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TOM TAT

Nghién citu tién hanh xi ly phét pho va nite trong nudc thai nhan tao biing hé théng bé thiéu khi
- hiéu khi. Phét pho dugc xi ly bing phuong phap két tia héa hoc. Mudi sat (ll) sunphat (FeSO,)
dugc b6 sung vao bé higu khi. Trong diéu kién higu khi, Fe* 8xi hoa thanh Fe*, sau dé thuc hién
phan iing két tda véi PO, tao thanh FePO, it tan va dugc loai ra khéi hé théng dusi dang bun thai.
K&t qua thu dudc cho thay téng phét pho trong dong thai ra dugc kiém soat nhé hon 1,0 mg/L khi st
dung ty 1& mol Fe/P 1a 2,1. Nito dugc xt Iy biing phuong phap sinh hoc. Anh huéng clia FeSO, dén
qua trinh nitrat héa va khr nitrat da dudc nghién cuu. lon Fe?* khdng lam thay déi téc dé nitrat héa
trong hé théng. Qua trinh khr nitrat da dién ra hoan toan va ciing khong bi anh hudng bdi qua trinh
két tda. Hiéu suat khir nitd dao dong trong khoang 78 dén 85%. Két qua phan tich COD cho thay, khi
hé théng dudc b6 sung FeSO,, hidu suat khir COD ciing dudc cai thién cht it. Nhu vay, viéc b8 sung
FeSO, vao hé théng thiéu khi -higu khi da tiang cudng qua trinh xi{ ly phét pho gép phan nang cao
hiéu qua x{r ly cac hdp chat hitu cd trong nuéc.

Tirkhéa: B& thiéu khi - higu khi, két tia phét phat, khir nitrat, nitrat hoa, sét (1) sunphat.

SUMMARY

The present experiment was carried out to investigate the removal of phosphorus and nitrogen
from synthetic wastewater in an anoxic-aerobic system. Phosphorus was removed through chemical
precipitation. Ferrous sulfate (FeSO,4) was added into the aerobic basin. In aerobic condition, Fe** was
first oxidized to Fe®', and then it was precipitated with PO,* to form the insoluble FePO,, excluded
from the system through waste sludge. As aresult, total phosphorus in the effluent was controlled to
below 1.0 mg/L using a Fe/P molar ratio of 2.1. Nitrogen was removed biologically. The effect of FeSO,
on nitrification and denitrification was investigated. The nitrification rate of the system was not
affected during simultaneous precipitation. Denitrification was completed and not affected by the
precipitation process. The nitrogen removal efficiency varied from 78% to 85%. COD removal
efficiency was slightly improved after adding FeSO,. In conclusion, the addition of FeSO, into an
anoxic-aerobic system improved phosphorus removal. Addition of FeSO, also contributed to slight
increase in the organic removal.

Key words: Anoxic - aerobic basin, denitrification, ferrous sulfate, nitrification, phosphorus
precipitation.
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1. DAT VAN DE

Cac thanh phan photpho (P) va nitg (N)
trong nuéc thai 1a nguyén nhan chinh gy ra
hién tugng phi dudng trong cic ngudn tiép
nhan (sébng, sudi, ao, ho,...) (Stanley, 2001).
Do d6, can thiét phai xt Iy nhdm gidm nong
do cha cac chdt nay trudc khi xa thai dé
ngan ngua hién tugng trén.

Trong hé théng xi 1y nudc thai hiéu khi,
moét phan photpho duge tu xt ly nhd qua
trinh sinh téng hop t€ bao (sinh khéi). Nho
c6 qua trinh nay, néng do6 photpho trong
dong thai ra sé giam dudc phan nao. Tuy
nhién, v6i qua trinh hap thu photpho vao
sinh khéi don thudn, néng d6 photpho dau ra
thuong khé dat duge yéu cau (Ltter, 1991).
Vi thé, cin phai ting cudng qui trinh xu ly
photpho bing phuong phap két tia héa hoc.
Phuong phap két tiia héa hoc c6 kha ning
loai bo 90 - 95% photpho véi chi phi chap
nhan duge (Valve et al., 2005). Trong s6 cac
ch4t két tia thong dung nhu nhém sunphat
(AL(S0,),. 14H,0), st (IT) clorua (FeCl,6H,0)
va sét (II) sunphat (FeSO,.7H,0), thi FeSO,
¢6 uu diém 1a gia thanh ré, pH t6i wu nim
trong khoang 7,2 dén 8,0, tuong ty nhu pH
ctia nuée thai sinh hoat (Plaza et al., 1997).

Tuong tu nhu photpho, thanh phan nitd
trong nudc thai ciing duge tu xi 1y nho qua
trinh sinh tdng hgp. Tuy nhién, niteé thudng
duge xti Iy cht yéu bang phuong phap oxi
héa-khii sinh hoc trong hé théng thiéu khi -
hiéu khi két hop. Phuong phap nay dat hiéu
qua cao va c6 nhiéu uu viét vé chi phi van
hanh (Peng and Zhu, 2006). Trong hé thong
nay, qua trinh nitrat héa xay ra trong diéu
kién hiéu khi nho hoat déng ctia hai nhém vi
khuéin Nitrosomonas va Nitrobacter. Nitrat
sé duge khi thanh khi nito trong bé thidu
khi ctia hé théng (Metcalf and Eddy, 2003).
Céc vi khuéin nitrat héa rit nhay cam véi tac
dong cua nhiéu chat v6 co va hiiu co
(Juliastuti et al., 2003). Khi tién hanh bd
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sung chat két ttia vao hé thong, chiing c6 kha
ning gay anh hudng dén hoat dong cua cac
vi khudn nitrat héa va anh huéng dén hiéu
suét xu 1y cia hé thong.

Vi vay, nghién ciu nay xac dinh anh
huéng cta FeSO, dén qua trinh xu ly
photpho. Danh gia dnh hudng ctia FeSO, dén
qua trinh nitrat héa va khi nitrat ciing nhu
hiéu qué xt 1y chat hiéiu co trong hé thong
thigéu khi - hiéu khi.

2. PHUONG PHAP THUC HIEN
2.1. M6 ta hé théng thiét bi thi nghiém

Heé théng thiét bi dung trong nghién citu
dude minh hoa trén hinh 1. Thé tich tong
cong cuia hé théng 1a 8,5 L géom hai ngin,
ngin thiéu khi 3,75 L (véi kich thuée D x R x
C: 18 x 10 x 20 cm) va ngan hiéu khi 4,75 L
(v6i1 kich thuée D x R x C: 24 x 10 x 20 cm).
Nuéc thai (nuée thai nhan tao) duge bom vao
hé théng (st dung bom dinh lugng) véi luu
lugng Q = 900 mL/h. Trong ngin hidu khi,
néng do oxi hoa tan duge duy tri khoang 3,0
mg/L. Hén hdp bun - nuéec thai trong ngan
hi&u khi duge bom tuan hoan (luu lugng Q, =
250% Q) tré lai ngan thiéu khi phuc vu cho
qua trinh kht nitrat. Nuéc thai sau khi ra
khéi ngin hidu khi duge dua sang bé ling
(thé tich 2,5 L, kich thudéec R x H: 8 x 12,5
cm) lam nhiém vu ldng tach bun. Nudc da
duge xt 1y thai ra ngoai, mot phan bun ling
dugec bom tudn hoan trd lai ngin thidu khi
(luu lugng Q, = 50% Q) va moét phan bun du
dugc thai bo.

2.2. Nudc thai va chat két tua

Nghién ctiu nay st dung nuéc thai
nhén tao lam d6i tugng xt 1y. Bun hoat tinh
ban dau (bun gidng) 14y tit bé hiéu khi cta
hé théng xt 1y nuéc thai sinh hoat trong
khu vyc. Bun duge dua vao hé thong nghién
ciiu, sau d6 bd sung nudc thai nhan tao két
hop suc khi dé céac vi sinh vat dan thich
nghi véi ngudn nuée thai nay.



Pé Khdc Udn, Rajesh Banu, Ick-Tae Yeom

Bom nudc thai

—@0) My thoi

khi

: dau vao

Dong ra

feXeXeXeNoXXeNaXeNo)

00000000000

Ngin thiéu khi

Ngin hiéu khi

Puong tudn hoan Q

Puong tudn hoan Q.

‘ Bun du

Hinh 1. Hé théng thi nghiém diung trong nghién citu

Thanh phan cd ban cta nuée thai bao
gdom: Glucoza 420 mg/L; NH,Cl 155 mg/L,
NaHCO, 220 mg/L; KH,PO, 24 - 38 mg/L,
cac muéi vi lugng (MnCl,.4H,0 0,19 mg/L;
MgSO,.7H,0 5,60 mg/L; FeCl;.6H,O 0,88
mg/L; CaCl,.2H,0 1,30 mg/L) (Dangcond et
al., 2000). Nudc thai dudc chuéin bi ti 3 - 4
lan/tudn nham duy tri ndng do oxi héa héa
hoc (COD), téng nits (TN) én dinh & cAc gid
tri COD450 5 mg O/L, TN40 1 mg N/L.
Trong giai doan ban diu, téng phét pho
(TP) d4au vao dudc chudn bi véi néng do6 5,5
mg P/L, sau d6 néng d6 photpho dudc ting
didn dén 8,5 mg P/L phuc vu cho muc dich
nghién ctu kha niang xi 1y phét pho 6 cac
ngudng néng do khac nhau.

Dung dich FeSO, duge dua vao bé hisu
khi bang bom dinh lugng dé thuc hién qua
trinh két tta photphat.

2.3. Thi nghiém xéc dinh ham lugng FeSO,

thich hgp

Cac thi nghiém dugc tién hanh trong
binh phan ting dung tich 1 L. Trong binh c6
gén bo phan suc khi ¢ ddm bao diéu kién
tuong tu nhu trong bé hiéu khi. Trong méi
mé thi nghiém, 500 mL hén hdp bun - nuée
thai dua vao binh phan ting. Nong d6 FeSO,
bé sung vao thay d6i 1an lugt tit 10 dén 50

mg/L. Thi nghiém tién hanh trong 30 phit
suc khi. Tiép theo la giai doan ling trong 30
phut. Sau d6 18y mau phéan tich téng photpho
dé xac dinh ty 1& chat két taa thich hop.

2.4. Phuong phap phéan tich

Cac théng s6 COD, TP, TN, ham lugng
chét rdn 1 ling (MLSS), ham ludng chét
rédn bay hoi (MLVSS), Nitrat (NO,-N) cta
nudc thai trude va sau xt 1y duge phan tich
theo cac phuong phap chuin (APHA., 2005).
Néng d6 amoni (NH,-N) xac dinh bang
phuong phap dién cuc chon loc ion (Thermo
Orion, Model 95-12, USA). pH dugc do bing
thiét bi pH/DO Meter (Horiba Model D-55E,
Japan).

3. KET QUA VA THAO LUAN

Ham lugng ch&t rén 16 liing trong hé
théng dugc duy tri trong khodng 2600 - 3400
mg/L, (Hinh 2) nhd thai bé ban du hang
ngay, tuong tng véi thei gian luu bun
khoang 15 ngay. Trong thdi gian nghién ctiu,
ty 1& phan chat rin bay hoi ctia hén hgp chat
rén 10 liing trude va sau khi b sung FeSO,
hAu nhu khoéng déi (khoang 80%). Nhu vay,
FeSO, khong tich tu trong hé théng ma da
dudge dua ra khéi hé théng cung véi qua trinh
thai b bun du.
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Hinh 4. Anh huéng ctia FeSO, dén hiéu suat xit Iy phét pho

Két qua thi nghiém phu tr¢ xac dinh
néng d6 dung dich FeSO, can phai dung dé
kiém soat nong do photpho trong dong thai
ra sau xu ly nhé hon 1,0 mg/L 1a 35 mg/L,
tuong ing v6i ty 1& mol Fe*/mol P = 2,1
(Hinh 3). ap dung két qua nay dé tinh toan
cho qua trinh bé sung FeSO, vao hé théng
thi nghiém vin hanh lién tuc.

3.1. Anh huéng ctia FeSO, dén hiéu qua
xu 1y phét pho

Trong 90 ngay dau, hé thong dudc van
hanh khoéng b8 sung FeSO,. Trong giai doan
nay, ludng photpho dugc hap thu vao sinh
khéi dat khoang 33 - 37%. Néng d6 photpho
trong dong thai ra dao dong trong tur 3,3 dén
3,6 mg/L. Mot phan photpho dude thai ra
khéi hé théng cling véi lugng bun bun du
thai bé hang ngay.

Nhim ting cudng hiéu qua xu ly
photpho, dung dich FeSO, dudc b8 sung vio
ngin hiéu khi dé thuc hién qua trinh két tia
photphat. V6i néng do TP trong cac giai doan
khac nhau, ham lugng FeSO, dugc bd sung
tuong ting vé6i ty 1& mol gitia Fe/P 1a 2,1. Anh
huéng cua FeSO, dén qua trinh xi ly

photpho tai cac gia tri TP dau vao khac nhau
duge thé hién trén hinh 4. Trong diéu kién
suc khi, truéc hét Fe?" bi 6xi héa thanh Fe?*,
sau d6 Fe* két hop véi PO,> dé tao thanh
két tia sit photphat theo cac phan tng sau
(Plaza et al., 1997):

Fe* + 170, +H" > Fe¥ + 1/ H,0
Fe*" + PO}” — FePO,

K&t qua thu duge sau khi b6 sung FeSO,
cho thdy, néng d6 phét pho trong dong thai
ra dugc kiém soat 6n dinh va ludén thap hon
1,0 mg/L, tuong ting véi hiéu suat xi 1y phét
pho ctia hé théng dat dén 87 - 92%.

3.2. Anh huéng cta FeSO, dén qua trinh
nitrat héa va khw nitrat

Qua trinh xt 1y nitd bang phuong phap
sinh hoc gém hai giai doan. Giai doan thi
nhat, amoni duge chuyén héa thanh nitrit,
sau d6 tiép tuc 6xi héa thanh nitrat dudi
diéu kién hiéu khi (qua trinh nitrat héa).
Phan ting 6xi héa téng cong c6 thé duge mo
ta bing phuong trinh phan tng sau (Metcalf
and Eddy, 2003):
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NH; +20, - NO; +2H" +H,0

Téc do nitrat hoéa trong hé théng c6 thé
dudc tinh theo céng thiic sau (Baeza et al.,
2004).

~(INH;-ND, - [NH;NJ )< (Q+Q, +Q,)
N V, x[MLVSS],

Trong d6:
RN: toc dd nitrat héa
(g NH,"- N/g MLVSS . ngay);
[NH,*-N],, [NH,*-N],: néng d6 amoni
trong cac bé hiéu khi va thiéu khi (g N/L);
Q, Q,, Q,: luu lugng dau vao, dong tuin
hoan 1 va 2 (L/ngay);
[MLVSS],: néng d6 chét rin 1o ling bay
hoi trong bé hidu khi (g/L);
V: thé tich bé hiéu khi (L).
Két qua tinh toan téc d6 nitrat héa dugc

mo ta trén hinh 5. Tu hinh vé cho thay, téc
d0 nitrat hoéa trude va sau khi bd sung chét
két tia hau nhu khong thay d6i, va dao dong
trong khoang 0,046- 0,059 NH,*-N/g MLVSS.
ngay. Nhu vay, viéc b sung FeSO, khong
gy anh huéng dén qua trinh nitrat héa.

Trong giai doan khi nitrat thanh khi
nito (dién ra trong bé thiu khi), phan tng
téng hop c6 thé duge biéu dién theo phuong
trinh sau (Metcalf and Eddy, 2003).

2NO; +10e” +12H" — N, +6H,0

T hinh 6, c6 thé thdy trong toan bo thoi
gian van hanh, néng d6 nitrat trong bé thiéu
khi rat thap (khoang 0,2 mg/L), phan anh
qua trinh khii nirat ¢4 dién ra hoan toan. Cé
nghia 14 hau nhu toan bd lugng nitrat trong
bé thigu khi da chuyén héa thanh khi nite di
vao khi quyén. K&t qua nghién ctu cho thay
viéc b6 sung FeSO, da khong gdy anh hudng
dén qua trinh kht nitrat.
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Hinh 6. Anh hudng ctia FeSO, dén qua trinh khit nitrat

Tong Nito (TN) (mg N/L)

Hinh 7. Anh huéng ctia FeSO, dén hiéu suat xi 1y nito

COD (mglL)

Hinh 8. Anh huéng ctia FeSO, dén hiéu suat khit COD
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3.3. Anh huéng cta FeSO, dén qua trinh
xt 1y nito

Nhu da phan tich & phan trén, ca hai
giai doan nitrat héa va khii nitrat déu khong
bi anh hudéng sau khi bs sung FeSO, vao hé
théng. Két qué cudi ciing hiéu suat xt 1y nito
hau nhu khéng bi anh huéng (hinh 7). Trong
giai doan ban d4du (khéng bd sung chit két
tha) hiéu sudt xt Iy TN nim trong khoang
80 - 85%. Trong cac giai doan tiép theo, hidu
sudt khii nitd dao dong trong khoidng 78 -
84%, tuong ting v6i néng do nito trong dong
thaira 6,4 - 8,8 mg/L.

3.4. Anh huéng ctia FeSO, dén hiéu suat

khit COD

Hiéu suat khit COD trong hé théng dudc
biéu dién trén hinh 8. Trong giai doan van
hanh ban diu (khong bd sung FeSO,) nong
d6 COD trong dong thai ra nidm trong
khoang 18 - 31 mg/L va tuong ting véi hiéu
suat khi dao dong tit 93 - 96%. Tuy nhién,
sau khi b8 sung FeSO,, hiéu suit khit COD
dugc cai thién chit it va ting 1én 94 - 98%.
K&t qua quan sat tit thuc nghiém c6 thé duge
gidi thich dinh tinh theo hai kha nang, thi
nhat 14 do hat keo sit hdp phu chét hiu co;
thit hai 1a do Fe®* déng vai trdo nhu mot vi
lugng cho vi sinh vat, lam ting cudng cac
qué trinh c6 dinh 1an, dam va phan huy hgp
ch&t hiiu co. Vi vay, cAn c6é nhiing nghién
ctiu chuyén siu hon dé giai thich nhiing hién
tugng nay.

4. KET LUAN

Viéc bé sung FeSO, vao hé théng thiéu
khi - hi€u khi nham kiém soat dam bao giam
nbéng d6 photpho trong dong thai, gép phan
ngin ngia hién tugng phd dudng. Khi st
dung ty 1é mol Fe/P 12 2,1 hé thong thiéu khi
- hiéu khi dung trong nghién cétu nay hoan
toan kiém soat duge TP trong dong thai ra
nhé hon 1,0 mg/L. Két qua nghién ctu cho
thay viéc bé sung FeSO, vao hé thong da
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khoéng gay anh hudng dén qui trinh nitrat
héa va quéa trinh khi nitrat. Hiéu suét xu ly
nito ctia hé théng dao dong ti 78 dén 85%
véi TN trong dong thai ra ndm trong khoang
6,4 - 8,8 mg/L. Hiéu suidt khit COD dugc
tang lén chut it sau khi b3 sung FeSO,, tuy
nhién vai tro caa FeSO, cAn dudc tiép tuc
nghién ctu k§ hon, rat c6 thé vai tro cha yéu
ctia FeSO, anh hudng dén cac vi sinh vat
trong hé théng nhu 14 nhan t6 vi lugng.

Qua trinh xt 1y phdt pho bing phuong
phap két tua héa hoc 13 mét giai doan quan
trong nham chuyén dang phét pho hoa tan
trong nuéc thai sang dang mudi khong tan
két hgp véi buin thai ctia qua trinh xt 1y nude
thai. Lugng bun thai chtta ham lugng
photpho cao sé& 12 mot ngudn photpho c¢6 thé
thu héi lam phén bén, gép phan han ché tinh
trang khan hi€m nguén quing photphat da
dudc canh bio trong thdi gian gan day.

L&i cam on

Cac tac gia chan thanh cam on Quf hoc
bong cia Chuong trinh BK21 - By Gido duc,
Khoa hoc va Cong nghé Han Quéc da tai trg
kinh phi cho nghién ctiu nay. Pay cting 1a mot
phan két qua ctia chuong trinh hdp tac khoa
hoc gitta Vién Khoa hoc va Cong nghé Méi
truong, Trudng Dai hoc Bach Khoa Ha Nai va
Khoa Ky thuat Xay dung va Moéi truong,
Truong Dai hoc Sungkyunkwan, Han Quéc.
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