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the soil. Soils black in color are generally high in organic matter content, but the Shajiang black soil (Calci-Aquic (SCA)
Vertisols) in China is a typical soil, dark in color but low in organic matter content. This study aims to establish an effective
method for extracting the black color matter from the SCA Vertisols, to explore their compositions and characteristics, so as to
expose how organic matter forms and accumulates in the soil. [ Method ] In this paper, soil samples were collected from the
topsoil layers (0—40 cm) and black soil layers (40—70 cm) of three typical SCA Vertisols of the Huang-Huai-Hai Plain in China
and processed with three physical methods, separately, for fractionation by color. The three physical methods includes 1) (HP)
to treat prepare the sample with hexametaphosphate (HMP) and have it subjected to oscillation and multi-level sonication; 2)
(SC) to treat the sample with sodium carbonate solution and have it subjected to oscillation and multi-level sonication; and
3)(US)to treat the sample with ultrasound only for dispersion. And for fractionation by color, six fractions, that is, POM, White
and Light White (white group) and Light Black, Black and Deep black (dark group), were set up. After the soil sample was
fractionated, each fraction was analyzed for blackness, organic matter content, particle size distribution and mineral
composition with a spectrophotometer, TOC instrument, nano-laser particle size analyzer and X-ray diffractometer separately.
[ Result] Blackness of the soil had nothing to do with organic matter content, regardless of treatment method, but much with
amount of anyone of the dark fractions (Light Black, Black and Deep black). Among the three methods, the HP method got the
largest dark fractions, which were significantly related to blackness (P<0.01) of the soil. Particles of organic-inorganic
complexes <100 nm amounted to more than 50% of the total dark fractions (TDF) , and composed mostly of Fraction DB and
B, accounting for over 90%. The content of <100 nm organic-inorganic complexes was significantly and positively related to
blackness (P<0.01) of the soil, while the content of >100 nm organic-inorganic complexes was negatively related, in all the
soil samples, though from different sampling sites. Particles of organic-inorganic complexes <100 nm amounted to 18.4-60.4
g-kg™' in the black soil layer, significantly higher than that (2.4-15.2 g-kg™") in the topsoil layer in all the three SCA vertisols,
and content of organic-inorganic complexes <100 nm in particle size was also significantly and positively related to blackness
(R210.971) of the soil[ Conclusion ] The HP method is the best one for extracting fractionation of SCA Vertisols by color. Soil
color depends mainly on content of black nano-organic-inorganic complexes formed out of adsorption of organic matter by
smectite in the SCA Vertisols rather than organic matter content, which has relatively less direct impact.

Key words: Soil black matter; Organic matter content; Organic-inorganic complex; Nano-particle; Smectite
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Table 1  Sizes of the six fractions of the Vertisols relative to temperature in the freeze-thaw treatment/ (g-kg™)

+ £ Sample AbF Treatment POM W LW LB B DB TDF
XP-B -80°C 31+1b 28+2b 201+3c 172+1b 168+2a 148+1la 488+1a
-20C 40+2a 284+6b 206+2b 2194+9a 147+4b 104+£5b 469+6b
0°C 46+7a 303+la 2424+2a 220+3a 138+2¢ S51+lc 408+4c

E: XP-BARWM AT T EMBLE (40~70 cm). POM: PURIAA MG W: [; LW: ¥&[1; LB: &%; B: B; DB: ¥

2 TDF: MEEY5 (LB, B, DB A2 ). [FFHAR[R/ING 1) 32 7m A [ R A 3 ) 25 55 i 25 (P <0.05). F[Al,

Note: XP-B

refers to the black soil layer ( 40-70 cm ) in Xiping County of Henan Province. POM: Particle organic matter, W: White, LW: Light white,
LB: Light black, B: Black, DB: Deep black, TDF: Total dark fractions ( the sum of LB, B and DB ) . Different letters indicate significant

difference between treatments at 0.05 levels. The same below.
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UST7 ik M S+ o
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l
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(1'] White) (1 Light white) | | (42 Light black) | | (2 Black) | ((Z&% Deep black)

. HMP: NIR#FEREY; POM: WK ASHFILL; MOM: WL &SHEN. TR,

Note: HMP: Hexametaphosphate; POM:

Particulate organic matter; MOM: Mineral associated organic matter. The same below.
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Table 2 Soil physical and chemical properties of the soil samples

+#¢ Sample pH F LI Organic matter/ (g-kg' ) Zhki Clay/ (g'kg') A1 Smectite/% A Blackness
XP-B 7.48+0.12 10.3+0.1 478+9 34 64.3+0.2
XP-T 7.83+0.07 17.4+0.2 487+5 30 57.44+0.3
TH-B 7.94+0.02 8.4+0.2 404+6 32 58.7+0.1
TH-T 8.15+0.07 13.5+0.1 39945 25 55.9+0.2
LX-B 7.24+0.08 9.8+0.1 466+7 34 64.6+0.2
LX-T 8.08+0.02 13.0+0.1 42243 31 57.6£0.2

TE: XP-B Al XP-T 4346 W A V5 - E i 2B+ 2 (40~70 cm) A% +)2 (0~40 cm); TH-B. TH-T fl LX-B. LX-T 44K
TRAKMBERMAEERRERARDIZ . ZRAGEN S BT Y (R YMIERRT Y ) BIKF. TR, Note: XP-B,
XP-T, TH-B, TH-T, LX-B and LX-T refers to the black soil layer ( 40-70 cm ) and topsoil layer ( 0-40 cm ) of the Vertisol in Xiping County
of Henan Province, Taihe and Lixin County of Anhui Province, respectively. Content of smectite is presented as proportion of the mineral in

the total of soil minerals ( including clay and non-clay minerals ) . The same below.

F3 ZMAENRELPRINARESBE

Table 3 Blackness of the fractions of the three Vertisols relative to treatment method

+# Sample  J7i% Methods POM W LW LB B DB
XP-B HP 36.9+0.2b 35.0£0.1a 37.70.1a 48.6+0.1b 66.8+0.6a 71.3+0.1a
SC 36.8+0.1 35.8+0.1 39.6=0.1 54.7+0.1 66.9£0.2 71.240.2
Us 36.8+0.1 35.4%0.1 40.120.1 51.120.1 66.8+0.2 71.240.1
XP-T HP 54.4+0.5a 32.5+0.1b 36.6+0.2b 51.7+0.1a 61.9+0.4b 69.0+0.1b
SC 54, 6+0.2 32.8+0.2 37.8+0.1 53.9£0.2 61.9£0.1 69.0+0.1
Us 54.3+0.2 33.2+0.1 38.0+0.1 53.7+0.2 61.940.1 68.9+0.1
TH-B HP 34.140.1b 32.120.1b 35.7+0.1b 47.8+0.1b 63.2+0.7a 68.8+0.1a
SC 33.9+0.1 32.2+0.1 37.5+0.1 50.2+0.1 63.10.5 68.7+0.1
Us 33.8+0.1 32.3+0.1 37.9+0.1 49.9+0.1 63.1£0.4 68.7+0.2
TH-T HP 56.4+0.2a 36.4+0.2a 41.940.1a 49.7+0.7a 60.0+£0.2b 63.4+0.3b
SC 56.3+0.1 36.7+0.1 43.9+0.2 51.4+0.5 62.2+0.1 —
US 56.4+0.1 36.6+0.2 43.2+0.2 52.6+0.4 62.1£0.2 —
LX-B HP 38.5+0.1b 32.0+0.1a 36.1+0.1a 48.6+0.1b 65.9+0.1a 70.4+0.2a
SC 38.4+0.1 32.2+0.1 38.2+0.1 51.1%0.1 65.9+0.1 70.4+0.2
US 38.5+0.1 32.2+0.1 38.4+0.1 51.6+0.2 65.8+0.2 70.3+0.1
LX-T HP 52.5+0.1a 31.3+0.1a 35.8+0.2a 55.0+0.1a 63.30.1b 68.1+0.2b
SC 52.6+0.2 31.6£0.2 37.0+0.2 56.3+0.1 63.30.1 68.10.1
Us 52.6+0.1 31.8+0.1 37.740.1 55.9+0.2 63.3+0.1 68.0+£0.2
. HP Rl SC Ik a3l VR IS B ER 04 . BRERAMIR 45 G 75 oy i, US 7k U I 4r B, &P [F%) XP-B Fl XP-T.
TH-B #1 TH-T. LX-B 1 LX-T Z [A] AN [6) /NG F bR R [A) Ml 2R R AR L2 2 0] 25 57 3 (P<0.05 ), “— FRon AR ZA . T

[i]. Note: HP and SC stands for the method of treating the soil with hexametaphosphate and sodium carbonate, respectively, before
oscillation and ultrasonic dispersion; and US for the method of only ultrasonic dispersion. Different lowercase letters in the same column

«

represent significant difference ( P<0.05) between the Black Soil Layer and the Topsoil Layer at the same site. “— represents that the

fraction was not isolated. The same below.
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Table 4 Size of each of the six fractions of the soils relative to treatment method / (g-kg™')

+#£ Sample 777k Methods POM W LW LB B DB TDF
XP-B HP 31£01b 280+2c¢ 201+3¢ 172£1b 168+2a 148+1a 488+1a
SC 47+1a 338+3b 281+2b 237+1a 48+1b 49+1b 334+1b

Us 46x1a 387+2a 312+3a 173£2b 43x1c 39+2¢ 255+2¢

XP-T HP 61+01a 271+2¢ 301+2¢ 153+3¢ 133£1a 81+3a 367+2a
SC 43+2b 291+3b 332+3b 231+2a 53+2b 50+1b 334+1b

Us 42+1b 317+1a 340+4a 206+5b 48+2¢ 45+1c 299+5¢

TH-B HP 30+1b 475+2¢ 112£1b 145+1c 133+1a 105+1a 383+la
SC 58+2a 493+3b 157+4a 177+3a 77+2b 38+1b 29242b

Us 58+la 505+6a 162+5a 162+2b 76+2b 37+1b 275+2¢

TH-T HP 66+2a 411+9¢ 265+8b 102+2¢ 106+1a 50+1 258+la
SC 27+1b 455+3a 343+2a 129+1b 46+1b — 175+1¢

US 26+1b 432+4b 352+4a 153+2a 37+1c — 190+1b

LX-B HP 40+1a 387+4b 113+2¢ 182+2b 150+2a 128+3a 460+1a
SC 13+2b 442434 199+7b 203+5a 101+2b 42+2b 346+5b

US 13+1b 439+1a 212+4a 196+5a 99+3b 41+1b 336+3¢

LX-T HP 67+2a 482+3¢ 109+1c 165+3¢ 113+1a 64+2a 342+la
SC 4142b 524+1b 143+2b 202+4a 53+0b 37+1b 292:43b

us 4020 538+3a 156+5a 183+4b 48+1c 35+1b 266+4c

s B A FERFRIFURRNG F B R R R RIHR BT ¥R 22 5 3% (P <0.05 ), FIA. Note: Different lowercase letters in the same

column of each soil sample indicate significant differences at P < 0.05 level between methods. The same below.

FE = AT D2 M 4 JEREYRE  DB. B. LB 4143} TDF B4R 57 + B 2 6]
TR R E (P<0.05) (3% 2) fi}?:—'i PR EAR G, B OHP J5 ki B 2 K F( P<0.01)
b >R HP /774 DB, B, LB 4140 M TDF 425t MR T SC (P<0.05) F1 US (P<0.05) Jrik. ifi
ERHEESGTRBSERLZE (4, P<0.05). H POM. W Il LW 41435 J5 + R EE 3 S A OC . BRI,
U, HP J5 ik B o LU 5 R LR L . POM W Fl LW 41 43Xt - 5 FR (Y 52 i) A 2%, DB
MM (F 5) B, ANATHERH=MITEN B A LB 414 2ab 22 R+ B BB AN R 2450,

x5 ZHAEIREBEEASHERESRLEEMNEXE (n=18)

Table S  Relationship of size of each of the fractions of the dark group with blackness of the Vertisol relative to treatment method and sampling

site (n=18)
J7 % Methods POM W Lw LB B DB TDF
HP —0.737** —0.348 —0.385 0.724%* 0.854%* 0.932%* 0.937**
SC -0.267 -0.237 —-0.203 0.552* 0.521* 0.551* 0.684**
Us -0.261 -0.133 -0.131 0.263 0.536* 0.505* 0.545%

e 700 R S5IFRIR 0.05 F10.01 K9 AR EH, T, Note: “*” and “ **” indicates significant correlation at 0.05

and 0.01 levels, respectively. The same below.
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23 TEEESHNRNEXE

AN M SRS 2 B A A = RO AR U R )R
POM 143 AL & 34 B 3w TR S B2 (P
<0.05), £+ZE¥ HP, SC. US FiE#EEL POM
HHHUR A EMKIR N 23.0~28.7. 23.0~28.8 Fl
23.0~28.5gkg ', BAJENHIN 23~3.4,22~33

2.2~34gkg'. ZFEREY W, LW, LB,
B il DB 2143 AR BEARUIE N, AT P & A 2
JenfE AR 1 E k% LB, B fl DB 41418
JEMBEIN, HA PSS EHRKR G, fENdinb 22
B, SR A SRR AS R SRR Ao A L
H5REZRPHEHEHARE (F6).

F6 ZMAERIHNARASBNREESEENBXRY
Table 6 Correlation coefficient of organic matter content with blackness of the soil relative to fraction, sample and treatment method
75 Methods XP-B XP-T TH-B TH-T LX-B LX-T
HP 0.266 0.156 0.338 0.242 0.439 0.212
SC 0.299 0.260 0.172 0.518 0.363 0.371
us 0.274 0.240 0.154 0.519 0.354 0.360

24 TEEESHNRTHEXHE
NSRS A 4> (LW, LB, B Al
DB) WPk SEY HARE 7, LW, LB, B il DB

4173 B9 F- 2 ELAR Bl A R Y
H 21 73 [8] o 2 A% 22 S 2
( P<0.05 ),

[IIRZS R0 N ]

N
AIK B 3 OKF

x7 HPAFFNLREPREHNARBEHAN FHEZF/NT 100 nm T =
Table 7  Mean particle size and content of <100 nm particles in each fraction of the Vertisols treated with HP method
Lw LB B DB
e - - -

T EREY <100nm  PHEEY <100 nm TRy <100nm  CFHEZY <100 nm
Sumple /nm WOk /% /nm A% /nm R % /nm WA /%
XP-B 222.5+0.5a 23.3+0.5d 202.8+4.0b 45.6+0.1c 55.0+1.3¢ 96.5+0.8 b 53.8+2.3¢c 98.3+1.0a
XP-T 214.6x1.4a 26.8+0.1d 202.1£0.1b 44.7+0.2¢ 77.4+2.0c 81.2+1.1b 64.1+0.5d  93.0+0.2a
TH-B 243.0+0.4a 25.2+0.1¢c 217.4+3.1b 39.9+0.3b 65.5+2.4¢ 90.9+1.4a 62.1£2.0c 92.2+1.2a
TH-T 244.8+1.0a 25.1+0.1d 220.6+0.4b 38.2+0.3¢c 120.2+1.2¢ 72.0+1.0b 89.7+0.8d  75.3+0.4a
LX-B 220.9+1.2a 27.6+0.1d 202.7+1.2b 41.94+0.4c 59.7+0.1c 92.6+0.1b 53.9+1.9d  96.8+0.7a
LX-T 202.5+0.5a 28.3+0.1d 197.3+1.9b 40.3+0.5¢ 62.0+2.0c 91.0+1.2b 58.6+2.5¢ 95.1+0.2a

1 F—17 OMQF AR /NG F 1 R AN ] 4 43 8] 22 7 .2 (P <0.05 ), Note: Different lowercase letters in row @O and @ indicate

significant differences at P < 0.05 level between fractions. @Average diameter;

AN E R A R H /N T 100 nm R £
A A A R R s, AR EREA
() FE 5 2 7 ) AR 15 3 i 28 7K F , i KT 100 nm 5t
o 50 V) Bt 5 2 4 B R A BT AR (3R 7)o AHOG
AT (K 8) FB, R/ H/NF 100 nm FOk £
SRR EEMC, M 100~200 nm. 200~
500 nm 1 500~2 000 nm fOk; H0E W] 2 ARG, /N
T 100 nm PR FR7E DB, B 4020 4 HLEr ik 90%
PLb, HAE LB A4 il K T 40% (£ 7). Mk

@<100 nm particle.

Al LAHERD, AR R+ Ay By R TN
F 100 nm POk 41 5% 3B T 841 R /NF 100 nm

PokE i, HSRIERRRERTRE 2. =M

WHEAE AL ZH/NF 100 nm PR 5N 18.4~
604gke', MEZBOXKLZPTEN 24~
152 gkg ', BAZH/NTF 100 nm ok & 5 &
TRIJZ NH RIS/ T 100 nm FOkL &
SRR EEMES (B 2), /M 100 nm ¥
R RS TN BE AR /N, DR 2R ) o 4 B
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b, PRBER R A 2 o) FURORL 9 B R AR BN, A
/T 100 nm FURLAERD 258 4 rh B AR 2210

e EIE A o R AR Z R /N T 100 nm
RLAE 3 R 35 2] A (D 26 R S BAR SR B4

®8 HP FZNEIRPREMMARESTHIES BEZ B RYHEXME

Table 8 Correlation between numbers of particle in each fraction of the soil treated with HP and blackness of the Vertisols

T Wik: Particle
Sample <100 nm 100~200 nm 200~500 nm 500~2000 nm
XP-B 0.994" -0.992" -0.987" —0.687"
XP-T 0.974" -0.985" -0.926" -0.564
TH-B 0.975" -0.992" -0.959™ -0.927"
TH-T 0.988" -0.943" -0.974™ —0.954"
LX-B 0.985" -0.999" -0.956" -0.931"
LX-T 0.899" -0.973" -0.807" —0.700"
66

y=55.86+1.50x
R*=0.971"

XP-B

L Blackness

54 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70

/NT100 nm i 4i<100 nm particle/(g-kg ™)

H: HT POM. W Ao iRk e sk, JLFAHE/N
T 100 nm ok, HCRAMAERA S (LW, LB, B 1 DB)
H/N T 100 nm BURL & B 5 TR ALY PR E 4 ORI £
HErp/NF 100 nm PRI & & . Note: As soil particles in fraction
POM and W are fairly large in size and the two fractions contain
almost no 0-100 nm particles, the content of particles <100 nm in

size in each fraction was calculated as proportion of the content in
each fraction (LW, LB, B and DB) against the total of <100 nm

particles in the soil.

Bl 2 +sEd/NT 100 nm B0k S S RIEREOCR
Fig. 2 Relationship between content of <100 nm particles and
blackness of the soil

3 e

3 MNZEL+PRERNECYRNRESGEM
ik
gt VR U0 20 RS T A A
1. HPFISCH I IDB . B> FITDF Y H2 B i %

mTUSTH I, ULHAHR 5 45 & 1 r b B sl 7 o
A T 0 A3 R 9 K TR R, X 5 A
FEEER—E BN BN A B - BN
K IURE A A Y i LR R AT VRIS i B R
AU 2 KA 840 EGR . HPJ7 I AYDB . B
414y S TDF I $EBCER: 35 5 T SCrik, UlMA7ERb2E
B - e i B T A A R A A R T B 0 R R 4
KYANIHE A RGIRE, 0282 K
BT 35 TR S BRI S Y P vk el g
PEERIELIAS | BEE o E UL R PR B RS A
B4 0B ELAE 43 b A A R B B A
FH o 7D e T 0 RV M 320 8 T SRR 9 o 7S D
P4 T 5 438 3 B o A S 2 I R R R
fiEE TS O AN O B PR SR B ME SR B, BRI TR A A S
TR oo M H, i B 1 MR 3 e TR A At A % 1
T LA O] I A RIR B B, (R R 45 AR R e LA
Gy [, NP T IR, AR AR
38 2 5 AN T R S B RO A R RS, A
1775 25 3% - 98 A AR R A5 L L - 37 4 423
DRI, 7 B T 2 ke R ik X k5 T Py b 2 2
B AR AR, It T S B R A Y
HPH U AL T 38 Ik R M 09 SC 7 16 1 S B . e
3 BRI FH R P 2o A v i i 2R 3 8 B Y e BT
1o AR TS, 38 S K i AR {1 = 398 A ] 11 25
LA T B3 28 e 5 88— S5 X - 9 YR i ) 22 0k
YER . I, 0023+ i BOn iR 45 A
743 WA HP AN SC 5 s 45 B (5 1) S AR 3803 ARE TA)
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P A R US Tk

b SR R U, B kU MR
BT TEHLAK IR . H 2 52l ) TR AR A MU
K5 PR PR A R KRR 22 5, BA KA HL-
TEWLE A ARYE R — BRI 5T A4 ] 0 5 1 341 figf
A ] - S A R AR Ol OV R A U R R e i
RUR R i o o =, R R 7S e AR AR, AN
SR A HL-TCALE SRR S5, et =k
Pk e S, SR HL-THLE AR . A
TR 21.5 kHz F1 300 mA F 8 808 75 3 20 B
30 min J& 28] {2 TN AT 9 23 ORI 8 B 4 B e A4 i)
RGN, i FL A ZE R R E i 22 2 G 4
P, B EREIR R A HL-TCHLE BRI 454 .
i LTk, ARFREBRBRIN S ENIRG 456 22K
7R 7 Ao P O R B 3 e B g R R AN K A
BL-TCHLE BRI T .

= P77k POM FIl W 443 i3 G | B ey
MR SR2Z R AR, SC M US LA LB,
LW 27 BIER =T HP Jy M 4 iy B, =
Pl 4R BT B AN DB 450 4 B RE K AR HILIS & i 2%
SAREE, (RIEA 2R Hib, RIS
2 434 B IR MG 5 A 4 TR B R DG R /IME
PR =Fh 5 kA4 AR . BT HP J7i%AY B. DB
24y M TDF # SC Ml US FiEmyitE T s, H
HP J7 i BB = Fh PR A0 2 43 5 4 398 2 A DG 1 B
o B, HP g2 BRI k. fE N +
FErR, HP J5ikAY DB, B, LB 414 & TDF fY42HL
WS R B EADC (P<0.01, R 5), X
HERT HP 7 02— Wb 22 8 L rh SRR (A ) 5T n]
SERA U T
32 MEELHEEYIRIIAR LT

M T3 2 508+ 2 32 R R AR S B 1 52
Ko HIL, BB ERLZHZRIIE S K
R S A LT (POM) & i 3 TR 2P
Wb+ BB A B S AT A KD, (AR
DR () M A SR AL R IR T ) A A1 B
FA)E . MR SRR D 2R A R A
AL &S R A S AR (3£ 6),
TS RO R AR DA DG . dn 2R
1 B WS BRI T R A AT WO, i - 4
EERA, I M BCR S R B IE A DG
- HEA AT S R R R R R R

—, HAE R STk SRR P, H
AW A aORE, H 6 e R S
TERR/NARTE . S B EA IR &= KT
20 gkg ' WA, AL AR A HE 55 H At B 2 A T
48 €5 e R] UL E WSOR ¥ AR, X dE
— U HLTR A L 0 R R A (H
TEANE & B/NT 20 gkg ' By 40, A HLGRIES
HMEZR (gt %) mrEmmss, HamEER
Xof A 4 0 K n] WO I s e . IF A L
Jo AR, HA P X AR R,
U, ST A MU & — BT 20 gkg ' IURP R R A,
B A5 H A P 2T 1 4 e A T R, X
WD 22 A A AL & i 5 3 R A DG A
1) E B

$2CZH 43 19/ T 100 nm ks 5 i 5 4 9 L
WEIEASE, HHBGE RO BRI 50%
VLI, HAE DB F B 4501 EL R i 90% (% 7).
H L, /NF 100 nm $OKL R 2 2 b 22 2 4 p R A )
FE ) BBy . R B R A R
B 90%LA I, TERb R AR 3 14k,
- 38 op B AR B B R BURLAR 2, SR
FRLAHL-THE S HRIESAAED U ER,
5 8 A1 e B W IR A ML R AR R Y A HIL-TE
MLE AW, BRIA R, T a AN SR E .
B, L3 EARFRLY Y A E e, (HH LS
W Ry F A, e A B LB Y 2 G R T
ANERBE, ZEEPOCHET SRR, X
2 = A AL R I 4T S AT ) — A4S
o thnl W, 5+ I8 B 2 A 1R
Eb, 525 WA BILBOE B A AL-TE LR A R
A A 2R RN

AR FE b 2 A Bk A AR = (>400 gkg ),
R LS o Y S AR B
1 60%LL I (£ 2), B LrhEE A& 1
P RE L, 5 A0 R AR N 1 94k G
R, R N SHENLRA . FL, AR
Wi/hF 100 nm 0k 32 2 i 52 2 A W A ALBTE
B SR HL-TCHLIE AR, 3k 2 R 1 40 K A
HL-TCHLE A RN 1% e i 22 08 + B R £ 5k
5y o TS BARMHAA LY R 2 A B AR
RERN, FHEFE DA TR ER T BRE
MU & AN, (R A R
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2 SR, HLRIRhIE L |
4 45

KW = AR EOY 2, HP ke NP2+
TR IR ) T e ik o HP ik i 2L R
&R (-80°C ) 30 d. W HMP ( NIRBERREN )
VTR 3 WO IR 7 25 6 22 J2 U R R R 7P A3 T80 25 0 o
I3 AR AL R R A4 5 (POM . W Fl LW )
MMy (LB, B #1 DB)., =PHBEAHSS +
BB W IEAG, SRR R RO Y]
Iy o P EMA L Y B 5 e A R AL
Y B KA HL-TEWLE B R, B A2 i R
YUK HL-TCHLE G R AE 5 35 43 A i b 2%
O e e YIS TR
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