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Introduction
Agricultural activities make an important contribution to the 
livelihoods of households in developing countries. Utilization 
of wastewater is common in agriculture and aquaculture,1 
though contact with wastewater from livestock farms, com-
munities, and agricultural fields can pose a risk to human and 
animal health.2-6 Potential health risks derive from the pres-
ence of harmful bacteria and antimicrobial residues in the 
wastewater, which can result in infection and promote antimi-
crobial resistance.

The use of antibiotics in agriculture is known to be a major 
driver behind increased resistance profiles in bacteria,7,8 and 
untreated livestock waste is a source of antibiotic pollution in 
the environment. The level of the antibiotic residues in the 
environment as a result of wastewater varies upon the source 

from which it is discharged. However, antibiotic pollution and 
antimicrobial use in food animals often lacks regulation.7 As 
livestock production intensifies, there are mounting challenges 
to managing livestock waste discharged into the environment, 
particularly from pig husbandry. As such, livestock wastewater 
management is becoming a major concern for both public and 
environmental health, and is of particular concern in develop-
ing countries where water treatment infrastructure is less 
established.9

In Vietnam, animal husbandry is the fastest growing field 
within the agricultural sector,10 leading to large accumulation 
of animal waste in communities. Farmers and their surround-
ing communities are in regular contact with wastewater from 
both livestock and households. At the community level, waste 
treatment systems are often underdeveloped or lack proper 
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management, so livestock waste and sewage are not adequately 
treated. For instance, biogas systems and composting have been 
applied to treat livestock manure and waste in some areas. 
However, many of these systems are limited in functionality or 
are poorly operated.3,11 Therefore, the potential for release of 
harmful pathogens and substances remains.

Like other countries in the South East Asian region, 
Vietnam has a relatively high prevalence of preventable and 
emerging infectious diseases.12 An epidemiological study in 
Vietnam showed that close contact with wastewater was asso-
ciated with increased risk of diarrheal disease in adults.13 The 
most common infectious disease is diarrhea, which is predomi-
nantly caused by Salmonella spp., Escherichia coli, Giardia lam-
blia, and Cryptosporidium parvum.3,4 A known source of these 
harmful pathogens is untreated wastewater from drainage, 
ponds, or agricultural fields.

The presence of antibiotics in livestock wastewater generates 
resistance to the drugs in commensal and environmental bacte-
ria, which can reduce effectiveness of the drug to treat humans 
and animals. However, little is known about how antibiotic resi-
dues and pathogens in wastewater flow from pig farms and affect 
agricultural fields. In addition, there is little knowledge around 
the practices and knowledge of Vietnamese farmers with regards 
to antibiotics and wastewater use in agriculture and aquaculture. 
The objective of this study was to quantify the level of antibiotic 
residues and pathogen contamination present in wastewater that 
travelled from pig farms to agricultural fields. In addition, this 
study explores farmers’ knowledge and practices on antibiotic 
and wastewater use and management.

Materials and methods
Study site
The location of the study, Hoang Tay commune (Kim Bang 
district, Ha Nam province), has characteristics typical of the 
geographic regions spanning the Red River delta and Nhue 
River (Figure 1). Hoang Tay has about 485 ha of total natural 
land area, of which approximately 334 ha (68.8%) is agricul-
tural land. In 2015, there were 1862 households holding 5325 
inhabitants in Hoang Tay commune. Agriculture is widely 
practiced in the commune, with the percentage of households 
engaged in the agricultural industry estimated at 81 percent.14 
Hoang Tay is a growing peri-urban area close to urban markets, 
though socioeconomic conditions are generally low.

In 2015, Hoang Tay was ranked as a commune with one of 
the highest rates of pig production in Kim Bang district. As in 
wider Vietnam, smallholder pig farms in Hoang Tay are estab-
lished alongside homes, with modest pig pens constructed to 
keep a low number of fattening pigs or sows (typically less than 
50 pigs or five sows). As such, most pig farms (88.8%) are 
located within the human residential areas.14 Farmers in Hoang 
Tay usually utilize manure and household livestock wastes for 
agricultural and aqua-cultural producing activities, such as irri-
gation of vegetables and rice, or feeding fish.

Study design and scope
This cross-sectional study was conducted between June and 
August 2015. The study scope included a quantitative survey of 
households, as well as wastewater sampling for biological and 

Figure 1.  Study site of Hoang Tay commune, Kim Bang district, Ha Nam Province.
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antibiotic residue analyses. The study also examined pig farms 
in proximity to communal and wider agricultural areas in 
Hoang Tay commune. Wastewater flow from pig pens outlets, 
household outlets, communal drainages, and agricultural fields 
were targeted for the study.

Household survey and sample size

A household survey was carried out using a structured question-
naire, which was developed by the research team. The question-
naire was piloted to finalize form and contents prior to collecting 
data used in the final study. The questionnaire collected informa-
tion regarding: (i) farmer demographics, (ii) livestock and farm 
management, (iii) livestock waste use on farms, (iv) knowledge on 
antibiotics (v) attitudes towards the use of antibiotics in livestock 
production, and (vi) practices regarding antibiotic use in pig rais-
ing. Respondents were those who were primarily responsible for 
farming activities from each household approached.

The required number of participating households was cal-
culated based on the determination of a single proportion, as 
per the below formula. The average proportion of households 
using antibiotics for disease prevention on pig farms (P) was 
10.9 percent.15 The precision estimate (d) was set at 5%, confi-
dent interval of 95%, Z value = 1.96, and the design effect of 
the survey was set at 1.2. The total number of households 
interviewed was 180.

N p p d   = −( )( )1 96 12 2. * * /

Sample collection

Following the survey of 180 households, a subset of 24 pig 
farms were selected for sampling based on the farms’ locations 
in different villages and their wastewater discharge flow within 
villages, residential areas, and agricultural fields. The selected 
farms were also identified based on connections between farms, 
drainage areas, and agricultural fields in Hoang Tay commune. 
From each selected farm, four sampling points were identified 
to get a total number of 96 wastewater samples (Figure 2).

Wastewater sampling was conducted following the guidelines 
for wastewater sampling techniques according to Vietnamese 
standards, TCVN 6663-10. Approximately 1 L of wastewater was 
taken to be shared across three separate sterile bottles using disin-
fected stainless steel dippers. Pond or canal water samples were 
taken at approximately 20 cm below the water’s surface. Bottles were 
then labelled with sample type, code, and location. These samples 
were used to test for presence and concentration of bacteria 
(Salmonella spp. and E. coli), protozoa (C. parvum and G. lamblia), 
and antibiotic residues. Fluoroquinolone and sulfonamide antibiotic 
groups were selected for analysis as these are commonly used in live-
stock, residues have recently been found in pork meat,16 and they are 
important for public health. All samples were kept in cool box 
(2-8°C) for transport to laboratories and tested on the same day.

Laboratory analysis

Antibiotic residue analysis: Two antibiotic groups selected for 
testing were fluoroquinolones and sulfonamides. The antibiotic 

Figure 2.  Wastewater discharge flow from pig farms and sampling sites.
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residue test was conducted at the Laboratory of the Center for 
Veterinary Hygiene and Inspection No.1 (Hanoi, Vietnam). 
Samples were first analyzed using the enzyme-linked immuno-
sorbent assay (ELISA, BIOOSCIENTIFIC, MaxSignalTM) 
method. Positive samples from ELISA screenings were quanti-
tatively assessed using liquid chromatography–mass spectrom-
etry/mass spectrometry (LCMSMS, following AOAC 
2007.01) for specific antibiotics. Detection limits and proce-
dure of the analytical method and for each specific antibiotic 
group were also reported by Tuyet-Hanh et al.16 Due to limited 
resources, one of every two constitute samples was randomly 
selected to analyze antibiotic residues. Therefore, only 48 out of 
96 samples were used to carry out these analyses.

Microbiology analysis: Microbiological analysis was performed 
by the National Institute of Veterinary Research, Vietnam. 
Depending on the wastewater sample types, wastewater samples 
were prepared at appropriate tenfold dilutions (such as 10–1, 10–2, 
etc.) using sterile Peptone Water (Merck, Darmstadt, Germany). 
Brilliance E. coli/coliform Selective Agar (CM1046, Oxoid) was 
then used to isolate and enumerate E. coli from wastewater sam-
ples. The surface of the agar plates was dried before pipetting 
0.1 ml of the prepared sample onto each plate and spread over the 
surface with a sterile spreader. The plates were then incubated for 
24 hours at 37°C. The growth of dark purple to indigo blue colo-
nies on agar plates indicated presence of E. coli. Isolation and 
enumeration of E. coli procedure was followed, as described by 
Le-Thi et al.3 According to Vietnamese standards for livestock 
wastewater,17 when the concentration of E. coli in a sample was 
above 5000 CFU/100 ml, the sample was considered positive.

Salmonella spp. detection was carried out according to the 
ISO 6579:2002. The wastewater samples were diluted 1:10 in 
buffered peptone water medium (Merck, Darmstadt, Germany). 
Then, first and second selective enrichment was consequently 
incubated in MSRV (Merck, Darmstadt, Germany) agar and 
MKTTn broth (Merck, Darmstadt, Germany), then in XLT 
(Merck, Darmstadt, Germany) and Rambach (Merck, 
Darmstadt, Germany) agar, respectively. Biochemical confir-
mation of Salmonella was done by selecting typical Salmonella 
colonies from both XLT and Rambach agar plates to test for 
Lactose, Indol, Lysine, H2S, and Urease phenotypes, etc. 

Another one to two colonies were inoculated onto Nutrient 
Agar (NA; Merck, Germany) to grow Salmonella for serologi-
cal confirmation, using Antiserum Salmonella Polyvalent-O 
(Bio-Rad, France). Both biochemical and serological tests were 
performed as described previously by Dang-Xuan.18

G. lamblia and C. parvum were detected and quantified using 
immunofluorescent kits Crypto/Giardia CEL; Cellabs Pty Ltd, 
Australia, which were used in accordance with manufacturers’ 
instructions. Testing procedure was described previously by 
Le-Thi.3 These tests were done at the National Institute for 
Hygiene and Epidemiology (Hanoi, Vietnam). Sample types and 
number of collected and tested samples was shown in Table 1.

Data analysis

Data obtained from the questionnaire and laboratory tests was 
encoded and entered using EpiInfo 6.0 (USA cop.) with qual-
ity checks to ensure accuracy. The data was then exported to 
.csv files and R software (R core Team, 2015)19 was used for 
analysis. Frequency tables were used to describe tendencies, 
and cross tabulations were used to compare sub-groups. 
Descriptive statistics were used to gain statistically significant 
(P ⩽ .05) conclusions from the data.

Ethical clearance

This study received ethical clearance from the Institutional 
Review Board of Hanoi University of Public Health, No. 
041/2013/YTCC-HD3, with collaboration document No. 
3774/BNN-HTQT-2015 allowing collaboration between the 
Ministry of Agriculture and Rural Development and the local 
authority in Ha Nam province in 2015.

Results
General information of surveyed households

A total of 180 households were recruited in the study; no respond-
ents refused the interview. Households involved in the study had 
an average of four members (R: 1-8). The majority of respond-
ents were female (57.2%) and were an average of 52 years old (R: 
20-84). Most respondents (83.9%) had an education at or below 

Table 1.  Sample types and number of collected samples and laboratory tests.

Sample type Salmonella  
(yes/no, MPN/100 ml)

E. coli (yes/no, 
logCFU/100 ml)

G. lamblia (yes/
no, cyst/100 ml)

C. parvum (yes/no, 
cyst/100 ml)

Fluoroquinolone/ 
Sulfonamide*

Pig pen outlet 24 24 24 24 12

Household wastewater 
outlet

24 24 24 24 12

Communal drainage 24 24 24 24 12

Agricultural field 24 24 24 24 12

Total 96 96 96 96 48

*Screening first by ELISA (yes/no), ELISA positive samples were confirmed by LSMSMS.
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secondary school levels. Levels of education did not significantly 
differ between males and females enrolled in the study.

In this study, 146 out of 180 households surveyed (81.1%) 
were involved livestock activities. Most of the households 
breeding or raising livestock primarily produced pigs (120/146, 
82.2%), with other households raising livestock including 
chicken, cattle, and ducks. Livestock farming was the highest 
reported primary occupation amongst respondents (40%), fol-
lowed by paddy farming (22.8%). Among households produc-
ing pigs, most of the households (94.2%) kept sows to breed 
piglets for sale or fattening. The average number of pigs per 
household was 8 (R: 1-130), though this was a mixture of sows, 
piglets, and fattening pigs.

Antibiotic residue in wastewater from pig farms to 
community

Of the 48 water samples tested for antibiotic residues, three 
(3/48, 6.3%) were positive for fluoroquinolones and eleven 
(11/48, 22.9%) were positive for sulfonamides. Fluoroquinolones 
were found in household wastewater outlets (2/12, 16.7%), 
communal drainage (2/12, 16.7%) and agricultural field (7/12, 
58.3%) samples. However, none of these samples were above 
level of detection (LOD: 5 μg/l) for fluoroquinolones in confir-
mation analysis. There was 27.8 µg/L sulfamethazine (a sub-
group of sulfonamides) residues detected in household 
wastewater and 14.6 µg/L in agricultural field samples. As 
such, sulfonamides were detected at a higher rate than fluoro-
quinolones, however there was no sample that tested positive 
for both antibiotic groups (Table 2).

Microbial prevalence in wastewater flow

E. coli was detected in most samples, with all samples collected 
from pig pens, household wastewater outlets and communal drain-
age areas testing positive. A further 95.8% of samples collected 
from agricultural fields tested positive for E. coli. Positive samples 
exceeded regulatory standards for E. coli concentration in treated 
wastewater (<5000 CFU/100 ml). The prevalence of Salmonella 
spp. was also relatively high, with 41.7% of pig pen, 45.8% of 
household wastewater outlet, 79.2% of communal drainage area, 
and 62.5% of agricultural field samples testing positive. G. lamblia 
was detected in 12.5% of pig pen and communal drainage samples, 
as well as 4.2% of household wastewater outlets and agricultural 
field samples. C. parvum was detected in 12.5% of agricultural 
fields, 4.2% of pig pens and communal drainage areas, and was not 
detected in samples from household outlets (Figure 3).

Microbial concentration in wastewater flow from 
smallholder pig farms

Concentration of Salmonella spp., E. coli, G. lamblia and C. par-
vum in wastewater samples is shown in Table 3. The area with 
the highest prevalence of Salmonella was community drainage Ta

b
le

 2
. 

P
re

va
le

nc
e 

an
d 

le
ve

l o
f fl

uo
ro

qu
in

ol
on

e 
an

d 
su

lfo
na

m
id

e 
re

si
du

es
 in

 w
as

te
w

at
er

 s
am

pl
es

.

S
ample





 t

y
pe


S

c
r

ee


n
in

g
 r

es


u
lt

 b
y

 E
LI

S
A

  

(N
o

. positive








 (
%

))

C
o

n
fi

r
m

at
io

n
 t

es


t 
b

y
 L

S
M

S
M

S
 (

mean





 (
μg

/l
))

F
louroquinolones

















S

ulfonamides













F
louroquinolones

















S

ulfonamides












E

n
r

o
f

lo
r

x
a

c
in

e
N

o
r

f
lo

r
x

a
c

in
e

F
lu

m
e

q
u

in
e

S
u

lf
a

m
e

th
a

z
in

e
S

u
lf

a
di

a
z

in
e

S
u

lf
a

q
u

in
o

x
a

li
n

e

P
ig

 p
en

 o
ut

le
t (

n 
=

 1
2)

0 
(0

)
0 

(0
)

na
na

na
na

na
na

H
ou

se
ho

ld
 w

as
te

w
at

er
 o

ut
le

t (
n 

=
 1

2)
2 

(1
6.

7)
2 

(1
6.

7)
–*

*
–

–
27

.8
–

–

C
om

m
un

al
 d

ra
in

ag
e 

(n
 =

 1
2)

0 
(0

)
2 

(1
6.

7)
na

na
na

–
–

–

A
gr

ic
ul

tu
ra

l fi
el

d 
(n

 =
 1

2)
1 

(8
.3

)
7 

(5
8.

3)
*

–
–

–
14

.6
–

–

N
ot

e:
 (

*)
 n

ot
 s

ig
ni

fic
an

t d
iff

er
en

ce
 (

P
 =

 .0
9,

 F
is

he
r 

ex
ac

t t
es

t)
; n

a:
 n

ot
 a

va
ila

bl
e;

 (
**

) 
be

lo
w

 le
ve

l o
f d

et
ec

tio
n 

(L
O

D
: <

5 
μg

/l 
fo

r 
flo

ur
oq

ui
no

lo
ne

s 
an

d 
<

 1
0 
μg

/l 
fo

r 
su

lfo
na

m
id

es
).



6	 Environmental Health Insights ﻿

100 100 100
95.8

41.7
45.8

79.2

62.5

12.5
4.2

12.5
4.24.2

0
4.2

12.5

0

20

40

60

80

100

Pig pen outlet Household outlet Communal drainage Agricultural field

Pe
rc

en
ta

ge

E. coli Salmonella spp. G. lamblia C. parvum

Figure 3.  Prevalence of E. coli, Salmonella spp., G. lamblia and C. parvum in wastewater samples.

Table 3.  Concentration of E. coli, Salmonella spp., G. lamblia and C. parvum in wastewater samples.

Pathogens and locations Mean SD Min Max P-value

E. coli (LogCFU/100 ml)

Pig pen outlet 7.7 0.9 5.0 8.7 Ref

Household outlet 7.1 0.8 5.0 8.7 .03

Communal drainages 7.1 1.0 5.4 9.3 .03

Agricultural field 5.0 0.9 3.0 6.3 <.01

Salmonella spp. (MPN/100 ml)

Pig pen outlet 2497 4540 30 11000 Ref

Household outlet 164 263 30 930 .10

Communal drainages 1441 1966 30 4600 .52

Agricultural field 379 822 30 2400 .09

G. lamblia (Cyst/100 ml)

Pig pen outlet 136 229 4 400 NA

Household outlet 28 0 0 28 NA

Communal drainages 5.3 2.3 4 8 NA

Agricultural field 12 0 0 12 NA

C. parvum (Cyst/100 ml)

Pig pen outlet 32 0 0 32 NA

Household outlet 0 0 0 0 NA

Communal drainages 8 0 0 8 NA

Agricultural field 9.3 2.3 8 12 NA

Abbreviations: *SD, standard deviation; MPN, Most probable number; CFU, colony forming unit.
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areas, with the lowest concentrations found in household out-
lets. Concentration of G. lamblia and C. parvum were found 
highest in pig pen outlet samples, average of 85 and 7 cyst/100 ml, 
respectively.

Knowledge on animal feed, antibiotics, and 
livestock waste use at farms

The rate of smallholder farmers who indicated they knew anti-
biotics are present in commercial feed was 17.8 percent. Nearly 
half of farmers (47.2%) did not know about the presence of 
antibiotics in commercial feed. Responses showed that most 
participants (77.8%) knew antibiotics were used to treat and 
prevent pig disease. However, approximately 20% of respond-
ents did not report to know of any advantages in using antibi-
otics. Further, approximately 32% did not report to know any 
disadvantages of antibiotic use (Table 4).

Attitude towards the use of antibiotics in livestock 
production

Almost two-thirds of respondents (63%) agreed that mixing 
feed with antibiotics would help to prevent diseases. Of those 
participants, about 24% thought that using the appropriate 
type and dosage of drugs might not be enough to prevent dis-
ease in their herds. Seventy percent (70%) of respondents 
agreed that using antibiotics while raising pigs can affect 
humans. Approximately 69% of surveyed households self-
reported that waste treatment in their family was reasonable, 
though data on actual practices was not captured. The vast 
majority (91%) agreed that livestock waste must be treated 
before being discharged into the environment. Regarding 
health risk, 77% of respondents reported that the reuse of live-
stock waste for agricultural activities might cause risks to 
human health, and almost all participants (96.6%) agreed that 
people may suffer from health problems when they are fre-
quently exposed to improperly treated animal waste (Figure 4).

Practices with regards to using antibiotic at 
smallholder pig farm

Of 120 households raising pigs, 101 households (84.2%) 
reporting administering antibiotics to pigs. Responses indicate 
that reasons behind antibiotic use were the treatment of sick 
pigs (99%) or because pigs had refused to eat (21.8%). For 
74.3% of respondents, a local veterinarian sold the drugs, and 
for the remaining 25.7% of households, other drug retailers 
were consulted. Respondents often bought drugs to self-
administer to their pigs (Table 5).

Discussion
This study showed a high contamination of E. coli and Salmonella 
in the wastewater flow from smallholder pig farms to agricul-
tural fields. However, contamination in the community and 

agricultural field pollution was also a result of household waste-
water. Findings of this study also demonstrate that fluoroqui-
nolone and sulfonamide residues are present in wastewater in 
communities and agricultural fields.

According to Vietnamese standards regarding livestock 
wastewater, wastewater should contain less than 5000 CFU/100 

Table 4.  Knowledge on antibiotics in feed, using antibiotics, and utilize 
livestock waste.

Information Percentage

Knowledge of the presence of antibiotics in commercial feed 
(n = 180, single choice)

Yes 17.8

No 35

Don’t know 47.2

Advantages of antibiotics (n = 180, multiple choice)

Disease prevention and treatment for pigs 77.8

Enhance the immune system of pigs 4.4

Improve weight gain of pig 1.7

Other (no advantage) 0.6

Don’t know 19.9

Effect of antibiotics abuse (n = 180, multiple choice)

No harmful effects 2.8

Digestive disorders 41.7

Antibiotic resistance 5

Antibiotic residues in pork 18.9

Others (death, abortion, no deliveries. . .) 8.9

Don’t know 31.7

Advantage of utilizing livestock waste in agricultural 
production (n = 159, multiple-choice)

Crops/fish get more nutrients and grow faster 96.9

Crops/fish prevent diseases better 10.1

Restrict harmful insects 1.3

Reduce cost for fertilizers 5

No benefits 1.26

Disadvantages of livestock waste use in agricultural 
production (n = 159, multiple-choice)

Safe, not any problems 52.2

Crops can get disease/insects 17

Unsafe for consumer 10.1

Pollution to environment 5

Don’t know 15.7
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ml of E. coli. Therefore, the levels of E. coli detected in wastewa-
ter output and drainage samples are all over this threshold. In 
addition, a 50 ml sample of livestock wastewater is not allowed 
to contain Salmonella according to the Vietnamese standard for 
livestock wastewater (QCVN_2010-1-15/BNN).17 However, 

in this study, most of wastewater samples did not met this crite-
rion for Salmonella contamination, especially for water samples 
from communal drainages and agricultural fields.

The antibiotic residue levels found in tested samples 
showed that there is evidence of antibiotics in wastewater, 
which might induce antibiotic resistance in environmental 
microflora. The frequency of sulfamethazine detected in 
wastewater demonstrated the use of this antibiotic in the com-
munity and overuse or abuse this antibiotic in livestock. 
However, concentrations present in wastewater were within 
range of the Vietnamese maximum residue standards. 
Fluoroquinolones are frequently used in veterinary medicine 
to treat infections of E. coli, Salmonella, Pasteurella, Mycoplasma, 
and Hemophilus spp. On the other hand, sulfonamide is widely 
used as a feed additive, mainly for fattening of calves and pigs. 
Sulfonamides are also used in veterinary medicine for the 
treatment of intestinal infections, mastitis, and other diseases. 
With improper use, fluoroquinolone and sulfonamide residues 
may persist in food of animal origin (fish, shrimp and pork) 
and the environment (wastewater, soil). In order to help 
address this risk, the Vietnamese government has banned the 
use of flouroquinolones in aquaculture.

E. coli, Salmonella, and protozoan contaminated wastewater, 
which is used for agriculture irrigation, can affect to farmers.20,21 
However, there is evidence to show that farmers only consider 
health risks to result from pungent faeces, and adverse health 
effects to be a result of ‘polluted’ air.22 Le-Thi et al reported that 
the annual diarrhea risk due to exposure to biogas effluent via 
irrigation activities ranged from 17.4% to 21.1% (E. coli 
O157:H7), 1.0% to 2.3% (G. lamblia), and 0.2% to 0.5% (C. 
parvum).3 In addition, utilizing wastewater for agriculture has 
also contributed to increased risks of helminth infections, for 
example Ascaris (round worm), Trichuris (whipworm), and 
hookworm.23 Therefore, proper use of biogas systems and treat-
ment of wastewater before using it in agriculture should be a 
focus in Vietnam, with guidance provided on how farmers can 
ensure water meets treatment standards.
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Figure 4.  Attitude towards livestock waste and using antibiotics in livestock production

Table 5.  Practices including administering antibiotics to pigs, 
disposing of dead pigs and frequency of farm disinfection (n = 101).

Information %

When do you use antibiotics (multi-choice questions)

Pigs are sick (with abnormal signs/symptoms) 99.0

Pigs refuse to eat 21.8

Other (at least one individual pig is ill) 2.0

Action when your pigs are sick (multi-choice questions)

Call veterinarian for advice and treatment 80.8

Consult drug retailers and buying drugs to self-treat 40.8

Self-diagnosis and medication when pigs suffer with 
less severity diseases

33.3

Action when your pigs are dead (multi-choice questions)  

Sell for relatively low price 34.2

Throw into landfill, lake, or pond (or feeding fish) 52.5

Bury or put in the biogas system 40.8

No answer 3.3

Frequency of farm disinfection

At least once a week 14.2

At least once a month 21.7

Only after selling of pigs 32.1

Whenever outbreaks occur 2.8

Sometimes when feel needed 29.2
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As in other developing countries, Vietnamese farmers often 
directly buy drugs or antibiotics to use for their animals, since 
veterinary drugs are sold over-the-counter at many places in the 
province and commune.24,25 Our study indicated that almost all 
respondents (99%) reported using antibiotics as soon as their 
pigs showed signs of ill health. Though farmers seek advice and 
support from local veterinarians, they tend to treat their pigs 
themselves without prescription or oversight. With low aware-
ness and knowledge on antibiotics, this practice can facilitate 
antibiotic resistance.25-27 As such, relevant stakeholders in anti-
biotic management (such as local veterinarians) should raise 
awareness on proper use of antibiotics in agriculture. Relevant 
information could include the need to use recommended dos-
ages, recommended administration of antibiotics, and to not 
combine several antibiotics if not necessary.

This study has several limitations. First, due to non-random 
sampling employed in this study, the samples might not 
reflect or represent any particular pig farming practices or 
waste management scheme. Second, this study only exam-
ined the residues of two groups of antibiotics and did not 
examine the antimicrobial resistance of the isolated strains 
from collected samples. Samples in this study were collected 
over a short period without significant seasonal variation, 
spanning June to August 2015. To assess the potential for 
seasonal factors to alter levels of antibiotic residues and 
pathogen load in wastewater, further research is required. 
However, the findings of this survey have indicated the load 
of harmful pathogens and antibiotic residues in wastewater 
at a point in time.

Conclusion
Results of this study suggest that wastewater in the community 
carried potential harmful pathogens and antibiotic residues 
that could come into contact with humans. The wastewater 
flow quality needs to be improved considerably to protect 
farming communities downstream of Hanoi. Antibiotic con-
tamination of water represents a further public health threat as 
it facilitates antibiotic resistance in microbial flora. As such, 
wastewater needs better management to reduce bacterial con-
tamination to safe levels prior to use in aquaculture and agri-
culture. Control measures to treat wastewater are available, 
including composting and biogas treatment systems. Thus, 
appropriate operation and application of waste, especially 
wastewater, should be a continued focused.
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