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Wetland Performance for Wastewater Treatment in Growing and Winter Seasons
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Abstract

Field experiment of constructed welland for rural wastewater treatment was performed
from July 1998 to April 1999 including winter to examine the seasonal effect on the
wetland performance. The system worked without freezing even under -10C of air
temperature as long as wastewater was flowing. BOD removal rates varied in similar
pattern as the air temperature, and winter performance was relatively lower than that in
the growing season. However, removing performance during winfer was still significant,
and BOD removal rates were almost the same as in the growing season. SS removal rate
was relatively less affected by temperature, but lower decay rate during the winter can
result in accumulation of the SS in the system, which releases constituents in the next
spring and can affect whole system performance. The winter removal rates of nutrients
like T-N and T-P were decreased about half compared to the growing season and low
temperature, To maintain stabilized wetland performance including winter time, supplying
minimum heating for plants could be an zlternative in field application. Experimental data
was compared with NADB (North American Wetlands for Water Quality treatment
database)., and general performance of the systern was within the reasonable range. The
pollutant loading and effluent concentration of the experimental system were in high
margin. Base on the experiment and database, the required effluent water quality could be
achieved if loading rate adjusted as illustrated in the database,
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Table 1. Analytical methods used for constituents

Constituents Methods* Remark
DO Azide Modificati
SM 4500-0 C zide Modification
(dissolved oxvgen) Method
BOD (biochernical
OCBEMIEL A\ 5210-B |5-day BOD test
oxygen demand)
COD(chernical
et SM 5220-B  |KiCriOr used
oxygen demand)
58
SM 2540-D

(suspended solids)

T-N(total nitrogen)

Organic nitrogen  |SM 4500-Norg=C

NH;-N SM 4500-NH,-D [BUCHI 4358 B-316
NQOz--N SM 4110-B Dionex DX-100
NOs--N SM 4110-B Dionex DX-100

T-P HP3452A

SM 4500-P E

(total phosphorus) Spectrophotometer

*SM:Standard Methods.

9] fErd MEFd FY7P WBE LA
ZFsdth
AEZzE AFEZEH(SFS, subsurface flow sy-
)
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Fig. 1. Schematic plan and section of the constructed wetland system
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Table 2. Comparison of performances in growing
season and winter

Values | Growing

Component $eas0n Winter
Hydraulic loading(cm/day) 6.25 6.25
quIydraulic retention time(days) 3.50 3.50

Loading rate(kg/ha/day) 93.29 136.50
Avg. removal Rate(%) 77 50.9
BOD Amount removed 7249 6048

(kg/ha/day)

Loading rate(kg/ha/day) 46.43 52.86

58 Avg, removal rate(%) 72.7 62.8
Amount removed 3375 3320
(kg/ha/day)

Loading rate(kg/ha/day) 8.44 9.87
Aveg. remaoval rate(%) 48.0 206
TP Amount removed 405 203
(kg/ha/day) ' e
Loading rate(kg/ha/day) 7741 92.50
TN Avg. removal rate(%) 19.2 11.0
Amount removed
14.36 10.18
(kg/ha/day)
At A7 Ay Adake] BEL tAE

Fo) Az A7t A °l—r°i§<l7<] & A
e dadde 98 AR el A AA
&2 el

BODol 2lelA #ds<] BODHFe}rb 93.29ke/
ha/dayoll Al 13650ke/ha/day 2 S& 7] 2F 1.54)
wgod, AALER 777%AA 509%F FZ7)
HiEez Azsdct 29y, & AVFLE F
A B A9 7249ke/ha/day S %@7121
60.48kg/ha/day AbelelE & Ael7h glow,
Ze ZAS dAEe &5 AFE tﬁf_
Ay & FHotk FAEY) Ao o
Tafel 2 oJ e} A gH] aAE B
dojgtt I 2E FAHU|= BODREE
ANAAY s REEE 244 ARVNE 4
7tk dsteE 49 F&5 £EAFAMN 7t

i
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=

oX M L F]E
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olr
g

o2 gogcth xg gAd FUH7] Al A
= 3l S8 HAAI= AHAE I} o) B
NYELS ZANL ¢ AL
=AY A&HeZ HEF
‘ = AR
Aego] A HoR WE 9,11:]—-‘:'— #e yEs

ABEAS ASH EHE SoT ASE 4

S3e eiME Fridad 35Tt 46.43ke/has
dayoll A 52.86kg/ha/day® FH7|e|l Z3dE
o AALL 727%% 628%E FE7 47
23tEc ad, SAAFLE :'%%H BH A%
71ell® 33.75kg/ha/daye]l T FE7eE 33 20kg/ha/day
= dslr} A9 glolA, 859 zﬂﬂ% Bajol] o
A7 FLIAHCEAN JFE A ¢A A4S
4 4 Uk 2 AFE 2gEF S0 #HH
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17 Ay FE7F € 5 Uk
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oz FAFW, 206%8 AALEL AY iR
SSY AAR A% AR ¢l AA AR AL
gk AEZfe] TAEANE AL XEYHE
Z3E AL F22 S WEdle AAFHY ¢
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Table 39 Table 494 249 EEE 7 |&E ‘ Ave.
9] ofgre wola AA7E 18~19CeIUT 1L Constituents Mini- | Maxi~ | Ave- Removal
histatisl mum fage
Ay, FET AL FH7)9 20 7-9Ce|2Ut Rate (%)
E Aoly, o)zl &A uRe £E7F 7-9CE Temp. | Inflient | 7 29 |19
SAET PSS dulste ALZA, o AHAExS () Effluent | 7 27 18
& Z&A T naz g= 2ol & 2=
e AZIHAT u4E EFo] ojFe] 2 F fvent | 73 59 | 80
de 2xEE Holth FYT W WX FHL pH -
_ i ) Effluent 6.7 7.7 7.2
urxetz) s 22 ®HAE g A oldele A
2o e F74HY HeAdel pEolxA ge D0 bt |10 ) BT )03
Adoldth B 4dsl A9 logod 19 Fe /M) [ Bfuent | 00 | 41 | 2
Hxze olA}o g 24 9o TekE] FYUA] # Influent | 317 |2673 |130.6
BOD 77
7:(?17\'1' %%?l 73‘?‘% 2'“94_]'1‘:' ocg_;q_o] E‘@a—]’ (mg/L) Effluent 6.0 104.0 319 '
Z 9x £ 0 Q27 o] g Ez-ly
| B3 ASHRLE 287 FUAAK o cop | Inflent |528 |4230 |2217
e exrt dA7 ALHEBRE FAE Y 716
(mg/L) | Bfflient | 98 |1700 | 604
Table 3. Summary of the wetland performance in 83 Influent | 32 143 65 797
winter (me/L) | Bffluent | 0 53 18
: Influent | 605 | 2067 | 11.
Concttsents | MR | Maxi | Ave- RAvg' TP - sl
onstituents um | mem | rege | ooVl (mg/L) | Effluent | 080 | 1659 | 6.00
Rate (%)
Tomp. | fluent | 3 " ; TN Influent | 20.01 | 20145 [108.37 .
©) | Btfuent | 2 n 7 . (mg/L) | Bffluent |27.44 | 18011 | 84.94
Influent 76 9.0 84
pH -
Effluent | 74 8.1 76 e #d 27 5225 8 eeud FHHA
DO Influent | 0.0 30 13 i B A&H FAEH) 7Hestat
(mg/L) | Bffluent | 0 34 18 Ey g dedel FAET WRede dF
BOD Influent | 1020 {3450 |1911 ; o] Boa4S AT NH-No| L2 A $atr]
09 L . .
(mg/L) | Effluent | 44.0 | 18865 | 947 fEo] gg&Fo] FAH olFolE IS5 479
coD | Influent | 1450 | 4167 | 2719 ZU e ZeFo #de FrizHs B 7hae
(mg/L) | Bffuent | 674 | 2746 1417 445 Ao o) Re|AEE Fests o FEE AHel
ot 5)
55 Influent | 23 | 146 74 s '
2. o] AL AL = O Z 0 b |
(mg/L) Effluent 9 47 % PH] (<R e 4:07]"4 e 'lr?“r—J pH7} [}
2 72013 WREel 527 FUe) FF 4F4Y
T-p Influent | 620 | 3119 | 1382 S
(mg/L) | Bffluent | 596 | 2241 | 10.60 26 pl7h 76224 2 W8S @ion, 2T 4U€
mg o X 22. .
= B} obzh geld 46 s Wasao
r-N | Influent | 5361 | 19885 | 12950 o OS] AL §&% D07 AR BE 2lme/L
(mg/L) | Effluent | 5320 | 15213 |110.17 ol wRle] A7 GE HF 1.3mg/L2§_H Ay
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