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The role of recycling sludge in agricultural
lands in fulfilling the UN SDG
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Beneficial agricultural use of wastewater
sludge in South Africa

* According to the South African sludge
guideline,
— Sludge may be used in agricultural lands if the:
 Microbial content,

 Stability, and
 Pollutant concentration fell within acceptable ranges.

* Sludge which qualify for agricultural use:

— Should be applied according to crop nutrient
requirement

* Maximum application rate set at 10 t ha? yr.



Can we use constant application rates
regardless of the source of sludge?

* Sludge nutrient release rate varies:
— Among wastewater treatment processes, and

— agro-ecological zones.

* Hence sludge application rates should be
adjusted accordingly.
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Sludge N release rate varies between agro-
ecologicl zones

* N mineralization varies significantly across agro-
ecological zones (sludge application rate 10 t ha1)
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SARA model development

 SARA model was developed to assist the
implementation of site and crop specific sludge
recommendation:

— Across SA agro-ecological zones,
— Cropping systemes,

— Soil types, and

— Sludge types.



SARA model - flow diagram

SLUDGE CLASSIFICATION

Does the sludge qualify for safe use in agricultural lands?
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Sludge Classification Interface

SARA MODEL



SARA Model - sludge classification interface
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Microbial class

Faecal coliforms
Helminth ova
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As|3s Cr As| 500 | 000 | Pb[250 | i 400 |
cd|35 Cu ¢ cd |35 | cul1200 | Hg 10 | Za|2500 |
Stability class Stability class | Stability class
1 2 3
Comply with one of the Comply witt Comply with one of the Compy with one of the No stabilisation or vector
options listed below on a 90 || options listt options listed below on a 90  options listed below ona 75 | attraction reduction options
percentile basis percentile b percentile basis percentile basis
Option 1: Reduce the mass of | |Option 1: R| |Option 1: Reduce the mass of volatile solids by a minimum of 38 percent
Option 2: Demonstrate vector | (Option 2: D) |Option 2: Demonstrate vector attraction reduction with additional anaerobic digestion in a bench-scale unit
Option 3: Demonstrate vector | |Option 3: D |Option 3: Demonstrate vector attraction reduction with additional aerobic digestion in a bench-scale unit
Option 4: Meet a SD'_ECiﬁC oxygs |Option 4: M |Option 4: Meet a specific oxygen uptake rate for aerobically treated sludge
Option 5: Use aerobic processe |Option 5: U] |Option 5: Use aerobic processes at a temperature greater than 40 C (average temperature 45 C) for 14 days
_ or longer (eg during ¢ _ 0 or longer (eg during sludge composting)
Option 6: Add alkaline materil | |Option 6: A |Option 6: Add akalne material to raise the pH under specific conditions
Option 7: Reduce moisture con Option 7: R} |Option 7: Reduce moisture content of sludge that do not contain unstabiised solids (from treatment processes
_ other than primary _ 0 other than primary treatment) to at least 75 percent solids
Option 8: Reduce moisture corj |Option 8: R\ | Option 8: Reduce moisture content of sludge with unstabiised solids to at least 90 percent solids
Option 9: Inject sludge beneat] |Option 9: I |Option 9: Inject sludge beneath the soil surface within a spedfied time, depending on the level of pathogen
treatment t treatment
Option 10: Incorporate siudge | | Option 10: | |Option 10: Incorporate sludge appled to or placed on the surface of the land within specified time periods after
application to or placs a application to or placement on the surface of the land
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Site, Crop And Soil Parameterization

SARA MODEL



SARA model - Site, Crop And Soil
Parameterization

@ Sludge Apr Adviser expert: Field _ a— . L_i&_ﬂ
[SHRK abo [ €] Edit
Welc Farm |; sail
Soil textural class  Sandy loam -
i Soil bulk density (kg/m3) 1557.00
| Clay (%) 10.0
ol [1R
I Soil Mitrate & Ammonium (mg/kg) 6.00
I ] Ammonium acetate extractable potassium (mg/kg) &.00
Soil plant available Phosphorus (mg/kg) 23.00
Analytical method P-Bray -
l%ﬁ? updatEJ | K Cancel |
Sl
NN I b -
e & % I % l




Sludge Parameterization

SARA MODEL



SARA model - sludge parameterization

) Sludge Application Rate Adviser (SARA): Updated 25 April 2018 - X

...................... Adviser expert: Field %

Welc . >

Farm-id |1 Field-id|1

Application year (yyyy) [2014

LY A naerobically digested sludge -

_ Activated sludge
Muoisture content (%) Aercbically digested sludge

Anaercbically digested sludge

Total Mitregen content (%)

Mitrate content (mg/kg) |10.00

Ammonium content (mg/kg) | 10.00

Phosphorus content (%) |2.00

Potassium content (%) |0.30

| %" Update I x Cancel |




Sludge Recommendation

SARA MODEL



SARA model - Sludge recommendation rate

Adviser expert: Field X

SAF

\

Recommendation interface

Farm-d |Field-d |Farm name |.ﬁ.|:u|:|l YEar |5Iudge {t/ha) |F‘o1ﬁssium (ka/ha) |5Iudge (ton) |PDESSiUI‘I‘| (ka) |
[ 3 1 lohn 2014 £.49 37.00 8.5 37.0

Potassium recommendation (for
optimal crop growth)

Total sludge recommendation for the
farm

Sludge (o Potassium (&

| 6.5 37.0

® Cancel

recommendation



Cost Benefit Analyzer

SARA MODEL



SARA model — Cost benefit analyser

(e =
@ Sludg

-

Adviser expert: Field

SARA

Wi

Input

Farm distance from wastewater treatment plant (krn) 10
Rate per km 8.50

Truck capacity in tons 10
Commercial inorganic fertilizer price information

Mitrogen price per kg (R) 18
Phosphorus price per kg (R) 23
Potassium price per kg (R) 21

Distance from commercial fertilizer source to farm (km) 15

Total cost of commercial fertilizer (fertilizer + transport costs) (R)
Met municipal sludge cost (R)

Met rargin (R)

| (% Prew ” T Mext “ W el

Spreading cost per ton 8.50

Cost benefit analyses using
- ~Es & commercial fertilizer as bench mark
Calculate




Trace Metal Accumulation

SARA MODEL



SARA model — Trace metal accumulation

r@ Sludge Ag Adviser expert: Field

X
SARA | Abg Long term trace metal accumulation
Sludge (mg/kg)  Soil (ma/k

Welc Cu |335.§?( = |1}.11}|:3 o Application method | Incorporated  ~ |

Zn [2451 [1.006 Plough depth (m) [0.5

Hg |0.85 |0.154

Pb 66.76 |o.015

cd 296 |0.029

Ni 8111 |0.743

cr 23781 |0.012 =

As |5.;11 |1],1}|}4 Calculate

Duration to reach environmental threshhold level

Farm-d |Field-d |Farm name |.l5.pp| year |Sludge {t/ha) | 1st Element to reach threshold |"|"rs to reach threshold  |Mote
D’i

1 John 2014 649 Zn 9.7

@ Prev @ M et ® Cancel
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