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[ŜǘΩǎ ǎŜŜ ǿƘŜǊŜ ǿŜ 
fit
(Steffen et al., 2015)

ÅNovel entities
ÅAnthropogenic chemicals/ 

compounds

ÅBiogeochemical flows

ÅLand system change

ÅClimate change



Like many superheroes (and I KNOW that is what we are)
- we have our kryptonite equivalent



Novel Entities
For biosolids-
ÅIt seems like PFAS is the 

equivalent to the 
proverbial :



https:// www.theguardian.com/environment/2022/mar/22/i-dont-know-how-well-survive-the-
farmers-facing-ruin-in-americas-forever-chemicals-crisis



They brag, we cower



Helpful graphic from 
CASA



Serving 69 million 
daily worldwide



Human Blood
ppb

PFOA PFOS

1999 5 30

2012 2 6

CDC Data

Note that these are only measures of the banned compounds, they do not include the full suite of PFAS compounds







85 +/- 94 ng g 
(ppb)

ÅWhat are likely 
sources?

CASA biosolids 27 
ppb

ÅHow much 
biosolids would 
Soph have to 
eat?



A tale of two states

ÅMaine aka Ground zero
ÅBanned land application
ÅDoubled or > costs of biosolids

ÅSoil health impact

ÅFertilizer use impact

ÅCost to farmer impact

ÅClimate impact

ÅMichigan
ÅRequired municipalities test
ÅIf above a background level required 

source control

ÅIf below a background level BAU

ÅSource control has been effective in 
reducing # of plants with > 
background biosolids



Nutrient flows
Wastewater is chock full of them



Here we go back to basics

ÅLook at what we treat

ÅHow it flows within the plant

ÅHow much of an impact 
resource capture can make



How much do we need Nitrogen?
(Dukes et al., 2020)

Å30 kg N per person per year

Å47% meat
Å0.47*30=14.1

Å6% dairy and eggs
Å0.06*30= 1.8

Å22% crops
Å0.22* 30 = 6.6 kg



How much do we need Phosphorus?
(Metson et al., 2020)

Å4.4 kg P per person per year (for 
food production)

Å70% meat and dairy
Å0.70*4.4 = 3.1kg 

Å30% crops
Å0.30* 4.4 = 1.3 kg



[ŜǘΩǎ ǘŀƭƪ Ін
(Rose et al., 2015)

ÅWet mean 128 g per person per day

ÅDry mean 29 g per person per day

Å25-54% dead microbes

ÅRemainder is undigested food

ÅPhosphorus 0.35-2.7 g per person per day

ÅNitrogen 1.8 g (0.9-4.9) g per person per day

ÅCarbon 44-55% of dry solids



#1

ÅWet mean 1.42 L (0.6-2.6) per person per day

ÅDry mean 4.7-10.4 g per person per day

ÅN (as urea) 11 g per person per day
Å8.12 g L

ÅHigher for carnivores

ÅHow much P is in pee?
Å350- 2500 mg L

ÅAlso higher for carnivores



+ =

2 g N per person per day 11 g N per person per day

13 g N per person per day
13 g * 365 days = 4 745 g per year
4745/1000 = 4.75 kg N per year



+ =

1.5 g P per person per day 1.25 g P per person per day

2.75 g P per person per day
2.75 g * 365 days = 1 004 g per year
1004/1000 = 1.0 kg P per year



Estimated based on 
population
4714 Mg N
655 Mg P

In biosolids
688 Mg N
180 Mg P

Measured in plant influent
7250 Mg N
 840 Mg P

Measured in plant effluent
3581 Mg N
 358  Mg P



In biosolids
688 Mg N
180 Mg P

Measured in plant influent
7250 Mg N
 840 Mg P

Measured in plant effluent
3581 Mg N
 358  Mg P

IF reclaimed water is used = 60% recovery of both N and P

IF biosolids is burned/ landfilled + water is discharged = 0% recovery of N and P



Estimated based on 
population
1,463 Mg N
203 Mg P

In biosolids
371 Mg N
169 Mg P

Measured in plant influent
1,182 Mg N
 149 Mg P

Measured in plant effluent
1,053 Mg N
68 Mg P

Tacoma, WA 
Population 222,614

N demand for crops 1,470 Mg
P demand for crops 290 Mg



You can estimate

How much N and P come into 
your plant

Å4.75 kg N per person

Å1.0 kg P per person

If you serve 10 000 people

Å4.75 kg N * 10 000 = 47 500 
kg or 47.5 tons N

Å1.0 kg P * 10 000= 10 000 kg 
or 10 tons P

King County, S Plant



Land use change
ÅLand use change is driven by growing population and the need for 

everybody to eat
ÅIf you can feed more people with less land or use urban land- you are 

winning the battle



Biosolids use in 
an urban context
ÅStudy looking at soil 

health/ plant health for 
urban soils with residual 
based amendments

    (Una et al., 2022)



-/+ compost
Case of famine versus feast



ÅTotal C
Å10.1 ± 2.3

ÅTotal N
Å0.6 ± 0.1

ÅBulk density
Å0.6

ÅPOX-C
Å1265

ÅTotal C
Å3.24 ± 1.1

ÅTotal N
Å0.2 ± 0.06

ÅBulk density
Å1.1

ÅPOX-C
Å632



How many people could you feed per ha?
(1 portion kale per person per day)

Fertilizer control- 15 Biosolids potting soil- 736


