J. Viet. Env. 2014, Vol. 6, No. 3, pp. 191-195
DOI: 10.13141/jve.vol6.n03.pp191-195

=" JOURNAL

, of VIETNAMESE

Water quality of the Red River system in the
period 2012 - 2013

Chat lwong nuéc hé thong séng Hong giai doan 2012 - 2013

Short communication

Le, Thi Phuong Quynh'*; Ho Tu Cuong?; Duong, Thi Thuy?; Nguyen, Thi Bich Ngoc'; Vu,
Duy An'; Pham, Quoc Long ; Seidler, Christina’

!Institute of Natural Product Chemistry, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Cau Giay,
Hanoi, Vietnam; “Institute of Environmental Technology, Vietnam Academy of Science and Technology, 18 Hoang
Quoc Viet, Cau Giay, Hanoi, Vietnam, *Department Bio and Environmental Sciences, TU Dresden - International Insti-
tute Zittau, Markt 23, D-02763 Zittau, Germany.

Few data are available on the quality of Red river water that is used for multi-purposes, including
for domestic water demand in some rural areas. This paper presents the observation results of the
Red River water quality in two years 2012 and 2013. The monitoring results showed that the aver-
age concentrations of nutrients (N, P) were still far lower than the allowed value of the Vietnamese
standard limits for surface water quality (QCVN 08:2008/BTNMT, column A2). Due to the im-
poundment of two big dams in the Da tributary, the suspended solids contents in river water de-
creased remarkably. The dissolved heavy metal (DHM) concentrations varied in a high range: Cu:
10 - 80 ug.l™; Zn: 2 — 88 ug.1™"; Cr: 0.2 - 5.1 ug.I'; Pb: 2- 107 ug.l™; Cd: 2 — 12 ug.I'; Mn: 2 - 35
ug.l™'; and Fe: 160 — 2370 ug.I"". Most of the mean values of DHM were lower than the allowed
values of the QCVN 08:2008/BTNMT, but at several points of time, several DHM (e.g. Fe, Cd,
Pb) contents exceeded the allowed values. The Total Coliform (TC) and Fecal Coliform (FC) den-
sities varied in a high range: TC: 23 to 13,000MPN.100ml" and FC: 0 to 1,600MPN.100ml" and
they exceeded the allowed values QCVN 08:2008/BTNMT at several points observed. The dis-
solved organic carbon (DOC) contents were in low level and the particulate organic carbon (POC)
content mainly derived from soil organic leaching and erosion in the basin. The results underlined
the need for regularly monitoring the river water quality, and there should be some effective solu-
tions to manage and treat the waste sources in order to provide safe water for different actual pur-
poses use in the Red River basin.

Rt it so liéu san co vé chat lwong nudc song Hong, dong séng duwgc sir dung cho nhiéu muc dich,
bao gom cd cung cdp nude sinh hoat & mét sé viing néng thén. Bai bao trinh bay cac két qua quan
trdc chdt luong nudc song Hong trong hai nam 2012 va 2013. Két qua quan trdc cho thay chat
dinh dwéng (N, P) thap xa so véi giGi han cho phép cia tiéu chudn Viét Nam vé chat hrong miede
mdt (QCVN 08: 2008/BTNMT c¢t A2). Do ¢6 hai hé chira trén song Pa, ham leong chdt rdn lo
litng trong nwée song giam dang ké. Cdac kim loai ngng hoa tan (DHM) ¢6 ham lwong dao dong
trong khodng réng: Cu: 10-80 ug.lI'; Zn: 2-88 ug.I'; Cr: 0,2-5,1 ug.I''; Pb: 2-107 ug.I'’; Cd: 2-12
ug.l'; Mn: 2-35 ug.I''; va Fe: 160 - 2370 ug.I". Hau hét cdc gid tri trung binh ciia DHM thdp hon
gid tri cho phép cia quy chuin QCVN 08: 2008/BTNMT, tuy nhién, tai mét sé thoi diém, mét sé
DHM (vi du Fe, Cd, Pb) ¢6 ham luong vieot qud gi6i han cho phép. Mdt dé tong colszrm (TC) va
coliform phdn (FC) dao dong trong khoang rong: TC: 23 dén 13,000MPN.100mI" va FC: 0 dén
1,600MPN.100mI”" va tai mét sé thoi diém mat dg TC va FC vuwot gid tri cho phép cua Quy chudn
QCVN 08:2008/BTNMT. Ham lwong cabon hitu co hoa tan (DOC) o mirc thdp, va ham heong
cacbon hitu co dang khong tan (POC) chu Yéu ¢é nguén goc tir dat riva tréi va x6i mon trong luu
vuee. Két qud quan trdc nhdan manh nhu cau giam sat thuo’ng xuyén chat luong nudc song, va nén
co cde giai phdp hiéu qua dé quan Iy va xit Iy cdc nguon gdy 6 nhiém trong heu viee nham cung
cap mieée sach cho cac muc dich sit dung nwée séng Hong nhir hién nay.
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1. Introduction

In recent years, human perturbations of agricultural,
domestic and industrial origins have largely impacted on
structure and function of their environment, especially
on water environment. The Red River is a good example
of a Southeast Asian river system, affected by human
activities.

The Red river (basin area: 156 451 km?) plays an
important role in economic and social development in
the North Vietnam. The river water sources in Vietnam
are significantly used for agricultural irrigation, for in-
dustries in the provinces of its upstream basin and for
domestic demand in country-village (Nguyen et al.,
1995). Whereas the benefits of this river are clearly
identified in Vietnam, its role in China has not been
clearly recognised, perhaps less important because of its
morpho-geography unfavourable to human activities
(94% of hills and mountains in Yunnan province (Chi-
nadata, 1998).

In parallel with the economic development in the basin,
the water pollution has been a great concern. However,
few data are available on the Red River water quality,
both in China and in Vietnam, excepted those collected
at the outlet of the rivers in the delta area (Nguyen, 1984;
Chu et al., 2014) or some sparse observations in order to
provide water river for the agricultural and industrial
production (Truong, 2002). For filling this gap of
knowledge, we organized sampling campaigns at the
outlet of each three sub-basins Da, Lo and Thao and in
the main branch of the Red River over two annual cycles
(2012 - 2013). Different variables of water quality were
observed in order to better characterise the water quality
of the Red River.

2. Methodology

2.1. Study area

Land use is very diverse from upstream sub-basins and
the delta area. Industrial crops dominate (58.1%) in the
Lo basin, forests (74.4%) in the Da basin, paddy rice
fields (66.3%) in the delta area, whereas the Thao basin
is characterized by a larger diversity of land use (forest:
54.2%; paddy rice fields: 18.7%; industrial crops:
12.8%).

The hydrological regime is of monsoon type, with higher
discharges in summer. The contribution of the Da River
to the discharge of the Red River is the highest. The
water discharge at four gauging stations Yen Bai, Vu
Quang, Hoa Binh and Hanoi (Figure 1) in two years
2012 — 2013 were not significantly different, averaged
530; 1220; 1470 and 1910 m’/s respectively.

2.2 Water sampling and analysis

The monthly sampling campaigns were conducted from
January 2012 to December 2013 at four gauging stations
(Figure 1).

Water quality checker, model WQC-22A (TOA, Japan),
was used to measure physical-chemical variables such as
temperature, pH, conductivity and dissolved oxygen
(DO). Water samples were sequentially filtered through
Whatman GF/F paper for analyzing dissolved substanc-
es: nitrogen (nitrite, nitrate and ammonia); phosphorus
(phosphate); silica (DSi); organic carbon (DOC) and
heavy metals.
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Figure 1. The Red River system and four gauging
stations

Nutrients (N, P, Si) and chlorophyll a were spectropho-
tometrically measured by an UV-VIS V-630 (JASCO,
Japan) by different methods described in Le et al,
(2005). DOC was determined using a TOC-Vg (Shimad-
zu, Japan). Dissolved heavy metals (DHM) such as Cu,
Zn, Cr, Pb, Cd, Mn and Fe) were spectrophotometrically
determined by the Vietnamese standard methods: Cu:
TCVN 4572 — 88; Zn: TCVN 4575 — 88; Cr: TCVN
6658 — 2000; Cd: TCVN 2664 — 78; Pb: TCVN 4573 —
88; Mn: TCVN 6002 — 1995 and Fe: TCVN 6177 -
1996. Particulate organic carbon (POC) was analyzed
using a device LECO CS 125. Total coliform TC and
fecal coliform FC densities were numbered by the Viet-
namese standards TCVN 6187-2: 1996.

3. Results and discussion

3.1 Physico-chemical variables

Physico-chemical variables of the Red River system
were monthly observed during two years 2012 and 2013.
The results (table 1) showed that the water temperature
was in the range from 14.4 to 35.0 °C, the mean value
averaging 25.4°C. The conductivity varied with the me-
dian value of 182 pS.cm™. The pH varied from 6.0 — 8.5
with an average value of 7.8. The DO concentrations
varied from 2.1 to 7.2 mg O,.I". The suspended solids
varied much within 4 stations: the highest value at Yen
Bai (119 mg.I") and the lowest value at Hoa Binh (11
mg.1") where two big dams are impounded. The concen-
tration of suspended solids at Hoa Binh station was
much lower than previous time when there was only Hoa
Binh reservoir, e.g. (Le et al., 2007).
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Table 1. Physico-chemical variables of the Red River
during the years 2012 — 2013

Sites Temper- pH Conduc- DO SS

9
ature, °C - tivity, mg.l'1 mg.l'1
uS.cm™
Yen 259 7.9 178 3.8 119
Bai 144-32.0 6.8-85 136-242 2.6-6.1 20-376
Hoa 25.8 7.7 168 3.7 11
Binh 15.0-33.0 6.8-8.3 133-204  1.9-5.6 2-37
Vu 25.8 7.8 202 3.8 24
Quang 13.8-35.0 6.8-8.5 156-253  1.9-5.6 4-90
Hanoi 25 7.8 181 4.0 55
° 15.7-33.2  6.0-8.5 127-292  2.1-7.2  18-153
QCVN
08:2008 - 60-85 - =5 30
/BTNMT,
A2

3.2 Nutrients (N, P, Si) and algal pigments
3.2.1 Nitrogen

The nitrate concentrations varied from 0.16 — 0.96 mgN-
NO3.1'l and averaged 0.58 rngN-NO3.1'1 at four sites
(table 2). The values found for nitrate were still far be-
low the Vietnamese Standards limits for surface water
quality, QCVN 08:2008/BTNMT (5 mgN-NOs.1™).

Table 2. Nutrients and chlorophyll a contents (aver-
age, minimal - maximal values) of the Red River
during the years 2012 — 2013

sits’ NOs  NH, PO, Pt  DSi  Chla
mgN.1 mgN.I"  mgP.l mgP.l mg.1 ug.l”
Yen 0.69 0.09 0.038 0.27 6.0 1.63
Bai 0.26- 0.02- 0.008- 0.06- 3.7- 0.20-
0.96 0.35 0.281 0.59 7.5 4.80
Hoa 0.43 0.06 0.024 0.08 6.0 1.66
Binh 0.16- 0.02- 0.003- 0.01- 5.1- 0.20-
0.70 0.22 0.085 0.27 7.2 3.30
Vu 0.64 0.10 0.035 0.11 5.2 1.77
Quang 0.23- 0.02-  0.0003 0.01- 3.8- 0.08-
0.86 0.41 -0.189 0.23 6.2 3.28
0.58 0.10 0.046 0.17 54 1.97
Hanoi 0.19- 0.01- 0.004- 0.04- 4.5- 0.08-
0.87 0.30 0.194 0.53 6.9 4.67
QCVN
08:2008/
s s 02 02 . . :
A2

Ammonium concentrations were low, varied from 0.01 —
0.41 mgN-NH,.I" and averaged 0.09 mgN-NH,.I" at
four sampling sites. Contrary to the nitrate concentra-
tions that tended to increase during rainy seasons under
leaching from the agricultural lands, ammonium concen-
trations in the Red River tended to show a dilution.

Considering the proportion of nitrate, nitrite and ammo-
nium in total inorganic nitrogen, it appeared that nitrate
was, in proportion, the dominant form, around 83 %. The
proportion in nitrite remained very low (<2 %).

3.2.2 Phosphate and total phosphorus (Ptot)

Phosphate concentrations varied from 0.002 — 0.28 mgP-
PO,.1" and averaged 0.04 mgP-PO,.I"" at four sites. The-
se low levels might be a limiting factor for least growth
of algal at certain periods, depending on the seasonal
variations. However, Ptot concentrations were much
higher, from 0.01 - 0.59 rngP.l'l, averaging 0.16 mgP.l'l.
The Ptot concentration seemed higher in rainy season
than in dry season, indicating that phosphorus is more
issued from diffusion than from point sources.

3.2.3 Dissolved silica (DSi) and algal pigments

DSi concentrations in rivers mainly originate from rock
weathering, and therefore depend on the lithology (Mey-
beck, 1986). The lithological composition of the Red
River watershed is dominated by sedimentary rocks,
with about half of carbonated rocks. DSi concentration
averaged 5.5 mgSi.I"' at four sites.

Total chlorophyll a (Chl @, pg.1") contents were relative-
ly low (table 2), which may be influenced by high sus-
pended solid and water flow.

3.3 Heavy metals

DHM concentrations in the Red River water at four
gauging stations were monthly observed during the year
2012 in the framework of the INPC one-year-project.
The results showed that the DHM concentrations varied
in a high range (with the mean value): Cu: 10 — 80 (31)
ugl™; Zn: 2 — 88 (31) ugI™; Cr: 0.2 — 5.1 (2.0) ugl™;
Pb: 2 - 107 (15ug/l); Cd: 2 — 12 (5.5) ug.I™; Fe: 160 —
2370 (950) ug.I”". No clear seasonal variation of DHM
concentrations was observed, which may reflect the
complex pollution source of heavy metals.
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Figure 2. Average values (ug/l) of DHM contents at
four gauging stations of the Red River system in 2012

These average concentrations of DHM of the Red River
water were higher than the average values of the World
Rivers, proposed by Viersa et al., (2009): Cu: 1.48ug.1™;
Zn: 0.60ugl™; Cr: 0.70ugl™; Pb: 0.08ugl™; Cd:
0.08ug.I"; Mn: 34ug.I™; Fe: 66ug.I" except the value of
Mn; and these values were much lower than those in
rivers impacted by urban or industrial zones.

Almost all values of DHM contents were lower than the
ones of the QCVN 08:2008/BTNMT. However, at sev-
eral time during the observation period, the contents of
some DHM such as Fe, Cd and Pb exceeded the Viet-
namese standard limits and values proposed by WHO
(2011) (Cr = 50ug.I™; Cd = 5ug.I™; Mn < 50ug.I™; Pb <
25ug.I™). The high DHM in the Red River water can
influence indirectly and/or directly to the human health
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due to the river water use as drinking water, irrigation
and aquaculture.

3.4 Coliforms

TC and FC of the Red River system were observed from
January to December 2013 in the framework of the
NAFOSED project (for L.T.P.Q), which started in 2013.
TC and FC densities varied in a high range: TC from 23
to 13,000MPN.100ml" with an average value of 1,765
MPN.100mI". The FC values ranged from 0 to
1,600MPN.100ml" with an average value of 191
MPN.100mlI™". The higher values of TC and FC were
found in the main axes of the Red River (in Yen Bai and
Hanoi stations) (Figure 3).
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Figure 3. TC and FC densities at four gauging sta-
tions of the Red River system in 2013

These values were closed to the average values reported
from previous studies (ICEM, 2007; Truong, 2012) for
some sites of the Red River but much lower than the
average values from urban rivers e.g. the Nhue river in
Hanoi city (TC: 106,600 MPN.100ml"; FC: 49,200
MPN.100mI™); and were lower than the ones of some
rivers in the World such as the Hindon river (India)
(Yadav & Mishra, 2014), or the Danube river (Romania)
(Ajeagah et al., 2012).

Almost all TC and FC values of the Red River water
were lower than the allowed limits given in QCVN 08-
2008 but at some observed time, they exceeded from 1.5
to 2.5 times over the allowed limits. The high TC and FC
densities in the Red River system may influence
indirectly and/or directly to the human health due to the
river water use as drinking water, irrigation and
aquaculture. As known, most of coliforms are non-
pathogenic, but some strains can cause diseases such as
diarrhea, dysentery, urinary tract infections, hepatitis,
bronchitis, pleurisy etc.

3.5 Organic matters

The DOC values were from 0.2 to 4.6 mgC.l'l, averag-
ing 1.1 mgC.I" at four sites (Table 3). These values
might seem low compared with the figures for wet tropi-
cal regions (8 mgC.I"") proposed by Meybeck (1988), but
probably reflects the absence of alluvial forests in the
Red River basin. The POC contents varied from 0.2 to
3.7 mgC.I", averaged 1.2 mgC.I" at four sites. These

values are lower than those proposed by Ittekkot and
Laane (2002) for the different ranges of river suspended
solid concentration. The POC/Chl a ratios ranged from
174 to 4872 (Table 3), averaging 1300 for the whole Red
River that were much greater than the range of values for
the typical phytoplankton development in river water
(POC/Chl a ratio: 30 — 100 mgC.mgChl a™ (Abril et al.,
2002). This result suggests that POC in the water of the
Red River mainly derived from soil organic leaching and
erosion in the basin.

Table 3. DOC and POC contents (average, minimal -
maximal values) of the Red River system during the
year 2013

Sites DOC POC POC/Chl a
mgC.1" mgC.1I" mgC.mgChl a
Ven Bai 1.57 1.74 1720
¢ 0.20-4.31  0.76-3.72 500 -4872
. 1.02 0.56 646
HoaBinh 15338 020112 174-1349
Va Quan 1.15 1.07 1430
URUANE 133,456  0.44-1.64 323-4250
Hanoi 1.45 127 1236
0 0.22-228  0.92-1.72 881-1777

4. Conclusions

The monitoring results showed that the average concen-
trations of nutrients (N, P) were still far lower than the
allowed value of the Vietnamese standard limits for
surface water quality, QCVN 08:2008/BTNMT. Due to
the impoundment of two big dams in the Da tributary,
the suspended solids contents decreased remarkably. The
dissolved heavy metal (DHM) concentrations varied in a
high range but only for several time, some DHM (e.g.
Fe, Cd, Pb) contents exceeded the allowed values of the
QCVN 08:2008/BTNMT. The TC and FC densities also
varied in a high range and at several points observed,
they exceeded the allowed values. The DOC contents
were in low level and the POC content reflected its
source from soil organic leaching and erosion in the
basin.

The high DHM, TC and FC values in the Red River
water at several points observed can influence indirectly
and/or directly the human health due to the river water
use as drinking water, irrigation and aquaculture. Thus,
the results underlined the need for more frequently and
systematically monitoring of the river water quality. And
there should be some effective solutions to manage and
treat the waste sources in order to provide safe water for
different purposes of river water use as actual in the Red
River basin.
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