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Abstract of Research Project

Assembling a system for measuring biological activity of

micro-level particle in heterogeneous system
(Grant-in-Aid for Scientific Research B, MESSC, Japan, 1994-1996)

New system for measuring the biological activity of micro-level particles, for example,
planktonic and bacterial cells and their colony, in heterogeneous system was developed. This system,
named LASMMA (Laser Semi-Microprobe Mass Analysis), is composed of YAG laser, infra-red
microscope, quartz cell, gas purification line, and isotope ratio mass spectrometer (IRMS). This
system was specialized for the '*C-tracer experiment on phytoplanktonic photosynthesis.

Optical system, by which laser beam was applied to the sample through object lens of IR
microscope, was prepared. Using TV camera, micro-spot was identified during laser treatment.
Cellulose filter, of which isotope ratio was known, was treated with laser for 30 to 60 minutes. After
purification and manometric measurement, the CO, was diluted with standard CO, gas of which '*C
content was known. The gas was introduced into IRMS to determine the '>C content. Although the
value of cellulose by LASMMA was lower than that by standard method, it suggested that its
precision was enough for tracer experiment.

LASMMA method was applied in the field experiment. The '>C uptake activity of Miaocystis
was estimated in Lake Suwa. Colony of this alga was identified under microscope, and treated by
laser. Its ">C content increased from 1.09 atom% at the beginning of the experiment to 3.52 atom%
after 24 hr incubation. The ">C content changed almost as same as that measured for particulate
organic carbon (POC) by the usual way. It was confirmed that LASMMA method could be applicable
for field tracer experiment. Moreover, it was suggested that LASMMA system might not be limited
for tracer experiment, although the standard deviation measured was larger than usual way and the
measurement took much time.

For future application, LASMMA System manual was rounded off.

Key words

Heterogeneous system Tracer experiment YAG laser Carbon stabel isotope Mass spectrometer
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30
B ORI (%) 25 10 50 100 500 1000
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M E=(max-min)/avXxX100 (% ) 49.60 124.00 24.80 12.40 2.48 1.24
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RBRREZIZTANI—Z2YKL T, AEEIVICWR, HAEA - EREBIZRD T,
Wo Tt ABIVREREZIZEINWE, MBEHRZ LRETOR, NIV TE2HUTEBNSRD
HU. L—H—BEBETL QLB EFTo 7, 3 0~4 5B ONEE BT ZEA -
BREBICWMOMT, HESA O EHAUBNSERLE CO,HRENB L, K105
2ugC D COAMFEN, ZZiz. FRAARELT, VII I BHSHEL UH—/N—
AN CO, A (=14.01%. 1.095 8 atom%. MEEHEFICY HF—/N—Hn5 CO,
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HAEHIABZESOTHELEEZS, 0.2 NNV FEDQEENH >, kO
— 2 QR ERD BB, WEAOTILY IV BOEEA W) 230~100pug
BAL, EB%. ¢ 6mmOHSABCHALRZ. ZhE, RMELERSTE OFEAL
WZEDD. TL—h— K THIAEEEH > T CO,HAENITEICEAL, RNALZR
Fl/. ZOHETIE, FRKIZL 7259 5 THoz. FREMNMED EELEOLEHAS
KEMoA, LN O—2ADEMEELT, —25.10+£4.01% (1.0836=X0.
0044 aom% n=9) OEREHL (F4),

#5 BIO—RAT4 NI —DOCEBREMED LR

natural LASMMA
atom % 1.0839 + 0.0000 1.0836 + 0.0044
33C (%) -24.83 + 0.02 25.10 +4.01
n 6 9

EHIRENDHOD, RAFRMELOREMEE RNW—BZERLT,

6 FE#

SEEFELE LASMMA 2 A7 AZHNT, KAV NIVORERMMELZ S DZ)VO—
2T 4N —EPBL, ZORMELZHELEZEZS, BFIEIREVDOOD, FiFEL
LTI, EEAERUENESNE, B, FROZES, MEOIZ Y IX—
el AEBELTHWAEELNAY, BEDO L —Y—EZRTHWVWSN TN atom%EAL
T0.00 4 atom%DEIIZTET, FL—Y—KBRELTIMBERWL AN THEEEZS
N3, £ FRICEDBEUZOHEKRICOVTORENRHAN TS, 1.6 6 atomB%DEEFHID
WT, ZFRECOBREXTIE, 5%DBETEORNMKLAHETES Z LMD,
EEOFMALRIETIE. B°C SRINEL RS EHEENREBLEAND D, EROH
FTRKANL 0 BREOEEND > BR5%LUNTH 7. ZHid, RO ML—H
— R FIEEOKETH D, LASMMA Eid. EH2WVWIdMEL XV TO L —Y—%
BRADISANTRAETH 2 EEZ 51D,
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Xz, B O—-RZ2H/ELZSEIORKERIL, Z3R4ADDTHRINDBEMNS RSB &,
FETBRHRBREETHEILENVNZ D, EEFN4%EREVNED, TICKRLNIICIHAT
BIELRIEELNVAD, 225 IX—Ta  OEES. LY —ZX3HBORZEMEE - K
ROMBEREZI V7L, FREEZRELLANEDIICEL DHRABERITEI T LR
ETHE, RARFMALL VORI HISH TESTREIGRBEINS, SEKRHTE
RBno 70— AHRRP.GC/ICIRMS EDHAEHOERELHERFREEZZ NS,
RRFMELORE L, WEBRZOBHRALEET S LTERICEYRFREELTS
SOMRCFAINTVBSA, 2701 X)VoLYBEEREICHIRHOEME NS Z
EHRFTES. I ERPWICHFES T, BPEHEZ2OSEICH LASMMA %
DISHZENLN DA ERBT2HDE L THEHLEW,

SCHR

Elsenheimer, D., and Valley, J. W. (1992) In situ oxygen isotope analysis of feldspar and quartz by
Nd:Yag laser microprobe. Chemical Geology (Isotope Geoscience Section), 101, 21-42.
Fallick, A. E., McConville, P., Boyce, A. J., Burgess, R., and Kelley, S. P. (1992) Laser
microprobe stable isotope measurements on geblogical materials: Some experimental
considerations (with special reference to 8**S in sulphides). Chemical Geology (Isotope
Geoscience Section), 101, 53-61.
Ichikawa, T., Yoshioka, T., Wada, E., and Hayashi, H. (1992) Estimation of nitrogen uptake rate of
small zooplankton using '°N tracer. Jpn. J. Limnol., §3, 273-280.
Sharp, Z. D. (1992) In situ laser microprobe techniques for stable isotope analysis. Chemical
Geology (Isotope Geoscience Section), 101, 3-19.
Wada, E., Tsuji, T., Saino, T., and Hattori, A. (1977) A simple procedure for mass spectrometric
microanalysis of '*N in particulate organic matter with special reference to '*N tracer
experiments. Analytical Biochemistry, 80, 312-318.
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FE2E BN -EBRAOKH
LEBRFRZKBRERAT EMRE, PEH
fEMRFEFHS 5l
HERZERPHELZY— RIHIEKER

1. Ui

W75 27 R ORERIEMEIR. Rk, “CRWVL CORDAARTI > THITEN
T&F, SUFTAY M—TOEMERNHKL <HEINZH T, BERMAETHS C
IC X B RARERRENLTFbNE LD TEE. TNHDHE. ASAT 45
—RBWLIRASTL T4 VY —ICHELBER TICEENS “C. "C DB HTERLE
RDBDON B TH 2, BAAEESZD. H5WITBIRERD 20 OFER 2T S
FTRZOHFETEIVWD, T I 0 o OERFHNERRTOEE VI ATR. BE
B IO RES BRI TN ENTNS 2D, /N & /RS FREEND D, KTz,
B DRENCIIE L REW TS 27 B OBEREKEL TWSA, BEOERIENDNSH D
OMNEIMNIE. ZOHETRELTFHTERWY, “CERAVEZF—FIPFT I T4 =1
EOMIEDTEE 2B TE S A THELN TS %, LML, MlaHZD ORIRBOHEEE
slhcirbizidiud, iEHERD 5 2 L3 TERN,

LASMMA T, PC ZE D A A TN ENOHIEDEEICHEN T CO,DHITT 5720,
ZORLEFAMALERETZZET, RERL2EETHIENTEDIRTTHS. H1E
T FL—H—ZRICHMEATES Z EAVRI NS LASMMA HEZ2 850 b L—8—%
BRICEA LT, EBRICTOAMMEZFML /2.

BB, ZOERIZ, BENKEEERNEHSENERT TITobDTH S, BMKFE
HEMOEHEY ICAhE THER, NERRSEEbETWEL W, EHERITO M
FABERFTTRIIUD, HEAEVAALBEEECRDE Lz, £72, Tracer MAT IZ & 5
FICE LTl BETRAPASKERERER OBERE L, HERFRERRAHFAR
DERERICBHEFEICRVELE, ZIRKELTEHLET.
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2. BB - HEHRE

FL—Y—ERIZ. EFRICHI2ERBHOBHHREKEZRVTIT o~ (19954
8HOH). MEIZT, K (U—I A& —iRES ET-5. HHEE) . KFRE (REE:t,
LI-189, LI-COR Co.Ltd.). pH (pH A—# HPH-110, EXKF#EH) ZHEL-, HEE
Z1ITRLE,

#1 BGENER

TR AR icfg pH
(m) (°C)  (WE-m™*s7Y) |
0.0 26.58 648 9.76
0.5 624

1.0 26.60 76.2 9.76
1.5 28.1

2.0 26.50 12.65

2.5 591

3.0 24.38 3.79 9.37
3.5 2.28

4.0 20.65 1.43

4.5 0.97

5.0 17.90 0.67 7.21
5.5 17.75 0.53

M—Y—EBRAXREKII 10 00R) Y VIERL, £/, BHEESERE (DIC)
RN, AS2T0HbERMOEIED., R VEEL TEREICELR- =,
X%, DIC DRZFMAELIEDZDIZ, 200 mOFIRTS A3l AZRD, 7
YERZTTNAVEOEAA SO FIABEKEN 2 ml A TREA RO FILDIE
BEESTz OKE - 1A 1993), #HASE, 75 ATDRICIAFILR Z T HE TR,
INZEZEROLE (5 ml, FILE) IBL. FOBROHTE THERERE L,

KL A 2FaR— MTORBFRMELIEREL T, ¥SRAT7 A N—T 4 )V F—
(Whatman GF/F, ¢4 7 mm) iI2400A2WL 500 m A@LA. Zhid. itk
RRBRRENMA LB ICHETDIHDTH B, £/2, VYIAT7AN—RWLEET 71N\
—HDOAH (¢ 25 mm) ZHWN, K25 m izl BEKICEEL-BLEFBRE (b

20



S5MU%H, 850°C 2K LZHD) 274 NI —H2D 1 mgiZladXDITHRML
TABEIT-o. T, LASMMA ZHWRIEIC U7z, B LSz AT Widk &3
gL -A% 23U, Tracer MAT IZ K B BIEICH W,

A2FaR—FARIE, RK500m D2, 1 2F80FRY I—RFx— RIS
HL., £05B 8 A, HPCO, B’ Z 5 mlmML 7z, ZOBKIE, PC 9 9 %NaHCO, D
4.1 6 mMMBIRTH 5,

ERIE. SAOHDFAT1 O3 51l ., 27°C, 1 80uE-m’+s™ ', L:
D=14:1008EYA7IOERETT > Fa—kU7k, KRER FEHHORE
(%1) OBMERDPSFHETSHE, KFEKGE6 0 com TOMEICHHET S, 4. 8. 12,
24, 2 SEERIBICNL—Y—Z2HEMLERRMLOFNS 2ETORMDML, Y5RAT 7
AN—TBWLAET 7 A N—HDA M (¢ 25 mm) T2 5 mDDA%E L, JHITAE
0.2um DX T LVRT T4 NI —THBLIEHAK (FL—Y—2FERNHD) #2 5 ml
TI4INE—2HE L%, BIEFREEENMATABLE, 8, 2 SEHRIZIE. bL
—H—ZRML TORWR VRS, RREIMALLERAIC4 0 0 ml (BRACHFIERI |

LASMMA 3 & OX Tracer MAT FHIZ 2 5 ml DD (B LSHERM) A@L 7=,

T4 —E, 6 0°CH RSN, MHTORIIZ, HPCO, Z5ERIBRET 52D, —
EMATLODSE-%, BEBO 72— S5 L%, ALY > - NaOH DA-ZE
T — SN THRIE

POC DRRKFRMALLIZ, EZHEMRBEE (Minagawa etal. 1984) IZX DElEHZ CO,
LU=, KR AL ERSE MAT 252, 740 =<y b)) THIEL/=, DIC
i3, EERNEICHEELESICO, %21 0% ) UBEKRTCONREL, BESA 2 THEE
L, Rl RERMELLERMTENC TRIZ L 2.

DIC #E1d, HwI <V CEELERKERE T THMERAIATEVEL., FoBEOR
S HEHTEA L, EHERRICEBF Y ) T —a U S BEERD . HEHRIE O
WA 3.8 0 mgC « 1" TR, ERFEBIFIIDCE SR> T (4.3 2 mgC-171),
DIC DRRRBFMALLONERE (—12.74%. 1.09 7 atom%) H 5. ERRFEME
ODICHPCEERIE, 10266%. 11.23 8 atom%eatEanss,
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F—Y—EBRHICHEBRINEBEOHE (Tracer MAT, 74 = H> v ) Ik 53
ElL, T4 N —EHBZ2AZEED Y TITANTNEL LD EE, —F Y2 T5—iz

Ty bU7z. FNEAHOEZEREL THERLTWA 7S 2 BB L CHWTHIEL
770

3. #ER

3—1 XRKRIRFENALORRHZ

A Fax—hREMBE. 0. 8. 2 SERHIRIC ML —9—BRMOREHI DNV TRFER

MAELZRELE (R2), 12FaX—8HMEETIE. HR{HETHD., TDHE19
RFHEIRIE N B R ERERMAITHY T B,

#2 POC DOXMRAZRLALLDELL

time (hr) d13C sd atom % sd
0 -18.53 0.20 1.0909 0.0002
8 -18.82 -0.32 1.0905 0.0002
28 -17.75 0.04 1.0917 0.0000

POC DRFFALAELLIL, 8§ ETRSMRYD 2 8RHHIC I N—INFEEL 2> TW=AS,
atom% T, EEAEREN M-z EEZXTRN,

3 — 2 Tracer MAT iZ & % POC O [FIfT#ALE D24

HPCO, /M L 72 RV TD POC DFINLIEEEAL 2 Tracer MAT IC k> THIET S &, 8
BFERE TIRITERWICHEML, 4FRMH%T2. 4 atom%, SBFEIETIZ 3. 4 atom%IZ3E
L7z (%3). TO®K 1 ORFMIBETIIRHTH S0, 1 2BMETIE3. 5 atom% &

FIZIENTH o 72, RHOBBICA - 7281T. 2 4BEREI%RIZ4. 1 atom%. 2 8 B5RERIC
4.5 atom% EBFNITHEND ERMOEAIINEL o T,
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# 3 Tracer MAT TH#l%E L 7= POC D RIfLALL DAL

time (hr) oC sd atom % sd
0 -21.51 2.09 1.0876 0.0023
4 1190 54.4 2.4056 0.0582
8 2180 177 3.4449 0.1852
12 2220 22.6 3.4931 0.0236
24 2810 64.9 4.1005 0.0671
28 3200 64.6 4.5022 0.0663
28 natural -15.38 1.0943

2 8HFfIED b L —Y —HRMD POC DfEI, RARFMAKLIEORER (K2) LI
EANEEDDRIEN T2,

3 —3 LASMMA {%iZ & B Micocystis @ 2 10 = — D RINLA LD ZEAL

LASMMA {%Tid, Tracre MAT 2 DD b L —H—EBRERRD, HEDRTDAHD
RIS BIE TE D, T2 T, BBEE L THIEL TW T 2B D Micocystis &5t
HELTL—HF—QNEZITV, ZOFREORMALL ORI ZIBRL 7.

#4 LASMMA k12 &K > TR® = Micocystis 2 10 =— O RO ZEAL

time (hr) 13C sd atom % sd
0 -15.73 4.88 1.094 0.005
4 938 103 2.132 0.111
8 1970 209 3.225 0.022
12 1770 136 3.021 0.144
24 2420 167 3.696 0.174
28 2950 69.5 4.252 0.072
28 natural -1.49 1.110

FADKERNSDOMNB L DI, Tracer MAT £ & FIER, SBFRIE TRIZIEEBRMVIZCE
BlIAL, 1 2BBEETIE. DIHN0. 2 atomB TIEH B A%, Tracer MAT {ETIEA S

23



NEMo 72 PC DETFBRRLN, TOBRDEKIL, Tracer MAT KD KE N>/, ZD&L
DT, PPERNIIH S HDD, LASMMA FEIZ K D Microcystis D >C B D A B DREHIZE{LIL,
POC THJz Tracer MAT I EIRIFFI U TH D Z Ebh o7~ 2 8RB O KRNI LL
&, ORFRJICLLRTO0.0 2 atomBEDTNITEN /2, S EHTHSBE—1.49/8—3

WEEBITEMN o T2,
4 B

4 —1 LASMMA & Tracer MAT O LL#
B EDHEMT S > U b > O E POC 248 TOIEMED L)
RIRRFFINLALL, Tracer MAT, LASMMA @ 3 Hikic X B HERERZM 11IR L=,
Tracer MAT DT — & 7 53R 72 POC BRDZ{L B FIKFIZRE L 7=,

A — i —
Light Dark Light a
5.0 L ’
POC (estimated from the v a “ _a
P —

-
PR —_—

»
o
.

- L ——
- ——

Microcystis -13C

13C (atom %), POC (mgCA)
N w
e =

natural abundance
------------------ ‘--------—------’----------------——--_--_————------‘

1.0
0.0 . » Il Il I B 'l
0 4 8 12 16 20 24 28
hours

K3 A 2Fa— FEERIZBITS POC B XU Microcystis colony D °C F B DZAL



LASMMA 3 T3, %12 Tracer MAT 3% & D EAYEWERAA 5 17z, POC IZIL, AR
T, BB, BCOMDAAERORBVWABYR FIREL THWEEEXALNZOT, U
L 3 Tracer MAT DIEMEW EFEI NN, BRIZZOMTH >, THUTIE, LASMMA
BIZE B BC ORIEDHIEL In B aTRENE, HIRE, AEYORTZEMEE - KA, AR
DB ENEZLND, BHZDBHDFENHDD, POC LNV TOH L —H—EREIZ
EAERURME L2 HBE TE 2 2 813, LASMMA 28 b L —H —ERANDOEALBRE
CELEFETHEIENERTERDDOENZ LD, 21U, POC BORHEELLERW
HEERLIEZETHEBINAOTIIRVWES S D, TOTDDHETOEVDL. $5
Wit Micocystis &0 BIERDOEWEM T T2 7 S OB#EL TOW oM LNRN, 4
B DEEHT L, RHEEIED Caatium BN Z HAEN, £z, BREOMREBALSNIZ.
LASMMA £ Ti, ChoiEMm 7527 b OUEBE{TThRN > /e, FHETERN
o728, autoecological IZHIKFENHTH D, SHROWE LS 5. ABFFETORRA 3G
DEERM S BT, BCEROEIKTH{EL TNBEE, LASMMA 2 WL, £0
HEWETHOBRHETESDBDOEEZALND,

£513. SEHASNET—Z2HE, AEREHOBME L TREZRDLEBDOTH
%, B, K (1985 I L7=d o Tfio/z, LASMMA T, kL, HEFRE &
HEiEdE (BATRBEY =D OWMDIAAEN) TULHAREATERWN, "CEROKEN S &K
ANBEBY, Tracer MAT Bk DIEHIZE WA, FREIZELIIFCTH - 72,

SCHR
Minagawa M., Winter D. A., and Kaplan 1. R. (1984) Comparison of Kjeldahl and combustion
methods for measuremnet of nitrogen isotope ratios in organic matter. Analytical Chemistry, §6,
1859-1861.

KEFEHE - LAR— (1993) BILEGE TR M TP OBRERBOER, #FK#ER
i&. 35, 77-86.

KH 5 (1985)°C, N L —U—QRMERICL2Er WICBT B KFK - EREPEBO
Bge. In AAMEMEERSRE MEYDEEI3 ERHFLEZD < > T, p.109-124,
2T 5 —.
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%5 RIBIFHRICKDNOHRIENE OHEE M LR
POC direct estimation from POC Tracer MAT LASMMA

obs. est* DC/t turnover SPR® DCit turnover SPR* turnover SPR?
hr  mgCIl' mgChr' hr hr' mgChr'  hr hr! hr hr
0 257 253
4 333 0.20 17 0.060 0.11 31 0.032 39 0.026
8 4.02 4.12 0.20 21 0.048 0.12 34 0.029 38 0.026
12 3.61 0.09 40 0.025 0.07 51 0.020 63 0.016
24 440 0.08 57 0.018 0.05 81 0.012 94 0.011
28 524 522 0.10 54 0.018 0.06 &3 0.012 90 0.011

*: Particulate organic carbon contents were estimated from the signals of Tracer MAT.
*: Specific production rate.
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3% LASMMA AT AERLORBL EHFEINIHR
Y BARSEARGKERSIFAT FRERE

B%IC, B THRE LAY R BN T OEMTERIE S A5 A, LASMMA 22
FAOMESEE DD EEDIC, EALOREL E5%RIHIFINLHRITHMNT, 3
EROHFEZ LD DN,

1. RiFIZRb L7251k

LASMMA 713, #U/NSETFOEYERZRIET 5 TFiEE U THREEZSEILZY, /FEh
ZERIT. MTHEHZVWIZOESEROEETH ., EEHEIIRD 5N50%, BAAK,
FZIE1 054720 DOIEMHIR. ZOHEFTTREE TERVWEW D RN H 5. LASMMA
W, #5 TR, B & IENE (BALRBU D OB RARERE) TL
NEETERV., KM 0OEEEZRD ST, P Ed, DRE UK TEEOH
EMREICLEE RS, ZHUT HROHETHRINTNIHEL DHIETHRETD 7%
LASMMA MDD FEEEME & U Tid. FUERBICABRTOH TOEE BRHEHBIZ LAt
TR BZENTREINS, ZOHE. BaBAFENRTNL F—F0E5DEE5X15
DI ERD . WEBBUEZZIIRERDDOERS S, LML, 1RO PCHEICKSHE
SREMOHE TIZ. EHORWEBEBRZOEED, EmEEOR/NHEICRD. £
HERAL 220, RSB HRE L TIRA T2 THA D, FFIRFELZHEEND Z
ExbEEzNE BATEZHEMIIELITENEEZILGNS,

2. QLEERER

AFETIE, L—F—QENSEH L COOHADHBMETI, 45005 1KMZE
LTwg, 2hit. FREEKRELTEZLICEAHEEDHEAENSHNT, L0E<D
HEHRD CO, BB 2 DICEMANN 2 bDTHS. YT 527 b UAERITEL
HWHHHEB TEZ NS SVOUBERMANETH S LT D L, MOXDRBEDOERINK
RAQISHANEEINS, LML, ZZTORETIE, FRFIZ 1 OFTEUTELESILT
WM, FREE 6 0 BEICT AL TEREOMEDTNEERESBWL I EMEEE
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NHREIND GEL1E, £4), ERT 2 COEIL. L—H—DNNT—2 T4 I)V¥— T
DR TOFEFE, MBI Z2BMNOBRSIREICELASNS =, B QBRI
BHITH0F TRV, 3020UTRTEIERITEDILDEEZ NS,

3. IRHHRAES BN

LASMMA 513, XD ABER), ERFHNZERD S OMEICRHERIET I DD LR
55, KIEORH. AHER. L0HRBIT, RE-RARRRBICBVWTHEL ORIT
PEOEEE E, BEEVoEYHEDOZ LU, HIBHRIOEE &S5 8
REOHEGLH D) OEYEMEMETEDRCH B, YT S0 SO BEOHT, 19
REEL TS BEETFHT S ZENTENL BERAREHRICORNDEEENES H 5,
o, EAERNDRVICOEDL ST, BEOBVWENRVWE I 2BRICBITSY
BRRICEEREFZREZL TWAAEEIRB IN, FERROBED AR LERICES
nH LR,

COTY AT LTI HEICRIMALLERATEZHNWTED, BCR SNZAWE
=Y —ERELZII/ORHAKE Bug) TAERTH S, /. SBORMNETLHRIN
T3NS, RRLEFNMAELDOWEIZHISH TEAMREENTMCH S, ZOBEOR
RAEHRIL. MERR, ERAEZOHBEROMAICZOOTEERLDOTH D, 51T,
AT LINE, TERICRR A BBt R AT A ENTES, HRA 7O NS5 T70—%
AU (Laser Semi-Microprobe Gas Chromatography., LASMGC?), #8/INESAL D H 2 A s BE
DRI, EFz, L—H I T HLUZBBH 2R W TOERELPRRIC &k A&
WO TRV, ZDZ&E N—R (#8) OmEZF TR, V7 b (BELE, BFTE
) DHETOHOEIATLAERATHILEICKRERAY Y FERWFRBZE2E%L, &
RAEDFTREME TS V.,

LASMMA > 257 A3, /MR DARE—RZ05P 212, BEAERP#ELWEINTE

REETERMASBORBIIKRZSERT 2D EMELEN,



43 LASMMA > A5 L2 HEREAE

#E BAERLKERERFA HMERE

KNl —H—EEB, X510 RRAAMELREICET TORT > > ¥ )L EFFD LASMMA i&
B, SBRELEAINAEDIC, B#HHEHBELE L TE LD,
Z O LASMMA 3 A2 57 ABERSAEIL, LFO 3 WM EBHRENS,
I. #HFAL—HF— (LSO-1Y-07) HEIRHERHZF
. R —Y — R E RS HE

AL —H—RFEE L —F - NT-WET—F
77 AN=NT 5 —DRETIE

. HABA - BB AE

B, IRAARERE K CX3REHBAESE, £k 113 B FUINALSY
ST OEERESRICESTENEEDSNZHDOED LICLTHERL L, IR
LTEMOBERLET, |

11 12B8 L T, & i B AR ASKBRIERF AT RSk R A FE T RS AR AT 2 BT
DHEZESA L&, AREMRERYSICE > THERENZHAEA - BREBORSTEIC
EABRICDOVNTEELEDZHDTH S,
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Rk 6 — 8 4EE AR A BEEBIZEB )
AEG—FR BRI FOEMIEERIE S AT L DT
(R EHRT  06554036)

LASMMA > X 5 A3k i BHE

YRk 9 H 3 A

MRNAERH 5 | % £
(B ERFRIKERZEPFERT)
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I 5L —H— (LSO-1Y-07, HEEEE) HERHZ O HAEF

1. B
Al —H—%E T, BEAMAROLEEZAEIOBRIN, Ke, M, BBT,

W 1.06pm, HiH 5 WORSN L —F—ANGEENL,

2. KAk
1) &R
ANEBE:AC100VE5%. B
HAOERE :DC100V
HAO&EH: 12A+3%
2) L—Y—FiRH
k—=#)VyI5— :19¢, D=10mm,. RFEHE100%
N— %25 —:19¢, D=1 0mm, KHEKI 0%
AR 11—k
Ow K :4¢X50mm
Krs>7/ +4Kr 2, 2am (ILC#:E)
L—H—th cWIIVFE—RSW (12A), %1064 nm
WA ik, EH2kg/cm?
W15 0 /min (Sum 7 4 V& —1{EM)
A FX : He-Ne (#£&6 3 3 nm)
3. EifEEE
1) EFEAR

EBEROTOVIITAT TSI LEKLITRT,
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DC 2kV e a—o
i
DC 800V
B
prom
A;};‘é’v'—n ot %H% zg D o) i — —=1—¥—
E/IR 1 —-hrazZy b arho—-ib

M1, BERTOvIF1T7T5A

P—Fvy FTL—H—ONT, EAFHREBOAZDBRIIFNT, b
FSUADKH—T L EBEERO>TNDS, 7 —EFIX. 800 VER
RKEDFAMF—RTAS COBRICEREIN, HABENS0O0OVIZ
EL®E NIH-ZAAVFEONTEE, WILARITARRES T
AL DOBFIWZ2 5k VONIWVANEEBINT, 5 TNELTT 3,
ERBFIC, A1 2 BRICERNKEN. BRARHERICEORELEZE
WA, a2 bO— I VEOREEE LERIN, TOHAINTY— 1z
Y MZAAEIN, £OH, SCRZAMO-INT B EICESTE
HHEEZITS,

2) 1A —0vw s %
b—H—Avw RiZ, Kill. KEDHERAA v FRRBINTED, /XY
—ALYFDA IOy IEEELTY L—HIEHT 3,

3) YAGL—HU—RIRBR (K2)
L=t —RIREBIT, @IS —FINIS—100%RERE/NN—T ¥
W2T—9 0 BKHER, FRIZYAGOY RKr S > 72IMLEL
—H—Av B, R BRERNCHIvyvy—., L—HF—HAHlIZX
—~YAT=IMAET7AN—HYy T I —DHR T, HEBIREZIN
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TWw5,
DCAAE. KrorxFizhnh, YAGuy RzpiE (W100V,
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