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ABSTRACT

Analysis and management of surface water quality is a need for many economic and production
fields, but requires much time and forces. Multivariate statistical algorithms are applied to the
dataset, which made up from 19 water quality criteria collected from 10 sampling sites across
waterways from Sai Gon river basin. PCA-X (PCA — Principle Component Analysis) model of
the dataset provides grouping by geographical location and flow direction, with explanation of
the first 2 principal components are 62.4 and 25.2 %, respectively, which overviews the quality
of water of these sampling sites, and allows determination of unexpected pollution sources from
the system. These results are the basis of developing a method for delimiting and securing local
pollution sites, assisting water quality monitoring and environmental management.
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TOM TAT
Phan tich va qudn ly chat lirong nguon niréc mat 1a céng viéc can thiét phuc v cho nhiéu nganh
kinh té va san xudt, doi héi nhiéu thoi gian va nhan lyc. Céc thudt toan xi Iy diz li¢u
da bién dwoc ap dung véi bg dit ligu thu thap tir cdc phuong phdp phan tich xac dinh khac nhau
véi 19 chi tiéu chdt liwong nguén nueéc tai 10 diém lay mau trén hé thong kénh rach thuge song
Sai Gon. M6 hinh PCA (phan tich thanh phan chinh) ciia bé diz ligu trén cho két qua phan nhom
theo v #i dia Iy thanh cong véi mite dg gidi thich qua hai thanh phan chinh lan liot 1a 62.4 %
va 25.2 %, khai qudt dwoc toan canh chdt liwong nudc tai cac diém lay mau va cho phép xac
dinh céc vi tri 6 mitzc dg 6 nhiém bat thirong. Nhieng két qud trén 1a tién dé cho viéc xay ding
Mgt phirong phdp nham Khoanh viing, dinh hwéng phat hién nguén 6 nhiém cuc bg, hé tro cho
cng tac quan Iy méi triong va giam sat chdt lirong nguon nuedc.
Tir khoa: diz liéu da bién, chdt heong nwée, méi trwong, quan ly & nhiém, séng Sai Gon.

INTRODUCTION

Sai Gon - Dong Nai river system, which is the
most important drinking water of Ho Chi
Minh city (HCMC) and nearby areas, are
severely polluted. According to HCMC
Environmental Protection Agency (HEPA),
monitoring results showed that the quality of
water supply facilities of the Saigon river
system is severely impaired. The pollution of
this river system has been reported for years.
A recent survey in 22 districts showed that
Saigon river water pollution has overpassed
alarming levels. This river receives hundreds
of thousands of cubic meters of unprocessed
industrial,  domestical and  livestock
wastewater every day. Meanwhile, according
to the Saigon Water Supply Corporation
(Sawaco), Saigon - Dong Nai river system

provide raw water for domestic treatment
plants of HCMC such as Tan Hiep, Thu Duc,
BOO Thu Duc. Those are the source of
drinking water for both the nearly 10-million
people city, also nearby growing regions such
as Binh Duong, Dong Nai province. Thus, the
survey, analyze and evaluate pollution of the
two river systems have been an urgent
demand. To monitor the pollution of surface
water, a multi-stage process had to be
developed and applied, including: water
sampling process, analysis of physical-
chemical-biological criteria and statistical
evaluation of the results. In that process,
analysis and evaluation of physical-chemical-
biological criteria are extremely important.

In order to identify local sources of pollutants
and improve environmental quality around
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the waterway areas, the research team
analyzed 19 physical-chemical-biological
criteria of surface water samples, then apply
multivariate data algorithms to evaluate the
distribution of the sampling point’s water
quality. PCA model shows 2 unexpected
polluting locations with abnormal levels,
which propose a method for monitoring the
aquatic environment results with speed,
accuracy and stability.

RESEARCH OBJECTIVES

Surface water was sampled from 10
specifically selected from 3 inland waterways
system, including: Tan Hoa — Lo Gom (TH),
Tau Hu — Ben Nghe (BN) and Nhieu Loc —
Thi Nghe (NL). These are 3 of all 5 largest
drainage system of the city with the total
length of 55 kilometers, gathering more than
70 % of waste water from the urban and
industrial districts (Minh 20009).

Nhieu Loc —Thi Nghe

Tau Hu— Ben Nghe

Tan Hoa— Lo Gom

Cau Lo Gom
g

Figure 1. Waterway systems (dark blue)

and sampling points (red)
Nhieu Loc — Thi Nghe system have the
estimated length of 9.47 km, is the natural
drainage system for many urban districts. The
waterways are affected by the unusual
semidiurnal tide mode of the South East Asia
Sea, and also by the minor difference of
geographical height between the upstream and
downstream. Slow flow rate often gets
floating plants and garbage to stuck at some
point where the stream curved, which produce
pollution. The system also has some small
streams, including Van Thanh, Bui Huu
Nghia, Cau Bong and Ong Tieu canals.
Tau Hu — Kenh Doi — Kenh Te and Ben Nghe
canals are two systems located in the south of
the city’s downtown. Total length of the two
systems are 19.5 and 3.15 km, respectively.
The widest cross-section of the canal is about
88 — 92 km, height from the bottom to the
surface spread from 1.9 to 2.2 meters. The
system is limited on both sides

by Can Giuoc river and Sai Son river.
Industrial and domestic wastewater from
urban districts usually enter the stream
without proper treatment. Due to tidal
influences from both Can Giuoc and Sai Gon
River, the area's hydrology is very complex,
and water regime can change drastically
during the day.

Tan Hoa - Lo Gom system have the
mainstream of roughly 7.240 km with NE —
SW flow direction, crossing Tan Binh
District, District 11, 6, 8, and end jointing with
Tau Hu downstream. The canal has a base
height of 2.5 to 3.0 m, also affected by the
semidiurnal waves. Flow rate during the dry
seasons drop to below 10ma3/s, and stay up to
30 m3/s during rainy season. 4 renowned
industrial clusters are located by the
mainstream, including 30% food processing
and 28 % plastic & rubbery companies have
direct wastewater discharge to the entire
system.

MATERIALS & METHODS

All water samples were sampled following
TCVN 5999:1995-2 (equivalent to 1SO 5667-
10:1992) standards. Samples for chemical
analysis  were  acidified  immediately,

conditioned and storage at 4 °C. lon
chromatography samples were pre-filtered by
0.45 um CA syringe filter and analyze in 24
hours. Water quality of the sampling sites are
separated by 3 main sampling sessions
conducted in December 2015, with the total of
19 criteria and 31 samples are analyzed. The
criteria are selected according to sample
stability, properties of the drainage systems and
conditions of the laboratory. Analysis are
performed by Laboratory of Advanced
Analytical Chemistry (Ho Chi Minh University
of Science). 4 main analytical methods used for
the analysis are: direct instrumental results (pH,
conductivity, TDS, TSS, total hardness),

spectrophotometry PO+,
(NHs", NO2, F ,
Fe?*,  total
Phosphorus), atomic absorption/emission

spectrometry (Na, K, Zn, Mn) and ion
chromatography (CI, Br, NOs, 8042').
Official ~ standard  methods (Vietnam
Standards, Standard Methods for Examination
of Water and Wastewater 2002 - SMEWW,
US EPA Methods) were applied
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with strict quality control by blank samples,
matrix spikes and recovery experiments.

Raw water quality data are subjected to z-
scale transformation according to (Shrestha
& Kazama 2007; Alberto et al. 2001) to
avoid clustering bias caused by significant
differences of the mean values and deviations
of the variables in the dataset. Statistical
pretreatments techniques and  Principal
Component Analysis (PCA) were performed
using Microsoft Excel 2013 and Umetrics
SIMCA-P 11. IBM SPSS Statistics 23 were
used to perform descriptive statistics,
calculate Goodness-of-fit indexes, Kaiser-
Meyer-Olkin measure of sampling adequacy
and Bartlett’s test of sphericity.

RESULTS & DISCUSSIONS
Goodness-of-fit of the data to normal and
log-normal distributions were tested by
Kolgomorov-Smirnov (K-S) statistical test.
13 of 19 variables collected are log-normal
distributed with 95% confidence level. This
result is the basis for choosing data
transformation algorithms for each of the
variable. Compatibility to PCA of the data
were evaluated using Kaiser-Meyer-Olkin
measure of sampling adequacy (KMO-

MSA), with overall MSA = 0.734 suggests
that the correlations between variables are
not unique, and the data is well distributed in
the PCA model. Bartlett test of sphericity
provides Sig = 0.0000 (<< 0.05), indicate
suitability of the data for structure detection.
Analysis data undergoes a preliminary
assessment  step  using Spearman-R
correlation matrix (Shrestha & Kazama
2007). 83 % of the variables are non-
parametrically correlated with the confidence
level of 70 %, of which 69 % have p-value >
0.95.

Principal Component Analysis (PCA) is a
multivariate data analysis method, on the
basis of reducing the number of dimensions,
by defining new variables consisting of linear
combinations of the original ones, in such a
way that the first axis is in the direction
containing most of the variation (Wehrens
2011). PCA allows summary and overview
of the distribution of the data, in order to
deploy prediction models (Abdi & Williams
2010) and quality control (Saporta & Niang
2009). By reducing the number of variables,
projection of the data in new dimensions
require much less effort to interpret and
summarize.

Table 1. Descriptive statistics results and analytical methods of the collected data®

Criteria Unit Average | SD | LODP® | Analytical method(s)
pH - 7.17 0.09 - Direct pH-meter readings
i 1 Spectrophotometric and
NO:2 mg N.L 0.16 0.23 0.005 lon Chromatography
i 1 Spectrophotometric and
NOs mg N.L 62.67 29.68 1.50 lon Chromatography
NH4" mg N.L™ 9.16 8.64 | 0.080 | Spectrophotometric
cl mg.L™" 4794 | 3454 | -- Titrimetric
i 1 Spectrophotometric and
F mg.L 1.09 0.82 | 0.030 |Jon chromatography
Br mg.L™" 1.17 0.98 | 0.020 |lon chromatography
S04~ mg.L™ 105.3 45 | 050 [lon chromatography
3. 1 Spectrophotometric and
ortho-POa mg.L 0.41 0.52 0.050 lon Chromatography
Total 1 )
Phosphorus mg.L 1.01 0.94 | 0.120 | Spectrophotometric
Total Hardness | mg CaCOsL™* | 4303 218.8 -- Titrimetric
TDS mg.L'1 937.8 547.1 -- Gravimetric
TSS mg.L™ 515 30 - Gravimetric
. 1 Direct conductivity meter
Conductivity pS.cm 1780.1 | 997.8 - readings
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Fe?t mg.L*? 1.16 0.69 | 0.050 |Spectrophotometric
K mg.L™” 28.76 | 6.46 | 0.80 |[Flame AES
Na mg.L'l 278.3 164 0.16 Flame AES
Zn mg.L'l 0.23 0.21 0.030 [Flame AAS
Mn mg.L'l 0.34 0.17 0.060 [Flame AAS

qDescriptive statistics are performed using all of the collected data from 3 sampling sessions

with 31 data point.

°LOD: Limit of detection.
Logarithm-transformed variables using KS
index are imported into Umetrics SIMCA-P
11 software program, and apply a proper
PCA-X method. 5 variables which is pointed
possible outliers are excluded to increase R
and Q“ of the models, including pH, NOs",
total hardness, TSS and Zn%*. With all remain
variables, a “scree plot” contains 6 of the first
components are described in Figure 2.

Scree Plot of the model hints that 87.6 %
(PC1: 62.4 %, PC2: 25.2 %) variances of the
data are described by first 2 PCs, therefore
the PCA model only requires PC1 and PC2
to be declared to summarize the distribution
of the chemical-physical criteria. Principal
component 3 have explanation of roughly 5
% and decreases with PC numbers, usually

does not require  further  analysis. ‘|
4 62.4% !
3
gf- 252%
1 5.29
35%
1.9%|1.09%
0
0 1 2 3 4 5 6

Principal components (PCs)

Figure 2. Scree Plot of the optimized data
A 2-dimensional space include projections of
the data points to PC1 and PC2 (often called
“Score plot”), are shown on Figure 3. Clear
evidence of clustering by waterways system
and location of the samples is described, and
data points are divided in 3 groups:

a. Nhieu Loc — Thi Nghe group (NL-TN):
include 4/4 data points of the system, with
slight dispersion and does not overlap to other
groups

b. Tan Hoa — Lo Gom group (TH-LG): with
a sub-group created by two sampling
locations (Tan Hoa and Ong Buong), and an
unexpected individual went in the center of
the plot. This clearly indicates a severely

polluted status of Lo Gom area, which is
notorious in the recent years caused by lack
of water treatment facility and highly
populated discharge sources.

c. Tau Hu — Ben Nghe (BN): A sub-group is
formed containing both the inner system
points (NVC, CY) and the intersection point
“Phu Dinh” between Tan Hoa and Ben Nghe
system. Further study of the currents and
hydrological properties of the two system
show that the intersection point actually
inherit some properties from the latter.
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Figure 3. Score plot of PC1 (horizontal

axis) versus PC2 (vertical axis)

In order to examine patterns recognition
abilities of the model, an independence
sample “X” is analyzed, which is located at
the midpoint between Ong Buong and Lo
Gom (Figure 1). Projection of “X” in the same
model indicates that the water sample of X has
the same properties with the water sample
from Tan Hoa and Ong Buong. This result
suggests a remarkable basis to develop a
method to calculate the estimated position and
narrow the search scope for unexpected
pollution sources.

CONCLUSIONS

Results obtained from the application of
multivariate statistical algorithms allow
detection of 3 polluted positions in the main
waterway systems. Stability and predictability
tests proves the potential of this research
scheme. Thus, this study presents
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usefulness of  multivariate  statistical Acknowledgements: This research is funded
techniques in water quality assessment, Dby Vietnam National University Ho Chi Minh
identification and apportionment of pollution City (VNU-HCM) under grant number C2015
sources/factors with a view to get better —18-10.

information about the water quality and

design of monitoring network/strategy for

effective management of water resources.
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