Tap chi Khoa hoc PHQGHN: Céc Khoa hoc Trai dit va Méi truong, Tap 33, S6 1S (2017) 39-44

Nghién ctru vai tro cua thuc vat thay sinh va hé vi sinh vat
vung re trong hé thong dat ngap nuéc nhan tao
Xt ly nudc thai sinh hoat

Nguyén Minh Phuong’, Nguyén Thi Loan, D& Thi Hang,
Do Thi My Luong, Pham Thi Lan, Nguyen Thi Hong Nhung
Khoa Méi truong, T) ru’dng~ Dai hoc Khoa hoc Ty nhién, PHQGHN,

334 Nguyen Trdi, Ha Ngi, Viét Nam

Nhan ngay 27 thang 9 ndm 2017
Chinh sira ngay 05 thang 10 nam 2017; Chap nhan dang ngay 13 thang 11 nam 2017

Tom tit: Phuong phép sinh hoc sir dung thyc vat thity sinh dé xu Iy nuéc thai sinh hoat dang c6
xu thé duoc &p dung rong réi do hiéu qua xtr Iy cao vai chi phi thdp. Muc tiéu cua nghién ctiu nay
la danh gia vai tro cua thyc vat thay sinh va hé vi sinh vat (VSV) vung ré cua cac loai thuc vat
thuy sinh khac nhau (thuy trdc, phat loc, béo tim, béo cai va béo luc binh) trong hé thong dat ngap
nuéc nhan tao tiép nhan cling mot ngudn nudc thai sinh hoat. Cac chi tiéu hoa ly trong mau nuée
thai va s6 luong VSV trong hé ré cac thuc vat thay sinh duoc xac dinh qua cc thoi gian luu khac
nhau: 0, 7, 14, 21, 28 va 35 ngay. Két qua cho thay thuc vat thay sinh va VSV c6 kha ning xir ly
t6t cac chat 6 nhidm c6 trong nudce thai. S6 lugng vi khuan tiang dan theo thoi gian luu va cao nhat
dat 65 x 10° CFU/g trong mau r& béo céi & thoi gian luu 35 ngay. Hiéu qua xir ly amoni cia hé béo

céi dat cao nhét sau 35 ngay (99,1%).

Tir khoa: Dat ngap nude nhan tao, VSV, thyc vat thay sinh.

1. Mé dau

Hién nay phuong phap xt i nuée thai bang
thuc vat thiy sinh ngay cang duoc nhiéu nha
khoa hoc quan tam, mé ra trién vong cho viéc
xt I nuée thai vai chi phi thap va than thién
vai moéi truong [1, 2]. Mac du vai tro cua cac
loai thuc vat thay sinh trong xir ly nuéc thai da
duoc chitng minh qua nhiéu nghién ctu trong
va ngoai nudc, vai tro cia hé VSV, dac biét la
VSV viing ré trong xur ly nuéc thai lai it duoc
quan tam nghién ciu do méi quan hé giira thuc
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vat va VSV trong xu ly dat 6 nhiém da dwoc dé
cap [3]. Sharma va cong su (2013) ciing tim ra
mot s6 ching VSV nhu ¢6 kha nang xtr Iy kim
loai nang trong ving ré cua cac loai thuc vat
thay sinh nhu béo tay, say,...[4]. Clng c6 cac
nghién ciru vé VSV ving ré truéc day chd trong
vao muc dich san xuat néng nghiép (vi khuan
c¢6 dinh dam, nim ré cong sinh..) ma chwa dé
cap dén vai tro cua chiing trong céc hé thong xir
Iy nuae thai st dung thuc vat thay sinh [5].
Theo cac nghién cau trugc day, VSV ving ré
cua cac loai thuy tric, say va co nén cé kha
nang cai thién chat luong nudc thai do thi [6] va
cac ching VSV viing ré say trong hé théng dat
ngap nudc nhan tao xur ly nudc thai thuoc da
cling dugc xé&c dinh [7]. Tuy nhién, s luong
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cac cdng trinh nghién cau vé VSV trong hé ré
cac loai thuc vat thay sinh dugc céng bd nhin
chung con rat it, di liéu vé& sb lugng cac loai
VSV ving ré thyc vat thay sinh trong cac hé
théng xt ly nuéc thai con chua day du. Chinh
vi vy, nghién ctu vé VSV viing ré cua thyc vat
thay sinh 1a mot hudng nghién cau moi va trién
vong trong tuong lai nham phét trién cong nghé
dat ngap nudc va cdng nghé vi vinh vt trong
xtr ly nude thai. Muc tiéu cua nghién ctu nay la
danh gia vai tro cua thuc vat thuy sinh va hé
VSV viing ré caa hé théng dat ngap nudc nhan
tao xu ly nuéc thai sinh hoat. Noi dung nghién
ciru gdm: danh gi hién trang va dic trung cua
nuéc thai sinh hoat tai céng xa trén séng T
Lich (doan giao gitta duwong Lang va L& Vian
Luong); xac dinh s6 lwgng VSV trong hé ré
thuc vat thay sinh qua cac thoi gian luu khac
nhau cia hé dat ngap nuéc nhan tao va sy co
mat ciia mot sé6 nhdm VSV dién hinh (nhom vi
khuan amon héa, nitrat hda va phan nitrat hoa);
danh gia hiéu qua xu Iy nudc thai cua hé dat
ngap nudc nhan tao st dung cac loai thuc vat
thay sinh khac nhau.

2. P6i twong va phuong phap nghién ciru
2.1. Poi tuwong nghién cizu

- Nudc thai sinh hoat dugc ldy tai cong xa
trén sdng T Lich (doan giao gitra duong Lang va
duong L€ Van Luong). Cac loai thuc vat sir dung
trong nghién ciu gdm: thay trdc (Cyperus), béo
tim (Lemna minor), phat loc (Dracaena
sanderiana), beo luc binh (Eichhornia crassipes),
béo céi (Pistia stratiotes).

- Cac hé thi nghiém bao gdm: i) hé trong
thay trdc (TT), ii) hé trdng thay tric két hop véi
béo tam (TT + BT), hé trong phét loc (PL), iv)
hé béo luc binh (LB) va v) hé beo cai (BC). Mat
d6 sinh khéi ban dau cua thay tric la 1348 g/m?
va caa phat 16c 1a 2035 g/m®. Béo tam, béo luc
binh va béo céi duoc tha chiém 2/3 dién tich
mat nudc véi mat do sinh khdi twong tng lan
luot 1 35, 270 va 180 g/m?. Céc loai thuc vat
thity sinh déu c6 dic diém sinh truong tot. Véi

cac hé thi nghiém TT, TT + BT, PL, sir dung vo
binh Lavie dung tich 15 lit d& duoc cat bo
miéng, chiéu cao 16p soi (Kich ¢& s6i 4 - 6 mm)
trong hé khoang 10 cm, b6 sung nuéc thai vao
hé sao cho nudc ngap 16p soi va cao trén mat
soi khoang 2 cm. Béi véi hé LB va BC, khong
bd sung soi. Trong qua trinh thi nghiém khong
b sung thém nudc thai.

2.2. Phuong phap nghién ciru

- Cac phuong phap nghién ciu gém co:
phuong phép phén tich céc chi tiéu héa ly trong
nuéc: COD (phuwong phép Kali-dicromat,
TCVN 6491:1999), amoni (phuong phép tric
phd thao tac bang tay, TCVN 6179-1:1996),
nitrit (TCVN 6494-1:2011), nitrat (phuong
phap trac phd dung axit sunfosalixylic, TCVN
6180:1996), photphat (phwong phap do phd
ding amoni molipdat, TCVN 6202:2008); xac
dinh sb lugng VSV (vi khuan, xa khuan, nim
méc, ndm men, vi khuan nitrat héa) theo
phuong phap Kock [8, 9]. Cac chi tiéu hoa ly
dugc xac dinh tai Phong phan tich caa Trung
tam moi truong va San xuat sach hon (Bo Cong
thuong), s6 luong VSV dugc xac dinh tai
phong thi nghiém Khoa M6i truong (Truong
Dbai hoc Khoa hoc Tu nhién, Ha Nbi).

- Tién hanh xéac dinh cac chi tiéu hoa ly va
s6 lwong VSV trong hé ré cac thyc vat thuy
sinh qua céc thoi gian uu khac nhau: 0, 7, 14,
21, 28 va 35 ngay. Do ré cta thuy trdc va phat
l6c ngap sau trong so6i nén chi tién hanh xac
dinh sb luong VSV trong ré cua thuy tric va
phét 16¢c & thoi diém ban dau va thoi diém két
thuc thi nghiém (0 va 35 ngay).

3. Két qua va thao luan

3.1. Két qua danh gid cdc thong s6 dic trung
Ctia nuoc thai sinh hoat

Két qua phan tich cac thong sb dac trung
cua nudc thai sinh hoat tai miéng cong thai trén
song Té Lich dugc thé hién trén bang 1.
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Bang 1. Céc thong sé dic trung ctia nudc thai sinh hoat tai cong thai trén séng T6 Lich

Théngsdo Donvi Giatri QCVN 14: 2008/BTNMT Loai B
pH - 7,44 5-9

Mui - Hoi, tanh  Khdng khé chiu

COoD mg/L 192 -

NH," -N mg/L 23,02 10

NO,-N mg/L 0,015 -

NO;z-N mg/L 0,43 50

PO, -P  mg/L 0,95 10

Ghi chd: QCVN 14:2008/BTNMT, loai B: Quy chuén ky thuat quéc gia vé nudc thai sinh hoat, 4p dung cho nudc thii sinh
hoat thai vao nguén tiép nhan khdng dung cho muc dich cap nudce sinh hoat

Két qua cho thiy nudc thai sinh hoat tai
cong thai trén séng To Lich c6 pH dat trung
tinh, nuoc thai béc mui héi tanh, mang dic
trung nudc thai sinh hoat. Nudc thai c6 ham
lugng NH,*-N cao gip 2,3 lan so véi QCVN
14:2008/BTNMT loai B.

3.2. Xdc dinh sé heong vi sinh vdt trong hé ré
thuc vt thiy sinh

Két qua xéac dinh sé luong VSV (CFU/g
trong luong tuoi) trong hé ré thuc vat thiy sinh
dugc thé hién trén Bang 2. S6 luong VSV trong
ré cua cac hé TT, TT + BT, PL chi duoc xé4c dinh

& thoi diém ban dau (0) va thoi diém két thic thi
nghiém (35 ngay) do ré cua thuy tric va phéat 1o6c
ngap sau trong soi.

Két qua thé hién trén bang 2 cho thay VSV
trong cac mau ré phong phl, bao gém ca vi
khuan, xa khuan, nam méc va nim men. Trong
cac VSV, vi khuan trong mau ré chiém da so.
S6 lwong vi khuan trong ré béo cai dat cao nhit
(65x10° CFU/g) sau 35 ngay, sé luong vi khuén
nitrat hoa dat 40,1x10° CFU/g. Nhom vi khuén
nitrat hoa thuc hién qué trinh oxy hda amoni
thanh nitrat.

Bang 2. S6 lwong VSV trong hé ré thuc vat thay sinh (CFU/g)

Mau ré Thoigian  Vikhuan  Xakhuan  Nammdéc  Nammen  Vikhuan
trong cac luu (ngay) nitrat hoa
he
TT 0 4 x10° 2x10° 3,5x10° 6,8 x 10° 2,7 x10°
35 39 x 10° 10 x 10° 12 x 10° 26,8 x10° 29,1x10°
TT+BT 0 51x10° 3,9x10° 4,3 x 10° 7,7 x 10° 3,3x10°
35 49,8 x10° 3,4x10° 24 x 10° 40 x 10° 38,9 x 10°
PL 0 28x10° 1,6x10° 2,7 x 10° 5,2 x 10° 0,81 x 10°
35 37 x 10° 10,5x 10°  10x 10° 20,8x10° 10,9 x 10°
LB 0 43x10°  2,7x10° 5,6 x 10° 6,4 x 10° 1,7 x 10°
7 9,1x10° 8x10° 7,1x10° 12,9x10° 59x10°
14 19,5x 10° 6,1 x 10° 11,4x 10° 18 x 10° 14,7 x 10°
21 24,4%x10° 4,0x10° 18,3x10° 235x10° 20,1x10°
28 30x10°  8,7x10° 20,4x10° 26,8x10° 27,5x10°
35 40,2 x10° 13,7x10° 21x10° 29,7x10° 29,3x10°
BC 0 51x10° 1,2x10° 5,3 x 10° 7,4 x 10° 2,6 x 10°
7 84x10° 36x10° 95 x10° 11,4x10° 58x10°
14 20,2x10° 9,6 x10° 12,3x10° 158x10° 18,9x 10°
21 26,7x10° 10,3x10° 16,7 x10° 18,9x10° 20,6 x 10°
28 32x10° 8,7 x 10° 20 x 10° 22 x 10° 30,5 x 10°
35 65x 10°  4x10° 28 x 10° 33 x 10° 40,1 x 10°

Ghi chti: CFU: colony-forming unit (don vi hinh thanh khuan lac)
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Nghién ctu truéc day vé VSV ving ré cua
mot s6 lodi thuc vat cho két qua s6 luong vi
khuan dat khoang 2,6 - 5,5 x 10° CFU/g trong
lwong khé [10] va khoang 1,65 - 3,16 x10° CFU/g
trong luong tuoi [11, 12]. S6 lwong VSV trong
c4c mau ré déu tang dan theo thoi gian luu. Két
qua cho thdy sé lwong vi khuan dao dong trong
khoang tir 9.6 dén 10.8 log,, CFU/g. Gia trj nay
¢6 thé so sénh véi két qua sb luong vi khuan trong
ving ré mot sb loai thuc vat dat 8 - 14 logyo
CFU/g (trong luong tuoi) [12]. Mot s6 hinh anh
vé VSV phan lap duoc tir hé ré thuc vat thay sinh
duoc thé hién trén hinh 1. Sy bién dong vé sb
lugng vi khuan (logy, CFU/g) theo thoi gian huu
duoc thé hién trén hinh 2.

3.3. Xdc dinh dinh tinh sy c6 mat cia nhom vi
khudan amon hoa va phan nitrat hoa

Nhém vi khuan amon héa trong qué trinh
phan giai protein va cac hop chit hitu co chta
nito trong moi trudng tao ra NHs;, NH,". Dau
hiéu cua s c6 mat cua cac vi khuan amon hoa
la mdi truong trong 6ng nghiém bi duc, gidy
quy chuyén thanh mau xanh sau khi VSV duoc

nudi cy trong méi truong thich hop véi nhiét
d6 khoang 30°C trong 5 ngay. Vi khuin phan
nitrat hda thuc hién qué trinh khir nitrat thanh
nito phan tir. Dau hiéu sy c6 mat cua nhém vi
khuan nay 1a mdi truong bi duc va bot khi (N,)
tao thanh sau khi nudi cidy VSV trong moi
truong thich hop & 30°C trong 5 ngay. Ngoai ra,
moéi truong con bi kiém hoéa lam gidy quy
chuyén thanh mau xanh. Két qua xac dinh dinh
tinh cho thay nhém vi khuan amon hoa va phan
nitrat hda c6 mat trong tat ca cac hé thi nghiém.

3.4 Panh gid hiéu qud xi ly cua cac hé dat
ngdp nuoc nhan tao su dung cac logi thuc vdt
thay sinh khac nhau

Ching t6i tién hanh xac dinh sy thay doi
cac théng sb dic trung cua nudc thai qua cac
thoi gian luu khac nhau: 7, 14, 21, 28 va 35
ngay. Ham luong céc théng sé nay déu giam
theo thoi gian luu. Két qua chi tiét vé hiéu qua
xu ly COD va amoni trong nuéc thai qua cac
thoi gian luu ¢ ting hé thi nghiém duoc thé
hién trén Bang 3.

Hinh 1. Khuan lac nam méc trong mau ré phat loc (1a)
va khuan lac vi khuan trong mau ré béo cai (1b) sau 35 ngay.
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Hinh 2. Sy bién dong vé s6 lugng vi khuan (logy, CFU/g) theo thoi gian luu.
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Bang 3. Hiéu qua xu ly COD va amoni cua cac hé thi nghiém qua céac thoi gian luu

Thongso  He thi Ham lugng céc thong Hiéu qua
nghi¢m s6 trong nuc thai sau xtr Iy qua céc thoi gian luu (%)
xtr ly 35 ngay (mg/L)
7 ngay 14ngay 21ngay 28ngay 35 ngay
TT 28,3 29,79 30,64 36,67 80,37 85,26
TT+BT 39 20,47 25,67 32,01 68,73 79,69
COD PL 57,8 22,98 32,53 35,00 50,05 69,90
LB 32 50,76 60,74 66,67 81,25 83,33
BC 64 39,79 45,90 50,43 65,78 66,67
TT 1,53 26,50 30,10 39,29 90,31 93,34
TT + BT 1,98 48,70 50,32 65,46 89,64 91,38
NH,"-N PL 5,68 23,67 25,48 25,30 50,09 75,33
LB 0,23 59,50 70,63 80,07 90,52 98,99
BC 0,21 72,43 80,54 89,65 93,46 99,11
Sau 35 ngay, hiéu qua xt ly COD cua céac Loi cam on

hé thi nghiém déu dat trén 66%, cao nhat & hé
TT (85,26%). Hiéu qua xu ly amoni cua cac hé
TT, TT + BT, LB va BC déu dat trén 90%.
Trong cac hé thi nghiém, hé PL c6 hiéu qua xu
ly amoni thip nhat (dat 75,33%) va hé BC dat
hiéu qua xu ly amoni cao nhat (99,11%). Két
qua trong bang 2 ciing chi ra rang s6 luong Vi
khuan nitrat hda phan lap duoc dat thip nhat
trong mau ré phét loc va dat cao nhét trong mau
ré béo cai. Nhém vi khuén nitrat héa thuc hién
quéa trinh oxy héa amoni thanh nitrat va c6 thé
gop phan 1am giam ham lugng amoni trong
nudéc thai, tuy nhién can phai c6 cac nghién ctu
tiép theo dé xac dinh rd vai tro cua nhom vi
khuan nay trong qua trinh xa ly amoni.

4. Két luan

Ham lwong céc thdng s6 COD va amoni
déu giam dang ké sau 35 ngay thi nghiém. Céc
VSV viing ré phan lap duoc gém tat ca cac loai
vi khuan, xa khuan, nAm méc, nim men, trong
d6 vi khuan trong mau ré béo cai dat 16n nhat.
S6 lwong vi khuan bién dong ting dan theo thoi
gian luu. Két qua cho thiy thuc vat thay sinh va
quan thé VSV trong ving ré cua trong cac hé
thi nghiém c6 kha nang xir ly COD va amoni
trong nuac thai.

Nghién ctu nay duoc tai trg béi Truong
Dai hoc Khoa hoc Tu nhién trong dé tai ma so6
TN.17.21.
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Study on the Role of Aquatic Plants and Rhizospheric
Microorganisms in Constructed Wetlands
in Domestic Wastewater Treatment

Nguyen Minh Phuong, Nguyen Thi Loan, Do Thi Hang,
Do Thi My Luong, Pham Thi Lan, Nguyen Thi Hong Nhung
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334 Nguyen Trai, Hanoi, Vietham

Abstract: Biological method using aquatic plants for domestic wastewater treatment is being
applied widely due to high treatment efficiency and low cost. The aim of the study is to evaluate the

the roots of different wetland plants

(Cyperus, Dracaena sanderiana, Lemna minor, Pistia stratiotes and Eichhornia crassipes) in
constructed wetlands receiving the same domestic wastewater source. The physico-chemical
parameters of the wastewater and the number of microorganisms were determined at different
retention times: 0, 7, 14, 21, 28 and 35 days. The results showed that the aquatic plants and
microorganisms were capable of reducing the concentrations of pollutants in the wastewater. Also, the
number of bacteria increased according to the retention time and the highest number of bacteria was
found in the roots of Pistia stratiotes at 65 x 10° CFU/g after 35 days of the experimental period. The
ammonium treatment efficiency of the Pistia stratiotes system was highest after 35 days (99.1%).

Keywords: Constructed wetlands, microorganisms, aquatic plants.
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