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Determination of sucrose in sugar by near-infrared polarimetry

LI Jian", LI Yu, LIU Wen-J ing, WEI Gui-Yun, LIU Hua-Feng, LIU Fang, CHANG Man-Qian

(Fujian Inspection and Research Institute for Product Quality, Fuzhou 350015, China)

ABSTRACT: Objective

polarimetry. Methods By preparing pure sucrose solution, the ratio of optical rotation difference before and after

To establish a method for the determination of sucrose in sugar by near-infrared

acid hydrolysis of sucrose solution was detemined at wavelengths of 589.44 nm (589 nm) and 880.00 nm (880 nm).
Based on ordinary polarimetry (national standard), the formula for calculating sucrose by near-infrared polarimetry
was deduced, and the measurement results were compared. Results The ratio of optical rotation difference before
and after acid hydrolysis of sucrose solution at wavelengths of 589 nm and 880 nm was 2.333. The linear
relationships of near-infrared polarimetry within 50%-100% sucrose concentrationwere good, the recoveries were
between 98.9% and 100.1%, the relative standard deviations were between 0.040% and 0.064%, which were
consistent with the results of ordinary polarimetry. Conclusion The method is sensitive, accurate, has good
repeatability and stability, has a wide range of applications, and can be used for the detection of sucrose in sugar.
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G )R A I K2 589 nm (589.44 nm), TEMLIEK T
FORFEM O B, KR T SRR | S, R
RIS 2 By, HUB T . BRZehe Jamil, (R R R
Fifee B H A N RS, T L P4 22 20 0 Bk SRR A B
R, MBI RS, 589 nm K I FEIR
e 58 42 58 1 5 WA I B R, Y AT BT & HA A
W7 35100 B BB 5 98— 43 M 5 75 2% 5143 (International
Commission for Uniform Methods of Sugar Analysis,
ICUMSA)SE 22 Jii FIZE 23 Ji & B e Bl 41 AN e e vk 1
h—FHr B i, U R A TR B e B 1 i
LIANIEEALTL,

YIS R CEE IR . B | BER R R HIR SR
5, TRl vk B s e R, I FLSR M R,
HOBERE S0 A A (nm) SO EIREE ¢ (°C)YA %, H[o] 3R,
FE— BRI, B e BERE A, Wsers . 4
P R HURERE [a]i 23 BN 66.588° ., 52.5°H1-91.9°M],
ICUMSA HLE MR SR L IREE R 20°C . RN 50% F,
26.000 g FEHHAT/KERZE 100 mL, BEFAIIECRE ol
=40.777°, ¥EMAE N 100.00°Z, FIH ok=34.626° H.
100.19°Z, ogomn=14.927° H >y 100.37°ZM", B b4l etk %
TR AE 589 nm Fll 880 nm (880.00 nm) 15 HHE G HAE a2os/oc
$000=2.32385667~2.324,, IXJEGHE LI S . I FIFIIES
A e, PRIILRERRR K fif 5 P TC7E 589 nm 1 880 nm
AR A e R 22 (8 AY H A o RO e — A B fE

THRE s 2 AR 00 W £ R 0 ) T RG: R  B
B I (2P PSR o S T IR /TR o G SN 1 sv gL
S RATE . AR 2 A R 2 AN kIl
TR SRR S R T, R BEIF PN R RS e
SRR . BT T L0hE . S A0 RS 20 2
A 4, 32 R R M B AT TR, A7
7 HA HAT e 1 38 SR A AR R B, ABE BB
PRI IR T TR VA T 09 B G B B (AR R T Y B 6 B
Fefl. PR, ABFZE5eHE 589 nm H1 880 nm BFME KT
TR TR 7K fo0R 7 s VA VRO DG S8 22 {ELY L (589/880), TH45 4
30 HESETE, FESL I LT AMEE TR (880 nm)Il E £ W 1Y R4
4%, AR I S E R AR iRt — e S A

1 HR57®

1.1 MR5R

CIME. DREDHE . AR OIME . DB MRS LlFK . Alik
IRAlEK: AR N AR T REALIE K

FALEI(NaCY) . B SR . FRRHCH(sHrat) . i
Wi OSBRI 99.9%)(E 254 FL R A FRA
Hl); HORK . SEEE =40K (J1 Heal Force 4fi7KAL).

R W EC . NaCl #(231.5 g/L). HCl &)

(24.85°Bx). Ll J5 & [FbRifE QB/T 2343.2—2013 (ARubil
RIETT o
1.2 UE5EF

MCP20 gAY [ 4555 200.00 mm (200 mm)F1 100.00 mm
(100 mm) I HEYEE, BHLF] Anton pear 23 Al ]; TW20 7K A #4
(bt s E AR dL ) A R ), THD-08W AR 1H 7
TECT W RIEALERT ).
1.3 /5 &%
1.3.1 ZBHHA

oact-aey TN BRI AE NaCl 7 i H et B (E
W EAE HCL WP B e B RS, A R I /K i iy
J& LU B 241

Bl 50%., 60%. 70%. 80%. 90%. 100%IErHHATR:
FREX 32.5., 39.0, 455, 52.0. 58.5. 65.0 g(¥5#fi= 0.001 g)
FEMEI/KEZE 2 250 mL; TCRARIUEIHVRIEI, SRR 65 g
CKEH % 0.001 g) BRI i 2 45 28 250 mL Bl i 100%
i,

W38 e B L TR S EE R RE R 4 r9 W E W QB/T
2343.2—2013;

ILLAMENET: ME PR 880 nm, AKX A,
HoAR [R5 BT
1.3.2 B TERAE Ao & 538 e bk 2 A8 B AE o
B

C 1 T 85 2T W 7K TN 90% 4 REMIE /K VA 4% 8 1%, o
A1, 2,3, 4,5, 6.7, 8giaN iy, %@ sk
e RERE A2 A ()

100 x 2 x (af” - aj“) 5 100
132.56 — 0.0794 x (13 — G) = 34.626
(DA 132.56-0.0794x(13-G) i 36 /RBREL; G A%E 100 mL
BALBERT S T B R R, B G=13x(100-0)/100; « MFEY
TR, %; 100/34.626 NEEALREL o0 Fl 2" 43514 589 nm
TFE NaCl ¥R F1 HCL IS TR H BB IR O GEEMH, ©
1.3.3  REVERAR 3T BAE R L E 0% m

()R [RIZE A A 7K I 00T TR HE T B ) 5 )

SRR 4 FoK(ASRK . SEIE ZGUK . dELER ol
KL lK SR el oK) Bl EVEA VR, € 589 nm H1 880 nm Y
T D E EME S WO B @, 1T 589/880 LL{A .

(2) A [ 5 350 AR08 o X TR R T8 06 B 114 52 i

BC R  TRAPECRAR AN 11, mum) . #EHETS
W, A3 B 3 4y 100 mL A EHA R O—h BEKE
A% 200 mL; @— LA 20 mL NaClIER)E E A 2 200 mL;
@—MA 20 mL HCL & #, 60°C FA#A 30 min J5E # 2
200 mL. 7£ 589 nm F1 880 nm I K T Il E D@y £A
WEERE(E o, T 589/880 A .

TEBE 7> X/ %= (M
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(3) v o % AR RO B2 1 5 Ml

fit il 50%. 60%. 70%. 80%. 90%. 100%4FEM /K
TR, Sy BIAREL 2 £ 100 mL P REMEZ T, [H 1.3.3 (2)4bH,
W 5E Q@ REFHE W HEC R o, 7155 589/880 HAfH .
1.3.4 4rslse ikt

i SRR+ AT R K VA TR AR 32.5.39.0.45.5.52.0,
58.5.65.0 g(F5T1 % 0.001 )b, FMIZIMIAME 2 65.0 g
W% 0.001 g), MUKHEMERZ 250 mL, BCHIEERE >N
50%. 60%. 70% . 80% . 90% . 100% Y HEHE A ZIHE K 7
HAEEME L BESIR 1.3.3 (2), 1 589/880 A .

e 100%Hk B2 1Y 5 A B BB (L0034, bl 1
A IREDHE 1A, HARFSE SRS 1.3.3 (), it
4 589/880 HUAH .
1.3.5 #ersfse kXS

W R ELRE BE SR — A Y, TERE 66.588°, %M &
52.5°, FMIHE-91.9°P @ikt 1.3.3 F1 1.3.4 195C 10 s it
R 7K M8 1 I E 6 BE 250 A9 L (B (589/880), S FHIE LL{EAA
L, #EHE AN (2):

100 x 2 x (& — o) . 100 x 2.333
132.56 — 0.0794 x (13 — G) 34.626
KQ@)HF: o F o543 H]H 880 nm F I E NaCl IF# Fl HCI
VW B IR C B, °; 2.333 MELIR(E; HALSAL
FIRFS [l BE ST A K
1.3.6 X CERAG R E AT L1 5h 3% ik 09 % om

Fe il B LM A, A AIImA 1, 2, 3. 4. 5. 6.
7. 8 g W L EREY, FLLT AN EIR I T4 .
1.3.7 E4rdhar bk ey 7 ik IhiE

BEHIMREE ] 50%. 60%. 70%. 80%. 90%. 100%f
WA . HARESHBESH 133 (2), T 880 nm KT
M5E QO FERRA O C M ol (NaClA o (HCI), H

880 880
O(NaCl-HC)= 01 —0z o

PEATE LIRS . AREDHE . RME, DA R L
Wiy

Pl 30 g FICKETAIZE 0.001 g)208% . FREPBENILRR, 43491
HMA 5. 10, 15, 20, 30 g(HE#ZE 0.001 )ZiERE, nskiz
fift 2% 2 250 mL, FIEZUAME G s 2, 017 57k
3 AT T INAR LS, TR I,
1.3.8  -Eadi sk bk Arig e shae bk 4 Rkt

MR EWHA RN E : PeBZIRE . 4R R, R 2
By RES, FEH 6 M EORAWG AR A O o I
FEQ AN SR A AREPRE ) BB AL 6 Fi
Fhh, FRRE AR 2 WA 433 e
5 FNUT 2T AN E TR0 22 HERE 43
1.4 BUBRALIE

% F Excel 2010 A1 SPSS Statistics 17 447845 b
P, RRASZIRIIME 3 IR, S5 RFR NI,

HERESY X1%=

2

2 HER5HH

2.1 WX ZERFBRMEX LB ENERERE
vaN:opAl)

T8 2L T Q0% FEMH A A (A VR TR WL, WPl
T R AT N X5 38 G0 2 B IR 2 1R e 4 %]
L. DA la WAL, SORRVE WO ARR 2 R4S AU
JE R ERAREH, W oRERnE/NT 3 g B,
R R ER, e T @K 589 nm)o
WRERBUSIR, TOIRINE LU RN 43 o AAIEL 16 AT AR th 90%
FEFRAWOMANT 2 g MR ZBR AR, TRENE 40U 2 25 SR m
RN, MIMA 3 g N2 BRETRIMER, eS8
89.5%, BH BAK T 92BR{H (89.9%), ELHS ZBRES U bk £
M 25 R AR . P RE R I B k= 2 R A X A 43
BARIGEM, B RSB NE2)E, &FB08RIEk
2R A AR S BN 3 R, (e 4 SR A

B RS S INE/INT AT 2 g B, Z0MEVA Wl T2
EIRRTR, JCA, WK T 3 g Ja, LIk Al L
WA, (R0 S5 SR W A . BRI, 8 e R
TE LU A UR MR 0 R 73 R AEAE SR BR A, il 2 IR A
b, ToRRI, SNt 222 S B0 E 45 R AR

009 ¢ Yee

b 92 e L1
- 90 w
< 88
= 86 N
= Aeeeeenees o .
% ca
80

B RN g
1 B PR A A5 T X 33 JE ' V2000 2 £ AR TR VA VR €2 ()
FHERE 3 (b)Y IR (n=3)

Fig.1 Effects of basic lead acetate addition on the determination of
sucrose solution color (a) and sucrose (b) in sugar by ordinary
polarimetry (n=3)

2.2 TREIR R R ITHES E RS0
22.1 IR KEHET 589/880 4% L& FuAE #9 Rk

KA 4 FOKERRERE, M2 HIOLR IR 589/880
FEEZ R MNER 1 PR WHFEERML, BEMETE 4 FhoKEwh e
589/880 HLfEIEAN— 2K, ARSI K WX B 1Y
589/880 FLAEBA WL, T HASHIHICREIE b sl
Joirni=2.324 e et

R 1 DRIKEFIXFHER KA 589/880 ELIERIFNE(n=3)

Table 1 Effects of different water solvents on the ratio of
589/880 of sucrose solution (n=3)

KERIR AR Zguk mkmmy gk PAE
589/880 LL{H 2.3242° 2.3241° 2.3241° 2.3242° 2.324:+0.001
R RNS T EEORTC W PR 22 52 (P>0.05).
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222  REVEF Fa i AT 589/880 4% KB AR 69 %R

M 2 FTLIE H, AR 589/880 LUIEA BT
RIA], BEME KW 589/880 At fe/NH.ly 2.324, HEWE
HCl WY 589/880 Ll AN 2.359, THEME. IREVE.
EPPRRIAEK . NaCl IEB A HCL i+, 589/880 HfE
fE 2.324~2.359 Z (8], 43 HrIL I PR A BE R 4 A SR AR
BNEYI R, BRI HCl KR, (BAELEAS e 4, fn
A HCI ¥ RE PSR A8k, L 589/880 H{E
PEE T HERE HCL MY 589/880 HLfE!'™ '),
223 EABEBRET 589/880 7% K JE AL 8 FvA

AR RERR MR B2 F NaCl 71 HCL W 589/880 Lt
i, S5RaFK 3 Fin. 0 LUE H R 0 BE e IO
589/880 LAH VA BH I M2 . 45 SRR, 7B RENE IR E

50%~100%3E Bl Y, FEMELE NaCl 59K . HCI 19 FIRR /K fift
TG L ESE R 22 1Y 589/880 HL{E ¥4 47 B ANk, Ri#E
AN[EIRERR T 589/880 HAEI N E(E

Fz2 FREEAFIX 3 #ETERRKA 589/880 LLEAIFNI(n=3)
Table 2 Effects of different solvents on the ratio of 589/880 of 3
kinds of sugar solutions (n=3)

T K NaCl HCI

JiRit 2.324+0.001° 2.325+0.001° 2.359+0.001¢
RAEWE  2.338+0.008° 2.340+0.009° 2.3550.002%
WIERE 2.348+0.002° 2.348+0.003° 2.353+0.003%

#: AT RSIRRNG 058K 135125 5 (P<0.05),

R=3 EFEABRREYT 589/880 Lt (& ARG

Table 3 Effects of sugar solution concentration on its 589/880 ratio

e B WA L /%

MRS A
50 60 70 80 90 100

NaCl i 2.3234 2.3244 2.3250 2.3249 2.3249 2.3249 2.325£0.001

HCI %% 2.3588 2.3589 2.3590 2.3578 2.3599 2.3593 2.359+0.001

NaCl-HCl1 2.3320 2.3328 2.3333 2.3324 2.3335 2.3333 2.333+0.001

2.3 IELIIMNESEFHTAE

>R FH TR R RVHG A PRS00 B0, JLrh i A A R B b
ARl LA O R, SRR 4 PR, FTLAE HTE
NaCl ¥ 1 NaCl-HCI 9 589/880 F 1B ¥45Z s/ B4y
AT 2.325 M 2,333, (fifE HCl &R F 589/880 HL(E ¥
AR o3BT LR DR AT R R v B AR B T
2 AENE, L 589/880 FLfHER, REE NaCl i+
589/880 KT 2.325M7 17 T RERHER K MRS R ANE, W
EPRRIERE, HIUMMME, FrifE HCL ¥ e g
FLAE, NaCI-HCI [ 589/880 M1 2 bifi 4 2 Ak e B (0 AE A i
Ak, SRR E R PR AS FEINGE, T ELR B, 2
AU e ek — R, AR A A e e A
P HE Al 2532 1) HC P TER, U)25 5% M ) 45 SR 1 e
ko,

R4 ERENBEEKERRESH 589/880 LLEFIE
Table 4 Effects of the concentration of sucrose and glucose
aqueous solution on its 589/880 ratio

TR IE /% 50 60 70 80 90 100

NaCl & 2.3377 2.3358 2.3333 2.3299 2.3276 2.3249
HCI#W 2.3402 2.3370 2.1512 2.3837 2.3533 2.3593
NaCI-HCl 23368 2.3357 2.3356 2.3349 2.3339 2.3333

B 5 M EOBERE AL EA T [RIAE A SR 45 A2 5 e

7R o FE NaCl % Al HCL ¥ 589/880 HLE 43 B HEIT 2.325
2359, (AR EREAS B & A A S E Y T, B LR 3K
589/880 < FFiFsh, A NaCl-HCI Y 589/880 L
{5225 RBET T4 3 19 2,333,

x5 SMHEREFERL 3 #iKiK 589/880 tLE
Table 5 589/880 ratios of 3 kinds of solutions of 5 kinds of
commercially available sugar samples

B

-, ZOME 1 AR 42 REBE 40BE3
NaCl ¥ 2.3244 23257 2.3229 23230  2.3231
HCI#W® 23621 2.3589 23643 23648 2.3618
NaCl-HCI 23332 2.3340 23333 23333 2.3343

2.4 IELISMEENEARES

BEANTESC W) A LB REAE A — IR T — 2 Y, i
VR TRE Y FE DU B J i i S R AR DG . R 3 i A e,
BB PR Sy, I NaCl AT HCL Fr iR Ab 3, i
PABTRR S P 5 ) BB i, a4 (589 nm)ill
NaCl 7 P RERIO A o, HALBE YN o6, i
A HCUE R MK A B A AR B RO od”
HABHE DRI TR AE S o5 P2, K At i e
FEFEAE N (00 —05") o MIATLLANGE G A B - e —
FEBA A TECEE, Hrh NaCLIE M HRERETEERE R o,
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MBS EHED TR o8, I HC IS HEME 7K A A 5 4 B A
FHHRR B o, HAFO G B OGRS N
of", WK R ET S e 25 R (00 ™)

o1 TRl — P BB G EEAE R —FA R 25 T, AR
ZIFE— M REY, W 0 =ad™ H o3” =bad”, B(oi"”
~a3°y=(aay" ~bas")o M 2.2.3 FLIGEE RIS a A 2.325+0.001,
b 2y 2.359+0.001, T — 743 F REAHBR K M JG 23 A2 l— 403
ZPHEFN— 031 RME, P RERE Y LURERE Y 66.588°, — 73 ¥
HIEBEIN— 43 S LUBERE H—-39.4°04 Mt —43F1kE
BRI IS T P00 FUBERE h—-39.4°/2=-19.7°, Wl(a® —a" )(ai™
o YWERNIZTE a 5 b 208, i H 2 (66.588a+19.7b)/
(66.588+19.7)=2.3327623, 5 2.2.3 FPSCIG G 45 B A By
589/880 HLME M 2.333+0.001 AHAFL, R, AT LAE S HiT LT
SN E B R AU K (2)

2.5 W ZEEFARINE XTI LTINS 35 M ZE L B 7
BE 5 B9S2

B 2 R B VAR O X6 3T 2T A/ E Y 1 T A TR AR 40 11 5
M anpe 2 iR . BT IR E A AT AL B —FE, T LIRS I
PR E la, SCRMEATIRAR, WE 2 ATLLEH, M5
it /N 2 g BEXFIEZLAMTES G LM IN, VS T 2
e, I h TR T AR S B SR AR O B ) A S ik
KO INE/NT 2 g B, AT LAE 12003 R 2 .58
W, BARLI I & B, (AR IR LTINSk Y 2 880 nm
Pt t, WRBECAF M 2F B LTV T, I e L B 45 21
FasE . AERRW, ELAMENE RN 1 g w2 e
VER T, B LW b i 2 B b OB W, shae
S HERR LN E R 4, DN RE R KRR AREREE V5 e, tude
B TR ik R T

12 7 e 2P (NaCl)

10 F Y =9.8286X-0.0091
(NaCl-HCD) 7 e

g =1.000

W IR e/
~

= - = 2k (HCY

5513 4
88.0
o 87.5
S870
& 865 F_ﬁ__+\\\\\\\*\\k\w
£ 86.0
85.5
85.0 ;

1 2 3 4 5 6 7 8
R ZBRE SN/ g
2 Bl BRI % S £L ARG 200 2 LA TR 431
M (n=3)
Fig.2 Effects of the addition amount of basic lead acetate on the
determination of brown sugar and sucrose by near-infrared
polarimetry (n=3)

2.6 IELIIMNBESCIAR T SATAIIE

TE NaCl ¥ . HCI ¥ 0 Sl e T i vk B 5 H e
SEERIERME 3 FrR. R LI H R RS i3 K,
TESCIE SR LR, i L PESC R RAF . BT R R L0
AREOHE . SRR R ALY, AR R RERE S
FARRT 70%, FrUUAGEST T REFE KT 50%ME A
AT, 3 AT LI, LT AN I A2 A A T
K S8 FiT I R THE ' JEE 2248 [t naciomen ] 5 AR VA J3E A i S 2
KR, H r’=1.000 et R R, LRI R,

IELTAMFE DR B A MRS SR 6. 7 PR .
2 6 S3E 1L VT LT AN XT [F] — B WE AL i SR U E 6 1K,
FERH 43I0 78 25 AL XF 2B/ N TF45F 0.2%, A XS bR i f 22
(relative standard deviation, RSD)# 0.040%~0.064%. [F]f}
K FLURE RN AR B R Y, A ZERERS)S, 4T oMtk
DU SE AR AT A RERE 4>, THREmICRINER 7 FioR, [l
FH 98.9%~100.1%. 25 5 R BT LT /MR 675 W] LA SR A
DU EWE R ERE 43, JF FLEA 0 1 v B L) BORE 2% B, X
T2 BRRE S AR ELAT 52 P A (E S

2k (NaCI-HCI)

Y, =7-3954X+0.0181

A 7=1.000
2 L 1 1 L L L J
40 50 60 70 80 90 100 110
0r HEEH L /%
o |- - - - _
2r ==y - -
Y, =2.4331X+0.0272
4L =0.999

B3 MR S I RRE L 9 6 R

Fig.3 Relationship between sucrose concentration and solution optical rotation
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6 TLISMRESLTERYEE B L8 (n=6)

Table 6 Precision test of near-infrared rotation method (n=6)

, BEWE43/%
EERE
1 2 3 4 5 6 FHME RSD/%
21 HE 94.12 94.18 94.21 94.14 94.22 94.15 94.17 0.043
IR 83.12 83.10 83.15 83.08 83.17 83.11 83.12 0.040
Py 85.62 85.70 85.68 85.78 85.66 85.72 85.69 0.064
R 7 IELINESEREIIEINLER (n=3)
Table 7 Average recoveries of near-infrared optical rotation method (n=3)
i Jnbrit/g 5 10 15 20 30
214 98.9 99.6 100.1 99.9 99.8
A R %
TR HE 99.5 99.3 99.7 99.4 100.1

2.7 EEIENEFRDIMNEA LS REE ST

M 8 ATLIE LI 2. AREDHE 1. 2005 4. Bk 1,
PR 2 B TR BB S B 1a thin 2 g T 2 B2
TR RS (0 — R, 538 ek Tk 2SR
WETE B, PR IE I I REI A o, FLECh R,
MILIRE 1. JREDHE 2 Fi1 3. 2008 3 S B9 RERE AT AR, A
WRRE e, SE 1a o 3 g ikl 2 BT RO MA TR
Bt —FE, R PRI E Sk I 45 Rt 5o B )

2T AN E Gk I BE I A 4 SR, SR FHRA TR U
I, I E G R AT AN T 0.1%, R AR R W, )
L RAXT ZEH/NT 0.2%, HIMESRZ BT EFHES
(BT REARTE P=0.693>0.05), 1B T 214G BETE 52
BrAS I rp (s FH o W I R B TR, 3 ek e i
FE MBS, R 20 MG TA AN RE AR E A DU HE TR B
Ut AT 2T e 125 b3 e > i A 10, Y el B0

RS LBEEEEMIEIIMNERENE REEES SR

Table 8 Comparison of results of determination of sugar and
sucrose by ordinary polarimetry and near-infrared polarimetry

ORI RS LR
EE 1105, 7 IRAW N5 7S

211 83.13 83.13
Z1H% 2 - 93.15
MR AERE 97.44 97.42
W ZH N 2 96.21 96.28
IREPHE 1 - 87.13
IR 2 74.21 74.17
21k 3 81.42 81.53
L4 4 - 87.95
Km0 3 97.12 97.03
w DR 3 80.23 80.11
B 1 - 85.68
SR 2 - 87.71

T ORI RS R, TR E SR

M e R B K 589 nm, HiZEERE 180,
Xof TR TR A EAREAG I B I) 2% ) . T 2L AN G R
(R P R 880 nm, B RE AR, ST UR A A
TGI8 X 2 FR AT, -t Al 55 4 b ) 52 e D'
B, SEEGZ5SREW], 7F 589 nm Fl 880 nm P K N AW
F% K ff T I E G RE 589/880 Ay EL{E Ay 2.333, T X A~H(A
A BES AR, RSk AR,
LT AN GIE AN BRI NS 4, DTkt e M . AT HRAE
PEFSTR, FR ATy 98.9%~100.1%, AH SR i 2%
0.040%~0.064%, J5 1 E ) BE FIKS 2% B2 o, AN BEA st
e TAESCE, 1 HiR R IN AR5 4, AR, W
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