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Highlights
Rare earth elements were first assessed in artisanal mines of monazite and cassiterite in the Brazilian Amazon.
All anthropized areas showed higher concentrations of REE.
The gratest risk occurred in areas that had benn exploited a year ago.
Despite the high concentrations health risks were low.



















Table 1S.
Location of sampling points.
	[bookmark: OLE_LINK1]Areas
	Sample
	Latitude (S)
	Longitude (W)

	OV1
	S1
	06°04'08.4"S

	52°11'20.4''W


	
	S2
	06°04'8.04"S

	52°11'27.6''W


	
	S3
	06°04'19.2"S

	52°11'30.2''W


	
	S4
	06°04'37.2"S

	52°11'31.0''W


	
	S5
	06°04'40.8"S

	52°11'31.2''W


	
	S6
	06°04'48"S

	52°11'31.8''W


	
	S7
	06°04'26.4"S

	52°11'38.4''W


	
	S8
	06°04'48"S

	52°11'38.1''W


	
	S9
	06°04'58.8"S

	52°11'42''W


	
	S10
	06°04'16.8"S

	52°11'49''W


	TA1
	S1
	06°04'12"S

	52°11'24''W


	
	S2
	06°04'15.6"S

	52°11'27.6''W


	
	S3
	06°04'22.8"S

	52°11'27.6''W


	
	S4
	06°04'30"S

	52°11'31.2''W


	
	S5
	06°04'44.4"S

	52°11'31.2''W


	
	S6
	06°04'37.2"S

	52°11'34.8''W


	
	S7
	06°04'9.6"S

	52°11'38.4''W


	
	S8
	06°04'2404"S

	52°11'49.2''W


	OV2
	S1
	06°01'55.2"S

	52°14'27.6"S


	
	S2
	06°01'58.8"S

	52°14'31.2"S


	
	S3
	06°02'9.6"S

	52°14'25.6"S


	
	S4
	06°02'24"S

	52°14'31.2"S


	TA2
	S1
	06°02'2.4"S

	52°14'27.6"S


	
	S2
	06°02'20.4"S

	52°14'31.2"S


	
	S3
	06°02'27.6"S

	52°14'27.6"S


	OV3
	S1
	06°03'46.8"S

	52°11'06"S


	
	S2
	06° 03'43.2"S

	52°10'58.8"S


	
	S3
	06° 03'50.4"S

	52°11'9.6"S


	
	S4
	06° 03'28.8"S

	52°10'55.2"S


	TA3
	S1
	06° 03'18"S

	52°10'51.6"S


	
	S2
	06° 03'36"S

	52°10'50.2"S


	
	S3
	06° 03'33"S

	52°10'48"S


	RA
	S1
	06°04'30"S

	52°09'57.6"S


	
	S2
	06°04'15.6"S

	52°09'37.4"S


	
	S3
	06°04'44.4"S

	52°09'37.6"S















Table 2S.
Recovery rate of REEs in analytical batches.
	Element
	Reference material
	Certified value
	Obtained value
	Recovery rate (%)

	Ce
	OREAS 142
	180.5
	129
	71.5

	Dy
	OREAS 142
	5.25
	10.3
	196.2

	Er
	OREAS 142
	2.91
	5.87
	201.7

	Eu
	OREAS 142
	2.22
	2.61
	117.6

	Gd
	OREAS 142
	7.56
	10.4
	137.6

	Ho
	OREAS 142
	1.01
	2.1
	207.9

	La
	OREAS 142
	92.5
	71
	76.8

	Lu
	OREAS 142
	0.36
	0.75
	208.3

	Nd
	OREAS 142
	66.4
	15.7
	23.6

	Pr
	OREAS 142
	19.35
	16.3
	84.24

	Sc
	OREAS 142
	65.71
	43.2
	91.8

	Sm
	OREAS 142
	9.8
	12.3
	125.5

	Tb
	OREAS 142
	1.05
	1.71
	162.9

	Tm
	OREAS 142
	0.39
	0.86
	220.5

	Y
	OREAS 142
	29.21
	67
	229.4

	Yb
	OREAS 142
	2.7
	5.09
	188.5








Table 3S.
Cargas fatoriais obtidas em análise de componentes principais entre propriedades de amostras e concentrações de REEs.
	properties
	Dimension 1
	Dimension 2

	Clay
	0.819806
	0.22781

	Sand
	-0.82926
	-0.50073

	Silt
	0.419418
	0.642902

	CEC
	0.730082
	-0.09232

	OC
	0.69191
	0.143597

	∑LREE
	-0.63683
	0.700689

	∑HREE
	-0.68941
	0.663423
















Table 4S.
Potential ecological risk factors (PERF) of REEs in the studied areas.
	Element
	Areas

	
	OV1
	TA1
	OV2
	TA2
	OV3
	TA3

	Ce
	2.0
	3.5
	10.9
	15.5
	1.9
	0.8

	Dy
	11.0
	11.0
	24.5
	53.5
	9.5
	2.5

	Er
	10.0
	10.5
	16.5
	41.5
	12.5
	2.5

	Eu
	22.0
	26.0
	43.0
	105.0
	3.0
	29.0

	Gd
	12.5
	18.0
	44.0
	77.0
	7.5
	3.5

	Ho
	21.0
	22.0
	38.0
	90.0
	21.0
	5.0

	La
	2.2
	4.3
	14.1
	19.8
	3.5
	0.8

	Lu
	32.0
	30.0
	46.0
	114.0
	70.0
	8.0

	Nd
	4.6
	9.0
	27.6
	38.6
	3.8
	1.4

	Pr
	10.5
	21.0
	64.5
	92.5
	12.0
	3.0

	Sc
	4.3
	7.7
	4.5
	43.4
	6.8
	7.0

	Sm
	12.5
	20.5
	60.0
	89.0
	8.5
	3.5

	Tb
	25.0
	31.0
	65.0
	129.0
	19.0
	6.0

	Tm
	19.0
	18.0
	29.0
	72.0
	29.0
	5.0

	Y
	4.6
	4.8
	7.8
	19.8
	4.8
	1.2

	Yb
	9.0
	8.0
	8.0
	31.0
	19.0
	2.0







Table 5S.
Health risk quotients for adults due to exposure to REEs.
	Element
	Non-carcinogenic
	Carcinogenic

	
	OV1
	TA1
	OV2
	TA2
	OV3
	TA3
	OV1
	TA1
	OV2
	TA2
	OV3
	TA3

	Ce
	2.3 × 10−3
	1.3 × 10−2
	2.4 × 10−2
	2.8 × 10−2
	2.6 × 10−3
	3.8 × 10−3
	7.7 × 10−17
	4.4 × 10−16
	7.9 × 10−16
	9.4 × 10−16
	8.5 × 10−17
	1.3 × 10−16

	Dy
	1.7 × 10−4
	6.1 × 10−4
	7.0 × 10−4
	1.3 × 10−3
	1.3 × 10−4
	1.7 × 10−4
	5.7 × 10−18
	2.0 × 10−17
	2.3 × 10−17
	4.3 × 10−17
	4.5 × 10−18
	5.7 × 10−18

	Er
	1.4 × 10−4
	4.4 × 10−4
	4.3 × 10−4
	8.9 × 10−4
	1.1 × 10−4
	1.4 × 10−4
	4.7 × 10−18
	1.5 × 10−17
	1.4 × 10−17
	3.0 × 10−17
	3.6 × 10−18
	4.6 × 10−18

	Eu
	5.0 × 10−6
	2.0 × 10−5
	1.8 × 10−5
	2.6 × 10−5
	7.6 × 10−6
	2.7 × 10−5
	1.7 × 10−19
	6.5 × 10−19
	6.0 × 10−19
	8.6 × 10−19
	2.5 × 10−19
	8.9 × 10−19

	Gd
	1.2 × 10−4
	5.5 × 10−4
	8.1 × 10−4
	1.2 × 10−3
	1.1 × 10−4
	1.4 × 10−4
	4.1 × 10−18
	1.8 × 10−17
	2.7 × 10−17
	3.9 × 10−17
	3.6 × 10−18
	4.8 × 10−18

	Ho
	4.0 × 10−5
	1.3 × 10−4
	1.4 × 10−4
	2.7 × 10−4
	3.1 × 10−5
	3.9 × 10−5
	1.3 × 10−18
	4.4 × 10−18
	4.6 × 10−18
	9.1 × 10−18
	1.0 × 10−18
	1.3 × 10−18

	La
	1.1 × 10−3
	6.5 × 10−3
	1.3 × 10−2
	1.5 × 10−2
	1.2 × 10−3
	1.6 × 10−3
	3.5 × 10−17
	2.2 × 10−16
	4.2 × 10−16
	4.9 × 10−16
	4.1 × 10−17
	5.3 × 10−17

	Lu
	2.9 × 10−5
	7.9 × 10−5
	7.5 × 10−5
	1.6 × 10−4
	2.3 × 10−5
	2.8 × 10−5
	9.8 × 10−19
	2.6 × 10−18
	2.5 × 10−18
	5.3 × 10−18
	7.6 × 10−19
	9.5 × 10−19

	Nd
	6.8 × 10−4
	4.1 × 10−3
	7.6 × 10−3
	8.9 × 10−3
	7.4 × 10−4
	8.7 × 10−4
	2.3 × 10−17
	1.4 × 10−16
	2.5 × 10−16
	3.0 × 10−16
	2.4 × 10−17
	2.9 × 10−17

	Pr
	2.1 × 10−4
	1.3 × 10−3
	2.4 × 10−3
	2.9 × 10−3
	2.4 × 10−4
	2.7 × 10−4
	7.1 × 10−18
	4.3 × 10−17
	8.0 × 10−17
	9.6 × 10−17
	8.0 × 10−18
	8.8 × 10−18

	Sc
	6.6 × 10−5
	4.4 × 10−4
	1.3 × 10−4
	1.5 × 10−4
	1.2 × 10−4
	4.4 × 10−4
	2.2 × 10−18
	1.5 × 10−17
	4.3 × 10−18
	5.0 × 10−18
	4.0 × 10−18
	1.5 × 10−17

	Sm
	1.3 × 10−4
	6.8 × 10−4
	1.2 × 10−3
	1.5 × 10−3
	1.3 × 10−4
	1.5 × 10−4
	4.4 × 10−18
	2.3 × 10−17
	4.0 × 10−17
	5.0 × 10−17
	4.4 × 10−18
	5.1 × 10−18

	Tb
	2.5 × 10−5
	9.4 × 10−5
	1.2 × 10−4
	2.0 × 10−4
	2.1 × 10−5
	2.6 × 10−5
	8.3 × 10−19
	3.1 × 10−18
	4.0 × 10−18
	6.7 × 10−18
	6.9 × 10−19
	8.7 × 10−19

	Tm
	2.4 × 10−5
	7.0 × 10−5
	6.8 × 10−5
	1.4 × 10−4
	1.9 × 10−5
	2.4 × 10−5
	8.1 × 10−19
	2.3 × 10−18
	2.3 × 10−18
	4.6 × 10−18
	6.2 × 10−19
	7.9 × 10−19

	Y
	1.3 × 10−3
	3.9 × 10−3
	4.0 × 10−3
	8.4 × 10−3
	9.5 × 10−4
	1.2 × 10−3
	4.2 × 10−17
	1.3 × 10−16
	1.3 × 10−16
	2.8 × 10−16
	3.2 × 10−17
	4.1 × 10−17

	Yb
	1.9 × 10−4
	5.1 × 10−4
	4.9 × 10−4
	1.0 × 10−3
	1.5 × 10−4
	1.8 × 10−4
	6.4 × 10−18
	1.7 × 10−17
	1.6 × 10−17
	3.5 × 10−17
	5.0 × 10−18
	6.1 × 10−18















Table 6S.
Health risk quotients for children due to exposure to REEs.
	Element
	Non-carcinogenic
	Carcinogenic

	
	OV1
	TA1
	OV2
	TA2
	OV3
	TA3
	OV1
	TA1
	OV2
	TA2
	OV3
	TA3

	Ce
	2.0 × 10−2
	1.1 × 10−1
	2.1 × 10−1
	2.5 × 10−1
	2.2 × 10−2
	3.3 × 10−2
	6.8 × 10−16
	3.8 × 10−15
	6.9 × 10−15
	8.2 × 10−15
	7.5 × 10−16
	1.1 × 10−15

	Dy
	1.5 × 10−3
	5.3 × 10−3
	6.1 × 10−3
	1.1 × 10−2
	1.2 × 10−3
	1.5 × 10−3
	5.0 × 10−17
	1.8 × 10−16
	2.0 × 10−16
	3.7 × 10−16
	3.9 × 10−17
	5.0 × 10−17

	Er
	1.2 × 10−3
	3.8 × 10−3
	3.7 × 10−3
	7.8 × 10−3
	9.6 × 10−4
	1.2 × 10−3
	4.1 × 10−17
	1.3 × 10−16
	1.2 × 10−16
	2.6 × 10−16
	3.2 × 10−17
	4.0 × 10−17

	Eu
	4.3 × 10−5
	1.7 × 10−4
	1.6 × 10−4
	2.3 × 10−4
	6.7 × 10−5
	2.3 × 10−4
	1.4 × 10−18
	5.7 × 10−18
	5.3 × 10−18
	7.5 × 10−18
	2.2 × 10−18
	7.8 × 10−18

	Gd
	1.1 × 10−3
	4.8 × 10−3
	7.1 × 10−3
	1.0 × 10−2
	9.4 × 10−4
	1.3 × 10−3
	3.6 × 10−17
	1.6 × 10−16
	2.4 × 10−16
	3.4 × 10−16
	3.1 × 10−17
	4.2 × 10−17

	Ho
	3.5 × 10−4
	1.1 × 10−3
	1.2 × 10−3
	2.4 × 10−3
	2.7 × 10−4
	3.4 × 10−4
	1.2 × 10−17
	3.8 × 10−17
	4.0 × 10−17
	7.9 × 10−17
	9.1 × 10−18
	1.1 × 10−17

	La
	9.2 × 10−3
	5.7 × 10−2
	1.1 × 10−1
	1.3 × 10−1
	1.1 × 10−2
	1.4 × 10−2
	3.1 × 10−16
	1.9 × 10−15
	3.7 × 10−15
	4.3 × 10−15
	3.6 × 10−16
	4.7 × 10−16

	Lu
	2.6 × 10−4
	6.9 × 10−4
	6.6 × 10−4
	1.4 × 10−3
	2.0 × 10−4
	2.5 × 10−4
	8.6 × 10−18
	2.3 × 10−17
	2.2 × 10−17
	4.6 × 10−17
	6.6 × 10−18
	8.3 × 10−18

	Nd
	5.9 × 10−3
	3.6 × 10−2
	6.6 × 10−2
	7.8 × 10−2
	6.4 × 10−3
	7.6 × 10−3
	2.0 × 10−16
	1.2 × 10−15
	2.2 × 10−15
	2.6 × 10−15
	2.1 × 10−16
	2.5 × 10−16

	Pr
	1.9 × 10−3
	1.1 × 10−2
	2.1 × 10−2
	2.5 × 10−2
	2.1 × 10−3
	2.3 × 10−3
	6.2 × 10−17
	3.8 × 10−16
	7.0 × 10−16
	8.4 × 10−16
	7.0 × 10−17
	7.7 × 10−17

	Sc
	5.8 × 10−4
	3.9 × 10−3
	1.1 × 10−3
	1.3 × 10−3
	1.1 × 10−3
	3.8 × 10−3
	1.9 × 10−17
	1.3 × 10−16
	3.8 × 10−17
	4.4 × 10−17
	3.5 × 10−17
	1.3 × 10−16

	Sm
	1.2 × 10−3
	5.9 × 10−3
	1.1 × 10−2
	1.3 × 10−2
	1.1 × 10−3
	1.3 × 10−3
	3.9 × 10−17
	2.0 × 10−16
	3.5 × 10−16
	4.3 × 10−16
	3.8 × 10−17
	4.5 × 10−17

	Tb
	2.2 × 10−4
	8.2 × 10−4
	1.1 × 10−3
	1.8 × 10−3
	1.8 × 10−4
	2.3 × 10−4
	7.3 × 10−18
	2.7 × 10−17
	3.5 × 10−17
	5.8 × 10−17
	6.0 × 10−18
	7.6 × 10−18

	Tm
	2.1 × 10−4
	6.1 × 10−4
	6.0 × 10−4
	1.2 × 10−3
	1.6 × 10−4
	2.1 × 10−4
	7.1 × 10−18
	2.0 × 10−17
	2.0 × 10−17
	4.0 × 10−17
	5.4 × 10−18
	6.9 × 10−18

	Y
	1.1 × 10−2
	3.4 × 10−2
	3.5 × 10−2
	7.4 × 10−2
	8.3 × 10−3
	1.1 × 10−2
	3.7 × 10−16
	1.1 × 10−15
	1.2 × 10−15
	2.5 × 10−15
	2.8 × 10−16
	3.6 × 10−16

	Yb
	1.7 × 10−3
	4.5 × 10−3
	4.3 × 10−3
	9.1 × 10−3
	1.3 × 10−3
	1.6 × 10−3
	5.6 × 10−17
	1.5 × 10−16
	1.4 × 10−16
	3.0 × 10−16
	4.4 × 10−17
	5.3 × 10−17
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