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BES 5 L 0 HPIC-AS3 (N 4 mm X
250 mm) ; BREH T L 0 Dowex 50w X
8 (200-400 mesh) ZFEL=H T AH
. (N 6mm X 250 mm) ; BRI
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LTHELRDAE 28T ES, N
A T7IIZAT > L ABDBERE S
(ZEBRB) IO TERA—T ITA
41, 140-150°C T 6 BgRALA L U Cak
FlE28t 2RI (ZOBET, 14
EEMIE THE T A It h
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(A AT EEERNWT E2HR) 2B
WWHEIELE0MNENEL RS,
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ATHUYEL. REITL271EEE
SR -BRET D, HAEICSmID0.1IM K
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2h) . Wi A > 2HE T 5. Mmb®I
BiEg (P—TIYA1 TR, 7Ov
N4 A2, 13A1. FLER : 0.45 1 m).,
HBEARL. ICTHET A 2080
TAFIEZKRD S (Takamatsu, 1996) .

2.4.2. Wilg4A A [$24F B)

bt (ZIRE TH 100 mg M Y) &4
TTF =1 T7IVIZED, 5ml®0.1M
REF NI LEMATHEA A%
RESHHET S (40C. 2h) . HHEIZ
Bk (yaox b4 A7, 13AD. &
HERL. IC THHT 5,

243, EMERMAAD [ C)

Fig. | DRINE S (A) IZale (5%
HTHI100mgHY) W5, BIRESD
wI2881. NERRUVIZFL >
Ay 7 (FZIE B10 mm XEX5
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A

Cooling fan

Suction pump
>

“Glass ball filter
(Pore size: G4)

Magnetic stirrer
equipped with heater

Fig. 1 Apparatus for analyses of acid-volatile S and Sn(ll)/Zn-reducible S.
A : Reaction vessel. B : Disposable plastic syringe (10 or20 ml) . C: Gas washer (10 ml
of 30% H,PO,) to eliminate HCl vapor. D : Absorbent (0.1 M NaOH with trace H,O,) for

H,S and/or SO,

mm) IZiRELERBFEL. oy T T ERE
BRIIHEAT 5, HWERE (D) 12,
BRLEAAVLEMOMERS L T,
0.IMKE{LF hU DA (10mD) & 30%
BEE(EKFEAK (200 £ 1) Z2HD, £z,
FHE (B) 12136 (wh) % DIEEEE R
OF )7 I Z2FOIMERED 10 ml
EE D, HEZE Fig | ORRICH A, EF
HAZER (10mYmin) U TEERFD
ZEREBVWHT (15 min). EHE
(B) ""SEBBK (28) Z2HmLEz
%, B ($9105C) Lisns, 2€F 4
2 ZBER LT (10 mVmin) ¥4AT2H
2 (FALKFBLHEREE T RA) ZEWH
L. &% (D) OBRICHET 2 (BE

(28)

BRINEEAY —F—TH->< D EHE
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LT, 1 AVEEXRD S,

2.4.4., ARX (II) /E$BTHAAD
[#4E D]

Fig. |l DRIEZEE (A) TR (8%
ETH 100mg M%) & 1gDRiRTEH
(EZSHTHRE) 2H0. HEAdlsL
T10% A% =)V (L% ) —)WE
W) D50 n1EMAS, 128, BRD
BEUEIIEEFRME A 4D OB E Sk
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Thd, HERS (D) IZid. 0.1IM K
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75 F—INA T IVIZE D, 100-200 # 1
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(Troelsen & J ¢ rgensen, 1982) (/=72 L
BEICEELRSIERI & L CHEM A R
LADEMENTNWBIBRRZ T 535
BT3RS 2), i3m0
NFYEMA, TERRI AV ERE
SHIHT S (iR, 6h), I 26T
5, IS HhE, T 1gOWIRE
mE AN ESE (Fig 1A) IZER
FNZHT . RIZ. 7 onFH > Hil
WOWECBHFEN A ZREMT, B
ERESICERIES, ZOF, MK
EENLBRRA AU IIRAES &
L THREROERIMIIREIND, £
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B EERRICERIET 2,

3. RRLEE
3.1. 9HAE
3.1.1. E8A4AD

EEBA AU ORI, HEF O
1AMz 7 IV U TS
LU THEBAA > &L R, ik,
ki, ICRBRETERT B HE
(Tabatabai, 1992). #) > & T/HfEL .
BEMIC Bt AU L TRIibS |
TERT %A% (Jenkinson, 1968) D
ft, STt Hrat (David etal, 1989) .
K X#o ik, BXER (b7 #& /ICP-AES
(Pritchard & Lee, 1984) I & B Ak &
MHO, BN CTHATE S, Z
Z T, BB AEELT. &
JESr R e % W Tkl 2 B Xk b
mL., 214 VILEamEhiikE 14212
Qﬁbfmfﬁﬁﬁéﬁ&éﬁﬁbt
(Takamatsu, 1996) . BR{L7#EAIIZ
FRBE | 5 ®(£ﬁ@%ﬁﬁ®ﬁ
§§;%TT5&%@4?/®E_%
EEZBZBRAFCORIIERATE 2
W, £I T, BEE{LAKFEK T vk
FMRTHBIT HHEERF Lz, 2
DOFTIL, BE (BT, 30% @ikt
IKFEAK/50% 7 v ALK FEEE : 3ml/0.5 ml)
ZRWSD EEINER, BERESHITEN
M. %59 30% @ER{bKFEK Gm) D
A THEAL (140-150C. 6hLBAE) L7
%, BGEIT 571 EEZE 50% 7 vibK
FETHEINZL. 1T TOLENE
BMICOHITTE %,

Table 112, EEHEREEKRVOHESR
Bl (NIES CRM No. 2) D4H#7{E &
BRI L- 2 A2 PRSP A T
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Table 1. Recovery of sulfur from various sulfur compounds used to spike sediment samples

T —_— - S added Sfound Recovery
Compounds 1nelg nglg %
Total S (Procedure A)
L.Biwa sediment - - 724 (0.9, 6)*! -
L-cystine 267 987 (0.7, 4) 98.5
FeS 365 1091 (1.5, 4) 101
FeS, 535 1261 (0.6, 6) 100
Pond sediment - - 2233 (1.7, 10) -
(NIES CRM No.2) L-cystine 801 3042 (0.3, 4) 101
FeS 365 2581 (0.3, 4) 95.4
FeS, 1069 3390 (1.5, 8) 108
S 610 2863 (0.7, 6) 103
Dibenzothiophene 2110 4406 (2.4, 4) 103
SO4-S (Procedure B)
L.Biwa sediment - - 220(1.0,0.4) -
CaS0Oy, 186 410 (2.3,4) 102
BaSO, 137 350 (0.6, 3) 94.6
FeS 341 228 (0.8, 3) 2.3
Pond sediment - - 788 (3.0, 3) -
(NIES CRM No.2) CaS0, 186 980 (1.0, 3) 103
BaSO, 137 920 (0.4, 4) 95.3
FeS 341 778 (0.2, 4) 0.0
Na,S0, 500 798 (0.7, 4) 2.0
Na,$,0; 611 789 (0.4, 3) 0.2
Acid-volatile S (Procedure C) o
L.Biwa sediment - - 20.1 (6.1, 3) -
Pond sediment - - 71.9(5.5,7) -
(NIES CRM No.2) FeS 920*2 928*3(1.0%4, 3) 93.1
FeS, 413 74.1 (5.0, 4) 0.5
S 1022 69.4 (3.0,4) 0.0
L-cystine 1000 75.8(3.0,4) 0.4
Na,S,0; 1000 578 (3.2, 3) 50.6
Na,SO; 882 926 (1.0, 3) 96.8
Sn (II) / Zn-reducible S (Procedure D)
L-Biwa sediment - - 95.0(3.2,3) -
Pond sediment - - 498 (1.4, 4) =
(NIES CRM No.2) FeS, 413 864 (1.4, 3) 88.5
S 1000 1372 (1.4, 3) 87.4
L-cystine 1000 514 (1.1, 3) 1.6
L-cysteic acid 1000 495 (2.5,4) 0.0
Dibenzothiophene 1000 497 (0.4, 3) 0.0
K,SO, 668 495 (1.6, 4) 0.0
Glucose-6-sulfate 500 501 (1.1, 3) 0.6
Elemental S (Procedure E)
L-Biwa sediment - - 32.7(4.1,6) -
Pond sediment - - 115(1.3,4) -
(NIES CRM No.2) S 203 326 (4.0, 4) 104

*] : The former value in parentheses shows the relative standard deviation(%) and the latter shows the
number of determinations. *2 and *3 : Amounts of sulfur added and those recovered varied from 767 to
1026 1 g/g and from 783 to 1018 1. gS/g, respectively, and thus the average values (920 and 928 1 g/g,
respectively) are shown. *4 : shows the relative standard deviation(%) for recoveries.
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> (ENTNG SRR O RIS
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A5 RETFERAFTEZANSNMIL
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BEZFzv I L. TORER, MEE
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B<—E L/, £/, 1 FUFENLK
E<E L 3FEOWIETRRE (&K,
BEBRX DIRH) OfER {840 = 8 ppm
(n=5), 1318 £ 79 ppm (n=6). 3399
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3980 ppm) C#EE. FAE) &—H L.

3.1.2. WilgA >

T3 - KRB F OB > 05
riCidfE 2 OBBRIC K SHEEN A
WHENTEMN (Maynard et al., 1987 ;
Tabatabai, 1992) . Z Z TIZ0.1M k& +
~U T L ERWZHIBEICDWTRE
L7z, IkEEF MU T LRICIZiEZR G5
ZIRVWOT, MR ZEEICIINT S
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ZEMTES,

Wil 4 3L - KR TIEEIC
A1F KB ELTHEETHEEZS
N5, HEE/NY D LORRHAEMEEN
GETHREED D DN, INEED
I, NI DAL T2 EDBERERE
DINE WA T > THIHT 2DNE W,
REEA T IIHAEREE A ORW
M TH 5,

Table 11213, EEMEEIE KR OHE
iRkl (NIESCRMNO. 2) Dokt
EMETRICHREE L o L\ R O EE /N
DI L% AN 7 LTINS D1 F
T OEYNERERL 2. BREE/NY U LG
BT OEINRIIFE )V > LR
MOLE X DPREND, FITEEN
(#195%) THB., LnL. RARITEE
THRBEORS VBN T L (B
1172 &) TIIENRMNME T 9 2 alaEtE
HbH D,

/-, WHIZ0.IM KEF MU DA
(ZIVAHUM)ZHNWTKRAFTITO®
T, BrlA A UEY Gy, &
WA A, FARMBEATRE) O
—HrEL T N DN H D, L
L. /(b (3500 w g-S). HHBRER
F UL (100 1 g-S) . ROTF T ik
FRUDL (100 # g-S) % 0.1M KEE
FRU DL BERIIBEHEL. RE
DAL (40C. 2h) L7=#EHR. £/
b8k & FARBES N U D LD S IIHGEE
AF 2 3e<ERLEBEN> . —A.
WS N LR TF A BT
F B I N, BB A I3k
Hahiahoiz, BEL T ULED
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DB ER SN > = (Table 1),

ARA AT TD—HETHLIT AT
WMEILE®ciZ, 7IVH ) THRLS
WHDONEFEET D, FFE. D-7/)a—
2 -6-TREEDH U L (BB AL ER
LEHD—2) D200 1 g-S %t 5
TTUELEEZA, HDITDNIT41%N
SRLTZ. JHIZEBROILEMEED
RENTIL, BiBE T A 2 2B KIS
LHA[REENH B,

3.1.3. BREERMAAD

g e G ARy SN R | N
HRET OWIKFREZ B - HEL
T45#79 % (Davison & Lishman, 1983 ;
Morse & Cornwell, 1987 ; Cornwell &
Morse, 1987). Z ZTl. £ / Wiifb &
5D AUDEIIC BROFEEEBE,

MOGREHI R FT DB EE (855
XA OB INEDRRIsEEE
B2 50 ZERF L. 2B, Filkskid.
TD46.5mglZhA > (bg) & 1% B
BEHEsAR (Gml) ZRE. A7) —K
IZEREL 72,
BRALEMENRELIZRNWRTOA F
T OEIXRIT, 30% FEEE T 75% T
HolB, IM. 6M. K11 M HEEES
20% Y B TIIERMTH > =,
ERREO ORI, Eootk
1AL EY EBALEENRIET 5
Ha. A EREAORLE ST
DETFORITEMREL > 125HEREMN
HD., ZOHEITIE, BEREI Y
DOEREINEBENME T TS (Morse &
Cornwell, 1987 ; Cornwell & Morse,
1987), Fig.21d. #kE&{t4Y (o -FeOOH;

(a) (b)
100} o us O J _42:51.1 11.1, 3155;; O
ndy Qs =300 276 4206
xs Q4 }l{n 0 Y N
23 g 8.7
976 26 Al
O 129 \
o8 ETY; S
0 / \
“5 273 16.2
e \»
o SO B
>
=]
g
7
AT s a2
ol 1 | l l ] L $22~5
1.0 5.6 9.0 11.3 1.0 5.6 9.0 113
HCI concentration, M

Fig. 2 (a) Inhibitory effect of o -FeOOH and MnO,, (b) On the recovery of sulfur from FeS using
the procedure C. Concentrations of NH,OH - HCl in HCl solution : (D, &) None;
(@, A) 0.1g/ml; (O, ) 0.06 g/ml; (L) 0.02 g/ml. Numbers appended to the plots :
Molar ratio of FeOOH or MnO, to FeS. ([J) Without the oxides.
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TR ZHI L =358 2 W5 & EIER
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ZLUTHEBE ROoF LY 2 VBEMN
6 (W) % LA EDSERHETTA AT DEII
RIIEBMITR Tz, NS, EEHE
HMEA AT DORHTITIE. 6 (W) % DR
Bt RoFI )Ly 2280 M HEik
DI0mlZHWA Z EIZL =,
EEHRETE kO EERE O
WRMNS (Table 1), &/ Wifb8k & HEhi
BeA A2 DA FUNERMIZEIRE N
LI ENRINo T, Koo FABEA
F M 5I1E50% DA F U NERE N7z
M, AU FABREEA A D, Rk
T T, AEERIE (5,0, + 2H &

Transactions of the Research Institute of
Oceanochemistry Vol.12, No.1, April. 1999

50,4+ 8 + HZO) RIE IS (52032' +
8H* + 6e © HS+S+3H0) Z&IL
FREREEZOSND, —H. N1T1
NIFBERR L e o7z, B A D
DL-ZAF IR RLUISIMHTZD, F
F®e#: (-COSH). PTFIVCFAHIL
NI {-N (CS) SH}., RUXZ Y+
FH—I)VE@EFE (-CH (OH)
OSO,H} IFIEZERICHML /=, &
BHZ Z DRRBAREIRA T IREEMF
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T HAHEMEND D,
HHELEAATILEYDOHEITIL,
D#DIC #TERESICT 51012,
0.IM7KE& L+ b U™ A (10ml) 1Z30%
B L AKFEAK (200 1) ZEIEFIEL
THRML7ZbDERAWE, ZORERF
T3, WEINL1 A IEEWILRE
INDEBWICHIEE T 4 2 ICBbEIn 5,
KEEALT N ABEROBEIIX0.1IM
NERE T, Ihi D EBEH Z1X05M
TIX., BILARTERTLAIALERA
F L EMNARI IR EZR I L,
e A 7 > NOBEALINATERITIR 55
BNRH D,

3.1.4. RX (I) /BB A D
N 14 RDOAFIEIINETEIZY
O (1) - EEEZE A WZET o RET
frbNTZ /= (Zhabina & Volkov,
1978 ; Howarth & Merkel, 1984 ; Howarth
& J ¢rgensen, 1984 ; Canfield et al., 1986 ;
Fossing & ] ¢rgensen, 1989) . L2 L . 7
OA (1) 3Bt <HFE (2-3H
7)) \CRELaTNERSBnEPT
DB T <IVH L OKER/HEH) Z6E
AT2ANHETH S, T I TIHHAR
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DESIS, M (WiK) —E#, A X
(1) —3fE. A X (1) /Hh—tHEE/x &
TNA 1 b EBILART 2 HEER
AUz, 2B, N1 T4 MIBERKRD
AL M B TERE 1% ICHRL .
EH—ERE R TIE, EHOR (1. 2.
3g). HWHEEBE 5.7. 1M &£20
=R (10, 15, 20ml) ZBEfR7R <. /¥
1514 hEXRFRAAIDSDAFD
DOEINRIIE X 60% ICBE- 7=, £
o AX () —HERTIE. 20 (wh)
% DIFAL A X (1) K ZEED 1IM
HEE TREDOREINERNEGE SN, TTHEIR
A5 DOEIRITHI0%ITEL 2
M. N1 T4 R TRREDEN- =
(£ 40%) . —FH. ZFEDIEITH % [FkE
WHEALZAX (1) /#E—EER T
&, HEOR (1-2g). HWILAX () =
AKEH {10-20 (wh) %} DIREETRHR (5-
11M; 15-20ml) DLW T, /N1 5
1 MRUOTERAIATIDSDAFTD
FEIXERIL 85% LA EICZE L=, LAL,
FEHOAX (1) OFRMEZHEOL-
D, HEBEZELEDTSE A

BAATO—HNREL, FIZ. DA
VT 4 REEBZHDL-VAF > TiESH
RN AKIZBWICEL T, TOHFE
BB TEL NS, FIT, 1gDH
#; (R &£ 10 (wh) %HIEA X (1)
ZKFIY) 11 M SERE YRR @ 20 ml & W
5ZEILE, ZORTIE. N 51
NETHERAFTTINE DA A DEUL
RII8WLALET., D, B A DD
SHRIIEETEZHRE (<3%) THo
il

Table 212, fi%x D1 A I{LEMNS
DAFTDOENERERL, /N1 A1
. EEETEE /Bt (HgS & PbS).
TCHFRRA AT, WA . RUOF
T A 2 IS 85% LA DA AN
FEITE/m, L- >AF>HEMNIC
(<3%) FRLTWBD (7oL (1) -
HEE R S FIFEE ; Wieder et al., 1985 ;
Canfield et al., 1986}, Z O{t&#i3 5>
BLEWERA A TD—DTHBHDT,
EilE O TIaFR EMBEIC AR S 72
EEZD, BB, FAEE. PIFI)
CFAHIVNI B, UL FH—)

Table 2. Recovery of sulfur from various sulfur compounds using procedure D

Sulfar cenpounds S taken S found Recovery
ng ug %o
FeS," 43.2 37.7 (3.3,4)" 87.6
HgS™! 68.9 67.5(1.3,3) 98.0
PbS™! 67.0 66.2 (1.4,3) 98.8
N 203 183 (3.1, 4) 90.2
Na,S,0, 100 97.4(1.5,3) 97.4
Na,SO, 90.8 86.7 (1.3, 3) 95.5
K,SO, 167 <0.1 0.0
L-cystine 100 2.9(13,3) 29
L-cysteic acid 100 <0.1 0.0
Dibenzothiophene 100 <0.1 0.0

*1 : as 1% compounds in pulverized quarz sand. *2 : The former value in parentheses shows the relative

standard deviation(%) and the latter shows the number of determinations.
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Fig. 3 lon chromatograms of 0.1 M NaOH solu-
tion containing absorbed gases (H,S
and/or SO,) evaporated from FeS,
Na,S,0,, Na,SO,, and sediment using
procedure C.

Lower chromatograms : Original ; Upper

chromatograms : After oxidation with

H,0,. (A) FeS (87.04g-S); (B) Na,S,0,

(100 ug-S); (©) Na,SO, (50 ug-S);
(D) Pond sediment (100 mg; NIES CRM
No. 2) detectorresponse: x 3.
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Table 3. Percentage of SO,-S in gaseous sulfur evaporated from sulfur compounds

and sediments using procedure C

Sample SO,-S, %
FeS 0.0 (-, 3)"
Na,S,0, 27.7 (2.6, 4)
Na,SO, 101 (2.0, 3)
Pond sediment (NIES CRM No.2) 92.2(1.5,4)
L.Biwa sediment 88.9 (0.6, 3)

*1 : The former value in parentheses shows the relative standard deviation(%) and the latter

shows the number of determinations.

Table 4. Sulfur speciation in pond sediment (NIES CRM No.2) and L.Biwa sediment

S, ppm’! (abundance, %)

S-species
Pond sediment L.Biwa sediment

Total S 2533 (100) 751 (100)
SO,-S 894 (35.3) 228 (30.4)
Acid-volatile S 82 (3.2) 21 (2.8)
Pyrite-S 353 (13.9) 44 (5.8)
Elemental S 130 (5.2) 34 (4.5)
Organic S 1074 (42.4) 424 (56.5)

*1 : Averages of 3-10 determinations ; based on materials dried at 110°C. Acid-volatile S includes the contri-
bution from sulfides, sulfites and thiosulfates which can evolve H,S,SO, and H,S + SO, with acid, respec-
tively. Pyrite-S = Sn/Zn-reducible S- (acid-volatile S + elemental S) . Organic S = total S - (SO,-S + Sn/
Zn-reducible S) .
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Table 5. Transformation of S-species in sediment during freeze-drying

) S, ppm
S-pecies Sample 1 Sample 2 Sample 3
Total S 744 (1.2, 5)" 744 (15,5) 746 (2.4, 4)
[0.0]° (+0.3]
SO,-S 13(3.8,5) 16 (1.3, 6) 22(2.3,6)
[+23] [+69]
Acid-volatile S 34 (8.8, 10) 51(2.0,5) 52(3.8,4)
[+50] [+53]
Sn(Il) / Zn-reducible S 316 (3.5,4) 302 (3.6, 3) 300 (2.0, 4)
[-4.4] [-5.1]
Elemental S 49 (1.0, 3) 40(7.2,4) 30 4.7, 3)
[-18] [-39]
Pyrite-S 233 211 219
[-9.4] [-6.0]
Inorganic S 329 318 322
[-3.3] [-2.1]
Organic S 415 426 422
[+2.7] [+1.7]

Sediment : 5-10-cm layers of sediment collected in the southern basin of Lake Biwa on 2T Nov., 1988.
Sample 1 : Wet sediment with zinc (1ml of 10%zinc acetate solution was added to 10 g-wet sediment just
after sampling). Sample 2 : Sample 1 was freeze-dried . Sample 3 : The sediment was freeze-dried without
zinc. Valpes are based on the dried material (at 110°C). *1 : The former value in parentheses shows the
relative standard deviation (%) and the latter shows the number of determinations. *2 : increments or decre-
ments (%) based on the values for sample 1. Pyrite-S = Sn / Zn-reducible S- (acid-volatile S + elemental S).
Inorganic S = SO,-S + Sn/ Zn-reducible S. Organic S = total S - inorganic S.
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Sulfur species in soil and sediment samples were analysed, including sulfate, acid-
volatile-S, Sn(II)/Zn-reducible-S, elemental-S, and organic-S. Each form of S was selec-
tively extracted from the samples or converted to sulfate after evaporation from the samples
as gaseous S as described below, and finally determined by ion chromatography. Sulfate:
extracted from samples with 0.1 M Na,COs;. Acid-volatile-S: evaporated from samples
with 9 M HCl containing 6(w/v)% NH,OH * HCIl upon heating (ca. 105°C), and trapped
in 0.1 M NaOH with trace H,O,. This fraction included S from monosulfides, sulfites and
thiosulfates (0.5 equivalent). The addition of NH,OH * HCI to the HCI solution was
effective for eliminating the inhibition due to Fe/Mn-oxides contained in the samples.
Sn(II)/Zn-reducible-S: evaporated reductively from samples with a mixture of granulated
Zn and 35% HCI containing 10(w/v)% SnCl, * 2H,O upon heating, and trapped in 0.1 M
NaOH with trace H,0,. This fraction included S from monosulfides, pyrite, elemental-S,
sulfites and thiosulfates. Elemental-S: extracted from samples with cyclohexane, and
then analysed according to the procedure for Sn(II)/Zn-reducible-S. Total S: converted to
sulfate by digestion of samples with 30% H,0, in a high-pressure bomb (at 140-150C),
and then with 50% HF. After the digest had been dried, the sulfate was extracted from the
residue with 0.1 M Na,COj;. Pyrite-S: estimated from: Sn(II)/Zn-reducible-S — (acid-
volatile-S + elemental-S). Organic-S: total-S — (sulfate + Sn(II)/Zn-reducible-S). The
methods developed were applied to analysis of sediment cores from Lake Biwa.
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