Accurately Small Volume Liquid Transferring
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Volumetric glassware
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UKAS: LAB 15

ASTM :

— E542-2012 :ASTM standards;Practice for
Calibration of Laboratory Volumetric Apparatus

— E193 Specification for Laboratory Glass
Micropipets.

- E287 G
— E288 G
- E694 G

ass 6Graduated Burets.
ass Volumetric flasks.
ass Volumetric Apparatus.
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ISO
— ISO 385/ 1-3 Laboratory glassware-Burettes.
1 General requirements

2 Burettes for which no waiting time is
specified

3 Burettes for which a waiting time of 30 s
is specified

— IS0 648 One-mark pipettes.
— 1S0 4788 Graduated Measuring Cylinders.
— 1SO 1042 One-mark volumetric flasks.
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ISO 835/1-4 Graduated pipettes
1 General requirements
2 Pipettes for which no waiting time
is specified
3 Pipettes for which a waiting time
of 15 s is specified
4 Blow-out pipettes



Accurately Small Volume Liquid Transferring
in Laboratory

ISO 8655:2022
Piston-operated volumetric apparatus

ISO 8655-2: Pipettes

ISO 8655-3: Burettes

ISO 8655-4: Dilutors

ISO 8655-5: Dispensers

ISO 8655-9: Manually operated precision
laboratory syringes

Tisawda Syringe #ldmsuwng



ISO 8655:2022
Piston-operated volumetric apparatus

ISO 8655-6: Gravimetric reference measurement
procedure for the determination of volume

ISO 8655-7: Alternative measurement procedures for the
determination of volume

ISO 8655-8: Photometric reference measurement
procedure for the determination of volume
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Glass pipette

AR

* Piston pipette/auto pipette/micropipette
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* Syringe









(szagvnneay ~ 2-3 cm)
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adjustable, single channel precision pipettes

includes eight models that can hold volumes

ranging from 0.2 pLto 10 mL
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Piston pipette ¥iia Air displacement
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Plunger button

Plunger rod

Fip ejecto
s Mmechanism

Frickon ring

Micromesar
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multichannel pipettes
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The ISO 8655 series
addresses the needs of:

manufacturers
calibration laboratories,
users of the equipment

other bodies as a basis for independent
calibration, testing, verification and routine tests.

The tests specified in the ISO 8655 series are
intended to be carried out by trained personnel.
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Volume Range | Volume L~ | Increment uL uracy ecision
) )
0.2 12 0.024 6 0.012
0.1-2uL 1.0 0.002 2.7 0.027 13 0.013
2.0 15 0.030 0.7 0.014
1 25 0.025 1.2 0.012
0.5-10pL 5 0.02 15 0.075 0.6 0.03
10 1 0.1 04 0.04
2 75 0.15 2 0.04
5 3 0.15 09 0.045
2=20p 10 L 15 0.15 05 0.05
20 1 0.2 03 0.06
10 35 0.35 1 0.1
10-100pL 50 0.2 08 04 0.24 0.12
100 08 08 0.15 0.15
20 25 0.5 1 0.2
20 - 200pL 100 0.2 08 08 0.25 0.25
200 08 1.6 0.15 03
100 3 3 0.6 06
100 - 1000pL 500 2 08 4 0.2 1
1000 08 8 0.15 15
500 24 12 0.6 3
500 - 5000uL 2500 2 06 15 0.2 5
5000 06 30 0.16 8
imL 5 50 06 6
1-10mL S5mL 20 1 50 0.2 10
10mL 06 60 0.16 16
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autopipette/micropipette/piston pipette
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Air-displacement pipette

Positive-displacement pipette

26







Piston pipette ﬁgﬂrﬁﬂ\‘i
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Fulsusuesnuiamiganazgege
$r91f5aasimunzay | 35%-100% (>10%)

Y
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mmzammmmmﬂw piston pipette eaar1InNUNY
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vyuSuauneasmlsungs

Usuas (ul) A21%an (mm)
D,
AR DA 0.1-10 1-2
. . 10-200 2-3
Pre-rinse tip 200-2000 3-6
1710171 2000 6-10
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19155239 lums 19 Piston pipette
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1. idanauatlulaliasefulsunasiisadnisya dauuuilladniia
tilu microliter uL

Digital readout shows

the volume you
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2. WsusinasiaasnisTaavyuilulsulsinasuudy automatic pipette
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Automatic pipette
au1a 200 - 1000 pl

Usuas 262 pl
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3. \dan pipette tip hiassruanasilula Tassuidulaiosas
automatic pipette (ad1hvinaruniawruauifiulyl)

Tip swiu automatic pipette 1uia 20 - 100 pl (mdag)
aua 200 - 1000 pl (8vh)

p 1000 p 100
1000x pl 100x yl —»
100x pl —+ 10x pl —»
10x pl —» Ix ul —»

Volume set: 220 pl Volume set: 22 pl
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4. nm plunger ausdnfousosuszduvinis

1

Jomiedl 1 na plunger Mavinbitdaarganmaluilula*

* flana plunger adfisvdufinaadaassedu (awnsas@nldanms
gumudanisng dotndnmaslafinia luzm. nautian) Mmsnaiann
dsararuhving plunger aslufiaszduusn uarladan plunger aan
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(n@ plunger f1a'l7) Fu pipetman daandwiu Julae tip Tuas
hirdawadadenisedufivisaanian

AaoqUaan plunger napndufugdumiaLéu

Julato tip Araliszunm 3 Sud (Larfifuadduaiuviiauasans)
Walvansuaui tip auasuaulBinasidali
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2 |
1 2

Fouwini 1 uanlain tip fuaiyusdu usana plunger Tuaufioseu ¢
M 1 azvinbihonann pipette tip Inaasdnuuriuy

Fouwi 2 saiflunan 1-2 3w naufiazne plunger asluauga
(seduf 2) doauiunsiaiofiudaadlu pipette tip asgnizuy
Suvaunua (aaofuflulayiiauasiah)
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5. udvnndaamiionua? dauqlaas plunger atnatig AudA

ne plunger @'y
wWiauay pipetman aan
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Reagents / Apparatus

Calibrated balance: anuazi@aaaiua Uy
(oY =Y Y 9)
AUNVVUIALAZUTUINTVUAT BN

Calibrated thermometer: %131 0-100 -C

aNuazeen 0.1 oC
Calibrated barometer

viinau / Deionized water
Glassware to be calibrated
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1 Volumetric pipette
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Fmsaeuiisn Volumetric pipette
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Y
VA = factor auedrugumai uay Anuau

fnnuaudusing 50%

ﬁjﬂﬁniNf’h Z AUANUN NI TY .
class of glassware (A,B)
type of glassware (borosilicate , sodalime)

temperature ;with correction factor of calibrated
thermometer / ice point recalibration

pressure



Z  =QI1/(pwpa)l(1- pa / pp)ll-
o1-20)]

Pa A ANUUUWMUUYBIDINS
. y
Py ABANUNUIMUUYDINN
A ! Y 3 Y
P ABANUUUMUUYDIGUUNNIR

O = duilszansmivensalvedian
Q = mass conversion factor = 1.000013
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v,= V20[1+ o (T-20)]

a A Y S 4
VT = ﬂ?uwm%ﬁwmmimuﬂ’mqmwguwm
L v a £ Y Y
= ﬁiJ‘]Ji%ﬂ‘V]‘ﬁﬂﬁsU818@1361]@%“]’3( cm3/°oC)
=0.00001 cm3/°C §1¥31 borosilicate glassware

=0.000025 cm3/°C §1% 31 soda-lime glassware
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n1snIuaeu (Verification)
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wamsaewney e 10 ml +0.02 ml.

Norminal value = 10 ml #Hap1SaoUNGY 9.9986 ml
A9 1 U U UYBINMTABUMEY +0.0016 ml.
ANUAAIAAADU =9.9986 -10 = - 0.0014 ml.

51195Y09UAAUT 119 = 9.9986+0.0016 ml.
=9.9970-10.0002 ml.



dotn(de )

WAaN1INIUaAD1

aNuAAANaeN + mMau luuduey - lifamnIeavue
0.0014+0.0016 =0.0030 ml.

P | (oY) (V) 1 d' ci' (oY)
WSeumeuranIIIANLUAINNNAAIAAADUNSDUT U
0.0030 < 0.02 ml.

#amImudol wadalinasianuaaiamasued lumnae
neousy la
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-0.02
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ya.

10.02

10.00 su1a3

9.98
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5aeUINY Piston pipette
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Piston pipette
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Evaporation trap ¥1aA14¢)
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A = ~ B, ~ ~ w &
1T DIBINNIUDNTII D UNYULAD LIS HUAINUASIDYAATUHANIDNUNUBD
ISO 8655

s a J o a9y A = 9) ~ 1
maﬂmmaimqmw{]uu TNWNTUNITEADULNYULLAD LA U
Uncertainty 0.2°C

J a J o a 9 A = 9 A0
L%ﬂii%%&@@ﬁ?ﬂqmﬁﬂhﬁﬂﬂﬂN"I‘L!fﬂﬁﬁﬁ]C]JWlch]J!,m'J LAag A
Uncertainty 0.2°C

] 9 v
Lﬂ%’ﬁ]ﬁ?ﬂﬂ?"lh%uﬂWTHﬂTﬁﬁ'@UmeULLE%J’J HaguA1 Uncertainty <10%
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A Yy A dqu v A = =~
1. denldnTestalimnzaunuilSunashaouiion
v Yy A ~
2. mivaannzinadenvesanuia Uiy
- gavgiineh nazegluzne 15-30 «c (£ 0.5°c)

- anu¥uduing (Relative humidity) 50% w11

D
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= g}J 1 3}1 ci' 1 v 1 A
INYUANLIARAIIN 1'10 ﬂ’)ﬁ@ﬂﬂﬂulllllﬂu 0.2°C
4'?( Y v J 1 v 94 <y, Bc{ ng 1 g}J ~
4. ANVUFUTUNNDTIEHUINNTFIUTIH UNUIAUAATIN 1'10

arsanenulunu 10%
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] ] Y
— FUnauuFixed-volume goueunysuiasn hlarun 1ua

QU

[ Y
— YnlauuVariable-volume aouiieun 3 1U5u1as aall
©10% ¢50% o 100% w03 Nominal volume

winema - USinastaeuieviurumilavesinaadeuiion ui 25% veq
Nominal volume

= 1 =
6.a01uanlumsan Tip asluveanad

923USuRg ALEN

0.1 - 10 pl 1-2 Uadwnsg
10 - 200 pl 2 - 3 Uaalnsg
200 - 2000 pl 3 -6 lagung

2000 ul Fuly 6 - 10 Tadwns
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an 50

v 1y 2 Y. :
Y uasveainnge aaasantiviinlaelda z-factor

Systematic error, Random error, Combined uncertainty wag
Expanded uncertainty
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% (o% 94 £i' 1 = = = £i'
1. dhwmimifszveseniemsaeuioy (nsdlaouiioud
9) 1
5uasiiesndn 50 pl)

= (Mm10 — m11)/ N Taed
ME =yhwminhiiszime’l

y Y 4o A
m10 = wiinindansen 10

Y
o % Y
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mll= iwiiniieasen 11
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V =W x Z Taoi
V = 1nasveh

W .
Z

Y Y
HTUUNUBNU

1 Y % v %} = oy
- ﬂ?LLﬂHWﬁHﬂ"U’OQUW@"IiJQﬂ!Wﬂ"ﬂJLLa%ﬂ”ﬂﬁJﬂu‘Uﬁﬁfﬂfﬂﬁ

(1013 kPa)

et W = 20175¢
Z = 1.0028 (figamgiith 19.5°C uagmuAuUIIEINIA 101.3 kPa)
AN = 2.0175x 1.0028 = 2.0231 pl



Z-factor M¥dmSuulasiminidutiuns

Temp. Barometric pressure (kPa)
("C) 80 85 90 95 100 1013 105
150 1.0017 10018 1.0019 1.0019 1.0020 1.0020 1.0020
155 10018 1 0019 1.0019 1.0020 1.0020 1.0020 1.0021
16.0 1.0019 1.0020 1.0020 1.0021 1.0021 1.0021 1.0022
16.5 1.0020 1.0020 1.0021 1.0021 1.0022 1.0022 1.0022
17.0 1.0021 1.0021 1.0022 1.0022 1.0023 1.0023 1.0023 |
17.0 1.0021 1.0021 1.0022 1.0022 1.0023 1.0023 1.0023
17.0 1.0021 10021 1.0022 1.0022 1.0023 1.0023 1.0023
170 1.0021 1.0021 1.0022 1.0022 1.0023 1.0023 1.0023
17.5 1.0022 1.0022 1.0023 1.0023 1.0024 1.0024 1.0024
180 1.0022 1.0023 1.0023 1.0024 1.0025 1.0025 1.0025
185 1.0023 1.0024 1.0024 1.0025 1.0025 1.0026 1.0026
19.0 1.0024 1.0025 1.0025 1.0026 1.0026 1.0027 1.0027
195 1.0025 1.0026 1.0026 1.0027 1.0027 1.0028 1.0028
200 1.0026 1.0027 1.0027 1.0028 1.0028 1.0029 1.0029
20.5 1.0027 1.0028 1.0028 1.0029 1.0029 1.0030 1.0030
210 1.0028 1.0029 1.0029 1.0030 1.0031 1.0031 1.0031
215 1.0030 1.0030 1.0031 1.0031 1.0032 1.0032 1.0032
220 1.0031 1.0031 1.0032 1.0032 1.0033 1.0033 10033
225 1.0032 1.0032 1.0033 10033 1 0034 10034 1.0034
230 1.0033 10033 1.0034 1.0034 1.0035 1.0035 1.0036
235 1.0034 1.0035 1.0035 1 0036 1.0036 1.0036 1.0037
240 1.0035 1.0036 1.0036 1.0037 1.0037 10038 1.0038
245 1.0037 1.0037 1.0038 1.0038 1.0039 1.0039 1.0039
250 1.0038 1.0038 1.0039 1.0039 1.0040 1.0040 1. 0040
255 1.0039 1.0040 1.0040 1.0041 1.0041 1.0041 1.0042
260 1.0040 1.0041 1.0041 1.0042 1.0042 1.0043 1.0043

| 265 1.0042 1.0042 1.0043 10043 1 0044 1.0044 1.0044
270 1.0043 1.0044 1.0044 1.0045 1.0045 1.0045 1 0046
275 1.0045 1.0045 1.0046 1.0046 1.0047 1.0047 1.0047
280 1.0046 1.0046 1.0047 1.0047 1. 0048 1.0048 1. 0048
28.5 1.0047 1 0048 1. 0048 1.0049 1.0049 1.0050 1.0050
29.0 1.0049 1 0049 1.0050 1.0050 1.0051 1.0051 1.0051
29.5 1.0050 1.0051 1.0051 1.0052 1.0052 1.0052 1 0053
30.0 1.0052 1.0052 1.0053 1.0053 1.0054 1.0054 1.0054
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NSHIAIANURANAINLTITZUY (Systematic error)
e = V- Vs
lng e, = Systematic error lusluin dslulususeshe Accuracy

V = YSumsiade
Vs = USunmsndauineuy

fege Vo= 19332 pl
Vs= 2 ul
Fou e, = 193322 = 00668



NSWIAIANURANAIALUUEN (Random error)
| v =Y é - e . N
Tagnsyaduyseansanundsyusiu (Coefficient of variation; CV)

I v Ak ¥ -
he [2(Vi=V)

S
n-1
% CV = 100 x SD.
Y
16 ¢ Vo= Uumiusssan (Ad 1-10)
V = Yumsiade
n = Swunsdive
fa9819 SD. = 0.0372 pl
V = 19332 pl
- 10 A%

O/p CV = (100 x 0.0372)/ 1.9332= 1.9243
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au ISO 8655 #a1saa1 Maximum permissible errors v
Piston pipette

aunManEaUe (Specification) ¥osdWaa Piston pipette Mgz lu
Ao FIRHAAToNNAT Systematic error Tugilues Accuracy @i

Random error aglugilvea Precision
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A199199 1 Maximum permissible errors for piston pipette type A and D1

Nominal Maximum permissible systematic errors | Maximum permissible random errors

volume (ul) + % + ul + % + ul

1 5 0.05 5 0.05

2 q 0.08 2 0.04

5 2.5 giL25 1.5 0.075

10 1.2 (3017 0.8 0.08
20 1 0.2 0.5 0.1
50 1 0.5 0.4 0.2
100 0.8 0.8 0.3 0.3
200 0.8 1.6 0.3 0.6
500 0.8 il 0.3 15
1,000 0.8 8 0.3 3
2,000 0.8 16 0.3 6
5,000 0.8 40 0.3 15
10,000 0.6 60 0.3 30

/|




asun1sUssliunanSEaULEY

Systematic errors :
® U+ | e, |oglugng Maximum permissible systematic errors (+ pl) : W1y

o U+ | e, | liaglurag Maximum permissible systematic errors (+ pl) : lalsinu

Random errors :
® % CV 8gluras Maximum permissible random errors (+%) : H1Y

® % CV luiagluyas Maximum permissible random errors (+9%) : lHu

2



a10819MTUsUNUNaNIT A UINYL

Volume (pl)

Description

50 100 200
Mean volume 50.05 100.12 200.51
Systematic error (e,) -0.05 0.12 0.51
% CV 0.25 0.07 0.06
Uncertainty * +0.13 + 0.13 + 0.15
Coverage factor (k) 2 2 2

*Uncertainty = Anulduliueuaens (Expanded uncertainty: U)

1. Systematic error (e,) 139 Accuracy

Usung ley| U le,| + U Systematic error AUz (& p
flaouiiou | nmsdeudiou | (+ul) (LU M anainaust 150 8655+ ayuna
() (ub) O sy spec wdasiie piu/laieinu
O aruanumungauvesny
50 0.05 0.13 0.18 1.6 Al
100 0.12 0.13 0.25 1.6 WU
200 0.51 0.15 0.66 1.6 At
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2. Random error (% CV) w3e Precision

5anas, M

50
100
200

0.25
0.07
0.06

Random error #l#iszii
(£ pl) avunaa ISO
e

0.6
0.6
0.6

WU
W11

W11
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Reference

- ISO 8655: 2022
- wnasnsaauisuluide (Piston pipette) dantuddaineanenans

d1615UFY
- idBNHBLazAlAN U INE IS UIBIU UANsELAd
AT.UN. HEUNT WzAnaNIaa
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