Supplementary Tables

Table S1. Overview of South African National Ambient Air Quality Standards and the WHO Air Quality Guidelines (WHO 2021, NAAQS 2009, NAAQS 2012). 
	
	
	
	South African National Ambient Air Quality Standards
	WHO Guidelines Interim Targets (IT) and Air Quality Guideline (AQG)

	Pollutant
	Averaging time
	Unit
	Current
	1 Jan 2030
	IT-1
	IT-2
	IT-3
	IT-4
	AQG

	PM2.5
	24-hour
	µg/m3
	40 a
	25
	751
	50
	37.5
	25
	15

	
	1-year
	µg/m3
	20
	15
	35
	25
	15
	10
	5

	PM10
	24-hour
	µg/m3
	75 a
	n.c.
	1501
	100
	75
	50
	45

	
	1-year
	µg/m3
	40
	n.c.
	70
	50
	30
	20
	15

	O3
	8-hour
	µg/m3
	120 b
	n.c.
	1601
	120
	-
	-
	100

	
	Peak season 2
	µg/m3
	-
	-
	100
	70
	-
	-
	60

	SO2
	10 minutes
	µg/m3
	500d
	n.c.
	-
	-
	-
	-
	-

	
	1 hour
	µg/m3
	350e
	n.c.
	
	
	
	
	

	
	24 hours
	µg/m3
	125a
	n.c.
	1251
	50
	-
	-
	40

	
	1 year
	µg/m3
	50
	n.c.
	-
	-
	-
	-
	-

	NO2
	1 hour
	µg/m3
	200e
	n.c.
	-
	-
	-
	-
	-

	
	24 hours
	µg/m3
	-
	None
	1201
	50
	-
	-
	25

	
	1 year
	µg/m3
	40
	n.c.
	401
	30
	20
	-
	10

	CO
	1 hour
	mg/m3
	30e
	n.c.
	
	
	
	
	

	
	8 hour (calculated on 1 hourly averages)
	mg/m3
	10b
	n.c.
	
	
	
	
	

	
	24 hours
	µg/m3
	-
	-
	71
	-
	-
	-
	4


Notes: a Allowed number of exceedances = 4 / yr, b Allowed number of exceedances = 11 / yr; c Allowed number of exceedances = 3 / yr; d Allowed number of exceedances = 526 / yr; e Allowed number of exceedances = 88 / yr; 1 99th percentile, i.e. 3-4 exceedances per year; 2 Average of daily maximum 8-hour mean O₃ concentration in six consecutive months with the highest 6-month running average O₃ concentration.; n.c. = no change; NA = no interim target available

Table S2. Overview of air quality data measured at Club Station between 2005 and 2019 in relation to the NAAQS. Grey blocks indicate averaging parameters not available for the respective pollutant; years without data or years that did not pass the data completeness threshold of 75% denoted with “--”; NAAQS exceedances highlighted in bold.
	Pollutant
	NAAQS limit
	2005
	2006
	2007

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	117
	38
	
	
	160
	36
	
	
	160
	39

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	87
	
	39
	9
	81
	
	41
	9
	116
	
	51
	7

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	37
	
	
	8
	34
	
	
	--
	171
	
	
	11

	O3
	61 ppb
	
	83
	
	
	
	77
	
	
	
	68
	
	

	

	Pollutant
	NAAQS limit
	2008
	2009
	2010

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	168
	37
	
	
	74
	--
	
	
	77
	30

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	102
	
	46
	--
	74
	
	32
	8
	77
	
	27
	8

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	92
	
	
	11
	39
	
	
	8
	51
	
	
	11

	O3
	61 ppb
	
	107
	
	
	
	76
	
	
	
	64
	
	

	

	Pollutant
	NAAQS limit
	2011
	2012
	2013

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	36
	--
	
	
	30
	13
	
	
	37
	13

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	90
	28
	
	
	75
	31
	
	
	98
	34

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	82
	
	35
	8
	82
	
	32
	8
	69
	
	31
	8

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	54
	
	
	11
	42
	
	
	10
	51
	
	
	12

	O3
	61 ppb
	
	76
	
	
	
	71
	
	
	
	170
	
	

	

	Pollutant
	NAAQS limit
	2014
	2015
	2016

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	47
	16
	
	
	44
	--
	
	
	59
	17

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	151
	46
	
	
	84
	--
	
	
	102
	39

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	79
	
	35
	10
	77
	
	30
	8
	71
	
	32
	8

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	54
	
	
	15
	45
	
	
	12
	45
	
	
	10

	O3
	61 ppb
	
	83
	
	
	
	72
	
	
	
	200
	
	

	

	Pollutant
	NAAQS limit
	2017
	2018
	2019

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	27
	--
	
	
	--
	--
	
	
	99
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	32
	--
	
	
	--
	--
	
	
	54
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	62
	
	9
	--
	--
	
	--
	--
	79
	
	31
	--

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	39
	
	
	--
	--
	
	
	--
	39
	
	
	--

	O3
	61 ppb
	
	63
	
	
	
	--
	
	
	
	71
	
	


Note. NAAQS: National Ambient Air Quality Standard.


Table S3. Overview of air quality data measured at Embalenhle SAWS station between 2005 and 2019 in relation to the NAAQS. Grey blocks indicate averaging parameters not available for the respective pollutant; years without data or years that did not pass the data completeness threshold of 75% denoted with “--”; NAAQS exceedances highlighted in bold.
	Pollutant
	NAAQS limit
	2005
	2006
	2007

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	--
	
	--
	--
	--
	
	--
	--
	--
	
	--
	--

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	--
	
	
	--
	--
	
	
	--
	--
	
	
	--

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	--
	
	

	

	Pollutant
	NAAQS limit
	2008
	2009
	2010

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	124
	--
	
	
	149
	39
	
	
	149
	38

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	310
	--
	
	
	275
	73
	
	
	346
	88

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	28
	
	16
	--
	52
	
	31
	9
	61
	
	30
	11

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	72
	
	
	--
	59
	
	
	--
	71
	
	
	20

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	--
	
	

	

	Pollutant
	NAAQS limit
	2011
	2012
	2013

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	204
	--
	
	
	134
	28
	
	
	112
	29

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	371
	--
	
	
	270
	61
	
	
	320
	72

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	54
	
	44
	--
	57
	
	54
	10
	64
	
	38
	--

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	32
	
	
	--
	35
	
	
	7
	37
	
	
	12

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	--
	
	

	

	Pollutant
	NAAQS limit
	2014
	2015
	2016

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	115
	--
	
	
	46
	--
	
	
	136
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	229
	--
	
	
	112
	--
	
	
	268
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	75
	
	37
	11
	48
	
	24
	--
	55
	
	27
	7

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	41
	
	
	15
	82
	
	
	--
	91
	
	
	--

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	--
	
	

	

	Pollutant
	NAAQS limit
	2017
	2018
	2019

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	115
	--
	
	
	--
	--
	
	
	--
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	214
	--
	
	
	54
	--
	
	
	--
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	38
	
	17
	5
	13
	
	5
	2
	40
	
	16
	4

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	137
	
	
	--
	111
	
	
	--
	40
	
	
	--

	O3
	61 ppb
	
	--
	
	
	
	---
	
	
	
	--
	
	


Note. NAAQS: National Ambient Air Quality Standard.



Table S4. Overview of air quality data measured at Embalenhle Sasol station between 2005 and 2019 in relation to the NAAQS. Grey blocks indicate averaging parameters not available for the respective pollutant; years without data or years that did not pass the data completeness threshold of 75% denoted with “--”; NAAQS exceedances highlighted in bold.
	Pollutant
	NAAQS limit
	2005
	2006
	2007

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	--
	
	--
	--
	
	
	--
	--
	--
	
	--
	--

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	--
	
	
	--
	--
	
	
	--
	--
	
	
	--

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	--
	
	

	

	Pollutant
	NAAQS limit
	2008
	2009
	2010

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	--
	
	--
	--
	--
	
	--
	--
	--
	
	--
	--

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	--
	
	
	--
	--
	
	
	--
	--
	
	
	--

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	--
	
	

	

	Pollutant
	NAAQS limit
	2011
	2012
	2013

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	--
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	--
	
	--
	--
	--
	
	--
	--
	--
	
	--
	--

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	--
	
	
	--
	--
	
	
	--
	--
	
	
	--

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	--
	
	

	

	Pollutant
	NAAQS limit
	2014
	2015
	2016

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	67
	21

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	--
	--
	
	
	--
	--
	
	
	144
	51

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	--
	
	--
	--
	--
	
	--
	--
	72
	
	28
	8

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	--
	
	
	--
	--
	
	
	--
	110
	--
	
	--

	O3
	61 ppb
	
	--
	
	
	
	--
	
	
	
	71
	
	

	

	Pollutant
	NAAQS limit
	2017
	2018
	2019

	
	
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual
	99th percentile 1-hr average
	99th percentile 8-hr running average
	99th percentile 24-hr average
	Annual

	PM2.5
	24-hr: 40 µg/m3
1 year: 20 µg/m3
	
	
	57
	21
	
	
	55
	--
	
	
	41
	--

	PM10
	24-hr: 75 µg/m3
1 year: 40 µg/m3
	
	
	150
	53
	
	
	122
	--
	
	
	70
	--

	SO2
	1-hr: 134 ppb
24 hrs: 48 ppb
1 year: 19 ppb
	63
	
	26
	7
	68
	
	31
	--
	61
	
	24
	--

	NO2
	1-hr: 106 ppb
1 year: 21 ppb
	40
	
	
	12
	41
	
	--
	
	36
	
	
	--

	O3
	61 ppb
	
	71
	
	
	
	68
	
	
	
	73
	
	


Note. NAAQS: National Ambient Air Quality Standard.
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