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	Parameter
	low-cost Laser Egg (LE) air quality monitor
	reference Thermo Fisher 5014 β -attenuation PM analyzer

	Measurement principle
	Laser-based light scattering
	β-attenuation

	Measurable particle size
	0.3 µm-10 µm
	PM2.5 (aerodynamic diameter < 2.5 µm)
PM10 (aerodynamic diameter < 10 µm)

	Accuracy
	± 10%
	 ± 5%

	Resolution
	1 µg m-3
	0.1 µg m-3

	Precision

	- 
	± 2 µg m-3 (< 80 µg m-3)
± 4-5 µg m-3 (> 80 µg m-3)

	Response time
	0.1 second
	1 second

	Measurement range
	1-999 µg m-3
	1-10000 µg m-3



Table S1: Characteristics of the low-cost Laser Egg (LE) air quality monitor and the reference Thermo Fisher 5014i β-attenuation PM analyzer.
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Figure S1: a) Location of IISER Mohali Atmospheric Chemistry Facility (red marker) inside the campus of Indian Institute of Science Education and Research (IISER) (30.667 N, 76.729 E, 310m a.s.l.) shown in a Google Earth imagery acquired on August 10, 2016 (Map image: ©2016 DigitalGlobe, Google Earth).
b) Location of the two modified Laser Egg PM sensors denoted as LE Sensor 1 and LE Sensor 2 next to the inlets of reference PM10 and PM2.5 β-attenuation analyzers at the IISER Mohali Atmospheric Chemistry Facility.
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Figure S2: Figure showing the external casing, accessory inlet fan, and internal circuitry of the modified Laser Egg (LE) PM sensor.
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Figure S3: Hourly averaged values of locally measured meteorological parameters: wind speed, ambient temperature, solar radiation, relative humidity and absolute humidity, hourly median value of wind direction and hourly sum of rainfall recorded at IISER Mohali Atmospheric Chemistry Facility during the three-month calibration period from April 27, 2016, till July 25, 2016.  The shaded portion represents the dry summer season (April 27, 2016 – June 15, 2016), while the unshaded portion represents the monsoon season (June 16, 2016 – July 25, 2016).
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[bookmark: _Hlk24776051]Figure S4: (a and b) Markers (color-coded according to ambient relative humidity) showing the observed ratio of Laser Egg (LE) PM (after density and RH correction) to reference PM versus wind speed. The maroon, red, blue and yellow lines (in a and b) represent the theoretical ratio of LE PM to reference PM derived from the assumed aerosol volume size distribution for summer (April 27, 2016, to June 15, 2016) shown in (c), two observed size distributions from Kanpur (Kaskaoutis et al. 2012) (d) and Gual Pahari (Hyvärinen et al. 2011) (e) and another assumed “low dust" distribution (f). A density of 2 g cm-3 has been assumed for the ambient aerosol.


	Using a density of 2 gcm-3

	PM10
	Slope
	r
	nRMSE (%)
	Mean Bias Error (µg m-3)

	
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2

	Raw
	0.62
	0.61
	0.43
	0.41
	73.6
	72.3
	-38.2
	-44.9

	Assumed Size Distribution (SD)
	0.83
	0.89
	0.67
	0.61
	56.8
	59.9
	-20.0
	-18.1

	Gual Pahari
Pre-Monsoon SD
	1.37
	1.29
	0.48
	0.52
	117
	98
	0.5
	4.5

	Kanpur 
Pre-Monsoon SD
	2.27
	2.14
	0.38
	0.38
	227
	203
	34.4
	45.5

	Hypothetical SD with low dust
	0.78
	0.85
	0.68
	0.61
	58
	62
	-26.8
	-25.6

	PM2.5
	Slope
	r
	nRMSE (%)
	Mean Bias Error (µg m-3)

	
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2

	Raw
	1.13
	1.23
	0.53
	0.51
	69.7
	75.5
	6.6
	11.2

	Assumed Size Distribution (SD)
	0.94
	1.03
	0.55
	0.51
	61.8
	64.1
	-1.9
	1.3

	Gual Pahari 
Pre-Monsoon SD
	0.95
	1.04
	0.57
	0.53
	60.5
	63.2
	-1.4
	2.2

	Kanpur 
Pre-Monsoon SD
	0.93
	1.005
	0.54
	0.51
	61.9
	63.2
	-2.6
	0.5

	Hypothetical SD with low dust
	1.28
	1.54
	0.68
	0.61
	71.6
	100.4
	11.1
	21.9



Table S2: Impact of using various size distributions and a density of 2 g cm-3 shown in Figure S4 c-f for correction on the slope, correlation coefficient (r), normalized Root Mean Square Error (nRMSE), and Mean Bias Error of the PM10 and PM2.5 measurements from the two Laser Egg (LE) sensors.
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Figure S5: (a and b) Markers (color-coded according to ambient relative humidity) showing the observed ratio of Laser Egg (LE) PM (after density and RH correction) to reference PM versus wind speed. The maroon, red, blue and yellow lines (in a and b) represent the theoretical ratio of LE PM to reference PM derived from the assumed aerosol volume size distribution for summer (April 27, 2016, to June 15, 2016) shown in (c), two observed size distributions from Kanpur (Kaskaoutis et al. 2012) (d) and Gual Pahari (Hyvärinen et al. 2011) (e) and another assumed “low dust" distribution (f). A density of 1.2 gcm-3 has been assumed for the ambient aerosol.


	Using a density of 1.2 gcm-3

	PM10
	Slope
	r
	nRMSE (%)
	Mean Bias Error (µg m-3)

	
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2

	Raw
	0.62
	0.61
	0.43
	0.41
	73.6
	72.3
	-38.2
	-44.9

	Assumed Size Distribution (SD)
	0.57
	0.58
	0.60
	0.55
	70
	69
	-43.3
	-48.6

	Gual Pahari
 Pre-Monsoon SD
	0.73
	0.71
	0.57
	0.57
	68
	64
	-33.0
	-37.0

	Kanpur 
Pre-Monsoon SD
	1.20
	1.07
	0.42
	0.45
	109
	88
	-13.7
	-15.3

	Hypothetical SD with low dust
	0.57
	0.59
	0.61
	0.56
	69
	68
	-42.7
	-47.7

	PM2.5
	Slope
	r
	nRMSE (%)
	Mean Bias Error (µg m-3)

	
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2

	Raw
	1.13
	1.23
	0.53
	0.51
	69.7
	75.5
	6.6
	11.2

	Assumed Size Distribution (SD)
	0.96
	1.06
	0.58
	0.55
	59.5
	63.2
	-1.2
	2.8

	Gual Pahari 
Pre-Monsoon SD
	0.95
	1.05
	0.58
	0.54
	59.8
	63.0
	-1.4
	2.5

	Kanpur 
Pre-Monsoon SD
	0.84
	0.95
	0.61
	0.57
	56.7
	58.5
	-6.3
	-2.7

	Hypothetical SD with low dust
	1.00
	1.14
	0.62
	0.58
	58.1
	66.0
	0.8
	6.1



Table S3: Impact of using various size distributions and a density of 1.2 g cm-3 shown in Figure S5 c-f for corrections on the slope, correlation coefficient (r), normalized Root Mean Square Error (nRMSE), and Mean Bias Error of the PM10 and PM2.5 measurements from the two LE sensors. 
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Figure S6: (a and b) Markers (color-coded according to ambient relative humidity) showing the observed ratio of Laser Egg (LE) PM (after density and RH correction) to reference PM versus wind speed. The maroon, red, blue and yellow lines (in a and b) represent the theoretical ratio of LE PM to reference PM derived from the assumed aerosol volume size distribution for summer (April 27, 2016, to June 15, 2016) shown in (c), two observed size distributions from Kanpur (Kaskaoutis et al. 2012) (d) and Gual Pahari (Hyvärinen et al. 2011) (e) and another assumed “low dust" distribution (f).



	Using a density of 2.7 gcm-3

	PM10
	Slope
	r
	nRMSE (%)
	Mean Bias Error (µg m-3)

	
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2

	Raw
	0.62
	0.61
	0.43
	0.41
	73.6
	72.3
	-38.2
	-44.9

	Assumed Size Distribution (SD)
	1.07
	1.15
	0.65
	0.60
	70
	77
	-8.2
	-1.4

	Gual Pahari
 Pre-Monsoon SD
	1.62
	1.64
	0.52
	0.51
	136
	132
	18.1
	29.8

	Kanpur 
Pre-Monsoon SD
	3.38
	3.24
	0.36
	0.36
	359
	332
	82.0
	105.0

	Hypothetical SD with low dust
	0.96
	1.07
	0.69
	0.61
	62
	72
	-14.2
	-8.2

	PM2.5
	Slope
	r
	nRMSE (%)
	Mean Bias Error (µg m-3)

	
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2
	LE Sensor 1
	LE Sensor 2

	Raw
	1.13
	1.23
	0.53
	0.51
	69.7
	75.5
	6.6
	11.2

	Assumed Size Distribution (SD)
	0.95
	1.04
	0.56
	0.52
	60.8
	63.4
	-1.2
	2.4

	Gual Pahari 
Pre-Monsoon SD
	0.97
	1.07
	0.57
	0.53
	61.0
	64.0
	-0.4
	3.5

	Kanpur 
Pre-Monsoon SD
	0.95
	1.03
	0.55
	0.51
	61.9
	63.6
	-1.6
	1.7

	Hypothetical SD with low dust
	1.57
	1.96
	0.66
	0.60
	102.5
	146.1
	20.9
	36.8



Table S4 Impact of using various size distributions and a density of 2.7 g cm-3 shown in Figure S6 c-f for corrections on the slope, correlation coefficient (r), normalized Root Mean Square Error (nRMSE), and Mean Bias Error of the PM10 and PM2.5 measurements from the two LE sensors. 
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Figure S7: Time series of hourly averaged PM10 and PM2.5 mass concentration measured by the reference and Laser Egg (LE) sensors, pre and post-correction for the calibration period from April 27, 2016, to July 25, 2016. The shaded portion represents the dry summer season (April 27, 2016 – June 15, 2016), while the unshaded portion represents the monsoon season (June 16, 2016 – July 25, 2016).
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Figure S8: The deviation in Laser Egg (LE) temperature from the reference (Ref.) ambient temperature sensor explained as a function of (a) Solar Radiation (SR) during the day [06:00 to 18:59 LT] and as a function of (b) Relative Humidity (RH) during night [19:00 to 05:59 LT]. Markers, color-coded according to the hour of the day, represent the averaged values of hourly bins derived using the measurements from the three-month calibration period (April 27, 2016, till July 25, 2016). In each of the above plots, “I” refers to the intercept, “S” refers to the slope of best – fit line, and “r” refers to the Pearson correlation coefficient obtained from the ordinary linear regression of the deviation in temperature versus SR (Figure S8a) and RH (Figure S8b).
From sunrise until noon (06:00 to 12:00 LT), as the solar radiation increases from 100 W m-2 to 600 W m-2, the deviation in average LE temperature from the reference temperature increases from ~0 ᴼC (at 06:00 LT) to 8.5 ºC (12:00 LT) for both sensors. From 13:00 LT until 18:59 LT, as the average solar radiation declines from ~500 W m-2 to ~80 W m-2 (Figure S8a) the sensors rapidly begin to cool off and their deviation decreases from ~7 ºC (at 13:00 LT) to ~2 ºC (at 18:00 LT).
From 19:00 LT until 05:59 LT, the net available solar radiation is less than 20 W m-2, and the LE sensors’ temperature drops below the reference ambient temperature (Figure S8b). With a dip in ambient temperature and rise in relative humidity from 50 % (at 19:00 LT) to ~66 % (at 05:00 LT), the difference in the temperature reported by LE sensors and reference sensor becomes negative (-0.5 ºC to -2 ºC) indicating that evaporative cooling due to evaporation of aerosol liquid water may be taking place within the LE.






[image: ]
Figure S9: Time series plot of hourly averaged (a) relative humidity (RH) and (c) absolute humidity reported by reference RH sensor (orange circular markers) and two Laser Egg (LE) sensors (green triangular and blue square markers respectively) for the calibration period from April 27, 2016, until July 25, 2016.
A diel plot of (b) relative humidity and (d) absolute humidity for the calibration period. The markers connected by lines indicate the hourly averages while the shaded portion represents ambient variability as 75th and 25th percentile.
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