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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia neededdo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may\be the subje

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information.

The commitftee responsible for this document is ISO/TC 134, Fertilizers and soil conditioners.

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical
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Introduction

Biuret, also known as 2-imidodicarbonic diamide (NH,CONHCONH3), is one of several by-products
formed when molten urea is heated near or above its melting point (132 °C) during the manufacturing of
urea.[11[2] The exact mechanism of biuret damage to different plants is still under investigation, but the
harmful effects of high concentrations have been well documented, and many regulations/standards
concerning the maximum allowed concentrations and/or the analytical methods have been published
around the world.[11[3][4][5][6][Z][8] Nowadays, there are at least three kinds of analytical methods
available for the determination of biuret in fertilizers, including traditional spectrophotometric
methods,[5][Z] the atomic absorption spectrophotometric method,[8] and HPLC methods.[2][5][10][11]

Receptly, Metnods nave SHOWN SUPEriority OVer other types of metnods, owing to [their ability
to quantitatively determine biuret content by completely separating biuret from numerous urea-
condensates. [SO/TC 134 is well aware of great efforts made by analysts/scientists around the world on

separately seeking a uniform, quick and accurate method for the determination ef biuret |n fertilizers
and pttempted to unify the HPLC method to the greatest extent herein, based on the preliminary
resedrch by the China, US, and European experts.[2][3][10][11]

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD ISO 1864 3:2016(E)

Fertilizers and soil conditioners — Determination of biuret
content of urea-based fertilizers — HPLC method

1 Scope

This International Standard specifies the test procedure for determination of the biuret content in
liqui i - it

2 ormative references

The following documents, in whole or in part, are normatively referenced iricthis docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including any amendments) applies.

ISO 3696, Water for analytical laboratory use — Specification and test‘methods

rinciple

iuret content in the fertilizer is extracted by aquéous acetonitrile mobile phase and separated
other contents by reversed liquid chromatography’on an amino/aminopropyl column] The peak is

The related operations shall be performed in the fume hood. This International Stapdard does
not point out all possible safety: problems and the user shall bear the responsibility to take
proper safety and health measures and ensure the operations are compliant with the conditions
lated by the related laws and regulations of the state.

Use ¢nly water conforming t6 grade 3 of ISO 3696.
4.1 | Acetonitrile/HPLC grade.

4.2 | Mobilephase, 150 ml water + 850 ml acetonitrile, filtered by 0,22 um membrane as pre-treatment,
and yltrasonie degas for 10 min before use.

NOTH An alternative method using acetonitrile-free mobile phase is listed in Annex B, with sonlle limitations
on the Scope of ayy}iuatiuu.

4.3 Biuret stock solutions (0,5 mg/ml = 500 ppm), weigh 0,500 0 g high purity Biuret, dissolved by
mobile phase (4.2), and transferred into a 1 I volumetric flask, dilute to volume with mobile phase (4.2)
and mix.

The biuret of at least 97 % purity and the biuret purity claimed on the label shall be based on the biuret
content, not on the N-content. There are methods available for the purification procedure of biuret such
as those described in AOAC 960.04A(c) or ISO 17322.

5 Apparatus
5.1 Ordinary laboratory apparatus.

© IS0 2016 - All rights reserved 1
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5.2
5.3
5.4 Micro

5.5

5.6

:2016(E)

Ultrasonic bath.

High-performance liquid chromatography instrument, with UV detector.

syringe, 5 pl ~ 50 pl.

Syringe-driven filter, with organic filter membrane of 0,22 um pores.

Injection loop, volume of 10 pl.

5.7 Sieve,

with the aperture size of 0,50 mm.

6 Procedure

6.1 Preparation of test sample

For urea fer]
take a redu
0,5mm. Mix

tilizers, simply take 500 g of divided sample as the test portion;\for compound fertil
ced laboratory sample of 100 g, and grind until it passes through a sieve of aperturg
thoroughly to homogenize the sample. Place in a clean dry bottle with lid.

6.2 Preparation of test solution

Duplicate r¢

Weigh 0,1 g
25 ml beakgq
to a 25 ml y
standing. Fi

6.3 Prepq

According t
solution (4.3
(4.2) and m4

plicate experiments shall be done for the final detérmination of result.

~ 0,5 g test sample (accurately to 0,000 2 g, with biuret content of 1 mg ~ 2 mg ca.) i
r. Add 10 ml mobile phase (4.2) and dissolvé/using an ultrasonic bath for 10 min. Tra
bolumetric flask and dilute to volume with mobile phase (4.2). Mix thoroughly and
ter with a syringe filer to obtain the test’solution.

iration of biuret working standard solutions

b Table 1, pipette 0,00 m}.0;50 ml, 1,00 ml, 3,00 ml, 500 ml and 10,00 ml biuret
) into six separate 25 mtvelumetric flasks. Dilute with respective volumes of mobile |
ike up to the mark andymix thoroughly. Filter with 0,22 pm organic filter membrane.

Table 1 — Biuret working standard solutions

Zers,
size

nto a
hsfer
eave

btock
hase

Volume of biuret stock Mass of biuret
solution mg
ml
0,002 0,00
0,50 0,25
1,00 0,50
3,00 1,50
5,00 2,50
10,00 5,00
a  Blank solution.

6.4 HPLC conditions

Recommended operating conditions of HPLC are listed in Table 2. Other HPLC conditions that can
achieve the same separation effects may be used.

© ISO 2016 - All rights reserved
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Table 2 — Recommended operating conditions of HLPC

. Amino column or Aminopropyl column,2 4,6 mm x 250 mm, with
Chromatographic column :
5 um packing
Flow rate 1,0 ml/min ~ 1,3 ml/min
Inject volume 10 pl
Column temperature 35°C
Detector wavelength 195 nm

a  [If the column is new or has not been in service for more than a week, condition the column for 4 h at
room temperature with LC-grade isopropanol at a flow rate that will maintain at least 200 bars column back

NOTH
NOTH

NOTH

6.5

Ensuy
stan
stan

;o - 0 Il P C N R | 1 . 41 sl a0 o/ 1 1 ]
PIESSUIrc. THIS IS Ty pItdlily LI/ I Vv dSIT LHIE CUTUTTIT agdITTU 5 I WILIT TUU 70 LULTgl dUT dLTLULITLTIIT

is achieved.

rate of 1 ml/min followed by washing with the mobile phase at flow rate of 1 ml/min until a stablé\balse line

nt flow

2 Depending on the type of urea-based fertilizers, other conditions may apply:

3 Alternative method using acetonitrile-free mobile phase is listed in.Anhex B.

Preparation of standard curve

lard solution (6.3) and determine the series of biuret.working standard solution. E
lard solution shall be determined two times. Draw the)standard curve or get the linea

equaltion by calculating the average peak areas of the binret and the corresponding mass.

6.6

Dete
the 1

Determination of the biuret content i the test solution

Fmine the test solution (6.2) with the same method of the working standard soluti

linear regression equation. After completing the determination, first wash the system

phas

the apparatus according to the operating procedures.

6.7

Calculation and expréssion of the results

The mass fraction of biutet (%), w, is calculated as given in Formula (1):

whel

1><10'3
7:—)(100
m

1  The best separation condition can be determined according to different equipfitent and Jituations.

re that the HPLC apparatus operating conditions are optimized. Successively inject 1( ul working

ich working
I regression

pn, measure

eak area, and calculate the biuret mass in each test solution according to the standqrd curve or

wvith mobile

e (4.2) for 30 min, then wash the\system with absolute acetonitrile (4.1) for 30 min. Finplly, turn off

)

14

1 15 the mass of biuret, im mg, of the testsotution, calculated according to the standa
linear regression equation corresponding to the peak areas;

m is the mass, in g, of the test portion.

The determination result is the arithmetic average of the parallel determination results.

6.8

Precision

6.8.1 Ringtest

Details of ring test on the precision of the method are summarized in Annex A.

© ISO

2016 - All rights reserved
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6.8.2 Repeatability, r

For all levels, the repeatability limit r is 0,022, with the unit of mass fraction (%).

6.8.3 Reproducibility, R

For all levels, the reproducibility limit R is 0,102, with the unit of mass fraction (%).

7 Testreport

....................................................
mation necessary for the complete identification of the sample;

hod used with reference to this International Standard, i.e. ISO 18643:2016;
1lts obtained;

ampling and sampling procedure (if known);

en the analysis was finished;

" the requirement of the repeatability limit has been fulfilled;

hting details not specified in this International Standatd, or regarded as optional, toggther
tails of any incidents occurred when performing thedmethod, which might have influgnced
results.

The testre
a) allinfor
b) test mef
c) testres
d) date of
e) datewh
f) whethe
g) all oper;

with de

the test
4
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Annex A
(informative)

Report of international laboratories ring test

A.1 General

a) International laboratories ring tests based on ISO/CD 18643 were conducted betwgen January
2014 and March 2014. Thirteen laboratories participated in the two parallel tests oh seven test
gamples.

b) The test method described in ISO/CD 18643 was adopted here for the)deéterminatipn of biuret
¢ontents in the fertilizer samples.

c) $even different types of fertilizer samples were used during the rinig test, each with sgveral mean
levels. The test samples were sample A-NPK compound fertilizer, sample B-urea fgrmaldehyde
¢omplex fertilizer, sample C-urea, sample D-NPK complexdfertilizer, sample E-urealammonium

itrate (UAN) solution, sample F-polymer sulfur coated urea (PSCU), and sample G-urea
ormaldehyde slow release liquid fertilizer (Trisert®Y)<The biuret contents in all ¢f the seven
ertilizer samples lie in the range of 0,09 % ~ 1,01 %(mass fraction).

d) The precision of the test results was evaluated baséd on [SO 5725-2.

A.2 | Statistical analysis of the test resiilts of biuret contents

A.2.1 Original test results

Thirteen laboratories participated in-the determination of biuret contents in fertilizer test samples.

The fesults are listed in Table A.1with the unit of mass fraction (%).

Table A.1 — Original test results of the determination of biuret contents
Results in mas§ fraction (%)
Laboratory i Level j
A B C D E F G

1 0,615 [ 0,602 | 0,505 | 0,509 | 1,006 | 0,995 | 0,300 | 0,310 | 0,231 | 0,225 | 0,946 | 0,945 | 0J093 | 0,091
2 0,580 | 0,610 | 0,580 | 0,580 | 0,960 | 1,050 | 0,340 | 0,350 | 0,290 | 0,280 | 0,980 | 0,970 | 0f130 | 0,120
3 0,653 | 0,619 | 0,485 | 0,516 | 0,970 | 0938 | 0,276 | 0,271 | 0,211 | 0,185 | 0,788 | 0,784 | 0j067 | 0,070
4 0,651 | 0,654 | 0,552 | 0,547 | 1,047 | 1,057 | 0,326 | 0,336 | 0,250 | 0,249 | 1,061 | 1,015 | 0J104 | 0,106
5 0,625 | 0,614 | 0,509 | 0,510 | 1,013 | 1,015 | 0,277 | 0,279 | 0,219 | 0,212 | 0975 | 0,985 | 0,070 | 0,068
6 0,635 | 0,622 | 0,523 | 0,532 | 1,035 | 1,038 | 0,319 | 0,314 | 0,248 | 0,249 | 0,982 | 0,985 | 0,106 | 0,106
7 0,644 | 0,644 | 0,547 | 0,548 | 1,053 | 1,050 | 0,323 | 0,325 | 0,244 | 0,238 | 0,961 | 0,965 | 0,094 | 0,093
8 0,610 | 0,620 | 0,500 | 0,500 | 0,980 | 0,980 | 0,310 | 0,310 | 0,220 | 0,220 | 0,950 | 0,940 | 0,100 | 0,100
9 0,600 | 0,590 | 0,500 | 0,490 | 0,890 | 0,900 | 0,290 | 0,300 | 0,210 | 0,210 | 0,870 | 0,870 | 0,090 | 0,090
10 0,590 | 0,590 | 0,600 | 0,610 | 1,110 | 1,090 | 0,350 | 0,350 | 0,300 | 0,300 | 0,940 | 0,980 | 0,150 | 0,150
1 0,609 | 0,613 | 0,505 | 0,504 | 1,010 | 1,006 | 0,300 | 0,301 | 0,233 | 0,231 | 0,937 | 0,939 | 0,091 | 0,093
12 0,614 | 0,615 | 0,503 | 0,500 | 1,010 | 1,007 | 0,314 | 0,313 | 0,231 | 0,234 | 0,934 | 0,930 | 0,101 | 0,100
13 0,618 | 0,620 | 0,515 | 0,498 | 1,001 | 1,010 | 0,309 | 0,318 | 0,215 | 0,217 | 0,976 | 0911 | 0,086 | 0,091

1) Trisert® isanexample of a suitable productavailable commercially. This information is given for the convenience

of us

ers of this document and does not constitute an endorsement by ISO of this product.

© ISO 2016 - All rights reserved
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A.2.2 Cell means by each laboratory

The cell means of analyses by each laboratory for the determination of biuret contents are listed in
Table A.2, with the unit of mass fraction (%).

Table A.2 — Cell means of the determination of biuret contents

Results in mass fraction (%)

Laboratory i Level j
A B C D E F G
1 8,669 8,567 +66+ 8,365 6,228 8,946 8,697
2 0,595 0,580 1,005 0,345 0,285 0,975 0,125
3 0,636 0,501 0,954 0,274 0,198 0,786 0,069
4 0,653 0,550 1,052 0,331 0,250 1,038 0,104
5 0,619 0,510 1,014 0,278 0,215 0,980 0,069
6 0,629 0,528 1,037 0,317 0,249 0,984 0,106
7 0,644 0,548 1,051 0,324 0,241 0,963 0,093
8 0,615 0,500 0,980 0,310 0,220 0,945 0,10(
9 0,595 0,495 0,895 0,295 0,210 0,870 0,09(
10 0,590 0,605 1,100 0,350 0300 0,960 0,15d
11 0,611 0,505 1,008 0,301 0,232 0,938 0,092
12 0,615 0,502 1,009 0,314 0,233 0,932 0,101
13 0,619 0,507 1,006 0,314 0,216 0,944 0,089

A.2.3 Cell absolute differences of the analyses by each laboratory

The cell absplute differences of the analyses by eachlaboratory for the determination of biuret confents
are listed in|Table A.3, with the unit of mass fraction (%).

Thble A.3 — Cell absolute differences of the determination of biuret contents

Results in mass fractioh (%)

Laboratory] i Level j
A B C D E F G
1 0,013 0,004 0,011 0,010 0,006 0,001 0,002
2 0,030 0,000 0,090 0,010 0,010 0,010 0,010
3 0,034 0,031 0,032 0,005 0,026 0,004 0,003
4 0,003 0,005 0,010 0,010 0,001 0,046 0,002
5 0,012 0,001 0,002 0,002 0,007 0,009 0,001
6 0,015 0,009 0,003 0,005 0,001 0,003 0,000
7 0,000 0,001 0,003 0,002 0,005 0,004 0,001
8 0,010 0,000 0,000 0,000 0,000 0,010 0,000
9 0,010 0,010 0,010 0,010 0,000 0,000 0,000
10 0,000 0,010 0,020 0,000 0,000 0,040 0,000
11 0,004 0,001 0,004 0,001 0,002 0,002 0,002
12 0,001 0,003 0,003 0,001 0,003 0,004 0,001
13 0,002 0,017 0,009 0,009 0,002 0,065 0,005

A.2.4 Evaluation of the results for consistency and outliers

Graphical evaluation of the analytical results for consistency by Mandel’s h and k statistics were studied.

6 © IS0 2016 - All rights reserved
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The inter-laboratory consistency statistic h and the intra-laboratory consistency statistic k for each
level of each laboratory were calculated. The h and k values for each cell for the respective laboratories
were plotted to obtain the Mandel’s h and k graphs.

Y

2,27 (1 %) k- = e e S T
N (o |- A k- B

-~

| R O A1 i N
S R
| T

ch‘
1,84 (5 90) e o N
2,27 (1 Yp) fmmmmmmmmmmmm e o] S\
1 2 3 4 5 6 7 8 9 \wp 11 12 13
- =
X
< S
Key Q
X  lpboratory, i Q
A\
Y Mandels’s statistic, h 5\0
Q@
Figure A.1 — Mandel’s inter-laboratory cogl?}cency statistic, h, grouped by laborjatories
N
Y o
35 h\-
&

2,38 (1%) ------- C, ————————————————————————————————————————————————————————————————————— -
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Y Mandels’s statistic, k

Figure A.2 — Mandel’s intra-laboratory consistency statistic, k, grouped by laboratories
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Horizontal dotted lines in Figure A.1 and Figure A.2 represent 1 % and 5 % critical values of Mandel’s
h and k statistics, respectively.

The Mandel’s inter-laboratory consistency statistic h graph indicated that laboratory 10 had two
stragglers on level C and level E, respectively; while laboratory 3 had an outlier on level F, laboratory 9
had an outlier on level C, and laboratory 10 had two outliers on level B and level G.

The Mandel’s intra-laboratory consistency statistic k graph did exhibit rather large variability between
replicate test results for laboratory 2 and 3 on level A; while very large variability between replicate
test results for laboratory 2 on levels C and G, laboratory 3 on levels B and E, as well as laboratory 13 on
level F.

Cochran’ s test

Cochran’s test is a test of the intra-laboratory variability and should be applied first, then any necegsary
action should be taken, and also with repeated tests, if necessary.

Application jof Cochran’s test led to the values of the test statistic C given in Table A.4-

Table A.4 — Values of Cochran'’s test statistic, C

Level j A B C D E F G Type of test
C 0419 | 0,607 | 0812 | 0185 | 0741 J<0510 | 0670 | Cochran'sjtest
statistig¢s
Stragglers Cochra;ﬁ's
(p=13|n=2) 0,515 | 0,515 | 0,515 | 0,515 | @515 | 0,515 | 0,515 critic
(5 %) valueg
Outliers
(p=13|n=2) 0,624 | 0,624 | 0,624 | 9,624 | 0624 | 0624 | 0,624
(1%)

If the test sfatistic is greater than its 5 % critical value and less than or equal to its 1 % critical value,
the item tested is regarded as a stragglent

If the test stptistic is greater than its"1-% critical value, the item tested is regarded as an outlier.

Cochran’s tgst showed that the-test statistic reached 0,818, calculated by the maximum cell absplute
difference (]:,090) from laboratoty 2 on level C.

The Cochran’s critical value“at the 1 % significance level was 0,624, for p = 13 and n = 2; thereforg, the
test result from laboratory 2 on level C is an outlier, which should be discarded here.

Cochran’s tgst shewed that the test statistic reached 0,741, calculated by the maximum cell absplute
difference ((i),026) from laboratory 3 on level E.

The Cochran’s critical value at the 1 % significance level was 0,624, for p = 13 and n = 2; therefore, the
test result from laboratory 3 on level E is an outlier, which should be discarded here.

Cochran’s test showed that the test statistic reached 0,670, calculated by the maximum cell absolute
difference (0,010) from laboratory 2 on level G.

The Cochran’s critical value at the 1 % significance level was 0,624, for p = 13 and n = 2; therefore, the
test result from laboratory 2 on level G is an outlier, which should be discarded here.

Accordingly, level C and G were eliminated from the results for lab 2, and for lab 3, level E was eliminated
from their results.

Cochran’s tests (p = 12, n = 2) were repeated on the remaining tests values from the 12 laboratories
on level C, E and G. The test statistic obtained this time were 0,547, 0,423 and 0,507, respectively. All of

8 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=d5a9a3b2f2867e2c792bea38e85fae2f

ISO 18643:2016(E)

these three values are less than the Cochran’s critical value at the 1 % significance level (0,653, p = 12,

n = 2). This confirmed that no outlier existed anymore.

Grubbs’ test

The Grubbs’ test is primarily a test of inter-laboratory variability. The test data used herein are those

which have passed the Cochran’s test.

Application of Grubbs’ test to cell means led to the values of the test statistic G shown in Table A.5.

Table A.5 — Application of Grubbs’ test to cell means

Level j;p Single low Single high Double low Double high Type of test
A;13 1,456 1,845 0,652 0,475
B;13 0,883 2,277 0,869 0,254
G12 2,191 1,758 0,595 0,367
D;13 1,692 1,677 0,495 0315 Grubbs’ test
statistics
E;12 1,071 2,161 0,792 0,206
F;13 2,597 1,571 0,207 0,719
G;12 1,334 2,587 0,618 0,287
Stragglers (5 %)
p=12 2,412 2,412 02537 02537 | Grybbs’ critical
values
p=13 2,462 2,462 0,283 6 0,283 6
Ovtliers (1 %)
p=12 2,636 2,636 0,173 8 0,173 8
p=13 2,699 2,699 0,201 6 0,201 6
For the Grubbs’ test for one outlying obsekvation, outliers and stragglers give rise to valug¢s which are
largdr than its 1 % and 5 % critical values respectively.
For the Grubbs’ test for two outlying observation, outliers and stragglers give rise to valugs which are
smaller than its 1 % and 5 % critical values, respectively.
Appljcation of Grubbs’ testtathe cell means confirmed that there was no outlier.
A.2.5 Calculation®fthe general mean and standard deviations

Calcuylation of thégeneral mean, s, sg of biuret contents in each sample listed in Table A.6, v

of mass fraction(%).

Table A.6 — Calculation results of the general mean, sy, sg of biuret content

vith the unit

S

Results in mas

5 fraction (%)

Sample/level A B C D E F G
Number of 13 13 12 13 12 13 12
laboratories

Outliers 0 0 1 0 1 0 1
General mean, m 0,62 0,53 1,01 0,31 0,24 0,94 0,10
Repeatability 1,030E-2 | 7.806E-3 | 8,836E-3 | 4,563E-3 | 3,138E-3 | 1,786E-2 | 1,433E-3
standard deviation, s,

Reproducibility

standard deviation, 2,029E-2 3,525E-2 5,223E-2 2,294E-2 2,794E-2 6,176E-2 3,573E-2
SR
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A.2.6 Dependence of precision on general mean (level), m

From Table A.6, it is clear that the standard deviations have no significant linear or logarithmic-linear

relationship

with the general mean (level), m.

For all levels, the mean value of the repeatability standard deviation, s, is 7,705E-3.

For all levels, the mean value of the reproducibility standard deviation, sg, is 3,659E-2.

A.2.7 Final values of precision

The precisiq

The final v|
13 laborato}
on level E aj

For all level{

For all level{

A.3 Conc

Internations:
based on IS

Thirteen lah
project.

Statistical e

Based on th
outlying lab

The final pr
standard de

Meanwhile,
and showed

f the bi T T Table A 6

hlues of precision above were determined from a uniform-level experiment-invo
[ies, in which one test value from laboratory 2 on level C, one test value from laborat
d one test value from laboratory 2 on level G have been discarded as outliers.

, the mean value of the repeatability standard deviation, s, is 7,705E-3,

, the mean value of the reproducibility standard deviation, sg, is 3,659E-2.

lusion

11 laboratories ring tests on the determination of biuret'\¢ontents in fertilizer test san
D/CD 18643 were carried out.

oratories around the world participated in the ring tests and contributed their data t

yaluations on the precision of test results were carried out based on ISO 5725-2.

e statistical results, three outliers werefound within all the original test values. No sp
pratory was found. It is believed thdtithese outliers were caused by random errors.

bcision value revealed by this statistical work could be used to determine the repeata
viation and reproducibilitysstandard deviation of this test method.

the final precision value'showed that the test method described in ISO/CD 18643 was rel
consistency between the reported test values from all the participating laboratories.

lving
hry 3

hples

D the

beific

hility

iable
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