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1. Introduction

Calcium carbonate (CaCO3), dolomite [CaMg(CO3)2], and magnesian calcite [Ca1-yMgyCO3] are the 

most common carbonate minerals. They account for more than 90 percent of natural carbonates (Lal, 

2006). Calcite is the dominant form in soil. Aragonite and siderite are also found in some specific soils. 

Carbonates are common in many soils of the world, especially arid, semi-arid, and subhumid soils 

(Lal, 2006). Their origin can be primary (inherited from lithogenic) or secondary (pedogenic) (Loeppert 

and Suarez, 1996). 

The amount and distribution of carbonate are two of the most important factors influencing the 

physical, chemical, and biological properties of soils. For example, carbonates have a significant effect 

on soil pH, sorption-desorption, precipitation-dissolution, and cementation processes. Due to reactivity 

and alkaline character, the carbonate minerals act as a pH buffer. The pH of soils that contain 

carbonate ranges from 7.1 to 8.5 (Lal, 2006; Loeppert and Suarez, 1996). Carbonates precipitation on 

soil particles and pores may form layers (e.g., a calcic horizon) that prevent water movement within 

the soil profile. Certain layers may become hard and cemented (e.g., a petrocalcic horizon) and cause 

water to move laterally (Lal, 2006). The active carbonate surface may adsorb essential plant nutrients 

and adversely influence their availability for plants. Iron deficiency chlorosis in plants has been 

attributed to the interaction of Fe and HCO3- in calcareous soils (Inskeep and Bloom, 1987; Lindsay 

and Thorne, 1954). Sorption and desorption of heavy metals of environmental concern (e.g., Cd2+ and 

Pb2+) on carbonates affect the metals mobility and bioavailability (Lal, 2006). 

Carbonates play an important role in the global carbon cycle, although their role in greenhouse 

emissions has not been well known (Lal et al., 1999). Soils are the largest terrestrial C pool 

(approximately 1500 billion tones in organic form and 970 billion tones as inorganic carbonates) and 

are thus the third largest C reservoir in the world, after oceans and fossil fuels (Lal and Kimble, 2000).  

Calcium carbonate equiv. is used in soil classification as an index for a mollic epipedon, a calcic 
horizon, and the rendolls suborder. If free calcium carbonate is present in soil, the amount and depth 

are criteria for soil series identification. The accumulation and transportation of carbonates in the soil 

profile are used to identify and interpret soil formation processes (Soil Survey Staff, 2014). 

In soils affected by carbonates, the content of calcium carbonate varies from negligible to more than 

80 percent (Loeppert and Suarez, 1996). Calcium carbonate equivalents are determined if soil pH is 

above 7 or if effervescence is observed after treatment with 1M HCl. Carbonates are typically present 

in neutral to alkaline soils, but solid phase carbonates as nodules are also in some acid environments. 

Soil carbonates are typically measured by dissolving carbonates in acid solution (equations 1 

and 2) and then determining either H+ consumption, Ca and Mg production, or CO2 production. 

CaCO3+2H+→ Ca2++CO2+H2O     Equation 1 

and 

CaMg(CO3)2 + 4H+ → Ca2+ + Mg2++ 2CO2 + 2H2O Equation 2 
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2. Scope and field of application

This method estimates the amount of soil carbonate (as a percentage) by digestion with excess acid. 

The emitted CO2 is determined using a volumetric calcimeter under constant pressure and 

temperature (appendix figure 1). This method is applicable to all soils; however, it may 

overestimate calcium carbonate equiv. in soils that have a high content of organic matter.

3. Principle

The carbonates are treated by hydrochloric acid (equations1 and 2), and the volume of released 

carbon dioxide is measured. At constant temperature and pressure, the change in level of water in the 

system is a direct measure of the mass of CO2 evolved and therefore of the soil carbonate 

decomposed. Different forms of calcimeter apparatus (e.g., Chittick, Scheibler, Bernard) are used 

for determination of calcium carbonate equiv. (CCE) based on volumetric method.

The volume of a given mass of CO2 depends on both pressure and temperature. The solubility of CO2 

in water or acid depends not only on temperature and the partial pressure of CO2 but also on the 

equilibrium between CO2 gaseous and solution phases. Each specific calcimeter apparatus, therefore, 

must be calibrated under the defined conditions applied during the analysis(Loeppert and Suarez, 

1996). 

In the absence of decomposition of organic matter, the measurement of CO2 production provides an 

absolute measure of carbonate. Precautions, however, are needed to ensure that organic matter 

oxidation does not interfere. Manganese dioxide in the soil can interfere with the acid dissolution 

procedures due to its influence on oxidation of organic matter. The release of CO2 from organic matter 

can be minimized by the addition of FeCl2 or FeSO4 to the acid (Loeppert and Suarez, 1996).The 

solvation of CO2 in displacement solution can be minimized by using the salted water or phosphoric 

acid (Allison, 1960). The addition of octyl alcohol practically eliminates the foaming that occurs if soils 

that have a high content of carbonate are treated with HCl (Bundy and Bremner, 1972).  

4. Apparatus

1. Volumetric calcimeter. The principal components are: (A) 250-mL reaction flask, (B)

10-mL cup, (C) three-way stopcock, (D) burette, and (E) leveling bulb. Tubing

connections can be made with Tygon tubing.

2. Magnetic stirrer

3. Electronic balance, ±1.0 mg sensitivity

4. Analytical balance, ±0.1 mg sensitivity

5. Volumetric dispenser, 10.00 mL, accuracy of± 0.01 mL

6. 1000-mL volumetric flask
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5. Reagents and standards

1. Hydrochloric acid (HCl), 4 N. Add 393.3 mL of concentrated HCl (32%, sp. gr. 1.16) to

400 mL of deionized water. Dilute to a total volume of 1 L.

2. Filling solution. Make a10%, by weight, sodium chloride (NaCl) solution by adding 100 g of

NaCl to 1-L flask and diluting to a volume of 1 liter.

3. Reagent grade CaCO3

6. Sample preparation

The soil samples should be air dried, ground, passed through a 10-mesh sieve (2 mm nominal pore 

size), and then to ensure the sample is uniform the sample, the sieved soil should be ground to very 

fine powder using suitable mortar. 

7. Procedure

7.1. Calibration of calcimeter 

7.1.1. Weigh dry, fine-grained, reagent-grade CaCO3 to the nearest 0.1 mg into reaction flask (A). 

Samples of approximately 0.1000, 0.2000, 0.3000, 0.4000, 0.6000 g are recommended. 

Add 20 mL of deionized water and place a stirring bar in flask A.

7.1.2. Add 7 mL of acid solution to the cup (B).

7.1.3. Install the sample flask in the system. Open the three-way stopcock (C) to the atmosphere. 

Adjust the liquid level of the measuring burette (D) to exactly 0 mL by adjusting the height of 

the leveling bulb (E). 

7.1.4. Close the system to the atmosphere with the three-way stopcock (C) (180° rotation). Lower 

the leveling bulb about 2 cm. 

7.1.5. Simultaneously begin adding HCl solution from the cup (B) to the sample by tilting the flask 

and begin lowering the leveling bulb. The level of the liquid in the leveling bulb should be kept 

1 to 2 cm below the level of the liquid in the measuring burette (D). 

7.1.6. Turn on the magnetic stirrer (slow stirring rate). If a magnetic stirrer is not available, shake 

continuously by hand. 

7.1.7. When the level in the gas burette stabilizes, then equalize the liquid levels in the leveling bulb 

(E) and the measuring burette (D). Read and record the volume of CO2 that evolves.
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7.2. Determination of the total carbonate in soils 

7.2.1. Add 0.5 to 5.0 g ± 1 mg of soil sample (according to table 1) to the reaction flask. 

Table 1. Sample Weight Estimation 

Effervescence and appearance after adding HCl 
1M 

CaCO3 expected 
(%) 

Sample weight 
(g) 

Non, very slight, slight but for a short time <8 5 

Strong, bubbles form low foam 8–16 2.5 

Violent, thick foam forms quickly >16† 1 

†Note: If a soil contains 40 percent CaCO3, or more, a 0.5 g sample should be weighed. 

Repeat steps (7.1.2) through (7.1.7) for each unknown sample.  

7.2.2. Repeat the previous steps for a blank sample (without soil) and a certified reference material 

(CRM) or quality control sample 

7.3. Technical remarks 

Samples, blanks, CRM, quality control sample and calcium carbonate used as standard material must 

be analyzed simultaneously in a room that has stable conditions for temperature and pressure. 

The degree of CO2 degassing from the digestion mixture is the major source of error in this method. 

Therefore, uniformity of procedure is essential, including volume of acid, agitation of the digestion 

mixture, and measuring time of CO2 volume. 

More water should be added to samples that have a high content of organic matter. The dilution 

decreases the oxidation of organic matter. 

Foaming can be minimized by adding alcohol to those soil samples that have a high content of calcium 

carbonate. 

Adding FeCl2 or SnCl2 (5% by weight) can minimize the oxidation of organic matter and the 

subsequent production of CO2. 

Carbonate minerals are rarely distributed uniformly in the soil; therefore, the samples used for 

carbonate analysis should be well ground and homogenized to minimize errors. 

Most carbonates found in soil decompose rapidly in dilute acid; however, dolomite decomposes slowly 

in cold acid. Therefore, soils containing dolomite require a longer reaction time to ensure complete 

decomposition. 
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8. Calculations

8.1. Calibration of calcimeter 

8.1.1. Correct the CO2 volume for the standards and samples by subtracting the CO2 volumes for 

the blank as follows: 

Equation 3 

8.1.2. Plotting calibration curve: plot actual CaCO3(WCaCO3) on the y-axis vs. VCO2(corr) on the x-axis; 

Then, use linear regression to relate the corrected volume of CO2 released to the mass of 

pure CaCO3 and thus, derive the regression equation. 

8.2. Determination of carbonate in soils 

8.1.3. Calcium carbonate equiv. is calculated as follows:

Equation 4 

Where: 

WCaCO3 = Weight of CaCO3 calculated from the calibration curve (g) (8.1.2) 

Wsoil     = Weight of soil (g) 

9. Health and safety

Hydrochloric acid is corrosive. Causes severe skin burns and serious eye damage. Precautions should 

be taken. Keep away from open flames and heat sources. Measure the concentration of HCl in the air 

regularly. Carry out operations in a fume hood with exhaust ventilation. Never dilute by adding water to 

acid; always add the acid to the water. 

Soils that have high CCE can cause pressure to build up and force the filling solution to overflow from 

the leveling bulb. Additionally, such soils might create enough pressure to damage the calcimeter. 
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10. Quality assurance and quality control

10.1. Accuracy test 

10.1.1. Recovery test 

Analyze the certified reference material (CRM) in accordance with the standard operating procedure 

(SOP) of the particular parameter. Analyze the CRM sample in the same manner as the sample. 

Calculate the percent recovery based on equation 5. Compare result with the target recovery for the 

analyte concentration as indicated in Table 2, expected recovery as a function of analyte 

concentration (AOAC, 1998). If recovery test fails acceptance criteria, identify the root cause(s), 

develop corrective and preventive actions, and address the problem. 

Equation 5 

Table 1. Expected recovery as a function of analyte concentration 

10.1.2. Interlaboratory test 

Participate in an interlaboratory proficiency test at least once a year. The PT z-score should be less 

than 2. If not, identify root cause(s), develop corrective and preventive actions, and address the 

problem. 
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10.1.3. Analyze check reference 

Perform replicate analyses of CRM with this reference method. Compare results from your laboratory 

with results from other laboratories as provided in the performance analysis report or CRM certificate. 

Your laboratory result is considered accurate when it is within the reported 95 percent confidence 

interval of the target value. 

10.2. Precision test 

Perform replicate analysis of 10 percent of samples in a test batch. Calculate the Percent Relative 

Standard Deviation (%RSD) to determine if the precision of replicate analyses is within specification. 

Compare result with the target precision for the analyte concentration as indicated in table 3, expected 

precision (repeatability) as a function of analyte concentration. 

Equation 6 

Where:  

S = Standard deviation of the replicate result 

x̄= Mean value 

Table 2. Expected precision (repeatability) as a function of analyte concentration 

10.3. Control chart 

Analyze at least one duplicate of the check sample or internal reference material in every batch 

analysis. Plot the result in the control chart. Monitor for results that are outside of the specified limits. If 

a result is observed out of the specified limit, identify the root cause(s), develop corrective and 

preventive actions, and address the problem. 
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12. Appendix I.— Calcimeter apparatus

Figure 1. Calcimeter apparatus 
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