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AT DOEXREHTIZ AV,
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42, KZ20mLIZRREL, 50mLRVAFL U BO@ELE T
WLOBNEEAT o7z, THEARHE, RBRABA T 2R1IC1E]
ARERBAAARITRE 1 A IC 1R O RIFE TERER LTz, 72720, 3%
PRAL OB A RIS BB &5 2 DN AR B IR 27 A
FTIE, A B OB CHREZ SRR, EESLOREL
SIRICOWTIE, HEE R IS DRI A A R Df%
REEAL N DRME AT LT, B EDOZLOM TR LT, Hilig
AA YR E DRI B ERIE D FRAL /3 FRIZ DV TR T
LW IR ORiEA A R EZ A a~
157 40— (1C) TRIE®THLEHIT, MR T —2E LT L
IR OpHE B SRS (mS/m) | A (NTU) ZHIE LTz,
Fo, ARBR T, HEE MR ORE R UMD E
FPE LTz, 2EROSIFTITIL, JIS K 0102 57.4' ik bs
TWOFRERE G 7 T A~ I3 65081k (ICP/AES) B HI L
Mo AR L CIRERNE 2 EM L7, REHRROE AR
K72 WP HOF L, TIVI L TADFEIAT L
AR AL CHER L, 280 28 T, JIS K 0102
5710 ESNTVD T = M W 1B A TV,

2. 4 BEISAT—ERV=MEMBEN

Wi RCHERE W) W2 3317 D 8RR (LA B8 L R S5 R (LA B O 77 7E
R E R P e (LAl B D I TS B AR~ 57200 | b BRI
VR 72 Bk O 0 i CER IR L 73081 &2 VTR
WIENT &2 R HE L 72, ABF L UL R E O it 75 B2 b M
(Acidithiobacillus J&) OYEFEEE T AT DAt i sa e L%
FKBIET (soxB) A T HWMAEM D DNA = — b HIEL T,
soxB & T HMAEWE T 58T, I OBR{KICEE 5T
ELETOMEMTRDOIETE B 27 95283 TED,

THEEUEHK) 0.5g ZAFHL | HIRDOF>MIXD S/ L DNA %
5y B K U5 RIL 72 (MP-Biomedicals # FastDNA SPIN Kit for
Soil) , i &7z DNA DR EEIE, 7 &A% vk (Thermo
Fisher Scientific # Qubit dsDNA HS Assay Kit) &L, 7
JU v A— % — (Thermo Fisher Scientific H Qubit 2.0
Fluorometer) Tl E L7z, FFRBT T4~ —1%, B0 M
D Leptothrix J& & O Sphaerotilus & xS L=F% vk
( TechnoSuruga Laboratory il
Detection Kit [RE-0002]) ; 7 =—VU> 7 i& & (annealing
temperature : AT) 1% 60°C. Gallionella J& K (X Sideroxydans &
w8 L L 7% v b ( TechnoSuruga Laboratory 5
Gallionella/Sideroxydans Detection Kit [RE-0003]) ; AT I%
62°C . Leptospirillum J& D gyrB % %5 L L7= Lept—gyrF
( 5-TTYGARGTKGCSTTCCARTATCAG-3" ) Kk O
Lept—-gyrR(ASYTCYTCYCCYTTGTTCARCTG) ;AT i 60°C,
it H AL M O soxB & %5 L L 7= soxB 693F
( ATCGGNCARGCNTTYCCNTA ) K& WY soxB R
( TCSACRTCSAWRCCRTTRTG ) ; AT X 53 C .
Acidithiobacillus J&® 16S rDNA Z %&£ &L L7~ Atf 125F
( CAGGGAAACTTGGGCTAATACC ) K Y At 384
( CATTGCTTCGTCAGGGTTG ) ; AT X 56 C .
Acidithiobacillus thiooxidans @ 165 rDNA ZxIRELT At.t

Leptothrix/Sphaerotilus



222F (TGGAAGAGGAGCCTACGTCTGATT) K TN At.t 473R
(GGCGATATTAGCACCCACCTTTTC) ;AT 1% 62°C. #kfg
bk OWi sV EEZ A 95 Sulfobacillus J&? 16S rDNA %%t
HLL7jz Sulfo 145F (GGGGATATCGGGCCGAAAGG) K T}
Sulfo 454R (TCGTCCCGACAGACAGAGCTTTA) ; AT %
62°C. Sulfobacillus thermosulfidooxidans @ 16S rDNA Z%f &L
L7z S.thermo 122F (ACGTGAGTGATCGGGCTGTGA) ¥
S.thermo 231R(TCCCCTGTGAGCGCCTGTT) ;AT 60°CE
Liz, THR—AF)VBERKENCLY , FFRNT T~ —I
&% PCR O¥EGEPEMZ esB LTz (T A7 VBT 35~40) , Bt ik
fiefb A B O soxB 693F N soxB R, At.f 125F TN At 384
DHETFA< =y MIOWTL, Ry PAZ—NUUT L E A L
PCR K37 A (Roche # LightCycler 480 SYBR Green I
Master) ZfE L, U7 V24 LPCRIZE D —E DRI EET
ST (B A7 VEIT 40) . BB R 1% . Acidithiobacillus
thiooxidans NBRC 13724 & OV Thiobacillusthioparus JCM
3859 AR MAEM RHARAFREBE N OFE B SIVIZ HIEIHE-TC
LU 53 v b (Qilagen #) DNeasy Blood & Tissue
Kit) & AT L7277 5 DNAIC KO PERR L7z, HEiEZh R
1.99 Bl ECThoTe, MR T %ISR R BT a1T o7,

2.5 HELH/NEE

AN, HliAKBIESER (4L 8 PURELAB Ultra) Tk
WU BMAREER L, X CoREIL, EL7 VL0
SR ObL DL LT, W ICITA E4BEE R % vz,
ICP/AESIZ IS D A AU OFE AR ORI 1T, ICP
ST D% L RIEAIEERRW-V (%487t 100mg/L)
A LT, ICIZIIT DR B E R OREAEER IR OFR R ZIE,
AF < REA A ARG R (SO 100mg/L) % A
U7z, BOEXBR T O ER BRI, PEEBIR ST IERT
DBARFE S ATV D HUER L P AR B IMS-1 (S:1.32%) |
JSd-2 (S:1.31%) . JMS-2(S:0.29%) . JSI-1 (S:0.1467 %) .
JSI-2(S:0.058%) . JSd-3(S:0.04%) ZAfH L=,

XRF (1% Rigaku $0> ZSX-100e, IC {Z|E 4 A A 37 AHD
ICS2000, ICP/AES 21X Analytik jena #1¢> Plasma Quant
PQ 9100 Elite 2 L7z, FRT T~ —1EIZLOMAEY
FEHTTIZ. Roche LDV T L Z A 1 PCR 234725 (Light Cycler
Nano) Z{# H L7z,
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3.1 EHSOBIESBICHELRIFTIRFOR
3.1.1 ti##EpH DFE

AT TR L 72 RO GREE 18m, SEA & 0.7Twt%)
& FWT, THpHO BBz SV THRE LT, ZoEBHI BT
B HBRHIEOpHIZ.3Th - 12l=8, ZOEHI A N BRIA
AN Z T HERER R OpHAYKIT.5, £96.5L720 K IZFRHEL
T 2RESE DBV E BN CIERK L 72, 3FE$H (pH 9.3, 7.4, 6.6)
O LGB U7 BU LR OFE A X 2127 T,

FHRIE OB oy iR 4388 pH LaR<BAEL . 138 pH 23 Hh ik
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SIRIZAED pH OAR T iE, FE ORI E LB IR % ITHEIT T 5
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BT TG IR o T, i dh IR L B O 8k s
LA . TP BES BRI 20 pH MFE T 2H DN
LT 2V 20 pH S RBIE T D E RGOS i3
FLLREENZbDEE 2 BD,

JHE A CERER U7 3508 (R Tm, S 37F & 0.4wt %) &
FAWT R 7 T4~ —PCR IEIC XV ERER L i L i s AL
HE D PCR MWEEM A T Ha— A7 )VERIKE CHER LT
. BRMR LM EE O  Gallionella J& L  Sideroxydans )&
(Gallionella/Sideroxydans Detection Kit [RE-0003]%{ ) .
i S ERA LS D Acidithiobacillus J& (At.f 125F F Y At 384
T4~ —ty ) KO E BRI BEE T AR
¥ soxB(soxB 693F KW\ soxB R 77 A4~—tvha{lif) O1F
TEDHERS NIz, 22T, BUYLERBROBRICER L 7= - Heatet
% HVNT Acidithiobacillus J&& soxB O DNA 2t —$%&V7 /v
H AL PCR CTHIELT=ZEZA, pH 7.0~6.0 T Acidithiobacillus
B3, pH 7.5~7.0 C soxB® DNA =& — 523 Kig 2L
T pH SEILCHTE VAR O A RS L7z (M4) , F
7o BAE RS S & IS IR P ORREEA A PR A Lk
L7=&Z A, Acidithiobacillus J&0 DNA 2t —4K Ehils A4
RIENFER T DM — BT D2 e ALY 72572 (K5)
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AERBAIR R DFRBERRE (B)

5 TERHIR T ORREEA A W & Acidithiobacillus J&®
DNA =" —%o B4% (R LI : 40°C)

ZOREFRIT . BEE D A BUZIIh SRR L AR B (Acidithiobacillus
Bl BRI 5L, %EU #%1E pH AL L
SRR R YRR HEAEY) Tl BRERILOTRL /iR EH <00
[ZHEAT 32 FIREMEDS S W2 E A R L TV,

Lacey & *2i%, $kome{k (X (2)) i OEEL (X (4)) 12
X Acidithiobacillus ferrooxidans 73i8< BA-5- LTIV, F#iZ pH
M2 LLFICZ2 5L 2D OGN RIBIZIRET HEHEL TV
Do LU ARBFFETIX Acidithiobacillus ferrooxidans DAFAE

RO DN DT, MEARHERIIC & END R EGLO IR 5
RV TR CHETT 9 5728 Gallionella J&72E OERR{LA
B Acidithiobacillus thiooxidans 72 DRI VNG 23 B 5
L7ebDEE 2 BND,

3.1.2 REOHE

SEWETE XK CERRLZRE (BEm, SEAE 0.7
wt %) & T, SEERIE DR A R I 3D IR O S 2%
Nz, B ORIT. IREOHEME L IEES L, BULIE
E%:so~40°CHiﬁmﬁﬁﬁ%ﬁymﬁﬂji%rﬁziﬂ%kkﬁof:(
6). Rt s LA R CEkmE LAl O i AREIEEE (b
LIS EBIREE) M335~45CHHT e, EP/ fﬁ@%@ﬁxiﬁcﬁtén
TWBIENLE D Z SIAD OTEVEEE S i £ -T2 72D R
e NT=b D L bbb, EEEO B L3RI
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DEELIZIE L, IBEE10°C Tl bixtE £ h 72 (K6)
X6 FZ 1D EVLIRES0 COT — X% BIZFEMfRIT L&
A, JBRIRES0°C ik HHEE IR 2 31T D 2R L 3
oSt (AU E10~40C) IR TE LB NI ERoH
STz (F1),, HEEHIEOpHIZEALIREE30°CR40°COIEHI N
<, HEEVE IR OpHDN EALIR EES0°CLT 381 5 R BRI H IR
JEDHERITEBEL TS A REMEIZZRWZEN AL 72 (£ 1),
Fio, BULIRES0CO R Tk, THE RO EEIZONTUT
boleZln b (K1) . Lan /RO LEEHER~DIRAD
PR IR OIS S T2 ATREMEL 7o N D &N ha o T,
T, EH LIS OME T a F2 L7z, ZORE 5, Bl
T8kl ia‘mfz{aﬁfkf%é ERHBINEIR ST (1), AL
IREES0COZRTIL, RERBAAEH27 H 5 ECHEEILOBR(L
’\ﬁmxﬁi%@ﬁfé EMFERI TN D, SRERFEF D &
EHICHERENS0OCICEL T ER 2RI 5 L, $kik
LR 12 L2 2/ 850> 5 3 8k~ D A B 2 W 7 b SO
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TebDLHEEI D, 2MERIX3MMERE 720 | pHAFHE THEE
H3 5702 BALIRE0C O & TIEfo 5 RIZH~T
FREOSRIENPRBOONIZLDEE 2 b5, 3MliDEkIE
I OB UARHER 7T D78 (R(3)) | 2flin B3l ~D
FEb DS SR ATHEAT LR D> o T BB IREEB0°C D% Tl s 8k
OB DE T LELO LB bNE, ZORERENLL ., 1
W OTEMENESRILDOPRAARHEIC REEEE RIFT 2%
T DN TE, BYLIRESC ORI DIREEA A
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5 A BT AT L TOAZEERIBL TV, — 77,
TR A A P B X, AABRBALA 1 A LI, £91000mg/LL~)L
E—EMEZ AL TS, ZORERIE, AEMIZLSK(4) DK
JEIE, ARBRBAAG L A LA FEAEHEITL TN I EE TR
LTS, 70T, (2) L (D) TS L TWa ik

IR 2 \ZIEEL . BUYRIR S0 C DR Tl b E (X
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F1 LV IR O S L SR ST
(RS ERBRBELAED D2 H % DF — )

AR E 10°C 20°C 30°C 40°C 50°C
T-Fe 42 2.1 2.1 1.9 136
Fe?* <0.1 0.1 1.9 1.8 138
pH 6.6 6.3 37 34 39

AEE (NTU) 53 37 0 0 0
Fe; BB B mg/L
50 1500
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D7 2AMiEkA A B LRI A A P FE DR R AL
(@:Fe"TRHIRE (ZERE)  O: SO EHRRE (F &)

?ﬁf%%@ﬁ%%ﬁ%\ HERIEOWAL S FRIL, RIR DR
ZRRREICAZT HHE 335 CAHT £ THIN T2 rREMEA

B2 ONHEFLRBEICHE A, HHEE S0 CTEEE
SNADEEIZITHITL SHWZERB LN/ oT,
3.1.3 TEFEEMEDEZE

WA OB T, AHIIE 58U THRET S
72D BRI DA I3 2 B ICAFAE T D EMAE M IS 23
RESND AR E BN, £2C, BIREOC Y%

BT IIAE b L SN T R DCCERIR L7 Mg R R (TREE T,

SEAE 0.7wt%) ZiRA L., BEILOBIL o RIZKIT T
HIZ OV TR,

LB ORE R, B L OUSINEE 0 235 30wt % ETHY
INEETh, HilRA A O LR E DI UG DRI 7
IEERD LI -T2 (K8) . BRERLAHE IR L E D%

I, ARUHHBRR ICIR W CH B A 2B LRy VT SRl
ThHTD | EWEILOMA LRI, HEA Y O EIT
MolzbDEE 2 HID,

3.1. 4 BBFEDFE

IR LA 1, R DRI~ R EhERE (X (4)) 1
BWTIRREZVNEE T D720 | BB L OHEMMITRIEE DAL RKIZ
KEEL RIFTTAIEEMED TSNS,

T ASYTEENIZEN T E T K CERER L7V RHERE ) (R
FETm, SEAE 0.7wt%) LBiEEFEAIEZE AL, IEE10~50C
TRLFRERA L 7 fE R IE40CITER ELIIRIE T,
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=
fRERIE AR T, M OML o fRIXIZ LA L ER N L
Dorhotz (K9), ZORE RITEERSLOBRAL i HETe T D
HERRHERE Y 72 HIF ., MR D R L CTRRE O LA 2 kT 9=
ZE TR TIEA~DO MBI TEDIEAREL TS, Al
(IR 1073550 C D CTO G CHERIL DO B LAMHI 2378
OLNT=Z L, BRI (L7 EOBREZ(LIZED, 5% TR
LFRBECFEELTY, MELOEfA MR+ 52 & TR
DAL IS AUk 22 8% RL TV D,

3. 2 HHMOBILHEHEE

3. THOREREL LITHER U EL O ERIL 4y fkst 21X
10 (2R, BE8kHE (FeSy) 13, Gallionella Jg73 L FPEI CIE &)
T LRI LA B O & TSI Fe® IC VL FIZ /iR
S, ZO RS TAER LT TR E (SO 1X Acidithiobacillus
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Chemical factors affecting oxidative processes of pyrite in marine sediments

Takashi ISHIYAMA, Takashi KAKIMOTO, Hideki HAMAMOTO, Hidetaka SHIRAISHI
and Keiji WATANABE

Abstract

In Japan, the soil contamination of marine sediments caused by natural processes has been identified as a major
environmental hazard. In this study, we report the results of an investigation into the chemical factors affecting pyrite
oxidative processes with the purpose of mitigating the danger of environmental contamination caused by marine
sediments (soil acidification associated with pyrite oxidative processes). Pyrite oxidative processes were strongly
affected by chemical conditions, such as sediment pH, sediment temperature, and oxygen interaction, and those
oxidative processes were significantly increased when the pH value was near neutral or the temperature was 30—40°C.
A weathering test on marine sediments in Saitama Prefecture indicated that pyrite in marine sediments in the Omiya
Plateau’s southern valley plain was rapidly oxidized in any season. However, pyrite oxidation in the maritime
sediments of the Nakagawa and Arakawa lowlands was discovered to be accelerated only during the summer season,
and the oxidation of pyrite was found to be difficult to continue during the winter, spring, and autumn seasons for at

least half a year.

Key words: marine sediments, pyrite, environmental contamination risk, soil contamination
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