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biochar amended biosolids 
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AWARD PERIOD:   9/1/24 to 2/28/26 

Due to the late start of the project (11/12/2025), a 6-month no-cost extension was 

requested and approved. The new end date is 2/28/2026. 

PRINCIPAL INVESTIGATORS:  

• Berrin Tansel, Ph.D., P.E., Professor, Civil and Environmental Engineering

Department, Florida International University

• Yelena Katsenovich, Senior Research Scientist, Applied Research Center (ARC),

Florida International University

• Natalia Soares Quinete, Assistant Professor, Environmental and Bioanalytical

Chemistry, Florida International University

During the 3rd quarter of this project, the following activities were performed: 

During this period, the following activities have been performed: 

1. Regular weekly progress meetings have been taking place with the co-PIs.

2. Test plans for leaching experiments, PFAS analyses (expanded for 40 PFAS

compounds), and biosolids characterization (TS, organic content, and protein),

including target and non-target analyses methodologies, have been finalized. Test

steps are currently being optimized.

3. Materials and standards for laboratory studies have been acquired.

4. Compost, compost mixes with biosolids, and biochar characterization tests (Dr.

Katsenovich)

Compositions were analyzed for total solids, volatile solids, fixed solids 

fractions. 

5. PFAS leaching experiments (Dr. Katsenovich)
Two students were hired: Jasmeen Nazir and Gabriel Fuentes-Rodriguez
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Conducting leaching experiments to evaluate the release of PFAS from the 

materials at different pH conditions.  

Initiated analysis on metal concentrations in the leachate via ICP-OES 

instrument (ThermoFisher iCAP PRO). 

Each compost sample was tested at three target pH levels (4.5, 5.0, and 7.5) 

using duplicate batches, totaling six leaching tests per compost type. Batches 

were prepared with a 1:10 solid-to-liquid ratio (5 g of sample in 50 mL deionized 

water) in 50 mL polypropylene tubes. 

An extraction fluid (60:40 sulfuric to nitric acid; 1.5 mL H₂SO₄ + 1.0 mL HNO₃ 

in 200 mL DI water) was used to acidify samples to pH 4.5 or 5.0 (EPA method 

1312). For pH 7.5, 0.1 M NaOH was added incrementally. All pH adjustments 

were made drop-by-drop with micropipettes and monitored throughout. 

Once adjusted, tubes were rotated at 10 RPM for 24 hours to simulate field 

agitation. After rotation, samples were centrifuged at 3600 RPM for 30 minutes, 

then re-centrifuged to clarify the leachate for ICP-OES and PFAS analysis. This 

procedure was applied to all compost types (TURF-SPEC, AG-SPEC, NOT YET 

SCREENED, FRESH VEGETATIVE WASTE, SCREENED OVER). 

The supernatant was transferred to clean 50 mL tubes, and 1 mL aliquots were 

stored in 2.0 mL microcentrifuge tubes for analysis. The remaining solids were 

frozen for potential future testing. 

For ICP-OES preparation, 0.5 mL of supernatant was mixed with 4.5 mL of 2% 

HNO₃ (by weight). Samples were refrigerated until analysis. 

Moisture and volatile solids were determined using EPA Method 2540 via 

thermogravimetric analysis, first by drying to determine total solids, then heating 

at 550°C to quantify volatile solids. Moisture content was calculated from initial 

drying loss. 

Each compost was also amended with 2% and 5% biochar by weight. Leaching 

tests were repeated under all three pH conditions with duplicate batches per 

biochar level, resulting in 12 tests per compost type. A biochar control (no 

compost) was also included, with two tubes each for 2% and 5% biochar in DI 

water, following the same leaching and centrifugation procedures.  

 

PFAS leaching experiments: 

 

PFAS leaching experiments are on-going according to the test plan for all the 

samples.  Test procedures are illustrated below. 

 



3 

 

 
 

Chemical analyses of PFAS content in biosolids and leachates and test plan: 
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PFAS Analyses (Dr. Quinete) 

 

One graduate student, Maria Mendoza Manzano who was involved in the year 1 of the 

project of PFAS in biosolids as an undergraduate student, has joined the Ph.D. program 

in the Chemistry and Biochemistry department at FIU in Spring 2025 under Dr. Quinete 

mentorship. An undergraduate student Caidance Brill was hired in June 2023 and began 

working on the project with Dr. Quinete and is helping in PFAS sample preparation and 

analysis. 

 

o Analyzing compost leachate samples for PFAS content and component 

profile; determine the prevalent PFAS compounds. 

 

Sample preparation/extraction steps: To avoid cross-contamination, all containers, 

bottles and tubing used during extraction and sample preparation were rinsed twice with 

solvents of different polarities: hexane, acetone, methanol. All the solvents used in this 
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analysis are HPLC grade and previously evaluated for potential PFAS contamination. 

Leachate samples were processed through solid phase extraction (SPE) using Strata-XL 

AW (500 mg/3 mL) cartridges on a semi-automated SPE equipment for extraction and 

preconcentration of PFAS (Figure 2) . In short, cartridges were successively pre-

conditioned with 12 mL of 0.3% ammonia (NH4) in methanol, 12 mL of methanol and 

equilibrated with 5 mL of water, before loading of 27-35 mL compost leachate sample 

were diluted to 100 mL with LC-MS water and spiked with 50 μL of the labeled extraction 

standard (MPFAC-HIF-ES) mixture (2.5 ng mL−1). Samples were loaded (Figure 2A) into 

the cartridges under vacuum and after all has passed, cartridges are left to dry for about 2 

hours. In the second stage (Figure 2B), cartridges are eluted with 10 mL of 0.3% NH4 in 

methanol.  Samples after SPE still had intense coloration (Figure X), so an additional 

dispersive clean-up step with Florisil (100 ng) and graphitized carbon black (GCB Envi-

Carb, 50 mg) was needed.  

After cleanup step, the sample was further evaporated to dryness under a gentle nitrogen 

flow in a heated water bath at 40 °C (Figure 3),  then reconstituted to a 900 µL volume 

with methanol and filtered using a . Reconstituted samples are transferred into LC 

polypropylene vials and 100 μL of 2.5 ng mL−1 labeled internal standard mixture (MPFAC-

HIF-IS) are added before injection. Samples are kept refrigerated until LC-MS/MS analysis 

For quality control purposes, blanks, spiked blanks, and duplicate analysis were processed 

for each experiment through the same procedure as the samples. Blank samples consisted 

of 100 mL LC-MS grade water spiked with the labeled extraction standard (MPFAC-HIF-

ES) mixture (2.5 ng mL−1), while spiked blanks were prepared with 100 mL LC-MS grade 

water spiked with 250 µL of 2.5 ng mL−1 of native standard mixture (containing 40 PFAS 

from PFAC-MXF, PFAC-MXG, PFAC-MXH,  PFAC-MXI and PFAC-MXJ) and 100 µL 

the labeled extraction standard (MPFAC-HIF-ES) mixture (2.5 ng mL−1). List of PFAS 

being analyzed is shown in Table 1.  

 

Sample analysis: After SPE, 20 μL of samples were injected and analyzed by an Agilent 

1290 Infinity II LC interfaced to an Agilent 6470 triple quadrupole LC-MS/MS system 

equipped with Agilent Jet Stream electrospray ionization (ESI) source in negative mode. 

The LC system was modified with PFAS free tubing and a delay column (Hypersil GOLD 

aQ C18, 20 × 2.1 mm, 12 μm) was placed between the mobile phase mixer and the sample 

injector. A Hypersil GOLD pentafluorophenyl (PFP) column (150 mm × 2.1 mm, 3 μm) 

with a PFP guard column (Hypersil Gold PFP 5 μm drop-in guards) was used as analytical 

column for PFAS separation and maintained at a temperature of 50 °C using 95:5 2mM 

ammonium acetate:methanol and methanol as mobile phases in a flow rate of 0.4 mL/min. 

Sample acquisition was performed using a multiple-reaction monitoring (MRM) method 

in negative mode for the simultaneous quantification of multiple PFAS, which included 

when available two transitions per compound for quantitative and identification 

(qualitative) purposes.  

 

 

 

 

 

Table 1. List of analyzed PFAS. 



6 

 

 

Abbreviation Compound Name Molecular 

Formula 

Molecular 

Weight 

Perfluoroalkyl carboxylic acids   

PFBA Perfluorobutanoic acid C4HF7O2 214.04 

PFPeA Perfluoropentanoic acid C5HF9O2 264.05 

PFHxA Perfluorohexanoic acid C6HF11O2 314.05 

PFHpA Perfluoroheptanoic acid C7HF13O2 364.06 

PFOA Perfluorooctanoic acid C8HF15O2 414.07 

PFNA Perfluorononanoic acid C9HF17O2 464.08 

PFDA Perfluorodecanoic acid  C10HF19O2  514.08 

PFUdA Perfluoroundecanoic acid C11HF21O2 564.09 

PFDoA Perfluorododecanoic acid C12HF23O2 614.10 

PFTrDA Perfluorotridecanoic acid C13HF25O2 664.11 

PFTeDA Perfluorotetradecanoic acid C14HF27O2 714.11 

Perfluoroalkyl sulfonic acids   

PFBS Perfluorobutanesulfonate C4HF9O3S 300.10 

PFPeS Perfluoropentanesulfonate C5HF11O3S 350.11 

PFHxS Perfluorohexanesulfonate C6HF13O3S 400.11 

PFHpS Perfluoroheptanesulfonate  C7HF15O3S 450.12 

PFOS Perfluorooctanesulfonate C8HF17O3S 500.13 

PFNS Perfluorononanesulfonate C9HF19O3S 550.14 

PFDS Perfluorodecanesulfonate C10HF21O3S 600.14 

PFDoS Perfluorododecanesulfonate C12HF5O3S 700.16 

Fluorotelomer sulfonic acids   

4-2 FTS 1H,1H,2H,2H-perfluorohexanesulfonate C6H5F9O3S 328.15 

6-2FTS 1H,1H,2H,2H-perfluorooctanesulfonate C8H5F13O3S 428.17 

8-2 FTS 1H,1H,2H,2H-perfluorodecanesulfonate C10H5F17O3S 528.18 

Perfluorooctane sulfonamides   

FOSA Perfluorooctanesulfonamide C8H2F17NO2S 499.15 

NMeFOSA N-methyl perfluorooctanesulfonamide C9H4F17NO2S 513.17 

NEtFOSA N-ethyl perfluorooctanesulfonamide C12H10F17NO3S 571.25 

Perfluorooctane sulfonamidoacetic acids   

N-MeFOSAA N-methylperfluoro-1-

octanesulfonamidoacetic acid 

C11H6F17NO4S 571.21 

N-EtFOSAA N-ethylperfluoro-1-octanesulfonamidoacetic 

acid 

C12H8F17NO4S 585.23 

Perfluorooctane sulfonamide ethanols   
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NMeFOSE N-methyl perfluorooctanesulfonamidoethanol C11H4F21NO3S 629.19 

NEtFOSE N-ethyl perfluorooctanesulfonamidoethanol C12H6F21NO3S 643.21 

Per- and Polyfluoroether carboxylic acids   

HFPO-DA 2,3,3,3-Tetrafluoro-2-(1,1,2,2,3,3,3-

heptafluoropropoxy)-propanoic acid 

C6HF11O3   330.05 

ADONA 4,8-Dioxa-3H-perfluorononanoic acid C10H11N4NaO5S 322.27 

PFMPA Perfluoro-3-methoxypropanoic acid C4HF7O3 230.04 

PFMBA Perfluoro-4-methoxybutanoic acid C5HF9O3 280.04 

NFDHA Nonafluoro-3,6-dioxaheptanoic acid C5HF9O4 296.04 

Ether sulfonic acids   

9Cl-PF3ONS 9-Chlorohexadecafluoro-3-oxanonane-1-

sulfonic acid 

C8HClF16O4S 532.58 

11Cl-

PF3OUdS 

11-Chloroeicosafluoro-3-oxaundecane-1-

sulfonic acid 

C10HClF20O4S 632.60 

PFEESA Perfluoro(2-ethoxyethane)sulfonic acid C4HF9O4S 316.10  

Fluorotelomer carboxylic acids   

FPrPA or 

3:3FTCA 

3-Perfluoropropyl propanoic acid C6H5F7O2 242.09 

FPePA or 

5:3FTCA 

3-Perfluoropentyl propanoic acid C8H5F11O2 342.11 

FHpPA or 

7:3FTCA 

3-Perfluoroheptyl propanoic acid C10H3F17O2 

 

478.10 
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Preliminary Results: Table 1.  Measurements of the total solids, fixed solids and 

volatile solids 

o  

Name

Aluminu

m Dish 

(Weight)

(g)

Sample 

(weight)(

g)

Total 

weight 

(Wet)

Total 

(weight

)(after 

2d 

oven) 

(g)

Sample 

(weight

)(after 

2d 

oven) 

(g)

g total 

solids/kg  

Compos

t

Mean Std

Total 

(weight)(

after 

Burner) 

(g)

Sample 

(weight)(

after 

Burner) 

(g)

Fixed 

Solids g/kg
Mean Std 

Volatile 

Solids 

g/kg

Mean  

1# FCTS (Finished 

Compost Turf SPEC)
2.5 3.0 5.5 4.9 2.4 809.4 801.9 10.6 4.4 1.9 174.3 179.2 6.9 622.7 622.7

2# FCTS (Finished 

Compost Turf SPEC)
2.5 3.0 5.5 4.8 2.4 794.3 4.3 1.8 184.0

3# SO (Screened 

Overs)
2.5 3.0 5.5 4.1 1.6 546.1 549.6 5.0 2.6 0.2 488.9 491.7 4.0 57.9 57.9

4# SO (Screened 

Overs)
2.4 3.0 5.4 4.1 1.7 553.1 2.6 0.2 494.5

5# FVW (NYCWB) 

(Fresh Vegetative 

Waste, Not Yet 

contracted w/ biosolids)

2.5 3.0 5.5 4.0 1.6 525.5 569.9 62.9 2.7 0.3 439.9 484.2 62.6 85.8 85.8

6# FVW (NYCWB) 

(Fresh Vegetative 

Waste, Not Yet 

contracted w/ biosolids)

2.4 3.0 5.5 4.3 1.9 614.4 2.7 0.3 528.4

7# NYSIPC (Not yet 

screened in-process 

compost)

2.5 3.0 5.5 4.3 1.9 615.8 602.9 18.3 2.9 0.4 470.7 458.2 17.7 144.6 144.6

8# NYSIPC (Not yet 

screened in-process 

compost)

2.5 3.0 5.5 4.2 1.8 589.9 2.9 0.4 445.7

9# FCAS (Finished 

Compost AG-Spec)
2.5 3.0 5.5 4.3 1.9 624.6 632.4 11.1 3.1 0.6 419.7 401.5 25.7 230.9 230.9

10# FCAS (Finished 

Compost AG-Spec)
2.5 3.0 5.5 4.4 1.9 640.3 3.2 0.8 383.3
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Leachates were analyzed for metal content (Ca, Mg, S, P, Si, Al, Fe, Na, K) using ICP-

OES, and data analysis is in progress. 

The addition of 2% and 5% biochar to the samples significantly reduced leachate color, 

primarily due to the removal of dissolved organic matter. This effect is attributed to the 

high surface area and strong adsorptive capacity of biochar, which enhances the binding 

and removal of humic substances commonly present in compost materials. 
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Color changes in the Screened Over compost leachate were observed following the 

addition of 2% and 5% biochar, indicating a reduction in dissolved organic matter likely 

due to biochar's adsorptive properties. 

 

Preliminary data on PFAS concentrations in compost leachates 

 

Sample extracts in methanol were subjected to a dispersive SPE with GCB and Florisil 

after traditional SPE to reduce colored matrix interferences as seen in the figure below. 

 

Figure X: Fresh Vegetative Components after traditional SPE (A) and after cleanup step 

(B). 

 

 

  

A B 
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PFAS concentrations were determined in leachates from not yet screened compost, finished 

compost AG-SPEC, finished compost TURF-SPE,  fresh vegetative components and 

finished compost TURF-SPEC amended with biochar 5% at 3 different pH of 5, 4.5 and 7 

to mimic environment relevant leaching conditions. Preliminary results in ng/L are shown 

in Figure XX for the predominant PFAS detected in the different samples.   

 

Among the predominant PFAS identified were PFBA, PFPeA, PFHxA, PFBS, 6-2 FTS, 

PFOA, and FPePA (also known as 5:3FTCA). PFHxA is the most abundant PFAS in not 

yet screened compost, finished compost AG-SPEC, and finished compost TURF-SPE, with 

concentrations up to 140-313 ng/L (with a mean ± standard deviation of 192 ± 86 ng/L), 

while PFBA is the most predominant PFAS in fresh vegetative components, with 

concentrations up to 229 ng/L (176 ± 46 ng/L). The addition of 5% biochar does not appear 

to reduce PFAS leaching from composts and may even contribute to increased PFOA 

concentrations. 

 

PFAS characterization in remaining PFAS leachate samples and initial solid samples is 

ongoing. The graduate student Maria has submitted an abstract titled “Comprehensive 

characterization of PFAS in compost samples by both target and non-target analysis” to 

the national conference Society of Environmental Toxicology and Chemistry (SETAC) and 

will be presenting the research results at Portland, Oregon, in November 2025. 

 

 

Figure XX: PFAS concentrations in compost leachate at different pH (4.5, 5 and 7) 
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PFAS Fate and Transport and exposure analyses (Dr. Tansel) 

Continuing to compile data for fate and transport of PFAS from land application of 

compost and biosolids (mobilization with water, soil retention, air emission via 

particulate matter, and partitioning between water-soil, water-air, and soil-air phases) 

 

Abstracts and Manuscripts Submitted: 

The following abstract was submitted and accepted for presentation: 

Mendoza Manzano, M., Katsenovich, Y., Tansel, B., Brill, C., Nasir, J., Dufresne, C., Quinete, N. 

Comprehensive characterization of PFAS in compost by both target and non-target analysis. 

SETAC 2025. SETAC North America 46th Annual Meeting. 16 – 20 November 2025, Portland, 

Oregon. 

https://www.setac.org/discover-events/global-meetings/setac-north-america-46th-annual-

meeting.html 

 

Planned activities for Quarter 4: 

 

• Schedule for the 3rd TAG meeting during September-October 2025.  

• Continue leaching experiments 

• Continue PFAS analyses in biosolids samples and samples of leachate samples. 

• Continue investigating PFAS-related data and information, as well as biosolids 

and compost land application practices, and potential runoff and partitioning data 

for biosolids and compost-related organic matter. 

• Develop abstracts for submittal to conferences on: 

https://www.setac.org/discover-events/global-meetings/setac-north-america-46th-annual-meeting.html
https://www.setac.org/discover-events/global-meetings/setac-north-america-46th-annual-meeting.html
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o Time-dependent solubilization and the release characteristics of the PFAS 

homologues from biosolids.  

o Scientific understanding of PFAS originating from biosolids as a source in 

the environment, potential exposure pathways for human health and 

ecological effects. 

o Recommendations for appropriate testing and land application practices of 

biosolids in Florida.  

• Develop abstracts for submittal to the biosolids conference. 

• Planned manuscripts to disseminate findings (tentative titles): 

1. Target and non-target analysis of PFAS in compost and biosolids 

2. Sorption characteristics of PFAS in compost components (i.e., wood chips) 

3. Significance of ionic interactions on nutrient and PFAS leaching 

4. Comparison of fate and transport characteristics of PFAS from land-applied 

biosolids and compost  

 

 

Months Planned Activities Status 

September 

• Weekly project update meetings 

• PFAS sample preparation and analysis for liquid 

and solid samples 

• Continuing 

• Continuing 

October 

• In-depth analyses of data from preliminary tests 

• 2nd TAG Meeting 

• Weekly project update meetings 

• Conduct PFAS NTA analyses for solid samples 

• PFAS data analysis  

• Develop the modeling methodology for the 

partitioning and leaching of different types and 

groups of PFAS in biosolids vs compost. 

• Continuing 

• Continuing 

• Continuing 

• Continuing 

November 

• Weekly project update meeting 

• Preliminary modeling analyses for the partitioning 

and leaching of different types of PFAS 

• Analyses of laboratory data from leaching 

experiments 

• Continuing 

• Continuing 

 

 

 


