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TOM TAT

Nhimng thach thic toan cau lién quan dén khiing hodng nudc sach va ndng lugng la déng luc thic
déy su phat trién va dua vao ing dung cac cong nghé xt ly nudc cai tién, nham dap ing nhu cau
st dung nudc sach va nang lugng. Mé hinh dat ngap nudc nhan tao (constructed wetland - CW)
da dugc nhin nhan va dp dung thanh cong trong xt ly nudc thai véi chi phi lédp dat va bao tri thap.
Ngoai ra, trong nhiing nédm gan day, nghién ctiu iing dung pin nhién liéu vi sinh (microbial fuel cell
- MFQ) cling da c6 nhiing dot pha dang ké trong x ly moi trucng. Y tudng két hop gila mo hinh
dat ngap nudc dong nguagc (VSF-CW) va MFC la mot cong nghé méi ¢ hiéu qua bén ving, mang
lai lgi ich kép gitip xt ly nguén nudc thai chia nito dong thoi tan thu nguén dién nang. Nghién ctu
nay budc dau danh gia hiéu qua van hanh thich nghi vdi tai trong cao (4,2 mg COD/gid. L; COD:N =
10:1) cla m6 hinh VSF-CW-MFC dé x{r ly ammonia trong nudc thai sinh hoat. Két qua thuc nghiém
cho thdy mé hinh VSF-CW-MFC c6 kha nang thu héi dién sinh hoc va xUt ly nudc thai sinh hoat chtia
ammonia & tai trong cao. Su hién dién clia thuc vat va pH nudc thai xap xi 7,0 cé thé cai thién hiéu
qua van hanh. Trong do, hiéu suat xt ly trung binh déi véi NHg™ va COD clia cac md hinh ¢ thuc
vat véi pH nudc thai 7,0 1an luat 1a 43,4% va 79%.

Tu khoa: dat ngap nudc nhan tao, pin nhién liéu vi sinh, nudc thai sinh hoat, ammonia, dién sinh

hoc
DAT VAN DE

Céc mo hinh d4t ngap nudc nhan tao (CW) dugc thiét
ké nhim muc dich kiém soét cic qué trinh sinh hoc
ty nhién thuong xay ra trong di€u kién mdi truong
dat ngip nudc nhdm phuc vu cho nhu ciu xtt Iy nudc
thail. Véiuu diém tiéu thu ning lugng thap, m6 hinh
CW da dugc ting dung thanh cong dé xu ly nudc thai
sinh hoat thd cép, nudc ri rac, nudc mua chay tran
va nuéc thai cong nghiép2. Mot trong nhiing vin dé
ma cac nha nghién ctu phai d6i mit trong qud trinh
nghién ctiu mo6 hinh CW la ban chat phiic tap ctia cac
qua trinh sinh hoc va sy da dang ctia cong dong vi
sinh va thuc vat & nhiing diéu kién khi hau, dialy khac
nhau, vén cé y nghia quan trong trong ting dung xu
1y nudc thai.

Nhin chung, CW dugc chia thanh hai loai bao gom
hé thong dong chay ngang (HSF-CW) va hé thdng
dong chay doc (VSF-CW). Trong d6, HSF-CW dugc
chia thanh loai c6 dong chay bé mit (SF) va loai ¢
dong chay dudibé mét (SSF). Trong cdc md hinh HSF-
CW, nudc chay theo chiéu ngang ti ddu vao dén déu
ra. Trong khi d6, VSF-CW dugc cép nudc theo chiéu

thing diing qua cdc dudng éng cip thodt nudc doc
chiéu cao. Cac mo hinh dat ngép nudc dugce thiét ké
v6i dong chdy thing ding (VSF-CW) c6 tiém ning
16n hon so vé6i cac hé théng dong chay ngang HSF-
CW trong ting dung xt Iy nudc thai véi qua trinh oxy
héa khtt dugc cai thién va thoi gian luu nude dai hon.
Nhiing nghién ctiu gan day ciing chi ra ti€ém nang ting
dung trong linh vic mdi trudng ctia pin nhién liéu vi
sinh (microbial fuel cell - MFC). Trong ting dung xt ly
nudc thai, MFC gitp thu héi ngudn nang lugng dién
sinh hoc do vi khuén chuyén héa du lugng chit hitu
6 va dam con lai trong nudc thai>*, Véi hiéu qua két
hgp vtia xti Iy chit nguén nudce thai viia tao ra ngudn
dién nang, cong nghé CW két hgp MFC (CW-MFC)
dugc nhin nhén 14 cong nghé bén vitng moi trudng .
Cong nghé MFC truyén théng dugc ciu thanh bai hai
dién cuc gom anode (dién cuc duong), cathode (dién
cyc 4m) va tdm phén cach nim gitia hai dién cyc (sep-
arator). Hoat dong cta hé théng MFC dya vao hai
nguyén ly chinh: i) Cac chat hiiu co hoa tan trong
nudc thai va cac chit vé co mang ning lugng (NH4 ™)
dugc oxy hoa bdi cac cong dong vi khudn dién héa
(electrogens - anode respiring bacteria) trong diéu
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kién ky khi xung quanh dién cuc anode, electrons ty
do gidi phong ra boi qué trinh oxy héa nho vi khuidn
dugc chuyén dén dién cuc anode va tit anode theo day
dan di chuyén dén dién cuc cathode tao ra dong dién;
ii) Proton (H™) sinh ra tif qud trinh oxy héa di chuyén
trong dung moi dén dién cuc cathode d€ trung hoa
ion OH™ sinh ra ti qua trinh khu & dién cuc cath-
ode, giup hé thong pin nhiéu liéu vi sinh hoat dong
8n dinh 7.

Su két hop gitia CW va MFC gitp ca hai hé thong
cung hoat dong hiéu qua dya trén nguyén Iy tdn dung
su chénh 1éch thé oxy hoa khu gitia cic ving hiéu
khi va ky khi cia CW d€ dap ting nhu cau van hanh
ctia hé thong MFC, tit d6 mang lai lgi ich kép giup
xt ly nudc thai va tdn thu ngudn dién ning hiéu qua
hon®. Trong hé théng két hop CW - MFC, 16p dt
phia dudi va I6p dat trén bé mat cia CW doéng vai
tro nhu cac budng dién cyc tuong ting cia MFC. Mot
nghién ctiu trudc diy da ching minh ring hé théng
CW dong chéy ngugc (VSF-CW) c6 thé loai bo 55 %
NH47, 50 % NO3~ va 31 % téng nito (TN)°. Ngoai
ra, moi trudng ty nhién trong VSF-CW rét thuén lgi
cho viéc van hanh MFC. Céc vung hiéu khi va yém
khi riéng biét va dién tich bé mit 16n cta 16p vat liéu
trong VSF-CW ¢6 thé h trg hiéu qua sy hip phu cta
chit trung gian dién td va sy gin két ctia cdc vi sinh
vat, la diéu kién can thiét cho viéc thu hoi dién bang
hé thong dién cuc cia MFC. Nghién ctiu cia Wen va
cong su (2020) cho thdy hiéu suit loai bo COD trung
binh 12 83,19 - 86,28 % trong mé hinh CW-MFC !,
Ngoai ra, hon 70% chét hiiu co da dugc loai bo trong
vung yém khi. CW-MFCs v6i su hién dién ctia thuc
vat hoat dong hiéu qua hon CW-MFCs khong ¢ thuc
vat trong xt ly NH4 ™+, NO3 ™~ va TN. Vi dy, hiéu qua
loaibd NH, T dat trong khoang 95,91 - 96,82 % so véi
v6i 56,54 — 59,95 % clia hé thong CW-MFCs khong
tréng cay, trong d6 xdp xi 33,14 - 55,69 % NH4 ™" bi
loai bé trong viing yém khi. Trong sudt qua trinh thi
nghiém, dién ap trung binh cia CW-MFC c6 thuc vét
va khong c6 thuc vat la 264 mV va 108 mV v6i mét
dd cong sudt dinh tuong ing 92,05 mW/m 3 va 3,29
mW/m™3.

Tai Viét Nam, cac nghién ctiu trudc day chi tap trung
ung dung hé sinh thai dit ngap nudc ma chua két
hgp pin nhién liéu vi sinh trong xu ly nudc thai.
Trong nghién ctiu nay, hé théng két hgp VSF-CW-
MEC dugc thiét ké va ddnh gid hiéu qua thich nghi
budc dau cta hé thuc vat va dién cuc 1én kha nang
xt ly nito trong nudc thai sinh hoat & tai trong cao.
Hiéu sudt xt ly nito, dién thé pin, hiéu suit dong dién
(coulombic efficiency -CE) va mét d6 cong suét pin
dugc tinh todn d€ danh gid hoat dong ctia hé thong
VSF-CW-MFC v¢ kha ning xt ly va hiéu qua tin thu
ngudn dién ning.
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Thiét ké mé hinh

Cac hé thong VSF-CW-MFC dugc lam tii 6ng nhua
PVC (polyvinyl chlorua), dudng kinh 20 cm va chiéu
cao 50 cm, dugc thiét ké hoat dong theo ché d6 dong
thai ti dudi lén (up-flow mode). Cot vat liéu duge
cdu thanh gém bén 16p chinh. Lép duéi cung la 16p
d6 day 5 cm gom soi (dudng kinh trung binh 28 mm)
va cat tho. Lép ké tiép 1a khoang anode day 10 cm
bao gom cét tho va dién cuc anode lam tii tdim carbon
felt dugc c6 dinh bang ludi thép khong gi. Lop trung
gian (separator) chua cat tho gitip phin cach khoang
anode khoi cathode v6i d6 day x4p xi 10 cm. Lép trén
cuing day 10 cm la khoang cathode gém hén hop cét
va dat do bazan (Lam Dong) va dién cuc cathode ¢
thiét ké tuong tu dién cuc anode va dugc khoan 16 dé
dam bao ré cay co thé xuyén qua. Khoang cach gitia
cac dién cucla 20 cm.

Céc cOng ldy mau dugc bé tri doc theo chiéu cao ¢t
PVC, phan b6 phia trén va phia duéi cic dién cuc,
cach cic dién cuc 5 cm (Hinh 1). D4u ra cac dién cuc
dugc n6i v6i nhau bang day kém déng cé gin bién
trd dugc c6 dinh & 50Q2. Co hong (Cenchrus setaceus)
dugc chon lam thyc vét trong trong hé thong. Cac
cay con dugc chon ti bai sdy tu nhién (Phudc Kién,
Nha Be) va trong thich nghi trong hé théng VSF-CW-
MEFC, ddm bao b ré cta cay phét trién hoan toan
trong khoang cathode. Méi hé théng trong 8 cay véi
duong kinh than tuong doéng nhau va bé sung bun
biogas (1,0 lit) thu tif nha mdy xt ly bun thai Sai Gon
Xanh (Binh Chanh, H6 Chi Minh). Sau khi lip dit
hoan chinh, hé théng dugc van hanh thich nghi véi
nudc thai nhin tao véi l6p nude bé mat duy tri do sau
khoang 2 cm.

Van hanh mé hinh

Céc thung chia nuée (30 lit) bidng nhya mau chuia
nudc thai gia 14p. Nudc thai gia 1ap dugc chuén bi tu
ngudn nudc may, da luu tri trong bon chida (500 lit) it
nhdt 24 gi¢ dé€loai bod clo du c6 kha nang anh hudng
dén cong doéng vi sinh vét trong moé hinh. Céc mé
hinh dugc van hanh thich nghi v6i ché d6 dong lién
tuc v6i néng d6 COD va nito trong nudc thai thip
(COD ~ 40 mg/L; COD:N ~ 10:1). Giai doan thich
nghi dugc xem la hoan thanh khi s6 do dién ap pin
dat mtic thich hop va c6 d¢ lap lai. Sau 45 ngay van
hanh thich nghi véi tai trong thip, néng d6 COD va
nito trong nuiéc thai dugc nanglén (COD ~ 120 mg/L;
COD:N ~ 10:1) d€ dénh gid hiéu qua van hanh thich
nghi & tai trong cao (4,2 mg COD/gi6. L; COD:N ~
10:1) trong 28 ngay. pH nudc thai dugc diéu chinh
thay d6i va van hanh trong cdc mé hinh khac nhau
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Hinh 1: Hé théng cac mé hinh CW-MFC van hanh song song

dé khao sat kha ning thich nghi ctia hé théng khi vin
hanh v6i nudce thai thuc té€ c6 dic tinh thay ddi lién
tuc.

Nudc thai dugc bom vao hé théng bing bom nhu
dong nhiéu kénh, véi luu lugng c6 dinh ¢ mic 3 -
4 mL/phut. Mbi diéu kién pH nudc thai (6,0; 7,0; 8,0)
dugc van hanh trén hai m6 hinh cé thuc vat. Pong
thoi, hai m6 hinh khong c6 thuc vat duge van hanh
song song véi nudc thai dugc diéu chinh & pH 7,0.
Nudc thai ddu vao dugc chudn bi méi sau 2-3 ngay van
hanh (COD ~ 40 - 120 mg/L; COD:N ~ 10:1). Nudc
thai téng hop dugc chuén bi tit nudc méy da qua luu
trit c6 bd sung cdc thanh phan nhu glucose (30 - 100
mg/L), NH4ClI (20-60 mg/L), KH,POy4 (5 - 5 mg/L),
NaCl (2 - 6 mg/L), MgCl, (2 - 6 mg/L), va CaCl, (7
- 21 mg/L). Néng do diu vao cia NH4™-N va COD
trong nudc thai téng hop da dugc chudn bi d€ mo
phong dic diém ctia nudc thai sinh hoat dia phuong
dugc bdo cdo trong mét nghién ciiu trude day . Ty lé
COD:N ctia nudc thai 10:1 nhim tao diéu kién thuan
lgi cho hiéu qua thu hoi dién, vén thudng bi giéi han
bdi ngudn cacbon. Trong suét giai doan thuc nghiém,
cac mo hinh dugc no6i mach kin gitia anode va cath-
ode.

Mau nué6e duge thu sau 3 - 4 ngay van hanh thuc
nghiém va phan tich cdc chi tiéu NH4 ", NO, ™,
NO; ™, tdng nito Kiehdahl (TKN) va COD. NH4t,
NO;~, NO3~ dugc phan tich bang phuong phép
quang phd hip thu UV-VIS!2, COD dugc phan tich
béng phuong phéap hoan luu kin véi tdc nhan oxy hda
K,CryO7 3. TKN dugc phén tich bing phuong phip

chung cit va chudn do 13 Hijéu sudt loai bo COD va
NH4 " dugc tinh toan dé danh gia hiéu qua van hanh
ctia hé thong. Mat d6 cong sudt dién (P,, mW.m™2)
va hiéu sudt coulomb (CE) dugc tinh todn d€ danh gid
hiéu sudt thu hoi dién ning ti pin nhién liéu vi sinh.

Tinh toan va phan tich sé liéu
Hiéu suft xti ly ctia hé thong khi van hanh ché d¢ lién
tuc dugc tinh todn dya theo cdng thiic sau:

ap = Pdiwvio=Fatura 150, (1)
P du vao
Trong d6 Pasy vao Va Pazy ra 18 COD hodc NH4T-N
ctia mau nuGe ddu vao va ddu ra cta cac budng dién
ctic hodc ctia hé théng.
Mat do codng sudt dién (P, mW/m?) va hiéu suft
coulomb (CE, %) dugc tinh theo cong thiic sau 10,

2
P, = U" 103 (2)

M xI

CE=—F —
FxqxnxCOD

100 3)
Trong d6 U la dién dp dau ra (V), S 1a dién tich dién
cuc anode (m?), R 14 dién tré ngoai (W), M la khoi
lugng phan ti ctia Oy, 113 cuong d6 dong dién (A), F
12 hang s6 Faraday (96485 C/mol), q 1a t6c do dong
(L/s), n 1 s8 electron cho bdi 1 mole Oy (4, mol
e~ /mol), ACOD la sy chénh léch gitia né6ng d6 COD
d4u vao va déu ra (g/L).

Phan tich thdng ké s6 liéu dugc thuc hién véi phin
mém SPSS (18.0). So sanh v€ chi tiéu chét lugng nudc

Si54



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 4(S11):5152-5161

gilia cdc mau nudce va hiéu suit xt ly gitia cic budng
dién cyc dugc phan tich théng ké bing phép kiém
dinh Mann-Whitney test. Anh huéng ctia pH va thic
vét lén hiéu sudt xtt ly NH4 ™ va COD duogc phén tich
bang kiém dinh phi tham s6 Kruskall-Wallis test.
KET QUA VA THAO LUAN

Hiéu suat xi ly nito

Két qua khdo sat trong 28 ngay van hanh vdi tai trong
4,2 mg COD/gig. L (COD:N =10:1) cho thiy néng do
NH,4 " trong nudc dau ra gidm sau khi qua cac khoang
dién cuc v6i téng hiéu sudt xi ly x4p xi tit 18% dén
60% (P < 0,01; Mann-Whitney test) (Hinh 2). Hiéu
sudt xti Iy NH4 T cao nhat ghi nhan dugc tit mé hinh
v6i pH nudc thai xdp xi 7,0 (Hinh 2C va Hinh 2D; P
< 0,01; Kruskal-Wallis test). Hiéu sudt xt ly NH, "
trung binh ctia cac mo6 hinh c6 cay dat 31,8%, 28,5%
va 43,4% v6i pH nudc thai lan lugt la 6,0, 8,0 va 7,0
(Hinh 2A-Hinh 2B-Hinh 2C). Trong khi d9, hiéu suét
xti Iy NH4 " trung binh ctia mé hinh khéng cé cay
v6i pH nudc théi 7,0 dat 43,1%, khong c6 su khac biét
dang k€ so v6i mo hinh ¢6 ciy (Hinh 2D; P > 0,05;
Kruskal-Wallis test). Két qua so sanh cho thdy phin
16n NH4 ™ dugc xt 1y tai budng anode, trung binh xip
xi 60% so v6i hiéu sudt xt ly sau khi qua budng cath-
ode (P < 0,01 Mann-Whitney test).

Noéng do NO, ~ trong cac mau nudc thdp hon nhiéu
1an so v6i ndng do NHy+ (duéi 0,25mg/l) (Hinh 3).
Trong khi d6, nong d6 NO3 ™~ dudi ngudng xac dinh
trong cac mau nudc thu ti cac budng dién cuc cho
théy diéu kién moi truong yém khi chiém uu thé trong
hé thong di can trd qua trinh nitrat hoa dién ra hoan
toan. Nong do6 NO, ™~ giam trén 80% sau khi qua
budng anode trong tit ca cdc moé hinh vin hanh véi
pH nudc thai khac nhau (P < 0,001; Mann-Whitney
test). Moi truong yém khi trong cac budng anode cé
kha ning xtc tién qua trinh oxy héa NH4 ™ bsi NO, ~
vGi vai tro xuc téc ctia vi khudn anammox giai phong
N,. Néng d6 NO, ™~ ting nhe sau khi qua dién cuc
cathode (P > 0,05; Mann-Whitney test) va ting ddng
ké & dau ra dic biét v6i pH nudce thai 7,0 (P < 0,01;
Mann-Whitney test) (Hinh 3C va Hinh 3D). Nguyén
nhén c6 thé do diéu kién hiéu khi trong 16p dit mit
hinh thanh nh¢ qua trinh khuyéch tan oxy tit khong
khi vao 16p nudc mit cung véi sy van chuyén oxy cua
thuc vat, tao thuén lgi cho qua trinh oxy héa NH; "
thanh NO, .

Két qua phan tich TKN trong diéu kién pH nudc thai
khdc nhau dugc trinh bay trong Hinh 4. No6ng do
TKN giam manh nhét v6i pH nudc thai 7,0 trong cic
mo hinh c¢é thuc vat (Hinh 4A-Hinh 4B- Hinh 4C;
P < 0,01; Mann-Whitney test). Trong cdc md hinh
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khong c6 thuc vat, ndng d6 TKN trong nudc dau ra cd
gidm so v6i nude dau vao (Hinh 4D; P < 0,01; Mann-
Whitney test). Tuy nhién, vao giai doan cubi ctia qud
trinh thich nghi, ndng do TKN trong nudc ddu ra ctia
cac mo hinh khéng c6 thuc vét xti 1y nuéc thai véi pH
7,0 va mo hinh c6 thuc vat véi pH 8,0 ting dang ké.
Két qua nay cho théy c6 su tich lay nito do tinh trang
qua tai ctia cic hé thong khong c6 thuc vat hodc diéu
kién pH nudc thai 8.0.

Hiéu sudt x& ly COD va kha nang thu haéi
dién sinh hoc

Su hién dién ctia thyc vét va su thay d6i pH nudc thai
dau vao khong anh hudng dén téng hiéu sudt xu ly
COD, trung binh dao dong tti 72% dén 81% (Hinh 5; P
> 0,05; Kruskall Wallis test). Nong d6 COD giam dédng
ké sau khi qua buéng anode véi trén 60% COD trong
nudc thai dugc xt ly (P < 0,001; Mann-Whitney test)
(Hinh 5A-Hinh 5B-Hinh 5C). Hiéu suit xt ly COD
tai budng anode dugc ghi nhén cao nhit & mé hinh
xt ly nudce thai cé pH 6,0, trung binh khoang 73%
(Hinh 5A). Trong cic hé thng CW, chit hitu co cung
cdp cho hoat dong vi sinh vat c6 ngudn gdc cht yéu
13 san phdm bai tiét tit ré thuc vat va tif nudc thail4,
Phan I6n chét hitu co trong nuée thai dugc cong dong
vi sinh dién héa st dung trong qud trinh trao déi chét
tai khoang anode chiing to tinh trang thich nghi t6t
ctia hoat dong vi sinh trong cac hé thong thuc nghiém.
Hiéu sudt thu hoi dién trong hé théng CW-MFC cé
thé thay d6i dang ké gitia cdc hé thong c6 thiét ké khac
nhau, dugc xac dinh bgi nhiéu yéu t6 nhu loai thuc
vat, vat liéu dién cuc, loai nuGc thai, co chat va ché
d6 van hanh ctia hé théng ', Trong th&i gian du clia
quaé trinh thich nghi, hiéu dién thé do dugc déu co
gid tri 4&m (Hinh 6A). Nguyén nhéan c6 thé 1a do su
tiéu thu oxy & tdng ddt mit va budng cathode cho qua
trinh phéan hay lugng 16n chét hitu co ¢6 trong bun bé
biogas da dugc b6 sung truc tiép vao 16p dit bé mit
dé ting cudng ngudn vi sinh trong mdi hé théng.
Hiéu dién thé ting d4n va dat gid tri duong (8mV) sau
15 ngay theo dé6i (Hinh 6A), dénh ddu sy phét trién
diéu kién moi trudng thuin 1oi cho cong dong vi sinh
dién hoa thich nghi & cic budng dién cuc. Su phat
trién ctia cdng dong vi sinh vét trong diéu kién méi
trudng thuén lgi cta cac hé thong CW-MEC sé giup
lam ting lugng electron va proton trao d6i gitia cac
dién cuc va sinh ra dong dién '°. Cac mé hinh xii Iy
nudc thai v6i pH 6,0 c6 hiéu dién thé gitia cdc dién
cuc cao nhét. Trong khi d6, hiéu dién thé€ ctia cac hé
thong khong cé thuc vét c6 xu hudng giam vao cudi
giai doan thich nghi véi tai trong cao, c6 kha nang do
tinh trang qud tai da ghi nhan d6i v6i hiéu sudt xt ly
NH, .
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Hinh 2: Hiéu suat xt Iy NH4* trong diéu kién pH nudc thai khac nhau (A) c6 cay - pH 6,0; (B) c6 cay - pH 8,0; (C)
c6 cay - pH 7,0; (D) khong c6 cay - pH 7,0
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Hinh 3: Nong d6 NO, ~ trong diéu kién pH nudc thai khac nhau (A) c6 cay - pH 6,0; (B) c6 cay - pH 8,0; (C) c6 cay
- pH 7,0; (D) khong c6 cay — pH 7,0
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Hinh 4: Néng dé TKN trong diéu kién pH nudc thai khac nhau (A) c6 cay — pH 6,0; (B) c6 cay - pH 8,0; (C) c6 cay -
pH 7,0; (D) khong cé cay — pH 7,0

-
<]
=]

©
-
[
[=]

g £
o 100 o 100
8 8
> 80 3 80
B e 2 60
5 40 2 40
& e
T 2 T 2
0 7 14 21 28 0 7 14 21 28
Ngay Ngay
c_ D
g 10 glzn
8 100 o 100
S 8
= g0 > 80
»3 .?(
= 60 «~ 60
3 ¥
2 2 a0
- '3
20 T 2
0 7 1w a8 0 7 14 2 28
Ngay Ngay
@~ Anode - @~ Cathode @ TOng hidu suit

Hinh 5: Hiéu suat xt ly COD trong diéu kién pH nudc thai khac nhau (A) c6 cay - pH 6,0; (B) c6 cay - pH 8,0; (C) c6
cay - pH 7,0; (D) khong c6 cay - pH 7,0
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Hinh 6: Hiéu dién thé va hiéu suat Coulomb trong diéu kién pH nudc thai khac nhau

Hiéu suit coulomb (CE) cao nhdt dat 0,16%
(Hinh 6B), thdp hon so v6i nhiing nghién ciu
trudc 7. Day 1a két qua tit yéu trong cac hé thong
pin nhién liéu méi thich nghi véi cong dong vi sinh
vét chua phat trién hoan chinh. Thoi gian thich nghi
ctia cdc hé thong MFC thong thudng co thé kéo dai
trong vai thang tuy thudc vao ham lugng co chit cho
va nhén electron, cudng do ion ctia dung dich dién
li va kha ning thich nghi ctia vi sinh vat dién héa'®.
Mot s6 phuong phap c6 thé ap dung giup rut ngin
thdoi gian thich nghi d6i v6i hé thong MFC trong mo
hinh CW bao gom thiét lap tré khéng ngoai thip
hon, cung cép bé sung glucose d6i v6i nudce thai co
BOD thép va van hanh véi diéu kién séc tai'°.

Theo cong thiic (3), hiéu suit CE anh hudng truc tiép
bai hiéu dién thé, cuong d6 dong dién va hiéu suit xt
ly COD. Hinh 6B cho théy hiéu suit CE c6 mdi tuong
quan nghich véi hiéu sudt xt Iy COD. Mét s6 yéu t&
khéc nhu n6ng do chat nhan dién ti va cudng do ion
cua dung dich dit déu anh hudng dén hé s6 CE trong
hé théng CW-MFC. Mét d6 cong suit pin ting dan
trong cac hé thong xt Iy nudc thai véi pH 6,0 va 7,0
6 thuc vat (Hinh 7). Nhin chung, sau 28 ngay van
hanh véi tai trong cao (4,2 mg COD/gi¢.L; COD:N
= 10:1), mat do cong sudt dién c6 thé thu hoéi ti cac
hé théng CW-MFC van con thip so véi cac hé thong
MEFC doc lap da hoat dong 6n dinh da dugc bao céo
trong cac nghién ctiu trugc day20.

KET LUAN

Két qua nghién ctiu budc déu cho thdy hé thong
VSE-CW-MFC c6 kha nang thu hoéi dién sinh hoc va
xt ly nudc thai sinh hoat véi tai trong cao (4,2 mg
COD/gig. L; COD:N = 10:1). Sy hién dién cta thuc
vat va nudc thai v6i pH trung tinh gitp cai thién hiéu
qua vén hanh cta hé théng VSF-CW-MFC da thiét

ké. Hiéu sudt xtt ly NH4 ™ va COD trung binh clia cc
mo hinh ¢ thuc vat véi pH nudc thai 7,0 1an lugt la
43,4% va 79%. Nhu c4u tiéu thu COD cao ctia vi sinh
& budng anode cho thdy hiéu suét thu héi dién sinh
hoc ctia hé thong c6 thé dugce cai thién véi nudc thai
c6 ty 1¢ COD:N cao hon. Ngoai ra, két qua phan tich
ciing cho thdy cén t6i uu hoa thoi gian thich nghi ctia
hé thong d€ dam bao hiéu qua van hanh 6n dinh khi
xu ly nudc thai véi tai trong nito cao.

LO1 CAM ON

Nghién ctiu nay dugc tai trg boi Trudng Pai hoc Bach
Khoa, PHQG-HCM trong khuén khg dé tai ma s6
To-MTTN-2020-21. Chung t6i xin cam on Trudng
Dai hoc Bach Khoa, PHQG-HCM da hé trg thoi gian
va phuong tién vat chit cho nghién ctiu nay.

DANH MUC TU VIET TAT

CW (constructed wetland): d4t ngdp nudc nhéan tao
MEFC (microbial fuel cell): pin nhién liéu vi sinh
VSE-CW (vertical subsurface up-flow constructed
wetland): moé hinh d4t ngép nudc dong ngugc
HSF-CW (horizontal subsurface constructed wet-
land): mo hinh d4t ngip nudc dong ngang

SF (surface flow): dong chay bé mat

SSF (subsurface flow): dong chay dudi bé mat

CE (Coulombic efficiency): hiéu suidt Coulomb

PVC (polyvinyl chlorua): nhua lam ti chat liéu
polyvinyl chlorua

COD (chemical oxygen demand): nhu ciu oxy hoéa
hoc

BOD (biochemical oxygen demand): nhu cdu oxy
sinh hoc

TKN (total Kjeldahl nitrogen): tdng nito hitu co va
NH,*
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ABSTRACT

Global challenges on water and energy crisis have pressurized on water treatment industry to
put into practice advanced technologies for ensuring a suitable supply of either water or energy
services. Compared with other biological treatment technologies, constructed wetland (CW) is
widely considered as an efficient eco-technology for wastewater treatment with the advantages
of low cost, simple operation and maintenance. Microbial fuel cell (MFC) technology is the re-
cently emerging approach in environmental engineering. The integration of MFCs within vertical
up-flow CW systems (VSF-CW) as a sustainable technology, therefore, could provide dual benefits
in nitrogen removal of wastewaters and energy recovery simultaneously. This study has prelimi-
narily evaluated the acclimation performance of VSF-CW-MFC systems at the high loading rate (4.2
mg COD/h.L; CODN = 10:1) of domestic wastewaters containing ammonia. Results demonstrated
the potential of VSF-CW-MFC systems in achieving electricity generation and ammonia removal of
domestic wastewaters at the high loading rate. The plant presence and influent pH of 7.0 could
improve the performance efficiency. Average removal efficiencies of NHs+ and COD in planted
microcosms with the influent pH of 7.0 were 43.4% and 79%, respectively.

Key words: constructed wetland, microbial fuel cell, domestic wastewater,ammonia, bioelectricity
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