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[bookmark: _Toc242296285]Table S1. Information of the target 15 rare earth elements
	Element
	Name
	Molar mass (g/mol)

	Dy
	Dysprosium
	162.5

	La
	Lanthanum
	138.905

	Lu
	Lutetium
	174.966

	Nd
	Neodymium
	144.24

	Pr
	praseodymium
	140.907

	Sm
	Samarium
	150.4

	Tb
	Terbium
	158.925

	Tm
	Thulium
	168.934

	Ce
	cerium
	140.116

	Er
	Erbium
	167.26

	Eu
	Europium
	151.964

	Gd
	Gadolinium
	157.25

	Ho
	Holmium
	164.93

	Yb
	Ytterbium
	173.05

	Y
	Yttrium
	88.905



[bookmark: _Toc242296286]

Table S2. Data on activity intensities for 13 industrial sources from 1990 to 2023.
This workbook contains annual activity volume data for each province across 13 industries, including product output (raw material consumption) for BFI, CFPP, CK, COP, EAF, HWI, IOS, MSWI, PCu, SAl, SCu, SPb and SZn. The unit is 104 t. The specific activity volume indicators and data sources are listed in Table S1.
Note: Due to the large size of the dataset, the complete results are provided in the supplementary table. 
Abbreviations: BFI, blast-furnace pig iron; CFPP, coal-fired power plant; CK, cement kiln co-processing solid waste; COP, coking plant; EAF, electric-arc furnace steelmaking; HWI, hazardous-waste incineration; IOS, iron-ore sintering; MSWI, municipal solid-waste incineration; PCu, primary copper smelting; SAl, secondary aluminium smelting; SCu, secondary copper smelting; SPb, secondary lead smelting; SZn, secondary zinc smelting.
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[bookmark: _Toc242296287]Table S3. Emission factors for fine particulate matter from industrial sources.

	Abbreviation
	Industrial sources
	EF(kg/t)

	BFI
	Blast-furnace pig iron
	0.0446 

	CFPP
	Coal-fired power plant
	0.0080 

	CK
	Cement kiln co-processing solid waste
	1.6362 

	COP
	Coking plant
	0.4727 

	EAF
	Electric-arc furnace steelmaking
	0.0743 

	HWI
	Hazardous-waste incineration
	0.0098 

	IOS
	Iron-ore sintering
	0.0591 

	MSWI
	Municipal solid-waste incineration
	0.0098 

	PCu
	Primary copper smelting
	0.2758 

	SAl
	Secondary aluminium smelting
	0.4781 

	SCu
	Secondary copper smelting
	0.5349 

	SPb
	Secondary lead smelting
	0.6800 

	SZn
	Secondary zinc smelting
	0.5020 


Some information on the PM emission coefficient has already appeared in our previous research(1–3).


[bookmark: _Toc242296288]Table S4. Grid-level annual REE emissions aggregated by industrial source.
	Industrial source
	BFI
	CFPP
	CK
	COP
	EAF
	HWI
	IOS
	MSWI
	PCu
	SAl
	SCu
	SPb
	SZn

	1990 
	116.60 
	156.63 
	9226.57 
	2240.31 
	25.40 
	5.86 
	67.88 
	1.47 
	4.16 
	1.02 
	1.82 
	0.01 
	0.75 

	1991 
	121.76 
	147.11 
	10880.28 
	2008.44 
	22.85 
	5.93 
	71.57 
	2.60 
	4.46 
	0.95 
	1.64 
	0.02 
	0.81 

	1992 
	137.01 
	181.27 
	13144.82 
	2484.51 
	28.14 
	5.36 
	81.08 
	1.42 
	4.83 
	1.02 
	2.04 
	0.02 
	0.73 

	1993 
	157.31 
	195.68 
	15626.93 
	2886.75 
	33.48 
	5.13 
	89.21 
	1.48 
	5.47 
	1.42 
	2.08 
	0.02 
	0.53 

	1994 
	175.08 
	209.92 
	17795.10 
	3167.17 
	31.84 
	4.72 
	98.07 
	1.72 
	7.15 
	3.05 
	2.28 
	0.03 
	0.89 

	1995 
	184.40 
	206.78 
	19939.34 
	3687.00 
	29.32 
	4.05 
	104.19 
	1.59 
	7.04 
	4.21 
	3.88 
	0.06 
	2.22 

	1996 
	188.06 
	226.38 
	21085.49 
	3741.24 
	30.97 
	4.14 
	107.29 
	1.61 
	7.77 
	3.45 
	3.70 
	0.05 
	1.74 

	1997 
	197.73 
	236.87 
	21723.23 
	3757.81 
	30.69 
	4.29 
	114.59 
	1.29 
	9.08 
	3.82 
	3.35 
	0.05 
	1.50 

	1998 
	209.27 
	237.78 
	21936.02 
	3556.23 
	29.40 
	4.58 
	121.99 
	1.37 
	9.89 
	2.97 
	3.07 
	0.04 
	0.53 

	1999 
	218.45 
	251.56 
	23480.34 
	3367.05 
	31.56 
	4.85 
	127.24 
	0.87 
	9.93 
	4.43 
	2.94 
	0.06 
	1.15 

	2000 
	228.37 
	275.57 
	24713.72 
	3384.68 
	32.67 
	3.92 
	135.50 
	0.80 
	11.55 
	4.09 
	2.51 
	0.04 
	0.61 

	2001 
	263.93 
	296.71 
	28245.13 
	3630.12 
	38.58 
	4.57 
	156.98 
	1.04 
	13.40 
	2.59 
	1.88 
	0.04 
	0.57 

	2002 
	285.94 
	331.44 
	30392.13 
	3893.88 
	47.11 
	4.81 
	171.77 
	1.25 
	13.73 
	4.75 
	2.59 
	0.07 
	0.55 

	2003 
	354.18 
	391.68 
	37023.36 
	4828.86 
	58.95 
	5.51 
	216.47 
	1.00 
	15.31 
	8.25 
	3.57 
	0.10 
	0.80 

	2004 
	443.31 
	444.42 
	42054.47 
	5606.56 
	79.85 
	4.65 
	281.13 
	1.39 
	17.26 
	18.30 
	4.91 
	0.15 
	0.98 

	2005 
	556.21 
	508.20 
	46308.57 
	6877.94 
	71.87 
	5.18 
	357.76 
	2.36 
	19.95 
	25.49 
	5.88 
	0.19 
	0.38 

	2006 
	656.84 
	585.37 
	53265.89 
	7983.28 
	84.83 
	4.78 
	428.84 
	3.19 
	22.03 
	33.40 
	7.92 
	0.20 
	0.35 

	2007 
	750.53 
	666.27 
	58814.35 
	8995.31 
	77.96 
	5.09 
	491.81 
	3.96 
	25.71 
	42.80 
	8.93 
	0.23 
	0.68 

	2008 
	739.87 
	668.23 
	60013.12 
	8662.32 
	73.48 
	6.50 
	490.88 
	4.44 
	28.17 
	43.82 
	9.34 
	0.30 
	0.56 

	2009 
	862.54 
	736.57 
	71260.40 
	9564.95 
	77.54 
	7.35 
	578.46 
	6.70 
	29.90 
	54.48 
	10.08 
	0.39 
	1.89 

	2010 
	929.41 
	819.99 
	81174.86 
	10394.72 
	96.43 
	7.35 
	625.74 
	7.15 
	31.52 
	56.21 
	12.44 
	0.47 
	3.64 

	2011 
	988.09 
	932.55 
	90558.07 
	11509.43 
	108.25 
	4.33 
	674.63 
	8.33 
	36.41 
	62.93 
	13.25 
	0.48 
	3.61 

	2012 
	1021.81 
	925.47 
	96181.38 
	11803.02 
	110.92 
	3.10 
	698.54 
	11.27 
	42.67 
	66.40 
	13.76 
	0.47 
	2.50 

	2013 
	1093.66 
	1037.04 
	104647.13 
	12769.38 
	111.69 
	3.31 
	748.12 
	15.47 
	48.46 
	75.99 
	15.20 
	0.51 
	4.45 

	2014 
	1101.96 
	1032.18 
	107378.45 
	12705.64 
	77.42 
	4.57 
	757.72 
	17.34 
	57.56 
	82.92 
	16.30 
	0.52 
	4.40 

	2015 
	1055.59 
	1032.46 
	101149.57 
	11816.35 
	71.67 
	5.96 
	731.91 
	20.01 
	59.15 
	82.78 
	17.64 
	0.53 
	4.75 

	2016 
	1064.75 
	1079.00 
	103239.53 
	11779.57 
	61.59 
	7.61 
	730.54 
	24.19 
	65.15 
	87.57 
	15.92 
	0.57 
	4.48 

	2017 
	1076.71 
	1126.74 
	99375.64 
	11284.58 
	106.37 
	12.12 
	737.49 
	27.62 
	68.98 
	95.03 
	16.78 
	0.73 
	13.86 

	2018 
	1164.24 
	1228.62 
	93764.73 
	11466.73 
	151.79 
	24.25 
	787.92 
	32.44 
	69.65 
	96.63 
	16.84 
	0.77 
	11.06 

	2019 
	1226.35 
	1262.09 
	99437.74 
	12315.80 
	145.99 
	28.54 
	829.11 
	37.85 
	77.46 
	98.04 
	16.95 
	0.81 
	15.21 

	2020 
	1346.74 
	1286.71 
	101570.42 
	12317.00 
	138.60 
	38.56 
	916.52 
	44.93 
	80.18 
	99.44 
	16.84 
	0.84 
	16.97 

	2021 
	1316.64 
	1379.05 
	100831.43 
	12146.40 
	154.74 
	40.10 
	903.15 
	55.31 
	82.15 
	111.76 
	18.47 
	0.93 
	19.24 

	2022 
	1303.68 
	1403.92 
	90361.05 
	12346.73 
	136.00 
	44.73 
	897.49 
	59.95 
	85.75 
	121.59 
	18.04 
	0.98 
	19.53 

	2023 
	1315.45 
	1486.60 
	85823.30 
	12827.89 
	141.85 
	49.62 
	911.51 
	64.50 
	98.66 
	132.53 
	20.25 
	1.02 
	20.32 


Note：The unit of emission is kg/yr. Abbreviations: BFI, blast-furnace pig iron; CFPP, coal-fired power plant; CK, cement kiln co-processing solid waste; COP, coking plant; EAF, electric-arc furnace steelmaking; HWI, hazardous-waste incineration; IOS, iron-ore sintering; MSWI, municipal solid-waste incineration; PCu, primary copper smelting; SAl, secondary aluminium smelting; SCu, secondary copper smelting; SPb, secondary lead smelting; SZn, secondary zinc smelting.

[bookmark: _Toc242296289]Table S5. Grid-level annual REE emissions aggregated by element.

	Year
	Ce
	Dy
	Er
	Eu
	Gd
	Ho
	La
	Lu
	Nd
	Pr
	Sm
	Tb
	Tm
	Y
	Yb

	1990 
	4559.58 
	254.78 
	154.24 
	63.02 
	291.37 
	52.37 
	2465.41 
	12.24 
	1648.58 
	455.23 
	301.56 
	33.19 
	22.58 
	1380.61 
	153.73 

	1991 
	5112.20 
	282.20 
	171.09 
	70.66 
	324.32 
	58.09 
	2772.04 
	13.53 
	1844.65 
	509.11 
	336.31 
	36.63 
	25.11 
	1541.66 
	170.84 

	1992 
	6192.32 
	342.24 
	207.31 
	85.54 
	392.80 
	70.40 
	3357.73 
	16.41 
	2233.95 
	616.96 
	407.30 
	44.40 
	30.43 
	1867.45 
	206.99 

	1993 
	7324.24 
	404.37 
	244.84 
	101.14 
	463.75 
	83.18 
	3972.97 
	19.37 
	2640.58 
	729.75 
	480.95 
	52.37 
	35.95 
	2207.52 
	244.52 

	1994 
	8285.06 
	456.78 
	276.61 
	114.40 
	524.12 
	93.95 
	4496.87 
	21.88 
	2986.26 
	825.29 
	543.91 
	59.14 
	40.64 
	2495.77 
	276.32 

	1995 
	9316.22 
	513.96 
	311.31 
	128.59 
	589.71 
	105.74 
	5056.97 
	24.64 
	3357.08 
	927.96 
	611.81 
	66.59 
	45.73 
	2806.80 
	310.97 

	1996 
	9791.73 
	539.43 
	326.72 
	135.15 
	619.26 
	110.99 
	5315.33 
	25.85 
	3527.54 
	975.23 
	642.62 
	69.85 
	48.01 
	2947.74 
	326.43 

	1997 
	10053.69 
	553.82 
	335.24 
	138.78 
	635.26 
	113.87 
	5461.15 
	26.53 
	3621.89 
	1001.26 
	659.30 
	71.61 
	49.27 
	3027.65 
	334.98 

	1998 
	10067.82 
	553.27 
	335.02 
	139.00 
	635.27 
	113.81 
	5469.72 
	26.49 
	3625.56 
	1002.19 
	659.55 
	71.49 
	49.26 
	3029.82 
	334.84 

	1999 
	10609.52 
	580.51 
	351.61 
	146.49 
	667.35 
	119.49 
	5766.36 
	27.79 
	3817.35 
	1055.46 
	693.30 
	74.89 
	51.74 
	3186.93 
	351.64 

	2000 
	11109.67 
	607.12 
	367.75 
	153.38 
	698.38 
	124.97 
	6039.95 
	29.05 
	3996.92 
	1104.85 
	725.74 
	78.30 
	54.13 
	3335.98 
	367.85 

	2001 
	12601.43 
	687.46 
	416.40 
	174.01 
	791.30 
	141.50 
	6853.75 
	32.86 
	4532.42 
	1253.09 
	822.66 
	88.57 
	61.32 
	3782.14 
	416.64 

	2002 
	13565.38 
	739.94 
	448.19 
	187.31 
	851.86 
	152.32 
	7375.59 
	35.39 
	4879.20 
	1349.14 
	885.50 
	95.35 
	66.00 
	4070.40 
	448.44 

	2003 
	16558.68 
	903.44 
	547.28 
	228.66 
	1040.69 
	186.01 
	9001.75 
	43.21 
	5955.65 
	1646.89 
	1081.67 
	116.51 
	80.58 
	4969.46 
	547.56 

	2004 
	18890.63 
	1031.51 
	624.78 
	260.92 
	1187.76 
	212.35 
	10267.09 
	49.35 
	6795.87 
	1879.21 
	1234.43 
	133.03 
	91.95 
	5673.47 
	625.01 

	2005 
	21111.25 
	1157.11 
	700.81 
	291.71 
	1330.49 
	238.12 
	11466.68 
	55.38 
	7599.64 
	2101.00 
	1382.30 
	149.40 
	103.02 
	6352.46 
	700.60 

	2006 
	24326.22 
	1333.79 
	807.60 
	336.15 
	1532.79 
	274.47 
	13212.63 
	63.86 
	8755.39 
	2421.05 
	1592.55 
	172.19 
	118.69 
	7322.25 
	807.30 

	2007 
	26946.61 
	1478.78 
	895.48 
	372.44 
	1698.91 
	304.25 
	14635.56 
	70.82 
	9701.23 
	2681.81 
	1765.17 
	190.97 
	131.57 
	8115.02 
	895.00 

	2008 
	27282.59 
	1494.24 
	905.10 
	377.06 
	1718.55 
	307.51 
	14823.95 
	71.56 
	9819.80 
	2714.16 
	1785.81 
	192.90 
	133.06 
	8209.86 
	904.88 

	2009 
	32092.99 
	1753.34 
	1062.30 
	443.55 
	2018.30 
	360.94 
	17446.69 
	83.91 
	11545.45 
	3191.31 
	2098.29 
	226.13 
	156.25 
	9649.32 
	1062.47 

	2010 
	36331.04 
	1981.73 
	1200.81 
	502.04 
	2282.64 
	408.03 
	19757.35 
	94.85 
	13066.90 
	3611.87 
	2373.55 
	255.50 
	176.71 
	10915.53 
	1201.35 

	2011 
	40477.75 
	2207.26 
	1337.50 
	559.23 
	2542.49 
	454.47 
	22013.25 
	105.64 
	14558.09 
	4023.93 
	2643.72 
	284.55 
	196.86 
	12157.43 
	1338.18 

	2012 
	42791.71 
	2330.51 
	1412.36 
	591.13 
	2685.86 
	479.93 
	23278.08 
	111.51 
	15385.88 
	4253.10 
	2793.40 
	300.33 
	207.94 
	12846.20 
	1413.36 

	2013 
	46533.21 
	2533.81 
	1535.54 
	642.80 
	2920.37 
	521.82 
	25313.79 
	121.26 
	16729.63 
	4624.65 
	3037.59 
	326.57 
	226.09 
	13966.62 
	1536.66 

	2014 
	47567.89 
	2587.58 
	1568.43 
	657.06 
	2982.93 
	532.97 
	25884.19 
	123.85 
	17096.89 
	4725.90 
	3103.45 
	333.40 
	230.99 
	14271.71 
	1569.76 

	2015 
	44794.26 
	2436.64 
	1476.59 
	618.79 
	2808.66 
	501.80 
	24374.38 
	116.70 
	16099.04 
	4450.50 
	2922.57 
	313.99 
	217.47 
	13439.11 
	1477.83 

	2016 
	45613.97 
	2479.57 
	1502.83 
	630.10 
	2859.14 
	510.69 
	24821.47 
	118.73 
	16392.71 
	4531.25 
	2975.23 
	319.48 
	221.37 
	13679.76 
	1504.18 

	2017 
	43985.77 
	2391.48 
	1449.18 
	607.77 
	2758.03 
	492.49 
	23927.74 
	114.57 
	15811.37 
	4370.47 
	2870.02 
	308.23 
	213.45 
	13191.53 
	1450.56 

	2018 
	41991.77 
	2289.94 
	1386.89 
	580.57 
	2638.78 
	471.32 
	22821.51 
	109.78 
	15106.88 
	4175.52 
	2744.33 
	295.44 
	204.07 
	12611.40 
	1387.47 

	2019 
	44566.50 
	2430.84 
	1472.39 
	616.19 
	2800.62 
	500.34 
	24222.28 
	116.51 
	16032.66 
	4431.35 
	2912.92 
	313.61 
	216.65 
	13386.07 
	1473.01 

	2020 
	45485.48 
	2480.21 
	1502.40 
	629.22 
	2858.06 
	510.54 
	24720.67 
	118.85 
	16362.49 
	4522.42 
	2973.06 
	319.91 
	221.04 
	13666.36 
	1503.03 

	2021 
	45172.20 
	2463.19 
	1491.86 
	624.88 
	2838.59 
	506.97 
	24548.16 
	118.12 
	16251.74 
	4491.51 
	2952.83 
	317.83 
	219.49 
	13569.53 
	1492.47 

	2022 
	41191.53 
	2256.10 
	1365.82 
	570.09 
	2595.63 
	464.05 
	22364.29 
	108.30 
	14832.31 
	4098.48 
	2698.66 
	291.54 
	200.70 
	12396.60 
	1365.34 

	2023 
	39670.67 
	2180.23 
	1319.26 
	549.18 
	2505.38 
	448.21 
	21520.90 
	104.80 
	14293.89 
	3949.54 
	2603.66 
	282.14 
	193.68 
	11953.91 
	1318.04 


Note: The unit of emission is kg/yr. Abbreviations: La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.

[bookmark: _Toc242296290]Table S6. Concentrations of rare-earth elements in fine particulate matter from industrial sources.
	Element
	BFI
	CFPP
	CK
	COP
	EAF
	HWI
	IOS
	MSWI
	PCu
	SAl
	SCu
	SPb
	SZn

	Y 
	4.393 
	26.922 
	3.073 
	6.624 
	2.010 
	7.848 
	2.094 
	4.784 
	3.095 
	2.663 
	1.123 
	0.132 
	2.125 

	La 
	6.246 
	41.460 
	5.711 
	10.505 
	2.604 
	7.293 
	1.996 
	7.239 
	6.753 
	10.397 
	4.524 
	0.054 
	15.508 

	Ce
	12.472 
	96.710 
	10.410 
	20.038 
	7.163 
	13.557 
	4.209 
	12.334 
	16.832 
	15.195 
	4.927 
	0.125 
	16.501 

	Pr
	1.303 
	10.083 
	1.028 
	2.074 
	1.067 
	2.088 
	0.436 
	1.398 
	1.435 
	1.409 
	0.289 
	0.013 
	0.671 

	Nd
	4.785 
	37.940 
	3.716 
	7.493 
	3.774 
	8.514 
	1.669 
	4.499 
	5.017 
	5.255 
	1.074 
	0.069 
	2.326 

	Sm
	0.952 
	7.639 
	0.667 
	1.464 
	0.421 
	1.844 
	0.313 
	0.981 
	0.929 
	0.893 
	0.516 
	0.017 
	2.124 

	Eu
	0.204 
	1.409 
	0.143 
	0.274 
	0.089 
	0.433 
	0.083 
	0.257 
	0.163 
	0.105 
	0.046 
	0.004 
	0.469 

	Gd
	0.865 
	7.531 
	0.638 
	1.461 
	0.620 
	2.157 
	0.323 
	0.919 
	0.720 
	0.759 
	0.200 
	0.024 
	0.414 

	Tb
	0.107 
	1.123 
	0.069 
	0.190 
	0.042 
	0.264 
	0.028 
	0.133 
	0.106 
	0.047 
	0.359 
	0.000 
	0.038 

	Dy
	0.773 
	6.941 
	0.545 
	1.388 
	0.371 
	1.715 
	0.302 
	0.671 
	0.740 
	0.496 
	0.162 
	0.023 
	0.370 

	Ho
	0.148 
	1.295 
	0.113 
	0.280 
	0.072 
	0.346 
	0.062 
	0.132 
	0.147 
	0.100 
	0.046 
	0.004 
	0.074 

	Er
	0.452 
	3.681 
	0.332 
	0.829 
	0.192 
	1.003 
	0.194 
	0.396 
	0.476 
	0.244 
	0.106 
	0.017 
	0.227 

	Tm
	0.058 
	0.520 
	0.049 
	0.116 
	0.026 
	0.133 
	0.023 
	0.052 
	0.069 
	0.022 
	0.026 
	0.001 
	0.132 

	Yb
	0.439 
	3.407 
	0.334 
	0.803 
	0.221 
	0.847 
	0.183 
	0.369 
	0.478 
	0.249 
	0.115 
	0.012 
	0.889 

	Lu
	0.038 
	0.435 
	0.026 
	0.067 
	0.014 
	0.103 
	0.012 
	0.020 
	0.061 
	0.035 
	0.332 
	0.000 
	0.015 


[bookmark: OLE_LINK1] Note：The unit of concentration is μg/g. Abbreviations: BFI, blast-furnace pig iron; CFPP, coal-fired power plant; CK, cement kiln co-processing solid waste; COP, coking plant; EAF, electric-arc furnace steelmaking; HWI, hazardous-waste incineration; IOS, iron-ore sintering; MSWI, municipal solid-waste incineration; PCu, primary copper smelting; SAl, secondary aluminium smelting; SCu, secondary copper smelting; SPb, secondary lead smelting; SZn, secondary zinc smelting; La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.


[bookmark: _Toc242296291]Table S7. Path counts and weighted path diversity scores for REE–disease pairs in the EGoD network. 

	Element
	Disease
	PDS Simple
	PDS Weighted
	Element
	Disease
	PDS Simple
	PDS Weighted

	Ce
	Cancer
	1243
	770430
	Dy
	Mental
	134
	86004

	Gd
	Cancer
	1371
	759434
	Nd
	Respiration
	131
	80112

	Ce
	Neural
	1056
	662815
	Sm
	Sensory
	122
	78475

	Gd
	Neural
	1178
	656626
	Dy
	Sensory
	122
	78475

	Ce
	Infection
	988
	641917
	Sm
	Circulation
	123
	78430

	Gd
	Infection
	942
	559687
	Dy
	Circulation
	123
	78430

	Ce
	Digestive
	827
	516693
	Sm
	Congenital
	115
	74685

	Gd
	Digestive
	938
	513899
	Dy
	Congenital
	115
	74685

	Ce
	Endocrine
	757
	478372
	Ce
	Pregnancy
	110
	69696

	Ce
	Mental
	749
	470828
	Gd
	Pregnancy
	119
	67535

	Gd
	Endocrine
	827
	463257
	Sm
	Musculoskeletal
	99
	63671

	Gd
	Mental
	831
	455394
	Dy
	Musculoskeletal
	99
	63671

	Gd
	Circulation
	781
	421634
	Sm
	Genitourinary
	89
	56902

	Ce
	Circulation
	664
	406716
	Dy
	Genitourinary
	89
	56902

	Ce
	Congenital
	628
	406458
	Dy
	Skin
	74
	48040

	Ce
	Sensory
	631
	402755
	Sm
	Skin
	74
	48040

	Gd
	Congenital
	674
	386803
	Sm
	Blood
	74
	47825

	Gd
	Sensory
	672
	386367
	Dy
	Blood
	74
	47825

	La
	Cancer
	560
	368064
	La
	Symptoms
	66
	42409

	Gd
	Musculoskeletal
	596
	333167
	Sm
	Respiration
	64
	41580

	Ce
	Musculoskeletal
	506
	322879
	Dy
	Respiration
	64
	41580

	La
	Infection
	460
	313695
	Ce
	Perinatal
	53
	35055

	La
	Neural
	479
	309654
	Nd
	Symptoms
	57
	33900

	Gd
	Genitourinary
	569
	309554
	La
	Pregnancy
	51
	33600

	Ce
	Genitourinary
	499
	305621
	Gd
	Perinatal
	55
	32787

	Nd
	Cancer
	457
	279951
	Ce
	Injury
	39
	25697

	Gd
	Blood
	464
	258679
	Gd
	Injury
	43
	25278

	Ce
	Blood
	410
	256998
	Nd
	Pregnancy
	41
	25214

	Ce
	Skin
	387
	247531
	Dy
	Symptoms
	29
	18209

	La
	Digestive
	379
	245950
	Sm
	Symptoms
	29
	18209

	Gd
	Skin
	430
	245098
	La
	Perinatal
	25
	16964

	Nd
	Neural
	394
	240149
	Dy
	Pregnancy
	21
	13819

	Nd
	Infection
	366
	233226
	Sm
	Pregnancy
	21
	13819

	La
	Endocrine
	355
	231858
	La
	Injury
	18
	12203

	La
	Mental
	354
	231119
	Yb
	Cancer
	53
	11828

	Ce
	Respiration
	341
	214564
	Gd
	Special
	22
	11142

	Gd
	Respiration
	376
	211604
	Gd
	HealthService
	21
	10936

	La
	Congenital
	298
	202147
	Nd
	Perinatal
	17
	10592

	La
	Sensory
	295
	194471
	Ce
	HealthService
	16
	9778

	La
	Circulation
	303
	191260
	Ce
	Special
	15
	9593

	Nd
	Digestive
	313
	190143
	Nd
	Injury
	13
	8829

	Nd
	Endocrine
	272
	167984
	Yb
	Neural
	36
	8568

	Nd
	Mental
	283
	166460
	Yb
	Endocrine
	30
	6744

	La
	Musculoskeletal
	234
	153676
	Yb
	Circulation
	29
	6692

	Nd
	Circulation
	262
	153652
	Yb
	Mental
	30
	6528

	Nd
	Congenital
	241
	149314
	Sm
	Perinatal
	10
	6329

	Nd
	Sensory
	234
	146457
	Dy
	Perinatal
	10
	6329

	Dy
	Cancer
	225
	143938
	Yb
	Genitourinary
	26
	5672

	Sm
	Cancer
	225
	143938
	Yb
	Digestive
	20
	5144

	La
	Genitourinary
	223
	142169
	Sm
	Injury
	7
	4734

	Sm
	Infection
	196
	128319
	Dy
	Injury
	7
	4734

	Dy
	Infection
	196
	128319
	La
	HealthService
	8
	4663

	Dy
	Neural
	196
	125776
	La
	Special
	7
	4531

	Sm
	Neural
	196
	125776
	Yb
	Congenital
	18
	4392

	La
	Skin
	179
	119827
	Nd
	HealthService
	7
	3803

	Nd
	Musculoskeletal
	194
	119598
	Nd
	Special
	6
	3635

	La
	Blood
	183
	119392
	Yb
	Blood
	15
	3588

	Nd
	Genitourinary
	190
	111509
	Yb
	Sensory
	12
	3000

	La
	Respiration
	158
	105059
	Yb
	Musculoskeletal
	11
	2948

	Dy
	Digestive
	157
	100257
	Yb
	Respiration
	10
	2464

	Sm
	Digestive
	157
	100257
	Yb
	Skin
	9
	2196

	Nd
	Blood
	156
	95124
	Dy
	Special
	3
	1894

	Gd
	Symptoms
	170
	93965
	Dy
	HealthService
	3
	1894

	Ce
	Symptoms
	148
	91585
	Sm
	Special
	3
	1894

	Nd
	Skin
	146
	89532
	Sm
	HealthService
	3
	1894

	Dy
	Endocrine
	135
	87081
	Yb
	Infection
	7
	1876

	Sm
	Endocrine
	135
	87081
	Yb
	Symptoms
	5
	1340

	Sm
	Mental
	134
	86004
	Yb
	Pregnancy
	5
	908


Abbreviations: La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.
[bookmark: _Toc242296292]Table S8. Path counts and weighted path diversity scores for REE–disease pairs in the EPPD network. 
	Element
	Disease
	PDS Simple
	PDS Weighted
	Element
	Disease
	PDS Simple
	PDS Weighted

	Gd
	Cancer
	236
	469
	Lu
	Digestive
	2
	46

	Gd
	Mental
	74
	408
	Lu
	Blood
	1
	45

	Ce
	Cancer
	99
	380
	Nd
	Neural
	2
	43

	Gd
	Congenital
	38
	359
	Tb
	Cancer
	3
	43

	Gd
	Neural
	62
	346
	Dy
	Congenital
	6
	42

	Ce
	Mental
	32
	285
	Lu
	Mental
	6
	41

	Gd
	Musculoskeletal
	23
	282
	Yb
	Neural
	7
	40

	Gd
	Endocrine
	33
	268
	Nd
	Mental
	7
	39

	Gd
	Skin
	13
	244
	Sm
	Endocrine
	5
	38

	Gd
	Blood
	35
	231
	Ho
	Neural
	3
	37

	Ce
	Neural
	24
	228
	Dy
	Blood
	2
	34

	Gd
	Circulation
	21
	228
	Y
	Respiration
	1
	33

	Ce
	Congenital
	19
	220
	Y
	Digestive
	1
	32

	Gd
	Digestive
	9
	214
	Pr
	Neural
	7
	32

	Sm
	Cancer
	65
	210
	Y
	Endocrine
	1
	32

	Ce
	Digestive
	5
	204
	Y
	Circulation
	1
	31

	Ce
	Endocrine
	17
	187
	Tb
	Congenital
	1
	30

	Ce
	Skin
	6
	174
	Tb
	Musculoskeletal
	1
	28

	Ce
	Circulation
	12
	168
	Dy
	Mental
	5
	28

	Ce
	Musculoskeletal
	8
	150
	Eu
	Mental
	4
	26

	Lu
	Cancer
	33
	146
	Tb
	Symptoms
	1
	26

	Gd
	Respiration
	5
	143
	Yb
	Congenital
	3
	25

	Sm
	Mental
	19
	129
	La
	Cancer
	7
	24

	Ce
	Blood
	4
	125
	Sm
	Digestive
	3
	23

	Y
	Cancer
	36
	125
	Pr
	Mental
	3
	22

	Lu
	Neural
	6
	96
	La
	Mental
	2
	21

	Lu
	Congenital
	12
	95
	Ho
	Mental
	2
	21

	Y
	Mental
	14
	92
	Tb
	Blood
	3
	20

	Lu
	Endocrine
	5
	89
	Sm
	Blood
	1
	20

	Sm
	Neural
	14
	88
	Dy
	Endocrine
	3
	20

	Eu
	Cancer
	15
	88
	Dy
	Neural
	2
	18

	Tb
	Mental
	22
	84
	Tb
	Circulation
	1
	18

	Ce
	Respiration
	2
	84
	Y
	Skin
	1
	17

	Pr
	Cancer
	13
	80
	La
	Neural
	1
	17

	Gd
	Sensory
	2
	79
	Tb
	Digestive
	2
	17

	Ce
	Sensory
	1
	79
	Nd
	Congenital
	1
	16

	Yb
	Cancer
	15
	79
	Eu
	Blood
	1
	15

	Lu
	Musculoskeletal
	11
	78
	Nd
	Respiration
	1
	15

	Dy
	Cancer
	20
	72
	Nd
	Endocrine
	2
	14

	Y
	Congenital
	6
	71
	La
	Endocrine
	2
	12

	Lu
	Skin
	2
	71
	Pr
	Endocrine
	1
	11

	Pr
	Blood
	21
	61
	Sm
	Circulation
	1
	10

	Nd
	Cancer
	7
	57
	Eu
	Congenital
	1
	9

	Y
	Neural
	4
	56
	Dy
	Sensory
	1
	8

	Sm
	Congenital
	4
	50
	Eu
	Respiration
	1
	7

	Lu
	Circulation
	2
	48
	Pr
	Musculoskeletal
	1
	6

	Tb
	Neural
	6
	48
	Lu
	Sensory
	1
	6

	Pr
	Congenital
	7
	47
	Eu
	Endocrine
	2
	6

	Yb
	Mental
	6
	47
	Sm
	Respiration
	1
	4

	Tb
	Endocrine
	4
	46
	　
	　
	　
	　



Abbreviations: La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.


[bookmark: _Toc242296293]Table S9. LLM-assisted structured extraction of human studies on REE exposure and health outcomes.

	Exposure
	Disease
	PMID
	Sample size
	Gender
	Medium
	Risk effect type
	Risk effect value
	Risk effect 
confidence interval
	Effect type

	Lutetium
	Diabetes mellitus type 2
	38772147
	8734
	both
	
	HR
	0.72
	0.65-0.80
	Protective

	Lutetium
	Diabetes mellitus type 2
	38772147
	8734
	both
	serum
	HR
	0.96
	0.89-1.04
	No-association

	Cerium
	Ischemic stroke
	32887274
	175
	both
	
	OR
	0.5
	0.31-0.78
	Protective

	Cerium
	Major depressive disorder
	40624645
	2027
	both
	blood
	OR
	0.908
	0.423-1.946
	No-association

	Lanthanum
	Major depressive disorder
	40624645
	2027
	both
	blood
	OR
	1.343
	0.679-2.655
	No-association

	Cerium
	Maternal abortion and miscarriage
	33143924
	305
	female
	serum
	RR
	3.3
	1.57-6.94
	Risky

	Cerium
	Maternal abortion and miscarriage
	33143924
	305
	female
	serum
	RR
	1.31
	0.71-2.45
	No-association

	Cerium
	Maternal abortion and miscarriage
	33143924
	305
	female
	serum
	RR
	1.6
	0.85-3.01
	No-association

	Cerium
	Maternal abortion and miscarriage
	33143924
	305
	female
	serum
	RR
	1.79
	0.94-3.41
	No-association

	Cerium
	Maternal abortion and miscarriage
	38759774
	494
	female
	chorionic villus
	OR
	1.56
	0.85-2.87
	No-association

	Cerium
	Maternal abortion and miscarriage
	38759774
	494
	female
	chorionic villus
	OR
	1.91
	1.05-3.45
	Risky

	Cerium
	Maternal abortion and miscarriage
	38759774
	494
	female
	chorionic villus
	OR
	3.82
	2.08-7.01
	Risky

	Cerium
	Maternal abortion and miscarriage
	38759774
	494
	female
	chorionic villus
	OR
	4.55
	2.46-8.44
	Risky

	Cerium
	Maternal abortion and miscarriage
	38759774
	494
	female
	chorionic villus
	OR
	8.74
	4.49-17.01
	Risky

	Cerium
	Motor neuron disease
	38857795
	854
	both
	urine
	RR
	1.17
	1.05-1.31
	Risky

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	0.99
	0.64-1.51
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.23
	0.67-2.24
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	0.77
	0.44-1.33
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	0.93
	0.36-2.40
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.19
	0.78-1.83
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.33
	0.73-2.42
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	0.97
	0.56-1.69
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.41
	0.54-3.66
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.17
	0.76-1.79
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.3
	0.72-2.36
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	0.87
	0.50-1.51
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	2.45
	0.86-6.98
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.11
	0.72-1.69
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.02
	0.57-1.85
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.04
	0.60-1.80
	No-association

	Cerium
	Neural tube defects
	28411498
	452
	female
	
	OR
	1.24
	0.48-3.23
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	
	OR
	4.31
	1.93-9.62
	Risky

	Cerium
	Neural tube defects
	32059143
	600
	female
	
	OR
	4.73
	2.08-10.76
	Risky

	Cerium
	Neural tube defects
	32059143
	600
	female
	
	OR
	1.73
	0.80-3.72
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	serum
	OR
	1.47
	0.70-3.08
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	
	OR
	1.18
	0.56-2.49
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	serum
	OR
	1.94
	0.93-4.05
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	
	OR
	1.55
	0.75-3.21
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	serum
	OR
	0.89
	0.42-1.86
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	
	OR
	1.08
	0.51-2.31
	No-association

	Cerium
	Neural tube defects
	32059143
	600
	female
	
	OR
	2.13
	1.00-4.53
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.06
	0.94-1.20
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.09
	0.98-1.21
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.03
	0.92-1.16
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.05
	0.93-1.20
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.19
	1.05-1.36
	Risky

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.14
	0.99-1.29
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.1
	0.96-1.27
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.09
	0.96-1.26
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.1
	0.98-1.23
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.18
	1.05-1.32
	Risky

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.1
	0.96-1.29
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.08
	0.94-1.26
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.06
	0.92-1.23
	No-association

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.14
	1.05-1.26
	Risky

	Gadolinium
	Osteoarthritis other
	41764787
	798
	both
	urine
	OR
	1.13
	0.93-1.41
	No-association

	Lanthanum
	Orofacial clefts
	32942100
	226
	both
	umbilical cord
	OR
	2.35
	1.22-4.53
	Risky

	Neodymium
	Orofacial clefts
	32942100
	226
	both
	umbilical cord
	OR
	2.12
	1.10-4.10
	Risky

	Gadolinium
	Parkinson's disease
	27380348
	246557
	both
	　
	HR
	1.04
	0.98-1.09
	No-association



[bookmark: _Toc242296294]Table S10. Temporal and city coverage of hospitalization outcome data.

	Year
	Number of cities with available hospitalization data
	Respiratory hospitalizations
	Blood disease hospitalizations
	Circulatory disease hospitalizations

	2013
	48
	154413
	5906
	232155

	2014
	55
	151145
	5389
	238922

	2015
	58
	208502
	7318
	288100

	2016
	60
	235164
	9910
	349816

	2017
	119
	403870
	14382
	486033





[bookmark: _Toc242296295]Table S11. Stepwise covariate-adjustment scheme for hospitalization models.

	Model
	Covariates

	M1_Base
	Annual mean temperature

	M2_SocioEcon
	Temperature + GDP per capita + share of secondary industry

	M3_Demographic
	M2 + population aging

	M4_Full
	M3 + hospital beds per 1000 residents





[bookmark: _Toc242296296]Table S12. EWAS results for all REE-hospitalization outcomes.
This workbook contains the complete results from the exposure-wide association study (EWAS) based on the M4 model, examining associations between REE emissions and disease-specific hospitalisation outcomes. For each exposure–outcome pair, the table reports the relative risk (RR), 95% confidence interval (RR_low and RR_high), log-transformed RR (LogRR), and P value. Results are additionally classified according to both nominal statistical significance (Significance_raw) and significance after multiple-testing correction (Significance_adjusted). “Significant Harm” indicates an RR greater than 1 with statistical significance, whereas “Not Significant” indicates that the corresponding association did not meet the specified significance threshold.




[bookmark: _Toc242296297]Table S13. North–south heterogeneity in associations between industrial REE emissions and hospitalization outcomes.

	Industrial source
	Outcome
	Median RR North
	Median RR South
	Median Z (North−South)
	Median Pdiff
	Minimum Pdiff
	Direction

	COP
	Blood
	2.531 
	0.165 
	2.803 
	0.005 
	0.003 
	North > South

	COP
	Circulation
	2.631 
	0.468 
	2.237 
	0.025 
	0.023 
	North > South

	COP
	Respiration
	2.515 
	0.450 
	2.045 
	0.041 
	0.040 
	North > South

	IOS
	Blood
	0.990 
	0.366 
	2.959 
	0.003 
	0.003 
	North > South

	IOS
	Circulation
	1.040 
	0.470 
	2.511 
	0.012 
	0.012 
	North > South

	IOS
	Respiration
	1.234 
	0.434 
	2.930 
	0.003 
	0.003 
	North > South

	SCu
	Blood
	1.050 
	0.829 
	2.516 
	0.012 
	0.012 
	North > South

	SCu
	Circulation
	1.062 
	0.857 
	2.373 
	0.018 
	0.018 
	North > South

	SCu
	Respiration
	1.077 
	0.865 
	2.592 
	0.010 
	0.010 
	North > South

	PCu
	Blood
	0.791 
	1.108 
	-2.158 
	0.031 
	0.031 
	South > North

	PCu
	Circulation
	0.801 
	1.098 
	-2.033 
	0.042 
	0.042 
	South > North

	PCu
	Respiration
	0.774 
	1.167 
	-2.409 
	0.016 
	0.016 
	South > North


Abbreviations: COP, coking plant; OS, iron-ore sintering; PCu, primary copper smelting; SCu, secondary copper smelting;
[bookmark: _Toc242296298]Table S14. Element-specific contributions to disease-specific national REEMI under the EGoD and EPPD frameworks.
This workbook contains annual element-specific contributions to the disease-specific national REE Emission Mixture Index (REEMI) from 1990 to 2023 under the EGoD and EPPD frameworks. For each year, disease, and REE, Element_contrib_sum represents the nationally aggregated weighted contribution of the element, REEMI_national_sum represents the total national REEMI for the corresponding disease, and Share_of_national_REEMI represents the proportion of national REEMI attributable to that element. The relative contribution was calculated as the element-specific weighted contribution divided by the total weighted contribution of all REEs for the same disease and year. Because PDS_Weighted values are defined on different scales in the EGoD and EPPD networks, absolute REEMI values should not be directly compared between the two frameworks; comparisons are restricted to relative contributions and within-framework patterns.
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[bookmark: _Toc242296299]Fig. S1 | Disease-specific weighted path diversity scores and REE contribution profiles in the EGoD and EPPD networks. 
(A) EGoD network. The upper panel shows the relative contribution of individual REEs to the total disease-specific PDS_Weighted. The lower panel shows the total PDS_Weighted score for each disease across all REEs. (B) EPPD network. The upper and lower panels show the corresponding REE contribution profiles and total disease-specific PDS_Weighted scores, respectively. Only REEs with non-zero PDS_Weighted values in each network are displayed. Abbreviations: La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.
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[bookmark: _Toc242296300]Fig. S2 | Distribution of REE–disease evidence identified by LLM-assisted literature synthesis. 
(A) Number of literature records for each REE–disease combination. (B) Proportion of reported effects classified as risky among combinations with available evidence. Grey cells indicate REE–disease combinations with no identified evidence. Abbreviations: La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.
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[bookmark: _Toc242296301]Fig. S3 | Stability of representative REE emission–hospitalization associations across sequential covariate adjustment models.
Forest plots show RRs and 95% CIs per IQR increase in REE emissions across M1–M4. M1 adjusted for temperature; M2 additionally adjusted for GDP per capita and secondary-industry proportion; M3 further adjusted for aging; and M4 further adjusted for hospital beds per 1000 population. Abbreviations: CFPP, coal-fired power plant; La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.
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[bookmark: _Toc242296302]Fig. S4 | Regional patterns of associations between industrial REE emissions and hospitalization outcomes. 
(A) Associations between industrial REE emissions and blood, circulatory, and respiratory hospitalizations in northern China. (B) Corresponding associations in southern China. Colors indicate log rate ratios (log RRs) for associations reaching nominal significance (P < 0.05), with red indicating positive associations and blue indicating inverse associations; grey cells denote associations not reaching nominal significance. Within each REE block, industrial sources are ordered from top to bottom as SZn, SPb, SCu, SAl, PCu, MSWI, IOS, HWI, EAF, COP, CK, CFPP, and BFI. Abbreviations: La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.
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[bookmark: _Toc242296303]Fig. S5 | North–south heterogeneity in associations between industrial REE emissions and hospitalization outcomes.
(A) Forest plot showing the 10 exposure–outcome combinations with the largest absolute North–South interaction Z-scores. Points and horizontal lines represent region-specific relative risks (RRs) and 95% confidence intervals, respectively, with red indicating northern China and blue indicating southern China. The vertical dashed line denotes RR = 1. (B) Comparison of effect estimates between northern and southern China. Each point represents one exposure–outcome combination, with log RRs in northern and southern China shown on the x- and y-axes, respectively. The diagonal dashed line indicates equal effects between regions, whereas deviation from this line reflects increasing regional heterogeneity. Red points indicate nominal North–South differences at Pdiff<0.05; grey points indicate combinations not meeting this threshold. Point size is proportional to the absolute interaction Z-score. North–South differences should be interpreted as exploratory because none remained significant after FDR correction across all interaction tests. Abbreviations: COP, coking plant; IOS, iron-ore sintering; La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium; Y, yttrium.
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(A) Exposure-Outcome EWAS Heatmap - North
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(A) Top 10 Largest North-South Effect Differences (B) North-South Effect Size Comparison
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