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Standard Reading #io Aflla3esilounsgiugiuale
UUC* Reading e aAnfiadasilefivnasuiiousiuls
(*UUC = Unit Under Calibration)
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Error fi® NAY8INTINAUMILAIRTWRUITIIUNgNIA

Error = Measured Value - True Value

Correction f® A195903UTUUNNTRAUMIENATDINTTIA

Correction = True Value - Measured Value

. 4

nfi

A28819N15%1A Error waz Correction

Calibration | STD Reading | UUC Reading | Correction Error Uncertainty
Point (°C) (°Q) (°Q) (°Q) (°Q) (0

0.005 -0.095 0.095 0.18
20 20.012 20.4 0.18
50 49.991 50.3 0.18
100 99.999 99.7 0.18
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BHUNSERULIEY AdsUsEnaulufqeaylstng

e Fapdedie (Equipment Name) ® §%e (Manufacturer)
*  5u(Model) ® ynelauLAZRs (Serial No.)

® Mmmamﬂﬁwﬁ / vungkarszuuAunmn (ID.No.)

e aruazdeaaiesile (Resolution)

o fifandesile / A1 (Range/Capacity)

*  qn@auLigy (Calibration Point)

*  LNYIN1588USU (Tolerance Limit)

*  SyyLlIaveINSERULBU (Calibration Interval)

*  Lnuns@eULiBy (Calibration Date)

*  wazldunduq (Other)
20
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WA viie QC Feenamuneda m'%laﬂﬁaagjﬁl,muﬂ QC Judu

o mydedwwiinveaniasile 1wy Electronic Balance 971914 EB
Incubator 81314 IN, Digital Thermometer 81314 DTH Hudu
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*  msdeneIasdioduiNuinlusvesieau wWetesiunisgniu
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*  gouflsuiyaldnudmiuaseslenduniosniunn vieamse

N1SNYUAYAFBULNEUY

AIUANNTTYINNIUYBINTEUIUNIINIBIENSLA WU Incubator, Water
Bath, Temperature Controller Judu

22

27.03.2017

11



N1SNUAYIAHBULNLY | >

. a sLy ' 19) 9 o a A A ‘Ij o .
ADUMNYU Wﬂq@JGU'NﬂTﬁ BINUFATNNIULATDIUDVILUUSY monitor
N32UIUNIT WU LIG Thermometer , Dial Thermometer, Temp

Indicator tJudu
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N1sAYUAAEaULIEU

*  @oulsumuinimsgiuivuall 19 Balance , Pressure Gauge,
pH meter, Micro pipette Hudu
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ey Vi-  intermal verfication
VE External Verification
Q- imemal calibration

CF = Extemal Calbrtion
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*  Standard Sanuanasgiusnlaidunae

*  Method #ate1nuisnaaeuiilalliuinsgiu uainseeusu
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Mulwasns WsemunaeingnAndudivuaudunn

*  Validation Tglunsdive 2 veluniviun usanivualius
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STgLLIaNvaINIsaauLisu (Calibration Interval)

TnesalUasimunszeziaan 19 w%amuﬁmmgmﬁmuml’?
Wiomherwidesdnsfiundeferuual’ Yresseznarissiudunisus
venfsrmudfyvenniedeiy indedleiidesaouiisuvesy nioseu
nanlunsaeuiieutiudu e19udy 3 Weou 1i%e 6 oy uanyipiedile
Huslenuddieiinasendniusindedldsuniquastsaiiae

i Nfi
N1INIUFBUNANTEBULNBY ‘
Electronic Balance 0-300 g Resolution 0.001 g tnauat +0.01 g >
Reading Value | Correction | Uncertainty | Correction + U | Correction - U | Tolerence | Result
e el el ] i el
0.100 0.000 0.00082 0.00082 -0.00082 0.01 PASS
0.501 -0.001 0.00082 -0.00018 -0.00182 0.01 PASS
1.001 -0.001 0.00082 -0.00018 -0.00182 0.01 PASS
5.002 -0.002 0.00082 -0.00118 -0.00282 0.01 PASS
10.002 -0.002 0.00082 -0.00118 -0.00282 0.01 PASS
20.003 -0.003 0.00082 -0.00218 -0.00382 0.01 PASS
50.004 -0.004 0.00082 -0.00318 -0.00482 0.01 PASS
70.004 -0.004 0.00085 -0.00315 -0.00485 0.01 PASS
100.005 -0.004 0.00090 -0.00310 -0.00490 0.01 PASS
150.005 -0.005 0.0011 -0.00390 -0.00610 0.01 PASS
200.005 -0.005 0.0013 -0.00370 -0.00630 0.01 PASS /
28 300.006 -0.006 0.0015 -0.00450 -0.00750 0.01 PASS \i
nf
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Workshop n1sanulususaswanisaauliisy e1v1gaumadl

> Digital Thermometer with Sensor

> LG Thermometer, Temperature Gauge

» Chamber (Cold Room, Incubator, Hot Air Oven, Refrigerator, Freezer)

> Water Bath
» Autoclave

35

N

-

et

Digital Thermometer with Sensor

Toevhluutadu 2 Ussuan fe Thermocouple uag RTD

yellow black violet
NiCr Nisi Fe CuNi NiCr CuNi

orange
NiCrSi NiSi

18
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nannsaaufieu Digital Thermometer with RTD # 0, 6, 10, 20 °C
wnausinseansu + 1 °C

UUC Reading (°C) | STD Reading (°C) Correction (°C) Uncertainty (£°C)

0.0012 +0.0012
6 6.0007 +0.0007 1.2
10 10.0006 +0.0006 1.2
20 20.0016 +0.0016 1.2

37

Wan1saaULigU Digital Thermometer with RTD ‘ﬁ 0,5,10,20 "C
wneginnseaNsu + 1 °C

UUC Reading (°C) | STD Reading (°C) Correction (°C) Uncertainty (£°C)

0.0012 + 0.0012 0.12
54 5.0007 - 0.3993 0.12
10.6 10.0006 - 0.5994 0.12
20.8 20.0016 - 0.7984 0.12

38
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wan1saeuLigu Digital Thermometer with TC Type K

#10, 5, 10, 20 °C wnaeinTsERUSU +

UUC Reading (°C) | STD Reading (°C) Correction (°C) Uncertainty (£°C)

0.0012
54 5.0007
10.6 10.0006
20.8 20.0016

39

+ 0.0012
- 0.3993
- 0.5994

- 0.7984

0.70
0.70
0.70
0.70

W | N
<)

Nan1seauLiBy Digital Thermometer with TC Type K

fio0,5, 10, 20 °C
Lﬂm‘ﬂﬂ'ﬁﬁlalﬁv 0.5 C

UUC Reading (°C) | STD Reading (°C) Correction (°C) Uncertainty (£°C)

0.0012
54 5.0007
10.6 10.0006
20.8 20.0016

40

+ 0.0012
- 0.3993
- 0.5994

- 0.7984

0.59
0.59
0.59
0.59

y/

nf

>
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wan1saauLfigu Digital Thermometer with TC Type K >

fio,5, 10, 20 °C
Wneugin1seausu + 2 °C

UUC Reading (°C) | STD Reading (°C) Correction (°C) Uncertainty (£°C)

0.0012 + 0.0012 0.59
54 5.0007 - 0.3993 0.59
10.6 10.0006 - 0.5994 0.59
20.8 20.0016 - 0.7984 0.59

41

Liquid in Glass Thermometer ‘

Total Immersion

Partial Immersion

Total Immersion Thermometer Partial Immersian Thermometer

27.03.2017
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nan1saaufieu LIG Thermometer d@aulfiaudi 0, 4, 8, 10 °C

wneain1seaNsu + 1 °C

UUC Reading (°C) | STD Reading (°C) Correction (°C) Uncertainty (£°C)

0.0012 + 0.0012
4 5.0007 + 1.0007
8 9.0006 + 1.0006
10 10.0016 + 0.0016

43

0.58
0.58
0.58
0.58

>

nan1saauLiieu LIG Thermometer dauliiaudi 0, 4, 8, 10 °C

InaEin1seausy + 0.20 °C

UUC Reading (°C) | STD Reading (°C) Correction (°C) Uncertainty (£°C)

0.0012 + 0.0012
4 5.0007 + 1.0007
8 9.0006 + 1.0006
10 10.0016 + 0.0016

0.58
0.58
0.58

0.58

>

27.03.2017
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Chamber (Cold Room, Incubator, Hot Air Oven,

Refrigerator, Freezer)

N1SUUIUsEINYRIGAIUAN

wdsmunsnszane/dnnuieu T

*  9ilp Gravity-Convection (N1511ANUSaUlAYSTTUR) Lag

* wila Forced-Ventilation (NM3nszanAuToulageden1svsuieurateInim)
wUnNYATDINITATUAN

®  On/Off Control

Temperature
® PID Control Overshoots.
Does not fluctuate.

Setting

Process | —. ’_ o g Time
Variable

N ;- ’ Time

On/Off Control
45

g ‘

ANBLVRIGAIVANIUNNANA
1. fssuumuauenmnifiiuazazifen Wy seUU PID Control, Avwaziden 0.1 °C

2. Wugdrliawuy Forced-Ventilation wu fifnaunszaieniusay

v a

3. 13 Seal WA s1svouUsEARaN elnUsenudivzdetlinisiilvavesgaumgd

4. dA1 Uniformity, Overall Variation, Stability i
nsliieTesilelilduszavsawiianign

1 anuidnddousmnye

2. gumgiiviesisamingay

3. WA uEzenAIeile

4. yhnsesRaeunsesieyniu
46
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Temperature Uniformity : The maximum difference of measured
temperature at any probes and the measured temperature at the reference

location which are observed at the same time

T'he temperature uniformity in graphical report is optional.

Temperature Uniformity

4 #2 3 w4 45 46 1 3 49
Probe No.
Chamber uniformity =(49.7-47.5)°C

. =22°C &
nf

Temperature Stability :One-half of the greatest maximum difference

of measured temperature at any probe.

The temperature stability in graphical report is optional.

Temperature Stability with time of Probe No. 2

520
510
50.0
490
50
470

6.0 ‘F _ i

Femperature Variation

45.0
I 23 4 5 6 7 8 9 10111213 141516 17 18 19 20
Observation Time (min)

Chamber Stability =+{51.5-47.5)/2 °C

. =420°C %‘
r_1f

27.03.2017
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minimum measured temperature throughout observation .

Overall Variation : The difference of the maximum and the

The temperature overall variation in graphical report is optional.

R -

—— %7

5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 2 1 5
Overall Variation =(51.6-47.4)°C
=42°C \
® Nfi
a a o
WanN15d8aueay Incubator v 37.0 “C >
4 v
wnauinseausu + 1 °C
1 2 3 4 5 6 7 8 9
36.42 36.79 37.40 36.94 36.59 36.69 | 37.55 37.40 | 37.10
Uncertainty = £0.52
MAX | 36.94 | 37.31 | 37.92 | 37.46 | 37.11 | 37.21 | 38.07 | 37.92 | 37.62
MIN 35.90 | 36.27 | 36.88 | 36.42 | 36.07 | 36.17 | 37.03 | 36.88 | 36.88
50 ‘e

27.03.2017

25



j#z B4
S o ©
#1 #3
£ L5
<
—
> #6 Hi2 #8
= o °
3
W2 J g, &8
- N
#5 _1_5 ) &
R «m 5cm N
o ‘
W (£1.0m)
§ nfi

g -

nan15eauUfisy Incubator i 37.0 °C >
\neinIsEaNsu £ 1 °C

1 2 3 4 5 6 7 8 9

36.42 | 36.79 | 37.40 | 36.94 | 36.59 | 36.69 | 37.55 | 37.40 | 37.10

Uncertainty = £0.30

MAX | 36.72 | 37.09 | 37.70 | 37.24 | 36.89 | 36.99 | 37.85 | 37.70 | 37.40

MIN | 36.12 | 36.49 | 37.10 | 36.64 | 36.29 | 36.39 | 37.25 | 37.10 | 36.80

* Nfi

27.03.2017
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N

NaN15aaULIEU Incubator # 37.0 °C

WnaIINIsEaNSy + 0.5 °C

-

<)

3

q

5

6

36.42

36.79

37.40

36.94 | 36.59

36.69

37.55

37.40 | 37.10

Uncertainty = £0.52

MAX

36.72

37.09 | 37.70 | 37.24

36.89

36.99

37.85

37.70 | 37.40

MIN

36.12

36.49 | 37.10 | 36.64

36.29

36.39

37.25

37.10 | 36.80

53

Water Bath

27.03.2017
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Water surface

55

o — e

(Top view)

[
e
4y

8
]

Immerzion ling

(side view)

}n’user plate

*1 - & =Working Standard’s position immersion

NanMsaoULTiByU Water Bath # 44.5 °C

LNEUIINISENSU £ 0.20 °C

1

2 3 4 5

44.54

4452 | 4454 | 44.55

44.50

Uncertainty = £0.15

MAX

44.69 | 44.67 | 44.69 | 44.70

44.65

MIN

44.39 | 44.40

44.39 | 44.37

44.35

Autoclave

56

- g
) (0]
4
1
=
L. .C

27.03.2017
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Standard at Position

N

1 = Attached to the load temperature probe, within 20 mm.
2 = In the upper half of the Chamber

3 = In the chamber drain, within 100 mm.

el

Calibration Point Measured 'I('esr:‘):;:m;(i;czEgSensor No. Uncertainty

(°c) Probe 1 Probe 2 (Ref) Probe 3 + (°C)

115 114.90 114.86 114.94 0.87

121 121.10 121.06 121.15 0.87

115 °C 121 °C
O © | ©6| 0 O
MAX |115.77(115.73{115.81(121.97(121.93{122.02

57 MIN 1114.03|113.99|114.07|120.23|120.19|120.28 nfl

-

Workshop n1sanulususeswanisdautiisy a1vad Usunns

> pH Meter
> Piston Pipette

> Dispenser

> Volumetric Glassware

58

27.03.2017
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A15E0ULIBU pH Meter

» fufunuuil Bench top %3e wuu Hand Held fiflnssiesau
33 Meter way Electrode fiasaauLileuyisans Part
» uadnduuuu Tester imsnaaeulaenisqulu Buffer it

59

‘ -

N13A52980UYTEENSAIN N159i191UVBS pH Electrode >

- Uriades uazguindasnounslinuuszana 15-30 wiil viefigilelrdosssy
« \d8n Mode msviaulvieglunaeg mv

« JaAransazaneinines pH 7.0 TuiinAimanuasding nsIng1suau 3 ade
- dnAransazansiwimes pH 4.0 wse pH 10.0 TufinArausedng viin1sin
131y 3 af

- Tngnnafadiosdna Electrode Fretndunasduliuiadenssarsiiny antu

ihAnlaluAnamAIAINtY (Slope Factor) #9anng

S = (E, -E,)/(pH, -pH2)

o Tned S Ao Measured Slope

27.03.2017
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R -

*

A1 potential Yosansazatetuines pH 7.0 Tald wirdu -2 mv

Relative Slope = Measured Slope/Theory Slop

AIDYI9NITAUIE ﬁqm‘wqﬁ 25 °C

A1 potential YasansazateUuines pH 4.0 Tald windu 169 mv

Measured Slope ((-2)-169))/(7-4)
= 171mV/3pH

= -57 mV/pH

. Nfi

g ‘

ﬁqmiﬂqﬁ 25 °C A1 Theory Slope ‘I

HANMAU -59.16 mV/pH

[(-57)/(-59.16)1x100

sarfu Relative Slope

96.34%

15192M529d0UMAN Relative Slope Tunsdlfiasosluilandunansen
Relative Slope uaglunsdliiiinauldudlalunisindn wazilunisnsaaaeu
Usz@nsnmuesdidninsalame

dmfunisussiliunatiutusgiudugs uilaenaluen Relative Slope
msiimaglugig 95-105%

* n‘fl
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nsUsziliunan1saauiisu pH Meter

Part Meter
Nominal DC Voltage Standard Average Indicator Reading Uncertainty Coverage Factor

pH (mV) mVv pH (tmV) (k)
0.00 414.13 416 0.00 0.58 2.00
2.00 295.81 297 1.99 0.58 2.00
4.00 177.48 179 4.00 0.58 2.00
6.00 59.16 61 6.00 0.58 2.00
7.00 0.00 2 7.00 0.58 2.00
8.00 -59.16 -57 8.00 0.58 2.00
10.00 -177.48 -176 9.99 0.58 2.00
12.00 -295.81 -293 12.00 0.58 2.00
14.00 -414.13 -412 13.99 0.58 2.00

63

g -

AsUsziunannsaauiisu pH Meter
Part with Electrode

2. Calibration of pHMeter with Electrode  ( Manual Temperature Compensation at 25 °C )

Equipment: pH Electrode Type: Combined Bectrode
Manufacturer: METTLER TOLEDO Model: DG 115-SC
Serial No.: 8460452 ID.No. NA

2.1 Measurement of Slope Response Eectrode

Relative Slope (%) 98.83

2.2 Performance of Electrode system (Tw o-Point Calibration at pH4, pH7 and pH7, pH10)

Standard Buffer Solution Average Indicator Reading Uncertainty Coverage Factor
pH (@25 °C) pH mv (£pH) (k)
4.005 4.00 166 0.0077 2.00
7.000 7.01 -10 0.0077 2.00
10.013 10.02 -187 0.0077 2.00

The reported uncertainty of measurement w as based on a standard uncertainty multiplied by a coverage factor k , providing a level of confidence of
approximately 95 %.

Nfi

64

27.03.2017

32



ANSdOULABU Piston Pipette

Type A Air Displacement

Type D1, D2 Positive Displacement !

‘

Table 1 — Maximum permissible errors for types A and D1

A

Nominal volume Maximum permissible systematic error Maximum permissible random error
il +% +p? +%P +pt
1 50 0,05 50 0,05
2 40 0,08 20 0,04
5 25 0,125 1,5 0,075
10 12 0,12 08 0,08
20 1,0 D2 05 0,1
50 1,0 05 04 0.2
100 038 08 0,3 0,3
200 08 16 0,39 0,64
500 08 4,0 03 15
1000 038 8,0 03 30
2000 08 16 03 8,0
5000 08 40 03 15,0
10 000 0,6 60 03 30,0
4 Expressed as the deviation of the mean of a tenfold measurement from the nominal or selected volume (see IS0 8655-6:2002, 8.4)
“ Expressed as the coefficient of variation of a tenfold measurement (see 1S0 8655-6:2002, 8.5).
¢ Expressed as the repeatability standard deviation of a tenfold measurement (see I1SO 8655-6:2002, 8 5).
¢ For piston pipettes of type D1 the maximum permissible errors may be + 0.4 %

66 I1SO 8655-2 Piston-operated volumetric apparatus -- Part 2: Piston Pipette
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Table 2 — Maximum permissible errors for type D2

Nominal volume Maximum permissible systematic error Maximum permissible random error
l +% +pa +9%b Ea
5 25 0,13 1.5 0,08
10 20 0,2 1,0 0,1
20 20 04 08 0,16
50 14 0,7 06 03
100 15 1,5 0,6 0,6
200 15 3,0 04 0,8
500 12 6,0 04 20
1000 1.2 12,0 04 40
2 Expressed as the deviation of the mean of a tenfold measurement from the nominal or selected volume (see ISO 8655-6:2002, §.4)
b Expressed as the coefficient of variation of a tenfold measurement (see 1SO 8655-6:2002, 8.5).
© Expressed as the repeatability standard deviation of a tenfold measurement (see ISO 8655-6:2002, §.5).

67 I1SO 8655-2 Piston-operated volumetric apparatus -- Part 2: Piston Pipette

Nfi

‘

fagrawagdauLiisu Piston Pipette fiUSunas 20, 100, 200 ul

Calibration Point : 20, 100 and 200 pL
Calibration results :

Setting Volume (L) 20.0 100.0 200.0
Test Volume (mL) 0.02 0.10 0.20
X, 0.02004 0.09965 0.19995
X, 0.02004 0.09990 0.19992
X; 0.02015 0.09987 0.19981
Xy 0.02005 0.09975 0.20002
Xs 0.02005 0.09992 0.19998
Xs 0.02002 0.09985 0.19996
X; 0.02005 0.09977 0.19989
Xg 0.02004 0.09976 0.19986
Xy 0.02013 0.09980 0.20006
Xio 0.02005 0.09976 0.20008
Error (E) % 0.03 -0.10 -0.02
Coefficient of variation (CV) % 0.02 0.04 0.04
Mean Volume ( mL ) 0.02006 0.09981 0.19995
Systematic error (mL) 0.00006 -0.00019 -0.00005
Randomerror ( mL) 0.00004 0.00008 0.00009
Uncertainty (+mL) 0.000036 0.000070 0.00015
Coverage Factor (k) 2.13 2.15 2.06
68 ion pipette tips BIOHIT ~ Type Colorless Capacity ~ 0.5-300  uL  Length 510 mm.

A
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faagrawagdauiiieu Piston Pipette fiuSuas 100 ul

Calibration Point : 100 pl
Calibration resuilts :

N

Setting Volume (pl) 100
Test Volume (mi) 0.10
Xy 0.10020
X2 0.10011
X3 0.10024
Xy 0.10019
Xs 0.10014
Xs 0.10008
% 0.10026
Xs 0.10015
X 0.10012
Y10 0.10020
Error (E) % 0.16
Coefficient of variation (CV') % 0.06
Mean Volume (ml) 0.10016
Systematic error (ml ) 0.00016
Randomerror (ml) 0.00006
Uncertainty (£ ml) 0.000070
Coverage Factor (k) 2.09 N
69 )
pipette tips Mar BRAND  Type Yellow Capacity 2-200 ul Length 50.0 mm. n f I
= N
N138dUMBU Dispenser
70
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Table 1 — Maximum permissible errors for single-stroke dispensers

N

-

Nominal volume Maximum permissiizie systematic error Maximum permissible random error p
ml % L ET +%"° e
0,01 2,0 0,2 1,0 0,1
0,02 20 0,4 0,5 0,1
0,05 1,5 0,75 - 0,4 0,2
0.1 1,5 15 0,3 t,2
0.2 1.0 2,0 0,3 0,6
05 1,0 5,0 0,2 1,0
1 0,8 60 0,2 2,0
2 0,6 12,0 0,2 4,0
5 0,8 30,0 0,2 10,0
i0 0,6 60,0 0,2 20,0
25 0,6. 150,0 0,2 50,0
50 0,6 300,0 0,2 100
100 0,6 600,0 0,2 200
200 0,6 1200 2,2 400
3 Expressed as the devialion of the mean of a lenfold measurement {rom the nominzl volume or from the selocted volume
{see ISO 8655-6:2002, B.4).
b Expressed as the coefficient of veriation of a; tenfold measurement (s2e 1SO 8655-6:2002, 8.5).

© Expressad as the rapealability standard deviaticn of a lenfold measurement, (see ISO BE55-6:2002, 8.5).

71

I1SO 8655-5 Piston-operated volumetric apparatus -- Part 5: Dispensers

Nfi

‘

i

Table 2 — Maximum permissible errors for multiple-delivery dispensers

v 4

Nominal volume Maximum permissible systematic errer Maximum permissible random erver
ml +% En %P En
0,001 50 0,08 50 0,05
0,002 50 0,1 50 01
0,002 2,5 0,075 3.5 011
0,01 2,0 0,2 25 0,28
0,02 1,6 0,3 2,0 0,4
0,05 1,0 05 1,5 0,76
o1 1,0 1,0 1,0 1,0
0,2 1.0 2,0 1,0 2,0
0.6 1.0 5,0 0,6 3.0
1 1,0 10 0,4 a0 |
2 0,8 18 0.4 8,0
5 0,6 30 0,3 15
10 0,5 50 03 30
25 05 126 0,3 75
50 0,5 250 0,25 125
100 0,5 500 0,25 250
200 4.5 1000 0,256 500 |
¥ Expressed as lhe deviation of the mean of a teniold measurement from he nominal volume or from Ihe selected volume
(see ISO BE55-6:2002, B.4). 2
® Expressed as Ihe coefficient of variation oi a tenfold measuremenl {see 1SC B655-6:2002, 8.5).
© Expressed as Ihe repealability slandard deviation of a temfold measurement, (see SO 8655-6:2002, 8.5).

72

1SO 8655-5 Piston-operated volumetric apparatus -- Part 5: Dispensers

27.03.2017

36



faeg1anadauiisu Dispenser fiUSuAs 10, 25, 50 ml ‘
Calibration Point : 10, 25 and 50 mL "
Calibration results :
Test Volume  (mL) 10 25 50
Setting Volume  (mL) 10 25 50
Xy 10.03537 25.02864 50.08781
X, 10.03516 25.02871 50.08744
X3 10.03357 25.02622 50.08800
X4 10.03241 25.02727 50.08567
Xs 10.03597 25.02544 50.08647
Xe 10.03428 25.02327 50.08877
X; 10.03444 25.02861 50.08699
Xg 10.03388 25.02632 50.08558
Xo 10.03478 25.02519 50.08657
Xio 10.03423 25.02698 50.08647
Error (E) % 0.07 0.05 0.17
Coefficient of variation (CV) % 0.00 0.00 0.00
Mean Volume  (mL) 10.03441 25.02666 50.08698
Systematic error (mlL) 0.03441 0.02666 0.08698
Randomerror  (mL) 0.00101 0.00176 0.00103
Uncertainty ~ (+ml) 0.0075 0.019 0.037
Coverage Factor (k) 2.00 2.00 2.00
73 te
Ml

A1sdauiisu Volumetric Glassware

74

Nfi
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Manufacturer

BRAND trademark for
the highest quality grade
volumetric instruments

Nominal velume

ISO association mark

Country of origin

Reference temp. (20 °C),
waiting time (5 seconds),
calibration (TD, Ex = to deliver)

Error limit Class 'A', the highest
quality grade,
'S' for swift delivery
75
A;
TABLE 1 Requirements for Burets
Graduated Scale
Subdivision, Class A Class B Distance, Top Class A Class A Class B
Capacity, mL Scale Length, | Scale Length, | of Buretto “0” and B Volumetric Volumetric
mL Class A mm mm Graduation, Number Tolerance, Tolerance,
and B 0 to Capacity | 0 to Capacity mm?2 Each, mL +mL *mlL
10 0.05 350 to 450 250 to 450 301075 05 0.02 0.04
25 Q01 350 10 450 250 to 450 301075 1 0.03 0.06
50 01 500 10 600 50010 600 4010 100 1 0.05 010
100 0.2 550 to 650 550 to 650 4010 100 2 010 0.20
AStraigh! burets only, not applicable to self-zeroing burets.
TABLE 2 Minimum Delivery Time for Class A Burets Using Water
Length Time of Out- Length Time of Out-
Graduated, flow Not Graduated, flow Not Less
cm Less Than, s cm Than, s
15 30 45 80
20 35 50 S0
25 40 55 105
30 50 60 120
35 60 65 140
40 70 70 160

76

ASTM E287 - 02(2012) Standard Specification for Laboratory Glass Graduated Burets
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-t
TABLE 1 Requirements for Volumetric (Transfer) Pipet
e capay Totarce g crpawary Lot [ Mo T s oo |1,
mL Y Bulb and i Coding
Class A | ClassB | min max min max Graduartr:‘:nn Mark [ Class A | Class B Band
05 +0.006 | =0.012 100 140 13 4 60 5 3 black (2)
1 +0.006 | =0.012 100 140 2 4 60 g 3 blue
2 £0.006 | =0.012 120 150 2 4 60 2 3 orange
3 =00 =0.02 130 170 2 4 60 8 5 black
4 +0.01 +0.02 130 170 2 4 60 3 5 red (2)
5 =001 0,02 130 170 2 4 60 8 8 white
6 0.0 +0.03 150 190 2 4 60 10 8 orange
2
7 +0.01 +0.03 150 190 2 4 60 10 4 green (2)
g8 +0.02 +0.04 150 190 2 4 60 10 8 blue
9 +0.02 +0.04 150 190 2 4 60 10 8 black
10 +0.02 +0.04 180 190 2 4 70 15 g red
15 0.03 006 180 220 35 55 70 25 10 green
20 +0.03 =006 230 260 35 55 70 25 10 yellow
25 +0.03 *0.06 230 260 35 55 70 25 15 blue
30 +0.03 230 260 35 55 70 25 black
40 +0.05 230 260 4 6 70 25 white
50 +0.05 010 230 260 4 6 70 25 15 red
100 +0.08 016 230 260 5 7 80 30 20 yellow /
77 A Maximum outflow time for A or B shall be 60 s. \-
ASTM E969 - 02(2012) Standard Specification for Glass Volumetric (Transfer) Pipets nfl
TABLE 1 Dimenslons and Tolerances
Distance From W uam Maximum | Standard Tolerances to
Comec | an | rotuetors | Laasct | " | Wk, | e | Tperl | Sonen g poser
max min& i mim Number? Class A | Class B
5 1.0 05 01 50 20 0.8 nz2 9 0.05 010
10 1.0 0.5 o1 60 20 1.0 15.2 9 010 0.20
10 10 0.2 60 20 1.0 15.2 13 010 0.20
25 20 1.0 0.2 80 20 11 185 13 017 034
25 5.0 1.0 05 60 20 11 193 13 017 034
502 50 or 5.0 1.0 80 20 12 23 16 0.25 0.50
10.0
100 10.0 5.0 1.0 80 20 13 296 16 or 22 0.50 1.00
250 200 100 20 100 30 15 424 220r27 1.00 2,00
500 500 250 5.0 100 35 16 50.8 270r32 2.00 4.00
1000 100.0 50.0 10.0 1o 45 2.0 63 32 3.00 6.00
2000 200.0 100.0 200 125 50 2.0 821 38 6.00 12.00
4000 500.0 2500 50.0 130 50 2.2 1o 1450 29.00

A Lines below the first numbered line may be omitted.
8 Applies to Style Il only.
“For Style Il, measurement is to bottom of stopper.

2 Main graduations may be each 5 or 10 mL. If main graduations are each 5 mL, intermediate graduations do not apply.

78

ASTM E1272 - 02(2012) Standard Specification for Laboratory Glass Graduated Cylinders
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Table 1 — Capacities, subdivisions and maximum permissible errors

Nominal capacity | Smallest scale Maximum permissible error
division
Classes A and AS Class B
mi mi =ml =ml
0.1 0,01 0,006 0,01
0,2 0,01 0,006 0,01
0,5 0,01 0,006 0,01
1 0,01 0,007 0,01
1 0,10 0,007 0,01
2 0,02 0,010 0,02
2 0,10 0,010 0,02
5 0,05 0,030 0,05
5 0,10 0,030 0,05
10 0,1 0,05 0,1
20 0,1 0,1 0,2
254 0,1 0,1 0,2
25 02 0,1 02
2 Length 450 mm, see Table 2

1SO 835 (2007): Laboratory Glassware - Graduated Pipettes

A

? Nfi
Table 1 — Dimensions and maximum permitted errors for narrow-necked flasks
Essential dimensions Tolerances R >
Nominal Internal Distance of Masimum Overall Bulb Base Wall Ground joint*!
capacity neck graduation permitted height?! | diameter | diameter | thickness
diameter line ! erors
Class A | Class B k4 k&
th e M > & |
mi mm mm mi ml +5mm mm mm mm
min. (approx.) | min. min.
| 741 5 +0,025 | + 0,050 65 o 13 0.7 77 716
2 741 5 40,025 | +0,050 70 17 15 0,7 711 716
5 741 5 +0,025 | +0,050 T0 22 15 0.7 7 716
10 71 5 +0,025 | + 0,050 90 27 18 0.7 T 716
20 LI 5 +0,040 | +0,080 110 39 18 0.7 10113 10/19
25 9+1 5 +0,040 | + 0,080 110 40 25 0.7 10/13 10/19
50 1M1x1 10 +0,060 | +0,120 140 50 35 0.7 12114 12/21
100 1311 10 +0,100 | + 0,200 170 60 40 0.7 120144 121214
200 155+15 10 +0,150 | +0,300 210 75 50 0.8 14/15 14/23
250 155+15 10 +0,150 | + 0,300 220 &0 55 0.8 14i15 14/23
500 19+2 15 +0,250 | + 0500 260 100 70 08 1917 19/26
1000 23+2 15 +0,400 | +0,800 300 125 85 1.0 24120 24/29
2000 275+25 15 +0,600 | +1,200 370 160 110 12 29/22 29/32
5000 38+3 15 +1,200 | +2,400 475 215 165 12 34i23 | 34/35
1 Minimum distance of graduation line from any point of change of diameter.
2 Qverall height without stopper in accordance with figure 1.
3 In accordance with ISO 383.
4 Alternative ground joint size 14/15 and 14/23
80 ISO 1042 : 1998 Laboratory Glassware - One-mark Volumetric Flasks ]
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» \n3eaui Class A Mnunliduasuiiieu/muaou 10 %

» \n3eaui Class B Amuslviguaeuiiieu/mudeu 100 %
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‘

feganagaulfisu Volumetric Pipet #iU3u1as 100 ml

Calibration Point:
Calibration results:

100 mL

Nominal Volume (mL)

Reading Volume (mL) Error Volume (mL) Standard Deviation (mL) Uncertainty (mlL) Coverage factor
100 99.9148 0.0852 0.0014 + 0.017 2.00
o ' = . a
finatinanagauiiay Volumetric Flask #1U5u1015 25 ml
Calibration Point: 25 mL
Calibration results:
Nominal Volume (mL) Reading Volume (mL) Error Volume (mL) Standard Deviation (mL) Uncertainty (mL) Coverage factor
25 24.98566 0.01434 0.0012 + 0.0065 2.00

82

Nfi
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fAaganagauLiay Burets iUSuIAS 1, 3, 5 ml

Calibration Point:
Calibration results:

1,3 and 5 mL

N

&

-

Nominal Volume (mL)

Reading Volume (mL)

Error Volume (mL)

Standard Deviation (mL)

Uncertainty (mL)

Coverage factor

1.00 0.99642 0.00358 0.00069 + 0.0036 2.00
3.00 2.99575 0.00425 0.00057 + 0.0036 2.00
5.00 4.98064 0.01936 0.00095 + 0.0036 2.00

faogramagdauiiisu Cylinder fiuSunas 150, 200, 250ml

Calibration Point:
Calibration results:

150, 200 and 250 ml

Nominal Volume (ml)

Reading Volume (ml)

Error Volume (ml)

Standard Deviation (ml)

Uncertainty (ml)

Coverage factor

150 150.535 -0.535 0.0026 + 0.065 2
200 200.464 -0.464 0.0026 + 0.067 2
250 250.265 -0.265 0.0025 + 0.067 2

83 .
Nfi
Workshop n1581ulUSUT8INaNSERUTIBY 81118
> Electronic Balance
» Standard Weight
84 .
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Electronic Balance
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AsUSURaA3DaYS (Calibration Weight)

* Internal Calibration i Calibration — Weight n1glu
R[N ﬁizﬁummgﬂﬁmmmzauﬁuméaﬁaﬁuﬂ
* External Calibration @asld Calibration Weight Tunas

USUAIRILTILATITNTEN U19LATBI819YINNA "

USU Linearity lngsialdiasests 3 dunisduldagly
Calibration Weight Class E2 LaztATo9%9 2 ALrLNa9un

2219 Calibration Weight Class F1
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200
1

2.0001 20.0002 199.9998
2 2.0002 19.9999 199.9999
3 2.0003 20.0000 199.9996
4 2.0000 20.0001 200.0000
5 2.0003 19.9997 200.0001
6 2.0001 19.9998 200.0002
7 1.9999 20.0003 199.9999
8 1.9998 20.0002 199.9998
9 2.0000 20.0000 200.0000
10 2.0001 20.0001 199.9998
Aadey 2.00008 20.00003 199.99991
D 0.0002 0.0002 0.0002
25D 0.0003 0.0004 0.0003
35D 0.0005 0.0006 0.0005 \/
N Nfi
Control Chart 2 g
2.0006
2.0005
2.0004
2.0003
2.0002 /_\ /_\
2.0001
2.0000 /\\ /J \_/\\ J \=\ s
1.9999 \ / \ /
1.9998
1.9997 \/\/ \/
1.9996
1.9995
1.9994
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
94
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A1311A1 Minimum Weight @13 USP (United States Pharmacopoeia)
Repeatability requirements
1) Repeatability is assessed by measuring one test weight not fewer than 10 times
2) Repeatability is satisfactory when two times the standard deviation (S.D.) of the weighed values,
divided by the nominal value of the weight used, does not exceed 0.10%
These conditions can be expressed as:
(2 x S.D. of not fewer than 10 repeated weighings) / nominal value of the weight used < 0.10%

From this, the lower end of the operating range is determined. which translates to:

Minimum weight = 2000 x Repeatability (3.D.)

95

Calibration Results:
1. Repeatability of Reading:

Nominal Value ( g ) Standard Deviation of Reading (g)
20 0.00000789
40 0.00000972
50 0.00000000
100 0.00004830

Minimum Weight = 2000 X Repeatability (SD)
= 2000 X 0.00000789 ¢

=0.01578 ¢
=002¢
=20 mg

96
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Calibration Results:
1. Repeatability of Reading:

Nominal Value (g ) Standard Deviation of Reading (g)
20 0.00000789
40 0.00000972
50 0.00000000
100 0.00004830
2. Off-Center Error:
A mass of 50 g was placed and moved to various position on pan.

The balance reading obtained is given in the table.

@ @

1 2 3 4 5 6 (Maximum Difference)
(g ) C9g)fC9g)fCg )JCg)]C g ) (9
49.9999 49.9997 49.9999 50.0002 50.0000 50.0000 0.0003
97 .
Nfi
Calibration Range: 0-100 g
Calibration Adjustment:  Internal Calibration ’
3. Departure from Nominal Value: (Range 0 to 40 g Resolution 0.00001 g)
Nominal Value Standard Value Average Reading Correction Uncertainty Coverage Factor
(9 ) (9 ) (9 ) (9 ) (£ g ) k
Unload 0.000000 0.00000 0.00000 0.000013 2.11
0.001 0.001001 0.00100 0.00000 0.000013 2.09
0.005 0.005002 0.00500 0.00000 0.000014 2.09
0.01 0.010001 0.01000 0.00000 0.000013 2.09
0.05 0.050002 0.05001 -0.00001 0.000014 2.07
0.1 0.099999 0.10000 0.00000 0.000014 2.06
0.5 0.500003 0.49999 0.00001 0.000016 2.05
1 1.000003 1.00001 -0.00001 0.000017 2.05
2 2.000001 2.00000 0.00000 0.000018 2.00
5 5.000005 5.00000 0.00000 0.000022 2.00
10 10.000006 9.99999 0.00002 0.000032 2.00
15 15.000011 15.00001 0.00000 0.000039 2.00
20 20.000010 19.99999 0.00002 0.000041 2.00
30 30.000016 30.00001 0.00001 0.000058 2.00
98 40 40.000024 40.00002 0.00000 0.000069 2.00 .
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Calibration Range: 0-100 g
Calibration Adjustment:  Internal Calibration
3. Departure from Nominal Value: (Range > 40 g to 100 g Resolution 0.0001 g)
Nominal Value Standard Value Average Reading Correction Uncertainty Coverage Factor
(9 ) (g ) (9 ) (g ) (£ g ) k
45 45.00003 45.0000 0.0000 0.000076 2.00
50 49.99999 50.0000 0.0000 0.000079 2.00
55 55.00000 55.0000 0.0000 0.00011 2.00
60 60.00000 60.0000 0.0000 0.00011 2.00
65 65.00000 65.0000 0.0000 0.00012 2.00
70 70.00000 70.0000 0.0000 0.00013 2.00
75 75.00001 75.0000 0.0000 0.00013 2.00
80 80.00001 80.0000 0.0000 0.00014 2.00
85 85.00001 85.0000 0.0000 0.00015 2.00
90 90.00002 89.9999 0.0001 0.00015 2.00
95 95.00002 94.9999 0.0001 0.00016 2.00
100 99.99999 99.9999 0.0001 0.00017 2.00
99 .
Nfi

‘

A

Standard Weight

v
v

fuvtnuinsgu (Standard Weight)
o Ao qwa o = i o | I
Fannvilvdidininasi auuieeneg Advue vieissyidu
flaw LU 100 mg, 100 g, 1 kg

Audnunzvasfiutnanasgiu (OIML R 111-1)
*  fhnansdilureusiiimun

*  fiyunsauazvnannudidinun

©  fouanifvesiannuiidivua

® ANUISHUVBIRT AURUILUY ANULEDYS

msLLija%wméjuﬁ"’mﬁnmmsgw wadu 3 $u Tdud
Class E wuslondu E1 way E2

Class F wuslondu F1 uae F2

Class M wuslaliu M1, M2 uag M3

100
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Tahle | Maximum permissible errors for weights (+ &m in me) .
Nominall ClassE, | Class E, | Class F, | ClassF, | Class M, [Class M, ;| Class M, |Class M, ;| Class M,
5000 kg 25000 | 80000 | 250000 | 500000 | 800000 | 16000002 300 000
2000 kg 10000 | 30000 | 100000 | 200000 | 300000 | 600000 | 1000000
1,000 ks 1600 | 5000 | 16000 | 50000 | 100000 | 150000 | 300000 | 500000
300 kg 500 | 2500 | 8000 | 25000 | 50000 | 80000 | 160000 | 250000
200 kg 300 | 1000 | 3000 | 10000 | 20000 | 30000 | 60000 | 100000
100 kg 160 500 | 100 | so00 | 10000 | 16000 | 30000 | soom0
S0kg | 25 50 250 300 | 230 | s000 | 8000 | 1s000 | 25000
20kg |10 30 100 00| 1000 3000 10000
l0kg | 30 16 30 150 300 1600 5000
Skg | 25 5.0 35 50 250 500 2500
2kg 10 30 10 30 100 300 1000
ke | 03 16 50 1 30 150 500
Sg | 025 08 25 50 3 50 50
20y | 010 03 10 30 10 0 100
W0g | 005 | o6 05 16 50 6 50
s0g | 003 | oo 03 10 30 10 30
20g | 005 | 008 | 02 08 25 50 35
wg | 00w | ot | 0o [ 20 60 20
5g | oo | 005 | ol 03 16 50 1
2g | ooz | ook | on 04 12 40 1
1z | oo | 0o | oo 03 10 30 10
S00mg | 0008 | 0025 | 008 | 025 08 25
200mg | 0006 | 0020 | 006 | 020 05 20
100mg | 0005 | o016 | 005 | 01s 05 15
Simg | 0004 | 002 | 004 | 0B 04
20mg | 0003 | 000 | 003 | olo 03
10mg | 0003 | 0008 | 0o25 | 008 | 035
102 smg | 0003 | 000s | 0020 | 006 | 020
Img | 0003 | 0006 | 0020 | o006 | 020
img | 0003 | o0oos | 0020 | oos | 020
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‘Result > S
Description Deviation ~ Conventional ~ Uncertainly  Tolerance
Mass OIML E2
(ma) (9) (mg) (mg)
1mg 0.0028 0.0010028  0.0015  +0.006
2 mg 0.0022 0.0020022  0.0015  +0.006
2mg -~ © 1 0.0023  0.0020023  0.0015 +0.006
5mg 0.0030 0.0050030  0.0015  +0.006
10 mg 0.0034 0.0100034 ~ 0.0015  +0.008
20 mg 0.0059 0.0200059 0.0015 +0.01
20 mg - 0.0047 0.0200047  0.0015  +0.01
50 mg -0.0040  0.0499960 = 0.0020  +0.012
100 mg 0.0090 01000090  0.0026  +0.016
200 mg 0.0088 0.2000088  0.0031 +0.02
200 mg - 0.0051 0.2000051  0.0031 +0.02
500 mg 0.0096 0.5000096  0.0041 +0.025
1g 0.0082 1.0000082  0.0051 +0.03
2g 0.0196 2.0000196  0.0061 +0.04
2g e 0.0195 2.0000195  0.0061 +0.04
5¢g 0.0168 5.0000168 0.0082 +0.05
10g 0.018 10.000018  0.010 +0.06
20 g 0.027 20.000027  0.013 +£0.08
20g e 0.034 20.000034  0.013 +0.08
50 g 0.064 50.000064 0.016 0.1
100 g 0.077 100.000077  0.026 +0.16
200 g 0.118  200.000118  0.039 +0.3
103 200g o 0.144  200.000144  0.039 0.3
Object / Equipment : Weights set 1g-500g Manufacturer; METTLER TOLEDO .
Calibration : Conventional Mass Type / Model : F1
Serial No.: 11118517 1D No.: -
(Provide by customer)

Data Sheet Conventional Mass Value

Nominal Value

19
2g
29
59
1049
20¢g
204g
50 g
100 g
200 g
200 g
500 g
104

Marking Conventional Mass Uncertainty MPE
19 + 0.027 mg 0.030 mg|=+ 0.10 mg
2g + 0.052 mg 0040 mg|+ 012 mg

Dot 2g + 0.036 mg 0.040 mg| = 012 mg
5g + D.044 mg 0.050 mg|=zx 016 mg

10g + 0.040 mg 0060 mg|+ 020 mg

2049 + 0033 mg 0.080 mg|+ 0.25 mg

Dot 20g + 0.081 mg 0.080 mg| =+ 025 mg
s0g + 009 mg 010 mg|zx 0.30 mg

100 g + 0.04 mg 0.16 mg|=x 0.5 mg

200 g + 008 mg 030 mg|=zx 1.0 mg

Dot 2009 + 026 mg 030 mg|= 10 mg
500 g + 05 mg 080 mg|zx 25 mg
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