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Table S1. Summary of Fe speciation data using synchrotron X-ray absorption spectroscopy. 
Chemical speciesLabel Sludge source Pyrite Siderite Vivianite Strengite FeO(OH) Fe-Org Ref.

Mixed primary 
and WAS - 23.5 - 16.8 26.2 33.5Wang(2020)

Lab-scale AD - - 73.3 12.2 14.5 -
1

WAS - - 7.5 28.3 13 51.2Huang(2021) Full-scale AD 2.6 40.3 19.6 37.4 - -
2

WAS from an 
aerobic MBR 
with Fe dosing

- - - 18.1 81.9 -
Li(2018)a

Lab anaerobic 
fermenter - - 65.6 - 34.4 -

3

Li(2020) WAS with Fe-
dosed sludge - - - 31.5 68.5 - 4

Wu(2015)b
WAS from an 
MBR with Fe 
dosing

- - - 50 50 - 5

WAS from 
WWTP#1 34 - 34 - 5 -Wilfert

(2016)c WAS from 
WWTP#2 8 - 87 - 5 -

AD sludge#1 27 - 58 - 15 -Wilfert
(2016)d AD sludge#2 15 - 81 - 4 -

6

Note: (a) The FeO(OH) phase includes ferrihydrite and goethite, (b) The FeO(OH) phase includes 
ferrihydrite and lepidocrocite; (c) the species were identified with Mossbauer spectroscopy,  WWTP#1 
has 26% of unidentified Fe2+ species. (d) the species were identified with Mossbauer spectroscopy. 
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Table S2. Summary of Zn speciation data using synchrotron X-ray absorption spectroscopy. 
Chemical species

Label Sludge source Zn-
Cys

Zn-S(a) (Zn,Fe)-
S(b)

Zn-Fe(c) Zn-PO4 Zn-Org Ref.

Mixed primary 
and WAS - - 54 17 29 -

AD of mixed 
sludges - - 53 29 19 -

AD of mixed 
sludges - - 40 20 40 -

Donner
(2011)

Composting 24 - - 22 54 -

7

Mixed primary 
and WAS

15 - 80 5 -Lombi
(2012) Lab AD of 

mixed sludges
15 - - 48 38 -

8

Lab AD of 
mixed sludges - - 69.5 30.5 - -Donner

(2013) 3-month Aged - - 28.3 48.2 23.6 -
9

Air-dried 
(oxic) - - 23 55 21 -Ma

(2014) 7d anaerobic 
aged - - 62 16 23 -

10

WAS from 
experimental 

WWTP
-

25
-

22 53
-Legros

(2017)
AD - 30 - 13 57 -

11

Raw sludge 10 - 49 - 41 -
Raw sludge - - 90 - 10 -

AD - - 81 19 - -
AD - - 92 - 8 -

Composting - - 10 35 40 15

Le Bars
(2018)

Composting - - - 100 -

12

Mixed primary 
and WAS - - 39 35 26 -Huang

(2018) AD of mixed 
sludges - - 67 20 13 -

13

Note: (a)This included amorphous or nano-zinc sulfides ;(b) This is either sphalerite or wurtzite that were 
used in spectral fitting; (c) This included Fe (hydro)oxides-adsorbed or substituted Zn species.
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Table S3. Summary of Cu speciation data using synchrotron X-ray absorption spectroscopy. 
Chemical species

Label Sludge source Cu(I)-
Cys

Cu(I)2S Cu(II)S Cu-Fe-
S(c)

Cu(II)-
Org Cu-PO4 Ref.

Mixed primary 
and WAS - 41 - 38 21 -

AD of mixed 
sludges - 60 - 32 8 -

AD of mixed 
sludges - 31 - 43 26 -

Donner
(2011)

Composting - - 9 62 29

7

Lab AD of 
mixed sludges - - 86.4 8.4 5.2 -Donner

(2013) (a)
3-month Aged - - 67.6 - 32.4 -

9

WAS from 
experimental 

WWTP
-

42
- -

58
-Legros

(2017) (b)

AD - 51 - - 49 -

11

Mixed primary 
and WAS

16 37 - 40 8 -Huang
(2018) AD of mixed 

sludges
24 39 - 33 4.6 -

13

Note: (a) the Cu(II)S species was fitted by covellite(b) The Cu(I)2S was fitted by Cu(I)methionine and the 
Cu(II)-Org was fitted by Cu(II)galacturonic; (c) Cu-Fe-S include cubanite and chalcopyrite.

Table S4. Summary of P speciation data using NMR and P K-edge XANES. 
31P NMR(a) P K-edge XANES (b)Sludge 

source Ortho-P Others Vivianite Strengite Others Ref.

WAS 63.5 36.5 - - -
AD 95.1 4.9 - - -

14

WAS 52.8 47.1 - - -
AD 100 0 - - -

15

WAS - - - 24.3 -
AD - - 42.3 - -

3

WAS - - - 23 -
AD - - 55.8 7.2 -

1

Note: Only studies comparing sludges before and after AD were selected. (a) 31P liquid NMR of 
liquid extracts of sludge samples, Others are organophosphorus and polyphosphates. (b) Others of the 
XANES data are species other than iron phosphates. 
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Figure S1. PHREEQC inputs for the simulation of variable pe (pe was varied from +5 to -6, 
while other parameters were maintained the same)
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Figure S2. An example of PHREEQC simulation output for variable pe (initial pe = 5)
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