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Geochemical examination of suspended solids for evaluation of
lake water environmental changes in Lakes Nakaumi

and Shinji, southwest Japan

Hiroaki Ishiga" and Koji Seto’

Abstract: The geochemical composition of suspended solids (SS) from surface and bottom
waters of Lakes Shinji and Nakaumi, southwest Japan, was examined to evaluate the lake water
environment, with particular focus on the stratified water column. MnO and P,Os contents are
important variables used in the evaluation of anoxic conditions and planktonic productivity. MnO
content in SS shows seasonal changes, namely, higher values in summer in both lakes. Variation
of MnO content in surface and bottom waters of Lake Shinji was not significantly correlated; and
they are lower than that of the bottom water of Lake Nakaumi. This indicates the mixing of water
masses in Lake Shinji, and the presence of a relatively stratified water column in Lake Nakaumi
due to sea water incursion. MnO contents and DO values of bottom water in both lakes show a
logarithmically positive correlation. This suggests that MnO content is a useful parameter related to
the redox condition of bottom water. P,Os contents of SS in both lakes are considerably higher than
reported values for bottom sediments, suggesting enrichment of nutrient salts in the water column.
Fe203 was not detected for most SS samples in either lake, which suggests that sulfide grains may
have become too large to be included in suspended particles.
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SRS - FRUE RSO LR OWER I T H D, Wi
NI KBRS X 2 %0, VUKL TE D
HREREIER LU TE 2. IKE, 4, HEREYIEH
D HEE F/KBLDOFAERZ DOBRED fRIAN T
AF- a7V —get > 2 — (IHRKE 22 > 2 —)
TR UTHED S NTE T (L ,1988; —JUEh,
1996; fili[it]1F H, 2001; FHIE, 2003; 155813 H, 2004; 5,
2017). FEHDO—N HD (FHKDIR RO K B
DOFHIDFIED 1 D& UTIFlEYIE (suspended solid;
SS) DOHIEKELZIIMET D, TN TR T
ook L8R CRIRIFYEYD) EHIcTNBICFET
ZEBEICKDKEREE O Z1 T > CE e (FH-EIED,
2015; 514 « /255, 2015). SS OHERILZHriEEN S
TEIEEEALTODNTEST, HILLIMRTIETHS.

HFZH KS) FEE, BHOKEHNE (E=2) Y
7) kL TIToCEY, Witk SN izalklo
SSHMIT BT EMTE. KED pH, HE, A
B2 EN D BIGICHRE BN FET S T X
<HIBENTED JHERNEA, 1994), K TldiEK
BOFEIC LB EHOAMALIIHE TH 5 TR
w2000, A VIFBLIERTCIREEZ RIS 55 A
THMTHY, VVIEREB(RETSTVI N RED
FLEAPER 1% 5 2 CEREESHIERL 2 ITRIE CTh 5.
SRIE] - RO RE &K E OB 25 2 213,
KO KIHEE OHEEICIZ B ERERE RS, A
TRINETOMGHEREZZ LD, mHOKERE
TERTHIEETS.

EMRERIREE

SRIEWITI 2014 4F 5 H~ 2017 4F 1 ISl OfE
(N35°26.986", E132°57.636”; X 1) DX JE « EE/KY
YOV QL) &, diEICHBWTIE 2012 4 7 H~ 2016
A8 FICHLOE (N35°28.020°, E133°11.458° ;5 X 1)
IKCBWTHBRICERK Uz, ki, Vd— B RIEIK
anz AV, REGRNE, PokEgoHuDh, /Kl R 0.5
m IR BFEE TR U, BN, fkdsorh
DD, IEDS 1 m BICRBES TRK L. Bk
TEGFEREL NI NI R0WESICEE Lz, SEf Tl
2015 42 H, 2016 4£ 9 A3 KT 2017 4 1 HIZRUIL
TW3 (F1D. HiETIE 201342 H, 2013 47 H~
2014 4F 4 HEB LT 2015 4F 7 AIZRILTWS (F D).
BRAKIZRHD 20 HiigIctr o7z NI R AZ
U 12 BERILAPIC A IE T 0 )V Z—IC CHSE LTz, [
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Fig. 1 Map showing localities of surface and bottom
water samples in Lake Shinji and Lake Nakaumi (both

sites are at the central part of the lakes).

TAIVR—ITT SS 2T 2D, AV TI T4V
Z—TRNA VR —IT ZIn ZHOEEZBIEENTH
5728 TH%. T4V Z—IF 160 °C, 48 Wiz X4
Tz, THUZ SS DK IR R Z bR 29 %7
HTH5. idRHZIROR%, 4O X Mo iE(Rigaku,
RIX 2000) 7T/ (1987) ICHEDWTE T
M7 o7z, PEBIIZSENT 32 7H, WilE
T 38T HICHI=%. BOEX K e b %
HWETZEDT, TR REDERICETFEND
&0, ZORMNETHMEYDERLUITET
NTCEINTEEDTHS. A ClI/KEREOFEE
LTH®E MnO Wt%) & P,0s (Wt%) DWW TR
5. 5, Fe.0; Wt%) HHELIMNEE A LD
FemtiEnizh >z (E D). ThSDTEOIHHE
BRI O RSO b e U TORUE.

m R

RIEHD SS

HHOREMOREEKEKY > TIVD SS D
MnO ZHEOZEMEEET T T7IORT (K2). 7
F7 FOBAIERZ, WEkTHTITDRIEE
JE7KkD MnO & BEZHISERE/KDZNERT. D
RUICIRAD, MnO G H&IEHETE SSICEHFEN
% Mn OFEEZRLUIEEDT, Mn DL %R LT
EDOTIAEL.
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Fig. 2 Figure indicates MnO concentrations of SS and DO values of surface and bottom water

samples at central part of Lake Shinji. Data from May, 2014 to January, 2017 are indicated

by bar graph. Numbers indicated under horizontal axis are each month of water collections

carried out almost on 20th. Data of February, 2015, September, 2016 and January, 2017 are

missing.

M. RRIC 9 FIC DWW TR ERE L EEORE 81
M oTz. 2015 T 6 iR TR E LK E ORI &
EICAMICELED (05 wt% LU 1), 7H, 9 AT
FRNMEZ R D, 8 A, 10 A, 11 Hitkl ZA N3
RIS B, —17, 2016 4ETIE 2 HadkH(EESE 0.03
Wt%:+JEXJE 0.03 wt%) 75 8 H (%) 0.18 wt%:+ K& 0.42
wt%) ETHIIMLTWA. 7L, 8 HDEEHRT
13 MnO B &KWV, F/z, 10 ATIREEICHE AL
TW5 (K007 wt% « JiEJg 004 wt%). Fiz, /8
EIEEAE O MnO BHEETIE, 2LDEEND S
EOD, (FFFECIEZ RS

FAEWIL DD ERE EEED SS D P,0s B 2% A
C<#HET I 71T (K3). P,0swWt%) IZDWTI,
KERR KO RFARCRRIANZ N ST, ZD
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GAHARICODWVWTE 2T TR B L IKED 64 5K
DN 5 FHEZFRNT 0.3 wt% UL FTH%. P,Os &
FEFINCEZET B, 2014 FEH S 2016 4EE Tl
SEEANCIE R E e B,

753, Fe,05 ICDWVWTIE (R D REELIKED 64 51K
FLOWIME Tl wte L FTH B, 00 E W E
o UIDE, 2015 4F 11 AZRKKETEE (046 wt%),
2016 4E 1 AFRRIOEE (048 wt%), JEE (0.23 wt%)
TH5. 2ERELTIESS TD Fe,0; BE8IIMIHT
W &R

HRigdD SS
DO XREELIEED SS DITLEDHHEFRICDONT
SOEM EFARRICT R UTZ (X4, [X5) . Z DGR,
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£1 SE-REOWLO (X D ORJEKIB X TIEEKD SS DHOE X FROHTHER S K UOVATF B2 8 (DO) 2 /RY.
Table 1 Analytical results of SS (X-ray fluorescence analysis) and DO values of surface and bottom water samples at

central parts of Lake Shinji and Lake Nakaumi (indicated in Figure 1).

ExRWth) mg/L mg/L FEFRwth) mg/L mg/L
FRIEH Fe,0, MnO P,0; DO Fe,0, MnO P,0s DO i Fe,0; MnO PO, DO Fe,0, MnO P,0; DO
2014/5/24 2015/9/21 2012/7/7 2015/1/22
®RE 032 039 91 XRE 009 032 100| %EB 007 056 71 KRB 007 006 032 110
KR 058 047 07 [ERE 008 026 78| KRB 028 042 13 &R 007 034 49
2014/6/19 2015/10/21 2012/8/20 2015/2/26
®E 023 035 82 XRE 034 033 89| XRB 0.14 053 12 KRB 005 040 118
EE 027 037 35 [ERE 026 027 32| KRB 095 029 01 [EE 002 026 5.1
2014/7/21 2015/11/21 2012/9/22 2015/3/25
=E 020 037 82 XEB 046 015 046 94| KB 012 064 12 RE 009 034 111
BB 015 031 57 KR 024 038 14| ERE 107 055 01 KRB 006 026 50
2014/8/21 2015/12/24 2012/10/21 2015/4/19
=B 010 039 102 XEB 003 138| =@ 008 047 109 =B 008 031 104
EE 002 036 058 64 JER 002 63| ER 133 053 01 [EE 004 020 37
2014/9/21 2016/1/21 2012/11/21 2015/5/23
3] 043 042 84 XRE 048 004 042 125| RE 010 068 98 =B 013 022 84
EE 044 047 718 ERE 023 002 041 76| ERE 008 053 37 KRB 010 025 22
2014/10/18 2016/2/23 2012/12/20 20015/06/24
=E 010 018 041 98 RE 014 003 041 135| ®RE 008 033 106 XKE 007 021 83
EE 015 020 036 80 [ERE 002 035 124 KR 007 039 57 KR 009 021 06
2014/11/27 2016/3/23 2013/1/20 2015/8/23
E3E] 005 026 125 XRE 008 035 113| XRE 006 025 109 XRE 007 032 78
KB 007 034 54 [EE 008 039 93| KR 005 024 58 KRB 063 029 00
2014/12/26 2016/4/23 2013/3/20 2015/9/20
B 006 044 131 X[E 014 058 103| = 007 035 105 XE 006 043 88
ER 005 050 101 [EfE 013 054 34| ERE 007 033 50 KR 036 034 23
2015/1/21 2016/5/19 2013/4/20 2015/10/20
B35 006 004 035 128 XK@ 023 053 96| EE 012 037 94 KB 007 032 85
KR 009 004 035 116 [EfE 020 039 20| ER 008 030 29 KRB 013 023 17
2015/2/24 2016/6/23 2013/5/18 2015/11/22
=B 007 005 033 130 X/& 025 033 85| %R/@ 016 030 79 XRE 007 025 89
KB 022 006 037 106 JEE 026 035 07| KRB 012 024 27 [ERE 004 013 1.1
2015/3/25 2016/7/19 2013/6/27 2015/12/20
E3E] 011 036 119 RE 039 045 86| XRE 011 060 67 XRE 004 003 11.3
BB 008 024 76 KB 039 037 61| ERE 008 059 044 09 ERE 003 52
2015/4/18 2016/8/18 2014/5/19 2016/1/20
=B 004 038 125 XE 018 057 80| XR/E 024 032 76 XRE 001 028 116
EE 006 005 045 67 [EE 042 042 00| ERB 030 022 12 KR 004 031 70
2015/5/23 2016/10/22 2014/6/20 2016/2/23
=E 017 035 87 XE 007 038 89| EE 005 022 83 X[ 002 036 123
KR 013 030 82 [ERE 004 028 89| ERE 006 023 022 05 [EE 005 021 22
2015/6/18 2016/11/20 2014/7/20 2016/3/23
xRIE 0563 0374 84 XRE 009 032 105| =E 005 037 11 RfE 009 041 108
EE 0522 0364 1.1 KR 009 028 68| KR 013 038 08 [ERE 009 035 37
2015/7/19 2016/12/21 2014/8/20 2016/4/24
®E 0.149 0355 88 B 008 032 127| XK@ 008 046 100 X[E 008 034 93
EE 0134 0278 50 JE@ 008 032 12| ER 013 037 00 [ERE 006 028 24
2015/8/23 2017/2/26 2014/9/20 2016/5/21
=B 0408 0559 98 k& 039 009 043 121| ®RE 018 044 79 KB 010 032 85
EE 0447 0342 08 JEfE 016 007 036 123| EE 061 033 00 [EE 009 031 24
2014/10/19 2016/6/24
=2 008 033 101 RE 005 037 80
ER 003 033 22 [ERE 016 021 12
2014/11/21 2016/7/20
=E 005 046 116 X[E 005 036 7.1
&R 006 049 13 KR 012 029 00
2014/12/24 2016/8/20
=RE 032 003 040 119 XE 028 6.1
535 037 003 042 65 ERE 016 019 00
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Fig. 3 Figure indicates P,Os concentrations of SS of surface and bottom water samples at central

part of Lake Shinji. Data from May, 2014 to January, 2017 are indicated by bar graph. Numbers

indicated under horizontal axis are each month of water collections carried out almost on 20th.

Data of February, 2015, September, 2016 and January, 2017 are missing.

FHEEICHEWT MnO BN RG2S (X 4). 2012 4F
WBEEDO 8 H (095wt %), 9 A (1.07 wt%), 10 A (1.33
Wt%) ODJEJETIFFICE . 2013 4D 6 H, 2014 FF0
9 H, 2015 4D 8, 9 HICBWTEEED MnO ZH &N
L. 2016 FETIE 8 HICBWTHE, (X 4.

H1igED P,Os AR (X 5) Tld 2012 OB TEE
AR EL7EBH (05 wi KL E) W& 5. 2014 4E»
5 2016 FFICHBNTE KERARTROREWME (0.3 wi%
DB ZRddohHs. HilF TOREINRE{IC
DNTELAFTICBNTERLGLANDD, — %
AR S R,

Fe,0; ICDWWTIE (£ 1), KR 76 iR DA,
HhiED 2014 4F 12 AR C&E0.32 wi%), EJE0.37
wt%) 2 LIz D AT H O(Z DI E Nz,
3FEIT 01 wit% LLTR), SS TOEA &I TEW,
T bZRT.
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zZ =

FEWNIKKENTORHRMN B g 5 HE KA E K
ELTIRALT, HGIZEREKDFETS (il
FiZ 7, 2001). ZDizbBEZRLZoTKEK (=
EH, 201D 1, JKE 23S LT VB TAH S 85 G
FIEH, 2004). Mn IZ/KERBIICHB O CIIBELIE TR
BOZICBURIC K ST T30 1 DTHD (Ahmed
et al., 2011; Ishiga et al., 2018), HIAFOHEFREY)> 1
B TClE MnO, *° MnCO; L LTIFES . TNHD
Mn {EAYNEETERE TIREEN SEH LT Mn™ &
U COKIBHRICAETET 5. $kEE TN K BRI CIARR
T BN (Fe™), K0 5m R TTER BT TIERIBR/K D 5 HoS
MFAELT RIBIED, 2006), Lk (FeS) L LTIk
B9 %, EITIEREEIC D BIKE T D FeS ¥ MnS DA
fRIE RS Z /B3 5L [FeS: 37 X 10-19 (18 °C), MnS:
1.4 X 10-15 (18 °O) ], HAZDZHHL2EETH, 2004) Mn™
& Fe™ DX HITH,S EDISIC KO EYIZ e T,
BLICKWE EZD . D18, Mn™ BIsH LTIz EF
TKBRICE 5.
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Fig. 4 Figure indicates MnO concentrations of SS and DO values of surface and bottom water

samples at central part of Lake Nakaumi. Data from July, 2012 to August, 2016 are indicated

by bar graph. Numbers indicated under horizontal axis are each month of water collections
carried out almost on 20th. Data of February, 2013 and from July, 2013 to April, 2017 (interval

indicated by arrow), also July, 2015 are missing.

SRIE - v TIE R E/KIC LR U TR /K IZ B %
FELTEITMERRTENZVD B D, £B5
DINCHBNTEEZ/KD SS O MnO FAEIFE W (K
2, M 4). SLEHITIE 2014 4F 5 H, 2015 4E 6 [, 8 H,
11 [,2016 4£ 5 A,8 AICHBWTIEE/KDOTEEEZ (DO
mg/L) dRic k<%0 (M2, % 1), SS D MnO &
FEITEL<IZoTVS. HifED MnO & A &3, 2012
FIFELD 7~9 HOKE THINCIEFICHEL, 10 H
AT T 5. i, EEKD DO M 0.1
mg/L DTN EICBE T3 (K 4). Hig Tl
2013 4 6 H, 2014 /£ 9 H, 2015 4 8, 9 HOJEJFED SS
®D MnO FHEDEWVD, 2016 £ TIEWTHOALEC
NSDOEID B
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w EKEICEITS MnO ZHENCDOXIICEBT1
B Tm<Ias 0, PHBICBOTREMIEDFE
LG EEPEBELTS10THS Grll - KL,
2003). HiEOEEHETIE MnO DMEVWDIZTT
7 b DFE GEBEED, 1994) EIKTEERIC XD
MWRETH STz EZISNS. FICK>T MnO
Zb 32 0IF, BKEDSDOWEKOFH ADZEL %R
LTWARIEEEDYD % (FERIZ A, 1994 5 #HIF, 2003).

SIET & FED SS D MnO EA RO RO LR
Tl (X2, K4, 2014 ~ 2016 F DA FITBNT,
ORI O DMEV. #iiicIs13% DO & MnO @
BRZEXD DT EHIC, miEHEDI7axy
oy b2 ER Uz (K 6). SREIHTIE &R E/KD DO
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Fig. 5 Figure indicates P,Os concentrations of SS of surface and bottom water samples at central part of

Lake Nakaumi. Data from July, 2012 to August, 2016 are indicated by bar graph. Numbers indicated under

horizontal axis are each month of water collections carried out almost on 20th. Data of February, 2013 and

from July, 2013 to April, 2017 (interval indicated by arrow), also July, 2015 are missing.

JEJEKDZUCHARTE B Rmm (FIF 8 mg/L L
). UL, SSDMnO & A &ITLEKE K=K
TZNFEREEAERIIT. FREHOEEORE
DWW, 2014 4E 8 H, 9 H, 2016 47 HIic DWW Tl
DO A 6 mg/l L ETHBICENH DT, MnO EH &
1203 mg/L DL EEmEW. o3 #RZRLE, DO &
MnO ZH=ICIZIEOHEND B XA Z 5. FHEE
HhFR A X 6 1279 &, HhifRlZ MnO=0.28-0.20 log (DO),
R=0.74 £75%.

hiE DA TlE 2012 FE13 7 ~ 9 ADFIS I
W MnO EHEDTZDICT 57 O MO FH AN E
DIGED 2EL EE->THED, TS ERINT N
1E, MnO S EMH 0.6 wt% £ TOFPFICH BT &
MNohb. HiETlE DO ICDXWTIEEE/KIZDOWD
T, EEKEODEERISEWTENDNS. FEICE
W% DO & MnO A &EIIZIEOHENH 5. HHEY
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2 X 6 1S9 &, #i#5iE Mn0=0.23-0.26 log (DO),
R=0.65 L72%. Lizh-oT, miiflebIciZIZRERDI
LA DL S, MnO & &3 KR E/KOME L
HRICERBOFKCH A TH 2 VA 5.

M & 61 MnO A &OFHINEZHII IO
TFE TR T E 0D, 2014 ~ 2016 EDLE
IZDWT, 2258 (Mn0=0.18 wt%), Hig (MnO=0.11
wt%) TH5. RO EXEHERY) Tld MnO 54
13 0.06 ~ 0.54 wt%, - 0.26 wt% T % (Ahmed
etal, 2011). SRIEWHITIE MnO EHRICERZ(LH
RENZOTHEELLEKT ST LIETERWVD, SS D
E il (0.58 wt% ;2014 4F 5 HEfE) MHHERIOZh e
. HiEO R EHEREY) O MnO & A &1, 0.07 ~
1.09 wt%, i 0.19 wt% (Ahmed et al., 2010) T
D, SS ® MnO ZHEIXHEM DS &L FIU S FFHiZ
k2R D, REHEEYIOME TWEDNH .
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Fig. 6 Cross plots of MnO concentrations of SS and DO values of surface and bottom water

samples at central parts of Lake Shinji and Lake Nakaumi. Correlation curve of Lake Shinji is

indicated excluding circled three samples. Correlation curve of Lake Nakumi is also indicated.

P,Os B & Tl 2012 FE OO KR T L g ik
WELlEZHAND S (K5). TS50 7 0%
FICKINTHEDEEZLNS. 2014 )5 2016 4F
KBV TEEREAR TR WEZRTEDNHD,
PIXT I b NIINERN, FNASS ELTEEN
TWaEWVWAS. FHiINRZEE LTI 2014 48, 2015
T 5 A, 6 HOMRTRRELA->TNA.

FSEME TRED SS D P,Os &4 f Dt & DLk
TlZ, 2014 -~ 2016 FEDOFYIE T, 558 (P,0s=0.37
wt%), i (P,0s=0.30 wt%) THREIMDE R D75
MEWV. TOTEREYEERD, FEMDO T
XVAMREMEZ RS Fe, COHIZSIOER DR EHE
BV cHmE I P.Os &A= (007 ~ 034 wt%,
il 0.2 wt%; Ahmed et al., 2011) Z x5 M a3
HTH%. HiFORBHERYIO P,Os G = (0.10 ~
0.25 wt%, “FEME 0.16 wt% ; Ahmed et al., 2010) &Lt
9% & SRGEM O G L FIERIC SS D P,Os BTHED
JIMVE.

REWMEPEOZNTNOEBEEIEED SS D
MnO wt%) Z A= S E LT 2% L BIIOKBLIEZ AR
FIELT, KESEREIE TTNEZ->TVS. LKL,
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RIEWITIEEELIEEDO MnO A EIZ AN ZD
7z, SS IS RN Mn {bEYZ STk R E X
THIELTNB T E (KEOEEZKDPEE EH-T
W3) T 5. £iz, HiEOKED SS O MnO
GHERIE, REMOZTNEERTHMMICE . T
DT EIX, HiETIIES OEVIEEKD KDL
TLAMIIKBLE D, ETNEREREZERK LTS
EWVWAS. RETEIREKIGETCNEE>TWVSE
EZHLNBD, KELERETO MO ZHRICKER
BEON TN EIX, BHRICBOTE LD KO
EIGERMNEFR TH B REMEN D 5 (TR IZ A, 2001 ;
i« KAk, 2003).

5, Wil B Fe,0; MFE A EHMHE I NIEh >
fezld GR D, Fe BEETHIEYIT Z> RAZ)V
ISATA MBS % LR HVREL 725728 SS i
FENIZOATEENZ "B T 5.
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¥ & B

FR5HEIM (2014 ~ 2017 4F) B XU HIHE(2012 ~2016 4F)
DML TRIE N8 & ORGSOV T
SS (FHEYNED) DHOEXK 2T o7z, OB
KUHHIC BT S SS DHIER{L2E 0 H1 i HIK BRI DT
MiZ1T 27z DIEHDTDIATH 5. KBTI NT
IFEBELEBORET MnO 4 RICOVTIEAXR
AFUIFRD NI 5Tz, g Tl 2012 4F50R T
JED MnO ZHENEZELIGWVEDONH 5. mifled
ICIEERRELD SS O MnO S &1L DO (AT &)
L IEOFHEIMN A SN, SS O MnO &H & HI/KOME
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