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1 [FLsHIC

VEPEE W 3K h O BB ENC K X R EE 2 - LT\ L2, MiERET Ot REEREIL, BEAETO
WA EBKN DA TS Z & & BEMNEECB T D E—WEEE TH D 0D REBEKEN, EHL
X, Zo®EETEEMICIHET 5729, PIXE SATEICE D, BHICEERETO EEL L OMETEDOTE
BEBIRV, BEICLAMESROEMRRZHRN. MESRE ORI A RD TX T 35,

Begim & LC, RERMEAK, RERIEK, A TR L ORI Tk IC 2 E et 2 uim L < H
Wz, EORER, EEEIZ X D Mn2t, Fedtds KON Zn2t O MR ENS ., MK Z2 _— R 2 LI B#iRIc e~ AT
K%z HW D & 1/60-1/300 1295 2 & 2 Lz 67,

AWFFETIE, NTHKIZEENTOROVWE E L CTHEMIZER LTz, RABROWAKIZE TN D HHEWIX.
DN ERIIDV RN OO, METEOBEICKE kB2 -3 L a3, R THLHEEBBOEA
WEDORBNRRKRENEINTND 28,22 C AMEEE LT= KU o ZFiig(NTA) B X O 2/ " Eiig (IDA) .
BEWEE L TT7IVBmEZINENETTVE Le, ThOAKERZ B THE/KIC PES &3S, #3E
ORI KT B BE RO THET 5,

2 EE
21 REAIBEKEERORAR

fiK1 LdH720 Reef Salt (Sea chemth, ZAHrfaf]) 34 gh M L CATHKEZFHBM L=, 35 mLO
Chelex100% % 7 AZFIH L, ANTHEKZT T Lz, #10OERER200 mLAEBFEIE L, £ O%ROEHEHE10 L
ZAERL N THEK & U7z, BN THE KIS B A 20% DK TAIR L, A FRIEAK250 mLIC &bk & LT
PES% 4 mLiishN, pH%E7.8~8.01ZF%E L, A T /KEF# i (Purified Artificial Seawater) & L 727,
22 BEWHMERDEE

i PE R (B IE R A 8) O Nannochloropsis sp. (UL F#dE) 1%, B TREATHOE TRBERNE 2 —
NHIRAE S, FBEOMIEE THMUES R Sz, BUEITERE CHEMAE2 -4 yum TH - 72, BRI B RTIC2
KU, 120°C T2 OMEBRE 21T > 72, MRAEFE T, 551250 mLIZ20 mLO B O RAFEIK 2 8 L
WESERIKIZE L, 22.0°C., 3200 lux (12F:fHEAKY) OmHAEERE L7-, MEOMREITIE 7T 207 ek
FHEMR & FEMEE A VTR L 72,

2.3 EBEBR~OEHEEEOZRM

0.3 M NTABHIZ, =MV =Fifg Bk, T T7A4T7 A7) %, 1 MARIET MU O LAZNZ20 5606
AIZEEME L, pH 7.8DKIFIFICHEL L7-, 0.3 M IDAEIRIZ. A 2/ —Filig —F NV v o—Kfn Bk,
FGHIER) ZiAKICRM L., AR L2 (pH 7.8), 1-2 x107 cel/mLD#HH A 5 < TokE BN THE KBS #1012
NTA, IDABRENZINZH., 0.00435 L T0.02 mol/LE 7225 X HIZimL, 18FFfA »FaX— 3 LT
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SrRTEREL & Lz,
2.4 BEEBRA~DT I UEEOHM

7V ((BFA. FeHiER) 1 g&2Mik100 mLIZIERS L, LA 51 MKER LT b U o AKIEIR %
WML, pH 7T.91CH#4 5, Z OB EZ L0465 ymD AL T T 7 4 VW H—THEIAB L, AikE 73
VERAKIRIE & LTn, AR OFARIEFERIT0.29 mg/mLTH -~ 77, 1-2 x107 cel/mL D #EHH % 5 < Tk TifEK
RERWRIC, 7 2 UERIEFES, 0.00383 51N E0.0218 mg/mLE 72D K DT T I UERKIRIE AR L, 18MFH
A Fa—2 g LTHNREE Lz,
25 PIXEAMEIZKDBREDOTERASN

BN Z —47  ME, BRIES mLx=2—27 URT « R I—RFx— 7 4 L% —(25 mm ¢, fLEE
1.0 um) THHI A L, JAFZ L, Mylarflo ¥ —4 > b7 L— A~ 7> b L TR L7z, W5 A L7- A
DEEZRD D120, BINHERIE26 mLA K55 L, 85°CT20mH L, HEAHIE L7,

& —/4y MEINMCCH A 7 1 b b d29MeVO 7 11 b B —24 (2 mmeE, FEFifE 30 - 60 nA, Eifif
& 2060 uC) THHK I/, AT X BIESIL) FEERRHEF CTHE L, A7 MUVITIERIE RN E
7’1 77 A(SAPIX) THENT Shuf-1011, 7 4 )L — EOEEEORBEERZHE L, BETOTREE (ug/g)
RO, BEBEZRNLERBIOEAIX. #—7 > b EORE (S) OxFEFEEE5,000L L, ot
FOMMGFHEEE S L DT,

3 HREER
31 g

INETOMFIE T, BRI, WKICRER 2RI U2 e @i bk p Chsg SN, ki, A2
B2 AT OKEEREN SR L & FREEENE 2 —T05um D7 4V E— 0P I TAHRENES
WHEARZMH L TE7, Ll 2011 4 3 A DR HAKREL THPRBERNTE X —NRE LIZ72D, A
BHEKDOANTRREEE 72 o7, =2 TR TIX, AR E A O N TIKICRIEE 2 N U 72 58 & il
L., VEIESEEE T T 7 N DU LAV O R EZRA T, PIXE oHriEz v, BEB LT A oHk
IR ER 270, BERIRIC X D n B OE A RS L7 6,
OXNIERIETOMBESBREOEMRI 2 LS, BEORWVEEIC L A2MESRE ORGSR E RD 5
Z L ERRTZ, NTHKEBEA 425t (FL— M) @ Chelex100 TEBEBA AL 2H 61T
DREL, REE L MEEBSRE LY EMETIN U7 EHE Lz, 2 OBRIRIC Mn2t, Fesr$ L O Zn2+
DOFFERRZ RN L, B A 3R L PIXE 5081 L7z, 50N 7-&E ORMREIE 50 225 300 L/ha <, 8
BLOHEHTIL, Ak E X—ADEERKZ W56 L ] 1/50-1/300 DfE & 72 -7z, — R A
WK LRGN T K CEERR Lol R O v o7 AER EIX, £ 600 ppm & 3000 ppm & K& < e
STWe, ALHAKDOEAE., MOPOBETOINLT T ANEBERA A OWETA e HF L, Btk
BN SL D T ERRBEINTT,

ARG TIX, N T A EBERKEEOSERE KT 5% L — FRIETH 5 NTA, IDA B8 IZHRM
UMD ST HRGFEE DR BE T, 85K NKEICB T 28 RA AL ORTFRED 12 LTEEESR
BHT7IUEESITHONWT L, [EREICTHAT,

32 BHAIINITHINTASLUV IDADEREREE

NTA A e — BEREALA] FEEEROTMAIE LA FHEN TS 72, EE~D R
PENTAR BN TS, FkBedE Pseudokirchneriella subcapitata ~D R MLERBR CTlL. 72 BRRE 2 E T
(NOEQ)IZE 300 pg/L & ATV 5 12, ARBFSE CIIEEP O R BB TR Th L WL 7 AT % NTA
DEBEF572%, NOEC @ 2000 L EEHKIZEINT 5, £ Oz »EIEOEEIRIC NTA 1 LUV IDA
ZUWIN U256 Ol O Z b %<7, NTA BRMOEA L, 1.8x107 cell/mL 7> 5 18 Kifi] %12 2.0x107
cell/mL 23 MM L7225, 0.004 mol/Ll (670 mg/L) Ti¥ 1.5x107 cel/mL iZ, 0.02 mol/L (3.8 g/L)
TiX 1.3 x 107 celUmL 12 L7z, —J7, IDA Tid, WINOWRMNE (B/VRE) TH 40 Fifi] £ ThERR
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FIIBIE SN o7, WTROEETYH, PIXE AT I B2 MIREUIMfR T X 72, Loy L NTA RINZE
WTA U FaX— g DRI O BN RD BT- DT, TRIFELE DRI BWTE, il (S) OfF
TEEE % 5000 & L7 iR OFRHFIERE (HEWL) CHl+oZ& & LT,

3.3 NTABLU IDADEFOARGFEEICIRNT HEE

BFHEEO NTA IZF L —bHlE LTCiEEbE, 2 DERICEERTERKENOEEREZIERT 5, 2AEK
B B1IEH % IEX, Mg?t : logB1=>5.43, Ca2t:logf1=6.45, Fe3*:logB1=15.9, Zn2*:logB1=10.66
Thsb, £/ IDE HF¥ L — hHIT, B1idflx 1, Mg?* : logB1=2.94, Ca2* :logh1=2.59, Fe3* :logfh:
=11.1, Zn2* : logB1=17.2 Th 5 13, HFH A THKEFHEIKIC NTA 5\ L IDE % 0.004, 0.02 mol/L &
ML, #edE%E 18 WifE A > % =X— | L PIXE /o# L7245 R % Table 1 (2R3, R, #ETOME (S)
% 5000 & LTW5,

Table 1. PIXE analysis for marine micro algae* incubated by purified artificial seawater containing chelating reagent

Relative elemental abundance in micro algae (S = 5000, based on dry weight)

Purified Artificial NTA : Nitrilotriacetic acid IDE : Iminodiacetic acid

Seawater (n=3) 0.004 mol/L (n=4) 0.02 mol/L (n=4) 0.004 mol/L (n=4) 0.02 mol/L (n=3)
Na 38000 + 8000 43000 + 2000 42000 + 12000 33000 + 10000 29000 + 16000
Mg 6200 + 600 7900 + 200 7300 + 1900 6500 + 1700 6600 + 1800
Si 580 + 380 1200 + 500 5400 + 200 ND 1100 + 300
P 6900 + 380 7400 + 500 6700 + 400 6700 + 800 8700 + 500
S 5000 5000 5000 5000 5000
Cl 60000 =+ 4000 69000 + 10000 58000 + 12000 52000 + 10000 39000 + 18000
K 5000 + 1500 6700 + 500 6300 + 400 7100 + 600 8400 + 500
Ca 2300 + 200 2300 + 200 2300 = 400 1900 + 400 1700 = 500
Cr 48 + 17 9% + 71 5, + 10 13 £+ 10 24 £+ 11
Mn 100 + 12 9%5 + 24 0 + 6 71 = 13 84 + 16
Fe 770 + 380 650 + 20 540 + 20 650 + 80 730 + 10
Ni 14 (n=2) 17 £+ 5 15 £+ 4 13 £+ 40 130 + 3
Zn 250 = 60 170 = 10 170 = 10 130 = 20 140 = 3
Sr 42 + 10 45 + 12 42 + 10 54 + 19 53 + 26

* Nannochloropsis sp.

PIXE 73412 L0 ¥ L— MEIERIN L 722022 755 % 5 OWMBET O EE)NLIMED 13-14 SLHENERET
T, A RTHBNECZ Uo7z, Mose#iE, 0 IERLBRETH YO RES &S 30% & HIMHER<
EEMEONZ, R T KREETI21E, Mgt 0.043 mol/L . Ca?t 0.0087 mol/LL ZHhENEALTH
D, WIL7ZF L— FAIIZ, 0.02 mol/L £ THMLTWS, NTA & Mg2t, Ca2tl OLEETEHDOKNE )
T 5 &, BRI O Car O REMIHIRE oo T d & PRREIND, LM LEBHTO~ T 2T L Ly
T ADEAEIL, ¥ — MIOFESCEIC» D LT, BIRINOGE LA T8 Lz, JiuxsEsd
DIFEAEDOEBITHERTHRKTHY | WP CEBITHEITLERFE TRV IAENTND Z ENRBEINT,
In2t L, ¥ L— Ml RERBREEER A FF-o TR0, BETOHIOEH &iX, NTA FINTH 30%. IDA
INTHKI 45% T8 72  IDA 1E NTA LV Zn2Hoxt L C/NE R AR EREE > T A0 BT kX o T,
ZAUZ IDA 23 NTA LV Mg+, Caztiixt L CT/hS R ERZFF o729, IDA 23 Zn2+HZ X 0 SUS L2
ShlbEEZ5N5, Festid NTA, IDA & b0 TR E RAEREEE o0, BET OO TRFMEEIC
725 B % T2 e o Tz, Feti In? LV ZERFE TRV IAEFN TW D &G Ihd, 2D X HITK
BYED B BEEARDF(EIL, MESBR DI A EEZ 52 DR A2 R L TR Y . 5B OBRFE1TV
VY,

142



NMCC 23 2016

34 JIVBOBRBEOTREEEICHT SHE

3 - 11 for ~ £ .t Table 2. PIXE analysis for marine micro
A TS RAN TN 0.06~0.6 mg/L & £ALTND & S, L DI algae* incubated by purified artificial

TDT I VBRI HERAL TR R OMIFE G- L, WEBE A BT 5 seawater containing humic acid

—REENTWAD 8 HEKFDO T I UEEOEE. IBEIREIZIZETH RglativeI elemental abundance in
o N " N micro algae*
L7, BET—RKIAFLLTWREO 7 I e v, 73w (S= 500%, based on dry weight)
fRlx. AEMED S S 0.1M © NaOH IEIZ AT, 1M OHE IR Pur]ifiedl Humic acid
- - {8 A N Ep—— Atrtificia 0.0036 0.018
Wb D EERSINTNDN 8 AEITAIEIC K 5\@%%)%%%%%)% L. Seawater  mg/mL ma/ml
HEAK D pHT.9 IR S, LR 045pm DA T T 7 4V H—%iE Na 48000 39000 39000
WY BABEEIMT 52 L & Lz, SEMVEY SvBo s bamz M9 300 o oo
BIEDOK) 3% Tholz, 7 I VBEZIINL TR T KRR T 18 p 3300 2500 2000
R A % 2 _— kL, PIXE 947 L7=f% %% Table 2 \Z7d, f5H S 5000 5000 5000
e " . e o cl 70000 69000 52000

X, BEROME (S) 25000 & LTWD, BEEFMETI34HDZ 3000 3200 2600
— Ty NESGH L2, BEERZATER L TV D, Ca 2000 3303 4500

PIXE 00712 & 0 7 S WA IR Lo T B 5o 0B o ‘513 o
FENOHMED 14 TENTERTE, TRV UL, FAFH, HET Fe 1600 1900 2300
HBMER DR To, FL— MHITIRARRR ORI gr" 138 ﬁg ;8
LiE, 7 IUBOTIE L BICHMOERAR BN, MEEBICE g 40 80 110

WTHFEEROBEMAH YO . 7 v b #k A br s F o ATHEMOM R * Nannochloropsis sp.
T, #HIR IR OB H > 7,

AFENTIRER 2R ThH o722, 7 2 UERIE, BT OTHMMRICZ L Z b b algeEs iz s h,
MHETOMEBE CRERKAZRIETRT oy Ve fGT 5 ENHRTEI,

HiEE
KR EED DITHTZ VB I TS 272, BATA Y b= Hid& A/ bhnrtr2—n2%
v TG L BT E T,
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Culture of microalgae by artificial seawater and effect of organic acid on
bioaccumulation

Yoshihiro Iwata and Kouhei Watanabe
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1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

Abstract

Organic acids such as carboxylic acid and humic acid in the sea water are very interesting because
they have played the large role in the mass transfer in the ocean. By this research, it has checked that
cultivation of marine micro algae (Nannochloropsis sp.) by the culture solution based on the artificial
seawater purified ion exchange resin containing chelating reagent, nitrilotriacetic acid (NTA) and
iminodiacetic acid IDE). Although NTA inhibited the growth of algae, the number of cells required for
PIXE analysis could be secured. Elemental abundance in micro algae incubated by culture containing
chelating reagent or humic acid was quantified with PIXE. A 2.9MeV proton beam from a NMCC
cyclotron bombarded the target for PIXE analysis of marine micro algae. The simultaneous
determination of the main and trace elements in the algae sample was carried out by PIXE analysis.
The temporary effect by chelating reagent and on the elemental abundance was obtained. NTA and
IDE did not alter the abundance of calcium, magnesium, iron in algae, but NTA decreased the
abundance of zinc. Although it seems that most of the metal elements in the algae exist stably, the
possibility that the abundance of trace elements is affected by organic acids was suggested. Humic
acid seems to have the potential to increase the abundance of calcium, chromium, iron, strontium in
algae. Humic acid reduced the abundance of zinc. In this model experiment, it was shown that
organic acids in seawater change elemental composition of micro algae and affect bioaccumulation.
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