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Tom tat
Nghién ctru danh gia hiéu qua hé théng dat ngap nudc kién tao dong chay ngam
phuong dimg (VSSF) str dung thuc vat Cat Loi (Cheilocostus speciosus) trong xir 1y
nude thai nudi tom tai xa Ly Nhon, Can Gio, TP H6 Chi Minh, Viét Nam. Ba hé thong
str dung ba loai vt liéu (d¢a mi, than cui, vo hau) véi luu luong 10 L/ngay/bé trong 55
ngay dugc sir dung, c&c chi tiéu theo ddi va danh gia 1a COD, tng nito (TN), téng
phospho (TP). Sau 55 ngay van hanh thiy cho thiy duoc v hau ¢d hiéu suét xir Iy cao
nhat vi COD (85%), TP (87%), TN (85,7%) dap tmg yéu cau xa thai theo QCVN
40:2011/BTNMT (Cot B) va QCVN 08:2023/BTNMT (Cot B). Pac biét, viéc tan
dung v6 hau 1a phé phim nubi trong s& giam 30-40% chi phi vat liéu, mé ra hudng
tiép can bén vimg theo mé hinh kinh té tuan hoan cho nganh thuy san ven bién. Nghién
ctru khang dinh tiém ning ung dung cong nghé VSSF két hop vat liéu dia phuong dé
giai quyét 6 nhiém nudc thai, déng thoi bao vé hé sinh thai rung ngap mén tai khu
vuc.
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Nudc thai nudi tom, dat
ngap nude, Cheilocostus
speciosus, vo hau, Cén
Gio, kinh té tuan hoan.

1. Giéi thi¢u

Nubi trong thuy san di phat trién nhanh chéng trong
nhitng thap ky qua, déc biét 1a nudi tom, dong gop dang
ké vao san luong thuy san toan ciu va an ninh luong
thuc (Boyd & McNevin, 2014).Theo thong ké mgi nhat,
san lugng tom nudi toan cau da dat 5,7 triéu tin vao
nam 2022, chiém khoang 55% tong gi4 tri thuong mai
thity san toan cau (FAO, 2023). Tuy nhién, sy phat trién
manh mé nay cling tao ra nhitng thach thirc nghiém
trong vé moi truong, dac biét la van dé 6 nhiém nude
thai (Herbeck et al., 2020). Nudc thai ¢ cac hé thong
nudi tdm chira ham luong cao cc chét hitu co, dinh
dudng (nito, phospho), chit rin lo limg va cac hop chét
khang sinh, din dén suy thoai méi truong nudc ven
bién.

Tai Viét Nam, nganh nuéi tom déng vai tro then chdt
trong phat trién kinh té, v6i san lwong dat 1,1 triéu tin
va kim ngach xuét khau 3,85 ty USD vao nim 2022.
Song phan 16n nudc thai chua duge xir Iy (Nguyen,
2023). Khu vire Can Gid v6i hon 5.000 ha va 1a khu dy
trir sinh quyén dugc UNESCO, dang chiu 4p luc 6
nhiém ngly cang ting (Le, 2022). Nghién ctru ctia Vo
(2021) cho thay nude nudi tai day c6 BOD, COD, TSS,
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tong nito va tong phospho vuot 1,5-3 1an so véi gigi han
cho phép cia QCVN 40:2011/BTNMT.

Nhiéu giai phap k¥ thuat da duoc ap dung, nhu keo tu —
tao bong, 1éng loc, hép phu, trao ddi ion, siéu loc... Cac
phuong phap nay xt 1y nhanh, hiéu qua voi hop chit
kho phéan huy hodc kim loai ndng, nhung chi phi cao,
ding nhiéu hoa chét, tao bun thai thir cip va phai c6 k¥
thuat cao. Trong khi do6, cong nghé dat ngap nude kién
tao (CW) dugc quan tdm nho gia thanh ré, than thién
mdi truong (Wu et al., 2016b). Cac nghién ciru quic té
chimg minh CW c¢6 thé loai bé 80-95% BOD, 75-90%
TSS, 60-85% N va 50-80% P (Lin et al., 2020;
Mahmood et al., 2021; Ramprasad & Philip, 2022).

O Viét Nam, mot sd nghién ctu thi diém da thyc hién
tai Bac Liéu va Ca Mau (Tran (2019); Le (2021)), song
con thiéu danh gia toan dién vé vai tro cta loai thyc vat
va vat liéu dém ((Pham, 2023). Do do6, nghién ctru nay
ap dung mo hinh dat ngdp nuéc chay ngdm phuong
dung (VSSF) véi cay Cat Ldi va ba loai vat lidu nén
duoc lua chon nhdm khao st hiéu qua loai bo chét &
nhiém trong nuéc thai nudi tom tai Can Gid, gop phan
cung cap co sé khoa hoc cho tmg dung rong rai cong
nghé ndy, hudng t6i phat trién bén virmg va tuan thu
Luat Bao v¢ Méi truong 2020.
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2. Phwong phap nghién ciru
2.1. Thuec vat
Cay Cat Lbdi (Cheilocostus speciosus) duoc lwa chon
cho nghién ctru do ¢6 kha ning thich nghi va phat trién
tdt trong diéu kién nudce thai c6 dd min cao, hé ré phat
trién manh.
Cay duogc thu thap tu cac khu vuc ven sdéng, muong
nude va dit Am tai Can Gi0, noi chung moc tu nhién va
phé bién. Nhing cay trudéng thanh, than chic (0,5-1
cm) duoc chon lam gidng. Sau khi mang vé, cay duoc
ct than dai 40-50 cm vé&i 4-5 mit, trong sau 8—10 cm
trong dat 4m tai khu vom va duy tri tu6i nuée dé ra ré.
Sau khoang 2 thang, cAy phat trién ré va 1a méi s& dugc
chuyén vao bé thi nghiém.
Dua trén dic diém 14 (dai 20-50 cm, rong 2—-3 cm), mat
d6 trong duoc thiét 1ap 10 cAy/m2 Cac cay dugce chim
soc 3 thang trong hé thong VSSF, dat chiéu cao trung
binh 0,6-0,8 m trudc khi tién hanh thi nghiém xu ly
nudc thai ao nudi tom.

Hinh 1. Cay Cat Loi (Cheilocostus speciosus)

Yy .

2.2. M6 hinh dit ngip nwéc dong chiy ngim
phuong dirng (VSSF)

Hé théng thi nghiém dugc thiét ké véi ba bé xur 1y doc
1ap. Cac bé duoc ché tao tir kinh cuong luc, 1ap dat trén
khung thép khong gi 304 nhim dam bao do bén va
thuan lgi cho viéc quan sat. Mdi bé c6 dang hinh try
vudng véi kich thude 0,27 x 0,55 m va duogc b tri ba
16p vat liéu. Lop dudi cung 1a séi trang day 0,1 m, ¢
chirc ning thoat nudc va tao gia thé cho vi sinh vat. Lop
giita day 0,3 m duoc lira chon 1am vat liéu chinh nham
danh gia va d6i chiéu hiéu qua xir 1y, v6i ba loai khac
nhau gdm d4 mi, than cui va vo hau. Lép trén cung la
cat xay dung day 0,5 m, giup 6n dinh hé théng va tao
diéu kién phat trién cho thuc vat. Su khac biét gitta cac
bé nam ¢ vat lidu 16p giita, qua d6 cho phép danh gia
vai tro cua tung loai vat li€u trong subt qua trinh van
hanh xtr Iy nude thai.

Bang 1. Thong s thiét ké mo hinh dat ngap nude
dong chay ngdm phuong ding

Théng s6 thiét ké Ponvi  Gia tri
Chiéu rong m 0,27
Chiéu dai m 0,27
Chiéu cao m 0,55
Ch-)\ A r 4 A

ieu sdu lop cat xay m 0.5
dung
Chiéu sau lop vat ligu
chinh (d4 mi, than cti, vd6 m 0,3
hau)

Chiéu siu 16p soi tring m 0,1

phuong ding

Mau nude thai duoc cip tir bé chira ban dau théng qua
hé théng 6ng dan bang PVC chat lugng cao, dugc thiét
ké dé phan phdi déu nudc vao bé xir 1y. Thung chira
nudc thai dugce lam tir nhya PE ¢6 dung tich 160 L dugc
dit trén buc cao trén khung sit va cip nude theo dong
chay trong luc xudng cac bé xir 1y bén dudi. Hé thong
cung cip nuéc thai st dung dng din bang PVC co
duong kinh 10 mm, dugc thiét ké dé phan phdi déu
nudce vao timg bé xir 1y. Muc nude duy tri trong bé ¢ do
sau khoang 45 cm.

2.3. MAu nuéc thii ao nudi tom

Nguén nudée thai dau vao cho mé hinh dugc léy mau tai
toa dg 10°32'53.5"N, 106°45'19.8"E thudc xa Ly Nhon,
huyén Can Gio, TP.HCM. Ao nudi tom tai vi tri ldy mau
¢6 d0 sau muc nude 1,38-1,43 m, dién tich 3.100—4.700
m?, mat 6 tha nudi 80-140 con/m?. Quy trinh léy mau
va phéan tich dugc thyc hién theo TCVN 6663-1:2011
(ISO 5667-1:2006). Cac chi tiéu phan tich gdm COD,
TN va TP. Két qua dugc dbi sanh v6i cac quy chuin
hién hanh nhu QCVN 40:2021/BTNMT (nudc thai
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cong nghiép), QCVN 08:2023/BTNMT (chit luong
nuéc mat) va QCVN 02-19:2014/BNNPTNT (co so
nuoi tdm nudc 19).
Bang 2. Dat tinh nudce thai ao nudi tom tai xa Ly
Nhon huyén Can Gio Tp.HCM

Chi Pon vi Nudc QC QCv QcC
tiéu thiiao VN N VN
nuoi 40:2 02- 08:2

tom 021/ 192 023/
BTN 014/ BTN

MT, BNN MT,

Cot PTN Cat

B T B
PH - 7-8 5,59 5 6,5-
5 8
9
COoD mg/L 416 90 < <15
15
0
NH4* mg/L 21,8 10 - -
TN mg/L 354 30 - <1,
5
TP mg/L 94 5 - <
0,3

Hinh 3. Vi tri iy mau
Sau khi thu thap, nude can xir I s& duoc cip vao
md hinh véi luu lueong 10 L/ngay/bé. Két qua phan tich
chat lugng nudc thai cho thay ndng do chat 6 nhiém cao
hon giéi han cho phép theo quy chudn hién hanh.
3. Két qua va thio luin
3.1. Kha niang loai b6 COD
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Sau qué trinh van hanh, hé théng dat ngip nudc dong
chay ngam phuong dimg (VSSF) dd chting minh hiéu
qua trong xtr ly COD cuia nudc thai nuoi tom thdng qua
nhiéu co ché dong thoi: phan hity sinh hoc nhd vi sinh
vat hiéu khi va ky khi, loc co hoc boi cAu trac xép cua
vat liéu, cung qua trinh hép phu hoa 1y va sinh hoc. Bac
biét, r& cay Cat Li giit vai tro trung tim khi cung cép
oxy qua co ché ROL (Radial Oxygen Loss), tao ra
gradient oxy can thiét cho qua trinh nitrat hoa va khir
nitrat (Vymazal, 2014).

Két qua thuc nghiém cho thay sy khac biét dang ké vé
hiéu suit gilra cac loai vat liéu. V&i da mi, néng d6 COD
dau vao trung binh khoang 304 mg/L, giam con 256
mg/L ngay tir ngay th 3, dat hiéu sudt 11%. Trong giai
doan 2 tudn dau, téc do xir Iy COD bién dong manh,
dao dong tir 42,7 dén 122,7 mg/L.ngay, phan anh kha
ning xir 1y t6t nhung chua on dinh. Hiéu qua loai bo
COD duy tri & mirc 11-81%, cho thdy da mi co thé xir
1y hiéu qua trong giai doan dau.

D6i véi than cui, hidu qua xir 1y 6n dinh hon, dic biét
trong giai doan 2055 ngay. Nong do COD giam tir 464
mg/L xubng 208 mg/L sau 17 ngiy, dat hiéu qua 55%
voi toe do xir Iy 85,3 mg/L.ngay. Trong giai doan 6n
dinh, hiéu suat xir Iy dao dong 74,7-81%, tbc do dat
97,6-117,3 mg/L.ngdy. Tuy nhién, khi ndng do chat
hitu co dau vao giam, hiéu qua cta than cti c6 xu hudng
giam do han ché vé kha ning hap phu. Pay ciing 1a xu
hudng duge nhidu nghién ctru ghi nhan (Panghal et al.
(2024) va Zhu et al. (2025)), cho thay than cti phu hop
khi x@ 1y nudc thai ¢ tai lugng hitu co cao nhung kém
hiéu qua & ndng do thip.

Trong khi d6, vo hau thé hién kha nang xir ly COD 6n
dinh va vuot troi nhat. Hiéu suit loai bo ting dan theo
thoi gian, tor 25% vao ngay thr 3 (giam COD tur 304
xudng 216 mg/L), 37% vao ngay thir 6, dat 73% vao
ngdy 24, va cao nhit 85% vao ngay 55 (COD giam tir
416 xudng 64 mg/L). Téc d6 xtr Iy COD dao dong tir
24,0 mg/L.ngay dén 138,7 mg/L.ngdy, phan anh hiéu
qua sinh hoc va hoa 1y két hop. Co ché nay dugc ly gidi
boi dic tinh clia vo hau: cu triic réng xdp, dién tich bé
mit 16n cho vi sinh vat bam dinh, kha ning hap phu hitu
co manh, ciing thanh phan CaCOs c¢6 tac dung dém pH
va ho trg enzyme phan huay hiru co ((Yi et al., 2023).;
Zamani et al. (2023); Yi et al., 2023).

Két qua cho thdy sau 55 ngay van hanh, COD dau ra
clia ca ba bé déu dat QCVN 40:2021/BTNMT, trong d6
bé chira vo hau dat hiéu qua va tinh on dinh cao nhét.
Diéu nay chimg minh vé hau — mot phé pham thay san
— khéng chi ¢6 tiém nang xir Iy COD hiéu qua ma con
gop phan tan dung tai nguyén dia phuong theo hudng
kinh té tuan hoan.
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Hinh 4. Hi¢u qua xur ly COD

3.2. Kha nang loai b6 TN

Két qua thyc nghiém cho théy hiéu suit loai bo TN cua
hé thong ting dan theo thoi gian van hanh. Giai doan
dau (ngay 1-8), hiéu suit xir Iy TN ¢ muc thap, dao
dong tur 28,4 - 44,5% voi ba bé chira vat liéu khac nhau.
Hiéu suit ting dang ké sau 15 ngay van hanh, dat trén
60% & ca ba bé, va tiép tyc ting 1én dén muc 6n dinh
trén 70% sau 27 ngay van hanh. Dén ngay 55, hi¢u suat
loai bo TN dat gia tri cao nhét & bé chtra vo hau 85,7%,
tiép theo 1a than cui 83,1% va da mi 77,1%. Qua trinh
tang hiéu suit xur 1y theo thoi gian 1a biéu hién cua su
thich nghi va phat trién ctia ca vi sinh vat va cay Cat Loi
trong hé thong. Trong giai doan dau, vi sinh vat chwa
phat trién day du va thuc vat dang trong qua trinh thich
nghi, din dén hi¢u suat xir Iy thap. Khi hé vi sinh vat on
dinh va hé ré ciia ciy phat trién, hiéu qua xtr Iy TN ting
1én va dan 6n dinh & mirc cao. Két qua nay phu hop véi
nghién ctru ctia Wu et al. (2016a), cho thay hiéu sut xir
1y nito trong hé thdng dat ngap nudc thuong dat trang
thai 6n dinh sau 2-3 tuan van hanh. Nhin vao ba bé cho
thiy bé chira vo hau c6 hiéu qua xir Iy TN cao nhat
85,7%, vuot trdi hon so v6i bé chira than ciii 83,1% va
da mi 77,1%. Uu thé ciia vo hau dugc giai thich boi ham
luong canxi carbonate (CaCO:s) cao, tao diéu kién thudn
loi cho qua trinh nitrate hdéa va duy tri pH thich hgp cho
hoat d6ng ctia vi sinh vat. Pong thoi, cdu trac xbp cua
vo hau cung cép dién tich bé mat 16n cho vi sinh vat
bam dinh va phat trién, ting cuong qua trinh chuyén
hoéa nito (Lin, 2020). Than cui ciing cho hiéu qua loai
b6 TN cao nho kha niang hip phu cac hop chét nito va
cung cip méi trudng thuan loi
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cho vi sinh vét phét trién. Vai tro cua cay Cat Loi trong
loai bo TN thé hién qua kha ning hép thu truc tiép cac
hop chit nito va dic biét 1a kha ning tiét oxy qua ré
(radial oxygen loss - ROL), tao ra cac vi moi truong
hiéu khi-ky khi xen k& trong ving ré&. Dic tinh nay thuc
day qua trinh nitrate hoa trong ving hiéu khi va khir
nitrate trong ving ky khi xay ra dong thoi, cai thién
dang ké hiéu qua loai bo TN (Vymazal, 2022). Véi cac
dac tinh sinh ly ctia loai thyc vat chiu man, Cat Ldi thich
nghi t6t v6i diéu kién nudc thai ao nudi tém c6 d6 min
cao va ham luong nito dang ké.

Hiéu qua loai bé TN trong nghién ctru nay 77,1-85,7%
cao hon so véi nhiéu nghién ctru tuong tu vé hé thong
dat ngap nudce xir Iy nudce thai nudi tom. Pang chu y, bé
chtra vo hau cho hiéu suit loai b TN 85,7% vuot troi
hon so v6i két qua nghién ciru vé hé théng dit ngap
nuée dong ngdm theo phuong ngang st dung Typha
orientalis (76,3%) va nghién ctiru cia Vymazal (2022)
vé hé théng dit ngap nudc lai hop sir dung nhiéu loai
thuc vat ban dia (79,5%).
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Hinh 5. Hiéu qua xu ly TN

3.3. Kha nang loai b6 TP

Két qua nghién ctru Hinh 10 cho thay kha ning loai bo
TP trong nudc thai ao nudi tom cua cac bé chira ¢6 sy
khac biét ro rét. Hiéu sudt xu ly TP tang dan theo thoi
gian van hanh va dat trang thai 6n dinh sau khoang 30—
35 ngay. Trong d6, bé chira str dung vo hau dat hiéu suét
cao nhat v6i 86,9% vao ngay 55, tiép theo 14 than cti
(81,5%) va da mi (75,7%). Nong do TP dau vao dao
dong tr 7,0-9,5 mg/L, hoan toan vugt nguong cho phép
xa thai theo QCVN 40:2021/BTNMT (Cét B: 5 mg/L)
va dac biét vuot xa ngudng QCVN 08:2023/BTNMT
(Coét B: 0,3 mg/L). Tuy nhién, sau qua trinh vén hanh
xtr Iy ndng d6 TP dAu ra ¢ ca ba bé chtra déu giam manh,
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dao dong quanh 0,9-3,0 mg/L sau 55 ngay, vuot yéu
cdu QCVN 40:2021 nhung chua dat QCVN 08:2023.
Xu huéng gia ting hiéu suit xir Iy TP theo thoi gian
dugc 1y giai boi su phat trién ctia biofilm vi sinh trén bé
mit vat liéu va ré thuc vat, Kkét hop v6i qua trinh hép
phu. Pac biét, hiéu suét xir Iy vugt troi cia vat li€u vo
hau c6 thé giai thich bang ham luong CaCOs cao trong
v6 hau, tao diéu kién thuén loi cho qua trinh két taa TP
dudi dang Cas(POs)., dong thoi ting dién tich bé mat
hap phu va kha niang luu giit biofilm vi sinh. Két qua
nay phu hop voi nhan dinh cua Zhang et al. (2021), khi
nghién ctu h¢ CW st dung biochar va thuc vét thuy
sinh dat hiéu suét loai bo TP khoang 70-80%, thdp hon
s0 v6i mo hinh vo hau trong nghién ctru nay
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Hinh 10. Hiéu qua xu ly TP
Mot diém dang chu y khac 1a su on dinh cua hé théng
sau ngdy van hanh tht 30. Diéu nay phu hop véi két qua
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ctia He et al. (2019) khi cho rang biofilm va quan thé vi
sinh vét xu 1y TP trong hé dét ngép nudc kién tao dat
trang thai can bang sinh hoc sau khoang 20-30 ngay
van hanh lién tuc. Ngoai ra, kha nang xt ly TP cao con
nho vao su két hop cua thyc vat cat 10i - loai thye vat
chiu min t6t, phat trién nhanh, c6 hé ré 16n gitip gia ting
bé mat tiép xtc giita nude thai va biofilm, dong thoi
tham gia hip thu TP truc tiép qua co ché dinh dudng.
3.4. Panh gia dw phat trién ciia cAy Cat Loi

Két qua cho thiy thyc vat phat trién & bé chira vo hau
vuot troi hon so voi bé con lai. Sau 55 ngay van hanh,
chiéu cao cua thuc vat trong trén bé c6 vat liéu vo hau
dat tdi da 72,1 cm (ngdy 22) va duy tri 54,6 cm vao ngay
thir 55, cao hon so voi & bé chira than cti (49,7 cm) va
da mi (48,4 cm) (Hinh 11). Khong chi tang truong chiéu
cao tot, ciy trén bé chira vo hau ciing dat ting trong sinh
khdi cao nhét voi 3.785 g tuoi va 568 g kho, cao hon
khoang 31% (twoi) va 32% (khd) so voi & bé chira d4
mi. Ngoai ra, ham lugng dinh dudng tich lily trong thuc
vat cling cao hon o rét & bé chira vo hau, véi 2,10% N
va 0,85% P, cho thay kha ning hip thu va luu giit dinh
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dudng hidu qua hon. So sanh, bé chira than cui va d4 mi
c6 ham lugng N va P thip hon dang ké (twong tmg 1a
N: 1,80% va 1,40%; P: 0,64% va 0,55%). Su vuot troi
nay do déc tinh hoa hoc va vat ly cua vé hau, Lin (2020)
da cho thay viéc str dung Typha orientalis trén vat lidu
loc hdn hop c6 CaCO:s gitip tang sinh khdi va hap thu
N, P vuot troi trong hé théng CW xtt Iy nue thai nudi
tom.
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4. Kétluan

Két qua nghién ctru cho thay hé théng dat ngap nudc
dong chay ngam phwong ding (VSSF) xir 1y hiéu qua
nudce thai ao nudi tom tai Can Gio. Trong ba loai vat
ligu thir nghiém (d4 mi, than cui, vé hau), vo hau dat
hi¢u suét cao va 6n dinh nhit véi COD 85%, TP 87%
va TN 85,7%. Thuc vat Cat Loi ciing sinh trudng tot
nhét & bé chira vo hau, voi chiéu cao 54,6 cm, sinh khdi
kho 568 g, ham Iugng N 2,1% va P 0,85%. Piéu nay
chimg té vo hau vira c6 kha nang hip phu chat 6 nhiém,
vira tao diéu kién cho vi sinh vat va ré thuc vat phat
trién, gitip hé thong 6n dinh va hiéu qua theo thoi gian.
Dong thoi, viée tan dung vo hau phé pham nudi trong
thity san gop phan giam chi phi va thuc ddy kinh té tuan
hoan. Tuy nhién, cc nghién ctru tiép theo can danh gia
chi phi loi ich va rai ro tiém 4n khi st dung than cui.
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Evaluation of the efficiency of constructed wetland for treating shrimp

pond wastewater
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Abstract This study evaluated the performance of a vertical subsurface flow constructed wetland (VSSF) system
using the plant Cheilocostus speciosus for treating shrimp farm wastewater in Ly Nhon commune, Can Gio District,
Ho Chi Minh City, Vietnam. There systems applied three materials (crushed stone, charcoal, and oyster shells) to
treat wastewater at a flow rate of 10 L/day/tank over 55 days, analyzing parameters including COD, Total Nitrogen
(TN), Total Phosphorus (TP). The results showed that the oyster shell filter medium achieved superior removal
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efficiencies with 85% for COD, 87% for TP, 85.7% for TN, meeting effluent discharge standards according to QCVN
40:2011/BTNMT (Column B) and QCVN 08:2023/BTNMT (Column B). Notably, using oyster shells as an
aquaculture by-product reduced material costs by 30-40%, offering a sustainable solution in line with a circular
economy model for the coastal aquaculture sector. This study confirms the potential of VSSF constructed wetland
technology using local materials to treat wastewater pollution while simultaneously protecting the region’s mangrove
ecosystem.

Keywords Shrimp pond wastewater, constructed wetland, Cheilocostus speciosus, oyster shell, Can Gio, circular
economy.
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