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Abstract

Urea or urea-based fertilizers has become the leading form of nitrogen fertilizers around the world. Biuret, as one of major by-products formed during the 
manufacturing of urea, was proved to be harmful to plant growth. A Single-Laboratory Validation (SLV) study for a newly proposed High Performance 
Liquid Chromatography (HPLC) method was conducted. A total of six samples were tested in the SLV study: two urea samples, and four compound 
fertilizers with various compositions from different sources. In addition, one biuret standard from Aldrich® and one biuret reference from Alfa Aesar® 
were used as standard materials. The system was linear over a concentration range of 0~200 ppm biuret, with a correlation coefficient≥0.999. Recoveries 
were determined by spiking three of the validation samples with known amounts of biuret standard solutions and measuring the biuret level according 
to the method. The recovery rates lies between 98.14% and 107.24%. Method precision was determined by analyzing of six validation samples under 
five replicate analyses, the RSDs ranged from 0.69% to 1.85%. Further study by Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) 
has revealed that the biuret was well-separated from urea and other N-containing compounds in the system by this method. Moreover, the proposed 
method is verified in the international Collaborative Ring Test (CRT) study organized by ISO/TC 134 “Fertilizers and Soil Conditioners”. Systematically 
statistical analysis on the data obtained has proven that this method is capable of effectively monitoring biuret content in a wide range of fertilizers.
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Introduction

Fertilizer has played an important role in improving both the 
quantity and quality of agricultural products [1–2]. Recently, urea, 
or urea-based fertilizers (Including urea formaldehyde slow release 
fertilizer, urea ammonium nitrate solution, sulfur coated urea, urea-
based complex/compound fertilizer, etc.) has become the leading form 
of nitrogen fertilizers around the world, while some agricultural and 
environmental problems raised by the application of urea and urea-
based fertilizers have attracted more and more attention [3–4]. Biuret, 
also known as 2-imidodicarbonic diamide (NH2CONHCONH2), 
is one of major by-products formed when molten urea was heated 
near or above its melting point during the manufacturing of urea and 
urea-based fertilizers [5–6]. The toxicity of biuret to plants was first 
observed and reported in the 1950s by US scientists during observing 
damages caused by urea foliage sprays on orchard plants such as 
citrus and pineapples [7–8]. The exact mechanism of biuret damage 
to different plants is still under investigation, but the harmful effects of 
high concentration of biuret to some sensitive plant species have been 
well documented [4,7,8], and many regulations/standards concerning 

the maximum allowed concentrations and/or the analysis methods 
have been published around the world [9–14].

There are at least three analytical methods available for the 
determination of biuret in fertilizers, including the traditional 
spectrophotometric methods [10–13], the atomic absorption 
spectrophotometric methods [14] and the HPLC methods [6,11,15]. 
The first two methods are based on the formation of complexation 
of biuret with copper ions [Cu(II)], and subsequent determination of 
the Cu(II) compound concentration by spectrophotometry [6,10,14]. 
There are two significant disadvantages of spectrophotometric 
methods: first, the formation of chromatic copper complexation, 
although well-known as the “Biuret Reaction”, is actually not the 
specific character of biuret, many other compounds such as urea-
condensates (e.g. triuret), peptides and proteins may interfere with 
this complexation [15,19] second, both these spectrophotometric 
methods are complex and tedious, and are therefore more prone to 
multiple sources of error [6,11–14].

Recently, the HPLC methods have shown superiority over other 
types of methods, owing to their ability to quantitatively determine 
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biuret content by completely separating biuret from numerous urea-
condensates [6,11,15]. Some HPLC methods utilizing the C18 column 
with the detection wavelength of 200 nm [11] has been found to be 
effective for a variety of fertilizers, but could lose its efficacy when some 
specific compounds (e.g. nitrate, with strong adsorption under 200 
nm) are present in the fertilizers (e.g. Urea Ammonium Nitrate (UAN) 
solution, nitrate-containing complex/compound fertilizer, etc.). To 
seek a uniform, quick and accurate method for the determination 
of biuret content in fertilizers [16,17], a high performance liquid 
chromatography method for the determination of biuret content in 
fertilizers was developed. A Single-Laboratory Validation (SLV) and 
systematically statistical analysis on the data obtained had proven that 
the proposed method was capable of effectively monitoring biuret 
content in a wide range of fertilizers. The reproducibility of the method 
was verified in the international Collaborative Ring Test (CRT) study 
organized by ISO/TC 134 “Fertilizers and Soil Conditioners”. On the 
basis of accuracy and precision of the results obtained in both SLV and 
CRT studies, it was conclude that the method is capable of measuring 
the amount of biuret present in the urea containing fertilizer accurately 
and with no interference from other urea or its adducts.

Experimental Section

This proposed method specifies the test procedure for the 
determination of the biuret content in liquid and solid urea containing 
fertilizers based on the HPLC method.

A.	 Principle

The biuret content in the fertilizer is extracted by aqueous 
acetonitrile mobile phase, and separated from other contents by 
reversed liquid chromatography on a propyl amino column, and 
the peak is detected by a UV detector attached to the HPLC. The 
external standard method is applied to determine the biuret content 
in fertilizer samples.

B.	 Reagents &Validation Materials

(a)	 Reagents

All reagents were of analytical grade. Acetonitrile (HPLC grade, 
Merck Co. Ltd., Germany) was used for preparation of the mobile 
phase. Deionized distilled water (18MOhm*cm) was used throughout 
the experiment. Biuret standard material (>99%, CAS 108-19-0, Lot 
#BCBH8859V) was purchased from Sigma-Aldrich® and was used for 
the HPLC quantitative analysis, and biuret reference material (>97%, 
CAS 108-19-0, Lot #L00812) from Alfa Aesar® were used in the LC-
MS/MS qualitative analysis.

(b)	Validation Materials

Two kinds of urea (SLV-054, SLV-108) and four kinds of 
compound fertilizers (SLV-003, SLV-125, SLV-012, SLV-114) from 
different sources were used as Single-Laboratory Validation (SLV) 
materials and are listed in Table 1. Each fertilizer sample to be tested 
has its distinguished content level of biuret. In order to establish a 
globally accepted analytical method, the validation materials for the 
Collaborative Ring Test (CRT) were selected to represent a wide variety 

of commercially available fertilizer products of different sources and 
manufacture processes. Seven different fertilizer products, including 
both liquid and solid urea-based fertilizers were selected for CRT and 
listed in Table 1, with biuret contents in the range of 0.10% ~ 1.01% 
(mass fraction).

Table 1. List of validation materials

Serial 
number

Type of fertilizer Declared 
gradec

Note (raw material)

SLV-054a urea 46–0–0 /

SLV-108 urea 46–0–0 /

SLV-003 compound fertilizer 15–15–15 urea, monoammonium 
phosphate, ammonium 
sulphate, potassium 
chloride

SLV-125 compound fertilizer 25–10–16 urea, monoammonium 
phosphate, potassium 
chloride, ammonium 
chloride

SLV-012 compound fertilizer 15–15–15 urea, monoammonium 
phosphate, potassium 
sulphate

SLV-114 compound fertilizer 25–11–10 urea, monoammonium 
phosphate, calcium 
superphosphate, potassium 
sulphate

CRT-001b NPK compound 
fertilizer

N/A d /

CRT -002 urea formaldehyde 
complex fertilizer

N/A /

CRT -003 urea N/A /

CRT -004 NPK complex 
fertilizer

N/A /

CRT -005 urea ammonium 
nitrate (UAN) 
solution

N/A urea, ammonium nitrate

CRT -006 urea formaldehyde 
slow release liquid 
fertilizer (Trisert®)

N/A triazone, as well as other 
urea-condensates

CRT -007 polymer sulfur 
coated urea (PSCU)

N/A /

a SLV=single-laboratory validation
b CRT=collaborative ring test
c Declared grade listed in the order of N-P2O5-K2O
d N/A =not available

All solid fertilizer samples were grinded until they passed through 
a sieve of aperture size 0.5 mm, and mixed thoroughly for homogeneity 
before analysed. All liquid fertilizer samples mixed thoroughly for 
homogeneity before analyses.

C.	 Apparatus and Analysis Conditions

Ordinary laboratory apparatus, and

(a)	 High performance liquid chromatography (HPLC). – A Waters® 
1525-2489-2707 HPLC system with a UV absorption detector 
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having a minimum detection wavelength of 190 nm. LC operation 
conditions were: LC column, 250*4.6 mm propylamine (NH2) 
column with 5 µm particle size (APS-2 Hypersil, ThermoFisher 
Co. Ltd. Part #30705-254630 or Spherex NH2, Phenomenex Co. 
Ltd. Part #00G-00051-E0); mobile phase, 85% (v/v) acetonitrile in 
water; elution mode, isocratic; flow rate, 1.0~1.3 ml/min; injection 
volume, 10 µl; column temperature, 30~35 oC; and detection 
wavelength, 195 nm.

(b)	 Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/
MS). – A Shimadzu 20ADXR HPLC system with a UV absorption 
detector was used for LC separation. An AB Sciex Triple TOF® 
4600 with an ESI source in positive ion mode with Analyst® 
software was used to control the LC and the MS. LC operation 
conditions were set as the same as the Waters® HPLC system 

previously described, the MS operation conditions were: ion 
source, ESI; scan mode, MS(30D~450D)+ MS/MS(30D~450D); 
curtain gas pressure, 35psi; ion spray voltage, 5500V; heater 
temperature, 600oC; ion source gas 1 pressure, 50psi; ion source 
auxiliary gas 2 pressure, 50psi; and collision gas, medium.

(c)	 Ultrasonic bath. – purchased from Shanghai Kudos ultrasonic 
instrument Co.,Ltd.

(d)	Sample sieve. – With the aperture size of 0.50 mm.

(e)	 Syringe-driven filter. – With organic filter membrane of 0.22 µm 
pores.

D.	 Procedures

(a)	 Preparation of Test Solution:
For the solid fertilizer samples, weigh 0.1 g~0.5 g test sample 

(accurately to 0.0002 g, with biuret content of 1 mg~2 mg ca.) into a 
25 ml beaker. Add 10 ml mobile phase and dissolve using an ultrasonic 
bath for 10 min. Transfer to a 25 ml volumetric flask and dilute to 
volume with mobile phase. Mix thoroughly and leave standing, filter 
with a syringe filer to obtain the test solution. For the liquid fertilizer 
samples, directly transfer 0.1 ml~0.5 ml of the test sample (accurately 
to 0.001 ml, with biuret content of 1 mg~2 mg ca.) into a 25 ml 
volumetric flask, dilute to volume with mobile phase. Mix thoroughly 
and leave standing, filter with syringe filer to obtain the test solution.

(b)	Preparation of Biuret Stock Solution and Working Standard 
Solutions:

Weigh 0.5000 g biuret standard material [B(a)], dissolve by mobile 
phase, and transfer into a 1000ml volumetric flask, dilute to volume 
with mobile phase and mix to form the biuret stock solution. For the 
biuret working standard solution, pipette 0.00 ml, 0.50 ml, 1.00 ml, 
3.00 ml, 5.00 ml and 10.00 ml biuret stock solution into 6 separate 25 
ml volumetric flasks. Dilute with respective volumes of mobile phase 
and make up to the mark and mix thoroughly. Filter with 0.22 µm 
organic filter membrane (Table 2).

(c)	 Determination of the Biuret Content and Calculation

Ensure the HPLC apparatus operating conditions are optimized. 
Successively inject 10 μl working standard solution and determine 
the series of standard solution. Draw the standard curve and deduce 
the linear regression equation by the average peak areas of the biuret 

and the corresponding mass. Determine the test solution by the same 
procedure, measure the peak area, and calculate the biuret mass in 
each test solution according to the standard curve or linear regression 
equation.

Table 2. Preparation of biuret working standard solutions

Volume of biuret 
standard solution (ml)

Mass of biuret (mg) Concentration of 
biuret (mg/kg)

0.50 0.25 10.0

1.00 0.50 20.0

3.00 1.50 60.0

5.00 2.50 100.0

10.00 5.00 200.0

The mass fraction of biuret (%), w, is calculated as follows:

–3
1m 10

w 100
m
×

= × 	 (1)

Where m1 is the mass of biuret in mg, of the test solution, 
calculated according to the standard curve or linear regression 
equation corresponding to the peak areas; m is the mass in g, of the 
test portion. The mass fraction of biuret is the arithmetic average of 
two parallel test results. The statistical analysis of the data obtained 
from the SLV and CRT study was performed mainly according to 
procedures in ISO 5725-2:1994 [18].

Results and Discussion

A.	 Lc Chromatogram and Calibration Curve

The LC chromatogram of biuret standard material is shown in 
Figure 1. The observed peak is attributed to the biuret, and no any 
other significant contamination could be found, showing high purity 
of the biuret standard material [B(a)]. The calibration plot illustrated 
that the method was linear over the region of 10.00 to 200.0 mg/kg, 
with a correlation coefficient ≥0.999.

B.	 Lc-Ms/Ms Analysis

LC-MS/MS was introduced to analyze biuret reference material (> 
97% from Alfa Aesar®) and some representative fertilizer samples, in 
order to verify the separation of biuret from many other compounds 
within various fertilizer matrices by the proposed method. Figure 2(a) 
depicted the LC-MS/MS quantitation ion chromatogram of biuret 
reference material; Figure 2(b) shows the chromatogram of sample 
#SLV-054 (Urea); Figure 2(c) is the chromatogram of sample #SLV-
114 (Compound Fertilizer); and Figure 2(d) shows the proposed 
target compounds and their fragmentation pattern under positive 
ion ESI mode, corresponding to all the significant peaks found in 
quantitation ion chromatograms. Compound C1 with the retention 
time of 3.03~3.04 min corresponding to the protonated molecular 
ions [M+H]+ at m/z 147.0 was identified as triuret (C3H7N4O3

+), 
which was also served as the precursor ion for fragments with 
[M+H]+ at m/z 130 (C3H7N3O3

+), 104 (C2H6N3O2
+), 87 (C2H3N2O2

+) 
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and 61 (CH5N2O
+) in the tandem MS/MS. Compound C2 with the 

retention time of 3.16~3.18 min corresponding to the protonated 
molecular ions [M+H]+ at m/z 104.0 could be identified as the target 
biuret (C2H6N3O2

+), which was also served as the precursor ion for 
fragments with [M+H]+ at m/z 87 (C2H3N2O2

+) and 61 (CH5N2O
+) 

in the tandem MS/MS. Compound C3 with the retention time of 
3.64~3.65 min corresponding to the protonated molecular ions 
[M+H]+ at m/z 61 could be identified as urea, which has the strongest 
ion peak in chromatogram 2(a) in which the urea was the dominant 

component. Particularly since urea’s lone transition is the rather non-
specific loss of ammonia (NH3) and due to its low molecular weight, 
urea formed no structurally significant ion by LC–MS/MS during our 
analysis. Compound C4 with the retention time of 4.62~4.63 min 
corresponding to the protonated molecular ions [M+H]+ at m/z 133.0 
was identified as N,N’-methylenediurea (C3H9N4O2

+), which was also 
served as the precursor ion for fragments with [M+H]+ at m/z 73 
(C2H5N2O

+) and 61 (CH5N2O
+) in the tandem MS/MS.

Figure 1. LC chromatogram of biuret standard and calibration curve

The LC-MS/MS result has shown that the propylamine 
(NH2) column utilized in our proposed method can successfully 
separate biuret form its analogues such as urea, triuret and N,N’-
methylenediurea, thus indicated its possibility to be further extend 
to determine those aforementioned contaminants individually or 
simultaneously in a separate study.

C.	 Accuracy and Method Applicability

The accuracy of the proposed method was validated by the 
recovery rate test running for one urea and two kinds of compound 
fertilizers. In a typical procedure, a certain amount of biuret working 
standard solution with the concentrations of 60 mg/kg, 80 mg/kg 
and 100 mg/kg were spiked into the fertilizer sample, and then the 
test solutions were prepared and determined as described in the 
experimental section. The recovery rate was defined as the quotient of 
the recovery amount of the biuret divided by the amount of the biuret 
added. A summary of results tabulated in Table 3 below has shown 
that the spiked recoveries ranged from 98.14% to 107.24%, with a 
mean recovery of 102.24%.The recovery results met the requirement 
for standard method performances, in which the acceptable recovery 
limits for sample concentration around 100ppm (mg/kg) was given by 
85%~110% [20].

Method applicability has to be verified at a very early stage of 
method development, since many compounds existing in the fertilizer 
matrix would have peaks on the HPLC chromatogram and thus may 
interfere with the analysis of biuret. One sort of those compounds 
with great high concerning is nitrates, which usually are very common 
fertilizer components, with strong adsorption under 200 nm. C18 
columns were proven to be not suitable to analyze those fertilizer 
containing nitrates, simply because they cannot separate nitrates from 
the target compound biuret. In order to verify the proposed method’s 
applicability, an extra portion of 0.1g ammonium nitrate was added 
in validation sample SLV-114 during the recovery rate test, with the 
detection wavelength at 195 nm.

 Figure 3(a) depicts the HPLC chromatogram for validation 
sample SLV-114, and Figure 3(b) shows the HPLC chromatogram for 
validation sample SLV-114, spiked with 0.1g ammonium nitrate. The 
peaks with retention time of 4.1 min ca. in both chromatograms were 
identified as biuret; and the huge bump with retention time of 7.5~14 
min ca. was attributed to the nitrate, and show a complete separation 
from the biuret and many other possible analogous compounds with 
potential interests.
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Figure 2. LC-MS/MS quantitation ion chromatograms for potential compounds in biuret reference material and fertilizer samples

Figure 3. a) HPLC chromatogram for validation sample SLV-114; b) HPLC chromatogram for validation 
sample SLV-114, spiked with 0.1g ammonium nitrate.
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Table 3. Recoveries for validation samples spiked with biuret

Serial 
number

Type of fertilizer Spiking concentration 
(mg/kg)

Recovery (%)a

SLV-108 urea 60 98.14

SLV-108 urea 80 101.71

SLV-108 urea 100 103.50

SLV-125 compound fertilizer 60 101.46

SLV-125 compound fertilizer 80 100.22

SLV-125 compound fertilizer 100 103.51

SLV-114b compound fertilizer 60 107.24

SLV-114b compound fertilizer 80 104.86

SLV-114b compound fertilizer 100 99.54

a. Average recovery = 102.24%.

b. In order to verify the method applicability, especially no interference from nitrate 
(common fertilizer component, with strong adsorption under 200 nm), an extra portion 
of 0.1g ammonium nitrate was added in validation sample SLV-114 during the recovery 
rate test.

D.	 Precision

In order to verify the precision of the proposed method, namely, 
to illustrate the repeatability of the test results, 5 parallel tests on all 
the six Single-Laboratory Validation (SLV) materials were performed 
respectively. The Relative Standard Deviations (RSD%) were used to 
evaluate the results (Table 4) as follows:

Table 4. Precisions for validation samples

Serial 
number

Type of 
fertilizer

Results of 5 
parallel tests (%)

Average 
test result 
of biuret 

(%)

Relative 
standard 
deviations 
(RSD, %)

SLV-054 urea 1.019; 1.063; 1.065; 
1.062; 1.060

1.054 1.85

SLV-108 urea 0.621; 0.611; 0.610; 
0.617; 0.612

0.614 0.76

SLV-003 compound 
fertilizer

0.085; 0.086; 0.087; 
0.087; 0.085

0.086 1.10

SLV-125 compound 
fertilizer

0.949; 0.955; 0.967; 
0.955; 0.950

0.955 0.75

SLV-012 compound 
fertilizer

0.540; 0.533; 0.530; 
0.536; 0.535

0.535 0.69

SLV-114 compound 
fertilizer

0.334; 0.334; 0.333; 
0.332; 0.320

0.331 1.81

According to the results from Table 4, all the RSDs of 5 parallel 
tests lie within the range of 0.69%~1.85%. The method precision 
results met the requirement for standard method performances, in 
which the acceptable RSD limits for sample concentration around 1% 
was given by 2% ca., thus implies that precision of the as-established 
method is quite convincible [20].

E.	 Collaborative Ring Test Results

As confirmed by the SLV test, the newly proposed HPLC method 
with propylamine column has shown a good separation of biuert from 
urea and other N-containing compounds in many urea-containing 

fertilizer matrices. The proposed method also has a relatively wide 
dynamic linear range, convincing accuracy as well as precision. A 
similar method with minor variation on the chromatographic column 
for the determination of biuret in water-soluble, urea based commercial 
inorganic fertilizer materials, urea solutions and surfur-coated urea 
by another SLV test has been reported [6]. Also, an acetonitrile-free 
HPLC method with C18 column as the alternative method does exist 
[23]. A collaborative round robin test was first conducted to compare 
these three methods. Through careful studies of the data obtained in 
the collaborative round robin test, the two methods using acetonitrile-
water (85:15 ratio) mobile phase are capable of separating the biuret 
in all the urea-containing fertilizers samples under this study, but the 
method using C18 column with water as a mobile phase showed some 
limitations based on the types of fertilizer [17, 23]. Then, the proposed 
method with propylamine column is verified in an international 
Collaborative Ring Test (CRT) study organized by ISO/TC 134 
“Fertilizers and Soil Conditioners”.

Seven samples, together with the SOP files were sent to 13 globally 
participating laboratories to ensure that all the participants could 
meet the identical method requirements and uniformity. The samples 
choices have shown a very diverse spectrum, from solid fertilizers 
to liquid fertilizers, from single fertilizer matrix to compound/
complex fertilizers and from uncoated fertilizers to coated fertilizer, 
which including one NPK compound fertilizer (CRT-001), one urea 
formaldehyde complex fertilizer (CRT-002), one urea (CRT-003), one 
NPK complex fertilizer (CRT-004), one Urea Ammonium Nitrate 
(UAN) solution (CRT-005), one urea formaldehyde slow release liquid 
fertilizer (Trisert®) (CRT-006) and one Polymer Sulfur Coated Urea 
(PSCU) (CRT-007). 

Statistical analysis of these results was carried out in accordance 
with procedures in related ISO standards on statistics [18], and also 
referred to the AOAC Guidelines for Standard Method Performance 
Requirements [20]. Basically, The Cochran’s tests and Grubbs’ tests 
[18, 21–22] were initially performed on the data collected to eliminate 
outliers. The mean level (m), the repeatability standard deviation 
(sr), the reproducibility standard deviation (sR) of this joint-proposed 
method were calculated and shown in Table 5 below.

An examination of the data in Table 5 above indicate that both the 
repeatability standard deviation (sr) and the reproducibility standard 
deviation (sR) tend to be irrelevant with the mean level of biuret (mg/
kg). Thus, according to the ISO standards 5725 on statistics, the 
precision of the proposed method can be represented by the average 
values of sr and sR over different mean levels, and should be quoted, as 
a percentage by mass, as:

Repeatability standard deviation, sr = 7.71E–3	 (2)

Reproducibility standard deviation, sR= 3.66E–2	 (3)

During the Collaborative Ring Test (CRT) studies, the method 
applicability and precision were further confirmed; moreover, some 
valuable comments from participating laboratories were received 
when the final results were submitted. Laboratory X reported that due 
to the delay of logistics they had used another amine column (GRACE 
Altima amino) instead, which led to a small variation on the retention 
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time of biuret, but still attained a good separation. The committee still 
took their data into consideration since laboratory X’s data had passed 
through the entire statistical test. This led to a note that “Other HPLC 
conditions that can achieve the same separation effects may be used.” 
Laboratory Y reported that they have done a systematically research on 
the CRT-007 sample of Polymer Sulfur Coated Urea (PSCU) and had 
found that the biuret content determined has some relationship with 
the pre-treatment procedure of the sample, especially with the time 

of ultrasonic treatment during the dissolve process. The deduction 
was that the biuret content determined may vary due to the change of 
extraction percentage which linked to the pre-treatment procedure, 
and a detailed sample preparation procedure with respect to the time 
of ultrasonic treatment as precise as 10 minutes in the SOP as well 
as the draft international standard [17] is necessary. Overall, all the 
comments from the participating laboratories comments have helped 
to the further improvement of the proposed method. 

Table 5. Mean level (m), repeatability standard deviation (sr), and reproducibility standard deviation (sR) of the joint-proposed method.

Sample CRT-001 CRT-002 CRT-003 CRT-004 CRT-005 CRT-006 CRT-007

Number of valid data/outliers 13/0 13/0 12/1 13/0 12/1 13/0 12/1

Mean level of biuret , m% (mg/kg) 0.62 0.53 1.01 0.31 0.24 0.94 0.10

Repeatability standard deviation (sr) 1.03E-2 7.81E-3 8.84E-3 4.57E-3 3.14E-3 1.79E-2 1.43E-3

Reproducibility standard deviation (sR) 2.03E-2 3.53E-2 5.22E-2 2.29E-2 2.79E-2 6.18E-2 3.57E-2

Conclusion

A high performance liquid chromatography method for the 
determination of biuret content in fertilizers was developed for the ISO 
international standard 18643. A Single-Laboratory Validation (SLV) 
and systematically statistical analysis on the data obtained had proven 
that the proposed method was capable of effectively monitoring biuret 
content in a wide range of fertilizers. The reproducibility of the method 
was verified in the international Collaborative Ring Test (CRT) study 
organized by ISO/TC 134 “Fertilizers and Soil Conditioners”. On the 
basis of accuracy and precision of the results obtained in both SLV and 
CRT studies, it was conclude that the method is capable of measuring 
the amount of biuret present in the urea containing fertilizer accurately 
and with no interference from other urea or its adducts.
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