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T2V AT LR A UTCHEF YR R OB EREH W E O
BrE - EIUEDBRR~BRER VT VEEYE 2P E LT~

BIRAEE AR - (AR RFEEFHEER)
EFEBFREE P& B (LR REFRERILFE)
(PR i (BRFOKERERS)
HEE EE (G ILERNREEE)

B4 IZINETIS, SHERMCEDESCRESEDE IR T5, SEREYCHAMERE
O, i, HDNE, BERL IV TOBGETT UG IR AR BN ROS R RR ML (1
B U E R BB T AR BT . AR, Fx ORFICEINET
—ZERALT, 8T, BEENMMREREO I R E DL, IR ~DEREV > TCRES
R HCH T AILICED, LV BEEIC ARSI B ES R EYE OPERM
REINEZTTEEICL, EEREB YR IR 2 5 (R EE (L~ DF 727208 | 29IV
LEBRIELTRFZ T 7.

HRICHN AT T2 7 b T, MR IR RO EBES L/ #R (Chaetoceros
gracilis, Chaetoceros sp., Nannochloropsis sp., Paviova lutheri), B> 7k &L
TIT7TVTI7 (Artemia sp.) LAY AU LY (Brachinous sp.) A LTz, BREIEH
WE (NS WBELEEDE) 1L, 7ENVEBY =T A~F LV (DOP), EXT=/—/VA
(BPA) m2f&sE & Lz, Vel e o8I AR, BT ICEDMAT
(1000 Ix), 238, 20°C TER (2L/47) HEEEIToTc. HERK (WA EEERENE) 50 ml g,
BEAVEVHE 1.2 pmol (TR ARR) 2%, BT RS T (1000 1x), 20°C, 47
KAEMHIZTE B A Fa—bL, FRIRhT T7ICTOMLEE DRI EEZ KD
7.

DOP [z oW TR M@ L &b 12, OB RIC Lo MR RISz, BPA IZOWTH,
Nannochloropsis %A\ -4, BEEBREELICHIEAN~BDIAENAZ L DhoT0.
FIT, TATITROTLYE Nannochloropsis A& THIAL, EAF D BPA
PEY T T TN AT BT T NATEIT - BT AP LD R 7TV b
VEOMNERIRLT, BT I s ARV HL, TOMIERNIC BPA OFEEFRELER,
FATITRT L E RN EH DBEITBNT, BPAREM T T 7 OMBIEAICETE
SHTWAZEN DT,
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T2 RF AEFALAEFABRROEIRESENED
B - EUGEOBR ~ESRIEVEENEERLE LT

PEFEE BR B (EHERFAFEEFERELR)
HEREE  FE HE EALURIAZREBLFERRESR)
LR iz (BREKESRERS)
JEE BE (ALERREEFHEREEER)

1. R BE W

Bx JUEIE, TS TIRAAER B TSESRALENEEIED HL,
ZNSICETEEEZENCLTERE. LrLENS, NEREN f—f%iﬁbﬁj‘\i?@
HED, BAEEAOLELEEL, BANREERWEEbERHML, €O
sm wEEEERELTER R, BEAVE EHENTAAESE
HANBELLEYEY, Bx OBEEERL, NEETTRC RS OBELY
PEBIEAREBERIEL, BAREANELASTND. FIFFI DT
T ) —V7s EQREERILE M, HETRELEDERENED L
CBY, THEOEEHRARSKOENEAL T, REMICIHEEICTTA
B LB, foT, WEL B AEESBENRERLT Y OREITKER
LB RIET T L ARCERTES. LALRMS, COXSBEEREY
B OSEOBECET BRI A ENKER TTDNTED, WK
AT BRMEE S —5y b & LIRIE & A EFDITOAL.,

BARTNETI, MAENE “EEEE &L TAWEMEERRG TR
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RO TR ER, BESHE, BERHMEMER S 0MEY I ENEY
BEREENDEET S C EERS M LTER *0, £, BEERED—D &
LTEZ BNT B EEAWREYE D BB LY D EARE DT
LHREBELTNS. Lil, BRANE-> TELMADIRBETSD, oD
EERENEENTVAERBOBEREICIFHATERVONBRRTSHS. =2
T, BARFAEEMES U TEEEREESICEE L, Ths OnELRE
HOEEICDONTHEETo LR, WEENEIEC b SEOLEYIHT S
BHBENIEET 528, BEIVSREEMEANSRET 5 2 &% B L v,

KFETI, BN EOMBAI SRS N B R B, R
CEMETHABMET S Y F I NRRSERNS, AMEHERIATS C
R RSB R ENT B T LT, RO R SR I I ER
Lx5 MRESEAOFAE 290HE< CE2EEME L TREEF 7

FRSEIC A\ T2 BT & DB A S, P PR B A S MBS s
DEEAL, BEBEWE (WHREBLEEWE) LT TYVBEIAFL
B, PX, FIVFIN Tz ) —IVEEPFENEE L.

2. R BAK

1. EBRICHER LB rmseE s AR
YEPEMEAEY) TS > 7 N & LT, Chaetoceros gracilis, Chaetoceros sp.,
Nannochloropsis sp., Paviova lutheri D 4 FEEZ LT OERICERLZ. Zi1
S OMMEBEEIBBRRKERRZDOS A TANT v+ —ThH 2. BEESHNT S
S RELT, TIVTFIT (Artemiasp.) &34 3 XWIRT A3 (Brachionus
sp) D2EEZFERALEZ. BEFIVEVHEELLTL, T7INVBIIFIAF

)V (DOP) , BXY, EXT7xz/—JVA (BPA) ZHAWSZ LU,
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2. WBEMEMAIEEORERN
2—1. EMTSUbLOEE

Wy TS N ER, BUTICEAEET (1000 ), 28R, 20 °C T
BE 2L/ &) EEEERT-oR. BEHERIIUTEDTSS. REK 1L
i, #{kF RU A (NaCl) 20.747 g, #HAb~ > > EAFY (MnCly4H,0)
0.8 mg, LT R I LAKFY (MgCle6H,0) 9.474 g, HB|IEAIV DL
—/kF4 (CaCly2H,0) 1.326 g, HiEgJ ~U A (Na,SO,) 3.505g, LA
Jrr2 (KCl) 597 mg, HREE/KZEF RU L (NaHCO,) 171 mg, BfEhU ™
. (KBr) 85 mg, WiEEF ~U ™ A+KFI4 (Na,B,0,10H,0) 34 mg, HiLA
KO > F A (StClL) 12 mg, 38k U 7L (NaF) 3 mg, HkY F o 4 (LiCDH
1mg, IEAUTL (K) 0.07 mg, LIV hAKFHY (CoCly6H,0)
0.2 mg, =HALT VI =T LAKFY (AICl6H,0) 8 mg, =HR{LEK/S/KFIY)
(FeCly*6H,0) 5mg, & > 7 A5 EF b U A=K (Na,WO,2H,0) 0.2
mg, EUTTIEBEY >EZT L (NH,)sMo,0,) 0.02 mg, NMIEHE 1.0 ml =
MZ b0 EREME Lz NM IR 13, 28K 1L 1, BT H U DA (NaNOy)
150 g, U >EAKEF U TL (NaHPO,) 10 g, TF L I7 I VHEEET
F MU A (EDTA2Na) 0.9g, ¥4 32 B, 1.5mg, F7 3 VHEERE 75 mg,
E4Fr 1 mg, TFL>VY I mEEESE (EDTA-2Fe) 259, FUZ (E
ROFIAFI) FI/AFY 59 2#MATLDDTHS. Chaetoceros gracilis,
Chaetoceros sp.ic DWW TIZEEHIFIZ 0.0045% D7 (B MU T AZMA TH

EL7=.
2—2. TS RDEEE

FNFITBEOSAIZVET AL OERET, 2 — 1 TEELZEEEY
O 1S (Nannochloropsissp.) ZEEELTHEEL, 7527 hr%xy FTEIL,
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FER K TSR, ERICAVE.

| WM X BEEERLE L B OBHER
2. TSR RATEREER) 50 ml 1T, B V9 1.2 umal
(T b VB EMA, BGUTEEET (1000 ) , 20 °C, FEM%HEK
TEHMA >Fan—hLi. REKTE HIXT4VF—THBL, Bk
REMMEEE 2B L. BETEEICD NI, SRR T3 EREL,
T OWRHIT S BERE (HAEHERE E—HICLE. 3BEERICON
T, YIFNI—FLTIEMEE BRRES oA CERE LGRS
¥, WETCHEBREZEES, H2 07 NS THH & D EEOERES R
Wi (Frac-B) . 3B OMMABEEIC OV TS U TF LT — 7L ThE, Hil
L, FROBEEFN, H200% 5575k D EEOENES k-
(Frac-A) . EEHOENER, GCAHNICHIT2EENEEOREICLD, &
BREAVTERLE. 28, LOERIEC, 750058 (AL
BRLBVER) 2770, EREFELTORROELEEETHT Lz Ui,
EBROT7O—F v —b% Fig. 1 KR L7~
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Marine micro algae

__ cultivated in the artificial sea water for 2 weeks at 20 °C, 1000 Ix

— substrate addition

— incubated for 6 days at 20 °C, 1000 Ix

filtrated on glass filter

marine algae ‘ used medium

washed with the artificial sea water

marine algae — extracted with ether

— dried over Na,SO,
— filtrated

— evaporated in vacuo

— washed and extracted with ether

— dried over Na,SO,

— filtrated

— evaporated in vacuo Fraction-B

Fraction-A

Fig. 1. Flow chart of the experiment.

4. TOVATLERIET BHKD 5 OBETVE S MEDERER

TV AT ARFET EEBLEYE DR - RECLDOERET IV EL
TROL D RFEEER L. Step 1) WKFOBERWENEN TS >0~
HICRDAEND. Step 2) KICERWEERDAALEN TS Y b2 ED
MTS5 Ly R ICREEES. Step 3) BB, BRMEEEELEBN TS
LU N ERRYT D, ZOEYEEETIRE L B R EENEERETT 510
i, 1L E—Hh—Wic, BEIcFIO> Ay a7 7 UIVEDRZR
DT EEEER LU (Fig. 2) .
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Bisphenol A Ocean Pollutant
Addition )
Bisphenol A

Phytoplankton
Nannochioropsis . T Artemia @
(Phytoplankton) ™~ . R ] (Zooplankton)
) C Nannochloropsis
v et Zooplankton
oot Artemia * @ 9
-"““\A‘N.-M ----- n‘emia
Sea water —— Nannochloropsis ~ Nylon mesh g
(Medium) O
Collecting
Gently Stirring

Fig. 2. Ocean Pollutant Collecting Model using "Eco-system”

E—h—Iicid L@ 2 THE L 7= Nannochloropsis & A, 7 2 U )VEIZIZIR
NEMEEE, WEEIOLSZEELTERTLETYIVTIT 28 100 LARN
7. FAEYFRY RO A Y 2T DWTIE Nannochloropsis VB HICBEITE
B0, TIWVFITRTLVIIHB I LT TERNRE S L Lz, BRBITRESR
VEVEENEELTEX T/ —)VA% 5 pmol IINL, AT HEHT,
5 HEI#NICHRL, 2 LRRICEFERESIVECYEDOEZE GC 2ICKD
EELZ.

3. MRBEREBLUEE
1. BEFHOBRE

ANTHKIZHEBITRZEN L ST, 8K - SATREF T TORESEER
ToiER, 1~2BMTEFEIERN BENER ITELE. BERWY (F
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MEL) DK, BIUOHLUEFRFOHEKE A BIRER, RiKkE LU THA
LTHRBICEENAIRETH 272, INLOBRNS, BHEZFENTITEHI L
CED, BRENTORE—NAr—)VIEED SERNAT ) TORREE
=T, PRABBENEERTHS I ERDNoTE. » ‘

Chaetoceros DEZEIZDWTIE, ATHKFIARIZ, 71BRF MU TLZR
MUBRWRETTIE, £FEEME<SRD, RFREFERSNAN L.

27— Uiz A BEOWEHFEEMAMEE DO F T, Chaetoceros gracillis
& Nannochloropsis sp. DT RENE S, 2 i@?sﬁf?&?ﬁ%ﬁﬁiﬂﬁéf% 27D
T, DIFOZERICIE, Chaetoceros gracillis & Nannochloropsis sp.® 2 D
MR R AV B S L |

. EEREMEREECISRENVECYEOLE - B
O7 & INVEBEDITFIAF ) (DOP)

Chaetoceros gracillis & Nannochloropsis sp. &I DOP 2L, 55
RO DOP DEE S HEEMIEN M0 fESET) O DOP %4
20T RS THINICE DRRRICHANZ. £ ORERZ Table 1 1R U7Z.

Table 1. The reaction of DOP with marine micro algae.

Marine Algae "7 TTToTooTToToT rmmmmmomommmmTTn
Frac.-A Frac.-B Frac.-A Frac.-B Frac.-A Frac.-B

Nannochloropsis sp. 11.8 68.3 19.3 43.8 23.1 23.2

Chaetoceros gracilis 24.9 57.4 22.7 32.6 20.9 13.7
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Nannochloropsis, Chaetoceros & %12, FEDREBIZDN, EHME D DOP
%E (Frac-B) BB L TWD Z &b o. £D—F T, Frac-A @D DOP
BRARESECLTWER o2, ZOMRRE, RINEETHS DOP HtHHE
HOMBEANRDAENTHRL TND O TIERVWNEEZ 55, DOP
DHRENEZERET 2 &, REREBICHE D BMERNRDOENDEZ &b,
MHEEOMBANRDAEN, HEINTNDE I ENFHEIND. MiREE
MEAOTOTY —EREOBRICLD, DOP OILAF)VEENTIEEhT
NWEDO TN EHEEEINS. ERRIC, Frac-B WSMETIEH 2D, 74
VBRI E N7z

OexX7=x./—J)VA (BPA)

Chaetoceros gracillis &= Nannochloropsis sp. DIEERIC BPA 25U, k&
D BPA DEREEMAMEEOHIEA FERADMEDEL) BPA EE2H X
» 0% Y5 I DIEEICIIN . EOREE Table 2 KR L,

Table 2. The reaction of BPA with marine micro algae.

Marine Algae
Frac.-A Frac.-B Frac.-A Frac.-B Frac.-A Frac.-B

Nannochloropsis sp.  14.2  68.3 49.3 23.8 53.1 13.2

Chaetoceros gracilis 15.3 57.4 22.7 42.6 247 33.7

Nannochloropsis, Chaetoceros & %12, R DFEBIZ DN, HEHIFD BPA

& (Frac-B) 2BA LT3 = Edthino 7=, Chaetoceros 12 DWW T Frac-A
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@ BPA Bb2AEQENEDRESELLANI ENS5EXT, DOP Lidiis
D, PBEINITNWEETHBEEZSNSD. TD—FHT, Nannochloropsis
IZDWTIE, Frac-A D BPA EMREIORE EHKITEML T2 Z EDh 5
7. ZHUL, BPA DMIBIAAEDAEN, BRESINTNS I LD TREND
EEZO5ND. £oT, UTOTIVZXFLe2FATHRERIE > OEUE
BIT1X, £E L LT BPA, WY 75> h2& LT Nannochloropsis sp.%
WwaZ&icllrz.

. TAVRATLAEFAT AN S ORERIVE WEDEK

M2DkdREBEZHANWT, DMBEINICSVWEETHS BPA DNEW TS >
7R AERNICERTAINEONEZRAE L. TOERZ Table 3 ITRLTZ.

Table 3. The reaction of BPA with phyto and zooplankton "Eco-system".

rec.(%)
plankton =~ crTmTmoomsmsmsmsmsmsmsosessssmssosssmossesoseessos
zooplankton phytoplankton medium

Artemia sp. '

Nannochloropsis sp. 40.5 9.1 8.6
Brachionus sp. :
Nannochloropsis sp. 43.9 9.5 9.7
Nannochloropsis sp. --- 46.3 11.2
Artemia sp. 5.3 ——- 82.6
Brachionus sp. 6.1 - 79.8
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KI5 BBD, BTS20 N, MT S0 R, BRXOWEKICEEN
% BPA E2CGCAMTRDZ. TOHKR, YIVFIT, TAYEDIT, K
AIRIIU7Z BPA X8 75207 FARIRIRDAENTVNS ZEtbno 7z,
I PO—NVERELTTINTITROTLAVERZRNZHETIE, ®NL
FEEBDIFZEANEDNEKFAR S TWEZ E, UMb, Nannochioropsis D
FIRANIZ BPA BSERDRAENTWBE I E&EZ D &, WKFD BPA W, #EY S
ST RZENLT, BTS20 R OABELTVRS ZENbh o

4. %

NOWBEIEANDZEEZENTVWETIINED ZFIVAF )L (DOP) |,
EX7x/—J)VA (BPA) 2EBEOEEIIDWT, BEEMEEEOYELEHEE
NCEDGBENDZNEINITDVWTHELE. TR, DOP IZDWTIL, #
KREICHEMLZ5E, TOEVNHELSNTHPTEI ENbho 7. E2DERN
SHIEFICHERDAENTVS Z &b o/k. LaL, EROENEEZEZEET
5&, MERANOEELDD, DBOANELLTEI> TS EEZALNS.

ZO—FT, BPA DESIHRENIC WEEL, MEA~ERE N5 ER
HDIENDOM o FICHEERES OV S (Nannochloropsis sp.) & BPA ZE&7E
FTREANE N ENDR D .

FIT, BEEIOLIICEREIN BPA ZEMW TS0 FUIKEERESIE, H
INFTEEMN ESMIZDVWTHEL EBR, HIRFEVICEM TS > kD, K
IZERML 7z BPADNEINE NS Z E R SNz,

AEBROLDIC, —H, BEEBHEECERIYE, T0R, XDE%25Y
TSRy (TAY, TIVFITRE) KEBEIERILICLD, BRI
ZOBMT T NOEENRT S IET, EVIBRERDELANS, BETFI
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FEHECEREN BB EZNRAICEN TE 2 HEEVNH/FTES.

Sig1k, [TIVATL (EWER | ZRVWEENT SO N E8YT S
27 R OHAEDRIIDWTX D E#EMRAREZTY, [EWRHEE] ORERES
BB EIUEICDOWTOEAICET 5HAZED TWSFETHS. =5HIT,
EEICNREERICETAL TS HERRERIEVEENEICNT 2, £F
WEATD ARBREONAFU T 75— ZREL, BEERDEORR -
BEICHET ZEMNTBRFATDRASZNEEZLTND.
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Recovery of Ocean Pollutants with Bio-concentration (Ecosystem)
Kohji Ishihara *, Nobuyoshi Nakajima ®, Yu-ushi Uchimura °, and Hiroki Hamada ¢

b Department of Chemistry, Kyoto University of Education.
* Department of Health and Welfare Science, Okayama Prefectural University.
¢ Ehime Prefectural Fisheries Experimental Station.
 Department of Applied Science, Okayama. University of Science.

To date, we have been investigated that the biotransformation of various compounds
with microorganisms such as yeast, thermophilic bacteria, fungi, and micro algae. Recently,
we reported the functional modification of naturally occurring endocrine disruption related
substances via enzymatic glucosylation. In this study, the recovery of ocean pollutants, mainly
synthetic endocrine disruption related substances, using marine plankton was investigated as
an improvement method of the ocean environment by the bioremediation.

The phytoplankton (Chaetoceros gracilis, Chaetoceros sp., Nannochloropsis sp., and
Paviova lutheri ) was photoautotrophically cultivated in an artificial seawater for 2 weeks at
20°C with constant aeration by air with illumination by white fluorescent light. The substrate
(dioctyl phthalate or bisphenol A) was added in the growing algal suspension and incubated at
20°C with gently shaking under white fluorescent light. The reaction mixtures were filtered
on glassfilter to remove the algal cells. The used medium and the filtered algal cells were
extracted. The remaining amounts OIi substrates in the used medium and the algal cells were
determined by GLC analysis.

The amount of dioctyl phthalate in the medium (seawater) was decreased by the algal
cells. While, bisphenol A (BPA) was accumulated in the cells of Nannochloropsis sp. (marine
Chlorella).

The recovery of BPA from the seawater via a bio-concentration (using both zooplankton
and phytoplankton) was also investigated. As a result, it was found that BPA added in the
seawater was transferred and accumulated in the zooplankton cells (Artemia or Brachinous)

and accumulated via marine Chlorella cells.
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