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ABSTRACT

Constructed wetland is one of the technology, which is capable application to
improve wastewater from urban, industry, agriculture and stormwater. The
research has performed in the pilot horizontal subsurface flow constructed
wetland with plants used as Bon Bon (Typha orientalis C. Presl.) to treat mixed
domestic wastewater and stormwater. The system was divided into 3 sections
with the density of 15 plants/m’. The system was operated continuously with the
flow rate of 0.6 m*/day and estimated hydraulic retention time of 15 days. The
results showed that total nitrogen (TN) concentration decreased along the
system. T. orientalis developed very well in the system, especially in the first
section (the first 3 m). In addition, removal efficiency of TN corresponding to
adaptation period (70 days) and perform period (98 days) were 88.5% and
60.8%. The study results indicated that nitrogen concentration played an
important role for plant growth and T. orientalis did play well the role in
wastewater treatment via biological uptake.

TOM TAT

Pt ngdp nude kién tao dwoe xem nhie mét trong nhitng cong ngh¢ c6 kha nang
ing dung cao nham cdi thién chat lwong nieGe 6 nhiém tir do thi, cong nghiép,
nong nghiép va nuéc mua chdy tran. Nghién ciru dwogc thuc hién trén mé hinh
ddt ngdp nudc kién tao chdy ngam theo phwong ngang véi cdy trong dwoc sir
dung la Bon bon (Typha orientalis C. Presl,) xit Iy nude thai sinh hoat va nwée
mua. Hé th(fng duwoc chia lam 3 phan dogn voi mdt do cdy dwoc tré‘ng la 15
cdy/m?. Luu lwong nude dwoc bom én dinh 600 L/ngay vdi thoi gian leu ton
nudc woc tinh khoang 15 ngay. Két qua cho thay nong do tong Nito (TN) ¢6 xu
hudng giam dan doc theo hé thong. Bon bon phat trién rat 16t trén hé thong, dic
biét tai phan doan ddu tién (3 m). Ngodi ra, hiéu sudt xir Iy TN twong iing &
tung giai doan thich nghi (70 ngay) va giai doan hoat dong (98 ngay) cua hé
thong la 88,5% va 60,8%. Két qua nghién cieu chirng minh nong do dam déng
vai tro quan trong cho sinh truéng ciia thic vét va cdy Bon bon gép phan xir Iy
chdt 6 nhiém trong nuwdc thai thong qua hap thu sinh hoc.

1 GIOI THIEU

nhiéu doi vai tai nguyén nudc trong vung va lanh

Tbc d6 cong nghiép héa va d6 thi hoa dang
din ra kha nhanh trong giai doan phat trién kinh
té toan canh Viét Nam néi chung, va & dong bang
song Cuu Long (PBSCL) noi riéng, cung véi su
gia ting dan s di va dang giy ap luc ngiy cang
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thd. Theo Béo cdo Hién trang moi trudng 2010
ctia Tong Cuc Mdi truong, nude dung trong sinh
hoat cta dan cu cac d6 thi ngay cang tang nhanh
do ting dan s va sy phat trién cua cac dich vu d6
thi. Hién nay, hau hét cac do thi ci déu chua c6 hé
thong xir Iy nudc thai sinh hoat. O cac d6 thi méi
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di c6 mot sé tram xur 1y nude thai sinh hoat
tap trung thi ty 16 nudc duge xur 1y con rét thip so
voi yéu cAu. Con tai cac khu vuc ngoai 6 cua cac
d6 thi thanh phd, theo ddnh gia cta cac chuyén
gia tai Bdo cdo Hoi thdo xur Iy nuwdc thai phi tap
trung (do Bo Xay dung hop tac v6i To chirc Hop
tac Ky thuat Pic (GTZ) GmbH, hd tro Ky
thuat cuia GTZ do GFA thyc hién) tai Can Tho
(18/01/2010), cac nha quy hoach d6 thi nén ap
dung phuong an xtr Iy nudc thai phi tap trung dé
phat trién hé thdng thoat nudc 1a can thiét.

Mot trong nhitng giai phap xur ly nudce thai phi
tap trung c6 tiém nang Ung dung cao la Dit ngap
nuéce kién tao (ONNKT) (Tuan et al., 2005; Trang
et al., 2010). Hé thing DPNNKT duoc biét dén véi
nhiéu lgi thé hon cac hé thong xir Iy truyén thong
khac nhu: chi phi xdy dung va bao tri thap, van
hanh dé dang va hiéu sut cao, co thé chiu dung
khoang bién dong cao ndng do cac chit 6 nhiém
va luu lugng tai nap nude 16n (Brix, 1997; Trang
& Brix, 2012).

Gop phan vao tham gia nghién ctru va tién
hanh @ng dung thyc tién cic cong trinh xur 1y
nude thai bang bién phap sinh hoc DPNNKT, md
hinh DPNNKT dong chay ngim xir Iy nudc thai
sinh hoat da duoc du an VLIR-A2 hd tro Truong
Pai hoc Céan Tho thiét ké, xay dung tai Khu I, Dai
hoc Can Tho. Hé théng dugc hoan thanh nam
2002 va dugc thyc hién nghién ctru vai mot luu
lwong nude thai dau vao 1a 600L/ngay. Hiéu suat
xir Iy céc chéat 6 nhidm véi tai lwong nay trong 3
nam déu cao va chat Iwong nude dau ra dat TCVN
6772:2000 - Chét lwong nudc - Tiéu chuén nudc
thai sinh hoat (nay 1a QCVN 14:2008). Tuy nhién,
nhitng nghién ctru trén hé théng chi tdp trung
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danh gia vé chét luong nude va duoc cic tic gia
khuyén nghi nén thyc hién nhimng nghién ciru trén
thuc vat - vi thuc vét ciing dong vai trd quan
trong, gop phan vao xur Iy nudc thai cia hé théng
(Tuén et al., 2005; Trang et al., 2010).

2 PHUONG PHAP NGHIEN CUU
2.1 H¢ thong dat ngap nuéc kién tao

Thi nghiém dugc bd tri tai Khu thuc nghiém
xir Iy nude thai bang DNNKT tai Khu I - Trudng
Dai hoc Cin Tho. Hé théng DNNKT chay ngam
phuong ngang duoc thiét ké xir 1y hén hop nudce
xam va nudc mua tir khu nha tap thé cua truong.
H¢ théng gém cac bé dit lién tuc nhau: (1) Bé
didu lwu (1,6m x 1,6m x 2m); (2) Bé loc than
dude (0,5m x 1,6m x 1,3m) chtta than dudc da
dugc dap thanh cuc (60mm x 100mm), bén trén la
16p da (4cm x 6¢cm) tao do nang dé tranh than
dudc bi ndi 1én; sau bé than dudc, nudc thai s&
dugc chay qua mét dap tran thanh mong (0,15m x
0,1m x 0,1m) dé dén (3) Bé loc xo dira (0,4m x
1,6m x 1,05m), trong bé c6 kep xo dira va ngin
cach voi bé xir ly phia sau bang mot tim ludi
thép; (4) Bé xir Iy cat co trong Bon bon (12 m x
1,6 m), 1 m dau cua bé 1a khu vuc triing voi do
cao cat la 0,5 m chira nuGe sau khi da loc qua bé
xo dira va ngan cach vdi bé loc phia sau bang mot
tam thép. Chiéu cao dau va cubi khu dét 1a 1,75 m
va 2 m, day bé duoc dat nghiéng hudng bé diu ra
v6i do déc i = 1%. Vat liéu loc duoc sir dung 1a
cat xay dung (0,25 - 0,43 mm, Dy - Deg). Phia
duéi doc theo chiéu dai cua hé théng co dat 5 van
léy mau nudce cach vi tri dau vao lan luot 1a 1,9;
3,8;5,9; 7,9 va 9,9 m; sau cung la (5) Bé diu ra
(0,8 mx 1,6 mx 1,2 m) (Hinh 1).
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Hinh 1: Mt cit dirng hé thong dat ngap nuéc kién tao chiay ngim theo phwong ngang
xtir ly nwée thai sinh hoat (don vi: mm)
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Bon bon (Typha orientalis C. Presl.) dugc
trdng voi mat do 15 cay/m? tong sb cdy duogc
tréng la 264 cay. Trén bé loc cat c6 tréng thuc vat
duoc phan thanh 3 doan véi d6 dai mdi doan lan
Iuot 1a 3, 4 va 4 m. Téng sb cay cua doan dau 1a
72 cay va 96 cay cho mdi doan con lai.

2.2 Vian hanh hé thong

Nude thai duge bom tryc tiép tir ao tap trung
nude xam va nude mua vao bé diéu luu, sau d6 s&
chay qua bé loc than dudc va béloc xo dira bang
2 van dat cip 2 bén day thanh bé. Nudc thai tiép
tuc chay vao bé loc cat va chay ngam doc theo
chidu dai hé théng dén diém dau ra (Hinh 1).

Thoi gian thyc hién nghién ctu tir thang
9/2011 dén thang 6/2012, trong d6: hé théng dugc

Van diéu chinh @36

2

Typha spp
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van hanh trong thoi gian 70 ngay (Giai doan 1)
nhim dé cdy trong va vi sinh vét thich nghi va
phat trién (Konnerrup, 2009). Tiép theo 1a giai
doan hoat dong (Giai doan 2) véi thoi gian van
hanh 98 ngay. Luu luong nude duoc bom 6n dinh
600 L & ca hai giai doan.

2.3 Thu miu va phan tich chit lwong nwéc

Mau nuée duge thu & cac vi tri: dau vao (P1),
dau ra (P6) va 4 vi tri doc theo hé théng (P2, P3,
P4 va P5) v6i khoang cach cach vi tri dau vao lan
lwot 1a: 1,9; 3,8; 5,9 va 7,9 m (Hinh 2). Tan suét
thu mau 1 l1an/tudn, khoang thoi gian thu miu tir
7h - 9h. Chi tiéu TN (Téng nito) duge phan tich
theo phuong phap Perdulfate digestion method
(may Hach/DR 4000).

Ong d_éu ra 936, dwoc
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Hinh 2: Mit cit ngang ciia hé thong dit ngép nudc Kién tao chiy ngim phwong ngang
va cac vi tri thu mau (don vi: mm)

Ghi chii: P 1a vi tri thu mau
2.4 Ting truéng ciy Bon bon

Téc dp tiang truéng ciia Bon béon: ciy duoc
do chiéu cao than, d6 dai ré ¢ thoi diém bat dau
va két thiic mdi giai doan van hanh hé théng. Tdc
d6 tang trudng chiéu dai than va do dai r& 1a phan
tang thém trong thoi gian thi nghiém.

Sinh khéi twoi ciia Bon bén: trude khi trong
cdy vao hé théng, chon ngiu nhién 6 ciy cén
trong luong twoi (duwoc phan thanh 2 phéan: phan
trén mat dat va dudi mat dat). Khi két thuc giai
doan 1, mau cay duoc thu ngau nhién 9 ciy doc
theo hé thdng (3 cay/doan) va 15 cay (5 cay/doan)
khi két thac giai doan 2.
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DPbi voi mbi miu cdy dugc thu & ting giai
doan, dém s6 chdi méi trong tung bui, sau do can
trong luong tuoi cia cdy cili va chdi méi. Tinh
trong lugng binh quan ciia chdi méi, tir d6 udce
tinh trong luwgng chdi mai ting thém trén timg
phan doan hé thong theo cong thirc:

Téng trong luong twoi ting thém trén timg
phéan doan cta hé thong = trong lugng chdi méi +
trong lugng cay cii tang thém
2.5 Phan tich va xir 1y s6 liéu

S6 liéu chat luong nude va thuc vat duge thu
thap, phan tich thong ké bang phan mém thong ké
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Statgraphics Centurion XV (StatPoint, Inc., USA)
va Excel.

3 KET QUA VA THAO LUAN

3.1 Chét lugng nuée

3.1.1 Dién bién nong dé Nito tong trén hé thong

Nong d6 dam tong (TN) ¢ vi tri dau ra c6 xu
huéng giam nhiéu so véi dau vao (p<0,05). Gia
tri TN dau vao qua cac dot thu mau dao dong
trong khoang 37 + 1,6 mg/L, sau khi qua hé thong
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xir 1y, ndng d6 TN giam con 11,4 + 1,9 mg/L
(Hinh 3a). Nong do TN c6 xu hudng ting dan &
giai doan 2 cua nghién ctru. Trong giai doan sau
cua thi nghiém, chét luong nudc dugc theo doi
trong mua nang cua thang 4, thang nang noéng
nhét trong nam, c6 thé 1a mot trong nhirng nguyén
nhan gy bdc thoat hoi nudc nhiéu, din dén nong
d6 nude thai ddu vao tang 1én. Diéu nay dugc ghi
nhan twong ty trén cing hé thdng trong nghién
ctru cuia Trang et al. (2010).
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Hinh 3: Dién bién ndng d9 TN (mg/L) (a) diu vao va diu ra, (b) va cac vi tri thu miu doc hé théng DPNNKT
tai khu I, Trwong Pai hoc Can Tho

abe: fhdc ky tw chit la khdc biét ¢6 y nghia thong ké 6 mirc y nghia 5% (dwa trén kiém dinh Tukey) giita cdc vi tri doc theo hé

théng trong cimg giai doan thi nghiém

Bang 1: N‘("ing dd TN (mg/L) trong nuwéc diu vao va
dau ra va hiéu suat xir ly (%) ciia hé thong

DPNNKT
. TN ddu TN dau Hiéu suét xir
Giai doan | * ,
: vao ra ly
Giai doan 1 a
(n=10) 35,8+1,8  3,3+0,4 88,5+1,8
Giai doan 2 b
(n=14) 50,2+1,4 14,32 60,8 £4,1

Ghi chu: Trung binh + D¢ léch chudn

Nhitng gid tri trong ciing mét cét cé ky tw *® gidng nhau thi
khéng khdc biét nhau vé mdt thong ké (p>0,05; dua vio kiém
dinh T-test)

a,b

Nong d6 TN trung binh du vao & giai doan 1
la 35,8 mg/L, trong khi & giai doan 2 la 50,2
mg/L, sau xtr ly con 3,3 va 14,3 mg/L tuong ung
& timg giai doan (Bang 1). Cac thanh phan ran lo
lung c6 chira TN trong nudc thai s€ bi giir lai trén

119

bé mat vat liéu loc khi qua cac bé loc than dudc
va xo dira, do do néng dd TN ¢ ca hai giai doan
ctia vi tri P2 giam va co sy khac biét véi vi tri dau
vao Pl (p<0,05), TN tiép tuc giam nhidu & cac
diém con lai doc theo hé théng loc cat ¢co tréng
thuc vt (tir P3 dén P6) (Hinh 3b). Theo Vymazal
(2007), cac co ché loai bo dam trong hé thong
dat ngap nudc xtr Iy nudc thai gdm: NH; bay
hoi, nitrate hoa, khir nitrate, ¢6 dinh dam, cay
trdng va vi sinh vat hip thu N, khoang hoéa
(ammonification), khit nitrate thanh ammonium
(nitrate-ammonification), oxy hoéa amoniac trong
diéu kién ky khi (Anammox), héap phu, giai hap
phu, chén vui, va thdm l4u. Tuy nhién, co ché loai
bo dam chi yéu trong hé thong dit ngap nudc
kién tao chay ngdm phuong ngang 1a cic qua trinh
khoang héa, su két hop cua qué trinh nitrate hoa -
khir nitrate (Kadlec & Knight, 1996). Sy hép
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thu N coa thyc vat trong thi nghiém nay chiém
khoang 29,1% ¢ giai doan 1 va giai doan 2 1a
36,9% trong téng s& TN dugc xir Iy trong bé loc
cit trong Bon bon (Bang 2). Theo Vymazal
(2007), thu hoach thyc vat 1a mot trong nhitng co
ché loai bo hoan toan N ra khoi hé thong.
3.1.2 Hiéu sudt xit Iy Nito tong

Hiéu sudt xur ly téng nito (TN) ctua hé théng o
giai doan 1 (88,5 £ 1,8%) cao hon & giai doan 2
(60,8 = 4,1%) (p<0,0001) (Bang 1). Higu suat xir
Iy TN twong ddi cao & giai doan dau hoat dong
ctia hé thong. Két qua nay cao hon so voi nhiing
két qua ghi nhan cua Zhang ef al. (2009) sir dung
DNNKT chay ngam theo phuong ngang xu ly
nuéce thai sinh hoat va d6 thi (c6 hiéu suét xir Iy
TN 56,1%). Nghién ctru cta Trang et al. (2010)
trén cung hé théng voi cdy trong 1a Say va hé
thong hoat dong VOl cung muc tai nap thay luc
ciing cho két qua tuong tu vé hiéu suét xir Iy TN
dat 84%.

Hiéu suét xir Iy giam vao giai doan 2 ¢6 thé do
ndéng d6 TN diu vao cao hon trong giai doan 2 c6
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thé gay s6c cho hé vi sinh vat trén bé mat vat liéu
loc (cat) hay bam trén bé mit hé rd, chung can
khoang thoi gian dé thich nghi, sau d6 méi hoat
dong hi¢u qua hon.

3.2 Su ting trwéng cia thye vat trén hé thong

Bon bon phat trién rat tt trén hé thong
DNNKT. Chiéu dai than va do dai ré trung binh
cia Bdn bdn dugc tréng vao hé théng ban
dau tuong tmg 1a 85,1 va 21,7 cm da ting lén
168,7 va 26 cm khi két thic giai doan thich nghi,
dat 203,4 va 28 cm ¢ giai doan hoat dong. Bon
bdn ¢ 3 m dau cua hé thdng phat trién tot hon so
v6i hai phan doan con lai (Hinh 4), nguyén nhén
c6 thé do day la Vi tri dau vao cua hé thong
DNNKT, vi viy ndng do N ciing nhu cic dudng
chét thiét yéu cho sy phat trién cua thuc vat van
con cao (Hinh 3b). Thyc vét hip thu N chuyén
hoa vao sinh khéi cay tréng, do d6 cang vé sau h¢
thong, nong d6 N giam dan, do d6 su phat trién
ctia Bon bon ciing giam so véi vi tri dau cua hé
thdng (Hinh 4).

270 ) - 35
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D.: Phin doan trén h¢ thong

Sinh khdi twoi ban diu cua Bon bon trén hé
thong 1a 1,1 kg/m? sau khi két thuc tung giai
doan, lugng sinh khéi tuoi tang lén lan luot 12 3,2
va 23,1 kg/m? (twong g giai doan 1 va 2) (Bang
2), trong d6 phan 16n sinh khoi ting 1én chi yéu &
cay con (chlem 50% va 93% & modi giai doan)
(Hinh 4). Két qua nay cing tuong ng voi téc do
tang truong cua cy trong (Bang 2), cdy me phat
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Cdc giai doan

trién chu yéu vao giai doan 1 (hé sb chdi trung
binh 1a 2 chdi/cdy va tbc do phat trién cua than
chdi dat 2,1 cm/ngay va phan ré 0,3 cm/ngiy).
Vao giai doan 2, sy phat trién cua Bon bon trén hé
thong chi yéu & cdy con, hé sb cdy con & giai
doan nay 1a 6 chdi/cay voi tdc do phat trién phan
than va ré tuong tng 1a 2,5 va 0,2 cm/ngay.
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Bang 2: Tfic do ting truéng (cm/ngay), ting truéng sinh Kkhdi twoi (kg/m?), va su hip thu N (%) ciia ciy Bon
bon ¢ giai doan 1 va 2 trén hé thong PNNKT

Téc dd ting truéng ciy

Toc do tang truong Tang truéng Hf,lp thu

Giai doan me ciy con . £ .
Than Ré Thian Rrg_ Sinh khoi tuoi N
Giai doan 1 (n=9) 1,2 0,07 2,1 0,3 3,2 29,1
Giai doan 2 (n=135) 0,4 0,03 2,5 0,2 23,1 36,9
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