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(1 S T AR BT S B TAR AR, IALIKRA T 0750005 2 FP ERNE B B2 5 BEIRAT S AT AL A5 AR St 246 L S 45400 o m S =2
Jent 1001015 3 PEBFERREFR S G ERE, Lot 1001015 4 b4 /KB TR 5K R IREE G AT E A 5080 %, WILkE A 075000)

i OE: AR _HEE (OPA) HRIFEZRATAE-RRBURAH IS T 3k 4 PPl , BIEERR (MwN)., HEEBE (ManN),
FHCEFUR (GaIN) FIEEFAH (GluN) &, JEMEEM g . SR, FURth . KR i, AR E L brrfE
T P SR TSR T PPAR T A AR v A SR A I i RS | RS B R . 252k . R i, 4 Rl o
VISR A RS . HERME . S UMM E LA 4 FhELE N (I 4, AHARPIIERY B> 1.5, AHARTHIEREE 5T
A0TES; HISHERE>2 000, (AT RUATALE s MURERR . HERME . S ZUME R A A AR B 435104 0.030. 0.300., 0.150
F110.150 pmol/L, 2% EFR4M527 0.100. 1.000. 0.500 1 0.500 pmol/L, 7546 HBR43414 0.010, 1.500, 0.100 F1 0.100 pmol/L,
IridE BRI 0.030, 5.000, 0.300 F10.300 pmol/L; 5 0 ~ 10 cm LAF HZH i H BB, HoAth - 36RE Sy h & Sl (5 e e 1
>10, (UESFEM R EUE R EEEHRE G S I EEYE BRUERE R TATRE | IR ST RN S i T S AR A AR R R v (i 2 1
<5%) BT, AN BRI R BAE B I RCE s ARUERE SN ME (R>0.997 0) BUF, 25 FUINFR ISR A - L BRI 2 80% ~ 94%,
SER TR R R . B, FIF OPA HEFIFELRAT AL — R BORAH (5 M B i BT AR E T B . RS 5,
REREAS B M 18 i S e A i

KR OPA MEFIFELRATAS; RUEWIRIAR; REUE; W&, W
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Quality Control for Determining Amino Sugar Contents in Soil by High Performance Liquid

Chromatography

YANG Yang"*, ZHANG Xinyu**", ZHANG Yinghua®, YU Yingchao® *, DONG Xinni’

(1 Department of Municipal and Environmental Engineering, Hebei University of Architecture, Zhangjiakou, Hebei 075000,
China; 2 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural
Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 3 College of Resources and Environment, University
of Chinese Academy of Sciences, Beijing 100101, China; 4 Hebei Key Laboratory of Water Quality Engineering and
Comprehensive Utilization of Water Resources, Zhangjiakou, Hebei 075000, China)

Abstract: Four amino sugars, namely, muramic acid (MurN), mannosamine (ManN), galactosamine (GalN) and glucosamine
(GluN), in soil were determined by ortho-phthalaldehyde (OPA) pre-column derivatisation-high performance liquid
chromatography (HPLC). The sensitivity, precision and accuracy of the instrument and method were tested from chromatographic
peaks, theoretical plates, signal-noise (S/N) ratio, limits of detection and quantification, sample content repeatability, standard
linearity, and recovery. The results showed that the chromatographic peak orders of the four amino sugars were MurN, ManN,
GalN and GluN. The chromatographic peak shapes were good and the resolutions of each two adjacent peaks were >1.5,
indicating that the two adjacent peaks were completely separated. Theoretical plates were >2 000, indicating high
chromatographic column efficiency. The instrument detection limits of MurN, ManN, GalN and GluN were 0.030, 0.300, 0.150
and 0.150 pmol/L, the instrument quantitative limits were 0.100, 1.000, 0.500 and 0.500 pmol/L, the method detection limits were
0.010, 1.500, 0.100 and 0.100 umol/L, and the method quantitative limits were 0.030, 5.000, 0.300 and 0.300 umol/L, respectively.
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In addition to ManN in the soil below 10 cm, S/N ratios of the amino sugars amount were all >10, indicating high sensitivity of
the instrument and method. The relative standard deviations of the amino sugar amount in the parallel standard samples, parallel
soil samples and repeated soil samples were all <5%, indicating high precision of the instrument and method. The R? values of the
standard curve were >0.997 0, and the recovery rates of blank and soil substrate were between 80% and 94%, indicating high
accuracy of the instrument and method. In conclusion, the method for the determination of soil amino sugar content by OPA

pre-column derivatisation-HPLC, which is simple in operation and high in sensitivity, could accurately determine the contents of

amino sugar in soils.

Key words: OPA pre-column derivatisation; Microbial necromass; Sensitivity; Precision; Accuracy

RENETE LA MR A ILAR & =P Y & Ly
BR 2% ~ 5% 5% ~ 12%3 ) i TR S AR
B, s H i Tk R s, R
R SRR A B Bk [ e &
VRN A PIFET SR IR A= W br i ) iz e . |
PR A AT 11 - M 32 AT 4 o s
% (MurN)., H &4 (ManN)., Z L FEFLBE (GalN) FI
FALAANE (GLuN)8 o RE R RN 2 I 15 2 b
SRR W AN M RE SR R ), M RE TR S A7 1 40 A 4 i e
o, SR AR R F T4 A R LA A0 AR RE T H R
I FUBE AR TR i RIS 2EL 210 A =
T, TR R i Wy 5k B8 b i FH T 0E A L4 R
e ok A= 4 56 T 5% IR A BLBK (9 7 & . Appuhn Al
Joergensen B 5 1K BT & L AL AL R EL A AR
VRBR AR50 R BN 9, K 20 TR M RE BRI Ak o 4
FRARER (S-S50 R BN 45, T LR ki
ik Py JE) 2 st ) B T AR T, %o - e R
B I AT AT E B me k12, DR, RS 2
B IR S B T ITAG L W% AT BLAK 1) DTk
HAEEZEE Y.

FE] PN A0 o - 398 2 30 5 2 100 40 B 0 A T vk
FFR T KRBT . R 5B &3 0 ik b
St SR kR A L sy i T2
PR, X 4IRS RE i T Z B . H AT,
WA SRR A s 1
LEAM SRV A T R X e iR IR Y
T AL L5 ARSI A A5 A A [ o A5 338 1k i Ak 2
WRREE, BWRETF TR A AN
B E T PR, (AR R, R
IR VA AT e L vl SRR R U R R, R
M F A K B, BB B2 N o RO i
ok B B Re s P R AR R T (OPA)
FELATA M), SRR ), Indorf 21047
TR . OPA JZREAFIA] | U &I g e B i 31
HH pH X FEE S AR, o SR R Ik A T

Pk, i = OB sk B AT At BRAK . SR SR A
BB Vo S o, DT 240 B AR LA 32 10

KT G FMER A I 2 DR PR . o
PR, PRAfEfZe gt | FEmpyEE M nds R
JUASJ7 T % S8 R s e il . B4, Zhang
AmelungHGE T AU ik /M SR A0 {3 o
PR . AvERE S et | AR B i B A XA v O 25 0 1
FLFINFR IR . Dick %R Zhang T RIE T 4T
NGRS AT FE M AR ERE Sh et . T4k, EN
R4 Indorf 25 Ik, HESE T B0 (G 43 M+
HEG BRI 50 o —Fh AT 5 5 B SR AR LB 25 1R A
RN R | RS R AIERR B, TR R HE
b BEAE BT TR AR RS R R A R
Indorf 25U i S AG: Hi FRAN & i BRAG 56 T 1 R R
S T S A R P AR I R AR S A
WERE S ZR PRI T A AR R BE , 3l a2 1 i [l i
RAGIE T AR AN A VR (EJE R LA 455 A A B
TE PN A8 RS S M 0 BT T R D SR R T 5 B Y
s

AW FIH OPA HERTAELAT AR SO A o i
S5 G ORI g5 43 BT 1 ) 1 o HA AN ) 2
A IERERR P R G LE . KRR . 5 R PR S AL
AR R, RIS ERE ST TRE . RS-
AT A A o B SR A ) B AR S WA S RN 2 AN
SR I FARERE S L RUIAR R MCR 2 RS A7
HERR L, LI OPA FERTELAT A~ AR AH (o 1k
I e SO S B B AR i SRR T

1 MRS

1.1 (UM EEEY

RO 2,354 (Ultimate 3000, Thermo Fisher,
USA) , A4+ B < 5 oo B9 A% & W oo B B R
(LPG-3400SD Pump) . H 3 #F ¥ 2%  (WPS-3000
Sampler) ., H:iRFH (TCC-3000 Column Compartment)
PRI ES (FLD-3100 Detector) LA K A% 4, )y {635
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BALALFE R S (Chromeleon 7.1.0.898 CDS).

4 b s BME Y o3 B AR/ \ b R i e Ak i R A
(Acclaim120 C18; 150 mm x 4.6 mm, 5 pm; Thermo
Fisher Scientific, USA) H A7 FE R4 RS U5 &R

35 °C, BRI AR 1) REBUE N 1, PRI A ST
A IR BN 330 nm F1 445 nm, 0 R R E

ﬂﬂ 45 oC[8]

F T 2 RS B AT R AR S i Uk A
THERER B, A F 42 | S R A=Ak i+ iy B
SHEREAS . AR, JA 3 A SRR AP
(F 1), HEHHFER 2 ASIMA 5 uL OPA fiT A W AN
3 uL ZEEERE S, ATk 120 s JedERE

*1 SRREREMIELEEERSERTHERMNARBEXER

Frs AT 28

1 UdpDraw Air, 1 [uL], GlobalSpeed, GlobalHeight

2 UdpDraw ReagentAVial, 5 [uL], GlobalSpeed, GlobalHeight

3 UdpDraw SampleVial, 3 [uL], GlobalSpeed, GlobalHeight

4 UdpDraw Air, 8 [uL], GlobalSpeed, GlobalHeight

5 UdpMoveSyringe Unload=8 [uL], SyringeSpeed=GlobalSpeed

6 UdpMoveSyringe Load=8 [uL], SyringeSpeed=GlobalSpeed

7 UdpMoveSyringe Unload=8 [uL], SyringeSpeed=GlobalSpeed

8 UdpMoveSyringe Load=8 [uL], SyringeSpeed=GlobalSpeed

9 UdpMoveSyringe Unload=8 [uL], SyringeSpeed=GlobalSpeed

10 UdpMoveSyringe Load=8 [uL], SyringeSpeed=GlobalSpeed

11 UdpMoveSyringe Unload=8 [uL], SyringeSpeed=GlobalSpeed

12 UdpMoveSyringe Load=8 [uL], SyringeSpeed=GlobalSpeed

13 UdpMoveSyringe Unload=8 [uL], SyringeSpeed=GlobalSpeed

14 UdpMoveSyringe Load=8 [uL], SyringeSpeed=GlobalSpeed

15 UdpMoveSyringe Unload=8 [pL], SyringeSpeed=GlobalSpeed

16 UdpMixWait 120 [s]

17 UdplnjectMarker

18 UdplnjectValue Inject

19 UdpSyringeValue Waste

20 UdpMoveSyringeHome GlobalSpeed

21 UdpDraw Wash, 100 [uL], GlobalSpeed, GlobalHeight

22 UdpDispense Drain, 100 [uL], GlobalSpeed, GlobalHeight

TLAAHE A (HEEREAK, 11, VIv) il B (i
1% 2 P v/ TP /DU Sk L 957273, VIvivy 4R,
I B AR P S A RIS B I IARR LA
5/95, Ji A 1.5 mL/min, Jit SHAR ARR EE G A5 (3R
2) &% Mou %171,

R2 ORENEEE R E M

Bf ] (min) WA A (%) Mt B (%)
0 5 95
19 5 95
21 80 20
24 80 20
25 5 95
30 5 95
1.2 iRF
PR . B, (a3%4l, 19 H Fisher Scientific

ONEl W . 50% AR . KGR =8N .
ToK RN . FhilR, ¥ horrat, W[ E2 4R
WA RAF; WA (fikal), 2-5Kk o mE . 2F
AR (OPA) il 4 Fhal bR RS S RERR . H
TR ER TR L . PR ER R 5 FVR 2 M e b R
YK H Sigma 23 H] .
1.3 &R AEC

BT R W3R B 4K /L (Integral 10, 3K 50
Milli-Q, USA) il & hy 4K AL . ¥ 25 g MR i
F 900 mL #H4liAKF, H 50% B AENKE R pH
W E 1, ALK ERZ 1 L4 0.4 mol/L
TIPR S Wi 2.5 mL 2-#i 2L Z B3] 100 mL B
MRZZ TR ST, IR R K 5 mg SRR
SR T 0.4 mL . 0.4 mL iR JFIAERA 8 mL
IR ZE s, 145 OPA iR 4 2.941 g —
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IKERERR =401 0.328 1 g LK LRI T 900
mL #2ik . 6 mol/L $hiig 3y pH & 5.3, M4l
IKFEZEE 1000 mL il £ 4745 R 2% th I T

T35 Z—B R0 IFRE 2.512 3 mg ik
TR 21.563 0 mg H @M Eh R L . &IPSR
PRk | S L A AR PR R BRI AR i, A 4l /K i o)
I BE R B N 100 pmol/L A H 50 | AL 3LHE
SIET AR ] 1 000 pmol/L AIIR-SFRUERE b il
B o IR KK TR B Bm T b i 45 VL2 s T T
BT ANHEE A, o L BERR MRS R 0.2.0.5., 1.0,
2.0, 5.0, 10.0. 20.0 pmol/L, H&H. EHEFH
WERA G LA A 09 2.0 5. 10, 20, 50, 100,
200 umol/L.,
14 TEHMRE

- R R VLG A P R BE T U I A
W AR AE S RGBT 535 (115°04" E, 26°44' N),
TELLEENN (Pinus massoniana) NTMAPIZE— 20 mx
20 m MRS, FEREDS B E S — A
FAE0~10, 10~20, 20 ~40, 40 ~80 cm HEA +
BRI 4 o RO EE AT 2 mm B, 4 °C £
fE, HT I I s & i
1.5 TEFRETAE

I SN E RN 557 Appuhn 251,
HARK . FRELC L g 8 - F/KME+, A 10 mL
6 mol/L £hfiR, TEHLAR 105 °CIKf# 6 h; F/K i
BHIRERG, BAEREHESR; B 1 mL IR
TR S, A WAL (N-Evap-112, Organomation,
USA) ERSUKIA 30 °C T, A 1 mL #4liK,
FRAKBEFHRKT; A 2 mL B4k, RAq
0.45 pm JEMR , 1% TIE R EMHE UK T 4 °C RAE RN
1.6 FEBHEMFE

ARG 4 PSR G bR ERe 5k
TR B FEX MUBERR IR Bl 10 pmol/L I H 7%
Wi A SIS AR 100 pmol/L
B BRBRBRIERE S 23 SIHERE | SR 5 ARl A AR MR i 1Y)
T B B TR 52 T A A VAR i A B 9 5 o J R 1
R | S U AN L AT 00 I AR BR
]
17 UEMFENRYE. BEEFMERE

FRTREAE i R 3R i 0 5 3 e B I AR
2 AT AT AL 38 A SRR A A 43 B BE B o 4 AP
FERE O TEIERY S BB DL O TR 4 B EpE 13
ot PRI R PR, O ML RE R VG S 0,02, 005, 0.1,
0.2, 0.5, 1.0, 2.0 pmol/L FIH &hE . & AFFL0E .

R APEMIE N 0.2, 0.5, 1.0, 2.0, 5.0, 10,
20 pmol/L VRS PRIERE S o 38 i X -k BE A s oA
FES ISR 6 B, BERRMR R e fIC EL{S 1 HE>10 (A%
HERESD (ZRMRAS, ok EE fe Ik ELAR R Fb>10 9 B R
902 pmol/L, HEEWE A 10 pmol/L, ZEHEEFLEFI
B AN 5 umol/L) F R A R L
() FrEmBR X (2)o 8k B 5 AIK HL A5 M b
>10 M IERESD (RBFSEH, (R E>10 B/ VR EE
(MBS | S P LB A SEA A0 40 ~ 80 cm +
BERESL, HEEREN 0 ~ 10 cm HHERERY) JELEVERE 6
Bl RIS bR e 22 T B s R (o8
(3)) e X (4). R, b o R 5
TR R E MR L, RIS T R Y
R P,

IESK R (umol/L) = 3 x M /{EME Lt (1)
I E PR (umol/L) = 10 x M /{5 MLt )
JEK B (umol/L) =3 x SD 3)
FiEERER (umol/L) =10 x SD (4)

s MR B e (I AR LE>10 MFRIERE S 2
FoWERY fr i ; SD RNk BE S AR ELAF M b>10 1Y 145
B SR R bR 2

g e w10 4 = ST 17192 O 3 (S
R 0 T A AR B A, T R R R AR 4
Fp S AR T o B A A B e R 22 (3X(5)). U
BEFRVEE R 2 pmol/L FIH &&HE . & P7LbE . 20t
AR BE N 20 pmol/L WY TR A bR ERE b i 4 HEAE
6 S VE PR UERE S FATHE, 20 I 0 ~ 10 cm F 40 ~
80 cm VREEFE RN I — N AL, SR 6 £,
G WE Ay v P RV B e A TR, TH -t
A TATRE 4 T MR RE S (R AR X R o e 22 (X
(5))o BITHRERE L PATRE . IR A TRE A L3R 5
FERE TR E, KSRk rRG R,

AR ER 22 (%) = BRifE2/BHCEIE X 100%

5

FIFHMLBERR (¥ B 0.2, 0.5, 1.0, 2.0, 5.0(\)
10.0. 20.0 pmol/L FIH B& W . &S N-FUME . &4
BEEMEE N 2. 5. 10, 20, 50, 100, 200 umol/L (¥
TRAPRUERE S, LABRIERE S 0UR B R As b, e T A
RGN AR 2] 4 S ERE AR E TR, R
3AEKR, AR A LA S R B R Y,
o 6 A A VR B L BRE 8 M 1 g A B (O Hr
afi, EAERLARARAR) AL, K
14 3 0.5 mL ¥ BEEH 15 pmol/L i M BE 2 Fl
W R 150 pmol/L 1Y H 884 . &L 2P ZUMEFn SL 4
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FIRRR G AR SR 2 FINARFE S, 5540 4 A
AEARRGRIVE 2 R, TR NS 09 25 R [0l
(X (6))o HIFRHL S 1 g9 0~ 10 cm 71 1 g
40 ~ 80 cm T HEREAL, b 4 3 NA 0.5 mL I EERR
WRESN 15 pmol/L FH @84 | 2 5 F 2L s 2w 4
B BE A 150 pumol/L BTR-A bR f AV Sl 33
TEREES , 5340 4 3 AT R Sy 38 s ke
i, THAE SRR B FOINAREICR (X (6)). it
25 AR IRISCRERN - SE L B AR RIS, R g e s ipkk
HHLE PN RS S TR P R 12 B A O
TFRIEICER (%) = CIbRAE A eh i 22 3 5 it
—25 FARE AU H A B S ) /AR i < 100% (6)

2 GR5WH

21 SHEBEHWEMER

R AR 4 Bz S A 06 S8 5 I S i R
. HEshE . AR M S E s, IRt
8] 434 8.5.10.8 . 17.6 1 18.9 min (/& 1),3X 5 Indorf
SIS 4 BRI H S S I AR ] . ASHTF

SEPTR ORI . AR . OPA RTZERIBYELH]
A A SR A B A SAH G pH LA 25 s TSR Y
M E 422 Indorf MR R A T % . N T H/INGE sk
RO ISR 05, TR IS0 B, AT
WD TR B TR S R A L, R B
# B 1 Indorf S5 476 R 52 i YL/ Y T/ DU S 1
AL N 97.8/0.7/1.5 B 95/2/31), 4 FhE ko 4
A3 B I FH Y IS TE] R 24 4 20 min, [t Indorf 258 45 5
FERZ) 1 min, 4 FhEILRERY Ik IGIETE BT, HRE
Tk | H R SR LU RN I A = ] 0 0 )
OYBERES BN 491, 9.54 A1 1.53 (A 1), EMFEEEK
2 TS By P TR I ) IR % e 15 AR 48 g i 2
V) %) 4 B8 B o >1.5 AR , 2 BHAH S P R S A ) (2
T REAS 5E 200 S
22 UEMFEHNREBE

R e, MOBERR . HEREE . ELE R
ST BRI RS P 2 810, 2 912, 3
959 1 2 901(F 3), FRIAARMFFT @5 FE B HE R
B, AR 2 2 A OGBS I B RE

6 -
©
51 = =
_ m &
é 47 ) = B
E] " = \_1_ =
3 37 % n T
5 © &= &
Z 2t e fatr - <"_
Fig = o o
& 1t i
— o
0 At
_1 L L L L L L L L L L L
0.4 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
A (min)

1 HREEERIRE N 10 pmol/L FNHENE. SEEIE. SEFHEERE A 100 pmol/L HYIE & FREHE & I IRF

*3 DHIERERIECERE. EREE. #

mEEMES T HMNBXNIRERE (7=4)

R S FFEERE (cm) IS IE AL L34 & i (umol/L) HE T RER AR BRI 22 (%)
i BE R 0~10 3431+58 379+1.8 1.775 + 0.026 1.45
10 ~ 20 2920116 232+2.0 0.602 + 0.027 4.44
20 ~ 40 2650 £ 73 20.7 + 1.4 0.352 £0.013 3.65
40 ~ 80 2237497 11.5+0.8 0.136 £ 0.005 3.58
b 0~10 3651+78 43.4+25 21.254 +0.796 3.74
10 ~ 20 3101 + 145 43+03 4351+0.176 4.05
20 ~ 40 2526+ 123 44+02 3.979 +0.109 2.75
40 ~ 80 2369 £ 150 42+03 3.912 £0.145 3.69
e S ah 0~10 4354+ 281 508.2 + 10.8 11.942 + 0.543 455
10 ~ 20 387371 16.3+0.9 3.976 £ 0.157 3.95
20 ~ 40 3922+ 114 11.5+0.5 3.453 £0.148 4.29
40 ~ 80 3686 + 283 31.1+0.8 2.476 +0.121 4.87
G A 0~10 3486+ 85 1677.1 +25.4 28.369 % 1.280 451
10 ~ 20 2781 + 124 154.7+5.5 8.036 + 0.226 2.81
20 ~ 40 2678 + 140 93.9+58 6.474 £0.313 4.84
40 ~ 80 2658 + 101 343+1.0 3.912 +£0.121 3.10
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>2 000 MYRAE . MERERR . HEEWE . I EILIE A
FEA AR ALER A R 43502 0.030. 0.300. 0.150
F10.150 pmol/L, A &R 435127 0.100. 1.000,
0.500 F1 0.500 pmol/L, J5 4 HERZM51% 0.010,
1.500, 0.100 A1 0.100 pmol/L, J7 ¥ & BRI N
0.030, 5.000, 0.300 £ 0.300 pmol/L (% 4). AW
o, MORERR . H R . S BE FUME AN A X
e PR AT A S T 0.02., 018, 0.09 1 0.09 pg/mL,
T Zhang F11 Amelung!” S AH (515720 72 1 24 b
HIRERZ A 10 ng/mL, oAl 3 Fha bR 20 pg/mL )
I R, WAR T Indorf 25 B H 4 i BE R 5
FRA 0.13 pg/mL, HAth 3 FpaBEpEh 0.90 pg/mL

GOESE O

FEFTA AL JE A D, MRERR | S E LR A
IS 3 FhEEAE S R ERRILI>10 (R 3),
XA R R 2y 3 2 B3 4 P ) ¢ o M B A B A
SURPIRELE , RAARTFSE P oM R R . Ik
TP R 2 5 g A A S R vk 1) AR 3 v o KT
HEEE, BR 0~ 10 cm £ 2WER RSN, Hih
T EPH SRS ENER <10, X5 TR
HE S ERBAA OC, MAMR T, HEEN ke
IR 5.000 pmol/mL (3% 4), B, sr#rH S
KT 5.000 umol/mL 4 - 3ERE S, 52— A4k
AR

x4 M ERERRAEHR. E2MR. FITHEEEXFRERZE R IR E Y ER

KN AR L R AR E R Ty A i BR Ty B BRERe it AT R
(umol/L) (umol/L) (umol/L) (umol/L) B AR X A O 25 (%)
L BE 1R 0.030 0.100 0.010 0.030 1.37
HEEnE 0.300 1.000 1.500 5.000 231
AL 0.150 0.500 0.100 0.300 2.46
I EE 0.150 0.500 0.100 0.300 2.43
BIENE  0~10 cm BFEFATHEAY 40 ~ 80 cm HAEPATHERY 25 FNbR 0~ 10 cm t#f 40 ~ 80 cm +FE
AFX A U T 22 (%) AE XA A 22 (%) EICRE (%) FEFMFR IR (%) SEFUINAR IR (%)
L 2 0.87 2.17 90.62 = 1.23 86.64 + 4.12 81.65+1.79
HEEwE 0.50 1.77 81.47 = 1.00 88.15+2.86 82.94 + 3.46
AE L 2.61 1.42 92.51+1.00 80.22 + 3.69 80.57 + 1.54
ERE- kb 0.91 1.32 9439 +1.08 84.60 + 6.88 81.34+2.91

TE: FRERESTATAE S M BE YR BE 2 2 nmol/L A B Ml . B EFLIE . LA AR 0 20 nmol/L I IR-GARIERE G s BR2S 1

R I 4 R BOINAR TSR A n=4 LASH, FHABELIR A n=6.

23 NSEMFENRBEZE
ARSCUIARUERE i PATRE B8R A TR AN 435
o it L B T R K o 9 O 22 2 R 2 P A o ),
4 PR M S5 DA AR E DR 22 1E 0.52% ~ 4.87% (3
3R 4), RS E RS B A TEpRifERE
A PATRERN 3R SO ATRE T 4 RS B 1A
X ARE 25<3% , Ol 3 TS C vk TP bR HERE T
FTREBY AT bR v I 22 <2% RYSET, (BART ke
SPATAE R i S A AR R 2 6.1% ~ 10.9% (1)
SERUV HAR A B R B R A R PRLE I
FH TR 2% A0 5 52 300 O B 5 %) AH X A 7 D 25 1o
<3% MbRHE, XRICEEA RS R B T
TIERE S E R, 4 P EERE O B AR X AR v
T 25 TN, 3X 32 S ERAT AL B AR 1 5 . I
o it T AR R B B R P AR R R U IR 25 <5 % , FF 6
R 2 WL 51 2P T 5 BRI A A0 AR A o O 22
Ri<5% BYRLAE , FBAAHFIE LB AT B 25 B hG

WEERT AR EZOR
24 (USBMFENERE

ARWEFE, MURERR . HEENE . A R
HERE A BRE T2 R AMERIC R RP 20010 0.999
7. 0.997 0. 0.999 5 F10.999 8 (& 2), X5 Indorf %5
(S8 4t SR v s o i 2 PO 2 P AH 5 R B 1=0.998 Y25 SR
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