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Factors explaining some element concentrations of the sediments
in 28 Japanese eutrophic lakes

B &5 R EVYXE H = N B & &Y
Takehiko FUKUSHIMA*!, Kohji AMANO*!, Kohji MURAOKA*?

ABSTRACT; Concentrations of 16 elements were analyzed for sediments and suspended particulate
matter samples obtained in Japanese 28 eutrophic lakes. Using some statistical analysis methods, those
concentrations in sediments were 'grouped into 1) alkali metals and alkaline earth metals (Na, Mg, Ca,
Sr, K), 2 ) elements originated from soil particle or rock (Ti, Fe), 3) elements having significant
anthropogenic inputs (P, Cr, Cu, Zn), and 4 ) organic carbon and nitrogen. The ratio of suspended
particulate matter to sediments decreased in the order of group 3), 4), 1), and 2) . Elements
belong in group 3 ) had larger variations in not only sediments concentrations but also suspended
particulate matter concentrations in the 28 lakes than elements of other groups. Some significant factors
were pointed out to explain sediments concentrations of respective groups, group 1 ) dissolved Na
concentration in lake water, 2 ) Ti concentration in suspended particulate matter which reflects the
inflow rate of soil particles from watershed, 3) TP concentration in lake water representing the degree
of anthropogenic loads, and 4 ) chlorophyll—a concentration in lake water divided by the areal ratio of
drainage to lake surface, deducible simply from the budget of organic matter in sediments.

KEYWORDS; Sediments, Suspended particulate matter, Anthropogenic input, Phytoplankton production
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Table 1  Sampling date, sampling point number, morphometric and chemical characteristics of 24 lakes

examined in this study.

Lake name Date*! Points'2  h (@)'® Ac (km2)'* A (kw2)*® T (¥)°% TP (we/1)*7T Na (wg/1)"® Symbol
L. Kasumigaura 3.8 171.0 1446.0 0.67 0.068

Takahamairi 1986. 7. 1 6 18.9 Ta

Onogawairi 1986. 8. 8 5 29.2 No

Tsuchiurairi 1986. 9.11 3 27.1 Ts
L. Teganuma 1986. 8.19 3 2.4 6.5 156.0 0.048 0.540 22.1 Te
L. Inbanuma 1986. 9.24 5 1.7 11.8 503.1 0.048 0.120 13.8 In
L. Shirakaba 1986.10. 6 1 2.7 0.36 6.14 0.223 0.025 2.7 Sr
L. Suwa 1986.10. 7 4 4.6 18.3 531.2 0.109 0.078 12.3 Su
L. Aburagafuchi 1986.10. 8 2 3.1 0.64 45.7 0.038 0.460 1348. Ab
L. Sanaru 1986.10. 8 2 1.5 1.21 18.6 0.048 0.450 742. Sa
L. Yunoko 1986.11. 1 1 7.4 0.35 14.0 0.111 0.035 11.0 Yu
L. Kahokugata 1986.11. 6 3 2.2 6.05 280.1 0.032 0.104 33.4 Ka
L. Kibagata 1986.11. 6 2 1.6 1.14 38.2 0.023 0.098 17.0 Kb
L. Shibayamagata 1986.11. 7 2 2.7 1.85 156.8 0.011 0.075 26.5 Sb
L. Kitagata 1986.11. 7 3 2.7 2.15 34.6 0.15 0.045 1817. Ks
L. Kojima 1987. 4.13 3 1.6 10.88 557.2 0.043 0.280 159. Ki
L. Tanegaike 1987. 4.14 1 8.3 0.18 1.686 0.40 0.013 13.1 Tn
L. Koyamaike 1987. 4. 14 2 2.7 7.08 42.5 0.18 0.052 111, Ky
L. Tougoike 1987. 4.14 2 1.8 4.08 51.3 0.073 0.061 1063. To
L. Kitaura 1987. 9.21 5 4.5 34.0 411.4 0.57 0.053 40.7 Kt
L. Harutori 1987.10. 5 2 2.6 0.38 4.0 0.20 0.270 588. Ha
L. Touro 1987.10. 5 2 5.0 6.37 131.3 0.20 0.132°¢ 19.8 Tr
L. Akan 1987.10. 6 3 18.7 13.3 148.0 1.35 0.027 24.0 Ak
L. Abashiri 1987.10. 6 3 8.1 32.9 1342.8 0.38 0.132 2080. As
L. Barato 1987.10. 8 2 3.3 4.37 145.1 0.052 0.188°° 174. Ba
L. Tamoginuma 1987.10.27 2 3.3 1.59 25.8 0.22 0.045 16.9 Tm
L. Ichiyanaginuma 1987.10.27 2 2.2 1.71 15.4 0.24 0.073 13.2 Ie
L. Hachiro 1987.10.28 3 5.9 45.0 844.0 0.15 0.075 22172. He
L. lzunuma 1987.10.29 2 0.9 2.89 58.9 0.069 0.125 17.5 Iz
L. Naganuma 1987.10.29 2 2.0 3.17 10.0 0.51 0.080 8.7 Na
L. Toyanogata 1988. 3.24 3 2.2 1.62 94.2 0.0077 0.42 72.4 - Tg

x1; sampling date, *2; number of sampling points, *3; mean depth, x4; lake area, x5; watershed area (excluding lake ar
ea), *6; retention time, x7; mean concentration of TP (from Fukushima et al. 1988), *8; measured value of dissolved Na ¢
oncentration at the central point of lake, ¥9; measured value
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Table 2 Measuring items and analytical methods.

Lake sediments ) methods
organic carbon (OC), organic nitrogen (ON) 1
phosphorus (P1) 2
Na, K, Mg, Ca, Sr, Al, Ti, V, Cr, Mn, Fe, Cu, Zn, P (P2) 3
particle size (FRP; =20u m, MPR; 20u n< =T744nm, LPR; >T4um) 4

Lake water
Dissolved component (=0.4um)

dissolved phosphorus (DP) ) 2
Na, K, Mg, Ca, Si 3

Particulate component (>0.4x m)

suspended solids (SS)
chlorophyll-a (Chla)
particulate organic carbon (POC), particulate organic nitrogen (PON) 1
particulate phosphorus (PP1)

Na, K, Mg, Ca, Sr, Al, Ti, V, Cr, Mn, Fe, Cu, Zn, P (PP2)

“ N

1; CHN analyzer (Yanagimoto MT-5), 2; Autoanalyzer (Technicon Type-2), 3; ICP
(Jarrell-Ash Atomcomp Model-975), 4; some sieves
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Table 3

Mean concentrations of some elements in sediments and suspended matter. Two figures in the parenthese show

the range of measured values.

oc (POC) ON (PON)  PL (PP1) P2 (PP2) Na K Ti Mn Fe Cu Zn
[Sediments]
Central points 48.5 5.32 1.35 1.55 16.2 12.6 3.26 0.98 43.5 0.075 0.282
(24 points) (10.6-120.6)(1.0-12.8)(0.33-4,86)(0.44-5.95)(4.6-68.0)(5.0-22.5)(1.72-4.51)(0.25-2.45)(23.2-78.8)(0.022-0. 166) (0. 075-1. 344)
All points 46.3 4.82 1.66 1.92 13.0 12.8 3.63 1.15 47.3 0.088 0.271
(75 points) (10.6-144.0)(1.0-12.8)(0.33-10.8)(0.26-13.3)(3.3-68.0)(4.6-28. 1)(1.28-5.87)(0. 25-6.69) (16.9-83.5) (0. 022-0. 321)(0. 062-1. 344)
Lake Biwa®' - 3.0 - 1.15 9.3 24.0 4.5 3.76 45.3 0.076 0.203
Lake Chuzenji®? 38.8 3.8 0.96 1.12 10.2 11.0 1.89 0.94 28.1 0.088 0.142
Crust"? 0.20 0.02 1.05 28.3 25.9 4.40 0.95 50.0 0.055 0.07
[Particulate matter]
Central points 183. 34.6 3.85 5.13 9.4 8.8 1.33 8.12 32.4 0.436 0.341
All points 178. 32.8 4.23 5.12 7.9 8.6 1.74" 5.52 39.3 0.388 0,290

x1; north basin, 24 sites (Takamatsu ed. 1985), x2; 5 sites, *3; Mason (1970)
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Table 4 Correlation matrices for some concentrations in sediments (1) and suspended particulate matter (2). Asterisks
indicate significance at P<{0.05. (Data set B)

(2)
POC PON PP2 Na K Mg Ca Sr Al Ti v Cr Mn Fe Cu In
0.94 0.14 -0.30 -0.36% -0.44x -0.07 -0.12 -0.65x -0.65x 0.583 0.04 -0.27 -0.43% 0.04 -0.15 POC
(1) FPR 0.21 -0.18 -0.16 -0.25 -0.11 -0.12 -0.57x -0.57« 0.68 0.06 -0.256 -0.44x -0.03 -0.12 PON
LPR -0.77x 0.39x 0.45x 0.16 0.17 0.52x -0.41x -0.41x 0.59 0.45x 0.15 0.37x 0.27 0.09 PP2
oc -0.24 0.19 0.49x 0.65x -0.18 0.62x -0.26 -0.24 -0.13 0.47x 0.83x -0.15 0.09 0.10 Na
ON -0.22 0.18 0.93x 0.62x 0.29 0.54x 0.26 0.28 -0.19 0.28 0.32 0.17 -0.11 -0.03 X
P2 0.25 -0.32 0.39x 0.27 -0.05 0.30 0.26 0.3t -0.48 0.00 0.30 0.05 -0.25 -0.12 Mg
Na 0.74x -0.41x -0.28 -0.27 -0.09 0.27 0.20 0.33 -0.35 -0.21 0.11 0.28 -0.24 -0.13 Ca
K 0.25 -0.11 -0.56% -0.68x 0.01 0.34 -0.24 -0.24 0.006 0.66x 0.68x -0.10 0.47x 0.28 Sr
Mg 0.53x -0.41x -0.44x -0.47 0.02 0.73x 0.50x 0.96x -0.79x -0.33 -0.27 0.29 -0.20 0.20 Al
Ca 0.16 -0.07 - 0.01 -0.06 0.11 0.49x 0.03 0.53x -0.78x -0.40x -0.21 0.32 -0.30 0.17 Ti
Sr 0.25 -0.23 -0.25 -0.35 0.07 0.57% 0.40x 0.71x 0.84x 0.05 0.49 -0.59 0.22 -0.22 V
Al 0.06 -0.25 -0.48x -0.56x -0.17 0.07 0.81x 0.42x 0.18 0.47x 6.49% -0.21 0.70x 0.32 Cr
Ti 0.02 -0.30 -0.40x -0.44x 0.03 -0.00 0.22 0.35 0.12 0.25 0.53« -0.17 0.32 0.17 Mn
v -0.16 -0.17 0.14 0.16 0.29 -0.23 -0.48x -0.14 0.18 0.06 -0.19 0.13 -0.11 0.09 Fe
Cr 0.07 -0.05 -0.12 -0.11 0.20 -0.02 0.i12 0.38x-0.06 -0.01 0.16 0.23 -0.03 0.41x Cu
Mh -0.14 -0.10 -0.00 0.12 0.00 -0.35 -0.46x -0.40x -0.14 -0.29 -0.31 -0.25 0.50x -0.15 Zn

Fe 0.07 -0.32 -0.09 -0.09 0.56x -0.28 0.03 0.02 -0.10 -0.11 0.12 0.62x 0.33 0.20 0.02
Cu 0.07 -0.18 -0.12 -0.18 0.45x -0.08 0.22 0.25 0.17 0.17 0.30 0.29 0.23 0.74x 0.03 0.38x
Zn -0.00 -0.05 0.13 0.12 0.38x -0.10 0.07 0.01 -0.12 -0.16 -0.08 0.16 -0.12 0.39x -0.14 0.20 0.38x
FPR LPR oc ON 24 Na K He Ca Sr Al Ti ¥ Cr Lt Fe Cu In
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Ca Atz £, ¥hFORBEINEE The symbols in the figure are explained in Table 1.
BMTHHZ L, QTEABCETREBE (Data set B)



BEOMRIC L » THEEANZ LV 2 OREAHFTETREBOB BEBMBEAE /LY, 5K
ThOVEBCBETA L BUBLIABRBREEL L, QRAREORBYORARNERLTVWEDT
BisvwhrbExbh, ¥, 7V =7 (b)&(d)DHEOBVADEBIA—$BOERBEN»>BLI D
EESRSALT @B 1987, REDPOEE, EERSOBBRELXEZR LT3, 28, 7728 4
M IBRDDIN—FHTORERIEBOLDLIBEALALTH - 72,

#£\C Table 5 KITRBEYWER L EBER & OB~ L) » 7 2% TS, RS (AULTEOREY, &
BRIDOHEBERED 2R3 L, 20— F(a), (b)) TH I DEVEOCHE, 72— 7 (d) Tk WEDHER, »
=T (c)DPLSMIEERE S hisy, ZOEEZ3.4TTFS,

Table 5 Correlation matrix between some concentrations in sediments and those in suspended particulate matter.
Asterisks indicate significance at P<0.05. (Data set B)

Suspended particulate matter
poc PON pP2 Na K Mg Ca Sr M Ti v cr Mn Fe Cu Zn
0C 0.38x 0.25 0.10 -0.36x -0.39%¢ -0.55x 0.13 -0.19 -0.37%* -0.34 0.38 0.00 -0.20 0.21 0.11 -06.05
ON 0.40x 0,30 0.07 -0.33 -0.33 -0.51x 0.i0 -0.16 -0.38 -0.35  0.41 -0.02 -0.25 0.08 0.001 -0.18
Pz -0.02 -0.06 0.48x -0.18 -0.02 ~-0.11 0.3¢ -0.04 -0.13 -0.05 0.02 -0.22 ~-0.02 0.76x 0.05  0.03
Na -0.18 -0.11 0.25 0.70x 0.46x 0.46x 0.10 0.66x -0.24 -0.16 -0.14 0.36x 0.68x -0.18 0.12 0.0l
kK -0.42 -0.3¢ 0.17 0.82 0.31 0.42¢« -0.23 0.13 0.16 0.16 -0.19 0,08 0.18 . 0.22 0.08 0.23
Mg -0.12x -0.05 0.08 0.50x 0.2 0.53% 0.05 0.31 -0.19 -0.08 -0.40 0.03 0.53x -0.13 -0.11 -0.08
Ca 0.21 0.20 -0.01 ~-0.12 0.03 -0.04 0.39x -0.00 -0.09 0.04 -0.30 -0.11  0.05 ~-0.11 -0.09 -0.00
0.t1 0.10 0.02 0.06 0.14 0.11 0.38 0.19 -0.09 0.00 -0.35 0.0 0.28 ~-0.13 0.02 0.04
Al -0.17 -0.14 -0.32 0.07 -0.13 0.18 -0.28 -0.23 0.25 0.22 -0.85 -0.12 ~0.02 -0.13 -0.00  0.08
Ti -0.28 -0.28 -0.39x -0.16 -0.04 0.33  G.17 -0.29  0.47x 0.53x -0.43 -0.57x 0.01  0.13 -0.43x -0.40%
y 0.45x  0.38%x 0.07 -0.42¢« -0.24 -0.36x 0.37x 0.03 -0.03 -0.06 ©0.28 -0.18 -0.06 -0.04 0.05 -0.04
¢cr 0.21 0.81 0.23 0.32 -0.01 0.54x -0.18 -0.14 -0.22 -0.17 -0.29 -0.33 -0.12 -0.02 -0.30 -0.12
Mn  0.17 0.18 0.18 -0.27 0.03 -0.18 0.07 0.04 0.14 0.01 -0.24 0.15 -0.31 -0.02 0.18 ~-0.13
Fe -0.15 -0.14 -0.02 -0.27 -0.09 0.08 0.15 -0.84 0.25 0.32 -0.24 -0.59% -0.26  0.61x -0.44x -0.25
Cu 0.11 0.2l 0.44x 0.08 0.06 0.30 0.07 -0.13 -0.02 0.02 0.16 -0.31 ~-0.24 0.26 ~-0.20 0.04
Zn  -0.22 -0.17 0.17 0.0t 0.13 0.23 -0.01 -0.16 0.16 0.17 -0.43 -0.14 -0.02 0.41x 0.01 0.1
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