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Guideline values for vibration velocity to be used when Evaluating effects

of long-term vibration on structures (DIN 4150-3: 1999-02, Germany)
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1 Scope

This standard specifies a method of measuring and evaluating the effects of vibration on structures designed
primarily for static loading. It applies to structures which do not need to be designed to specific standards or
codes of practice as regards dynamic loading.

This standard gives guideline values which, when complied with, will not result in damage that will have an
adverse effect on the structure's serviceability. In some cases, guideline values for a simplified evaluation are
also given.

2 Normative references

This standard incorporates, by dated or undated reference, provisions from other publications. These norma-
tive references are cited at the appropriate places in the text, and the titles of the publications are listed below.
For dated references, subsequent amendments to or revisions of any of these publications apply to this
standard only when incorporated in it by amendment or revision. For undated references, the latest edition of
the publication referred to applies.

DIN1311-1 Vibration and shock ~ Vibration systems — Concepits, classification*)

DINV 4150-1 Structural vibration ~ Principles and measurement of vibration parameters**)

DIN 4150-1 Structural vibration - Preliminary measurement of vibration parameters*)

DIN 45669-1  Mechanical vibration and shock measurement — Measuring equipment

DIN 45669-2 Mechanical vibration and shock measurement — Measurement procedure

DIN EN 1594 Gas supply systems — Pipelines — Maximum operating pressure over 16 bar — Functional re-
quirements *}

3 Concepts
For the purposes of this standard, the following definitions apply in addition to those defined in DIN 1311-1.

3.1 Vibration
Mechanical vibration of solid bodies which may cause damage or discomfort.

3.2 Damage
Any permanent effect of vibration that reduces the serviceability of a structure or one of its components.

3.3 Guideline value
A value obtained through experience; compliance with this value ensures that damage will not occur.

3.4 Short-term vibration

Vibration which does not occur often enough to cause structural fatigue and which does not produce resonance
in the structure being evaluated.

3.5 Long-term vibration
All types of vibration not covered by the definition of ‘short-term vibration' in subclause 3.4.

4 Principles of evaluating the effects of vibration on structures
4.1 General

Clauses 5 and 6 specify methods of mea‘s;l._l{ir}g and-evaluating vibration parameters. If these methods are not
used, then the dynamic stresses occurring j the structure are to be determined by measurement or analysis
(e.g. as in subclauses 4.2 and 4.3, respectively) and the results then compared with the permissible stresses,
taking their frequency of occurrence into account. Note that the methods described in subclauses 4.2 and 4.3
are not suitable for assessing minor damage as defined in subclause 4.5. .
Sometimes, vibration cannot be classified as being only short-term or only long-term as defined in
subclauses 3.4 and 3.5, respectively. In such cases, it shall be evaluated on the basis of both clause 5 and
clause 6.

*) Currently at draft stage.
**) 1975 edition.
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Where necessary, foundation displacement as an indirect consequence of vibration shall also be taken into
consideration (cf. Appendix C).

4.2 Determining stresses by measurement
By measuring the strain in a vibrating building component and applying the mass law, the stresses present can
be inferred.

The amplitude and frequency of the measured vibration displacement, velocity or acceleration can be used in
stress/strain calculations.

The stresses in beams and slabs vibrating close to resonance can be approximated on the basis of the vibration
velocity amplitude, provided the measurement is made at the point of the greatest amplitude. In this case, the
boundary conditions and stiffness of the component need not be known (cf. subclause 6.2).

4.3 Determining stresses by analysis

The analysis of stresses shall be performed using state-of-the-art methods. Values used in the analysis may
be obtained by means of the predictive method described in DIN V 4150-1 or DIN 4150-1.

4.4 Permissible stresses

Verification of stability shall be carried out using the safety factors specified in the relevant standards and
regulations for additional dynamic loading, taking into account the type and duration of the dynamic loads
imposed, the measurement method, the characteristics of the building materials and the type of construction.
If necessary, fatigue strength shall also be verified. Stress-number curves may be used to establish, as a
function of the number of expected stress reversals, the stress limits, stress amplitudes, limits of strain and
similar parameters for the building materials, building components and junctions.

A detailed analysis of fatigue strength may be dispensed with if, for the stability analysis, the dynamic load
components are multiplied by a factor of 3.

Fatigue analysis is not required if the dynamic load component is less than 10 % of the permissible static stress.

4.5 Evaluating serviceability
Examples of a reduction in the serviceability of a building or building cormponent due to the effects of vibration
include:
— the impairment of the stability of the building and its components;
~ a reduction in the bearing capacity of floors.
For structures as in lines 2 and 3 of table 1, the serviceability is considered to have been reduced if
— cracks form in plastered surfaces of walls;
— existing cracks in the building are enlarged;
- partitions become detached from loadbearing walls or floors.
These effects are deemed ‘minor damage’.

4.6 Effects of vibration on soil

Strong vibration can cause settlement of soil, primarily in the case of loose to medium-dense, non-cohesive soil
such as sand and gravel; this can also lead to foundation settlement, especially where there is frequent vibration
or uniformly graded sand or soil beneath the groundwater level. For more information, see Appendix C.

5 Evaluating effects of short-term vibration
5.1 Effects on the structure as a whole

Numerous measurements of vibration velocity in building foundations have provided empirical values which
give guidance on the evaluation of short-term structural vibration. Evaluations as in this standard are based on
the maximum absolute value of the velocity signals, |vI; ., for the three components (where i = x, y or 2) of the
unweighted velocity signals, »{z), measured on the building foundation (this parameter is referred to below as
v, for short). See subclause 5.4 for details of measurement. o

The vibration measured in the plane of the highest floor resting on external walls also provides significant
information for this evaluation, taking the maxima of the two horizontal components as a basis. Measurements
taken at this point in accordance with subclause 5.4 may be used to determine the horizontal response of the
structure to the excitation at the foundation.

Table 1 and figure 1 give guideline values for v, at the foundation and in the plane of the highest floor of various
types of building. Experience has shown that if these values are complied with, damage that reduces the
serviceability of the building will not occur. If damage nevertheless occurs, it is to be assumed that other causes
are responsible. Exceeding the values in table 1 does not necessarily lead to damage; should they be signifi-
cantly exceeded, however, further investigations are necessary.

Page 4
DIN 4150-3 : 19998-02

Table 1: Guideline values for vibration velocity to be used when evaluating the effects of short-term
vibration on structures

Guideline values for velocity, , in mm/s

Vibration at the foundation Vibration at

Line Type of structure horizontal plane
at a frequency of of highest floor
1Hzto 10 Hz | 10 Hz to 50 Hz {50 Hz to 100 Hz*)| at all frequencies
1 Buildings used for 20 20 to 40 40 to 50 40

commercial purposes,
industrial buildings, and
buildings of similar design

2 Dwellings and buildings 5 5t0 15 151020 15
of similar design and/or
occupancy

3 Structures that, because 3 3t08 8to 10 8

of their particular sensi-
tivity to vibration, cannot
be classified under

lines 1 and 2 and are of
great intrinsic value

{e.g. listed buildings
under preservation order)

*) At frequencies above 100 Hz, the values given in this column may be used as minimum values.

60
//
Line 1
/
o b0
£
e
£
=
=
©
8
> 20
I |
| et =]
/—""/ Line 2
i ——
8 //‘ Line 3
5 —
3
3 30 ) 60 80 100

Frequency, in Hz —

Figure 1: Curves for guideline values specified in table 1 for velocities measured at the foundation
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To determine which frequency ranges shown in table 1 apply, take the frequency which occurs within the
relevant velocity range, special care being necessary in the measurement of low frequencies. For analytical
purposes, the character of the signal shall also be taken into consideration, for instance by means of suitable
data windows (cf. Appendix D).

For civil engineering structures {e.g. reinforced concrete constructions used as abutments or foundation pads),
the values in line 1 of table 1 may be increased by as much as a factor of two, prowded no hazards arise as a
result of mechanical processes in the ground.

5.2 Effects on floors

Where short-term vibration causes floors to vibrate, if v, is no greater than 20 mm/s when measured at the point
of maximum velocity (which is usually at the centre of the floor), a reduction in the serviceability of the floor is
not to be expected. In the case of buildings as in line 3 of table 1, it may be necessary to lower this value to
prevent minor damage.

5.3 Effects on buried pipework

Table 2 gives guideline values for evaluating the effects of vibration on buried pipework. It is assumed that the
pipes have been manufactured and laid using current technology; if this is not the case, special considerations
will have to be made. Additional considerations need also be made where mechanical processes in the ground
could have deleterious effects on pipes, or where there are different stress conditions at junctions (e.g. junctions
with the structure).

The values given in table 1 for foundations also apply to the first two metres (nearest the building) of gas and
water service pipes. For information regarding gas supply pipelines, see DIN EN 1594.

Drain pipes shall be evaluated using the values given in line 3 of table 2.

Table 2: Guideline values for vibration velocity to be used when evaluating the effects of short-term
vibration on buried pipework

Guideline values for velocity

Line Pipe material measured on the pipe, v, in mm/s
1 Steel (including welded pipes) ) 100
5 Clay, concrete, reinforced cpncrete., pre- 80
stressed concrete, metal (with or without flange)
3 Masonry, plastic 50

5.4 Measurement

Instruments used to perform measurements as in this standard shall meet the requirements specified in
DIN 45669-1, and the procedure shail be as in DIN 45668-2. To measure vibration in foundations, the pick-ups
for the three directions of measurement shall be placed close together on the ground floor of the building to
be investigated, either at the foundation of the outer wall, on the outer wall itself, or in a recess in that wall. In
buildings without a basement, the point of measurement shall be no more than 0,5 m above the ground.
Measurement points shall preferably be on the side of the structure that faces the source of excitation. The time
history of the vertical vibration (z-axis) and horizontal vibration (x- and y-axes, at right angles to each other) shall
be recorded, with one of the directions of measurement running parallel to a side wall of the building. For
structures with a large ground floor area, simultaneous measurements shall be made at several locations.

In addition to the measurements made on the foundation and the highest floor, a measurement in the vertical
direction may also have to be made on the floors on which the strongest vibration is expected; in this case, the
point of measurement shouid be in the centre of the floor (cf. subclause 5.2).

Pick-ups for measurements in the highest floor shall be placed on or immediately next to structural masonry
so that the two horizontal directions of measurement, x and y, are at right angles to each other, with one
direction running parallel to a side wall.

When carrying out measurements on pipework, pick-ups shall be placed directly on the pipes whenever
possible. As an alternative, the pick-up may be placed on the ground surface directly above the pipe, although
in this case, it is only possible to make estimates {see Appendix D.1).

A test report as in Appendix A shall be drawn up for each measurement.

6 Evaluating effects of long-term vibration

6.1 Effects on the structure as a whole

Table 3 gives guideline values for the highest value of the two horizontal components measured in the top floor,
for different types of building. Experience has shown that if these values are complied with, damage will not

occur. Exceeding the values in table 3 slightly does not necessarily lead to damage. Should they be consider-
ably exceeded, the stresses may be determined as described in subclauses 4.2 and 4.3 and evaluated as in
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subclause 4.4. in the case of multi-storey frame structures, the dynamic stress component can also be deter-
mined from the relative displacement of the ends of the vertical members.

If a building is subjected to harmonic vibration, then the maximum values can also occur in floors other than
the top floor, or in the foundation. The values given in table 3 also apply in these cases.

When other points of reference are used, separate analysis is required.

Table 3: Guideline values for vibration velocity to be used when evaluating the effects of long-term
vibration on structures

Guideline values for velocity, v, in mm/s,

Line Type of structure of vibration in horizontal plane of highest floor,
at all frequencies
1 Buildings used for commercial purposes, indus- 10
trial buildings, and buildings of similar design
2 Dwellings and buildings of similar design and/or 5
occupancy ’
3 Structures that, because of their particular 2.5

sensitivity to vibration, cannot be ciassified
under lines 1 and 2 and are of great intrinsic
value {e.g. listed buildings under preservation
order)

6.2 Effects on floors

To evaluate vibration in components such as floors and walls, the dynamic loading may be determined as in
subclauses 4.2 and 4.3.

In the case of flexural vibration close to resonance, which often occurs when floors vibrate at high magnitudes,
the additional dynamic stress can be approximated using the method mentioned in subclause 4.2 as described
below.

For beams and one-way spanning solid slabs of rectangular cross section (i.e. y_ /i =1,73, where y__ is the
outer fibre distance and i is the radius of inertia) with a constant stiffness and weight loading, and for vibration
with a natural mode, the maximum bending stress, ¢, is defined by equation (1), regardless of the dimensions
of the vibrating system:

Oinaxe

Gras = 1,73 (B30 0G o/ Gean)®® Ko )

where

D rax is the peak velocity along the beam length;

Egpa is the dynamic modulus of elasticity of the material;

o is the material density;

G /G 18 the coefficient of loading, where the beam is to accommodate evenly distributed loads in addition
to its self-weight;

G, is the self-weight of the beam, plus other loads;

k, is the eigenmode coefficient.

The eigenmade coefficient is dependent on the boundary conditions and the degree of the mode. Both of these
have only a slight influence; however, in practice, the value for k_ lies between 1 and 1,3. For two-way spanning
slabs, the bending stress so calculated is also to be considered a maximum.

Experience has shown that vertical vibration velocities up to 10 mm/s do not cause damage in floors of
structures as in lines 1 and 2 of table 3, even if the maximum design stresses are fully utilized. Such vibration
is very clearly perceptible. For structures as in line 3 of table 3, no guideline value can be given for vertical
vibration.

Minor damage (cf. subclause 4.5) should not be automatically attributed to dynamic loading and further inves-
tigations are necessary.

6.3 Effects on buried pipework

The guideline values given in table 2 may be reduced by 50 % without further analysis when evaluating the
effects of long-term vibration on buried pipework.

The restrictions given in subclause 5.3 apply here by analogy.
6.4 Measurement

If a building is subjected to harmonic vibration, measurements shall be taken on several floors simultaneously
in order to correctly determine the vibrational mode. For vibration having the lowest natural mode, it is normaily
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sufficient to take measurements on the top floor. The lowest natural frequency of horizontal vibration in buitd-
ings with about five or more storeys, f,, in Hz, may be taken to be approximately 10/n (where 7 is the number
of storeys).

When evaluating horizontal vibration in the structure as a whole, it may be necessary in special cases to take
into account possible rotational movements in the floor plane and any rigid rotation.

The natural frequency of floors is normally greater than 10 Hz, and in most cases, only vertical movements are
significant. The vertical vibration shall thus be measured at the point of maximum velocity, which is usually at
the centre of the floor.

A test report as in Appendix A shall be drawn up for each measurement.

Appendix A
Sample test report form
The test report shall include the information listed below.
Table A.1: Test report form

Line Type of information Details

1 General:

a) Testing agency

b) Client

c) Contract identification

d) Person carrying out measurement
e) Time and date of measurement

2 Type of vibration: Blasting (charge, ignition stages, number of drill
a) Source holes, series, etc.)

b) Operating conditions Pile driving {equipment used, type of pile used)
Machinery (speed, load, etc.)

Traffic (rail traffic, trucks, etc.)

Frequency of occurrence

3 Structure:

a) Designation Address
b) Classification Type of building according to the tables in this
standard
c) Description Type of structure, size, foundation, structural
condition
4 Site and location Sketches giving heights

a) of source of vibration

b) of the measurement points and their
distance from the source, and measurement
direction

5 Environmental conditions Details of rock and soil, ground water, structural
condition of building, weather conditions (frost,
storm, etc.), extraneous sources of vibration

(e.g. traffic)

6 Subjective observations Perceptible secondary effects (e.g. rattling of

objects)

7 Measuring chain:

a) Pick-ups, natural frequency of equipment, Accelerators, velocity or displacement pick-ups
damping coefficient, frequency response,
operating frequency range

b) Signal conditioning equipment Filters, amplifiers
c) Recording devices Magnetic tape recorder, piotters, PCs
d) Tools for analysis Frequency analyzers, software

8 Results of measurement:

a) Measured quantities and frequencies
b) Derived guantities

c) Duration and occurrence of effects

be] Signatures
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Appendix B ‘
Measures for limiting the effects of vibration

Normally, vibration is transmitted through the ground and decays with increasing distance from its source. For
this reason, the effects of vibration can be reduced by increasing the distance between the vibration source and
receiver. (Airborne vibration plays a role only under special circumstances.)

The following measures may be used to limit the effects of vibration.

B.1 Measures taken at the vibration source

B.1.1 Measures against stationary vibration with harmonics, generated by machinery (e.g. oscillating
screens, motors, compressors, sawmilis)
a) Balance machines.
b) Provide or improve balancing systems.
c) Change the speed, where resonance occurs.

d) Isolate against vibration by placing the installation on an elastic element (for excitation at frequencies
over 3 Hz).

B.1.2 Measures against shocks generated by machinery (e.g. forge hammers, presses, mills)
Isolate the installation against vibration.

B.1.3 Measures against vibration generated by traffic
a) Build and maintain smooth road surfaces.
b) Regularly maintain tracks of railways.
c) Regularly maintain running gear of raif vehicles.
d) Isolate railways against vibration.
e) Reduce speed.

B.1.4 Measures against vibration generated by blasting

Modify the blasting technique (e.g. a different charge for each ignition stage, different firing orders or hole
depths).

B.1.5 Measures against vibration generated by construction work
a) Switch to low-vibration techniques.
b) Use vibration hammers having higher vibration frequencies.
c) Avoid resonance. %

B.2 Measures taken at the vibration receiver (structure)

3) Fit the structure with dynamic vibration absorbers (especially effective against resonance and where
there is minimal damping in the structure).

b) Isolate the structure against vibration (for excitation frequencies above 5 Hz).

c) Adapt the structure to avoid resonance.

B.3 Measures taken along the transmission path
a) Increase the distance between the source and the receiver (structure).
b) In special cases, dig trenches or fit elements in the ground near the vibration source or the structure.

Where the foundation may be susceptible to differential settlement, adequate measures should be taken to
strengthen the foundation accordingly {e.g. by sinking a deep foundation).
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Appendix C

Effects of vibration on solil

Non-cohesive soil tends to settle, for instance when vibrating rams are used nearby to drive sheet piling. For
this reason, the distance between the vibration source and the building foundation should be such that an angle
of at least 30° o the vertical is formed as shown in figure C.1. For piling extending below the groundwater table,
an angle of 45° is more suitable, as shown in the figure.

This tendency is considerably lower in the case of percussive driving methods (e.g. when using diesel or
pneumatic rams).

Sheet piling Sheet piling
Building

Sand, gravel Building

Sand, gravel

Clay, silt

GW - Groundwater table
Figure C.1: Distance between sheet piling and building {schematic)

Even at great distances from the vibration source, vibration-induced foundation settlement can still occur at
vibration severities which are normally not expected to cause structural damage. For this to occur, the soil has
to be very sensitive io vibration (as is non-cohesive, uniformly graded sand or silt, for instance), and the vibration
has to be continuous or frequent.

Since few investigations have been made regarding dynamically-induced settlement, it is recommended that
expert advice be sought.

Another effect vibration has on soil is liquefaction, when sand or silt at the groundwater level suddenly loses
its bearing capacity as a result of dynamic effects. During earthquakes, this process can lead to damage as
serious as the collapse of buildings. Since the vibration covered by this standard normally lies well under the
vibration magnitudes which occur during strong earthquakes, these effects should only be expected under the
most unfavourable circumstances.

Appendix D

Additional information on measurements on pipework and evaluation of frequencies

D.1 Vibration measurements on pipework

Measurements carried out to evaluate the effects of vibration on pipework should preferably be performed
directly on the pipes. Wherever possible, buried pipes should be exposed only at the point of measurement.
The pick-up should be mounted as described in subclause 5.3 of DIN 45669-2. The time history of the vibration
should be measured in the z, x and y directions, one of which should run along the pipe axis.

Any insulation at the point of measurement should be removed, although thin coatings have little effect on
results. To provide the pick-up with a flat support surface, a concrete or plaster base may be mounted on the
pipe.

Often, mounting pick-ups directly on the pipe can be quite involved. Where the vibration source is not imme-
diately next to the pipework, or is nearby but much deeper than the pipes, measurements can be made on the
ground surface. Previous investigations have shown that vibration measured on the surface is usually greater
than that measured directly on pipes.

D.2 Role of frequency in evaluations

Table 1 gives guideline values for vibration at foundations as a function of freduency. Itis assumed the following
procedures will be carried out:
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1)} Finding the maximum velocity values over the time, v ().
2} Determining the significant frequencies, f,, over u(t).
3) Comparing the maximum velocities, v, with the values given in table 1 for this significant frequency.

NOTE: Narrow-band specira are particularly suited for determining frequencies f,. To reduce distortions of the
spectra caused by the duration and form of the data window, the location and length of the latter have to
be fitted to the time history, v(t). Frequency weighting is not necessary.

EXAMPLE: When a construction machine is started up, short-term vibration occurs. The vibration components,
(), v,{t), and v,(t), measured in the foundation of a nearby building have qualitatively similar time histories,
as have the spectra. The maximum value of the vertical component, v, is considerably greater than those
for v_and v; the horizontal components are therefore disregarded. Figure D.1 shows the time history of the
vertical component ,(t) with a maximum value of 5,1 mm/s.

6 T T T

o i 5

-2

Velocity, in mm/s

-4
-5 ,
-6 L

i

1
Lb 46 - 48 50 52

Time, ins
Figure D.1: Time history of the vertical vibration component, with a maximum of 5,1 mm/s

The main section of the vibration signal is enclosed by dashed lines and is enlarged in figure D.2.

6 T T

Vm_v,ﬂ"\\rll\ M ‘\n I\nnﬂf’\vnvnA
V UWUVUV !

2 b 4

Velocity, in mm/s —=
L=

o4 - 4
-5,1

-6 L L
47,045 47,685 48 48,325
Time,ins —

Figure D.2: Enlargement of 1,28 s section of time history shown in figure D.1
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Before being transformed into a frequency range, the time history illustrated in figure D.2 is multiplied by the

shifted Hanning window shown in figure D.3, given by

B = (1 - cos(2a{t —t VT2 fort, <t =T +1¢,
0 otherwise

The peak of the Hanning window corresponds to the maximum of v,; the length of the window has been adjusted

to the length of the enlargement in figure D.2 (1,28 s).
1

0,8
0,6
04
02
4

-0,2
-0,4
-0,6F
-0.8

-1
47,065 47,685

Time, ins —

48,325

Figure D.3: Hanning window, (& (t)), fitted to (¢} (with ¢, = 47,045 s and T = 1,28 s)

The product of 7_(t) and v,(¢) is transformed into a frequency spectrum using a discrete Fourier transformation.
The spectrum is shown in figure D.4 as a normalized spectrum where the maximum of f, is 16,5 Hz.

WALVI SN

0
0 16,5 50 5
Frequency, in Hz —

Figure D.4: Normalized spectrum

Hz

100

The value givenin line 2 of table 1 for a dwelling and a frequency of 16,5 Hz is 6,6 mm/s. The measured maximum

of 5,1 mm/s lies beneath this value.
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List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
1 |Orifice Transfer Standard Total Suspended Particulate (TSP) Thermo Scientific G25A Jiranatee Associates Co., Ltd. COF-024-68 26 Jun 25 25 Jun 26 -
Calibrator Particulate Matter < 10 um (PM,) 1270
2 |U-Tube Manometer Total Suspended Particulate (TSP) Dwyer 1221-36-W/M Technology Promotion Association 25P1538 25 Apr 25 24 Apr 26 -
Particulate Matter < 10 pm (PM, ) - (Thailand-Japan)
3 |Aneroid Barometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25P1376 17 Apr 25 16 Apr 26 -
Particulate Matter < 10 um (PM, ) (Thailand-Japan)
4 |Dial Thermo-Hygrometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25H806 10 Apr 25 9 Apr 26 -
Particulate Matter < 10 pm (PM, ) (Thailand-Japan)
5 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 07052025 7 May 25 6 May 26 -
CM19050150
6 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
CM22387035
7 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
CM22387037
8 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 4a2i UAE Consultant Co.,Ltd. 12052025 12 May 25 11 May 26 -
CM22387039
9 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Environmental 42C UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
Instrument 42C-67174-356
10 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Environmental 42C UAE Consultant Co.,Ltd. 07052025 7 May 25 6 May 26 -
Instrument 42C-78933-390
11 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
1180540063
12 [Standard Gases (Mixture) Nitrogen Dioxide Airgas EB0162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -
2016PSIG
13 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 17072025 17 Jul 25 16 Jul 26 -
1180540069
14 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 09072025 9 Jul 25 8 Jul 26 -

1180540074




List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
15 |Carbon Monoxide Analyzer Carbon Monoxide Horiba APMA-370 UAE Consultant Co.,Ltd. 17072025 17 Jul 25 16 Jul 26 -
YNA3AGTT
16 |Carbon Monoxide Analyzer Carbon Monoxide Horiba APMA-370 UAE Consultant Co.,Ltd. 11072025 11 Jul 25 10 Jul 26 -
YRLHTB7G
17 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48C UAE Consultant Co.,Ltd. 24072025 24 Jul 25 23 Jul 26 -

48C-65506-348

18 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 24072025 24 Jul 25 23 Jul 26 -
1182920018

19 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 29072025 29 Jul 25 28 Jul 26 -
1182920020

20 [Standard Gases (Mixture) Carbon Monoxide Airgas EBO162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -

2016PSIG
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M&E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGINEERING

‘CONSULTANT COMPANY

umreo  Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: com

M&E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGINEER!

‘CONSULTANT COMPANY

e Tel. 02763 2828 Fax 0 2763 2800 www.

com E-mail: com

Test

MULTI-POINT GAS TEST REPORT

Date : May 7,2025

Equipment :
Manufacturer :

Gas Analyzer (NO2 Model : 42i

Thermo Scientific Serial Number : CM19050150

Test

MULTI-POINT GAS TEST REPORT

Date : May 2,2025

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Expiration Date :

Nov 06,2026

Multi-point gas test data

Equipment : Gas Analyzer (NO2, Model : 42i

Manufacturer:  Thermo Scientific Serial Number : CM22387035

s Gas C trati Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Nov 6,2026

Expiration Date :

Multi-point gas test data

Reference Value (ppb) Analyx::,bb;splay Difference Error | Percent Error [% Error ] Reference Value (ppb) Analy?::,bb;splay Difference Error | Percent Error [% Error ]
Level 1 Zero .0 .0 .00 .0 .0 Level 1 Zero .0 3 .30 .3 .30
Level 2 20.00% 100. 7 .70 .7 .7 Level 2 20.00% 1 .7 .70 .7 .70
Level 3 40.00% 2 .9 .90 4! 4! Level 3 40.00% 2 .7 .70 3! .35
Level 4 300. .5 .50 .1 .1 Level 4 300. .9 .90 .31 .30
Level 5 400.! 400.0 .00 .00 .00 Level 5 400. 400.0 .00 .00 .00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.26 Remark : Measuring Range 500.0 ppb Average Difference (%) 0.33
:Acceptable Limit + 5% :Acceptable Limit + 5%
450 t Gas Test Chart 450 int Gas Test Chart
—~ 400 4 — 400 4
5 5
g 30 g w0
g 300 g 300
g 20 g 20
s 200 = 200
R 2 s
g g
£ 100 i £ 100 i
50 50
0 0 4=
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Reference value (ppb) Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd. ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com
MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025 Test Date : May 12,2025
Equipment : Gas Analyzer (NO2) Model : 42i Equipment : Gas Analyzer (NO2) Model : 42i
Manufacturer : Thermo Scientific Serial Number : CM22387037 Manufacturer : Thermo Scientific Serial Number : CM22387039
Standard Gas Concentration Dilutor Detail Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific Sulphur Dioxide (SOz) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071 Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156 Cylinder No. : EB0159156
Expiration Date : Nov 6,2026

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.2 0.20 0.20 0.20
Level 2 20.00% 100.0 100.4 0.40 0.40 0.40
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35
Level 4 60.00% 300.0 300.8 0.80 0.27 0.27
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.24
:Acceptable Limit + 5%
oint Gas Test Chart
450

— 400 4

3

g %0

F 300

i‘:@ 250

5 200

ENEREY

g

£ 100 i

50
0 45
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
Page 101 enanslununy

Expiration Date : Nov 6,2026

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.6 0.60 0.60 0.60
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35
Level 4 60.00% 300.0 300.8 0.80 0.27 0.27
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.24
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
450

— 400 4

3

g 30

F 300

i‘:@ 250
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Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd. ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. e > Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: ¢ com com E-mail: ¢ com

MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025 Test Date : May 7,2025
Equipment : Gas Analyzer (NO2) Model : 42C Equipment : Gas Analyzer (NO2) Model : 42C
Manufacturer:  Thermo Environmental Instruments  Serial Number : 42C- 67174-356 Manufacturer:  Thermo Environmental Instruments  Serial Number : 42C-78933-390
Standard Gas Concentration Dilutor Detail Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific Sulphur Dioxide (SOz) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071 Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156 Cylinder No. : EB0159156
Expiration Date : Nov 06,2026 Expiration Date : Nov 6,2026
Multi-point gas test data Multi-point gas test data
Reference Value (ppb) Analy?:;bn;splay Difference Error | Percent Error [% Error ] Reference Value (ppb) Analy?:;bb)lsplay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.4 0.40 0.40 0.40 Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.3 0.30 0.30 0.30 Level 2 [20.00% 100.0 100.3 0.30 0.30 0.30
Level 3 40.00% 200.0 200.9 0.90 0.45 0.45 Level 3 40,00% 200.0 201.1 1.10 0,55 0.55
Level 4 [60.00% 300.0 300.7 0.70 0.23 0.23 Lovel 4 |60.00% 300.0 3009 0.90 030 030
Level 5 [80.00% 400.0 400.0 0.00 0.00 0.00 Level 5 [80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.28 Remark : Measuring Range 500.0 ppb Average Difference (%) 0.23
:Acceptable Limit + 5% “Acceptable Limit 5%
450 t Gas Test Chart 450 nt Gas Test Chart
;o : * -
g 2
a0 g
= g 30
& 250 g
S 20 g 20
[ - -'
£ 10 7 2 0
50 < "
0 = 50
0 50 100 150 200 250 300 350 400 450 0 8
Reference value (ppb) 0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: eom
MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025
Equipment : Gas Analyzer (NO2) Model : 42i
Manufacturer :  Thermo Scientific Serial Number : 1180540063
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156
Expiration Date : Nov 6,2026
Multi-point gas test data
Reference Value (ppb) Analyﬁ;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.8 0.80 0.79 0.79
Level 3 40.00% 200.0 2013 1.30 6! 0.65
Level 4 60.00% 300.0 300.7 0.70 2. .23
Level 5 80.00% 400.0 400.0 0.00 .0 .00
Remark : Measuring Range 500.0 ppb Average Difference (%. .33
:Acceptable Limit + 5%
450 int Gas Test Chart
—~ 400 4
5
g a0
g 300
g 250
s 200
5 s
s
100 i
50
0+
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
'
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% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
R —

o oy urts Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com

% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
R ——

o oy urts Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com

MULTI-POINT GAS TEST REPORT

Test Date : July 17,2025

Equipment : Gas Analyzer (CO) Model : 48i

Manufacturer:  Thermo Scientific Serial Number : 1180540069

s Gas C trati Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB0159156

Expiration Date : Nov 06,2026

Multi-point gas test data
Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10. 10.7 .7 6. 6.
Level 3 40.00% 20. 20.4 .4 2. 2,
Level 4 60.00% 30. 30.5 .5 1. 1.
Level 5 40. 40.0 .0 0. 0.
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.03

:Acceptable Limit + 5%

Mull

it Gas Test Chart

a
g

Analyzer Display(ppm)

o 50

Reference value (ppm)
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P;C@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
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consuLTaT company Lwmeo  T€l. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com

MULTI-POINT GAS TEST REPORT

Test Date : July 9,2025

Equipment : Gas Analyzer (CO) Model : 48i

Manufacturer:  Thermo Scientific Serial Number : 1180540074

s Gas C trati Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data
Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 .0 0.0
Level 2 20.00% 10. 10.6 .6 .7 .7
Level 3 40.00% 20. 20.7 .7 4 4
Level 4 60.00% 30. 304 4 3 3
Level 5 80.00% 40. 40.0 .0 .0 .0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.07
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
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P;C@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
NTED ALY D ENGHEERIG

consuLTaT company Lwmeo  T€l. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com

MULTI-POINT GAS TEST REPORT

Test Date : July 17,2025

Equipment : Gas Analyzer (CO) Model : APMA-370
H HORIBA Serial Number ; YN43AG7T
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB0159156
Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 40.00% 20.0 20.9 0.9 4.3 4.3
Level 4 60.00% 30.0 30.7 0.7 2.3 2.3
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.63

:Acceptable Limit + 5%

Multi-Point Gas Test Chart

Analyzer Display(ppm)

Reference value (ppm)

—e— Analyzer Display

Page 1 o nasluemual

MULTI-POINT GAS TEST REPORT

Test Date : July 11,2025

Equipment : Gas Analyzer (CO) Model : APMA-370
H HORIBA Serial Number ; YRLHTB7G
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156
Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 40.00% 20.0 20.5 0.5 24 2.4
Level 4 60.00% 30.0 30.8 0.8 2.6 2.6
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.32

:Acceptable Limit + 5%

Multi-Point Gas Test Chart

Analyzer Display(ppm)

Reference value (ppm)

—e— Analyzer Display

b/l /.. 2028,
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@@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
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@@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
P ve—

Consuirmnr coumy ures  Tel. 02763 2828 Fax 0 2763 2800 www. com E-mail: com

MULTI-POINT GAS TEST REPORT

Test Date : July 24,2025

Equipment : Gas Analyzer (CO) Model : 48C
Manufacturer: _Thermo Environmental Instruments  Serial Number : 48C-65506-348

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.6 0.6 57 5.7
Level 3 40.00% 20.0 20.6 0.6 2.9 2.9
Level 4 60.00% 30.0 30.8 0.8 2.6 2.6
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.23
:Acceptable Limit + 5%
Mull t Gas Test Chart
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@@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
consuLtant coumny ures Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com

CONSULTANT COMPANY LIMITED

MULTI-POINT GAS TEST REPORT

Test Date : July 29,2025

Equipment : Gas Analyzer (CO) Model : 48i

Manufacturer: Thermo SCIENTIFIC Serial Number : 1182920020

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 .0 .0
Level 2 20.00% 10.0 10.7 .7 .5 .
Level 3 40.00% 20.0 20.5 .5 4 4
Level 4 60.00% 30.0 30.3 .3 1.0 1.0
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 1.99
:Acceptable Limit + 5%
Mull t Gas Test Chart
50
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MULTI-POINT GAS TEST REPORT

Test Date : July 24,2025

Equipment : Gas Analyzer (CO) Model : 48i

Manufacturer: Thermo SCIENTIFIC Serial Number : 1182920018

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.5 0.5 4.8 4.8
Level 3 40.00% 20.0 20.7 0.7 34 34
Level 4 60.00% 30.0 30.9 0.9 2.9 2.9
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.21

:Acceptable Limit + 5%

Multi-Point Gas Test Chart

Analyzer Display(ppm)

Reference value (ppm)

July 2025

707 .2568
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List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
1 |Orifice Transfer Standard Total Suspended Particulate (TSP) Andersen Instruments G25A Jiranatee Associates Co., Ltd. COF-024-68 26 Jun 25 25 Jun 26 -
Calibrator Particulate Matter < 10 um (PM, ) 1270
2 |U-Tube Manometer Total Suspended Particulate (TSP) Dwyer 1221-36-W/M Technology Promotion Association 25P1538 25 Apr 25 24 Apr 26 -
Particulate Matter < 10 pm (PM,,) - (Thailand-Japan)
3 |Aneroid Barometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25P1376 17 Apr 25 16 Apr 26 -
Particulate Matter < 10 um (PM,,) (Thailand-Japan)
4 [Dial Thermo-Hygrometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25H806 10 Apr 25 9 Apr 26 -
Particulate Matter < 10 um (PM,,) (Thailand-Japan)
5 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42 UAE Consultant Co.,Ltd. 07052025 7 May 25 6 May 26 -
CM19050150
6 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42 UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
CM22387035
7 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
CM22387037
8 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 12052025 12 May 25 11 May 26 -
CM22387039
9 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Environmental 42C UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
Instrument 42C-67174-356
10 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Environmental 42C UAE Consultant Co.,Ltd. 07052025 7 May 25 6 May 26 -
Instrument 42C-78933-390
11 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
1180540063
12 |Standard Gases (Mixture) Nitrogen Dioxide Airgas EB0162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -
2016PSIG
13 [Carbon Monoxide Analyzer Carbon Monoxide Thermo Scientific 48i UAE Consultant Co.,Ltd. 04072025 4 Jul 25 3 Jul 26 -
CM08140003
14 [Carbon Monoxide Analyzer Carbon Monoxide Thermo Scientific 48i UAE Consultant Co.,Ltd. 04072025 4 Jul 25 3 Jul 26 -
CM08140004




List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
15 |Carbon Monoxide Analyzer Carbon Monoxide Thermo Scientific 48i UAE Consultant Co.,Ltd. 11072025 11 Jul 25 10 Jul 26 -
1180540068
16 |Carbon Monoxide Analyzer Carbon Monoxide Thermo Scientific 48i UAE Consultant Co.,Ltd. 17072025 17 Jul 25 16 Jul 26 -
1180540069
17 |Carbon Monoxide Analyzer Carbon Monoxide Thermo Scientific 48i UAE Consultant Co.,Ltd. 09072025 9 Jul 25 8 Jul 26 -
1180540074
18 |Carbon Monoxide Analyzer Carbon Monoxide Horiba APMA-370 UAE Consultant Co.,Ltd. 17072025 17 Jul 25 16 Jul 26 -
YNA3AGTT
19 |Carbon Monoxide Analyzer Carbon Monoxide Horiba APMA-370 UAE Consultant Co.,Ltd. 11072025 11 Jul 25 10 Jul 26 -
YRLHTB7G
20 [Standard Gases (Mixture) Carbon Monoxide Airgas EB0162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -
2016PSIG
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M&E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGINEERING

M&E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGINEERING

consuLTant company Lureo T€l. 0 2763 2828 Fax 0 2763 2800 www. com E-mail:

consuLTant company Lureo T€l. 0 2763 2828 Fax 0 2763 2800 www. com E-mail:

MULTI-POINT GAS TEST REPORT

Test Date : May 7,2025

Equipment :
Manufacturer :

Gas Analyzer (NO2 Model :
Thermo Scientific Serial Number :

42i

CM19050150

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM Manufacturer :
Nitric Oxide (NO) 46.77 PPM Model :
Methane (CHa) - PPM Serial Number :
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Nov 06,2026

Expiration Date :

Multi-point gas test data

Thermo Scientific
146i
1180540071

MULTI-POINT GAS TEST REPORT

Test Date : May 2,2025

Equipment : Gas Analyzer (NO2, Model :

42i

Manufacturer:  Thermo Scientific Serial Number :

CM22387035

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM Manufacturer :
Nitric Oxide (NO) 46.77 PPM Model :
Methane (CHa) - PPM Serial Number :
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Expiration Date :

Nov 6,2026

Multi-point gas test data

Thermo Scientific
146i
1180540071

Reference Value (ppb) Analy?::,bb;splay Difference Error | Percent Error [% Error ] Reference Value (ppb) Analy?::,bb;splay Difference Error | Percent Error [% Error ]
Level 1 Zero .0 .0 .00 .0 .0 Level 1 Zero .0 3 .30 .3 .30
Level 2 20.00% 1 .7 .70 .7 .7 Level 2 20.00% 1 .7 .70 .7 .70
Level 3 40.00% 2 .9 .90 4! 4! Level 3 40.00% 2 .7 .70 3! .35
Level 4 300. .5 .50 .1 .1 Level 4 300. .9 .90 .31 .30
Level 5 400.! 400.0 .00 .00 .00 Level 5 400. 400.0 .00 .00 .00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.26 Remark : Measuring Range 500.0 ppb Average Difference (%) 0.33
:Acceptable Limit + 5% :Acceptable Limit + 5%
450 t Gas Test Chart 450 int Gas Test Chart
—~ 400 4 — 400 4
5 5
g 30 g w0
g 300 g 300
g 20 g 20
s 200 = 200
R 2 s
g g
£ 100 i £ 100 i
50 50
0 =57 0 4=
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Reference value (ppb) Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd. ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com
MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025 Test Date : May 12,2025
Equipment : Gas Analyzer (NO2) Model : 42i Equipment : Gas Analyzer (NO2) Model : 42i
Manufacturer : Thermo Scientific Serial Number : CM22387037 Manufacturer : Thermo Scientific Serial Number : CM22387039
Standard Gas Concentration Dilutor Detail Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific Sulphur Dioxide (SOz) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071 Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156 Cylinder No. : EB0159156

Expiration Date : Nov 6,2026

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.2 0.20 0.20 0.20
Level 2 20.00% 100.0 100.4 0.40 0.40 0.40
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35
Level 4 60.00% 300.0 300.8 0.80 0.27 0.27
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.24
:Acceptable Limit + 5%
oint Gas Test Chart
450
— 400 4
3
g %0
F 300
i‘:@ 250
5 200
ENEREY
g
£ 100 i
50
0 45
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
Page 101 enanslununy

Expiration Date : Nov 6,2026

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.6 0.60 0.60 0.60
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35
Level 4 60.00% 300.0 300.8 0.80 0.27 0.27
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.24
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
450
— 400 4
3
g 30
F 300
i‘:@ 250
5 200
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g
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Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd. ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. e > Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: ¢ com com E-mail: ¢ com

MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025 Test Date : May 7,2025
Equipment : Gas Analyzer (NO2) Model : 42C Equipment : Gas Analyzer (NO2) Model : 42C
Manufacturer:  Thermo Environmental Instruments  Serial Number : 42C- 67174-356 Manufacturer:  Thermo Environmental Instruments  Serial Number : 42C-78933-390
Standard Gas Concentration Dilutor Detail Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific Sulphur Dioxide (SOz) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071 Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156 Cylinder No. : EB0159156
Expiration Date : Nov 06,2026 Expiration Date : Nov 6,2026
Multi-point gas test data Multi-point gas test data
Reference Value (ppb) Analy?:;bn;splay Difference Error | Percent Error [% Error ] Reference Value (ppb) Analy?:;bb)lsplay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.4 0.40 0.40 0.40 Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.3 0.30 0.30 0.30 Level 2 [20.00% 100.0 100.3 0.30 0.30 0.30
Level 3 40.00% 200.0 200.9 0.90 0.45 0.45 Level 3 40,00% 200.0 201.1 1.10 0,55 0.55
Level 4 [60.00% 300.0 300.7 0.70 0.23 0.23 Lovel 4 |60.00% 300.0 3009 0.90 030 030
Level 5 [80.00% 400.0 400.0 0.00 0.00 0.00 Level 5 [80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.28 Remark : Measuring Range 500.0 ppb Average Difference (%) 0.23
:Acceptable Limit + 5% “Acceptable Limit 5%
450 t Gas Test Chart 450 nt Gas Test Chart
;o : * -
g 2
a0 g
= g 30
& 250 g
S 20 g 20
[ - -'
£ 10 7 2 0
50 < "
0 = 50
0 50 100 150 200 250 300 350 400 450 0 8
Reference value (ppb) 0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: eom
MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025
Equipment : Gas Analyzer (NO2) Model : 42i
Manufacturer :  Thermo Scientific Serial Number : 1180540063
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156
Expiration Date : Nov 6,2026
Multi-point gas test data
Reference Value (ppb) Analyﬁ;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.8 0.80 0.79 0.79
Level 3 40.00% 200.0 2013 1.30 6! 0.65
Level 4 60.00% 300.0 300.7 0.70 2. .23
Level 5 80.00% 400.0 400.0 0.00 .0 .00
Remark : Measuring Range 500.0 ppb Average Difference (%. .33
:Acceptable Limit + 5%
450 int Gas Test Chart
—~ 400 4
5
g a0
g 300
g 250
s 200
5 s
s
100 i
50
0+
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
'
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% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

ANALYST AND ENGINEER)

e e a2 Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail:

% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
R ——

e e a2 Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: com

MULTI-POINT GAS TEST REPORT

Test Date : July 4,2025
Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer:  Thermo Scientific Serial Number : CM08140003

MULTI-POINT GAS TEST REPORT

Test Date : July 4,2025
Equipment : Gas Analyzer (CO) Model : 48i

Manufacturer:  Thermo Scientific Serial Number : CM08140004

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : _EB01159156
Expiration Date : Nov 06,2026
Multi-point gas test data
Reference Value (ppm) Analy::;:)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 .0 0. 0.
Level 2 20.00% 10.0 10.3 .3 2. 2
Level 3 40.00% 20.0 20.4 4 2. 2.
Level 4 60.00% 30.0 30.7 .7 2. 2.
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 1.43
:Acceptable Limit + 5%
Mull it Gas Test Chart
50
E
£
g
&
(=)
3
g
<
0
0 50

Reference value (ppm)

—+— Analyzer Display

4 July / 2025

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data
Reference Value (ppm) Analy::;:)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 .0
Level 2 20.00% 10.0 10.7 .7
Level 3 40.00% 20.0 20.3 .3 . .
Level 4 60.00% 30.0 30.7 .7 2. 2.
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.06
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
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P;C@E United Analyst and Engineering Consultant Co., Ltd. P;C@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
consuLtant coumny ures Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com ey Lot Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com
MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT

Test Date : July 11,2025 Test Date : July 17,2025

Equipment : Gas Analyzer (CO) Model : 48i Equipment : Gas Analyzer (CO) Model : 48i

Manufacturer: Thermo SCIENTIFIC Serial Number : 1180540068 Manufacturer: _Thermo Scientific Serial Number : 1180540069

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. :
Expiration Date :

EB01159156
Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.9 0.9 8.3 8.3
Level 3 40.00% 20.0 20.7 0.7 34 34
Level 4 60.00% 30.0 30.7 0.7 2.3 2.3
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.78
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
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Page 1 of 1

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB0159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 40.00% 20.0 20.4 0.4 2.0 2.0
Level 4 60.00% 30.0 30.5 0.5 16 16
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.03
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
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NAS

UNTED ANALYST AND ENGIEERING
CONSULTANT COMPANY LIMITED

United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail:

NAS

UNTED ANALYST AND ENGIEERING
CONSULTANT COMPANY LIMITED

United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail:

MULTI-POINT GAS TEST REPORT

MULTI-POINT GAS TEST REPORT

Test Date : July 9,2025
Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer:  Thermo Scientific Serial Number : 1180540074
s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156
Expiration Date : Nov 06,2026
Multi-point gas test data
Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 .0 0.0
Level 2 20.00% 10. 10.6 .6 .7 .7
Level 3 40.00% 20. 20.7 .7 4 .4
Level 4 60.00% 30. 304 4 3 3
Level 5 40. 40.0 .0 .0 .0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.07
:Acceptable Limit + 5%
Mull it Gas Test Chart
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—+— Analyzr Display

Test Date : July 17,2025

Equipment : Gas Analyzer (CO) Model : APMA-370
Manufacturer : HORIBA Serial Number : YN43AG7T

..2068..

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB0159156
Expiration Date : Nov 06,2026
Multi-point gas test data
Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10. 10.7 .7 6. 6.
Level 3 40.00% 20,/ 20.9 .9 4. 4.
Level 4 60.00% 30. 30.7 .7 2. 2.
Level 5 IE.OO% 40. 40.0 .0 0. 0.
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.63
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
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IEKEE United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Consuan cowy Lures Tel. 0 2763 2828 Fax 0 2763 2800 www, com E-mail: com
MULTI-POINT GAS TEST REPORT
Test Date : July 11,2025
Equipment : Gas Analyzer (CO) Model : APMA-370
H HORIBA Serial Number ; YRLHTB7G

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific

Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM Serial Number : 1180540071

Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 40.00% 20.0 20.5 0.5 24 2.4
Level 4 60.00% 30.0 30.8 0.8 2.6 2.6
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.32
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
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List of Instruments Certification for Air & Noise Quality Analysis

No.[ Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of | Due date of | Remark
No. Calibration| Calibration
Ambient
1 |Sound Level Calibrator Calibrate Sound Level Meter Larson Davis CAL200 Innovative Instrument 25-ACT-074 20 May 25 19 May 26 -
(Acoustic Calibrator) 21091 Co.,Ltd.
2 |Sound Level Meter Laeq 24 hrsr Laeq 1 v Larmaxs Lasor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-242 29 Jul 25 28 Jul 27 -
0005288 Co.,Ltd.
3 |Sound Level Meter Laeq 24 hrsr Laeq 1 v Larmaxs Lasor Ladn Larson Davis LxT2 Electrical And Electronics Institute CP20240341EA 23 Sep 24 22 Sep 26 -
0005298 Foundation For Industrial Development
4 |Sound Level Meter Laeq 24 hrsr Laeq 1 her Larmax Lasor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-273 11 Aug 25 10 Aug 27 -
0005299 Co.,Ltd.
5 |Sound Level Meter Laeq 24 hrsr Laeq 1 her Larmax Lasor Ladn Larson Davis LxT2 Electrical And Electronics Institute CP20250040EA 3 Feb 25 2 Feb 27 -
0005328 Foundation For Industrial Development
6 |Sound Level Meter Laeq 24 hrsr Laeq 1 her Larmaxs Lasor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-339 9 Oct 25 8 Oct 26 -
0005341 Co.,Ltd.
7 |Sound Level Meter Laeq 24 hrsr Laeq 1 her Larmax Lasor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-340 10 Oct 25 9 Oct 26 -
0005343 Co.,Ltd.
8 |Sound Level Meter Laeq 24 hrsr Laeq 1 her Larmax Lasor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-337 9 Oct 25 8 Oct 26 -

0005349

Co.,Ltd.
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PerkinE mer’
For the Better

PinAAcle 900F
Preventive Maintenance Report

Company Name: TEST TECH CO.,, LTD.
Instrument Location: 30,32 RAMA2 SOI 63, RAMA 2 RD.,,
SAMMAEDAM, BANGKHUNTIEN, BANGKOK 10150
Instrument Serial No.: PFBS21091601
Date:  11-Feb-2026

PinAAcle 900F Preventive Maintenance (PM)

Company Name: TEST TECH CO,, LTD.
Address
30,32 RAMA2 SOI 63, RAMA 2 RD., BANGKHUNTIEN, BANGKOK 10150
{Instrument Location):
Serial Number: PFBS21091601 PM Number: 1of1
Customer Name Telephone
{if applicable): _ Number:
Customer Support Service Order WO-117747 6
Engineer Name: _ Number:
Next PM Due
Date PM Performed: 11-Feb-2026 . 11-Feb-2027
{(DD-MMM-YYYY) Date:
{DD-MMM-YYYY)
Standard Labor Hours to Complete PM : 5 hours
Part Number Release Publication Date )
09370145 Rev.9 A January 2018 PerkinElmer’
Scope

The purpose ofths PM  toensure the continued functionality of the PinAAc e 900F by inspect ng and
replacing any worn or damaged parts This service should only be performed by a traied representative of
PerkinElmer.

The customer shou d save their method before the PM beg s

General Instructions:

The customer must provide the engineer i data to recent i prior to
starting the PM.

Always check with the customer before making any changes that may affect the customer’s analysis or calibration,
including a current back-up of system software and/or data files.

The completed document should be signed by an i i and customer e and left with
the customer.

Update the PM sticker and instrument logbook as required.

Copyright Information

This document contains proprietary information that is protected by copyright. All rights are reserved

No part of this publication may be reproduced in any form whatsoever or translated into any language without the
prior, written permission of PerkinElmer, Inc.

Copyright © 2013 PerkinElmer, Inc.

Trademarks

Registered names, trademarks, etc. used in this document, even when not specifically marked as such, are protected
by law. PerkinElmer is a registered trademark of PerkinElmer, Inc. All other trademarks and registered trademarks
not owned by PerkinElmer, Inc. or its subsidiaries that are depicted herein are the property of their respective owners.
Except as specifically set forth in its terms and conditions of sale, PerkinElmer makes no Warranty of any kind
with regard to this document, including, but not limited to, the implied warranties of merchantability and
fitness for a particular purpose.

PerkinElmer shall not be liable far incidental or consequential damages in connection with the furnishing or use of
this document,

[PinaAcle 900F Preventive Maintenance Report (PM) Page 1of7 |
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Component List

Component / Specific Model Serial # Configuration Notes
FIAS 400 521100101 Syngistix version 4.0
Parts Lists

Parts Included with the PM
Part Number (if

applicable) Description Quantity
80501696 Fan Filters 2
N3160156 O-Ring Kits for Sampling Introduction { Stainless Steels Nebulizer) N/A
N3160157 0 Ring Kits for Sampling ntroduction ( Plastic Nebulizer) 1
N9301714 Replacement Acetylene Filter Cartridge 1
THO01022 Replacement A Filter Cartridge 2
Additional Reagents and Standards Required for PM
Part Number Expired D:
Descripti Batch/lot#  Expired Date
{if applicabte) ption Quality h/! (MM
N9300183 1000 mg/L Copper Standard AR 28-83CUY1 NOV-2026

Additional Reagents and Standards Required for PM (Customer Support Solution)

Part Number (if Expiration
applicable) Description Quantity Batch/Lot # Date (mry
N/A DI Water 250m. AR AR
N/A 0.5% HNO 250m. AR AR
[PinaActe 900F Preventive Mantenance Report PM Page20f7 |
Procedure Checklist

Use (v ) to check off those steps in the checklist that have been completed.

1. General:

1 Review the instrument performance with the customer and document any recent
problems,

¥ Inspect the customer log book and make any appropriate PM entries.

¥ Perform general inspection of system for cleanliness.

2. PClnstrument Software:

B Instrument Software user files/databases archived, packed, and/or deleted as needed.

3. Mechanical:

4} Inspect and clean all fans and filters. Replace filters if necessary

4} Inspect all gas lines for leaks and/or wear. Replace if needed.
Clean exterior of the instrument.

4} Inspect the burner head, burner chamber, and nebulizer. Clean if needed as stated in the
Hardware Guide.
Check burner head dimensions with the feeler gauge as stated in the Hardware Guide in the
Maintenance chapter section on cleaning the burner head and checking sloth width.
Replace if out of specification

Check the condition of the end cap, burner head, and nebulizer O-rings. Replace if necessary

¥ Check the drain system for signs of wear. Replace worn or damaged parts.

4] Visually check for proper flame conditions when igniting the Air-C2H2 and N20-C2H2 flames
(if applicable).

4. Electrical:

4} Inspect PC boards. Clean if necessary.

= Carefully check all internal and externa cable connect ons.

¥ Check instrument f rmware revisions upgrade to current leve s (if necessary)

¥ Run Diagnostics Test with n the Advanced funct'on of the Spectrometer page. Check the
results in the service log fo der in the Spectrometer BM Log V ewer.

5. Optics:
= Inspect and clean the sample compartment w ndows, if needed.
# Inspect optics. Clean or replace f necessary,

6. Gasses:

1 Verify that the Gasses suppl ed to the nstrument are within the pressure and purity
specifications found in the PinAAc e 900 Series Pre- nstal at on Checklist SDB.
4] Verify that the acetylene fi ter and air filter e ement s dry. Replace if necessary.

| PinAAcle 900F Prevenuve Maintenance Report (PM) Paged of 7 |

Additional Tools Required for PM

Part Number
(if applicable) *

| o | oot |3 | o |
T T T
ooor | smeimew | | owwr |

Description . . . Quahil!v * Serial#

[PinaAcie 900F Preventive Maintenance Report PM Page30f7 |

7. Flame Interlock Check:

Description: Check to ensure that all safety interlocks are closed.

Parameter Specification Test Results Pass/Fail
Flame Sensor Air/C;H, Flame correctly shutsdown  Active Passed
Drain Sensor Air/CoH, Flame correctly shutsdown  Active Passed

Nebulizer Sensor Air/C;H, Flame correctly shutsdown  Active Passed
C;H, Pressure Sensor Air/CyH, Flame correctly shuts down Active Passed
Air Pressure Sensor Alr/CyH, Flame correctly shutsdown  Active Passed

Choosing Nitrous Oxide as the oxidant
v
Burner Head Sensor .. d trigger an interlock shuts down 01V Passed
8. After PM Performance tests:
8.1 Detector Linearity with Barium
Description: Ensures that the detector is linear in the Visible Range.
Certificate Vatue
Parameter Specification 2t553.6 nm (Abs.) Test Results Pass/Fall
1.0 AND Filter +5% from Cert, 0.9874 0.9776 Passed
0.2 AND Filter 1 5% from Cert. 0.1886 0.1874 Passed
8.2 Baseline Noise at 1.0 Absorbance with Barium
Description: Ensures that a high absorbance will not produce excessive noise.
Parameter Specification Results Pass/Fail
Standard Deviation s0010 0.0007 Passed
8.3 AA Baseline Noise with Copper
Description: Check baseline noise.
Parameter Specification Results Pass/Fail
Standard Deviation s0.001 0.0001 Passed
| PinAAcle 900F Prevenuve Maintenance Report (PM) Page s of 7 |




8.4 D, Background Compensation with Copper

Description: Verifies the instruments ability to for Background
Results Pass/Fall
Standard Deviation s0010 0.0073 Passed

8.5 AA-BG Baseline Noise with Copper

Description: Ensures that background correction does not produce excessive noise.

i Results Pass/Fail
Standard Deviation $0.005 0.0001 Passed
8.6 AA-BG Baseline Noise with Arsenic
Description: Ensures that backgt ion does not produce excessive noise at a low
wavelength.
Results Pass/Fail

Standard Deviation <0005 0.0003 Passed

8.7 Flame Sensitivity

Descr ption: Instrument Sensitivity checked against Copper standard.

Standard Copper Results (Abs.) Pass/Fail
5 mg/L. Sensitivity S5 Neb (if applicable) >0250 Abs N/A Not Applicable
2mg/L. Sens t vity HS Neb (if appl cable) >0.250 Abs 0.4264 Passed
10. Review:

¥ Review with the customer PM work performed.

¥ Review with the customer routine maintenance procedures.

™ Discuss recommended customer supplied materials to have on hand.
¥ Attach PM sticker.

| PinAAcle 900F Preventive Maintenance Report (PM) Page 6 of 7 |

Additional Comments

Additional Comments Regarding the PM

Performance Test For FIAS

1. Characteristics mass for Mercury
(500uL of 100ug/L Hg and 5 replicates)
Characteristics mass
%RSD

2. Characteristics mass for Arsenic
(500uL of 100ug/L Hg and 5 replicates)
Characteristics mass
%RSD

2. Characteristics mass for Selenium
(500uL of 100ug/L Hg and 5 repl cates)
Characteristics mass
%RSD

Wavelength Accuracy Check
As193.700 nm +/- 0.3 nm
Cu 324.750 nm +/- 0.3 nm
Ba 553.550 nm +/- 0.3 nm
K 766.490 nm +/-0.3 nm

310.8 pg/0.0044

0.71%

136.3 pg/0.0044
350

92.4 pg/0.0044

06346

193.700 nm
324.800 nm
553.550 nm
766.590 nm

Review

The preventive maintenance checks and if applicable performance tests for PinAAcle 900F have

been completed.

This PinAAcle 900F Passes P Fails O the preventive maintenance.

Review of Preventive Maintenance:

Authorized PerkinElmer Representative: _
Authorized Customer Representative: _

Date:
11-Feb-2026
BO-MMM-YYYY
Date:
11-Feb-2026
{DD-MMM-YYYY)

| PnAActe 900F Preventive Matenance Report (PM)

Page 7of7 |



2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle



QUALITY CALIBRATION CO.,LTD.
235 Petchkasem 63/2 Road, Laksong, Bangkae, Bangkok 10160
Tel (662) 421-5402, (662) 444-0152-3, Fax (662) 809-4584
www.qgcalibration.com

QUALITY CALIBRATION CO.,LTD.
235 Petchkasem 63/2 Road, Laksong, Bangkae, Bangkok 10160

T,
S

Tel (662) 421-5402, (662) 444-0152-3, Fax (662) 809-4584 Y]
www.qcalibration.com N;:.nsp 11517025
CALIRATION 0043
CERTIFICATE No : 26M5746 PAGE:10F2

REFERENCE No : 81208-3
Certificate of Calibration

EQUIPMENT : DIGITAL BALANCE

MANUFACTURER : SARTORIUS

MODEL : BCA224i-18

SERTAL No : 0043402017

D No : EQL-268

CONDITION AS RECEIVED  : USED ITEM

SUBMITTED BY : TEST TECH CO,, LTD.
30,32 RAMA I SOI 63, RAMA [ RD.,
SAMAEDAM, BANGKHUNTHIAN, BANGKOK
10150

CALIBRATED BY l

CALIBRATION DATE 05-Jun-26

APPROVED BY

ISSUED DATE 08-Jun-26

RECEIVED DATE 05-Jun-26

CERTIFICATE No : 26M5746 PAGE:20OF2
Calibration Report

EQUIPMENT H DIGITAL BALANCE MODEL : BCA224i-1S

MANUFACTURER : SARTORIUS SIN H 0043402017

ID No : EQL-268 RECEIVED DATE : 05-Jun-26

AIR PRESSURE H 1008mbar + 1mbar CALIBRATION DATE : 05-Jun-26

AMBIENT TEMPERATURE H 22°Cx1°C RELATIVE HUMIDITY : 59 %RH = 10 % RH

CONDITION OF THIS RESULTS OF CALIBRATION

1. THIS INSTRUMENT WAS CALIBRATED BY ACCORDING TO UKAS LAB 14 EDITION 62019 BY USING KNOWN WEIGHT
STANDARD WEIGHT. THE BALANCE WAS NOT ADJUSTED BEFORE CALIBRATION. THE BALANCE HAS NO ZERO
TRACKING FUNCTION, REPEATABILITY WAS MEASURED BY USING 10 REPEATED MEASUREMENTS. LINEARITY WAS
MEASURED COVERING 10 POINTS, EVENLY SPREAD OVER THE RANGE. THE INSTRUMENT WAS SET ZERO BEFORE
PERFORMING THE LINEARLITY TEST. OFF-CENTER LOADING WAS MEASURED BY USING STANDARD WEIGHTS PLACED
ON THE PAN AND MOVED TO VARIOUS POSITIONS ON THE PAN.

2. REFERENCE STANDARD INSTRUMENTS :-

INSTRUMENT MODEL SERIAL No CERTIFICATE No DUE DATE
1) STANDARD WEIGHT SET E2 QK-I-151 C02250116 28-Jan-27
2) STANDARD WEIGHT E2 15843 €02250117 29-Jan-27

3. THE CERTIFICATE IS VALID FOR THE ITEM CALIBRATED AS SHOWN ON THE DATE AND PLACE OF CALIBRATION ONLY.
4. THIS RESULT EXCLUDE LONG TERM STABILITY OF THE UNIT UNDER CALIBRATION.
5. THIS CERTIFICATE IS TRACEABLE TO THE INTERNATIONAL SYSTEM OF UNIT MAINTAINED AT:-
- NATIONAL INSTITUTE OF METROLOGY (THAILAND)
RESULT OF CALIBRATION :- WITHOUT ADJUSTMENT

1. ZERQ SETTING FUNCTION : NORMAL

2. TARE FUNCTION : NORMAL

3. REPEATABILITY OF READING AT 200 g WAS 0.000055 g
4. DEPARTURE FROM NOMINAL VALUE/ LINEARITY

NOMINAL VALUE (g) BALANCE READING (g) CORRECTION (g) UNCERTAINTY (¢ g)
0.0 0.0000 0.0000 0.00010
0.1 0.1000 0.0000 0.00011
0.5 0.5000 0.0000 0.00010
1.0 1.0000 0.0000 0.00011
2.0 20000 0.0000 0.00011
200 20.0000 0.0000 0.00011
45.0 45.0000 0.0000 0.00016
50.0 50.0000 0.0000 0.00013
80.0 80.0000 0.0000 0.00018
100.0 100.0000 0.0000 0.00019
120.0 120.0001 -0.0001 0.00022
140.0 140.0001 -0.0001 0.00024
160.0 160.0001 -0.0001 0.00027
180.0 180.0001 -0.0001 0.00029
200.0 200.0000 0.0000 0.00032
5. OFF CENTER LOADING ERROR
POINT READING (g)
1 100.0000
3\ 4 2 100.0000
3 100.0000
2 5 4 100.0000
s 100.0000
OFF-CENTER LOADING 0.0000

NOTE: THIS CALIBRATION WAS CARRIED OUT AT THE CUSTOMER'S PLACE AT LABORATORY AREA
THE REPORTED UNCERTAINTY OF MEASUREMENT WAS BASED ON A STANDARD UNCERTAIN
COVERAGE FACTOR k =2, PROVIDING A LEVEL OF CONFIDENCE APPROXIMATELY 95%.
END OF CALIBRATION REPORT
EgzE
o

THIS CERTIFICATE MAY NOT BE REPRODUCED OTHER THAN IN FULL EXCEPT WITH THE PRIOR WRITTEN APPROVAL OF
QUALITY CALIBRATION CO., LTD.

E""m
F-GO10 REV 03
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Harikul Science Co.,Ltd.

HARIKUL 694 Soi Ratchadanivet 24, Pracharatbamphen,

Samsaennok , Huaikhwang, Bangkok 10310
SCIENCE Tel: 0-2274-2456 Fax: 0-2274-2443

Email:info@harikul.com  www.harikul.com

CERT.No.: HS-X010C Certificate of Calibration

Calibration Date : 11 March 2026 Model : YS15000
Submitted by : TEST TECH CO..LTD. SIN : 18A103706
30,32 Ramall Soi 63, Ramall Road. Samaedam, Probe : YSI5010
Bangkhunthian, Bangkok 10150 SIN : 26G100244
ID NO. : EQL-202
Avg Room Temp : 20 °C Air Temp ref : S/N. F8065C26
Avg Water Temp : 20 °C Barometric ref : S/N. F8065C26
Air Pressure : 760.00 mmHg Water Temp ref : -
Salinity : 0 ppt 1D NO. HS001
Technician : Kittipong M.

Catibration Details

Calibration Point 100% air sat. (status) (status)
(@20 °C, DO =9.09 mg/l)

Measurement 1 (mg/l) 9.09 (PASS) - -
Measurement 2 (mg/l) 9.09 (PASS) - -
Measurement 3 (mg#) 9.09 (PASS)

Measurement 4 (mg/l) 9.09 (PASS) -

Measurement 5 (mg/l) 9.09 (PASS) -

Measurement 6 (mg/l) 9.08 (PASS) - -
Measurement 7 (mg/l) 9.08 (PASS) - -
Measurement 8 (mg/) 9.08 (PASS) - -
Measurement 9 (mg/l) 9.08 (PASS) -
Measurement 10 (mg/l) 9.08 (PASS) - -
Mean Measurement 9.09 mgh - -
Inaccuracy 0.00 mg/l

Overall Status , (PASS)

Manufacturer Specification

Accuracy = +/- 0.02 mg/l

1) This certificate is issued based on the resuit that are found as shown on

date and place of test only.
2) The calibtation procedure followed in accordance with Harikul Science Co., Ltd.
3) This resul\ shall not be used for advertising purpose.

ThermoFisher SCi ThermoFisher SC.

Spec Spec
PREVENTIVE MAINTENANCE CHECKLIST PREVENTIVE MAINTENANCE CHECKLIST

1. Customer Data.

o

Company 45180 &Y e &y

Customer name

Department

LAD aCns Room 4z, 4“/\—5\30%

Address/City 30,32 B MSTIUM L T b2 AMST UM 2.
WA ALY L Ay ey Nsaww ) 1849

Telephone

Fax / E-Mail

Contract number

2. Instrument Data (include optional accessories).

Instrument /Accessory: Serial Number:
I%Q@ tooo I3& 10 023
“Tvoer 4340 J490012%6
Preventive Maintenance for ALl 110 430190755
AT Atowmx X¥2 ys\are0002

GCMS 1SQ 7000
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ThermoFisher SCi

Spec
PREVENTIVE MAINTENANCE CHECKLIST

3. Instrument Software.

Data System Software and Version Choweloon 2.2 .10

4. Service Report.

Job Number 2055300595
ThermoFisher .
SCIENTIFIC SC|

Spec
PREVENTIVE MAINTENANCE CHECKLIST

7. Initial Checks by Service Engineer

GC,MS,Data system should be work well befor starting PM
Item Done Not N/A
done

Check electronics: diagnostics voltages

Check system communication all of GC,MS ,Auto sampler

Remove the dust from the boards and fan

Update firmware if necessary (GC & AS)

8. GC Oven Temperature Accuracy Test
Test Instruction
1. Place the temperature probe in the column oven within 1 cm of the oven
sensor.
2. Close column oven.
3 Set the GC oven temperature to 400 C.
4. Allow the temperature to stabilize, record the set (GC front panel) and
measured (thermometer) oven temperature on the Column Oven
Temperature table.

ThermoFisher SCi

Spec
PREVENTIVE MAINTENANCE CHECKLIST

5. Special Instructions. C ff CO@

Points to remember whilst carrying out p

1. Wear gloves and goggles at all times when handling oils and solvents.

2. Wear gloves and eye protection at all time during handling liquid Nitrogen.
3. Exercise caution when handling hot parts.

4. Observe appropriate chemical d sposal requ rements

5. Check with customer if there are any contaminated parts which may need careful
handling.

6. If returning faulty pump(s) for repair, make sure you send a signed ‘disclaimer form'
with it. Pump(s) wil NOT be accepted otherwise.

7. Run through this checklist with customer and show work carried out and parts
replaced.

8. Inform the customer that Thermo does not take any responsibility for loss of data in
any storage device / computer system. Make sure that the customer made a
backup of alt Data before you start the PM.

9. Any Special instructions needed for the specific instrument.

FINALLY, inform the customer of any changes you may have made to software or
hardware settings during your visit.

6. Initial Checks by Customer

Ef Is all Data on the Storage Devices Backed up? SciSpec takes no responsibility

for any loss of Data.
Make sure all glassware has been cleaned of all hazardous material before PM

ThermoFisher s d

Spec
PREVENTIVE MAINTENANCE CHECKLIST

9. GC Inlet Temperature and Leak Test

SSL inlet Temperature Test Instruction
1. Inlet temperature may be measured through the top or bottom of Iniet.
2. To measure through the bottom of Iniet.
: Remove capillary adapter and Inlet liner, if installed.
3. To measure through the top of inlet.
: Remove the septa holder and Inlet liner, if installed.
4. Insert the thermocouple probe inside the Inlet.
5. Set appropriate SSL Inlet temperature to 100°C.
6. Allow temperature to equilibrate.
7. Record the set (GC front panel or software) and measured (Thermometer
display) Inlet temperatures on the table.

Inlet Temperature Test
Description Set Observed | Applicable Not Action
temperature | Temperature Applicable

Chanel1 Front 100°C N 2T Done
Temperature 1o a = [m] I Not done
Reading (Limit +5°C) =
Chanel2 Back 100°C B Done
Temperature 12X ¢ =z’ m] O3 Not done
Reading (Limit +5°C)

5. Set the GC oven temperature to 120.0 C.

6. Allow the temperature to stabilize, record the set (GC front panel) and
measured (thermometer) oven temperature on the Column Oven
Temperature table.

Oven Temperature Test
Description Set Observed | Applicable Not Action
temperature | Temperature Applicable

Temperature 40°C . A Done
Reading (Limit 4006 T e ] O Not done
+1°C)

Temperature 120°C R m/ & Done
Reading (Limit 13040 C [m] O Not done
12°C)

PTV inlet Temperature Test Instruction
1. Inlet temperature may be measured through the top or bottom of Inlet.
2. To measure through the bottom of Inlet.
: Remove capillary adapter and In et liner, if installed.
3 To measure through the top of Inlet
 Remove the septa holder and inlet liner if installed.
4. Insert the thermocouple probe inside the Inlet.
5 Set appropriate SSL Inlet temperature to 100°C.
6. Allow temperature to equilibrate.
7. Record the set (GC front panel or software) and measured (Thermometer
display) inlet temperatures on the table.

Inlet Temperature Test

Description Set Observed | Applicable | Not Action
p p Applicable

Chanel1 Front 100°C [ Done
Temperature N4 O er O3 Not done
Reading (Limit +5°C) !
Chanel2 Back 100°C =& Done
Temperature N/ A [} el I Not done
Reading (Limit +5°C)




Sc
Spec
PREVENTIVE MAINTENANCE CHECKLIST

Inlet Leak Test Instruction
1. With the GC powered ON, Set the initial oven temperature to 40 C, keeping
the door open.
2. Insert an aluminum plug in to the M4 capillary Inlet. Attached the nut to the
capillary inlet and tighten.
3. Install a new, unused septa and seal with the septa nut.
4. Set the following for the tested inlet

: Inlet

constant pressure at 200kPa.

: Splitless Mode.

: Split

flow to 50 mL/min.

: Constant septum purge to Yes.

. Tumthe |
. Tum of th
. Allow the

©Co~NO O,

. Setthe In

nlet pressure ON.
e split vent valve and the septum purge valve.
Inlet pressure to equilibrate

Record the time and the pressure in the abl

let pressure to OFF.

10. Wait three minute.
11. Record the pressure observes after three minute in the table.

Inlet Leak Test

Description Set Observed Applicable Not Action
pressure pressure after Applicable
three minute
Chanel1 Front 200 kPa [ Done
Pressure Reading 1941 &P ] O Not done
Limit s10kPa
Chanel2 Back 200 kPa T Done
Pressure Reading 14 ko o 01 Not done
Limit 10kPa
ThermoFisher

Sci
Spec
PREVENTIVE MAINTENANCE CHECKLIST

11. ISQ 7000 pressure values before Starting PM
1. Set the lon Source & Transfer line Temperature to 200 °C.
2. Record the following readback values before starting the PM.

Readback Value

Dashboard Status

MS transfer line temp

lon source temp
Vacuum

Foreline pressure
lon gauge pressure
Turbo-pump speed

Z1oK [m]

oo ]

T

Al
2o0 °C

Not

43
c Tor
100 %

11.1 LED Status before starting PM
1. Set the instrument to On mode.
2. Confirm that the all interlocks are closed.

3. Check that the following LEDs display normal status. Record the results in the
following table.

LED L.cation, Normal LE» Status Pass .. Fail

[Poner | G|z 10
NVewm | areen |7 [0 |
Hoser | Green |5 [0 |
oy | mwlz O |

11.2 Readback

Status before Starting

1. Open Dashboard and run full Diagnostics.
2. Save full diagnostics & print ISQ7000 Tune result.

ThermoFisher i

pec
PREVENTIVE MAINTENANCE CHECKLIST

10. GC Inlet Flow Test
Inlet Flow Test Instruction
1. Turn ON the Inlet pressure and configure Inlet for:

: Splitless injection.

: Split flow 60 mi/min.
. Configure the appropriate Carrier to:

* Constant flow mode.

: Flow to 5 mL/min.
. Tum ON the split and septum purge valve.
. Attach flow meter to split vent measuring port and allow flow to stabilize.
. Record the split vent flow value on table.
. Configure the appropriate carrier to:

: Constant pressure mode

: Carrier gas pressure to 125 kPa
7. Attach fow met rtos pt m purge measuring port and allow flow to
stabilize.
8. Record the septum purge flow value on table.
9. Remove the flow measuring adapter and return the system to its.

n

OO hAW

Inlet Split Flow Test
Description Set Flow Observed Applicabl Not Action
Flow Applicable
Chanell Front 60 mL/min N T Done
Split Flow Reading L0-b ‘Mu wad ] O Not done
(Limit £5 mL/min)
Chanel2 Back 60 mL/min R %’ Done
Split Flow Reading 609 MUW\ N =T [m] Not done
(Limit £5 mL/min)
Inlet Septum Purge Flow Test
Description Set Flow Observed Applicable Not Action
Flow Applicabl

Chanel1 Front 5 mL/min & Done
Septum Purge Flow %.29 W\L[,M\, = = O Not done
Reading
(Limit +2 mL/min) =5
Chanel2 Back 5 mUmin \ one
Septum Purge Flow 52> NL,LMM raf [m| O Not done
Reading *
(Limit £2 mL/min)

ThermoFisher s i

SCIENTIFIC
Spec
PREVENTIVE MAINTENANCE CHECKLIST

11.3 Check Air water and Confirm lon Beam is Present

Check Air/ water
Real-Time
€D CalGes - F FlamentOn § Filament O (@) SavetoFile  Spectrum type: Daatype:
8
Poak wieraty 229407 vz
8
B 31
”
s 8
H
£z
H
is

Check FC- 43 in El mode

feak-Time
€I Cal Gas » § FamentOff @ Custom -~ Datatype:

B vy 9358

2] 290

Relative abundance
0 0 @

Calitvationgat 8 08

a0 0 o (2} uro 210 ue 4970 470



ThermoFisher SCi

Spec
PREVENTIVE MAINTENANCE CHECKLIST

Check background by full scan 50-650 amu in El mode

[ Real-Time Scan = B
€DCal.Gas » Xf FlamentOn @ Fllament Off () SavetoFile Spectrum type: Deatype Ce @
8-

Pesk miensty 236405

Relative abundance

070 “ 497 5470

Note. Use Int free and powder free gloves to handl Il analyzer component . Pla
all analyzer components on a clean lint free surface.

ThermoFisher SC.

Spec
PREVENTIVE MAINTENANCE CHECKLIST

EIl/CI Probe and lon Souce:

Description Applicable Not Action

Remove and clean ion source,lon volume e O A Done
,L1,L2,L3 O Not Done

lon
Volume-Repeller
Insulator

Repelier
Spring

lon Vaolume
Locking Ring

Repeller

Repeller
Nut

len 2

fon Vo ume lon Cartndge S eeve

Lens 3/RF Lens
Lens 1

ThermoFisher SCi

Spec
PREVENTIVE MAINTENANCE CHECKLIST

12. Work to be done

Vacuum Pump:

Description Applicable Not Action
Applicable
1. Replace the oil of the RV3. = o g’Done
Not Done
2. Inspect and clean the inlet-fitter of the o O E Done
RV3. O Not Done
3. Clean the gas-ballast filter of the RV3. o = gDone
Not Done
4. Clean the motor fan-cover and enclosure o o [2 Done
of the RV3. T3 Not Done
Fans:
Description Applicable Not Action
Applicable
1. Inspect and cleaning all fans. = o g Done
Not Done
2. Wash the air filters with water. Allow the o = & Done
filters to dry before they are reinstalled in 3 Not Done
the instrument.

ThermoFisher H
T Sci

Spec

PREVENTIVE MAINTENANCE CHECKLIST

13. Checks by Service Engineer after PM finished.
13.11SQ 7000 pressure values After PM .
1. Set the fon Source & Transfer line Temperature to 200 °C.
2. Record the following readback values before starting the PM.

Readback Valu-

lon gauge pressure LE-ocob Tor
Turbo-pump speed

13.2 LED Status.
1. Set the instrument to On mode.
2. Confirm that the all interlocks are closed.
3. Check that the following LEDs display normal status. Record the results in
the following table.

LED Location Normal L D Status - Pass
Powr | Guen|dl O
Veownm | Geen|® 10 |
Gieen [E (0|
— =R
13.3 Readback Status before Starting
1. Open Dashboard and run full Diagnostics.
2. Save full diagnostics & print ISQ7000 Tune result.



SCIENTIFIC

PREVENTIVE MAINTENANCE CHECKLIST

ThermofFisher s M
SCIENTIFIC Cl
Spec
PREVENTIVE MAINTENANCE CHECKLIST
13.4 M and Calibrati
Description Applicable Not Action
Applicable
1. Check air/water spectrum =g ] gﬂg gﬁn o
2. | Check spectrum between 50 - = [m] gﬁ;’gﬁne
650amu on E!
3. . EDone
Check high mass background = O 3 Not Done
4. _— ZFDone
Run autotune EI mass calibration and = (| I Not Done
detector gain
5. Print the following documents and attach e o EDone
the documents to this PM checklist [ Not Done
ThermoFisher

Sc’

Spec

15. General Comment.

i

PREVENTIVE MAINTENANCE CHECKLIST

14. Final Report.

Description Applicable Not Action

Applicable

&2 Done
1 Not Done

Mass Spec signal to noise test
Signal to Noise EI+(SRM scan mode)
SRM 0.7 Da FWHM

= m]
Injections 1 ul of 1 pg/uL
octafluoronaphthalene (OFN) standards are
injected into GCMS system. The data are
collected and evaluated (272 m/z) to 222 when
scanning 50-300Da for the signal-to-noise ratio
at each resolution.

S/N =2000: 1
S/N = 2603 = 4

& Done
[ Not Done

Discuss with the customer any remaining
problems with the instrument, and any
problems likely to arise in the near future.

Fill out the paperwork and leave the customers =
copy along with the completed check list sheet.

Sci
Spec

PREVENTIVE MAINTENANCE CHECKLIST

16. PM Report Completion.
Required Documents
v The following documents must be part of the PM submitted for customer review.
v This document with the completed PM Worksheets.
Copy of reports logs attachments printed during PM.

Customer Review

v The PM results should be reviewed by the Customer. If the qualification is
accepted, both the Customer and the Engineer should sign the Report, below.

v The documentation becomes the property of the Customer.

Based upon the actual results obtained, this PM : ﬂPassed [JFailed

Engineer
| have completed all aspects of the PM qualification and have concluded that the
system has been successfully verified to be PM as required.

Signature Date

Printed Name

29 Avg 2035

Customer
| agree that all aspects of the PM have been completed and that the system has
been successfully verified to be PM as required.

Date

Printed Name

Signature

fa. Aw?[. boys
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Signal To Noise Test

8/28/2025 2:45:53 PM  1SQ71907027
File Acquired
F:\Scispec\PM 20250827\EI Sensitivity\EI Sensitivity 01.raw 8/28/2025 12:14:12 PM
Base Peak Baseline 100 scans Signal To Noise (RMS)
Mass 271.98 amu Noise Range 3.140 - 3.480 min 2603
Retention Time  3.62 min Average 16.89
Intensity 88801 Standard Deviation  34.10
Mass range 271% 1027216 SM 38
RT 362
100
NL 8.8804
80-]
g
5 o]
2
2
§ o
&
2]
o < 4 —
25 30 35 39 44 49
Time (men
36131 3620men (3 scans) - 353110 3565 mun(10 scans)
100 n
68
9 124 m
[
80
2
N ]
[ PE
2
2
£ ]
2 m
2] 138 153 91 2 s
ik uryzi gy | T n
o] T AT A 1 "
50 n %0 10 130 150 170 190 210 20 20 0 20
miz
Customer

Service engineer

Tune Completed - Thu Aug 28 10:47-12 2025

1SQ Tune Results

Instrument Name*  SQ
Instrument ID: 1906212

Temperature Ramp Accuracy T)

No. of Injection OFN 100 pg
RT
Re eatabili 01 3.436
Re eatabili 02 3.433
Re eatabili 03 3.432
Re eatabili 04 3.436
Re eatabili 05 3.436
Re eatabili 06 3.436
Avera e 343
sD 0.00
%RSD 0.05
Injector Repe tability ( rea)
N . Injectin . FN10 pg.
- Area
Re eatabili 01
Re eatabili 02 1674253.590
Re eatabili 03 1646897.544
Re eatabili 04 1626297.273
Re eatabili 05 1621232.282
Re eatabili 06 1680257.071
Avera e 1648987.28
sb 24173.29
%RSD 147

ZFEEService Engineer

Name

Date

29 Avg. 325

I1SQ Tune Results

Tune Completed - Thu Aug 28 10 47 12 2025
Tune File Initial EI 2025 08-28-10-47-12.1sqtune

une Type

Ellntia une defaulty

Instrument Name: 1SQ

Instrument ID: 1906212

User:  1SQ7000

Tune File: Initial_E)_2025-08-28-10-47-12.isqtune User: 1SQ7000
Tune Type: El Initial Tune (default)
Starting Tune File: ~ (Factory Tune)
miz 69.07 miz 219.00 miz50193 fon Source. ype &
nt 113,208,862 nt 93,883,368 Int 9,846,270 Polaity Posilive
FWHM 0.64 FWHM 065 FWHM 0.56 Elecion Lons V Hage sy
Electron Energy 70ev
Emission Current 50 pA
fon Guide Frequency 16895
Q1 Frequency 1094.4
Mulliplier V ttage 1826.8 V
Dstector Gal 30x 1075
MS Transfer ne 500 °C
Filament Selection 1
fonSou T mpe 500°C
Foreline Pressure 46 mTorr
lon Gauge P essur 4.7 x 100 -6 Torr
s & & & 7 N 28 217 218 200 20 2 W9 50 81 siz 53 504
Full Scan Spectrum Not Acquired
Mass Theory Abundance Relative Abundance Isotope Mass Theoretical  Isotope Abundance Isotope Ratio
sotope Mass
69.00 69.00 73423528 10000 70.09 70.00 2,083,350 2.84
21897 21899 61,894,376 8430 21998 219.99 2,800,537 452
50197 501.97 6,122,204 834 503 04 502.97 557,687 9.11
Alr/ Water Check: H20 (° 18/69) 1562 eak Check: 0.31° of reference
N2 (° 28/69) 462
02 (°:32/69) 153
CO2 (%044 69) 33
N2 H20 (°628/18) 030

Signature:

Printed on* Thursday August 28, 2025

Date:

39 Ay 2005

Page 10f2

Starting Tune Fi e

Filament Check

(Factory Tune)

not performed

Lens Check not performed
Leak Check Pass

Power Supply Check not performed
RFDC Check not performed
Tempe ature C e k o performed
Detector Check not performed
Vacuum Check not performed
Communicat on Check ot performed
lon Gude requency Check not performed
Q1 Frequency Check not performed

Printed on Thursday August 28, 2025

Diagnostics

Page 2 of 2
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ISQ Tune Results ISQ Tune Results

Instrument Name- 1SQ Instrument Name: 1SQ
Tune Completed - Thu Aug 28 11:29:47 2025 Instrument 10 1906212 Tune Completed - Thu Aug 28 11:29:47 2025 Instrument ID: 1906212
Tune File AutoTune El 2025-08-28-11 29-47. sqtune User: 1SQ7000 Tune File: AutoTune_E!_2025-08-28-11-29-47.isqtune User: 1SQ7000
Tune Type. u  une defaut Tune Type: El Full Tune (default)
Starting Tune File:  Last Saved Tune) Starting Tune F e:  (Last Saved Tune)
Diagnostics
miz 69.07 miz 131.00 miz 219.00 miz 413.93 mizsotgy  [©nSoure we £
Int 157,820,464 Int 81,447,272 Int 100,713,800 Int 8,127,158 nt 9,317,519 | Polarity P stive )
FWHM 0.68 HM 0.69 HM 0.67 FWHM 0.61 FWHM 055 Filament Check not performed
Electron Lens V tage 5V
Election Energy 7 v Lens Check not performed
Emission Current 50pA Leak Check Pass
lon Guide Frequen y 1689.5 Power Supply Check not performed
Qt Frequency 1944
RFDC Check not performed
Multipl er Voltage 19181V
Detector Gam 3 xions5 Temperature Check not performed
MS Transfer ne 5.0C Detector Check not performed
ament Select n 1 Vacuum Check not performed
on Source  mperaty c
Communication Check not performed
orsline Pressure 4 mTorr
1 Gauge Pressure 46x 1006 Torr lon Guide Frequency Check  not performed
o o 2 s e s
L R T T RPN o s s Q1 Frequency Check not performed
Fult Scan Spectrum Not Acquired
Mass Theory Abundance Relative Abundance Isotope Mass Theoretical  Isotope Abundance Isotope Ratio
Isotope Mass
68.99 69.00 104,130,616 100.00 70.08 70.00 1,584,876 1.52
130.98 130.98 54 829,616 52,65 132,01 131.99 1,732,967 316
218.96 218.99 67,111,224 64.45 219,95 219.99 3,119,376 465
41395 41398 5,063,942 486 415.03 41498 417,861 825
50198  501.97 5,665 262 544 50304 502.97 515,051 9.09
A Water Check: H20 (%18/69) 4628 Loak Check: 0.89° of reference
N2 (%28/69) 19.01
02 (%32/69) 6.63
CO2 (%44/69) 6.11
N2 H20 (°.28/18) 041
29 Avy. 2029
Signature: Date: Printed on: Thursday, August 28, 2025 Page 2 of 2
Printed on’ Thursday August 28, 2025 Page 1 of 2
1SQ Tune Results I1SQ Tune Results
Instrument Name  1ISQ Instrument Name  1SQ
Tune Completed - Thu Aug 28 11:48.11 2025 Instrument 1D 1906212 Tune Completed - Thu Aug 28 11:48:11 2025 Instrument ID: 1906212
Tune File: AutoTune El 2025-08-28-11-48-11.1sqtune User: 1SQ7000 Tune File: AutoTune_E|_2025-08-28-11-48-11.1sqtune User:  1SQ7000
Tune Type: El Tune (default) Tune Type  El Tune (defaut)
Starting Tune File:  (Last Saved Tune) Starting Tune File  (Last Saved Tune)
Diagnostics
miz 69.07 miz 219.00 miz 501.93 on Source. ype
Int 28,468,560 Int 19,708,794 Int 1,700,967 Potarity P sitive
FWHM 0.68 FWHM 0.67 FWHM 0 55 Filament Check not performed
Electron Lens V tage 5V
Electron Energy 706V Lens Check not performed
Emission Current 50 pA Leak Check Pass
lon Guide Frequency 1689.5 Power Supply Check not performed
Q1 Frequency 1944
RFDC Check not performed
Multiplier Voltage 1567.5 V
Detector Gain 5 x10n4 Temperature Check not perfo med
MS Transfer ne 0°C Detector Check not performed
iamant Select n 1 Vacuum Check not performed
on Source emp rat o°c
Communication Check not performed
orgling Pressure 46 mTorr
 Gauge Pressure 4.6 x 104 -6 Torr lon Guide Frequency Check  not performed
& o & & 7 N e 27 28 20 2o 2 |4 o s sz @ s Q1 Frequency Check not perdormed
Full Scan Spectrum Not Acquired
Mass Theory bundance Relalive Abundance Isotope Mass Theoretical  Isotope Abundance Isotope Ratio
Isotope Mass
68.98 69.00 8,845,874 100 00 7002 70.00 265,379 141
21897 21899 13,105,171 69.54 219.95 219.99 625,501 477
501.98 50197 1,028,624 5.46 503.00 502.97 104,936 1020
Ar Water Check H2O (°618/69) 5915 Leak Check: 1.02% of reference
N2 (%28 69) 2153
02 (°32/69) 715
€02 (044 69) 577
N2/H20 (°.28/18) 0.36
24 _Au3 295
Signature: Date: Printed on: Thursday, August 28, 2025 Page 2of 2

Printed on" Thursday August 28 2025 Page 10f2
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Benchmark

Operated by: Service

LED Test
Banner Off
Banner green
Banner red
Banner blue
6-port (Valco) Valve Test
6 Port Valve Position A) Test
6 Port Valve Position B) Test
7-port (Pumper) Valve Test
Puli Cold Water
Push Cold Water to Sparger
Temperature test

Rausing all temperature zones 20°, and looking for an

increasc in temperaturc
MFC Set Point Test
Decre se Mass Flow t0 0
Increase Mass Flow 10 40
Increase Mass Flow to 100
Increase Mass Flow to 200
Iner as Mass Flow to 300
Increase Mass Flow to 400
Increa ¢ Mass Flow to 500
Standard Pressure Test
Standard Pressure
Solenoid Valve Fest
Purge Valve NC Actuation

Passed
Passed
Passed
Passed

Passed
Passed

Passed
Passed

Passed

Passed
Passed
Passed
Passed
P ssed
Passed
Passed

Passed

Passed

Purge Valve Cross Port
Leak

Purge Valve NO
Actuation

Purge Select Valve NC
Actuation

Purge Select Valve Cross
Port Leak

Purge Select Valve NO
Actuation

Pressurize Valve NC
Actuation

Pressurize Valve Cross
Port Leak

Soit Valve Cross Port
Leak

Soil Valve Actuation
Drain Va ve Cross Port
Leak
Drain Valve Actuation
Vent Valve Cross Port
Leak
Vent Valve Ac uation
Bake Valve Cross Port
Leak
Transfer Valve Cross Port
Leak
Beeper Test
Sound the alarm beeper
Foam Option Test
Defoamer Valve
Eliminator Rinse
Foam Sensor Blockage
Foam Sensor Clear
GC Relay Test
GC Start Signal (Ou put)
Desorb Ready Signal
(Outpu

Passed

Passed

Passed

Passed

Passed

Passed

Passed

Passed

Passed
Passed

Passed
Passed

Passed
Passed

Passed

Passed

na
na
na
na

Passed
Passed

Page 1 of 1

Purge Ready Signal Passed
(Output)

Begin Purge Signal  Passed
(Output)

Purge Ready Signal Passed
(Input)

GC Ready Signal  Passed
(Input)

XYZ Arm Test

Mixer off Passed
Mixcrslow speed  Passed
Mixer Medium Passed
speed

Mixer Fast speed  Passed
Elevator Up Passed
Elevator Mix Passed
Elevator Down Passed
Gripper Closed Passed
Gripper Open Passed

Vail Sensor Inactive Passed
Vial Sensor Active  Passed
Tray Position Passed
Tray Position 6 Passed
Tray Posttion 77 Passed
Tray Position 82 Passed
Tray Position 19 Passcd
Tray Position 20 Passed
Tray Position 83 Passed
Tray Position 84 Passed
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QUALITY CALIBRATION CO., LTD.
235 Petchkasem 63/2 Road, Laksong, Bangkae, Bangkok 10160
Tel (662) 421-5402, (662) 444-0152-3, Fax (662) 809-4584

235 Petchkasem 63/2 Road, Laksong, Bangkae, Bangkok 10160

QUALITY CALIBRATION CO., LTD. N

Tel (662) 421-5402, (662) 444-0152-3, Fax (662) 809-4584 ;"'4//’-\\5} f)"h"'_"_i\ .
www.qealibration.com b NSCTISLTIS 0%
CATIIRATION 0013
CERTIFICATE No : 26T5675 PAGE:10OF2

REFERENCE No : 81182-7

Certificate of Calibration

EQUIPMENT HOT AIR OVEN

MANUFACTURER H MEMMERT

MODEL : UF 110

SERIAL No : B414.0764

ID No H EQL-169

CONDITION AS RECEIVED : USED ITEM

SUBMITTED BY : TEST TECH CO., LTD.
30,32 RAMA I1SOI 63, RAMA Il RD.,
SAMAEDAM, BANGKHUNTHIAN,
BANGKOK 10150

CALIBRATED BY __-_

CALIBRATION DATE 04-Jun-26

APPROVED BY

ISSUED DATE 08-Jun-26

RECEIVED DATE 04-Jun-26

THIS CERTIFICATE MAY NOT BE REPRODUCED OTHER THAN IN FULL EXCEPT WITH THE PRIOR WRITTEN APPROVAL OF
[oH

QUALITY CALIBRATION CO., LTD.
F-GOIOREV : 03

CERTIFICATE No : 26T5675 PAGE:20F2
Calibration Report

EQUIPMENT H HOT AIR OVEN

MANUFACTURER : MEMMERT

MODEL H UF 110

ID No : EQL-169 SIN B414.0764

RECEIVED DATE H 04-Jun-26 CALIBRATION DATE 04-Jun-26

AMBIENT TEMPERATURE 24°Cx1°C RELATIVE HUMIDITY H 47 %RH + 10 %RH

CONDITION OF THIS RESULTS OF CALIBRATION

- THIS INSTRUMENT WAS CALIBRATED ACCORDING TO TLAS G-20 BY COMPARISON WITH CALIBRATED RTD Pt100 UNDER
NO LOAD CONDITION. THE TEMPERATURE PROBES WERE PLACED ON NINE POINTS AND LOCATED ONE THERMOMETER
PROBE IN EACH OF THE EIGHT CORNERS OF THE CHAMBER AND WAS AWAY FROM THE EACH WALL OF 5 cm TO 10 cm.
AND PLACED THE NINTH THERMOMETER PROBE WITHIN 2.5 cm. OF THE GEOMETRIC CENTER OF THE CHAMBER. THE
UNIFORMITY WAS MEASURED BETWEEN REFERENCE PROBE AND OTHER PROBES AT THE SAME TIME.

. REFERENCE STANDARD INSTRUMENTS :-

»

INSTRUMENT MODEL SERIAL No CERTIFICATE Ne DUE DATE
1) DATA LOGGER WITH RTD HYDRA 2635A 6635300 25T5343 27-Jun-26

=

THE CERTIFICATE IS VALID FOR THE ITEM CALIBRATED AS SHOWN ON THE DATE AND PLACE OF CALIBRATION ONLY.
THIS RESULT EXCLUDE LONG TERM STABILITY OF THE UNIT UNDER CALIBRATION.
- THIS CERTIFICATE IS TRACEABLE TO THE INTERNATIONAL SYSTEM OF UNIT MAINTAINED AT:-
- NATIONAL INSTITUTE OF METROLOGY (THAILAND) THROUGH QUALITY CALIBRATION CO., LTD.,
RESULT OF CALIBRATION :- WITHOUT ADJUSTMENT
GENERAL INFORMATION

“ o

3 4 Overall Ambient Temperature around the Chamber (°C) variation : 4
1 2 Overall Line Voltage (V) variation : 7
Instrument_Condition : Normal
5 Chamber Size (W*L*H): 56*40*48 cm
CHAMBER PERFORMANCE
8 E) Calibration | Controller Average | T Te Overall
/ 7 Point | Temperature| All Position | Stability | Uniformity | Variation
FRONT ) (W) (6] @°0) ()] (€]
104.0 104.0 103.98 022 0.52 1.00
120.0 120.0 120.09 0.30 0.58 113
140.0 139.0 140.12 0.19 0.86 1.06
150.0 149.0 150.39 0.19 125 1.73
180.0 179.0 180.63 0.40 1.55 2.18
TEMPERATURE MEASUREMENT ACCURACY TEST
Controller | Indicati; Measured Temperature (°C) at Spread Locations U ji
Temp (°C) | Temp (°C #1 #2 #3 #4 Ref. 5 #6 #7 #8 #9 *°C)
104.0 104.0 104.06 | 103.82 | 103.93 | 104.16 | 103.98 | 103.76 | 104.32 | 103.91 | 103.91 0.38
120.0 120.0 119.85 | 120.07 | 120.11 | 120.28 [ 120.05 | 119.68 | 120.38 | 120.12 120.28 0.46
139.0 139.0 140,05 | 140.50 | 140.16 | 140.38 | 139.72 | 139.75 | 140.30 | 139.79 14044 0.46
149.0 149.0 15047 | 150.58 | 150.57 | 151.07 | 149.96 | 149.57 | 150.68 | 150.13 150.48 0.46
179.0 179.0 180.60 | 180.84 | 180.71 | 181.46 | 180.03 | 179.62 | 181.28 | 180.22 180.94 Li

NOTE I : THE UNCERTAINTY OF MEASUREMENT EXCLUDED TEMPERATURE UNIFORMITY OF THE CHAMBER.
NOTE 2: LOCATION 5 WAS REFERENCE LOCATION.
NOTE 3 : THIS CALIBRATION WAS CARRIED OUT AT THE CUSTOMER'S PLACE AT LABORATORY AREA.
THE REPORTED UNCERTAINTY OF MEASUREMENT WAS BASED ON A STANDARD UNCERTAINTY MULTIPLIED BY A
COVERAGE FACTOR k=2, PROVIDING A LEVEL OF CONFIDENCE APPROXIMATELY 95%.
END OF CALIBRATION REPORT



2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle








2073
Rectangle


2073
Rectangle


2073
Rectangle






AMARNUIN 3-17

wilsdaayyndunsiiyuviasuiuinnisimsnzienyu



wilsFeaynntunsilouiesufjuiinisinsieitanyu
U3um gludia wauundad waun Ul Asudaunun 911n





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle



i,



2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle



wilsFeaynntunsilouiesufjuiinisinsieitanyu
U380 Wan wia 311n





2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle





2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle



NAMANUIN 3-18

daun1salazn1sannI sl muaneniseiniAazides
vasUTzmAlng Uszand 2561









AMARNUIN 3-19

wilsdavanIUa AT ITan U



(MERLLNEMLUTBUNERELLWITLIUYRLY) NLINLBALAN

G

RELULTIEMLUTEUNERELL AL LULLE

GUNIMLLUMIBIE

mn.\ﬂ‘ﬁ_.mrcmw 7 LIRMIYNEREnALN P.m\ﬁ,_.w.&KJEW}nrw&i@grn&:@mvrmm:@Jv\mS LUARLN

PEIHBUNG G LELINGY 6957 1M MULEUTE GT-0T WNENLUALEGEUIUIZEN 6957 WM tuLEUMt 6 1 subneny
nr_mc%mmvm_m.S%s@@kﬁ:ramm.rsnrmagnrncmﬁﬁvm LUHEN MALY MINLMELALBMIE UWAMIBLIENN] ALY
6957 "1 THILSUTNGUIN M EARUIULULASSAMMLULEBMLUTBLISLELEELURGILYAL LAAEN Nelum,

L 6952 4 (U] (SLUNTLYARAL) (MRL-bLELKSLE
ALARGUNL PNLILILEALE) BUNTREIEBIALE SUTILANLISMBLOER (v13) RELULTE BAUARSUSHR FIALASLUNLAALE N
LIUNALUYIATLUTTERULINEMAEUSHNELLLLBLSGELUNTILIAL (RLAT) BYLY MUIEULIAMIBERRTINEBPLIA KAEN

ULLRLIRUNERIENE ] BULE WNUNSRNGY BERTIIEMET WRET bRbLnnen Emgﬁﬁm UaeLN w.\v_,ﬂrs

$:rcm;§nrw§?mnrﬁcm_ﬁ bGLY
F " 4
6957 "M HULEUR 8 Kwﬁ\

9202/0€1003vN 14

(RERULIEMLUNILNERELLSRLIESALY) NLnLRREND

_.n@msr.:nmgrqarpm.&?rwSmrqwrCG\ﬁz

GUNIELLURUBTICR

RLSIILUGY 18 LIFLNCRGRALN NLBIRUIANIIAALLUTIONLLUNSENLACNNEA LUAEN

(RLBULNRBLLATILER) LA 0057 NSSAMAINENLEN( LIAM]SHASULURSTIANLOLEALOIUNG LARLNRL]

PEINGHNL G LELINGY 6952 Wtk MULSUE GT-01 UNEHLLMASIRLUINYIAEN 6957 WM MULEUTt 6 14 subineny eLius

BEEHIbIUYE N LW NAEUREIANLUELJAALEVINGIILL UG REL]AE LILRAEN MY (LARRRLAUELUTURMRSLIEN
6952 Wi TEILLUTINBIIN, [ LARUTLLULRSSAN]LLULBMLUTDBELELELLUNTILEAL LUALN fELun]

ML 695C W 1] (SLUNILISARAL) (BTRLADAILELUSLS

RLBLEUNLRNRILAEALE) BURKAEREBIALE SUNLARLIAIISERED (v13) NELUEM BRASSUSNI MASALLUNLIRLLN]

L1BMALUS A RUBTERRULTIREAAL UBHNEZEL LWTILIBRELUNILIAL], (RBLAT) BYLE MUIEEULIMIUS RETITLLWBLIL UAEN

ULCALITUNERNEYW] BULE UNnWTRRiee PERMIENET BNEN YRELRNEY SWSBHW uaLn krnrs

LM MR UL R TIARLEB UALE VRGILLLER. begT
69GZ WM. RULEUM 8 AL

9202/121003vN 14

P¥Pan3Y SZOLL D3OS| IO IUEINSU0IFENGSEN {|leW-T  WOD'IUL)NSUCIIBN' MMM 8287 €972 0191
09207 YodBueg ‘Buoueyyelyd SeydBueg ‘peoyd YAWNLYNS ‘T YNSWIOPN 10S € BIWO PESH

‘P17 “09 ey nsuo) Buueasuibug pue 1sAjeuy palun

GEHULMTD L00SE OSI % 100K OS1 4006 OSI

QLN ANYINOD LNVLINSNOD
ONITINIONT GHY JSATYIY Q3N

=\ Y|

W0 IURYNSUODIBN@SEN ([lEW-T  WOD JUE)NSUOISEN' MMM 8282 £9/Z 0 2L
09201 V_Ov_mcmm .m_\_ocmr_v__m.\_r_& .v_mr_Umr_mm .UmDm Haunyng v ynswiopn 10S £ @1JQ PESH
‘P11 “0D) ey nsuo) Bullasuibug pue 1sAjeuy paiun

PEHPADIY 52011 J2YOS)

4
QI LO0SK OS5I % 100¥ OS5I 1006 OS1

Q3L ANYAROD INVLINSNOD
ONIHIINIONT ONY LSATYNY GILING

=\ Y


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle



meshsvm{.rca c:mmeﬂws:rsssmr 1) LBNLRALN b

_,nmmsg._vmgrﬁacﬁmmwpwsmrﬁuwrcs?z

gpnirLesrvenen

RELMIIALUGY T8 LITEUNGREAALN NLYIRUIANAAALLUTHENLLUNGILACN I W LIAGEN
(NEPALNVBELLATANEE) LN 00G'Z MEBARBINEALEMY LI STIRLULUAIAMLEELURLELNG LUALNRL]
BEMICUNE § LBLIN 6952 WM IRULEUT ST-0T AMLNLLARLRBEUINIIANN 6957 WM NULEUE 6 4 EUbNEN] tLEUNY
BIIRBLUTLIOLEMI LHMIEIASURENENLUBRINALENENLLUCLEUIE LIUAEN NILY SHNLLEBLNBLILIANMIILIEN
6957 WM ULEUMNGYIN) VLARWIWLUL RSN BLULEMLUTE BULELEVELUNTILIAT LIWASH MELUN
ML 6957 WM (L1, (SLURZILYARRS) (SIIBLA-DMILELKBLS
ALARGWNLEAMLILERLE) BUNALETEBIRLE SUPLUNL MMIBERER (V) BB VLM BALALUNIBIASNELUNLERLEN]
L]BRALUBARLUEESE N UAREUBHIBECLEMIELMUUELURRILIOK] (MALATY) BULE WATMEULIAM]BEALTNLINLIA UASN

ULERLIEUWNARIENEL W] BULE AMUNEANRE PERTLIEMET WRET BBLnNen Gw:wﬁ__w AFLEMN ATELYS

IGES]
=
rK._Sﬁm__,_amcrtnmj_\ufﬂrsmm.__._\rnrwg:mnrhcmp vmw_
699 WM MULEUR @ AME

9202/2e1003vN 1

(BRI MEMLUTIUNERLEURLBBERLY) NLMLEALRY

mesﬂ.jvmzr_‘c,ac:@w?owsmrzwrc

CUMAMLLUMEENER

RLYnELUE] 1 LRIBUNEAERALN :.\m\ﬂﬂm5$3.=L$arw§_.v_.mRrﬂ@:.,_.vmvr.mmj@._va LUAEN

wmgwsnn G LELINR 695¢ B'M IEdLEUE §T-07 $3Pvrns\.womw§3§>@= 6962 "13°M [BULEUN m UL

,,a

o

LLBUSYBIE BELILUURI UNLUBEARLLIREILLUBEV]RE LILALN NILY cg:m»scm,:&v?mzowm:ow Ay smmm%

fagprpLuent LgusLnstan £ witanuithnyagisuiiecs retien

695Z "M MPLSUTNEYIMY, VLARUIALULREENMBLULGMLLIOHILLLEUSLUNTILIRL LIUALN HELUM

T 6957 WM [N, (SLUMTILYARRE) (4MELA-BHILELAN R
ALAREUMLENNILNEALY) GUNTALRETIRLE LUNLARLIAM]EIEE (v13) HELULN BUUASULHNMAS ALLURLIRLINY
), (RALIAT) BULE MIAMEULIIABERRTINEBEL UASA

LlenuLyt EnrsnmmsS;,_mDs.amccz:.mmwnwsnrss_bwrc?ﬂ,_r

ULERLUNBRNREL] BULE WNYNBENEY PERTIILNET BRET LECRaOa Swzwﬁw WREN WTELY

nagl
I
WNLUELIMALLUTHEILLYGR bBLT
6952 WM ItBLEUN 8 UL

9202/€£1003vN

Paipay S202L JAIfOSI W0’ JuUe)|NSUC28_N@SEN ([Iew-g  WODIURINSUCIBEN' MMM 8282 £9/.Z 0 [PL
09201 oxbueg ‘Buoueyseiyd yeysbueg ‘peoy UAWNYNMNS ‘T YNSWOPN 10S € :20YJO PesH

P17 0D R NSUOY BulesuIbug pue isAjeuy panun

1q

QIHWLYID 1005k OSI 7 10a¥ OS1 1006 0S|

QUMM ANYAROD LNVLTNSNOD
ONINIINIONT QNY JSATSY G3UNG

=\ Y

QILLHIZ LO0SK OS1 A 100Vt OSI 1006 O3

PRYPRIY 5201 JAOSI

09201 oxBueg ‘Buouewieiyd eyoBueg ‘PEOH HAWNLYNS ‘T YASWOPN 10S € PO PesH
"p17 “02 1uelnsuo) Buuesuibug pue 1sAjeuy payun

&g

WoouelNsSUodaeN@aen (|ieul-3  WOD JUeINSUODBEN MMM 8282 £942 O 9L caimn anvanod LnviinsNoo

ONEZINIONT QY LSATYNY G3LINO

=\ Y


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle



(ERLLYMEMLUTBUNERELL WL WRLY) nLenLBaenN

R@WGnsvmirCE@DmmPPmsmrﬁuwrC@\wW

BUNITLLYLUENCR

AEPMILUGY T8 LETUNGLERALN NEWBUIANRILALLUMETLLURBILACN LI LIALN

L

(RLSUALNRRLLAMMIRE) LN 00S'Z MEMATMNEALENM
L1 EAEULURUIATLURLURLAGNG LARENAS] SRIIBUNE & LU 6957 WM IRULEUTE GT-0T UMEMLARLAGEUINA
AUT 6957 WM ULEUTE 6 14 SUBNEN] LLEUBKRIENALUIUYEIAI LI ENALURENATLUER UALEUTHENLLUBALLI N
LUAREN LY (LLEEHTBSsesuBruLIEn) sELANCRAND URE-LATILEPBRURBLAMLIER UNMACE BILLIER MBe1En

695C ¥M THLEURNEYIN ?._‘Sa\,mswcrcﬁ\mmmD:.HErCrmz.rCaEs\mﬂuom_umrc:m._rwuno LUAREM TRELUTY,

ML 6952 M M, (SLUNRILYARAS) (BTLA-DMILELAND
RLBREWRLBAMLILEALE) LUMILEITEBIRLE LUMLIALAA]BLEER (V1) TR EULIE BNARSUSNIL BIAERLLUNLERLEN],
LM ALUL|AMLEERELNE AR UBNNGBLELBTLMLYELUNTLION, (UL BULD MWATREULIWBEAENNLYLIA HALN

ULBRUANEIENES] BULE WAKTIAREY LRMIBMET BRET WRELINEN BN} UALN WiTLe

_..K.Z.Hmﬁuwcrtnmj_ﬁﬁrcmm.q:_\_.nrmg?mnrh&@F Zw.mu
6952 "M MYLEUM g LNt

9202/pe1003vN

(RRLULTEMLUNUNERELLWRLLENLY) MLMLERENY

RESLNEEMLUTEINEIELLISRLRELUBLY

CUNMRLLLEERNER

RLRELUET 18 LRAIUNGREREEN me_facqKﬁﬁwﬁnrwgwﬁwnrhaﬁg«vmvr_mmzmav‘m\S LUAELN

e

vmm._@.swrm G LBLIN[I 696¢ WM TEYLEUME GT-0T W;\m\vr_hsﬁmvmwgﬁ@dncs 69G2 WM TTULEUME

6 W wcwﬁn_vﬁ. @rGCvemnvmwc;SEsO_ﬁSﬁrGupﬁSﬁrchrmnrﬂcmecﬂv? L AFLEM FLPLOW FLALARIMUIUILMIUEISN

Fia el AR R A S R A FELE TS et B [t =

695¢ WM uLEURNRWIN 34@_%mGHErcrmww:_A,_.Ercrm,arqafshmow_bwrcﬁq_rwun? LARLEM MLELURY

M 699C WM MY, (SLUMLILBRRRL) Esvrpyvz.HrWnkSPF

mrmF@.&Jﬂ_meJrnzmmrmv QUMIREMLTIRLE LUNLMIML A BELCR (w13} RELVLIR RAKILUBMILTIALALLUNLERLENY

LIEMULY B URLEEERYLTIRERUAEUBNNER LWLV YL LUNIILYI) (TALKIE) BULL $§vwc£,_<écwn§,_3rtvr$ URLn

ULBRLITANBINEY] BULD WILEMERNEY SERMMENET BREN WEELANEN BUINYG WAL ALY

RS
=
Kﬂrﬁm\@@.nrwg?mnrﬁ@m? bELY
69GZ "1B'M RULLUE Kﬁm

9202/521003vN 14

PaypRnsdy SOt 3317081

WO JUB)NSUODIBN@IEN [IBl-] WO IUB NSUODDBN'MMM  8Z8Z £9/2 0 'IPL

09z0T YoxBueg ‘Buoueyyelyd Heyshueg *peod IAWNYINS ‘T INSWOPA 10S € 19O PesH

q

CQAELEID LOOSY QS| 7 100K OSI “loos 0S|

P17 0D ue3nsuo) bunesuibus pue 1sAjeuy paiun

PaIpaIdY STOL D31/0SI

TILNIN ANYAROD LNYLINSNOD
QNIIINIONT ONY LSATANY GIUNN

=\ Y

WIodIURLNSUODBRN@SEN ([I2W-T WO IUBHNSUOIILN' MMM 8282 £9/2 0 9L
09201 AoxBueg Buouspieyd HeysBueg ‘Peod IANYINS ‘T ANSWOPN 105 € 29430 PeaH

)

%G

QALY 100SY OSI % LOOPL OSI 1006 0S|

P17 0D JuelNsuoy) Bulssulbuz pue 3sAjeuy paun

GILIWIT ANVENOD INYLINSNDD
DNIINONA QY SSATNY CILIND

=\ Y


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle





2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle


2073
Rectangle



