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NUOC THAI SINH HOAT TAI NGUON PHAN TAN
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Tém tit
MG hinh k thudt sinh thdi phéi trén cdc tang dat la k thudt bé loc ngam sir dung
vat liéu tw nhién c¢é nguon goc tir dat gom khodng sét, két von dd ong, ... lam chat hap
phu 6 nhiém, trén bé mdt dwoc phi dat va trong c6 tw nhién. Ky thudt ¢é hiéu qua xir
Iy cao, hiéu sudt xir Iy N va P dat 60 - 70 % do co ché yém khi va hiéu khi trong cdc
tang ddt. Nong do BOD, va COD giam déng ké, dam bdo dat chdt luong theo QCVN
14-MT:2015/BTNMT cot Bl. Ky thudt s dung hoan toan vdt liéu ty nhién, than thién
véi méi trieomg, chi phi van hanh thap. Ky thudt nay rdt phit hop véi diéu kién ciia cdc
ho gia dinh, co quan, trieong hoc, nha hang va khdach san,... @é xir Iy nude thai bao vé
méi truong, kj thudt dwoe dp dung cho cdc doi twong phan tdn sé giam tdi cong sudt
xw ly cua cac cong trinh XLNT tdp trung.
Tir khod: Xtr ly nude thai sinh hoat; K¥ thuat xir Iy nudc thai nguon phan tén; Xt
ly nudc thai sinh thai chi phi thap.
Abstract
An ecological engineering and energy saving model for wastewater treatment
at decentralization sources

The ecological engineering model of mixing soil layers is an underground filter
tank technique that uses natural materials derived from soil (i.e., clay minerals, laterite
cinders, etc.) as pollutant adsorbents. The surface of the tank is covered with soil and
planted with natural grasses. The technique had high treatment efficiency, with N and
P treatment efficiency of 60 - 70 %, due to anaerobic and aerobic mechanisms in the
soil layers. The concentration of BOD and COD were significantly reduced, ensuring
the quality according to QCVN 14-MT:2015/BTNMT column Bl. The technique uses
completely natural materials, environmentally friendly and low operating costs. This
technique is very suitable for households, agencies, schools, restaurants and hotels,...
to treat wastewater in order to protect the environment. The technique applied to
decentralised sources will reduce the operation capacity of centralised wastewater

treatment plants.

Keywords: Domestic wastewater treatment; Dicentralised wastewater treatment
technology; Low cost ecological wastewater treatment.
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1. Mé dau

O nhiém moéi truong do nudc thai
dién ra nghiém trong & nhiéu noi, khong
chi 13 cic d6 thi va thanh phd 16n ma
con ca & cic ving noéng thon. Phan 16n
luong nudc thai déu khong duoc xu 1y,
thai qua céc truc ti€u thoat vao cac ao hd,
song sudi, lam 6 nhiém nude ¢ séng hod va
kénh rach tu nhién. Cac thanh phé va d6
thi da dau tu cac hé thong xir Iy nude thai
tap trung, nhung khong dap ung du nhu
cau, do vy tinh trang 6 nhiém méi truong
nudc rat bat cap ¢ nhidu noi. Ngoai nhiing
bét cap cua hé thong thu gom va xu ly
nude thai tip trung, thi cdc ngudn thai
chua dugc xur 1y tai chd tir cac khu dan
cu, khu chung cu, cic hd gia dinh hay
céc cong so, truong hoc phan tan tiép tuc
xa thai ra moi truong dan dén tinh trang
qua tai cua cac cong trinh xir ly nudce thai
(XLNT) hién nay [12].

K§ thuat XLNT chi phi thip va tiét
kiém nang lugng 1a hudng di mdi than
thién v&i moi truong, han ché tac dong
ctia bién d6i khi hau (BPKH). Nhiéu quéc
gia nhu An D6, Thai Lan va Nhat Ban da
ap dung pho bién trong xir Iy nudc mat 6
nhiém trén song hd va ngudn thai phan
tan ho gia dinh. K§ thuat két hop vat liéu
tu nhién voi trf)ng sdy loaibo N - NO, va
N - NH," trong nudc thai thong qua qua
trinh nitrat héa hodc hip thu boi thuc vat
thuy sinh [1, 2, 5]. Ky thuat phéi tron cac
16p 16p vat liéu co ngudn gdc tir dat ciing
1a k¥ thuat sinh thai dé xir 1y céc chat 6
nhiém trong nudc thai dat hiéu qua loai
bo N, P va chét hitu co cao [4, 6, 8, 15].
K§ thuat phdi tron dat dugc cic tac gia
X. Chen [15], T. Matsunaga, 2007 [10],
T. Attanandana, 2007 [11] nghién ctu,
phat trién va ang dung nhu mdt giai phap
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xtr Iy nude thai chi phi thap tai An D6 va
Indonesia.

Mo hinh sinh thai tiét kiém nang luong
mg dung trong xir Iy nude thai tai nguon
phan tan 1a mot trong nhitng giai phap hi¢u
quéa dé kiém soat 6 nhiém trong tinh hinh
thiéu co s¢ ha tang hién nay & nudc ta. Bai
béo tong hop két qua nghién ciru dé xuét
mo hinh nhim lan téa ing dung trong thuc
tién cho cac d6i trong ngudn thai phan tan
dé ap dung trong XLNT g6p phan bao vé
ngudn nude va moi truong.

2. Phwong phap nghién ciru

2.1. Bé tri thi nghiém

B6 tri m6 hinh XLNT sinh hoat quy
moé nho, cong suét xir ly 10 m¥/ngay dém
tai khu ky tic xa Truong Pai hoc Thuy loi
co s& Phd Hién, tinh Hung Yén, gém mot
bé ngdm nhu hinh v&. Nudc thai truc tiép
tir bé thu nude thai sinh hoat chua dau ndi
v6i nudc thai tir bon ciu.
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Hinh 1: So dé mé hinh xi¢ Iy nwéc 1 cip
1- Ong din nwéc thii diu vao;

2- Van khéa trén éng dén nwoc;

3- Lép dit chdt;

4- Twong xay;

5- Lép vt li¢u thim (Zeolite, dd ong nhd,
cdt, than hoat tinh);

6- Soi;

7- Ong dén nwéc sau xir Iy;

8- Khodng chira nwéc thai dau vao;

9- Ong théng khi.
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H¢ théng XLNT duoc dat ngém
trong bai. Téng dién tich toan bai xu ly
la 6 m?, trong do phén 161 vat liéu 1a 5
m’. Dién tich con lai dugc do cat va dat
xung quanh dé trong cdy tao canh quan.
Kich thudc bé loc ngam c6 chiéu rong x
daila 1,6 x 1,6 m. Chiéu cao hd ngam la
1,6 m, bao gdm phan chira nudc thai vao
(h = 20 cm), phan da cudi ¢ phia duéi
d4y hd dung dé giir vat liéu phia trén va
chéng tic dau ra (h = 20 cm), phan vat
liéu xr Iy H = 1,2 m bao gdm céc 16p vat
liéu xen k& (16p dat tham - 16p dét chat
- 16p thdm - 16p chat - 16p thdm - 16p
chat), mdi 16p ¢6 chiéu day 20 cm. Lép
dat chat dugc dung da ong dang tang
kich thuéc khoang 20 x 20 cm £ Scm
(Nghia 1a kich thuéc khong can bing
nhau va tan dung ca cac vién da nho dé
xép 16p), sau d6 bo vao tui ludi sit. Lép
dat thdm gém cac vat liéu tron vdi nhau
nhu zeolite, ¢4 ong (phan 15i ctng) thu
thap tai huyén Thach Thét, kich thudc
10 - 20 mm, than hoat tinh, cat vang tao
ra 1 16p vat lidu tham tao dong chay cho
nudc thAm nhanh va khong bi tic. Ti 1é
phdi tron trong 16p vat lidu tham bao
gém zeolite 3 - 5 mm, hat da ong kich
thudce 5 - 10 mm, ti 1€ tron hai loai vat
liéu nay 1a 1:1. Than hoat tinh dang hat,
kich thudc 4 - 5 mm, ti 16 1:10 dé ting
muc d6 khir mui. Ong thong khi dit o
khoang giita H = 80 cm ké tlr bé mit dat,
hé théng thong khi gom cac dng nhya
duong kinh 3 cm, duoc thong 16 khi c6
bit ludi sat, khoang cach gifta céc 16 1a
20 cm, 6ng duoc dat nho 1én khoi mat
nudc 10 cm dé thoang khi. Tai cac 15
déu dat ludi sat bao vé tranh dat da roi
vao lam can tré¢ luu luong nudc thai.
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2.2. Cdc chi tiéu phan tich

Cac thong s dugc phan tich bao
gdm pH, TSS, N - NH,", P - PO,*, BOD,,
COD. Quy trinh lay mau, bdo quan va
phan tich dugc thuc hién theo cac tiéu
chuin quy dinh TCVN hoic ISO tuong
tg. Nudc thai sau xir ly dugc ddi chiéu
v6i quy chuan k¥ thuat quéc gia QCVN
14:2015/BTNMT cot B1.

2.3. Thoi gian do dac va phan tich miu

Nudc thai dugc do dac cac thong sb
05 1an trong thoi gian 30 ngay, tan suit 6
ngay/lan. Mau dugc 14y va thi nghiém 03
1an lap lai. Két qua duoc trinh bay 14 trung
binh cta cac 1an lap. Mau nude duoc lay
vao khoang thoi gian tir 10 - 12 gio trua la
thoi diém c6 luu lugng xa thai 1én. Mau
nudc thai phan tich dau vao dugc liy mau
tai hé thong thoat nudc thai va dau ra
dugc 1y sau cong trinh xu ly.

2.4. Tinh toan kich thwdc cong
trinh, tuéi tho cong trinh

Dura vao két qua thi nghiém hiéu suét
xu ly cia cc thong sb BOD,, TSS, su
dung cac cong thirc kinh nghi€ém va tham
khao tai liéu dé tinh toan.

3. Két qua nghién ctru

3.1. Ddnh gid hiéu qua xir ly nuwoc thdi

Chét lugng nudc dau vio trung binh
05 1an 14y mu phén tich, gdm BOD;, 150
- 170 mg/L COD 250 - 300 mg/l. TSS
200 - 250 mg/l, N - NH," tir 40 - 45 mg/1,
P-PO> tr 6 - 7 mg/l. Sau thoi gian theo
ddi thi nghiém van hanh mo hinh xu ly
trong 30 ngay, két qua cho thay cac thong
sé trong nudc thai sinh hoat sau xu ly
déu giam vanam trong khoang cho phép
dugc quy dinh trong QCVN 14:2015/
BTNMT (B1).
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Bing 1. Hiéu sudt xit Iy nwdc thdi

Thong s0 | Pon vi | Truwde xirly | Sau xir ly Hi?z:;)s)uﬁt Q§¥NN;:;21215/

BOD, mg/L 150 - 170 55-60 70 - 75 60

COD mg/L 250 -300 80 -100 70 -75 175

TSS mg/L 200 - 250 80 -100 70 - 75 125

N-NH," mg/L 40 - 45 15-20 60 - 65 50

P-PO* | mglL 6-7 <1,0 85 - 90 8

Hiéu suét xtr Iy N dat khoang 60 - nén Q.. = q,™ *N = 100*100 =

65 %, COD va TSS dat trén 70 - 75 %, 100001/ngay

hiéu suat xir Iy P kha cao (85 - 90 %). Tac
gia Khuong Thi Hai Yén va cong su, 2020
[3] dd cho ring COD giam la do trong
moi trudng hiéu khi va yém khi mot phan
chat hiru co c6 trong nudc thai phan tng
trong diéu kién hiéu khi va thiéu khi bén
trong cac 16p vat li¢u tao thanh CO, va
CH, thoat ra ngoai moi truong, N chu yéu
dugc loai bo trong moi trudng hiéu khi
tuong ung voi qua trinh nitrat hoa. TSS
giam do bi giit lai qua céc 16 rong cta da
ong va bi vi sinh vat yém khi phan huy,
tiéu thu trong qua trinh xur ly.

3.2. Xdc dinh kich thwoc moé hinh
(Q,,.. = 10m’/ng.d)

Q,, = 10 m¥/ng.d twong dwong v&i
s6 lwong 100 ngudi tham gia thai nude.

Luong nude thai can xir Iy 1a:

Qi = 9" *N (I/ngay)

Trong dé: N 12 s6 ngudi tham gia thai
nuoc (nguoi);

q,™ la tiéu chuan thai nude (I/nguoi.
ngay).

Lay theo quy dinh hién tai trong
TCVN 33-2006 vé tiéu chuan cap nudc
trung binh cho mot nguoi dan do thi
thi ¢ = 100 I/ng.ngay. Luu lugng thai
nude iy so bo bang luu luong cap nudc
q,"= 100 l/ngudi.ngay.

Theo két qua nghién ctru cia K. Sato,
2005 [7], lay tai trong thuy luc phan phoi
1a 2000 1/m?.ngay.

Tur cong thue: S=Q/q[9]

S la dién tich cong trinh (m?)

Q 1a cong suét thiét ké (10 m3/ng.d)

q la tai trong thity lyc (2000 I/m? - ng.d)

Nhu vay dién tich 18i bé xtr ly 1 5 m?,
(chua bao gom dién tich phu trg dé chen
dat va tao mat thoang). Chon dung tich bé
xtr 1y 14 V = 6 m® véi hai hé vat liéu xu 1y.

Tt cong thue V=S x H [9]

H 1a chiéu cao 16p vat licu xu ly.

TacoH=12m

Thé tich mdi hé vat ligu L x B x H =
1,6 x 1,6 x 1,2 m.

Ngoai ra, can dién tich phu trg dé
trong cay xanh, tao mat thoang chiém
khoang 20 % dién tich dat khoi vat li€u
[9]. Tong dién tich sir dung cia md hinh
du kién 6 m>.

3.3 T l'n?h lwong cdn hdp phu va
ddanh gid tuoi tho cong trinh.

Theo két qua nghién ctru cua tac gia
Trinh Xuan Lai [13]:

- Hé s sinh can cua vi khuan di dudng
khr BOD la y, = 0,64 kg can/kg BOD.
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- Hé sb sinh can cua vi khuan tu
dudng y, = 0,24 kg can/kg NH,"- N duoc
oxi hda.

Chét luong nudc dau vao: BOD, =
170 mg/l; NH,”- N = 45 mg/l

Chét luong nudc dau ra: BOD, = 60
mg/l; NH,"- N = 20 mg/l

Ham luong BOD, = 110 mg/l va
NH,"- N = 25 mg/l dugc giir lai trong hé
thong xu ly. Tur d6 lugng can sinh ra la:

110x0,64+25x%0,24
110+25

(kg can vi sinh/kg chat nén)

=0,57

Ysinhcan =

Hang s6 phan hity can do ho hip noi
bao dugc tham khao theo nghién ctru ctia
Metcalf & Eddy, 2014 [14]:

- B6i véi vi sinh di dudng:
¥, = 0,2/ngay

- P6i v6i vi sinh ty dudng:
yva=0,1/ngay

- Hé‘lng 5O téng:
110x0,2+25%0,1
122 +26

Ytong = :0,182/1’1géy
Hé sd can cudi cung theo thoi gian
luu can 0

y sinh can

Goi can sinh ra ngay dau do
NH,"- N 1a g = 0,025 kg NH," - N/n?’,
BOD, = 0,11 kg BOD_/m’.

Véi tai trong thuy luc la 2.000 1/m?.
ngay, thoi gian tinh cho 0 _ngay thi:

- Luong c@n sinh ra do BOD;
trong 1 ngay la: 2 m?* x 0,11 kg
BOD /m’= 0,22 kg/ngay

- Luong cdn sinh ra do NH,” -
N trong 1 ngay la: 2 m® x 0,025 kg
BOD_ /m’= 0,045 kg/ngay
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- Téng luwong sinh ra do chat nén va
NH,"- N la:

G =10,22 + 0,045 = 0,265 kg/ngay

Luong cén sinh ra:

ysinh can
1 + ’Yténg X ex

a=yanxG = x QG

Trong ngay dau tién, 0 =1
0,57

al=—"2""

1+0,182x1

Sau 30 ngay, 0_= 30:
057
1+0,182x30

x 0,265 = 0,12 kg/ngay

% 0,265 = 0,02 kg/ngay

-Tdng can phét sinh sau 30 ngay:
A,=a ta, +... tay

(0,57 L 057 057
(1+0,182x1 1+0,182x2 ~~ 1+0,182x30

Jx 0,265

A, = 1,25 kg ¢@n/30 ngay. Véi dung
trong can 1a 1100 kg/m® thi thé tich chiém
chd tong luong can phat sinh sau 30 ngay
(1 thang) la:

Ve _ 1,23

= =0,0011 m*/thang.
1.100

Véi thé tich 16p vat liéu thim
V. =081 m’ va do rong 16p vat lidu
thim dugc xic dinh 1a p = 40 % thi
thé tich 16 rdng trong 16p vat lidu tham
V.= 0,4 x 0,81 = 0,324 m*. Véi toc do
loc thim cua 16p vat liéu thim trong
bé xu ly, theo Trinh Xudn Lai [13]
va Tran Ptc Ha [12], ham lugng can
s& dugc chua trong 1/3 thé tich cua
cac 16 rong, twong duong vdi thé tich
chtra cin cho phép trong cac 16 rong la
V. =1/3x0,324=0,108 m’.

Nhu vay, véi tai trong thuy luc 1a
2.000 1/m?. ngay, thoi gian van hanh (tudi
tho) cua bé xur ly dé bé xur 1y ¢6 thé chira
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duoc lugng can phat sinh trong phan thé
tich chtra can cho phép cua bé xir 1y 1a:
Y 0,108 m’

co__

V. 0,0011m*/théng

c

=98,2 thang ~ 8,2 nam

Nghién ciru
3.4. Hiéu qud kinh té, méi trwong va
tiet kiém ndang luong cua mo hinh.
Néu st dung nguén vat liéu sén cé,
tir xdy dung cong trinh, thi ddu tu kinh phi
ban dau khong cao (Bang 3)

Bing 3. Chi phi vit liéu va thiét bi dé xdy dwng bé 1 m* (xit Iy cho 1 hé gia dinh)

A . | Pongia | Tinhch i4 thanh 1 m®
STT Tén vat li¢u Don vi (ggngg) 1 mc3 0 x(;:y dung ( dﬁng)
1 |Détkét von da ong (40 %) vién 4.000 105 420.000
2 |Than hoat tinh (5 %) kg 20.000 20 400.000
3 |Pavoi (10 %) m’ 200.000 0,1 20.000
4 | Khoang sét zeolite (30 %) kg 4.000 100 400.000
5 | Catvang (15 %) m’ 220.000 0,15 33.000
Tong chi phi vat liéu 1.273.000
| |Duong éng nhya PVC | mét | 5000 | 3 150.000
Tong chi phi thiét bi 1.423.000

Ngoai ra, c6 thé trong ciy trén bé
mat cong trinh dé tao canh quan sinh thai,
than thién véi moi truong. Néu cac ho gia
dinh 4p dung ky thuat XLNT tai nguon s&
giam thiéu nhiéu nhit 6 nhiém nudc thai
trén cac hé thong tiéu thoat nudc chung,
tao moi truong séng trong lanh dong thoi
cling sé giam déng ké gia thanh chi phi
cho cac hé thong XLNT tép trung.

Heé thong xur Iy nay duogc thiét ké trén
co sO tu chay. Mo hinh xu ly dugc dat
ngam dudi dat vdi cao do phi hop dé dén
nudce thai tir hé thdng thoat nudc trong
nha ty chay vao cong trinh. Do d6 khong
can ding bom dé dua nudc dén cong trinh
xu 1y, tiét kiém dugc dién ning so voi cac
cong trinh ¢6 st dung bom va céc thiét bi
dién khac. Hon nita, viéc dat cong trinh
ngém cling sé& tiét kiém dién tich xay dung
va gan nhu khong can ké dén chi phi dat
dai cho xdy dung cong trinh.

3.5. Huong dan xay dung mo hinh

- Chuén bi vat liéu loc xu ly nudc
nhu sau:

+ D4 ong duogc khai thac, mua tir cac
vung cd trit lugng da ong 16n. P4 ong co
chat luong tot nén duoc khai thac ¢ do
sau 1,8 m;

+ Cit d4 ong theo dang vién c6 kich
thude (dai:rong:cao) 1a (20 cm:20 cm:
20 cm);

+ Lop vat lidu c6 kha nang tham chén
giita céc vién da ong bao gém céc loai vat
liéu d4 ong nghién nhé c6 duong kinh hat
la 10 - 20 mm, zeolite va than hoat tinh
3 - 5 mm. Céc loai vat lidu nay duoc phdi
trén voi nhau theo ty 18 1an luot 13: P4 ong
nghién nhé (60 %); zeolite (30 %) va than
hoat tinh (10 %);

+ Hat s6i ¢6 kich thude tir 3 cm dén
4 cm;

+ Toan bd céc vat lidu nay can phai
duoc lam vé€ sinh sach, loai bd cac tap
chat ban trong qua trinh chuan bi.

- Dao hé sdu 1,2 m theo dién tich tinh
toan

- Xép vat liéu loc trong bé xir 1y theo
trinh tu sau:
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+ Lap dat ong thoat nudc sau xur 1y
$34 mm (7) cung van khoa ¢34 mm trén
duong 6ng. Ong dit cach day bé 5 cm.
Ong nay c6 nhiém vy chuyén nudc sau xir
ly dén hé théng thoat nudc chung cia khu
dan cu. Sau d6 chit vita phan tiép giap
giita tudng va ong;

+ Rai 16p soi ¢ phia day bé c6 chiéu
day 20 cm;

+ Xép cac 16p da ong da duogc cit
dudi dang vién theo hinh thuc so le.
Khoang céach gifta cac 16p da ong la 20
cm. Khoang cach gitta cac vién da ong
1a 5 cm. Vit liéu chén s& duoc ldp day o
khoang tréng gitra cac 16p da ong va céac
vién d4 ong theo nhu so do;

+ O vi tri gitra bé b tri ng thong khi
$21 mm (9) ¢6 duc 15 kich thuéc 5 mm
doc than éng. Pau trén cia dng cao hon
dinh bé. Ong ndy c6 nhiém vu cung cip
luong oxy thuong xuyén dé duy tri hiéu
qua xu ly nudc cua vat liéu loc;

+ Lap dat dng cap nude thai dau vao
$34 mm (1) cung van khoa ¢34 mm trén
duong 6ng. Ong dit cach dinh bé 5 cm.
C)ng nay duogc dau ndi véi dau ra caa hé
théng thu gom nudc thai tir hd hoac cum
ho gia dinh. Sau d6 chit vira phan tiép
giap gitra tuong va dng.

3.6. Diéu kién dp dung mé hinh

- Ap dung dé xir ly nudc thai sinh
hoat quy mo6 hd gia dinh va cum ho gia
dinh sau bé ty hoai.

- HG gia dinh hoac cum ho gia dinh
c6 hé thong thu gom va xr 1y so bo nude
thai sinh hoat (C6 bé ling so bo dé loai bo
rac va tap chat c6 kich thudc 16n).

- Ap dung dé xir ly nudc thai sinh
hoat c6 chi tiéu chét luong nudc BOD, <
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200 mg/1 va COD < 300 mg/I. (Nudc thai
¢6 chat hitu co cao)

- Tai trong thuy luc tdi da ap dung
cho hé thdng 13 2.000 I/m?-ngay.

- Bam bao luu luong don vi cua nudce
thai qua hé théng xir 1y nudce 1a 2.000 1/
m?-ngay.

4. Két luan

M6 hinh sinh thai tiét kiém ning
luong dé xtr Iy nude thai sinh hoat tai
ngudn phan tan gitip giam thiéu 6 nhiém
moi trudong, xir ly nudce thai dat yéu cau
xa thai theo QCVN 14:2015/BTNMT cét
B1, chi phi dau tu xdy dung mé hinh thap,
d& van hanh, str dung vat li¢u san co dé
tim kiém 1a m6 hinh phu hop véi didu
kién hién nay.

Mo hinh k¥ thuat xu ly hiéu qua 60 -
70 % céc thong s6 chét hitu co COD trong
nude thai. Chat hitu co nén (thé hién qua
thong s6 COD) da giam ndng d6 ro rét
khi qua xtr ly. Gia tri COD cua nudc thai
dau ra dat tiéu chuan nude thai sinh hoat
QCVN 14:2015/BTNMT.

- Nong @6 N - NH , trong nudce thai
sau xur ly dd giam dang ké so véi nude
thai ban dau, hiéu suat xa 1y Nito ting
khoang 60 - 70 %.

- M6 hinh xir Iy duoc Phét pho trong
nude thai voi hiéu suat rat cao do kha
nang hip phu bé mat cua céac ion Fe va Al
trong thanh phan cia vat liéu. Hiéu suat
xur ly dat trén 80 %.

TAI LIEU THAM KHAO

[1]. Chadde, S. (2002). A great lakes
wetland flora. 2™ Ed. Pocketflora Press,
Laurium, MI.

[2]. Farahbakhshazad, N. and G. M.
Morrison  (1997).  Ammonium  removal
processes for urine in an upflow macrophyte

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 42 - nam 2022



system. Environmental Science & Technology,
vol. 31, no. 11, p. 3314 - 3317.

[3]. Khuong Thi Hai Yén va cong su
(2022). Banh gia hiéu qua xw ly nucdc thai
sinh hoat tai nguon phéan tan bang kj thudt
phéi tron vit liéu cé nguon goc tir dat. Tap
chi Khoa hoc Thuy lgi va Méi truong, p. 22
- 25.

[4]. LiaLiang Zhang et al. (2011).
Adsorption characteristics studies
phosphorus onto laterite. J. Chemosphere,
vol. 51, p. 98 - 105.

[5]. Moreno, C., N. Farahbakhshazad
and G. M. Morrison (2002). Ammonia
removal from oil refinery effluent in vertical

upflow macrophyte column systems. Water,
Air and Soil Pollution, vol. 135, p. 237 - 247.

[6]. Nga. N. T. H, Mori Yuki, Shin -
Ichiro Wada (2013). Laterite in Vietnam and
their ability for waster water treatment. J.
Agriculture, Kyushu University.

[7]. Sato K., Masunaga T., Inada K.,
Tanaka T., Arai Y., Unno S. and Wakatsuki
T. (2005). The development of high speed
treatment of polluted river water by the
multi - soil - layering method, examination of
various materials and structure. Jpn J. Soil
Sci. Plant Nutr., vol. 200.

[8]. Sato, K., Iwashima, N., Matsumoto,
T., Wakatsuki, T. and Masunaga, T. (2010).
Wastewater  treatment  processes  and
mechanisms of organic matter, phosphorus
and nitrogen removal in a multi - soil -
layering system. Proceedings of the 19
World Congress of Soil Science.

Nghién ciru

[9]. McGraw-Hill (2007). Water and
wastewater calculations manual. Chemistry
& Biodiversity, vol. 1, p. 1829 - 184lI.
Retrieved from http://onlinelibrary.wiley.
com/doi/10.1002/cbdv.200490137/abstract.

[10]. T. Masunaga et al. (2007).
Characteristics of wastewater treatment
using a multi soil layering system in relation
to wastewater contamination level and
hydrolic loading rates. Soil Science and Plant
Nutrition, p. 123 - 125.

[11]. T. Attanandana et al. (2007).
Treatment of domestic wastewater with a
Multi - Soil - Layering (MSL) system in a
temperate and a tropical climate.

[12]. Tran Pic Ha (2002). Xir Iy nuéc
thai quy mé vira va nhé. Nha xuét ban Khoa
hoc va K¥ thuat.

[13]. Trinh Xuan Lai (2016). Xu Iy nuwoc
thai sinh hoat va cong nghiép theo cong nghé
A/O. Nha xuat ban Xy dung.

[14]. Tchobanoglous, G, Burton,
FL & Stensel, HD. (2003). Wastewater
engineering: Treatment and reuse. Fourth
edition. McGraw-Hill series in civil and
environmental engineering, McGraw-Hill,
New York, NY.

[15]. Xin CHEN et al. (2007). Effect of
structural difference on wastewater treatment
efficiency in Multi - Soil - Layering systems:
Relationship between soil mixture. Soil
Science and Plant Nutrition, vol. 53, p. 206
-214.

Ngay nhan bai: 12/7/2022; Ngay chap
nhan dang: 27/9/2022

Tap chi Khoa hoc Tai nguyén va M6i trueong - S6 42 - nam 2022

63



