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1.

Determination of Urea Nitrogen in Fertilizer
Scope:

This procedure is to be used for the analysis of urea nitrogen in fertilizer by microKjeldahl.

Principle:

Samples are prepared and stored according to RA-SP-SMPL-PREP. The nitrogen in urea is
either enzymatically converted into ammonia using urease or is digested into ammonium
sulfate using concentrated sulfuric acid and a catalyst, depending on the nitrogen content in
urea samples (For 21% and higher nitrogen label claim, use the digestion method. For less
than 21% nitrogen label claim, use the urease method). After enzymatic reactions or
digestion, samples are distilled then titrated with sulfuric acid using KjelMaster K-375 to
determine the amount of urea plus ammoniacal nitrogen. The amount of ammoniacal
nitrogen is determined separately and subtracted from the urea plus ammoniacal nitrogen to
get urea nitrogen.

Urease — CO(NH;)2 + H2O + [urease] — 2NH3 + CO-
Digestion — 2CO(NH2)2 + H2SO4 + 2H20 — (NH4)2SO4 + 2CO2 + 2 NH3
Sulfation — 2NH3 + H2SO4 = (NH4)2SO04
Distillation — (NH4)2SO4 + 2NaOH = 2NH3; + Na SO, + 2H,0
Acid Trap — B(OH)3 + NH3 + H.O = NH4* + B(OH) -
Titration — 2B(OH)4 + H:SO4= SO £ + 2B(OH)3+ 2H O
Safety:

All laboratory safety rules for sample preparation and analysis shall be followed. Read the
SDS for all materials before use.

Switch off the power supply and remove all sources of flammable vapor (risk of high voltage)
prior to all maintenance work on the device.

Sulfuric acid is acutely hazardous, toxic, and extremely corrosive and reactive; and shall be
used in a fume hood. The acidification of samples containing reactive materials may result in
the release of toxic gases and can be exothermic. Sample acidification and digestion shall
be performed carefully in a fume hood with appropriate PPE.

Always wear personal protective equipment such as protective eye goggles, clothing and
gloves when maintaining the instrument (risk of chemical burns by corrosives or of
intoxication by harmful chemicals).
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4.

Always let the device cool down after operation before performing any maintenance work
(risk of burns by hot surface).

Interferences:

The digestion method is not suitable for liquid urea samples. Also, the presence of nitrate in
the sample has been shown to interfere with the digestion method. See discussion section
below for details.

Equipment and Supplies (equivalents are acceptable):

5.1.  Buchi KjelSampler K-376

5.2.  Buchi KjelMaster System K-375

5.3.  BuchiKjelDigester K-449

5.4.  Buchi Scrubber K-415

5.5.  Analytical balance capable of measuring to 0.0001g
5.6. Sample tubes 300mL

5.7.  Rubber stoppers #10

Chemicals and Reagents:

6.1.  H2SO, - Sulfuric acid conc. 98% (FisherChem or eq.)

6.2.  Titanium BUCHI Kjeldahl Tablets (Buchi or eq.)

6.3. NaOH - Sodium hydroxide 32% (w/v) (FisherChem or eq. or make)
6.4. HsBOs- Boric acid 2%, pH adjusted to 4.65 (make)

6.5. H2SOq4 - Sulfuric acid 0.5N (0.25M) (FisherChem or eq. or make)
6.6.  Neutralization solution for the Scrubber (make)

6.7.  Water, Deionized (DI) (make)

6.8.  Urease powder (MilliporeSigma or eq.)

6.9. Urease Buffer Solution (make)

6.10. KH2PO. - Potassium phosphate monobasic (FisherChem or eq.)

6.11. KyHPO, - Potassium phosphate dibasic (FisherChem or eq.)

6.12. pH 4 buffer solution (FisherChem or eq.)

6.13. pH 7 buffer solution (FisherChem or eq.)

6.14. Electrode storage solution (KCI solution 4.2 mol/L) (FisherChem or eq.)

Reagent Preparation:

7.1.  Sodium hydroxide 32% (w/v)
7.1.1. Dissolve 320g of sodium hydroxide pellets in DI water to a final volume of 1L.

7.2.  Boric acid 2%
7.2.1. Dissolve 20g of boric acid powder in DI water to a final volume of 1L.
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7.2.2. Adjust the pH of the 2% boric acid solution while stirring by adding ~10% NaOH
or ~10% H2SO4 dropwise until pH is 4.65.

7.3.  Sulfuric acid 0.5N (0.25M)
7.3.1. Slowly add 13.6mL of 98% concentrated sulfuric acid to ~700-800mL of DI
water while stirring. Always add acid to the water. Fill volume to 1L by adding
more DI water.

[13.6mL x 1.84 g/mL X 0.98] y 1
98.08 g/mol 1L

7.4.  Neutralization solution for the Scrubber

7.4.1. Dissolve 300g of sodium hydroxide pellets in DI water to a final volume of 3L.
While constantly stirring add a spatula tip of bromothymol blue.

7.5.  Urease Buffer Solution

7.5.1. Mix together 16.2g potassium phosphate monobasic, 20.7g potassium
phosphate dibasic and 950mL of DI water. Stir until dissolved.
8. Instrument Preparation:
8.1.  Start chiller and allow to circulate for approximately 15 minutes prior to analysis.

8.2.  Check waste reservoir level. Empty the waste container or connect an empty waste
container.

8.3. Ensure the DI water reservoir, 2% boric acid reservoir, 32% sodium hydroxide
reservoir and the sulfuric acid titrant bottle have adequate volume for analysis.

8.4.  Place instrument in Ready mode by selecting “Ready” in the Status View.
Note: The steam generator may need up to 2 minutes for heating up to the
operating temperature. After 30 minutes without operation, the instrument will

enter Standby status.

8.5.  Calibrate the pH electrode and place back into the receiving vessel. Refer to section
12.1 for calibration steps.

8.6. Rinse the buret and titration hoses. Refer to section 12.2 for instructions.

8.7.  Aspirate and dry the receiving vessel with a KimWipe then reattach the receiving
vessel.

8.8.  Prime the instrument three times by following steps in section 12.3.
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9. Sample Analysis

9.1.  Build your analytical sequence

9.1.1. Each analytical sequence shall begin with a minimum of two blank samples, but
three blank samples are recommended.

9.1.2. A QC sample should follow the blank samples.

9.1.3. Samples to be analyzed are prepared according to section 9.2 and placed after
the QC.

9.1.4. Each analytical sequence must end with a QC sample.

Note: It is recommended to set up samples duplicate.
9.2. Sample Preparation

9.2.1. Samples with less than 21% urea nitrogen or with unknown concentration: mix
the sample well and weigh 1.0 g of sample into 300mL sample tubes. Tightly
stopper each sample tube.

9.2.1.1. Add 0.1g urease enzyme, 100mL of DI water and 4mL of urease buffer
solution to each sample tube (including blanks). Re-stopper each sample

tube.

9.2.1.2.  Vortex each sample for 1 minute and let samples stand for at least one
hour.

9.2.1.3.  Vortex each sample for 1 minute and let samples stand for at least one
hour.

9.2.1.4. Load the sample tubes into the sample tube rack according to sequence
order then load the sample rack into the KjelSampler.

9.2.1.5.  Onthe KjelMaster, choose the method that matches the parameters in

Table 1.
Table 1 — Digestion conditions and parameters

H20 volume 0mL Titration solution 0.5 N HaSO4
NaOH volume 30 mL Sensor type Potentiometric
Reaction time 5s Titration mode Standard
Distillation mode Fixed time | Titration start time Os
Distillation time 240 s Measuring mode Startpoint pH
Stirrer speed distillation 5 End point pH -
Steam output 100% Stir speed titration 7
Titration type Boric acid | Titration start vol. 0 mL
Receiving solution volume 70 mL Titration algorithm Normal
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9.2.2. Samples containing 21% urea nitrogen or more and containing no nitrates and
are not a liquid sample: mix the sample well and weigh 0.5g of sample into
300mL sample tubes. Tightly stopper each sample tube.

9.2.2.1. Load the sample tubes into the sample tube rack according to sequence
order.
NOTE: Glass caps must be placed into any unoccupied positions in the
rack to close the suction circuit.
9.2.2.2. Add 2 Titanium Kjeldahl tablets and 20mL of sulfuric acid (conc. 98%) to
each sample tube.
9.2.2.3. Insert the rack containing the samples into the KjelDigester unit. Tilt down
the suction module onto the sample tubes.
9.2.2.4. Digest the samples according to the parameters listed in Table 2.
Table 2 — Digestion parameters
Step Temperature [°C] Time [min]
Preheat 350 0
1 420 120
Cooling - 30
9.2.2.5. Allow the samples to cool to ambient temperature then load the sample
rack into the KjelSampler.
9.2.2.6. On the KjelMaster, choose the method that matches the parameters in

Table 3 and begin the distillation process.

Table 3 — Distillation parameters for urea determination by digestion method

H.O volume 50 mL Titration solution 0.5 N H.SO4
NaOH volume 90 mL Sensor type Potentiometric
Reaction time 5s Titration mode Standard
Distillation mode Fixed time | Titration start time Os
Distillation time 240 s Measuring mode Startpoint pH
Stirrer speed distillation 5 End point pH

Steam output 100% Stirrer speed titration 7
Titration type Boric acid | Titration start volume 0 mL
Receiving solution volume 60 mL Titration algorithm Optimal
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10. QA/QC:

10.1. A QC sample shall be run with each set and should be to a possible extent, a similar
matrix and guarantee to the samples. It is analyzed using the same method.
Acceptable QC samples may be a NIST reference material or a Magruder test
sample with a known mean and standard deviation. NIST results shall be within the
certified value. Magruder sample results shall be within 2 standard deviations of the
assigned value.

10.2. Any analyte found in the MB shall be less than the MDL.

10.3. Method detection limit (MDL) is 0.03% urea nitrogen.

10.4. Reporting limit (RL) is 0.10% urea nitrogen.

11. Calculations:

Urea + Ammoniacal Nitrogen (N) =

[Sulfuric Acid (mL) - Blank (mL)] x § x 14007
Sample Weight (g

S = Normality of sulfuric acid used (either 0.5N or 0.05N).

% Urea N = % Urea + Ammoniacal N — % Ammoniacal N

12. Instrument Maintenance:

12.1. Calibrate pH electrode

12.1.1.

12.1.2.

12.1.3.

Rinse the electrode with DI water then submerge the probe at least to the
diaphragm into fresh 4.00 pH buffer solution. Allow the probe to soak for 30
seconds and begin the calibration (Path: System Preparation — Calibration pH
electrode — Start). Rinse the probe with DI water and remove excess liquid by
gently blotting the probe with a KimWipe.

Repeat the last step with 7.00 pH buffer solution then begin the calibration.
Rinse the pH electrode with DI water and place in the receiving vessel.

NOTE: The electrode must be calibrated every day before starting sample
analysis. Replace the electrode if it does not fulfill the following criteria at room

temperature: Slope = 95 — 105%, Zero point = 6.4 — 7.6 pH.

NOTE: To avoid sensor damage, always store the pH electrode in the storage
cap in saturated KCI solution (4.2 mol/L). Storing the pH electrode dry could
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destroy the diaphragm.

12.2. Rinse the buret and titration hoses

12.3.

12.2.1. Dose some titrant to a waste vessel to rinse the buret and the titration hoses

(Path: System Preparation — Buret function — Dose).

12.2.2. Repeat the rinsing until the whole buret and all the titration hoses are filled with

titration solution. Make sure there are no air bubbles in the buret or in the
titration hoses.

Priming

12.3.1. Ensure the pH electrode is calibrated, all reservoirs are filled, and the waste

container is not full. Dry the inside of the receiving vessel with a Kimwipe.
Begin priming the instrument (Path: System Preparation — Priming — Start).

NOTE: Priming MUST be performed at least once before sample analysis, but
it is recommended to prime the instrument three times.

13. Discussion:

13.1

Nitrate in fertilizer samples may cause low nitrogen recovery because volatile nitrous
oxide can be produced when nitrates oxidize a portion of the ammonia released from
the digestion. Adding ferrous sulfate with sulfuric acid was attempted to reduce
nitrates present in the sample to nitric oxide gas. Further, salicylic acid and sulfuric
acid were also added in an attempt to convert nitrate to nitrosalicylic acid followed by
the addition of sodium thiosulfate to reduce the nitrosalicylic acid to its amino form.
Despite these attempts, the nitrogen recovery did not match the assigned nitrogen
content in Magruder fertilizer samples containing nitrates.'-2

14. References:

14.1.

14.2.

14.3.

14.4.

BUCHI Application Note No. 251.2016 Nitrogen Determination in Urea

METHOD 531. Division of Agricultural Environmental Services, Florida Department
of Agriculture and Consumer Services

BUCHI KjelMaster K-375 with KjelSampler K-376/K-377 Operation Manual

BUCHI KjelDigester K-446/K-449 Operation Manual



California Department of Food and Agriculture
Center for Analytical Chemistry

Regulatory Analysis Laboratory

3292 Meadowview Road

Sacramento, CA 95832

ertten By: Digitally signed by Tad

Tad Naquin ™*"

Date: 2026.01.27
13:53:18 -08'00"

Tad Naquin
Agricultural Biological Technician

Digitally signed by

Chugiao Tu =™

Date: 2026.01.27
10:39:13 -08'00'

Chugqiao Tu
Senior Environmental Scientist Specialist

Approved By:

H Digitally signed by Elsa
Elsa Hei Man 3 va. poon
Date: 2026.01.29
Poon 12:47:35 -08'00'

Hei Poon
Senior Environmental Scientist (Supervisor)

Mohammadreza Digitally signed by

Mohammadreza Chehelamirani

Chehelamirani  pate: 2026.01.20 14:23:16 0800

Mohammadrez Chehelamirani
Senior Environmental Scientist (Supervisor)

Digitally signed by Teresa
Teresa Bowers

Date: 2026.01.27
Bowe rs 10:49:52 -08'00'

Teresa Bowers
Environmental Program Manager |

Digitally signed by Sarva
Sa rva Balachandra

Date: 2026.01.30

Balachandra 1532 -0s00

Sarva Balachandra
Quality Assurance Officer

RA-SP-UREA-microKjeldahl
Revision: 2

Revision Date: 1/9/26
Original Date: 2/10/23
Page 8 of 9

1/127/26

Date

1/27/26

Date

1/29/26

Date

1/29/26

Date

1/127/26

Date

1/30/26

Date


https://2026.01.30
https://2026.01.27
https://2026.01.29
https://2026.01.27
https://2026.01.27

California Department of Food and Agriculture RA-SP-UREA-microKjeldahl

Center for Analytical Chemistry Revision: 2
Regulatory Analysis Laboratory Revision Date: 1/9/26
3292 Meadowview Road Original Date: 2/10/23
Sacramento, CA 95832 Page 9 of 9

Revision Log:

Date What was Revised? Why?
1/26/22 Changed formatting to be consistent with other SOPs. Revised the safety section
with additional information. Added QA/QC section.
12/2/25 In the existing SOP “Urea Nitrogen in Fertilizer by uKjeldahl” (RA-SP-UREA-

uKJEL) by Baby Shaharoona on 2/10/2023, urea is enzymatically converted to
ammonia using urease. The urease method works for samples that have up to
21% urea nitrogen. A digestion method was developed for samples that have

21% urea nitrogen and more.
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