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Abstract: The present paper aimed to measure Ultraviolet radiation and Illuminance (visible) and some
important lighting parameters such as the safe parameter of UVA power to illuminance values (K) of some
useable commercial Incandescent and Light Emitting Diode (LED) Lamps on the Saudi Market. Also,
evaluating the relationships between UVA radiation and illumination levels. The parameters such as ultra violet
irradiance quantity, ratio of UVA irradiance to electrical power (n) and the safe parameter of UVA power to
luminous flux (K) are studied and calculated for the two types of lamps to dedicate their performance. A set up
based on UVA/B silicon detector for irradiance measurements in UVA region. The setup is consisting of Sper
Scientific UVA/B Light Meter (Model 850009C) is calibrated at National Institute of Standard and Technology
(NIST), USA for absolute irradiance measurements. The absolute irradiance in W/m? in UVA region of the
lamps and their accompanied standard uncertainty are evaluated. Another set up based on Luxmeter is used for
measuring illuminance. The set up based on TM-201Lux Luxmeter are used for measuring illuminance for all
lamps. For all two groups under study k parameter remains less than the safe limit for human health. Light
emitting diode (LED) lamps have smaller ratio () than CFLs. We recommend using Light emitting diode
(LED) lamps than Incandescent lamps at any distance. Also, we recommend using Incandescent lamps for short
distance in table lamps or other application and the distance more than 50cm. The Data were analyzed,
performed and calculated to determine the uncertainty model which have all parameters affect on the
measurements and the final results.

Keywords: UVA Radiation, Irradiance, Illumination Levels, Human Health, Incandescent lamps, Light
Emitting Diodes, Uncertainty Analysis.

1. Introduction

Light is necessary in all activities in our life. Some characteristics of light sources and ultraviolet
radiation have significant roles on visual and non- visual health effects of lighting [1]. All common light
sources, like light bulbs (incandescent lamps) and compact fluorescent lamps give out her forms of radiation in
ultraviolet and infrared radiations. Ultraviolet radiation (UV) is the most potential damaging form of energy and
the damage it causes is cumulative. So when lighting an area where important or valuable works are housed, it is
essentially to minimize the potential for damage. We must also provide a safe and comfortable working and
viewing environment for people. To achieve that it is important to have basic understanding to UV radiation and
what levels of illumination are required for various activities [2].

To emphasis on use of energy saver Lamps, it is necessary to analyze the effect of radiation especially
Ultra violet radiation (UV) on human health. Ultra violet radiation (UV) is non-ionizing part of electromagnetic
spectrum. It produced either by heating a body to incandescent temperature or by passing an electric current
through a gas which produces Ultra violet radiation (UV). Ultra violet radiation (UV) has three regions of
wavelengths as shown in Figure 1. Which divided to: UVA from 315 nm to 400 nm, UVB from 280 nm to 315
nm, and UVC from 100 nm to 280 nm [3-5]. The UVC has the greatest health effects of UV radiation.
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Figure 1. Types of UV radiation [6]

Incandescent bulb or lamp is a light with wire filament which is heated to such high temperature so that
it glows by producing visible light i.e. incandescence. When electric current is passed through the filament, it
gets heated. The glass bulb is filled with inert gas in order to protect filament from oxidation. The incandescent
light bulb has been the most popular light bulb for decades but it will soon be discontinued because there are
new light bulbs that use less energy, produce less heat, and produce a brighter light of different colors. One of
the main benefits of incandescent lighting is their high color rendition rating—which is a rating scale that
measures the ability of a lighting type to mimic what an object looks like under natural light conditions.
Incandescent bulbs rank at 98 to 100 out of a 100 on the color rendition scale, while other options, such as
fluorescent lighting rank between 50 and 90 [7]. For people looking to spend as little as possible on purchasing
light bulbs, incandescent lighting is their answer. It is the cheapest type of lighting to purchase. But it has very
short lamp life time (typically 750 to 1500 hours of use) and are the least efficient of common light sources (see
Figure 2) [8]. In the incandescent bulbs, a large part of the power consumed is converted into heat rather than
visible light [9].
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Figure 2 .Typical Incandescent lamp showing coil mount structure [10]
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Today, the solution for a better lighting system seems to be the use of LEDs. The light-emitting diodes,
LEDs, have been known for many years. They are based on the electroluminescence, which is the production of
light by the flow of electrons. This phenomenon was discovered in 1907 by H.J. Round of Marconi
Laboratories, who used a crystal of silicon carbide (SiC) and a cat's-whisker detector to show it [11]. To produce
white light, as shown in Figure 2, most currently available LED luminaire employ phosphor coated blue LEDs
or, less commonly, various combinations of red, green and blue (RGB) LEDs. Although performance varies
widely among available general service LED lamps, the technology continues to improve even as the price per
lumen decreases.
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Figure 2 .Structure of LED Lamps [12]
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Some LED products have already demonstrated equivalence to the ubiquitous 60 Watt incandescent
light bulb, and higher output alternatives to 75 Watt and 100 Watt incandescent. When chosen carefully, LED
products can offer substantial energy savings without compromise to the quantity or quality of illumination,
while also saving money in the long run. [13]. This is the result of radiative recombination of electrons and
holes, where the excited electrons release energy as photons [14]. Photometric measurements with LEDs require
greater care than such measurements with conventional light sources. Commission Internationale de I0Eclairage
(CIE) has recommended guidelines for LED photometric measurements, which deal with measurement
geometry, detector requirements, calibration procedure, etc. [15]. Light-emitting diode (LED) lighting offers
many potential benefits over incandescent. Serving as a long-life solid-state lighting source, LEDs have been
proposed to replace the light sources in some special applications of the automotive, lighting, display and new
lighting developments [16]. Recently, colored and white LEDs are used as possible standard sources in the
photometric or spectrophotometric areas of the optical metrology [17-20].

2. Theoretical Principles:
The following equation describe the relation between intensity of tested lamp and the illuminance
quantity:
1l cos &
where
E : is the quantity of illuminance,.
I : is the intensity of the tested lamps.
d : is the distance from the tested lamp to the surface of the detector.

@ : is the angle between the normal of the receiving surface and the direction of emission [21].

The Spectral irradiance in the part of ultraviolet radiation in class A (UVA) is defined as the
electromagnetic radiation power divided by area in ( W /m?/nm) hence,

LW =] 1(da @
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where,

I ,(4) :is the spectral irradiance in ( W /m?/nm).
I, (A) : is the intensity.

It is obvious that the spectral power distribution of any light source describes the power divided by area per unit
of wavelength of illumination. In other words, the concentration is a function of wavelength to any radiometric
and photometric quantities [22].

To determine and calculate the ultraviolet radiation in class A (UVA) it will be helpful to use the following
equation [3]:

Ao
:LEAMM
F)

7 @)

Where,
E,,, (1) : is the ultraviolet irradiance.
P : is the electrical lamp power.

To make a better comparative study between two different artificial light sources, it is necessary to determine
the safe parameter (k).

j; E.. (1)dA

K= (4)

Kn . PTTE (A)dAV (1) dA

380nm
E,,, (1) : is the spectral distribution of the radiant flux W /nm
V (A4) : is the spectral human eye response (CIE response curve).

km is photometric radiation constant and equal ( 683Im/W ).

From equation (1) Kk is also defined as:
A
Ll I,(1)da
780nm
kmj I,(1)daVv(1)dAa

380nm

K= ()

This parameter can help to determine which type of these artificial light source emit less ultraviolet
radiation to the lumen. The following equation can calculate the safe parameter. It is depending on the distance
between the lamp and the area exposure [3].

3. Method

In the present work, a comparative ultraviolet irradiance and illuminance study made it to two different
artificial light sources which are the most usable lamps in the Saudi market. These artificial lamps are two
Incandescent lamps with different watts and three Light Emitting Diode Lamps (LEDs) with different watts. The
comparative study was to dedicate their performance and also to analyze and calculate the uncertainty budgets
for the measurements [3, 23-25]. All lamps were seasoned up to 50 hours in the vertical position in base down
[21]. Different parameters determined for the types of lamps such as ultra violet irradiance (UVA), ratio of UVA
irradiance to electrical power () and ratio of UVA power to luminous flux (K) at different distances.
Measurements were performed in a conditioned black box around the set up of the measurements according to
the International Commission on Non-lonizing Radiation Protection (ICNIRP) recommendations [26] and the
temperature was maintained at (25 + 2)°c . The photometric bench consists of Sper Scientific UVA/B Light
Meter (Model 850009C) is calibrated at National Institute of Standard and Technology (NIST), USA as shown
in Figure 4. The UVA detector was mounted on a translation stage and positioned at the same height as the light
source on the optical bench as shown in Figure 4. Before taking measurements, each Lamp was warmed up to
15 minutes. Measurements were repeated for each lamp and were finally averaged out and the uncertainty in
irradiance measurements is calculated.
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Figure. 4. A Set up diagram for measuring UV A irradiance

The illuminance of each lamp is measured using a Luxmeter TM-201Lux. The Luxmeter was mounted
on a translation stage and positioned at the same height as the artificial light source on the optical bench as
shown in Figure 5. Before taking measurements, each lamp was warmed up to 15 minutes. Measurements were
repeated for each lamp and were finally averaged out and the uncertainty in irradiance measurements.
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Figure. 5. A Set up diagram for measuring illuminance.

4. Results and Discussions

UVA irradiance and illuminance were measured at the different distance for Incandescent and Light
Emitting Diode (LED) Lamps. At the distance of 25 cm that was considered to be the closest distance that
people would be exposed to the lamp especially in desk-top application. For analyzing the UV content at the
short distance, the measurements were conducted at the distance of 25 cm. The description of the compact
fluorescent lamps is UOH-INC-1(40 watt) and UOH-INC-3 (200 watt). These lamps are designed to emit their
power in the visible region. In fact, they emit almost of their energy in the visible region but part of their energy
is emitted in the UV region. The description of the light emitting diode lamps is UOH-LED-1(16 watt), UOH-
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LED -2 (12 watt) and UOH- LED -3 (9 watt). Data relating to the UVA irradiance measured at 25, 50, and 100
cm were analyzed in this study.

Figure 6 shows the comparison of UVA irradiance level between Incandescent Lamps and Light
Emitting Diode lamps (LEDs) at distance of 25, 50, and 100 cm. Each lamp measured from its central vertical
axis respectively using Sper Scientific UVA/B Light Meter (Model 850009C) which calibrated at National
Institute of Standard and Technology (NIST), USA.

The UVA irradiance at distances of 25cm, 50cm, and 75cm for all lamps varies from o to 75w /m?.

Our results showed that the LEDs lamps have zero values of the UVA irradiance. Also the highest value of the
UVA irradiance was from UOH-INC-2 (200 Watt) at 25 cm distance.
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Figure. 6. Comparison measurements of UV A absolute irradiance levels between Incandescent and Light
Emitting Diode lamps (LEDs) at different distances

Figure 7 shows the comparison of illuminance level between Incandescent and Light Emitting Diode
lamps (LEDs) at distance of 25, 50, and 100 cm. Each lamp measured from its central vertical axis respectively
using Luxmeter TM-201Lux. The illuminance level at distances of 25cm, 50cm, and 100cm for all lamps varies
from 74 lux to 2500 lux. Our results showed that LEDs lamps have higher values of the illuminance level than
the Incandescent lamps.
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Figure. 7. Comparison measurements of llluminance levels (Lux) between Incandescent and Light Emitting
Diode lamps (LEDs) at different distances

34 | Page www.ijrerd.com



International Journal of Recent Engineering Research and Development (IJRERD)
ISSN: 2455-8761
www.ijrerd.com || Volume 04 — Issue 02 || February 2019 || PP. 29-38

It would be more appropriate to analyze UVA irradiance per electrical wattages (1) as shown in Figure
8. Smaller value of (n) is safe for human being. Figure 8 show the histogram for comparison of UVA absolute
irradiance levels per electrical power of (n) at distances of 25cm, 50cm, and 100cm for all types of studied
lamps which varies from zero t0 0.375m2.
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Figure. 8. Comparison measurements of UV A absolute irradiance levels per to electrical power (1) between
Incandescent and Light Emitting Diode lamps (LEDs) at different distances

To make a better comparison in UVA concentration to illuminance ratio (K), is of more interest for
analyzing the lamps radiation characteristics as shown in Figure 9. It shows the histogram for comparison of
UVA concentration to illuminance ratio (K) at distances of 25cm, 50cm, and 100cm for all types of studied
lamps which varies from zero to 0.0154,W /Im -
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Figure 9. UVA absolute irradiance levels per illuminance values (K) Between Incandescent and Light Emitting
Diode lamps (LEDs) at different distances

The maximum detected value 0.0144 W /Im is less than the safe limit for human health at different

distances [3,27]. All of light sources emitted UV in regions UVA; the amount of emissions varied randomly
between different bulbs. According to occupational exposure limited (OEL), occupational UVB and UVA
exposure should be limited to an effective irradiance of 3,/ /m?and 1.04166W/m?in an 8 hr period,

respectively [28,29].
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5. Uncertainty analysis

When reporting the result of measurement of any quantity, it must be quantitative indication of the
quality of the result be given so that those who use it can assess its reliability. With such an indication,
measurement results can be compared. The ideal method for evaluating and expressing the uncertainty of the
result of a measurement should be universal which means that the method should be applicable to all types of
measurements and all kinds of input data used in measurements [30]. The uncertainty in the result of a
measurement consists of several components which may be grouped into two categories. According to the way
in which their numerical value is estimated. Type A those which are evaluated by statistical method and type B
those which are evaluated by other means. The components in type A are characterized by the estimated

variances Si2 (or the estimated “standard deviation” S; ) and the number of degree of freedom V; . The
components in type B should be characterized by uf, which may be considered as approximations to the
corresponding variances, the existence of which is assumed. The quantities uf may be treated like variances

and the quantities u; like standard deviations. The combined uncertainty should be characterized by the

numerical value obtained by applying the usual method for the combination of variances. The combined
uncertainty and its components should be expressed in the form of “standard deviations” [30]. Expanded
uncertainty is termed overall uncertainty. It is quantity of an interval about the results of a measurement that
may be expected to encompass a large fraction of the distribution of values that could reasonably be attributed to
the measurand. Coverage factor is numerical factor used as a multiplier of the combined standard uncertainty in
order to obtain an expanded uncertainty [30].

Evaluation of the uncertainty is done by the Guide to the expression of uncertainty in Measurement
(GUM) method. This method is adopted and described in details by International Organization for

Standardization (1SO) [31]. The standard uncertainty u(xi) to be associated with input quantity is the estimated
standard deviation of the mean [31,32]

u(x,)=s(X)= ( _1)Z(x —i)z] (6)

The combined standard uncertainty U(Xi) is obtained by combining the individual standard uncertainties U,
these can be evaluated as Type A and Type B. That is,

uZ(y) = Z( (%) ")
Uncertainty model used for the determination of the UVA irradiance E,, (1) is [14]
Eon (4) = Es (4) + &, + &, )

where, Eg (1) = uncertainty due to reference spectral irradiance UVA standard radiometer (obtained from the
calibration certificate).

OE, = uncertainty due to distance effect on the irradiance measurements (calculated by using the inverse square
law).

OE, = uncertainty due to repeatability of the measurements (standard deviation of repeated 5 times).

The uncertainty must be quoted whenever the results of a measurement are reported, it tells us about the
precision with which the measurements were made. The uncertainty budget of the absolute irradiance and
illuminance measurements are shown respectively in Table 1 and Table 2 with expanded uncertainty with
confidence level 95% (coverage factor k=2). Finally, UVA irradiance, and illuminance measurements are
calculated.
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Table (1). Estimated Uncertainty budget of UVA irradiance for Lamps

Uncertainty Component Relative Standard Uncertainty (%)
Irradiance responsivity calibration of standard radiometer 5.2
Distance measurements 0.02
Repeatability 0.03
Relative Expanded Uncertainty (k=2) 10.4
Table (2). Estimated Uncertainty budget of illuminance for lamps.
Uncertainty Component Relative Standard Uncertainty (%)
Illuminance responsivity calibration of standard 6
photometer
Distance measurements 0.02
Repeatability 0.04
Relative Expanded Uncertainty (k=2) 12

6. Conclusion

UVA emission and illuminance were measured from commercial Incandescent and Light Emitting
Diode (LED) Lamps on the Saudi Market. UVA emission were studied to assess their unwanted output in the
UVA region. Various parameters such as ultra violet irradiance (UVA), ratio of UVA irradiance to electrical
power (1) and ratio of UVA power to luminous flux (K), for the two types of lamps are studied to dedicate their
performance. The higher values were measured in Incandescent Lamps than Light Emitting Diode (LED)
Lamps. The Light Emitting Diode (LED) Lamps appeared to be zero value of (n) which is safe for human. Data
analysis was performed. Uncertainty model includes all parameters accompanied with the measurements are
studied. The accompanied uncertainty in the absolute UVA irradiance measurements (10.4 %) and in the
illuminance measurements (12%) are calculated respectively in Table. 1 and Table. 2 with confidence level 95%
(k= 2). According the results of this research, we recommend using Light Emitting Diode (LED) Lamps. Also,
we recommend using Incandescent Lamps at short distance in table lamps or other desk-top application.

7. References

[1]. Azizi M, Golmohammadi R, Aliabadi M. Comparative Analysis of Lighting Characteristics and
Ultraviolet Emissions from Commercial Compact Fluorescent and Incandescent Lamps. J Res Health
Sci. 2016; 16(4):200-205.

[2]. www.iar.unicamp.br/lab/luz/1d/.../light%20and%20Ultraviolet%20Radiation.

[3]. Parag Sharma, V.K. Jaiswal, H.C. Kandpal, "Ultraviolet Radiation Emitted by Compact Fluorescence
Lamps", J. Metrol. Soc. India (MAPAN) 24, 183-191 (2009).

[4]. C. De Cusatis, Handbook of Applied Photometry (Optical Society of America, Poughkeepsie, New
York, 1994) ACGIH, TLVs and BEIs Based on the Documentation of the Threshold Limit Values for
Chemical Substances and Physical Agents, and Biological Exposure Indices, ACGIH, Cincinnati,
Ohio, USA, 2008.

[5]. B. L.Diffey, “Sources and measurement of ultraviolet radiation,” Methods, vol. 28, no. 1, pp. 4-13,
2002.

[6]. Manal A. Harid, Affia Aslam “Optical Radiation Metrology and Uncertainty”, “Metrology”,
InTech;2018,D01:10.5772/intechopen.75205,http://www.intechopen.com/books/metrology/optical-
radiation-metrology-and-uncertainty. ISBN: 978-1-78923-594-4.

[7]. https://www.hunker.com/13412791/what-are-the-benefits-of-incandescent-light-bulbs.

[8]. A.C. Sparavigna, Carbon-Arc Light as the Electric Light of 1870, International Journal of Sciences,
Volume 3, Issue 10, pages 1-7,2014.

[9]. S. Speight, LED Industry and Lighting Technologies, ISG Illuminations System Inc.,2010, Comission
Internationale de Eclairage. Electric Light Sources State of Art-1987, CIE 77, 1988.

[10].  http://howitworksus.blogspot.com/2011/06/how-lightbulb-works.html.

[11].  H.J. Round, A Note on Carborundum, Electrical World, 1907, Volume XLIX, Issue 6, page 309, N.
Zheludev, The Life and Times of the LED - A 100-Year History, Nature Photonics, Volume 1, Issue
April, pages 189- 192,2007.

[12].  https://lwww.pinterest.com/dantemsalgado/research-recycle/.

[13].  U.S. Department of Energy,Energy Efficiency and Renewable Energy,"Comparing White Light LEDs
to Conventional Light Sources", April, 2012 .

37 | Page www.ijrerd.com



International Journal of Recent Engineering Research and Development (IJRERD)
ISSN: 2455-8761
www.ijrerd.com || Volume 04 — Issue 02 || February 2019 || PP. 29-38

[14].

[15].
[16].
[17].
[18].
[19].
[20].
[21].

[22].
[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].
[31].

[32].

J. Li, J. Wang, Z. Liu and A. Poppe, Solid-State Physics Fundamentals of LED Thermal Behavior, in
Thermal Management for LED Applications, Clemens J.M. Lasance and AndrasPoppe Editors,
Springer Science & Business Media, 17/set/, pages 15-24,2013.

Comission Internationale de I0Eclairage. Measurement of LEDs, CIE 127, 1997.

Kaminski MS, Garcia KJ, Stevenson MA, Frate M, Koshel RJ. Advanced topics in source modeling.
Proc SPIE; 4775:46-57,2002, Zerfhau-Dreiho™ fer H, Haack U, Weber T, Wendt D. Light source
modeling forautomotive lighting devices.Proc SPIE;4775:58-66,2002 .

Steven W, Brown W, Santana C, Eppeldauer GP. “Development of a tunable LED-based colorimetric
source”. J Res NatlInst Stand Technol; 107:363-71,2002.

Park S, Kim YW, Lee DH, Park SN. “Preparation of a standard light-emitting diode (LED) for
photometric measurements by functional seasoning”. Metrologia; 43:299-305. Jones CF,2006.

Ohno Y. Colorimetric accuracies and concerns in spectroradiometry of LEDs. In: Proceedings of CIE
symposium, CIE 173-7, 1999.

Samedov F, Durak M, Turkoglu AK. Photometric characterizations of light emitting diodes. In:
Proceedings of the 2nd Balkan conference on lighting, Turkey, 150-5,2002.

European Standard EN13032-1:2004. Light and lighting. Measurement and presentation of photometric
data of lamps and luminaires. Measurement and file format.

F. Grum, R. Becherer, Optical Radiation Measurements (Academic Press, Radiometry, 1979), Vol. 1.
Manal A. Haridy, Sameh M. Reda, Abdel Naser Alkamel Mohmed,” Illuminance and Ultra Violet
Emissions Radiated from White Compact Fluorescent Lamps”, Int. J. Metrol. Qual. Eng. 7, 407 (2016).
Shahram Safari et al., "Ultraviolet Radiation Emissions and Illuminance in Different Brands of
Compact Fluorescent Lamps ", International Journal of Photoenergy, volume 2015.

Manal A. Haridy,” Comparison of UVA Radiation and Illuminance Emitted from Hydrogen (Hy)

and Water Vapor (H20) Discharge Lamps”, ICIC Express Letters, Part B: Applications, Volume 10,
Number 4, April 2019

International Commission on Non lonizing Radiation Protection (ICNIRP). Guidelines on limits of
exposure to ultraviolet radiation of wavelength between 180 nm and 400 nm. Health Phys.; 87(2):171-
186, 2004.

Manal A. Haridy, Khadigjah R. Alreshidy, Ghazia S. Alazmi“Comparative Study of UVA-Radiation
and Illuminance of White Tubular Fluorescent Lamps for Different Brands in Saudi Arabia Market”,
International Journal of Research in Engineering and Technology; Volume: 06, Issue: 06 , June-2017,
pp.1-8 .

Occupational Exposure Limits, Requirements, Guidelines and Technical Guidance and Environmental
Health Center, Institute for Environmental Research, 2011.

S. Safari,M. Kazemi, H.Dehghan, H. A. Yousefi, and B.Mahaki, “Evaluation of ultraviolet radiation
emitted from compact fluorescent lamps,” Journal of Health SystemResearch, vol. 9, no. 11, pp. 1177—-
1183, 2013 .

International Organization for Standardization (ISO), Guide to the expression of uncertainty in
measurement (1995).

International Organization for Standardization (ISO), Guide to the expression of uncertainty in
measurement (1993).

United Kingdom Accreditation Service (UKAS), The expression of uncertainty and confidence in
measurement, 2nd edn. (2007).

38 | Page www.ijrerd.com



