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Tom tit

Véi muc dich tim ra mot phicong phdp xir Iy thich hop d@é giam thiéu 6 nhiém méi
triwong do nwée thai chan nudi sau biogas gdy ra, hé thong dat ngdp nwée kién tao dwoc
xdy dung. Hai hé thong dwoc thiét ldp la hé thong dat ngdp nwéc kién tao dong chay
ngang va dong chady ditng, véi ba lan Idp lai. Ca hai hé thong déu dwoc trong cdy thiy
triic (Cyperus involucratus). Nude thai dige da vio cdc hé thong dat ngdp nude voi
toc do dong chay trung binh la 312ml/ngay. Cdc chi tiéu khdo sat bao gom COD,
BODs, SS, N-NH3; P-PO4'3 dwoc phan tich. Két qua cho thcfy hé théng dat ngap nuoc
dong chay ditng cho hiéu qua xit Iy nuede thai cao hon hé thong ddt ngdp nuwde dong
chay ngang véi hiéu sudt xir Iy trung binh cho COD, BODs, SS, N-NHs; P-PO, lan Lot
la 55,2%, 75,3%, 82,3%, 75,9% va 70,1%. Hé thong dat ngdp nudc kién tao c6 thé
duoc su dung nhu la mot lya chon cho viéc cdi thién chat lwong nuwoc thai sau biogas.

Tir khéa: Khi sinh hoc; ddt ngdp nude kién tao, Cyperus involucratus
Abstract

POTENTIAL OF CONSTRUCTED WETLANDS FOR WASTEWATER
TREATMENT FROM BIOGAS EFFLUENT

The project aimed at finding out an appropriate procedure to reduce environment
pollution from breeding wastewater of biogas system which, then can be applied in the
constructed wetlands system. Two units of Horizontal Flow Constructed Wetland
(HFCW) and Vertical Flow Constructed Wetland (VFCW) were located and set up in
two treatments with three replications. Both of these units were planted with Cyperus
involucratus. Wastewater was fed into the wetland units at a mean flow rate of
312ml/day. Major parameters including COD, BODs, SS, N-NHs;; P-PO,* were
measured. The results indicated that Vertical Flow Constructed Wetland exhibited a
higher treatment efficiency than Horizontal Flow Constructed Wetland with the average
removal efficiency for COD, BOD, SS, N-NH; and P-PO,> were 55.2%, 75.3%, 82.3 %,
75.9 % and 70.1 %, respectively. The constructed wetlands can be used as an option for
improving the quality of biogas wastewater.
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1. it van dé

Chan nudi ¢ tinh Binh Dwong trong nhitng nim gan day ciing ¢6 nhitng budc phat
trién 16n, dam bao vé s6 luong va chat luong. Nganh chin nudi cung cap mot luong 16n
thuc pham thiét yéu cho con ngudi, giai quyét viéc lam, ting thu nhap va cai thién doi
sdng cho ngudi dan chin nudi. Bén canh nhimg loi ich ma nganh chin nudi dem lai
ciing c6 khong it tré ngai. Nudi heo véi sb lugng 16n ciing dong nghia véi viée thai ra
bén ngoai moi trudng mot lugng 16n chét thai gy 6 nhiém dét, nudc va thuong xuyén
bdc mui hoi théi kho chiu anh huong dén chat lwong khong khi cua cac khu vuc xung
quanh va anh hudng dén canh quan thién nhién va strc khoe ctia con nguoi.

Hién nay, cong nghé xtr Iy chét thai chin nudi heo dugc da sé cac co s chin nudi
sir dung 13 biogas. Pay duoc xem 14 giai phap thiét thuc dé phat trién chin nudi bén
virng. Ngudn ning luong biogas duge ding dé 1am chat d6t trong sinh hoat, vira tiét
ki€ém chi phi, kiém soat dugc 6 nhiém khong khi, nang cao chét luong cudc séng cla
ngudi dan, vira han ché duoc phan nao dich bénh cho gia suc. Ngoai ra ngudn chat thai
tir hAm biogas c6 thé duoc tdn dung 1am phan bén cho cay trong phuc vu cho san xuat
nong nghiép. Tuy nhién, cong ngh¢ biogas da thai ra ngoai mét luong nudc thai lam 6
nhiém moi truong ma it ai cha ¥ dén, cho nén hau hét cic co so chin nudi heo déu
khong ¢ hé théng xtr 1y cho loai nudc thai nay dong thoi nudc thai sau xir 1y voi cong
nghé biogas c6 cht lugng vuot rit xa cic gidi han ciia quy chuan méi truong danh cho
nudce thai cong nghiép sau xur 1y.

So voi QCVN 40:2011/BTNMT ham luong photpho tong va nito tong vugt chuan
loai B 1an luot 14 8,4 14n va 7,5 lan. Dy 1a nguyén nhan lam ting hién tuong phu dudng
hoa khi nudc thai chin nudi heo sau biogas duogc thai truc tiép ra song, hd. Nong do
BODs vuot chuan loai B dén 7,6 lan, néng dd COD vuot chuén loai B 4 lan, néng do
chat ran lo limg vuot chuan loai B 3 lan (H6 Bich Lién, Lé Thi Hiéu, Poan Duy Anh,
Nguyén P& Ngoc Diém, Vuong Minh Hai, Lé Thi Diéu Hién (2016). Mat khac chat
luong nude thai chin nudi heo sau biogas dén nay van chua duoc xir Iy mot cach hiéu
qua nén chat lugng nude thai thai ra moi trudng bén ngoai van chua kiém soat duoc,
anh huong dén sinh vat thuy sinh, vi vdy can mot cong nghé mai, thiét ké don gian, it
tén chi phi nhung c6 higu qua dé xur Iy nude thai sau biogas. Dat ngap nudc kién tao 1a
cac hé théng duoc xay dung dya theo h¢ sinh thai ty nhién vdi tham thyc vat va cac co
ché xir 1y hoa, 1y, sinh (Crites and Tchobanoglous, 1998). Dat ngap nudc kién tao da
duoc ap dung xur 1y thanh cong trén nhiéu loai nuéc thai nhu nuée thai bénh vién, nuée
thai san xuat gidy va bot gidy, nudce ri rac, nudc thai sinh hoat,... (Jan vymazal, 2010),
tuy nhién trén nudc thai sau biogas van chua dugc ap dung. Chinh vi nhitng 1y do trén
ma dé tai “Nghién cibu xir Iy nwdc théi chin nudi heo sau biogas bang cong nghé dit
ngdp nwoc kién tgo” 13 mot van dé cap thiét can phai thyc hién, nham tim ra phuong
phap xir 1y thich hop dé giam 6 nhidm méi trudng do nudc thai chin nudi heo giy ra va
tang kha ning ng dung cong nghé dit ngap nudc kién tao trong thuc té.
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2. Vat liéu va phwong phap nghién ciru
2.1. Thu mdu nwéc thdi chin nuéi heo sau biogas

Nudc thai chin nudi heo sau biogas duogc 1y tai hai co s¢ chin nudi thudc thi xi
Tan Uyén, tinh Binh Duong. Nudc thai dugc 1dy vao budi sang tir 8h-10h, luc troi
khong mua. Phuong phap thu mau va bao quan mau duoc thuc hién theo TCVN 6663 -
1-2011 (ISO 5667-3-2006) va TCVN 6663-3-2016 (ISO 5667-3-2012).

2.2. Xdy dung hé théng dit ngdp nwdc xiv ly

Dt ngp nudc kién tao co thé dugc phan thanh nhiéu loai khac nhau (Brix, Schierup,
1989), nhung phd bién 14 kiéu dong chay ngang va dong chay dimg (Seidel, 1955). Hai hé
thong dat ngap nudc xtr 1y xay dung trong nghién ciru ndy gém hé thng dat ngap nudc
(HTBNN) dong chay ngang (nudc thai dugc dua vao khoang chira va chay cham qua 16p
chit nén theo dudng nam ngang cho dén khi dén viing dau ra) va HTDNN dong chay thang
dimg (nude thai duoc cip tir phia trén va sau d6 tham dan xudng qua 16p chit nén cho dén
ving dau ra). Mdi hé théng c6 chiéu dai 40cm, rong 30cm, cao 26m, dugc thiét ké gom:
Lop dudi day la da to 4cm x 6cm (day Scm); 16p trén 1a da nho 1cm x 2em (day 3cm); trén
cung duge phi mot 16p dat thit (45% cat, 40% limon va 15% sét, day Scm).

Hé thong dat ngap nude dong chay dimg duoc thiét ké véi mot dng ddy nhuya, trén
6ng day gébm 12 16 nho, mbi 16 c6 duong kinh Imm dé nudc co thé chay ra va tham
xudng cac 16p dat da theo chidu tir trén xudng. Hé thong dat ngap nudc dong chay
ngang dugc thiét ké voi mot tAm thiéc hinh chit nhat 20x28cm, trén tam thiéc co 12 15
tron voi duong kinh 1em, dé nudce thai co thé d& dang chay qua. Mdi nghiém thic tuong
g mot hé thdng, trong 6 cay thuy trac Cyperus involucratus va dugc lap lai 3 1an. Cay
thuy truc duoc lya chon la nhiing cay khée co chiéu cao khoang 80cm, khong sau bénh,
ddng déu vé kich thudc va giai doan phat trién.

2.3. Bé tri thi nghiém

Thi nghiém gdm 2 yéu t6 duoc bd tri hoan toan ngau nhién va 3 1an lap lai.

Hinh 1. So do bé tri thi nghiém
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Yéu té6 A: Nong d6 6 nhidém cua nudc thai chian nudi heo sau biogas: Al: Muc do
6 nhim thép (COD 247mg/l; SS 86mg/l; BODs 40mg/l; P_PO,* 40,3mg/l; N_NH;
15,56mg/l; A2: Muc d6 6 nhiém cao (COD 490mg/l; SS 259mg/l; BODs 68mg/l;
P_PO,* 80,6mg/l; N_NH3 30,77mgl/l.

Yéu t6 B: Kiéu dong chay: B1: Dong chay ngang; B2: Dong chay ding

- Nghiém thre 1 (NT1): Kiéu dong chay ngang va mic 6 nhiém thép (A1B1);

- Nghiém thirc 2 (NT2): Kiéu dong chay ding va muc 6 nhiém thap (A1B2);

- Nghiém thirc 3 (NT3): Kiéu dong chay ngang va mic 6 nhiém cao (A2B1);

- Nghiém thtrc 4 (NT4): Kiéu dong chay dtng va muic 6 nhiém cao (A2B2).

2.4. Tién hanh thi nghigm va phan tich cdc chi tiéu

Cay thay trac dugce dudng truc tiép trong mo hinh dat ngap nudc kién tao trong 15
ngay, mdi ngay tudi nudc 2 lan vao sang sém va chiéu tdi, mdi lan tudi khoang 300ml dé
gilt 46 4m cho cdy. Dudng cdy cho dén khi cdy moc mam non & gdc cay thi tién hanh thi
nghiém. Cho 2 lit nudc thai vao binh dyng nudc thai dau vao va diéu chinh van sao cho
lwong nudce thai chay vao trong hé théng 1a 312ml/ngay dém, dong thoi md van xa dau ra.

Pinh ky 10 ngay thu nudc thai dau ra dem di phan tich cac chi tiéu: COD (mg/l)
(Phuong phap dun hoi luu — tric quang), SS (mg/l) (do bang may do AL250), BODs
(mg/l) (Phuong phap Winkler), N_NH3 (mg/l) (Phuong phap phenat), photpho (mg/l)
(Phuong phap axit ascorbic). Thoi gian thi nghiém 1a 30 ngay.

2.5. Phén tich va xi¢ ly sé ligu

Tét ca s liéu chét lugng nude dugce thu thap va tinh gia tri trung binh va dg 1éch
chuan cho timg nghiém thtrc. V& do thi bang phan mém Excel. Pdi chiéu véi cac chi
tiéu ctia nudc thai dau vao va so sanh véi tiéu chuan nudc thai cong nghiép (QCVN
40:2011/BTNMT). Tinh hi¢u suét xir 1y va rit ra két luan.

3. Két qua va thao luin
3.1. Kha nang xw ly COD (mg/l)

Bing 1. Két qua xir Iy ham heong COD (mg/l) trong nude thai chin nuéi heo sau
biogas o cdac nghiém thir

Nghiém thirc NT1 NT2 NT3 NT4
Truéc thi nghiém 247 £2,52 247 £2,52 490 + 4,58 490 + 4,58
10 thi nghiém 214,5+23 195,8 + 1,97 4841 + 1,44 460,6 2,72
20 thi nghiém 188,5 + 0,96 177,8 + 1,93 321,97+ 1,3 311,1+ 1,86
30 thi nghiém 146,7 0,71 122,6 + 0,67 268,8 + 0,40 219,7+0,37
Hidu suét xir 1 (%) 40,6 50,4 45,1 55,2

Két qua thu dugc & bang 1 cho thiy, ham luong COD & cac nghiém thire déu giam
dan theo thoi gian xtr Iy. Mic di ndng d6 COD déu vao xtr Iy chénh 1éch nhau rat nhidu &
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cac nghiém thirc, tuy nhién hiéu suat xtr Iy khong khac biét nhau nhiéu. Hiéu suit xur 1y
COD cua hé thong dét ngap nude dong chay ngang bién dong khoang 40,6% dén 45,1% va
kiéu dong chay dung 13 50,4% dén 55,2%. Diéu nay cho thay kha ning xt 1y cta 2 kiéu hé
thong khong phu thudc nhidu vao nong do COD 6 nhiém ma c6 thé phu thudc vao kiéu
dong chay. Ham luong COD ¢ NT2 va NT4 (kiéu dong chay dimg) duogc loai bo nhiéu hon
so v6i NT1 va NT3 (kiéu dong chay ngang). Nhu vay, kiéu dong chay dimg xt Iy COD t6t
hon kiéu dong chay ngang. So véi QCVN 40:2011/BTNMT, sau 30 ngay xi 1y, nong do
COD ¢ ca kiéu dong chay ngang va dimg déu dat chuan (cot B). Véi ndong d6 COD
490mg/l, sau 30 ngay xir Iy két qua vuot chudn (cot B) v6i ca 2 kiéu dong chay (hinh 2).
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Hinh 2. Két qua ham lirong COD (mg/I) so véi QCVN 40:2011/BTNMT
3.2. Két qud xir Iy SS (mg/l)

Bdng 2. Két qua xit 1y ham lwong SS (mg/l) trong medc thdi chan nudi heo sau biogas ¢
cdac nghiém thic

Nghiém thire NT1 NT2 NT3 NT4
Trude thi nghiém 86 + 1,53 86 + 1,53 259 + 2,08 259 + 2,08
10 thi nghiém 59,67 +0,58 56,33 + 0,58 156,33 1,53 154,67 + 1,53
20 thi nghiém 37,33 0,58 28,33+ 1,15 102,33 1,15 97,33+ 1,15
30 thi nghiém 23,5+ 0,59 20,1+ 0,25 50,7 + 0,45 45,7 + 0,26
Hiéu suat xt 1y (%) 72,8 76,6 80,4 82,3

Két qua bang 2 cho thay, kha ning xir Iy SS ciia ca 2 kiéu hé thong dat ngap nudc
(HTPNN) déu phu thudc vao ndng d6 SS, ndng do SS cang cao thi kha niang loai bo SS
cang cao. Khi nong do SS dau vao 1a 86mg/l, ham luong SS duoc loai bo 1a 62,5mgl/l;
nhung khi ndng d6 SS dau vao 1a 259mg/l, ham luong SS duogc loai bo 1a 213,3mg/l;
kha ning loai bo SS cuia kiéu HTDNN dong chay ngang thip hon so voi kiéu HTDNN
dong chay dimg, nhung khong nhiéu. hiéu sudt xir 1y cia 2 kiéu HTDNN dao dong
trong khoang 72.8-76,6% (& ndng do thap) khoang 80,4-82,3% (¢ ndng do cao).
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Sau 30 ngay xtr 1y, voi ndng do SS thip, két qua xir 1y dat chudn (cot A), v6i ndng
d6 6 nhiém cao, két qua xur 1y dat chuédn (cot B) theo QCVN 40:2011/BTNMT (Hinh 3).
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Hinh 3. Két qua ham lirong SS (mg/1) so véi QCVN 40:2011/BTNMT
3.3. Két qud xir Iy BODs (mg/l)

Bdng 3. Két qua xit [y ham lirong BODs (mg/l) trong miedc thai chdn nudi heo sau
biogas ¢ cdc nghiém thirc

Nghiém thirc NT1 NT2 NT3 NT4
Trudc thi nghiém 40 £0,57 40 + 0,57 68 +0,93 68 + 0,93
10 thi nghiém 37,9+0,57 36,1 £0,57 63,4+ 0,50 57,2+0,57
20 thi nghiém 23,25+0,64 19,25+ 0,78 45,05 £ 0,35 37,05+ 0,78
30 thi nghiém 16,7 £ 0,11 13,3+ 0,64 245+0,21 16,8 0,14
Hiéu suét xit 1y (%) 58,3 66,8 63,9 75,3
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Hinh 4. Két qua ham heong BODs (mg/l) so véi QCVN 40:2011/BTNMT
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Két qua bang 3 cho thdy, nudc thai chin nudi heo sau biogas trudc xir 1y va sau
khi xir Iy ¢6 sy chénh 1éch dang ké. Qua két qua trén cho thiy hé théng dit ngap nudc
kién tao xtr Iy BODs kha tbt, voi ndng do BODs dau vao 1a 40mg/l va 68mg/l sau 30
ngay xir Iy bang hé théng dit ngap nude kién tao thi két qua dau ra déu dat chuan (cot
A) theo QCVN 40:2011/BTNMT (hinh 4). Tuy nhién, ¢ hé théng kiéu dong chay dimg
xtr 1y hiéu qua hon hé théng kiéu dong chay ngang va ndng d6 6 nhiém cang cao thi
hi¢u qua xu ly cang lon.

3.4. Két qua xir Iy N_NH3 (mg/1)

Bdng 4. Két qud xi 1y ham heong N_NHs (mg/l) trong nieéc thai chdan nudi heo sau
biogas ¢ cdc nghi¢m thirc

Nghiém thirc NT1 NT2 NT3 NT4
Trude thi nghiém 15,56 + 0,12 15,56 + 0,12 30,77+ 0,21 30,77+ 0,21
10 thi nghiém 10,90 + 0,52 9,66 + 0,50 12,86 + 0,49 11,66 + 0,56
20 thi nghiém 8,58 + 0,12 6,46 + 0,05 9,94+ 0,07 7.42 + 0,06
30 thi nghiém 8,58 + 0,12 6,46 + 0,05 9,94 + 0,07 7,42 £ 0,06
Hiéu suat xt 1y (%) 44,9 58,5 67,7 75,9

Tir két qua bang 4 cho thdy ham luong N NHj sau khi xir 1y bang hé théng dat
ngap nudc kién tao giam dang ké. V6i nong d6 N NH3 dau vao 1a 15,56mg/l va
30,77mg/1 sau khi xtr Iy bang hé thong dat ngap nudc kién tao thi két qua sau xir 1y déu
dat chuan (cot A) theo QCVN 40:2011/BTNMT (hinh 5). Qua két qua trén ching toi
nhan thiy rang hé thong dat ngap nudc kién tao co thé xtr Iy ham lugng N_NH; trong
nudce thai chan nudi heo sau biogas. Ham lugng nito trong nudce thai chan nuodi heo giam
dang ké sau khi xtr 1y. Nhu vay, néu thai ra moi trudng bén ngoai sé han ché dugc hién
trong phu dudng trong nudc. Tuy nhién hiéu suat xir Iy nude thai chan nudi heo sau
biogas cua hé thong dat ngap nudc kién tao kiéu dong chay dimg cao hon hiéu suat xir
Iy ctia hé thong dat ngap nudc kién tao kiéu dong chay ngang.

3.5. Két qud xir Iy P_PO,*> (mgll)

Bdng 5. Két qua xit 1y ham lwong P_PO* (mg/l) trong nuoc thdi chan nudéi heo sau
biogas ¢ cac nghiém thic

Nghiém thire NT1 NT2 NT3 NT4
NBDTN 40,3045 40,3045 80,6 + 0,67 80,6 + 0,67
10 NTN 23,5 40,59 22,53 + 0,68 50,77 + 0,41 49,47 + 0,50
20 NTN 18,60+ 0,12 16,40 + 0,31 41,4+ 0,46 34,12 + 0,36
30NTN 14,7+0,27 12,8 + 0,28 31,6 + 0,46 24,1+ 0,36
Hiéu suét xir Iy (%) 63,5 68,2 60,8 70,1

Két qua ham luong P PO, tur bang 5 cho thiy, hé thdng dit ngip nudc
(HTDNN) dong chay dimg xir Iy P_PO,* t6i wu hon (> 65%) so voi HTDNN dong chay
ngang (<65%). Hiéu qua loai bo P_PO43' cua HTPNN dong chay dung & nghiém thuc
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c6 ham luong dau vao 1a 40,3mg/l 13 68,2% va nghiém thirc 4 80,6mg/1 1a 70,1%. Mic
du ndng do SS dau vao xtr 1y cao gip 2 lan (80,6mg/l) nhung kha ning xir 1y SS cia
kiéu HTDNN dong chay dung khong hon nhidu so véi ndng d6 thip, cao hon khoang
1,9%. Diéu nay cho thiy kha niang xur Iy P_PO,> ciia HTDNN kién tao khong phu
thudc nhiéu vao n6ng dd 6 nhiém ma phu thudc nhiéu vao kiéu hé théng.
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Hinh 5. Két qua ham lwong N_NHz (mg/l) so véi QCVN 40:2011/BTNMT
3.6. Thdo lugn

Pa s cac thong s6 6 nhifm COD, BODs, SS, P_PO,* va N_NHjs khi phan tich tir 2
mau nude thai thu thap tir 2 hd chin nudi heo déu vuot chuan cot B so voi QCVN
40:2011/BTNMT. Két qua nay cho thay néu thai truc tiép nudc thai chin nudi heo sau
biogas ra mdi trudng s& gdy 6 nhidm méi truong nghiém trong, anh huong dén sic khoe
nguoi dan va chat lugng hé sinh thai khu vuyc tiép nhan ngudn nudc thai. Tuy nhién cac
thong sb nay déu dat cot A so voi QCVN 40:2011/BTNMT sau khi duge xtr Iy qua 2 kiéu
HTDNN dong chay ngang va dimg. Trong HTDNN dong chay dimg, nudc thai duge thim
tir tlr qua cac 10p vt liéu loc, dudi tic dung ctia nhiéu co ché nhu hip phu, két tia héa hoc
(U.S. Environmental Protection Agency, 1991), c6 thé 1a Iy do 1am cho no6 c6 hiéu suat xtr
Iy tot hon so véi dong chay ngang. Két qua ctia dé tai ciing twong tu két qua cua Vymazal
va ctv (2008). Piéu nay cho thiy viéc tmg dung cong nghé dat ngap nudc nhén tao vao xir
Iy nudc thai chan nudi heo sau biogas thay cho cic phuong phép truyén théng di timg sir
dung trong chan nudi 1a kha thi va can thiét.

4. Két luan

Hé thong dat ngap nudc kién tao dong chay dimg cho hiéu qua xir 1y cac thong sd
6 nhiém COD, BODs, SS, P_PO,* va N_NHs ti uu hon hé théng dit ngap nude dong
chay ngang véi hiéu suat xir 1y 1an luot 1a 55,2%, 75,3%, 82,3%, 70,1% va 75,9%. Ca 2
kiéu HTDNN xir 1y tot hon véi loai nuéc thai sau biogas ndng dé cao.
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