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TEXT S1
The fluorescence properties of BDOM were further assessed by determining three fluorescence indices: FI means f450/f500 index (McKnight et al. 2001), HIX means the humification index (Zsolnay et al. 1999), and BIX means the index of recent autochthonous contribution (Huguet et al. 2009). The values of FI, HIX and BIX are calculated according to Eqs. (1), (2), (3).

	 	

	 	

	 	
where Int.Em=x,Ex=y is the fluorescence intensity at the specified excitation and emission wavelength; AreaEm=x,Ex=y is the spectral region area at the specified emission wavelengths range.
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TEXT S2 
The 2D-COS was produced according to the method of Noda and Ozaki (Noda and Ozaki, 2005). FTIR spectral data sets were calculated using the addition of different metal concentrations as external perturbations.
For the perturbations-induced caused by the spectral intensity y(x, t) varies between time Tmin and Tmax, where x and t represent the wave number and the perturbation respectively. The dynamic spectrum y(x, t) is formally defined as follows:

		
where (x) denotes the reference spectra, and is defined as:

	 	
The synchronous correlation spectroscopy can be written as follows:
		
The asynchronous correlation spectroscopy can be written as follows:
		
where  is the orthogonal spectrum.
[bookmark: _Hlk139561051]According to Noda's rule (Noda and Ozaki, 2005), the peaks on the diagonal of the synchronous diagram are called autocorrelation peaks, which can be used to reflect the extent to which the groups are affected by external perturbations; the peaks on the non-diagonal are called cross peaks, which are used to reflect the sequence of changes in the different wave numbers of groups. When the cross-peak signals in the synchronous and asynchronous maps agree, it indicates that the group change corresponding to x1 precedes x2; when they do not, it indicates that the group change corresponding to x1 is later than x2. Whereas x1 and x2 change simultaneously when the synchronous spectrum cross-peaks are present but the asynchronous spectrum is 0, the changes in x1 and x2 cannot be determined when only the asynchronous cross-peaks are present.




[bookmark: _Hlk139565917]Table S1 2D-FTIR-COS results of the sign of each cross peak in the synchronous (Φ，in parentheses) and asynchronous maps (Ψ) of CB-DOM at different pyrolysis temperatures combined with Cu(II).
	[bookmark: _Hlk137146442]Position (cm-1) a
	CB300
	
	
	
	

	
	1708
	1120
	
	
	

	1708
	+
	+ (−)
	
	
	

	1120
	
	+
	
	
	

	
	CB500
	
	
	
	

	
	1450
	1395
	1127
	
	

	1450
	+
	+(−)
	+ (−)
	
	

	1395
	
	+
	+ (+)
	
	

	1127
	
	
	+
	
	

	
	CB700
	
	
	
	

	
	1654
	1451
	1402
	1136
	1003

	1654
	+
	+ (−)
	+ (+)
	+ (−)
	+ (−)

	1451
	
	+
	+ (+)
	+ (+)
	+ (+)

	1402
	
	
	+
	+ (−)
	+ (−)

	1136
	
	
	
	+
	+ (+)

	1003
	
	
	
	
	+

	
	CB900
	
	
	
	

	
	1657
	1463
	1402
	1126
	1000

	1657
	+
	+ (+)
	+ (+)
	+ (−)
	+ (−)

	1463
	
	+
	+ (+)
	+ (−)
	+ (−)

	1402
	
	
	+
	+ (−)
	+ (−)

	1126
	
	
	
	+
	+ (+)

	1000
	
	
	
	
	+


a Signs were obtained in the upper-right corner of the maps; +, positive; −, negative.


Table S2 2D-FTIR-COS results of the sign of each cross peak in the synchronous (Φ，in parentheses) and asynchronous maps (Ψ) of SB-DOM at different pyrolysis temperatures combined with Cu(II).
	[bookmark: _Hlk137146449]Position (cm-1) a
	SB300
	
	
	
	
	

	
	1618
	1402
	1135
	1110
	
	

	1618
	+
	+ (+)
	+ (+)
	+ (+)
	
	

	1402
	
	+
	+ (+)
	+ (+)
	
	

	1135
	
	
	+
	+ (−)
	
	

	1110
	
	
	
	+
	
	

	
	SB500
	
	
	
	
	

	
	1650
	1368
	1105
	
	
	

	1650
	+
	+ (+)
	+ (+)
	
	
	

	1368
	
	+
	+ (+)
	
	
	

	1105
	
	
	+
	
	
	

	
	SB700
	
	
	
	
	

	
	1651
	1454
	1100
	940
	900
	865

	1651
	+
	+ (+)
	+ (+)
	+ (+)
	+ (+)
	+ (+)

	1454
	
	+
	+ (−)
	+ (−)
	+ (−)
	+ (−)

	1100
	
	
	+
	+ (+)
	+ (+)
	+ (+)

	940
	
	
	
	+
	+
	+

	900
	
	
	
	
	+
	+

	865
	
	
	
	
	
	+

	
	SB900
	
	
	
	
	

	
	1743
	1660
	1530
	1272
	1094
	935

	1743
	+
	+ (−)
	+ (−)
	+ (−)
	+ (−)
	+ (−)

	1660
	
	+
	+ (+)
	+ (+)
	+ (+)
	+ (+)

	1530
	
	
	+
	+ (−)
	+ (−)
	+ (+)

	1272
	
	
	
	+
	+ (+)
	+ (+)

	1094
	
	
	
	
	+
	+ (+)

	935
	
	
	
	
	
	+


a Signs were obtained in the upper-right corner of the maps; +, positive; −, negative.


Table S3 Correlation rules of 2D-COS analysis
	Band (cm-1)
	Assignment
	References

	1743
	C=O asymmetric stretching of esters
	(Abdulla et al. 2010)

	1708
	symmetric stretching of aromatic carbonyl/carboxy C=O
	(Özçimen and Ersoy-Meriçboyu 2010)

	1650-1660
	the stretching of C=O of amides in proteins
	(Abdulla et al. 2010)

	1600-1450
	aromatic C=C ring stretching
	(Özçimen and Ersoy-Meriçboyu 2010)

	1401
	deprotonated carboxylic acids
	(Abdulla et al. 2010)

	1395
	symmetric stretching of phenolic OH deformation
	(Tang et al. 2019)

	1368
	C-OH stretching vibrations of aliphatic groups
	(Zhu et al. 2021)

	1275
	C-O stretching of carboxylic acids
	(Abdulla et al. 2010)

	
	
	

	1150-1000
	C-O stretching vibrations of alcohols, ethers and esters of polysaccharides
	(Yu et al. 2019)

	1120
	aromatic CO-stretching
	(Özçimen and Ersoy-Meriçboyu 2010)

	900-680
	aromatic C-H stretching vibration
	(Yang et al. 2007)





[image: ]
[bookmark: _Hlk138623321]Fig. S1 UV-Vis spectra of BDOM extracted from CB (a) and SB (b) at different pyrolysis temperatures (300 °C, 500 °C, 700 °C, 900 °C) respectively (DOC = 10 mg/L).
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[bookmark: _Hlk138667456]Fig. S2 FTIR spectra of BDOM extracted from CB (a) and SB (b) at different pyrolysis temperatures (300 °C, 500 °C, 700 °C, 900 °C). 

[image: ]
[bookmark: _Hlk138667061]Fig. S3 EEM spectra of CB-DOM produced by different pyrolysis temperatures (300 °C, 500 °C, 700 °C, 900 °C) when bursting with different concentrations of Cu2+. 0 μmol/L: (a), (d), (g), (j); 50 μmol/L: (b), (e), (h), (k); 100μmol/L: (c), (f), (i), (l).


[image: ]
[bookmark: _Hlk138620971]Fig. S4 EEM spectra of SB-DOM produced by different pyrolysis temperatures (300 °C, 500 °C, 700 °C, 900 °C) when bursting with different concentrations of Cu2+. 0 μmol/L: (a), (d), (g), (j); 50 μmol/L: (b), (e), (h), (k); 100μmol/L: (c), (f), (i), (l).
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[bookmark: _Hlk138619654]Fig. S5 Synchronous and asynchronous 2D-FTIR-COS maps of SB-DOM with Cu(II) complexation..
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