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Tém tiat: Mo hinh d4t ngép nudc nhan tao (CW) da dwoc nghién ciru va dp dung higu qua trong xur
1y nuée thai sinh hoat. Tuy nhién, dé loai bo hiéu qua chét dinh dudng va tang hi¢u suat xir 1y, can
str dung mo hinh CW tich hgp. M6 hinh thi nghiém CW gdm: dong chay ngang (HF) — dong chay
dung (VF) - dong chay tu do bé mdt (FWS) véi ciy chubi hoa (Canna hybrids), mon nudc
(Colocasia esculenta), mdn ddm (Caladium bicolor), phat 16c (Dracaena sanderiana) va hoa sing
(Nymphaea). Nuéc thai van hanh dugc 14y tai cong thai sinh hoat khu phd 1, phuong 1, thanh phd
bong Ha, tinh Quang Tri. M6 hinh van hanh véi 2 tai luong thuy lyc (HLR) la 5 cm/ng va 10
cm/ng. Hiéu qua xir Iy (E) BODs (nhu cau oxy sinh héa) trung binh 83,7%, TSS (téng chét rin lo
lung) 75,5%, NH4-N (amoni) 87%, PO,-P (photphat) 15,6% va TCol (téng Coliforms) 98,9%. Khi
tadi lugng tang tor 5 cm/ng dén 10 cm/ng, E BODs giam tur 84,8% Xuéng 82,6%, TSS tur 83,8%
xudng 67,1%, NH,-N ting tir 85,6% 1én 88,2%. Gia tri thong s6 6 nhiém dau ra & ca hai muc tai

lugng thuy luc déu thap hon gia tri Cmax trong QCVN 14:2008/BTNMT.
Tir khéa: dat ngap nudc nhén tao, wetland, xir Iy nudc thai, nuc thai sinh hoat.

1. Giéi thigu

Hién nay tit ca nudc thai sinh hoat thanh
phd Dbong Ha dang xa truc tiép ra moi trudng,
gdy 0 nhiém cuc bd ha lvu song Hiéu va cdc ao,
hé néi thanh. Xir Iy nudc thai bang cdc nha may
tap trung 1a phuong an dang dugc dia phuong
xem xét, tuy nhién né ton tai nhiéu nhugc diém
nhu chi phi xdy dung va van hanh cao, von vay
ODA chu yéu, dau ra khong én dinh...[1]. Do
d6, tiép can theo hudng sir dung cdc cong trinh
tu nhién — nhén tao véi quy md linh dong nhu
CW dé xir Iy nudc thai thanh phd 1a can thiét.

* Téc gia lién hé. DT: 84-974090333.
Email: nguyencuongqt2008 @ gmail.com
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Cong nghé CW c6 uu diém la chi phi dau tu
va van hanh thép [2-4], tiéu thy it dién nidng
(<0,1 kW.h/m®*) so v&i bun hoat tinh (0,76
kW.h/m*), SBR(1,13 kW.h/m®) va hd tiy nghi
(1,16 kW.h/m3) [5] va k¥ thuan van hanh don
gian. Theo Liu va nnk (2009), chi phi dau tu hé
thdng CW chi bang 1/2 dén 1/3 so v6i nha may
xtr 1y nuée thai truyén thong [6].

St dung riéng 1€ ting tung CW thuong cho
hiéu qua thp, ddc biét khong xir 1y triét dé ni-
to, phbt-pho [7-9]. M6 hinh két hop lam ting
hi€u qua xu 1y, dac biét loai bd ni-to. Ngoai ra,
né con lam cén bang giita wu diém va nhuoc
diém gitra cdc kiéu CW [10].
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Nghién ctru ndy nhiam l1am rd hiéu qua xir 1y 2. Vit liéu va phwong phap nghién ciru
nuée thai sinh hoat bing mé hinh 3 giai doan )
VGi céc thyc vat khac nhau, qua d6 tim ra thong 2.1. Bo tri thi nghiém

sO van hanh phi hop trong diéu kién khong
tuan hoan nudc thai.

Mo hinh thi nghiém duoc b tri theo thir tu:
3 bé HF, 1 bé VF va 1 bé FWS. Nuéc dau vao
dugc cho qua bé ling nhim loai bd moét phan
cat va chat ran lo ling.
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Hinh 1. So d6 md hinh thi nghiém.
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Hinh 3. M6 hinh thi nghiém hoan thanh.
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2.2. Kich thuoc va vat liéu

Cic bé lam bang vat lidu xdp, hinh chi
nhat, kich thuéc (Dai x Rong x Cao) (cm)
twong ung : VF (70 x 50 x 40); HF (70 x 50x
60). FWS c6 thé tich 80 lit, duong kinh 48,5
cm, cao 54,5 cm.

Gid thé loc gom d4 s6i, duge sip xép thanh
3 16p theo kich thudc giam dan tir dudi 1én. Lép
dudi cung c6 kich thude 3 — 4 cm, 16p thir hai 1
—2 cm va lép trén cung nhd hon lcm.

2.3. Cay trong

Cay trong trong thi nghiém gom: Ciy chudi
hoa (Canna hybrids) trong VE. 3 HF gom ciy
mon nudc (Colocasia esculenta) trong bé HF1,
mon dém (Caladium bicolor) trong bé HF2 va
phat 16c (Dracaena sanderiana) trong HF3.
Cay hoa sing (Nymphaea) dugc trong trong
FWS. Cay chudi hoa dugc bdo cdo c¢6 hiéu qua

cao trong xu 1y nudc thai va tao canh quan [11,
12]. Cac loai cay con lai chua dugc nghién ciru
nhiéu trong mdi truong CW xir Iy nudc thai.
Bon loai ciy nay c6 cdc dic diém phit hop cho
qud trinh sach nuéc nhu sinh truéng tt trong
mdi truong ngap nuoc hodc nude 6 nhiém va c6
1& phit trién manh.

Cay trong dugc tich ra va wvom mam trudc
khi dua vao md hinh 30 ngay va 15 ngay trudc
khi van hanh chinh thic véi nudce thai thuc té.
Than cay cao trung binh 30 - 50 cm, c6 tt 3 -6
14. Cay duoc trong trong bé véi khoang cch 5
— 10cm.

2.4. Pdc trung nwde thai dau vao

Nudc thai déu vao cua thi nghiém duoc léy
hang ngay (liy miu to hop 3 lan/ngay), tai cong
thai sinh hoat séng Hiéu —chg Pong Ha. Két
qué cu thé duoc trinh bay trong Bang 1.

Bang 1. Thong s6 nudc thai ddu vao mé hinh thi nghiém (s6 mau = 27)

Thong s6 Trung binh Do Iéch chudn HE s6 bién thién Nho nhat Lén nhat
pH 6,8 0,09 0,01 6,6 6,9
TSS (mg/L) 192,8 39,8 0,21 134 284
BODs (mg/L) 209,2 68,7 0,33 87 357
NO;-N (mg/L) 2,5 1,01 0,41 1,1 4.8
NH,-N (mg/L) 35,1 13,1 0,37 97 56,3
PO4-P (mg/L) 2,3 0,5 0,23 1,1 3,5
TCol (MPN/100 ml)  14.764 81.903 0,55 10.400 335.000
360 4.8
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Hinh 4. Khoang bién dong gid tri théng sd nudc thai du vao.
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Hinh 4 thé hién cdc gid trji diu vao gdm
trung vi, bach phan vi 25% (Q1), 75% (Q3) va
ngoai vi. Chiang han, trung vi BOD la 205
mg/L, Q1 = 150 mg/L, Q3 = 251 mg/L va trung
vi, Q1 va Q3 cuaa TSS lan lugt 1a 192 mg/L, 144
mg/L va 210 mg/L. Gi4 tri PO,-P bién dong
manh va c6 ba gia tri ngoai vi. Tét ca céc gia tri
6 nhiém dau vao déu vugt QCVN 14:2008/
BTNMT.

2.5. Thong s6 vdn hanh

Mb6 hinh véan hanh v6i HLR1 = 5 cm/ng (tu
12/5 dén 26/6), Iuu luong Q = 60 L/ng va
HLR2 = 10 cm/ng (tir 27/6 & 11/8), Q = 120
L/ng. HLR trong mét sb nghién ciru vé CW phd
bién 1 - 29,5 cm/ng [9, 11, 13].

Nuéc cip vao bé HF, FWS lién tuc, va VF
khong lién tuc, 6h/1an. Thé tich HF = 0,14 m’,
VF=0,21 m’, FWS = 0,08 m’.

Tai mirc HLR1, HRT cua FWS = 1 ngay,
HRT cia HF = 0,76 ngay va HRT cua VF=
1,15 ngay. HRT tong cong cua hé théng = 2,91
ngay. Va tai mirc HLR2, HRT cua FWS = 0,5
ngay, HRT cua HF = 0,38 ngay va HRT cua VF
= 0,57 ngay. HRT tong cong cua hé thong =
1,46 ngay.

2.6. Phan tich va thong ké

Hi¢u qua cua m6 hinh duoc dénh gid qua
cdc thong so gom: pH, BOD5,~TSS, NH% -N,
NO; -N, PO, P va TCol. Mau duoc lay 2
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lan/tuan, 12 mau/lan tr 12/5/2015 dén
11/8/2015. Mau duogc phén tich dua theo tiéu
chuin (APHA, 1999) [14]. Phan tich thong ké
va v& biéu dd duoc thyuc hién bé‘ing ph?ln mém R
(version 3.2.2).

3. Két qua va thao luan
3.1. Bién dgng hiéu qua xir Iy

Béng 2 va hinh 5 thé hién gid tri dau ra va E
cua md hinh véi HLR1 = 5 cm/ng va HLR2 =
10 cm/ng. HLR ting 1am E BODs, TSS va PO, -
P giam va NH,-N, TCol tang.

Hinh 6 cho thay E dbi véi thong s6 NO;-N,
PO,4-P va NH4-N giao dong manh nhét. E PO,-P
tir -54% dén 41% va NH3-N tir 63% dén 95%.
So v6i hé théng HF — VF [15] thi h¢ thong nay
c6 hiéu qua xt 1y NH4-N cao hon. Trong khi
d6, E TCol cao va it bién dong, on dinh trong
khoang 94% dén 99%. E BODs giao dong trong
khoang tir 74% dén 93% va TSS tir 47% dén 96%.

3.2. Hiéu qua xu ly cua BODs, TSS va TCol

Hinh 7 cho thdy E d6i v6i BOD; trung binh
83,8%. Voi HLR1 = 5 cm/ng, E = 84,6% va
BODs dau ra la 32,1 mg/LL va HLR2 = 10
cm/ng, E = 82,8% va BODs ra 1a 35,9 mg/L.
Véi md hinh twong ty (HF — VF), Abidi va nnk
(2009) béo cédo: E ctia BODs 1a 53% véi HRL =
8,6 cm/ng [15].

Béng 2. Nong do cdc thong sé va hiéu qua xir 1y véi HLR1 va HLR2

HLRI = 5 cm/ng HLR2 = 10 cm/ng Cye QCVN 14: 2008/BTNMT
Thong s6 Piuvio Piura E (%) Diuvio Piura E (%)

pH 6.8 6.8 6.8 6,7 5.9

TSS (mg/L) 2019 327 838 183 602 67,1 100

BOD; (mg/L) 2014 32,1 848 2069 359 826 50

NO,-N (mg/L) 2.4 21,5  -789,1 2,6 252 -8897 50

NH,-N (mg/L) 312 45 857 392 46 88,2 10

PO,-P (mg/L) 22 18 172 23 1,9 142 10

Tcol (MPN/100 ml) 17.857 2.355 98,7 114338 984 99,14 5.000
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Hinh 6. Bién dong hi¢u qua xir Iy theo thoi gian.
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Hinh 7. Bién dong gia tri du vao — ra ciia TSS va BODs va theo thoi gian.
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Tai luong hitu co cia BODs cia m6 hinh
nay la 15,7 g/m2/ng. Nghién ctru ¢ Landborup -
Pan Mach [16] va Dhulikhel - Nepal [10], E
BOD; 96%, md hinh & Wiklino - Ba Lan [17],
E BOD:s la 82% va tai lugng hitu co tir 3,8 dén

T T T T T T
BL HF1 HF2 HF3 VF FWS
Cong trinh xwr ly

5,6 g/m2/ng. Cudi gian doan quan tric, TSS dau
ra téng Hién tugng nay c6 thé lién quan sy phat
trién va thodi héa thuc vat, lam gia tang TSS
trong nudc thai. Tuy nhién, can c6 quan tric trong
thoi gian dai hon dé c6 d4nh gi chinh xéc.
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Hinh 8. Bién dong gié tri BODs va TSS tai céc bé xir 1y.
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Hinh 9. Bién dong gi4 tri cdc théng sé6 NH;-N, NO5-N, PO,-P va TCol.
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Hinh 8 cho thiy BOD;s dau ra c6 trung vi Ia
33 mg/L, Q1 =25 mg/L, Q3 = 44 mg/L. TSS
c6 trung vi = 46,8 mg/L, Q1 = 35 mg/L, Q3 =
67 mg/L. E tai bé ling 6n dinh véi tat ca cdc
thong s0. Tai 3 bé HF, E cua BODs cao nhét &
bé HF2 ( trong cAdy mon dom) va thap nhat 1a bé
HF1 (trong cdy mén nude). Trong khi d6, E cua
TSS 6n dinh & ca 3 bé HF. Quan sit md hinh
cling cho thdy sy phat trién manh nhat than va
14 ctia cAdy mdén dom trong bé HF2.

3.3. Hiéu qua xir Iy chdt dinh dwdng va TCol

E d6i v6i NH,~N trung binh dat 87%. Ciing

v6i kiéu md hinh HF-VF, E NH,-N tuwong
duongvdi bdo cdo ctia Obarska-Pempkowiak va
Gajewska (2005) [17] va thiap hon Vyzamal
(2005) [10] va Brix (2003) [16] (E dat 90-
96%). E NO;-N ¢6 gid tri 4m vi lién quan dén
qud trinh nitrat héa, amoni chuyén héa thanh
NO:;-N, trong khi dé nudce thai khong dugce tudn
hoan, qud trinh phan nitrat héa dién ra cham [8,
10].

E TCol dat 98,9% va PO, -P tir -50% dén
51%. E TCol cao vi hé théng gdm nhiéu bac va
vi khudn duoc loai bo trong tat ca cdc bac xu ly
bao gdm cé ca bé lang.

Bién dong dau ra cia NH,~N va NOs-N ¢ 3
bé HF khong 16n. Piéu nay c6 nghia sy khdc
nhau gifta 3 loai cdy mén dém, mén nude va
phat 1oc trong bé VF khong anh huéng dén E
clia nito. Véi kiéu cap nudc VF gian doan, 1a
diéu kién tot cho qud trinh nitrat héa, do d6 E
cua NH,; —N trong bé HF kh4 cao (82,1%).

4. Két luan

Nghién ciru nay cho thay sir dung mé hinh
két hop HF — VF — FWS véi HLR 5 - 10
cm/ng, nudc thai dau ra dat yéu cau QCVN
14:2008/BTNMT. Cay trong phat trién tét trong
moi truong thi nghlem trong d6 E BODs cao
hon & bé HF trong cdy mon dém. Do d6, véi
nudce thdi c6 BODs cao nén uu tién st dung cay
mén dém trong cong trinh CW quy mé thuc té.

V6i kiéu két hop HF truée VF va cip nude gidn
doan gép phan ting qua trinh xtr 1y NH,-N, tuy
nhién 1am giam kha ning xir Iy NO5-N. Dé cai
thién kha ning xir Iy NO;—N, c6 thé can két hop
tudn hoan nuéc sau bé FWS. Két qua xur ly
PO,-P bao gom ca gid tri 4m, do d6 néu nudc
thai dau vao c6 PO,-P cao, can bd sung vat li¢u
loc 1am gi4 thé c6 kha nang xu 1y PO,-P
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The Removal Performence of Three-Stage Constructed
Wetland for Domestic Wastewater Treatment

Nguyén Xuan Cuong', Nguyén Thi Loan?

'Hué University — Quang Tri Campus, 133 Ly Thuong Ki¢t, Dong Ha, Quang Tri, Vietham
*VNU University of Science, 334 Nguyén Trdi, Hanoi, Vietnam

Abstract: Constructed wetland (CW) have been studying and using efficiently for domestic
wastewater treatment. However, to remove the nutrients, a combined system with three-stage are
needed. The lab scale CW included three continuous tanks: Horizontal flow (HF) — Vertical flow (VF)
— Free water surface (FWS) with Canna hybrids, Colocasia esculenta, Caladium bicolor, Dracaena
sanderiana and Nymphaea to treat the municipal wastewater of Dong Ha city, Quang Tri province.
The system was loaded with two hydraulic load retentions (HLR) of 5 cm/d and 10 cm/d. The average
percentage of removal was 83,7%, 95,9%, 87%, 15,6%, 98,8% of biochemical oxygen demand
(BODs), total suspended solid (TSS), ammonia nitrogen (NH4-N), phosphate (PO,-P) and total
Coliforms, respectively. The effluents of two HLRs were lower than National technical regulation on
domestic wastewater.

Keywords: Domestic wastewater, constructed wetland, combined wetland.



