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ABSTRACT

The objectives in this work were to investigate the capability of constructed wetlands
designed with subsurface horizontal and vertical flow in treatment of close-recirculated
intensive catfish tank culture water. Influent (i.e. fish tank water) and effluent samples of
the treatment systems were collected once a week for eight weeks and determined various
parameters relating to the water quality. The vertical flow wetlands (VF) had significant
lower concentrations of NH4-N, TKN, PO4-P and TP in culture water compared to the
horizontal flow (HF) wetlands. In addition, the former system improved oxygen condition
in culture water. Regarding to nutrient balance estimation, the VF system could remove
74% N and 69% P from influent, while the HF system removed 86% N and 72% P.
Remarkably, renewable water is no need during the experimental period while water
quality remained within limit for normal fish growth. Further studies on performance of
the treatment wetlands longer time and searching more appropriate plant for the VF
system are needed.

Keywords: catfish, constructed wetlands, nitrogen, nutrient balance, phosphorus,
treatment efficiency

Title: Capability of constructed wetlands in treatment of intensive aquaculture water
TOM TAT

Muc tiéu cua nghién ciru nay la khado sat khad ndng ciia hé thong ddt ngap nudc kién tao
thiét ké dong chay ngam ngang va ngam dirng trong viéc xu Iy nudc bé nudi cd tra tham
canh tudn hoan kin. Nudc dau vao (hay nuoc tir bé ca) va nwée dau ra ciia hé thong xir Iy
dwoc thu méi lan mét tuan trong vong 8 tudn va danh gia nhitng chi tiéu lién quan dén
chdt lwong mede. Hé thong dat ngdap nudc chay ngam ding (VF) co nong do NH4-N,
TKN, PO4-P va TP trong nidc bé nudi thap hon so voi hé thong chay ngam ngang (HF).
Ngodi ra, hé thong VF gitip cdi thién diéu kién oxy trong mede bé nudi. Theo wdc tinh cdn
bang dinh dwdng, hé thong VF cé thé loai b6 74% N va 69% P trong nudc bé nuéi cd,
trong khi hé thong HF logi bo dwgc 86% N va 72% P. Piéu dang lwu ¥, trong thoi gian
nghién cieu viéc thay nwée méi la khéng can thiét ma chat heong nueée trong bé nudi ca
van duy tri trong gidi han cho cd sinh truéng binh thiong. Nhitng nghién ciru trong
twong lai vé hiéu qua xir Iy ciia hé thong trong thoi gian dai hon va tim lodi cdy thich hop
hon cho hé thong VF la can thiét.

Tir khéa: cd tra, dit ngdp nwdc kién tgo, dam, cin bang dinh dwiong, lin, hiéu suit

xir ly

1 GIOI THIEU

Cé tra 1a ddi tugng ca nudc ngot duge nudi chu yéu & dong bang séng Ctru Long
(DBSCL). Trong nhiing ndm gén day, nho c6 diéu kién tu nhién thuén loi, ngudn
nudc doi dao va ky thuat nuéi khong khé nén nghe nudi ca tra & PBSCL dang phat
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trién manh céa vé dién tich 13n murc dd thAm canh. Nam 2010, dién tich nudi ca tra &
DBSCL 14 5.420 ha, san luong binh quan dat 1.141.000 tan (Nguyén Viét Thang,
2011). Theo wdc tinh ciia Truong Qubc Phii (2007) véi san lwong ca wée dat 1,5
triéu tan thi luong chét thai ra moi truong Khoang 1 triéu tan trong d6 900.000 tin
chat hitu co, 29.000 tan nito (N), va 9.500 tén photpho (P). Vi lugng dam, lan nay
néu thai tryc tiép ra moi truong s€ la nguyén nhan dan dén hién tuong pha dudng
hoéa, 1am suy giam chat luong nguon nu6e mét. Thém vao do, hoat dong nudi trong
thiry san dwa vao ngudn cung ddi dao cua nude ngot co chét luong tdt tir cac con
song lan can, nhung do viéc xa nudc ao nudi khong duge xur 1y ra cac con song cod
nguy co lam giam chat luong nudc va cé thé 1a tic nhan lam lay lan bénh dich giita
cac hé thdng nuéi trdng thity san khac nhau (Thien ef al., 2007; Nhan et al., 2008).

Mot trong nhﬁfng phuong phép tot nhat dé giém thiéu tac nhan 6 nhiém tir a0 nudi
thuy san 1a giam luong xa thai tir viéc giam thay nude (Tucker & Hargreaves,
2003). Hé théng nudi trong thily san tuan hoan (RAS) cho phép canh tac tham
canh, gi6i han luong xa thai, do d6 lam giam st dung nudc va giam thiéu tac dong
xau vé moi truong. Viée ket hop hé thong dat ngap nude (DNN) vao RAS dé xir Iy
nude ao tom thadm canh tudn hoan duoc nghién ctru thanh cong ¢ Pai Loan (Lin er
al., 2005). Va gan day 6 PBSCL, Trang (2009) nghién ciru thanh cong viéc st
dung DNN kién tao tréng hué nude xur Iy nuwde thai ao nudi ca ré ban tham canh
tudn hoan kin voi két qua kha thi 1a trong 4,5 thang nudi ca khong can thay nudc,
nhung chét lugng nudc van dam bao t6t cho ca sinh truong. Tuy nhién, trong
nghién ctru nay tac gia chi thiét ké cac hé thong DNN chiy ngam ngang (NN) va
ngam dimg (ND) cho viéc xur Iy nudc thai cua mét ao ca, nén khong thdy rd dugc
anh huong cia timg hé thong dén chat lwong nudc ao nudi va sinh trudng cua ca;
hon thé nita, chat nén s dung 1a d4 nén c6 hiéu qua xur 1y 1an khong tot. Theo
Vymazal (2007), mot hé thong DNN s& khong c6 hi€u suat xtr 1y 1an t6t néu chat
nén str dung trong hé thdng c6 kha nang hip phu lan kém. Trong mot nghién ctru
khac da chimg minh vo so huyét 1a vat liéu c6 kha niang hap phu lan tot nhét va sin
c6 6 DPBSCL (N guyén Thi Thao Nguyén, 2011). Vi vdy, v6 s0 dugc chon lam chat
nén L trong hé théng DNN cho nghién ctru hién tai. Nhim gop phan giam tac dong 0
nhidm mai truong tir cac ao nudi thuy san dong thoi hiéu dugc co ché cua timg hé
thong xir 1y, thuc nghiém xay dung mo hinh nudi ca tra thim canh trong bé, lam co
s& khoa hoc thiét ké hé théng DNN trong xur 1y nudc thai ao nudi thay san. Nghién
ctru duoc thyc hién nham danh gia kha ning xu Iy cua hai loai hinh NN kién tao
chay ngam ngang va ngam dung, va vai trd cta ciy bon bon (qua so sanh hé thong
trong cay va khong trong ciy) trong viéc xir Iy nudc thai nudi ca tra tham canh.

2 PHUONG PHAP NGHIEN CUU
2.1 H¢ thong dat ngap nwéc

Hai loai hé thong dat ngdp nudc (DNN) chay ngam ngang (Hinh 1A) va ngam
dung (Hinh 1B) dugc thiét ké dé xu ly nudce thai bé nudi cé tra tham canh két hop
tudn hoan kin, mdi loai hé thong bao gom: (1) Bé ca tra (thé tich nudc nudi 1m3):
mat d6 nudi la 142 con/m’, trong lugng cé trung binh 9kg (cho ca an 3% trong
luong ca ban dau bang thu'c an vién no6i 25% N (2 lan/ngay), sau d6 cho an dya
theo nhu cau an cua c4); (2) Hé thong chay ngadm ngang (200cm x 70cm x 30cm):
hoc dau vao 40cm, 16p chat nén day 20cm (khoang 190L) 13 v6 so (@2-5mm), myc
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nuée ludn giit thip hon mat chit nén 5cm. Con d01 v6i hé théng chay ngam dung
(duong kinh 80cm, cao 70cm), cé lugng chat nén bang trong hé thong ngam
ngang, dugc thiét ké hé thong phan phdi nuée trén bé mit; va ) Bé thu gom: c6
gan may bom chim va phao noi dé bom nudc tuan hoan lai bé ca (Hinh 1). Ty 18
thé tich bé xu ly nudc cua mdi loai he thong NN va ND so véi thé tich nude nudi
catrala 1:4,4 (v/v).

15 cay bdn bdn duogc trong trén hé thong NN va 8 cdy trén hé thong ND. Song
song nhitng bé trong cay la nhitng bé khong trong ciy (dugc xem la dbi chimg).
MGdi loai hé théng dwogc bé tri 2 1an 1ap lai (Hinh 1). Trong nghién ciru nay.

Hé thong Hé thong ,
Hg thong chay

nghm dimg
(khong cay)

Hg théng chay
nghm dimg
(co cay)

chay chay

ngim ngim

ngang ngang
(co cdy) (khong

) . Ong thong khi
Ong phén phoi
nudce dau vao

3)

ciy)
\

Bé thu gom
nude dau ra

Bé thu gom
nude du ra

3)

(B)

Lop chét
nén

Diu ra

[ D>

Hinh 1: Téng thé h¢ thong xir Iy tuéin hoan kin, (A) dit ngip nuwéc kién tao chay ngim
ngang va (B) chay ngam dirng

(Ghi chii: x la vi tri thu mdu)
2.2 Vin hanh hé thong

Nude thai tir bé ca dugc bom téi bé trong ciy va bé dbi ching, nudc diu ra cia cac
bé nay duoc tap trung lai & mot bé thu gom va bom trd lai bé ca4 mot cach ty dong
nhd may bom tha chim két ndi voi phao dién (Hinh 1). Hé théng duoc van hanh 6
tudn trude khi thu miu dé tao diéu kién cho thuc vat phat trién. Hé théng chay
ngam ngang (NN) dugc van hanh 24/24 gio, toc d6 nudc bom tir bé ca la
1400mL/phat. Hé théng chay ngam dimg hoat dong nho bo hen gio (dwoc cai dat
100 phut nghi, 400 gidy bom), téc do nudc tir bé ca la 23,1L/phit. Tée d6 nude
dugc diéu chinh bang cac van dé dam bao dat 200% luu lwong nudc trong bé ca
dugc xir Iy va tuan hoan trong 1 ngay dém (Trang, 2009).
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2.3 Thu miu va phén tich chit lwgng nuéc

Miu nuée duoc thu trong bé c4, dau ra cac hé théng co trong ciy va khong trong
cay moi tuan 1 1an, lién tuc trong 8 tuan. Céc vi tri thu mau duoc danh dau x trong
Hinh 1. Céc chi tiéu pH, EC, DO va nhiét d6 dugc do ngay tai khu thi nghiém. Cac
chi tiéu con lai: NH,-N (dam amoén), PO,-P (orthophotphate), TKN (téng N
Kjeldahl) va TP (tong lan) s& duoc phan tich theo quy trinh tiéu chuan danh gia
nudc va nudc thai (APHA ef al., 1998).

2.4 Phén tich va xir Iy s6 liéu

Tét ca sb liéu chét luong nude dugc thu thap, phan tich thong ké, so sanh két qua
trung binh gitra nghiém thirc dwa vao phan mém thong ké Statgraphics Centurion
XV (StatPoint, Inc., USA) va Excel.

3 KET QUA - THAO LUAN
3.1 Cic chi tiéu chit lwrgng nudée
3.1.1 Nhiétdo, DO, pH va EC

Nhiét d§ binh quan qua cac dot thu miu dao dong tir 25,3-29,3°C. Khoéng c6 su
khéac biét vé nhiét do cua nudc dau vao va dau ra cia hé théng ngﬁm ngang (NN),
nhung nuéc dau ra cia hé thong ngdm ding (ND) lai c6 nhiét d6 cao hon (p<0,05;
Hinh 2a). C6 thé do bé ND, nudc thai khong duge luu giir 1au trong hé thong, dudi
tac dung ciia 4nh nang mit troi vao ban ngay lam gia ting qua trinh giir nhiét cua
v6 s0 dan dén nhiét d6 trong bé dimg luén cao hon.

Gidng nhu nhiét d9, nong do oxy hoa tan (DO) cao hon trong nuéc dau ra cia hé
thong NP (Hinh 2b). Vi hé thong N duoc thiét ké gidng nhu mot bé loc trong
luc, nude thai duoc cung cip gian doan (kho-udt), tao diéu kién cai thién oxy trong
nuée dau ra. Thém vao d6 kich ¢& vo so dugc sir dung trong chat nén c6 do r5ng
cao (55%). Pong thoi, hé thong ND dugc thiét ké c6 dng thong khi tir trén xudng
day nén lugng oxy cung cap nhiéu hon tir khong khi vao chit nén. Do d6, ndng do
DO trong nudc dau ra cia hé théng ND ludn duy tri >4,0mg/L.

Gia tri pH trong nude dau ra sau khi qua cac hé théng xir 1y ting cao hon so véi
nude dau vao va ¢ xu huéng giam dan vé cudi thi nghiém (Hinh 2c). Tuy nhién,
pH van nim trong khoang cho phép ctia TT45/2010-BNNPTNT vé chét luong
nu6e nudi ca Tra tham canh. Rieng gia tri EC trong nuéc bé c4 c6 xu hudng ting
dan vé cubi thi nghiém, va gia tri EC cua h¢ théng NN thip hon NP (p<0, 05)
(Hinh 2d). Do hé thdng xur Iy duoc thiét ké tuan hoan lién tuc, nén viéc phén phdi
nudc nhu 13 qua trinh tron nudce, vi thé khong thdy sy khac biét & EC dau vao va
dau ra cua hé théng DNN. EC gia tang 1a két qua cta qua trinh tich lily ting dan
cac chét dinh dudng trong nudc bé nudi ca. Ngoai ra, ¢ hé thong ND gia tri EC
tang cao hon co thé 1a do qua trinh nitrate hoa dién ra manh hon tao ra nhiéu ion
NOj;" (Trang, 2009).
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Hinh 2: Gia tri nhiét do, DO, pH, EC trong nwéc diu vao hé théng ngim ngang (VNN) (®),
diu ra ciia hé thong ngam ngang co6 cay (RNNCC) (o), va khong cay (RNNKC) (v); dau
vao ciia h¢ thong ngim ding (VND) ( A), ddu ra ciia hé théng ngam dirng cé cay (RNDCC)
(m), va khong cay (RNDKC) (D)

@bed. khéc ky tw chit la khac biét ¢6 y nghia thong ké ¢ mirc y nghia 5% dua trén kiém dinh Turkey

3.1.2 Pam amén va dam tong

Ham luong dam amén (NH4-N) va dam tong (TKN) trong nudc bé ca va nudc dau
ra ¢6 xu hudng chung la tang dan Ve cu6i thi nghiém (Hinh 3a,b). Do sy tich Iy
thire an du thira, phan c4, dan dén ndng d6 chit hitu co va NH,-N ting trong nudc
nudi ca (Kiracofe, 2000). Ham luong NH4-N trong nude dau vao va dau ra cta hé
thong chay NP c6 gia tri trung binh thap hon so véi hé théng chay NN (p<0,05)
(Hinh 3a), chimg t6 qua trinh nitrate hoa dién ra manh hon trong hé théng chay
ND. Luong NH; (doc to) trong nudc duge udc tinh dya vao ham lugng NHy-N, gia
tri nhiét d6 va pH (Masser ef al., 1999) tai thoi diém thu mau cubi cung 1 0,37 va
0,08 mg/L twong tmg trong nudc bé ca cia hé théng chay NN va ND. Do d6 chi co
hé théng chay ND cho chét lwgng nudce sau xu 1y co néng dd6 NH; dat murc tdi vu
(cho ca tra sinh truong va phét trién t6t nhat) theo TT45/2010-BNNPTNT.
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Hinh 3: Ham lwgng NH,-N, TKN, PO,-P, va TP (mg/L) trong nuéc dau vao hé théng ngim
ngang (VNN) (e), diu ra ciia hé thong ngam ngang co6 cay (RNNCC) (), va khong cay
(RNNKC) (V); diu vao ciia hé thong ngam ding (VND) ( A), diu ra cia hé thong ngam
ding c6 ciy (RNDCC) (m), va khong ciy (RNDKC) (0)

abed . khéc kyp tw chiv la khdc biét ¢6 ¥ nghia thong ké & mirc ¥ nghia 5% diea trén kiém dinh Turkey

Do qua trinh nitrate héa xay ra manh hon trong hé thong chay ND nén hé thong
chay ND luén duy tri dugc néng d6 NH4-N va TKN ¢ mirc thap hon s0 voi hé
thong chay NN (Hinh 3a,b). Nong d6 NH,-N va TKN trong nudc dau ra tat ca cac
hé thong ciing co xu hudng tang 1€n theo thoi gian nhu nude dau vao, do su tich
lity thirc an du thira, phan ca. Diéu dang luu y, gia tri trung binh NH,-N va TKN
trong nudc dau ra hé thong chay NN c6 trong cdy Bon bon thip hon chat lwong
nuée dau vao, trong khi dau ra hé théng chay NN khong trong cdy lai gidng véi
chat luong nude dau vao (Hinh 3a,b). Su khéc biét nay c6 thé duge giai thich 1a do
cay trong hép thu NH,-N va tao sinh khoi. Dan dén hiéu suét xur Iy NH4-N ctia hé
thong NN c¢6 trong cay Bon bon (32,4%) cao hon hé théng NN khong trong cay
(15,6%).
3.1.3 POsPva TP
Dién bién ndng d6 PO,4-P va TP trong nudc dau vao va dau ra & cac bé xir 1y co xu
hudng ting dan qua cac dot thu mau va trong nudc dau ra cta hé thong NN ludn
thip hon hé théng NP (p<0,05) (Hinh 3c,d). Piéu d6 cho thiy, P duoc giit lai
nhiéu hon trong hé thong NN qua co ché ling loc chét ran va hap phu 1 nhiing co
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ché loai bo 1an hiéu qua (Luederitz ef al., 2001). Hon nira chat nén trong diéu kién
ngdp nudce lién tyc (nude cach bé mat vo so 5cm) lam gia tang sy twong tac gitra
chat nén va nudc thai, ciing nhu tao diéu kién dé cay hap thu P t6t hon so véi hé
théng ND. Trong khi d6, hé thong NP nuéc thai khéng duoc luu giit 14u trong hé
thong va cdy Bon bon khong phat trién t6t, din dén kha ning cdy hap thu P va vo
sO hap phu P trong nudc thai bi gioi han. Py 1a nhimng 1y do lam cho ndng d¢ lan
dau ra ctia hé thong NP ludn cao hon NN.

3.2 Sw cin bing dam va lan trong hé théng

Trong subt thoi gian thi nghiém dam (N), lan (P) duoc cung cap vao hé thong qua
thirc 4n cuia cé tra. Véi tbc do tudn hoan nhanh trong ngay, nong do chat 6 nhlem
luén duoc tron déu gitra déu vao va dau ra cho nén kho nhan thay duoc hiéu suét
xu ly cua tung hé théng. Nhung thyc té N, P duogc loai bo va chuyén doi ngay
trong ban than hé thong xir Iy (Bang 1).

Bang 1: Udc lugng cin bing dam, 1an (g/bé) trong hé théng DPNN ngim ngang va ngim dirng

Ngim ngang Ngim dirng

N P N P
Cung cép qua thirc an ca® 264,6 68,3 266,7 68,8
Tich iy trong thit ca® 103,0 27,1 85,1 22.3
Thai ra trong bé c4 161,6 41,2 181,7 46,5
Téng trong nudc bé ca (bt dau) 1,5 3,1 1,5 3,8
Tdng trong nude bé ca (két thic) 27,3 14,8 8.8 18,0
Udc lugng duge loai bo 135,8 29,5 174,4 32,3

“ Dyra trén két qud ciia Trang et al. (2009)

b Tinh todn woe lwong lan tich lily ldn trong cd dia theo két qud nghién ciru ciia Yi et al. (2003)

- Két qud tinh todn b6 qua ldn trong nuéc may vi lugng nwéc mdy thém vao hé théng thdp va nong dé lan trong nude

may khong dang ke.
Luong N, P dua vao bé qua thirc dn ca, mot phan s& dugc tich liy trong thit ca va
phén con lai dugc thai ra dudi dang thie an thira va phan ca. Trong lugng chét thai
duoc thai ra trong bé cé thi c6 khoang 86% N va 72% P duoc loai bo sau khi qua
hé thong xir Iy NN. Trong khi d6 hé thong ND loai bo 74% N va 69% P tir chat
thai trong bé ca.

4 KET LUAN VA PE XUAT Y KIEN

4.1 Két luan

- Hé théng dat ngap nudc kién tao chay ngdm dung gitp cai thién oxy trong
nude nudi bé ci, dong thoi cé kha niang duy tri ham lugng cac chat 6 nhidém
TKN va NH,-N ¢ mirc thip hon so véi hé thong chay ngam ngang.

- Diéu dang luu y la trong sudt qué trinh nudi khong can thay nudc méi, nhung
c4 van sinh truong t6t. Do d6 hé thong nay giup tang hiéu qua s dung nudéc,
khong xa thai chat 6 nhidm, gop phan lam giam 6 nhiém méi truong.

4.2 Pé xuit y kién

— Nghién ctru thém céc loai cdy trong khac nhu cay hué nudc, chudi phéo, thiy
tric,... nhdm tim ra duoc céc loai cay phu hop hon véi diéu kién cua hé théng
ngam dimg (diéu kién kho-uét luan phién).
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- Can tién hanh nghién ciru véi mo hinh nay nhung kéo dai thoi gian (c6 thé qua
vai vu nudi ca) dé danh gia hiéu suit xtr 1y va tudi tho cua hé thong theo
thoi gian.

- D¢ phat huy t6i da hiéu sudt xur ly va gitp cly sinh truong t6t hon trong hé
thong DNN chay ngam dimg, nén ap dung h¢ thong nay cho quy md ao nudi
16n hon dé ting luu luong tai nap, ting tan suit cung cAp nudc va thoi gian
gitt nudc.
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