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STANDARD OPERATING PROCEDURE No of pages 8 

No: METH 002 Version: 1 Date: 05-06-
2011 

Title: Organic Carbon and Nitrogen analysis in soil and plant 
samples with Thermal Scientific Flash EA 1112 CN Analyzer 

 

 

I. SCOPE AND APPLICATION 

This SOP describes the analysis of soil and plant samples for organic carbon and nitrogen at 

ICRAF Soil-Plant Spectral Diagnostic Laboratory using the Thermal Scientific Flash EA 1112 

analyzer. The carbon and nitrogen content of all samples will be analysed before after 

acidification. Carbon and nitrogen content of non-acidified samples indicates total C and N in 

the sample and carbon and nitrogen in acidified samples is a measure of organic C and N. For 

soils with a pH below 6.5 and are not limed recently, it is assumed that total carbon and 

nitrogen is a good estimation of organic carbon and nitrogen. For these samples acidification is 

not generally required. However, to be consistent and to minimize errors due to differences in 

procedures, acidification is carried out on all types of soil and plant samples.  

II. RELATED SOPS 

 PRP 003 Soil sample preparation and handling 

 PRP 004 Plant sample preparation and handling 

 METOT 01:  Total Carbon and Nitrogen analysis in soil and plant samples with Thermal Scientific 

Flash EA 1112 CN Analyzer 

III. PRINCIPLE 

Elemental Analysis is a process that analyzes the elemental composition of a compound as 

weight percent of each element present in the compound. The Flash EA1112 set up in the ICRAF 

Soil-Plant Spectral Diagnostic Laboratory can analyze carbon, nitrogen and sulfur in plant and 

soil samples. It is based on the flash dynamic combustion method, which produces complete 

combustion of the sample within a high temperature reactor, followed by an accurate and 

precise determination of the elemental gases produced using a thermal conductivity detector. 

The sample is weighed in tin/silver capsules, placed inside the auto-sampler at a preset time, 

and then dropped into an oxidation/reduction reactor kept at a temperature of 900 – 1000 °C. 

The exact amount of Oxygen required for optimum combustion of the sample is delivered into 

the combustion reactor at a precise time. The reaction of Oxygen with the Tin capsule at 

elevated temperature generates an exothermic reaction which raises the temperature to 1800 

°C for a few seconds. At this high temperature both organic and inorganic substances are 

converted into elemental gases which, after further reduction, are separated in a 

chromatographic column and finally detected by a highly sensitive thermal conductivity 

detector. In carbonaceous soils or recently limed soils, substantial amount of carbon will 

present in inorganic form. To determine carbon and nitrogen present in organic form, carbon 
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and nitrogen estimations are carried out before and after removal of carbonates from the soil. 

Carbonates are removed by adding an aqueous-acid solution to soil samples that have been 

weighed into Ag capsules. The carbonates are released as CO2 through the following chemical 

reaction.  

CaCO3 + 2HCl → CO2 + CaCl2 + H2O 

After the acid treatment, the samples are dried and analyzed for carbon and nitrogen. 

IV. EQUIPMENT 

a. Flash EA 1112 

b. Computer 

c. Micro balance 

d. ThermoFisher Scientific kit for sample pretreatment for total organic carbon 

determination  

e. Fume hood 

f. Safety goggles 

g. Respirator 

V. MATERIALS  

a. 500 µl syringe 

b. Two forceps (curved tip) 

c. Micro spatula 

d. Silver capsules 

e. Tin capsules 

f. Quartz wool 

g. Latex gloves 

h. Chromium oxide 

i. Reduced copper 

j. Silvered cobaltous/ Cobaltic oxide 

k. Electrolytic copper 

l. Copper oxide 

m. Magnesium perchlorate 

n. Hydrochloric acid 

o. Standards 

i. Acetanilide 

ii. Atropine  

iii. BBOT  (2,5-Bis(5-tert-butyl-2-benzo-oxazol-2-yl)thiophene) 

iv. CEDFNI (Cyclohexanone-2,4-dinitrophenyl-hydrazone 

v. Sulfanilamide 

vi. Methionine 

VI. PROCEDURES 
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a. Sample pre-treatment. 

 Weigh approximately 15 mg ± 1 mg of soil samples into Ag capsules on the microbalance 

and record the weights to the nearest 0.01 mg. Place the weighed samples on a microtitre 

plate sample holder. 

 Using a syringe, add a drop of 1 M HCL into each sample and shake the microtitre plate 

gently at intervals of 20 minutes to displace any accumulated CO2. The reaction is complete 

within 1 hour. Note: If samples display excessive frothing resulting in sample spillage, then 

rerun the samples first wetting the sample to approximately field capacity with distilled 

water before adding the acid. 

 Using a pair of forceps, transfer the samples to the ThermoFisher Scientific kit for sample 

pretreatment for total organic carbon determination which has been pre heated to 800C. 

 Using a syringe, slowly add one drop of 1 M HCL while heating at 800C. Note: It is important 

not to let the samples dry until the treatment is complete. This can cause brittleness of the 

Ag capsules and they may crumble during the sample folding. Allow just enough 

evaporation to create room for more acid addition to complete the carbonate removal. 

 Continue heating at 800C for 4 hours when the sample is expected to be completely dry. 

 Using a pair of forceps, transfer the samples and place them back on the microtitre plate 

holder. 

 Insert the silver capsule containing the sample into a tin capsule and weigh into it 10 mg ± 2 

mg of vanadium pentoxide. Have a respirator on during this process due to the acidic smell 

emanated by the samples. Note: Combustion in silver containers can be incomplete. 

Vanadium pentoxide is added and tin capsule wrapped on top of the sample to ensure 

complete combustion of the sample. 

 The reason that this helps is that when a tin capsule comes in contact with extremely 

oxidizing environment in the combustion process, it triggers a strong exothermic reaction 

and temperature rises to approximately 18000C instantly inside the reactor causing 

complete sample combustion. 

 The vanadium pentoxide supports the combustion.   

 Fold and analyze using the CN dry combustion method by CN analyzer. (See the CNS 

protocol).  

b. Preparation of reactors and filters. 

i. Filling the Quartz reactor 

 Introduce the filling chemicals into the reactor tube sequentially to form a series of layers of 

defined dimensions separated by quartz wool. Note: Different methods have different filling 

configurations e.g. Total Carbon and Nitrogen are analyzed using the NCH configuration and 

the reactor column is packed to specification as shown on the diagram below. NCH 

configuration is commonly used at the ICRAF lab Note: Use of rubber gloves is 

recommended when handling the filling chemicals. 
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   1cm    Quartz wool 

   

25cm    Chromium oxide 

 

   1 cm    Quartz wool 

    

    

   50cm    Reduced copper  

 

        

   1 cm    Quartz wool 

      

     4  Cobaltic oxide (Silvered cobaltous) 

  

   2cm    Quartz wool 

 

 
 

 Lay the reactor tube on a flat workbench and starting from the conical end of the reactor 

tube using a marker, mark the required level of each filling material. Note: For reactor tubes 

that do not have a conical shape on one end, packing can be done from any end.  

 Starting from the bottom (conical end), introduce a sufficient amount of quartz wool to 

form the required layer as marked by gently pressing the quartz wool from the top using the 

compression rod while plugging the bottom with your hand. 

 Pour sequentially the required filing materials into the reactor, ensuring that each layer is of 

the required height. 

 At each step gently press the quartz wool using the compression rod. 

ii. Filling the Absorption filter 

 Magnesium perchlorate filter is used to filter out water from the system. 

 Introduce into one end of the tube the required sufficient amount of the quartz wool   (1 

cm). 

 Pour in the filling material in this case the magnesium perchlorate leaving enough space for 

around 1 cm of quartz wool. 

 Introduce the final layer of quartz (1 cm). 

 Connect the filter inlet to the connection coming from the reactor and the outlet to the 

connection going to the gas chromatographic column. 

 Secure the filter on the appropriate clips mounted on the machine. 

iii. Installing the reactor into the furnace 

 Check that the furnace is at room temperature. 

 Open the furnace compartment by lifting the cover and removing the protecting plate. 

 Remove the auto-sampler gently by manually undoing the fixing nut. 

 Check to ensure that the O-ring inside the coupling union located at the base is in good 

shape, well positioned and the inside of the coupling union clean. 
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 Delicately introduce the reactor into the furnace ensuring that the tube conical end is on the 

lower side. 

 Guide the reactor inside the furnace. The reactor conical end must fit into the coupling union 

located on the base of the furnace compartment. 

 Gently press and twist the reactor while holding the coupling union firmly until the 

introduction is complete. 

 At the top of the reactor, slip the O-ring with its conical section turned upwards. 

 Place the autosampler back and screw back the fixing nut. Note: Do not use mechanical tools 

to tighten the fixing nut. Only use your hand. 

 If required by your instrument configuration, install the reactor into the right furnace 

following the same instructions as described above. 

 Finish of by checking for leaks around the fixing nut and at the coupling union and on both 

sides of the adsorption filter situated near the oven compartment. 

 Reset the maintenance to default so as to tell when the reactor is worn out. Note: One 

reactor runs approximately 200 samples before it is exhausted. When exhausted, a new 

reactor is installed. 

c. Weighing Samples 

 The sample type determines the weight range when weighing. 

 To define the weighing range, you should know the sample type i.e. soils or plants and 

nature i.e. clay, sediments, leaves, stocks etc of the sample to be analyzed. 

 Plants are very high in nitrogen and carbon therefore a sample size of 2-4 mg should suffice. 

 Soils vary a lot in CN concentration depending on soil type and nature. 

 Test runs with few samples help in determining the appropriate sample weight to be 

weighed for optimal results. 

 A weight of around 15-25 mg generally is sufficient for most soils and a weight of 5-10 mg 

for organic matter fractions. 

 Ensure that the balance is well positioned, clean and in a vibration free area. Note: Any 

slight vibration is detrimental to accurate weighing 

 Recalibrate the balance if necessary. 

 Lay out a glass pane on the bench in front of the balance to do the capsule folding on and 

place a reflective material at the bottom of it so as to easily see any spillage incase the tin 

capsule tears when folding. The folding should be done on the glass pane to minimize 

chances of contamination. 

 Ensure that the forceps and spatula to be used for weighing and the glass pane surface for 

folding on are clean. Use 70% ethanol for cleaning. 
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 Take a tin capsule from its container by holding it at the edge of its opening to avoid 

crumbling it using a forcep. Note: The tin capsule should be handled with the forceps at all 

time. Never should it be touched. 

 Place it on the balance pan and tare its weight while making sure that the balance shield 

slides to enclose the balance pan during the process to avoid draught interference. 

 After tare, open up the shield by pressing the ‘select 1’ button on the balance. 

 Remove the tin capsule and place it on the glass pane using the forceps. 

 Take the sample to be weighed and using a spatula, scope an approximate amount and 

dispense it into the tin capsule taking care not to smear the capsule with the sample on its 

outside walls. 

 Place back the capsule on the balance to check whether you got the right weight. If not, 

remove the tin capsule and add some more or reduce using the spatula while holding the 

capsule with a forceps. 

 When you get the right weight, place the tin capsule on the glass pane and fold it using the 

forceps to a near spherical shape. Note: Its doesn’t have to be a perfect shape but try to get 

rid of any air traps in the folding to avoid nitrogen contamination from the air . 

 Key in the sample id, file name and weight in the sample table provided on the Eager 300 

software on the “Edit The Sample Table” icon and place the weighed sample on a microtitre 

plate rack until you are ready for analysis. 

d. Sample Analysis 

 Check the gas pressures from the cylinders and ensure that they are set correctly. 

 For oxygen and helium, the pressure of the gas leaving the cylinder should be between 3- 4 

bars and for the medical air 3-5 bars. 

 Ensure that the appropriate method is loaded (different methods have different parameter 

settings). 

 See in the table below the parameter settings for the NCH and NCS methods commonly 

used in the ICRAF Lab. 

Method NCH NCS 

Left Furnace 900oC 900oC 

Oven 75oC 75oC 

Carrier 130 ml/min 140 ml/min 

Oxygen 240 ml/min 250 ml/min 

Reference 100 ml/min 100 ml/min 
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Cycle 600 Sec 720 Sec 

Sampling Delay 12 Sec 12 Sec 

Oxygen Injection End 5 Sec 5 Sec 

 To load a new method, click on File and then on Load system defined method and choose 

the desired method. Click on Open to load the method. 

 Click on the Edit Elemental Analyser Method icon and after ensuring that the method 

parameters are properly set, click on the send button to send the parameter information to 

the machine. Note: The machine should be left to warm up for at least 45minutes upon full 

activation of the furnace. The detector can be switched on at least 15 minutes prior to the 

commencement of analysis. 

 The machine status can be checked by clicking on the Elemental Analyser Status icon. 

 When the machine is ready and the samples arranged on the autosampler to match with 

the sample information keyed in on the sample table, click on the Run and then Start 

Sequence of Samples to start the analysis. Note: Run 2 to 3 bypass samples (dummy 

samples) to condition the machine before commencement of analysis. 

 The generated results after the analysis can be viewed by clicking on the Summary Results 

icon. 

e. Data Processing and Quality Control. 

 The quality of the standard curve influences the quality of data produced and therefore 

upon running a standard curve it should be evaluated. 

 Open the standard curve by clicking on View and then View Calibration Curve. 

 On the calibration curve window, check for blank averages and the graph linear fit for all the 

elements being analyzed. 

 Nitrogen and Sulphur should give a zero blank average always and anything else is an 

indication of contamination. 

 Carbon will always give a blank average of around 2000 to 5000 peak area. 

 The data generated on the summary results table can be export to excel format by clicking 

on File and then Export To Excel File while in the summary table window for further 

formatting and reporting. 

f. Shutting Down The Instrument 

 The Edit Elemental Analyser Method window is opened and on the Temperature menu, the 

instrument can be set to standby mode by checking the Set Instrument to stand-By option 

and the detector switched off from the detector menu by deselecting the Filament On and 

sending the information to the machine by clicking on the send button. 

 If the instrument is expected not to be in use for a long time i.e for a month, the instrument 

can be shut down by 
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o Turning of the gases 

o Exit the eager Software 

o Turn off the instrument main power from the switch at the back of the 

instrument. Note: Never turn off the instrument main power when the furnace 

are running in high temperatures (full running mode). The instrument should be 

allowed to cool before turning of the main power. 

VII.  CALCULATIONS 

The software application used to run the analyzer (?????) automatically stores data acquired 

during an analysis in comma-delimited ASCII text format for later computation, display, and 

printing. Use the initial weight of the untreated soil in the calculations. The results obtained 

upon the carbon analysis of these samples by Flash EA1112 method give the percent organic 

carbon. 

VIII. QUALITY ASSURANCE/QUALITYCONTROL 

 Reference material: “Mua” and “Soil fert” soil reference material is included in every run of 

soil sample analysis. Miaze straw and sesbania straw are used as standard plant reference 

materials by including them in every plant analysis run.  

 Blanks:  Blank capsules treated in exactly same way as capsules with sample are used as 

blanks.   

 Calibration: Periodic checks on chromatogram using standards and reference materials are 

carried out. 

 Duplicates: All samples and standards are measured in duplicates. 

IX. DATA VALIDATION 

a. Data Review 

 Check the sample data and QC data to verify that the data to be reported is based on 

acceptable analyses and meet acceptable limits. 

 Verify that all standard, reagents, and quality control samples have been entered into the 

appropriate logs. 

 Verify that the results have been entered into the appropriate spread sheet and proof read. 

 Place data in the laboratory database. 

b. Supervisor Review 

 Check the sample data and QC data to verify that the data to be reported is based on 

acceptable analyses and meet acceptable limits 

 Verify that the results have been entered into the appropriate spreadsheets correctly. 

 If any errors are found, return data to analytical chemist for corrections. 

 Ensure documentation on printouts (i.e., initials, date, label) is complete. 

 Authorize reporting.  

X. HEALTH AND SAFETY 
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 Personal protection: Safety glasses and protective gloves are recommended whenever 

reagents or samples are handled. For other precautions and safety procedures, consult the 

Material Safety Data Sheets (MSDS) for each chemical used. 

 Electrical hazards: Electrical systems must conform to the ICRAF standards. Shock hazards 

exist inside the instruments. Only an authorized service representative or an individual with 

training in electronic repair should remove panels or circuit boards where voltages are 

greater than 20 V. The instruments require a third-wire protective grounding conductor. 

Three-to-two wire adapters are unsafe for these instruments. 

 Chemical hazards: Hydrochloric acid is a strong acid used to remove inorganic carbon from 

sediment samples. Gloves should be worn when handling strong acids. If contact occurs, the 

affected area should be rinsed thoroughly with water. Gloves should be worn when 

handling acids and, whenever possible, manipulations should be conducted in a fume hood. 

Wastes accumulated during the operation and other cleaning operations should be stored 

in a capped glass bottle and arrangements made for its safe disposal. 

 Gas cylinder handling: Compressed gas cylinders must be handled and stored according to 

the Safety standards. Each cylinder must be 1) carefully inspected when received, 2) 

securely fastened at all times with an approved chain assembly or belt, 3) capped at all 

times when not in use, 4) capped when transported, 5) transported only by a properly 

designed vehicle (hand truck), and 6) stored separately with other full, empty, flammable, 

or oxidizing tanks of gas, as appropriate. 
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