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Domestic wastewater is one of the most interested environmental issues in Vietnam, especially in
big cities and suburban residential areas. Most of the wastewater was not treated in the right way
before discharging to environment. In this research, the author used water hyacinth as a main
aquatic plant in aquatic pond model to treat wastewater. The experiment was operated continuous-
ly in 1 year with hydraulic retention time (HRT) is 11 and 18 days. Hydraulic loading rate (HRL)
is 300 and 500 m’/ha/day, respectively. Treatment efficiency of the model for TSS is 90%
(remaining 6 -12mg/l); COD, BODs is 63 - 81% (remaining 10 - 48mg/l); TP is 48 — 50%
(remaining 3.5 - 9.8mg/1); TKN is 63 - 75% (remaining 8 - 17mg/l). Polluted parameters in efflu-
ent were lower than A and B levels of Vietnam standard QCVN 14: 2008/BTNMT and QCVN 40:
2011/BTNMT. The doubling time of water hyacinth in summer is 18days, and in autumn and win-
ter is 28.5 days. Experiment results showed that we can use water hyacinth in aquatic pond to treat
domestic wastewater with medium scale. We can apply this natural treatment method for residen-
tial areas by utilizing existing natural ponds and abandoned agricultural land with capacity up to
500m’/ha day. However, to get better efficiency we should combine with other aquatic plant spe-
cies to treat wastewater and improve environmental landscape.

Nuée thai — xir Iy nuée thai sinh hoat hién dang la mét trong nhitng van dé méi trieong dwoc quan
tam tai Viét Nam nhat la tai cac thanh phé 16m va cac khu dan cu. Hau hét luwong nudc thai chua
dwoc xu ly dung cach trudc khi thai ra moi truong. Trong nghién ciru nay, tdc gia sw dung moé
hinh ho thity sinh va sir dung cdy Béo luc binh dé xir 1y nwdc thai sinh hoat ciia mét khu ddn thugc
huyén Tur Liém, tai khu vuc nay nuwdc thai bi thai truc tié’p vao song Nhué. Thuc nghiém da duoc
tién hanh trong khodng thoi gian mgt nam, trdi qua cdc miia cia khu viee mién Bdc véi hai ché d¢
vdn hanh HRT la 18 va 11 ngay, twong iimg véi tdi trong thiy lwc HRL la 300 va 500 m’/ha/ngay.
Két qud cho thay mé hinh thiy sinh sir dung cdy béo luc binh cho két qua tot, hiéu sudt xir Iy véi
cdc chdt 6 nhiém dat dwoc nhw sau: chat ran lo ling dat 90%, COD, BOD; dat 63 - 81%, Phot
pho tong giam téi 48 -50%, Nito tong giam t6i 63 - 75%. Ham heong cdc chdt 6 nhiém trong nuée
thdi ddu ra ciia mé hinh déu thap hon nguéng A va B ciia cdac tiéu chudan QCVN 14: 2008/BTNMT
va QCVN 40: 2011/BTNMT. Bén canh do tac gia ciing da xdc dinh dinh dwoc téc do sinh truong
ciia cdy béo tai khu viee mién Bdc la 18 ngay vao mua hé va 28.5 ngay vao mia thu déng. Két qua
nghién citu cho thay cé thé sir dung béo luc binh dé xir Iy nude thai sinh hoat, véi qui mé vira va
nho va nén ap dung cho cac khu vuc ven do, nong thon noi co dién tich dat rong hodc tai cac hé
sinh thai cua cac khu do thi. Tuy nhién, dé hiéu qua tét hon ta can két hop voi nhiéu loai thuc vat
thiyy sinh khdc dé ngodi tac dung xit Iy niede thai ma con tao canh quan méi truong xung quanh.
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1. Introduction + Reactor area (S) = 1.08 m?; Treatment volume (V) =
540 liters.

In Vietnam, domestic wastewater of resident is not treated
in the right way. It is only preliminarily treated, and the
effluent quality does not meet the Vietnam Standard. This
is the cause of the pollution and the epidemic spreads.
Using aquatic plants to treat wastewater is one of the
natural methods, known as a technology solution for
wastewater treatment in natural condition. It is an envi-
ronment friendly method and can achieve high perfor-
mance efficiency with low operating costs. Other ad-
vantages of this method are to increase biodiversity value
and improve landscape.

Water hyacinth - a kind of aquatic plants is very common
and develops well in Vietnamese condition. It is grown
and used with many purposes such as soil additives, ferti-
lizer; their pulp and fiber are used for paper making, ani-
mal feed, biogas production and human food. Many stud-
ies in the world show that we can grow it in aquatic pond
to treat wastewater. Our study is carried out in Northern
Vietnam, where has two distinct seasons in the year, rainy
and dry seasons. A continuous experiment to the time is
still a new research direction, and result of this experi- Pond model such as [3]

ment can help us assess the actual capabilities of water T Hydraulic retention time - HRT;

hyacinth to treat pollutants such as SS, COD, BODs, TP, Hydraplic loa}ding rate - HLR;
and TN. + Organic loading rate - OLR;

+ Flow

- Feeding water hyacinth and preparing experiment

- Analysing wastewater sample at influent and effluent
with parametersSS, COD, BODs, TP, TN, NH,", PO,
2.1. Sllbj ect - Calculating growth rate of water hyacinth

Dong Ngac Commune - Tu Liem district (GoogleMap)

- Determination of the operating parameters for aquatic

2. Subjects and methodology

The authorsused water hyacinth (Eichhornia crassipes) to  Operating modes:

study its ability in treatment of pollutants in wastewater * Period 1- Feeding water hyacinth and Preparing exper-
[2]. Research was carried out with real wastewater sample ~ iment: during the time from 5/1/2012 to 5/3/2012. Water
taken on wastewater ditch of a residential area near Uni-  hyacinth is transported and fed in the reactor pond with
versity of Mining and Geology before run into the Nhue  real wastewater to develop and adapt with the artificial

River. (Figure 1) environment, and preparing experimental stage.
* Period 2- Running with continuous operation mode:
2.2. Methodology 'during the time from 3/6/201% to 16/7/2012. With operat-
ing parameters HLR = 300m’/ha-day; Q = 30l/day; HRT
= 18 days

Calculate and establish aquatic pond model to treat . . . . .
* Period 3- Running with continuous operation mode:

wastewater . . :
- Aquatic pond model is established with dimension as durlpg the time from 17/7/2012 t‘; 15/12/2012. With op-
follow (Figure 2): erating parameters HLR = 500m’/ha-day; Q = 501/day;
+ The ratio between length and width of the reactor is 3: HRT = 11 days.
1; Length (L) = 1800mm; Width (R) = 600mm;
+ Height (H) = 600 mm (flooded height = S00mm);
Influent Wastewater Distribution
Wastewater tankl pipeline pipe Reactor pond Overflow trough
¢ " L lDrain pipe
e

Figure 2. Reactor system (aquatic pond made by safety glass)

127



J. Viet. Env. 2014, Vol. 6, No. 2, pp. 126-131

Table 1. Analysis results of pollution parameters in wastewater (*QCVN 40:2011/BTNMT)

No Parameter Analysis result QCVN14:2008
QCVN40:2011*
1 pH 6.9+73 5+9
2 DO (mg/l) 1.2 -
3 BOD; (mg/1) 64 + 95 30
4 COD(mg/1) 96 + 135 75%
5 TSS (mg/l) 90 + 140 50
6 NH;" (mg/1) 12.6 +21.0 5
7 TNK (mg/l) 31+37 20%
8 PO, (mg/l) 24+73 6
9 TP (mg/l) 16 + 32 4%
10 Coliforms(MPN/100ml) > 9000 3000

3. Results and discussion

Analysis results showed that concentrations of almost
pollution parameters in wastewater at studying area are
higher than the allowed limitation given by Vietnam
standard QCVN 14: 2008/BTNMT and QCVN 40:
2011/BTNMT (table 1).

3.1 TSS content

Concentrations of suspended solids (SS) in wastewater

influent range from 90 + 145 mg/l, which is 3 times high-
er than the A level of QCVN 14: 2008 standard.

In period 2, with HRT = 18days, TSS at effluent is from 6
to 12mg/l, average removal efficiency is 92%. And in
period 3, with HRT = 11days, TSS at effluent is from 6 to
14mg/1, average removal efficiency is 93%.

Factors affecting treatment efficiency is retention time in
reactor. When the retention time is long enough it helps
solid particles deposit easily down to the bottom. The
development of roots system can be considered as the
filter layer having effect to reduce flow velocity and to
filter out solid particles from wastewater.

3.2 COD, BODs

In period 1, after 10 days COD concentration in effluent
meet A level of Vietnam standard, and the COD compo-
nent in effluent is continuing to decrease.

In period 2, COD content at effluent is from 10 to 35mg/1,
average removal efficiency 84%. OLR 18 kg
BODs/ha.day.

In period 3, COD content at effluent is from 20 + 58mg/1,
average removal efficiency 63%. OLR 26 kg
BODs/ha.day.

The doubling time of water hyacinth in summer is 18
days, and in autumn and winter is 28.5 days.

When we change wastewater flow from 30 to 50 1/day,
treatment efficiency reduced from 81% to 63%. COD
concentration in effluent increased after a number of
water hyacinth is harvested. Harvesting process also made
the reduction of micro biomass in aquatic pond. Factors
affecting treatment efficiency is hydraulic retention time,
wastewater flow and harvesting process.
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Figure 3. Relationship between BOD and temperature
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Figure 4. TSS treatment efficiency
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Figure 5. COD treatment efficiency

Table 2. Pollution parameters in influent and effluent

Period Time Parameter Value Average Value Average n %
SS(mg/1) 97+130 115.549.5 - - -
Period 1 163 § COD (mg/l) 96+110 105+5 § - - -
(59 days) % TKN(mg/l) ; . g - - -
TP(mg/l) - - - - -

SS(mg/l) 90+140 116.9+11.0 6+20 95£2.7  92%

Period 2 £ COD(mgl)  64+160 113£18 £ 10+ 40 2147 81%
HRT =18days 6/3-6/7 = TKN(mg/l) = .

(124days) E g 24.2+37.1 30735 & 1014405 8829  71%

TP(mg/l) 11.1+23.4 17.3+2.8 3.5+17.0 8.5+3.8 50%

SS(mg/l) 96+154 125.2+10.7 6+14 9.0£1.6  93%

Period 3 67— & COD(mgl)  64-178 1214228 B 1660 40+ 9 67%
HRT=1ldays 50, &  TRNme/) = 0

(162 days ) E g 223+49.0  368+51 E  80+19.0  137+23  63%

TP(mg/l) 7.8+19.0 13.9+1.9 4.8+9.8 7.1+0.8  48%

3.3 TKN 1.3mg/1 at the depth about 20cm from surface and is low-

In period 2, content of TKN in effluent is from 6 to 12
mg/l, average removal efficiency 75%. In Period 3, TKN
content in effluent is from 8 to 17 mg/l, average removal
efficiency 63%. Dissolved oxygen content in the aquatic
model is 3.7mg/l at water layer nears the surface, is

er than 1mg/l at the bottom. Nitrogen in wastewater was
treatment through nitrificationate and denitrification pro-
cesses. TKN in effluent also was increased when
wastewater flow changed from 30 to 50 I/day. And treat-
ment efficiency also depends on harvesting process. TKN
treatment efficiency is shown in Figure 6.
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Figure 6. Development of water hyacinth
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Figure 7. TKN treatment efficiency
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Figure 8. TP treatment efficiency

34TP

TP treatment efficiency is showed in Figure 8. In period
2, concentration of TP in effluent is from 3.5 to 6 mg/l,
average removal efficiency 50%. In Period 3, TP content
in effluent is from 4 to 9.8 mg/l, average removal effi-
ciency 48%. Treatment efficiency of period 2 and 3 did
not change so much when the retention time was changed
from 18 days to 11 days. Harvesting process did not affect
to TP content in the effluent.

4. Conclusion

Studying result showed that in the studying area there is
no wastewater treatment plant. Therefore, wastewater was
discharged directly to Nhue River. Environment has been
polluted by wastewater. Concentrations of almost
environmental parameters were higher than the limitation
of Vietnam Standard QCVN 40:2011/ BTNMT

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

o

14:2008/BTNMT from 2 + 4 times e.g. SS, BOD, COD,

NH,", TKN, PO,*, TP.

Figure 9. Wastewater in influent and effluent

The research results of domestic wastewater treatment by
aquatic model with HRT 11 and 18 days showed that
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concentrations of determined parameters in wastewater in
effluent reduced to reach A and B level of Vietnam
standard QCVN 14: 2008 and QCVN 40: 2011/BTNMT.
Average removal efficiency for TSS is 90% (remaining 6-
12mg/1); COD and BODS are from 63 to 81% (remaining
10-48mg/1); TP is 48 - 50% (remaining 3.5-9.8mg/l);
TNK is 63 - 75% (remaining 8 — 17mg/l). The doubling
time of water hyacinth in summer is 18 days, and in au-
tumn and winter is 28.5 days.

We can apply this natural treatment method to treat
wastewater by utilizing existing natural ponds and
abandoned agricultural land with capacity up to
500m’/ha/day.
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