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Recycling livestock wastewater has been promoted as an appropriate pathway to attain animal waste
mitigation and contribute to circular economy. In comparison to other livestock, swine production is consid-
ered as a potential sector for wastewater reuse because of its’ rich nutrient. However, in developing coun-
tries, livestock wastewater was claimed to be one of the main sources of water pollution due to the poor
treatment and inefficient usage. In order to provide information for further policies aiming at recycling this
type of resources, this study investigate how swine farms currently manage their wastewater and identify
some major challenges. Questionnaire interviews were conducted in 123 intensive swine farms located in
four provinces: Ha Noi, Thai Binh, Ha Tinh and Dong Nai. The results showed that, recycling wastewater
has been accepted by a haft of intensive swine farms, although the national technical standard on reuse of
livestock wastewater has not been legally promulgated. The farms use wastewater to irrigate different types
of plants such as fruit trees, vegetable and cash trees. While 37.4% of swine farms applying wastewater to
fruit trees, only 15.4% and 8.9% of the farms used it to irrigate vegetable and cash trees, respectively.
However, the wastewater samples analysis of nine farms pointed out that, many other components of swine
wastewater might be harmful for environment and other living organism, especially coliform contamination.
The study proposes that, reusing wastewater is an appropriate solution to increase the efficient use of water
in swine production, provided that specific technical standards are required to minimize risks to the envi-

ronment and other production activities.
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INTRODUCTION

Reusing wastewater of livestock farming has been
widely recommended by scientists and international
organizations. It is scientifically confirmed that the
effluents from livestock farms contain rich nutrients,
becoming a valuable resource for farming activities.
However, WHO, UNEP and FAO and many other
researchers all had the similar concerns about the health
risks when wastewater being reused (Blumenthal et al.,
2000; Mara et al., 1989; WHO, 2006, 1989).

According to the report of Ministry of Natural
Resource and Environment (MONRE, 2018), water qual-
ity in Vietnam has been declining significantly due to the
massive pressures produced from domestic, industrial,
and agricultural activities. In agricultural sector, the
wastewater released into the river basins per day from
livestock farming accounted for approximately 6.6 mil-
lionm’, one of the greatest pollution sources. Of which,
the amount of wastewater from piggery was estimated
around 5.6 million m” per day, much higher than that of
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the cow and buffalo farming with about 1 millionm® per
day (MONRE, 2018). The situation even becomes more
seriously because farmers in Vietnam have been shifting
from household to industrial production scale. Both
farmers and environmental institutions have been chal-
lenged with the wastewater management, which was
claimed to be the causes of many environmental prob-
lems surround farming areas (An et al., 2020; Ho et al.,
2013, 2010; Huong et al., 2020). Hitherto, the govern-
ment has been on the process of authorizing specific
national technical standards to promote the reuse of
livestock wastewater. This act performs an attempt to
achieve a win—-win solution to control the water pollution
and water scarcity situation in agriculture sector.

In order to promoting livestock wastewater recycling
in Vietnam, we firstly analyze the methods of water use
and wastewater recycling of intensive pig farms. In addi-
tion, the end-use wastewater samples were collected
and analyzed to find out the technical problems which
might trigger if it becomes irrigation water. The results
of this study provide supplement information which
assist policy makers in making decisions with efforts to
recycle wastewater.

STUDY AREAS AND RESEARCH METHODS

Study areas

The study was conducted in four provinces: Ha Noi,
Thai Binh, Ha Tinh and Dong Nai. In 2019, these prov-
inces took nearly 20% of total swine production of
Vietnam. Dong Nai had the largest number of swine
head with over 2.4 billion heads in 2019. Ha Noi took the
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second place with over 1.7 billion swine head in 2019.
However, in term of swine population density, Thai Binh
was the highest swine density with 634 head per square
kilometer, according to the statistics in 2020. The swine
density of Ha Noi and Dong Nai was 512 and 415 head
per square kilometer respectively. Compare to other
three provinces, Ha Tinh had the smallest production
with only 391 thousand swine heads in 2019, lightly
increased comparing to 2010 (Figure 2). The swine pop-
ulation density of this area was only 65 head per square
kilometer, much lower than the density of three other
provinces.

Despite the differences, all provinces have been
experiencing the transition of farming scale as well as
the increase of pressure from swine waste. The increase
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Fig. 1. Locations of Ha Noi, Thai Binh, Ha Tinh and Dong Nai
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Fig. 2. Swine production in Ha Noi, Thai Binh, Ha Tinh anh Dong
Nai
Source: Summary from annual statistics of the
Department of Livestock Production from 2011 to 2020

of intensive farming systems and the expansion of farm
scale happened coincide with the growth of waste con-
centration. The swine waste could be source of pollution
however, it could be valuable if farmers in these areas
apply appropriate solution.

Farm Survey

The interviews were conducted in 123 swine farms
of the four provinces. We randomly selected 33 farms in
Hanoi and 30 farms in each of remaining provinces. The
questionnaire presents the situation of managing and
reusing wastewater in intensive swine farms in different
areas of Vietnam.

Water sampling and analysis

Among 123 swine farms, wastewater samples of
9 farms were analyzed to identify the quality of wastewa-
ter before being discharged into the environment. The
characteristics of farms and samples location are
described in Table 1. Each sample was analyzed to find
out the concentration of Biological Oxygen Demand
(BOD), Chemical Oxygen Demand (COD), Total Solid
Suspended (TSS), Coliform, Total Nitrogen (TN) and
Total Phosphorus (TP) and some heavy metals which
are Arsenic (As), Copper (Cu), Lead (Pb) and Zinc (Zn).

Each farm, we took one wastewater sample at the
reservoir point (before discharging into the environment
or irrigating). Each sample was analyzed to find out the
concentration of BOD, COD, TSS, TN, TP, Cu, Pb, Zn, Cd
and As. The analysis method to each parameter was
summarized in Table 2.

Data analysis

The study applied the SPSS 22 to process the data.
We used crosstab computation and other descriptive
methods to provide the general descriptions of swine
farms, water use and wastewater reuse situation. The
wastewater quality was assessed by the QCVNG62: 2016/
BTNMT- Vietnam National technical regulation on the
effluent of livestock, and the Draft of Vietnam National
technical regulation on livestock wastewater for irriga-
tion.

RESULTS AND DISCUSSIONS

Farm characteristics

Table 3 shows that, characteristics of farms in four
provinces differ significantly each other. The swine
farms of Dong Nai province had the largest production
scale with average 4,922 swine head per farm. The aver-
age area of swine barns in this province also ranked at
the first position, with 5,524 m* per barn averagely. The
province which had the largest average area of farmland
was Ha Tinh, over 42,446 m* per farm, nearly double
higher than Dong Nai, seven times higher than Ha Noi
and nearly 9times higher than the farms of Thai Binh.
However, Ha Tinh was only 1,500 swine head per farm,
equal to Thai Binh province and much lower than Ha Noi
and Dong Nai. Ha Noi was the second largest production
scale with the average number of swine per farm was
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Table 1. Characteristics of the farms taken water samples

No. Location Longitudes Latitudes Pig (quantity/year)  Farm area (m?*)

Farm 1 Thai Binh 106° 29’ 85” 20° 53’ 81” 500 3,000

Farm 2 Thai Binh 106° 34’ 59” 20° 54’ 4” 250 7,200

Farm 3 Thai Binh 106° 33’ 20” 20° 48’ 08” 3,000 51,400

Farm 4 Ha Tinh 105° 65’ 06” 18°42’8” 500 50,000

Farm 5 Ha Tinh 105° 52’ 3” 18° 16’ 48” 1,250 23,118

Farm 6 Ha Tinh 105" 55’ 44” 18°23' 17 2,000 30,000

Farm 7 Dong Nai 107" 127 44” 10° 34’ 10” 1,400 50,000

Farm 8 Dong Nai 107" 12’ 04” 10° 51’ 26 900 10,147

Farm 9 Dong Nai 107° 21’ 467 10°57 11”7 900 30,000
Table 2. Water samples analysis methods

No. Parameters Analyzed methods

1 DO Measured on site by a portable DO meter (D-50 Series, Horiba, Co. Ltd).

2 COD Analyzed by dichromate method (Cr*") (SMEWW 5220C: 2012).

3 BOD Analyzed by dilution method and cultured at 20°C (SMEWW 5210B: 2012)

4 TN Analyzed by Kjeldahl method (SMEWW4500. Norg. A. B. C)

5 TP Analyzed by Ammonium molybdate spectrometric method (ISO 6878: 2004)

6 TSS, Analyzed by filtration through glass filters (SMEWW 25408 : 2012)

7 Coliform Analyzed by colony counting methods (ISO 10304-1: 2007)

8 As, Cu, Pb and Analyzed by atomic absorption spectrometry (ASS), respectively, at 350 nm

7n wavelengths for As; 324.8 nm for Cu; 217 nm for Pb; and 213.9 for Zn (EPA Method

7000)

Table 3. Characteristics of pig farms in study areas

Hanoi Thai Binh Ha Tinh Dong Nai
Characteristics Unit N=33 N=30 N=30 N =30
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Average pig head per vear Head 2,354.36 1,542.00 1,504.30 4,922.66
§€ pig head per y (7,893.12) (2,223.16) (1,042.37) (7,410.88)
Average farm area . 5,796.63%** 4,723.26%+* 42,446.40%%* 27,955.10%%*
g (10,098.45) (9,898.85) (45,377.04) (31,106.46)
Average barn area o 1,428.78%* 681.66%* 2,117.63** 5,624.86%*
& (3,396.36) (1,124.32) (2,13341) (11,109.89)

Standard deviations are given in parentheses; n = number of pig-farming

ik Ppalue < 0.001; ** P-value < 0.05

2,364. However, it had much lower average farm area
and barn area in comparison to the first place, Dong Nai
province. We used ANOVA analysis to test the signifi-
cant differences of farm characteristics of four prov-
inces. The results showed that the differences of farm-
ing scale are nearly significant with P-value slightly
greater than 0.05 (P = 0.066) and the mean values of
farm area and barn area are all significant with P < 0.01.
We could conclude the differences of farms’ characteris-
tics among four provinces. These differences potentially
related to the waste treatment situation in each area.
This claim has been proved by many studies in practice
(Basset-Mens & Werf, 2005; Williams et al., 2006).

Table 4 provides information about waste treatment
methods of the surveyed farms. Generally, the intensive

swine farm deployed well in implementing waste treat-
ment measures. There was over 98% of farms applying
biogas systems, 59% of farms separating or partly sepa-
rating solid and liquid waste before treatment (Table 4).
In addition, around one-third of interviewed farms have
bio—ponds for further treatment after biogas tanks, 28%
of farms have fishponds as a measure for wastewater
treatments.

Among four provinces, swine farms in Ha Tinh pre-
ferred treating the wastewater by bio—ponds and fish-
ponds with 90% and 46%, respectively, because they
have larger land area. Otherwise, only about 15% of sur-
veyed farm in Ha Noi had bio—ponds. The application
rate of bio—pond in Dong Nai was slightly higher at 35%
but still lower than Ha Tinh Province. The bio—ponds is
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Table 4. Waste treatment methods of surveyed farms

Hanoi Thai Binh Ha Tinh Dong Nai Whole study area
(n=33) (n=30) (n=30) (n=30) (n=123)
Freq.( %) Freq.( %) Freq.( %) Freq.( %) Freq.( %)
Partly separate solid and
liquigwals)te 12 (36.4) 30 (100.0) 18 (60.0) 13 (43.3) 73 (59.3)
Compost 7(21.2) 12 (40.0) 13 (43.3) 8 (26.7) 40 (32.5)
Biogas 32 (97.0) 29 (96.7) 30 (100.0) 30 (100.0) 121 (98.4)
Bio—pond 5 (15.2) 4 (13.3) 27 (90.0) 10 (34.5) 46 (37.7)
Fishpond 8(24.2) 9 (30.0) 14 (46.7) 4 (13.3) 35 (28.5)
N = Number of pig-farming
Table 5. Water sources for production and water reuse status of surveyed swine farms
Hanoi Thai Binh Ha Tinh Dong Nai Wﬁ;j})‘\ﬁizg%
(n=33) (n =30) (n =30) (n =30) (n = 123)
Freq.( %) Freq.( %) Freq.( %) Freq.( %) Freq.( %)
Water sources for production
Drilled well 29 (87.9) 7(23.3) 9 (30.0) 10 (33.3) 55 (44.7)
Piped water 1(3.0) 10 (33.3) 0 (0.0) 0 (0.0) 11 (8.9)
Dug well 2(6.1) 13 (43.3) 19 (63.3) 18 (60.0) 52 (42.3)
Surface water (ponds, river etc) 1(3.0) 0 (0.0) 2 (6.7 2(6.7) 5(4.1)
Total 33 (100.0) 30 (100.0) 30 (100.0) 30 (100.0) 123 (100.0)
Wastewater recycle status
Reuse 6 (18.2) 20 (66.7) 22 (73.3) 13 (43.3) 61 (49.6)
Un-reuse 27 (81.8) 10 (33.3) 8 (26.7) 17 (66.7) 62 (50.4)
Total 33 (100.0) 30 (100.0) 30 (100.0) 30 (100.0) 123 (100.0)

generally believed to be effective measures for organic
matters and micro-biological contamination removals
from the effluents (Etnier and Guterstam, 2013). With
the high concentration of waste in intensive swine farm,
bio—ponds is an appropriate secondary solution for
wastewater treatment after biogas.

Water use and wastewater recycling in swine
farms

Swine farming is claimed to be the most water
wasteful consumption farming system comparing to
other animals. Wastewater from swine farms is a combi-
nation of drinking water, cleaning water, cooling water,
and swine urine. According to Vu et al. (2007) the vol-
ume of washing water was about 40 litters per swine per
day. Drinking water measured could achieved 6.9 litter
per swine (Van et al., 2017). In 2018, the MONRE cited
a much lower wastewater coefficient released from pig-
gery with only 20 litters per swine per day (MONRE,
2018). However, all researchers asserted that, swine
production is the most consumed water in comparison to
other livestock. Thus, water consumption and water use
sources directly connect to other water problems (water
pollution and water shortage) around swine farms.

Table 5 summarizes the use of water sources in the
farms of four provinces. Drilled and dug wells were the
main sources of water—use in intensive farms. The swine
farms in Ha Noi mostly used drilled wells (88%).

Otherwise, over 60% of farms in Ha Tinh and Dong Nai
using the water from dug wells. The study also found
out that, there was a significant number of farms apply-
ing piped water for feeding swine. In Thai Binh, there
were 30% of surveyed farms applied piped water in pro-
duction process. The farms which used surface water
took a small proportion in total, only 4% of the surveyed
farms.

Water consumption of swine farms highly impact on
the ground water reserves. Nearly one hundred percent-
age of surveyed farms used ground water from dug wells
or drilled wells for farming. Each day, an intensive swine
farm would consume large amount of water and dis-
charged it into the environment in the form of wastewa-
ter. According to the coefficient of wastewater gener-
ated from pig farming of MONRE, the largest farm in the
survey with 44,800 head might produce 896,000 litters of
wastewater per day. The smallest farm also might gener-
ate 3,000 litters of wastewater per day. Effluent from
swine farms was not only increase the pressure on the
environment but also threaten the local water reserves.
Saving water and converting wastewater into resources
are the expectation of both farmers and policy makers
(Nguyen, 2018; Thanh Son & Nguyen Thuy, 2019; Vinh,
2013). Some managers of livestock enterprises even
claimed that, it was not necessary to have regulations for
livestock wastewater if it is used for irrigation purpose
(Thanh Son & Nguyen Thuy, 2019).
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In the study, we found that, half of the farms had
been started using swine wastewater for irrigation
(Table 6). Around two-third of surveyed farms in Thai
Binh and Ha Tinh has reused wastewater. The rate of
water reuse was around 43% and 18% of surveyed farms
in Dong Nai and Hanoi. The swine farm owners use the
wastewater mostly in their farm’s land, indicating the
connection between farms’ size, farms’ crops and water
reuse situation. In Thai Binh and Ha Tinh, most of the
farms is large—scale. In addition, the farm owners still
maintain others farming activities, especially crop culti-
vation inside farm’s land. In Dong Nai province, the
swine farms with garden systems are still observed,
while the systems are rare in Ha Noi. In Vietnam, the
farm, which had livestock production, garden and fish-
ponds, was named Vuon — Ao — Chuong (VAC system).
The VAC was claimed to have fewer negative impacts on
the environment, especially surface water (Ho et al.,
2013). For reusing swine wastewater, the farms with
gardens also have better advantages.

The swine farms utilize the wastewater for variety of
purposes, which are presented in Table 6. There were
37% of total surveyed farms irrigating their fruits, 15% of
farms used wastewater for cash crops or wooden trees,
9% using wastewater to irrigate vegetable and only 4%
irrigated paddy rice by swine wastewater. Ha Tinh and
Thai had over a haft of the surveyed farms which reused
wastewater for their fruit garden. In Dong Nai, there
was 30% and 26% of the farms irrigating fruits trees and
cash crops, respectively. Ha Noi was the province using
swine wastewater at the lowest rate and there were 5
out of 33 farms in this province used it to water the vege-
table.

The wastewater reuse situation of intensive swine
farms in the study areas provides a reality that although
the government have not promulgated legal regulations
on livestock wastewater used in irrigation, farmers had
already perceived it likes a waste treatment application
in their farms. The nutrient contained in the wastewater
could provide good inputs for crop growth and additional
incomes for farmers. However, the purposes of waste-
water reflect another risk of wastewater recycling when
many farms applied it for food crops, especially vegeta-
ble and fruit trees (Delli et al., 2020; Helmecke et al.,
2020; Jaramillo & Tarquino, 2017). The following section
we going to discuss the wastewater quality of some typi-
cal intensive farms located in studies area.

Wastewater characteristics of swine farms

In order to access the wastewater quality of swine
farm after treatment, 9water samples 9farms were
taken and analyzed. Of which, six out of nine farms
reused wastewater (Table 7). The wastewater quality
was assessed by two national technical standards on live-
stock wastewater of Vietnamese government. Firstly,
the wastewater quality was compared to the current
national regulations on the effluent of livestock to access
the compliance of wastewater quality from swine if it is
discharged to environment. Secondly, we used the Draft
of National technical regulation on the effluent of live-
stock used in crop production to access the suitability of
swine wastewater for agriculture purposes.

The farms’ wastewater system of 9 sampling farms
performed significant effort in processing wastewater.
All farms had biogas plant and most of farms designed
the bio—pond system for further treatment of effluent
after biogas. However, the results pointed that, despite
the significant investment in wastewater treatment sys-
tem, many parameters of swine wastewater were not sat-
isfied the requirement of formal regulations, especially,
the coliforms parameter (Table 7). A haft of farms also
has the TSS, the COD, BOD and the TN exceeded the
standard of regulations. According to the national law, if
the water is discharged into environment, these farms
will be given an administrative monetary penalty.

The wastewater quality of nine farms in the survey
showed that, there was a big gap between wastewater
quality and the threshold values of the national technical
standards, though the farms installed storage tank,
biogas and bio—ponds. Furthermore, the results of the
survey on 123 farms found out, only one-third of inten-
sive swine farms had the better system with further
treatment system after biogas. Most of farm only have
biogas plant and without additional treatment methods
(Ho et al., 2013). Under the low enforcement of local
institutions, the wastewater was discharged into envi-
ronment and caused water pollution. This problem had
been claimed in many papers which identified the
impacts of swine farming on environment (An et al.,
2020; Cao et al., 2011; Cassou et al., 2017). Therefore,
the larger scale of swine farming without effective waste-
water treatment could become serious sources of water
quality degradation.

The second circumstance, we assumed that the draft
of National technical regulation on the effluent of live-

Table 6. Irrigation purposes of swine wastewater in surveyed farms

Whole study areas

Hanoi Thai Binh Ha Tinh Dong Nai (4 provinces)
(n=33) (n=30) (n=30) (n=30) (n=123)
Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%)
Vegetable 5 (15.2) 5 (16.7) 0(0.0) 1(3.3) 11 (8.9)
Fruit Trees 4 (12.1) 17 (56.7) 15 (50.0) 10 (33.3) 46 (37.4)
Wooden and Cash tree 0(0.0) 1(3.3) 10 (33.3) 8 (26.7) 19 (15.4)
Paddy Rice 1(3.0) 0 (0.0) 3 (10.0) 1(3.3) 5(4.1)
Total 10 (30.3) 23 (76.7) 28 (93.3) 20 (66.7) 81 (65.9)
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Table 7. Wastewater characteristic of randomly selected farms

QCVNG62/BTNMT Draft QCVN*
Parameter Unit AiegaDge Threshold Rate of exceed Threshold Rate of exceed
the standard the standard

pH - -_F7£24 55-9.0 0 55-9.0 0

TSS mg/L i116§373 33.3 - -

COD mg/L fgggg 44.4 - -

BOD mg/L J_,Zg?g% 55.6 - -

TN mg/L ;2257,7 11.1 - -

TP mg/L igéi _ _ _
Coliform  MPN/100mL 145;'71_921%3 5x10° 66.7 75x10° 55.6

Cu ng/L i21'96. 4 - 500 0

Pb ug/L f;g - 50 0

Zn ug/L 11,22,(1)2738 - 2.000 11.1

cd ug/L io';g - 10 0

As ng/L i2'13. 0 - 50 0

Note: *Draft of National techwical regulation on the effluent of livestock used in crop production

stock used in crop production being promulgated, the
wastewater quality was compared to some threshold val-
ues of this document. The proposed national technical
standard mostly concerns about the heavy metal con-
taminations and the microbial contaminations. The com-
parison results are showed in Table 7.

The results show better circumstance in the case of
wastewater being used as irrigation water. All the waste-
water samples were met the threshold values of heavy
metals. However, only under 50% farms’ wastewater sat-
isfied the coliform contamination requirement.

The nutrient contained in the wastewater could pro-
vide good inputs for crop growth, but the purposes of
wastewater draw out another risk. Nearly 10% of farms
used this type of water to irrigate their vegetable and
above 90% of farms used it to water their fruit trees
which fruits might be consumed freshly, for examples
rambutan, Kumquat, oranges, etc. The data in Table 7
showed that, the quality of wastewater still contains sig-
nificant coliform contaminants. Thus, if it is used for
fresh food crops, it might cause waterborne diseases and
other health impacts on consumers. The problems of
micro-biological contamination on fresh food had been
found in many studies (Chau et al., 2014; Machado—
Moreira et al., 2019). Nevertheless, the use of wastewa-
ter for cash crops and wooden trees is potentially effi-
cient if it is managed properly. According to the farms’
characteristics, Dong Nai, especially Ha Tinh province
has appropriate conditions to reuse swine wastewater

for these types of trees, compare to two other provinces.

CONCLUSIONS

Recycling wastewater could become an appropriate
pathway to attain waste mitigation and sustainable use
of natural resources. In comparison to other types of
wastewater, swine wastewater is considered as a poten-
tial sector for wastewater reuse, because it might con-
tain low heavy metals and more nutrient than other
wastewater sources.

The study provides useful information of water
reused in intensive farming system in some areas of
Vietnam. The results showed that, there were a haft of
farms which have been reusing swine wastewater, how-
ever, it is not equally for all areas. Some provinces we
observed significant proportion of wastewater reuse, but
some others were less. The province which have the
large average farmland and maintain garden activities,
wastewater reuse become more popular. The wastewa-
ter was reused in multiple purposes of crop irrigations.
However, it promises the most safety impacts when
being used to irrigate wooden trees, cash crops and
other none—fresh consumption products. However, the
use of wastewater for vegetable irrigation and other
fresh consumption crops might produce potential risks
because of the high concentration of coliforms, even
after secondary treatments systems.

With the findings, study concludes that, recycling
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swine wastewater could bring potential positive impacts
to environment as well as farms’ owners. However, the
treatment measure before recycling is necessary to
reduce harmful contaminants. Especially, the specific
usages of wastewater should be clearly regulated to
avoid unexpected consequence in the environment and
human health. Moreover, to promote the wastewater
reuse, the policies should focus on farm’s land expansion
and develop VAC systems.
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