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Nghién ciru dugc thuc hién nham danh gia kha nang xu ly
nude thai giét mod heo tor mot co so tai tinh Bén Tre bang bé phan
ung sinh hoc gia thé ¢b dinh (Biofilter). Nghién ctru dugc thuc
hién béng viéc xdy dung mo hinh bé biofilter, kém theo quan sat
viéc hinh thanh mang sinh hoc trén gia thé. Hiéu qua xir Iy nudc
thai dugc dénh gia thong qua bdn chi tiéu 6 nhiém gom: TSS,
BOD, N-N H+4, dd duc. Hi¢u qua thu duogc tdt nhat qua nghién ctru

la: TSS 78,93%, BOD 88,77%, N-NH'4 87,50% va do duc
96,61%. Tuy nhién noéng d6 BOD, TSS, Amoni sau bé phan tng
van cao hon gia tri cho phép xa thai quy dinh trong QCVN 40-
2011/BTNMT nén bé phan tng sinh hoc gia thé ¢ dinh chi nén
dugc ap dung nhu la cong doan tién xtr 1y va can thiét  phai c6 cong
doan xr 1y tiép theo dé céac chi tiéu trén dat quy chuén.

ABSTRACT
The research aims to assess the ability to treat slaughterhouse
wastewater by using biofilter at one small slaughterhouse in Ben
Tre province. The research was conducted by building a biofilter
tank model and observing the formation of biofilm. The treatment
capacity of pilot model was explored and evaluated using four

different parameters including: TSS, BOD, N-NH"4, Turbidity.
The findings showed the best treatment capacity of TSS at

78.93%, BOD at 88.77%, N-NH'4 at 87.50% and turbidity at
96.61%. However, the concentration of BOD, TSS, and Ammonia
at the biofilter outlets is still higher than the values regulated in
the National Technical Regulation on Industrial Wastewater of
QCVN 40-2011/BTNMT. Therefore, biofilters should only be
applied as a pretreatment step and the wastewater need to be
further treated.
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1. Pit van dé

Trong hoat dong giét md, nudc duge sir dung hau hét cac cong doan (giét, cao 16ng,
mo, xé thit, vé sinh, . ..) voi dinh muce st dung nudce khoang S - 15m°%/tan gia sic va luong
nudc nay toan b chuyen thanh nudc thai. Nudc thai giét mo gia stic la nguén nudc thai co
ham luong chat 6 nhiém cao (chat hitu co, chat dinh dudng, chét ran lo limg), s& gdy 6 nhiém
mdi trudng néu khong xur 1y tét Choi va Eum (2002), Le, Le, va Nguyen, (2012).

Tinh dén nam 2017, Theo cong thong tin dién tir BO Nong nghiép va Phat trién néng
thén, Bén Tre van chua hinh thanh dugc co s& giét md vira va 1on, cc co s& giét md nho 1¢
chua 6 co sé xtr Iy nude thai hodc c6 nhung van hanh khong hiéu qua (Thong tin x3 Viét Nam,
2017). Nudc thai duoc xa truc tiép ra moi truong s& lam 6 nhiém dat, nude va sie khoe nguoi
dan trong khu vuc xung quanh. Do d6 viéc nghién ctru dé tim ra mot cong nghé xtr Iy nude thai
giét m6 1a can thiét.

Nude thai giét md duoc xir Iy bang day chuyén cong nghé két hop qua trinh co hoc,
hoa-1y, sinh hoc (Grady, Glen, & Henry, 1999; Luong, 2007; Metcalf & Eddy, 2016; V. P.
Nguyen, 2010; Trinh, 2009). Trong d6 xur Iy sinh hoc dugc coi 1a giai doan chinh dé loai bo
chat hitu co, chit dinh dudng giy 6 nhiém moéi trudng. Vi vay phuong phap sir dung cac gia thé
dé cac vi sinh vat bam dinh 1én bé mat vat liéu duoc lua chon vi hé théng nay co nhiéu vu diém
ndi bat nhu cdu tao don gian, hiéu qua xtr 1y cao, chi phi cho xay dung va van hanh thap...rat
thich hop ap dung xur 1y nudc thai giét mo phu hop véi diéu kién tinh Bén Tre.

2. Vat liéu va phuwong phap nghién ciru
2.1. Ngi dung nghién ciru
2.1.1. Déi twong nghién ciru

Mau nuée thai chin nudi duoc lay tai 10 glet mo heo h¢ gia dinh Hai Canh, huyén Mo
Cay, tinh Bén Tre. Nudc thai 14y & muong tir khu giét mo thoat ra cdng trude khi vao hé théng
Biogas, tai thoi diém tir 9 - 10 gid sang, ngay sau khi giét mo heo khoang 15 - 30 phiit. Nudc
thai 12 hdn hop bao gom mot phan mau, nude rira ndi tang, 16ng...Mdi lan lay 40 lit trong 2
binh nhya 20 lit, du sb luong cho ca dot chay mo6 hinh thi nghiém. Mau nudc thai duge bao
quén trong diéu kién lanh 4°C trong tii lanh & phong Thi nghiém Hoéa - Moi trudng, Truong Pai
hoc M¢ thanh phé HO Chi Minh, Co s& 3 Binh Duong. Cac thong sé 6 nhidém chinh ctia nudc
thai tr co s¢& Hai Canh duogc trinh bay trong Bang 1.

Bang 1
Thong sb nude thai giét mo cua co sé ho gia dinh Hai Canh
STT Chi tiéu Pon vi Gia tri

1 BODs mg/l 2000
2 COD mg/I 2600
3 TSS mg/l 1000
4 Amoni (NH4") tinh theo N mg/l 40
5 Nitrat (NOs) tinh theo N mg/I 45
6 Do duc NTU 360

Ngudn: Két qua phan tich dit liéu caa nhém nghién ciu
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Qua Bang 1, ty 1¢ BOD/COD hoa tan = 0,77 > 0,5; COD/BOD = 1.3 <2. Diéu nay thé
hién nuéce thai giét md gia suc rat thich hop cho xur ly s1nh hoc. Trong nghién citu nay, BOD,
TSS & dong vao c6 thay d6i thong sd trong timg dot lay. NHs va NOj3 giit & mirc 6n dinh.

2.1.2. Nogi dung nghién curu

Vit liéu sir dung trong nghién ctru nay 1a dit nung vién, co kich thuédc 10 - 20mm, trong
lwong riéng 1a 300 - 400 kg/m®, trong luong nhe phi hop véi bé (Hinh 1). B& mat vat liéu ¢ vo
s6 16 héng thich hop dé vi sinh danh bam va phat trién. DAt nung dugc san xuét & nhiét d6 cao
nén san pham s& khong c6 nhitng vi sinh khéng mong mudn khac. Hat nung giit 4m 30% vira
du dé ngam cac chét hiru 4m, cho vi sinh vat st dung. Cac khoang céch gilra cic hat vat li¢u tao
du khoang khong dé vi sinh vat 14y oxi.

Trong giai doan dau cta thi nghiém thi ché phdm vi sinh EM-Pro dugc dung nhu
mdi vi sinh phat trién. Ché phdm dugc mua tir SACOTEC, bao gdm cac chung Saccharomyces
sp.: 109cfu/ml; Lactobacillus sp.: 10° cfu/ml; Bacillus sp.: 10° cfu/ml; Rhodopseudomonas sp.:
108 cfu/ml; Dung dich ché pham c6 mau vang nau nhat; pH 3.5; i trong: 1; mui thom nhe.

Hinh 1. Vat liéu dinh bam dat nung
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2.1.3. Phuwong phap phan tich

Bang 2
Cac phuong phép phan tich
STT Chi tiéu Pon vi Thiét bi
Dissolved Oxygen Test kit HI3810
1 BODs mg/Il To i 20°C
Giay loc thuy tinh, bo hat chan
2 TSS mg/l khdng , tu nung va cén phén tich.
3 Amoni mg/| Amonia Test kit HI 3824
. May Do B Puc Tiéu Chuan 1ISO
4 DO duc mg/l HI193703

Ngudn: Két qua phan tich dit liéu caa nhém nghién ciu

Céc chi tiéu nay dugc phan tich tai Phong thi nghiém Hoéa - Méi truong, truong Mo
Thanh phé HO Chi Minh, co s 3.

2.2. M6 hinh nghién cvu
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Hinh 2. M6 hinh nghién ctru

Cdu tao ciia mé hinh: Bé phan tmg sinh hoc gia thé c6 dinh (Biofilter) dugc 1am tir vat ligu
1a binh nhwa dung nudc 20L tai ché cit bo 1/3 phan dau binh (Hinh 1), giit lai phan binh ¢
duong kinh 24cm, chiéu cao 20cm, phan vat liéu chiém 2/3 bé. Thé tich nude thai c6 thé chia
trong bé khi d chira 16p vat lidu 1a 5L. Bén dudi day bé c6 van x4 cin sau khi bé hoat dong 1au
ngay va xuét hién luong dudi day nhiéu. Binh dung nudce dau vao co thé tich 8L ¢o gin éng
dan nuéc, c6 van diéu chinh luu luong. Ong din duogc ndi véi éng nhya duoc duc 16 dé nudce
thai dugc trai déu xuéng mat vat liéu. Ong dan nuéc thai & dau ra bé co van khoa va bé c6 thiét
bi suc khi théi khi lién tuc.

Nguyén tac vdn hanh mé hinh: M6 hinh duoc thiét ké nham két hop cac qua trinh xur Iy
BOD, qua trinh nitrate hod/khir nitrate va loai bd TSS. Nudc thai giét md duge loai bo chét ran,
sau do, duoc d6 dﬁy vao binh dung m¢ van chinh luu lugng dé nuée thai chay vao bé phéan ing
gid thé cb dinh. Bé phan tng gia thé c¢b dinh luu nudce trong vong 8 tiéng va dua nudc ra cong
doan xtr Iy sau. Vi mo hinh bé don gian va kinh phi thip nén chua thé rira nguoc mot cach tu
dong. Sau mot khoang thoi gian chay hé théng can rira bé vi cac cin dong lai dudi bé giy ngén
dau ra va co thé khién nudc thai sau xtr Iy ¢6 ham luong TSS cao. Mang biofim ¢6 hién tuong
tréc mang nén can c6 hé théng xtr Iy phia sau hodc bé ling dé dam bao nudc dau ra.
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Theo ddi m6 hinh: Qua trinh thi nghiém chia la hai giai doan: giai doan thich nghi va giai
doan khdo sat thong so chi ti€u chat lugng nudc thai.

Giai doan thich nghi: quan sat hat vat li€u, cac vi sinh vat dinh bam va thich nghi tao 16p
mang sinh hoc (biofilm) bao phu hat vat liéu.

Giai doan khdo sat thong s6 chi tiéu chat lugng nudce thai: BOD, TSS, amoni va danh gia
hi¢u suat xu ly.
3. Két qua va thao luin
3.1. Giai doan thich nghi va hinh thanh mang biofilm

Trong thoi gian khéi dong mo hinh, nudc may duoc cho chay qua bé thir nghiém mot
tudn. Ching vi sinh ciia ché pham vi sinh EM PRO-1 duoc bd sung véi ty 18 1:19 twong tngl
lit ché pham, 19 lit nuwéc. Trong thoi gian chay thir nghiém 1 tuan véi nudc tring, bod sung 50ml
ché phém vi sinh tuong duong véi 1L nudc, rai déu trén bé mat vat lidu, bo sung nhiéu lan. Bé
mat vat lidu chua c6 su thay d6i (Hinh1). Sau khoang thoi gian 3 tudn tir lic chay nudc thai,
bat dau hinh thanh mang biofilm (Hinh 2), thoi gian hinh thanh mang tuong d6i nhanh. Mang
biofilm méng, ¢ thé nhin biang mat thuong va nhan biét khi cham vao. Hién twong “tréc mang”
cling xay ra trong bé biofilter, nudc thai dau ra thuong xuyén ¢ nhitng mang nhon duc. Nguyén
nhan 13 do cac chét hitu co trudc hét bi hay boi vi sinh vat hiéu khi. Tiép tuc thim sau vao
mang, nude thai hét oxi hoa tan va bi phén huy tiép tuc boi vi sinh vat ki khi. Khi cac chit hitu
co trong nudce thai can kiét, vi sinh vat & mang sinh hoc sé chuyén sang ho hép noi bao va kha
nang két dinh cling giam, dan dan bj cudn theo dong nudc dau ra. Vi vay can bé ling thir cip
hoic cong doan xtr 1y tiép theo dé dam bao TSS cho ngudn nudc thai dau ra. Sau 2 thang chay
nudce thai cac 16 rSng bé mit vat bi lép déy chét ran lo limg c6 mat trong nudce thai (Hinh 3),
lam han ché viéc hoat dong ciia vi sinh vat, can tién hanh rira nguoc dé tai sinh vat liéu.

Hinh 3.1 (a): 1 tudn Hinh 3(b): 3 tuan Hinh 3.1 (c): 2 thang

Hinh 3. Bé mit vat liéu dinh bam sau khoang thoi gian nhat dinh nudc thai

Tién hanh dung khoang 10 vién vat lidu dinh bam lic nhe voi 10 ml nuée tring, dé chii
dong gay hién tugng troc mang. Liy mot it ciia 16p mang tréc mong quan sat dudi kinh hién vi
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budce ddu quan sat duoc vi sinh vat c6 mit trong mang biofilm (Hinh 4). Quan sat twong tu ciing
dugc trinh bay boi Costerton, Lewandowski, Caldwell, Korber, va Lappin-Scott, (1995).

Hinh 4. Vi sinh vét quan sat duéi kinh hién vi & giai doan thich nghi
3.2. Hiéu qud xw ly BOD, TSS, Amoni, dj duc
3.2.1. Hiéu qua xu Iy BOD

Sau mot thang chay 6n dinh hé thong, hiéu xuét xir Iy ghi nhan ting dan cho thay bé
biofilter di bat dau xir Iy duge BOD. Va dén cudi thang 12, hiéu xuét cao va 6n dinh 88,19%.
H¢ vi sinh vt trong mang biofilm da hoat dong tdt va BOD nudc thai da bi vi sinh vat thuy
phan ding lam chat dinh dudng gitp lam giam BOD ¢ dau ra nudc thai. Tuy nhién, BOD ciia
nude thai ddu ra van con rat cao khong dat QCVN40:2011/BTNMT, chwa du tiéu chuan dé xa
thai ra moi truong, can c6 hé théng xur 1y tiép theo trude khi dwa vao ngudn tiép nhan. Mot phan
nguyén do 1a ndng do 6 nhidm ciia nudc thai giét mod kha cao va ciing do quy mé ciia nghién
ctru nho chua du dap tmg viée xt 1y triét bé BOD.

2000 — 100.00%
1800 — - 90.00%
1600 - 80.00%
1400 - 70.00%
1200 - 60.00%
1000 - - 50.00%
S00 - 40.00%
600 - 30.00%
400 - - 20.00%
200 - 10.00%
0 - — 0.00%
= DAu \.-%'a% {(mg/1) 11 = D3u ra {mg;’l}z
QCVNA4D:2011/BTNMT (mg/l) —l— Hidu xudt xir ly (%)

Hinh 5. Nong d6 va hiéu xuit BOD trung binh qua 3 thang nghién ctru
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3.2.2. Hiéu qua xur ly TSS

Hiéu xuét xtr Iy TSS ting dan va dat 76,18% trong thang 12. Hiéu qua xir 1y tong ran lo
limg cao c6 thé giai thich boi 16 rdng giira cac vat lidu nho, gop phan giir lai TSS. Bén canh do,
vi sinh trong bé phan hiyy rin hitu co, mot thanh phan ctua TSS, lam giam TSS dau ra. Sau 1
dén 2 thang hoat dong bé, bé dugc x4 can mot 1an dé dam bao khong lam nghén dau ra va gitlr
TSS dugc 6n dinh, do bé dugc thiét ké don gian nén qua trinh rira bé s& tién hanh thu cong.
Mac du hiéu qué xtr Iy TSS 1a cao, tuy nhién TSS dong ra khong dat QCVN40/2011-BTNMT,
vi mdt phan mang biofilm xay ra hién twong bong troc, day 1a qua trinh sinh hoa ty nhién cta
mang sinh hoc. Qua nghién ciru ndy, két qua cho thay dé xu 1y nudc thai giét md mot cach hiéu
qua thi bé phan tng sinh hoc biofilter chi nén 14 cong trinh tién xir Iy nham lam giam TSS va
BOD. Nudc thai giét md, sau Biofilter, van phai tiép tuc dugc xur ly béng cac cong doan sau dé
xtr Iy dat QCVN. Uu diém cua bé Biolfilter ¢ thé thdy 1a 1am giam tai luong 6 nhiém cho cac
cong doan xir 1y tiép theo.

1000 - - 100.00%
900 90.00%
800 80.00%
700 70.00%
600 60.00%
500 50.00%
400 40.00%
300 30.00%
200 20.00%
100 10.00%

0 0.00%
10 11 12
mm Dau vao (mg/l) mm Diu ra (mg/l)

QCVN40: 2011/BTNMT (mg/l) i~ Hiéu xudt xir Iy (%)

Hinh 6. Nong d6 va hiéu xuat TSS trung binh qua 3 thang nghién ctru

3.2.3. Hiéu qua xu ly Amoni

Bé phan tmg phan tmg sinh hoc gia thé c6 dinh tao méi truong hiéu khi dé vi khuan
Nitrosomonas va vi khuan Nitrobacter hoat dong t6t dong thoi xir Iy amoni. Mic du hiéu xuét
XU ting dan va dat mirc cao 66,07% vao thang 12. Tuy nhién viéc xr Iy amoni phu thudc vao
qué trinh hinh thanh ciing nhu hién twong tréc mang ciia mang sinh hoc. Diéu nay lam viéc
thong s6 amoni trong nudc thai ¢au ra khong 6n dinh va c6 nhiéu 1an ghi nhan khong dat QCVN.
Viéc nay cang gop phan 1am rd nhan dinh bé phan tng gia thé cb dinh 1a giai doan tién xir 1y
can ¢ cong doan xir Iy tiép theo dé dam bao viée xa thai dung qui dinh.
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Riéng néng d6 NOs khéng c6 quy dinh trong quy chuan xa thai QCVN
40:2011/BTNMT nén ndng d6 chi tiéu nay dung dé danh gia su chuyén héa dam hiru co trong
nudc thai. NH4* ciia nudc thai dau ra thip hon nhiéu so voi dau vao, trong khi d6 NO3" tang
chung t6 dam hitu co da duoc chuyén hoa thanh dam a-mon va sau dé bi oxy hoéa thanh dam
nitrat, tuy nhién lugng dam nitrat tang 1én khong tuong xtirmg véi muire gidm ctia dam hitu co va
a-mon, ching t6 trong bé con c¢6 qué trinh khir nitrat dién ra, mic du khong dang ké. Trong
nghién ctru nay ky vong s€ xay ra qua trinh khir hoan toan nitrit, s€ tach oxy cta nitrat va nitrit
dé oxy hoa céc chit hitu co. N2 dugc tao thanh trong qua trinh s& bay hoi va tach khoi nudc tir
d6 ta xtr Iy duoc NOs™ (Park & Y00, 2009). Tuy nhién trong nghién ctru nay chua dat duoc diéu
d6, dong thai chay cung cip nitrat va sy chuyén hoa ctia amoni lam céc thong sb ting qua timg
1an do thu két qua, khién gia tri thu nhan nitrat kha cao. Nguyén nhén c6 thé do thoi gian nghién
ctru gidi han, chua du diéu kién thuan loi vi khuan khir nitrit va nitrat (Denitrificans) hinh thanh
v6i moi truong ki khi hodc thiéu khi hinh thanh dé xtr 1y nitrat. Vi thé khong thé phi nhan dén
thoi diém nay két qua cho thiy nghién ctru chua dap ing duoc diéu nay.

45 - -~ 100.00%
40 - - 90.00%
35 - 80.00%
30 | -~ 70.00%
,s - 60.00%
- 50.00%
20 7 - 40.00%
15 1 - 30.00%
10 - - 20.00%
> - 10.00%
0 - - 0.00%
1 2 3
mm D3u vao (mg/l) mm Diu ra (mg/l)

QCVN40:2011/BTNMT (mg/I) ~fl—Hiéu xuat xtr ly (%)

Hinh 7. Nong d6 va hiéu xudt Amoni trung binh qua 3 thang nghién ctru
3.2.4. Hiéu qua xu ly B¢ duc

Bé Biofilter giai quyét rat tot do duc, biéu hién & viéc higu xuat xtr 1y trung binh ludn
dat khoang 95%. Hién nay, viéc do do duc thuong & phan cudi ctia qua trinh xtr 1y nude thai
can thiét dé xac minh rang cac gia tri nam trong tiéu chuan quy dinh. D6 duc cua nudc 1a mot
dic tinh quang hoc tao ra anh sang dwoc phan tan va hap thu, chir khong phai 1a truyén di. Su
tan xa cia anh sang di qua mot chat 1ong chu yéu duge gay ra boi cac chat ran lo ling co trong
d6. Viéc bé phan tmg gia thé c¢b dinh xur Iy tot chit lang lo ling ciling chinh 14 giam d6 duc trong
nudc thai giét mo.
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450 100.00%
400 - 90.00%
350 80.00%
70.00%
300
60.00%
250
50.00%
200
40.00%
150 30.00%
190 20.00%
50 10.00%
0 0.00%
10 11 12
= D3u vao (mg/l) m D5u ra (mg/l) —— Hifu xuat xir ly (%)
Hinh 8. Nong d6 va hiéu xuit Do dyc trung binh qua 3 thang nghién ciru
Bang 3
Hiéu qua xtr Iy BOD, TSS, Amoni, P duc qua ba thang chay hé théng
o gen Trung binh hiéu xuat
Chi tiéu Thang 10 Thang 11 Thang 12
BOD 83.18% 86.11% 88.19%
TSS 52.46% 64.93% 76.18%
Amoni 47.32% 55.36% 66.07%
Do duc 93.23% 94.36% 96.11%

Nguon: Két qua phan tich dit liéu caa nhém nghién ciu

Qua Bang 3: Cho thiy hiéu xuét xir I trung binh qua 3 thang 10, 11, 12 cua céc chi tiéu
BOD, TSS, Amoni, D6 duc.

4. Két luan

Trong nghién clru nay, bé phan ung sinh hoc gia thé ¢b dinh duoc st dung 1a mdt
phuong phap dé tién xur Iy nudc thai tir viée giét mo gia suc. Day 1a ngudn nude thai cd ndng
d6 6 nhiém chat hiru co va dinh dudng (nito va photpho) cao. Nghién cru ndy gom 2 phan
chinh: (1) khao sat thoi gian thich nghi va hinh thanh mang biofim; (2) khao sat hi¢u qua xu ly
thong qua cac chi ti€u chét lugng nude: BOD, TSS, amoni, do duc.

Trén co sd két qua nghién ctiru dat dugc rut ra cac két ludn nhu sau:

e Sau thoi gian chay hé théng voi nude thai giét mé 3 tudn mang sinh hoc (biofim)
hinh thanh va c6 thé xt Iy nudc thai giét mo;

e (6 thé str dung cic vt liéu pho bién va gia thanh ré nhu dat nung dé 1am vat liéu
bam dinh cho bé sinh hoc xir 1y nude thai;

e Trong giai doan hinh thanh mang biofim, c6 sy xuat hién vi sinh vat;
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o Két qua hiéu xut t6t nhat dat duoc qua nghién ctru 1a: TSS 78,93%, BOD 88,77%,
N-NH*4 87,50% va do duc 96,61%;

e Mic du hiéu xuét xu 1y BOD, TSS, amoni khé cao nhung nudc thai sau Biolfilter van
chua dat QCVN dé c6 thé dua ra mdi truong. Nude thai sau Biofilter can tiép tuc duoc xtr ly
bang cac cong nghé phu hop dé c6 thé dat QCVN.

Tai liéu tham khao

Choi, E., & Eum, Y. (2002). Strategy for nitrogen removal from piggery waste. Water Science
and Technology, 46(6/7), 347-354.

Costerton, J. W., Lewandowski, Z., Caldwell, D. E., Korber, D. R., & Lappin-Scott, H. M.
(1995). Microbial biofilms. Annual Review of Microbiology, 49, 177-745.

Grady, C. P. L., Jr,, Glen, T. D., & Henry, C. L. (1999). Biological wastewater treatment:
Second edition. New York, NY: Marcel Dekker, Inc.

Le, C. N. P, Le, T. C. H., & Nguyen, H. T. L. (2012). Xir ly ammonium trong nudc thai giét
mo bang viéc két hop qua trinh nitrit ha mot phan/anammox [Ammonium treatment in
slaughter wastewater by combining partial nitrification / anammox]. Tap chi Sinh hoc,
34(3SE), 105-110.

Luong, D. P. (2007). Céng nghé xit Iy mede thai bang bién phdp sinh hoc [Wastewater treatment
technology by biological methods]. Ho Chi Minh, Vietnam: NXB Giao duc Viét Nam.

Metcalf, & Eddy (2016). Wastewater engineering - Treatment and reuse (4th ed). New York:
NY: McGraw-Hill.

Nguyen, V. P. (2010). Gido trinh Xir Iy nude thai sinh hoat va céng nghiép bang phwong phdp
sinh hoat [Curriculum for domestic and industrial wastewater treatment by living
method]. Hanoi, Vietnam: NXB Xay dung.

Nguyen, V. T. (1998). Budc dau nghién citu siv dung chitosan vao qud trinh keo tu dé xir Iy
nuoc thdi [Initial research on using chitosan in the flocculation process for wastewater
treatment] (Bachelor’s thesis). Hue University of Sciences, Hue, Vietnam.

Park, J. Y., & Yoo, Y. J. (2009). Biological nitrate removal in industrial wastewater treatment.
Microbiology and Biotechnology, 82(3), 415-429.

Thong tin xa Viét Nam. (2017). Bén Tre sé khong con diém giét mé gia sic, gia cam nho 1é
vao nam 2020 [Ben Tre will no longer have small cattle and poultry slaughterhouses by
2020]. Retrieved January 10, 2019, from Cong thong tin dién tir BO Nong Nghiép va Phat
Trién Nong Thon website: https://www.mard.gov.vn/Pages/ben-tre-se-khong-con-diem-
giet-mo-gia-suc-gia-cam-nho-le-vao-nam-2020-34005.aspx

Trinh, X. L. (2009). Tinh todn thiét ké cdc cong trinh xit Iy nwée thai [Calculation and design
of wastewater treatment facilities]. Hanoi, Vietnam: NXB Xay dung.



