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1. INTRODUCTION

In many Member States the use of large Cobalt-60 gamma ray facilities and electron beam
accelerators with beam energies from about 0.1 to 10 MeV for industrial processing continues to
grow. For these processes, quality assurance relies on the application of well-established dosimetry
systems and procedures. This is especially the case for health-regulated processes, such as the
radiation sterilization of health care products, and the irradiation of food to eliminate pathogenic
organisms or to control insect pests.

For radiation sterilization, the publication of the international standard ISO 11137 -
Sterilization of health care products - Requirements for validation and routine control - Radiation
sterilization and the European Standard EN 552 - Sterilization of medical devices - Validation and
routine control of sterilization by irradiation has resulted in the standardization of requirements to
ensure global harmonization. Standardized dosimetry is also valuable in the radiation processing of
many widely used commodities, such as polymers, automotive and airborne components, battery
parts, computers, audio and video hardware, coatings, lubricants, adhesives, and composites.

The growing worldwide interest in the use of radiation processing to improve the
environment has stimulated research in the large-scale treatment of many solid, fluid, and gaseous
wastes, bringing new requirements for quality control by dosimetry and process parameter
monitoring. There are also the prospects of continued expansion of the radiation processing
industry through the use of new high-power high-energy electron accelerators to produce intense
electron beams or highly penetrating X-rays (Bremsstrahlung). Hence, there are new challenges for
achieving harmonization in quality control in production as well as pilot-scale environments.

The major goal of this CRP is to investigate the factors that influence the response of
dosimeters and establish procedures to improve dosimetry for quality assurance of the different
types of radiation processes. This will help to unify the radiation measurements performed by
different radiation processing facilities and other high-dose dosimetry users in Member States and
encourage efforts to obtain traceability to primary and secondary standards laboratories. It will also
aim to strengthen and expand the present International Dose Assurance Service (IDAS) provided by
the Agency.

2. PROGRESS

This section describes the progress made toward meeting the CRP objectives since the
Research Co-ordination Meeting (RCM) held in Washington in May 1996. Highlights from the
presentations by the different participants are given here to show how the two major objectives of
the CRP are being addressed. This section also gives the specific aims proposed at the last RCM to
allow comparisons between the progress achieved and the stated aims and to show areas where
additional efforts should be applied.
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The full comprehensive reports from each participant, as presented by them at the meeting, are
available in the office of the Scientific Secretary (K. Mehta).

First Objective:

The first objective is to understand and evaluate the influence of various external parameters
on the performance of routine dosimeters in use at the present. Such parameters could include
irradiation temperature, humidity, radiation energy, radiation type, oxygen content, light, and dose
rate. It would also be important to study the effect of more than one parameter simultaneously.
This should help increase the accuracy and reliability of the routine dosimetry systems.

Some specific aims to meet this first objective are:

la: To increase the understanding of physical and chemical properties of the dosimetric
materials and formulation that can improve the performance of the dosimetry systems.

1b: To improve the performance of routine dosimeters by evaluating the influences of various
parameters, including atmosphere, light, temperature, humidity, time, energy spectrum, dose rate.

To meet the first objective, the influence of changes in manufacturing or analysis parameters on the
performance of the dosimetry systems, and the influence of individual and combined external
irradiation parameters are being studied.

1. Influence of Manufacturing and Analysis Parameters

To facilitate the commercialization of alanine-polystyrene dosimeters for large-scale use as
routine dosimeters in industrial radiation processing facilities, alanine-polystyrene dosimeters for
routine use are now being manufactured using an injection molding method. Injection molding
introduces orientation effects which may affect the analysis results, so studies were performed to
determine an acceptable analysis technique. It was found that by taking three EPR measurements
with different orientations of the dosimeter in the cavity and averaging the results, the
reproducibility achievable with these injection molded dosimeters for the dose range from 0.1-100
kGy is approximately 4% (2a). The effects of the orientation in the EPR cavity on the response of
alanine-polymer dosimeters of different shapes (rods with different lengths and thin films) and
dosimeters prepared by different molding procedures (press-molding, extrusion, and injection-
molding) were also studied.

The effect of the EPR analysis temperature on the readings from alanine-polystyrene dosimeters in
the dose range of 0.1 to 10 kGy was studied in the temperature range from 0 °C to 50 °C.

The effect of the ferrous ion concentration in the solution containing ferrous sulfate and xylenol
orange used for dissolving glutamine dosimeters for spectrophotometric estimation was studied,
and it was found that increased ferrous ion concentration gave better response. For accurate
dosimetry, the solution should be used within a few hours after its preparation.

2. Irradiation Temperature

During the irradiation of products in commercial production facilities temperature increases
greater than 20 C have been measured. Measurements of such temperature rise in products are
being performed to determine the temperature experienced by routine dosimeters at different times
during the irradiation cycle. For dosimeters with known temperature coefficients, the weighted
average irradiation temperature will then be used to correct the response for temperature.
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The effect of the irradiation temperature on the response characteristics of alanine-polystyrene
dosimeters is being studied at an absorbed dose of 5 kGy for irradiation temperatures from -196 °C
to 30 °C.

The effect of the irradiation temperature on dose estimation by glutamine dosimeters analyzed by
spectrophotometric readout was studied, and it was found that the response is independent of
temperature in the range from approximately 25 °C to 35 °C. However, at other temperatures, there
is a significant temperature effect.

3. Dose Rate

Real-time measurements are also being carried out to determine the dose rates to which
product boxes are subjected during processing in production irradiation facilities. From these data,
the contribution to the total dose at different dose rates will be determined and the effective dose
rates will be estimated.

4. Combined Effects

Present results show only slight variations in the response of the PMMA GammaChrome YR
dosimeters for different gamma dose rates in the range from 0.18 to 2.7 Gy/s for irradiation
temperatures from -80 °C to 60 °C. The temperature dependence of PMMA Red 4034 (at 5 kGy)
shows similar behaviour for the two dose rates investigated, 0.18 and 2.7 Gy/s, between 0 °C and
25 °C. However, outside of this temperature range the dose-rate dependence was found to be
significant. The behaviour of FWT-60-00 dosimeters was also investigated in the temperature
range from -80 °C to 60 °C for the same two dose rates (at 5 kGy dose).

The color build-up time (i.e. color development period) for PVG dosifilm depended on the
absorbed dose and the storage temperature after irradiation. If the measurements were taken at least
24 hours after irradiation, a constant absorbance value can be reliably obtained at a given dose. The
phenomenon of color development related with radical decay, a tendency demonstrated by the
experimental results, has contributed to the understanding of the mechanism of color development.

The response of the PVG dosifilm was within ±5% for electron beam irradiation at relative
humidities in the range from 0% to 76%. The sensitivity of the response curve (i.e. the relationship
of absorbance vs. dose) can be controlled by varying the composition. This allows the new routine
dosimetry system to be customized for different desired ranges of electron beam dose
measurements.

5. Experimental Design Analyses of Direct and Combined Effects

The likely influence of five parameters on the EPR response of pure alanine powder and
LMRI alanine pellets have been tested.

The experimental design was built with 3 blocks which can be analysed independently or together.
The response is modelized by a polynomial function : Response= f(Humidity before irradiation Hb,
humidity after irradiation Ha, dose rate Dr, dose D, time after irradiation t) without any physical
significance. From a study of the parameters affecting the evolution of the response, the results of
the first experimental design showed that Ha is the most important direct effect, followed by the
combined effects of humidity before or after with the other parameters. Considering the
uncertainties of the experiments of this first experimental design, only trends have been extracted.
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Second Objective

The second objective is to develop reference and transfer dosimetry techniques, especially for
electron beams of energy less than 4 MeV and for X-ray sources. This would facilitate extension of
the present IAEA's dose assurance service (IDAS) to these radiation types.

Some specific aims to meet this second objective are:

2a To propose and to test transfer dosimetry systems for radiation processing with electron
beams of energy between 300 keV and 4 MeV for absorbed doses between 102 and 106 Gy.

2b To contribute to the development of new routine dosimetry systems suitable for electron
beams of energy between 300 keV and 4 MeV.

2c To investigate the suitability of using existing dosimetry systems for X-rays.

2d To establish suitable irradiation geometry to achieve consistency in dose calibration and
inter-laboratory comparison.

1. Transfer Dosimetry Systems for Low Energy Electrons

Work has been carried out to demonstrate the suitability of several dosimetry systems as
transfer dosimeters. These systems may be used for extending the IAEA's Dose Assurance Service
(IDAS) to low energy electrons (300 keV to 4 MeV).

In order for a transfer dosimeter to produce reliable results it should
• be stable in time before and after irradiation;
• have a well defined geometry and be thin compared to the range of the electrons;
• not be influenced by environmental effects both before, during and after irradiation;
• be easily mailed;
• have no significant energy dependence;

1.1 Alanine Films

Thin alanine films in the range of 100 -300 (4,m were shown to be suitable for use as reference
and transfer standard dosimeters. Measurements were done both by EPR spectrometry and by
diffuse reflection spectrophotometry (DRS). Both methods measure the presence of the same free
radicals and properties with respect to influence of environmental factors are expected to be
similar. The EPR method is applicable over a larger dose range than DRS but may have orientation
effects during readout. The diffuse reflection spectrophotometric evaluation is not influenced by the
orientation of the alanine crystals, which is unavoidable in the case of thin alanine films.

A new thin-film (100 (im) alanine-EPR dosimeter has recently been produced as a potential
reference and transfer dosimetry system for electron beams in the energy range of 300 keV to 4
MeV. It has recently been tested using thin graphite calorimeters in order to evaluate the
reproducibility of its response. In addition, stability and the influences of various irradiation
conditions (temperature, humidity, dose rate, light, thickness variations, etc.) have been
investigated in terms of its response characteristics.
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1.2. Glutamine (Spectrophotometric Read-Out)

The dosimeter is a powder (50 Jim glutamine) in a thin bag (25 |im polyethylene). It has been
used in intercomparisons with Cobalt-60 and 0.4 -10 MeV electrons. It has been shown to be stable
and to be not influenced by humidity. The response is independent of temperature in the range
from approximately 25 °C to 35 °C. However, at other temperatures it has a significant
temperature dependence.

1.3. Calorimeter

Thin and total absorption calorimeters are being tested as reference dosimeters. However,
since they do not have a response that is stable with time they cannot be used as transfer
dosimeters. They are made of graphite (total absorption) and polystyrene (thin calorimeters). Both
are useful for calibration of other dosimeters.

2. Routine Dosimeters for Low Energy Electrons

Under the current CRP, several important developments of routine dosimeters for low energy
electrons (300 keV - 4 MeV) have been made. These generally fall into three categories:

2.1. Thin Calorimeters

In the case of calorimetric systems, which are typically used as reference standard or primary
dosimeters, new work has shown that both polystyrene and graphite calorimeters are suitable for
routine production dosimetry in low-energy electron facilities. These calorimeters have to be
carefully constructed with suitable materials (insulation, heat sensor, calorimetric body). So far, 6-
mm thick polystyrene calorimeters have successfully been tested as routine dosimeters in low-
energy electron beams of 1.5, 2, and 4 MeV as well as in a high-energy electron beam of 10 MeV.
With this system, the development includes an optimum design of thermally insulating foam
material. Similar studies have recently been made with 1-mm thick graphite calorimeters for 1 and
2 MeV electron beams.

2.2. Thin Cast Films and Coatings

There have been several important developments of new thin film systems suitable for low
energy electron routine dosimetry. These include radiochromic films (e.g. PVG dosifilm, PVA
films containing tetrazolium salts and GafChromic coated films), alanine films (analyzed either by
EPR spectrometry or diffuse reflection spectrophotometry) and optically stimulated luminescence
systems (organic or inorganic fluors).

The radiochromic films are generally quite thin with sensor layers ranging between about 7-200
(im, and have been tested for routine dosimetry for electron beam energies even down to 150 keV.
Studies under the CRP have concentrated on improving the performance of thin film systems.

Thin alanine films (100 Jim thick) have been demonstrated to be suitable for routine electron beam
dose measurements with energies as low as 300 keV, as measured by either EPR spectrometry or
diffuse reflection spectrophotometry.

Thin alanine films (300 [im thick composite) analyzed by diffuse reflection spectrophotometry are
being investigated with optical determination of the CH3CHCO2" radical anion. Calibration curves,
ranges, etc. are being obtained. The response of these films was found to be greater for electrons
with energies less than 4 MeV than for higher energy electrons.
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The optically stimulated luminescence films consist of microcrystalline polydispersions in a
polymeric matrix (e.g. acrylics, polyolefins). The organic systems that show most promise include
3-hydroxyflavone and l-phenyl-3-mesityl-2-pyrazoline. A simple fluorimeter has been developed
for routine dosimetry using excitation by near UV or blue light and quantitative analysis of green or
red emitted light. Tests have also been carried out on a promising thin film (80 |im-500 |im)
containing an inorganic fluor in a polymeric matrix. This latter system has been produced in large
quantities and tested in the dose range of 0.1 - 100 kGy with promising results.

The dose response parameters determined for PVG dosifilm for electron beams show that the
dispersion and reproducibility are acceptable for use as a new routine dosimeter in electron beam
dose measurements.

2.3. Rat Bags Containing Dosimetry Material

Rat plastic bags containing solid or liquid dosimetry material of thickness from 100 p,m - 5
mm were found to be suitable for dosimetry for low energy electrons. Investigations carried out
with glutamine powder (using spectrophotometric read-out) proved the suitability of this system for
process control in the electron energy range of 400 keV - 10 MeV.

Double-layer polymeric bags containing ethanol-monochlorobenzene dosimeter solution proved to
be useful for dose and dose distribution measurements above 1 MeV.

3. Bremsstrahlung Dosimetry

Since the last RCM, there has been little progress in advancing applications of
Bremsstrahlung for radiation processing. Although there is much interest in establishing
Bremsstrahlung sources using high-energy, high-power accelerators, little effort has been given to
this technology (e.g. in Japan). Bremsstrahlung radiation, however, remains a potentially useful
radiation type for radiation processing with large throughput. Dosimetry studies should be
addressed in advance for this potential wide use of Bremsstrahlung radiation.

The following three parameters are considered as primary factors affecting dosimetry of
Bremsstrahlung radiation:

1. Dose rates can reach up to 500 kGy/h resulting in higher irradiation temperatures
2. Energy spectrum of Bremsstrahlung
3. Establishment of electron equilibrium

Dose rate dependence of undyed PMMA dosimeter (Radix) and alanine-polystyrene rod dosimeter
was studied for Bremsstrahlung radiation obtained from 3 MeV electrons (current: 20 mA) over the
dose-rate range 5 to 350 kGy/h, where a cooling plate prevented excessive temperature rise. Both
dosimeters showed negligible dose-rate dependence over the studied range.

Mass-energy absorption coefficients for dosimeter materials, PMMA and alanine, for
Bremsstrahlung radiations obtained from 3, 5, and 7 MeV electrons, were estimated by weighting
the contribution of the entire energy spectrum spread as calculated by the DEX-code. Estimated
mass-energy absorption coefficients for these two dosimeter materials for these three different
Bremsstrahlung radiations were in good agreement with those estimated for Cobalt-60 gamma-rays
(1.25 MeV). For both PMMA and alanine at the above photon energies jien/p is 0.0293-0.0263
cm2g"! (ratio of jien/p for PMMA and alanine to (Wp for water is 0.970-0.972). This result
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demonstrates the feasibility of applying these existing dosimetry systems for these Bremsstrahlung
radiation even though there is a broad photon energy spectrum.

3. INTERCOMPARISON

3.1 Introduction:

One of the recommendations at the last RCM was to perform an intercomparison in Cobalt-
60 gamma fields, using alanine dosimeters that are being used for IDAS, to ensure that all doses
quoted by the CRP participants are in agreement. A 'double-blind' intercomparison was carried out
in the summer of 1997 using the standard IDAS dosimeter sets.

3.2 Protocol:

The protocol that was followed was similar to the one developed by the BIPM earlier for the
1995 intercomparison for the high-dose calibration laboratories. The present protocol is reproduced
below.

Issuing laboratory:
International Atomic Energy Agency
Dosimetry and Medical Radiation Physics Section, Division of Human Health
A-1400, Vienna, Austria
(Attention: Mr. Kishor Mehta)

Participating irradiating laboratories: Participants of the CRP (10)

Radiation source: Cobalt-60

Gamma dose range: 15+3 kGy (dose to water)

Issuing laboratory will provide for each irradiating laboratory 4 alanine dosimeters in polystyrene
capsules, along with instructions for pre- and post-irradiation care.

Dosimeter dimension: The polystyrene capsule is 50 mm long and 12 mm diameter. The wall
thickness is 4 mm; enough to provide electron equilibrium for Cobalt-60 gamma rays. The
alanine dosimeter inside the capsule is 30 mm long and 3 mm in diameter.

Irradiation:
- Three (3) dosimeters will be irradiated to the same dose (preferably together in the black
package); the exact dose level is to be chosen by each irradiating laboratory between 12 and 18
kGy.
- Because of the finite size of the dosimeter, it is important that (i) the gamma field is fairly

uniform over its entire volume; and (ii) any perturbation in the gamma field caused by the
dosimeter is estimated and corrected for.

- The irradiation temperature of the dosimeters shall be monitored and controlled within ±2°C.
The temperature shall not exceed 40°C. The temperature coefficient of our alanine dosimeters is
+0.0023/°C.

- The 4th dosimeter is the v control dosimeter' and shall always be kept with the others except
when they are irradiated. The participating laboratory shall not irradiate this dosimeter. It will be
irradiated to about 2 kGy at the IAEA Laboratory before dispatching of the dosimeters.
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Issuing date: early June 1997

Return date: within 5-6 weeks of the receipt of the dosimeters (to be returned by express mail).
They should be in Vienna by 15 August 1997.

The irradiating laboratory will send to Mr. O. Guven (staff member of Industrial Applications and
Chemistry Section of the IAEA)
-conditions of irradiation, including

phantom material,
irradiation temperature of the dosimeters,
dose rate or duration of irradiation.

-description of your dosimetry system, including calibration and traceability to national
standards

- details of the derivation of the dose estimates
- value of the absorbed dose delivered to the dosimeters
- full statement of uncertainty; these to be expressed in terms of l a (standard deviation).

The irradiating laboratory will send to the issuing laboratory (IAEA, Kishor Mehta), besides the 3
irradiated dosimeters and the control dosimeter, the values of the following critical parameters:

- measured dosimeter temperature (within 2°C accuracy),
- date of irradiation.

The Dosimetry Laboratory (Mr. K. Mehta) will send, after reading of the dosimeters (including
corrections), the estimated dose value to each participating laboratory and to Mr. Guven.

Mr. Guven will then release to Mr. Kishor Mehta the data received from the participants for
analysis.

Mr. Kishor Mehta will write the final report to be discussed at the RCM (6-9 October 1997,
Vienna).

Publication: All parties shall regard the data supplied to them as confidential and shall not publish
it in any form without the permission of all other parties involved. The IAEA may, at its
discretion, publish the results of the intercomparison, but only in a form that does not identify
the individual participants.

3.3 Data and Results:

The results and information about some of the important parameters are given in Table 1.
Table 2 gives relevant data of the Agency's transfer dosimetry system (alanine-ESR) used for this
intercomparison exercise.

The second column of Table 1 gives the mean value of the three alanine dosimeters as analysed by
the IAEA Dosimetry Laboratory, where the total uncertainty in the calculated dose is 1.7% (la);
while the third column shows the standard deviation for the 3 individual values for a dosimeter set.
The fourth column gives the dose value and the total uncertainty as stated by each participant; while
the fifth column gives the non-uniformity of the gamma field over the volume occupied by the 3
dosimeters of the set (as stated by the participants). The sixth column gives the ratio (R) of the
Participant's value to the IAEA value.

There are ten participants in the CRP and all participated in the intercomparison. However, during
the exercise Laboratory 4 realised that they had a serious dosimetry problem in their laboratory and
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were not able to state the delivered dose with high degree of confidence; they requested to opt out
of this exercise. The two laboratories, namely 2 and 5, have the ratio R much outside the expected
value. This indicated that they had some problem with their dosimetry system or with the
procedure. (Both of these laboratories were given second set of dosimeter to repeat their irradiation.
These are discussed later in the section.) Thus, these two laboratories are excluded from further
analyis.

The mean and the standard deviation for the seven values of R given in Table 1 (column 6) are:
mean=0.995 and std. dev.=1.9%. The ratio R was then normalised to this mean value, and this
normalised R is plotted in Figure 1 for the seven participants. The bars on the left give the total
uncertainty stated by the participants (column 4), and the statistical uncertainty due to the IAEA
readings are shown by the bars on the right (about 0.9%). This value includes the uncertainties of
temperature and fading corrections. The three dose values for each participant for the three
dosimeters within a set are also shown in the figure.

Comparison 97 Results

3.4 Analysis:

As stated above, the mean and the standard deviation for the seven values of R as given in
Table 1 are: mean=0.995 and std. dev.=1.9%. Five out of these seven laboratories are calibration
laboratories; and these values for these five laboratories are: mean=0.997 and std.dev.=1.05%.
Thus, the mean of the dose values measured by the IAEA is within ~ 1 % of the mean of the dose
values stated by these five laboratories. Also, the results are reasonably distributed and no outliers
seem to be present (5 out of 7 are within 1 c from the mean, and the other two are within 2 a).

The standard deviations for the three dose values for each participant have a mean value of 1.20%
(column 3). A part of this uncertainty is due to the statistical uncertainty of the measurements by
the IAEA (0.43%, not including fading and temperature correction contribution). The difference
between these two values can be explained, at least in part, by the variation (about 1%) of the dose
delivered to the dosimeters of a given set due to non-uniformity of the gamma field (column 5).
The results are thus consistent with the information given by the participants.
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3.5 Conclusion:

The final results of the intercomparison showed that at least two laboratories were outside the
acceptance limit, and possibly a third one (Laboratory 9). This pointed out the necessity of
participating in such intercomparisons frequently. This also applies to commercial irradiation
facilities who avoid the extra cost of the annual intercomparisons.

3.6 Repeat Measurements:

The results from Laboratory 2 for the repeat measurements were quite different than those for
the first irradiation. The only obvious difference between the two irradiations was the dose rate. For
the first irradiation, the distance between the dosimeters and the plane source was about 25 cm and
the dose rate was 1.068 kGy/h. For the second irradiation, these values were 15 cm and 3.072
kGy/h. The Participant/IAEA dose ratio for the second irradiation was 1.024 (compared to 0.901
before!). We do not have any explanation so far for this discrepancy.
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TABLE 1

COMPARISON OF RESULTS
CRP on Characterization and Evaluation of High-Dose Dosimetry Techniques

for Quality Assurance in Radiation Processing
July-August 1997

Laboratory IAEA estimated Std.Dev. Participant's estim. Non - uni-
Mean dose (kGy) for 3 values Dose (kGy) ± lo formity of

±1.7 % (%) field

<]••'<:

0.3%

1
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6
7
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|(..U>
10 00
1-1 M
15.26
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1.' >.*
1. * *
1 5<»
1.15
0.40
1.16
1.27
1.51
1.01

1.20%

15.0 ± 1 . 0 9 %
1 I . 8 T 3 . 8 6 ' X

If ) ' ) ' I I S

1 2 . 0 1-0.7'•;
15.32 ±0.73%
15.00 ±1.07%
12.4 ±1.8%
15.0 ±3.71%
14.0 ±0.9 % 2%

Participant
IAEA

1.001
O.oin
1).«)«)! 1

O.'Mll
1.004
0.982
1.019
0.962
1.007
0.995
1.9%

Rel. Diff.*
<%>

0.07
9.92

-9.S5
0.39

-1.77
1.89

-3.78
0.72

-0.50
1.87

Doserate
(kGy/h)

7.69
l.OfiS
2.S

21 «
0.511
10.08
4.33
9.50
9.56

AT (days) Irrad. Temp
(irr. - anal.)

18
50
lf>

27;24.l
10
56
14
11
12
16

CO

26.0
27
*s

1:20.2
* 1.9
29.5
29.0

27
25.1
23.3

* Rel Diff (%) = P a r t i c iP a n t ' s v a l u e - IAEA estimate x

IAEA estimate
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TABLE 2

Agency's Transfer Dosimetry System, alanine-ESR

Calibration Relationship (Batch No: 9512161)

Dose (Gy) = 6.734 + 243.5*R + 0.5745*R2 + 5.035E-4*R3 + 1.270E-5*R4

R = Normalized Response

These regression coefficients are applicable to the Dose-range : ~1.5 ...
lOOkGy

Calibration Conditions

alanine dosimeters irradiated in the Agency Gammacell 220
dose rate = 47.16 Gy/min (97-01-01)
dose rate was determined by di-chromate transfer dosimeters from NPL
Irradiation temperature = 25°C
dosimeters analysed 10-20 days after irradiation

Dosimeter Characteristics

Pre-irradiation conditioning, 7 weeks at 29% rel. humidity
Temperature Coefficient = +0.23%/°C
Fading rate = 0.008%/day
Fading correction to be applied over AT days
where, AT = (day of analysis - day of irradiation - 20) days
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