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The Proposed Validation Guidelines and Their Application for Performance Verification
of UV-VIS Spectrophotometer

Jing Yu Jin, Young Koo Kang* and Wonjae Lee”
College of Pharmacy, Chosun University, Kwangiu 501-709, Korea
*Department of Food & Drug, Chosun University, Kwangju 501-709, Korea

Abstract — For the increasing demand for the validation of analytical results, one of the important concerns of the analyst
is to be assured that the instrumentation is working to qualified conditions. In this study, we have investigated and compared
several validation guidelines of the performance verification of UV-VIS spectrophotometer used in pharmacopoeias of major
countries and UV-VIS instrument analytical companies, and we proposed the practically useful validation guidelines of UV-
VIS spectrophotometer. Based on our proposed validation guidelines of UV-VIS spectrophotometer, several UV-VIS spec-
trophotometers used in drug manufacturing laboratories were validated for their performances.
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SERTE

HEI7| %

T HHAEY 39S D2 lampE AME3lo] W] 486.0,
656.1 nm 2°g-2] YE% Fi= AU CAES 33t D2 lamp
EAME3lo] B AN S T 5= 1S 7-9ol= Hellma Secondary
spectroscopic calibration standards®l(Hellma GmbH & Co.
Germany) Hellma filter 666-F12 AF2-31] 332 JE T AHS
279.20, 360.90, 453.65, 536.35, 637.75 nmoA] &l o =t
7] U AL 279.20, 360.90 nmolA T8I FFE A
=797118 2] 7% Hellma Secondary spectroscopic calibration
standards?! (Hellma GmbH & Co. Germany) 30% ND (Neutral
density)2] EFF<] 666-F3 filter$} 10% ND &} E3E2) 666-
F4 filterS A1-8-3193 440.0, 465.0, 546.1, 590.0, 635.0 nm®l| A,
FHE FU=AAAE] A9 635.0 nmellM =ik £ o
Told Ao g 3 UVVIS 7171 359k Ade] A48k
WE JRE US|} L R Ao A ARSI Q= & 8Tl
UVVIS 232717124 71713141 671%) o] 77185 ubkd
©F validation A2 35k,
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Table IoflA] Bz vl 3ho] oRERAE Y3 Al S $i UV-
VIS 3382 71719] F=auete] ebdelix o] A eAlgdarEol
B itk w71t R B QBRI T FC] TUSHA Vet
FA A iAA 0 2 I3 e A ol 98 8= (wavelength
accuracy), &%% 7 ¥ S(absorbance accuracy), stray light,
resolution 5 FE-50] 50 S (noise), HFEA HH T
(baseline flatness), 24 % (stability) 5 UV-VIS #3382 7]7]2)
A5l FEE T FEE0] B3Itk 53] spectrophotometer
o g4 717|2 AHEEE UVVIS 2371719 4ol a3
(wavelength) 2+ &4 % (absorbance) Z7A0] 713 Z2317] W

ol GLB, 1S09000 ~12] 3 ISO/IEC Standard 17025 %2 =34
o= A FAALE webs 1Y EAE ARESle] 1A
3} validationsh= A Hollth 1Y

u|rekd o] A9 UVVIS #47)7100 A lags} S35 gnos
171352 A5 AL 71Eska kD 3 AREAES 9
A Quartz-mercury arcE AHE3Fe] 253.7, 302.25, 313.16,
334.15, 365.48, 404.66, 435.83 nm®l|A], Glass-mercury arcE A}
£-5}0] 302.25, 313.16, 334.15, 365.48, 404.66, 435.83 nmof| A,
H2 discharge lamp AF£-51%] 486.13, 656.28 nmel|A] W&+ 1}
Foz A5 F & 222 7|«sta vt E3 Standard
Didymium(praseodymium & neodymium &%%) glass filter-}
Holium glass filter, Holium oxide §4<& AL&E <= 9138 A4
31511 1%5¥ Holium oxide &< 2% NIST #5¢15=4 SRM
20340] 0187F58He 71Eaka Yok 4% = TRt 4
g AE S 93 potassium chromate HEi= potassium
dichromate®] 2#% FFEo] FFFdolLt NIST E515EH
¢l SRM 931, SRM 9302] -7} (inorganic) glass filterS A&
St s = )

Faokdnt =k A AR, FHE AEE, stray
light 3H7, resolution, slit %j°), cellel thal] 7]&3ta At 5
%] 73$- Holmium perchlorate -8-94<] &by S48}
241.15, 287.15, 361.5, 536.3 nm, H2 == D2 W& WXL E AMS-3}
o 217} 486.1(HP), 486.0 nm(DP), Hg lampE ©]-&-3ko 2537,
302.25, 313.16, 334.15, 365.48, 404.66, 435.83, 546.07, 576.96,
579.07 nm AFE AL 7|Edto] 3188 %= UV P22 £1nm,
visible 42 =3 nm o7} 2 RS Sk Stk FF =Y
7-9- Neutral density glass filter 3= A3 TFQFE4E A}
o] EET ST ohL FHEAEE TR £0.01©]
U2 7743130t} Potassium dichromate §9%& AM831] F4=
o YRS 4T A uEFT A9 YL Es
235 nmel| A 122.9~126.2, 257 nmol|lA] 142.8~146.2, 313 nm®]|
A 47.0~50.3, 350 nmel A 105.6~109.0% 71481 tH Stray
light A3 filter} S840 2 Zsh=t) ¢ <= 12 gl KCI$-
S G310} 1cem cellelA UV 198 nm~202 nme] &34 % 3t
o} 2.0 o)A}o] H=F 1#43+3Ith Resolution 35S A=
0.02%(v/v) toluene/hexane-&N-2- o]-8-3}0] 269 nm 2] ol

Table I - The validation items required by major pharmacopoeias for UV-VIS spectrophotometers

Validation items USP 28 (2005)”

BP (2001)% EP 5th (2005)” JP 14th (2001)®

Wavelength accuracy 0
Wavelength reproducibility

Photometric accuracy 0]
Photometric reproducibility

Resolution

Stray light

Baseline flatness, Noise, Stability
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T} 266 nm TAH 9] HhFH ] Han7t 157} He 5t
gaksict.

JEoF=re] 739 At Hg lampE AH&3to] 253.65 nm
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656.10 nmel| A €] 7] AJE T (343 e £0.3 nm oW )9} 3
3] A AUEEEEE £0.2 nm oS g8k UhY
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3 B398 10%2) A-EHE 1.000) 7335 8827} £2% o
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Table II - The major validation items of Shimadzu company UV-VIS spectrophotometers and their tolerance limits

Validation items

Description

Tolerance limit

1 Wavelength
accuracy

9 Wavelength

. repeatability

3 Photometric
accuracy

4 Photometric

repeatability
5 Baseline
flatness

6 UV Stray light

Wavelength accuracy verification of emission
lines from D2 lamp
(486.0, 656.1 nm)
Wavelength precision verification of emission
lines from D2 lamp
(486.0, 656.1 nm)

Absorbance accuracy verification using 10%,
30% ND (Neutral density) filter
Absorbance precision verification using 10%,
30% ND (Neutral density) filter
Measurement of the absorbance for baseline
flatness at 190 nm~900 nm
Measurement of the absorbance using
1.2% (w/v) KCI solution at 200 nm

within +0.3 nm

within +0.1 nm

within +0.004 Abs (10% ND filter)
within £0.002 Abs (30% ND filter)
within £0.002 Abs (10% ND filter)
within £0.001 Abs (30% ND filter)

within +0.001 Abs

>2.0

Table III - The major validation items of HP company UV-VIS spectrophotometers and their tolerance limits

Validation items

Description

Tolerance limit

Wavelength accuracy verification using
standard Holium oxide solution
(NIST SRM # 2034)

within +0.5 nm

Absorbance accuracy verification

using ND glass filter
(10% Transmittance NIST SRM 930e)
or using 6% (w/v) potassium dichromate in

within =0.005 Abs (NIST SRM 930e)
or within £0.01 Abs (NIST SRM 935a)

0.01N H,SO, solution (NIST SRM 935a)

Measurement of the transmittance using
NaNO,, Nal, KCI solution
at proper wavelength

1 Wavelength
accuracy

9 Photometric-
accuracy

3 Baseline
flatness

4 UV Stray light

5 Resolution

6 Stability

7 Noise

Measurement of the absorbance
for baseline flatness

within +0.001 Abs

For 50 g/l NaNO,
within 0.05% (340 nm)
For 10 g/l Nal
within 0.07% (220 nm)
For 1.2% KCl within 1% (200 nm)

>15

The ratio of the absorbances at 269 nm and
266 nm of 0.02% (v/v) toluene in hexane
Measurement of the absorbance at 340 nm

using 5 sec integration time over 1 hr
Measurement of the absorbance
at 500 nm using 0.5 sec integration time

<0.001 Abs/hr

<0.0002 Abs
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Table IV - The major validation items of Thermo company UV-VIS spectrophotometers and their tolerance limits

Validation items Description Tolerance limit
1 Wavelength Wavelength accuracy verification using within 0.3 nm
accuracy Holmium or Didymium filters (241~807 nm) (For 684, 740, 807 nm, within +0.5 nm)
Wavelength Wavelength precision verification using P
2 repeatability Holmium or Didymium filters (241~807 nm) within 0.1 nm
3 Photometric Absorbance accuracy verification Depending on the wavelength and ND
accuracy using standard ND glass filter (NPL/NIST) filter: within +0.004~0.012 Abs
4 Photometric Absorbance precision verification Depending on the wavelength and ND
repeatability using standard ND glass filter (NPL/NIST) filter: within +0.002~0.008 Abs
Baseline Measurement of the absorbance -y
5 flatness for baseline flatness at 200 to 800 nm within +0.001 Abs
Measurement of the absorbance . ,
6 UV Stray light or transmittance using 1.2% KCl 1151211 :8113;182 ((gg(()) ;12)) 23822?;
(200 nm cut-off) or 1% Nal (220 nm cut-off) ) !
7 Stability Measurement of the absorbance at 340 nm <0.0005 Abs/hr
2 332 9 AEn, F4T AEE, stray light 5-9) 3Ho) U 759 holium filter 5 EFELS 08310 A PSS 3181
Bl B9 T (baseline flatness), ‘?l'xé (stability), Z-2-(noise) 1 Qkef| A 9] AFaE Xzl BB E ) AWE LTS
9 gFo] 7t QLS & = vk 71719) validation 3% D2 lamp AHE-A ZH2E £0.3nm, £0.2nm o), 29 holium
< Aldshs R 2 okde] Zeol tiAlF o R fAE i filter 5 ¥FEAANA] 242 0.5 nm, £0.3 nm o[ A5}
Ag 5 At A B0, IF AHEES] A9 D2 lamp, holium  Ith FHEAE Y A9 10%, 30% FHES Holx AFHF
filter, didymium filter 5= AR} EFE A PTTE] A 90 filter2 o] &5to] A Pel=r) FFE AT -3 440.0,

%= potassium dichromate -§-Ho|v} H5# neural density glass
filter 5-& AMESITE HoI3) 1 7§43 T 7)7|F Al A
o] AAAoE FAHE B = 9lvh 7 9 UV stray light,
resolution, stability, noise =% 7 A oL} 3454

7171800 e} 2 2jol7h s o % e,

= AT Hpgt UV-VIS E271712| validation 253t 58
[
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71718} *d e A8 ET ofe] S|atel ) A gEkar 9l UV-VIS ¥
%371719] validation 53} 152] 38355 vl ESl] =
Ul el A48 5= 30 validation 710]| =211 Table VellA
B ko) ol Akl ARkt vAE ) - D2 lamp

465.0, 546.1, 590.0, 635.0 nmellA £0.01 o|H9] FHL=F A%
atlo FHE U dAN AL 44 5183 =E 635.0 nmo
A 10% 53} filter AREA] £0.004 0119 F-3%, 30% 53} filter
ARE-A] 0,002 o UQ] e }ﬂx%g].o:h;} &} H}EI-/H HEP T
(baseline flatness)= 190 nm~900 nmellA] Z3slo] F|L3Ic S
£0.002 o4 FHEE ARSI

HAESH UV-VIS £&7|7|2] validation 7I0[=2}2le] H&

Table VoA #7838t UV-VIS 717} validation 7}o]=glel-g- &
L3lo] HAY eJFEA A FEAT AN AMEHI Yl F
gele] UVVIS 371715 @ 71718AL, 671% UVVIS 4524

7171) A0 ® validation A1 82 348t -1 A3 374 7)7]
X} 571F 7] UVVIS¥33717)%= Table VoA 14351 validation

Table V - Proposed validation guidelines of UV-VIS spectrophotometer and their tolerance limits

Validation items

Description

Tolerance limit

1 Wavelength
accuracy

9 Wavelength

repeatability

3 Photometric
accuracy

4 Photometric

repeatability
5 Baseline
flatness

Wavelength accuracy verification of emission
lines from D2 lamp (486.0, 656.1 nm)
or using Holmium filter at given wavelengths
Wavelength precision verification of emission
lines from D2 lamp (486.0, 656.1 nm)
or using Holmium filter (279.2, 360.9 nm)
Absorbance accuracy verification
using 10% ND filter and 30% ND filter
at given wavelengths
Absorbance precision verification using 10% ND
filter and 30% ND filter at 635.0 nm
Measurement of the absorbance for baseline
flatness. at 190 nm~900 nm

within 0.3 nm (D2 lamp)
within 0.5 nm (Holmium fiiter)

within 0.2 nm (D2 lamp)
within +0.3 nm (Holmium filter)

<+0.01 Abs (at given wavelengths)

within £0.004 Abs (10% ND)
within £0.002 Abs (30% ND)

within +0.002 Abs

Vol. 50, No. 3, 2006
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Table VI - Validation results of A instrument by proposed validation guidelines of UV-VIS spectrophotometer

Validation items Results Deviation Tolerance limits Validation results
' (D2 lamp emission)
1 V‘g‘ﬂglcgﬂl 485.7 nm 0.3 nm, 0.2 nm <+0.3 nm pass
y 655.9 nm
Wavelength 485.7, 485,7, 485.7 nm
2 repeatability 655.9, 655.9, 655.9 nm 0.0 nm, 0.0 nm <*0.2nm pass
Using 30% ND filter Abs 0.002~0.003
Photometric Abs 0.449~0.496 (30% ND filter)
3 accuracy Using 10% ND filter Abs 0.002~0.007 <+0.01 Abs pass
Abs 0.939~1.014 (10% ND filter)
30% ND filter (635.0 nm) Abs 0.000 <#+0,002 Abs
4 Photometric Abs 0.491, 0.491, 0.491 (30% ND filter) (30% ND filter) ass
repeatability 10% ND filter (635.0 nm) Abs 0.001 <=+0.004 Abs p
Abs 0.992, 0.991, 0.991 (10% ND filter) (10% ND filter)
Baseline max: -0.0017 Abs
5 flatness min: -0.0011 Abs <+0.002 Abs pass

Table VII - Validation results of B instrument by proposed validation guidelines of UV-VIS spectrophotometer

Validation items Resuits Deviation Tolerance limits Validation results
(Holmium filter)
278.0 nm -1.20 nm
1 Wavelength 360.0 nm -0.90 nm il
accuracy 453.0 nm -0.65 nm <=0.5nm
536.0 nm -0.35 nm
637.0 nm -0.75 nm
Wavelength 278.0, 278.0, 278.0 nm 0.0 nm
2 repeatability 360.0, 360.0, 360.0 nm 0.0 nm <*0.3mm pass
Using 30% ND filter Abs 0.001~0.005
Photometric Abs 0.454~0.501 (30% ND filter) -
3 accuracy Using 10% ND filter Abs 0.014, 0.012 etc <*0.01 Abs fail
Abs 0.942~1.022 (10% ND filter)
30% ND filter (635.0 nm) Abs 0.000 <zx 0.002 Abs
4 Photometric Abs 0.493, 0.493, 0.493 (30% ND filter) (30% ND filter) ass
repeatability 10% ND filter (635.0 nm) Abs 0.000 <+0.004 Abs b
Abs 0.997, 0.997, 0.997 (10% ND filter) (10% ND filter)
Baseline max: -0.0015 Abs
5 flatness min: -0.0005 Abs <= 0.002 Abs pass
Flel=iele] HEAE TANAAL VA UVVIS 29717] Ak ot 7P 1AAE wAelsiol & o] 23t

T validation 7}o| =211¢] 3|85 T3] Fslict. A4
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validation Z23& ¥ o35=31 9131 Table VIO)A] B 7)7)2) UV-VIS
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o153 I}, Table VII) B7]719] % JPz} @ELE} =4
5 M FHEIHES gon} 2 e}, A
HEA1E2] 74 holmium filter®] FFNFEAS ALL3}1) =]
570 AAePES K9] delA #43E 0.5 nmE 233 A7}

£ HoFT ok 3 F3E AHTA B2 79, 10% ND filter
AH&A] 546.1, 590.0 nmell M EBE 388w 0,018 23943
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