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• Background
• Last permitted MSW landfill in the state (1993)
• Leachate treatment through land application 

• No intervention limit exceedances at compliance boundary
• Proactive approach to groundwater compliance
• Parametric loading limits within permit

Current System SW-405



Current System SW-405

• Nitrogen Loading
• In-pond Nitrogen treatment
• Acquired additional acreage for

spray field expansion



Current System SW-405

• PFAS Loading
• Loading limits included in 2106 Permit
• Informed by regulator that land 

application won’t be allowed in the 
future (2018)



Current System SW-405

• PFAS Loading (cont.)
• Contingency action within permit all leachate 

hauled to nearest wastewater treatment
plant – Duluth – Lake Superior



Background – How did all of this start?!
2019 CWTS
*Short conversation going a bit off topic…lakes to leachate…go figure…*
• Constituents of interest / concern

• Nitrogen, per/polyfluoroalkyl substances (PFAS), boron, others??
• Multiple treatment options – R.O., ion exchg., activated carbon, even 

distillation!?...other physicochemical methods??
• Costly to install, O&M; brines; solid-phase disposal; gunked-up filters…

• …however…what about constructed wetlands??...
• CWTS effective for mitigation of constituents of interest / concern in 

multiple industry influenced waters [even landfill leachates(!)]
• Specific elements, compounds…and…PFAS(!)
• Typical life expectancy = multiple decades with proper monitoring,  

maintenance



Basic Scientific Method

1. Observation / question
2. Testable / null hypothesis
3. Experimental design; obtain defensible data
4. Properly interpret data
5. Compose defensible conclusions…

6. Repeat…∞



Background - Savannah River National Laboratory CWTS 
(Clemson designed ; Nelson 2000): Hg, Cu, Pb, Zn 
Removal



Background - Field-Scale CWTS: PFAS Removal
Lorong Halus (Yin et al. 2017)



Background - Field-Scale CWTS: PFAS Removal
Lorong Halus (Yin et al. 2017) (cont’d.)

• Lorong Halus (former landfill) field-scale CWTS evaluation
• Some PFAS removal in aeration basin
• PFAS sorption, plant (reed bed; multiple plant taxa) uptake more critical 

removal mechanisms depending on specific PFAS
• (Bio)Transformation also potential critical removal mechanism



2019 Design

• As a colleague would say – ‘quite 
rudimentary, yet functional!’

• Substrate, plants (bulrush, 
cattail) obtained onsite

• Specific plants [radial (root-zone) 
oxygen loss – ROL]
• Bulrush = no ROL
• Cattails = ROL

• Approximately 2.5 months of 
operation

• Plants loved it(!)
• Rt. plant pic.  30d progression



2019 CWTS PFAS Results

Potential Target
Conc. (ug / L)

May 01, 2019 Aug. 08, 2019 Aug. 28, 2019 Oct. 01, 2019

Treated
Leachate

Secondary
CWTS 
Inflow

Secondary
CWTS 

Outflow
% Change

Secondary
CWTS 

Outflow
% Change Secondary

CWTS Inflow

Secondary
CWTS 

Outflow
% Change

Perfluorobutanesulfonic acid PFBS 25% of HRL: 1.75 0.684 0.496 0.583 -15 0.523 5 0.557 0.508 -9

Perfluorobutanoic acid PFBA 25% of HRL: 1.75 1.75 2.07 2.41 16 1.59 -23 0.881 0.94 7

Perfluorodecanoic acid PFDA NA 0.0308 0.0114 0.0054 -53 0.0077 -32 0.0211 0.0704 234

Perfluorododecanoic acid PFDoA NA ND ND ND NC ND NC ND ND NC

Perfluoroheptanoic acid PFHpA GW Baseline: 0.050 0.798 0.999 1.08 8 0.782 -22 0.54 0.471 -13

Perfluorohexane sulfonate PFHxS GW Baseline: 0.033 0.763 0.712 0.777 9 0.607 -15 0.465 0.407 -12

Perfluorohexanoic acid PFHxA GW Baseline: 0.091 3.41 3.74 3.87 3 2.93 -22 2.69 2.16 -20

Perfluorononanoic acid PFNA NA 0.0691 0.0361 0.0302 -16 0.0305 -16 0.0456 0.0241 -47

Perfluorooctane Sulfonate PFOS I.L.: 0.075 0.162 0.0663 0.0417 -37 0.0569 -14 0.108 0.0345 -68

Perfluorooctanesulfonamidoacetate PFOSA NA ND ND ND NC ND NC ND ND NC

Perfluorooctanoic acid PFOA 25% of HRL: 0.00875 1.56 1.19 1.39 17 0.976 -18 0.888 0.699 -21

Perfluoropentanoic acid PFPeA GW baseline: 0.081 0.48 2.91 2.81 -3 2.46 -15 1.46 1.4 -4

Perfluorotridecanoic acid PFTriA NA ND ND ND NC ND NC ND ND NC

Perfluoroundecanoic acid PFUnA NA ND ND ND NC ND NC 0.00252 ND NC



September 09, 2020.

June 12, 2020

July 10, 2020

August 11, 2020 October 16, 2020

• Improved UV exposure chamber –
amended to include granular H2O2
treatment / exposure and GAC 
filtration via fish-tank recirc. pump

• ‘H2O2-UV-GAC exposure chamber’

2020 Design



2020 Inflow-Outflow: Evapotranspiration

June 15 June 19 June 22 July 14 Aug. 11 Sept. 11 Oct. 16
Inflow (mL min.-1) 34 32 32 36 34 32 28
Cell 5 Outflow 20 18 18 20 18 20 22
Percent Decrease 41 44 44 44 47 38 21

• Have to ‘take the 
good with the bad’

• Evapotranspiration = 
water volume loss

• Lose water volume = 
less for disposal / 
irrigation

• BUT…tendency to 
concentrate 
dissolved ions, TOC, 
PFAS…
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2020 Between-Cell NH3-N



2020 Plant PFAS



2020 Substrate PFAS



2021 Design

June 16, 2021

August 30, 2021

August 30, 2021

June 25, 2021

June 25, 2021



2021 Inflow-Outflow: Evapotranspiration



2021 PFAS
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2021 Calc. Biochar / GAC PFAS Removal Rates



2021 Between-Cell Manganese



2021 Between-Cell Boron



2021 Between-Cell NH3-N



2019 Conclusions

Rudimentary, but functional!
• Decreased concentrations of multiple PFAS

• Mechanism?? Sorption? Plant uptake? Degradation?
• All possible based on existing pubs.

• Decreased concentrations of NH3-N; N overall
• Plant, biological consumption – assimilatory / dissimilatory reduction

• Increased Mn conc. likely due to reductive (re)mobilization
• Can be mitigated with oxidizing cell / conditions

• Flow rate was ~10x too high (300-500 mL min.-1; gravity feed system)
• Inflow / Outflow differences sufficient to result in additional 2020 

evaluation(!!)



2020 Conclusions

Here we are…something VERY POSITIVE about 2020!
• Although variable, overall PFAS removal achieved to greater extent than 2019

• Consistent(!) PFAS removal (example: August, September, October 2020 PFAS Data)

• Overall N removal achieved to greater extent than 2019; 90-100% (based on 
HRT)

• Consistent N (as NH3) removal

• Mn removal achieved
• Consistent Mn removal

• B removal initially achieved, not maintained (likely sorption mechanism)
• Could test simultaneous with TOC…

• TOC removal initially achieved, not maintained (sorption mechanism?)
• Could test simultaneous with boron…



2021 Conclusions

EVEN BETTER THAN 2020!
• Although variable, overall PFAS removal greater than 2019; hybrid version 

better than 2020
• Mn removal achieved; consistent with oxidizing cell, Biochar, GAC
• B removal achieved w/ Biochar, GAC – likely sorption mechanism
• TOC removal achieved w/ Biochar, GAC – likely sorption mechanism
• Overall N removal achieved similar to 2020; 90-100% (based on HRT)

• Consistent N (as NH3) removal

• Emphasizes CWTS can do a lot, but not everything…
• Need for modular hybrid system – more consistent to greater extent



Acknowledgements

• St. Louis County (SLC) Commissioners
• Funded by SLC Environmental Services

• Mark St. Lawrence, David Fink
• Other County Personnel

• Anita, Ken (in absentia), Mark, Brian, others??
• NTS Colleagues

• Rick C., Nick J., Nick M., Jeff K., Karissa V., Mike H., Jordan E., Corey A., 
Ian S., Jon N., Catherine H., Evan J.

• Pace Analytical, TestAmerica – analytical support



Rocky Dog



Jack Dog



Comments?
Questions?



Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Biochar Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Biochar Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 GAC
1 PFOS -28 -82 -84 -77 NS NC -8 -45 -75 -76 -78 -100 -29 -69 -71 -78 -83 -98
2 PFOA -14 -34 -40 -32 NS NC -9 0 -15 -13 -28 -100 7 -7 7 27 7 -91
3 PFHpA -9 -22 -29 -20 NS NC -10 12 5 12 0 -98 10 18 28 67 54 -86
4 PFHxS 5 -27 -41 -22 NS NC -5 -2 -12 -14 -30 -100 9 5 11 35 26 -90
5 PFHxA 4 -8 -12 -15 NS NC -9 13 13 17 17 -88 3 17 46 63 74 -84
6 PFPeA 0 0 -6 -11 NS NC -6 12 18 24 18 -60 9 22 48 87 87 -81
7 PFBS 3 -5 -12 -5 NS NC -5 9 6 17 -3 -88 10 30 50 80 80 -84
8 PFBA 0 6 6 0 NS NC -12 6 12 18 12 -24 9 23 45 82 86 -79

PFNA -18 -62 -69 -59 NS NC -17 -37 -67 -67 -73 NC -10 -50 -43 -57 -68 -97
PFOSAm -40 NC NC NC NS NC -27 -60 -78 -80 -88 -98 -35 -81 -79 -84 NC -85
PFDA -41 -91 -91 -85 NS NC -48 -83 -92 -92 -91 NC -44 -89 -95 -95 -94 NC
PFUnDA -19 NC NC NC NS NC NC NC NC NC NC NC -35 NC NC NC NC NC
PFDOA NC NC NC NC NS NC NC NC NC NC NC NC NC NC NC NC NC NC
PFTrDA NC NC NC NC NS NC NC NC NC NC NC NC NC NC NC NC NC NC

Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Biochar Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Biochar Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Biochar
1 PFOS 18 24 -35 -66 NC 0 -25 -39 NS -53 NC -15 -33 -43 NS -42 -93
2 PFOA 47 60 93 60 NC 14 14 36 NS 21 NC 8 0 15 NS 38 -83
3 PFHpA 54 67 105 118 NC 12 27 33 NS 47 NC 1 4 4 NS 29 -72
4 PFHxS 38 69 100 115 NC 14 30 30 NS 27 NC 11 0 18 NS 36 -80
5 PFHxA 51 69 97 94 NC 13 22 22 NS 38 NC 3 3 19 NS 39 -58
6 PFPeA 43 78 113 130 NC 14 27 36 NS 55 NC 5 14 29 NS 48 -29
7 PFBS 50 90 120 160 NC 9 36 36 NS 55 NC 10 10 20 NS 20 -58
8 PFBA 41 77 109 127 NC 14 18 27 NS 41 NC 5 5 19 NS 29 5

PFNA 39 24 13 -31 NC 3 3 8 NS -15 NC -10 -11 -10 NS 6 -92
PFOSAm -3 -60 -81 -87 NC -9 -64 NC NS NC NC -21 -61 -79 NS -85 -92
PFDA 0 -53 -86 -94 NC 0 -50 -78 NS -87 NC -27 -54 -78 NS -82 -98
PFUnDA -35 NC NC NC NC NC NC NC NS NC NC -37 NC NC NS NC NC
PFDOA NC NC NC NC NC NC NC NC NC NS NC NC -8 NC NC NS NC NC
PFTrDA NC NC NC NC NC NC NC NC NC NS NC NC NC NC NC NS NC NC

% Change

September 28, 2021August 23, 2021

*July 22, 2021June 25, 2021June 09, 2021

% Change% Change% Change

% Change% Change

October 07, 2021

2021 
Between-
Cell PFAS
(% Dec.)


Test America Qrtrly Data

												4/28/21				7/21/21

												Primary Pond		Secondary Pond		Primary Pond		Secondary Pond

										Benzene (ug L-1)		9.03		NM

										Bromide (mg L-1)		1.39		0.37

										Nitrate (mg L-1)		0.417						0.206

										Chloride		1,290		1,620		1,310		1,680

										Fluorde		1.28		0.954		0.245		0.221

										Nitrate+Nitrite		0.417

										Sulfate		12.7		9.12		11.3		23.2

										PFBS (ng L-1)		NM		803

										PFDA		NM		24.6

										PFHpA		NM		669

										PFHxS		NM		626

										PFHxA		NM		3,700

										PFNA		NM		55.5

										PFOS		NM		126

										PFOA		NM		1,290

										PFPA		NM		1,890

										PFBA - DL		NM		1,950

										Al (ug L-1)		80.8				109		81.5

										As		22		16.9		25.5		29.7

										Ba		624		887		1,010		912

										B		14,700		18,500		16,600		22,900

										Cd						0.223		0.191

										Ca (mg L-1)		33.9		27.6		38.3		50.4

										Cr (ug L-1)		65.6		53.8		77.6		65.5

										Co		19.5		19.7		18.4		24.4

										Fe		3,190		2,510		5,530		1,860

										Pb		NM		8.37

										Li		61.1		72.6		61.6		71.8

										Mg (mg L-1)		90.1		108		110		154

										Mn (ug L-1)		227		141		216		284

										Mo		37.3		34		35.3		44.8

										Ni		108		120		99.7		131

										K		228		273		266		365

										Na (mg L-1)		1,180		1,380		1,410		1,970

										Sr (ug L-1)		1,460		1,680		1,590		2,260

										Sn		11.8		7.62		10.8

										Ti		89.4		35.1		101		59.7

										Turbidity (NTU)		17.6		5.89		8.73		11.2

										Ammonia (mg L-1)		296		162		278		150

										TKN		387		239		288		174

										T-Phos		1.78		2.86		2.65		2.27

										TSS		14		5.67				5.33

										T-Alk		2,850		2,760		2,860		2,760

										TDS		4,630		5,090		4,240		10,200

										Sulfide		2.2		2.8

										Tri-Cr		0.0656		0.0538		0.0776		0.0655

										T-Nitrogen		387		239		288		174





Spryd Lcht Lab Data



																5/13/21		5/19/20		6/1/21

O'Niell Tedrow: O'Niell Tedrow:
Rain storm May 30-31, 2021, prior to spraying.		6/8/21		6/24/21		7/7/21		7/28/21		8/23/21		2021-09-27

														B (mg L-1)		23.9				18.2						20.5						22.3

														NH3		264		231		97		53		103		109		124		131		123

														TKN		293		312		125		82		121		132		147		158		146

														NO2+NO3		1.0		0.1		1.0		1.0		1.0		1.0		1.0		4.5		1.0

														TN		293		312		125		82		121		132		147		162		146





2021 Spryd Lcht Field Data

														Pool Composite (what hits the ground)

																5/13/21		5/19/21		6/1/21

O'Niell Tedrow: O'Niell Tedrow:
Rain storm May 30-31, 2021, prior to sampling.		6/8/21

O'Niell Tedrow: O'Niell Tedrow:
Overnight rain storm June 07-08, 2021, prior to sampling.		6/24/21		7/7/21		7/12/21		7/28/21		8/10/21		8/23/21		9/27/21

														Temp. (C)		22.0		19.8		23.9		30.0		28.3		19.4		28.4		22.8		22.6		22.1		22.4

														DO (mg L-1)		6.2		2.3		NC

O'Niell Tedrow: O'Niell Tedrow:
Sensor malfunction.		NC		5.0		7		4.11		4.83		2.03		5.53		7.3

														pH (SU)		8.4		8.4		8.6		8.4		8.3		8.33		8.28		8.32		8.31		8.2		8.46

														Spec. Cond. (µS cm-1)		10,633		9,704		7,460		6,906		7,828		8,729		9,424		9,167		9,726		10,564		9,626

														NO3 (mg L-1)		1.6		1.6		1.7		1.2		1.0		1.0		1.1		0.9		1.5		2.2		3.6

														NH3 (mg L-1)		230		200		110		70		100		110		150		150		160		220		100



														Primary Pond

																6/1/21						6/21/21		7/7/21		7/12/21		7/26/21				8/10/21		8/23/21

																Top		Middle		Bottom		Top		Top		Top		Sump		Top		Top		Top

														Temp. (C)		20.2		16.4		16.2		16.3		19.8		24.7		16.5		21.4		23.1		20.2

														DO (mg L-1)		NC

O'Niell Tedrow: O'Niell Tedrow:
Sensor malfunction.				

O'Niell Tedrow: O'Niell Tedrow:
Rain storm May 30-31, 2021, prior to sampling.		

O'Niell Tedrow: O'Niell Tedrow:
Overnight rain storm June 07-08, 2021, prior to sampling.		

O'Niell Tedrow: O'Niell Tedrow:
Sensor malfunction.		2.6		2.6		1.6		1.09		2.54		1.75		1.83		1.14		1.86

														pH (SU)		8.4		8.2		8.3		8.3		8.25		8.29		8.12		8.21		8.23		8.11

														Spec. Cond. (µS cm-1)		9,348		9,658		9,715		9,443		9,427		9,836		8,336		10,015		10,240		10,450

														NO3 (mg L-1)		1.4		0.8		1.4		1.0		2.9		4.6		1.1		0.6		1.5		3.8

														NH3 (mg L-1)		230		340		350		110		210		170		490		230		270		350



														Secondary Pond

																6/21/21				7/26/21

																Sump		Top		Sump

														Temp. (C)		16.9		15.8		23.4

														DO (mg L-1)		1.1		3.3		1.22

														pH (SU)		8.5		8.5		8.37

														Spec. Cond. (µS cm-1)		7,466		7,783		7,101

														NO3 (mg L-1)		0.5		0.5		0.8

														NH3 (mg L-1)		130		160		200





Lab vs Field Spryd NO3 NH3 Data







												Bolded values = below detection.

														Pool Composite (what hits the ground)

																5/13/21				5/19/21				6/1/21				6/8/21				6/24/21				7/7/21				7/12/21				7/26/21				8/10/21				8/23/21				2021-09-27

																Lab		Field

O'Niell Tedrow: O'Niell Tedrow:
Dilution = 90:10, distilled water to leachate.		Lab		Field		Lab		Field		Lab		Field		Lab		Field		Lab		Field		Lab		Field		Lab		Field		Lab		Field		Lab		Field		Lab		Field

														NO3 (mg L-1)		0.5		1.6		0.05		1.6		0.5		1.7		0.5		1.2		1.0		1.0				1.0				1.1		1.0		0.9				1.5		4.5		2.2		1		3.6

														NH3 (mg L-1)		264		230		231		200		97		110		53.2		70		103		100				110				150		124		150				160		131		220		123		100

														Bolded values are one-half of the RL when the measured concentration was reported as below detection.

														Lab:Field NO3		0.31				0.03				0.29				0.42				1.00												1.11								2.05				0.28

														Lab:Field NH3		1.15				1.16				0.88				0.76				1.03												0.83								0.60				1.23





2021 EWTS Data



				Bolded values represent the low-end detection limit.

				* Cell 4 removed from series.

												Jun 09, 2021														Jun 25, 2021														Jul 22, 2021														Aug 23, 2021														Sept 28, 2021														Oct 07, 2021

												Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		GAC		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar

										TDS (mg L-1)		4,030		4,470		4,700		4,430		4,030		NS		NS		5,000		4,670		4,600		5,030		5,700		4,400		3,600		5,630		6,230		7,230		8,330		9,600		8,270		10,800		6,030		6,630		7,870		9,730		NS		9,930		NS		5,940		6,300		7,140		3,960		NS		470		NS		5,870		5,900		6,470		6,900		NS		7,270		6,230

										Cl		1,150		1,040		1,140		1,110		1,090		NS		NS		1,370		1,310		1,450		1,540		1,500		1,580		1,450		1,630		1,860		2,100		2,450		2,970		2,990		2,760		1,780		2,000		2,390		2,860		NS		3,050		NS		1,730		1,820		2,080		2,210		NS		2,220		NS		1,740		1,800				2,060		NS		2,200		2,240

										NH3		47.0		30.9		21.3		18.7		13.2		NS		NS		106.0		38.3		22.9		8.2		0.9		0.6		0.3		142		91.3		25.1		0.66		0.44		0.41		0.45		118		84.9		26.4		0.81		NS		0.45		NS		84.8		70.1		27.6		5.2		NS		0.38		NS		114		78.1		31.2		3.3		NS		0.32		0.15

										NO2+NO3		0.02		0.02		0.02		0.02		0.02		NS		NS		0.04		0.02		0.02		0.02		0.02		1.60		1.20		2.20		0.61		0.70		0.03		0.02		1.20		0.76		9.30		4.10		2.20		0.14		NS		1.30		NS		23.90		11.80		15.90		27.80		NS		39.20		NS		13.60		14.40		17.00		17.30		NS		28.10		30.10

										TOC		171		326		421		344		316		NS		NS		194		235		246		287		296		261		74.7		240		266		290		330		442		402		124		240		282		308		395		NS		378		NS		246		259		276		293		NS		273		NS		251		250		272		289		NS		271		119

										TSS		3		92.8		50.4		36.4		18		NS		NS		7.6		9.2		28.6		24.4		4.4		2.8		2.8		2.6		9.8		11.8		9.4		5.2		3.2		43.6		11.8		5		5.2		7.6		NS		4.4		NS		32.2		26.5		3.4		4.8		NS		4.2		NS		19.2		64.4		85.6		4.8		NS		2		1

										B		14.5		13.5		10.8		9.3		11.2		NS		NS		17.8		16.2		17.9		16.2		15.3		12.2		3.4		20.3		20.5		21.1		25.9		28.9		27.7		7.1		26.0		25.7		30.0		33.5		NS		34.8		NS		22.3		23.5		27.5		27.8		NS		26.8		NS		20.8		21.1		24.0		24.8		NS		26.2		15.8

										Mn		0.122		3.830		3.640		3.500		7.120		NS		NS		0.184		0.991		2.130		2.650		3.970		0.127		0.037		0.229		0.591		1.980		2.680		3.370		0.064		0.021		0.258		0.356		1.100		2.250		NS		0.056		NS		0.265		0.464		0.667		1.190		NS		0.148		NS		0.258		0.397		0.604		1.050		NS		0.128		0.014



												Aug 23, 2021														Sept 28, 2021														Oct 07, 2021

												Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar

										TDS (mg L-1)		6,030		6,630		7,870		9,730		NS		9,930		NS		5,940		6,300		7,140		3,960		NS		470		NS		5,870		5,900		6,470		6,900		NS		7,270		6,230

										Cl		1,780		2,000		2,390		2,860		NS		3,050		NS		1,730		1,820		2,080		2,210		NS		2,220		NS		1,740		1,800				2,060		NS		2,200		2,240

										NH3		118		84.9		26.4		0.81		NS		0.45		NS		84.8		70.1		27.6		5.2		NS		0.38		NS		114		78.1		31.2		3.3		NS		0.32		0.15

										NO2+NO3		9.30		4.10		2.20		0.14		NS		1.30		NS		23.90		11.80		15.90		27.80		NS		39.20		NS		13.60		14.40		17.00		17.30		NS		28.10		30.10

										TOC		240		282		308		395		NS		378		NS		246		259		276		293		NS		273		NS		251		250		272		289		NS		271		119

										TSS		11.8		5		5.2		7.6		NS		4.4		NS		32.2		26.5		3.4		4.8		NS		4.2		NS		19.2		64.4		85.6		4.8		NS		2		1

										B		26.0		25.7		30.0		33.5		NS		34.8		NS		22.3		23.5		27.5		27.8		NS		26.8		NS		20.8		21.1		24.0		24.8		NS		26.2		15.8

										Mn		0.258		0.356		1.100		2.250		NS		0.056		NS		0.265		0.464		0.667		1.190		NS		0.148		NS		0.258		0.397		0.604		1.050		NS		0.128		0.014





Pace Mn Chart





Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	GAC	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Jun 09, 2021	Jun 25, 2021	Jul 22, 2021	Aug 23, 2021	Sept 28, 2021	Oct 07, 2021	0.122	3.83	3.64	3.5	7.12	0	0	0.184	0.99099999999999999	2.13	2.65	3.97	0.127	3.6600000000000001E-2	0.22900000000000001	0.59099999999999997	1.98	2.68	3.37	6.4299999999999996E-2	2.0500000000000001E-2	0.25800000000000001	0.35599999999999998	1.1000000000000001	2.25	0	5.6099999999999997E-2	0	0.26500000000000001	0.46400000000000002	0.66700000000000004	1.19	0	0.14799999999999999	0	0.25800000000000001	0.39700000000000002	0.60399999999999998	1.05	0	0.128	1.4E-2	







Pace B Chart





Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	GAC	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Jun 09, 2021	Jun 25, 2021	Jul 22, 2021	Aug 23, 2021	Sept 28, 2021	Oct 07, 2021	14.5	13.5	10.8	9.32	11.2	0	0	17.8	16.2	17.899999999999999	16.2	15.3	12.2	3.41	20.3	20.5	21.1	25.9	28.9	27.7	7.1	26	25.7	30	33.5	0	34.799999999999997	0	22.3	23.5	27.5	27.8	0	26.8	0	20.8	21.1	24	24.8	0	26.2	15.8	







Pace AOC Chart





Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	GAC	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Jun 09, 2021	Jun 25, 2021	Jul 22, 2021	Aug 23, 2021	Sept 28, 2021	Oct 07, 2021	171	326	421	344	316	0	0	194	235	246	287	296	261	74.7	240	266	290	330	442	402	124	240	282	308	395	0	37	8	0	246	259	276	293	0	273	0	251	250	272	289	0	271	119	







Pace NH3 NO3 Data

				Bolded values represent the low-end detection limit.



								Jun 09, 2021														Jun 25, 2021														Jul 22, 2021														Aug 23, 2021														Sept 28, 2021														Oct 07, 2021

								Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		GAC		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Inflow		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar

						NH3		47.0		30.9		21.3		18.7		13.2		NS		NS		106.0		38.3		22.9		8.2		0.9		0.6		0.3		142		91.3		25.1		0.66		0.44		0.41		0.45		118		84.9		26.4		0.81		NS		0.45		NS		84.8		70.1		27.6		5.2		NS		0.38		NS		114		78.1		31.2		3.3		NS		0.32		0.15

						NO2+NO3		0.02		0.02		0.02		0.02		0.02		NS		NS		0.04		0.02		0.02		0.02		0.02		1.60		1.20		2.20		0.61		0.70		0.03		0.02		1.20		0.76		9.30		4.10		2.20		0.14		NS		1.30		NS		23.90		11.80		15.90		27.80		NS		39.20		NS		13.60		14.40		17.00		17.30		NS		28.10		30.10





Pace NH3 NO3 Chart



NH3	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	GAC	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Jun 09, 2021	Jun 25, 2021	Jul 22, 2021	Aug 23, 2021	Sept 28, 2021	Oct 07, 2021	47	30.9	21.3	18.7	13.2	0	0	106	38.299999999999997	22.9	8.1999999999999993	0.88	0.	62	0.31	142	91.3	25.1	0.66	0.44	0.41	0.45	118	84.9	26.4	0.81	0	0.45	0	84.8	70.099999999999994	27.6	5.2	0	0.38	0	114	78.099999999999994	31.2	3.3	0	0.32	0.15	NO2+NO3	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	GAC	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Inflow	Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Biochar	Jun 09, 2021	Jun 25, 2021	Jul 22, 2021	Aug 23, 2021	Sept 28, 2021	Oct 07, 2021	0.02	0.02	0.02	0.02	0.02	0	0	0.04	0.02	0.02	0.02	0.02	1.6	1.2	2.2000000000000002	0.61	0.7	2.7E-2	0.02	1.2	0.76	9.3000000000000007	4.0999999999999996	2.2000000000000002	0.14000000000000001	0	1.3	0	23.9	11.8	15.9	27.8	0	39.200000000000003	0	13.6	14.4	17	17.3	0	28.1	30.1	









2021 PFAS ng L-1 Data





																																																																																* Cell 4 removed from series.





										June 09, 2021																		June 25, 2021																										*July 22, 2021																										August 23, 2021																						September 28, 2021																						October 07, 2021

										Inflow		Outflow								% Change								Inflow		Outflow												% Change												Inflow		Outflow												% Change												Inflow		Outflow										% Change										Inflow		Outflow										% Change										Inflow		Outflow										% Change

												Cell 1		Cell 2		Cell 3		Cell 4		Cell 1		Cell 2		Cell 3		Cell 4				Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar				Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		GAC		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		GAC				Cell 1		Cell 2		Cell 3		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 5		Biochar				Cell 1		Cell 2		Cell 3		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 5		Biochar				Cell 1		Cell 2		Cell 3		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 5		Biochar

						1		PFOS
(ng L-1)		180		130		33		29		41		-28		-82		-84		-77		120		110		66		30		29		26		0.39		-8		-45		-75		-76		-78		-100		170		120		52		49		38		29		3.30		-29		-69		-71		-78		-83		-98		230		200		210		110		57		NM		18		24		-35		-66		NA		160		160		120		98		75		NM		0		-25		-39		-53		NA		130		110		87		74		76		9.20		-15		-33		-43		-42		-93

						2		PFOA		1,400		1,200		920		840		950		-14		-34		-40		-32		1100		1,000		1,100		930		960		790		4.00		-9		0		-15		-13		-28		-100		1,500		1,600		1,400		1,600		1,900		1,600		130		7		-7		7		27		7		-91		2,600		2,200		2,400		2,900		2,400		NM		47		60		93		60		NA		1,400		1,600		1,600		1,900		1,700		NM		14		14		36		21		NA		1,300		1,400		1,300		1,500		1,800		220		8		0		15		38		-83

						3		PFHpA		650		590		510		460		520		-9		-22		-29		-20		590		530		660		620		660		590		8.90		-10		12		5		12		0		-98		780		860		920		1,000		1,300		1,200		110		10		18		28		67		54		-86		1,500		1,200		1,300		1,600		1,700		NM		54		67		105		118		NA		750		840		950		1,000		1,100		NM		12		27		33		47		NA		760		770		790		790		980		210		1		4		4		29		-72

						4		PFHxS		630		660		460		370		490		5		-27		-41		-22		570		540		560		500		490		400		2.40		-5		-2		-12		-14		-30		-100		650		710		680		720		880		820		68		9		5		11		35		26		-90		1,100		900		1,100		1,300		1,400		NM		38		69		100		115		NA		640		730		830		830		810		NM		14		30		30		27		NA		560		620		560		660		760		110		11		0		18		36		-80

						5		PFHxA		2,600		2,700		2,400		2,300		2,200		4		-8		-12		-15		2300		2,100		2,600		2,600		2,700		2,700		280		-9		13		13		17		17		-88		3,500		3,600		4,100		5,100		5,700		6,100		550		3		17		46		63		74		-84		7,600		5,300		5,900		6,900		6,800		NM		51		69		97		94		NA		3,200		3,600		3,900		3,900		4,400		NM		13		22		22		38		NA		3,100		3,200		3,200		3,700		4,300		1,300		3		3		19		39		-58

						6		PFPeA		1,800		1,800		1,800		1,700		1,600		0		0		-6		-11		1700		1,600		1,900		2,000		2,100		2,000		680		-6		12		18		24		18		-60		2,300		2,500		2,800		3,400		4,300		4,300		440		9		22		48		87		87		-81		5,300		3,300		4,100		4,900		5,300		NM		43		78		113		130		NA		2,200		2,500		2,800		3,000		3,400		NM		14		27		36		55		NA		2,100		2,200		2,400		2,700		3,100		1,500		5		14		29		48		-29

						7		PFBS		760		780		720		670		720		3		-5		-12		-5		780		740		850		830		910		760		94		-5		9		6		17		-3		-88		1,000		1,100		1,300		1,500		1,800		1,800		160		10		30		50		80		80		-84		2,400		1,500		1,900		2,200		2,600		NM		50		90		120		160		NA		1,100		1,200		1,500		1,500		1,700		NM		9		36		36		55		NA		1,000		1,100		1,100		1,200		1,200		420		10		10		20		20		-58

						8		PFBA		1,700		1,700		1,800		1,800		1,700		0		6		6		0		1700		1,500		1,800		1,900		2,000		1,900		1,300		-12		6		12		18		12		-24		2,200		2,400		2,700		3,200		4,000		4,100		470		9		23		45		82		86		-79		4,800		3,100		3,900		4,600		5,000		NM		41		77		109		127		NA		2,200		2,500		2,600		2,800		3,100		NM		14		18		27		41		NA		2,100		2,200		2,200		2,500		2,700		2,200		5		5		19		29		5

								PFNA		61		50		23		19		25		-18		-62		-69		-59		52		43		33		17		17		14		BD		-17		-37		-67		-67		-73		NC		72		65		36		41		31		23		1.90		-10		-50		-43		-57		-68		-97		100		100		89		81		50		NM		39		24		13		-31		NA		71		73		73		77		60		NM		3		3		8		-15		NA		63		57		56		57		67		4.80		-10		-11		-10		6		-92

								PFOSAm		4.8		2.9		BD		BD		BD		-40		NC		NC		NC		4.5		3.30		1.80		0.97		0.90		0.53		0.10		-27		-60		-78		-80		-88		-98		6.30		4.10		1.20		1.30		0.98		BD		0.94		-35		-81		-79		-84		NC		-85		7.20		6.10		2.50		1.20		0.79		NM		-3		-60		-81		-87		NA		6.40		5.80		2.30		BD		BD		NM		-9		-64		NC		NC		NA		5.60		4.40		2.20		1.20		0.82		0.47		-21		-61		-79		-85		-92

								PFDA		22		13		2		2		3.3		-41		-91		-91		-85		18		9.30		3.10		1.40		1.40		1.70		BD		-48		-83		-92		-92		-91		NC		32		18		3.60		1.70		1.70		1.90		BD		-44		-89		-95		-95		-94		NC		34		32		15		4.40		1.80		NM		0		-53		-86		-94		NA		32		32		16		7.20		4.10		NM		0		-50		-78		-87		NA		26		19		12		5.70		4.60		0.63		-27		-54		-78		-82		-98

								PFUnDA		1.6		1.3		BD		BD		BD		-19		NC		NC		NC		1.5		BD		BD		BD		BD		BD		BD		NC		NC		NC		NC		NC		NC		1.70		1.10		BD		BD		BD		BD		BD		-35		NC		NC		NC		NC		NC		1.00		1.10		BD		BD		BD		NM		-35		NC		NC		NC		NA		1.80		BD		BD		BD		BD		NM		NC		NC		NC		NC		NA		1.90		1.20		BD		BD		BD		BD		-37		NC		NC		NC		NC

								PFDOA		BD		BD		BD		BD		BD										BD		BD		BD		BD		BD		BD		BD														BD		BD		BD		BD		BD		BD		BD														BD		BD		BD		BD		BD		NM												BD		BD		BD		BD		BD		NM												0.76		0.70		BD		BD		BD		BD		-8		NC		NC		NC		NC

								PFTrDA		BD		BD		BD		BD		BD										BD		BD		BD		BD		BD		BD		BD														BD		BD		BD		BD		BD		BD		BD														BD		BD		BD		BD		BD		NM												BD		BD		BD		BD		BD		NM												BD		BD		BD		BD		BD		BD		NC		NC		NC		NC		NC







PFAS Conc Report Table Format



														June 09, 2021														June 25, 2021														*July 22, 2021

														Inflow		Outflow												Inflow		Outflow												Inflow		Outflow

																Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar				Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar				Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		GAC

										1		PFOS
(ng L-1)		180		130		33		29		41		NS		NS		120		110		66		30		29		26		0.39		170		120		52		49		38		29		3.30

										2		PFOA		1,400		1,200		920		840		950		NS		NS		1100		1,000		1,100		930		960		790		4.00		1,500		1,600		1,400		1,600		1,900		1,600		130

										3		PFHpA		650		590		510		460		520		NS		NS		590		530		660		620		660		590		8.90		780		860		920		1,000		1,300		1,200		110

										4		PFHxS		630		660		460		370		490		NS		NS		570		540		560		500		490		400		2.40		650		710		680		720		880		820		68

										5		PFHxA		2,600		2,700		2,400		2,300		2,200		NS		NS		2300		2,100		2,600		2,600		2,700		2,700		280		3,500		3,600		4,100		5,100		5,700		6,100		550

										6		PFPeA		1,800		1,800		1,800		1,700		1,600		NS		NS		1700		1,600		1,900		2,000		2,100		2,000		680		2,300		2,500		2,800		3,400		4,300		4,300		440

										7		PFBS		760		780		720		670		720		NS		NS		780		740		850		830		910		760		94		1,000		1,100		1,300		1,500		1,800		1,800		160

										8		PFBA		1,700		1,700		1,800		1,800		1,700		NS		NS		1700		1,500		1,800		1,900		2,000		1,900		1,300		2,200		2,400		2,700		3,200		4,000		4,100		470

												PFNA		61		50		23		19		25		NS		NS		52		43		33		17		17		14		BD		72		65		36		41		31		23		1.90

												PFOSAm		4.8		2.9		BD		BD		BD		NS		NS		4.5		3.30		1.80		0.97		0.90		0.53		0.10		6.30		4.10		1.20		1.30		0.98		BD		0.94

												PFDA		22		13		2		2		3.3		NS		NS		18		9.30		3.10		1.40		1.40		1.70		BD		32		18		3.60		1.70		1.70		1.90		BD

												PFUnDA		1.6		1.3		BD		BD		BD		NS		NS		1.5		BD		BD		BD		BD		BD		BD		1.70		1.10		BD		BD		BD		BD		BD

												PFDOA		BD		BD		BD		BD		BD		NS		NS		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD

												PFTrDA		BD		BD		BD		BD		BD		NS		NS		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD		BD

														August 23, 2021														September 28, 2021														October 07, 2021

														Inflow		Outflow												Inflow		Outflow												Inflow		Outflow

																Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar				Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar				Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar

										1		PFOS
(ng L-1)		230		200		210		110		NS		57		NM		160		160		120		98		NS		75		NM		130		110		87		74		NS		76		9.20

										2		PFOA		2,600		2,200		2,400		2,900		NS		2,400		NM		1,400		1,600		1,600		1,900		NS		1,700		NM		1,300		1,400		1,300		1,500		NS		1,800		220

										3		PFHpA		1,500		1,200		1,300		1,600		NS		1,700		NM		750		840		950		1,000		NS		1,100		NM		760		770		790		790		NS		980		210

										4		PFHxS		1,100		900		1,100		1,300		NS		1,400		NM		640		730		830		830		NS		810		NM		560		620		560		660		NS		760		110

										5		PFHxA		7,600		5,300		5,900		6,900		NS		6,800		NM		3,200		3,600		3,900		3,900		NS		4,400		NM		3,100		3,200		3,200		3,700		NS		4,300		1,300

										6		PFPeA		5,300		3,300		4,100		4,900		NS		5,300		NM		2,200		2,500		2,800		3,000		NS		3,400		NM		2,100		2,200		2,400		2,700		NS		3,100		1,500

										7		PFBS		2,400		1,500		1,900		2,200		NS		2,600		NM		1,100		1,200		1,500		1,500		NS		1,700		NM		1,000		1,100		1,100		1,200		NS		1,200		420

										8		PFBA		4,800		3,100		3,900		4,600		NS		5,000		NM		2,200		2,500		2,600		2,800		NS		3,100		NM		2,100		2,200		2,200		2,500		NS		2,700		2,200

												PFNA		100		100		89		81		NS		50		NM		71		73		73		77		NS		60		NM		63		57		56		57		NS		67		4.80

												PFOSAm		7.20		6.10		2.50		1.20		NS		0.79		NM		6.40		5.80		2.30		1.20		NS		1.10		NM		5.60		4.40		2.20		1.20		NS		0.82		0.47

												PFDA		34		32		15		4.40		NS		1.80		NM		32		32		16		7.20		NS		4.10		NM		26		19		12		5.70		NS		4.60		0.63

												PFUnDA		1.00		1.10		0.78		0.74		NS		0.76		NM		1.80		1.70		1.70		1.80		NS		1.70		NM		1.90		1.20		0.72		0.71		NS		0.73		0.72

												PFDOA		0.73		0.74		0.76		0.73		NS		0.74		NM		1.7		1.7		1.7		1.7		NS		1.7		NM		0.76		0.70		0.70		0.69		NS		0.71		0.71

												PFTrDA		0.73		0.74		0.76		0.73		NS		0.75		NM		1.7		1.7		1.7		1.7		NS		1.7		NM		0.70		0.70		0.70		0.70		NS		0.72		0.71





PFAS % Rmvl Report Table Format



												June 09, 2021												June 25, 2021												*July 22, 2021

												% Change												% Change												% Change

												Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		GAC

								1		PFOS		-28		-82		-84		-77		NS		NC		-8		-45		-75		-76		-78		-100		-29		-69		-71		-78		-83		-98

								2		PFOA		-14		-34		-40		-32		NS		NC		-9		0		-15		-13		-28		-100		7		-7		7		27		7		-91

								3		PFHpA		-9		-22		-29		-20		NS		NC		-10		12		5		12		0		-98		10		18		28		67		54		-86

								4		PFHxS		5		-27		-41		-22		NS		NC		-5		-2		-12		-14		-30		-100		9		5		11		35		26		-90

								5		PFHxA		4		-8		-12		-15		NS		NC		-9		13		13		17		17		-88		3		17		46		63		74		-84

								6		PFPeA		0		0		-6		-11		NS		NC		-6		12		18		24		18		-60		9		22		48		87		87		-81

								7		PFBS		3		-5		-12		-5		NS		NC		-5		9		6		17		-3		-88		10		30		50		80		80		-84

								8		PFBA		0		6		6		0		NS		NC		-12		6		12		18		12		-24		9		23		45		82		86		-79

										PFNA		-18		-62		-69		-59		NS		NC		-17		-37		-67		-67		-73		NC		-10		-50		-43		-57		-68		-97

										PFOSAm		-40		NC		NC		NC		NS		NC		-27		-60		-78		-80		-88		-98		-35		-81		-79		-84		NC		-85

										PFDA		-41		-91		-91		-85		NS		NC		-48		-83		-92		-92		-91		NC		-44		-89		-95		-95		-94		NC

										PFUnDA		-19		NC		NC		NC		NS		NC		NC		NC		NC		NC		NC		NC		-35		NC		NC		NC		NC		NC

										PFDOA		NC		NC		NC		NC		NS		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC

										PFTrDA		NC		NC		NC		NC		NS		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC		NC

												August 23, 2021												September 28, 2021												October 07, 2021

												% Change												% Change												% Change

												Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Biochar

								1		PFOS		18		24		-35				-66		NC		0		-25		-39		NS		-53		NC		-15		-33		-43		NS		-42		-93

								2		PFOA		47		60		93				60		NC		14		14		36		NS		21		NC		8		0		15		NS		38		-83

								3		PFHpA		54		67		105				118		NC		12		27		33		NS		47		NC		1		4		4		NS		29		-72

								4		PFHxS		38		69		100				115		NC		14		30		30		NS		27		NC		11		0		18		NS		36		-80

								5		PFHxA		51		69		97				94		NC		13		22		22		NS		38		NC		3		3		19		NS		39		-58

								6		PFPeA		43		78		113				130		NC		14		27		36		NS		55		NC		5		14		29		NS		48		-29

								7		PFBS		50		90		120				160		NC		9		36		36		NS		55		NC		10		10		20		NS		20		-58

								8		PFBA		41		77		109				127		NC		14		18		27		NS		41		NC		5		5		19		NS		29		5

										PFNA		39		24		13				-31		NC		3		3		8		NS		-15		NC		-10		-11		-10		NS		6		-92

										PFOSAm		-3		-60		-81				-87		NC		-9		-64		NC		NS		NC		NC		-21		-61		-79		NS		-85		-92

										PFDA		0		-53		-86				-94		NC		0		-50		-78		NS		-87		NC		-27		-54		-78		NS		-82		-98

										PFUnDA		-35		NC		NC				NC		NC		NC		NC		NC		NS		NC		NC		-37		NC		NC		NS		NC		NC

										PFDOA		NC		NC		NC		NC		NC		NC		NC		NC		NC		NS		NC		NC		-8		NC		NC		NS		NC		NC

										PFTrDA		NC		NC		NC		NC		NC		NC		NC		NC		NC		NS		NC		NC		NC		NC		NC		NS		NC		NC





2021 PFAS ug L-1 Data



				* Cell 4 removed from series.







																June 09, 2021						June 25, 2021										July 22, 2021										August 23, 2021										September 28, 2021										October 07, 2021

																Inflow		Outflow		% Change		Inflow		Outflow				% Change				Inflow		Outflow				% Change				Inflow		Outflow				% Change				Inflow		Outflow				% Change				Inflow		Outflow		% Change

																		Cell 4		Cell 4				Cell 5		Biochar		Cell 5		Biochar				Cell 5		GAC		Cell 5		GAC				Cell 5		Biochar		Cell 5		Biochar				Cell 5		Biochar		Cell 5		Biochar				Biochar		Biochar

												1		PFOS
(µg L-1)		0.180		0.041		-77		0.120		0.026		0.0004		-78		-100		0.170		0.029		0.003		-83		-98		0.230		0.057		NM		-75		NA		0.160		0.075		NM		-53		NA		0.130		0.0092		-93

												2		PFOA		1.400		0.950		-32		1.100		0.790		0.0040		-28		-100		1.500		1.600		0.130		7		-91		2.600		2.400		NM		-8		NA		1.400		1.700		NM		21		NA		1.300		0.2200		-83

												3		PFHpA		0.650		0.520		-20		0.590		0.590		0.0089		0		-98		0.780		1.200		0.110		54		-86		1.500		1.700		NM		13		NA		0.750		1.100		NM		47		NA		0.760		0.2100		-72

												4		PFHxS		0.630		0.490		-22		0.570		0.400		0.0024		-30		-100		0.650		0.820		0.068		26		-90		1.100		1.400		NM		27		NA		0.640		0.810		NM		27		NA		0.560		0.1100		-80

												5		PFHxA		2.600		2.200		-15		2.300		2.700		0.2800		17		-88		3.500		6.100		0.550		74		-84		7.600		6.800		NM		-11		NA		3.200		4.400		NM		38		NA		3.100		1.3000		-58

												6		PFPeA		1.800		1.600		-11		1.700		2.000		0.6800		18		-60		2.300		4.300		0.440		87		-81		5.300		5.300		NM		0		NA		2.200		3.400		NM		55		NA		2.100		1.5000		-29

												7		PFBS		0.760		0.720		-5		0.780		0.760		0.0940		-3		-88		1.000		1.800		0.160		80		-84		2.400		2.600		NM		8		NA		1.100		1.700		NM		55		NA		1.000		0.4200		-58

												8		PFBA		1.700		1.700		0		1.700		1.900		1.3000		12		-24		2.200		4.100		0.470		86		-79		4.800		5.000		NM		4		NA		2.200		3.100		NM		41		NA		2.100		2.2000		5

														PFNA		0.061		0.025		-59		0.052		0.014				-73		-100		0.072		0.023		0.002		-68		-97		0.100		0.050		NM		-50		NA		0.071		0.060		NM		-15		NA		0.063		0.0048		-92

														PFOSAm		0.005				-100		0.005		0.001		0.0001		-88		-98		0.006				0.001		-100		-85		0.007		0.001		NM		-89		NA		0.006				NM		-100		NA		0.006		0.0005		-92

														PFDA		0.022		0.003		-85		0.018		0.002				-91		-100		0.032		0.002				-94		-100		0.034		0.002		NM		-95		NA		0.032		0.004		NM		-87		NA		0.026		0.0006		-98

														PFUnDA		0.002				-100		0.002						-100		-100		0.002						-100		-100		0.001				NM		-100		NA		0.002				NM		-100		NA		0.002				-100

														PFDOA		BD		BD				BD		BD								BD		BD								BD		BD								BD		BD								0.001				NC

														PFTrDA		BD		BD				BD		BD								BD		BD								BD		BD								BD		BD								BD		BD		NC





6-25-21BiocharPFAS Removal Data

						June 25, 2021

										Cell 5		Biochar		Inflow (mL / min.)		Volume (L)		HRT (h)		Concentration Change (ug / L)		Estimated Duration of Treatment (min)

O'Niell Tedrow: O'Niell Tedrow:
Estimated duration of treatment based on approximate duration of observed clarity of Biochar / GAC reactor outflow (~ six hours).		Volume 'Treated' (L)		Mass Retained (ug)		Removal Rate (ug / min.)

								PFOS
(µg L-1)		26		0.39		13		25		16		25.61		360		4.68		120		0.333

								PFOA		790		4.00		13		25		16		786.00		360		4.68		3,678		10.218

								PFHpA		590		8.90		13		25		16		581.10		360		4.68		2,720		7.554

								PFHxS		400		2.40		13		25		16		397.60		360		4.68		1,861		5.169

								PFHxA		2,700		280		13		25		16		2,420.00		360		4.68		11,326		31.460

								PFPeA		2,000		680		13		25		16		1,320.00		360		4.68		6,178		17.160

								PFBS		760		94		13		25		16		666.00		360		4.68		3,117		8.658

								PFBA		1,900		1,300		13		25		16		600.00		360		4.68		2,808		7.800

								PFNA		14		BD		13		25		16		BD		360		4.68		NC		NC

								PFOSAm		0.53		0.10		13		25		16		0.43		360		4.68		2		0.006

								PFDA		1.70		BD		13		25		16		BD		360		4.68		NC		NC

								PFUnDA		BD		BD		13		25		16		BD		360		4.68		NC		NC

								PFDOA		BD		BD		13		25		16		BD		360		4.68		NC		NC

								PFTrDA		BD		BD		13		25		16		BD		360		4.68		NC		NC



						NC = Not calculable due to below detection inflow and / or outflow concentration.





7-22-21 GAC PFAS Removal Data

						July 22, 2021

										Cell 5		Biochar		Inflow (mL / min.)		Volume (L)		HRT (h)		Concentration Change (ug / L)		Estimated Duration of Treatment (min)

O'Niell Tedrow: O'Niell Tedrow:
Estimated duration of treatment based on approximate duration of observed clarity of Biochar / GAC reactor outflow (~ six hours).		Volume 'Treated' (L)		Mass Retained (ug)		Removal Rate (ug / min.)

								PFOS
(µg L-1)		0.029		0.003		23		25		16		0.03		360		8.28		0		0.0006

								PFOA		1.600		0.130		23		25		16		1.47		360		8.28		12		0.0338

								PFHpA		1.200		0.110		23		25		16		1.09		360		8.28		9		0.0251

								PFHxS		0.820		0.068		23		25		16		0.75		360		8.28		6		0.0173

								PFHxA		6.100		0.550		23		25		16		5.55		360		8.28		46		0.1277

								PFPeA		4.300		0.440		23		25		16		3.86		360		8.28		32		0.0888

								PFBS		1.800		0.160		23		25		16		1.64		360		8.28		14		0.0377

								PFBA		4.100		0.470		23		25		16		3.63		360		8.28		30		0.0835

								PFNA		0.023		0.002		23		25		16		BD		360		8.28		NC		NC

								PFOSAm				0.001		23		25		16		-0.00		360		8.28		(0)		-0.00002

								PFDA		0.002				23		25		16		BD		360		8.28		NC		NC

								PFUnDA						23		25		16		BD		360		8.28		NC		NC

								PFDOA		BD				23		25		16		BD		360		8.28		NC		NC

								PFTrDA		BD				23		25		16		BD		360		8.28		NC		NC



						NC = Not calculable due to below detection inflow and / or outflow concentration.





10-7-21BiocharPFAS Removal Data

						October 07, 2021

														(est.)

										Cell 5		Biochar		Inflow (mL / min.)		Volume (L)		HRT (h)		Concentration Change (ug / L)		Estimated Duration of Treatment (min)

O'Niell Tedrow: O'Niell Tedrow:
Estimated duration of treatment based on approximate duration of observed clarity of Biochar / GAC reactor outflow (~ six hours).		Volume 'Treated' (L)		Mass Retained (ug)		Removal Rate (ug / min.)

								PFOS
(µg L-1)		0.076		0.0092		20		25		16		0.07		360		7.20		0		0.0013

								PFOA		1.8		0.22		20		25		16		1.58		360		7.20		11		0.0316

								PFHpA		0.98		0.21		20		25		16		0.77		360		7.20		6		0.0154

								PFHxS		0.76		0.11		20		25		16		0.65		360		7.20		5		0.0130

								PFHxA		4.3		1.3		20		25		16		3.00		360		7.20		22		0.0600

								PFPeA		3.1		1.5		20		25		16		1.60		360		7.20		12		0.0320

								PFBS		1.2		0.42		20		25		16		0.78		360		7.20		6		0.0156

								PFBA		2.7		2.2		20		25		16		0.50		360		7.20		4		0.0100

								PFNA		0.067		0.0048		20		25		16		BD		360		7.20		NC		NC

								PFOSAm		0.00082		0.00047		20		25		16		0.0004		360		7.20		0		0.00001

								PFDA		0.0046		0.00063		20		25		16		BD		360		7.20		NC		NC

								PFUnDA		BD		BD		20		25		16		BD		360		7.20		NC		NC

								PFDOA		BD		BD		20		25		16		BD		360		7.20		NC		NC

								PFTrDA		BD		BD		20		25		16		BD		360		7.20		NC		NC



						NC = Not calculable due to below detection inflow and / or outflow concentration.

						76		9.20				0.076		0.0092

						1,800		220				1.8		0.22

						980		210				0.98		0.21

						760		110				0.76		0.11
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CumulatBchrGACPFASRmvlRateData

						Conc. Units: ug / L

																				Removal Rate (µg min.-1)

										Removal Rate (ug min.-1)										PFOS		PFOA		PFHpA		PFHxS		PFHxA		PFPeA		PFBS		PFBA		PFNA		PFOSAm		PFDA		PFUnDA		PFDOA		PFTrDA

										June 25, 2021		July 22, 2021		October 07, 2021				June 25, 2021		0.3329		10.2180		7.5543		5.1688		31.4600		17.1600		8.6580		7.8000		NC		0.0056		NC		NC		NC		NC

								PFOS		0.3329		0.0006		0.0013				July 22, 2021		0.0006		0.0338		0.0251		0.0173		0.1277		0.0888		0.0377		0.0835		NC		-0.0000		NC		NC		NC		NC

								PFOA		10.2180		0.0338		0.0316				October 07, 2021		0.0013		0.0316		0.0154		0.0130		0.0600		0.0320		0.0156		0.0100		NC		0.0000		NC		NC		NC		NC

								PFHpA		7.5543		0.0251		0.0154

								PFHxS		5.1688		0.0173		0.0130

								PFHxA		31.4600		0.1277		0.0600

								PFPeA		17.1600		0.0888		0.0320

								PFBS		8.6580		0.0377		0.0156

								PFBA		7.8000		0.0835		0.0100

								PFNA		NC		NC		NC

								PFOSAm		0.0056		-0.0000		0.0000

								PFDA		NC		NC		NC

								PFUnDA		NC		NC		NC

								PFDOA		NC		NC		NC

								PFTrDA		NC		NC		NC





CumulatBchrGACPFASRmvlRateChart



25-Jun-21	PFOS	PFOA	PFHpA	PFHxS	PFHxA	PFPeA	PFBS	PFBA	PFNA	PFOSAm	PFDA	PFUnDA	PFDOA	PFTrDA	0.33292999999999995	10.217999999999998	7.5542999999999996	5.1688000000000001	31.459999999999997	17.16	8.6579999999999995	7.8	0	5.5899999999999995E-3	0	0	0	0	22-Jul-21	PFOS	PFOA	PFHpA	PFHxS	PFHxA	PFPeA	PFBS	PFBA	PFNA	PFOSAm	PFDA	PFUnDA	PFDOA	PFTrDA	5.911E-4	3.3810000000000007E-2	2.5069999999999995E-2	1.7295999999999999E-2	0.12764999999999999	8.8779999999999984E-2	3.7720000000000004E-2	8.3489999999999995E-2	0	-2.1619999999999996E-5	0	0	0	0	07-Oct-21	PFOS	PFOA	PFHpA	PFHxS	PFHxA	PFPeA	PFBS	PFBA	PFNA	PFOSAm	PFDA	PFUnDA	PFDOA	PFTrDA	1.3359999999999999E-3	3.1600000000000003E-2	1.54E-2	1.3000000000000001E-2	6.0000000000000005E-2	3.2000000000000001E-2	1.5600000000000001E-2	0.01	0	6.9999999999999999E-6	0	0	0	0	

Removal Rate (µg min.-1)
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