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EPA Project Research and Extension Tasks RUCHUSSI AT

1. Surveillance of impacts of treatment processes on PPCP and PFAS
concentration In biosolids.

2. Sorption and transport of PPCP and PFAS in solls

3. Accumulation of PPCP and PFAS in agricultural crops from
biosolids-amended soils and relation with their presence in soil pore
water

4. Conduct field experiments to measure the accumulation of PPCP and
PFAS in food crops from land-applied biosolids

5. Modeling human exposure to PPCP and PFAS through biosolids
land-application pathway

6. Community engagement and communication through education and
extension activities
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PFAS In Biosolids and Potential Impact

Target Analysis of
43 PFAS In
Biosolids Samples
across the nation

11 perfluoroalkyl carboxylic acid (PFCA): n
= 3-13, PFBA, PFPeA, PFHXA, PFHpA,
PFOA, PENA, PFDA, PFUNA, PFDoA,
PFTrDA, and PFTeDA

3 fluorotelomer carboxylic acids: n =

3,5,and 7, 3:3FTCA,5:3FTCA, 7:3
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PFAS concentration and detection frequency in solid and liquid fraction in biosolids
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Soil No. Type pH OC(%) CEC(me/100g) Clay Silt Sand
I Sandy loam 7.2 1.3 a 7.0 8.9 i 17.2 739
| Sandy clay loam 7.4 2.8 15.2 239 §21.4 54.7
i Loam 6.9 4.9 23.1 24.8 0.3 349

Uptake and accumulation

particles

ol ---—3 SOrption/desorption

Ro_ot
Soil  hair

__.yConcertation in pore water



Positive relationship between pharmaceutical accumulation
In roots and concentration in soil pore water

2048
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Measured Measured pH, EC and

lettuce refilled/adjusted solution to 210
growth, mL, pH back to 5-6 and EC back
transpired to 0.7-0.85 mS, then placed
water lettuce back into nutrient solution

[ Plant sample: QUEChERS J [ Solution: SPE }‘

Sorption by roots

7~ * Root: solution: 0.025 g: 20 mL
m « Pharmaceutical concentration
&

(initial pH of 5.8): 10, 20, 30, 40,
. and 50 pg/L in nutrient solution --
SPE < Equilibration time: 24 hours L C/MS/MS

experiment



(D Small-sized pharmaceuticals with relatively weak affinity to roots

@ Small-sized pharmaceuticals with relatively strong affinity to roots N\

(D Large-sized pharmaceuticals with relatively weak/strong affinity to roots
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Epidermis Corte*

Transport

Small-sized pharmaceuticals (MW < 300 Dalton)
Large-sized pharmaceuticals (MW > 400 Dalton)

Chuang et al., 2019, Environ. Int. 131:104976.




Plant root uptake PFAS from soils
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Land Application of Biosolids: Benefits versus Impact?

Benefit Impact
- Sustainability/resilience » Odor
» Carbon storage * Pathogens
» Climate change * Metals
« Ecosystem health * PPCPs
* ARGs

* Biodiversity

* Solil health

* Fertility values
 Water holding capacity
* [nexpensive disposal

* Soll structures

« And many others

* Microplastics

* Nanoparticles

* PFAS

 Water quality

* Food safety

* Human exposure

Balance and Solution  *And many others
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