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\Z XD IEFMERR D E N Z T,

2 ZEE
2.1 EBEMHMEROEE

W PE W E (B IERR S HE) @ Nannochloropsis sp. (VL TF#HE) 12, A TFREATOAE T RIBERITE
VHE =L I, FEEOMIEE Tkt R S o, MBEITERIE CEZR2 -4 umTh o, HEERD
N R LR DKL, A TRBERN Y ¥ =Dt S N Ak e BV aEERO N TiEKE
Az, NL#EKIL, ReefSalt (Seachem Laboratories) 34 g %1 LOFEHI/KIZIEMARE L CIRHL L 7=, 500
mLOMEA R P O8N AR S 2 WIE ALK EZ200 mLE V. 23240 mLOREEIK 2 M 2 AR L
2o SOIC2MME DR, SMEOERYETHE, SHEOE 4 2 . EDTAE X UpH#EE #lOHEPES
&ty PES3® 0.4 mL Mz, KT MY 7 L5 503HEERZ AT, pHZT7.800H8.0ICFHHE L,
BB L Uiz, fAERNC2KE, 120°C T2 ONIERE 21T - 7=,  fkFehssE Cid. 53200 mL
1220 mLO EEHEORFIER 28 L WEERRICE L, 22.0°C, 3200 lux (12F:[FIRG) OFEMAREE L,
TR R FRIR e U, HHBIE®E T, SLO=ZA7 5 2| ZEERZ2LHEM L, Ay 7L —F LT
INEBIRE U RFERE80 mLA Mz 7=, =A 7 7 2 alc@itodb s ) avieTtr7 2% LT, 22.0C,
3200 lux (12KF[HHIKT) CEXEFER Lo, BEOMBEEIIE L7 VT 2 v 7 mERGHE R & L7 Biss %
HAWTEH& L7,

22 BMTISUOFUDILLDEE

@ T7 7 vl LTy A I XYRY LY (Brachionus plicatilis VLT U 53y) ZEO, M/ALR

(LAY DU ABR, 7 1 L T3) A L, 5L S8 TEEE L 7=, 500 mLO[iE R ¥ 0 £ 212200 mL
DNTHEKZ ED . ZHIZ50 mLOBRKZMZ AR LU=, KL MY 7 A5 WI3ERE VT,
pHZ 7.8/ 5 8.0ICFH& L il FHELATIC 2% E . 120°C T2 M O MNEIRE %2 1T - 72, Z AVITH/AIR, 125000
Kz AfL., 27.0°C. 3200 lux (12B:fEARE) CT=T7 R A Ik b7 L—ya il L rBREEYB
molo, fEE LT, THAREE U7z Nannochloropsis sp. D¥GE MR & M\ Te, TR AL . BB O
R % 24K 12 20 mL, 5H LIRS H 10 mL5 2 7=, 8581218 HM B Z 22 o 7o, EAEUL, 55K 3 mL
ERBATA KRBT T AL SFEMEEE AV CEE L7,
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2.3 PIXERHEIZE BMNEMD TR

BHESH R 2 — 7 M EE2.4x107 cell/mL & ie w3 mLAr =2 — 27 UART « RU T —KRx—
F7 4% —(25 mm @, L 1.0 um) THBIAB L, AL, Mylarflo ¥ —4% v h 7 L —AlZ~vw T v
FLCHHB L7, WS ABLEREOEEZRD D70, BICHE#K10 mLZ2 %5 A L., 85°C T204
L, BEEL2HE LT,

DLV Y =7y bR O, VavE~A 77— MIB L TRHERAKTHRE L, BERD
WAZEYBRWE, T LT A3 %3MB8E, RAY —)LERy NTAUVT T T 4NV H—IZDHT=
== VRT « RYD—RFx—F7 4% —(25 mm @, FL£Z 1.0 pm)D F.LEBIZ DO T2, U L2 JH H
DRI OW S A1 THRD Brue, Tz L, Mylar#lo % —%7 v b7 L — A~ b L
THx—F v b Lz,

WO X —4 > b bhe (2 mmiE, EBFE 30 - 60nA, EfE 20-60 uC) THRE ST, ¥BAETD
X BRI SUL) P E AR R s CTHIE L, A7 MVIRIERMER/DBE T 1 7 7 A(SAPIX) THAT S 417267,
WMEONAY =7y MI, %=y e LTHMEELZYDOLEE, VAVOWAZ—7 v Mt
ARy NE—=Fy NE LTI 4N E—LELDOILFEEZRDT,

3 HRLEER
31 AIBAKR—RADEBRICLDIEFELIUVILIDIES

MEB IOV ATOEETIE, KO SIRENSET 570, N—2ADWKIZW TS RERKCH
WL THW-,

T, A TFREERHINE Y = b SN TERN, BROTZOBATFIIARAREL -T2, 2O
T OB ICITEBEICB IR O MLER S D, EEO T 7 MIFHEEEL 25720, MOEFEOIR
ADEBYEE T, 2 O OfkkeiEE ORDLIX, EAORE CBIZ L, ZORE., BEOME R,
NLHEKRKR—ADERKEZHWTH, ABMKERRTHD Z EPMHRTE -, —FH, BHEIIV ALV
T 5720, NLHAR—ADORERIER T, THEREZB IR H5>MNERD D, Mviti® (BALRE) ©
1T, BEEEHIT400RFE TH 2x106 cell/mL £ THIFE L7239, A ElE 272> 72 N THEKN— 2 DEERIRIC X
LR GRXEEEE) TiE. 400 TH2.4x107 cell/mL & 720, U AL OEF & L T4 7 M
JE LT DYLREFE IR LT,

T LAUVNTA KRR —A NTHAKRX—Z2ADOWNWTNOEEKRTH 2 AL SENILEY, I0HT1
mL H7-0 5 {EKE CHIE LT, WEFHADEME TIX, BEEEL 1 mL H7-0 100 EEREE £ CH
JEEE S 9, ZIIIHEBETEHEETCER2WEEREE TH D, £7- PIXE oW ClIskIV 77 20RET
+y7et . BAROMEEEE CREREBOERICIE Y TH D, o, MAIIEZSMEEELZ LT, W
DOTHLU LY EEDLZENRHRDL DT, MEERIZEB 2> T,

3.2 PIXE SHTEICK DEFFOTRMEKD LB

AHUHEKR AN — A N TR — A THHE L 72 O PIXE 504 O 5 R % Table 1 1279, #EP O
12-13 TENEE TE /2, TNETORETIE, T U U A LHEBIIOTERICHIERE O
7o 34 A RN R AR 2 T 10-40% & LB BEN B oo TY A M LTz, #AKFIZELTF
f£3 5 Na, Cl, S, KBXUO CaldiliF & bIZERBREDFERTH 72, TR F OMEITLHE DL
TERETH o7z, TNLID Mg EETHRIL, AWK — A LD N LUK — R CTH#% L7 8
FOFERDDVRWVEAB A DNz, WTINOBERRIZOWTE, P, SIREBEROEARELRDD
ZEERGTIEHARL, BEOL ZAEMEFNEL TRy, UL, ARl CBELARZN S E
BEBOGHEAENDRNZ LT, N2 770 RRENWZ &2, FRIZIIHFHMAETH D, Tz,
HEY Y by d ReefSalt ZA b v 7 L TWAHD T EERMEDEERZEMICHE Y KREIZHER T
XD Lo, ZETED, ERECHEAYMEZEE T 2 EMEMEOFICICEB WV TiE, ReefSalt # 1
HUWD N THEKRR—ADEEREIL, 1RO AH\MERKR—ALVENLTWDEF XD,

3.3 PIXEAWEIZKDTLLDTHRMBREDLLLE

R BE 2 & OFEHEIC AN, KRR DWT AL DF —47y MERRIZES TIERV, U LAY DEHRIKRZ
BHENABETS2=22—2 VKT - RID—RFr—F 7 4% — (25 mm @, L 10 pm) THS| A L,
V== bR L L ERlBlz, LoL, WEIOAETT7 4 VX — LD U AT ORITER, KiK
DWAVH L TWD XS IZBIBEINT, 2D, ol ZENITTDHE, VAT RT 4L F—DFHIC
FTFEY, W=y FMERTE R ol, 2O, H LY LAY 2 —lETHOFEETT 4L
Z—DHLDEFICEWT ARy M2 —4 v e Lz, HEIRTIEOIRER+5 2B oo 7z0 T,
3-8 A Z FIRFIZIS LT, FrEDOERE) Z @A TEHE > T, MEEREZ OTEFERE LT,

147



NMCC 19 2012

AU KR — A NTHAKR—ZTH# L7-U A2 D PIXE 5 O#5 B4 Table 2 ([27"7, U AT
?® 0.2-2000 ng fF7ET 2 9-10 THRDEBEN TE 72, 1FLALEDHA T, FHXIEERZIT 10% L T TH
BEL BEhofe, BB REN DO TY AN, MiFZzEkKTSHE, Cl, CaB LV Sr 25k
< b AR —A LY NTHEKR— A TEHE LEZBEETOGFEEENDRVHEBA N R bz, Z o
HIZEDEZARPTHDLNR, ClE CaldfEOBBIDOLATHL IR EARICENNS NI ENREELT
WDDPHHEIILR, SEIOHETIL, EMEMOMIEIZHBIT LT LAVDORBERICEBNTYH, iR A&
DRy 7 TT 0y ROKT, NLHEKR—AOERRIL, RO HBBRKRI—ZAIVENLTND LEF X

Do
Table 1. PIXE analysis for marine micro algae* Table 2. PIXE analysis for marine micro
cultured by two kinds of culture solutions (ug/g) zooplankton* cultured by two kinds of
Natural Seawater Artificial Seawater culture solutions (ng)
n=5 n=5 Natural Seawater  Artificial Seawater
Na 2700 + 1100 3400 + 1100 n=5 n=3
Mg 1600 + 700 690 + 250 Na 510 + 30 230 = 10
Si 1200 + 200 300 + 150 Mg 310 £ 20 83 +
P 470 + 42 200 + 20 Al 9+5 7 *
620 + 50 790 + 190 S 140 + 10 120 = 10

Cl 5700 + 700 6700 + 1400 Cl 1800 + 100 2100 + 100
K 480 + 20 650 + 90 K 98 +5 50 + 5
Ca 240 + 20 230 + 90 Ca 47 £ 3 65 + 3
Cr 4+1 11 +4 Fe 1.5+0.1 0.50 = 0.03
Mn 76 £ 4 15 + 2 Zn 34+0.2 0.20 + 0.03
Fe 88 +7 110 + 10 Sr ND 20 £ 0.2
Cu 4+1 ND
7n 10+1 6+1 * Brachionus plicatilis

* Nannochloropsis sp.

4 FEOH

AR T, HROABBW AKX —ZADEERREFRKICAN LHARKX— 2O BIK CRED
Nannochloropsis sp. DG ZENFIRETH D Z EDRMERTE 72, £/o, BREEEIC L D PR #E I
BOWTTALAVOEE L THoMREEE CHEEZIERTE, 8HTT 7 Fr DV AIXYART A
v (Brachionus plicatilis) OIEFEIZB W I, MWAINZ AV, ALK —2ADOERKE T T, Sk,
B SHE D2 LICE Lz, 2o OWERB/NEYMO PIXE il Z —7 v M &2{ER L, NMCC %1 7
o hayinbo29MeV DT b e —2A (2L D PIXE 4otk L7-, PIXE 2587 Cidk, EELME
DK 10 LFEEFRFERTE /2, BONTLHEFEREIT, BE, VA2 0o0nThb ARk I—2 L0
ReefSalt # H W\ 72 A TR — A TR R L7 BEF OFIEEN D2 WEI A AL b vz, ARG O
Tk, BRILHER CEDERICELNEND LRZOEHEEN VRV LA TH D,

LEDORKFHZ LD, FERENTHEMNEMZEEE L, MESEOEWIRMEOMEICB N T, Al
WARKX—2 LD NTHARKR—ZADERBROERBER THL Z Enbrol,

HiEE

A FRZEDDIZHTEVEBIITE o=, BATA Y b—"HECREa A 7a eyt ¥2—n
AH s IR L BT £,
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Cultivation of marine micro organisms by the culture solution based on

the artificial seawater and elemental analysis by PIXE

Yoshihiro Iwata and Shoko Takahashi

Department of Chemistry, Faculty of Education and Human Studies, Akita University
1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

Abstract

The elemental abundances in the marine micro organisms are very interesting because they
have played the large role in the mass transfer in the ocean. By this research, it has checked that
continuous cultivation of marine micro algae (Nannochloropsis sp.) by the culture solution based
on the artificial seawater (ReefSalt, Seachem Laboratories) was possible like the conventional
culture solution based on the filtration seawater. In the middle-scale cultivation by aeration
cultivation of the algae, cultivation has been expanded to cell density sufficient as food of wheel
animals (Brachionus plicatilis). In cultivation of the wheel animal, the resting egg was used and
it succeeded in making it hatch and increase in the culture solution based on the artificial
seawater. The target for PIXE analysis of these marine micro organisms were created and they
were bombarded by a 2.9MeV proton beam from a NMCC cyclotron. The simultaneous
determination of the main and trace elements in the organisms was carried out by PIXE analysis.
The tendency with few amounts of element existence in the organisms cultivated by the culture
solution based on the artificial seawater than that of by the culture solution based on the filtration
seawater was seen. In research of the bioaccumulation, it is advantageous that there is little
content of the elements.
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