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Agricultural reuse of wastewater and sewage sludge: uptake and distribution of emerging organic contaminants in plants
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Agncultural reuse of wastewater and sewage sludge: uptake and distnbution of emerging organic contaminants in plants

UPTAKE research objectives are to:

Develop analytical workflows (target, suspect and non-target analysis) for the
determination of CEC residues in different compartments (soil, plant, aq. phase)

Evaluate the distribution of CEC and their residues between plant tissues, soil and
water in the presence of simulated and real TWW and TS

Include micro/nanoplastics and faecal markers among the parameters
investigated

Model plant uptake under different experimental conditions
Evaluate the effects of TWW and TS on fruit quality attributes

Assess the risks to human health of eating plants irrigated with treated TWW or
when grown in TS amended soil

Disseminate results to relevant stakeholders, scientific community and public
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The project is divided into seven thematic parts (work packages, WP):

* WP 1: PROJECT MANAGEMENT
* WP 2: (BIO)ANALYTICAL ISSUES
* WP 3: EXPERIMENTAL ISSUES

* WP 4: EFFECTS OF WASTEWATER/TREATED SLUDGE ON FRUIT QUALITY
ATTRIBUTES

e WP 5: MODELLING CEC PLANT UPTAKE . =
* WP 6: RISK ASSESSMENT .
« WP 7: DISSEMINATION
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WP 1 PROJECT MANAGEMENT (PM 1-36)

e T (Task) 1.1 Project management (PM 1-36)



WP 2 (BIO)ANALYTICAL ISSUES (PM 1-28)

T 2.1 Compound selection (PM 1)

T 2.2 Development of analytical methods for determining compounds
of concern in different matrices (PM 2-12)

T 2.3 Sample analysis: compounds of interest in different matrices (PM
9-27)

T 2.4 Microbiological evaluation of WW, sludge, tomato fruits (PM 9-
27)

T 2.5 Quantification of plastics in soil (MP) and plant (NP) (PM 4-28)



CECs

Final CEC conc.:
Ag. samples: Img/L
Soil samples: 12mg/kg
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PPCPsx
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Amoxicillino 26787-78-02  CisH19N30s5
Azithromycinz 83905-01-5z  C3gHrzN2012
Ciprofloxacino 85721-33-10  Cy7H4gFN3030
Clarithromycinz 81103-11-92  (C3gHegNOg3z
Erythromycino 114-07-8o Ca7Ha7NO130
Pharmaceuticalso

Diclofenaco 15307-86-50  Ci4H11ClzNOz
Naproxeno 22204-53-12 Ci4H14030
Carbamazepinen 298-46-40 CisH1zNz0m
Ibuprofeno 15687-27-10  Ci3H1s020
EDCsu

G-estradiolo 17916-67-50  (CygH24071
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Triclocarbano 101-20-2o C13HeClzNz 0o
Pesticidest

Acetamiprido 160430-64-82  CioH11CINaz
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WP 3 EXPERIMENTAL ISSUES (PM 8-15)

T 3.1 Pot experiments using activated sludge as fertiliser (EXP-1: PM 8-15):

T 3.2 Hydroponic experiments using wastewater (EXP-2: PM 8-15)

T 3.3 Lysimeter experiments using wastewater (EXP-3: PM 8-15)

Table 1. Review of experiments in the UPTAKE project, with treatment remarks in brackets (* plant nutrients deriving from siudge and TWW
will be taken i

in the total anount of fertiliser).
Iype of experiment K A B C
Pot PE ea_t! fSUb!Sii::;i Peat substrate spiked Peat substrate PEea.t! fsub!st‘.:z;:;
EXP-1 (1rrigated with water-soluble £ “;th!- : CE: v ?t;n \c{,vgl: Wﬁqﬁ reated sludge
potable water) fertiliser (WSF) ( A11 ) e e(le) ge spiked with CEC*
(K1) (CH
Nutrient solution Nutuient soultion Nutrient solution A nuinient
EXP-2 Hydroponic by potable water f&%&l_ pofable water prepared by Wm .
(K2) spiked wath CEC TWW* (B2) \bl TWW spiked
(A2) with CEC* (C2)
Soil, irrigated with soil. m with N §Q&1 MEM
EXP-3 Lysimeter potable water pofable. water spiked Sol. "’mg,%md th TWW ,,
(K3) with CEC with TWW* (B3) | spiked with CEC
(A3) (C3)




WP 4 EFFECTS OF WASTEWATER/TREATED SLUDGE ON FRUIT QUALITY
ATTRIBUTES (PM 15-24)

T 4.1 Evaluation of CEC effects on plant fruits (PM 15-24)

Besides assessing the exposure, i.e. occurrence and concentration of the CEC and the consumed quantity of tomato fruit (T
6.2), fruit quality attributes including fruit mass and colour, the content of sugars, organic acids, vitamin C and carotenoids,
antioxidant activity, amino acids, lipids, and proteins will be determined in tomatoes (Table 1, A, B, C). These parameters will
be compared to the control group from the same experiments (Table 1, K). Parameters such as lipids, amino acids and
proteins represent the primary inputs to the plant uptake model (WP 5).



WP 5 MODELLING CEC PLANT UPTAKE (PM 6-33)

T 5.1: Plant-uptake model design (PM 6-15)

T 5.2: Model parameterisation and calibration (PM 15-27)

T 5.3: Predictions with plant-uptake model (PM 27-33)



WP 6 RISK ASSESSMENT (PM 15-30)

T 6.1. Hazard assessment (PM 15-20)

T 6.2. Exposure assessment (PM 20-25)

T 6.3. Risk characterisation and uncertainty analysis (PM 25-30)



WP 7 DISSEMINATION (PM 1-36
T 7.1 Project dissemination activities

The goal is to:

i) Raise awareness among the relevant stakeholders and policymakers necessary to exploit the project results
related to WW reuse and CEC distribution and uptake in plants.

ii) Share the project results with the academic and research community interested in the topic and stimulate further
research.

iii) Disseminate information on planned and project activities and relevant results to the public and stakeholders,
including policy makers through various media, e.g., open access scientific articles and presentations at conferences
and presentations for wider public.



Pot Experiments — Sludge Amendment

Started: 19.05.2022, Finalized: 14.09.2022

8 different treatments with 5 replicates (C=peat substrate)
e C, C+S1, C+S2, C+CEC1, C+CEC2, C+S1+CEC1, C+S2+CEC2
e and C+S (1:1) (three replicates)

SLUDGE AMENDMENT

e S1:low sludge amount: N requirements
e S2: covering K requirement

CEC SPIKING:

» Spiking performed either to sludge or peat substrate, by mixing stock solution with ethanol, at final conc of 12
mg/kg in sludge

HARVESTING
* First harvest: 8/7
» After sample collection weekly



Pot Experiments

Intermediate issues:

1. Ca deficiency by the end of June (25/06) causing tomatoes turning black
» All plants treated with Ca foliar additive every 10 days, starting from 8/7
» Additive was changed after 25/7/2022 to Calboron (30g/ 10L)

2. Infection of plants on 20/7/2022 (grey mole)
 starting from C+CEC1/Ill and IV, followed by C/IV, C+SI/Il, C+S2+CEC/V, C+S(1:1)/1ll on 9/8/2022

3.0n 21/7/2022 additional fertilizing

* added to all treatments without sludge and also to parallels | and Ill of treatments including sludge
(theoretically: sludge should serve as a fertilizer)

4. Sampling from ZF (Microbiology)

* on 21/7{2022 from C/II, C/IV,C/V, C+S1/Il, C+S1/1ll, C+S1/V, C+52/I, C+S2/Ill, C+S2/IV, C+S(1:1)/1,
C+S(1:1)/1I, C+S(1:1)/11l



Pot Experiments

Treatment September
Controls (C) 44 12 19 13
Low addition of CEC (C + CEC1) 45 12 21 12
High addition of CEC (C + CEC2) 69 10 35 24
Low sludge amount (C + S1) 30 6 12 12
High sludge amount (C + S2) 43 16 19 8
Low sludge amount + CEC (C + S1 + CEC) 31 12 11 8
High sludge amount + CEC (C + S2 + CEC) 41 14 22 5
Mix of sludge and peat (C:S1:1) 17 4 10 3

> Tomatos= 320

3 harvesting time groups of tomatoes to analyse?
(in 2020 no diff in uptake, but in 2022 diff conditions)
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Pot exp — 2nd week
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Pot exp — 8 week
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Pot exp — 9 week
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Pot exp — 14 & 16 week
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Hydroponic Experiments — PW & WW

e EXP
e Started: 17.05.2022
* Finalized: 26.06.2022 & 15.07.2022

* 9 different treatments with triplicates (I, Il and IlI; 4 plants in each tub,
addition of nutrient solution) with:

Potable Water

Wastewater

Potable Water + CEC (1mg/L)
Wastewater + CEC (1 mg/L)

e pH and conductivity measured weekly
e pH adjustment in the tubs (BF)
* Water samples for chem analyses collected before and after each tub refill



Hydroponic Experiments — PW & WW

Intermediate issues:

1. After 2 weeks (2/6/2022) noticed HR+CEC not growing
(yellow leaves and poor root system)

1. 9/06/2022: 3 more tubs added with HR+CEC spiked at a lower level (0.1 mg/L as in 2020), but
no significant difference in growth

2. Potable waters tubs refilled twice a week after 15/6/2022 (due to fast growth)

3. Started finalizing on 26/06/2022 because some plants were already dead/dried (except two
plants in each control — PW and lower concentration tubs planted on 9/6)

4. ZF (microbiological parametres) not sampled during finalizing the exp (JSI mistake and tomatos
not ripe at harvest)



Hydroponics
mmm

Potable Water 9
Potable Water + CEC (1 mg/L) 7 3 4
Potable Water + CEC (0.1 mg/L) 9 3 5
Wastewater 15 2 3 1 9
Wastewater + CEC (1 mg/L) 8 - 2 1 5

> Samples (green) =113
3 harvesting time groups of tomatoes not possible here.....



Hydroponics - Water Samples
0.5 and 1L: CSIC, AUTH, JSI+NPK

e 18/05/2022 31/05/2022 07/05/2022 zs/os/zozz 15/07/2022

Potable Water

Potable Water + 5 1 1 3 -
CEC

Wastewater 5 1 1 3 -
Wastewater + 5 1 1 3 -
CEC

Potable Water + - - 3 - 4
CEC Low

Total: 45

Additional samples of 10 ml from tubs, before and after refill: 65

Additional samples of 500 ml from tubs during finalizing: 18



Hydroponics — Set Up




Hydroponics — 2nd Week
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Hydroponics — 3rd Week
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Hydroponics —4 & 5 Week
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Addition of 3 more tubs with HR+CEC
spiked at a lower level (0.1 mg/L as 2020)



Hydroponics — 6 & 7 Week




Hydroponics — 6 & 7 Week

TWW + CEC/ llI

- - 2 e




HR + CEC Low / |

HR + CEC Low / llI




Hydroponics — Final




Lysimeter Experiments — PW & WW

e Started: 02.06.2022 - Finalized: 12.09.2022

* 4 different treatments with 7 replicates (except PW including 9 lysimeters),
fertiliser added to soil day 0 and 14/7 (not dissolved at end of exp!!!):
e Potable Water
* Wastewater
* Potable Water + CEC
* Wastewater + CEC

e Sampling of water from cannisters every Friday (14 x 4x 10 mL samples)



Lysimeters - Water Levels and Refills
Reportday | 2/6/2022 |19/6/2022 |8/7/202 | |1z/820:2

Potable
Water

Potable
Water + CEC

Wastewater

Wastewater
+ CEC

Refill

100%

100%

100%

100%

100%
(18/6)

30% left
Refilled 70%

25% left,
Refilled 75%

60% left,
Refilled 40%

22/6/2022

(8/07??)

30% left,
Refilled 70%

50% left,
Refilled 50%

50% left,
Refilled 50%

14/7/2022

Drained,

Refilled 100%

Drained,
Refilled 50%

Drained,
Refilled 50%

Drained,
Refilled 50%

04/8/2022

Refilled
100% (12/8)

20% left,
Drained and
refilled 50%
?2?% left,
Drained and
refilled 50%

20 % left,
Frained and

refilled to 50%

15/8/2022

For 4/8 and 15/8 cannisters were emptied whole, washed and refilled again
14/7: extra fertilizer added to soil



Lysimeters - Water Samples
0.5 and 1L: CSIC, AUTH, JSI

R 02/06/2022 22/06/2022 14/07/2022 24/07/2022 04/08/2022 | 15/08/2022 12/09/2022

Potable 5+5 5+3

Water

Potable 4 4 4 5 5+5 5+3 4
Water + CEC

Wastewater 4 5 5 5 5+5 5+3

Wastewater 4 4 4 5 5+5 5+3 4
+ CEC

Total: 161 Before + After Before + After

Additional samples of 10 ml from cannisters every week: 56



Lysimeters

Treatment Total First Sampling (14-29/7) Intermediate Sampling Final Sampling (24.8 -
(1- 15/8 4) 12.9 - 3)

Potable Water

Potable Water + CEC (1 mg/L) 48 8 19 21
Wastewater 55 10 22 23
Wastewater + CEC (1 mg/L) 55 12 30 13
Total 225

> Samples = 225
3 harvesting time groups of tomatoes to analyse?



Lysimeters — Set Up
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Lysimeters — 8 week




Lysimeters — 9 week




Lysimeters — 12 week




Lysimeters - Final




To discuss .....

e JSI:

- all matrices: CEC, elements * NPKin water samples? (Mg, Ca...?)

) ) ) .. ) * BF or Hmeljarski Institut?
- Tomato fruit: amino acids, lipids, fatty acids,
polyphenols, aroma (JSI)

Besides assessing the exposure, i.e. occurrence and concentration of the CEC and the consumed quantity of tomato fruit (T

6.2)., fr.uit quaIiFy.attribL_Jtesin.clud?n_g fruit mass ar.ld col.our, the cont.ent c_)fsugars,organic acids, vitamin C and carotenons,I ° HOW to divide tomato SampleS — In 3 plelng up
antioxidant activity, amino acids, lipids, and proteins will be determined in tomatoes (Table 1, A, B, C). These parameters will . . .

be compared to the control group from the same experiments (Table 1, K). Parameters such as lipids, amino acids and pe r|OdS ||ke N 2020?

proteins represent the primary inputs to the plant uptake model (WP 5).

* Amounts of tomato samples/parameter (JSI, BF (ZF
sampled themselves)

* B  How to prepare ’g)omato samples — fresh, liofilised
- Sludge/soil analysis (pedology group?) for each partner:

- Quality of tomato fruit- parameters?
PLANT PARTS and SOIL

e JSI: CEC and elem.
e BF?

- Toxicity tests?

. ZF

- microbiological parameters in
soil/sludge/tomatoes

- MP in sludge/soil before and after exp+after 1 year



