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, Abstract, ' " .. - .',-

This res~a;ch'was' 'dJrrie,{JUi 'to assess the performance of the Horizontal .s;ub-.s~rfac; Row 
Constructed Wetbnd' (HSSFCW) SYstem' in polishing pre-ire~ied wastewater in the UPw~rd. F!~ 
Anaeroqic slziCjie Bkinket (UASB) reactor plant as a potential wastewater treatinent5Ystem that carj 
meet thf: requi,,!!,!,ent for wastewater recycli1Jg and re-use for ag!jcultural pUlppses, 1J1e H5iSFCW unit 
was desjgnee! and ope,rated,witha hydraulic loading of approximately' O.lm3 'rrf1dajand a hydrauliC. 
retention time of approxif!U1telyfour days. and it was packed withfine,gravel and sai7tlwith an average: 
porosit/o.f 4{J%. Faecal Coliforms in the ejjlu,en(which was in thefr1£!gnitude qf710g units. wds refluced 
to 3 log Wj~ts:,while)he,'mean BiolOgical Oxygen demad (BOD5) in the final e.ffl~nt wqs obser-ved to be 
5.6 mgll.' Tliese values' meets the required removal efficiency recommended by 'World Health 
Organisation (WHO). Food and Agricultural organ~sation (FAD). anr1 TCIY1ZCIlJian standards for 
wastewater._re-:use. in irrigation §uggesting. the~fore. Jhat the H..5SFCW has potentiaLand can be 
applied in thereclatfiation of wastewater for irrigation to bene.fit the society in terns qf crop yields. 

Key words: Wastewater treatment, agricultural use, constructed wetland,'re-use' , 
•• , I .. ,,'t, ~ I ... ,"~ ". • • 

Introductjpn 

Reclaimed wastewater .is a prov~n reliablt 
, source' of water for vanous uses 10 manv re-

I \ ~ '. • '" • 

gions of the world: According to Gearheartet aI., 
(1999), waste~ater re-use in agricuiture has'been 
practised throughout the world with the objective 
of converting wastewater into a usable resource 
for envirolunental protection and sustainable de­
velopinent. Jimenez et al .. (1999) repohed on the 
use of wastewater from Mexico City since 1890 to 
irrigate an important agricultural area of about 
90.000 ha,resuiting'in significant increases in the 
crop yields. The conventional teclmologies avail­
able for treating.domestic wastewater to levels ac­
ceptable for recycling and.use' for agricultural pur­
poses have proven ,to\be expensivebot~ to 'con-

.S,~I;Uct an~tto. operate (USEPA. 1998). Accord­
ingly. the cost of these technologies both in 
terms of construction and operation are prohibi-

. ti~eto 'all but the larg"e and more (!.ffi~ent com­
munities. This is especiall~' because'the'benefits 
in' ~enns of crop yields where wastewater is used 
req~ires th3t any treatment employed reduces' 
only partially the nitrogen. phosphorus and or­
ganic matter present in wastewater. On the other 
hand 'conventional treatment reduces the levels 

. of these parameters to very low ones. 
In recent years. numerous studies have in­

. ,,:estigated the use of Con'strucied Wetlands 
"(CW) for the treatll\.ent of wastewater (Vvmaial' 
et a/.'; 1998~ Green et al.. 1997 and Kadiec and 

" • "'j ." " 

Knight. 1996). These stUdies have demonstrated ~ 

. . ... , . 
• ,; '. .! "', ',: '1' C 1'. ., I • :'. .! I. ' •• ~ 
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30 M.E.Kaseva 

that CW can reliably and efficiently treat domestic lease nitrogen compounds during transpiration. 
wastewater to meet the required standards for Percolation and lateral water mov~ment may 
re-use in agriculture and horticulture. CW are en- also remove nutrients . .for wasteWatertieatIJ1ent. 
gineered systems that have been designed and the resulting bio-masshas io be harvested so that 
constructed to imitate the natural wetlands by uti- the accumulated nutrients are removed coin-
lising the natural processes involving wetland pletely from the system. Vymazal et al.. (1998) 
vegetatioIL soils and the associated microbial as- reported that pollutants in CW systemsar(!, re-
semblages (Vymazal. 1998). They can be built moved through a combination of physical. 
with a muchgreatei d~gre~ of cpntrol, thus allow- chemical and biological processes ~ncluding .sed; 
ing the establish.ment of; a well-defined .composi- imentation,. precipitation and'adsofP,tion to soil 
tion of substI!lt~. type o(v(,!getation and flow pat- particles. assimilation by plant tissll.es al1d .mi-
tern. In addition CW offer several other advan- crobial transformations. _".J :' 

tages over the natural wetlands, including site se- The aim of this p.aper is to report the findings 
lection, flexibility in sizing and control over the of a studv on the use of a Horizontal Sub-Surface 
hyd~auli~~~th~~Y.a~Ci the retention time, They Flow co~structed Wetland (HSSFCW) to treat 
are designed to take 'advantage. of manv of the pro- domestic wastewater to meet requirements for' 
~ess~s tha(occ~r ,in natural wetlands: but they do w~stewater reCycle and re-use in agriculture (ir" 
so within a more controlled environment. Accord- rigation). In the study. the perfom~nce of the 
i~g to Spiels and Mitch (2000), CW can be'suit-' HSSFCW to polish th.eanaerobiciilly 'pre-treated 
ahlv w,edas primarv means, as integrated second~" 'domestic wastewater' i~'-theUpf).ow Anaerobic 
ary' and tertiary tre~iment~ general te~iaTy t~re~t-"Shidge 'Bla~et (VASB) pie:-trea'tment reactor 
ment or for specific 'tertiary treatlri~nt.' . 'plimt in the removal of Faecal c'oliforms' (FC)~ 

, ... ",' , ~ '.... . -

,Table 1: Deilign standards and parameters for HS~FCW pilot 'plant 
\ . . ~. 

Design parameter .. , ", .... . , .,~. 

Influent BOD5 to the HSSFCW (Co) 

Desired effluent BOD" from HSSFCW (Ce) 

. Adopted design value '" 

I,.·' : ~' 

Minimum temperature of wastew~ter to be treated Average flow 

rate from UASB to HSSFCW. Qd 

90 mg/l 

I n mg/~ 
26°C 
n.5 mJidav 

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 et al.. (1995). 
in the wetland removal mechanisms. atmospheric 
carbon is fixed via photosynthesis while the grow­
ing plants assimilate nutrients e,g. Nitrogen. Phos­
phorus and Potassium from sediments'and the wa­
ter column. Nutrient-containing bio-mass 'can be 
harvested and removed or it can die' and decqy.· 
providing food for detritUs consumers and leaVing 
the h'ard 'matte'r to,decompos'e into humus for 
burial in sedIments. Organic carbon {rom plants 
serves as an energ)' source tor Nitrogen fixation 
and denitrification, Nutrients are released to the 
water column by leachjng from plants and detri-. 
IuS. They are also exchanged between the water 
column and sediments. Emergent plants may re-

/. 

Volatile Suspended Solids (VSS) and Biological 
Oxygen Demand (BOD) were,sfll(fiect. . , 

, . 

Materials ~nd methods 

S· d ..\ Ite escnptlOD " 
, " 'I . 

A HSSFC,W field scale pilot plant was built 
ata,site loca'tea at the Universit\ College' of 
Lands' and'Ardhiiectural Studie·s,(UCLAS). 

I I . . 
about 12 km North of Dar es Salaam citv. at an 
altitude of appro1ximately' 60 metres. abov~ mean 

>sea level. The ~eather,condition of this area is 
.i 

basically a tropIcal coastal climate:The average 
yearly temperature \'arie~ ,fro!TI 23 °c ,to 28 IjC 
,and annual precipitation ranges between 500 mm 
to 1000 mm. ""hile the absolute humidity is be­
tween 6 7 (X, to 96%. Wi.!hin the site. there is an 
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Potential of constructed wetlands 31 

existing Vpward Anaerbbi,c Sludge Blanket From the design perspecti\re. the problem of 
(VASB) reactor plant. which is meant for research HSSFCW is to determine the surface area of the 
work on domestic wastewater treatment. Part of treatment ceIl needed to achieve specified re­
the domestic wastewater from the students' hostel::"moval efficiency, According to Buchberger and 
was diverted to the VASB for pre-treatment prior Sh~w (1995), HSSFCW (!.re assumed to be at-
to discharge into the HSSFCW . , tached growth biological plug flow reactors op-

. .' " '. erating with first order kinetics, The following 
Design of HSSFCW umts" ,'" . I I ,._go~erning equation for BOD removal was used 

The design parameters for the HSSF€W in' in the design of HSSFCW. , .. , . .- .. 
this study wereQ<!Sed on the chai;acteri'stics of-ihe . C=Cexp (~Ki), .... , ...... -:-: ...... " .......................... , (I) 
wastewater,(!ffllfent,from the VASB,and the de- ,0:" Where C and Co represent influent and emu­
sired effluen(quali!y ,f~o~ the H.S SFCW ur,its. " ent BODs (mgl"), K is the temperature depend-
The adopte,d average'illfluent BODs value to'the ent rate constant (days") and t is the HSSFCW 
HSSFCW .from the VASB plant was ?O:mg/l: The hydraulic retention time. (days). The temperature 
desired effluent BOm, from HSSFCW was dependent rate constant K is normally obtained 
adopted in accordance with the WHO standards from equation (2). 
and Tanzanian temporary standards recommenda- K=. k2o(I.06)IT.20) ............................................ (2) 
tions for restricted wastewater re-use in irrigation. Where k20is the rate constant (days") at 20°C 
The design standards adopted are provided in Ta-and T is the wastewater temperattire(-DC), 
ble I. Kadlecand Knight (1996) have reported that k2n 

in HSSFCW - l.IO (dayS·I). 

.... ..... 
I"- , , . .r.t'. , ... 

" 
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Figure l(a): Schematic plan of a HSStW unit 
I ., • " ' ---- •.• 
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32 M.E.Kasev: 

) Stones 254iO mm,diameter 

Wastewater 
·Jnfluent 

spo" : 

. ' >.." , 

, '. 
j M.' '~,' .... _ ' ,." • I 

300 

Slope = 1% 

4200 

J,} I" , •. 

(b ):. Schemati~ cross - section of a HSSFCW unit' 
- ,.. ••• - '. ' .'. .,',,).1 • ... ·'i. 

E~perirn'ental 'set up 

Ii". ' 

1200 

SECTION B-B 

.' , 
,.Z"' J. 

, i 

The experimental set up that was used is shown in'Figure 2. A UASB and HSSFCW wastewater 
flow arrangement in which the HSSFCW unit. was planted with Typha /at(/iJlia and packed with gravel 
(varying betWeen 3 mm t6 6 mm diameter) and sand was studied, 

Sampling 
point 2 

Final 
effluent 

Stone rubble 

Sand 

" ' 

~-uAsB re'actor 

Gravel media 3-6 mm 
diameter'-

'i'-,.·.·· 

F'igure 2(a): Schemat,ic presentation of the experimental Scl up (pian) 

j 
Raw 
wastewater 
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Sampling 
point 2 

Effluent 

Perforated 
horizontal pipe 

T.latifolia 

Sand mm diameter 

Rubble 25-60 mm at 
the inlet and outlet 

Figure 2(b): Schematic cross -section of the experi­

mental set-uJ!.. 
An avemge 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 ... : ................................... (3) 

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: 

t= p~/w ............................................................. (4) 

Where p is the porosity of the substrate media, 
q is meaH flow rate (m3/day), I (m) and w (m) are 
length and width of the HSSFCW. respectively. 
and h (m) is the effective depth of the HSSFCW. . 

Monitoring and sampling procedures 
Th~ initIal sampling started after five months 

of wetland plant growth as recommended (Billore 
et af. 1999). This is because CW typically requires 
a few months for vegetation and bio-film estab- . 
Iishment. Iil this study. within four months CW 
plants covered the whole effective area in the 
HSSFCW. 

Wastewater influent and effluent from the 
HSSFCW were monito~ed and recorded dailyfor 
a period of 3 months between November. 200 i 
and January, 2002 and mean values obtained. 

Sampling point I 

Potential of constructed wetllUlds 13 
UASB 

Influent Raw 
wastewater 

Wastewater samples were col1ected for analysis 
from points I and 2 twice a week .. These sam­
ples were analysed in the laboratory for Fe 
BOD and Volatile Suspende-d Solids (VSS). The 
VSS were analysed in order to evaluate the pop­
ulation of bacteria in the HSSFCW as recom­
mended by Esoy et aI., (199'7), Henze et 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. TheFCare indicator organism!dhat were 
analysed as per WHO recommendations (WHO. 
1989) and are of particular significance because 
inthe 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 et al., (1997) reJx.lrted that suc­
cessful removal of indicator organisms is a suffi­
cient guide to the removal of more serious path<;>­
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 
oxygen 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~. 

In this study. all analyses were carried out in 
accordance with The Standard Methods of Ex­
amination of \Y'ater and Wastewater 
(APHA.1992). 
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34 M.E.Kaseva 

Results and discussion 

Removal of BOD and VSS 

Results obtained in this study indicated that the BOD~ influent range in the HSSFCW was between 
130.0 and 86.0 mg/I. 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 interval. Figure 3 presents the influent and efflu-' 
ent BOD~ variation during the .period of the study. / , . .. 
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Figure 3: BOD influent arid effluent variation in the HSSFC~ system 
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0 

The VSS\nfluent varied betweeirI1O.b....:320.0 mgllwith an average value of 211. 9 ± 23 (n = 29); 
while the' effluent range was between 4.0 and 24.0 mg/I with an average value of 12.9 ± 0:2 at95 % 
confidence-inteival as sh6wnin Table-2. Figure;4-indicates the variation ofVSS influent and effluent in 
the HSSFCW . . ' , 
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Potential of constructed wetlarids 35 

Table 2: BOD influent and effluent ranges and percentage re~oval in the HSSFCW 

Paramewr Influent 

Range Average 

BOD, (mg/l) 130 - 86 107.4 " 6:0(n=18) 

TSS 110.0 -320.0 211.9 c 23 (n=29) 

The BOD5 final effluent quality obtaineq 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/I) as well as the requirements for 
re-use in irrigation and horticulture (10 mg/l). 
These results suggests that fine gravel particles are 
suitable for better pollutant removal compared to 

Removal ofFC 
. The FC iqfluent was in the mi;lgnitud~ of 7 log 

units ranging between 21 x 10° and 11 x 10" 
FCIlOOml while the effluent were in the magni­
tude of 3 log units (4 logs units removal) ranging 
between 1.3 x 103 and 0.3 x 103 FC/100ml. Figure 

1.00E+08 
1.00E+07 
1.00E+06 

~ 1.00E+05 
0 1.00E+04 ... .... 

1.00E+03 0 
II. 

1.00E+02 
1.00E+01 
1.00E+OO 

,... .... ,... .,... .,... .... C! ,,' C! o· 0 0 0 .,... .... N. ti N N ,... .,... ... 
~ cO N ~ a) c? 

N 0 0 

Influent 0/0 Removal 

Range Average Range Average 

9-3 5.6" 0.7 96.6 - 93.1 94.5 ~0.5 

4-24 12.9 =0.2 . 91.0 - 97.0 94.0 =0.6 

coarse ones as reported by Kaseva (2002). prob­
ably due to the effect of increased smface area 
for attachment of microbial community respon~ 
sible for effective polishing of the wastewater 
(Sousa et al., 200 I). Green et aI., (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 hydraulic retention 
time of 3 days compared to that reported by 
Kaseva (2002) might also have contributed to 
the enhanced peIformance. 

5 presents the influent and effluent FC concen­
tration (FC/100ml) variations (ri = 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 .. 

... ,... .,... N 
C! 0 C! C! 
N N N . ,... ... ... ,... 0 
u) a) ,...; N .,... ... N 0 

N N N 
~ N 

C! C! C! C! .... ,... .,... .,... .,... 
0 0 0 C! 0 
~. N cO Ol ~ .,... 

Sampling dales 

! 
Figure 5: FC influent and effluent variations in the HSSFCW system 
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36 M.E.Kaseva 

1.00E+08 

E 1.00E+06 
o 
~ 1.00E+04 

'0 
II.. 1.00E+02 

1.00E+OO .......... ~-"-

Influent Effluent 

Figure '6: A~erage Fe concentration (FC/I00ml) in the HSSF<;:W system 

,media on the perfonnance of CW through hy­
'diaulic retention time. Further stuclies. however, 
need to be carried out to determine, and perhaps 
avoid'the likelihood that the system would dog -
If'operated for extended periods of time. Rdiulis' 
obtained in this study s'uggest that-the 
wastewater effluent met the required guidelines· 
(F AO 1997: WHO I 989)and can be recYcIedfor 
re-use in irrigation and horticulture. 

The HSSFCW showeda high'efficiency 
(99.99 %) in the reinoval of FC;whicll may be'at! 
tributed to physicaL (filtration, adsorption), ~hem~ 
ical (oxidation) and biological (production of anti­
biotics) processes induced by the presence of'ihe 
wetland plants,as reported by Sousa et al .. (2001), 
Rivera et af., (1995) and Khatiwada and 
Polprasert (1999). The high removal of FC is 
likely to have been contributed by the large sur­
face area for attacl)ment of the microbial commu- BODs and Fe results in comparison with 
nity due to fine gravel in the first half of the various recommende,d standat:'ds 
HSSFCW and sand media in the other half. The obtained BOD and FC results were cOm­
\Ymazal (1998) also reported that wastewater pu- pared with the World Health Organis~tion 
rification efficiency was strongly dependent on (WHO). United Nations Food and Agp6jIlture 
the hydraulic characteristics of the bed media. Organisation (FAO) standards and the Tanzanian 
which had a pronounced influence on theperfor- recommended vhlues for wastewater re~Use in ir-
mance ofCW systems. The results obtained over a rigation.The revised WHO guidelines for 

;hydraulic retention time of 3 days in this study are wastewater re-ui;e in agriculture and horticultUre 
Detter than those reported by Kiwanuka and specifies that thb Fe concentrationjn theefflu-

. I . 
Kelderman, (200 I). where a removal of 99.9 % ent should be' less than 1000 per 100 ml (WHO, 
was obtained in a hydraulic retention time of 7 1989), Similar ghidelines have also be'en recom~ 
days, This confirms the influence of size of the , . mended by FAOlin a report on quality control of 

- ! 
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wastewater for i.rngated crop pr~d.uc}io~·(PAO, 
1997), w hile th~. World, Ba~ geI}eti(gtiidelines 
have recomqiehded CQlifonn ,cou,nts. of less;tha'il 
400 MPN/1Oo.mlfoLwastewater re,:!se in 'irriga:" 
tion. The,rec6mm~nd~d.BO.Q,5 guidelines for 
wastewaterre~use in irrigation in the. U:Svary be­
tweeil30-150 ingll, dePendingori ~etype ofirri­
gation (USEPA, 1988),. ,In Tanzania, the Water 
Utilisation (Control and Regulation) (Amend­
mentfAcf (1981Y.has 'recommended,l 0 mg/l 
BODs fdf'wastewater,' w,hich fS'suitablefor 
re-cycling and'reiuse in 'imgatIoil'arid other indus­
trial activities,' and betwee'n'30 t040'iugtl BODs 
effluent fordireC1 ili~cfulf'g{irito'iecdNlng water' 
bodies.' " . 

;! ; I, ,.'. ',~ i 

Concl~'sions 
This stUdy dwelt on the investigation of the ca­

pacity of a HSSFCW system in providing final ef­
fluent' qmility, The experimental set up consited of 
the UASB-HSSFCW packed with fine gravel and 
sand media and planfedwith T lat~rolia, Results 
from thisstildy (HSSFCW operated with hydrau­
lic loading ofapproxiniatelt 0.1 m3/m2/day and a 
hydraulic retention time of about 4 days) show 
that the FC removal was from the order of )07 per 
100 ml to ,FC< 103 which represents 99,99% re­
moval. while the mean BODs in the final effluent 
was observed to be 5.6 mgll which is about 94.5% 
removal. These results meet the required removal 
efficiency recommended by WHO (1989), FAO, 
(1997) and Tanzanian staridards (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' 

I 
used to ,treat wastewater to levels tl)at can allow it 
to be, recycled and re-used for agricultural pur-
poses. 
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