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Abstract

Pig farming is an important economic sector of agriculturally developed countries in the world, including Vietnam.
However, this activity is also causing major impacts on the water quality around concentrated pig farming areas. This
study was conducted to assess the impact of contract pigfarms on the aquatic environment in Vietnam. 100 pig farms
(including 70 contract pigfarms and 30 non-contract pigfarms as controls) in the suburban area of Hanoi city were
selected for the study. We conducted a questionnaire survey, collected samples of waste sources, surface water, and
groundwater around the contracted and non-contracted pigfarms arveas to compare with environmental standards, and
calculated the Comprehensive Pollution Index (CPI). The results show that contracted pig farms are seriously affecting
surface water quality. In contrast, the impact of contract pigfarms on groundwater quality is unclear. Compared with
non-constract pigfarms, the impact on surface water environment of contract pigfarms is significantly higher. The main
reason is the difference in pig farming scale (average number of pigs raised is 3.14 times higher) and the waste treatment
system does not meet the requirements. To solve this situation, the conversion of traditional pigfarm models to circular pig-
farm models, reducing emissions, needs to be implemented soon in the near future.

Keywords: Contract pig farming, environmental impact, groundwater, pollution, surface water.

1. INTRODUCTION

Water is the foundation of life on Earth and plays a vital role in ecosystems. Freshwater is a fundamental
resource that supports development, food security, livelihoods, economic growth, and environmental
sustainability worldwide (Turner et al, 2024) [1]. However, this resource is increasingly overexploited and
burdened with waste from production activities, particularly agriculture and livestock farming. Inadequate
water resource management has led to declining water quality, increased pollution, and water scarcity. This
issue has emerged as a major global environmental concern, especially in developing countries where
agriculture and livestock farming dominate the economy while waste treatment systems remain limited (FAO,
2006)[2]. In the livestock sector, FAO (2006) reported that drinking and service water for animals accounts
for approximately 0.6% of global freshwater consumption, most of which is subsequently discharged into the
environment as manure and wastewater rich in nutrients (nitrogen, phosphorus, potassium), pharmaceutical
residues, and pathogens. This poses serious risks to aquatic environments, particularly in pig production.
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Numerous studies worldwide have documented the impact of livestock farming on aquatic environments.
Results show that untreated livestock wastewater is a major source of organic, nutrient, and microbial
pollution to both surface and groundwater. In China - the world’s largest livestock producer the
concentrations of COD, T-N, and T-P in piggery wastewater can reach 1,000 to 15,000, 100 to 2,100, and 20
to 350 mg/L, respectively (Zhang et al, 2021) [3]. Livestock wastewater contributes an estimated 41.9%,
21.7%, and 37.9% of the country's national COD, T-N, and T-P discharges, making it the primary source of
water pollution (Sun et al., 2021) [4]. Similarly, Li et al. (2022) [5] examined multiple river basins globally
and concluded that livestock, especially pig farming, is a dominant contributor of organic matter, nitrogen,
phosphorus, and microorganisms to water bodies, thereby increasing the risk of eutrophication and surface
water degradation in areas of intensive farming. Groundwater is also significantly affected. Mohammadi et
al. (2023) [6], studying the Cildir Lake basin in Turkey, found that during the dry season, groundwater
contamination by total coliform increased from 56% to 92% and by fecal coliform from 26% to 85%, while
nitrate concentrations rose from 6.4 to 7.1 mg/L. This indicates infiltration of livestock waste into shallow
aquifers, heightening microbial and nutrient risks. In Mexico, Pedrozo-Acufa et al. (2025) [7] reported that
rapid pig farm expansion on karst terrain in the Yucatan Peninsula has exacerbated groundwater pollution,
with nitrate concentrations in wells and cenotes exceeding drinking-water standards, posing a serious threat
to local communities. Collectively, this evidence underscores the substantial pressure that livestock farming
places on water resources and highlights the need for context-specific research in Vietnam, where pig
production plays a central role.

In Vietnam, several studies have demonstrated the adverse impacts of pig farming on surface and
groundwater. Tra et al. (2010) [8] found that water resources in Lai Vu commune (Hai Duong) were heavily
polluted with NH,*N, with contamination levels directly proportional to herd size. Tra et al. (2013, 2016)
[9, 10] further confirmed that COD, BOD, NH,*N, PO,3™-P, TSS, and Coliform concentrations all exceeded
QCVN standards. Their 2016 study also showed that although VAC systems (garden-pond-livestock) exerted
less pressure on water quality than VC systems (pond-livestock), both still exceeded permissible thresholds.
More recent work on waste management (Huong et al., 2021) [11]. indicated that larger farms perform better
than smaller ones, yet both contribute to COD, T-N, and T-P loads.

Contract farming (CF) is a common trend in the agricultural sector in most countries around the world.
Costales et al. (2006) [12] and Ogishi et al. (2003) [13] describe CF as a structured arrangement where
agribusiness companies supply farmers with inputs like feed and breeding stock, while farmers, in return,
deliver the raised animals to be processed and marketed to end consumers. It allow integrators to play a key
role in the agricultural sector. Through farming contracts, the integrators can introduce modern production
techniques and connect farmers to markets, helping them obtain inputs at lower costs or sell outputs at higher
prices. As a result, net income per unit of production has increased in several Asian countries, including
India, Thailand, the Philippines, and Vietnam (Costales & Catelo, 2008) [14]. Moreover, CF is considered
an institutional innovation that provides young people in East African countries such as Burundi, Kenya,
Rwanda, and Uganda with opportunities to overcome financial and knowledge barriers and generate income
within rural areas (Menezes et al., 2018) [15]. While integrators make significant contributions, they may also
contribute to environmental pollution if environmental considerations are not integrated into their
management practices. Delgado et al. (2008) [16] and Ogishi et al. (2003)[13] noted that in the United States
and Brazil, responsibility for pollution from animal waste rests solely with contract farmers who raise the
livestock, while integrators are exempt from liability. However, because contract farmers often lack sufficient
financial resources and government enforcement is weak, even when farmers fail to meet environmental
regulations, they are rarely penalized. In effect, contract farming serves as a mechanism that shifts the burden
of environmental liability from agribusiness firms to the farmers themselves.

Currently, CF is rapidly expanding in Vietnam, particularly among medium- and large-scale farms linked to
foreign direct investment (FDI) enterprises such as CP, Japfa, CJ, and Dabaco. These farms benefit from
guaranteed markets, technical and veterinary support, and investment in more advanced waste treatment
systems. By contrast, noncontract farming (NCF) still accounts for the majority of small-scale pig farms, which
face capital and land constraints and therefore present higher risks of water pollution (Huong et al., 2020)
[17]. Huong et al. (2020) [17] compared CF and NCF and found that CF farms exhibited lower pollution
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levels due to larger areas and more advanced treatment systems. Overall, domestic studies provide strong
evidence of the environmental impacts of pig farming, while also showing variations by production model
(VAC vs. VCO), farm scale (large vs. small), and management type (CF vs. NCF). However, no study to date
has systematically assessed differences between CF and NCF in their impacts on surface and groundwater
quality. This raises an important research question: how does contract farming influence the aquatic
environment, and to what extent does its impact differ from non-contract farming? This study aims to address
this knowledge gap and provide a scientific basis for environmental management and policy planning to
support sustainable pig production while minimizing negative impacts on Vietnam’s water resources.

2. Study Area

This study was conducted in the suburban areas of Hanoi, the capital of Vietham. Hanoi is located in the
northwest of the Red River Delta, covering 3,359.8 km? with a population of 8.7 million in 2024. The city
has an extensive agricultural land area of 196,600 hectares and a rural population of approximately 4.4
million people, accounting for 50.9% of the total population (General Statistics Office, 2025) [18].

The topography of Hanoi slopes gradually from north to south and from west to east, with an average
elevation of 5-20 meters above sea level. The dominant landscape is flat terrain (three-quarters of the area),
while hilly areas are concentrated in the northern and western suburbs, with several low hills scattered within
the inner city. Hanoi’s climate is characterized by a tropical monsoon regime with two distinct seasons: the
rainy season (April-October) and the dry season (November-March). The average annual temperature is 23.6
°C (above 27 °C in summer and around 22 °C in winter), with average annual rainfall ranging from 1,500 to
1,900 mm. These natural conditions are favorable for livestock production, particularly pig farming in
suburban districts.

As a result, Hanoi consistently ranks among the leading provinces in Vietnam in pig herd size and live pig
output, ranking third nationally with 1.28 million pigs and 261.7 thousand tons, respectively. The city also
has the highest number of pig farms nationwide, with 2,313 farms, including 232 medium- and large-scale
farms operating under contract farming arrangements. Contract farms account for approximately 51% of
Hanoi’s total pig population (General Statistics Office, 2025) [18].

The study focused on suburban districts where pig production is concentrated, including 16 areas: Ba Vi,
Thach That, Chuong My, Ung Hoa, Phu Xuyen, Thanh Oai, Thuong Tin, Gia Lam, Dong Anh, Soc Son,
Son Tay, Phuc Tho, My Duc, Quoc Oai, Me Linh, and Dan Phuong (Figure 1). The primary research subjects
were contract pig farms, defined as farms operated by local households under agreements with large livestock
companies or corporations. A total of 100 pig farms were surveyed, comprising 70 contract farms (study
group) and 30 non-contract farms (comparison group).
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Figure 1. Location of study areas on the map of Vietnam
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3. Study Methods

3.1. Water sampling method

Wastewater samples: To evaluate the wastewater treatment efficiency of each farm, one effluent sample was
collected from the outlet of the treatment system. In total, 100 farms were sampled, including 70 contract
farms and 30 non-contract farms. Sampling was conducted between June and August 2024. The analyzed
parameters included pH, BODs, COD, TSS, TN, TP, and Coliform.

Groundwater samples: A total of 100 groundwater samples were collected from active wells at livestock farms,
with well depths ranging from 10 to 20 meters. Of these, 70 samples were obtained from contract farms and
30 from non-contract farms. Sampling was carried out in two periods: the rainy season (June to August 2024)
and the dry season (December 2024 to January 2025). Parameters analyzed included pH, electrical
conductivity (EC), ammonium (NH,*N), and nitrate NO37).

Surface water samples: Surface water quality data were obtained from monitoring conducted by the Hanoi
Department of Agriculture and Environment in 2024, covering two monitoring periods: the dry season
(March to April 2024) and the rainy season (July to August 2024). A total of 72 monitoring sites were
included, comprising 30 locations in ponds, lakes, rivers, and streams influenced by wastewater from contract
farms, and 42 locations in areas affected by wastewater from non-contract farms. Parameters analyzed

included pH, temperature, DO, BODs, COD, NH,*N, NO,™-N, PO43"-P, TSS, and Coliform.

Table 1. Information on the number of water samples and analytical parameters

No. Environmental component With No Analytical parameters
contract contract
1 Wastewater 70 30
L1 Effluent 20 30 pH,‘BODS, COD, TSS, TN, TP, and
Coliform
2 Groundwater 140 60
71 Rainy season (June-July 20 30 pH, electrical conductivity (EC),
’ 2024) ammonium (NH,*), nitrate (NO3").
19 Dry season (December 2024 20 30 pH, electrical conductivity (EC),
) - January 2025) ammonium (NH,*), nitrate (NO3").
3 Surface water” 60 84
. pH, temperature, DO, BOD;, COD, NH,",
3.1 Rainy season 30 © NO, ", PO,37, TSS, and Coliform
pH, temperature, DO, BOD5, COD,
32 |Dryseason 30 42 NH,*, NO,~, PO, TSS, and Coliform

Note: (*) Surface water data were inherited from monitoring results of Agriculture and Environment, Hanoi
City

3.2. Analysis Method

Parameters such as pH, EC, temperature, and DO in wastewater and groundwater samples were measured
onssite using a portable multi-parameter meter. The remaining parameters were analyzed at the ISO-certified
laboratory of the Vietnam National University of Agriculture. Specifically, ammonium and nitrate
concentrations were determined using colorimetric methods with the Nesslerization (American Public Health
Association, 1992) [19] and Catado techniques (Catado et al., 1975) [20], respectively. BODj5 was measured
by dilution and incubation at 20 °C (ISO, 1989) [21], while COD was determined by the potassium
dichromate titration method (American Public Health Association, 1992) [19]. Suspended solids and
coliform counts were analyzed using gravimetric (ISO, 1997) [22] and colony-counting methods (ISO, 1990)
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[23], respectively. All analytical procedures complied with the current regulations of the Vietnamese Ministry
of Agriculture and Environment.

3.3. Impact assessment method

* Comparison with national standards

To evaluate the impact of pig farms on the aquatic environment, the results of wastewater, surface water, and
groundwater analyses were compared with the current Vietnamese environmental standards, as follows:

- Wastewater samples were compared with QCVN 62-MT:2016/BTNMT - National Technical Regulation
on Livestock Wastewater.

- Surface water samples were compared with QCVN 08:2023/BTNMT - National Technical Regulation on
Surface Water Quality.

- Groundwater samples were compared with QCVN 09:2023/BTNMT - National Technical Regulation on
Groundwater Quality.

* Comprehensive Pollution Index (CPI):

CPI is used to assess the pollution level of a water body based on water monitoring parameters (Matta et al.,
2017) [24]. The formula for calculating CPI is as follows:

@PI=S 1
(1) CPI— ) PIi
n
i=1

Where: n - number of water monitoring parameters; Pli - Pollution index of the ith parameter is calculated
by the formula 1. In Equation 1, Ci is the concentration of parameter i in the water body; Si is the allowable
limit of parameter i specified in water environmental regulations. CPI is rated on a scale, which is described
in Table 2.

Table 2. Rating scale for CPI

No  |Scores Pollution level

1 0-0.2 Clean

2 0.21 - 0.40 Sub clean

3 0.41 - 1.00 Slightly polluted

4 1.01 -2.00 Moderately polluted
5 >2.01 Heavily polluted

In this study, the Comprehensive Pollution Index (CPI) for surface water was calculated using the
concentrations of seven parameters: BODs, COD, NH,*, NO,~, PO,3", TSS, and Coliform. For
groundwater, the CPI was calculated based on two parameters: NH,* and NO3 ™.

3.4. Data processing

Descriptive statistical analysis and T-tests were performed using Microsoft Excel to compare livestock farming
characteristics and water quality parameters between contract and non-contract farming systems. Statistical
significance was evaluated at the 1%, 5%, and 10% levels.

4. RESULTS

4.1. Livestock farming conditions in the study area

* Livestock characteristics

Survey results from 100 pig farms in the study area showed clear differences between contract and non-
contract farms (Table 3). The average farm area was 11,975 m? (approximately 1.2 ha) for contract farms and
6,175 m? (approximately 0.6 ha) for non-contract farms. The average barn area exceeded 4,000 m? (43.47%
of the total area) on contract farms, compared with 1,300 m? (34.64%) on non-contract farms. Contract farms
also operated at a larger scale, with an average of 2,642 pigs per farm compared with 821 pigs on non-contract
farms. Consequently, pig density was higher on contract farms both per unit farm area (0.512 vs. 0.225
pigs/m?2) and per unit pen area (0.703 vs. 0.657 pigs/m?). Although the environmental treatment area on
contract farms (5,814 m?2, accounting for 51.29% of the total farm area) was larger than that on non-contract
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farms (3,208 m?, 40.34%), the ratio of treatment area per livestock unit was significantly lower on contract
farms (2.701 m%/animal) compared with non-contract farms (6.152 m?/animal).

Table 3. Basic characteristics of contract and non-contract pig farms in the study area.

Contract Non-contract | Difference (between
Indicators farms farms contract and non-contract)
X+ SD) X+ SD) Difference | P-value
Farm area (m?) 11,975+8118 | 6,175%5,419 8O*** 7.24815E-05
Pig pen area (m?2) 4,009 +2,658 | 1,323 £ 1,074 | 98*** 1.26411E-10
Environmental treatment area (m?2) 5,814 £4902 | 3,208 +4,384 | 61*** 0.010884223
{Ro/z(l);io of livestock pen area to total area 4347 +28.52 | 34.64+2934 | 54 0.169955674
Ratio of environmental treatment area to 5129 +24.16 | 40.34 + 29.34 47 0.078436534
total area (%)
Total number of pigs raised (head) 2,642 + 1,652 | 821 +758 Q7*** 2.35876E-11
Pig density in the farm (pigs/m?) 0.513+0.242 | 0.225 £0.225 | 59*** 3.52532E-07
Average number of pigs per pen area | o 70340249 | 0.657£0.331 | 80*** 8.3065E-07
(pigs/m?)
Environmental treatmentarea peranimal | ) 70 45 793 | 6152 + 10458 | 30 0.030690085
(m2/animal)

Note: (*), (**), (***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively. X + SD =
Mean # standard deviation

Table 3 also indicates that most basic characteristics—including farm area, pen area, environmental treatment
area, number of pigs raised, pig density per farm area, average pig density per pen area, and environmental
treatment area per pig—showed statistically significant differences between contract and non-contract farms
at the 1% and 5% levels. Only two indicators, namely the ratio of pen area to total farm area and the ratio of
environmental treatment area to total farm area, showed no statistically significant differences between the
two farm types.

* Waste management measures

Survey results revealed that the predominant waste treatment technology on pig farms involves the use of
biogas digesters in combination with other treatment methods, as illustrated in Figure 2.

Applied to crops
T

Livestock waste Composting
l v Waste 7| Solid waste ™ Sold as
Collection tank\ Liquid
v
\ No waste @D—»
Effluent :
~————| Settlingtanky Biological

Figure 2: Typical waste treatment system of pig farms in the study area
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Figure 2 illustrates the waste treatment system commonly applied on pig farms. After collection, pig manure
and wastewater are either separated into solid and liquid fractions using settling tanks or manure presses, or
directed directly into biogas digesters without separation. Solid waste is generally composted and applied as
fertilizer to crops, with a portion sold or used directly without composting. Liquid waste is routed to biogas
digesters for biogas production. On farms without waste separation, the entire manure-wastewater mixture
is fed directly into biogas tanks. The generated biogas is used for heating or electricity to meet farm needs.
Effluent from biogas digesters is discharged into biological ponds, lakes, or ditches for further treatment,
followed by settling tanks before final discharge to the environment. A small portion of effluent is reused for
crop irrigation.

There were no fundamental differences in waste treatment technologies between contract and non-contract
farms. However, contract farms generally demonstrated higher investment, stricter operational procedures,
and better facility maintenance, reflecting compliance with contract requirements. In contrast, non-contract
farms often lacked effective environmental management, with systems built primarily to satisfy regulatory
inspections rather than to ensure consistent treatment efficiency. This discrepancy directly influenced the
effectiveness of waste treatment across farm types.

* Wastewater treatment efficiency

The results of wastewater analysis from 100 pig farms in the study area are presented in Table 4.

Table 4. Pollutant characteristics in the effluent of pig farms

Contract Pig Farm (n = 70) Non-Contract Pig Farm (n = 30)
Parameter | Min Rate of Min - Rate of QCVN62:2025
Max X £SD exceeding Mo X +SD exceeding Column B
QCVN62:2025 QCVN62:2025
5.16 - 0.00 5.44 - 6.82 +
8.04 7.05 + 0.56 ) 7.88 0.49 0.00 6.0-9.0
43 - 91.43 1069 +
BOD; 2292 161 +272 ) 33 -5531 | 1131 96.67 60
92.86 1870 =
COD 12-7,336 | 450 + 885 ) 65 - 9032 | 1793 96.67 150
157 £
8 - 625 145 + 127 >4.30 16 - 500 | 95.86 90.00 100
85.71 5.6- 3223+
51-293 | 133 +50.26 2536.8 484.16 90.00 60
1.2- 17.67 £ 69.2 +
112.4 20.96 30.00 45-511 |93.1 86.67 14
2800 - 161,423 + 91.43 4,800 - 44,093 +
Coliform | 920,000 | 252,497 ) 200,000 60,221 96.67 5000

Table 4 shows that despite substantial efforts in waste management, both contract and non-contract pig farms
failed to meet the requirements of QCVN 62:2025 - National Technical Regulation on Livestock
Wastewater. Except for pH, all other parameters (BODs, COD, TSS, TN, TP, and Coliform) exceeded the
permissible limits, often by several-fold. The proportion of samples exceeding standards (excluding pH) was
high, ranging from 30.0% to 92.86% for contract farms and from 86.67% to 96.67% for non-contract farms.
A comparison between the two systems indicates that pollutant concentrations in the effluent of contract
farms were consistently lower than those of non-contract farms. Specifically, average concentrations in
contract farm effluents were 161 mg/L for BODs, 450 mg/L for COD, 145 mg/L for TSS, 133 mg/L for
TN, and 17.67 mg/L for TP. These values were lower than those of non-contract farms by factors of 6.64
(1,069 mg/L), 4.16 (1,870 mg/L), 1.08 (157 mg/L), 2.42 (322.3 mg/L), and 3.92 (69.2 mg/L), respectively
(Figure 2). Conversely, the average Coliform concentration in wastewater from contract farms (161,423
MPN/100 mL) was significantly higher—3.67 times greater—than that from non-contract farms (44,093
MPN/100 mL) (Table 5).
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Figure 3: Comparison of pollutant concentrations in the effluent of contract and non-contract pig farms
Figure 3 confirms that both contract and non-contract pig farms failed to comply with wastewater quality
requirements stipulated in QCVN 62:2025 of the Vietnamese Ministry of Agriculture and Environment.
However, treatment efficiency was higher on contract farms, as reflected by lower exceedance rates and lower
average concentrations of five out of six pollutant parameters compared with non-contract farms.

Thus, both types of pig farms in contract and non-contract failed to meet the wastewater quality requirements
stipulated in QCVN 62:2025 of the Vietnamese Ministry of Agriculture and Environment. However,
treatment efficiency was higher on contract farms, as reflected by lower exceedance rates and lower average
concentrations of five out of six pollutant parameters compared with non-contract farms.

4.2. Water quality analysis results at pig farms

* Surface water

The results of surface water quality analysis around contract and non-contract pig farms are presented in

Tables 5 and 6, respectively.

Table 5. Results of surface water quality analysis around contract pig farms

Percentage of | Percentage of samples not
X +SD ZQOCZE/NOS‘ samples not meeting | meeting QCVN08-2023
Parametter QCVNO08-2023 (%) | Column B
Column D Ral
Dry season Rainy season | B v amny Difference | P-Value
season season
pH 7.87+£0.60 | 8.0+0.63 6.0-8.5 13.33 23.33 58 0.425169196
DO (mg/L) 6352094 |6.14+0.66 |>4 6.67 3.33 52 0.326453319
BOD;s (mg/L) | 39 + 25 27+ 15 <6 96.67 100 47 0.029494961
COD (mg/L) | 61 +39 44 + 24 <15 96.67 96.67 48™* 0.048009586
0.545 + | 0.894 +
NH," (mg/L) 0.968 1.575 <0.3 33.33 26.67 48 0.305797531
0.133 +|0.141 +
NOj; (mg/L) 0.379 0.260 <0.05 26.67 36.67 51 0.927483447
0.300 +]0.126 +
PO,” (mg/L) 0.615 0.124 <0.2 33.33 23.33 31 0.139493995
TSS (mg/L) 38+ 12 47 +14.3 <100 0 0 57 0.013161409
Eﬁjﬁ;ﬁomu ;;ég F12,270£398 | <5000 | 26.67 0 31 0.000124644

Note: (*), (**), (***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively. QCVN
08:2023 - Column B: National Technical Regulation on Surface Water Quality - Column B (water quality

ensuring aquatic life support).
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Table 6. Results of surface water quality around non-contract pig farms

Percentage of
samples not
X +SD CZQOCZZ;/NO& meeting Percentage of samples not
Parametter QCVNO08-2023 meeting QCVNO08-2023
Column S
B (%) . Column B
Dry season Rainy season Dry Rainy Difference | P-Value
season | season
pH 792 +0.87 | 8.0+0.88 6.0-8.5 23.81 26.19 82 0.706609501
DO (mg/L) 597+1.16 |6.18£1.05 >4 0 2.38 81 0.392402377
BOD;s (mg/L) | 33 + 35 2112 <6 100 97.62 50* 0.050888911
COD (mg/L) | 51 £52 37+ 19 <15 90.47 83.33 52* 0.099678006
0.700 *
NH," (mg/L) 0.973 0.644 £ 1.217 | <03 50 26.19 78 0.817263379
0.051 *
NO; (mg/L) 0.071 0.101 +0.249 | <0.05 26.19 30.95 48 0.220519484
0.316 *
PO,* (mg/L) 0.671 0.128 £0.182 | <0.2 40.48 16.67 41*** 0.007733
TSS (mg/L) 39 +10 51+22 <100 0 2.38 417 4.78702E-18
(CI\/CI)glf\(]);anOmL) 5060 + 6383 | 2286 + 525 <5000 28.57 0 42%** 0.007550234

Note: (*), (**), (***) Note: (*), (**), (***) indicate statistical significance at the 10%, 5%, and 1% levels,
respectively.

QCVNO08:2023- Column B: National Technical Standard for Surface Water Quality - Column B: Water
Quality Ensuring Aquatic Life Support

Tables 5 and 6 show that surface water pH averaged 7.87 in the dry season and 8.0 in the rainy season around
contract farms, while corresponding values in non-contract farm areas were 7.92 and 8.0, respectively. Average
BODs concentrations were 39 mg/L and 33 mg/L in the dry season and 27 mg/L and 21 mg/L in the rainy
season for contract and non-contract farm areas, respectively. During the dry season, mean concentrations in
contract versus non-contract areas were 61 mg/L and 51 mg/L for COD; 0.554 mg/L and 0.700 mg/L for
NH,*; 0.133 mg/L and 0.051 mg/L for NO,7; 0.300 mg/L and 0.316 mg/L for PO,>7; 38 mg/L and 39
mg/L for TSS; and 4,110 and 5,060 MPN/100 mL for Coliform. In the rainy season, the respective
concentrations were 44 mg/L and 37 mg/L for COD; 0.894 mg/L and 0.644 mg/L for NH,*; 0.141 mg/L
and 0.101 mg/L for NO,7; 0.126 mg/L and 0.128 mg/L for PO437; 47 mg/L and 51 mg/L for TSS; and
2,270 and 2,286 MPN/100 mL for Coliform. Overall, pollutant concentrations in surface water tended to
be higher in the dry season than in the rainy season in both farm types, except for NO,~. Statistically
significant seasonal differences were observed for BODs, COD, PO,43~, TSS, and Coliform in both contract
and non-contract farm areas.

* Groundwater

The results of groundwater quality analysis in contract and non-contract pig farming areas are presented in

Table 7.

Table 7: Results of groundwater quality in contract and non-contract pig farming areas within the study area

Contract Pig Farm (n = 70) Non-Contract Pig Farm (n=30)
Parameters ; ;
Dry season Rainy Difference | P-Value | Dry season Rainy difference | P-Value
season season
6.54 + | 6.62 + 6.47 +
0.54 0.39 126 0.318407 | 6.02 £0.33 | 0.44 54*** 2.79852E-05
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EC (mV) 264 +208 | 188+ 154 | 127** 0.014998 | 136 + 79 130 £ 110 | 53 0.810512461
0.31 +10.29 + 0.55 +

NH, (mg/L) | 0.14 0.14 138 0.487805 | 0.58 +0.50 | 0.49 58 0.991074822
0.29 +10.21 + 0.12 +

NO; (mg/L) | 0.37 0.22 113 0.143611 | 0.12 +0.28 | 0.16 47 0.948779239

Note: n = number of sampled farms; (*), (**), (***) indicate statistical significance at the 10%, 5%, and 1%
levels, respectively.

Table 7 shows that the average pH of groundwater was 6.54 and 6.62 in the dry and rainy seasons, respectively,
at contract farms, and 6.02 and 6.47, respectively, at non-contract farms. Electrical conductivity (EC) was 264
mV and 188 mV during the dry and rainy seasons at contract farms, compared with 136 mV and 130 mV,
respectively, at non-contract farms. Inorganic nitrogen in groundwater primarily existed in the form of NH,*,
with average concentrations of 0.31 mg/L and 0.58 mg/L in the dry season and 0.29 mg/L and 0.55 mg/L
in the rainy season at contract and non-contract farms, respectively. The average NO3~ concentration was
low, reaching 0.29 mg/L in the dry season and 0.37 mg/L in the rainy season at contract farms, compared
with 0.12 mg/L in both seasons at non-contract farms. Overall, inorganic nitrogen concentrations in
groundwater showed no statistically significant differences between contract and non-contract farms. Seasonal
variations were minor, with slightly higher concentrations in the dry season than in the rainy season, but the
differences were not significant.

5. DISCUSSION

5.1 Sources of waste

Solid and liquid waste from pig farms primarily consists of manure, urine, and pen wash water. These wastes
are often mixed, forming a highly polluted waste stream. As shown in Table 4, pig farm wastewater contains
large amounts of easily degradable organic matter, nitrogen, phosphorus, harmful microorganisms, and
suspended solids. Consequently, pig farm wastewater is a major potential source of pollution, with serious
impacts on surrounding surface water and groundwater (Ho Thi Lam Tra et al.,, 2016 [25]; Cao et al,,
2021[26]). Survey results revealed that both contract and non-contract farms employ similar waste treatment
systems, with biogas digesters as the central technology, supplemented by waste separation, composting, direct
application or sale of solid manure, and biological ponds, lakes, or ditches. Although these systems
significantly reduce pollutant concentrations in effluent, the effluent quality still fails to comply with QCVN
62:2025/BNNMT.

Although contract farms demonstrated better treatment efficiency (with lower pollutant concentrations in
effluent), this advantage does not offset the impacts of the larger waste volumes generated. In fact, despite
more advanced treatment, effluents from contract farms still fail to meet regulatory requirements,
contributing to severe environmental pollution in surrounding surface water bodies (Hoa et al., 2024) [27].
Moreover, surface water pollution can increase the risk of groundwater contamination through infiltration
and percolation, particularly of nitrogen compounds, which enhances groundwater pollution risks.
Therefore, strict control of manure and wastewater generation at pig farms is essential to mitigate adverse
impacts on the environment, especially water environment.

5.2 Assessment of the impact of pig farms on the water environment

* Surface water quality

Comparison with QCVNO08:2023/BTNMT: According to QCVN 08:2023/BTNMT, the threshold values
for surface water quality parameters are as follows: pH from 6.0 to 8.5, DO > 4 mg/L, BODs < 6 mg/L, COD
<15 mg/L, NH,* < 0.3 mg/L, NO,™ < 0.05 mg/L, PO,3>” < 0.2 mg/L, TSS < 100 mg/L, and Coliform <
5,000 MPN/100 mL. Comparison of surface water analysis results in contract farm areas (Table 5) and non-
contract areas (Table 6) indicates that surface water in both systems was severely polluted. Average
concentrations of BODg, COD, NH,*, and NO,~ frequently exceeded permissible thresholds during both
rainy and dry seasons. In contract farm areas, exceedance rates were: pH (13.33% and 23.33%), DO (6.67%
and 3.33%), BODs (96.67% and 100%), NH," (33.33% and 26.67%), NO2™ (26.67% and 36.67%), PO43~
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(33.33% and 23.33%), and Coliform (26.67% and 0%) in the dry and rainy seasons, respectively (Table 5).
The highest and most frequent exceedances occurred for BOD35 and COD, with rates above 90%. Overall,
exceedance rates were higher in the dry season than in the rainy season. Similarly, in non-contract farm areas,
exceedance rates were also very high: BODg (100% and 97.62%), COD (90.47% and 83.33%), NH,* (50%
and 26.19%), NO;~ (26.19% and 30.95%), PO,3~ (40.48% and 16.67%), and Coliform (28.87% and 0%)
in the dry and rainy seasons, respectively. Again, exceedance frequencies were consistently higher in the dry
season. These findings align with reported evidence of water pollution in pig farming areas in Vietnam (Ho
Thi Lam Tra et al., 20165 Cao et al., 2021; Hoa et al., 2024) [25, 26, 27].

Comprehensive Water Pollution Index - CPI: The calculated CPI values for surface water around contract
and non-contract pig farms are presented in Table 8. In the dry season, CPI values were 2.53 and 2.18, while
in the rainy season they were 2.11 and 1.69 for contract and non-contract farms, respectively. These values
classify surface water in contract farm areas as heavily polluted in both seasons, while non-contract farm areas
ranged from moderately to heavily polluted. No clean or fairly clean water quality was observed in either
system. In contract farm areas, heavy pollution accounted for 56.67% and 40.00% of sites in the dry and
rainy seasons, followed by moderate pollution (36.67% and 36.67%) and light pollution (6.67% and
23.33%). In non-contract areas, moderate pollution dominated (46.67% and 44.44%), followed by heavy
pollution (35.56% and 20.00%) and light pollution (11.11% and 28.89%) in the dry and rainy seasons,
respectively.

Thus, CPI results confirm that surface water in both contract and non-contract pig farming areas was severely
affected, with pollution levels consistently higher in the dry season. These findings are consistent with
comparisons of surface water pollutant concentrations against QCVN 08:2023/BTNMT.

Table 8. Calculation results of the CPI index of surface water at pig farms in the study area

Constract Pig-farm Non Constract Pig-farm
CPI Water polluted | Dry season Rainy season Dry season Rainy season
level Ratio Ratio Ratio Ratio
Number (%) Number %) Number %) Number %)
<0.2 Clean 0 0 0 0 0 0 0 0
0.2-0.4 | Sub clean 0 0 0 0 0 0 0 0
0.4-1.0 | Slightly polluted | 2 6.67 |7 2333 |5 11.11 13 28.89
Medium
1.0-2.0 | polluted 11 3667 | 11 3667 | 2 46.67 | 20 444
>2.0 Heavily polluted | 17 56.67 | 12 40.00 | 16 35.56 9 20.00
Mean of CPI Value + SD | 2.53 + 1.43 2.11 £ 1.61 2.18 £ 1.53 1.69 + 1.26

* Groundwater quality

Comparison with QCVN 09:2023/BTNMT: According to QCVN 09:2023/BTNMT - Vietnam’s National
Technical Regulation on Groundwater Quality, the permissible thresholds are pH = 6.0-8.5, NH,* = 1.0
mg/L, and NO3™ = 15 mg/L. Comparison of analytical results from contract and non-contract pig farms with
these thresholds indicates that pollutant concentrations remained below the permissible limits. This suggests
that groundwater quality at both contract and non-contract farms is still good and has not been significantly
affected.

CPI index in groundwater: Results of the groundwater CPI index (Table 9) show that groundwater quality in
both contract and non-contract farming areas was classified as clean or very clean in both seasons. In contract
farm areas, clean water accounted for the highest proportion (27.86% and 84.29%), followed by fairly clean
water (27.14% and 15.71%) in the dry and rainy seasons, respectively. In non-contract areas, clean water
accounted for 50.00% and 100.00% of samples, while fairly clean water accounted for 13.33% and 0%, and
slightly polluted water accounted for 36.67% and 0% in the dry and rainy seasons, respectively.

Thus, groundwater quality in pig farming areas showed little evidence of pollution. Only a few non-contract
farms exhibited slight pollution by NH," in the dry season (36.67%).
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Table 9: Calculation results of the CPI index of groundwater contract and non-contract pig farms in the study
area

Contract Pig Farm Non-Contract Pig Farm
CPI Water pollution | Dry season Rainy season Dry season Rainy season
level Ratio Percentage Ratio Ratio
Number (%) Number %) Number (%) Number %)
&lt; 0.2 Clean 51 72.86 | 59 84.29 15 50.00 30 100
0.2-0.4 | Sub clean 19 27.14 | 11 15.71 4 13.33 0 0
0.4-1.0 | Slightly polluted |0 0 0 0 11 36.67 0 0
Moderately
1.0-2.0 | polluted 0 0 0 0 0 0 0 0
&gt;2.0 Heavily polluted | 0 0 0 0 0 0 0 0
Mean CPI Value + SD 0.16 + 0.07*** 0.15 + 0.07*** 0.30 + 0.25*** 1.69 + 1.26***

Note: (*), (**), (***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively

By comparing water quality analyses and CPI index results, it can be concluded that pig farms, whether
contract or non-contract, exert significant impacts on surface water quality, causing substantial pollution. In
contrast, the impact on groundwater was less evident, as only a small proportion of non-contract farms
(36.67%) exhibited slightly polluted groundwater during the dry season. Overall, the impact of pig farms on
the water environment was markedly greater in the dry season than in the rainy season.

5.3. Comparison of the impact on the water environment between contract and non-contract pig farms

* Impact on surface water

Both the comparison of surface water quality against QCVN 08:2023/BTNMT and the CPI results indicate
that pollution levels in surface water surrounding contract farms were higher than those around non-contract
farms (Figure 4). This finding appears to contradict the initial assumption that waste management at contract
farms is better financed, prioritized, and implemented than at non-contract farms (Huong et al., 2020) [12].
In this study, analysis of effluent from livestock farms confirmed that treatment efficiency was indeed higher
at contract farms than at non-contract farms (Table 4). Moreover, contract farms had larger areas, allowing
more space for environmental treatment facilities (Table 3). However, the overall assessment showed that
contract farms exerted a significantly greater impact on surface water quality than non-contract farms. The
primary reason is scale: contract farms typically raise 3.14 times more pigs per farm. A larger herd size leads
to a greater volume of waste, meaning that average waste discharge per contract farm is approximately three
times that of a non-contract farm. Furthermore, although treatment efficiency was higher, pollutant
concentrations in effluent from contract farms still failed to meet QCVN 62:2025/BNNMT requirements,
with 100% of surveyed farms exceeding at least one parameter (Table 4). Therefore, it is evident that contract
pig farms negatively affect the surrounding water environment and cause more severe pollution than non-
contract farms, which reflects the current situation in the study area.
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Figure 4. Comparison of major pollutant concentrations in surface water surrounding contract and non-
contract pig farms
* Impact on groundwater

Groundwater pollution in pig farming areas, particularly contamination by inorganic nitrogen, has been
widely documented by both domestic and international researchers (Tra et al., 2010 [8]; Ho Thi Lam Tra et
al.,, 2016 [20]). This is primarily due to pig manure and wastewater containing large amounts of easily
degradable nitrogen compounds, which can infiltrate soil layers, reach aquifers, and cause groundwater
pollution. However, analysis of groundwater samples from the 100 surveyed farms, together with CPI index
results, indicates that groundwater quality in the study area remains generally good. In contract farming areas,
all groundwater samples were classified as clean or fairly clean during both rainy and dry seasons. Average
concentrations of pollutants were also below the limits specified by QCVN 09:2023/BTNMT. These results
suggest that contract farms have not significantly affected groundwater quality. In contrast, at non-contract
farms, although mean pollutant concentrations also remained below permissible thresholds, some farms
exhibited NH," contamination during the dry season. Specifically, 36.67% of non-contract farms were
classified as having slightly polluted groundwater. In other words, the impact on groundwater quality was
more evident in non-contract farms than in contract farms, highlighting the need for closer monitoring and
management.

6. CONCLUSION

This study has shown that contract pig-farms are having a major impact on the quality of surrounding surface
water when the concentrations of pollutants such as BODs, COD, NH,", NO,, PO,” are all much higher than
QCVNO08:2023 - National technical regulation on surface water quality of Vietnam. At the same time, the
CPl index in surface water is always high with 56.67% and 40% of farms classified as heavily polluted; 36.67%
and 36.67% classified as moderately polluted and 6.67% - 23.23% as lightly polluted in the dry and rainy
seasons, respectively. The impact level of contract pig-farms was higher than that of non-contract pig-farms
used as controls in this study. The main reason is that the scale of pig-farms with contracts is 3.14 times higher
than that of pig-farms without contracts, so the source of waste generated into the environment is larger.
Although the waste treatment efficiency of contracted pig farms was better than that of non-contracted pig
farms (average concentrations of pollutants in the effluent were lower than that of non-contracted farms). For
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groundwater, the impact of contracted pig farms is insignificant when the concentrations of surveyed
pollutants (NH," and NOj3) are all below the allowable threshold of QCVN09-2023/BTNMT - National
technical regulation on groundwater quality of Vietnam. On the other hand, the CPI index in groundwater
of contracted farms is always low, within the clean water level (72.86% in the dry season and 84.29 in the
rainy season) and quite clean (27.14% in the dry season and 15.71 in the rainy season).

The study also showed that surface water quality in both contract and non-contract pig-farm areas was
seriously polluted. The reason is that the current waste treatment system of pig farms is not guaranteed, 100%
of the output wastewater samples of the farms do not meet QCVN62-MT:2025 - National technical regulation
on livestock wastewater of Vietnam. Therefore, to address this reality, the Vietnamese Government needs to
soon take measures to more effectively control waste sources generated from pig farms as follows: Convert
pig farms to waste recycling farms to minimize waste generation into the environment; Promote the
application of highly efficient livestock waste treatment technologies; and ilncrease the effectiveness of
pollution control through economic measures such as environmental fees and carbon taxes on pig farms.
Although this study has shown the impact of contract pig-farms on water quality (surface water and
groundwater), the study has not yet analyzed in depth the factors that create differences in the impact of these
types of pig-farms compared to non-contract pig-farms. No specific solutions have been proposed to minimize
the impact of contract pig farms on water quality. This is a limitation that needs to be focused on and resolved
in the coming time.
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