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Chapter

Nutrients Cycle within Swine
Production: Generation,
Characteristics, Treatment and
Revaluation

Cristina Alejandra Villamar and Cristébal Sardd

Abstract

The swine production generates slurries nutrients rich, which could be revalu-
ated in cereal crops used for its food and energy generation (biogas) for use on
the farm. However, the revaluation requires to know their physical-chemical and
biological characteristics, which allow giving an adequate transformation (treat-
ment). On the one hand, swine production and consumption market reveal the
superiority of emergent countries on meat/cereal (feed) production and swine
meat consumption (concentrated population). The food composition and growth
phase will influence the swine slurries composition, which is rich in organic matter,
macronutrients (N, P) and micronutrients (Cu and Zn). These characteristics will
generate odors (organic matter, macronutrients) and ecotoxicology effects (macro/
micronutrients) if they are not treated. Moreover, the swine slurries treatment
allows revaluated them in agriculture and obtaining energy. Anaerobic technolo-
gies (anaerobic lagoon, mixed complete reactors, UASB, among others) are the
most used/cost-effective to organic matter removal from swine slurries, obtaining
from 0.28 to 0.83 m’ biogas/kg organic matter. Meanwhile, passive technologies
(constructed wetlands) are the most used technologies to nutrients and metals
removal. Treated swine slurries from constructed wetlands have agronomic proper-
ties. Therefore, the nutrients cycle within swine production would favor concepts of
revaluation in origin.

Keywords: biogas, soil fertilizer, nutrients, revaluation, swine slurries

1. Introduction

The economic and demographic growths are the factors that are activating the
current world meat production [1]. Thus, developing countries where 75% of the
population is located also concentrate 52% (41.5 million ton/year) of swine produc-
tion. Moreover, in the last 40 years the growth of emergent economies are concen-
trating both meat and cereal production in one place. China is an emergent economy
in where is 46% of the world’s swine production, and 30% of cereal production.

On the other hand, demand is the main trigger factor of the current “livestock
revolution” [2]. Thus, the meat consumption acquires connotation different
depending on the consumer type. In developed countries, higher purchasing power
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and demanding lifestyles have promoted a higher swine meat demand (25 kg/per
capita year). Meanwhile, developing countries consume only 8 kg/per capita year,
condition related mainly with subsistence habits. However, developing countries
(75% worldwide population) concentrates 64% (43.3 million ton/year) of the swine
meat total consumption; while that, developed countries concentrate 36% (34.4
million ton/year) remaining. However, emergency economies (Brazil and China)
are increasing about 21% the swine meat consumption per capita of their popula-
tion, concentrating swine meat consumption in these countries [3].

2. Swine slurry: generation and characteristics
2.1 Origin of swine slurry

The swine slurry generation is related to the growth phase and its water/food
requirements. Thus, lactation and reproduction phases have a great water supply
(12.2-41.1 L water/animal d), mainly related to hydration improvement or fertility
[4, 5]. Meanwhile, fattening and weaning have a greater food intake (1.9 kg food/
animal d), exclusively given by increased weight or age [5, 6].

The swine diet is based on proteins, carbohydrates and starch concentrates,
which exceed 50% of food total composition [7]. Indeed, fattening tends to pri-
oritize the protein intake (>30%) [6]; while, reproduction and weaning consume
mainly fiber (10%) to avoid overweight [8]. In both cases, the low food digestibility
could generate nitrogen excretion (<30%) and phosphorus (<10%) [9]. This factor
can be observed in the swine conversion index, which can vary from 2.0 to 4.3 and
0.9 to 2.3 kg feed/kg weight gained for fattening and previous phases, respectively
[6, 10-12]. Indeed, digestibility can vary depending on the food and animal type,
being slightly lowers in the final growth phases (fattening ~ 25%) than initial
phases (weaning >50%).

Finally, the water/food ratios allow indirectly evaluating the swine slurry quantity
and its composition. Thereby, initial phases (weaning) generate the water/feed ratios
from 4.4 to 5.1 L water/kg food [8]; while, final phases (fattening) reaches values from
1.6 to 2.5 L water/kg food [11]. This indicator is indirectly related with nitrogen con-
centrations from urine/feces values. Indeed, greater urine/feces values are obtained
by fattening (6.6-9.1) than weaning (5.5-6.3) [13]. At this point, it’s important to note
that within the swine excreta around 75% of the nitrogen is in urine, so a higher water
intake will increase the nitrogen generation in the slurries [14] (Table1).

2.2 Generation and physicochemical characteristics

The physicochemical composition from swine slurries will be influenced by
the low digestibility of nitrogen (<33%), phosphorus (<32%) and micronutrients
(<3%) [9, 17], as well as the animal growth phase [18]. Initial phases (maternity and
lactation) produce more slurries (10.0-41.1 L/animal d) than weaning-fattening
(3.5-9.10 L/animal d) [4-6]. This could be related with dilution by more water
intake. Table 2 summarizes the physicochemical characteristics from swine slur-
ries according to the growth phase. The main differences are related to a higher
content of organic matter (1.8-2.4 times), nitrogen (1.3-2.8 times) and phosphorus
(2.1-4.6 times) from fattening with respect to maternity and weaning. This condi-
tion is related to a higher food intake (1.7 times), which is made up of carbohydrates
and proteins [14]. Meanwhile, micronutrients, such as zinc are excreted (2.7-13.0
times) in the initial phases (weaning). In a different proportion, copper is excreted
by swine slurries, increasing during fattening (1.5-7.2 times). Differences in the



Nutrients Cycle within Swine Production: Generation, Characteristics, Treatment...
DOI: http://dx.doi.org/10.5772/intechopen.89733

Feed type Conversion index kg feed/kg Water/food ratio Reference
weight gained L water/kg feed

Pellet 213-333 — [15]

With/out phytases 2.00-4.32 — (6]

Wheat and soybeans (12-20%) 2.22-2.35 —

Intensive/organic 2.70-3.20 — [10]

Ad libitum 2.95-3.05 1.99-2.60 [11]

Wean/mat/fat food 0.98-2.14 2.00-20.00 [12,16]
Table 1.

Productive indicators within swine production.

Growth phase
Parameter Unit Maternity Weaning Fattening Reference
Slurry L/animal d 10.0-16.0 23.5-411 3.5-91 [4-6]
pH 75 6.9 72-84 [6,18,20-22]
EC mS/cm 12.8-15.5 14.2 15.3-25.3 [18, 21,22, 24]
TS % 17 27 32 [18, 19, 24]
BOD;s g/L 9.0 25.0 16.6-21.6 [18, 22, 24, 25]
COD g/L 24.0 65.2 45.3-577 [6,18, 22, 24, 25]
TN g/L 1.8-2.3 23 24-46 [6,18-22, 24, 25]
N-NH4* g/L 14-18 15 2.0-3.1 [6,18-22, 24, 25]
TP g/L 14 0.6 0.8-2.8 [18-22]
K g/L 22 18 19-38 [18-22]
clr g/L 36 23 51 [18, 24]
Cu mg/L 11.0 55.0 15.9-80.0 [18, 22, 24, 26]
Zn mg/L 75.0 533.0 40.7-191.0 [18, 22, 24, 26]

Table 2.
Physicochemical characteristics from swine slurries.

presence of copper and zinc excreted is related to the use of both metals as growth
promoters and specifically copper that is used additionally for therapeutic pur-
poses (fighting diarrhea) in the most vulnerable swine population (weaning) [17].
Chloride, ammonium and potassium salts may also be present within swine slurries.
The feeding has influenced a greater salts excretion (1.4-2.3 times) during weaning-
fattening. These characteristics are related to the fact that the salts in the swine
feeding, favor the liquids retention increasing weight during the growth [18].

On the other hand, raw swine slurries show agronomic properties (N:P: K
between 1.1:0.6:1.0 and 1.3:0.4:1.0) [18-22]. Indeed, the nutritional requirements
of cereal crops (e.g. corn, wheat) can reach values of N:P: K between 1.2:0.2:1.0
and 1.6:0.3:1.0 [23]. However, the presence of pathogenic organisms and micro-
contaminating (metals, antibiotics) may limit their use prior to treatment.

2.3 Ecotoxicological characteristics
Swine slurries have ecotoxicological characteristics depending on the bioindicator

used. Tables 3 and 4 summarize the ecotoxicological characteristics (swine slurries
and composition) on terrestrial and aquatic bio-indicators. The ecotoxicological
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Organism Test Compound Concentratifm Reference
(mg/Lo% )
Swine slurries
Daphnia magna 48-24 h-LCs, Raw swine 1.8-5.0 [27, 28]
slurry
Nutrients
Moina macrocopa 24 h-LCs NH,* 231-492 [31]
Penaeus semisulcatus 96 h-LCs NH," 11.4-55.9 [36]
Ceriodaphnia dubia 48 h-LCsy NH,* 20 [32]
Daphnia carinata 24-48 h-LCs NH," 2.2-2.8 [33]
Monia australiensis 24-48 h-LCs NH," 7.5-8.5 [33]
Daphnia magna 48 h-LCsg NH; 2.9-69 [34]
Metals
Daphnia magna 48 h-LCsg Zn 0.05 [41]
Daphnia magna 48 h-LCsg Cu 0.56 [41]
Daphnia magna LOEC 14d Cu, Zn 0.12 [44]
Danio rerio 96 h-LCs, Cu 0.12-0.13 [41]
Salts
Oncorhynchus mykiss 6 h-LCy NaCl 20,000 [39]
Daphnia magna 24-48 h-LCs NaCl 1020-3240 [31]
Daphnia magna 48 h-LCsg Cl, 0.1-0.2 [34]
Daphnia pulex 48 h-LCsg CI 2042 [45]
%™ = percentage concentration.

Table 3.

Ecotoxicological characteristics on aquatic organisms.
Organism Test Compound Concentrati*on Reference

(mg/Lo% )
Swine purines
Lepidium sativum L. Growth 24, 48, raw swine 3-10° [29]
72h slurry
Eisenia foetida Growth 28d Untreated 25 [30]
purine

Nutrients
Lactuca sativa Growth 7d NH; 0.002 [38]
Hovdeum vulgare Growth 8d NH,* 0.18 [37]
Metals
Eisenia foetida 48 h-LCsg Zn 268-439 [43]
Eisenia foetida 48 h-LCs Cu 153-249 [43]
Salts
Different kind of Growth NaCl 0-1280 [40]
plants

%™ = percentage concentration.

Table 4.
Ecotoxicological chavacteristics tervestrial organisms.
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studies have been carried out mainly in Daphnia magna, establishing higher acute
toxicity at low concentrations (48 h-LCsy, 1.8-3.3%) [27, 28]. Meanwhile, chronic
ecotoxicity has been observed on Lepidium sativum L. (growth inhibited at concen-
trations from 3 to 10%, v/v) [29]. However, Eisenia foetida growth (6000-20,000
worms/m?) has also been reported at concentrations less than 25% [30]. Nutrients,
salts, metals, antibiotics, among others separately can generate effect at different
levels. On the one hand, NH," within swine slurries reaches values above 1 g/L [18].
Thus, ammonium on cladoceran aquatic organisms (Ceriodaphnia dubia, Moina
macrocopa, Daphnia carinata, Monia australiensis) generate mortality at values above
7.5 mg NH,*/L [31-33]. Indeed, ammonium causes enzymatic inhibition and cell
disruption [34]. Moreover, NH," is instable transforming to NH; under alkaline pH
(>8) and/or temperature increasing [35]. Indeed, Daphnia magna shows acute toxicity
atammonia concentrations above 2.9 mg/L [34]. Meanwhile, organisms of higher
trophic levels (Penaeus semisulcatus) reports acute toxicity at concentrations from
11 to 55 mgNH,"/L [36]. In the soil, toxic effects of NH,*/NH; have been observed
mainly in vegetable species, generating necrosis, reduction/stimulation of growth and
sensitivity to frost [38]. Indeed, Lactuca sativa and Hordeum vulgare report chronic
effects (growth decreasing) at concentrations from 0.002 mg NH3/L [37, 38].
Chlorides can exceed 1 g/L within swine slurries, being reported less acute
toxicity of NaCl (1020-3240 mg/L) on Daphnia magna than Cl, (0.1-0.2 mg/L) [18,
31, 34]. However, toxic effect is decreased at high trophic levels (the chlorinated
compounds toxicity decreases on higher trophic levels (Oncorhynchus mykiss)),
reaching concentrations above 20 g/L [39]. In terrestrial environments, chlorides
can cause chronic effects on the vegetal germination [40]. Swine slurries are com-
pound also by micronutrients (copper and zinc), which not exceeds 0.5 g/L [26].
However, acute toxicity on aquatic organisms (Danio rerio) reaches concentrations
about 0.1 mg/L and on terrestrial (Eisenia foetida) it is not exceeding at values of
249 mg/L [41-43].

2.4 Olfatometric characteristics

The odoriferous characteristics within swine slurries are evaluated using
analytical methods (compounds) and sensory methods (odor) [46]. Olfactometric
characteristics measured as odor concentration (OC/m?) are influenced by the
type/time of slurries storage. [47]. Indeed, fattening phase (2.1-5.6 times) has more
odor than maternity/weaning. On the other hand, fresh swine slurries (1.5-5.4
times) generate more odor than stored slurries (2 months). These results have also
shown the odor relationship with volatile compounds presence, which from by diet
or slurries management. Thereby, sulfur, ammonia, phenolic and volatile fatty acid
compounds from swine slurries influence the odor generation, which show differ-
ent correlation degree (R? = 0.66-0.89) with the generated odor [46]. Particularly,
odor precursor compounds from the swine production will be given by the pro-
tein’s presence from food, generating sulfurous, indole, phenolic and long-chain
fatty acids [47-49]. Meanwhile, carbohydrates generate short-chain or volatile
fatty acids (less than 6 carbons) [40]. Thus, biological and chemical conditions
determine the odor compounds formation. It has been possible to establish the
presence of some autochthonous microorganisms (Streptococcus, Peptostreptococcus,
Eubacterium, Lactobacilli, Escherichia, Clostridium, Propionibacterium, Bacteroides,
Megasphaera, among others). Incomplete anaerobic digestion from these microor-
ganisms produce and/or reduce macromolecules to odor compounds, so intermedi-
ates (e.g. volatile fatty acids) and finals (e.g. sulfides) [50, 51]. However, not only
microorganisms can condition the odorant compounds formation, but also envi-
ronmental conditions (pH and temperature), which active biological and chemical
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Type of waste Olfactometric Odor threshold (D-T) ", Odor Reference
technique concentration (OC/m?)* or Odor
index (OI°)
Bovine manure Field (Nasal Ranger, 8.6-1577 [55]
box)

Dynamic 124.2-6561"
Sheep, bovine and Field (Nasal Ranger) <260 [56]
pig manure
Swine purines Dynamic 120-792~ (46, 47]
Swine manure Triangular odor bags 26.2-58.7° [57]

(dynamic mod.)

Porcine, avian and Dynamic <1-1000~ [58]
bovine manure

*~D-T units, » = OC/m’> units,® = Ol units.

Table 5.
Olfactometric chavacteristics from swine slurries.

(e.g. ammonium/ammonia) processes [52, 53]. Temperature affects the microbial
growth rate; while, pH influences the buffer capacity, favoring volatile fatty acids
generation [54] (Table5).

3. Reduction and Re-valorization of swine slurries
3.1 Slurries reduction

Swine has low digestibility (<30%) of nutrients and micronutrients, being nec-
essary mechanisms of digestibility improvement, which could improve the physi-
cochemical characteristics from slurries (feces + urine) [9]. Indeed, about 78% of N
and P from swine food (proteins) is not assimilated, excreting concentrated urine
and feces [14]. Therefore, farm managements are focused on the improvement of
diet type and food quantity during each phase growth. On the one hand, raw protein
is substituted by fiber, reducing until 8% (10 g RP/kg food) of nitrogen in the urine
[7]. Other strategies are related to vary crude protein concentration (155, 145 and
135 g RP/kg) in the food, achieving the decrease of NH," (20.3-28.4%) in the excreta
[13]. Studies have evaluated the replacement of crude protein by digestible or ileal
amino acids (lysine, threonine, methionine, tryptophan, isoleucine and valine),
finding that they can reduce the ammonium excretion in the urine from 40 to 50%
[69]. Meanwhile, other techniques use feeding multi-phases, which improve the
protein digestibility, reducing between 20 and 42% the nitrogen excretion [59, 60].
On the other hand, introducing phytases in the swine diet, it is possible to reduce
18% of phosphorus in the feces. Metals (Cu, Zn) used as growth promoters have
been decreased (100-250 ppm Cu, 2000-3000 ppm Zn) by antibiotics (3-220 g/
ton food) [61, 62]. Indeed, sulfonamides, tetracyclines and p-lactams increase the
index conversion rate between 3 and 4%, improving the protein assimilation [62].
However, antibiotics also are excreted up to 10%, not being a good strategy because
they are emerging contaminants [63]. The implementation of efficient water drink-
ing reduces the slurry generation. The dozers incorporation and excreta handling
techniques (e.g. hot beds) could reduce the floor washing, reusing waste organics
(rice husk, straw) [64]. These strategies have reached reduce water requirements
from 5 to 80% [4].
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3.2 Treatment and re-evaluation of by-products

The swine slurry treatment is the most used tool management within intensive
farms by environmental pressures (legislation), which regulates its discharge
on water bodies or soil revaluation. The slurries management requires a balance
between the environmental/social and economic requirements in the farms. Ideally,
this management starts with the excreta fractionation (slurry = urine + feces/feces)
by physical/chemical separation. Some techniques, such as: polymers, filter press,
flotation, sedimentation, screw press, among others are used to remove sediment-
able/suspended material, reducing mainly organic matter (62-84%) and phosphorus
(70-89%) [65]. The solid fraction corresponding to non-mineralized organic matter
is subjected to composting (aerobic/anaerobic), which stabilizes giving it agronomic
properties (C/N < 20). The liquid fraction (slurries) with a C/N ratio about 10 is
subjected to biological (aerobic/anaerobic) removal processes of organic matter,
nutrients and other microcontaminants (metals, emergent) [66]. Several technolo-
gies are grouped within the aerobic biological processes (aerated lagoons, activated
sludge, among others) and anaerobic (anaerobic lagoons, fixed bed reactors, SBR or
Sequencing Batch Reactor, UASB or Upflow Anaerobic Sludge Blanket, among oth-
ers) [67]. Thus, the removal of dissolved and colloidal organic matter is usually car-
ried out by anaerobic lagoons (Environmentally Superior Technologies), which reduce
50% of organic matter. Meanwhile, anaerobic reactors (Manure-based biogas plants)
remove more than 80% of organic matter. The by-products obtained from this stage
are usually stabilized effluents (C/N < 10) used as soil stabilizer and biogas [65, 68].
In this last point, specific temperature conditions (psychrophilic, mesophilic and
thermophilic) have allowed the biogas (60-70% CH,, 40-30% CO,) production
between 0.03 (anaerobic lagoons) and 650 (anaerobic reactors) m>/d. The main bio-
gas uses are related with thermal energy (0.02-390 m’ gas) and/or electrical (0.07-
1560 kWh) within farms [65, 69]. Additionally, anaerobic treatment under optimum
conditions (35°C) reduces odors (1.9 units depending on the hedonic tone) [52]. This
anaerobically treated effluent can be subjected to biological treatment (nitrification/
denitrification, SBR or constructed wetlands) [70-72] or physical-chemical (strip-
ping, vacuum evaporation, precipitation) [71, 73, 74] to nutrients removal (nitrogen
and phosphorus). The nitrogen removal efficiencies vary from 40% (constructed
wetlands) to 97% (denitrification—denitrification) and 100% (stripping) [71, 73].
Meanwhile, phosphorus is removed between 44% (constructed wetlands) and 80%
(chemical precipitation) [71, 75-77]. In very few cases, have been reported metals
removal (Cu, Zn), mainly due to their low concentrations (<1 g/L) [26]. However,
the metals removal has allowed to obtain removal efficiencies between 75% (precipi-
tation) and 92% (constructed wetlands) [78, 79]. The by-products obtained in this
stage can vary from crystallized ammonium salts for agronomic use [73] to treated
effluents with a C/N ratio <5 usable in irrigation [71].

The irrigation (slurries) or soil stabilization (solid) are the most used re-valua-
tion techniques. The treated swine slurries have nutritional value (N:P:K: 1:0.6:0.4—
1:0.3:1) to be used in cereals irrigation for swine consumption (1.2:0.2:1a1.6:0.3:1)
[23, 80]. Under optimal irrigation conditions (150-200 kg N/ha year) some soil
characteristics with agronomic importance (organic matter content and moisture
retention) could be improved [81, 82]. The slurries re-valorization in irrigation
has decreased the chemical fertilizers use, being in some countries (New Zealand)
valued economically (21 million USD/year) [82]. However, the livestock production
intensification vs. land availability (Europe) has carried out to optimize the nutri-
ents recovery. Thus, it is necessary to consider within slurries the balance of macro
(N:P: K) and micronutrients (metals), as well as other contaminants (pathogens,
emergent). Moreover, this balance must consider soil nutritional requirements and
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Figure 1.

Diagram of decision-making process within of the cycle of generation, treatment, and revaluation of swine slurry.

crop type, according to the international revaluation legislation [83, 84]. These tools
would allow the cadasters establishment, which could facilitate the communication
between nutritional requirements sites (agricultural soils) and nutrients-generating
sites (animal farms) [85]. Preliminary Chilean studies have reported opportunities
of livestock slurries revaluation in agriculture relating nutrients recovery sites with
adequate agriculture sites [86].

The biogas production from anaerobic digestion of swine slurries is another
revaluation alternative. In Europe, technologies based on biogas generation have been
favored by state subsidies (10-30% investment cost) at farms level. These initiatives
have allowed the building the more than 5000 anaerobic digestion projects [65, 87].
Swine slurries have potential capacity of methane generation between 0.25 and
0.30 m’CH,/kg VS [88]. Meanwhile, co-digestion with lignocellulosic materials (e.g.
crop waste) could increase more than 16% produced methane [89]. Thus, centralized
plants of anaerobic co-digestion are the current trend within European agricultural
sector. Successful experiences have been reported in Germany and Denmark, where
more than 32 plants have been built with a capacity between 16,000 and 200,000
tons/year of waste and with a production between 0.7 and 5.7 million m’ biogas/year
[90, 91]. Preliminary Chilean studies have allowed to establish the potential genera-
tion of bioenergy (biogas) from anaerobic co-digestion (livestock/crop wastes) at
regional level [92]. Figure 1 describes excretes management in the swine production.

4. Swine slurries treatment technologies

4.1 Organic matter removal

Anaerobic treatment technologies are widely used in this field, because they
allow to remove organic matter, pathogens, odors, generating by-products (biogas,
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bio-fertilizer) [93]. There several anaerobic technologies, such as: biodigesters,
anaerobic lagoon, complete mixing anaerobic reactors, anaerobic filters, UASB

or Upflow Anaerobic Sludge Blanket, among other [94]. Worldwide, anaerobic
technology based on conventional anaerobic mesophilic reactors (4935 plants) and
thermophilic reactors (321 plants) treat around 49 million ton/year slurries, which
have been built in Europe, mainly in Germany (more than 70%) [87]. State sub-
sides, innovation technologic and centralization of biogas plants using agricultural
wastes (livestock, crop) have favored their implementation [90, 91]. Meanwhile,
more than 7000 technologies based on anaerobic lagoon have been built, but with
only 60% operationally actives in the United States [63]. The conventional anaero-
bic reactors (complete mixture, piston flow) have been limited by its costs, remain-
ing in disuse or only in building project around 77% [94]. However, currently these
technologies are being replaced by more efficient technologies in terms of removal
of nutrients, odors and pathogens [68, 71]. Technologies such as tubular biodigest-
ers are the most used in countries where the livestock production in non-intensive.

The anaerobic lagoons are extensive and conventional typology, where organic
matter is biodegraded without hydraulic or thermal control (environmental condi-
tions) [95]. In the livestock sector, these systems offer some advantages related
to their storage capacity and operation easy [96]. However, they can also cause
odors, requiring spaces far spaces from neighboring population [94, 96]. Anaerobic
lagoons obtain organic matter removal efficiencies between 26 and 79%, working
under environmental conditions (5-32°C) and with residence times from 90 to
232 days [97, 98]. The lagoon design must consider thermal vertical stratification,
suggesting depths between 0.8 and 4.0 m to maintain facultative conditions upper
and anaerobic zone bottom [69, 99]. Its longer residence time also favors the macro
(organic matter, nutrients) and micro (metals) nutrients precipitation. Thus, has
been observed that anaerobic lagoon accumulates more than 50% COD, TN, P and
Cu in the bottom, decreasing pH from 6.5-7.2 throughout its depth (>1.5 m)

[99]. Another advantage is related with their disinfection capacity, due to its
prolonged time exposure to solar radiation, causing cell lysis of pathogenic micro-
organisms [100]. However, this time exposure generates greenhouse gas emission
(0.02-0.5m> biogas/m2 d) [69] and odors (168-262 OC/m?, 101 HE NH;/m’s, 5.7 Hg
H,S/m?s) [101]. Operational improvements mainly related to the emission of gases
from anaerobic lagoons have been made covering them.

The conventional full mix reactors or CSRT (Continuous Stirred Reactor Tank)
are controlled systems, where the hydraulic retention time (residence time) is
equal to the cell retention time [102]. The complete mixture is achieved through the
recirculation from 25 to 40% of biogas generated [103]. It can operate under psy-
chrophilic, mesophilic, and thermophilic conditions, which are carried out in two
stages (acidogenic and methanogenic reactors) [93, 103]. This technology has been
widely used mainly in Europe, obtaining organic matter removal efficiencies from
25 to 74%, but with organic loading between 5 and 40 times greater than anaerobic
lagoon [87, 93]. CSRT reactor have been improved with the recirculation [93].

Other conventional technologies as anaerobic filters or AF generate biofilm
around of the material support surface, while the flow goes up throughout the filter
[102]. Inert (nylon meshes, polyurethane foams, polypropylene rings) and organic
(blocks, wood chips) support material have been used [93]. The main advantage
of this technology is that can operate at organic loading between 69 and 142 times
greater than anaerobic lagoons; but have clogging problems [93].

The most advance technology has been developed to improve operational
problems of conventional technologies. On the one hand, AFBR systems (Anaerobic
Fluidized Bed Reactor) are technologies studied mainly at laboratory scale.

They use support material (clay, wood and PVC), which is suspended due to the
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recirculation of the flow [102]. These characteristics partially avoid clogging [103].
On the other hand, UASB technology has been applied at the laboratory and pilot
level. These treatment units generate biomass granulated, which sediments (4 m/h)
improving the cellular retention time [102]. The flow goes up, favoring the washing of
biomass non-granulated the granules are dense, harboring multi-species and diverse
microbial communities. However, the granulation processes require longer periods of
formation (2-8 months). Other innovative technologies from UASB systems are the
EGSB (Expanded Granular Sludge Bed). This last technology is hydraulically improved
respect to UASB, because it operates at greater flow velocity (>4 m/h) than UASB
[104]. In general, UASB reactors are a viable alternative, since they are considered
high load systems, operating at organic loadings between 2 and 162 times higher than
conventional systems (anaerobic lagoons, CSRT). The organic matter removal effi-
ciencies reach ranges between 19 and 86% [93, 94, 103, 105]. In addition, they offer
other operational advantages related to their volume (0.006-0.5 times less volume
than lagoons and CSRT') and sludge production (granular from UASB vs. suspended
from lagoons/CSRT) [104]. Moreover, UASB generates higher biogas production
(0.28-4.05 m*/m> d) than conventional systems (0.02-1.69 m’/m’ d), thanks to the
fact that they operate at higher organic loading (1-8.1 kg COD/ m°> d) [69, 93].

Table 6 and Figure 2 describe the operational characteristics of anaerobic
technologies applied on swine slurries.

4.2 Nutrients and metals removal

Constructed wetlands are used as a cost-effective alternative for the nutrients
removal within the livestock sector [70]. In Europe, there are around 60 livestock
farms, which treat 17,000 tons/year using constructed wetlands [87]. In the United
States, about 33% (~ 70 farms) of constructed wetlands are used within livestock
sector, being mainly (~ 83%) surface flow constructed wetlands (SF-CW) [70].

Operationally, there is experience in the use of different types of constructed
wetlands within swine sector. However, SF-CW are the most used technology,
mainly to avoid clogging [106]. Generally, SF-CW are used after the anaerobic
lagoon, operating at nutrient loading between 5 and 36 kg N/ha and between 1
and 6 kg P/ha. The nitrogen and phosphorous removal efficiencies obtained reach
values from 50 and 90 to and 25-66%, respectively [106-109]. Moreover, horizontal
subsurface flow constructed wetlands HSS-CW have been studied at laboratory
and pilot scales, operating at nutrient loading between 69 and 252 kg N/ha d and

Technology Loading kg Temperature Efficiency Biogas m’ biogas/ % Reference
(BOD;s ,CODA, °C % (BOD:s , kg (BOD;, Methane
VS°) /m*d COD*, VS°) COD*, VS°)

Lagoon 0.05-0.08° 24-32 26-79° 0.43-0.80° 86-95 [69, 93, 97,
98]

CSRT 0.41-2.04° 20-60 25-74" 0.19-0.83° 60-79 [93, 94, 103]

AF 344-11.34° 31-55 35-617 0.03-0.29° 61-87 [93]

AFBR 1.1-6.6" — 66-917 0.17-0.53» 75-84 [103]

UASB 1.0-8.1~ 20.7-35 19-86' 0.28-0.50~ 54-87 [93, 94, 103,
105]

CSRT, continuous stivred reactor tank, AF, anaerobic filter, AFBR, anaerobic fluidized bed veactor, UASB, upflow
anaerobic sludge blanket.
* =BOD5 units, » = COD units,® = VS units.

Table 6.
Operational characteristics of anaerobic reactors within swine sector.
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Figure 2.
Schemes of different types of anaerobic reactors used in the swine slurry treatment. (a) Lagoon, (b) CSRT,
(c) AF, (d) AFBR, (¢) UASB.

Species Type Prior HRT Loading rate Efficiency (%) Reference
Treatment (days) kgN/  kgP/ N p
had had
Tl, Sa 6 (HSS- Anaerobic 18 7-40 3.0- 37-51~  13-317 [109]
lagoon-HS) Lagoon 22.0
Sa, Sc, Sv, Je, Spa, 4HSS Anaerobic 11-13 4.8-272 0.9-  50-84~  25-38~ [107, 108,
Ta, Tl Lagoon 44-51 6.0 78-88~ <107 106]
Nitrifying unit 7-9
Ec 1HSS Activated 275 69.0— 15.0- 10.0- 47.0- [110]
Sludge 262.0 47.0 24.07 59.07
Pc, Pa, Tl Hybrid Anaerobic — 214 30 507 421 [112]
(2VS + 1HSS)  lagoon + Sand — — — 54-67~  47-497
filter
Recirculated

treated purine
(25-100%)

Pa, T, Cp, Ca, SI, Hybrid Activated — 1.2-10 0.4-1 99.3~ 99.61 [113]
Sm, Fu, Is, Ma, Ac, 8(HS+ sludge

Se, Apa, Ls, RL, S, B, HSS + VS)

Lm, Sta, Msp, Eca

Gm, Ga, Gs, Mm, 16HSS Anaerobic — 11.2- 11-18  78-90° 56-66" [106]

Poa digester 36.0

Cdp, Ap, Tl 2HSS Filtration Tank 4.8 93.3 221 — — [111]

Ci, So, Pa Hibrido (3 Aeration 4-5 76.3 26 641 617 [114]
VS + 1HSS) lagoon

Acorus calamus: Ac; Alisma plantago-aquatica: Apa; Althernanthera philoxeroides: Ap; Canna indica: Ci; Carex
pseudocyperus: Cp; Carex acutiformis: Ca; Cynodon dactylon Pers: Cdp; Elodea canadensis: Eca; Eichhornia
crassipes: Ec; Filipendula ulmaria: Fu; Glyceria aquatica: Ga; Glyceria maxima: Gm; Iris pseudacorus: Ip; Juncus
effusus: Je; Lemna minor: Lm; Lythrum salicaria: Ls; Mentha aquatica: Ma; Myriophyllum spicatum: Msp;
Molinia maxima: Mm; Phragmites australis: Pa; Phragmites communis: Pc; Poa aquatic: Poa; Populus spp.: P;
Ranunculus lingua: Rl; Salix spp.: S; Scirpus lacustris: Sl; Scirpus maritimus: Sm; Scirpus validus: Sv; Scirpus
cyperinus: Sc; Schoenoplectus americanus: Sa; Sparganium erectum: Se; Sparganium americanum: Spa;
Stratiotes aloides: Sta; Symphytum officinale: So; Typha angustifolia: Ta; Typha latifolia: TI.

N = NH4+

Table 7.
Operational chavacteristics of constructed wetlands within swine sector.
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between 15 and 47 kg P/ha d. The nitrogen and phosphorus removal efficiencies
vary from 10 to 24 and 47 to 59%, respectively [110, 111]. There are also experiences
hybrid systems (SF/HSS/VSS) operating with plant species emergent and floating,
which have achieved nitrogen and phosphorus removal efficiencies higher than

50 and 42%, respectively [112-114]. In general, constructed wetland systems will
be operationally work with any previous technology. Thus, activated sludge has
been used prior to constructed wetland increasing from 2 to 20 times the nutrients
removal than anaerobic lagoons [109, 113]. The metals removal efficiencies have
been reported in SF-CW, which have operated at rates from 0.09 to 0.25 kg Cu/ha
and 0.58 to 1.58 kg Zn/ha d, obtaining removal efficiencies of up to 83 and 92%,
respectively [78, 79, 111].

Currently, there are some innovations related to the constructed wetland treat-
ment [106]. Likewise, the partial recirculation of pre-nitrified slurry has allowed
to increase the nitrogen removal via denitrification up to 4 times, decreasing the
ammonium volatilization [112, 115]. Other design concepts are based on the use of
“marsh-pond-marsh” [109]. Constructed wetland technologies, could be improved
operationally using intermittent hydraulic rate, which favors the oxygenation
improving the nitrification [116].

Table 7 details the constructed wetlands operational characteristics of con-
structed wetlands used in the pig sector.

5. Future perspective and conclusions

Currently, the swine production should be looking to set the “new zoo technical
order” with improvements in the life quality of the animals. Some reasons are given
by environmental and health concerns given by the presence of emerging pollutants
in meat and animal excreta. Indeed, swine meat has been reported as one of the
sources of staphylococcus microbial resistance in humans [117]. Moreover, studies
evidence the consumption of about 63,000 ton/year antibiotics in the livestock
production (veterinary/promoters), being the main source of emerging pollutants
in swine excreta/slurry [118]. Both water bodies and soil can be affected when
these wastes are discharged or revaluated, since current treatment technologies
are not designed to remove them. These two factors are further enhanced by the
greenhouse gasses emissions responsibility from livestock production. Thus, swine
production generates about 24 kg CO, eq/kg protein, which is mainly attributed
to the mismanagement of their excreta/slurries [119]. In this last aspect, it is that
the closing of the cycle the generation, treatment and revaluation of swine excreta
fulfills a fundamental role. Studies report that reductions of up to 30% in green-
house emissions could be achieved by a comprehensive management of resources
(slurry, excreta, crops remains) between livestock and crop production [120]. Thus,
livestock production through appropriate technology and management practices
can be a source of nutrients for crops that provide food to animals. Agricultural
production would support the energy generation inside farms by anaerobic. In the
future, the livestock production could be supported from integral improvement
from animal production to treatment and revaluation of wastes.
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