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Table 1. PM2s emission rate, penetration factor, and deposition rate.

Source Penetration Factor Emission Rate Deposition Rate
8; cl i
Outdoor infiltration 08; closed V\{Il’ldOWS / 0.19 /h [1]
1.0; open windows /
Cooking emission / 1.56 mg/min [2] 0.19 /h [1]

Table S2. Schedule of ventilation used as inputs for CONTAM simulation.

Activity Season Schedule Ventilation Time (min/d)

7:00-9:00;
Spring 11:00-15:00; 454
17:00-18:34;
0:00-7:36;
Summer 21:00-24:00 636
7:00-9:00;
Autumn 11:00-15:00; 454
17:00-18:34;
7:00-8:00;
Winter 11:00-13:00; 281
17:00-18:41

Window
opening

Table S3. Fit parameters of four diseases for IER model [3].

IHD stroke COPD LC
o 0.843 1.01 18.3 159
Y 0.0724 0.0164 0.000932 0.000119
e} 0.544 1.14 0.682 0.735
Co 6.96 8.38 7.17 7.24




1. CONTAM building models

1.1. The layout of residential buildings

The multistory residential buildings were modeled as slab-type buildings, as described by
Shi et al.,[4] with two apartment units sharing one floor and one cell consisting of one floor and
adjacent apartment units. High-rise residential buildings were modeled as slab-type buildings,
with four apartment units sharing a corridor and two elevators. In the 1990s, some high-rise
residential buildings were built as tower buildings; therefore, the high-rise tower buildings
built in this period were also considered and discussed in this study. A family with three
people was simulated to live in each apartment unit, with an area of 109.5 m? calculated via the
per capita floor space (36.5 m? per capita) of the urban residents in Nanjing. Fig.51. shows the
layout of the multistory and high-rise residential buildings.
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(a) Multistory buildings

Figure S1. The layout of multi-story and high-rise residential buildings.
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(b) High-rise building (slab-type)

Figure S1. (Continued) The layout of multi-story and high-rise residential buildings.
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(c) high-rise building (Tower-type)
Figure S1. (Continued) The layout of multistory and high-rise residential buildings.

1.2. Airflow paths of building models

The airflow paths considered for each buildings include the leakage area of exterior walls,
doors, windows, interior door, stairwell, elevator shaft. The exterior wall leakage was
modeled using an effective leakage area calculated based on the empirical model proposed by
Chan et al. [5] using the floor area and construction year. Although the empirical model was
mainly constructed for low-rise single-family dwellings [5], apartment buildings can be
considered as one-floor buildings, with the same construction year and floor area per floor, to
extrapolate the empirical model for high-rise buildings, as suggested by Shi et al [4]. Closed
windows and door leakages in the building were modeled using the effective leakage area,
which was calculated according to the design standard for the air permeability performances
of multistory and high-rise residences in hot summer and cold winter zones [6,7]. Other
airflow path elements, including internal walls, floors, ceilings, stairwell, and elevator shaft
were modeled according to the input data library for the multizone airflow and indoor air
quality analysis. The corresponding best estimate values from the library were selected and
used in this study [8]. A two-way flow model was assumed when the windows were open.
The penetration rate of outdoor PM:as was set according to the status of the windows
(closed/opened), as shown in Table S1. Table 54 provides details of the CONTAM parameters
used in the model.



Table S4. Air leakage area for different residences in the CONTAM model.

Building Component Effective Leakage Area
Exterior door (closed)*
Multistory residence 17.07 cm? /unit
High-rise residence 10.24 cm?/unit
Exterior windows (closed)*
Multistory residence 15.36 cm? /unit
High-rise residence 9.21 cm?/unit
Interior walls 2.00 cm?2/m?2
Floor 2.20 cm?/m?2
Ceiling 1.80 cm?/m?

* The effective leakage areas for exterior doors and windows were calculated according to the
equation [9]: Q = C4A\/2AP/p, where Q—volume airflow (m?¥s), Cd—discharge coefficient,
A—the leakage area (m?), and o—air density (kg/m?3)

2. Sensitivity analysis

To explore the sensitivity of CONTAM model to variations in the input parameters, a
sensitivity analysis was carried out in this study. The sensitivity analysis was conducted under
scenarios 1 and 2. The R03 and R06 building models were used for the sensitivity analysis as
representatives of multistory buildings and high-rise buildings, respectively. The exterior wall
leakage area, leakage area of exterior doors/windows, PM:s penetration factor, deposition rate
and cooking emission rate were used for the sensitivity analysis. Parameter variations were
selected based on the range of particle behaviors and building characteristics available in the
literature and the building design standard for different type of residences (Table S5). The
maximum and minimum alternative values of each input parameter were entered into the
model for sensitivity analysis while holding all other variables constant. The percent
differences in PMas I/O ratios from the baseline were calculated to demonstrate the model
sensitivity to each input variable.

The results of the sensitivity analysis for scenarios 1 and 2 can be seen in Table S6. The
results indicate a high levels of model sensitivity to the PM2s penetration factor and deposition
rate. The penetration factor and deposition rate are two key parameters that impact
indoor-outdoor particle dynamics. The sensitivity of the CONTAM model to the two
parameters has also been demonstrated in previous studies [10, 11]. The sensitivity of the
predicted I/O ratios also varied with the building type. High-rise residences showed more
sensitivity to variations in the model inputs compared to multistory buildings. In scenario 1,
the leakage area of the exterior doors/windows and the particle penetration factor had large
influences on the I/O ratio, while in scenario 2, the influences of the two parameters were
much smaller. The difference between the two scenarios was easy to understand. In scenario 1,
all of the windows were closed, and outdoor air infiltration was the only source for indoor
PM:s pollution; therefore, the model was sensitive to the two key parameters, which impacted
indoor-outdoor particle dynamics and the penetrability of the building. In scenario 2, when
the windows were opened and indoor cooking source existed, the sensitivity of the model to
exterior doors/windows and the penetration factor was reduced due to the larger influences of
the cooking emission rate and deposition rate.



Table S5. Variations in parameter inputs for the sensitivity analysis.

Parameter Category Variation Reference
Effective leakage Ex1 159 (R03)
area of exterior 1.01 (RO6) [5]
walls (cm?2/m?) Ex2 1.44 (RO3)
0.92 (R06)
Doors: 17.07 (multistory building)
Winl 10.24 (high-rise building)
Effective leakage Windows: 15.36 (multistory building)
area of exterior 12.29 (high-rise building) 67]
doors/windows Doors: 13.66 (multistory building) ’
(cm?/unit) Win2 6.83 (high-rise building)
Windows: 12.29 (multistory building)
6.15 (high-rise building)
Penetration P1 0.6 [12]
factor P2 1.0
Deposition rate D1 0.06 [13]
(/h) D2 0.39
Emission rate El 0.02 [14]
(mg/min) E2 10.02

Table S6. Variations in the average annual I/O ratio for different parameters

Parameter

Variations (scenario 1)

Variations (scenario 2)

Multistory High-rise = Multistory = High-rise

Effective leakage area Ex1 0.85% 1.13% 0.02% 0.00%

of exterior walls Ex2 1.00% 1.45% 0.02% 0.00%
Effective leakage area  win1 / / / /

of exterior

doors/windows Win2 6.09% 8.61% 0.34% 0.00%

Penetration factor P1 11.31% 25.11% 2.20% 3.01%

P2 11.31% 25.03% 1.36% 3.01%

Deposition rate D1 93.44% 132.18% 21.59% 26.27%

P D2 41.17% 47.14% 17.15% 20.38%

Emission rate El / / 10.61% 12.78%

E2 / / 58.36% 70.27%
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Figure S2. Seasonally averaged indoor PM:z5 concentrations in residences in Nanjing (Scenario 1)
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Figure S3. Seasonally averaged indoor PM:25 concentrations in residences in Nanjing (Scenario 2).
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Figure S4. The spatial distributions of indoor/outdoor PM:2s5 concentrations in residences

across Nanjing (scenario 1).
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