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Measurement uncertainty evaluation for ozone standard reference photometer

Wang Shuaibin, Li Ning,Fan Qiang, Tian Wen, Wang Qian

(Institute for Environmental Reference Materials of Ministry of Environmental Protection ,State Environmental Protection

Key Laboratory of Pollutants Metrology and Reference Materials Research ,Beijing 100029 , China)

Abstract : The comparison and validation of ozone Standard Reference Photometer ( SRP 48) by Institute for Environmental Reference
Materials of MEP(IERM of MEP) and SRP 2 by National Institute of Standards and Technology (NIST) are performed in order to estab-
lish the metrological traceability. The evaluating the measurement uncertainty of SRP is focused and the main sources of measurement un-
certainty are identified. Take SRP 48 for example, the measurement uncertainty components such as the optical path length (L,, ), the
pressure (P), the temperature (T), the product of transmittances ratio of the two cells (D) and the cross-section (¢) are calculated,
respectively. A measurement mathematical model is established and the standard uncertainty is combined. The results of the comparison
show that SRP 48 and SRP 2 are comparable over an ozone mole fraction range of O ~500 nmol/mol. The relationship between SRP 48

and SRP 2 is ™™ = [ (0.998 96 (+*"™) +0.025] nmol/mol. The expanded uncertainty of SRP 48 ozone concentration measurement is

2% (/(0.28)% +(1.10 x 10 > xx)*) nmol/mol at 95% confidence interval using a coverage factor k =2.

Keywords : ozone standard reference photomeler;measurements uncertainty;evaluation

] T SRt PR C PR B 25 TR ), A T R 453 T B
ZTIGPARR R EGFHE T — R T REX Y
SUE 8 h P BERRAA o PRBE SR M SR 2 4

0 35

T

REA(O,) AP EE RSz —, £
ZH — AR R AR R A MU & e 52 Sh ek
TR & A — R IV SO A o 2016 AR ZE SR

sk H 39 :2017-03 Received Date: 2017-03

HERE AR i ST e o TR 5
S, R AT £ R 1) SR AR SR TBERE A, TR X R 4R
IS B HE R A Rk, SR MES % L JE T (ozone

# FBIH « [E RGO A ST B T (201409011 ) | [l RIS ARAP R i 18 7T H (2014-61) ERORERIRIE A B P A BRI}

(22-2016-04) 35 H % 1)y



3004

oA & 2

38 %

standard reference photometer,SRP) & i > [E 8 FH 19 )R
ARCHEREME, 1983 4F 5 FARE S HOARBEFEBE (na-
tional institute of standards and technology , NIST) 5 3% [& ¥
{4 5 ( environmental protection agency , EPA) G VEWHE T 1
£ SRP, 7240 F 50 x5 SRP 7EH S RIEH . [ bRit
1 J5) ( bureau international des poids et mesures, BIPM ) 3
A 5 & SRP, & W21 245 [ 8 T MU JF Jie 5L 4R B
BEOGH 2 DR [ o 7] 5 4045 1 AT B A 90 94
NIST 4 M &5 SRP, H:H SRP 2 2y 3¢ |5 B 48 [ 5k 1
SRP 0 R AL AR X HH A4 b BT 22 B 1 SRP 317 L
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(institute for environmental reference materials of MEP,
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SRP B4 3 Bl = Y5 2 0 ~ 1 000 nmol/mol , M &
JE N BT AR TE I 253. 65 nm T X S AMG R Y
Rtk ANRIZE AV FI 52 A6 BE AR i 75 XA il A
[F], JE 253 S BOG R A D AN SOGFR RS I . SRP A6l J7 =X
SIROCFERGTIN , R FH P A5 AT 66 S A 2 LR
SRR, SO T BOGRRAS I A AT E 1

Schematic diagram of the SRP system
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Fig.2 The cause-effect diagram of the ozone concentration measurement uncertainty with SRP

2.1 BKEL,

R i SOGRRK B A3 (L, = Loy + Loy =
2L, Lo ROEHE 1 SRR 2 KEEIME) , AR A i —
B4 G L AT 955 28 NIST, K J3 A R {8 T iy NIST 3845,
MR G I A E FE w,,, EEA 4 AT 0 : TR
P B wy, U TR E B w5
FE AN E BE w,,, FOEHT SR IE B AN 2 B w0
2.1.1 EEWHASTEE u..,

NIST 58 32 X SO RE K B HEAT n Y 1245 31 H s o
M2 s RMIEAS S . EENERARHEE u,.,., =s/Vns
2.1.2 & THAHEE u .

It T L A AN S 2 2 by 0 YRR K B i (5 1
SAARI AL, A A . I T H AR E
¥ wy g = ZABFRIE ALK AR 223
2.1.3 OHEERENAHEE u,.,

KA ROCHRAS BE W HER A, 75 R FH AR = RO 25
JeFEE Wi (Window A, Window B) 7 9% ] J& i i 47
Wi FFAHEIE o0 Ao A0 S8 7 5 B AN 0 JE wy,, = TiF
bR R R e ifFiR 22/43
2.1.4 SR IERF A E R u,,

AT A IE 7 (AN 0 BE w, AF 5 B 4345, B
K (6)IHEFR],

5x107° x L,

Uy = «/§ . (6)
A5 x 10 7SS 2 B IEAE , L, X (7) 1531
L, =2xLy - 2 L., (7)

j—itl:,j .L,,,Llﬁ/‘Eﬁﬁ%*%ﬁ%%%E%ﬁ%EE = 1 72 ’3 540
ﬁ‘ﬁ%éfﬁg E/‘]Z:Eﬁ /THEE Upopt i Uprep ~ Wpscale ~UWpan ~ Uy 4
Ao A B, % 4 TS 2 53 ek R ASAH DG, ]

7 ) ) )
Upg = «/uL..-ep t U e T UL, UL (8)
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2.2 EhHP

FETI5I AR E P wp F2BEAT DA% SR 1 AN 1
TEFE e FIOG I 2Z A HE 7 22 (R AN 22 BE w0y P 8 532
o
2.2.1  HEIHBIEER AT E L wp e

RT3 R ) A% A5 7 1 AR L A A A R AR HEAS B
BE w, , BB FTE 43 A, W) R 07 A% 86 8 1 S 1 2 12
Up g = U,y (101.325 kPa) /3,
2.2.2 MRREZIE ) 25 AT E BE

SRP 47 5L A vk B I ot B, RN AN 6 22 18]
FHEE , SRR RS A — A RIS, A
FEZI 143 2600 o ik S8 Al 1530 P A FE ) s
N2 EKRAE AP, IR 434, WD =2 8] R )
EARTEFE uyp = (AP,,/2) /43,

TR E FE wp g, 1 B 53 B 5 JHAS
B AP IUAGH 2 S s (R AS A OC, D)

Up = U e + Unp (9)
2.3 BET

G IARANE BE w, 2 0 A IR AR A AT
TEFE g TR BE 30 BT E . w e, A IR A2 R
A IRAE N T i 3 BBIIAE
2.3.1  JREAR RGN E B e

SRP St 130 8 8 3 4801 v BEL VR 2 St ) 3K, T 7
SR B AR IR AE 295. 15 K B Y e Ko 2518 AT, B X
RFTE A AT, IR B A %2 B AN 5 B e = (AT,
2)/V3,
2.3.2 REERBEE AT I E FE

BOEREHAE Z2 AP, X S0 I B 45 1 R — /2 5%
Wi, BIPM WFSEIESZAE 295. 15 K B, S Fe v 4 7 i i A
fBAE £0. 1 K(BP AT,,./2) Z[al, BB HHIE 434, TR
FERBIE IR AT E JE wyy = (AT,0/2) /Y3, BIPM i
AT H] AT, = (2 x0.1) K, i@ T SRP i JZ 4 &
GI AT AN E BT
2.3.3  IREARIEEIBIE R F L

TSI ) O 2 1) A7 A 1 R T IR BE N o T
PRI G I A T AR AR AL IE T fr 0 NIST 5 BIPM
WFFE KRB A U EE S 77 F1 436 nmol/mol B ¥ B AE fL 1Y
S —0.3°C  f3FIRLIE N T2 —0.0017°, #iE R
WS Ry o BRI A AR B A IE B F Sy = ( —0.001 ()
nmol/mol , f.,.. TEF LA 2 BE A B AT LRG| AL

AN R FE AR TR IE T T friae » T BE B AN 5 JE
Wy FH Uy U ot P23 85 JAT B 2000 A 1 7 4
AN AH O, I 2
(10)

2.4 XHBBHLEMLLED
WA CR FLAE A v, FORIE 24
SEVERIASIRE BE wy oy FOCTTASN E P . T 1T
2.4.1 FEEMWHAHEE uy..,
ANHEAS AR ARS, BEE o RN SOER R
B E, AT 15 RIS HER 25 ), » A9 A IE S 040, W) 2
EVERIATEE ey = S/ V100
2.4.2 SUHUATHETE upp,,
TEHTATAE FE 1) e F 2RI XOGTRE R L
8 D W CHIUANG R BE , AT B OSSR, A5 = A5 i .
MR G LUAB AN E FE wyy B ey g BT
Ari A SR PN 8 2 ()RR G, U«
Uporey + U e
2.5 WMKRH o
BLETE 273. 15 K 101. 325 kPa HEST 4848 253. 65 nm
BT 28R 1. 147 x 10 ' 'm® + molecule ", 41 Xt A
FERE R 2.12% (95% EAFIX[H]) . FrF SRP ¥R AR
B SR R K, TR SRP HE st OB 28 & w, W ERIA
0,

(11)

3 SRP48 MEN#HE EITETHI

L SRP 48 Sy ffi] %5 SRP B AR P I 2 1 25 AN
SEJE S BT ST BUA BB TR B A B bR A
ENE u,, AHEY RATEE U,

3.1 THEESENERN

S SRP 48 BLAR R B2 I £ 1 2% AN 2 B 00 5w
wp iyt e, SRR A 00 A A3
3.1 1 JERRKEMATE R u,,

SRP 48 Jtf% 1 JEFE 2 199 KM 45 R L& 1,
K BE4 54 90. 141 90, 148 em, bR i 2543 51 4 0. 007 .
0.008 cm , A FEH 2k 0.003 cm, 75 B uHE KR H A2 1
(9 ASH E BE w,.,,, 9 /0.0037 +0.003> =0.005 cm,,

AR AL R AR5 22 £0..000 866 cm,
Wi T EAOAHA E B u, .. =0.000 866/4/3 =0.000 5 cm,
Hebr R R AR 224 0. 002 5 em, 15 3] 47 9 1 )&
BE NI u,, =0.002 5//3 =0.001 4 cm,

FERE K BE A 7 (90. 141 +90. 148) /2 =90. 145 cm,
DGR 1 WA S (8B 43 510 0. 151.,0. 152 em;; S FE
2 W i A7 S B 1Y JEEBE 43 31 2 0. 154 0. 157 em U L, =
2x90.145 — (0. 151 +0. 152 + 0. 154 + 0. 157) =
179.676 cm, FEDEHTALIE N T A AHE L u,, = (5 x
10 7°(179.676)//3 = 0.52 cm,
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Table 1 Measurement results of the overall
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Table 2 Pressure measurement results of two

length by SRP 48 (em) cells by SRP 48 (kPa)
i REUCOR JEFEL(NIST #96) G 2(NIST #97) S 1] i) EUPRaTi
1 90. 139 90. 150 w1 100. 290 100. 500
2 90. 139 90. 149 Bl -
: : W72 100. 282 100. 504
3 90. 151 90. 155 —
[EIRR 100. 293 100. 502
4 90. 152 90. 161 SR 2
w72 100. 286 100. 502
5 90. 147 90. 154
6 90. 144 90. 144
; 90. 136 90. 134 p3 2 AT, OBFE 1 9 E J7 2% = 100. 290 - 100. 286 =
o %0. 131 %0. 142 0.004 kPa; Y F2 2 [ JE 1 %% = 100. 293 - 100. 282 =
9 90. 134 90. 141 0.011 kPa, JE Sy ZE ¥ /NF 0. 06 kPa, #E47H K b4k
B 90. 141 90. 148 L UEREZ 6] 22 A ESE uy = (AP, /2)//3 =
ERLALES 0.007 0.008 (0.06/2)/y3 =0.017 kPa,
U 0.003 0.003

A E SIS, 13X (8) Al R BDERK BE Y
ATy 5E FE uy,, = +/0.005% +0.000 5° +0.001 4* +0.52° =
0.52 em,

THEARRDERE 1 1 SEBR K B2 (90. 141 - 0. 151 -
0.152) =89. 838 cm, Y ft 2 A 52 PR K (90. 148 -
0.154 —0.157) =89.837 cm, WK L, = (89.838 +
89.837)/2 =89.84 cm,

3.1.2 RSIAHERE u,

P SCHR AT, He A% S R AR AR AN B 2 BE N
+0.05% , W) He Jj A% 1848 19 AN 1 2 B wppne = (0. 05%
(101.325)//3 =0.029 kPa,

R 5% SRP 48 AR Z (8 9 e ) 25 5%, 4T T 1
T LSRR 1A ARG HTIFIRTT 2 ARl & 0 FE 1
B R, DGR 2 19 Hs 7k AR R 7 0 A5 3] . b 22t
P AES AR IS E R 0 R ) 22/ T 55T 0. 06
kPa, SRP 48 P GFE L il 45 R4k 2 P

BATHE S B BIAF G, =0 (9) A2 & 5] A
IR EE up = +/0.029% +0.017% =0. 034 kPa,

3.1.3  IREERIAEERE u,

TREARIRARTE 295. 15 K B (9 KA 25 H AT, =
+0.1 K, JRBELIEA I ABAESE s = (AT,,/2) /3 =
(0.1/2)//3 =0. 029 K, ik B B 43 A 189 A 0 5
Wyt = (AT,0/2) /(3 =(2(0.1/2)//3 =0.058 K. /&
P IEERIIBEIE N T frape = —0.001x nmol/mol,,

NG BEAR AT B A IE P f e » B AN E 50 1
[EANAR G, B 20 (10) 75 B0 51 A B A 80 € B u, =
/0.029% +0.058* =0.065 K,

3,14 BUGHRE R E AT E L u,

AN A S AR R AR AU B A 200 ¥R, AT A
FNEE VR AT E L uy.,, o SRP O SRP 2 SRP 48 L%}
Bk SOGTR A ' % LU (B A A€ PR an 3k 3 R, W]
AR E L wp . OBOERRELR LA
WEE w0

g

&3 SRPs QIEENE L ENRE L
Table 3 Stability data for the dual optical path transmittance ratio of SRPs

WEK SRP# Hh A5 1/2 F KA FATNEE uppee BICRIHEIIATEE u)) X e AN A T
3.2x1073 1.3x107° 1.4 %1073 0.29
1 0 NIST 2.5x107° 1.0x10°° 1.2x107° 0.24
48 1.8 x10°5 7.2%10°° 9.3x10°6 0.19
2.9x107° 1.2x107° 1.3x107° 0.26
2 0 NIST 2.7%x1073° 1.1x1073 1.2x1073 0.25
48 1.8 x10°5 7.4%10°° 9.5x10°6 0.19
2.9x107° 1.2x107° 1.3x107° 0.26
3 0 NIST 3.2x107° 1.3x1073 1.4x1073 0.29
48 1.8 x10°5 7.1%10°° 9.3%10°6 0.19
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Table 3 Stability data for the dual optical path transmittance ratio of SRPs

WHL SRP# H 172 B R HUE HITATREFE uppee  BICRIENATHEE up X B AN E JE 4 5 0
3.8x107° 1.5x107°° 1.6 x1073 0.33
4 0 NIST 2.3x107° 9.2x10°¢ 1.1x107° 0.22
a8 1.2 %103 4.9%10°° 7.8x10°° 0.16
48 1.9x107° 7.6 x10°° 9.7x10°¢ 0.19
5 IERM
0 3.0x107° 1.2x107° 1.4x107° 0.27
48 1.7 x107° 7.1x107¢ 9.3x10°¢ 0.19
6 IERM
0 2.3x107° 9.5x107° 1.1x107° 0.23
HiZE 3 A1, SRP 48 7 NIST FLXS I ), Xof fe 28 AN o 1 Lo Pu o a (14)
SERERIRZI 3528 0.19 0. 19 .,0. 19 .0. 16, 7£ IERM b X} oT 2xoxL, T, P T
fiF 53504 0. 19 10 19, F STHRAT AT, wyy X e AN A2 o _ 1 NN TRV S S PPS
FE YR /N T 0. 28 nmol/mol A 441 . SRP 48 1y u, P 2xoxL, T, P P
XA T S W 4 R AT ROK LA B, w1 T Pu 1
>4 0.28 nmol/mol, oD 2xoxL, T, P D
3.1.5 W REN A E B u, a (16)
PRI T SURAE 253,65 nm H9MR AL o 1147 x DX InD
10 'm* - molecule ™', B 1. 147 x 10 " em® + molecule ™', 5L 9% 1 % r x@XlnD -- X an
g

R R RO A A w, R 1,22 x 1077 em” - mole-
cule ™,
3.2 HERBMET

RIS AN E LI B g up g, , 38T I (12)
LA S BRI E JE w, o

2 — i(af(qlv qu'”!qn) x uj
dq;

Nbi=rpon., ~

=

i=1 qi=1,P,0,D,Lopt

3 xul (12)
i=1

X (0(f(q,95,709,))/(0(q1q, =T,P,0,D,L,,))
RS AN A BE Ay i U R B, 4 i i 2K (13) ~ (17) 1
RN
ax 1 T P _
L C o< > Lim T P x InD =

std opt

(13)

X

opt

Jo - 2 x 0'2 X LUPI Tsl(l p
Hﬂ?%xﬁﬁfﬁﬁi ul,opt sUpUp Up U, Z"IEJZ(*H%’
& AN E L u, A

u, =x X

x

JE =)+ (5 () - ()

opt
(18)

3.3 FHREEMERK

SRP 48 5 SRP 2 7 NIST It %t Bf, o = 1. 147 x
10" em® + molecule ™ L, = (89.84 x2) =179.68 cm, T
$1298.15 K, P =100.502 kPa, D X} ft AN 2 BE (14 520
90.28 nmol/mol, AR#EF(18) G A A E o, 15
FI| SRP 48 114 KL AR 2 B A 2 JE w () i (19) fr
MNo

= (] (505 ]+ (o] o -

(1.06 x 107 xx)” + (2.89 x 107 xx)”> + (2.18 x10™* xx)” + (3.36 x 10™* xx)” + (0.28)° =

(0.28)% + (1.10 x 107 x x)* nmol/mol
AN 45y i R R SRR A SR A SR 4 PR

(19)
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Table 4 Uncertainty components source and calculation results of SRP 48

A5 F U5 BaR( FRUEARTERE  ARATEE v,  REUER ANHRE B S i
R U rep ERME 0.005 c¢cm
W TR uy e 2 Ay AT 0.000 5 ¢
et 2L, . o %Eﬁfﬁ " o 0.52 cm =&/ Loy 2.89 x10 *x
AP ERE uy, L i 0.001 4 cm
AT IR E T wy s A0 0.52 cm
FEFIMEIELE prans HiTE 0.029 kP,
K P L If‘ : 'fﬁﬂﬁ ! 0.034 kPa —x/P 3.36 x10 *x
%%Zlﬁjﬂ—iﬁé Upp fﬁﬂfﬁ%ﬁ 0.017 kPa
Tt P JRERT e 0.029 K W4 i
e f%ﬁj 0.065 K /T 2.18 x10 *x
]ﬁ)‘:{ T ﬂfﬁﬁﬁ Up grad 0.058 K %ﬁﬂ}%ﬁ
REERE B ERF fre BB -1.0x10 %% — — Bias
HEH e =V 8.0x107°
EGHEE D 1.4x107° x/DIn(D) 0.28
HENE wpep ES 1.1x107°
. 1.22 %1071 1.22x10°"°
W R o R u, — -x/o 1.06 x10 2%
em?/molecule cm?/molecule

L4 h SERRKEEE G HEAIERE u,,,, EICR
EEEYERIATE L ., W ERFEERET n
YO RO S 5 R, IR EZS 40 Ao DG o
JE w0y, HSCHRFRAS, #5 & S04 0 BAM, up
Ui AU s ~Hap A W ~ Upgrad N 1oniae T 20 22 FH T DU 34X
fr R ARVFIR 228000 B ) BUEAB 29555 L i AN o B
AR 4

AN T R SR WO R B AN B E B e, WA E
w(x) AT LAZRIR N«

u(x) =+/(0.28) + (2.92 x 10~ x x)* nmol/mol

(20)

£ 0 ~500 nmol/mol JEFE N, 5| ABATI AN Z %L

M E JE u,, ,SRP 48 BV B 15 H I i AN 8w ()

HIEFR U 3 FR .
6r
----- 5,

sl ;T:@,é\ua 7 .
4t s

g e

= ’d'
L .
1 “/" e e
0 100 200 300 400 500

x/(nmoL-mol")

K3 SRP 48 SLGCHIE L SUR B 7
Fig.3 Standard uncertainty associated with

SRP 48 measurement result

k=2 I 75 95% B EAFIX AN, 3 A E BE Uss,, N

Uys,, =2 xu(x) nmol/mol (21)

KA (19) ~ (21) TFEAHA E BE IR 51
FRIEGS IR E A F [0 TIA S N, TE 95% 1 EAF X
A A ™ P AN S . U,

U;Sf/ =(2xu(x) —=0.001 xx) nmol/mol (22)

AT SR PRI A o 7 3 1t SRP 8 328 4 4 3o IR 3 B
SRIEATRME , SEBGIREAME I, 2R XS SRP 48 i
JEEAL R EA TR UE , S Bl 2 D e 2% 1 1 3 A, )
Sru o TIA

AT BEAL AL E T F fro , 95% 1A X 1]
WLk =2 I, 5 A€

x+ U, =

x+2x(/(0.28)° +(1.10 x10 > xx)*) nmol/mol (23)

4 SRPAS MEAHEETLTELERDTW

SRP 48 il i 5 SRP 2 f9 Eb X 56 i 5 BY v {H 991 T
2011 48 A28 H ~9 A5 H,SRP 48 #1 SRP 0 7 NIST
55 SRP 2 #E4T X, 35114551 SRP 48 5 SRP 2 SRP 0 5
SRP 2 [y HExf & R, Hf T 5] 4245 51 SRP 0 5 SRP 48
HIExT e R ZJ5 SRP 0 VR fEEEARIEFN SRP 48 &
% ZEIERM, T9 H 21 H ~9 A 22 A T, 5 Z R
7 NIST () L X5 R IEA T IR UE . % SRP 0 & [9] NIST Ji5 F
10 47 H~10 49 H5 SRP 2 Bk #E4T ELXT, LABA A
SRP 0 izt e RE R e

SRP [LXTHT, — SRP {E R EEHE(L S (SRP-host ) , H:
ftbh SRP 22 LAY & ( SRP-guest ) , LA SRP-guest 14 I £ {5
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X SRP-host {9 BB 22 1l ith £k , 364 e/ 3Rk R)
SRR, THE 22 41 O BT 45 50 2 2 R R B (B A B
PIfE . SRP fy xR R AT IR -

SRP-gues SRP-hos
7 =qy +a, xaT (24)

U™t SR B SRR R AR 11 S S
TR, B84 2l nmol/mol ;a, AR, B4V & nmol/mol ; a,
R,

SRP 48 SRP 0 SRP 2 x5 Rl 5 fis .

&5 SRPs LEXf4ER
Table 5 Comparison results of SRPs

WHK A pIgE! FE X 5 BRS¢ BRI B/ (nmol + mol =" )
1 SRP 48 vs. SRP 2 NIST 78 0.998 96 0.025
2 SRP 0 vs. SRP 2 NIST 78 0.999 10 0
3 SRP 0 vs. SRP 48 NIST - 1.000 14 -0.025
4 SRP 0 vs. SRP 48 IERM 8 1.000 94 -0.008
5 SRP 0 vs. SRP 2 NIST 14 1.000 38 -0.045

[ :SRP 0 vs. SRP 48 7 NIST 1% FL X 5 28 2y 3138 ) 13245 21

H1¢ 5 FIH1,SRP 48 5 SRP 2 HXf &R AR Ny
0.998 96, #RIE 4 0. 025 nmol/mol , £F4 NIST 1 L% 545
FERAE(1.00 £0.01) Z &), #RFEAE (0.0 £ 1. 0) nmol/mol
Z[a], SRP O 5 SRP 48 7& NIST 4 tb %45 5 1 SRP 48 5
SRP 2 SRP 0 &5 SRP 2 o AH4% L3130 [ 6], 4%
1.000 14 ,#E~ - 0. 025 nmol/mol , 5 SRP 0 5 SRP 48
7E TERM £ L XF 45 28R (R  1..000 94, 8B 4
—0.008 nmol/mol ) #H ZZ4R /v, SRP 0 i [8] NIST j5 5
SRP 2 [ XS5 RS Z A —E 25, F1 3 1.003 8 K2
HI 0.999 10 W& K, (HWAE L X brZ M. 15 3
SRP 48 15 SRP 2 {52 E X G R 20N

™ =1(0.998 96 xx™™) +0.025] nmol/mol (25)

7E 0 ~500 nmol/mol ¥f¢ i 15 FEl 14 ,95% ) 1 X [A] Ay
(k=2 1}) ,SRP 48 FLAEHE B 2 14" J AN By 2 <
(+/(0.28)* +(1.10 x10 > xx)*) nmol/mol,

5 4 e

FAFRUES LT SRP 48 5 6 [ [E K hrifE 5+
ARWFFEBER SRP 2 4T H X, SRP 48 Hl SRP 2 Z [A] HA
AREF A AT e 8357 T SRP 48 5 SRP 2 [ LX) X R H
£ =1(0.998 96 x ™) +0.025] nmol/mol, X5
D5t SRP 48 BLA MR B2 I i ANHf o FE RDOGRR K EE L, R
P R T SOCHERM HE D FIRCREL o SR E A
ANBRE BE A S AT A A AR, Sy B R A 3]
FRUEARTEBE . 7E 0 ~500 nmol/mol ¥ B ¥ [l P, 95% i)
BRI (k=2 B) ,SRP 48 SLAMR I & 104 B A1
EE N2 x(4/(0.28)> +(1.10x10 > xx)*) nmol/mol,
R TR

1) X5 G AN 2 B 52 ) e K ) S MR AR B AN T

J& ,SRP XS i HANHA & 2 T LABRIA K O

2) AN B ZR B AN S S, X BN W o
M e PR e RO AR 375 D' 236 LU B AN 5 2, TR LG AE AN T
SE FEVPALIN 5 B )G SRP ALARARAS

3) Hoxf b e SRP 48 BUGFE 7 ' 38 1 HO B A e 48

AN E BE RS2 0E A 0. 19 nmol/mol AR T 38 # 1§ 5L T e K

AR Ab B 0. 28 nmol/mol,
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