69E-25 2.86E-25 -24.543 

H2AsO4- 3.68E-21 3.46E-21 -20.461 

H2BO3- 1.04E-06 9.80E-07 -6.009 

H2CO3* (aq) 8.77E-10 8.78E-10 -9.057 

H3AsO4 4.25E-30 4.25E-30 -29.371 

H3BO3 1.04E-08 1.04E-08 -7.983 

H5(BO3)2- 9.25E-15 8.68E-15 -14.061 

H8(BO3)3- 9.62E-21 9.03E-21 -20.044 

HAsO4-2 7.39E-17 5.74E-17 -16.241 

HCO3- 6.74E-05 6.33E-05 -4.199 

HSO4- 1.70E-15 1.59E-15 -14.798 

Mg+2 5.48E-17 4.25E-17 -16.371 

Mg2CO3+2 4.37E-33 3.39E-33 -32.47 

MgCO3 (aq) 1.70E-17 1.70E-17 -16.769 

MgH2BO3+ 1.53E-21 1.43E-21 -20.844 

MgHCO3+ 2.94E-20 2.76E-20 -19.559 

MgOH+ 2.81E-17 2.64E-17 -16.578 

MgSO4 (aq) 2.04E-20 2.05E-20 -19.689 

OH- 1.74E-03 1.63E-03 -2.787 

SO4-2 3.40E-06 2.64E-06 -5.578 

Zn(CO3)2-2 1.13E-21 8.79E-22 -21.056 

Zn(H2BO3)2 (aq) 2.15E-30 2.16E-30 -29.666 

Zn(OH)2 (aq) 6.38E-17 6.38E-17 -16.195 

Zn(OH)3- 3.51E-17 3.29E-17 -16.482 

Zn(OH)4-2 1.10E-18 8.53E-19 -18.069 

Zn(SO4)2-2 3.26E-30 2.53E-30 -29.597 

Zn+2 2.45E-22 1.90E-22 -21.721 

Zn2OH+3 1.04E-41 5.90E-42 -41.229 

ZnCO3 (aq) 5.26E-21 5.27E-21 -20.279 

ZnH2BO3+ 4.94E-27 4.64E-27 -26.334 

ZnHCO3+ 4.05E-25 3.81E-25 -24.42 
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 RAP6, pH=12.01 

 Concentration Activity Log activity 

Al(OH)2+ 8.64E-16 7.65E-16 -15.116 

Al(OH)3 (aq) 3.13E-10 3.14E-10 -9.503 

Al(OH)4- 1.78E-04 1.58E-04 -3.803 

Al(SO4)2- 2.33E-34 2.06E-34 -33.685 

Al+3 4.30E-29 1.44E-29 -28.842 

Al2(OH)2+4 3.07E-41 4.39E-42 -41.358 

Al2(OH)2CO3+2 3.18E-33 1.96E-33 -32.709 

Al3(OH)4+5 8.82E-52 4.23E-53 -52.374 

AlOH+2 2.41E-22 1.48E-22 -21.829 

AlSO4+ 6.91E-31 6.11E-31 -30.214 

AsO4-3 7.49E-17 2.51E-17 -16.601 

Ba+2 2.28E-06 1.40E-06 -5.853 

BaCO3 (aq) 3.17E-07 3.18E-07 -6.497 

BaH2BO3+ 3.35E-10 2.96E-10 -9.528 

BaHCO3+ 1.39E-10 1.24E-10 -9.908 

BaOH+ 7.13E-08 6.31E-08 -7.2 

BaSO4 (aq) 1.16E-09 1.16E-09 -8.935 

Ca+2 6.28E-17 3.86E-17 -16.413 

CaCO3 (aq) 2.82E-17 2.83E-17 -16.548 

CaH2BO3+ 1.71E-20 1.52E-20 -19.819 

CaHCO3+ 5.11E-21 4.53E-21 -20.344 

CaOH+ 8.96E-18 7.93E-18 -17.101 

CaSO4 (aq) 5.41E-20 5.43E-20 -19.265 

CO3-2 7.19E-04 4.42E-04 -3.355 

Cu(CO3)2-2 1.29E-12 7.95E-13 -12.099 

Cu(H2BO3)2 (aq) 9.28E-20 9.31E-20 -19.031 

Cu(OH)2 (aq) 1.58E-08 1.58E-08 -7.801 

Cu(OH)3- 7.11E-07 6.30E-07 -6.201 

Cu(OH)4-2 8.51E-08 5.24E-08 -7.281 

Cu+2 4.18E-16 2.57E-16 -15.59 

Cu2(OH)2+2 3.60E-18 2.21E-18 -17.655 

Cu2OH+3 3.93E-26 1.32E-26 -25.881 

Cu3(OH)4+2 4.92E-20 3.02E-20 -19.519 

CuCO3 (aq) 6.66E-13 6.69E-13 -12.175 

CuH2BO3+ 1.89E-17 1.68E-17 -16.776 

CuHCO3+ 1.69E-19 1.49E-19 -18.826 

CuHSO4+ 3.81E-31 3.37E-31 -30.472 

CuOH+ 9.45E-12 8.37E-12 -11.077 

CuSO4 (aq) 3.60E-19 3.61E-19 -18.442 

Fe(OH)2+ 3.45E-13 3.05E-13 -12.515 

Fe(OH)3 (aq) 1.75E-10 1.76E-10 -9.755 

Fe(OH)4- 4.05E-06 3.58E-06 -5.446 

Fe(SO4)2- 1.68E-36 1.48E-36 -35.829 

Fe+3 4.90E-31 1.64E-31 -30.785 

Fe2(OH)2+4 2.51E-40 3.60E-41 -40.444 

Fe3(OH)4+5 5.20E-50 2.49E-51 -50.603 

FeH2BO3+2 3.90E-29 2.40E-29 -28.62 

FeOH+2 2.61E-21 1.60E-21 -20.795 

FeSO4+ 2.02E-32 1.79E-32 -31.747 

H+1 1.10E-12 9.77E-13 -12.01 

H10(BO3)4-2 2.87E-23 1.76E-23 -22.754 

H2AsO4- 1.67E-22 1.48E-22 -21.831 

H2BO3- 7.79E-06 6.90E-06 -5.161 

H2CO3* (aq) 2.02E-11 2.02E-11 -10.694 

H3AsO4 2.87E-32 2.88E-32 -31.541 

H3BO3 1.16E-08 1.16E-08 -7.935 

H5(BO3)2- 7.69E-14 6.81E-14 -13.167 

H8(BO3)3- 8.92E-20 7.90E-20 -19.102 

HAsO4-2 2.51E-17 1.55E-17 -16.811 

HCO3- 1.04E-05 9.21E-06 -5.036 

HSO4- 6.62E-16 5.86E-16 -15.232 

Mg+2 2.53E-17 1.56E-17 -16.807 

Mg2CO3+2 6.79E-34 4.18E-34 -33.379 

MgCO3 (aq) 5.71E-18 5.73E-18 -17.242 

MgH2BO3+ 4.17E-21 3.69E-21 -20.433 

MgHCO3+ 1.66E-21 1.47E-21 -20.832 

MgOH+ 6.89E-17 6.10E-17 -16.214 

MgSO4 (aq) 1.74E-20 1.74E-20 -19.759 

OH- 1.16E-02 1.03E-02 -1.987 

SO4-2 9.98E-06 6.14E-06 -5.212 

Zn(CO3)2-2 1.51E-13 9.27E-14 -13.033 

Zn(H2BO3)2 (aq) 1.33E-20 1.34E-20 -19.875 

Zn(OH)2 (aq) 3.17E-07 3.18E-07 -6.498 

Zn(OH)3- 1.17E-06 1.03E-06 -5.985 

Zn(OH)4-2 2.75E-07 1.69E-07 -6.773 

Zn(SO4)2-2 2.78E-21 1.71E-21 -20.767 

Zn+2 3.87E-14 2.38E-14 -13.624 

Zn2OH+3 1.74E-24 5.83E-25 -24.235 

ZnCO3 (aq) 6.03E-13 6.05E-13 -12.218 

ZnH2BO3+ 4.61E-18 4.08E-18 -17.389 

ZnHCO3+ 7.83E-18 6.93E-18 -17.159 
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 RAP7,  pH=1.38 

 Concentration Activity Log activity 

Al(OH)2+ 4.11E-12 3.25E-12 -11.489 

Al(OH)3 (aq) 2.40E-17 3.02E-17 -16.521 

Al(OH)4- 4.35E-22 3.43E-22 -21.464 

Al(SO4)2- 3.28E-07 2.59E-07 -6.587 

Al+3 1.00E-03 1.19E-04 -3.925 

Al2(OH)2+4 6.83E-12 1.54E-13 -12.814 

Al2(OH)2CO3+2 1.23E-18 4.75E-19 -18.323 

Al3(OH)4+5 2.36E-18 6.27E-21 -20.202 

AlOH+2 7.16E-08 2.77E-08 -7.557 

AlSO4+ 7.89E-05 6.22E-05 -4.206 

AsO4-3 3.46E-21 4.09E-22 -21.389 

Ba+2 1.48E-05 5.73E-06 -5.242 

BaCO3 (aq) 7.17E-21 9.01E-21 -20.045 

BaH2BO3+ 3.89E-28 3.07E-28 -27.513 

BaHCO3+ 1.89E-13 1.49E-13 -12.826 

BaOH+ 7.41E-18 5.84E-18 -17.233 

BaSO4 (aq) 4.66E-08 5.85E-08 -7.233 

Ca+2 2.78E-01 1.08E-01 -0.968 

CaCO3 (aq) 4.36E-16 5.47E-16 -15.262 

CaH2BO3+ 1.36E-23 1.07E-23 -22.969 

CaHCO3+ 4.74E-09 3.74E-09 -8.428 

CaOH+ 6.35E-13 5.01E-13 -12.3 

CaSO4 (aq) 1.48E-03 1.87E-03 -2.729 

CO3-2 7.91E-18 3.06E-18 -17.514 

Cu(CO3)2-2 4.54E-31 1.76E-31 -30.755 

Cu(H2BO3)2 (aq) 2.19E-47 2.76E-47 -46.56 

Cu(OH)2 (aq) 2.98E-20 3.74E-20 -19.427 

Cu(OH)3- 4.27E-29 3.37E-29 -28.472 

Cu(OH)4-2 1.64E-40 6.35E-41 -40.197 

Cu+2 3.05E-06 1.18E-06 -5.928 

Cu2(OH)2+2 6.21E-20 2.41E-20 -19.619 

Cu2OH+3 5.33E-17 6.31E-18 -17.2 

Cu3(OH)4+2 2.00E-33 7.76E-34 -33.11 

CuCO3 (aq) 1.70E-17 2.13E-17 -16.671 

CuH2BO3+ 2.48E-26 1.96E-26 -25.709 

CuHCO3+ 2.58E-13 2.03E-13 -12.692 

CuHSO4+ 1.03E-09 8.15E-10 -9.089 

CuOH+ 1.11E-12 8.72E-13 -12.059 

CuSO4 (aq) 1.63E-08 2.05E-08 -7.689 

Fe(OH)2+ 2.77E-07 2.19E-07 -6.661 

Fe(OH)3 (aq) 2.27E-15 2.85E-15 -14.545 

Fe(OH)4- 1.67E-21 1.32E-21 -20.88 

Fe(SO4)2- 3.98E-07 3.14E-07 -6.503 

Fe+3 1.93E-03 2.29E-04 -3.641 

Fe2(OH)2+4 1.59E-06 3.59E-08 -7.445 

Fe3(OH)4+5 6.69E-10 1.78E-12 -11.75 

FeH2BO3+2 2.19E-20 8.48E-21 -20.072 

FeOH+2 1.31E-04 5.06E-05 -4.296 

FeSO4+ 3.90E-04 3.08E-04 -3.512 

H+1 5.28E-02 4.17E-02 -1.38 

H10(BO3)4-2 3.43E-76 1.33E-76 -75.876 

H2AsO4- 5.55E-06 4.38E-06 -5.359 

H2BO3- 2.22E-24 1.75E-24 -23.757 

H2CO3* (aq) 2.03E-04 2.55E-04 -3.593 

H3AsO4 2.90E-05 3.64E-05 -4.439 

H3BO3 1.00E-16 1.26E-16 -15.901 

H5(BO3)2- 2.37E-40 1.87E-40 -39.728 

H8(BO3)3- 2.98E-54 2.35E-54 -53.629 

HAsO4-2 2.78E-11 1.08E-11 -10.969 

HCO3- 3.45E-09 2.73E-09 -8.565 

HSO4- 3.91E-04 3.08E-04 -3.511 

Mg+2 8.19E-02 3.17E-02 -1.499 

Mg2CO3+2 3.10E-17 1.20E-17 -16.921 

MgCO3 (aq) 6.44E-17 8.09E-17 -16.092 

MgH2BO3+ 2.42E-24 1.91E-24 -23.72 

MgHCO3+ 1.12E-09 8.87E-10 -9.052 

MgOH+ 3.57E-12 2.81E-12 -11.551 

MgSO4 (aq) 3.48E-04 4.37E-04 -3.36 

OH- 2.96E-13 2.33E-13 -12.632 

SO4-2 1.95E-04 7.56E-05 -4.121 

Zn(CO3)2-2 3.62E-33 1.40E-33 -32.853 

Zn(H2BO3)2 (aq) 2.15E-49 2.70E-49 -48.568 

Zn(OH)2 (aq) 4.09E-20 5.13E-20 -19.29 

Zn(OH)3- 4.80E-30 3.79E-30 -29.421 

Zn(OH)4-2 3.62E-41 1.40E-41 -40.853 

Zn(SO4)2-2 2.11E-10 8.16E-11 -10.088 

Zn+2 1.93E-05 7.48E-06 -5.126 

Zn2OH+3 1.11E-17 1.31E-18 -17.884 

ZnCO3 (aq) 1.05E-18 1.32E-18 -17.879 

ZnH2BO3+ 4.13E-28 3.26E-28 -27.487 

ZnHCO3+ 8.18E-13 6.45E-13 -12.19 
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 RAP7, pH=1.54 

 Concentration Activity Log activity 

Al(OH)2+ 7.30E-12 5.72E-12 -11.243 

Al(OH)3 (aq) 6.16E-17 7.69E-17 -16.114 

Al(OH)4- 1.62E-21 1.27E-21 -20.897 

Al(SO4)2- 2.17E-07 1.70E-07 -6.769 

Al+3 8.93E-04 1.00E-04 -4 

Al2(OH)2+4 1.12E-11 2.28E-13 -12.642 

Al2(OH)2CO3+2 2.43E-18 9.19E-19 -18.037 

Al3(OH)4+5 7.18E-18 1.64E-20 -19.785 

AlOH+2 8.94E-08 3.38E-08 -7.471 

AlSO4+ 5.90E-05 4.63E-05 -4.335 

AsO4-3 7.34E-21 8.22E-22 -21.085 

Ba+2 1.51E-05 5.71E-06 -5.243 

BaCO3 (aq) 9.38E-21 1.17E-20 -19.932 

BaH2BO3+ 5.60E-28 4.39E-28 -27.357 

BaHCO3+ 1.71E-13 1.34E-13 -12.873 

BaOH+ 1.07E-17 8.42E-18 -17.075 

BaSO4 (aq) 4.13E-08 5.15E-08 -7.288 

Ca+2 3.70E-01 1.40E-01 -0.854 

CaCO3 (aq) 7.43E-16 9.28E-16 -15.033 

CaH2BO3+ 2.55E-23 2.00E-23 -22.698 

CaHCO3+ 5.58E-09 4.38E-09 -8.359 

CaOH+ 1.20E-12 9.43E-13 -12.026 

CaSO4 (aq) 1.72E-03 2.14E-03 -2.669 

CO3-2 1.06E-17 4.00E-18 -17.398 

Cu(CO3)2-2 1.88E-30 7.10E-31 -30.149 

Cu(H2BO3)2 (aq) 1.08E-46 1.35E-46 -45.87 

Cu(OH)2 (aq) 1.49E-19 1.86E-19 -18.731 

Cu(OH)3- 3.09E-28 2.43E-28 -27.615 

Cu(OH)4-2 1.75E-39 6.61E-40 -39.18 

Cu+2 7.42E-06 2.81E-06 -5.552 

Cu2(OH)2+2 7.51E-19 2.84E-19 -18.547 

Cu2OH+3 4.60E-16 5.15E-17 -16.288 

Cu3(OH)4+2 1.21E-31 4.56E-32 -31.341 

CuCO3 (aq) 5.29E-17 6.60E-17 -16.18 

CuH2BO3+ 8.50E-26 6.67E-26 -25.176 

CuHCO3+ 5.55E-13 4.35E-13 -12.361 

CuHSO4+ 1.51E-09 1.18E-09 -8.927 

CuOH+ 3.82E-12 3.00E-12 -11.523 

CuSO4 (aq) 3.45E-08 4.30E-08 -7.367 

Fe(OH)2+ 4.40E-07 3.45E-07 -6.462 

Fe(OH)3 (aq) 5.22E-15 6.51E-15 -14.187 

Fe(OH)4- 5.55E-21 4.35E-21 -20.361 

Fe(SO4)2- 2.36E-07 1.85E-07 -6.733 

Fe+3 1.54E-03 1.72E-04 -3.763 

Fe2(OH)2+4 2.09E-06 4.27E-08 -7.37 

Fe3(OH)4+5 1.46E-09 3.34E-12 -11.476 

FeH2BO3+2 2.43E-20 9.17E-21 -20.037 

FeOH+2 1.46E-04 5.52E-05 -4.258 

FeSO4+ 2.62E-04 2.05E-04 -3.688 

H+1 3.68E-02 2.88E-02 -1.54 

H10(BO3)4-2 7.15E-76 2.70E-76 -75.568 

H2AsO4- 5.38E-06 4.22E-06 -5.375 

H2BO3- 3.20E-24 2.51E-24 -23.6 

H2CO3* (aq) 1.28E-04 1.59E-04 -3.797 

H3AsO4 1.95E-05 2.43E-05 -4.615 

H3BO3 1.00E-16 1.25E-16 -15.904 

H5(BO3)2- 3.40E-40 2.67E-40 -39.574 

H8(BO3)3- 4.24E-54 3.33E-54 -53.478 

HAsO4-2 3.96E-11 1.50E-11 -10.825 

HCO3- 3.14E-09 2.46E-09 -8.609 

HSO4- 2.40E-04 1.88E-04 -3.725 

Mg+2 8.20E-02 3.10E-02 -1.509 

Mg2CO3+2 3.95E-17 1.49E-17 -16.826 

MgCO3 (aq) 8.25E-17 1.03E-16 -15.987 

MgH2BO3+ 3.41E-24 2.67E-24 -23.573 

MgHCO3+ 9.96E-10 7.81E-10 -9.107 

MgOH+ 5.07E-12 3.98E-12 -11.4 

MgSO4 (aq) 3.02E-04 3.77E-04 -3.424 

OH- 4.31E-13 3.38E-13 -12.471 

SO4-2 1.77E-04 6.69E-05 -4.175 

Zn(CO3)2-2 8.10E-33 3.06E-33 -32.514 

Zn(H2BO3)2 (aq) 5.74E-49 7.16E-49 -48.145 

Zn(OH)2 (aq) 1.11E-19 1.38E-19 -18.86 

Zn(OH)3- 1.88E-29 1.47E-29 -28.831 

Zn(OH)4-2 2.09E-40 7.89E-41 -40.103 

Zn(SO4)2-2 2.17E-10 8.19E-11 -10.087 

Zn+2 2.54E-05 9.61E-06 -5.017 

Zn2OH+3 2.79E-17 3.12E-18 -17.506 

ZnCO3 (aq) 1.77E-18 2.21E-18 -17.655 

ZnH2BO3+ 7.66E-28 6.01E-28 -27.221 

ZnHCO3+ 9.53E-13 7.47E-13 -12.126 
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 RAP7,  pH=4.78 

 Concentration Activity Log activity 

Al(OH)2+ 1.39E-06 1.08E-06 -5.967 

Al(OH)3 (aq) 2.06E-08 2.53E-08 -7.597 

Al(OH)4- 9.37E-10 7.25E-10 -9.14 

Al(SO4)2- 1.81E-08 1.40E-08 -7.854 

Al+3 6.26E-05 6.22E-06 -5.206 

Al2(OH)2+4 1.62E-07 2.67E-09 -8.573 

Al2(OH)2CO3+2 3.32E-07 1.19E-07 -6.925 

Al3(OH)4+5 2.22E-08 3.63E-11 -10.44 

AlOH+2 1.02E-05 3.66E-06 -5.437 

AlSO4+ 4.28E-06 3.31E-06 -5.48 

AsO4-3 9.59E-14 9.53E-15 -14.021 

Ba+2 9.86E-06 3.53E-06 -5.452 

BaCO3 (aq) 6.51E-14 7.99E-14 -13.097 

BaH2BO3+ 6.01E-25 4.65E-25 -24.333 

BaHCO3+ 6.81E-10 5.27E-10 -9.278 

BaOH+ 1.17E-14 9.08E-15 -14.042 

BaSO4 (aq) 2.99E-08 3.67E-08 -7.436 

Ca+2 2.75E-01 9.86E-02 -1.006 

CaCO3 (aq) 5.87E-09 7.21E-09 -8.142 

CaH2BO3+ 3.12E-20 2.41E-20 -19.617 

CaHCO3+ 2.53E-05 1.96E-05 -4.708 

CaOH+ 1.50E-09 1.16E-09 -8.937 

CaSO4 (aq) 1.41E-03 1.74E-03 -2.76 

CO3-2 1.23E-10 4.41E-11 -10.356 

Cu(CO3)2-2 9.73E-19 3.49E-19 -18.458 

Cu(H2BO3)2 (aq) 1.30E-42 1.59E-42 -41.798 

Cu(OH)2 (aq) 1.85E-15 2.27E-15 -14.643 

Cu(OH)3- 6.68E-21 5.17E-21 -20.286 

Cu(OH)4-2 6.85E-29 2.46E-29 -28.61 

Cu+2 3.16E-08 1.13E-08 -7.946 

Cu2(OH)2+2 3.91E-17 1.40E-17 -16.853 

Cu2OH+3 1.47E-17 1.46E-18 -17.836 

Cu3(OH)4+2 7.68E-26 2.75E-26 -25.56 

CuCO3 (aq) 2.39E-12 2.94E-12 -11.532 

CuH2BO3+ 5.94E-25 4.60E-25 -24.337 

CuHCO3+ 1.44E-11 1.11E-11 -10.953 

CuHSO4+ 4.08E-15 3.16E-15 -14.5 

CuOH+ 2.72E-11 2.11E-11 -10.677 

CuSO4 (aq) 1.62E-10 1.99E-10 -9.7 

Fe(OH)2+ 9.92E-06 7.67E-06 -5.115 

Fe(OH)3 (aq) 2.05E-10 2.52E-10 -9.598 

Fe(OH)4- 3.80E-13 2.94E-13 -12.532 

Fe(SO4)2- 2.32E-12 1.79E-12 -11.746 

Fe+3 1.27E-08 1.26E-09 -8.898 

Fe2(OH)2+4 4.23E-10 6.96E-12 -11.157 

Fe3(OH)4+5 7.41E-12 1.21E-14 -13.916 

FeH2BO3+2 3.21E-22 1.15E-22 -21.939 

FeOH+2 1.97E-06 7.05E-07 -6.152 

FeSO4+ 2.23E-09 1.73E-09 -8.762 

H+1 2.15E-05 1.66E-05 -4.78 

H10(BO3)4-2 2.14E-69 7.66E-70 -69.116 

H2AsO4- 2.09E-05 1.62E-05 -4.791 

H2BO3- 5.55E-21 4.30E-21 -20.367 

H2CO3* (aq) 4.74E-04 5.83E-04 -3.235 

H3AsO4 4.36E-08 5.36E-08 -7.271 

H3BO3 1.00E-16 1.23E-16 -15.911 

H5(BO3)2- 5.80E-37 4.49E-37 -36.348 

H8(BO3)3- 7.12E-51 5.51E-51 -50.259 

HAsO4-2 2.78E-07 9.98E-08 -7.001 

HCO3- 2.02E-05 1.56E-05 -4.807 

HSO4- 1.61E-07 1.25E-07 -6.904 

Mg+2 7.66E-02 2.74E-02 -1.562 

Mg2CO3+2 3.61E-10 1.29E-10 -9.889 

MgCO3 (aq) 8.20E-10 1.01E-09 -8.997 

MgH2BO3+ 5.23E-21 4.05E-21 -20.393 

MgHCO3+ 5.68E-06 4.39E-06 -5.357 

MgOH+ 7.93E-09 6.14E-09 -8.212 

MgSO4 (aq) 3.13E-04 3.84E-04 -3.416 

OH- 7.60E-10 5.88E-10 -9.23 

SO4-2 2.15E-04 7.69E-05 -4.114 

Zn(CO3)2-2 2.96E-19 1.06E-19 -18.974 

Zn(H2BO3)2 (aq) 4.85E-43 5.96E-43 -42.225 

Zn(OH)2 (aq) 9.71E-14 1.19E-13 -12.923 

Zn(OH)3- 2.87E-20 2.22E-20 -19.654 

Zn(OH)4-2 5.78E-28 2.07E-28 -27.684 

Zn(SO4)2-2 8.61E-11 3.09E-11 -10.511 

Zn+2 7.64E-06 2.74E-06 -5.563 

Zn2OH+3 4.44E-15 4.41E-16 -15.356 

ZnCO3 (aq) 5.66E-12 6.94E-12 -11.158 

ZnH2BO3+ 3.78E-25 2.93E-25 -24.534 

ZnHCO3+ 1.75E-09 1.35E-09 -8.869 
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 RAP7,  pH=5.02 

 Concentration Activity Log activity 

Al(OH)2+ 5.38E-06 4.13E-06 -5.384 

Al(OH)3 (aq) 1.39E-07 1.68E-07 -6.774 

Al(OH)4- 1.10E-08 8.40E-09 -8.076 

Al(SO4)2- 1.62E-08 1.24E-08 -7.906 

Al+3 8.59E-05 7.85E-06 -5.105 

Al2(OH)2+4 9.08E-07 1.29E-08 -7.889 

Al2(OH)2CO3+2 6.47E-06 2.23E-06 -5.651 

Al3(OH)4+5 5.17E-07 6.70E-10 -9.174 

AlOH+2 2.33E-05 8.04E-06 -5.095 

AlSO4+ 4.57E-06 3.50E-06 -5.456 

AsO4-3 3.51E-13 3.21E-14 -13.494 

Ba+2 1.46E-05 5.04E-06 -5.298 

BaCO3 (aq) 3.65E-13 4.43E-13 -12.353 

BaH2BO3+ 1.48E-24 1.14E-24 -23.944 

BaHCO3+ 2.19E-09 1.68E-09 -8.774 

BaOH+ 2.94E-14 2.25E-14 -13.647 

BaSO4 (aq) 3.61E-08 4.38E-08 -7.358 

Ca+2 3.43E-01 1.18E-01 -0.927 

CaCO3 (aq) 2.78E-08 3.37E-08 -7.473 

CaH2BO3+ 6.49E-20 4.98E-20 -19.303 

CaHCO3+ 6.87E-05 5.26E-05 -4.279 

CaOH+ 3.16E-09 2.42E-09 -8.616 

CaSO4 (aq) 1.44E-03 1.75E-03 -2.758 

CO3-2 4.97E-10 1.71E-10 -9.766 

Cu(CO3)2-2 1.35E-16 4.65E-17 -16.332 

Cu(H2BO3)2 (aq) 3.41E-41 4.14E-41 -40.383 

Cu(OH)2 (aq) 5.01E-14 6.08E-14 -13.216 

Cu(OH)3- 3.14E-19 2.41E-19 -18.619 

Cu(OH)4-2 5.76E-27 1.99E-27 -26.701 

Cu+2 2.89E-07 9.98E-08 -7.001 

Cu2(OH)2+2 9.57E-15 3.30E-15 -14.481 

Cu2OH+3 2.16E-15 1.98E-16 -15.704 

Cu3(OH)4+2 5.02E-22 1.73E-22 -21.761 

CuCO3 (aq) 8.30E-11 1.01E-10 -9.997 

CuH2BO3+ 9.09E-24 6.96E-24 -23.157 

CuHCO3+ 2.87E-10 2.20E-10 -9.658 

CuHSO4+ 1.75E-14 1.34E-14 -13.871 

CuOH+ 4.22E-10 3.23E-10 -9.49 

CuSO4 (aq) 1.21E-09 1.47E-09 -8.831 

Fe(OH)2+ 7.80E-06 5.98E-06 -5.223 

Fe(OH)3 (aq) 2.82E-10 3.42E-10 -9.466 

Fe(OH)4- 9.06E-13 6.94E-13 -12.159 

Fe(SO4)2- 4.23E-13 3.24E-13 -12.489 

Fe+3 3.56E-09 3.25E-10 -9.488 

Fe2(OH)2+4 9.82E-11 1.40E-12 -11.855 

Fe3(OH)4+5 1.46E-12 1.89E-15 -14.723 

FeH2BO3+2 1.47E-22 5.08E-23 -22.294 

FeOH+2 9.15E-07 3.16E-07 -6.501 

FeSO4+ 4.86E-10 3.73E-10 -9.429 

H+1 1.25E-05 9.55E-06 -5.02 

H10(BO3)4-2 6.38E-69 2.20E-69 -68.657 

H2AsO4- 2.35E-05 1.80E-05 -4.744 

H2BO3- 9.62E-21 7.37E-21 -20.132 

H2CO3* (aq) 6.18E-04 7.50E-04 -3.125 

H3AsO4 2.83E-08 3.44E-08 -7.464 

H3BO3 9.99E-17 1.21E-16 -15.916 

H5(BO3)2- 9.93E-37 7.61E-37 -36.119 

H8(BO3)3- 1.20E-50 9.23E-51 -50.035 

HAsO4-2 5.60E-07 1.93E-07 -6.714 

HCO3- 4.56E-05 3.49E-05 -4.457 

HSO4- 7.85E-08 6.02E-08 -7.221 

Mg+2 8.20E-02 2.83E-02 -1.548 

Mg2CO3+2 1.55E-09 5.34E-10 -9.272 

MgCO3 (aq) 3.33E-09 4.04E-09 -8.394 

MgH2BO3+ 9.35E-21 7.17E-21 -20.144 

MgHCO3+ 1.32E-05 1.01E-05 -4.994 

MgOH+ 1.44E-08 1.10E-08 -7.958 

MgSO4 (aq) 2.74E-04 3.32E-04 -3.479 

OH- 1.34E-09 1.02E-09 -8.99 

SO4-2 1.87E-04 6.45E-05 -4.191 

Zn(CO3)2-2 1.01E-17 3.49E-18 -17.458 

Zn(H2BO3)2 (aq) 3.14E-42 3.81E-42 -41.419 

Zn(OH)2 (aq) 6.46E-13 7.85E-13 -12.105 

Zn(OH)3- 3.32E-19 2.54E-19 -18.595 

Zn(OH)4-2 1.19E-26 4.12E-27 -26.385 

Zn(SO4)2-2 1.36E-10 4.70E-11 -10.328 

Zn+2 1.72E-05 5.94E-06 -5.226 

Zn2OH+3 3.96E-14 3.61E-15 -14.442 

ZnCO3 (aq) 4.83E-11 5.86E-11 -10.232 

ZnH2BO3+ 1.42E-24 1.09E-24 -23.962 

ZnHCO3+ 8.56E-09 6.56E-09 -8.183 



136 
 

RAP7,  pH=6.76 

 Concentration Activity Log activity 

Al(OH)2+ 1.08E-17 8.26E-18 -17.083 

Al(OH)3 (aq) 1.83E-17 1.90E-17 -16.722 

Al(OH)4- 6.99E-17 5.33E-17 -16.273 

Al(SO4)2- 8.84E-24 6.74E-24 -23.172 

Al+3 5.71E-20 4.95E-21 -20.305 

Al2(OH)2+4 1.26E-33 1.63E-35 -34.788 

Al2(OH)2CO3+2 3.06E-30 1.03E-30 -29.987 

Al3(OH)4+5 1.51E-45 1.69E-48 -47.771 

AlOH+2 8.47E-19 2.86E-19 -18.544 

AlSO4+ 2.69E-21 2.05E-21 -20.688 

AsO4-3 1.88E-10 1.63E-11 -10.788 

Ba+2 3.43E-06 1.16E-06 -5.936 

BaCO3 (aq) 3.61E-11 3.73E-11 -10.429 

BaH2BO3+ 1.59E-23 1.21E-23 -22.917 

BaHCO3+ 3.37E-09 2.57E-09 -8.59 

BaOH+ 3.82E-13 2.91E-13 -12.536 

BaSO4 (aq) 9.04E-09 9.34E-09 -8.03 

Ca+2 6.75E-02 2.28E-02 -1.643 

CaCO3 (aq) 2.29E-06 2.37E-06 -5.625 

CaH2BO3+ 5.82E-19 4.43E-19 -18.353 

CaHCO3+ 8.85E-05 6.74E-05 -4.171 

CaOH+ 3.44E-08 2.62E-08 -7.582 

CaSO4 (aq) 3.02E-04 3.12E-04 -3.506 

CO3-2 1.86E-07 6.28E-08 -7.202 

Cu(CO3)2-2 6.66E-13 2.25E-13 -12.648 

Cu(H2BO3)2 (aq) 3.10E-39 3.20E-39 -38.494 

Cu(OH)2 (aq) 6.73E-12 6.95E-12 -11.158 

Cu(OH)3- 2.03E-15 1.55E-15 -14.81 

Cu(OH)4-2 2.14E-21 7.21E-22 -21.142 

Cu+2 1.07E-08 3.60E-09 -8.444 

Cu2(OH)2+2 4.04E-14 1.36E-14 -13.865 

Cu2OH+3 1.67E-16 1.45E-17 -16.839 

Cu3(OH)4+2 2.43E-19 8.19E-20 -19.087 

CuCO3 (aq) 1.29E-09 1.33E-09 -8.876 

CuH2BO3+ 1.53E-23 1.16E-23 -22.934 

CuHCO3+ 6.94E-11 5.29E-11 -10.277 

CuHSO4+ 1.07E-17 8.19E-18 -17.087 

CuOH+ 8.62E-10 6.57E-10 -9.183 

CuSO4 (aq) 4.78E-11 4.93E-11 -10.307 

Fe(OH)2+ 9.95E-17 7.58E-17 -16.12 

Fe(OH)3 (aq) 2.36E-19 2.44E-19 -18.612 

Fe(OH)4- 3.66E-20 2.79E-20 -19.554 

Fe(SO4)2- 1.46E-27 1.12E-27 -26.952 

Fe+3 1.50E-23 1.30E-24 -23.886 

Fe2(OH)2+4 5.47E-36 7.08E-38 -37.15 

Fe3(OH)4+5 1.09E-48 1.22E-51 -50.914 

FeH2BO3+2 2.79E-35 9.41E-36 -35.026 

FeOH+2 2.11E-19 7.11E-20 -19.148 

FeSO4+ 1.81E-24 1.38E-24 -23.859 

H+1 2.28E-07 1.74E-07 -6.76 

H10(BO3)4-2 9.96E-66 3.36E-66 -65.474 

H2AsO4- 3.98E-06 3.04E-06 -5.518 

H2BO3- 4.48E-19 3.42E-19 -18.466 

H2CO3* (aq) 8.80E-05 9.09E-05 -4.041 

H3AsO4 1.02E-10 1.05E-10 -9.978 

H3BO3 9.89E-17 1.02E-16 -15.99 

H5(BO3)2- 3.90E-35 2.97E-35 -34.527 

H8(BO3)3- 3.99E-49 3.04E-49 -48.517 

HAsO4-2 5.30E-06 1.79E-06 -5.748 

HCO3- 3.05E-04 2.33E-04 -3.633 

HSO4- 1.33E-09 1.02E-09 -8.993 

Mg+2 5.20E-03 1.75E-03 -2.756 

Mg2CO3+2 2.23E-09 7.51E-10 -9.124 

MgCO3 (aq) 8.86E-08 9.15E-08 -7.038 

MgH2BO3+ 2.70E-20 2.06E-20 -19.686 

MgHCO3+ 5.49E-06 4.18E-06 -5.378 

MgOH+ 5.05E-08 3.85E-08 -7.415 

MgSO4 (aq) 1.85E-05 1.91E-05 -4.719 

OH- 7.57E-08 5.77E-08 -7.239 

SO4-2 1.77E-04 5.98E-05 -4.223 

Zn(CO3)2-2 2.29E-14 7.74E-15 -14.111 

Zn(H2BO3)2 (aq) 1.31E-40 1.36E-40 -39.868 

Zn(OH)2 (aq) 3.99E-11 4.12E-11 -10.385 

Zn(OH)3- 9.86E-16 7.52E-16 -15.124 

Zn(OH)4-2 2.04E-21 6.87E-22 -21.163 

Zn(SO4)2-2 1.99E-12 6.71E-13 -12.173 

Zn+2 2.92E-07 9.85E-08 -7.007 

Zn2OH+3 6.45E-16 5.59E-17 -16.253 

ZnCO3 (aq) 3.44E-10 3.56E-10 -9.449 

ZnH2BO3+ 1.10E-24 8.37E-25 -24.077 

ZnHCO3+ 9.50E-10 7.24E-10 -9.14 
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 RAP7,  pH=8.05 

 Concentration Activity Log activity 

Al(OH)2+ 3.97E-20 3.63E-20 -19.44 

Al(OH)3 (aq) 1.63E-18 1.63E-18 -17.787 

Al(OH)4- 9.83E-17 8.99E-17 -16.046 

Al(SO4)2- 1.08E-28 9.86E-29 -28.006 

Al+3 1.27E-25 5.68E-26 -25.246 

Al2(OH)2+4 3.46E-42 8.20E-43 -42.086 

Al2(OH)2CO3+2 7.94E-37 5.54E-37 -36.257 

Al3(OH)4+5 3.55E-57 3.75E-58 -57.426 

AlOH+2 9.19E-23 6.41E-23 -22.193 

AlSO4+ 2.90E-26 2.65E-26 -25.576 

AsO4-3 3.84E-10 1.71E-10 -9.767 

Ba+2 4.04E-07 2.82E-07 -6.55 

BaCO3 (aq) 9.66E-11 9.68E-11 -10.014 

BaH2BO3+ 5.71E-23 5.22E-23 -22.282 

BaHCO3+ 3.75E-10 3.43E-10 -9.465 

BaOH+ 1.52E-12 1.39E-12 -11.857 

BaSO4 (aq) 2.57E-09 2.57E-09 -8.59 

Ca+2 2.56E-03 1.79E-03 -2.748 

CaCO3 (aq) 1.98E-06 1.99E-06 -5.702 

CaH2BO3+ 6.75E-19 6.17E-19 -18.21 

CaHCO3+ 3.17E-06 2.90E-06 -5.538 

CaOH+ 4.41E-08 4.03E-08 -7.395 

CaSO4 (aq) 2.76E-05 2.77E-05 -4.558 

CO3-2 9.59E-07 6.69E-07 -6.174 

Cu(CO3)2-2 6.40E-11 4.46E-11 -10.35 

Cu(H2BO3)2 (aq) 1.75E-36 1.75E-36 -35.756 

Cu(OH)2 (aq) 4.65E-09 4.66E-09 -8.332 

Cu(OH)3- 2.22E-11 2.03E-11 -10.692 

Cu(OH)4-2 2.66E-16 1.85E-16 -15.732 

Cu+2 9.01E-09 6.29E-09 -8.201 

Cu2(OH)2+2 2.29E-11 1.60E-11 -10.797 

Cu2OH+3 1.94E-15 8.65E-16 -15.063 

Cu3(OH)4+2 9.19E-14 6.42E-14 -13.193 

CuCO3 (aq) 2.47E-08 2.48E-08 -7.606 

CuH2BO3+ 3.94E-22 3.60E-22 -21.444 

CuHCO3+ 5.52E-11 5.05E-11 -10.297 

CuHSO4+ 9.07E-19 8.29E-19 -18.082 

CuOH+ 2.46E-08 2.25E-08 -7.649 

CuSO4 (aq) 9.72E-11 9.74E-11 -10.012 

Fe(OH)2+ 8.34E-17 7.62E-17 -16.118 

Fe(OH)3 (aq) 4.80E-18 4.81E-18 -17.318 

Fe(OH)4- 1.18E-17 1.08E-17 -16.968 

Fe(SO4)2- 4.09E-30 3.73E-30 -29.428 

Fe+3 7.65E-27 3.41E-27 -26.468 

Fe2(OH)2+4 7.86E-40 1.86E-40 -39.729 

Fe3(OH)4+5 3.05E-53 3.23E-54 -53.491 

FeH2BO3+2 6.25E-37 4.36E-37 -36.36 

FeOH+2 5.23E-21 3.65E-21 -20.438 

FeSO4+ 4.48E-27 4.10E-27 -26.388 

H+1 9.75E-09 8.91E-09 -8.05 

H10(BO3)4-2 1.24E-63 8.67E-64 -63.062 

H2AsO4- 9.16E-08 8.37E-08 -7.077 

H2BO3- 6.62E-18 6.05E-18 -17.218 

H2CO3* (aq) 2.55E-06 2.55E-06 -5.593 

H3AsO4 1.49E-13 1.49E-13 -12.827 

H3BO3 9.26E-17 9.28E-17 -16.032 

H5(BO3)2- 5.23E-34 4.78E-34 -33.321 

H8(BO3)3- 4.85E-48 4.43E-48 -47.353 

HAsO4-2 1.38E-06 9.61E-07 -6.017 

HCO3- 1.39E-04 1.27E-04 -3.895 

HSO4- 6.44E-11 5.89E-11 -10.23 

Mg+2 4.15E-04 2.90E-04 -3.538 

Mg2CO3+2 3.13E-10 2.19E-10 -9.66 

MgCO3 (aq) 1.61E-07 1.61E-07 -6.792 

MgH2BO3+ 6.59E-20 6.02E-20 -19.22 

MgHCO3+ 4.14E-07 3.78E-07 -6.422 

MgOH+ 1.36E-07 1.24E-07 -6.905 

MgSO4 (aq) 3.56E-06 3.56E-06 -5.448 

OH- 1.24E-06 1.13E-06 -5.947 

SO4-2 9.68E-05 6.76E-05 -4.17 

Zn(CO3)2-2 7.21E-22 5.04E-22 -21.298 

Zn(H2BO3)2 (aq) 2.43E-47 2.43E-47 -46.614 

Zn(OH)2 (aq) 9.04E-18 9.05E-18 -17.043 

Zn(OH)3- 3.54E-21 3.23E-21 -20.49 

Zn(OH)4-2 8.29E-26 5.79E-26 -25.237 

Zn(SO4)2-2 7.03E-22 4.91E-22 -21.309 

Zn+2 8.07E-17 5.64E-17 -16.249 

Zn2OH+3 8.06E-34 3.59E-34 -33.445 

ZnCO3 (aq) 2.17E-18 2.17E-18 -17.663 

ZnH2BO3+ 9.28E-33 8.48E-33 -32.072 

ZnHCO3+ 2.48E-19 2.27E-19 -18.644 
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 RAP7,  pH=8.35 

 Concentration Activity Log activity 

Al(OH)2+ 1.01E-20 9.34E-21 -20.03 

Al(OH)3 (aq) 8.37E-19 8.38E-19 -18.077 

Al(OH)4- 9.92E-17 9.21E-17 -16.036 

Al(SO4)2- 8.86E-30 8.23E-30 -29.085 

Al+3 7.12E-27 3.67E-27 -26.435 

Al2(OH)2+4 4.44E-44 1.36E-44 -43.865 

Al2(OH)2CO3+2 1.97E-38 1.47E-38 -37.833 

Al3(OH)4+5 1.01E-59 1.61E-60 -59.795 

AlOH+2 1.11E-23 8.27E-24 -23.082 

AlSO4+ 2.10E-27 1.95E-27 -26.71 

AsO4-3 5.74E-10 2.96E-10 -9.529 

Ba+2 3.02E-07 2.25E-07 -6.648 

BaCO3 (aq) 1.23E-10 1.23E-10 -9.91 

BaH2BO3+ 8.38E-23 7.79E-23 -22.109 

BaHCO3+ 2.35E-10 2.18E-10 -9.661 

BaOH+ 2.38E-12 2.21E-12 -11.656 

BaSO4 (aq) 2.33E-09 2.33E-09 -8.633 

Ca+2 1.42E-03 1.06E-03 -2.976 

CaCO3 (aq) 1.87E-06 1.87E-06 -5.728 

CaH2BO3+ 7.35E-19 6.83E-19 -18.166 

CaHCO3+ 1.47E-06 1.37E-06 -5.864 

CaOH+ 5.12E-08 4.76E-08 -7.323 

CaSO4 (aq) 1.86E-05 1.86E-05 -4.73 

CO3-2 1.43E-06 1.07E-06 -5.972 

Cu(CO3)2-2 1.11E-10 8.28E-11 -10.082 

Cu(H2BO3)2 (aq) 4.48E-36 4.49E-36 -35.348 

Cu(OH)2 (aq) 1.35E-08 1.35E-08 -7.868 

Cu(OH)3- 1.27E-10 1.18E-10 -9.928 

Cu(OH)4-2 2.88E-15 2.15E-15 -14.668 

Cu+2 6.17E-09 4.59E-09 -8.338 

Cu2(OH)2+2 4.55E-11 3.39E-11 -10.47 

Cu2OH+3 1.79E-15 9.20E-16 -15.036 

Cu3(OH)4+2 5.32E-13 3.96E-13 -12.402 

CuCO3 (aq) 2.88E-08 2.88E-08 -7.54 

CuH2BO3+ 5.30E-22 4.92E-22 -21.308 

CuHCO3+ 3.17E-11 2.94E-11 -10.531 

CuHSO4+ 3.71E-19 3.45E-19 -18.463 

CuOH+ 3.52E-08 3.27E-08 -7.485 

CuSO4 (aq) 8.07E-11 8.08E-11 -10.093 

Fe(OH)2+ 5.96E-17 5.53E-17 -16.257 

Fe(OH)3 (aq) 6.96E-18 6.96E-18 -17.157 

Fe(OH)4- 3.35E-17 3.11E-17 -16.507 

Fe(SO4)2- 9.46E-31 8.79E-31 -30.056 

Fe+3 1.21E-27 6.21E-28 -27.207 

Fe2(OH)2+4 8.02E-41 2.47E-41 -40.608 

Fe3(OH)4+5 1.95E-54 3.10E-55 -54.509 

FeH2BO3+2 2.00E-37 1.49E-37 -36.827 

FeOH+2 1.78E-21 1.33E-21 -20.877 

FeSO4+ 9.13E-28 8.48E-28 -27.071 

H+1 4.81E-09 4.47E-09 -8.35 

H10(BO3)4-2 3.59E-63 2.68E-63 -62.572 

H2AsO4- 3.92E-08 3.64E-08 -7.439 

H2BO3- 1.22E-17 1.13E-17 -16.946 

H2CO3* (aq) 1.02E-06 1.02E-06 -5.991 

H3AsO4 3.24E-14 3.24E-14 -13.489 

H3BO3 8.70E-17 8.71E-17 -16.06 

H5(BO3)2- 9.03E-34 8.39E-34 -33.076 

H8(BO3)3- 7.86E-48 7.31E-48 -47.136 

HAsO4-2 1.12E-06 8.34E-07 -6.079 

HCO3- 1.09E-04 1.02E-04 -3.993 

HSO4- 3.61E-11 3.35E-11 -10.475 

Mg+2 3.07E-04 2.28E-04 -3.641 

Mg2CO3+2 2.91E-10 2.17E-10 -9.665 

MgCO3 (aq) 2.02E-07 2.03E-07 -6.693 

MgH2BO3+ 9.56E-20 8.88E-20 -19.051 

MgHCO3+ 2.56E-07 2.38E-07 -6.623 

MgOH+ 2.11E-07 1.96E-07 -6.708 

MgSO4 (aq) 3.19E-06 3.19E-06 -5.496 

OH- 2.43E-06 2.25E-06 -5.647 

SO4-2 1.03E-04 7.68E-05 -4.115 

Zn(CO3)2-2 1.32E-21 9.84E-22 -21.007 

Zn(H2BO3)2 (aq) 6.55E-47 6.56E-47 -46.183 

Zn(OH)2 (aq) 2.77E-17 2.77E-17 -16.557 

Zn(OH)3- 2.13E-20 1.98E-20 -19.704 

Zn(OH)4-2 9.48E-25 7.06E-25 -24.151 

Zn(SO4)2-2 6.55E-22 4.88E-22 -21.312 

Zn+2 5.82E-17 4.34E-17 -16.363 

Zn2OH+3 8.22E-34 4.24E-34 -33.373 

ZnCO3 (aq) 2.66E-18 2.66E-18 -17.575 

ZnH2BO3+ 1.32E-32 1.22E-32 -31.913 

ZnHCO3+ 1.50E-19 1.39E-19 -18.856 
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 RAP7,  pH=9.93 

 Concentration Activity Log activity 

Al(OH)2+ 7.01E-24 6.61E-24 -23.18 

Al(OH)3 (aq) 2.26E-20 2.26E-20 -19.647 

Al(OH)4- 1.00E-16 9.43E-17 -16.026 

Al(SO4)2- 1.14E-35 1.08E-35 -34.967 

Al+3 3.05E-33 1.80E-33 -32.745 

Al2(OH)2+4 1.21E-53 4.73E-54 -53.325 

Al2(OH)2CO3+2 2.21E-46 1.75E-46 -45.758 

Al3(OH)4+5 1.71E-72 3.94E-73 -72.404 

AlOH+2 1.95E-28 1.54E-28 -27.812 

AlSO4+ 1.66E-33 1.56E-33 -32.806 

AsO4-3 1.78E-18 1.05E-18 -17.98 

Ba+2 5.81E-08 4.59E-08 -7.338 

BaCO3 (aq) 8.61E-10 8.61E-10 -9.065 

BaH2BO3+ 1.18E-22 1.11E-22 -21.954 

BaHCO3+ 4.26E-11 4.02E-11 -10.396 

BaOH+ 1.82E-11 1.72E-11 -10.765 

BaSO4 (aq) 7.78E-10 7.78E-10 -9.109 

Ca+2 1.70E-05 1.35E-05 -4.871 

CaCO3 (aq) 8.16E-07 8.17E-07 -6.088 

CaH2BO3+ 6.44E-20 6.07E-20 -19.217 

CaHCO3+ 1.67E-08 1.57E-08 -7.804 

CaOH+ 2.44E-08 2.30E-08 -7.638 

CaSO4 (aq) 3.87E-07 3.87E-07 -6.412 

CO3-2 4.62E-05 3.66E-05 -4.437 

Cu(CO3)2-2 1.05E-09 8.32E-10 -9.08 

Cu(H2BO3)2 (aq) 1.87E-36 1.87E-36 -35.727 

Cu(OH)2 (aq) 1.67E-07 1.67E-07 -6.776 

Cu(OH)3- 5.88E-08 5.55E-08 -7.256 

Cu(OH)4-2 4.85E-11 3.84E-11 -10.416 

Cu+2 4.97E-11 3.93E-11 -10.406 

Cu2(OH)2+2 4.53E-12 3.58E-12 -11.446 

Cu2OH+3 4.34E-18 2.56E-18 -17.592 

Cu3(OH)4+2 6.55E-13 5.18E-13 -12.286 

CuCO3 (aq) 8.45E-09 8.45E-09 -8.073 

CuH2BO3+ 3.12E-23 2.94E-23 -22.532 

CuHCO3+ 2.41E-13 2.27E-13 -12.644 

CuHSO4+ 1.34E-22 1.27E-22 -21.897 

CuOH+ 1.13E-08 1.06E-08 -7.973 

CuSO4 (aq) 1.13E-12 1.13E-12 -11.947 

Fe(OH)2+ 1.22E-19 1.15E-19 -18.938 

Fe(OH)3 (aq) 5.51E-19 5.52E-19 -18.258 

Fe(OH)4- 9.93E-17 9.37E-17 -16.028 

Fe(SO4)2- 3.59E-36 3.39E-36 -35.47 

Fe+3 1.52E-33 8.95E-34 -33.048 

Fe2(OH)2+4 1.89E-49 7.40E-50 -49.131 

Fe3(OH)4+5 8.40E-66 1.94E-66 -65.713 

FeH2BO3+2 1.90E-42 1.50E-42 -41.824 

FeOH+2 9.20E-26 7.27E-26 -25.138 

FeSO4+ 2.12E-33 2.00E-33 -32.699 

H+1 1.25E-10 1.17E-10 -9.93 

H10(BO3)4-2 5.59E-63 4.42E-63 -62.354 

H2AsO4- 9.45E-20 8.91E-20 -19.05 

H2BO3- 8.39E-17 7.91E-17 -16.102 

H2CO3* (aq) 2.42E-08 2.42E-08 -7.616 

H3AsO4 2.09E-27 2.09E-27 -26.68 

H3BO3 1.60E-17 1.60E-17 -16.796 

H5(BO3)2- 1.14E-33 1.08E-33 -32.967 

H8(BO3)3- 1.83E-48 1.73E-48 -47.763 

HAsO4-2 9.81E-17 7.76E-17 -16.11 

HCO3- 9.72E-05 9.16E-05 -4.038 

HSO4- 1.53E-12 1.44E-12 -11.841 

Mg+2 9.34E-17 7.39E-17 -16.131 

Mg2CO3+2 9.82E-34 7.77E-34 -33.11 

MgCO3 (aq) 2.25E-18 2.25E-18 -17.648 

MgH2BO3+ 2.13E-31 2.01E-31 -30.697 

MgHCO3+ 7.36E-20 6.94E-20 -19.158 

MgOH+ 2.55E-18 2.41E-18 -17.618 

MgSO4 (aq) 1.69E-18 1.69E-18 -17.772 

OH- 9.09E-05 8.57E-05 -4.067 

SO4-2 1.59E-04 1.26E-04 -3.901 

Zn(CO3)2-2 3.50E-21 2.77E-21 -20.558 

Zn(H2BO3)2 (aq) 7.67E-48 7.68E-48 -47.115 

Zn(OH)2 (aq) 9.59E-17 9.60E-17 -16.018 

Zn(OH)3- 2.76E-18 2.60E-18 -17.585 

Zn(OH)4-2 4.47E-21 3.53E-21 -20.452 

Zn(SO4)2-2 3.95E-24 3.12E-24 -23.505 

Zn+2 1.31E-19 1.04E-19 -18.984 

Zn2OH+3 1.57E-37 9.24E-38 -37.034 

ZnCO3 (aq) 2.18E-19 2.18E-19 -18.661 

ZnH2BO3+ 2.17E-34 2.05E-34 -33.689 

ZnHCO3+ 3.19E-22 3.01E-22 -21.522 
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 RAP7,  pH=11.19 

 Concentration Activity Log activity 

Al(OH)2+ 5.69E-15 5.23E-15 -14.281 

Al(OH)3 (aq) 3.24E-10 3.25E-10 -9.488 

Al(OH)4- 2.68E-05 2.47E-05 -4.607 

Al(SO4)2- 1.26E-29 1.16E-29 -28.935 

Al+3 9.07E-27 4.29E-27 -26.367 

Al2(OH)2+4 3.38E-38 8.95E-39 -38.048 

Al2(OH)2CO3+2 1.89E-30 1.36E-30 -29.868 

Al3(OH)4+5 4.71E-48 5.89E-49 -48.23 

AlOH+2 9.34E-21 6.70E-21 -20.174 

AlSO4+ 2.72E-27 2.51E-27 -26.601 

AsO4-3 2.71E-17 1.28E-17 -16.892 

Ba+2 9.36E-17 6.71E-17 -16.173 

BaCO3 (aq) 5.16E-18 5.17E-18 -17.287 

BaH2BO3+ 2.03E-31 1.87E-31 -30.728 

BaHCO3+ 1.44E-20 1.33E-20 -19.878 

BaOH+ 4.96E-19 4.57E-19 -18.34 

BaSO4 (aq) 7.62E-19 7.64E-19 -18.117 

Ca+2 8.22E-17 5.89E-17 -16.23 

CaCO3 (aq) 1.47E-17 1.47E-17 -16.833 

CaH2BO3+ 3.33E-31 3.06E-31 -30.514 

CaHCO3+ 1.69E-20 1.55E-20 -19.809 

CaOH+ 1.99E-18 1.83E-18 -17.737 

CaSO4 (aq) 1.14E-18 1.14E-18 -17.943 

CO3-2 2.09E-04 1.50E-04 -3.823 

Cu(CO3)2-2 1.36E-11 9.74E-12 -11.012 

Cu(H2BO3)2 (aq) 1.72E-39 1.72E-39 -38.764 

Cu(OH)2 (aq) 3.84E-08 3.84E-08 -7.415 

Cu(OH)3- 2.52E-07 2.32E-07 -6.635 

Cu(OH)4-2 4.06E-09 2.91E-09 -8.535 

Cu+2 3.80E-14 2.72E-14 -13.565 

Cu2(OH)2+2 7.95E-16 5.70E-16 -15.244 

Cu2OH+3 4.73E-23 2.24E-23 -22.65 

Cu3(OH)4+2 2.64E-17 1.89E-17 -16.723 

CuCO3 (aq) 2.40E-11 2.41E-11 -10.618 

CuH2BO3+ 2.55E-26 2.35E-26 -25.63 

CuHCO3+ 3.86E-17 3.55E-17 -16.449 

CuHSO4+ 3.53E-27 3.24E-27 -26.489 

CuOH+ 1.46E-10 1.34E-10 -9.872 

CuSO4 (aq) 5.25E-16 5.26E-16 -15.279 

Fe(OH)2+ 3.72E-22 3.42E-22 -21.466 

Fe(OH)3 (aq) 2.97E-20 2.98E-20 -19.526 

Fe(OH)4- 1.00E-16 9.20E-17 -16.036 

Fe(SO4)2- 1.49E-41 1.37E-41 -40.864 

Fe+3 1.69E-38 8.02E-39 -38.096 

Fe2(OH)2+4 7.44E-57 1.97E-57 -56.706 

Fe3(OH)4+5 1.22E-75 1.53E-76 -75.816 

FeH2BO3+2 2.16E-47 1.55E-47 -46.81 

FeOH+2 1.65E-29 1.19E-29 -28.926 

FeSO4+ 1.31E-38 1.20E-38 -37.92 

H+1 7.02E-12 6.46E-12 -11.19 

H10(BO3)4-2 3.27E-65 2.34E-65 -64.63 

H2AsO4- 3.58E-21 3.30E-21 -20.482 

H2BO3- 9.90E-17 9.11E-17 -16.041 

H2CO3* (aq) 3.00E-10 3.00E-10 -9.522 

H3AsO4 4.24E-30 4.25E-30 -29.372 

H3BO3 1.01E-18 1.01E-18 -17.995 

H5(BO3)2- 8.53E-35 7.85E-35 -34.105 

H8(BO3)3- 8.64E-51 7.95E-51 -50.1 

HAsO4-2 7.29E-17 5.23E-17 -16.282 

HCO3- 2.25E-05 2.07E-05 -4.684 

HSO4- 5.78E-14 5.32E-14 -13.274 

Mg+2 6.40E-17 4.59E-17 -16.338 

Mg2CO3+2 1.72E-33 1.23E-33 -32.91 

MgCO3 (aq) 5.73E-18 5.73E-18 -17.242 

MgH2BO3+ 1.56E-31 1.44E-31 -30.843 

MgHCO3+ 1.06E-20 9.74E-21 -20.012 

MgOH+ 2.96E-17 2.72E-17 -16.565 

MgSO4 (aq) 7.04E-19 7.05E-19 -18.152 

OH- 1.69E-03 1.56E-03 -2.807 

SO4-2 1.18E-04 8.44E-05 -4.074 

Zn(CO3)2-2 1.32E-22 9.48E-23 -22.023 

Zn(H2BO3)2 (aq) 2.06E-50 2.06E-50 -49.686 

Zn(OH)2 (aq) 6.43E-17 6.44E-17 -16.191 

Zn(OH)3- 3.45E-17 3.18E-17 -16.498 

Zn(OH)4-2 1.09E-18 7.85E-19 -18.105 

Zn(SO4)2-2 3.98E-27 2.85E-27 -26.544 

Zn+2 2.94E-22 2.11E-22 -21.677 

Zn2OH+3 1.46E-41 6.91E-42 -41.161 

ZnCO3 (aq) 1.82E-21 1.82E-21 -20.74 

ZnH2BO3+ 5.19E-37 4.77E-37 -36.321 

ZnHCO3+ 1.50E-25 1.38E-25 -24.861 
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 RAP7,  pH=12.31 

 Concentration Activity Log activity 

Al(OH)2+ 8.25E-17 6.75E-17 -16.171 

Al(OH)3 (aq) 5.45E-11 5.51E-11 -10.259 

Al(OH)4- 6.75E-05 5.52E-05 -4.258 

Al(SO4)2- 6.95E-34 5.68E-34 -33.246 

Al+3 1.95E-30 3.20E-31 -30.495 

Al2(OH)2+4 2.15E-43 8.59E-45 -44.066 

Al2(OH)2CO3+2 1.56E-37 6.97E-38 -37.157 

Al3(OH)4+5 1.11E-54 7.30E-57 -56.137 

AlOH+2 1.47E-23 6.56E-24 -23.183 

AlSO4+ 1.85E-31 1.51E-31 -30.82 

AsO4-3 8.98E-17 1.47E-17 -16.833 

Ba+2 7.59E-08 3.40E-08 -7.469 

BaCO3 (aq) 1.38E-10 1.40E-10 -9.854 

BaH2BO3+ 1.04E-22 8.49E-23 -22.071 

BaHCO3+ 3.33E-14 2.72E-14 -13.565 

BaOH+ 3.72E-09 3.04E-09 -8.517 

BaSO4 (aq) 3.09E-10 3.13E-10 -9.504 

Ca+2 2.72E-05 1.22E-05 -4.914 

CaCO3 (aq) 1.61E-07 1.62E-07 -6.789 

CaH2BO3+ 6.94E-20 5.67E-20 -19.246 

CaHCO3+ 1.59E-11 1.30E-11 -10.885 

CaOH+ 6.10E-06 4.99E-06 -5.302 

CaSO4 (aq) 1.88E-07 1.91E-07 -6.719 

CO3-2 1.80E-05 8.04E-06 -5.095 

Cu(CO3)2-2 4.22E-17 1.89E-17 -16.724 

Cu(H2BO3)2 (aq) 9.26E-43 9.38E-43 -42.028 

Cu(OH)2 (aq) 4.46E-09 4.51E-09 -8.346 

Cu(OH)3- 4.37E-07 3.58E-07 -6.446 

Cu(OH)4-2 1.32E-07 5.93E-08 -7.227 

Cu+2 4.12E-17 1.84E-17 -16.734 

Cu2(OH)2+2 1.01E-19 4.53E-20 -19.344 

Cu2OH+3 8.26E-28 1.35E-28 -27.869 

Cu3(OH)4+2 3.94E-22 1.76E-22 -21.753 

CuCO3 (aq) 8.62E-16 8.73E-16 -15.059 

CuH2BO3+ 1.74E-29 1.43E-29 -28.846 

CuHCO3+ 1.20E-22 9.77E-23 -22.01 

CuHSO4+ 1.65E-31 1.35E-31 -30.869 

CuOH+ 1.46E-12 1.20E-12 -11.922 

CuSO4 (aq) 2.85E-19 2.89E-19 -18.539 

Fe(OH)2+ 1.21E-15 9.93E-16 -15.003 

Fe(OH)3 (aq) 1.12E-12 1.14E-12 -11.944 

Fe(OH)4- 5.66E-08 4.63E-08 -7.335 

Fe(SO4)2- 1.84E-37 1.51E-37 -36.822 

Fe+3 8.21E-34 1.34E-34 -33.872 

Fe2(OH)2+4 2.39E-45 9.58E-47 -46.019 

Fe3(OH)4+5 3.30E-57 2.16E-59 -58.666 

FeH2BO3+2 5.20E-43 2.33E-43 -42.633 

FeOH+2 5.85E-24 2.62E-24 -23.582 

FeSO4+ 2.00E-34 1.63E-34 -33.787 

H+1 5.99E-13 4.90E-13 -12.31 

H10(BO3)4-2 1.95E-67 8.71E-68 -67.06 

H2AsO4- 2.66E-23 2.17E-23 -22.663 

H2BO3- 9.99E-17 8.17E-17 -16.088 

H2CO3* (aq) 9.14E-14 9.25E-14 -13.034 

H3AsO4 2.10E-33 2.13E-33 -32.673 

H3BO3 6.80E-20 6.89E-20 -19.162 

H5(BO3)2- 5.85E-36 4.79E-36 -35.32 

H8(BO3)3- 4.03E-53 3.30E-53 -52.482 

HAsO4-2 1.02E-17 4.54E-18 -17.343 

HCO3- 1.03E-07 8.40E-08 -7.076 

HSO4- 4.00E-15 3.27E-15 -14.485 

Mg+2 1.90E-17 8.48E-18 -17.072 

Mg2CO3+2 5.02E-36 2.25E-36 -35.648 

MgCO3 (aq) 5.60E-20 5.67E-20 -19.247 

MgH2BO3+ 2.91E-32 2.38E-32 -31.624 

MgHCO3+ 8.93E-24 7.30E-24 -23.137 

MgOH+ 8.09E-17 6.62E-17 -16.179 

MgSO4 (aq) 1.04E-19 1.05E-19 -18.977 

OH- 2.51E-02 2.05E-02 -1.688 

SO4-2 1.53E-04 6.84E-05 -4.165 

Zn(CO3)2-2 3.98E-28 1.78E-28 -27.749 

Zn(H2BO3)2 (aq) 1.08E-53 1.09E-53 -52.963 

Zn(OH)2 (aq) 7.24E-18 7.33E-18 -17.135 

Zn(OH)3- 5.82E-17 4.76E-17 -16.323 

Zn(OH)4-2 3.46E-17 1.55E-17 -16.81 

Zn(SO4)2-2 2.75E-30 1.23E-30 -29.91 

Zn+2 3.09E-25 1.38E-25 -24.859 

Zn2OH+3 2.40E-46 3.92E-47 -46.406 

ZnCO3 (aq) 6.32E-26 6.39E-26 -25.194 

ZnH2BO3+ 3.44E-40 2.81E-40 -39.551 

ZnHCO3+ 4.49E-31 3.67E-31 -30.435 
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