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S1 Sampling area

Urban domestic wastewater samples were collected in Shanghai, China (Yangpu District, Area:
60.61 km?). Meteorological data were recorded, including rainfall (average 48.6 mm), relative
humidity (about 94%), atmospheric pressure (average 29.40 mmHg), and surface temperature
(average 23 °C). The detailed information on the sampling environment is similar to the

stormwater samples, which have been described in detail !.

S2 TOC-VCPH analyzer detection settings

Instrument settings for TDN (Total dissolved organic nitrogen, TDN) and DOC (Dissolved
organic carbon, DOC) detection are as follows: injection frequency of 1, cleaning frequency of 2,
sample injection volume of 150 pL, acid addition of 1.5% of the sample injection volume, injection
airflow of 80 ml, injection time of 1.5 min, automatic dilution of 1-fold, and maximum integration

time of 4 min 50s.

S3 CDOM parameters calculation

CDOM spectral parameters analysis, the absorption at 350 nm (azso) is used to quantify the

CDOM pool. The absorption coefficient (acpoy) 2 is obtained using the following equation:

Acpoy) =2.303 x appop(D)/L 1)

acpom (A) 1s the absorbance of DOM containing chromophoric groups at wavelength A, L is the
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path length of the light pool in meters, and 2.303 is the conversion factor from common logarithm

to natural logarithm. The equation for calculating the spectral slope coefficient (S, um) 3 is:

a(L)= a(kg) e S* M+ K (2)

Where a(L) is the absorption coefficient, A, is the reference wavelength, A is the selected
wavelength, a(Ao) is the absorption coefficient at the reference wavelength, and K is the
background parameter.

In addition, the spectral slope ratio (Sg) 4 is calculated as follows.

Sr = S275 295/ S350 -400 (3)

S175-205 and S3s0_400 are linear fittings of the logarithmic transformation absorption coefficients
within the wavelength ranges of 275-295 nm and 350-400 nm, respectively, with units of nm-1.
SR is commonly used for the characterization of molecular weight and aromaticity 4. Specific UV-
vis absorbance at 254 and 280 nm (SUVA,s4 and SUVA,g) are calculated by dividing the
absorbance at 254 and 280 nm by the concentration of dissolved organic carbon (DOC) and are

often used as indicators of aromaticity 3.

SUVAs4 = ass4/ ppoc (4)
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SUVA,s4 is the specific UV absorbance at 254 nm, with simplified units of L-mg™! m™!; aysy4 is
the absorption coefficient at a wavelength of 254 nm, with units of m!; ppo is the concentration

of dissolved organic carbon (DOC) in the water sample, with units of mg-L!.

S4 FDOM parameters calculation

The specific formulas for calculating the three fluorescence optical parameters are as follows:

FI /1 » Mg, =370 nm (5)

= Lzonm / Ls200m

BIX=1L,, /1, A=3101m (6)

430nm

HIX =31 435480mm /Z 1300_3450mm” Agx=254 nm (7)

The fluorescence index (FI) is the ratio of fluorescence intensity at emission wavelengths of 470
nm and 520 nm, respectively, to the excitation wavelength of 370 nm 7. FI is used to indicate the
source of dissolved organic matter (DOM), ranging from terrestrial sources (plant and soil organic
matter, approximately 1.2) to microbial sources (bacterial and algal byproducts, approximately
1.8). The biological index (BIX) is the ratio of fluorescence intensity at emission wavelengths of
380 nm and 430 nm to the excitation wavelength of 310 nm 3. BIX increases with the freshness of
DOM 3. The humification index (HIX) is the ratio of the integrated fluorescence intensity at
emission wavelengths of 435-480 nm and 300-345 nm to the excitation wavelength of 254 nm (or
255 nm in this study due to the 5 nm excitation interval of the spectrofluorometer), representing

the degree of humification of DOM, which generally increases with increasing aromaticity °-1°,
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S5 EEM-PARAFAC modeling analysis

The combination EEM dataset of all collected samples was modeled using PARAFAC with
drEEM in MATLAB 12, The model was tested for repeated convergence using least squares and

non-negative constraints on the data. To avoid the disproportionate impact of low signal-to-noise
ratios on the modeling, excitation wavelengths below 250 nm and emission wavelengths above
600 nm were removed '!. Prior to PRAAFAC analysis, spectral regions without fluorescence and
affected by first- and second-order Raman scattering peaks were removed and replaced with
missing values. The PARAFAC model was validated through residual analysis, split-half analysis,
random 1initialization, sum of squares error, explained variance, and core consistency tests,
explaining over 99.7% of the total fluorescence variance. The content of each component was
determined based on the Fmax of identified components. The emission and excitation load of the
identified components were compared with those in the open fluorescence database, OpenFluor

(https://openfluor.lablicate.com). The PARAFAC model was further compared and validated

using Tucker's congruence coefficient (TCC, TCC Ex/Em > 0.95). PARAFAC modeling was

performed using the DOM-Fluor toolbox in MATLAB R2022a (www.models.kvl.dk/source) 3.

S6 Molecular parameters calculation

In addition, the double bond equivalent (DBE), the modified aromaticity index (Aly,q), and the

nominal oxidation state of carbon (NOSC) were calculated as characterization parameters for
DOM molecular features 415, DBE represents the unsaturation of DOM molecules '4. A higher
DBE value indicates greater diversity and more double bonds and aromatic rings in the compounds

14 Alog represents the modified aromaticity index of DOM molecules '©, estimating the
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proportion of aromatic and condensed aromatic structures, and considering the abundance of
carboxylic groups in natural organic matter 4. NOSC represents the nominal oxidation state of
carbon, which is used to describe the oxidation state or degree of carbon atoms in organic
compounds. The nominal oxidation state of carbon is estimated for each carbon atom in the
compound !°. Weight average (wa) represents the weighted average based on the mass spectral

ion intensities (Schmidt et al., 2017).

The specific calculation formulas are as follows:

2C-H+N+P
DBE =1+
2 ®)
1+C-050-S5S-05H
A1m0d=
2C-050-S-N-P (9)
4C+H - 3N - 20 + 5P - 2§
(NOSC-0=4-

¢ (10)

C, H, N, P, and S refer to the number of Carbon, Hydrogen, Nitrogen, Phosphorus, and Sulfur

atoms in the molecular formula.

n

i=1

A
5

=1 (11)

X; represents the corresponding value in each molecule, and /; represents the peak intensity of the

molecule in the mass spectrum.
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Fig. S1 The content of dissolved organic carbon (DOC) and total dissolved nitrogen (TDN) in urban

domestic wastewater at different periods.
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Fig. S2 The CDOM optical parameters (asso, Sy75:205, Sk, and SUVA,s4) of urban

domestic wastewater at different periods.
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Fig. S3 The excitation and emission spectra of fluorescent components C1-C4 identified by EEM-

PARAFAC. The numbers indicate the peak wavelengths.
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Fig. S4 Half Split-validation of the four fluorescent components of the urban domestic

wastewater.
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Lines separating compound categories are for visualization and exact categorization may differ.
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Fig. S8 The correlation between photochemical parameters (DOC, TDN, and Sg) and mass
spectrometry molecules (p<0.05), as well as the distribution density of correlated molecules.
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