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ABSTRACT
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The study aimed to assess nutrient contamination to aquifer from reuse of latex wastewater for
perennial tree irrigation. The latex wastewater contains high nitrogen concentrations and BOD that
are required high treatment costs to meet Vietnam Industrial effluent standards. The reuse of
secondary treated effluent for rubber tree irrigation may be a potential benefit in terms of treatment
cost reduction as well as nutrient reuse.

A pilot experiment was done in two lots of 100 rubber trees each. The area of each lot was 7m x
2.5m. One lot was controlled without irrigation. The used irrigation water was taken from effluent
of a facultative waste stabilization pond of latex processing industry. Hydraulic rate, nutrient
loading and COD loading applied to the lot were 8m¥ha/week, 12.5 kgN/ha/day and 0.5 kg COD
/ha/day respectively.

GMS modeling was used for assessing nitrogen and COD transport in the aquifer. The first order
reaction modeling was used for biological conversion of COD and nitrogen during the infiltration
in the vadose layer. The results shown that transport of total nitrogen and COD in the ground water
were reached stable levels at 2 meter depth after 10 months and 10 meter after 12 months of
irrigation. In addition, scanning electron microscopy (SEM) images used to compare the soil
quality among the sites.

Keywords: Latex processing wastewater, nutrient reuse, Vietnam Industrial effluent standards,

Groundwater Modeling System (GMS), scanning electron microscopy (SEM).

INTRODUCTION

Vietnam Rubber Group reported that the
rubber industry emits by 10 million cubic
meters of wastewater annually [1]. The latex
wastewater contains high organic and high
nitrogen (COD: 1,000 + 10,000 mg/l, BODs:
1,700 + 9,000 mg/l and total nitrogen: 45 +
1,600 mg/l) [2]. To meet Vietnam Industrial
effluent standards, the reuse of secondary
treated effluent for rubber tree irrigation may
be a potential benefit in terms of treatment
cost reduction as well as nutrient reuse. Due
to high nutrient composition, orientation to
reuse wastewater after aerobic biological
treatment for irrigation combining with higher
processing soil treatment may reduce costs of
chemical and electricity. In addition, reuse of
nutrient compositions (nitrogen, phosphorous,
potassium) may decrease the amount of
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chemical fertilizers and improve soil quality
by providing useful microorganisms and
humus after aerobic biological treatment. The
study aimed to assess nutrient contamination
to aquifer from reuse of latex wastewater for
perennial tree irrigation.

MATERIALS AND METHODS
Experimental site

The experiment was conducted at the Rubber
Research Institute of Vietnam (RRIV) in Ben
Cat District, Binh Duong province, Vietnam.

A pilot experiment (Figure 1) was done in
two lots of 100 rubber trees each. The
distance between rubber tree of each lot was
7m x 2.5m. Lot 0 (LO) was controlled without
irrigation. Lot 1 (L1) was watered by latex
wastewater after anaerobic stage with 20 liters
per rubber tree. Two observation wells about
18-20 meters in depth were drilled in the two
lots LO, L1.
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Figure 1. Pilot scale irrigation experiment

The used irrigation water was taken from
effluent of a facultative waste stabilization
pond of latex processing industry. Hydraulic
rate, nutrient loading and COD loading
applied to the lot were 8m¥ha/week, 12.5
kgN/ha/day and 0.5 kg COD /ha/day
respectively.

Sampling and testing quality of the
wastewater

Treated wastewater was irrigated on every
Thursdays, from 08:00am during 1-2 hours.
Irrigation flow at each rubber’s root was
controlled by a counter clock to ensure 20
liters in every 12-14 seconds per rubber tree,
or equal to 10 m?® per ha per week. The
experiment was conducted in 16 weeks.
Water samples from the 2 observation wells
were taken by water pumps and then brought
to the laboratory for analyzing pH, COD,
TKN, N-NH., N-NOs and P - PO..

Table 1. Characteristics of latex wastewater after
anaerobic pond

Latex Average
No .
wastewater concentration

1 pH 6.77
2 COD (mg/L) 407
3  TKN (mg/L) 176
4 NHs — N (mg/L) 157
5 PO4—P (mg/L) 282
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Table 2. Modeling of latex wastewater

Latex wastewater (CS)

Type of Wals_taet/?/);ter Effluent of
stream, of Anaerobic facultative/
0] . effluent  secondary
anaerobic treatment
pond
It kk hk
COD (). 1909 500 250
mg/L
TKN (k). 5o 150 60
mg/L
Irrigation load m3/ha/day
Irrigation 30
load TL 50
(n) 80
120

Note: (i) — Type of wastewater: bi, kk, hk; (j)
— COD: 1000, 500, 250 mg/L; (n) — 30, 50,
80, 120 m®/ha/day

Soil sampling and analyzing

Surface soil were sampled for SEM analysing
at two sites: i) Inside the lot LO, soil were
taken from the top, at 35cm depth and then
mixed for one sample named D3; and ii)
Inside the lot L1, soil were taken from the
top, at 25cm depth and then mixed for one
sample named CS3. SEM images at
magnification 100 and 1,000 were conducted
at the Innovation lab, Ryerson University,
Toronto, Canada.

Input data for Groundwater Modeling
System (GMS)

Irrigation load calculation option (n) 30, 50,
80 and 120 m3/ha/day, the results of the water
analysis by the software MODFLOW with
input data showned in the Table 2.
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RESULTS AND DISCUSSIONS Pollution spreading in groundwater

Pilot scale irrigation experiment The results of spread calculate by GMS

Static water levels in observation wells were software are shown in table 3, which show
adversely distance from the border of

at -9.5m as the drilling report while the depth irrigation area (with sides 100m x 100m) to
of exploited water were about -20 m. The  the position at which the concentrations of
control experiment provided undetectable P - COD and ammonia reaching the limit values
PO, presence. Phosphorus is usually in form ~ Of  groundwater — quality — of  QCVN
of phosphate in acidic soils (alkaline soils) in 09:2008/BTNMT for edible use (COD =< 4
mg/l and N — NHz < 0.1 mg/l).

Note: Qmax = Irrigation load (m®/ha/day), H —
Static water level, m

When irrigating latex wastewater with low

Wastewater_ rubber with much phosphorus. concentrations of COD and ammonia (COD =

the observation well No. 1 were lower than must be 60 m far from irrigated areas. This
the control well’s. These results showed distance requires 30 m if COD is 250 mgl/l.
similar to the permeability experiment (Lam,  Results of COD and BOD of the GMS

2013), at a depth of 20 m, TKN and N - NH, showed similar to the report of the EPA
’ t detected. due t ’ dsoroti (1981), water quality by land treatment with
were not detected, due to adsorption process BODs < 5 mg / 1 and N-NH; < 2 mg/L for the

which phosphate is adsorbed by iron and
aluminum oxide. The effect of soil
phosphorus adsorption is high if using

ammonia. load from 7-35 kg BODs/ha/week.
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Figure 2. Change of contaminant concentrations: (a) COD, (b) TKN and (c) N — ammonia for irrigation
water and water observation wells

Table 3. The results of spread calculate by GMS software

Distance (d) from the borders adverse to Distance (d) from the borders adverse to reach
reach COD=4 mg /| at static water level (m) ammonia= 0.1 mg /| at static water level (m)

HIM 95 20 50 10 HIM o5 20 50 10

Rubber -~ max N_NH max
Waste (o 30 50 80 120 (n;g”) 3 30 50 80 120
water 1000 60 80 80 100 500 10 10 10 30
500 30 60 60 80 150 10 10 10 20
250 10 30 40 60 60 10 10 10 10

113



Huyen Vu Xuan Dang et al

Journal of SCIENCE and TECHNOLOGY

127(13): 111 - 115

Scanning electron microscopy SEM

Scanning electron microscopy (SEM) images
was used to compare the soil quality among
controlled site (D3) and irrigated site (CS3),
detailed in Fig.3. At magnification 100, the
images showed that the porous medium of
CS3 had a lower total porosity than D3.
However, soil porosity between CS3 and D3
were not different at magnification 1000 and
may result in contaminants movement in the
same way among these sites.

CONCLUSION REMARKS

The results of latex wastewater spreading
showed that shallow groundwater was
affected with COD and ammonia in the
irrigation  areas  higher than QCVN
09:2008/BTNMT, column A. This
groundwater should be used for industry or
irrigation targets. Scale irrigation experiment
in the pilot at rubber block with the amount of
water for the experiment block is about 8
m3/ha/week and the load of COD water is 0,5
kg COD/ha/day with latex effluent, bCOD

absorbed in static water 9.5 m can be reduced
completely (~ 100%). As results of the GMS,
TN and COD concentrations spread in the
groundwater have stable after 10 months of
continuous irrigation with static water levels 2
m and after 12 months with static water levels
10 m.

FUTURE WORKS

Nutrients of the treated latex processing may
be reused for perennial trees like rubber trees.
However, impacts of the reclaimed water
need to be evaluate toxicity of chemical
substances and mixtures using natural soils to
microbial  populations indigenous. The
specific objectives are to assess the changes
in soil chemical and physical properties
induced by irrigation, to highlight the
involved  microbial  health, and, to
characterize the role and behavior of the
organic matter.

Acknowledgment. The authors deeply
appreciate financial support of DOST of Binh
Duong.

Figure 3. SEM at magnification of 100: a) D3 — inside L0, b) CS3 —inside L1,
and 1000: ¢) D3 — inside LO, d) CS3 — inside L1
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DPANH GIA TAI SU DUNG NUGC THAI NGANH CHE BIEN MU CAO SU
PEN CHAT LUQNG NUOC NGAM CHO TRONG CAY LAU NAM

Ding Vii Xuin Huyén'",

DPing Vii Bich Hanh?,

Amira Abdelrasoul?, Huu Doan?, Nguyén Phwéc Dan'

1Pgi hoc Béach khoa Thanh phd Hé Chi Minh — Viét Nam

2Dgi hoc Ryerson, Toronto, Canada

Nghién ctru nhim danh gia 6 nhiém nudc ngam trong tai s dung tir nudc thai mi cao su dé tudi
cay lau nam. Nudc thai mi cao su ¢ chira ham lugng nito cao va BOD cao, doi hoi phai dugc ap
dung cong nghé xir 1y bac cao dé c6 thé dap ing tiéu chuan nudc thai cong nghiép Viét Nam. Viéc
tai sir dung nuéc thai sau xir Iy bac hai dé tugi cay cao su ¢ thé mang lai loi ich do giam chi phi

xir Iy ddng thoi tai st dung chat dinh dudng.

Mo hinh thi nghiém dugc tién hanh voi hai nghiém thic, d6 la nghiém thirc tudi va nghiém thic
khong tudi véi 100 cdy cao su cho mdi nghiém thirc. Dién tich mdi nghiém thirc 13 7m x 2,5m.
Nuée tudi dugc lay tir ddu ra sau bé 6n dinh cta hé thong xir Iy nude thai mu cao su. Luu luong,
tai luong 6 nhifm va COD duoc st dung 1a 8m¥%ha/tudn, 12,5 kgN/ha/ngay va 0,5kg

COD/ha/ngay.

Mb hinh GMS dé dugc ap dung dé danh gi4 lan truyén nito va COD trong tang nuéc ngam. Mo
hinh cho thay phan ung chuyén hoa sinh hoc cia COD va nito trong tang vadose. Két qua nghién
ctru cho thiy tong nito va COD trong nuéc ngam dat duoc mic d6 6n dinh & d6 sdu 2 mét sau khi
tudi 10 thang va & do sdu 10 mét sau khi tudi 12 thang. Ngoai ra, kinh hién vi dién tir quét (SEM)
duoc str dung dé so sanh chat lugng dat giita cac vi tri thir nghiém.

Tir khéa: Nude thai nganh ché bién mii cao su, tdi sir dung dinh dwdng, tiéu chudn nwée thai cong
nghiép Viét Nam, mé hinh dong chay nwéc dwéi ddt (GMS), kinh hién vi dién tir quét (SEM).
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