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Abstract

Lake Nakaumi, San-in area, is one of the largest blackish lake in Japan. Recently, sedimen-
tation of organic flock named “Hedoro” becomes a serious problem, because the enrichment of
organic flock may damage the ecological system. In order to reveal geochemical behavior of
elements in the organic-rich sediment of the brackish lake during early diagenesis, the chemistry
of upper 60 cm sediment and porewater from the harbor of Yasugi located on southeastern
part of Lake Nakaumi was examined. Total organic carbon (Corg) and total nitrogen (N)
concentrations of the sediment are 3.0 to 5.5% and 0.3 to 0.6%, respectively. Corg/IN mole ratios
in the sediment ranges from 10 to 13 suggesting that organic matter in the sediment originate
mainly from phytoplanktons. The Corg and N concentrations decrease with depth, suggesting
organic degradation during diagenesis. The porewater shows low Eh and decreasing of SO;~
concentration with depth. Hence the degradation of organic matter is accompanied by sulfate
reduction. Whereas, relation between Eh and pH in the porewater show that HS™ concentration
is less than SO;~ concentration. Considering the high sulfur concentration up to 4% in sediment,
HS™ generated by the sulfate reduction is probably removed by the deposition of sulfide.
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Fig. 1 Map of sampling point
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Table 1 & Fig. 2 |2k & BBk pH, Eh, CI 2, SO iEOREETT 7 7 4 V&mR$. ik
DpHIZ74~76 Thb. HBAKD pH E, HFWEEL?S 40 cm ORIZ 7.7 ~ 82 T, #IAKIZH~
THEW. 40 cm R TIR>A LMK 2D, WKEFR CREL 2 5. RUFFEO SR RIE, MR IZ2

(2001) A3 L7-HifE TR oMk o pH (75 ~80) &itv. Eh ik, A L4735 cm Ok T
254 mV &#ed &<, HERE E Tl -109 mV &, HBEKO EhiZZh k) S 5124k<, 193 ~
-129 mV TH 5. KD CI7#EEIZ# 12500 ppm TH 5. FIBAAKIZEE~ 40 cm ORI T 12,800 ~

Table 1. pH, Eh, concentration of C1~ and SOE_ in porewater. Depth in the table indicates distance from
boundary between lake water and surface sediment.

sample depth (cm) pH Eh (mV) CI™ (ppm) SOZ_ (ppm)
lake water YWa 34~35 7.4 254 12463 1650
Ywb 4~5 7.6 —-109 12525 1563
YW-01 1~2 7.9 —-128 12825 1425
YW-03 3~4 7.9 —178 13213 1275
YW-05 5~6 8.1 —186 13250 1200
YW-07 7~8 8.0 -171 13175 1088
YW-10 10~11 8.0 —193 13275 988
YW-11 11~12 8.0 —-190 13350 925
YW-14 14~15 8.0 —182
YW-16 16~17 8.1 —-170 13288 675
YW-17 17~18 8.1 —-178 13450 638
YW-18 18~19 8.1 —-190
YW-20 20~21 8.2 —-170 13350 513
YW-22 22~23 8.1 —-168 13350 463
YW-23 23~24 8.1 =177 13375 438
YW-25 25~26 8.1 -167 13475 338
YW-27 27~28 8.1 —178
YW-30 30~31 8.1 —182 13350 250
pore-water YW-32 32~33 8.1 —-178 13400 188
YW-34 34~35 8.0 —184 13188 163
YW-36 36~37 8.0 —-185 13200 113
YW-40 40~41 7.6 —-163 13313 88
YW-41 41~42 7.7 -160 13200 100
YW-43 43~44 7.7 -113 13400 50
YW-44 44~45 7.6 —140
YW-45 45~46 7.7 -129 13438 50
YW-48 48~49 7.6 —-170 13388 63
YW-49 49~50 7.5 -161 13550 63
YW-52 52~53 7.5 —146 13613 50
YW-54 54~55 7.5 —-159 13488 63
YW-57 57~58 7.5 —158 13910 80
YW-58 58~59 7.5 —153
YW-59 59~60 7.5 —158 13790 100
YW-60 60~61 7.5 —-165
YW-61 61~62 7.4 —-163
YW-62 62~63 7.4 —-159
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Fig. 2 Depth profile of pH, Eh and C1™ and SOf_ concentrations.

13400 ppm T, 40 cm DURIZRFEICE L 2D, 60 cm T 13,900 ppm (ZET 5. LD DERE
R gk o CI R (18,800 ppm: Krauskopf and Bird, 1995) @ 2/3 #ETH 5.

SOF #EE 1, WK Tl 1,550 ~ 1,650 ppm T B K I H R CHI 9128 <, K (900 ppm:
Krauskopf and Bird, 1995) ® 2/3 12 Td 4. BIFEAK TIXEEI N TIZON T SOF MEEDMEL 2 1),
40 cm PAETIX 100 ppm % TH 5.
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Table 2. Concentrations of organic C, total N, and total S in sediment. n.d.: not determined.

sample  GePth median o b 0 g0 [ sample 9P median o b0 g (o)
(cm) (um) (cm) (pm)
YS1 1~2 11.3 0.60 5.2 3.4 YS32 32~33 11.3
YS2 2~3 12.5 YS33 33~34 10.5
YS3 3~4 10.7 YS34 34~35 10.9 0.32 3.5 3.7
YS4 4~5 11.2 0.53 4.7 3.6 YS35 35~36 10.6
YS5 5~6 12.4 YS36 36~37 10.7
YS6 6~7 12.4 YS37 37~38 9.90 0.34 3.5 3.7
YS7 7~8 13.0 0.49 4.5 3.5 YS38 38~39 9.75
YSS8 8~9 12.0 YS39 39~40 11.2
YS9 9~10 12.3 YS40 40~41 11.0 0.32 3.2 3.9
YS10 10~11 12.2 0.48 4.4 3.6 YS41 41~42 10.8
YS11 11~12 11.1 YS42 42~43 11.2
YS12 12~13 10.9 YS43 43~44 10.4 0.28 2.8 3.6
YS13 13~14 12.3 0.40 3.8 n.d. YS44  44~45 12.8
YS14 14~15 11.8 YS45 45~46 12.3
YS15 15~16 10.5 YS46  46~47 10.9 0.28 2.9 3.3
YS16 16~17 11.2 0.38 3.7 n.d. YS47 47~48 10.3
YS17 17~18 9.90 YS48 48~49 6.50
YS18 18~19 10.8 YS49  49~50 11.1 0.28 2.8 3.6
YS19 19~20 10.8 0.38 3.7 3.2 YS50 50~51 6.25
YS20 20~21 11.3 YS51 51~52 6.46
YS21 21~22 11.0 YS52 52~53 6.59 0.28 2.8 3.6
YS22 22~23 11.8 0.43 4.1 3.4 YS53 53~54 6.75
YS23 23~24 10.7 YS54  54~55 6.09
YS24 24~25 11.1 YS55 55~56 6.09
YS25 25~26 11.5 0.40 4.0 3.5 YS56  56~57 11.8
YS26 26~27 11.2 YS57 57~58 6.01
YS27 27~28 10.3 YS58 58~59 10.5
YS28 28~29 11.9 0.38 3.7 3.9 YS59 59~60 6.11
YS29 29~30 11.5 YS60 60~61 6.00
YS30 30~31 10.1 YS61 61~62 6.14
YS31 31~32 12.4 0.33 3.5 4.0 YS62 62~53 5.94
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Fig. 4 Depth profile of Corg concentration, total N concentration, C/N ratio and total S concentration of
sediment.
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=L ) B RK SR T L2 3 E AT v, HREEEEZ B mm/y T hE, X
60 cm DT AEHIEL 100 ~ 600 SERTOHERI & £ 2 SN b, Wil Tld, %100 4ERT E T, B
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BRIEDO T HOHERB OMBEAKD ClREIE TR VO, AR OWAKD CUIRES L) E2 -
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Fig.5 Comparison of analyzed SOE_ concentration
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SR LR O RES R T concentration (solid circle).
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ZALT UL, HERDOREMKIZ D ZAHNL L E2 505, Lo, Ei40 cm OMEREY o
PRI AT ZAL L e TH B 720, ZORTHBK TOMARENKE LI L L I1EE
AN, WWTI o7 N OEERELELAT A XD RRBEACIGHEEFEMRICOEELY S 25
EPEENL. LaL, BE (1994) 1dhibi & kB0 150 cm O 2 7 O R E % AT
L, a7 F#25 Lo M CHEREMRICRHEM L ZIEA b wZ 2@ L Twa. LS
5T, BREDHRM D Corg IREEDZALD, WM T T > 7 b HEER O E KWL T 5 & EElE
b, DEoZ &ns, RREOHERM D Corg IREED THEBIZINA 9 WAL, FITHRAERIC X
LERDOGIHROFEEZ LML TWEEEZLNL, 2O LI, THOUERYIT & B/ ok
DBELTHBYOSMILVEGEEZZONL I L EBRENTH A, ZHIED (1992) B i Lo
25 cm OHEREY) 27 T Corg WA FERICTID > TP T2 2 L2 WMELTBY, ZOREEILI G
WOMRIRKT 5 LR L TWa, Ao L72MEBKD Eh & -100 mV BLF €<, #HEwH O
AR OSIRIERTCERE T TH#ITLTWA EE 25N 5. BBAD SOT MEEDERE L & bK< %
5T LEERT DL, BREOHRW D OGO SRR ITCICE D#ETLTWD 2 E s H
Thb. 2O EIE, SO BEAME 40 cm PIETIZ, Corg IEEEANFIZT—E T, LIBOHREW D &
9 7% Corg WEDWAPEAB A ON W LIZHLFEESN S (Figs. 2 and 4).

Eh-pH %4 7 75 & L Tl, 4058 L72BF/K i Baas Becking et al. (1960) @ Euxenic marine
water ~ Organic-rich saline water DFIHIIxFIE T 5 (Fig. 6). 2D Z &%, R Z2 (2001) R Fxbih -
KA (2003) 23 GO IKE K OBEFREDLFEFIEL S 2 L2 ME LD I L L BEUELH 5.
Lol g3Ar L 72 MUK S SOT & HS™ 280 U B VIl TS 5 502 RS IEM L 0 b b3 22 i
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Fig. 6 pH-Eh diagram. A) Analyzed lake water and porewater plot in the diagram for stable sulfur species.
Total concentration of dissolved sulfur species is 1.56 mmol/L, which is assumed on the basis of SOf_
concentration in the lake water of sampling site. Activity coefficients of ions are assumed to be same
as that of seawater condition. Data of the activity coefficients are quoted from Millero and Pierrot
(2002). B) Approximate position of some natural environment in pH-Eh diagram (Krauskoph and
Bird, 1995)



7y FEN2 (Fig. 6A). DI ki, SOF DENMEENRHS L EVIEE2RLTWS. THo
HERE I Tt SOT IEAZ LA LTV 2 0IC b b 53, SO A HS BIEL ) w2 &1,

SOF A3 B SR STV A 2 & ERMRIRITIC & - THE U HS 2SHBUK A SHU) Brh Tw
5T EERLTCVAS. AU HS BRILSSFORTREL TR DEEZz LN, TOZLiF, ©k
EOWRI D E O SIEZRT I LIS N L, LRED S IR ILRICEREE T % & Bl O MY

(~ 3% : Calvert and Karlin, 1991) X 1 & SIREEAE . HEOHERIZIE, HiFEOHERWIZ S
RTEHWSEEZRTHONEL NI LiZ, Samplei et al. (1997) R&MIEA (1998) 1IN T
W5,

BRMERCEREE T IS B 2 AW R L, AREWHEICD BB E L2 COMREYRD 5. ZREOD
WM O C/N TR L & B2 EL, TEHIRERMMICEL Lo Twa. WWTI 27 b o C/
NHBHEICEYELR 720, HEWHOWY TS > 7 VHEOZEBIZL Y C/N AT 5 etk
Edhs. LarL, EE (1994) ofEIC L, FiEi.oR kB0 150 cm OHERY 2 7 O EERE
EHR TR R ZER SN, S0k, Pl &b HEREDELI C/N oZ Lz 5]
R L2 RIS, S EIGH L2233 I iZ B IS R 2 B 3R S e h o 7288, sRRHR
RO S22 5 100 m 5§ L7290, IR T 2 R IH O A B 25 RHR G SR = S h
TWBHREEIES L. 72720, WEEFEOA R IERASRBEMICZL L TRIZ2E ) 2IFEN TR
$, BREBOWRED O C/N LLOZEE) LAY OB E #mT 510138 5% 2N ETH 5.
WD SR SN BB ERPEFROMA R R L 256120 CO/NEPELS kb FPHINS. B
AR OB R EALT 2548, W2 HHAT % BEREBEE T ORI ZEIT 2137 TH 5.
MA T, WA L7zBEEA B OHER S 55 L9 1%, RGO EBRE L ECERT A EELONS.
Lo L, RESHHEES cm T TOMNEMBIIZRHW LR ZMIER SN (Fig. 3), %R REIRM7:
JERL T OHERG TR B SRS L L TRz L I3 E 2 Sk,

—J5, HRWPOERMD C/N HIEHERERICEVET A LMo TEBY, BILRETT
DN TITIZEEERMOBHETIET I 7 BROMEBFEIEHPEBR L, BRI 7-A8 YO C/N It
PEL b2 EPWMEENTYS (von Mooy et al, 2002). FEBS, ZREOHEFREW D C/N HiZ Corg
WIEAMEL 2 BITEEL 2B, 72, SOF IO CHERY FETIZIRE ) I~ C/N H o i
WA 72 DIHT L, SO MEEEAME { T Corg ILFEDRAMEI AR 5 N7\ 40 em PIETIX, C/N I
DOWNMERDFEFT B2 5. ULEDZ Eh s, ZRED C/N IREHIHA~O LA S, HocHE
TCTOHEBMONEER & Dhbo TOAWREEREVWEEZ SN 5.

(3) BEMICECHBMOBRICONT

O LABRBICHRL T2 6MICELHRY (ANFO) 2RET 20546, RER CHRY %
FEMOHSRVEEPLETHL LEZONL. HRIHE K O FOIEEKEIE L (90% © 1#HH,
1993) K & DEEEIVNS V. Led o T, REMEEFICLY, MHEICA Fadnis s Eng
Hb. NFOhOMBARLTHYA T XS Shiud, BEBELZOWMKOBEESHE SN, EHBE
b3 2D D 5. F72, RN TR E LTk L T EERE ML ST 3
Hdds., BEICHELADEOAFOZRET HI121E, MHECEREZHEL 2V HEREEORSE
VBLETHLLEEZEZONS.

72, L TWAAN RO EHOAZKREL TTHON R 2R L7206, RSN
OGRS N 5720, BEFOKENKOMBE I T CICHBEIATLE ) L PHEEINS.



5 (1991) 25 L7z, RFECTOREHRBOBAD COD O FHICIE, =) LT HBLT
WHEEZLND. SOT FilIAKD S BBUKNER SN 5 20, FOREBRRTIENC X 245
AHZY, O OLEAES L E2 5hb. HEWRHILY 2 E0HEM 2 T CRIET 50
EART RIS V20, BHEWSHO 720121, WIE~OH B OHR = OIS, WK EROETRL
BRPEZWEEZ NS (filf], 1993).

FED
RIFFE T, HilEOZRE TH S N HaRY & FIBRK O DL % 54 L7z, Wb oA
BYEeEaRIE3~5%EIERWICHNEZRT. C/NEA10~ 13 LIV &2 5, AHEYOKERGIX
W72 b2k T #2005, BBATO SOT HEEE CI MEA S PHE XN LIEEL Y
<, MAEEEDSRERCIZEZOMEMAHRL 25, MBEAKDO Eh AR & 2 E2AbED L, HBK
HCHEERICIC L 2B OSBIRS> Tnb EEZONL., HREWTHO SIRENEWI L25, i
B L CHRAE L HS 3Hb & > TR L TWwE DL EZ b 5.

AWFENL, PR 16 AEBEARRTT =) 7 EE B EEE S SE BRI L a1 /N R 2 i o il 7
B L THro 720 AIGHT L7z a 7 BRI ASHE D 5 TRV 2ZEW2 00 TH L. BRI
PESERANT £ 5 — TOSH TIHEMNEERIZWA WA TIHW 2, SR L TEHP L ET 5.
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