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ABSTRACT

The research aimed to evaluate environmental risk of reused wastewater on soil applying slow-rate
land treatment to irrigate rubber field. The experiment was conducted in the Vietnam Rubber
Research Institute, Ben Cat ward, Binh Duong province. The wastewater of latex processing after
secondary treatment may potentially harm to soil quality that would be showed through microbial
community. The method used natural bacteria and determined inhibition effect on the soil
microbial community bacteria in order to assess the changes in soil chemical and physical
properties induced by irrigation. NH3, and NOs concentrations to determine microbial health
through measuring ammonification, nitrification, respectively, as a measure of the soil microbial
community to decompose organic matter and release plant nutrients every 7 days of exposure
during 28 days. Firstly, toxicity of the wastewater with different dilution (100%, 50%, 25% and
12.5%) causes soil microbial community activities and development as their nutrients. After
exposing to the reused wastewater at different concentrations, most of soil parameters were
increased at the day 7. Until the day 28™ of the experiment, concentrations of tested parameters
were still not decreased. Concentration of NHs was decreased while organic carbon and total
aerobic microorganism increased that may be resulted from metabolism processes of the soil but
not from wastewater exposure. The reused wastewater of latex processing may be used to irrigate
rubber trees without inhibition to the soil health.
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INTRODUCTION

Vietnam to become the fourth largest exporter
of natural rubber in the world (800,000 ton
productivity) 4. At present, the growing
rubber area is spread from the northern to the
central provinces (less than 10,000ha) while
other west-southern areas from over 50,000ha
or between 10,000-50,000ha 5. The Vietnam
rubber group reported that the rubber industry
discharges 10 million m3 wastewater every
year. An average of loading rate of rubber
industry is 25 m? wastewater/ton dried rubber,
35 md/ton rubber product and 18 m?/ton latex.
Rubber wastewater contains high
contaminants, COD may be up to 1,000 —
10,000 mg/l, BODs may be 1,700 — 9,000
mg/l and total nitrogen may be 45 -
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1,600mg/l (Viet, 1999). Wastewater of latex
processing was researched for irrigation 78
but pollutants are spread over a large area and
may affect the crops 6. A serious threat of
rubber wastewater towards environmental
protection is high concentration of nitrogen in
this effluent (Table 1).

Table 1. Characteristics of process effluents from
rubber processing 9

Parameter Typical range
pH 3.7-55
Biological oxygen demand 1,500 - 7000
Chemical oxygen demand 3500 - 14000
Suspended solids 200 - 700
Total nitrogen 200 - 1800
Sulphate 500 - 2000

All units are mg/l, except pH.
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Identification of bacteria which can grow in
the concentrated latex wastewater was studied
by Choorit et al., 2003. After 40 h of
cultivation, 34% of COD was decreased by
Rubrivivax gelatinosus and Thiobacillus sp.
(Choorit et al., 2003). Four Kkinds of
Thiobacillus sp. were isolated from domestic
and rubber wastewaters in Thailand by
Kantachote and Innuwat (2004). All isolates
could grow in pH of 2.0 - 7.0 (optimum 6.5),
temperature of 25 - 45°C (optimum 30 -
35°C) under both aerobic and anaerobic
conditions. The highest COD removal (54%)
can be obtained by Thiobacillus sp. WIl1
cultivated in rubber wastewater for 14 days
while the efficiency of strain WI4 for BOD
and COD removal was 83% and 46%
(Kantachote and Innuwat, 2004).

Microbial community in soil may improve the
quality of the soil. Assessment of nutrient
could show toxicity reduction of soil through
microbial community. The specific objectives
were 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. NHs, and NOjs
concentrations (concentrations per gram of
soil) determined microbial health through
measuring  ammonification, nitrification,
respectively, as a measure of the soil
microbial community to decompose organic
matter and release plant nutrients.

MATERIALS AND METHODS
Experimental site

The experiment sites were rubber plantation
field located at the Vietnam Rubber Research
Institute (RRIV), Ben Cat ward, Binh Duong
province. The sites include rubber field and
rubber factory inside the RRIV. These areas
were under tropical climate. The annual
rainfall of this area is 1,800mm/year.
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Soil sampling and toxicity test

The surface soils were sampled randomly at
0-15 cm depth to test their physical and
chemical properties using a core sampler. Soil
collection should not receive any fertilizer or
pesticide applications within the past 24
months. The moisture of the soil was 60%.
After collecting, the surface soil samples were
allowed to air dry until sievable by 2mm
mesh sieve.

Soil microbial community toxicity was
determined by Soil Microbial Community
Toxicity Test Guidelines US EPA 712-C-96-
161, 1996. The soil samples were exposed
with treated rubber wastewater at different
concentrations  (100%, 50%, 25%, and
12.5%). The quality was tested every 7 days
during 28 days.

LABORATORY ANALYSIS
Soil chemical properties

Soil chemical properties were analyzed in the
Laboratory of Faculty of Environment and
Natural Resources of HCMUT including: soil
pH, nitrogen (NHs;, NO2, NO3, TKN), organic
matter, total aerobic  microorganism.
Parameters were tested by Standard Methods
for the Examination of Water and Wastewater
(APHA, 1998), published by American Public
Health Association, American Water Works
Association and  Water  Environment
Federation.

Soil Microbial Community Toxicity Test

Soil microbial community toxicity was
determined by Soil Microbial Community
Toxicity Test Guidelines US EPA 712-C-96-
161, 1996. After sampling, all soil samples
were incubated in darkness at approximately
22°C. Soils are then sampled on 5™ day and
28" day and analyzed for NH; and NO;
concentrations to determine microbial health
through measuring ammonification,
nitrification, respectively. Control samples
were received a similar amount of water
without the reused wastewater.
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RESULTS AND DISCUSSION

Effects of the exposure to physical
properties of the soil

pH:

Then soil samples were exposed from the day
zero to the 28™. The result showed that pH of
all samples decreased from time to time, from
7 to 4 (Fig. 1). However, pH of control
samples were also down over time. This
proved that soil pH was not only effected by
contaminants of the wastewater but also
depended on substances of natural soil. This
report agrees with the observations of Eneje
(2012) who reported that the soil pH of the
rubber plantation is very strongly acidic
(4.38) at 0-15cm 12.

Moisture:

At wastewater concentrations of 12.5; 25; 50
and 100%; moisture decreased over time from
65.33% to 40.88% (Fig. 2). Reduction of
moisture from time to time affected on soil
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Figure 1. Variation of pH during the exposure of
reused wastewater with different dilution
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Figure 3. Variation of TKN during the exposure of
reused wastewater with different dilution

pH. This agrees with the observation of Eneje
(2012) who reported that there was position
correlation between moisture and pH value.
Effects of the exposure to chemical
properties of the soil

Nitrogen:

Fig. 3 showed that TKN ratio of initial and
exposure samples were down from time to
time. With  control  samples, TKN
concentration was also down at lower level
than exposed samples. Being exposed at
different concentrations, variation of TKN
levels were very clearly at negative
correlation between wastewater
concentrations and soil TKN. This was
proved that low concentration of wastewater
supplied organic matter for microbes’
activities.
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Figure 2. Variation of moisture during the exposure

of reused wastewater with different dilution
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Figure 4. Variation of NH3 during the exposure of
reused wastewater with different dilution
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NHs; was clearly correlated with soil
microbial community activities. Fig. 4
showed that NHs; of control samples was
slightly lower than other exposed samples.
The result showed that treated rubber
wastewater remained nutrients supplied to
microbes development. However, microbes’
activities were highest at 12.5% among other
concentrations. With 100% of wastewater
exposure, NH; concentration was up at the
day 7™, and then decreased rapidly after the
day 14", This was showed that contaminants
of the wastewater at high level inhibited soil
microbial community along with time.
Toxicity of the wastewater with different
concentrations  causes  soil  microbial
community activities and development as
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Figure 5. Variation of NO; during the exposure of

reused wastewater with different dilution
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Figure 7. Variation of organic carbon during the

exposure of reused wastewater with different
dilution
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nutrients that were showed by NHs
increasing. In the next 14 days, combination
between nutrient reduction and soil
accumulative chemicals (metabolism products
of microbes) may inhibit on microbes that
was proved by NHs decreasing. The decrease
was showed clearly in 100% compared with
NO; incease to the 14™ day at the same
concentration while NOs™ increased until the
day 14t 28N, NO, decreased in negative
correlation with NOs™ (Fig 5 and 6). At first,
microbes’ activities were in adaption stage
then proceed of the development and
parameters were up respectively. The higher
level of the wastewater may resulted in the

stronger inhibitory of the microbial
community.
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Figure 6. Variation of NO3 during the exposure of
reused wastewater with different dilution
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Figure 8. Variation of total aerobic
microorganism during the exposure of reused
wastewater with different dilution
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While organic carbon and total aerobic
microorganism were increased (Fig 7 and 8).
This may be due to microbes’ development
creating  biomass growth up. Thus,
concentration of NH3; reducing may not result
from higher level of the wastewater but from
other metabolism processes. In addition, there
was still no sign of reducing of its growth
until the day 28™. In conclusion, the reused
wastewater of latex processing may be used
to irrigate rubber tree and have no inhibition
to the soil health.

CONCLUSION

Toxicity test basing on soil microbial
community was quickly, easily to conduct for
toxic substances whose exposure is not
anticipated. This test can be used to measure
of the soil microbial community to
decompose organic matter and release plant
nutrients. After exposed to the reused
wastewater at different concentrations, most
of soil parameters were increased at the day
70 Until the day 28" of the experiment,
concentrations of tested parameters were still
not decreased. Concentration of NHs; was
decreased while organic carbon and total
aerobic microorganism increased that may be
resulted from metabolism processes of the
soil but not wastewater exposure. The reused
wastewater of latex processing may be used
to irrigate rubber trees without inhibition to
the soil health.
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TOM TAT
DPANH GIA ANH HUONG NUGC TAI SINH PEN CHAT LUQNG DAT
DUA TREN PQC TiINH CONG PONG VI SINH VAT DAT

Ping Vii Xuin Huyén®, Trinh Thi Bich Huyén, Piang Vii Bich Hanh, Nguyé&n Phuéc Dan
Pai hoc Bach khoa Thanh phé Hé Chi Minh

Nghién ciu nay nham danh gia riii ro moi trudng cua nudce thai duoc téi sir dung bang phuwong
phép canh ddng loc cham dé tudi cho cay cao su. Thi nghiém dwoc tién hanh tai Vién Nghién cau
Cao su Viét Nam, phuong Bén Cat, tinh Binh Duong. Nudc thai cia nganh ché bién mu cao sau
xir Iy thir cap c6 kha ning gy ton hai dén chit lugng dét dwoc danh gia qua hoat dong cua cong
dong vi sinh vat. Phuong phdp nay su dung vi khuan ty nhién va xdc dinh kha nang trc ché vi
khuan trén cong ddng vi sinh vat dat & danh gia nhitng thay doi vé hda hoc va tinh chat vat ly dat
do nudc tudi gay nén. Nong d6 NHs, NO; dugc sir dung dé xac dinh sirc khoe cua vi sinh vat
thong qua cac thong s0 qua trinh amon hoa, nitrat hoa. Phuong phap nay danh gia hoat dong phén
huy chat hitu co va giai phong cac chat dinh dudng cua cong ddng vi sinh vat dat mai 7 ngay tiép
xUc trong thoi gian 28 ngay. Dau tién, cong dong vi sinh vat st dung cac chat c6 trong nuéc thai &
chc ndng do pha lodng khac nhau (100%, 50%, 25% va 12,5%) dé hoat dong va phat trién. Sau
mot thoi gian tiép x(c voi nudc thai, hau hét cac thdng sé dat déu tang Ién & ngay thir 7. Cho dén
ngay thir nghiém 28, nong do cua cac thong sé thir nghiém van khdng giam. Nong do NHz giam
trong khi cacbon hitu co va tong vi sinh hiéu khi ting c6 thé 1a két qua ciia qué trinh trao doi chat
cua dat, khéng phai do tiép xdc voi nude thai. Nude thai téi st dung ché bién mu cao su c6 thé
duoc st dung dé tudi cho cay cao su ma khong c6 sy trc ché dbi véi stc khoe dat.

Tir khéa: Uc ché, phwong phdp canh dong loc chdm, nuée thai nganh ché bién mii cao su, thir
nghiém doc tinh cong d‘(fng vi sinh vat dat.
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