TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 45.2019
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Nghién cieu tién hanh nham danh gia hiéu qua xir Iy mede thai chan nuéi lon bang hé
théhg loc sinh hoc suc khi ludn phién. 0] giai doan khoi dong hiéu sudt xir ly COD chua on
dinh, dao dong 77 - 80%, nhung sang dén giai dogn on dinh dat nong doi cao, trong
khodng 88 - 92%. Khéng c6 su khdc biét vé hiéu sudt xir Iy N-NH,~ 6 giai doan khéi dong va
giai doan on dinh déu dat =~ 100 %. O giai dogn khoi dong, hiéu sudt xir ly T-N khong on
dinh, dao dong trong khoang 70-77% o khoang tai trong COD 0,11 - 0,18 kg-
COD/(m’ ngay), tai trong T-N 0,11-0,15 kg-N/(m’ ngay). Chuyén sang giai doan on dinh, tai
trong COD va T-N déu & mikc cao (tdi trong COD 0,3 - 0,47 kg COD/(m’ ngay), tai trong T-
N 6 mike 0,19 - 0,2 kg N/(m® ngay)) nhung van dat dwoc hiéu sudt xir Iy T-N twong doi 6n
dinh, trong khodng 90 - 93%. O ddu giai doan khoi dong hiéu sudt xir Iy T-P tuwong doi thap,
nhieng sau do ting nhanh dén giai doan on dinh hiéu sudt xir Iy T-P trong khodng 70 - 90%.
Hiéu sudt xir Iy SS twong doi cao, dat gan 80 % va SS trong nude thai ra twong déi 6n dinh
va hau nhw déu < 50 mg/l. Két qua trén ching to roing, hé thiét bi loc sinh hoc suc khi -
ngung suc khi tuong doi én dinh va dat hiéu qud cao co thé thuc hién cdc qud trinh
nitrit/nitrat hoéa va khiv nitrit/nitrat dong thoi trong ciing mot thiét bi.

Tw khoa: Nuoc thai chan nuoi lon, biogas, loc sinh hoc, suc khi.

1. DAT VAN BE

Hién nay, trén dia ban tinh Thanh Hdéa cdc trang trai, gia trai nu6i lgn trén dia ban
tinh déu x4y dyng hé thdng xir ly chat thai bang biogas. Tuy nhién, bién phip nay chi giam
thiéu 6 nhiém, nudc thai sau xir Iy van ¢ nguy co gy 6 nhiém moi trudong, nhat 1a khi cac
co s& khong tuan thi quy trinh san xudt, quy trinh van hanh hé théng xtr ly chat thai. Thuc
té cho thdy, cong nghé xur ly biogas khong triét dé duoc ngudn giy 6 nhiém tir chét thai
chan nuéi, do d6 rat can co cac bién phap hd tro, xir Iy sau biogas, nhu xdy ao ho sinh hoc,
vuon cdy... Do chi phi ddu tu va vin hanh dé xir ly triét dé cac chat gdy 6 nhiém méi
trrong kha ton kém; nén hau hét cac chii trang trai déu trén tranh viée dau tu xay dung cac
cong trinh xir ly chat thai trong chin nudi nham bao dam vé sinh méi truong.

Nudc thai chan nudi lgn c6 dac trung l1a chira cac thanh phﬁn hitru co, N, P cao
nén vi¢c lya chon cong nghé xu ly phai dap Grng duoc céc ti€éu chi sau: (1) Cong nghé
xtr ly phit hop véi ddc trung nude thai nhim xir Iy ¢ hiéu qua cac thanh phan 6 nhiém
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BOD, COD, SS, N, P va chat lvong nude xir ly dam bao dat yéu cau mot cach on
dinh; (2) Cong nghé xt ly phi hop véi diédu kién Viét Nam: tién tién nhung khong qua
phirc tap, dé van hanh, bao dudng, ddm bao tinh on dinh cao; (3) Tiét kiém mat béng
xdy dung, chi phi dau tu hop ly, chi phi xir Iy thip; (4) Ty dong hoa diéu khién nham
dam bao qud trinh xtr ly o tinh 6n dinh cao, don gian hoa thao tdc cho ngudi van hanh;
(5) Piéu kién co so ha tang: cap dién, cap nudc, giao thong; (6) Piéu kién mit bing, dia
hinh khu vuc x4y dung hé théng xur ly; (7) Diéu kién van hanh va quan Ii hé thong xir ly
nude thai; (8) Pam bao thAm m¥, an toan va vé sinh méi treong (bién phap khir mui hoi
théi cua nude thai).

Phuong phép loc sinh hoc suc khi luan phién 13 mot dang céi tién cua phwong phép
loc sinh hoc hiéu khi thong thuong, 13 dwa trén qua trinh hoat dong ciia mang sinh hoc phat
trién trén bé mat vat liéu mang. Mang sinh hoc 1a tdp hop céac vi sinh vt hiéu khi (¢ 16p
phia ngoai cia mang sinh hoc), va cac vi sinh vat thiéu khi va ki khi (& 16p phia trong ctia
mang sinh hoc). Cac chit hitu co va nito trude hét bi oxy héa boi vi sinh vat hiéu khi, sau
d6 tiép tuc bi chuyén hoa bai cac vi sinh vat thiéu khi va ki khi & 16p phia trong ctia mang
sinh hoc. Chinh vi viy phwong phép loc sinh hoc suc khi luan phién c6 thé xtr 1y dong thoi
céc thanh phan hiru co va nito. Trong nghién citu niy nham d4nh gia hiéu qua xtr ly nude
thai chan nuoi lon béng hé théng loc sinh hoc suc khi luan phién. V&i muc dich tim ra gidi
phap phi hop nhim ning cao hiéu suat xir Iy thanh phan cic chat trong nuéc thai chin
nudi lon d3 qua xt Iy ham biogas bang hé loc sinh hoc suc khi luén phién.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nuore thai

Nudce thai st dung trong nghién ciru nay la nudc thai chan nuoi lon da qua xa ly ki
khi bang ham biogas tai xa Dinh Long, huyén Yén Dinh, tinh Thanh Héa. Thanh phin cta
nudce thai dugce trinh bay trong bang 1.

Bang 1. Thanh phin ciia nwéc thai chin nudi lon sau xir Iy ki khi

. £ Khoén QCVN 62-MT:2016/BTNMT (*

STT Thong s6 dao d@ngg A B )

1 |pH 7,5-8,5 6-9 55-9

2 | COD¢, (mg/l) 1000 - 2000 100 300

3 | N-NH," (mg/l) 600 - 800 - -

4 | T-N (mg/l) 700 - 1000 50 150

5 | Téng Photpho (mg/1) 30-90 - -

6 | SS (mg/l) 300 - 1000 50 150

Ghi chii: (%): Quy chudn ky thudt Quoc gia vé mede thai chan nuéi (Cot A gid tri cdc thong s6 6

nhiém trong nwdc thdi chan nudi khi xa ra nguon nuée dwoc dung cho muc dich cap nwdc sinh

hoat; Cot B gia tri cdac thong so 6 nhiém trong nudc thai chdan nuoi khi xa ra
nguon nieéc khong ditng cho muc dich cap meoc sinh hoat).
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2.2. Hé thiét bi loc sinh hoc suc khi ludn phién tai hién truong

M6 hinh duoc thiét ké va lip dat tai trang trai chin nudi lon cua Cong ty Co phan
chan nudi va chuyén giao Céng nghé Yén Dinh, vdi cong suét thiét ké 13 9m’/ngay dém
nudce thai sau xir 1y ki khi. Trong d6 bao gdom hai bé xur Iy chinh 13 bé loc thiéu khi va bé
loc thiéu - hiéu khi (suc khi ludn phién). Nudc thai cudi bé thiéu - hiéu khi dugc tudn hoan
v6i ti 1¢ thich hop vé bé thiéu khi. May thdi khi cap khi cho bé thiéu - hiéu khi duoc diéu
khién qua bo diéu khién PLC c6 thé cai dat thay doi dugc chu ky suc khi. Viéc xa bun ¢
day bé thiéu khi va bé lang cudi cling duogc tu dong hoa.

Sau qua trinh nuéi cdy vi sinh vat (bang ngudn bun hoat tinh ciia mot hé théng xir Iy
nude thai thuc té va bun hoat tinh gidu vi khudn nitrit/nitrat hoa va vi khudn khir
nitrit/nitrat nudi cay trong phong thi nghiém) va khoi dong hé thong trong khoang hon hai
thang, mé hinh pilot dugc van hanh nang cong suét tir 0,2 m*/h 1én 0,35 - 0,4 m*/h v&i muc
tiéu nghién ciru 1a danh gia dugc hiéu qua xur ly chét hitu co, N, P, SS va tdi wu hoa cac
diéu kién cta mé hinh thiéu - hiéu khi.
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Hinh 1. So' @6 cong nghé loc sinh hoc suc khi luin phién tai hién truong
2.3. Piéu Kién thi nghiém

pH vio duy tri trong sudt qua trinh van hanh dao dong trong khoang 7,5 - 8,5. Tién
hanh & diéu kién nhiét d6 ngoai troi. DO ¢ ca hai ngin trong thoi gian suc khi duy tri trong
khoang 2 - 4 mg/l. Thoi gian suc khi : nglng suc khi tai bé thiéu - hiéu khi 1 2 : 1 (gio).
Luu luong vao trong giai doan khdi dong dao dong trong khoang 0,2 m’/h. Sau khi van
hanh 6n dinh tang hru luong dong vao 1én khoang 0,35 - 0,4 m’/h. Thoi gian hru & bé thiéu
khi trong khoang 0,3 ngay, & bé thiéu - hiéu khi dao dong trong khoang 3 ngay.

2.4. Phuong phap phan tich

COD dugc x4c dinh bang phuwong phap chuin d¢ dicromat kali theo TCVN
6491:1999, sir dung thiét bi phan tng Thermoreactor TR 320 (Merck, Dirc). N-NH," xé4c
dinh bang phuong phap TCVN 6179-1:1996. T-P dugc x4c dinh theo phwong phéap so mau
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axit ascorbic, theo standard Method 1995. N-NO;™ xac dinh bing phuong phép tric phd
dung axitosunfosalixylic, theo TCVN 6180:1996. N-NO,™ x4c dinh bing phuong phép tric
phé hép thu phan tir theo TCVN 6178:1996. T-N duoc xdc dinh trén may phan tich TOC-
N (model TNM-1, Shimadzu, Nhit Ban) bang phuong phap d6t cac hop chét nito thanh
NO ¢ 720 °C ¢6 xtic tac va phat hién bang detecto quang hoa. Xéc dinh cac thong sé pH
theo tiéu chuan TCVN 6492:2011, DO xac dinh theo tiéu chudn TCVN 7324:2004.

3. KET QUA VA THAO LUAN
3.1. Dién bién DO trong bé thiéu - hiéu khi trong mot chu ky thiéu - hiéu khi

DO ciing 1 mot thong s rit quan trong dé thyc hién qua trinh nitrat héa va khu nitrat.
Toya (1970) [2] chi ra ring néu duy tri DO trong khoang 3 - 4 mg/L thi hiéu qua cia qua
trinh nitrat hoa c6 thé dat duge 90 % hodc nhiéu hon nita. Dién bién DO trong bé thiéu - hiéu
khi trong mot chu trinh thiéu - hiéu khi dwgc thé hién trén hinh 2. Thoi gian suc khi: ngimng
suc khi trong mot chu trinh thiéu - hiéu khi 1a 2 : 1 (gio). O giai doan hiéu khi, DO tai ngan 1
va ngin 2 c¢6 su bién doi khac nhau, ngan 1 DO dao ddng trong khoang 2,1 - 4 mg/l; ngan 2
dao dong trong khoang 3 - 4,6 mg/l. Co su chénh léch DO giira hai ngén 1a do nudc thai tu
bé trén vao ngin 1 nong doé chat hitu co van con cao din dén DO thip. Sau khi nudc thai
duoge xtr Iy & ngan 1 duge chay tran sang ngan 2 nén & ngin 2 ndng d6 chat hitu co da giam
nhiéu so véi ngan 1 din dén DO tai ngin 2 luc nao ciing cao hon ngin 1, ké ca ¢ giai doan
suc khi 1an khong suc khi. O ca hai ngan sau khi suc khi 60 phut thi DO dat cao nhét va 6n
dinh cho dén cudi chu ky suc khi. Khi ngimg suc khi DO giam rat nhanh, sau khoang 60
phut DO giam xudng & murc bat dau chu ky suc khi.
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Hinh 2. Dién bién DO trong bé thiéu - hiéu khi trong mét chu ky thiéu - hiéu khi
3.2. Hiéu qua xit 1y hitu co

Két qua xtr Iy chat hitu co trén h¢ thiét bi pilot duge thé hién trén hinh 3. Két qua hinh
3 cho thay, & giai doan khoi dong hiéu suat xtr Iy COD chua 6n dinh, dao dong trong khoang
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77 - 80%. Nhung sang dén giai doan on dinh hiéu suat xir Iy COD dat twong ddi cao, trong
khoang 88 - 92%. Két qua xir Iy COD ciing twong ty nhu nghién ctru trong phong thi nghiém
ctia chiing t6i véi diéu kién gan twong tur (thoi gian suc khi : ngling suc khi 110 : 70 (phut)).
S¢ di giita nghién ctru trong phong thi nghiém va ngoai thyuc té khong co sy khc biét vi van
duy tri dwgc cac diéu kién thi nghiém gan tuong ddng nhau va DO cip vao thiét bi 1a da nén
tao diéu kién thich hop cho qua trinh nitrat héa va oxi héa chit hitu co.
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Hinh 3. Hi¢u suat xir Iy chit hiru co
3.3. Hi€u qua xi ly nito

Két qua xir ly amoni trén hé thiét bi pilot dugc thé hién trén hinh 4.
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Hinh 4. Hi¢u suat xir Iy N-NH,"

Két qua hinh 4 cho thiy, ngay & giai doan khéi dong hiéu suat xir Iy amoni d dat ¢
muc cao va twong déi on dinh, hdu nhu khong c6 su khac biét vé hiéu suit ¢ giai doan khéi
dong va giai doan 6n dinh. Hiéu suat xtr Iy N-NH," & ca hai giai doan déu =~ 100%. Tir cac
két qua nghién ciru trong phong thi nghiém, ti 16 thoi gian suc khi ¢é anh huéng 16n dén
qué trinh chuyén héa amoni va thoi gian suc khi > thoi gian nglimg suc khi thi hiéu qua
nitrat héa méi dat duoc két qua tét. Két qua nghién ciéru trong phong thi nghiém véi thoi
gian suc khi : nglrng suc khi 110 : 70 (phut) thi hiéu suat xtr Iy N-NH," trung binh 1a 98%.
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Két qua van hanh trén hé thiét bi pilot va két qua trong phong thi nghiém vé hiéu suit xu ly
amoéni dat duogc két qua tuwong ty nhau, vi dua viao két qua trong phong thi nghiém nén
ngoai thye té ciing duy tri thoi gian suc khi : ngirng suc khi gin twong ty nén dat dugc hiéu
suét t6i rru. Két qua xir Iy T-N trén hé thiét bi pilot dwoc thé hién trén hinh 5.
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Hinh 5. Hi¢u suat xir Iy T-N

O giai doan khai dong, hiéu suat xir Iy T-N khong 6n dinh, dao dong trong khoang
70 - 77% & khoang tai trong COD 0,11 - 0,18 kg-COD/(m’-ngay), tai trong T-N 0,11 - 0,15
ke-N/(m’-ngay). Chuyén sang giai doan 6n dinh, tai trong COD va T-N déu ¢ muc cao (tai
trong COD 0,3 - 0,47 kg-COD/(m’-ngay), tai trong T-N 0,19 - 0,2 kg-N/(m’-ngay)) nhung
van dat duoc hiéu suat xir Iy T-N va twong d6i 6n dinh, trong khoang 90 - 93%. Két qua xur
ly T-N dat dwoc rat cao, cao hon so véi cac nghién ciru trong phong thi nghiém (¢ diéu kién
suc khi : ngirng suc khi 110 : 70 (phut) hiéu sudt xir Iy T-N dat khoang 80 - 87%). Két qua xu
Iy T-N trén hé pilot cao hon nghién ciru trong phong thi nghiém mot phin do nghién ctiu trong
phong thi nghiém & diéu kién tai trong T-N cao hon (dao ddng trong khoang 0,28 + 0,10 kg-
N/(m*-ngay)). Mat khac, tir két qua trén chimg to rang, hé thiét bi loc sinh hoc suc khi - ngling
suc khi twrong ddi 6n dinh va dat hiéu qua, c¢6 thé thuc hién cic qua trinh nitrit/nitrat hda va khir
nitrit/nitrat dong thoi trong cling mot thiét bj khong nhitng ¢ diéu kién phong thi nghiém ma
con & ngoai thuc t& néu duy tri céc didu kién van hanh can thiét.
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Hinh 6. C4c thanh phan nito trong nuéc thii dau ra
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Néu qué trinh khir nitrit/nitrat trong cdc giai doan thiéu khi xay ra khong triét dé,
nito s& tich tu lai trong hé dudi dang nitrit va/hodc nitrat (san pham ciia qué trinh chuyén
héa amoni va nito hitu co trong céc giai doan hiéu khi).

Hinh 6 thé hién ndng d¢ clia cac hop chit chira nito trong nude thai dau ra. O giai
doan khoi dong T-N dau ra twong ddi cao nhung chu yéu 13 N duéi dang NOs™ nhung sang
dén giai doan 6n dinh N-NO;™ giam xudng, dan dén T-N ciing giam xudng, nong do T-N
dau ra luén < 100 mg/l. Nong d6 N-NH," va N-NO; trong nudc thai dau ra & ca 2 giai
doan déu rét thip, nhu da giai thich ¢ trén do trong qua trinh van hanh duy tri dugc cac
diéu kién dé tdi uu cho ca qué trinh nitrat héa va khir nitrat. Néu ndng d6 N-NH," con lai
trong hé cao c6 thé dan dén sy tc ché vi khuan khir nitrit/nitrat [1], vi vy qua trinh khur
nitrit/nitrat & ché d6 nay xay ra kém. Néu N-NOs™ trong nudc thai du ra cao thi uc ché hé
thuc vat thuy sinh.

3.4. Hi€u qua xir ly photpho
Két qua xur 1y photpho trén hé thiét bi pilot duwoc thé hién trén hinh 7.
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Hinh 7. Hiéu suat xir Iy T-P

O dau giai doan khoi dong hiéu suat xir Iy T-P twong ddi thip, nhung sau dé hiéu
suat xir ly dd taing nhanh. Pén giai doan 6n dinh hiéu suat xir Iy T-P dao ddng trong
khoang 70 - 90 %. Tuy nhién, hiéu suat xtr Iy T-P dao dong nhiéu va khong on dinh nhu
hiéu suét xtr Iy COD hay T-N. Qua trinh xtr Iy photpho bang phuwong phép sinh hoc doi hoi
su lap di lap lai cia cac qué trinh ki khi va hiéu khi. Tinh 13p lai nay lam thay doi Su can
bang enzim dé diéu chinh viéc tdng hop vi sinh vat poly photphat (1a vi sinh vat tich tu
photpho & dang poly photphat) ¢ qua trinh ki khi. Photpho duoc tich tu trong co thé vi sinh
vat do vay ching dugc thai ra cung vdi bun du thira. Nhu thé hicu suét viée khu photpho
phu thudc hoan toan vao lugng photpho chira trong bun va san sinh ra bun du thira. Ma qua
trinh lgc sinh hoc la qué sinh truéng bam dinh nén mat do bun khé xac dinh dugc nhu qua
trinh sinh trudng lo ling, do d6 khi mat d6 bun ting cao ma chira dén chu ky thio bun dan
dén hidu suat xir Iy T-P lai c6 xu hudng giam di.
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3.5. Hiéu qua xir ly SS

Hiéu suat xtr Iy SS trén hé thiét bi pilot dugc thé hién trén hinh 8.
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Hinh 8. Hiéu suat xir Ij SS

Hiéu suat xir ly SS ¢ giai doan khai dong thdp hon d6i chit so voi giai doan 6n dinh.
Hiéu sudt xtr ly SS twong ddi cao, dat gan 80%. SS trong nudce thai ra twong ddi on dinh va
hau nhu déu < 50 mg/l. Két qua niy ciing gan twong ty nhu nghién ciu trong phong thi
nghiém. Hiéu qua xtr ly SS hau nhu khong bi anh hudng boi cac dicu kién van hanh. Didu
nay cang chiing to rﬁng, hé thiét bi loc sinh hoc suc khi luan phién van hanh tuong ddi don
gian va khong bi anh hudng cac hién twong bun noi, khong ling duoc trong qua trinh van
hanh. Néu nhu trong qua trinh SBR x4y ra cac hién tuong biin noi, bun khé ling thi nude
thai dau ra c6 SS rat cao, nhung ddi v6i qué trinh loc sinh hoc thi khong xay ra céc hién
tuong nhu vay, ddn dén hiéu qua xa ly SS rat cao, 6n dinh va hoan toan khong phu thudc
vao cac diéu kién van hanh.

4. KET LUAN

Tir két qua danh gia hiéu qua xu ly nudc thai chan nuoi lon qua xu 1y ki khi béng hé
théng loc sinh hoc suc khi luan phién cho théy hiéu suét xir ly N-NH,"; COD; T-N; T-P va
SS twong ddi cao, 1an luot 1a = 100 %; 88 - 92%; 90 - 93%; 70 - 90% va 80%. Két qua nay
chung to réng, hé thiét bi loc sinh hoc suc khi - ngung suc khi tuong d6i 6n dinh va dat
hiéu qua cao c6 thé thyc hién cic qué trinh nitrit/nitrat hoa va khir nitrit/nitrat déng thoi
trong cling mot thiét bi.
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EVALUATION OF THE EFFICIENCY OF PIG BREEDING
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ABSTRACT

The study was conducted to evaluate the effectiveness of treatment of pig breeding
wastewater by biological aerated filter. In the start-up phase, the COD processing efficiency
was not stable, ranging from 77 to 80%, but in the stable phase it was relatively high, in the
range of 88-92%. There is no difference in the N-NH4+ processing efficiency at the start-up
and stable phases, reaching = 100%. In the start-up phase, the T-N processing treatment
efficiency was unstable, fluctuating in the range of 70-77% with the COD load range of 0.11
- 0.18 kg-COD/(m3-day), the load was TN 0.11 - 0.15 kg-N/(m3- day). Moving to a stable
phase, COD and TN loads were high (load of COD 0.3 - 0.47 kg-COD / (m3-day), load of
0.19 - 0.2 kg-N / (m3-day)), but still achieved relatively stable treatment processing
efficiency, with the range of 90-93%. At the beginning of the start-up phase, the T-P
processing efficiency was relatively low, but then increases rapidly, reaching 70-90% in the
stable phase. The SS treatment efficiency was relatively high, reaching nearly 80% and SS in
wastewater was relatively stable and reached almost <50 mg/l. The above results show that
the relatively stable and highly efficient biological aerated filter can perform
nitrite/nitrification processes and reduce nitrite/nitrate simultaneously in the same device.

Keywords: Pig breeding wastewater, biogas, biological filter, aeration.
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