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Nguyen Thi Luongl, Bui Xuan Dung2
L2Vietnam National University of Forestry

SUMMARY

This study was conducted to examine water quality of the Bui river under the impact of the Phoenix Golf
Course using two main methods: macroinvertebrate community through BMWPY™" and ASPT scoring
systems, along with physical and chemical parameters characteristics (pH, TSS, DO, COD, BODs, NO;', POy,
total coliforms) at three locations: upstream, in the stream passing through the golf course, and downstream.
Measurements were taken in 4 different periods: on a sunny day without using fertilizers and pesticides, one
day after applying fertilizers and pesticides, after applying fertilizers and pesticides on a rainy day, and using
fertilizers and pesticides on a sunny day. The results show that: (1) pollution level decreases dramatically from

upstream to downstream (from 6.4 to 4.2) based on BMWP"""

method; (2) The concentrations of pollutants
increased significantly from upstream to downstream. Almost parameters exceeded B1 standard, only pH, total
nitrogen and total coliform range in Bl standard limit based on Vietnam water quality Standard. WQI also
depicted that water quality decreases from upstream to downstream. This paper also suggests some solutions to

reduce the influence of the golf course on water quality and aquatic ecosystem of Bui River catchment

including improved pesticide management and riparian buffer zones.
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I. INTRODUCTION

In the past, golf courses were not so popular
in Vietnam. However, in the recent years, more
golf courses began to take form in the whole
country with 144 golf course projects in 39
provinces and another 35 golf courses
operating along the country. Nevertheless, in
long term, golf courses have a lot of negative
impacts to environment such as reducing the
natural vegetation cover, forest fire, damaging
natural resources or causing changes in
topography. Furthermore, a major focus of
discussion regarding known or suspected
ecological impacts of golf courses has been
water quality, typically focusing on chemical

toxicology (Wheeler & Nauright, 2006).

There were some previous studies
predicting that when golf courses using
fertilizers and pesticides regularly, these

chemicals can dissolve into surface water and

ground water following application and cause a

lot of effects to water quality (Hindahl et al.
2009). In addition, the quantities of fertilizers
applied to the turf grasses of golf courses are
roughly the same as that used on crop fields,
and it is even more seriously when they used
these chemical nutrients regularly (Klein,
1990). Therefore, up to 84% of the nitrogen
fertilizers applied to turf grass may leach to
with the average hovering
between 5% and 10% (Petrovic, 1990).

Bui river belongs to Lam Son commune,

groundwater

Luong Son district, Hoa Binh province which
is the main source providing water for Lam
Son commune and it also passes through the
Phoenix Golf Course. In recent years, there are
some articles and previous studies mention
impacts of this golf course on water quality.
For instant, Yen et al. (2009) showed that the
concentrations of nitrate and phosphorous
upstream water where had not impact of

Phoenix Golf Course were lower than ones of
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water in downstream after passing this golf
Oanh (2015)
investigated that golf course decreased water

course. Otherwise, also
quality of Bui river through the physical and
chemical parameters. Nevertheless, there are
very few scientific survey and report on
chemical effect in golf course in Lam Son
Province which use for reference and guidance.
However, Golf course impact on other water
parameters (such as biological index) and
different period was not showed clearly. This
study therefore was conducted to solved these
problem and provide information for further
research.

I1I. STUDY SITE AND METHODOLOGY

2.1. Study site

Bui river belongs to Lam Son commune,
which is located in the Northwest of Luong Son
district, Hoa Binh province. It is about 46 km
North from Hanoi center (fig. 2.1). This river
passed through the Phoenix Golf Course,
which was established in 2005 with total area
of 311.7 ha, in which 17 ha belong to the golf
club and hotel, and 250 ha to turf grass
systems. In each year, this golf course uses 76
— 81 tons fertilizers (Delta — Coated, Delta —
Top and NPK) as well as 41280 liter pesticides
(Agrodream”D”; Agrodream “M” and Anvil
5SC) for taking care of the turf grasses and

uses 15000 m® water for irrigating.

Hoa Binh

MAP OF STUDY SITE IN LAM SON COMMUNE

1:50,000

Legend

57 Golf Coursp

3 Kilometers

LamSon
[

Figure 2.1. Location of study site in Lam Son commune

2.2. Methodology

2.2.1. Experiment design and collect data
Physical and chemical water samples and

macroinvertebrate samples were collected at

the same locations: upstream, inside the golf

course and downstream area in four periods
(fig. 2.2). Because this is have only land use of
golf course, water quality of Bui was impacted
by their activities (fig. 2.2).
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S0, July 15%, 2016 (without fertilizers and
pesticides)

SM,: July 30%, 2016 (one day after applying
fertilizers and pesticides)

S M;: August 1502016 (after applying
fertilizers and pesticides in rainy day)

SM,: August 3152016 (using fertilizers and
pesticides in sunny day)

S0 July 15% 2016 (without fertilizers and
pesticides)

S0, July 30™ 2016 (one day after applying
fertilizers and pesticides)

S0 August 15% 2016 (after applyving
fertilizers and pesticides in rainy day)

8.0, August 31#2016 (using fertilizers and
pesticides in sunny day)

S;M,. July 15t 2016 (without fertilizers and
pesticides)

S;M;: August 15%2016 (after applving
S.M,: August 3152016 (using fertlizers and
pesticides in sunny day}

Upstream 4 km
e 7.5

Downstream
.

S;My: July 30% 2016 (one day after applving _
fertilizers and pesticides)

Figure 2.2. Water samples location in study site

Water samples were collected according to
current standards in Vietnam TCVN 5996
1995: Water quality- Sampling - Guidance on
sampling on rivers and Streams at three
locations in four different periods (fig. 2.1).

Day 1: July 15® 2016 (without fertilizers
and pesticides)

Day 2: July 30" 2016 (one day after
applying fertilizers and pesticides)

Day 3: August 15" 2016 (after applying

fertilizers and pesticides in rainy day)

Day 4: August 30%, 2016 (using fertilizers
and pesticides in sunny day)

Macroinvertebrate samples were collected
by pond net after taking water samples.
Invertebrate samples were collected by the
method of Nguyen Xuan Quynh et al (2004) by
pond net then all of the specimens were
preserved in 70% alcohol (fig. 2.3).

Figure 2.3. Pond net to collect macroinvertebrate samples

2.2.2. Laboratory sample processing
The water samples were analyzed according
to current standards in Vietnam TCVN 5996-

1995: Water quality- Sampling - Guidance on
sampling on rivers and Streams:
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Table 2.1. Methods to analyze water samples

Water quality indicators

Method

pH
Total Suspended solid (TSS)
Dissolved Oxygen (DO)

Biological oxygen demand (BODs)
Chemical oxygen demand (COD)

Total nitrogen (NO;)
Total Phosphorous (PO4")

Total Coliform

Hana pH measurement directly in the field.

Filter and weight in lab.

Modified Winkler, treated with MnSO,, H,SO, in lab
Pipetted into a BOD bottle containing aerated dilution water.

Redox titration, oxygen is used to oxidize the organics to
carbon dioxide and water

Titrimetric
Ascorbic Acid

Fecal coliform confirming test

2.2.3. Data analysis

Table 2.2. Methods to analyze data

Indicator Method
WQI America Water quality index (WQI) method (Srivastava and Kumar 2013)
Shannon Wiener Diversity method
Diversity index (https://www.easycalculation.com/statistics/learn-shannon-wiener-
diversity.php)
BMWPYET and ASPT Biological monitoring Working Party method (Nguyen Xuan Quynh, 2004)

ITI. RESULTS AND DISCUSSION

pH levels of water quality in Bui river during

3.1. Impact of Phoenix golf course on  four periods and different locations change from

Physical and chemical parameters

7.3 to 8.6 (fig. 3.1). This fluctuation is small and

3.1.1. Evaluating water quality in Bui river  all values belong to allowable limit of standard

based on Vietnam’s water quality standard B1 (for aquatic life).
a. pH
uly 15th 2016 rzafuly 30th 2016
8 August 15th 2016 EZiAugust 31s 2016
[JH —B1 standard

L= S N VR R R - R |
—t—t—t+—+—+

Upstream

In the G olf Course Downstream

Figure 3.1. pH fluctuation in four periods at three different locations
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b. Total suspended solids (TSS)

Caly 15th 2016
e August 15th 2016

—B1 standard

rzzaTuly 30th 2016

E August 31 2016

Total suspended solids (mg/1)
g
1

In the Golf Course

Downstream

Figure 3.2. The amount of TSS in four periods at three locations

Total suspended solids of Bui river water
increased significantly from upstream to
downstream, especially after rainy day, the
concentration exceeded the B1 limit (fig. 3.2).
c. Chemical oxygen demand (COD)

The concentrations of COD are increased

remarkably from the upstream to downstream

and exceeded B1 limit in the location inside
the golf course and downstream after turf grass
was applied fertilizers and pesticides (fig. 3.4).
With quality in
downstream and in the stream passed through

these values, water
the golf course is not acceptable for agriculture

and aquaculture.
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——B1 standard
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Figure 3.3. COD concentration in four periods at three different locations

d. Biological oxygen demand (BOD)
The increased
dramatically from upstream to downstream

concentration of BOD

along Bui river (fig. 3.4). In rainy day, it
exceeded B1 standard with the highest values,
which is more than 30 mg/l.
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Figure 3.4. Values for BOD in four periods at three different locations
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e. Dissolve oxygen (DO)

(=3

—July 15th 2016 rzaluly 30th 2016
EmAugust 15th 2016 E=lAugust 31st 2016
—B1 standard

Dissolve oxygen demand (mg/L)

=] ] W + LA

i

upstream in the golf course

SEE e eic

downstream

Figure 3.5. DO level of Bui river in 4 periods at 3 locations

Similar to COD and BOD concentration,
DO is decreased gradually when golf course
used pesticides and fertilizers in rainy day,
this concentration lies below Bl standard,

which can cause stressful to aquatic ecology
(fig. 3.5).

f. Total nitrogen (N-NO3)

Unlike other concentrations, although the
values of total nitrogen increased significantly
from upstream to downstream, especially after
the golf course applied fertilizers and pesticides,
it does not exceed B1 limit (fig. 3.6).

—

[ July 15th 2016 gzaluly 30th 2016
B2 August 15th 2016 EdAugust 31a 2016
—B1 standard

Total nitrogen (mg/L)

f R = I VE I ERE A~ |
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Figure 3.6. Total nitrogen of Bui river in 4 periods at 3 locations

g. Total phosphorus (P - PO;”)
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Em@August 15th 2016 EZ1August 315 2016
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o1t b
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Figure 3.7. Total phosphorus of Bui river in 4 periods at 3 locations
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From the figure 3.7, we can see that, two
areas inside the golf course and downstream
area were affected by applying fertilizers and
pesticides, the concentration of phosphorus
increased significantly and exceeded BI
standard.

h. Total coliform

The figure 3.8 below indicates the
significant increase of total coliform bacteria
from upstream to downstream of Bui river
surface water. In general, total coliform in 4
periods at 3 locations are lower than the limits
of Bl standard (which is lower than 7500
MPN/100 ml).

—July 15th 2016 rZaluly 30th 2016
EmAugust 15th 2016 EAugust 31st 2016
—B1 standard

Total coliform (MPN/100ml)
g
=

upstream in the golf course downstream

Figure 3.8. Total coliform of Bui river in 4 periods at 3 locations

i. Summary

Phoenix golf course in operation and
maintenance can cause increase organic waste
in water and lead to a significant difference of
water quality parameters from upstream to
downstream (fig. 3.9). Almost physical and
chemical parameter of water increased

significant from upstream (no impact) to golf
course and to downstream. This suggests that
golf course have changed water quality of Bui
river such as physical and chemical indicators
of water at the study site. More impact of golf
course was showed in increasing of TSS,
BOD, COD, DO and P-PO,”".

DO: decrease slightly

Total coliform : increase
dramatically

pH. TSS: increase significantly

BOD,COD.N-NO3,P-PO4,

80

Elevation (m)
= & 2
,E-E.JP'
i

t

[=1
w
(2]

51

pH: decrease gently

TSS: increase dramatically
DO: increase slightly
BOD,.COD,N-NO3,P—
PO4, total coliform: increase
gently

83

1500 2500
Distance (m)

Figure 3.9. The impact of Phoenix Golf Course on water quality of Bui river
from upstream to downstream
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3.1.2. Evaluating water quality in Bui River
based on Water Quality Index (WQI)
After completing the nine tests, the results

120

are calculated by the formula of WQI with

missing parameters (Turbidity) (fig. 10).

100 og

96

100 93

80

077

Upstream

In the Golf Course

= Typel
Typell
= Type I

84
F2 T2

51

Downstream

Figure 3.10. WQI values in 4 periods at 3 locations

The WQI values in fours periods at three
locations were different. Overall, WQI values
decrease dramatically from upstream to
downstream (fig. 3.10). In upstream, all WQI
values belong to water type 1, range from 91 -
>100: good for domestic demand (excellent).
In the location of golf course, almost all values
belong to water type II: used for domestic
demand but need treatment or water quality is
quite good; only water sample on August 15"
when golf course sprayed fertilizers and
pesticides in rainy day, WQI value drops to 62,
which indicates for medium water quality, or
water used for agricultural purposes. In
downstream, almost samples have low WQI

score which belongs to water quality of type
III: used for agricultural purposes, only water
sample on July 15™ has WQI gained in water
quality of type II.
3.2. Impact of Phoenix Golf Course on
invertebrate composition and diversity
3.2.1. Invertebrate composition

A total of 40 species belonging to 26
families were collected from 3 locations of Bui
river, in which the phylum of Athropoda
occupied the highest quantity with 16 families,
22 species; followed by Mollusca with 14
species, 7 families; the phylum that has
smallest number is Annelida with 4 species, 3
families (fig. 3.11).

Arthropoda

mAmnelida

sMollusca —

Arthropods

Figure 3.11. The ratio of species composition in 3 sample locations of Bui river
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3.2.2. Invertebrate diversity
The results of invertebrate diversity in

three locations are illustrated in the following
figure 3.12.

3
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upstream in the golf course downstream

Figure 3.12. The Shannon Wiener index of diversity values at study site

According to the results of figure 3.12,
although the location in golf course did not
have the highest number of families, it’s the
location that has highest diversity value which
equals to 2.39. Upstream has 2.1 score and
downstream has 2.03 score. This values was
not significant difference.
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To clarify the impact of Phoenix Golf
Course to the composition and diversity of
invertebrate communities in Bui river, we
compared the distribution of invertebrate
the
downstream area with natural rules of stream

communities  from upstream  to

ecology (fig. 3.13).
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Figure 3.13. The proportion of invertebrate feed groups corresponds to changes in the physical factor
in the longitudinal direction (Source: USDA 2001)
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The (RCC)
predicts that macroinvertebrate assemblages

river continuum concept
change gradually from headwaters to large
rivers downstream (Vannote et al., 1980). To
compare with natural rules stream ecology, this
study site has the highest diversity value in
golf course and lowest value in downstream
area. There is a big difference between
invertebrate distribution of this study site and
natural rule. The reason can be the potential
affects of Phoneix Golf Course after applying
fertilizers and pesticides to turfgrass. The
concentration of nutrient chemicals change can

cause the changing in composition of
inveterbrate in the stream passing though golf
course and downstream. However, the distance
from upstream to downstream in the study site
is quite small. Therefore, the results is not
precise.
3.2.3. Effect of Phoenix Golf Course to water
quality in Bui river based on BMWP'™"
method.

BMWP scores, ASPT scores of the three
locations were calculated and summarized in

the following figure 3.14.

L0 64 _
o 187 16 16
=16
2 14 + TS5
= 525 -
- 12
S - -
=10 + Z
2 o - 34
E
= "7 T2
2 47 I
= 2

0 | | -0

Upstream

In the golf course

Downstream

Figure 3.14. The respond of the number of families and ASPT score

Figure 3.14 indicated the respond of the
number of families and ASPT score at three
locations: upstream, in the stream passing
though the golf course, and downstream. From
the figure, we can see that, although the
location in upstream has lowest number of
families, it has highest ASPT score which
indicates that water in this location is slightly
clean. Meanwhile, sample location in the golf
course has lower ASPT score while the
number of families is higher. The location that
has highest number of families is downstream.
There are 18 families, but it has lowest ASPT
score which is 4.2 (very high pollution).

3.2.3. Golf  Course
management

Suggestion  for

To reduce the impact of Phoenix Golf

Course to water quality of Bui river, these
findings suggest that the golf course should
build the facilities to keep fertilizers and
pesticides separately. In addition, the designer
of golf course should design some ponds to
release of toxics or oxygen — deficient water
and install under drain system beneath any
portion of the fairways, greens, or tees which
are sited on coarse — textured soils or where
the depth to bedrock or the water table is less
than 1 meter to collect water which may be
contaminated with fertilizers or pesticides.
Moreover, a golf course should be designed
with riparian buffer zones. Ideally, plant
buffers with native species provide a triple
play of water quality benefits, pleasing
aesthetics, and habitat and food sources for
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wildlife. Buffers will provide a barrier between

grading, filling, or construction activities
which ensures that the waterway or wetland is
not physically altered by heavy equipment.
Leaves, twigs, and other plant parts serve as an
extremely important food source for most
aquatic ecosystems. Tree trunks and large
branches provide vital habitat for fish and
other creatures. Streamside forests are the

primary contributor of these food and habitat

components.
III. CONCLUSION

Based on  two main  methods:
macroinvertebrate community through

BMWP"™" and ASPT scoring systems, along
with physical and chemical parameters
characteristics (pH, TSS, DO, COD, BODs,
NOs’, POy, total coliforms) at three locations:
upstream, in the stream passing through the
golf course, and downstream at different
observation periods to check impacts of Golf
course on water of Bui river. Main findings of
this study were (1) Phoenix Golf Course
activities have negative impacts to water
quality of Bui river with water quality
decreased significantly from upstream to
downstream based on Vietnam water quality
standard and WQI; (2) BMWP and ASPT
method show the decline of water quality at
three locations (from 6.4 score in upstream to
4.2 score in downstream); (3). To reduce the
effects of Phoenix Golf Course to local
environment, the study suggested creating
buffer
fertilizers management.
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TAC PONG CUA SAN GOLF PEN CHAT LUQNG NUOC SONG BUI
THUQC LUU VUC PAU NGUON

Nguyén Thi Lwong', Bui Xuin Diing
L2 Trwong Pai hoc Lam nghiép

TOM TAT

Nghién ctru nay duoc thuc hién dé kiém tra chat lugng nudc ciia song Bui dudi tac dong cua san golf Phugng
Hoang bang viéc sir dung hai bién phép chinh: sir dung dong vét khong xwong séng ¢& 16n qua phuong phap
tinh diém BMWP""*" va ASPT, cung véi viéc sir dung phuong phép so sanh véi TCVN va WQI thong qua chi
tiéu hoa — ly- sinh (pH, TSS, DO, COD, BODs, NO;", POy, sinh vt truc khuén) 63 dia diém: thuong nguén, Vi
tri song chay qua sin golf va ha ngudn. Viéc quan tric dugc thuc hién & 4 giai doan khac nhau: khi san golf
khong sir dung phan bon va thude trir sdu trong ngy ning; mot ngay sau khi san golf sir dung thudc trir sau;
ngay sau khi san golf sir dung thudc trir su trong ngay mua; sir dung thudc trir sdu trong ngay niang. Két qua
chi ra rang: (1) mirc 6 nhiém nuéc song Bui ting dang ké tir ddu ngudn dén cudi ngudn (tir 6.4 dén 4.2) dya
trén phuong phép tinh diém ASPT; (2) ndng @6 6 nhidm ting manh tir ddu ngudn dén cudi ngudn, hau hét tat ca
cac thong s6 déu vuot qua chi tiéu Bl, riéng pH, tong lwong ni to va téng vi khudn tryc khudn ndm trong gidi
han cho phép ctia B dya trén phuong phap danh gia chat luong nudc theo tiéu chuan Viét Nam, trong khi d6
phuong phap WQI chi ra rang chét luong nudc gidm manh tu dau nguén dén cubi ngudn. Nghién ctru ciing dé
xudt mot s6 bién phap nham giam thiéu anh hudng cia san golf dén chét lugng nudc va hé sinh thai dudi nudce
clia séng Bui nhu cai thién viée sir dung va quan 1y thude trir sdu va thiét ké ving dém & ven song.

Tir khéa: Chét lwgng nuwéc, dong vat khong xwong song, Iam son, 6 nhiém, sin golf.
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