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Supplementary Information
The supplementary information provides the following:
· Table of parameters necessary to calculate the B-factors in the NAA equation;
· Table of detection limits and Determination (Quantification) limits;
· Typical gamma spectra;
· Graphical comparisons of digestion/ICP-MS vs NAA concentrations for the three lichens;
· A graphical correspondence of the concentrations of elements analyzed by NAA for the lichen CRM (Pseudevernia furfuracea, BCR-482).
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Parameters necessary to calculate the B-factors in the NAA equation 
Recall Equations [2] and [3] in the main body of the paper.  The B-factor is given by:
												[2]


Where:	NA = net counts, obtained with Ortec’s GammaVision software, (counts)
		θ = isotopic abundance of precursor or target element (  )
		σeff = effective cross-section in barns, corrected (b, or 10-24 cm2) – see below
		bγ = branching ratio of a specific gamma (γ) decay line (   )
		ε = detector efficiency (   )
		M = atomic mass of precursor or target element of interest (g/mol)

The equation of the detector efficiency ε (in fraction) was ε = 4.661 X(-0.830) where X = energy line, in keV.  Calibrations were run periodically on the “N” detector; all the results were acquired on the same detector.  
Finally, the effective neutron cross-section was corrected for the epithermal neutrons using the resonance integral:
												[3]


Where:	σeff = effective neutron cross-section, corrected ( b )
		σth = thermal neutron cross-section, operationally defined for 0.025 eV ( b )
		I0 = resonance integral ( b )

The values of the parameters necessary to calculate the B- factor are in Table S1 (next page).

The references are (Brown & Firestone, 1986) for the atomic masses and percent decays, and (Mughabghab & Holden, 2019) for the cross-sections.

[bookmark: _Toc220579072]Table S 1: Parameters used to calculate the B-factor of the selected nuclides.
	Activation Product
	Gamma energy line, keV
	Θ % abund. of precursor
	Corrected
σeff, barns
(10-24 cm2)
	Branching ratio bγ
	Detector efficiency ε (in %)
	Atomic mass M of precursor
	Thermal σth, barns (10-24 cm2)
	Resonance 
I0, barns
(10-24 cm2)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Se-75
	265
	0.9%
	86.7
	59.0%
	4.54%
	73.922
	52.2
	576

	Ti-51
	320
	5.4%
	0.19
	93.0%
	3.88%
	49.945
	0.179
	0.09

	Cr-51
	320
	4.3%
	15.5
	10.8%
	3.88%
	49.946
	14.7
	7.2

	Zn-69
	439
	18.8%
	1.30
	94.8%
	2.99%
	67.925
	1.07
	3.5

	I-128
	443
	100.0%
	15.62
	16.9%
	2.96%
	126.904
	6.15
	162

	Br-82
	554
	49.3%
	5.1
	70.9%
	2.46%
	80.916
	2.36
	46

	As-76
	559
	100.0%
	7.82
	45.0%
	2.44%
	75.922
	4.09
	63

	Sb-122
	564
	57.4%
	17.7
	70.7%
	2.43%
	120.904
	5.77
	205

	Cs-134
	605
	100.0%
	56.1
	15.4%
	2.41%
	132.905
	30.1
	438

	Br-80
	617
	50.8%
	17.48
	7.2%
	2.25%
	78.918
	10.32
	120

	Br-82
	777
	49.3%
	5.1
	43.1%
	2.25%
	80.916
	2.36
	46

	Cs-134
	796
	100.0%
	56.1
	85.4%
	1.82%
	132.905
	30.1
	438

	Mg-27
	844
	11.0%
	0.040
	73.0%
	1.74%
	25.983
	0.037
	0.02

	Mn-56
	847
	100.0%
	14.47
	98.9%
	1.73%
	54.938
	13.360
	13.3

	Sc-46
	889
	100.0%
	28.6
	100.0%
	1.66%
	44.956
	27.200
	12.1

	Mg-27
	1014
	11.0%
	0.040
	29.1%
	1.49%
	25.983
	0.037
	0.02

	Cu-66
	1039
	30.8%
	2.35
	9.2%
	1.46%
	64.928
	2.170
	2.19

	Rb-86
	1077
	72.2%
	0.90
	8.6%
	1.42%
	84.912
	0.494
	6.83

	Fe-59
	1099
	0.28%
	1.44
	56.5%
	1.39%
	57.933
	1.32
	1.5

	Ni-65
	1115
	49.2%
	1.73
	50.6%
	1.38%
	63.928
	1.63
	1.07

	Zn-65
	1115
	0.9%
	0.83
	14.8%
	1.38%
	63.929
	0.731
	1.37

	Sc-46
	1120
	100.0%
	28.6
	100.0%
	1.37%
	44.956
	27.200
	12.1

	Co-60
	1173
	100.0%
	42.5
	99.7%
	1.32%
	58.933
	37.18
	75.8

	Fe-59
	1291
	0.28%
	1.44
	43.2%
	1.22%
	57.933
	1.32
	1.5

	Co-60
	1333
	100.0%
	42.5
	100.0%
	1.19%
	58.933
	37.18
	75.8

	Na-24
	1369
	100.0%
	0.56
	100.0%
	1.16%
	23.991
	0.53
	0.311

	V-52
	1434
	99.8%
	5.22
	100.0%
	1.12%
	50.944
	4.94
	2.7

	Ni-65
	1481
	0.9%
	1.73
	25.4%
	1.09%
	63.928
	1.63
	1.07

	K-42
	1524
	6.7%
	1.55
	18.8%
	1.06%
	40.962
	1.46
	0.98

	Cl-38
	1643
	24.2%
	0.46
	31.0%
	1.00%
	36.966
	0.433
	0.3

	Al-28
	1779
	100.0%
	0.24
	100.0%
	0.94%
	26.982
	0.231
	0.136

	Mn-56
	1811
	100.0%
	14.47
	27.2%
	0.92%
	54.938
	13.360
	13.3

	Ca-49
	3085
	0.2%
	1.17
	92.1%
	0.59%
	47.953
	1.090
	0.89


Detection limit and Determination (Quantification) limits
Neutron activation analysis (NAA)
The detection limit (LC) for the gamma analysis is chosen in this work as the signal above the background counts (C) of the region returned by Ortec’s GammaVision (5-point average; Ortec, 2014), plus 3 times the standard deviation (σ) of the background (b) value:
	LC = C + 3 σb	[S1]
Where σb is .  LC is given in counts, which is converted into concentrations using Eq. [1] of the main article.  
The Determination limit LD is given by: 
	LD = C + 10 σb	[S2]
LD represents the level above which detection is reliable, or generally the level above which the relative standard deviation (1σ) is constant with respect to its measurement.  Note that LD is often called the quantification limit.
This approach is consistent with Massart et al., (1988) and Tsoulfanidis & Landsberger, (2021), (2021).
In this work, we examined the background and the net counts for all energy peaks reported.  The net counts reported by GammaVision and the average ±1σ calculated from our results were examined in the context of each peak, as the background varied by orders of magnitude over the energy range.  For example, based on our experience, 400 net counts (above background) for I-128 was achievable and reproducible between replicates.  Our measured background was 13.51 counts per second (cps), while 1σ was 0.11 cps, which means 3σ = 0.33 cps.  Thus 
LC = C + 3 σb was 13.84 cps.  The value of 400 net counts was 13.85 cps, which returned 0.05 µg/g.  Given that we were measuring replicates, and that the decay and measuring times changed over counting times (see Eq. [1] in the text), the background decreased for each replicate.  We used our experience to add a confidence factor for each peak of interest.  In this example, we reported a conservative value of LC = 0.1 µg/g for I-128.  All other nuclides at their energy peaks were handled similarly.
Acid digestion/ICP-MS analysis
The procedure for the method detection limit (MDL) of the ICP MS analysis is documented in the lab standard operating procedures (SOPs).  It is largely based upon operational experience.  In our situation, the methods blanks (reagent and procedural blanks) returned below the reported MDL in Table S1. 

References
Brown, E., & Firestone, R. B. (1986). Table of radioactive isotopes. Wiley-Interscience.
Massart, D. L., Vandeginste, B. G. M., Deming, S. N., Michotte, Y., & Kufman, L. (1988). Chemometrics: A textbook. Elsevier Science Publishers.
Mughabghab, S. F., & Holden, N. E. (2019). Atlas of Resonances (6th ed.) [Dataset]. https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html
Ortec. (2014). GammaVision V7 Software User’s Manual. Ortec.
Tsoulfanidis, N., & Landsberger, S. (2021). Measurement and Detection of Radiation (5th ed.). CRC Press. https://doi.org/10.1201/9781003009849



[bookmark: _Toc220579073]Table S 2: Typical detection limits for both NAA and digestion/ICP-MS analysis.
	Atomic No.
	Element
	NAA
	
	ICP-MS**

	
	
	µg/g
	
	µg/g

	11
	Na
	3
	
	10

	12
	Mg
	50
	
	0.4

	13
	Al
	50
	
	1-10

	17
	Cl
	5
	
	-

	19
	K
	60
	
	100

	20
	Ca
	50
	
	5-50

	21
	Sc
	0.02
	
	0.1

	22
	Ti
	15
	
	1

	23
	V
	0.5
	
	0.1

	24
	Cr
	0.5
	
	0.1

	25
	Mn
	0.1
	
	0.1-1

	26
	Fe
	100
	
	20

	27
	Co
	0.5
	
	0.01

	28
	Ni
	100
	
	0.1-1

	29
	Cu
	5
	
	0.1-1

	30
	Zn
	5
	
	0.1

	33
	As
	0.1
	
	0.1

	34
	Se
	0.4
	
	0.1

	35
	Br
	0.05-0.4*
	
	-

	37
	Rb
	3
	
	0.1

	51
	Sb
	0.01
	
	0.1

	53
	I
	0.1
	
	-

	55
	Cs
	0.1
	
	0.1

	*0.4 µg/g for Br-80 (short irradiation), and 
0.05 µg/g for Br-82 (long irradiation)
**typical (based on limits reported across the digestion methods and lichen species)
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[bookmark: _Toc220578985]Figure S 1. Typical spectra of Cladonia sp lichen (low impact site at Secord Falls, near Sudbury).  Conditions: short irradiation, 5 min; decay time 20 min, reading time 20 min;
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[bookmark: _Toc219730948][bookmark: _Toc220578986]Figure S 2.  Typical spectra of Cladonia sp lichen (low impact site at Secord Falls, near Sudbury).  Conditions: long irradiation, 120 min (2 h), decay time 40 h, reading time 2 h.
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[bookmark: _Toc220578987]Figure S 3(a).  Comparison of element concentrations obtained using both techniques (digestion/ICP-MS, INAA) for the lichen Pseudevernia furfuracea (certified reference material, label BCR-482).  The Co result was not included in the regression.  Note the logarithmic scale; the line represent a 1:1 correspondence between methods; the R squared and Slope were obtained using the data analysis Toolpak in MS Excel. 
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Figure S3 (b).  Comparison of element concentrations obtained using both techniques (digestion/ICP-MS, INAA) for the lichen Cladonia spp. at the Secord Falls site (low impact site).  Note the logarithmic scale; the line represent a 1:1 correspondence between methods; the R squared and Slope were obtained using the data analysis Toolpak in MS Excel.
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[bookmark: _Toc219730949]Figure S 3(c).  Comparison of element concentrations obtained using both techniques (digestion/ICP-MS, INAA) for the lichen Stereocaulon spp. (urban/industrial site).  Note the logarithmic scale; the line represent a 1:1 correspondence between methods; the R squared and Slope were obtained using the data analysis Toolpak in MS Excel.





[bookmark: _Toc220578988]Figure S 4.  Concentrations of elements analyzed by NAA for the CRM lichen (Pseudevernia furfuracea, BCR-482).  The short-lived activated elements are shown (short irradiation, 5-min). Note the concentration axis is in log scale.




[bookmark: _Toc220578989]Figure S 5.  Concentrations of elements analyzed by NAA for the lichen CRM (Pseudevernia furfuracea, BCR-482).  The long-lived activated elements are shown (long irradiation, 120-min). Note the concentration axis is in log scale.



ICP-MS digests vs NAA - Pseudevernia furfuracea (CRM)

BCR-482	
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
Co
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
As
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

116	738	1013	3548	2664	0.22271759809214578	59.9	3.54	3	28.540701327886829	815	5.8415562922763176	119.8	0.89	8.5500000000000007	0.36903080657109683	0.31214959136970899	111.81547619047619	474.34821428571428	1126.6031746031745	3620.4761904761904	2058.125	0.28363095238095237	64.842261904761898	4.3553571428571436	4.9937500000000004	29.425297619047619	807.91666666666663	0.30958333333333338	6.6252976190476183	93.861309523809524	0.89077380952380969	0.49226190476190479	8.3857142857142843	0.28988095238095235	0.20863095238095239	Na	Mg	Al	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Cu	Zn	As	Se	Rb	Sb	Cs	1:1 line	116	738	1013	3548	2664	0.22271759809214578	59.9	3.54	3	28.540701327886829	815	5.8415562922763176	119.8	0.89	8.5500000000000007	0.36903080657109683	0.31214959136970899	0.1	10000	116	738	1013	3548	2664	0.22271759809214578	59.9	3.54	3	28.540701327886829	815	5.8415562922763176	119.8	0.89	8.5500000000000007	0.36903080657109683	0.31214959136970899	0.1	10000	Conc. in lichens (NAA, µg/g)


Conc. in lichens (ICP-MS digests, µg/g)




ICP-MS digests vs NAA - Cladonia spp. (Secord Falls)

Secord Falls (SF)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]
[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

144.3145353212789	445	555	1284	958	0.13200000000000001	34.4	0.94	1.88	18.139293195259871	569	0.96	17.399999999999999	0.20582622467674896	12.25	6.532155697293425E-2	0.53	90.8125	235.8125	337.125	1077.4375	568	0.12	17.756249999999998	0.91875000000000018	2.6812499999999999	17.225000000000001	222.1875	0.32124999999999998	2.600000000000001	10.237499999999999	0.21249999999999999	0.23125000000000009	8.8375000000000021	0.43750000000000006	Na	Mg	Al	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Cu	Zn	As	Se	Rb	Sb	Cs	1:1 line	144.3145353212789	445	555	1284	958	0.13200000000000001	34.4	0.94	1.88	18.139293195259871	569	0.96	17.399999999999999	0.20582622467674896	12.25	6.532155697293425E-2	0.53	0.1	10000	144.3145353212789	445	555	1284	958	0.13200000000000001	34.4	0.94	1.88	18.139293195259871	569	0.96	17.399999999999999	0.20582622467674896	12.25	6.532155697293425E-2	0.53	0.1	10000	Conc. in lichens (NAA, µg/g)


Conc. in lichens (ICP-MS digests, µg/g)




ICP-MS digests vs NAA - Stereocaulon spp. (Kelly Lake)

Stereocaulon (Kelly lk)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

780	1102	2608	3611	4411	0.46800000000000003	97	3.5821050090267987	7.1	23.8	2041	5.5	62.6	36.9	2.37	2.0499999999999998	14.82	0.21	0.31	707	784.83333333333337	2840	3245	3413.3333333333335	0.56666666666666676	113.83333333333333	4.2	8.75	24.466666666666669	2096.6666666666665	4.3516666666666666	67.5	28.633333333333329	2.68	2.15	11.466666666666667	0.15	0.19999999999999998	Na	Mg	Al	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Cu	Zn	As	Se	Rb	Sb	Cs	1:1 line	780	1102	2608	3611	4411	0.46800000000000003	97	3.5821050090267987	7.1	23.8	2041	5.5	62.6	36.9	2.37	2.0499999999999998	14.82	0.21	0.31	0.1	10000	780	1102	2608	3611	4411	0.46800000000000003	97	3.5821050090267987	7.1	23.8	2041	5.5	62.6	36.9	2.37	2.0499999999999998	14.82	0.21	0.31	0.1	10000	Conc. in lichens (NAA, µg/g)


Conc. in lichens (ICP-MS digests, µg/g)




BCR-482 summary (short irradiations) - averages ± std dev

Average 	of all	
Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	116.11445785460809	738.07713995452968	1013.2613407373398	3140.6664111417458	3548.0731175534515	2483.4692489935874	59.919121974894011	3.540890180107624	28.459060599125646	21.955768983591401	2.4673024175030625	Avg	+ std	Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	131.18276026773611	843.96855553857722	1155.644213343423	3288.2011106287614	3992.1964256167153	2675.9838113134169	75.225708536407438	4.128026362477053	29.753311876924183	24.380962623600354	2.8061159895251238	Avg	- std	Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	101.04615544148005	632.18572437048215	870.87846813125668	2993.1317116547302	3103.9498094901878	2290.9546866737578	44.612535413380591	2.953753997738195	27.164809321327109	19.530575343582449	2.1284888454810011	Indicative	Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	3900	2624	3.74	33	0.6	25.5	Certified	Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	1103	2.4700000000000002	7.03	Element


Concentration (µg/g)




BCR-482 summary (long irradiations) - averages of high and low

averages	
Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	0.22139359617009044	3.0320204977156635	815.15409713608528	5.4331777008676676	119.8255866527751	0.8917438061086822	28.670925922197938	8.6872594791394686	0.37037853132069437	0.27990629675517004	Highest in range	Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	0.28006864258042874	3.7635767012878465	1031.2198685748631	16.070348567865633	164.36434818440722	1.2936010651793057	29.915397228221721	10.074486583017451	0.47618805721926705	0.35213155504051497	Lowest in range	Na	Mg	Al	Cl	K	Ca	Sc	Ti	V	Cr	Mn	Fe	Co	Ni	Cu	Zn	As	Se	Br	Rb	Sb	I	Cs	0.18650789873959706	2.5701806402382519	692.73469119394929	0.51649098555155415	90.998356591025001	0.71453194790734209	27.79711506780097	5.8413329766318904	0.32827693004235253	0.25036873994746017	Indicative	804	0.32	0.6	25.5	0.35	Certified	4.12	100.6	0.85	Element


Concentration (µg/g)
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