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Tributaries serve as essential features of the Saigon River. The work consists of a case study on the se-
lection of sites for tributaries of the Vam Thuat River flowing through Go Vap District and District 12, Ho
Chi Minh City, Vietnam. An objective is to assess its pollution status and risks of those pollutants by using
Nemerow’s Pollution Index (NPI) for water quality assessment and Pearson’s correlation (r) values, indi-
cating a significant and positive correlation between variables of the same group. There are ten research
sites to study the surface waters of the tributaries from upstream to downstream. Grab samples of surface
water sources were collected on October 19, October 26, November 2, and November 9, 2017, based on the
national technical regulation on water quality standards of Vietnam. The monitoring parameters include
temperature, pH, total suspended solids (T'SS), chemical oxygen demand (COD), ammonium-nitrogen
(NH4*-N), nitrate-nitrogen (NO3~-N), phosphate (PO4*), sulfate (SO42-) and total iron (Fe). According to the
measurement results and statistics, the mean values of the samples from ten research sites were compared
with the Vietnam national standard system and WHO guidelines. Contaminants of T'SS, COD, NH4*-N,
S0O4%, and Fe should be specifically discussed and compared with previous studies to update available data
for management and suggestion of industrial monitoring of these tributaries using water quality sensors.
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1. INTRODUCTION

In fact, freshwater constitutes just 2.5 % of the total
quantity of water on Earth. Surface water is important
in managing environmental sustainability, increasing
economic growth, and realizing the social welfare of
communities. In most developing countries, nutrient
discharge to surface water will unequivocally incre-
ment and then water eutrophication will remain a
challenge in the next many years. Water resource be-
comes scarce, exhaustion and threatening the devel-
opment of human activities because human activities
make catchments of water are becoming polluted, in-
cluding littering and  industrial  discharges.
Wastewaters have changed the natural water, sedi-
ment chemistry and affect the biota extensively. There
are a lot of rivers in Vietnam including Sai Gon River
which presents 256 km long with a basin area of
4,710 km? by Environmental Report of Vietnam and
this river belongs to the Dong Nai River basin area.
Saigon River is important to Ho Chi Minh City (Herein:
HCMC), the biggest city in Vietnam with a populace of
8.637 million in 2019. From meteorological conditions
suitable for development economic, the renovation
policy was sent off in 1986, HCMC, Vietnam, has con-
ducted the quickest urbanization and industrialization
process. And then the activities used the water re-
sources have put managements on the executive capac-
ity of administration units (i.e., the local government).
Many tributaries of the Saigon River receive waste-
water from industrial, agricultural, residential activi-
ties. The quick increment of water use in HCMC has
caused the extreme contamination and depletion of
groundwater and surface water and many districts are
facing water eutrophication. Particularly, Go Vap Dis-
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trict and District 12 of HCMC have significantly used
the noteworthy amount of groundwater extraction
despite lying completely inside the service area of the
service area (e.g., supplying the piped water) based on
a report published by DNRE of Vietnam in 2013. Our
previous studies provided several concerns to this prac-
tice related to the potential contamination from
groundwater resources that are investigated via a
mixed-method study combining water sampling, social
surveys, a groundwater quality index [1] and heavy
metals previously reported [2]. The present study in-
troduces a simplified pollution index (NPI) which is
also known as Raw’s pollution index [3, 4] and Pear-
son’s correlation (r) values for water quality assess-
ment. Due to the need for data on supplement use, we
are continually working on "Surface Water Quality of
Selected Tributaries Flowed Through Two Districts, Ho
Chi Minh City, Vietnam" to explain and represent
water pollution conditions concerning surface quality.

2. MATERIALS AND METHODS
2.1 Descriptions of Study Area

Ho Chi Minh City is a megacity, located in the
southern part of Vietnam 2.095 km?2 and ranks the first
for socioeconomic development. It is clearly affected by
equatorial climate with two seasons: dry season (De-
cember-April) and wet season (May-January)
(https://www.asiahighlights.com/vietnam/ho-chi-minh-
city/weather). Selected tributaries (i.e., from site 1 to
site 10) of this study are part of Vam Thuat River [5]
with a distance around 11.67 km crossing particularly
in Go Vap District and District 12.

In experimental design, 10 research sites are selected
from upstream to downstream on October 19, October 26,
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Fig. 1 — Sample site locations in the selected tributaries, Ho
Chi Minh City, Vietnam

November 2, and November 9, 2017, because its highly
notable time of season delivery period between the dry
and wet seasons. Second, it represents pollution condi-
tions associated with freshwater and several concerns
to this practice related to the potential contamination
from groundwater previously reported in a Phu Dong
Ward, Thanh Loc Ward, Thoi An Ward, Thanh Xuan
Ward, District 12 [1], where the selected tributaries
across in the study area.

2.2 Samples Collection and Analysis

Grab samples of surface water sources were collect-
ed from 10 sites, as shown in Fig. 1. The water was
directly collected from the tributaries which admittedly
adds storage and handling certainty into the analysis
and the samples do represent point-of-use conditions.
After collection, the analyzed parameters consisted of
those from the Vietnamese water quality standards
(QCVN 01-1:2018/BYT), the method also were included
based on our previous study investigating the ground-
water quality of HCMC [1]. We prefer the NPI methods
because it can cater to the locality by referring to the
water quality standards of the country of interest.
Nemerow’s pollution index NPI is calculated with the
help of following equation given as:

NPI:Q,
L

i

where C; is the observed concentration of the ith pa-
rameter; L; is the permissible limit of the ith parameter.
Each NPI value represents the relative pollution con-
tribution of each parameter [3, 4]. NPI classifies six
classes of pollution degree [6,7]: no pollution
(NPI <0.5); safe (0.5 <NPI<0.7); precaution
(0.7<NPI<1.0); slight pollution (1.0 <NPI < 2.0);
moderate pollution (2.0 < NPI < 3.0); severe pollution
(NPI > 3.0). Second, the correlation examination result
is respected in the interpretation of the physico-
chemical characteristics in each water test. A high
positive relationship between two variables will have
occurred, when its relationship coefficient in the inter-
val — 1 <r <+ 1. The broad interpretations of Pearson’s
correlation coefficient are explained as following: Little
or no linear association (|r| <0.3), weak linear associ-
ation (0.3<|r| <0.5), moderate linear association
(0.5<|r| 0.7, and strong linear association
(0.7< |r| £1). The correlation between two factors was
estimated at a level of p < 0.05.
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3. RESULTS AND DISCUSSION

The water samples were analyzed and compared
with respective national standards [9, 10] and WHO
guidelines [11, 12]. Table 1 summarized the maximum,
minimum, and mean values for every parameter and
note that all values are arithmetic. The pH values in
this study were genuinely acidic and stands in the 6.0
to 7.4 range with a mean value of pH around 6.8. It
should be noticed that the recorded pH values have no
direct human health impacts on the inhabitants, yet
the low pH can bring about metal dissolvability,
prompting contamination of the surface water. NPI
results in Fig. 2 could be qualitatively categorized
based on the permission limit of national standards [9-
10]. According to the NPI classification, the tributaries
in the study were characterized as polluted for several
elements measured, but there were differences in
ranked NPI values between them. In the irrigation
purpose of National Standards (i.e., Vietnam), NPI
values called precaution (NPI > 0.7) in the sequence
NH4*-N > Fe >TSS > COD > S04 >pH values. Ta-
ble 2 presented that the Pearson correlations between
concentrations of individual parameters are very
strong positive correlations (p <0.05). The analysis
revealed that for the water samples studied, there are
medium and strong positive correlations between the
following pairs of parameters in water: pH-TSS (0.36),
TSS-Fe (0.32), COD-NH4*-N (0.37), COD-PO43- (0.31),
COD-S042- (0.50), NH4*-N-SO4% (0.65), NH4*-N-Fe
(- 0.34), and PO43--S042- (0.36), indicating strong dif-
ferences of parameters in water samples of the selected
tributaries. The current investigation ranged of TSS,
COD, NH4*-N, Fe were higher than the range of Vi-
etnam standards and WHO standards. According to the
greatest number of complaints about the watercolor
and smells in District 12 [13] and results of study [14],
the overview surveying mentioned the impact level of
the canal system Tham Luong — Ben Cat — Nuoc len
(three specific names in Vietnamese). Given that the
life of nearby families shows a high percentage of
households (around 75.38 %) answered pollution status
of the canal system that directly influenced their living
activities. Among these, the elevated rate is in Go Vap
District, representing 97.08 %; and 96.77 % is for Dis-
trict 12 (the greater part of these families is living
along the channel or 50 m away from the channel).
Current issues presented that numerous households in
District 12 like to draw water from the lower-quality
groundwater source. One reason behind this activity
potentially was the restricted local areas understand-
ing regarding the negative effects of microbial contam-
ination and healthcare. The second one was that the
practice may be connected with the economic status of
the households who generally are laborers coming from
provincial regions [1]. Groundwater and surface water
interaction is an essential component of the hydrologi-
cal cycle and rainwater plays a central role in connect-
ing processes on the ground. The pollution creating
parameters as per Nemerow’s Pollution Index (NPI) at
each station was determined and presented in Fig. 2.
Table 1 and Table 2 demonstrate the results of NPI of
the studied parameters in the study area in a period
from October 9 to November 9, 2017. Challenges men-
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Fig. 2 — Nemerow’s Pollution Index (NPI) values of the physico-chemical properties of water samples in the study period as:
(a) 19 October 2017; (b) 26 October 2017; (c) 02 November 2017 and (d) 11 November 2017

Table 1 - Summary of descriptive analysis of water quality in selected tributaries, HCMC, Vietnam

Parameters | Max. value | Max. value |Mean value| Water use National WHO Source
standards | guidelines
pH 6.0 7.4 6.82 Irrigation 5.5-9.01 6.5-8.5 3
TSS (mg/l) 10 532 70 Irrigation <50!? <504
COD (mg/) 6.4 160 74.0 Irrigation <30! <504
NH4*-N (mg/) 0.2 9.1 4.6 Irrigation <0.91? <0.23
NO3—-N (mg/) 0.03 0.10 0.05 Irrigation <101! <33
PO+ (mg/l) 0.01 0.36 0.06 Irrigation <0.31? * <0.10
S042 (mg/l) 52 315 177 Irrigation <4002 <2503
Fe (mg/l) 1.63 7.23 2.79 Irrigation <151 <0.33

1 Group B1 (QCVN 08-MT:2015) National Technical Regulation on Surface Water Quality, Vietnam [9].

2 (QCVN 09-MT:2008) National Technical Regulation on Underground Water Quality [10].

3 (World Health Organization: 2011): Guidelines for Drinking-water Quality Fourth Edition [11].

4 Group A (World Health Organization: 2006): a compendium of standards for wastewater reuse in the Eastern Mediterranean

region from WHO, for Jordanian Standard [12].
* Not applicable: another source of Khanfar, A.R., 2008 [8].

tioned in the present study when the value of NPI ex-
ceeding 1.0, suggest the presence of an impurity in the
water sample and therefore need some treatment be-
fore using it for irrigation purpose. Therefore, these
NPI may showcase what described water quality that
has contributed to the local data and most certainly the
environmental conditions in administration units of Go
Vap District and District 12, both of which are closely
intertwined with historical, social, cultural, political,
and economic conditions in HCMC. Given that R? is
mentioned in high regression of water quality relation,
and then the results in Fig. 3A illustrate a highly sig-
nificant relationship between NH4*-N and S04z
(R2=0.4055, p <0.01), it also agrees with known envi-
ronmental preferences of sulfate and ammonium of
Wang [6]. Fig. 3B illustrates a highly significant rela-
tionship between COD and S04 (R2=0.2673,
p <0.01), the study of Binh [15] revealed that three
pollution sources from anthropogenic activities in the
urban, agricultural, and industrial areas in District 12,
HCMC could mainly contribute to degrading ground-
water quality with high percentage of Fe (29 %), NH4*-
N (19.7 %), COD (14.6 %), and coliform (13.7 %) concen-
tration higher than the maximum permissible limit.
Another study of Wilhelm [16] showed that correlations
was observed between ammonium concentration and
appearance and growth of total coliforms. Our govern-
ment also features the requirement for accessibility of
water, and quality for generally useful utilizations, as
well concerning the control of point and non-point con-
tamination sources [17]. It is desirable in the present

study that the discharge reach at least levels that clean
used for consumption agriculture or irrigation purpos-
es, which means NH4*-N and COD treatment also are
important considerations and substantiated by each
national standards [17] and therefore increased dis-
solved oxygen balance (i.e., DO) will be necessary for
protecting the selected tributaries. The choice of suita-
ble river water treatment techniques is significant for
the restoration of river environments. Ecological float-
ing beds are energetically suggested for their minimal
cost, high adequacy, optimum aquatic plant develop-
ment, and even requires urgent phytoremediation for
removing high concentration of heavy metals in water
of N. Vongdala [18]. The lessons learned may be ad-
dressed these contaminants by the potential of phy-
toremediation in natural wetland systems in terms of
using plants seems a promising alternative to treat

Table 2 — Pearson correlation coefficient for the analyzed
parameters

i TSSimgl)  CODmgl) NH4'N(mgl) NO3N(mgl) POS (mgl) SO (ngl) Fetmgl)

Ui 1

165 mgll) 036 1

COD (mgl) Q0 014 1

N Nmgl) 015 008 037 1

NOS-Nfmgl) 016 006 02 Q01 1

W04 mgl) 007 04 031 0 00 1
Ofmgl) 01 i 030 05 0 036 1
Felngl) 00 02 005 W W

Both values were significantly different from 0 (a = 0.05)
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Fig. 3 — In linear regression analysis, R? was highly significant, P < 0.01 (or 0.05), n = 40. Description of the relationship were
listed as: (a) between NH4*-N (x) and SO42- (y); (b) between COD (x) and SO42- (y) and (c) between COD (x) and NH4*-N (y)

wastes of TSS (mg/l), Nitrogen (ammonia), and total
coliform (MPN/100 ml) and an increasingly recognized
to advance the treatment capacity of B.Y. Zhang [19]
and need of decreasing plastic contamination in rivers
is helpful to aquatic animals and social life. To limit
the emission of TSS, Fe, and organic pollutants caused
by runoff, it is important to build green corridors and
stormwater retention ponds along the main tributaries
of the Sai Gon River to prevent terrestrial particles
which entering these tributaries [20] and to set up
multiple sensors to check parameters of water quality
as turbidity units (NTU) by Secchi disk, pH, tempera-
ture, dissolved oxygen. We have suggested potential
methods (i.e., water quality sensors) in this study and
the present study might be expected to draw up the
situation of selected point pollution sources selected
tributaries flows through Go Vap District and the de-
velopment and management of water resources.

4. CONCLUSIONS

The results may be explained that high concentra-
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70000, Vietnam

IIpurokn € ocHoBHEMU o3Hakamu piuku Caitron. Po6ora ckiiagaerbecsa 3 TEMATHYHOTO JOCIIIIMKEHHS II10-
10 BUOOPY MicIib 111 IpuTOKiB piukm Bam Tyar, sika mporikae yepes pation ['o-Bam 1 okpyr 12 micra Xomrm-
wmiH, B'ermam. MeToro poboTu € oIiHKa cTaTycy 3a0pyIHEHHS Ta PU3WKIB 3a0pyIHIOBAYIB 34 JOIIOMOIOI0 1H-
nexcy sadpymuenus Hemeposa (NPI) mst ominkm skocti Bogu Ta 3HaveHb KopeJsiaii [lipcona (r), mo Bkasye
HA 3HAYHY TA IO3UTHBHY KOPEJIAINI0 MiK 3MIHHHMHU OfHIel rpymu. ICHye HecATh TOCTITHUIIBKUX TIJISHOK
JIJIsI BUBYEHHS IOBEPXHEBUX BOJ IIPUTOKIB BiJ BEPXHBOI 0 HUKHBOI Teuii. Bigbip mpob mmoBepXHEBUX BO
poBoaMBCA 19 3KOBTHS, 26 sKOBTHsA, 2 ymucronaaa ta 9 aucromaga 2017 poky Ha IIicTaBl HATIOHAJIHHOTO Te-
XHIYHOIO pPerJIaMeHTy IIPO CTaHmapTy sAkocTi Boau B'erHamy. [TapameTpy MOHITOPHMHIY BKJIIOUAIOTH TEMIIE-
partypy, iEgexc pH, saraspHy KigbkicTh 3Baskenux pedoBuH (T'SS), ximiune croskmBanus kucuio (COD),
amomniit-azor (NH4*-N), mirpatauit azor (NOs—-N), docdar (PO43-), cynndar (SO42-) 1 saransue 3amizo (Fe).
BigmoBigHO 10 pe3ysibTariB BUMIPIOBAHB 1 CTATUCTUYHUX JAHUX CePeIHI 3HAYEHHS P00 3 JeCITH JTOCIIITHIU-
IBKUX TUISHOK MOPIBHIOBAJIM 3 HAIIOHAJIBHOK CHCTEMOI0 cTaHmapTiB B'erHamy Ta pexomenmarismu BO3.
Babpynuiooui pevosunu TSS, COD, NH4*-N, SO42- ta Fe ciig 06roBoputs 0kpeMo Ta MOPiBHATH 3 IOIEPe-
HIMU JOCJIIPKeHHSAMH, 11100 OHOBUTH HASIBHI JaHl AJIS YIPABJIHHS Ta 3allPOIIOHYBATH IIPOMUCJIOBHI MOHI-
TOPUHT IIUX IPUTOKIB 3 BUKOPUCTAHHSAM JaTINKIB SIKOCT1 BOJH.

Kmiouosi cnosa: [Ipurokn, fAkicTs moBepxHeBUX BOJI, 3a0PYIHEHHS BOIH.
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