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The flowchart for the analysis of moisture, ignition loss, and silt fraction in the sediments of Shidugawa and Furue Bays is shown in Fig.S1.
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Fig. S1 The flowchart for the analysis of moisture, ignition loss, and silt fraction in the sediments of Shidugawa Bay and Furue Bay 
1) Moisture content, ignition loss of sediments, total carbon analysis

The analysis for moisture content, ignition loss, and total carbon were prepared according to previous studies(Han et al., 2020). Sediment particle size analysis 

Silt fraction of sediment samples was calculated by the equation (1)
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 is the weight of dry sediment of <75 µm; <250 µm; <850 µm; and <2mm.

The sediments were divided into four sizes of particles; coarse sand (particle diameter is >2000 mm), medium sand (particle diameter is 850~2000 mm), fine sand (particle diameter is 250~850 µm µm), and silt sand (particle diameter is 75 ~250 µm). The preparation of fractions of particles are described in the survey guideline of sediment (Ministry of the Environment, 2012). After immersing the whole sediment sample (wet sample) in milli-Q for 2 hours, sediments were passed through a set sieve that combines four types of sieves with pore sizes of 2 mm,75µm, 250 µm, and 850 µm. Washing was finished until the washing liquid became transparent. 

Table S1 Analysis of metals in the certified sediments (a), recoveries (%) of sediments samples (b), and measured values in fish feeds taken from Shidugawa and Furue Bays (c)
a) Recoveries in certified sediments(Han et al., 2020)
	Certified reference

 material
	Metals
	Certified value
	Measured value
	Average recovery

	
	
	(mg/kg)
	(mg/kg)
	(%)

	
	
	
	(n=3)
	

	
	Ni
	21.8 ± 2.50
	22.3 ± 0.90
	102

	
	Cu
	23.1 ± 3.10
	25.7 ± 0.97
	111

	
	Zn
	107 ± 5
	110 ± 0.32
	105

	
	Cd
	0.34 ± 0.02
	0.35 ± 0.02
	104

	
	Pb
	31.3 ± 1.10
	32.7 ± 9.35
	105


	b) Recoveries of metals in spiked sediments
　
	　
	Ni
	Cu
	Zn
	Cd
	Pb

	Shidugawa Bay
	Measured values (mg/kg)
	25.5 ± 0.6
	25.6 ± 0.6
	117 ± 3.8
	0.430 ± 0.01
	24.7 ± 0.001

	
	Recovery (%)
	116 ± 2.5
	111 ± 2.6
	109 ± 3.5
	126 ± 1.8
	79.1 ± 0.003

	Furue Bay
	Measured values (mg/kg) 
	20.1
	20.1
	92.2
	0.371
	24.6

	　
	Recovery (%)
	92.2
	86.9
	86.2
	108
	78.5


Table S2 Total carbon (TC), ignition loss (IL), and sediment fractions of Shidugawa Bay (a) and Furue Bay (b)
a) Shidugawa Bay
	Shidugawa Bay (April, 2017)
	sh1
	sh2
	sh3
	sh4
	sh5
	sh6
	sh7
	sh8

	Ignition loss (%)
	9.70
	6.44
	4.95
	5.66
	6.93
	4.31
	5.03
	5.39

	Silt fraction (%)
	65.7
	55.1
	26.3
	23.6
	39.9
	12.3
	2.44
	22.6

	Medium sand (%)
	30.5
	43.1
	33.1
	58.1
	57.3
	31.0
	43.9
	50.8

	Coarse sand (%)
	3.81
	1.80
	40.7
	18.3
	2.80
	56.7
	53.7
	26.6

	Moisture Content (%)
	41.3
	28.7
	23.4
	27.2
	28.3
	24.3
	28.1
	28.1

	
	
	
	
	
	
	
	
	


	Shidugawa Bay (August, 2017)
	sh2'
	sh4'
	sh5'
	sh7'
	sh8

	Ignition loss (%)
	7.00
	8.40
	7.67
	6.42
	7.28

	Silt fraction (%)
	46.9
	56.3
	51.1
	50.4
	50.7

	Medium sand (%)
	45.4 
	40.6 
	43.5 
	39.7 
	37.9 

	Coarse sand (%)
	7.58 
	2.99 
	5.18 
	9.58 
	10.8 

	Moisture Content (%)
	37.6
	39.5
	44.1
	34.4
	36.5

	b) Furue Bay

	Furue Bay 
(July, 2016)
	fu1
	fu2
	fu3
	fu4
	fu5

	Ignition loss (%)
	9.90
	12.5
	8.95
	12.1
	9.53

	Silt fraction (%)
	39.5
	46.0
	41.8
	39.0
	42.6

	Medium sand (%)
	42.6
	38.8 
	37.0 
	31.1 
	32.3 

	Coarse sand (%)
	17.5 
	8.74 
	22.2 
	19.3 
	25.1 

	Moisture Content (%)
	45.0
	50.8
	36.3
	46.4
	40.0

	Furue Bay (December, 2016)
	fu1'
	fu2'
	fu3'
	fu4'
	fu5'

	Ignition loss (%)
	9.48
	10.5
	9.54
	8.54
	9.48

	Silt fraction (%)
	38.6
	44
	39.8
	37
	38.6

	Medium sand (%)
	44.6
	48.8 
	35.5 
	31.1 
	29.7 

	Coarse sand (%)
	16.8 
	5.74 
	20.2 
	19.3 
	28.1 

	Moisture Content (%)
	48.7
	44.6
	41
	40.7
	48.7
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Fig. S2 Distribution of sediment fractions (clay, fine sand, medium, and silt fractions) in the sediments of Shidugawa and Furue Bays
Table S3 Loadings of principal components of total metals and physicochemical parameters in the sediments of Shidugawa Bay (a) and Furue Bay (b)
a) Shidugawa Bay

	　
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9

	Ni
	-0.322 
	-0.136 
	0.029 
	-0.206 
	0.100 
	0.379 
	-0.366 
	-0.163 
	-0.134 

	Cu
	-0.250 
	-0.176 
	0.372 
	-0.522 
	-0.172 
	-0.260 
	0.498 
	-0.204 
	-0.112 

	Zn
	-0.329 
	-0.062 
	-0.081 
	0.006 
	0.312 
	0.111 
	-0.101 
	-0.624 
	0.379 

	As
	-0.297 
	-0.133 
	0.276 
	-0.334 
	0.278 
	-0.079 
	-0.098 
	0.495 
	0.211 

	Pb
	-0.334 
	0.117 
	0.022 
	0.036 
	0.062 
	0.172 
	-0.151 
	0.080 
	-0.782 

	Cd
	-0.291 
	-0.209 
	-0.215 
	0.184 
	-0.170 
	0.618 
	0.524 
	0.266 
	0.172 

	IL
	-0.316 
	-0.111 
	0.031 
	0.319 
	0.295 
	-0.308 
	-0.144 
	0.383 
	0.173 

	Moisture
	-0.292 
	0.225 
	-0.060 
	0.393 
	0.333 
	-0.302 
	0.430 
	-0.193 
	-0.182 

	Silt fraction
	-0.315 
	-0.075 
	0.038 
	0.211 
	-0.544 
	-0.197 
	-0.193 
	-0.060 
	0.066 

	Fine sand
	0.035 
	-0.219 
	-0.773 
	-0.386 
	0.205 
	-0.209 
	0.066 
	0.071 
	-0.126 

	Medium sand
	0.293 
	0.168 
	0.311 
	-0.035 
	0.444 
	0.290 
	0.158 
	0.014 
	-0.021 

	Fe
	0.124 
	-0.677 
	0.135 
	0.184 
	0.139 
	0.006 
	-0.110 
	-0.170 
	-0.109 

	Mn
	-0.233 
	0.518 
	-0.109 
	-0.232 
	-0.042 
	0.077 
	-0.130 
	-0.010 
	0.208 

	Clay
	-0.144 
	0.509 
	0.075 
	0.285 
	0.502 
	0.321 
	-0.422 
	-0.098 
	-0.219 

	Standard deviation
	2.931 
	1.332 
	1.147 
	0.804 
	0.568 
	0.434 
	0.319 
	0.207 
	0.116 

	Proportion variance
	0.661 
	0.137 
	0.101 
	0.050 
	0.025 
	0.014 
	0.008 
	0.003 
	0.001 

	Cumulative proportion
	0.661 
	0.797 
	0.899 
	0.948 
	0.973 
	0.988 
	0.995 
	0.999 
	1.000 


b) Furue Bay

	　
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8

	Ni
	-0.38 
	0.08 
	0.04 
	-0.13 
	0.14 
	0.11 
	0.32 
	-0.25 

	Cu
	-0.05 
	-0.44 
	-0.28 
	0.39 
	-0.16 
	-0.34 
	0.31 
	-0.54 

	Zn
	-0.32 
	-0.12 
	-0.26 
	0.24 
	-0.12 
	-0.19 
	0.26 
	0.71 

	As
	-0.37 
	0.00 
	0.08 
	0.15 
	-0.12 
	-0.05 
	-0.68 
	-0.22 

	Pb
	-0.39 
	-0.07 
	0.04 
	-0.02 
	0.04 
	-0.03 
	0.04 
	-0.02 

	Cd
	0.36 
	0.18 
	-0.07 
	-0.07 
	0.00 
	0.25 
	0.34 
	-0.10 

	IL
	0.19 
	-0.49 
	-0.10 
	-0.15 
	-0.16 
	0.05 
	-0.25 
	0.24 

	Moisture
	-0.04 
	-0.45 
	0.00 
	-0.41 
	-0.49 
	0.39 
	0.07 
	-0.08 

	Silt fraction
	0.02 
	-0.22 
	-0.50 
	0.19 
	0.55 
	0.47 
	-0.18 
	-0.02 

	Fine sand
	0.06 
	-0.14 
	0.57 
	0.37 
	-0.08 
	0.14 
	0.11 
	0.06 

	Medium sand
	-0.07 
	0.34 
	-0.44 
	-0.33 
	-0.29 
	-0.22 
	-0.05 
	-0.06 

	Fe
	-0.38 
	0.01 
	0.08 
	-0.14 
	0.09 
	0.24 
	0.20 
	-0.02 

	Mn
	-0.38 
	0.00 
	0.07 
	-0.11 
	0.04 
	0.22 
	0.05 
	0.04 

	Clay
	0.02 
	-0.35 
	0.20 
	-0.49 
	0.50 
	-0.47 
	0.03 
	0.01 

	Standard deviation
	2.56 
	1.66 
	1.48 
	1.19 
	0.80 
	0.49 
	0.32 
	0.26 

	Proportion variance
	0.47 
	0.20 
	0.16 
	0.10 
	0.05 
	0.02 
	0.01 
	0.00 

	Cumulative proportion
	0.47 
	0.67 
	0.82 
	0.92 
	0.97 
	0.99 
	0.99 
	1.00 


Table S4 Pearson correlations matrix for the metals　in sediments and in fish feeds collected from Shidugawa and Furue Bays (April/2017 and August/2017)
a) Shidugawa Bay

	
	Mn
	Fe
	Ni
	Cu
	Zn
	As
	Cd
	Pb

	Mn
	1.000
	
	
	
	
	
	
	

	Fe
	0.955*
	1.000
	
	
	
	
	
	

	Ni
	0.938*
	0.989*
	1.000
	
	
	
	
	

	Cu
	0.571*
	0.629*
	0.667*
	1.000
	
	
	
	

	Zn
	0.258
	0.095
	0.102
	0.409*
	1.000
	
	
	

	As
	0.894*
	0.929*
	0.943*
	0.816*
	0.161
	1.000
	
	

	Cd
	-0.303*
	-0.445*
	-0.416*
	0.038
	0.824*
	-0.356*
	1.000
	

	Pb
	0.955*
	0.932*
	0.917*
	0.652*
	0.327*
	0.879*
	-0.201*
	1.000


b) Furue Bay (July/2017 and December/2017)
	
	Mn
	Fe
	Ni
	Cu
	Zn
	As
	Cd
	Pb

	Mn
	1.000
	
	
	
	
	
	
	

	Fe
	0.993*
	1.000
	
	
	
	
	
	

	Ni
	0.992*
	0.998*
	1.000
	
	
	
	
	

	Cu
	0.011
	0.077
	0.079
	1.000
	
	
	
	

	Zn
	-0.765*
	-0.797*
	-0.807*
	0.217
	1.000
	
	
	

	As
	0.746*
	0.675*
	0.664*
	-0.319
	-0.311
	1.000
	
	

	Cd
	-0.773*
	-0.772*
	-0.767*
	0.269
	0.842*
	-0.415
	1.000
	

	Pb
	0.994*
	0.993*
	0.991*
	0.115
	-0.725*
	0.719*
	-0.736*
	1.000


Green color: significantly positive correlation; pink color: negatively correlation. 
*: p<0.005.

a) Table S5 Pearson correlation among geochemical fractionations extracted from sediments, total metal concentrations in sediments, and physio-chemical properties of sediments from Shidugawa and Furue Bays
b) Shidugawa　Bay
	Ni
	Total Ni-Sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand

(%)
	Medium sand

(%)
	Total Mn-sediment
	Total Fe-sediment
	F1
	F2
	F3
	F4

	Total Ni-Sediment
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	0.849*
	1.000
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.675*
	0.864*
	1.000
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.840*
	0.876*
	0.755*
	1.000
	
	
	
	
	
	
	
	

	Fine sand (%)
	-0.032
	-0.130
	-0.174
	-0.185
	1.000
	
	
	
	
	
	
	

	Medium sand (%)
	-0.808*
	-0.800*
	-0.664*
	-0.898*
	-0.266
	1.000
	
	
	
	
	
	

	Total Mn-sediment
	0.557*
	0.472
	0.727*
	0.533*
	-0.109
	-0.478
	1.000
	
	
	
	
	

	Total Fe-sediment
	-0.188
	-0.147
	-0.532*
	-0.235
	0.125
	0.179
	-0.918*
	1.000
	
	
	
	

	F1
	0.562
	0.798*
	0.722
	0.812*
	-0.189
	-0.677
	0.481
	0.507
	1.000
	
	
	

	F2
	0.597
	0.194
	-0.003
	0.037
	0.613
	-0.564
	0.677*
	0.678
	-0.206
	1.000
	
	

	F3
	0.964*
	0.720
	0.455
	0.822*
	0.083
	-0.909*
	0.914*
	0.934*
	0.715
	0.479
	1.000
	

	F4
	0.999*
	0.667
	0.202
	0.808*
	0.004
	-0.820*
	0.985*
	0.987*
	0.527
	0.611
	0.949*
	1.000


 Green: positive correlation. Pink: negative correlation.

*: p < 0.05

F1: acid soluble/exchangeable, F2: oxidizable-fraction (Fe-Mn oxides), F3: organic/sulfide-fraction, and F4: residue fractions (clay minerals mainly including silicates, etc.).

	Cu
	Total Cu-

Sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand

(%)
	Medium sand

(%)
	Total Mn-

sediment
	Total Fe-

sediment
	 F1
	 F2
	 F3
	F4

	Total Cu-Sediment
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	0.608*
	1.000
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.414
	0.864*
	1.000
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.678*
	0.876*
	0.755*
	1.000
	
	
	
	
	
	
	
	

	Fine sand (%)
	-0.253
	-0.130
	-0.174
	-0.185
	1.000
	
	
	
	
	
	
	

	Medium sand (%)
	-0.550*
	-0.800*
	-0.664*
	-0.898*
	-0.266
	1.000
	
	
	
	
	
	

	Total Mn-sediment
	0.356
	0.472
	0.727*
	0.533*
	-0.109
	-0.478
	1.000
	
	
	
	
	

	Total Fe-sediment
	-0.062
	-0.147
	-0.532*
	-0.235
	0.125
	0.179
	-0.918*
	1.000
	
	
	
	

	 F1
	0.657
	0.210
	-0.334
	0.200
	0.196
	-0.360
	0.708
	0.679
	1.000
	
	
	

	 F2
	0.730
	0.199
	0.234
	0.087
	0.704
	-0.698
	0.657
	0.681
	0.645
	1.000
	
	

	 F3
	0.897*
	0.657
	0.503
	0.779*
	0.118
	-0.896*
	0.845*
	0.873*
	0.287
	0.621
	1.000
	

	 F4
	0.987*
	0.743
	0.254
	0.749
	0.107
	-0.853*
	0.999*
	0.997*
	0.708
	0.655
	0.836*
	1.000


Green: positive correlation. Pink: negative correlation.

*:P<0.05.
F1: acid soluble/exchangeable, F2: oxidizable-fraction (Fe-Mn oxides), F3: organic/sulfide-fraction, and F4: residue fractions (clay minerals mainly including silicates, etc.).

	Zn
	Total Zn-sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand

(%)
	Medium sand

(%)
	Total Mn-sediment
	Total Fe-sediment
	 F1
	 F2
	 F3
	 F4

	Total Zn-sediment
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	0.918* 
	1.000 
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.835* 
	0.864* 
	1.000 
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.841* 
	0.876*
	0.755* 
	1.000 
	
	
	
	
	
	
	
	

	Fine sand (%)
	0.019 
	-0.130 
	-0.174 
	-0.185 
	1.000 
	
	
	
	
	
	
	

	Medium sand (%)
	-0.833* 
	-0.800* 
	-0.664* 
	-0.898* 
	-0.266 
	1.000 
	
	
	
	
	
	

	Total Mn-

sediment
	0.614* 
	0.472 
	0.727* 
	0.533* 
	-0.109 
	-0.478 
	1.000 
	
	
	
	
	

	Total Fe-

sediment
	-0.270 
	-0.147 
	-0.532* 
	-0.235 
	0.125 
	0.179 
	-0.918* 
	1.000 
	
	
	
	

	 F1
	0.851* 
	0.863* 
	0.806* 
	0.776* 
	0.011 
	-0.816* 
	0.587 
	0.617 
	1.000 
	
	
	

	 F2
	0.912* 
	0.711 
	0.841* 
	0.463 
	0.542 
	-0.958* 
	0.658 
	0.701 
	0.822*  
	1.000 
	
	

	 F3
	0.379 
	0.302 
	0.891* 
	0.073 
	0.382 
	-0.429 
	-0.094 
	-0.037 
	0.647 
	0.653 
	1.000 
	

	 F4
	0.815* 
	0.645 
	0.084 
	0.757 
	-0.010 
	-0.753 
	0.989* 
	0.980* 
	0.493 
	0.544 
	-0.226 
	1.000 


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

F1: acid soluble/exchangeable, F2: oxidizable-fraction (Fe-Mn oxides), F3: organic/sulfide-fraction, and F4: residue fractions (clay minerals mainly including silicates, etc.).

	Cd
	Total Cd-sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand

(%)
	Medium sand

(%)
	Total Mn-sediment
	Total Fe-sediment
	 F1
	F2
	 F3
	 F4

	Total Cd-sediment
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	0.805* 
	1.000 
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.676*
	0.864*  
	1.000 
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.826*  
	0.876*  
	0.755*  
	1.000 
	
	
	
	
	
	
	
	

	Fine sand (%)
	0.135 
	-0.130 
	-0.174 
	-0.185 
	1.000 
	
	
	
	
	
	
	

	Medium sand (%)
	-0.870* 
	-0.800*
	-0.664* 
	-0.898* 
	-0.266 
	1.000 
	
	
	
	
	
	

	Total Mn-

sediment
	0.399 
	0.472 
	0.727*  
	0.533*
	-0.109 
	-0.478 
	1.000 
	
	
	
	
	

	Total Fe-

sediment
	-0.089 
	-0.147 
	-0.532*
	-0.235 
	0.125 
	0.179 
	-0.918*
	1.000 
	
	
	
	

	 F1
	0.065 
	0.067 
	-0.634 
	0.584 
	-0.743 
	0.075 
	0.439 
	0.396 
	1.000 
	
	
	

	 F2
	0.975* 
	0.744 
	0.808* 
	0.703 
	0.155 
	-0.864* 
	0.604 
	0.644 
	-0.116 
	1.000 
	
	

	 F3
	0.434 
	0.129 
	0.539 
	0.119 
	-0.246 
	0.076 
	-0.436 
	-0.404 
	-0.390 
	0.394 
	1.000 
	

	 F4
	0.596 
	0.626 
	0.121 
	0.780*
	-0.010 
	-0.777 
	0.985* 
	0.982* 
	0.544 
	0.573 
	-0.447 
	1.000 


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

F1: acid soluble/exchangeable, F2: oxidizable-fraction (Fe-Mn oxides), F3: organic/sulfide-fraction, and F4: residue fractions (clay minerals mainly including silicates, etc.).

	Pb
	Total Pb-sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand

(%)
	Medium sand

(%)
	Total Mn-sediment
	Total Fe-sediment
	 F1
	 F2
	 F3
	 F4

	Total Pb-sediment
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	0.888*  
	1.000 
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.882*  
	0.864* 
	1.000 
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.878*  
	0.876*  
	0.755*  
	1.000 
	
	
	
	
	
	
	
	

	Fine sand (%)
	-0.696 
	-0.435 
	-0.719* 
	-0.534 
	1.000 
	
	
	
	
	
	
	

	Medium sand (%)
	-0.808* 
	-0.784* 
	-0.710* 
	-0.904 
	0.449 
	1.000 
	
	
	
	
	
	

	Total Mn-

sediment
	-0.405 
	-0.051 
	-0.432 
	-0.206 
	0.837* 
	0.316 
	1.000 
	
	
	
	
	

	Total Fe-

sediment
	-0.485* 
	-0.151 
	-0.535* 
	-0.238 
	0.884* 
	0.327 
	0.979* 
	1.000 
	
	
	
	

	 F1
	0.666 
	0.362 
	-0.103 
	0.879* 
	-0.743 
	-0.237 
	0.492 
	0.482 
	1.000 
	
	
	

	 F2
	0.965* 
	0.665 
	0.318 
	0.714 
	0.197 
	-0.895* 
	0.976* 
	0.987* 
	0.458 
	1.000 
	
	

	 F3
	0.141 
	0.365 
	0.166 
	0.610 
	-0.783* 
	0.054 
	-0.046 
	-0.052 
	0.695 
	-0.104 
	1.000 
	

	 F4
	0.991* 
	0.629 
	0.269 
	0.784 
	0.065 
	-0.849* 
	0.958* 
	0.968* 
	0.588 
	0.986*  
	0.009 
	1.000 


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

F1: acid soluble/exchangeable, F2: oxidizable-fraction (Fe-Mn oxides), F3: organic/sulfide-fraction, and F4: residue fractions (clay minerals mainly including silicates, etc.).

c) Furue Bay
	Ni
	Total Ni-sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand

(%)
	Medium sand

(%)
	Total Mn-sediment
	Total Fe-sediment
	 F1
	 F2
	 F3
	 F4

	Total Ni-sediment
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	-0.587 
	1.000 
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.040 
	0.682* 
	1.000 
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	-0.103 
	0.342* 
	0.038 
	1.000 
	
	
	
	
	
	
	
	

	Fine sand（％）
	-0.198 
	0.076 
	-0.016 
	-0.452 
	1.000 
	
	
	
	
	
	
	

	Medium sand（％）
	0.248 
	-0.361 
	-0.142 
	0.053 
	-0.880*
	1.000 
	
	
	
	
	
	

	Total Mn-

sediment
	0.977* 
	-0.464 
	0.179 
	-0.107 
	-0.111 
	0.147 
	1.000 
	
	
	
	
	

	Total Fe-

sediment
	0.986* 
	-0.486 
	0.157 
	-0.115 
	-0.121 
	0.155 
	0.997* 
	1.000 
	
	
	
	

	 F1
	-0.308 
	-0.792* 
	-0.894* 
	-0.760 
	0.845* 
	-0.508 
	-0.328 
	-0.324 
	1.000 
	
	
	

	 F2
	-0.848* 
	-0.238 
	-0.873* 
	-0.198 
	0.728 
	-0.515 
	-0.841* 
	-0.847* 
	0.745 
	1.000 
	
	

	 F3
	0.036 
	-0.179 
	-0.283 
	-0.577 
	0.244 
	0.107 
	0.116 
	0.088 
	0.407 
	0.318 
	1.000 
	

	 F4
	0.907* 
	-0.085 
	0.717 
	-0.035 
	-0.564 
	0.416 
	0.872* 
	0.882* 
	-0.507 
	-0.939* 
	-0.384 
	1.000 


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

	Cu
	Total Cu-sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand（％）
	Medium sand（％）
	Total Mn-sediment
	Total Fe-sediment
	F1
	F2
	F3
	F4

	Total Cu-sediment
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	0.025
	1.000
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	-0.410
	0.682*
	1.000
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.575
	0.342*
	0.038
	1.000
	
	
	
	
	
	
	
	

	Fine sand（％）
	0.006
	0.076
	-0.016
	-0.452
	1.000
	
	
	
	
	
	
	

	Medium sand（％）
	-0.251
	-0.361
	-0.142
	0.053
	-0.880
	1.000
	
	
	
	
	
	

	Total Mn-

sediment
	-0.099
	0.311
	0.347
	0.037
	0.311
	-0.465
	1.000
	
	
	
	
	

	Total Fe-

sediment
	-0.509
	-0.263
	-0.010
	-0.621
	0.410
	-0.118
	0.568
	1.000
	
	
	
	

	F1
	-0.087
	-0.519
	-0.991*
	-0.453
	0.929*
	-0.713
	-0.644
	-0.626
	1.000
	
	
	

	F2
	0.397
	-0.230
	-0.751
	-0.135
	0.560
	-0.330
	-0.852
	-0.877
	0.813*
	1.000
	
	

	F3
	0.861*
	0.464
	-0.267
	0.357
	0.081
	-0.007
	-0.750
	-0.785
	0.300
	0.703
	1.000
	

	F4
	0.883*
	0.897
	0.466
	0.963*
	-0.544
	0.233
	-0.377
	-0.389
	-0.461
	-0.020
	0.525
	1.000


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

	Zn
	Total Zn-sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand（％）
	Medium sand（％）
	Total

Mn-sediment
	Total Fe-sediment
	F1
	F2
	F3
	F4

	Total Zn-sediment
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	-0.218
	1.000
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.121
	0.682*
	1.000
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.325
	0.342*
	0.038
	1.000
	
	
	
	
	
	
	
	


	Fine sand（％）
	-0.264
	0.076
	-0.016
	-0.452
	1.000
	
	
	
	
	
	
	

	Medium sand（％）
	0.199
	-0.361
	-0.142
	0.053
	-0.880*
	1.000
	
	
	
	
	
	

	Total Mn-sediment
	0.713*
	-0.464
	0.179*
	-0.107
	-0.111
	0.147
	1.000
	
	
	
	
	

	Total Fe-sediment
	0.682*
	-0.486
	0.157
	-0.115
	-0.121
	0.155
	0.997*
	1.000
	
	
	
	

	F1
	0.551
	0.320
	-0.558
	0.274
	0.405
	-0.352
	-0.899*
	-0.908*
	1.000
	
	
	

	F2
	0.591
	0.318
	-0.486
	0.340
	0.303
	-0.257
	-0.929*
	-0.948*
	0.981*
	1.000
	
	

	F3
	0.370
	0.070
	-0.258
	-0.287
	0.142
	0.168
	-0.179
	-0.221
	0.567
	0.483
	1.000
	

	F4
	0.902*
	0.914*
	0.698
	0.870*
	-0.753
	0.484
	-0.073
	-0.096
	0.173
	0.238
	0.014
	1.000


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

	Cd
	Total Cd-sediment
	Ignition loss (%)
	Moisture content (%)
	Silt fraction (%)
	Fine sand（％）
	Medium sand（％）
	Total Mn-sediment
	Total Fe-sediment
	 F1
	 F2
	 F3
	 F4

	Total Cd-sediment
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	0.243 
	1.000 
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	-0.252 
	0.682* 
	1.000 
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	0.009 
	0.342* 
	0.038 
	1.000 
	
	
	
	
	
	
	
	

	Fine sand（％）
	-0.050 
	0.076 
	-0.016 
	-0.452 
	1.000 
	
	
	
	
	
	
	

	Medium sand（％）
	0.085 
	-0.361 
	-0.142 
	0.053 
	-0.880* 
	1.000 
	
	
	
	
	
	

	Total Mn-sediment
	-0.895 
	-0.464 
	0.179 
	-0.107 
	-0.111 
	0.147 *
	1.000 
	
	
	
	
	

	Total Fe-sediment
	-0.868 
	-0.486 
	0.157 
	-0.115 
	-0.121 
	0.155 
	0.997* 
	1.000 
	
	
	
	

	 F1
	-0.261 
	-0.644 
	-0.903* 
	-0.520 
	0.790* 
	-0.498 
	-0.605 
	-0.611 
	1.000 
	
	
	

	 F2
	0.488 
	0.255 
	-0.533 
	0.313 
	0.350 
	-0.301 
	-0.955 *
	-0.972* 
	0.558 
	1.000 
	
	

	 F3
	0.886* 
	0.954* 
	0.498 
	0.975* 
	-0.534 
	0.183 
	-0.293 
	-0.293 
	-0.577 
	0.325 
	1.000 
	

	 F4
	0.750 
	0.602 
	0.723 
	0.811* 
	-0.681 
	0.278 
	0.121 
	0.131 
	-0.710 
	-0.210 
	0.741 
	1.000 


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

	Pb
	Total Pb-sediment
	Ignition loss (%)
	Moisture Content (%)
	Silt fraction (%)
	Fine sand（％）
	Medium sand（％）
	Total Mn-sediment
	Total Fe-

sediment
	 F1
	 F2
	 F3
	 F4

	Total Pb-sediment
	1.000 
	
	
	
	
	
	
	
	
	
	
	

	Ignition loss (%)
	-0.039 
	1.000 
	
	
	
	
	
	
	
	
	
	

	Moisture Content (%)
	0.718* 
	0.682* 
	1.000 
	
	
	
	
	
	
	
	
	

	Silt fraction (%)
	-0.224 
	0.342* 
	0.038 
	1.000 
	
	
	
	
	
	
	
	

	Fine sand（％）
	-0.585 
	0.076 
	-0.016 
	-0.452 
	1.000 
	
	
	
	
	
	
	

	Medium sand（％）
	0.584 
	-0.361 
	-0.142 
	0.053 
	-0.880 
	1.000 
	
	
	
	
	
	

	Total Mn-sediment
	0.986* 
	0.311 
	0.347 
	0.037 
	0.311 
	-0.465 
	1.000 
	
	
	
	
	

	Total Fe-sediment
	0.977* 
	-0.263 
	-0.010 
	-0.621 
	0.410 
	-0.118 
	0.568 
	1.000 
	
	
	
	

	 F1
	-0.216 
	-0.405 
	-0.784 
	-0.623 
	0.851* 
	-0.646 
	-0.136 
	-0.098 
	1.000 
	
	
	

	 F2
	-0.724 
	-0.365 
	-0.890* 
	-0.416 
	0.764 
	-0.466 
	-0.672 
	-0.682 
	0.687 
	1.000 
	
	

	 F3
	0.676 
	-0.378 
	0.132 
	-0.722 
	-0.087 
	0.404 
	0.696 
	0.667 
	0.387 
	0.015 
	1.000 
	

	 F4
	0.755 
	0.304 
	0.872* 
	0.353 
	-0.736 
	0.454 
	0.714 
	0.725 
	-0.652 
	-0.997* 
	0.027 
	1.000 


Green: positive correlation. Pink: negative correlation.

*: p < 0.05

F1: acid soluble/exchangeable, F2: oxidizable-fraction (Fe-Mn oxides), F3: organic/sulfide-fraction, and F4: residue fractions (clay minerals mainly including silicates, etc.).

Table S6 Summary of metals in fish feeds collected from aquacultures. Data are presented as averages or means on a dry-weight basis
	Elements (mg/kg-dry)
	Mn
	Fe
	Ni
	Cu
	Zn
	As
	Cd
	Pb
	Co
	Hg
	References

	Atlantic salmon fed (Salmo salar L), Norway
	13
	34
	
	3.5
	68
	-
	-
	-
	-
	-
	(Lorentzen and Maage 1999)

	Atlantic salmon fed (Salmo salar L), Norway
	4.7
	106
	
	3.7
	67
	-
	-
	-
	-
	-
	(Lorentzen and Maage 1999)

	Salmon fed (Trouw Nutreco 110) from West coast of Scotland, coastal area around Loch Craignish, 

and Loch Craignish, British
	46.68 ± 7.5
	490.27 ± 50
	13.00 ± 2.46
	8.94 ± 0.52
	196.44 ± 12.12
	-
	-
	0.21 ± 0.03
	0.72 ± 0.07
	0.17 ± 0.03
	(Dean et al.,2007)

	Salmon diets (Amino Balance 5 mm) from southwestern New Brunswick, Canada
	52.1 ± 0.1
	392 ± 5.1
	
	15.4 ± 0.4
	129 ± 1.7
	-
	-
	-
	-
	-
	(Chou et al.,2002)

	Salmon diets (Amino Balance 5 mm) from southwestern New Brunswick, Canada
	40.5 ± 0.1
	304 ± 10.2
	
	15.2 ± 0.1
	232 ± 21.6
	-
	-
	-
	-
	-
	(Chou et al.,2002)

	Poulytry meal from southwestern New Brunswick, Canada
	14.5 ± 0.03
	2041 ± 104
	38.9 ± 0.5
	115 ± 2.7
	
	-
	-
	-
	-
	-
	(Chou et al.,2002)

	Feather meal from southwestern New Brunswick, Canada
	13.1 ± 0.01
	472 ± 6.3
	
	26.4 ± 0.5
	89.7 ± 7.6
	-
	-
	-
	-
	-
	(Chou et al.,2002)

	Fish meal from southwestern New Brunswick, Canada
	4.7 ± 0.01
	154 ± 3.4
	
	4.6 ± 0.1
	80.3 ± 2.3
	-
	-
	-
	-
	-
	(Chou et al.,2002)

	Rainbow trout diets in Ontario, Canada
	195 ± 92.6
	354 ± 102
	2.37 ± 0.35
	74.5 ± 68.59
	336 ± 146
	-
	-
	2.26 ± 2.62
	1.4 ± 0.75
	0.99 ± 0.14
	 (Naylor, et al., 1999)

	Fish manure from Ontario rainbow trout farms in Ontario, Canada
	487.8 ± 408.2
	1942 ± 1123
	4.94± 4.57
	33.4 ± 12.5
	604.9 ± 207.1
	2.20 ± 1.16
	1.13 ± 0.77
	-
	1.82 ± 1.29
	0.05
	(Naylor et al., 1999)


· Data not reported.
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