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Figure S1. Schematic diagram of experimental setup.

[bookmark: _Hlk155720733]Figure S2. Scatter plot for (a) total NMOGs and (b) NMOGs with carbon number (nC) ≥ 6 (solid), primary biomass-burning organic aerosol (BBOA, hollow) emissions emission factors (EFs) and average modified combustion efficiency (MCE).[image: ]


[image: ]

Figure S3. Average mass spectra of primary NMOG emissions for each burn colored by functional group. The pie chart shows the average fractional contribution of each functional group to the total mixing ratio for each experiment. 
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Figure S4. The average relative fractional contribution of each category to the total primary organic gases. Error bars correspond to one sample half standard deviation of the replicates.   [image: ]

Figure S5. The average relative contribution of the primary organic gases sorted by volatility. Error bars correspond to one sample half standard deviation of the replicates.   






Figure S6. Time series of various primary organic gases for a burn of beech logs.[image: ]
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Figure S7. The average relative contribution of the primary gas-phase species of different functional groups during the flaming and smoldering phase, respectively. Error bars correspond to the sample geometric standard deviation of the replicates. The square represents the mixing ratio between smoldering and flaming. 


Figure S8. The average carbon and oxygen distribution for the flaming, smoldering phase and the difference between these two phases are colored by oxygen number in panel (A) absolute emission factors panel (B) relative contribution. [image: ]
[image: ]

Figure S9. Volatility distribution of primary emissions for beech logs stove burning in flaming and smoldering phase as a function of binned saturation vapor concentration. Columns are color-coded by each functional group. Shaded areas indicate the volatility ranges with units of μg m–3: VOCs (yellow) as log10(C*) > 6.5, IVOCs (blue) as log10(C*) between 6.5 to 2.5, semi-VOCs (SVOCs, green) as log10(C*) between 2.5 to – 0.5 and low-VOCs (LVOCs, organge) as log10(C*) < – 0.5). The relative contribution of LVOCs and SVOCs are multiplied by a factor of 1000 and 10, respectively.[image: ]

Figure S10. The static p-value vs. fold change. They are sized by the logarithm of fractional contribution and colored by the mass to charge.[image: ]


Figure S11. Mixing ratio percentage of the common compounds measured by the Vocus in biomass (except coal) burning, where the bar colors denote the different experiments.[image: ]

Figure S12. Mixing ratio percentage of the total common compounds and rest primary organic gases measured by the Vocus in biomass (except coal) burning, where the bar colors denote the different experiments.
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Figure S13. Scatter plot for and average modified combustion efficiency (MCE).





Table S1. Composition classes and the values for saturation mass concentration parameterizations.
	Classes
	
	
	
	
	

	CH
	23.8
	0.4681
	
	
	

	CHO
	22.66
	0.4481
	1.656
	-0.7790
	

	CHN
	24.59
	0.4066
	
	
	0.9619

	CHON
	24.13
	0.3667
	0.7732
	-0.0779
	1.114









Table S2 Average emission factors of CO, CO2, Organic gases and PM as well as MCE for 6 types of burning.
	Exp. No.
	Burning type
	MCE
	Emission factor (g/kg)

	
	
	
	CO
	CO2
	Organic gases
	PM 

	BS1
	beech stove
	0.96
	31.2
	1469.3
	57.4
	5

	BS2
	beech stove
	0.95
	37.7
	1394.5
	81.1
	3.8

	BS3
	beech stove (flaming)
	0.98
	14.4
	1568.4
	37.7
	0.5

	BS4
	beech stove (smoldering)
	0.92
	60.8
	1284.4
	104.7
	2.7

	BS5
	beech stove (flaming)
	0.99
	11.9
	1603.2
	25.1
	0.8

	BS6
	beech stove (smoldering)
	0.87
	76.5
	1136.2
	139.1
	2.3

	SPS1
	spruce stove
	0.99
	10.8
	1591.7
	28.5
	1

	SPS2
	spruce stove
	0.97
	25.9
	1559.9
	29
	0.5

	SPS3
	spruce stove
	0.97
	25.9
	1523.6
	42.6
	1

	SPS4
	spruce stove
	0.95
	50.6
	1436
	55.1
	0.5

	SPS5
	spruce stove
	0.97
	29.2
	1447.3
	69.3
	1.9

	SPO1
	spruce + pine open
	0.99
	3.6
	1545.2
	52.9
	1.2

	SPO2
	spruce + pine open
	0.99
	2.1
	1593.4
	34.1
	1.1

	SPO3
	spruce + pine open
	0.99
	2.6
	1599.2
	32.4
	0.5

	SO1
	straw open
	0.98
	16.7
	1579.2
	11.7
	2.1

	SO2
	straw open
	0.97
	29.1
	1533
	18.2
	3.8

	SO3
	straw open
	0.97
	30.7
	1379.3
	83.3
	3

	SO4
	straw open
	0.98
	21
	1462.4
	57
	2.3

	CDO1
	cow dung open
	0.95
	46.2
	1522.2
	9.2
	3

	CDO2
	cow dung open 
	0.98
	23.4
	1576.9
	7.4
	2

	CDO3
	cow dung open 
	0.99
	11.2
	1611.3
	5.2
	0.77

	CDO4
	cow dung open 
	0.98
	15.5
	1601.5
	4.7
	1.7

	CDO5
	cow dung open 
	0.99
	11.9
	1611.3
	4.9
	0.51

	CS1
	coal stove
	0.95
	58.3
	1632.7
	15.3
	1.1

	CS2
	coal stove
	0.96
	45.6
	1668.6
	12.7
	0.42

	CS3
	coal stove
	0.96
	42.4
	1677.7
	11
	0.81

	CS4
	coal stove
	0.97
	28.4
	1711.7
	9.1
	1.01

	CS5
	coal stove
	0.97
	28.4
	1710.3
	9.3
	1.25











2

image3.png
(b)

(a)

NMOGs_nCz26 EFs (g/kg)

= = BBOA (g/kg)
~N - - wn o
L | | | |
» >
m_ |
w
3 N N
H gL ¢
o x
O
......................................... N!.v!!!!.lm
. o
L8
3
_ U Tol 8
S $ %[ @
o -8
L 2
8
o
e
g
™
3 urd
(] -
£ e
[ -8
o
........................................... Lo
I L 2
E]
-
5 o[ ®
& *
o
[ o
....................................................... l o
[FiS
g .0 1
k2 ® o
= * "o @
I3 -
3] xr
@ ¢ Lo
o
.................................................... -L o
re
0 | ] D‘ b
3 . s I
o o
2 . =l
o X\2.
o
T T T T T T
o o o o o o
wn < © ~N -
(6>/6) vogs
(63/6) s43 920U SOONN
NMOGs EFs (g/kg)
o wn o
Q e e 0 o
L | | | |
»
o > r
5 Mo
° ®: 2 ol
H e @
Q
3 ol
» L8
............................. B SR
‘ o
&
L o
4 ol 8
z ' X
o -2
L 2
1
E]
- ©
- -
2 g =
oL
2 8
o [[&
Lo
=
re
g -l
& Lo
o
Lo
e ot e e em =
. 9
2 . ©
2] - -2
- . o=
x
5 @ .
@ o
* Q
..................................................... -rs
W n
°) -
3 . .. °
m x wn
[ n o
I T T T T T T 1
=3 o o o o o o o
< N o © © A o~
b p e

(6/6) s343 SOONN

MCE

MCE




image4.svg
                                 Coal Cow dung Beech stove Straw Pine open Pine stove            Coal Cow dung Beech stove Straw Pine open Pine stove (b) (a) MCE MCE


image5.png
>

Relative contribution (%) ~

G
e

Relative contribution (%)

°

Relative contribution (%)

T m—

Alcohol Carbonyl CxHy  Furan N-containing C<6  C2>6 Oxy-aromatic PAH  SRA

(D)
10 5 Spruce and pine logs stove burning
% 0w _
. i o g 10 Straw burning o 0% 2T
as% c 8- 4
. § .
2 6 a51%
=
47 2
S
24.8% o 4_
2+ \ e [ 218%
s 2]
<
At T A 1 T O Bl 1l |
18: E I “l |II| l radalle Lol e g = (E)m 0 | b ' I|| ,|| |||| “|.|I T
Spruce and pine branches and needles open burning o = 10 — .
8| ’ . s Cow dung burning
= g
] 8 — 28%
6 — 3
s 2 6
E
4 o 5 4| 18.7%
2 | o 10% -
| 2 24
L A - : [
P e ! b Nl Bumaniisemmrg g odul Ll T L PP T - SO
Beech logs stove burning ey OTRZTE 0 (F)= 10— _
8| S Coal burning
san% = 8 —
S o
6 — - 405% £
= S g 6
s
47 S 44 6% s
13
{11 | ]l - i
| o P || |' |.| l |.l| it DR 0 I TR 1L P Y [ K || | | \ “ ‘ i I . 4% e
0 T T T ‘ ‘ B T —— € g e II. Lk .‘|l 1| ‘|I||| 1 |‘I||I l|.||‘.l|. .l...J.,... S I
o % B0 1 320 Lo 180 180 200 40 60 80 100 120 140 160 180 200

mlz m/z




image6.svg
                                          (A) (B) (C) (D) (E) (F)


image7.png
60

50

40

\ I

Mixing ratio relative contribution (%)

Carbonyl N-containing O-containing : CO-containing : C Oxygenated Poly-aromatic Single ring
<6 >6 aromatic hydrocarbons aromatics (SRA)
B (PAHSs)

Hpine stove Hpine open mbeech =straw cow dung mcoal




image8.svg
                                                                                                                                                                                                                                                                                                                                                                             -10  0  10  20  30  40  50  60  Alcohol  Carbonyl  CxHy  Furan  N-containing  O-containing : C  < 6  O  -  containing : C   ≥ 6  Oxygenated  aromatic  Poly-aromatic  hydrocarbons  (PAHs)  Single ring  aromatics (SRA)  Mixing ratio relative contribution (%)    pine stove    pine open    beech    straw    cow dung    coal


image9.png
100%

80%

60%

40%

20%

Mixing ratio relative contribution (%)

0%

pine stove pine open beech stove straw

mVOCs

IVOCs mSVOCs mLVOCs

cow dung

coal




image10.svg
                                                                                                                         0%  20%  40%  60%  80%  100%  pine stove  pine open  beech stove  straw  cow dung  coal  Mixing ratio relative contribution (%)    VOCs    IVOCs    SVOCs    LVOCs


image11.png
Formic acid (ppb)

co,
(ppm C)

P-cumen®)3-cyclohexadiene

Qe RaS
ohvhowo

MVK

benzene acetone
(ppb)

(ppb)

Furanone

(PPb) Acetic acid (ppb) (ppb)

Cresol
(ppb)

800
600
400
200
5
40
30 —
20 —

10 —
0 -

25 — Oxygenated Aromatic

20 —

9 1 Hydrocarbons

20 — Furanic compound

120 - Carbonyl Compound

100 — Aromatics

11:00
2022/3/3

e [

N

p—— COQ
— CO

— 1,3-cyclohexadiene— 50

— Propen
— Butene

e

hY

—303:":"3

—205 3T

—10Z23 3

——p<umenor——— -0 °°®
—— Phenol — 60

I
8
(qdd)

—— 2-Methylfuran

N

o

o
nyAyleN-g  [ousyd

[
>
o
(qdd)
ueind

—

11:10

11:20

11:30

11:40

11:50

12:00

12:10

80 — e
2 X — 4

12:20

= 5
&
=
2 B3
— acetone B
— MVK Ehe
— MEK —20 3@
—10 & X
L 0 o
—— Toluene 15 _ o S
—— C8aromatics |-10 83 £
|5 Ea 3
= ®
T——
12:30 12:40 12:50  13:00




image12.svg
             


image13.png
|
OCUOUTOMON—O n OO ON — L
o) o)
d IR | R N -
~N
]
® | L
|
e I F
]
: | L
9 i
~N |
< H®
I
= [ 3
L1}
® 1 Hl] r
T
° © g [ | 3
e <N | I
o < o [T r
2 ol — ]
& ~ 8 o r
T T T _|.|_|.|_|.|r|_|.|_|.|_
8 & <& ¢ 64:20.,..44
%) UOIINQLIU0D BAlE|DY
(6%/6) s43
OCUOUTMHN~—O H OO TON—O
fe)
d I | « <N EN
~N
®
©
e
3
o O
-
e
-]
©
[*)]
£
2z - c
(3}
o o
° o
£ ~ £
n (2]
T T T x T T T T T T T 1
(=] w0 (=] wn o o wn o wn o wn o
™ o~ N - © o~ o~ - -
(654/6) s43
(% uonnquuod BAlERY
©WS®ON-— O - ©OWTON~O
Q o)
d NI | = o <HN1 N
©
®
©
e
<
3
o O
< R
o
e
©
©o
2 * 2
g <
k5 o g
w o
T T T ! T T T T T T 1
e @ @ - o o 0 o © o © o
2] ~N o~ - -
(6%/6) s43
< o (%) uonnguuod aAneley

18 20 22

12 14 16

#C

10

22

18 20

10 12 14 16
#C

8

18 20 22

12 14 16
#C

10




image14.svg
              (A) (B) Flaming Smoldering Difference Smoldering Flaming Difference      


image15.png
Relative contribution (%)

50

s
o

w
o

N
o

=
o

-3

LVOCs*103

-2

-1

0

Flaming

SVOCs*10

1

2 3 4 5
l0g,[C*/(ng/m®)]

(B) Smoldering
50

LVOCs*10° SVOCs*10

Il single ring aromatics (SRA)
Poly-aromatic hydrocarbons (PAHs)
Oxygenated aromatic
[ O-containing: C 26
~ O-containing: C <6
N-containing
| Furan
[T CxHy
I carbonyl
B Alcohol

N w £
o o o

Relative contribution (%)

=y
o

3 2 10 1 2 3 4 5 6 7 8 9 10
logo[C*/(ng/m®)]




image16.svg
                 VOCs IVOCs     VOCs IVOCs SVOCs*10 LVOCs*10 3 Flaming Smoldering SVOCs*10 LVOCs*10 3      (A) (B)


image17.png
Smoldering/Flaming ratio
0.0 0.4 0.8 1.2 1.6 2.0

Single ring aromatics (SRA)
Poly-aromatic hydrocarbons (PAHSs)
Oxygenated aromatic
O-containing: C 26

O-containing: C< 6

N-containing

Furan

CxHy
Carbonyl
Alcohol
| 0 10 20 30 40 50 60 70
[ Smoldering Mixing ratio contribution (%)

I Flaming





image18.svg
       


image19.png
g
o

12

-logyo(p-value)
b

e
o
1

Beech logs stove burning

T T T T
-6 -4 -2 0
log,(fold change)

N
o
1

g
o

12

o

-log4o(p-value)

o
o
1

=4
o

3.04 (A) Spruce and pine logs stove burning 30 _(B)Spruce and pine branches and needles open burning
25- 25
L]
. ]
g 20 . g 20+
< R .
g Y > o0 Aoy ene
o 15 & 154 N . 2
=) ]
) )
2 1.0+ 9 1.0+
v v
05 05
0.0 T T T T T T 0.0 T T T T T T T
-10 -8 -6 -4 -2 0 -10 -8 -6 -4 -2 0 2 4
log,(fold change) log,(fold change)
3.0 - 3.0 o
(D) Straw burning (E) Cow dung burning
25 254
@ 20- T 20
E . - 3 . o ® R ad
E o o .’-. S e . o ‘
o 1.5 2 157
2 2
=) =3
‘_'3 1.0+ ‘_'3 1.0+
05 05
0.0 T T T T T T 0.0 o T T T T T T
10 -8 -6 -4 2 0 -10 -8 -6 -4 -2 0 2 4

log,(fold change)

log,(fold change)

=

Coal burning
K4 " v e
o 0
T T T
-6 -4 -2 0

log,(fold change)

z/w

zZjw





image20.svg
                                                   Spruce and  pine logs stove  burning Spruce and  pine branches and  needles open  burning Beech logs stove  burning Straw burning Cow dung burning Coal burning             3 . 0  2 . 5  2 . 0  1 . 5  1 . 0  0 . 5  0 . 0 - log 10 ( p - value )    - 10  - 8  - 6  - 4  - 2  0  2  4 log 2 ( fold change )                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             3 . 0  2 . 5  2 . 0  1 . 5  1 . 0  0 . 5  0 . 0 - log 10 ( p - value )    - 10  - 8  - 6  - 4  - 2  0  2  4 log 2 ( fold change )                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         3 . 0  2 . 5  2 . 0  1 . 5  1 . 0  0 . 5  0 . 0 - log 10 ( p - value )    - 10  - 8  - 6  - 4  - 2  0  2  4 log 2 ( fold change )                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          3 . 0  2 . 5  2 . 0  1 . 5  1 . 0  0 . 5  0 . 0 - log 10 ( p - value )    - 10  - 8  - 6  - 4  - 2  0  2  4 log 2 ( fold change )                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           3 . 0  2 . 5  2 . 0  1 . 5  1 . 0  0 . 5  0 . 0 - log 10 ( p - value )    - 10  - 8  - 6  - 4  - 2  0  2  4 log 2 ( fold change )                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           3 . 0  2 . 5  2 . 0  1 . 5  1 . 0  0 . 5  0 . 0 - log 10 ( p - value )    - 10  - 8  - 6  - 4  - 2  0  2  4 log 2 ( fold change )                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (A) (B) (C) (D) (E) (F)


image21.png
Mixing ratio percentage (%)

25

20

15

10

rilll

ol 4l “ il “I i

~29'\°o o"'~2~<o
g 0«; S

X R

m pine stove mean

i Wl 5 Bl et B 7

v o o QA
Q* ,\0 %oqo«o@,@ Q*
,\x\xq,ec, o O 63"\

mpine open mean ®mbeech

SIS

straw

T H" ” il 1‘ I e AT 2

S
@06\0 Q‘ ‘3‘\'\‘zsa

cow dung

<
Q,\*\x«

I

e""

\*\x"\x

‘ II T = i T i

°Qo o'”e?' ' S
*‘e

&
\"o





image22.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         0  5  10  15  20  25  C3H3+  C3H5+  C2H3O+  C3H7+  C2H5O+  C4H5+  C4H9+  C2H5O2+  C2H7O2+  C5H7+  C4H5O+  C5H9+  C4H7O+  C3H5O2+  C3H7O2+  C6H7+  C5H5O+  C5H7O+  C6H11+  C4H5O2+  C4H7O2+  C5H11O+  C3H5O3+  C4H9O2+  C3H7O3+  C7H7+  C7H9+  C6H7O+  C7H11+  C5H5O2+  C6H9O+  C5H7O2+  C6H11O+  C5H9O2+  C4H7O3+  C8H9+  C7H7O+  C8H11+  C7H9O+  C8H13+  C6H7O2+  C7H11O+  C6H9O2+  C6H11O2+  C9H9+  C8H11O+  C7H11O2+  C8H11O2+  Mixing ratio percentage (%)    pine stove mean    pine open mean    beech    straw    cow dung


image23.png
120 -

100 -
80 -
60 -

40 -

pine stove pine open beech stove straw cow dung

common " rest




image24.svg
                                                                                                   0  20  40  60  80  100  120  pine stove  pine open  beech stove  straw  cow dung    common    rest


image25.png
Beech stove Straw Pine open Coal

Pine stove

Characteristic compounds EFs (g/kg)

&

&

Wof

.................................................... *L

=

] =] i

o i

_ I I I I l ]

o o o o o o o
(7] wn < ™ N Ll

(6)/6) s43 spunodwod d13su183oRIRYD

0.975

1.000.996 0.998 1.00(50 0.960 0.9700.955

0.92 0.96 1.00092 0.96




image26.svg
                         Coal Cow dung Beech stove Straw Pine open Pine stov e


image1.png
-
! Red lines: |
| Heated to 473K |

PTR-TOF-MS

THC analyzer

CO/CO, monitor

SMPS

15t dekati dilutor

~10 times dilution

2d dekati dilutor

~10 times dilution

I

L L7

g

Beech logs
stove burning

Cow Dung

Spruce and pine branches and
needles open burning

Spruce and pine logs
stove burning (India)

> AMS

AE-33

dilution
Vocus-PTR

Straw

Bituminous coal




image2.svg
                                                                                                       Red lines: Heated to 473 K 1 st dekati dilutor ~10 times dilution               PTR - TOF - MS  CO/CO 2 monitor  THC analyzer SMPS  AMS         AE - 33     Vocus - PTR dilution 2 nd dekati dilutor ~10 times dilution             Bituminous coal (China) Cow Dung (India) Straw    Spruce and  pine logs stove  burning Spruce and  pine branches and  needles open  burning Beech logs stove  burning   


