10CAG - The 1st International Online Conference on Agriculture: ut ad -

10-25 FEBURARY 2022 [ONLINE /= | §E§§§:§::: 4 :
‘ ) Mg R S T N RN Campus da Auga UNIVERSIDADE
DE VIGO
4 VR
= CENTRO
o3 & DE QUIMICA
CR VILA REAL
&
Chaired by PROF. BIN GAO @] agriculture ml\l)\l’y AOPs PhD School

Application of NaCl-plant extracts to decrease the costs of
microfiltration for winery wastewater treatment

Nuno Jorgel2 *; Ana R. Teixeira2; Leonilde March30?2; Piebiep Goufo3; Marco S. Lucas?; José A. Peres?

LEscuela Internacional de Doctorado (EIDO), Campus da Auga, Campus Universitario de Ourense, Universidade de Vigo, As Lagoas, 32004, Ourense, Espaia
2 Centro de Quimica de Vila Real (CQVR), Departamento de Quimica, Universidade de Tras-os-Montes e Alto Douro (UTAD), Quinta de Prados, 5001-801, Vila
Real, Portugal
3 Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB)/Inov4Agro (Institute for Innovation, Capacity Building, and
Sustainability of Agri-Food Production), University of Tras-os-Montes and Alto Douro (UTAD), 5000-801 Vila Real, Portugal

* njorge@uvigo.es
1%t International Online Conference on Agriculture - Advances in Agricultural Science and Technology

Agricultural Water Management
10 — 25 February 2022



Material and Results and

Objectives : . Conclusions
methods discussion
Vintage
\-‘ Grap.e In the vintage, the grapes are
reception collected
\ 4 \ 4 I
\Whlte grapeS; Red @&] In the grape reception, the
1 v grapes are selected and
( ' ) [ Tank Yeast add] , separated
Destemer/
kCrucher X

y, In white wines the grapes
are crushed and the must is

fermented

[ Maceration]

\ 4

[ Must fermentation] [ Must fermentation) I\ : _
' In red wines, the grapes are
Rack Rack N ; marecerated and the must is

<J fermented with the grapes
_| Malolactic fermentation]

»{ Rack
Finning operation
Nine stabilization

(Botiling

After must fermentation and
wine stabilization, the wine
is filtrated

Finally, the wine is bottled




Material and Results and

Objectives methods discussion

Conclusions

Winery wastewater main characteristics

Water
9.25 m3/m3

Tartaric acid

Wine
Production

Wastewaters
9.25 m3/m3

Acetic acid

Solid wastes: 27.4 kg/m?
Valorization index = 43%

Sub-products: 406.3 kg/m? :
Valorization index = 100% Winery )
wastewater

Alcohols

[%2)
=
)
)

Mass balance applied to ACPB winery representing
specific values, i.e., values per cubic meter of produced
wine. Losses of water by evaporation were neglected

[1].

320 - 296 000
mg O, L1

[1] Brito, A. G., Peixoto, J., Oliveira, J. M., Oliveira, J. A., Costa, C., Nogueira, R., & Rodrigues,
A. (2007). Brewery and winery wastewater treatment: some focal points of design and

operation. In Utilization of by-products and treatment of waste in the food industry (pp. 109- 125 -130 000
131). Springer, Boston, MA.

mg O, L1
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Physical-chemical treatments of wastewater

Coagulation-flocculation-decantation (CFD)

Stable colloids
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Add coagulant/flocculant

» Hydrolysable metal salts (mainly, aluminum and iron)

Destabilised colloids

Most used on waster treatment

Aggregated colloids
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Disadvantages

v

l Aluminum

> Dialysis
encephalopathy

> Alzheimer's
disease

- Generally

corrosive

» Strongly dependent
on the pH

> The leach cannot
be recycled
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Plant species colected during this work, for the

Works performed with plant based coagulants
development of Na-Cl plant extracts
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Adsorption of Disperse Orange 30 dye onto activated carbon derived @mssmk
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ARTICLE INFO ABSTRACT
Article history: In this study, samples of activated carbon were prepared from Holm Oak acorns by chemical activation
Received 10 December 2014 with H3POy, ZnCly and KOH as activating agents. The samples were characterized by SEM, BET, FTIR and
Received in revised form elemental analysis, and were then evaluated for the removal of Disperse Orange 30 (DO30) dyes from

28 February 2015
Accepted 3 March 2015
Available online 13 March 2015

aqueous solutions. A 3* factorial design was used to determine the interaction effects of carbonization
temperature, pH, dosage of adsorbent and type of activating agent on the amount of dye removal. Also,
level of effectiveness factors ined by conducti i for maximum adsorption
efficiency. Of all the samples, the sample generated using ZnCly as an activating agent showed a

o o maximum dye removal efficiency of 93.5% at a carbonization temperature of 750 °C, a pH of 2 and an
Activated carbon adsorbent dosage of 0.15 g/25 ml. The analysis shows that the adsorptian process depends significantly
Factorial design on the type of activating agent used in the preparation of activated carbon.

Dye removal © 2015 Elsevier Ltd, All rights reserved.
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Evaluation of coagulating efficiency and water borne pathogens reduction
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ARTICLE INFO ABSTRACT
Keywords: For many communities in the developing world, conventional water treatment methods are often unaffordable
Moringa oleifera because of the high cost associated with them and inavailability of chemical coagulants in the developing
Natural coagulant countries. Employing Moringa oleifera seed (as powder or extracts) to treat municipal domestic wastewater ef-

Wostewaber darifieation fluent presents an alternative practice to improving water quality effluent of existing wastewater treatment
Thysleochemical on plants in developing countries. In the present study, domestic wastewater from a local wastewater treatment
D Imerobia) contamina plan in Zomba, Malawi, was treated by Moringa olefera seed powdes in batch tests. The objective was to in-
a u Cus Ca ro ta S e e S vestigate the potential of Moringa oleifera sead powder in enhancing domestic wastewater treatment through the
. reduction of microbial load, turbidity and total dissolved solids (TDS). Moringa oleifera powder seed reduced
o, o . v . turbidity from 287 to 38.8 Nephelometric turbidity unit (NTU), inereased pH from 4.3 t0 7.1, and set total
VI t IS vini fe ra L ( rac h is ) lssolved ol (TS at standards recommende by World Health Orgaaizaton guldelines for rinking water.
. Optimum reduction in microbial load was observed at a dosage of powder of 15gL.~", with particular potency
against Salmonella and Shigela spp. However, each dose of Moringa olefera seed powder showed its own ideal
setling (contact) time for microbe reduction before regrowth of microbes.
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Example of NaCl plant extract used in wastewater treatment
- River water, taken from the Guadiana river at Badajoz (Spain)
Brazilian Journal . .
of Chemical ISN01046632 (Characterization of raw wastewater)
Engineering www.abeq.org briiche
Vol. 20, No. 03, pp. 495 - 501, July - September, 2012 Pmmeter Va]ue U]]j.ts
Conductivity 400 uS em’
IMPROVEMENT OF THE FLOCCULATION B pended solids = mg L
PROCESS IN WATER TREATMENT BY USING Total solids 452 me !
. . Turbidity 1233 NTU
Moringa oleifera SEEDS EXTRACT Calome pe Ca mg L
J. Sanchez-Martin!”, J. Beltran-Heredia! and J. A. Peres’ Hardness 152 CaCO; mg L!
. S Ammonium 181 NmgL?!
Phome: - 34 914289300, exs 89033 Avels e Ehvas ;?&;;E%jm,?m, ) Nitrate 53 NO;y mg L!
Dot o G e o B oo Al Dz, Nitrite 0.033 NmgL?
Quinta Dos Prados, 5001-801, Vila Real, Portugal. Chloride 404 Cl mg !
(Submitted: September 29, 2011 ; Revised: December 10, 2011 ; Accepted: February 15, 2012) Kr‘f[no.t OXidizabﬂlty 34 6 01 mg L_l
Phosphate 0.044 PmgL’
Total phosphorus 0.064 Pmgl!
Total coliforms 800 Colonies per 100 mL
Fecal coliforms 400 Colonies per 100 mL
Fecal streptococcus 140 Colonies per 100 mL

Variation of pH between 3.0-9.0

Turbidity removal =98 %

Variation of the agitation time in

— Siladii e the slow stages between 5 and 60 f 96 % and 94 % removal in
minutes §a . the case of total and fecal
coliforms

CCeEIMENIS e OSE S Variarion of dosage: 8 and 16 mg L

100 % removal in the case
of fecal streptococcus




.. Material and Results and i
Objectives : . Conclusions
methods discussion

Example of Microfiltration used in wastewater treatment

Coagulation/Flocculation with Moringa oleifera

and Membrane Filtration for Dairy Wastewater Treatment Initial characteristics of the DW, residual values of physicochemical
parameters after CFS treatment with 3000 mg/L of coagulant, and
G. A. P. Mateus - D. M. Formentini-Schmitt - L. Nishi - removal efficiency of the CFS process
M. R. Fagundes-Klen - R, G, Gomes - R. Bergamasco
Parameter Inatial Resdual Eemoval
values values efficiency (%)
Received: 3 April 2007 f Accepted: 3 Awgust 20017 fPublished online: 22 Aungust 20017
T Springer Intemational Publishing AG 2017 )y -
COD {mg O./L) 4610 4103 11
Color img Pt-CofL) 4141 1925 53
Particle size T560.5 19072 -
= — H* 4.03 4.6 -
> The application of CFD process enhanced P
the microfiltration process PDI 0.791 0.536 B
Turbadity (NTL) 520 208 60
FLeta potential — B45 042 -

il':l'nl;llf ressdual valoe

&\ There was a high removal of turbidity
from the dairy wastewater
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To our knowledge, the combined coagulation-flocculation-decantation-microfiltration processes were never applied to
winery wastewater treatment and its effects in organic carbon, turbidity, total sus-pended solids and phenolic compounds

reduction are unknown.

Therefore, the objectives of this work are

)

\

(1) to characterize the plants

\
( ; > (2) to evaluate the production and application of NaCl plant extracts in CFD process

-] (3) to evaluate the effect of microfiltration in WW treatment
__/

) (4) to study the effect of CFD process in microfiltration enhancement and cost reduction

b
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Winery wastewater characterization

n2 236/98

pH 6.0-9.0 4.0+£0100
Electrical conductivity (uS/cm) 62.5%0.361 .
Turbidity (NTU) 296+2.000 Production of
Total suspended solids — TSS (mg/L) 60 750+1.528
Chemical Oxygen Demand - COD (mg O,/L) 150 2145+1.000 wastewater
Biochemical Oxygen Demand - BOD (mg 40 550+1.155
0,/L)
Total Organic Carbon — TOC (mg C/L) 400+4.040
Total Nitrogen — TN (mg N/L) 15 9.07+0.010
Total polyphenols (mg gallic acid/L) 0.5 22.6+0.100
Biodegradability — BOD./COD 0.26+0.015
Aluminium (mg/L) 10.0 0.00+0.000
Calcium (mg/L) 1.074+0.010
Cobalt (mg/L) 0.00+0.000
Copper (mg/L) 1.0 0.014+0.001
Iron (mg/L) 2.0 0.05+0.006
Magnesium (mg/L) 0.51+0.006
Manganese (mg/L) 2.0 0.016+0.001
Potassium (mg/L) 20.5+0.015
Sodium (mg/L) 0.19+0.007
Zinc (mg/L) 10.53+0.006

,E:S\ Storage at

-402C

Collection
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Solid part preparation NaCl-plant extract preparation

seeds and rachis

Plant powder

e

at 702C/ 24h Laboratory
incubator =

Gobelet _|

‘l_

Magnetic
agitator

: Groundnut |
Crushing miller '+ Mixture for 24 h, for
: extraction of compounds;
* Decantation and filtration of - [ ————
' extract —
Sieve
(Mesh of 150 um) | . .

5 RPM TeC

Magnetic agitator plate

Drying at 702C/ 24 h

\J
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CFD/Microfiltration Setup

Controler . . . .
. e Agitator blades
Decantation after sedimentation
/—:-r > Jar-Test device
Magnetic filter funnel

® Colloid with negative charge
¥ Coagulants VACUUBRAND GMBH + CO pump

ssad20.d uoljesyjid
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Transmittance

—— Acacia dealbata Link. (pollen)
- ——— Chelidonium majus L. (seeds)
] —— Daucus carota L. (seeds)

. —— Tanacetum vulgare L. (seeds)|

—— Vitis vinifera L. (rachis)

J I L | ’ 1 ' | L | > I X |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

FTIR spectrum of Acacia dealbata Link. (pollen), Chelidonium
majus L. (seeds), Daucus carota L. (seeds), Tanacetum vulgare L.
(seeds) and Vitis vinifera L. (rachis).
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3421.72

2920.23 and 2850.79

1741.72

1639.49

1028.06

1200 - 1000

stretching vibrations of OH
groups (from water, alcohols,
phenols, carbohydrates, per-
oxides)

C-H stretching vibrations
specific to CH; and CH, from
lipids, metoxy derivatives, C-H
(aldehydes), including cis
double bonds

C-O stretching vibrations of
glycerides

bending vibrations N-H (amino
acids), C=0 stretchings
(aldehydes and cetones, esters)
and free fatty acids

C—O stretching vibration from
the glucose ring vibration and
the holocellulose and
hemicellulose

C—0—C symmetrically stretching
vibration and the aromatic C—H
in-plane bending vibrations
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» 37 FAME were initialy analysed by GC-FID and peaks were compared with plants;
» Results showed diferences between fatty acid composition in each plant.

30000 Acacia
25000 dealbata e Erucic (25.69 %)
- Link.
77 o 5‘0 T ‘10‘0‘ o ‘15‘0‘ o ‘ZC;O‘ o ‘25‘0‘ o ‘360‘ o ‘35‘0‘ o ‘40‘0‘ o ‘45‘0‘ o ‘50‘0‘ o ‘55‘0‘ o ‘60‘0‘ " i ¢ AraChidic (20'65
Fatty acid determination by GC-FID
18000 ||:|'Fatty aclids conc'entratior:l 171 36 l ' I
D 16000 4
g,16000 _ i e Cis-10-
= 14000 4 Pentadecenoic
S . (13.61 %)
® 12000 114214 )
E e ~
§ 10000 y
|1 8068
S 8000+ 1 S ( Tanacet. 5 811,14,17-
3z — Eicosapentaenoic
S | 4769.2 (20.48 %)
> 4000 §
ﬁ 2805.9
w

2000

¢ Arachidic (38.82
%)

0 T T T T T T T T T

Acacia dealbata Link. Chelidonium majus L. Daucus carota L. Tanacetum vulgare L. Vitis vinifera L.

Plants
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» 34 phenolic compounds were initialy analysed by HPLC-DAD and peaks were compared with plants;

» It were separated 4 major types of phenolic compounds (hydroxybenzoic acids (280 nm), cinnamic
acids (320 nm), flavonoids (350 nm) and anthocyanins (520 nm));

» Results showed diferences between the phenolic composition in each plant.

1 T 1 T
1800000 -
1 I | Phenolic concentration 1
g 1600000 - il “v
3
<= 1400000 - . .
RT: 0,00 -60,00 c | ‘ ellagic acid (55.84%)
2588 NL:
1000000 = 1200000 1,00E6
950000 © . Total Scan b
R
900000 £ 1000000 PDAC
= T Acacia
850000 c
800000
800000 8 ] i deal bI:zta
750000 £ 600000 - Link.
(=]
700000 c T .
650000 5 400000 4 | N
600000 200000 ; . .
550000 2168 27,20 | ,—‘ — gallic acid Chelidonium  kaempferol
p) L .
I 500000 0 ' T T T 0 majus L. 0
3 2‘2”37 Acacia dealbata Link. Chelidoniulm majus L. Daucus ::arota L Tanacetumlvulgare L: Vitis vinIiVera L (9 * 5 9 A)) / / j ( 3 3 . 2 8 A))
450000 Plants /
400000 2106 | [ 23,36 - y
350000
300000
250000 17,54
200000
15,98 f'\J, '
150000 S i, ‘J| 27,39
100000
50000 1362 | ﬁ | W21 004 3sa7 3938 4483 4720 5255 O
322 460 913 1341 j M0 Ut N S
0 T T - T ..l T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T A
0 5 10 15 20 25 30 35 40 45 50 55 60 4
Time (min)

Phenolic compounds determination by HPLC-DAD ellagic acid (31.12%) caffeic acid (10.37%)
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Best operational conditions of NaCl plant extract Acacia dealbata Link. (pollen), Chelidonium majus L. (seeds),
Daucus carota L. (seeds), Tanacetum vulgare L. (seeds) and Vitis vinifera L. (rachis) and aluminium sulfate for CFD
process, as follows: [TOC], = 400 mg C/L, turbidity = 296 NTU, TSS = 750 mg/L, temperature 298 K, sedimentation
time 12 h, pump flow rate of 1.9 m3/h, glass microfiber filters, with micrometric retention of 1.2 um.
| phaseone |
Phase two
Phase three s at PH U
Phase four
Flocculant
Coagulant pH Dosage Fast mix Slow mix Flocculant type dosage CFD > The NaCI plant extracts require similar
| st | gl L Microfiltration or lower dosage than aluminium sulfate
Activated sodium
Acacia dealbata Link. (5%) 3 0.5 150/3 20/20 50
bentonite
T Some flocculants are more efficient
Chelidonium majus L. (5%) 3 0.5 150/2 50/30 bentonite 5 Glass microfiber When Combined Wlth the coagulants
Daucus carota L. (5%) 3 0.5 150/3 20/20 Activated charcoal 5 filters
Tanacetum vulgare L. (5%) 3 0.1 150/3 20/20 Potassium caseinate 100
Vitis vinifera L. (5%) 3 0.1 150/3 20/20 Potassium caseinate 5 The CFD prgcess e_n'hanced the
Aluminium sulfate (10%) 5 0.5 150/2 50/30 Activated charcoal 50 microfiltration eff|C|ency
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Results showed that performance of microfiltration in raw WW and in
coagulated WW with NaCl plant extract Acacia dealbata Link. (pollen),
Chelidonium majus L. (seeds), Daucus carota L. (seeds), Tanacetum
:: . m; ' "__ ' 100 . '! ' . vulgare L. (seeds) and Vitis vinifera L. (rachis) and aluminium sulfate
]l v ﬁﬂgit . .' . (@) _ 0 ' N 0i " (b) had a:
gao- . : . %ss- . ¥ . \ : —
gzs : v : E ol ® i
gzo- 7N ; 3. ; 96,: N
81 | 1 v g . somo
(5% NaCl) ';s%uag:?;ssnul:a:: ':Tsmci; rs%Nle (10%) (5% NaCl) (S%Nag:)a[:::ll:: u::%ma; (5% NaCl)  (10%) 73 ‘ Turbi di ty removal O f 97.2’ 97. 1’
AN A ~7 99.7,98.2,99.2, 98.4 and 99.7%
gm R .
B - s g ] I 2272\ 1TSS removal of 94.8, 94.7, 95.3,
v 500 mg/L ' - =
o j =~ 77 94.8,95.5,95.0 and 95.6%

T L} 1 T L} 1
No coag: Acacia Chelidoni Daucus T Vitis
dealbata Link. majus L. carotal.  wuigare L. viniferaL. sulfate
(5% NaCl) (5% NaCl) (5% NaCl) (5% NaCl) (5% NaCl) (10%)

Coagulants
Evolution of (a) TOC, (b) turbidity and (c) TSS removal at different flocculant concentrations (5 — 500 mg/L)
in combined coagulation-flocculation-decantation-microfiltration process. CFD/MF operational conditions,
as follows: [TOC], = 400 mg C/L, turbidity = 296 NTU, TSS = 750 mg/L, temperature 298 K, sedimentation
time 12 h, pump flow rate of 1.9 m3/h, glass microfiber filters, with micrometric retention of 1.2 um.
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Filter consumption (mg)

Introduction Objectives Conclusions
methods
Results showed that performance of microfiltration in raw WW and in
coagulated WW with NaCl plant extract Acacia dealbata Link. (pollen),
Chelidonium majus L. (seeds), Daucus carota L. (seeds), Tanacetum
vulgare L. (seeds) and Vitis vinifera L. (rachis) and aluminium sulfate
had a:
1400 - T T T - T T 200 T T T T
{ = = 5mgl (a) | . = 5mgll (b)
12004 - 50 molL ¢ 50 mg/L
A 100 mg/L 2 A 100 mg/L J Filter consumption of 1301, 217, 108, 217, 325, 217 and 108 mg
v 500 mg/L 1504 v 500 mglL
1000 - | o
E
8004 12 1
E 100
1 1=
=
600 ° i
] 18 Higher costs derived mainly from the presence of sediments in the
400 - n ! 02, 0 : WW (181, 16, 13, 14, 30, 16 and 5 mg, respectively)
v )
] [ v . . , J
- - v
200 « A s v . - § ] L ! e~
0 - - - - - - T T T T T T T \ S . .
: LI A0 O ; 5 ! No coagulant Acacia Chelidonium Da Tenacetum  Vitis  Alumini . . Positive correlation between by coagulation-
N o Seabata Lnk. mak L. Coroal. 'wigareL, viniora L. sulate T Goaita Unk masL cHroBL wigarel vl Sulate ===\ flocculation-decantation process, and by
(6% NaCl) (5% NaCl) (5% NaCl) (5% NaCl) (5% NaCl) (10%) (5% NaCi) (5% NaCl) (5% NaCl) (5% NaCl) (5% NaCl)  (10%) o . . e —
Coagulants Coagulants microfiltration process (y = 2.55x + 12.68, r2 = 0.949), which indicated

that CFD process had a direct effect in microfiltration cost reduction

CFD/MF operational conditions, as follows: [TOC], = 400 mg C/L, turbidity = 296 NTU, TSS
= 750 mg/L, temperature 298 K, sedimentation time 12 h, pump flow rate of 1.9 m3/h,
glass microfiber filters, with micrometric retention of 1.2 um.
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With the results from this work, it is concluded that

N\

| &:ﬂ (1) It is possible to produce NaCl-plant extracts and apply
- - themiasicoastlants

SN

) (2) The Na-Cl plant extracts enhance the microfiltration

\ / process and decrease the costs

_/

[.~#A (3) The application of CFD/MF process is an economic and
\ ) sustainable technology for WW treatment
Da
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