PIXE

010-8502 1-1
4
Laminaria religiosa 35
X PIXE 2-3MeV
' 0.1-
4ncm ' 1mg PIXE

PIXE

’ Nannochloropsis sp. Phaeodactylum sp.

PIXE

0.17uM Fe  650pM NOs
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2.1
Fe' zn’ cd” 99.99+
Fe' 1.0 Zn"
Mill-Q
v 60
2.2
Nannochloropsis sp.  Phaeodactylum sp.
Phaeodactylum sp. 20 pm
2 -4 pum
0.4 meg/mL  BIO-RAD )
1.5 cm x 10 cm ( BIO-RAD )
9.0 5 mL/min
5L(pH<8.5) 5L
3 EDTA pH HEPES PES
500mL  DURAN 200mL 0.4 L PES
2 120 2 20mL
60001ux
2.3 PIXE
Fe' zn" cd” 2x10"cell/mL
22.0 60001ux
5 10mL
@25mmep, 1.0 pm)
Mylar
2.9MeV 2 mm
X Si(Li)
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4M
cd” 0.1M
120 2
6 pm Nannochloropsis sp.
0.5 pm
Chelex-100 100-200
7.5 mL pH 1.0M
2 5
20
pH 7.8 8.0
22.0
2mL
NMCC
30 - 60 nA 20 - 60 puC
(SAPIX) o
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Table 1. Nutritive and essential elements added to the

culture solutions

O Chelex-100 Culture solution Seawater
119 Table 1 PES-H PES-L _CASS4* Ref.2
BO  (uM) 73 7.3 nd** 420
NO; (uM) 650 65 nd** 0 - 45
PES-H PO (uM) 26 2.6 nd** 0-32
%19 PES-L PES-H Mn®  (hM) 2900 290 51 02 -3
10 Fe® (nM) 1700 170 13 01 - 25
Co* M 67 6.7 044 001 -01
PES-L o (M)
Zn (nM) 310 31 5.8 0.05 -9
10 EDTA (uM) 12 1.2 - -
2) HEPES (nM) 650 65 - -
Nannochloropsis  Phaeodactylum 220 °C 6000 * Nearshore Seawater Reference Material for Trace Metals,
National Research Council Canada
lux PES-H ** No data
PES-H 200
4x10° cell/mL 2x10° cell/mL PES-L Phaeodactylum
Nannochloropsis 6000lux 400 2x10° cell/mL PES-L
Nannochloropsis
320PIXED 0D D0DODOOOOOOOOOAO
PES-H PES-L PIXE Table 2 12
Table 2. PIXE analysis for marine micro-algae cultured by
Na" Cl several culture solutions (ug/g)
Nannochloropsis sp. Phaeodactylum sp.
5-10mL 15
PIXE PES-L (n=3)  PES(n=1)*  PES-H (n=3)
Mg 17000+ 1000 11000 49000+ 3700
Al N.D. 1500 N.D.
10mL Si 6800+ 500 3500 14000+ 1000
PES-L PIXE P 4000+ 400 4800 11000+ 1000
42 + 8 ug/g (n=3) S 4700+ 400 6300 8700+ 700
FEE K 6100+ 200 3900 3900+ 400
Ca 600+ 60 580 1400+ 200
Cr N.D. 25 80+ 9
. Mn 400+ 20 70 860+ 30
PES Nannochloropsis
Fe 1400+ 250 770 2700+ 100
PES-L PIXE Ni N.D. N.D. 30+ 3
PES PES-H Cu N.D. 42 N.D.
Nannochloropsis Zn 90+ 6 130 23+ 3
Sr N.D. 4.6 N.D.
Cell /ml 204x10* 307x10* 182x10*

* Conventional PES used in Ref. 10.
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Nannochloropsis

3400000000000

pH7.8 8.0
PES
Nannochloropsis
PES-H
Phaeodactylum PES-L
Nannochloropsis
22.0 6000lux
Fig. 1 Phaeodactylum
0.01
0.25ug/mL n* 182x10*  cell/mL
Phaeodactylum PES-H PES-H
0.02 ug/mL (310 nM) n*
PES-H
Phaeodactylum 23 uglg
Phaeodactylum
Zn2+
1
PES-H zn* 10
Phaeodactylum
Fig.2 Zn*  0.01 1.0 ug/mL
Fig. 1 Fig.2
Zn2+
PES-H
Phaeodactylum
10200 + 300 mL/g (n=7)
0.01 0.25ug/mL
PES-L Nannochloropsis
Nannochloropsis
40+ 20 ug/g (n=5) 0.25 ug/mL  Zn*
PES-L Zn*  0.01

Incriment of Zn concentration™® in

Incriment of Zn concentration in Phaeodactylum

1100 + 180 ug/g (n=5)
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Phaeodactylum
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Fig. 1 Incubation time ( h)

Time dependence of incriment of zinc concentration
in Phaeodactylum sp. cultured in PES-H

@0.01 £g/ml, 00.25g/mL of Zn”" was
added to PES-H
Number of Phaeodactylum: 182 x 10* cell / mL

*Zinc in Phaeodactylum sp. before the incubation
was 233 pg/g.
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Fig.2 Dependence of zinc in Phaeodactylum sp.
on Zn®* concentration added to PES-H
Zn**  204x10* cell/mL  Nannochloropsis
12
0.01 ug/mL  Zn*

Nannochloropsis
0.50 ug/mL



PES-L Nannochloropsis 3400 + 1200 mL/g (n=6)
PES-H Phaeodactylum PES
Nannochloropsis (9000 + 500 mL/g)* 70%
PES-L
3SO0PES-LO00O0O0O0OOOOODOOOOOOO0O
. 7000 11T
O H. J. Martin LE : ' ' DS
1) <8 6000 F ¢ 0 E
S O 0 % ]
B2 i ]
£5 so00f :
2 ey : ]
§3 4000 3
0.2 P o o0 o .
Fe?* Fe* L8 3000f ®
= O 5 ]
PES-L 0.01 é_‘cc-,’ 2000 :_<> 5 E
ug/mL (0.77 uM)  Fe** 12yM EDTA  Fe*  £& ® ., O © O 0o ]
£8 1000 :—O -
EDTA Fe¥ , o) PR BT P B
Fig. 3 0 5 10 15 20
EDTA Incubation time (h)
0.028  0.28 ug/mL (0.5-5.0 uM) Fe™ 156x10° cell/mL Time dependence of incriment of iron concentration
Nannochloropsis PES-L in Nannochloropsis sp. cultured in PES-L
Fig.3 Nannochloropsis (00.028 g/mlL, .0.14,<_Lg/mL‘ 040.25;Lg/mL
Number of Nannochloropsis: 156 x 10" cell / mL
0.028, 0.14 0.25 ug/mL Fe* PES-L *Iron in Nannochloropsis sp. before the incubation
was 1200 ug/g
PES-L Fe3*
PES-L Nannochloropsis 6000 rrrrrr e
1200 ugl/g .E% °
. c® 5000 | o J
Nannochloropsis o= - ]
3+ s - ]
Fe £ 4000 L b
o2 i o ]
1700 + 100 ug/g X - .
(0.028 ug/mL Fe**) 3400 + 200 ug/g (0.14 ug/mL) Eg 3000 -
6100 + 300 ug/g (0.25 ug/mL) 59 - o ]
. 3+ =06 2000 |- 4
Fig4  PES-L Fe 3% F o ]
Nannochloropsis 5 E 1000 £ _
= @© - -
PES-L Fe** 0.028-0.28 ug/mL z F 5 ]
Nammochioropsi RO B R
18000 + 2000 mL/g (n=6) Fig.- 4 Fe™ concentration added to PES-L (ug/mL)

eld0noonoooonboon

Dependence of iron in Nannochloropsis sp.
on Fe® concentration added to PES-L

0.01 ug/mL PIXE
3 MeV K 161x10%*cm?
2.36x10%*cm?
0.10 050 1.0 5.0 ug/mL  Nannochloropsis 190x10* cell/mL PES-L
10 PIXE Cd* 1.0
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5.0 ng/mL 400 ug/g 1500 ugl/g
Cd* 152x10* cell/mL (1.0 ug/mL Cd**) 101x10* cell/mL
(5.0 ug/mL Cd*) 400 mL/g 300 mL/g Nannochloropsis
350 mL/g

3. 7000000000000 oooboooboog
Table.3 Nannochloropsis Phaeodactylum

PIXE Phaeodactylum
Zn Pb Nannochloropsis Nannochloropsis
Fe** > Zn** > Pb* > Cd*

Table. 3 Summary of concentration factors for several trace metals by marine micro-
algae  (mL/ g, dry weight)

Nannochloropsis sp. Phaeoductylum sp.
Fe® >Pb®* > Zn*"= Cd* Fe 18000 + 2000
Fe** > Pb* > Zn* > Cd** [Fe**]: 0.028 - 0.28 ug / mL in PES-L
Nannochloropsis Zn 9000 + 500* Zn 10200 + 300
[Zn**]: 0.05 - 1.0 ug / mL in PES [Zn**]: 0.01 - 1.0 ug / mL in PES-H
7n2 pp2* 3400 + 1200
[Zn**]: 0.01 - 0.50 pg / mL in PES-L
_ Cd 350
Nannochloropsis  Pb™  Cd* [Cd?]: 1.0 and 4.0 ug / mL in PES-L
Zn®* Pb 1100 + 100%* Pb 13000 + 3000**
Fe**  zZn* [Pb*]: 0.025 - 0.25 ug / mL in PES [Pb*]: 0.01 - 0.50 ug / mL in PES
Pb?* and Cd* Incubate: 10h  * Ref. 10, ** Ref. 9.
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