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Abstract

This document sets out guidelines for the implementation of internal quality control (IQC) in analyt-
ical laboratories based specifically on ISO standard 17025 for determination of total volatile basic
nitrogen TVB-N according to Commission Regulation (EC) No 2074/2005. The values of determi-
nation results of repeatability lie between the UCL and the LCL indicating that the analysts were
competent and the repeatability values (r values) and Relative Standard Deviation percent (RSD %)
were calculated. The laboratory was participated in international proficiency tests PT with interna-
tional proficiency provider organizations for determination of total volatile basic nitrogen of canned
fish to achieve the requirement of accreditation to ISO 17025:2005. The assigned value (x,) (was
37.4 mg/100g of sample) and the laboratory result was 33.3mg/100g of sample. Z-scores are consid-
ered satisfactory if | z | <2 (-1.7). The Laboratory used accuracy and precision control charts to de-
termine if the measurement system process is in control and whether the results generated by the
measurement system are acceptable.

Key words: quality control, ISO standard 17025, TVB-N, accuracy and precision.

Introduction cation of products & systems as well as per-
‘Quality’ has become very important. All suc- sonnel.

cessful organizations want to be associated ISO/IEC 17025 was prepared by the ISO Com-
with the word ‘Quality’. So, what is Quality? mittee on conformity assessment (CASCO). It
Quality is fitness for purpose, the Degree to was circulated for voting to the national bodies
which a set of inherent characteristics fulfils of both ISO and IEC, and was approved by
requirements. This clearly indicates that both organizations. Clause 4 specifies the re-
achieving quality means fulfilling require- quirements for sound management. Clause 5
ments (FAQO, 2011). specifies the requirements for technical compe-
EGAC is Internationally recognized by both tence for the type of tests and/or calibrations
the International Laboratory Accreditation Co- the laboratory undertakes.

operation “ILAC” and the International Ac- The schedule format should typically define
creditation Forum “IAF”. Any Certificate is- the laboratory’s accreditation in terms of:

sued by an EGAC accredited conformity as- (1) The range of products, materials or sample
sessment body is recognized in most countries types tested or analysed;

of the world. The Egyptian Accreditation (i1) The tests or analyses (or types of tests or

Council, EGAC is headed by the Minister of analyses) carried out;
Trade & Industry and is established by the (i11) The specification or method/equipment/

Presidential Decree number 312/1996 and re- technique used;

organized by the Presidential Decree number (iv) The concentration range and accuracy/
248/2006 as the sole national body for the as- precision as appropriate (UKAS, 2000).
sessment and accreditation of conformity as- Quality systems shall be operational at three
sessment bodies in Egypt performing testing/ levels: Top management, the supervisory staffs
calibration Laboratories, inspection and certifi- and operating personnel (Garfield, 1992).
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Thompson' and Wood (1995) considered the
Internal Quality Control IQC is one of a num-
ber of concerted measures that analytical
chemists can take to ensure that the data pro-
duced in the laboratory are fit for their intend-
ed purpose. In practice, fitness for purpose is
determined by a comparison of the accuracy
achieved in a laboratory at a given time with a
required level of accuracy. IQC is undertaken
by the inclusion of particular reference materi-
als, here called "control materials", into the
analytical sequence and by duplicate analysis.
IQC is a final check of the correct execution of
all of the procedures (including calibration)
that are prescribed in the analytical protocol
and all of the other quality assurance measures
that underlie good analytical practice. Ideally
both the control materials and those used to
create the calibration should be traceable to
appropriate certified reference materials. When
this is not possible, control materials should be
traceable at least to a material of guaranteed
purity or other well characterised material.
Riquixo (1998) evaluated the suitable chemi-
cal methods for seafood products and investi-
gated with respect to their accuracy and suita-
bility for determination of additive in seafood
products, freshness, nutritional value and
scombroid poisoning in fish in Mozambique.
King (2001) suggested that the new laboratory
accreditation standard, ISO/IEC 17025, reflects
current thinking on good measurement practice
by requiring more explicit and more demand-
ing attention to a number of activities. These
include client interactions, method validation,
traceability, and measurement uncertainty.
Since the publication of the standard in 1999
there has been extensive debate about its inter-
pretation. It is the author's view that if good
quality practices are already in place and if the
new requirements are introduced in a manner
that is fit for purpose, the additional work re-
quired to comply with the new requirements
can be expected to be modest. The issues ad-
dressed include the benefits, specifying the an-
alytical requirement, establishing traceability,
evaluating the uncertainty and reporting the
information. Velho (2001) studied the guide-

line for the accreditation of analytical methods
regarding quality issues based specifically on
ISO standard 17025 and practice steps to im-
plement a quality system for accreditation in
the fisheries laboratories in Mozambique. It is
based on the requirements of ISO standards
17025 for TVB-N analysis and Total Plate
Count (TPC) in order to be a guideline for the
two fisheries laboratories in Mozambique to
obtain accreditation in these two analytical
tests. Dobecki (2002) reported that in order to
achieve and maintain an accreditation, the re-
quirements laid down in a new standard (ISO/
IEC 17025) should be met by laboratories.
This paper presents the interpretation and some
comments on the aforesaid requirements in the
specific area of activities carried out by indus-
trial hygiene laboratories. In particular, the au-
thor refers to the management requirements
(organization, quality system, document con-
trol and service to the client, corrective and
preventive actions) and technical competence
(personnel, facilities, equipment, tests and
sampling methods, quality control, reporting
etc. Sithisarankul et al., (2002) analyzed the
current situation of laboratory accreditation
(LA) in Thailand, especially on occupational
and environmental health. The study integrated
both quantitative and qualitative approaches.
Qualitative research revealed that international
standard for laboratory accreditation for both
testing laboratory and calibration laboratory
was ISO/IEC Guide 25, which has been cur-
rently revised to be ISO/IEC 17025.

Stephen (2003) conducted a study and practice
of laboratory equipment calibration together
with TPC and TVB-N methods of analysis ac-
cording to ISO/IEC 17025 in order to gain and
compile skills in calibration and internal quali-
ty checks of a laboratory using control charts
in the two methods of analysis. The calibration
facts and skills will be compiled into an equip-
ment calibration manual while the two control
charts will then give a rehearsal of internal
quality checks of microbiological and chemical
laboratories. Panadda Silva (2007) recognized
the laboratory accreditation as an efficient tool
for putting in place a quality system for achiev-
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ing continuous improvement in laboratory ser-
vices in a sustainable fashion. The laboratory
accreditation system is important for the ac-
ceptance of test results nationally and interna-
tionally.

Total Volatile Basic Nitrogen (TVB-N) deter-
mination is a method already implemented in
Food Hygiene Department laboratories, Ani-
mal Health Research Institute, Egypt and has
known to be the most common chemical pa-
rameter applied to evaluate the quality of fish
and other meat products, and being a measure
of all the volatile nitrogen—containing com-
pounds present in samples via steam distilla-
tion. Also, it is one of the most widely used
methods today to estimate the degree of de-
composition of fish (Chan et al., 2006).

It includes the measurement of trimethylamine
(TMA) (produced by spoilage bacteria), dime-
thylamine (DMA) (produced by autolytic en-
zymes during frozen storage), ammonia
(produced by the deamination of amino-acids
and nucleotide catabolites) and other volatile
nitrogenous compounds associated with sea-
food spoilage (Malle and Poumeyrol, 1989
and Riquixo,1998). DMA and TMA result of
the degradation of trimethylamine oxide
(TMAO), a fish typical molecule which has an
important role in osmoregulation, DMA is
mostly produced by endogenous enzymes and
TMA by bacterial enzymes (Huss, 1995;
Etienne er al., 2005 and Chebet Lillian,
2007).

The aim of this work is to describe the quality
system based on ISO 17025:2005 and is in-
tended to help and provide laboratory person-
nel with a consistent, reliable, efficient and
professional service with the level of quality
required by the laboratory’s customers.
Materials and Methods

The system was constructed according to the
requirements of the ISO 17025 and Total Vola-
tile Basic Nitrogen (TVB-N) was analysed ac-
cording to Commission Regulation (EC) No
2074/2005.

Technical requirements:

Personnel

The laboratory had staff trained, their compe-

tence records and a record of each staff mem-
ber’s formal qualifications, previous experi-
ence and date of recruitment also a record of
regular re-assessment of the staff member’s
competence at each of the listed activities. The
laboratory manager carried out a competence
test on the employee, under direct observation.

A test sample of fish fillet (about one kilo
gram) was prepared according to AOAC
(2003) and analysed under the same conditions
(same operator, same apparatus, same chemi-
cals, same laboratory and after short intervals
of time) for determination of TVB-N according
to Commission Regulation (EC) No
2074/2005, (10 successive times by each ana-
lyst). Repeatability was repeated after one year
using canned fish sample.

Accommodation and environmental condi-
tions:

The laboratory followed general rules for good
practice in general chemical testing work, pro-
vides segregated areas with their own glass-
ware for the storage of standards and the prep-
aration of concentrated solutions and had a sys-
tem for reporting and recording all spillages.
Where foreseeable, have a documented proce-
dure for dealing with specific types of spillage.

Test methods, method validation and quali-
ty control:

ISO 17025 requires that the laboratory use ap-
propriate methods which meet the needs of the
client and, where possible, methods published
as national, regional or international standards.
The laboratory quality manual have a state-
ment that the laboratory conforms to the policy
of using standard methods and a general policy
statement on the laboratory's perception of its
own area of expertise. The laboratory use
standard method (Commission Regulation
(EC) No 2074/2005) for determination of total
volatile basic nitrogen (TVB-N). In case of
usage of non-standard methods, the procedure
must be validated (Garfield 1992).

Method for determination of total volatile basic
nitrogen (TVB-N) describes a reference proce-
dure for identifying the nitrogen concentration
of volatile nitrogenous bases (total volatile
base- nitrogen) in fish and fish products. TVB-
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N is the most commonly used as biochemical
method for assessing spoilage. The scope is the
extraction of the volatile nitrogenous bases
from a sample by strong acid (a solution of
0.6M perchloric acid). After alkalinization the
extract is submitted to steam distillation and
the volatile bases components are absorbed by
an acid receiver. The TVB-N concentration is
determined by titration of the absorbed bases.
Detection Limits of this procedure is applica-
ble to TVB-N concentration from 5mg/100g to
at least 100mg/100g (Commission Regulation
(EC) No 2074/2005).

Equipment and calibration

Numbering of equipments by the laboratory is
very important to avoid confusion.

The laboratory had calibration plan, a brief de-
scription and a documented programme for
equipment maintenance, calibration and perfor-
mance verification according to ISO/IEC
17025, as a part of its quality system which has
a direct influence on the test results, (Garfield
1992).

The equipments were checked and recorded
after each significant repair or modification
(EA 2002). Defected equipments should be
clearly labeled or marked as being out of ser-
vice until it has been repaired as shown by cali-
bration or tested to perform correctly (Garfield
1992 and NMKL 1994).

Weights and balances were calibrated traceably
at regular intervals (according to their intended
use).

pH meters, were verified regularly and before
use. The buffers used for verification purposes
were stored in appropriate conditions and were
marked with an expiry date.

Kjeltec type distiller was calibrated using ref-
erence material (Ammonium sulphate) to de-
tect the percent of nitrogen recovery . Recover-
ies shall be at least 99.5% (AOAC, 2003).
Laboratories were carrying out initial verifica-
tion for volumetric glassware and then regular
checks to ensure that they are performing with-
in the required specification.

The laboratory must guarantee the quality and
purity of chemical reagents, standard solutions
and purified water used in analysis.
Traceability of measurement
Basically ISO 17025 requires that a laboratory
has in place a calibration system which ensures
that, within known limits of uncertainty of
measurement. Wherever possible, the interna-
tional standard is required to be the corre-
sponding ST unit of measurement.
The laboratory had a policy for determining
calibration intervals, the object being to ensure
that re-calibration takes place before the previ-
ous calibration has deteriorated to the point
where the validity of the measurements is
called into question, ASCLD/LAB-
International (2011) and UKAS (2000). Us-
ing certified reference materials is one way to
tackle unknown errors. The laboratory used
ammonium sulphate (standard material) to esti-
mate the nitrogen recovery percent (Fig. 3).
Maintenance of the quality system:
A good maintenance of the system can be re-
flected in the results particularly in interlabora-
tory comparison and proficiency tests, internal
quality control which composed of day-to-day
and sample-set to sample-set monitoring of
analytical performance.
External Quality Control Program (PT):
The laboratory planned to participate in inter-
national proficiency tests PT with international
proficiency provider organizations to achieve
the requirement of accreditation to ISO
17025:2005. The test material for proficiency
test was dispatched, each participant received a
canned fish test material to be analysed for to-
tal volatile basic nitrogen (TVB-N).
Internal quality QC control program:
Internal QCs are used to measure accuracy,
precision, contamination, and matrix effects,
and demonstrate the validity of results. Internal
QC schemes utilized for chemistry consist of:
- Control chart (X-Charts): (Rowley, 2009)
A standard material (Ammonium sulfate) was
measured 10 times or more. Distill 0.12g am-
monium sulfate (preheated at 100C° for lhr.)
and titrate against nitrogen with standard Hcl,
(AOAC 2003).. Approximately 5% of results
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were expected to fall outside the 2o warning
limits and any result outside the control limits
36 requires investigation, also two consecutive
results outside the warning limits (UCL and
LCL) need an investigation (Rowley, 2009).
2.2- Blanks (negative control): to determine
and measure contamination and interferences.
The simplest form of blank is the "reagent
blank", where the analytical procedure is exe-
cuted in all respects apart from the addition of
the test portion. It used to assess the prepara-
tion batch for possible contamination during
the preparation and processing steps, the meth-
od blank shall be processed along with and un-
der the same conditions as the associated sam-
ples to include all steps of the analytical proce-
dures by using 50,0 ml perchloric acid solu-
tion instead of the extract, (blind test), Com-
mission Regulation (EC) No 2074/2005. High
blank results may indicate contamination either
from the solvent, laboratory equipment or la-
boratory environment and Corrective action
must be documented (Taylor, 1987).

2.3- Duplicate samples:

The matrix duplicate provides a usable meas-
ure of precision which is expressed as relative
standard deviation (RSD) or relative percent
difference (RPD) of duplicate samples. RPD is
calculated when only two sample results are
available as follows:

RPD = | R1- R2| /R x 100 where:| R1- R2| =
absolute difference between the determinations
and R = arithmetic mean of the two values.
Duplicate analyses are required. The applied
method is correct if the difference between du-
plicates is not greater than 2 mg/100 g, Com-
mission Regulation (EC) No 2074/2005.

2.4- R-Charts

Another graphical display is the R-chart or
range chart. When two or more replicate
analyses are run on a routine sample or a stand-
ard material, the difference between the lowest
and highest values in a set of replicates (or just
the difference between replicates when there
are only two) is called the replicate range
(Moving range), (Figures 1,2,3). The replicat-
ed samples should ideally be within an ac-
ceptable total range of concentration, for the

same analytical process or methodology
(Delavalle, 1992). Warning and control limits
are calculated as 2.512 times (95 % CI) and
3.267 times (99 % CI) the mean range (Taylor,
1987). Since replicate ranges are absolute, only
one warning and control limit are displayed
(Figure 1,2). Since R-chart data consist solely
of replicate ranges, they can only be used to
document precision. A minimum of 15 repli-
cated samples is recommended for producing
an R-chart (Taylor, 1987).

Performance characteristics (uncertainty):
The laboratory was determined the measure-
ment of uncertainty of test results of chemical
analyses by the ‘Top-down’ approach which is
based upon Within-lab reproducibility (%Ugry)
from the control chart of a standard material or
from a control sample completed by data of
duplicate analyses on routine samples

%U = 2N(YoUpias > + Yolgy 2).

where %Us is the variance of the bias and %
Ury ° is the relative within-lab reproducibil-
ity.Accuracy and precision together character-
ize analytical uncertainty, FASFC (2008).
Reports

The Laboratory was described the data to be
included in the formal report which will be
sent to the client which include details of the
units to be used and any qualifiers to be added
to reports, for example uncertainty estimates.
Safety

Any safety precautions to be taken and any
hazards known to be associated with the meth-
od must be specified. An ISO 17025 assess-
ment does not deal with safety, but the inclu-
sion of safety information in methods is gener-
ally regarded as good practice.

Results and Discussion

From the results in Table (1) and Figure (1)
they were shown that the standard deviation of
repeatability of four analysts in the first year
were 0.64, 0.7, 0.19 and 0.3 and their values
of determinations lie between the UCL and the
LCL indicating that the four analysts were
competent, but the standard deviation result of
repeatability of the analyst number five was
1.2 and the TVB-N values lie under the LCL,
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also the differences between results were high
(high moving range), so he needs more train-
ing which led to an improvement in the results
of the following year as shown in Figure (2).
The standard deviation results of repeatability
of five analysts in second year were 1.03, 0.84,
0.8, 0.4 and 0.79 and their values of determina-
tions lie between the UCL and the LCL, this
means the precision of these determinations is
high. The repeatability values (r values) of five
analysts were 1.8, 1.97, 0.54, 0.86 and 3.7 in
the first year and became 2.9, 2.39, 2.3, 1.14

and 2.23 in the following one respectively.
Commission Regulation (EC) No 2074/2005
reported that the Standard deviation of com-
parability SR = 2,50mg/100 g. Standard Devia-
tion (SD), Relative Standard Deviation percent
(RSD %) and r value were calculated as shown
in Table (1) for defining the accuracy and pre-
cision (Currie and Svehla, 1994). Compe-
tence of staff must be regularly reviewed and
normally re-assessed at least annually (AOAC
2002). Repeatability determinations are also
used to provide confidence in results.

Table (1): Repeatability determinations of Total Volatile Basic Nitrogen (TVB-N):

Analyst) First year)
1 2 3 4 5

Mean 30.02 29.91 304 30.28 29.36

SD 0.64 0.7 0.19 0.3 1.2
RSD% 2.12 2.33 0.63 1.01 4.1
r value 1.8 1.97 0.54 0.86 3.7

Analyst) Second year)

Mean 19.72 19.58 19.22 19.77 19.14

SD 1.03 0.84 0.81 0.4 0.79
RSD% 5.2 4.3 4.23 2.05 4.1
r value 2.9 2.39 2.3 1.14 2.23

Repeatability Result of TVB-N for FISH sample
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Fig. (1): Repeatability result of TVB-N for Fish sample (first year).
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Repeatability Result of TVB-N for CANNED FISH
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Fig. (2): Repeatability result of TVB-N for Canned Fish sample (second year).

Proficiency test (PT) results:

In total, 92 sets of test materials were distribut-
ed to participants in 39 countries. The assigned
value (x,) (was 37.4 mg/100g of sample) and
target standard deviation o, were calculated
and used to derive a z-score for participants,
results. Z-scores are considered satisfactory if
|z | < 2. Result of proficiency test for deter-
mination of total volatile basic nitrogen of
canned fish was 33.22 mg/100g of sample with
|z | = -1.7 and the number of satisfactory

scores, | z | <2 were 63.

Participation in proficiency testing is an im-
portant means of quality control and assessing
laboratory performance. Article 12 of EU Reg-
ulation (EC) 882/2004 requires laboratories
entrusted with official control of food and feed
to be assessed and accredited in accordance
with ISO 170285, so that the proficiency test is
an essential element of laboratory quality as-
surance.

Accuracy and Precision Control Charts
Determination of TVB-N using standard Material (Amm. Sulphate)
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Fig. (3): Control Chart for recovery of nitrogen using standard material (Amm. sulphate)
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Figure (3) shows the average value and the
standard deviation (SD). In a normally distrib-
uted sample population, +/- 2 SD represents a
95 % confidence interval (CI) and +/- 3 SD
corresponds to a 99 % CI. An individual value
between UWL and UCL or LWL and LCL is
considered acceptable. (Delavalle, 1992 and
SSSA, 2004) The laboratory calibrated its
method periodically and checked its perfor-
mance by testing the standard material and so
established traceability. X-charts are especially
useful as a day to day tool to monitor for ongo-
ing or emerging problems. The Laboratory
used accuracy and precision control charts to
determine if the measurement system process
is in control and whether the results generated
by the measurement system are acceptable.
Conclusion

From the present study, it was concluded that
accreditation cannot be reached in one mo-
ment, but gradually with improvement of or-
ganization, records, equipment, methods and
personnel training all organized in a quality
manual always in improvement.

References

AOAC (2002). Association of Official Ana-
lytical Chemistry: Appendix E, Laboratory
quality assurance, Gaithersburg, Maryland,
USA, Association of Analytical Communi-
ties.

AOAC (2003). Association of Official Ana-
lytical Chemistry: Official Methods of
Analysis of AOAC International, 17" edi-
tion. 2™ revision. Gaithersburg, MD, USA.

ASCLD/LAB-International (2011). Policy on
traceability of measurement results, reference
standards and reference materials. American
Society of Crime Laboratory Director/ La-
boratory Accreditation Board, North Caroli-
na, USA.

Chan, S. T.; Yao, M.W.Y.; Wong, Y. C.;
Wong, T.; Mok, C. S and Sin, D. W. M.
(2006). Evaluation of chemical indicators for
monitoring freshness of food and determina-
tion of volatile amines in fish by headspace
solid-phase microextraction and gas chroma-
tography-mass spectrometry. Eur Food Res

Technol, 224: 67-74.

Chebet Lillian, B.A.C. (2007). Alternative
methods for fish grading. Fisheries Training
Institute, P.O. Box, 124 Entebbe, Uganda.

Commission Regulation (EC) No 2074/2005:
laying down implementing measures for cer-
tain products under Regulation (EC) No
853/2004 of the European Parliament and of
the Council and for the organisation of offi-
cial controls under Regulation (EC) No
854/2004 of the European Parliament and of
the Council and Regulation (EC) No
882/2004 of the European Parliament and of
the Council, derogating from Regulation
(EC) No 852/2004 of the European Parlia-
ment and of the Council and amending Regu-
lations (EC) No 853/2004 and (EC) No
854/2004 Annex II Fishery Products. Offi-
cial Journal of the European Union L 338/27
- 59.

Currie, L.A. and Svehla, G. (1994). Nomen-
clature for the presentation of results of
chemical analysis. International Union of
Pure and Applied Chemistry [UPAC, Analyt-
ical chemistry division. Pure & Appl. Chem.,
Vol. 66, No. 3, pp. 595 - 608, Great Britain.

Delavalle, N. B. 1992: Handbook on Refer-
ence Methods for Soil Analysis. Quality As-
surance Plans for Agricultural Testing Labor-
atories: p. 18 - 32. Soil and Plant Analysis
Council, Inc. Athens, GA.

Dobecki, M. (2002). Quality assurance tests in
industrial hygiene laboratories]. Med Pr.
2002; 53(1).41-51.

EA (2002). European Federation of National
Associations of Measurement, Berlin, Ger-
many.

Etienne, M.; Ifremer and Nantes (2005).
Volatile amines as criteria for chemical qual-
ity assessment. SeaFoodPlus experts, France.

FAO, (2011). Quality assurance for animal
feed analysis laboratories. food and agricul-
ture organization of the united nations,
Rome.

FASFC (2008) Federal Agency for the Safe-
ty of the Food Chai). Estimating measure-
ment uncertainty in quantitative chemical
analysis. Laboratories Administration. http://

99



1* Conf. of An. Health Res. Inst. Assoc., December 2012. pp. 92 - 101
www.favv.be > Business dustrial Development Organization
Garfield, F. M. (1992): Quality Assurance (UNIDO), Vienna.
Principles for Analytical Laboratories. Sithisarankul, P.; Santiyanont, R.;

Huss, H.H. (1995). Quality and quality chang-
es in fresh fish. FAO Fisheries Technical Pa-
per, 348. P. 53. Food and Agriculture Organ-
ization, Rome, Italy.

Inc. Chelsea, MI.

ISO/IEC 17025: 2005: General requirements
for the competence of testing and calibration
laboratories. 2™ edition. Geneva.

King, B. (2001). Meeting the measurement
uncertainty and traceability requirements of
ISO/AEC standard 17025 in chemical analy-
sis. Fresenius J Anal Chem. Nov; 371(6).714
-20.

Malle, P. and Poumeyrol, M. (1989). A new
chemical criterion for the quality control of
fish: trimethylamine/total volatile basic nitro-
gen (%). J. Food Prot. 52:419-423.

NMKL 1994: Quality Assurance guidelines
for microbiological Laboratories. Uppsala,
Sweden: Nordic Committee on Food Analy-
sis. Report n-5 2nd edition.

Panadda Silva(2007). Guidelines on Estab-
lishment of Accreditation of Health Labora-
tories WHO Regional Office for South-East
Asia, New Delhi.

Riquixo, C. (1998). Evaluation of suitable
chemical methods for seafood products in
Mozambique. UNU-Fisheries Training Pro-
gramme. 1 —58.

Rowley, A.G. (2009). Complying with ISO
17025. A practical guidebook for meeting the
requirements of laboratory accreditation
schemes based on ISO 17025:2005 or equiv-
alent national standards, United Nations In-

Wongpinairat, C.; Silva, P.; Rojanajirapa,
P. Wangwongwatana, S.; Srinetr, V.;
Sriratanaban, J. and Chuntutanon, S.
(2002). Situation analysis of occupational
and environmental health laboratory accredi-
tation in Thailand. Southeast Asian J Trop
Med Public Health. Jun; 33(2).400-9.

SSSA, Soil Sci. Soc. Am. / NAPT, (2004).
QA/QC Model Plan for Soil Testing Labora-
tories. SSSA and Oregon State University.

Stephen, F.M. (2003). Calibration according
to ISO/IEC 17025 in the operation of micro-
biological and chemical laboratories: an ex-
ercise in creating control charts for TPC and
TVB-N. Fisheries Training Programme The
United Nation University, 1 —34.

Taylor, J. K. 1987: Quality Assurance of
Chemical Measurements. Lewis Publishers,
Thompson, M. and Wood, R. (1995). Harmo-
nized guidelines for internal quality control
in analytical chemistry laboratories, [IUPAC
International Union of Pure and Applied
Chemistry. Pure & Appl. Chem., Vol. 67,

No. 4, pp. 649-666.

UKAS United Kingdom Accreditation Ser-
vice (2000). Accreditation for Chemical La-
boratories. Feltham Middlesex TW13 4UN,
UK. 1% Edition.

Velho, N.P.S. (2001). Preparation for obtain-
ing accreditation of analytical methods re-
garding quality issues as stated in ISO stand-
ard ISO/IEC 17025:1999. Proposal. Fisheries
Training Programme The United Nation

100



1* Conf. of An. Health Res. Inst. Assoc., December 2012. Omayma et al.

(P elaiall A cpa g il Al pa&5 JLARY 2005 1 17025 900 4dual gall 33 gal) alii guakas
)
m‘u-bH—LMWW@M-M‘UW‘—g*M\U&AJ‘M‘WM“
bﬁ—éd—@&ﬁ“@a#—u\#\@a&ﬁl@_&a

Al padlal)
clllaiall st (JQC) <l yidall Adaall 53 gall A1 o 2450 pgm il ¢ salaall 2aail 385 5 Jamy Aial ) A jall cdli
el yal aiy lgilatie s @llandl aclaiall S s g il das sl lld g 17025:2005 500 4deal sall & 3.LSH dalall
o agid cad) Al dyie ) 8 8 s el Guanlal) LB LAY ) S il lasl ) i)
O i) Ap CalS G sl 3 sl Colabuiall pe Al all LI ol lgial s culS y Adle 3US 5 48 LAY ¢ o
e an 100 /pale 37,4 (Jsall Jerall (e 3 38al) Lgiad 5 Aiall (10 an]00/pake 33,3 ddaall Sl dial acLaiall )
bl Gadaall (a8 plaall 5 LAY Jlae i 33led o Janal) Jsean ) 0l Lae (1.7-) 2 e Bl Z score OS5, snl

Leilaiia g e aeliaiall K cpag pinill daud pad HLadl slaie D

101



