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This research was carrzed out 10 assess the petformance of the Horizontal Sub—Swface Flow
Constructed Wetland H-I&S'FCWQ system'in polishing pre-treated wastewater in the Upward Flow
Anaerobic Sludge Blanket (UASB) reactor plant as a potential wastewater treatment system that can
meet the  requirement for wastewater recycling and re-use for agricultural pwposes The HSSFC W unit
was deszgned and operated with a hydraulic loading of approximately 0.1m m”/day and a hya'raulzc
retention time of approximately four days. and it was packed with fine gravel and sand with an average.
porosity.c of 48%. Faecal Colzforms iri the effluentwhichwas in the magnitude of 7 log units. was reducea’
10 3 log units, while the mean Bzologzcal Oxygen demad (BOD:s) in the final effluent was observed to be
56 mgl These values' meets the required removal efficiency recommended by World Health
Organisation (WHO), Food and Agricultural organisation (FAQ). and Tanzanian standards for
wastewater re-use_in irvigation suggesting, therefore. that the H. SSFCW has potential_and can be
applied in the reclaniation of wastewater for irrigation to benefit the society in tems of crop yields.
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struct and _to operate (USEPA. 1998). Accord-
ingly. the cost of these technologies both in

Introduction

Reclaimed wastewater is a proven reliable
source of water for various uses in many re-
gions of the world Accordmg 10-Gearheart e al.,

(1999). wastewater re-use in agnculture has been
practised throughout the world with the objectlve
of converting wastewater into a usable résource
for env1ronmemal protection and sustainable de-
velopmem Jimenez et al.. (1999) reported on the
use of wastewater from Mexico City since 1890 to
irrigate an important agricultural area of about

90.000 ha, resulting in significant increases in the -

crop yields. The conventional technologles avail-
able for treating domestic wastewater to levels ac-
ceptable for recycling and use for agricultural pur-
poses have proven tolbe expensive both to con-
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terms of construction and operation are prohibi-

“tive to all but the large and more afﬂuem com-

mumues This is espec1allv because the benefits
in terms of crop vields where wastewater is used
requires that any treatment employ ed reduces’
only partially the nitrogen. phosphorus and or-
gamc matter present in wastewater. On the other
hand ‘conventional treatment reduces the levels

" of these parameters to very low ones.

In recent Veafs numerous studies have in-
vestlgated the use of Conslructed Wetlands

“(CW) for the treatment of wastewater (Vvmazal

etal: 1998 Green et al.. ]997 and Kadlec and

Knight. 1996) These studles have demonstrated
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that CW can reliably and efficiently treat domestic
wastewater to meet the required standards for
re-use in agriculture and horticulture. CW are en-
gineered systems that have been designed and
constructed to imitate the natural wetlands by uti-
lising the natural processes involving wetland
vegetation. soils and the associated microbial as-
semblages (Vymazal, 1998). They can be built
with a much greater degree of control, thus allow-
ing the establishment of. a well- defined composi-
tion of substrate. type of vegetation and flow pat-
tern. In addition CW offer several other advan-
tages over the natural wetlands, including site se-
lection, ﬂex1b111tv in sizing. and control over the
hvdraullc pathway and the retention time. They

\are de51gned to take, advantage of many of the pro- .

cesses that occur in natural wetlands but they do

s0 within a more controlled environment. Accord- ‘
1ng to Splels and Mitch (2000). CW can "bé suit-
abl\ used : Aas primary means, as integrated second-f' '

ary and tertiary treatment, general tertiary treat-
ment or for spec1ﬁc tertiary treatment

Table 1 Desngn standards and parameters for HSSFCW pilot plant ' S

lease nitrogen compounds during transpiration.
Percolation and lateral water movement may
also remove nutrients. For wastewater treatment,
the resulting bio-mass. has fo be harvested so that
the accumulated nutrients aré removed com-
pletely from the system. Vymazal er af., (1998)
reported that pollutants in CW systems are re-
moved through a combination of physical.

chemical and biological processes including sed;
imentation, precipitation and* adsorptlon to soitl
particles. assimilation by plant tissues and m1—
crobial transformations.

The aim of this paper is to report the ﬁndmgs
of a study on the use of a Horizontal Sub- -Surface
Flow constructed Wetland (HSSFCW) to treat
domestic wastewater to meet requirements for
wastewater recycle and re-use in agriculture (ir-
rlgatlon) In the study. the perfomance of the
HSSFCW to polish the. anaerobically pre-treated
domest1c wastewater in "the Upﬂow Anaeroblc
Sludge Blanket (UASB) pre-treatment reactor
plant in the removal of Faecal Coliforms’ (FC)

v

Deslgn parameter

~

- Adopted design value

Influent BOD:s to the HSSFCW (Co)
Desired effluent BODsx, from HSSFCW (Ce)

Minimum temperature of wastewater 10 be treated Average flow

rate from UASB to HSSFCW. Qu

90 mg/l

10me/ -
wC o
0.5 m*/day

The wastewater treatment mechanism in the
CW systems involves aquatic plants. which in
several processes cycle and remove nutrients from
the wastewater. According to Rivera e al.. (1995).
in the wetland removal mechanisms. atmospheric
carbon is fixed via photosynthesis while the grow-
. ing plants assimilate nutrients e.g. Nltrogen Phos-
phorus and Potassium from sediments and the wa-
ter column. Nutrlent-contammg bio-mass ‘can be

harvested and removed or it can die’ and decax :

providing food for detritus consumers and leaving
the hard matter to. decompose into humus for
burial in sedlments Orgamc carbon from plants
Serves as an energy source for N1trogen fixation
and denitrification. Nutrients are released to the
water column by leaching from plants and detri-
tus. The\ are also exchanged between the water
column and sediments. Emergent plants may re-

Volatlle Suspended SOlldS ( VSS) and Blologlcal
Oxygen Demand (BOD) Were, studled L

~

Materials andmeth_ods; e

Site descrlptlon L

A HSSFCW field scale pilot plant was bu1lt
at-a.site located at the University College of
Lands and’ Archltectural Studies.(UCLAS).
about 12 km North of Dar es Salaam city. at an
altitude of approx1matelv 60 metres. above mean

-sea level. The weather condition of this area is
basically. a troplcal coastal climate. The average

~ yearly temperature varies from 23 °C.to 28 °C

.and annual precipitation ranges between 500 mm
to 1000 min.while the absolute humidity is be-
tween 67 % to 96%. Within the site. there is an

-



existing Upward Anaerobic Sludge Blanket
(UASB) reactor plant. which is meant for research
work on domestic wastewater treatment. Part of
the domestic wastewater from the students’ hostel -
was diverted to. the UASB for pre-treatment prior
to discharge into the HSSFCW

"

Design of HSSFCW units - o R

t

The design parameters for the HSSFEW in

this study were based on the charactenstlcs of the

wastewater efﬂuent from the UASB and the de- »
em BOD:s (mgl'). K is the temperature depend-

sired efﬂuenl qualm from the HS SFCW umts

The adopted average influent BODs value to the -

HSSFCW from the UASB plant was 90:mg/1: The
desired effluent BOD5, from HSSFCW was
adopted in accordance with the WHO standards
and Tanzanian temporary standards recommenda-
tions for restricted wastewater re-use in irrigation.
The design standards adopted are provided in Ta-
ble 1.
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From the design perspective. the problem of
HSSFCW is to determine the surface area of the
treatment cell needed to achieve specified re-
+moval efficiency. According to Buchberger and
Shaw (1995), HSSFCW are assumed to be at-
tached growth biological plug flow reactors op-

., rerating with first order kinetics. The following
...governing equation for BOD removal was used

in the design of HSSFCW.
" Ce=Ciexp (-Kt) ............ e (nH
. Where Ciand C: represent mﬂuent and efflu-

ent rate constant (days™') and t is the HSSFCW
hydraulic retention time. (days). The temperature
dependent rate constant K is normally obtained
from equation (2).
K= kao(1.06) T2 (2)
Where kais the rate constant (days™') at 20°C
and T is the wastewater temperature (°C).
Kadlecand Knight (1996) have reported that kax
in HSSFCW 1.10 (days™).
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Figure 1(a): Schematic plan of a HSSCW unit _
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Experlmental set up

The eéxperimental set up that was used is shown in Figure 2. A UASB and HSSF CW wastewater
flow arrangement in which the HSSFCW unit was planted with Typha latifolia and packed with gravel
(varymg between 3 mm to 6 mm diameter) and sand was studied.

Raw
. wastewater

Stor.ie rubble

‘ Equalisatio'r}
tank
Samplmg pomt 1

N

Gravel media 3—6mm N

Final , . N S
effluent Sand ) d1ameter -~ [ -

Ve ”3\“" \‘v~’ -
Figure 2(a): Schematic presentation of the expenmental set up (plan)
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Figure 2(b): Schematic cross -section of the experi-
mental set-up
An average value of substrate porosity (p) of 48 %
was experimentally established for the two filter
media (gravel and sand) based on the relatioship :
p(%) = (pd -bd)* 100
Where bd is the bulk density of gravel calcu-
lated as the ratio of dry weight of the gravel sam-
ple to its volume, pd is particle density calculated
as the ratio of the dry weight gravel sample to the

difference of volume of the gavel and the volume -

of waste required to replace the pores.

The hydraulic retention time t (days) was estab-
lished based on the following equation:

Where p is the porosity of the substrate media,
q is mean flow Tate (m*/day). 1 (m) and w (m) are
length-and width of the HSSFCW. respectively.
and h (m) is the effective depth of the HSSFCW. .

Momtormg and sampling procedures
The initial sampling started after five months

of wetland plant growth as recommended (Billore -

et al. 1999). This is because CW typically requires

a few months for vegetation and bio-film estab-

lishment. In this study. within four months CW

plants covered the whole effective area m the )

HSSFCW, i

Wastewater 1nﬂuent and effluent from the.

HSSFCW were momtorcd and recorded daily for
a period of 3 months between Novembér, 200 i
and January, 2002 and mean values obtained.
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Wastewater samples were collected for analysis
from points I and 2 twice a week.. These sam-
ples were analysed in the laboratory for FC,
BOD and Volatile Suspended Solids (VSS). The
VSS were analysed in order to evaluate the pop-
ulation of bacteria in the HSSFCW as recom-
mended by Esoy er al., (1997), Henze er al.,
(1996) and Valentini et al., (1997). This is be-
cause VSS are made up of volatiles associated
with biological growth in wastewater treatment '
plants. The FC. are indicator organisms-that were
analysed as per WHO recommendations (WHO.
1989) and are of particular significance because
in the field of bacteriological analysis of
wastewater. their occurrence has traditionally
been regarded to be of special interest from a:
public-health perspective. since these organisms
are a regular component of the intestinal fauna of
mammals. Green ef al., (1997) reported that suc-
cessful removal of indicator organisms is a suffi-
cient guide to the removal of more serious patho-
genic organisms from the water..Kadlec and
Knight (1996) also reported that direct measure-
ment of some pathogenic bacteria provides re-
sults similar to measurement of indicator bacte-
ria species. The BOD is a measure of the oxy-
" gen consumption of micro-organisms in the oxi-
dation of organic matter. It is measured as the
0Xxygen consumption in an air tight incubation of
the sample. This test normally runs for 5 days.
and the result is then more properly designated
~as BOD:s.

[n this study. all analyses were carried out in
accordance with The Standard Methods of Ex-
amination of Water and Wastewater
(APHA.1992).
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Results and discussion

Removal of BOD and VSS :

Results obtained in this study indicated that the BODs influent range in the HSSFCW was between

130.0 and 86.0 mg/1. with an average value of 107.4 + 6.0 (n = 18) at 95 % confidence interval. The ef-

fluent range was between 9.0 and 3. 0 mg/l, with an average value of 5.6 £ 0.7. which represented an

average removal of 94.5 % = 0.5 at 95 % confidence mterva] Figure 3 presents the influent and efflu- -

ent BOD:s variation during the penod of the study.
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Flgure 3 BOD mfluent and effluent vanatnon in the HSSFCW system

'

.

The VSS influent Vaned belween 110. 0—320 0 mg/] with an average value of 211.9+ 23 (n = 29)
while the effluent range was between 4.0 and 24:0 mg/l with an avérage value of 12.9 £ 0.2 at'95 %
confidence interval as showrniin Table 2. Figure: 4:1nd1cates the variation of VSS influent and efﬂuem m

theHSSFCW )
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Table 2: BOD influent and effluent ranges and percentage removal in the HSSFCW

Parameter Influent Influent % Removal
Range Average Range Average Range Average

BOD: (mg/'1) 130 - 86 1074 - 6.0(n=18)  9-3 56207 966-93.1 94.5 0.5

TSS 110.0-320.0 2119 : 23 (n=29)  4-24 129 0.2~ 94.0 0.6

The BOD:s final effluent quality obtamed in
this study (5.6 mg/l) was better compared to those
obtained in a similar study (Kaseva, 2002). This
observation indicate that the HSSFCW is capable
of complementing the BOD removal and. thus.
complied with the Water Utilisation (Control and
Regulation) (Amendment) Act (1981) require-
ment for wastewater disposal in receiving water
bodies (30 mg/l) as well as the requirements for
re-use in irrigation and horticulture (10 mg/1).
These results suggests that fine gravel particles are
suitable for better pollutant removal compared to

)

Removal of FC

" The FC influent was in the magnitude of 7 log
units ranging between 21 x 10° and 11 x 10°
FC/100ml while the effluent were in the magni-

tude of 3 log units (4 logs units removal) ranging

between 1.3 x 10°and 0.3 x 101 FC/100ml. Figure

.

91.0-97.0

coarsc ones as reported by Kaseva (2002). prob-
ably due to the effect of increased surface area
for attachment of microbial community respon:
sible for effective polishing of the wastewater
(Sousa er al., 2001). Green et al., (1997) also re-
ported that fine substrate media resulted in rapid
staining, attachment and accumulation of solids
and thus rapid pollutant removal in the CW Sys-
tems. A relatively higher hyvdraulic retention
time of 3 days compared to that reported by
Kaseva (2002) might also have contributed to
the enhanced performance.

5.presents the influent and effluent FC concen-
tration (FC/100ml) variations (n = 29), while the |
average influent and effluent FC concentration
values for samples collected between November. .
2001 and January 2002 in the HSSFCW were as
shown in Figure 6.

-

Influent

B Effluent
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1.00E+03
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1.00E+00

FC/100m

28.11.01
02.12.01
06.12.01
13.12.01

16.12.01

Sampling dates

S
N
<
-
o
o
-

19.12.01
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16.01.02 }
24.01.02

Figure s, FC influent and effluent variations in the HSSFCW svstem



36 M.E.Kaseva

1.00E+08
1.00E+06
1.00E+04
1.00E+02
1.00E+00 L

FC/100ml

Influent

Effluent .

Figure"(»: AVerage FC concentration (F(f/100-ml) in the HSSFCW system

The HSSECW showed a high“efficiencv
(99.99 %) in the removal of FC, which may beat:
tributed to physical. (filtration, adsorption), chem:-
ical (oxidation) and biological (production of anti-
biotics) processes induced by the- presence of‘the
wetland plants,.as reported by Sousa et al.. (2001),
Rivera et al., (1995) and Khatiwada and
Polprasert (1999). The high removal of FC is
likely to have been contributed by the-large sur-
face area for attachment of the microbial commu-
nity due to fine gravel in the first half of the
HSSFCW and sand media in the other half.
Vymazal (1998) also reported that wastewater pu-
rification efficiency was strongly dependent on
the hydraulic characteristics of the bed media.
which had a pronounced influence on the-perfor-
mance of CW systems. The results obtained over a
hvdrauhc retention time of 3 days in this study are
better than those reported by Kiwanuka and
Kelderman. (2001), where a removal of 99.9 %
was obtained in a hydraulic retention time of 7

days. This confirms the influence of size of the -..

media on the performance of CW through hy-

“draulic retention time. Further studies. however.

need to be carried out to determine. and perhaps
avoid the likelihood that the system would clog -
if operated for extended periods of time..Results
obtained in this study suggest that-the
wastewater effluent met the required guidelines -
(FAO 1997: WHO 1989) and can be recyc]ed for
re-use in irrigation and horticulture.

BODs and FC results in comparison w1th
various recommended standards

The obtained BOD and FC results were com-
pared with the World Health Orgamsatlon
(WHO), United Nations Food and Agnculture
Organisation (FAO) standards and the Tanzanian
recommended values for wastewater re=use in ir-
rigation. The rensed WHO guidelines for
wastewater re-use in agriculture and horticulture
spemﬁes that the FC concentration in the efflu-
ent should be less than 1000 per 100 ml (WHO,
1989). Similar guidelines have also been recom-
inended by FAOlin a report on quality control of




wastewater for 1rr1gated crop productlon (FAO

1997), while the, World Bank genera} guldelmes_

have recommended collform counts of less.than
400 MPN/ 100 ml for wastewater reuse in 1rnga-
tion. The,_recommended,BO]f),; gu1de11nes for
wastewater-re-use in-irfigation in the. US:vary be-
tween 30-150 mg/l, dependingori the type of:irri-
gation (USEPA, 1988). In Tanzania, the Water
Utilisation (Control and Regulation) (Amend-
ment) Act'(1981) has recommended 10 mg/]
BODs for wastewater which is'suitable for
re-cycling and re use in 1rngatlon ‘and other indus-
trial activities, and between 30 to 40° mg/l BOD:s

effluent for direct dlscharge 1nto recen ing water”

bodles e .
Conclusions o
This study dwelt on the investigation of the ca-
pacity of a HSSFCW system in providing final ef-
fluent quality. The experimental set up consited of
the UASB-HSSFCW packed with fine gravel and
sand media and planted with 7. latifolia. Results
from this study (HSSFCW operated with hydrau-
lic loading of approximatelt 0.1 m*/m?*day and a
hydraulic retention time of about 4 days) show
that the FC removal was from the order of 107 per
100 ml to FC<10* which represents 99.99% re-
moval. while the mean BOD:s in the final effluent
was observed to be 5.6 mg/l which is about 94.5%
removal. These results meet the required removal
efficiency recommended by WHO (1989), FAO.
(1997) and Tanzanian standards (The Water Utili-
sation (Contro] and Regulation) (Amendment) Act
(1981) for wastewater re-use in irrigation. This

suggest that CW is a technology which can be

used to treat wastewater to levels that can allow it
to be recycled and re-used for agricultural pur-
poses.
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