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SUMMARY

Landfill leachate with low COD/N ratio was treated by sequence batch technology to
remove nitrogen compounds. In a single reactor the aerobic and anoxic treatments were
carried out in series with different cyclic times, namely aerobic/lanoxic =2 :1and 3 : 1 in the
whole reaction time of eight hours. Within the aerobic cycle the DO and alkalinity were
maintained highly, so that neither competition between nitrite and nitrate formation nor
inhibition of nitrite formation were occuring. Exprimental results pointed out, in all case
the nitrite concentration was allways higher than nitrate concentration and the rate of
nitrite- denitrification was not lower than that of the nitrate- denitrification process.

This fact could be utilized as a “short cut process” for saving in oxygen comsumption

and in carbon requirement for denitrification.

I- DAT VAN BE

Nudc thai tir cac bai chon 14p rac ¢6 mic do
0 nhiém cao vé chat hitu co va cdc hgp chat
nito. Ty thudc vao tudi clia bai rac va miic do
phan huy yém khi trong cdc dong rac, diéu kién
thu gom nudc rdac, ndong do cic chat 6 nhiém
dao dong rat dang ké, c6 thé chénh léch t6i hon
10 1an [1].

Do qué trinh phan hiy yé€m khi truée d6 va
phan hay tu nhién trong cac ho thu gom nén chi
s6 COD trong nudc rac thuong khong qua cao
va cht yéu la cdc thanh phan hitu co tro khé
sinh huy. Ciing trong diéu kién tuong tu, hop
chét nito giam khong nhiéu do mot phan khi
tham gia vao cdu tao t&€ bao vi sinh hoac tao lai
bi phan hiy thanh amoni khi t€ bao hoac tao
chét. Vi vay d6i tugng wu tién can dugc xtr ly
chinh 1a cdc hgp chét nito.

Xu 1y hogp chat nito bang ky thuat vi sinh
bao gom hai giai doan: oxi hdéa amoni thanh
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nitrit va nitrat (nitrat héa) va khtr nitrat, nitrit vé
dang khi nito, tuong tng véi hai qud trinh la
hi€u khi va thiéu khi.

Qua trinh oxi héa amoni dugc thuc hién do
chling loai vi sinh tu dudng dudi diéu kién c6
oxi (oxi la tdc nhan nhan dién tr) va vi vay nd
bi canh tranh rat manh véi qua trinh oxi héa cic
hop chét hitu co do ching vi sinh di dudng cé
toc do phét trién nhanh hon nhiéu, dac biét 1a
khi ty 16 COD/N 16n [2]. Ngoai di¢u kién oxi,
va cac yéu to vi luong, chung vi sinh tu dudng
con can cacbon vo co (HCO;, CO,) lam nguén
co chat xay dung t€ bao va can mot luong kiém
dé trung hoa lugng proton sinh ra trong qua
trinh oxi héa amoni. Lugng kiém can thiét cho
phan tng oxi hda amoni 1a 7,4 g/ 1 g amoni tinh
theo CaCO; [3].

Khtt nitrit, nitrat v¢ khi nito do ching vi
sinh di dudng thuc hién dudi diéu kién khong
c¢6 mat oxi, nitrit, nitrat dong vai tro chit nhian
dién tir. Diéu kién khéac can c¢6 1a hé can duoc



cung cap di nguon cacbon hitu co tir ngoai vao
hodc nguodn hitu co do phan huy noéi sinh cac t&€
bao sinh vat.

Vi ca qua trinh oxi héa 1an qua trinh khir
néu trén la cac qua trinh ndi ti€p nhau: oxi hda
amoni thanh nito héa tri +3 (NO,) va lén nito
héa tri +5 (NOy), khir nitrat vé nitrit va vé céc
dang c6 héa tri thdp hon nhu NO, N,O trudc
khi vé dang hoa tri khong [3].

Néu tan dung dugc co ché phan tng dé "di
tat", tdc 12 chi oxi hoa téi trang thdi trung gian
(nitrit) va tién hanh kht vé khi nito s€ tiét
kiém duoc lugng oxi can thiét cho phan tng
oxi hoéa va tiét kiém nguodn cacbon trong giai
doan khir ciing nhu rdt ngidn dugc thoi gian
phan ung [4, 5].

Nhéim dénh gid qua trinh oxi héa amoni dén
nitrit va khi nitrit trong nudc rac, thi nghiém
dugc ti€n hanh theo ky thuat mé gidan doan
(sequence batch reactor), tic 1a trong cung mot
thiét bi tao ra cdc di€u kién hi€u khi va thiéu
khi véi ty 1& thoi gian giita cac chu ky khac
nhau dé theo ddi dién bién clia qué trinh.

I - PHAN THI NGHIEM

Nudc rac c6 ty 1é COD/N khac nhau duogc
14y tir nhitng vi tri khac nhau trong céc hé chia
ctia bai rac Nam Son & S6¢ Son, Ha Noi. Do su
bién dong nén sd lan thi nghiém d6i véi tiing ty

1¢ COD/N 1a tit 5 dén 8, cac s6 liéu nhan dugc
vi vy la s6 trung binh cta céc lan thi nghiém.
Ty 1¢ COD/ N trung binh clia ba mau nudc rac
dugc khao sat 1a 2,5, 3,0 va 5,6.

Thi nghiém dugc bo tri trong binh ¢6 thé
tich st dung 1a 4 lit, trong tirng binh dugc bo tri
suc khi va khudy tron co hoc. Chu ky thi
nghiém kéo dai 8 gio gdm hai giai doan k€ tié€p
nhau: hi€u khi / thi€u khi v6i thoi gian 1a 2 gio /
1 giova 3 gio/ 1 gio.

Sinh kh6i duge 14y tir bé x 1y vi sinh dang
hoat dong tai bai rdic Nam Son v6i mat do 3 g/l.
Nong do oxi duogc duy tri tir 3 mg/l dén 5 mg/1
trong giai doan hi€u khi va nho hon 0,3 mg/l
trong giai doan thiéu khi.

Céc thong s6 theo doi qud trinh gom: pH,
do kiém, amoni, nitrat, nitrit, nito Kjeldahl va
COD. C4c chi tiéu trén dugc phan tich theo tiéu
chuén ctia APHA [6]. Nong do clia amoni, nito
Kjeldahl, nitrit, nitrat déu tinh theo nito dé tién
theo doi két qua thi nghiém.

11 - KET QUA VA THAO LUAN

Két qua thi nghiém theo hai ché€ do vé thoi
gian suc khi / khudy tuong tng véi di€u kién
hi€u khi / thi€u khi va véi cac ty 1é COD/N
khac nhau dugc ghi lai trong cic bang 1 va 2.
Gi4 tri tong nito (TN) Ia téng néng do cla
amoni, nitrit va nitrat.

Bdng 1. Su thay déi thanh phin nuéc rdc trong diéu kién hi€u khi / thi€u khi theo thoi gian (2: 1)

Ty le | Thoi Kiém (mg| N-NH, | N-NO, [ N-NO,; | TKN* | TN | cop
COD/N (g;(;l) pH | CaCOy/l) | (mgN/D) | (mgN/l) | (mgN/l) | (mgN/l) | (mgN/D) | (mgO,/1)

0 [82] 21490 [ 208 | 087 | 243 | 220 | 211 523

2 [85] 1988 173 | 995 | 103 - 193 | 492

C(_)123/5 NIl 3 |85] 1972 171 576 | 635 - 183 429

’ 5 [85] 1734 140 159 | 151 - 171 413

6 |85] 1728 139 | 858 | 10, - 157 | 39

8 |85] 1544 112 195 | 178 | 121 1499 | 371

Hieu sudt 46% 1% | 29% | 29%

0 [83] 2432 [ 270 | o055 | 078 | 297 | 271 813

2 [87] 2224 | 223 | 562 | 414 - 233 | 462

CO?{)N =l 3 [87] 2200 214 3,18 | 251 - 20 | 444

’ 5 [89] 209 191 733 | 474 - 203 | 406
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89 | 2096 187 453 3,04 - 195 402
89 | 1965 161 9,78 5.11 177 176 377
Hiéu sudt 40,4% 405% | 35% | 53.6%
0 |82 2010 192 2,26 121 212 196 1073
2 |84 | 1840 149 12,1 478 - 166 607
CODN 3 g4 | 1847 144 6,27 2,84 - 153 529
=56 5 | 84| 1588 96 28,3 17,3 - 142 506
6 | 84| 1593 94 16,9 10,9 - 122 476
8 |83 1220 25 572 29,7 32 112 454
Hieu suat 86,9% 84.9% | 42.9% | 57.7%
Bdng 2: Su thay ddi thanh phan nué6c rdc trong diéu kién hié€u khi / thi€u khi theo thoi gian (3: 1)
Ty lé | Thoi | pH |Kiém (mg| N-NH, | N-NO, | N.NO, | TKN* | TN COD
OD/N (ggiia(;l) CaCOs/l) | (mgN/l) | (mgN/) | (mgN/l) | (mgN/l) | (mgN/l) | (mgO,/1)
0 |82 2149 208 0,87 243 229 211 523
3 |86 | 1956 163 12,8 11,4 - 187 479
CE)%N 4 |85] 199 162 7,5 7,61 - 177 | 427
’ 7 |86 1726 121 199 | 1644 - 157 397
8 | 85| 1726 120 13,6 11,5 129 145 376
Hieu suat 42,3% 4% | 313% | 28%
0 |83 2432 270 0,55 0,78 297 271 813
3 |89 | 2136 199 5,09 4,96 - 209 402
CODN "4 |88 | 2184 200 2,89 3,19 - 206 394
=30 7 190 2004 175 11,2 436 - 191 386
8 90| 1993 179 7,83 2,94 196 190 369
Hiéu sudt 33,7% 34% | 299% | 54.6%
0 |82 2010 192 2,26 121 212 196 1073
3 | 84| 1775 131 16,6 435 - 152 477
CODN | 4 [85] 1783 127 | 912 | 26l - 139 | 462
’ 7 |84 ] 1380 56,9 45,1 23,7 - 126 451
8 |84 1335 56,6 29,6 15.8 65 102 439
Hiéu sudt 70,5% 69.3% | 48% | 59,1%

* TKN = tong nito Kjeldahl

Kha nang xit ly COD

Mitc d6 suy giam COD theo thoi gian duoc
thé hién trong cdc bang 1, 2 va trén hinh 1.
Hinh 1 biéu dién kha nang loai COD trong
truong hgp ty 1&€ COD/N = 5,6 v6i thoi gian cua

chu ky hiéu khi / thi€u khila2:1va3:1.
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COD giam do hai qua trinh: oxi héa do vi
sinh di dudng trong giai doan hi€u khi va tham
gia tao co chat trong giai doan thi€u khi. Toc
do suy giam COD khong déu nhau, giam
nhanh & giai doan dau, sau d6 cham dan. Ty 1¢&
thoi gian suc khi / khudy khac nhau (2:1,3:1)
it anh hudng dén két qua cudi cung (sau thoi



gian tong cong 1a 8 gid) do thoi gian suc khi
téng cong clia ca hai phuong 4n déu nhu nhau
(6 gi0). Trong giai doan thi€u khi COD ciing
giam nhung véi toc do cham dan & cac chu ky
sau, rit c¢6 thé do cédc thanh phan hitu co cang

vé sau cang khé sinh hay. Hiéu qua xu ly
COD rét phu thuoc vao ty 16 COD/N, trong ca
hai phuong an, khi ty 16 COD/N = 2,5, 3,0 va
5,6 thi hiéu qua xu 1y twong tng la 28%, 54%
va 58%.
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Hinh 1: Hiéu qua xut Iy COD phu thudc vao ty 1€ thoi gian cta chu ky hi€u khi / thi€u
khi2:1,3:1véitylée COD/N=5,6
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Hinh 2: Oxi héa amoni trong di€u kién ty 1é thoi gian ctia chu ky hi€u khi / thi€u khi 2: 1,
3:1v6ityle COD/N=5,6

Do néng do oxi & muc khé cao (3 - 5 mg/l),
hoan toan ddp ung dugc cho cic loai vi sinh
hi€u khi nén hiéu qua xtt ly COD tang khi
COD/N tang c6 1€ chu yéu do ty 1¢ thanh phan
hitu co dé sinh hily trong cdc mau khac nhau.

Kha nang oxi héa amoni

Tur 6 liéu cac bang 1, 2 va do thi 2 cho thay
hiéu qua qud trinh oxi héa amoni hoac TKN
(nito Kjeldahl) phu thuoc chu yéu vao nong

do ban dau cht it phu thudc vao ty 16 COD/ N.
Ty 1& thoi gian suc khi / khudy 2 : 1 cho hi¢u
qua oxi héa amoni cao hon. Trong thoi gian xu
1y thi€u khi, nong do amoni trong nudc hau nhu
khong suy giam. Téc do oxi hdéa amoni phu
thuodc vao néng do ban dau rat c6 thé do nguyén
nhan 1a: do chu ky thi nghiém ngén, lugng oxi
hoa tan ddy du, su canh tranh phan hiy COD va
amoni do cdac chung vi sinh khac nhau khong
manh ma yéu t6 quan trong hon 1a mat do sinh
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khai cuta ting loai trong d6. Khi dé ty 1é giita
nguon thic an va vi sinh (ty 1& F/M, food - micro
organism ratio) déng vai trd quan trong hon.

Su hinh thanh nitrit, nitrat

Nitrit va nitrat tao thanh k€& ti€p nhau trong
giai doan hi€u khi, khur nitrit va nitrat vé dang
khi xay ra trong giai doan thi€u khi ciing theo
ki€u k€ ti€p nhau tir hoa tri +5 vé hoa tri khong.
Theo tai liu [3, 4] trong qua trinh hi€u khi,
nong do nitrit thudng rat thap (nho hon 0,5 mg/1)

trir trudong hop do bi han ché vé néng do oxy
hoa tan. Hién tugng trén thuong dugc quan sat
d6i v6i nudce thai sinh hoat ¢6 ham luong amoni
khong cao. Ciing c6 tdc gia cho ring do kiém
cao trong nudc thai 1a yéu t6 thuan loi dé duy
tri nong do nitrit cao [5].

Vi cac mau nude rac khi xur 1y hi€u khi véi
nong do oxi du thira (3 - 5 mg/l), do kiém rat
cao (khi két thic lugng kiém du déu cao hon
1000 mg/l), nong do nitrit luén ludon cao hon
nitrat (bang 3).

Bdng 3: Ty 1& gitta NO;/ NO,  trong giai doan xt 1y hi€u khi

Ty 1é COD/N

Ty 1é thoi gian 2.5 3,0 5,6
suc khi / khudy ) ) ) 1~ ; ) ’ 1A ] _ ) 1
(idy gid) NO, NO, Tylé¢ | NO, NO, Tylée | NO, | NO; Ty 1¢
sinh sinh NO,/ sinh sinh NO,/ sinh sinh | NO,/
ra ra NO, ra NO, ra ra NO,
2:110-2gi6 | 9,08 7,87 0,87 5,07 3,36 0,66 9,48 | 3,57 0,38
3-5¢io | 10,14 | 8,75 0,86 4,15 2,23 0,54 | 22,03 | 145 0,67
6-8gio | 10,92 | 7,70 0,71 5,25 2,07 0,39 40,3 18,8 0,47
3:110-3gi6 | 11,89 | 8,97 0,75 4,54 4,18 0,92 | 13,98 | 3,14 0,22
4 -7 gio 12,4 8,83 0,71 8,31 1,17 0,14 | 3598 | 21,1 0,59

Véi chu ky hi€u khi 1a 2 gio, 3 gio, khi ty 1&
COD/N =25, 3,0, 5,6 ty I¢ gitta NO;/ NO, khéc
nhau: & cdc chu ky dau ty 1¢ NO;/ NO, cao va
giam dan & cac chu ky sau, tic 1a cang & giai doan
sau nong do nitrit cang cao hon so véi nitrat. Ty 1&
NO;/ NO, ciing phu thudc vao thoi gian suc khi
cua chu ky, thoi gian suc khi dai hon (3 gio so véi
2 gi0) thudng cho ty 1¢ NO;/ NO, thap hon.

Trong dic¢u kién thi nghiém da trinh bay, yéu
to thic ddy cd qud trinh tao thanh nitrit (do kiém)
va tao nitrat (oxi hoa tan) déu duogc thdéa man, tuy
vay nong do nitrit van cao hon nitrat va & cac chu
ky sau nong do amoni thap hon & cac chu ky
trude, trong khi d6 téc do oxi héa amoni hay hiéu
qua loai téng nito TN khong xdy ra hién tuong
dot bién. Hién tuong nay c6 thé 1a do ty Ié vi sinh
Nitrosomonas (oxi héa amoni thanh nitrit) cao
hon loai Nitrobacter (oxi hda nitrit thanh nitrat)
trong diéu kién cu thé cua thi nghiém.
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Hiéu qua xir ly tong nito

Trong tat ca cdc diéu kién thi nghiém, hiéu
qua loai bo nito (TN) dat tir 29% dén 48%,
hiéu qua tang khi ty 16 COD/N tang. Méi
tuong quan giita hiéu qua xu ly téng nito va
hiéu qua xtr Iy COD trong bang 4 (AN la hiéu
s0 cua TN, ACOD la hiéu s6 cua COD gitra
diu va cu6i cua qua trinh xr 1y trong 8 gio)
cho thdy, ty 16 ACOD/AN tang khi ty 1¢ COD/
N tiang va léch nhau khong nhiéu véi cung ty
l¢ COD/ N.

Su suy giam TN trong hé do ba nguyén
nhan: chuyén héa thanh khi nito, giai hdp thu
amoni va tham gia cfu tao t€ bao cta vi sinh
mdi tao thanh, trong d6 nguyén nhan dau c6 vai
tro quan trong hon ca. Hop chat nito (cht yéu la
amoni) cling hinh thanh trong qué trinh phan
hly ndi sinh (endogenous decay).
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Hinh 3: Hiéu qua xur 1y téng nito phu thudc vao ty 1é thoi gian cta chu ky
hi€u khi / thi€u khi 2 : 1, 3 : 1 v6i ty 16 COD/N = 5,6
Bdng 4: Ty 16 ACOD/AN trong cac diéu kién thi nghiém khéc nhau
Ty lé Thoi gian chu ky suc khi/ khuay
COD/N 2:1 3:1

AN (mg/1) | ACOD (mg/l) | ACOD/AN | AN (mg/l) | ACOD (mg/l) | ACOD/AN

2,5 62 152 2,45 66 147 2,22

3,0 95 436 4,45 81 444 5,48

5,6 84 619 7,35 94 634 6,7

Suy giam COD la do cdc nguyén nhan: tao
thanh co chat clia cdc chung vi sinh di dudng,
oxi héa thanh céc hop chat bén (CO,, H,O) va
chat cho dién tlr trong qud trinh thi€u khi. Qua
trinh phan huy noi sinh lam tang COD tan. Su
suy giam TN va COD trong hé 1a mot qua trinh
lién quan dén nhiéu yéu t6 va rat khé du doan
vé tong thé.

Tir s6 liéu clia cac bang 1, 2, 3, 4 cho phép
rut ra mot vai nhan dinh sau:

C6 xay ra qua trinh khir nitrit v6i t6c do
nhanh khong kém khtt nitrat (Iuu § thém ring
tru6e khi khir vé dang khi nitrat da phai chuyén
hoéa vé nitrit).

COD cén thiét cho giai doan khir thdp hon
nhiéu so véi ty lugng clia phan tng (theo tai
lieu, dé khir ty 1¢ COD/N-NO,; nim trong
khoang tir 3,6 dén 10,2, trong khi dé ti 1€ nay

trong bang 4 chi tir 2,2 dén 7,3 va da bao gom
tdt ca cdc qud trinh x4y ra trong hé). Nguyén
nhan rat c6 thé 1a do qua trinh phan hay noi
sinh, dac biét trong truong hop ty 1& COD/N
thap.

IV - KET LUAN

Pa nghién ctu qud trinh xt 1y nito trong
nude rac v6i ky thuat hi€u khi / thi€u khi theo
kiéu gidn doan v6i ham lugng nito cao va ty 1é
CODJ/N khac nhau.

Véi cédc diéu kién oxi hoa tan, kiém du cao,
trong giai doan hi€u khi ty 1¢ nitrit/nitrat luén
16n hon 1.

Toc d6 khir nitrit nhanh khong kém nitrat.

Nhu cau COD cho giai doan khtr thdp hon
kha nhiéu so v6i phan tng ty lugng ching td
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qud trinh phan hiy ndi sinh trong giai doan
thi€u khi déng vai tro cung cép COD.

Hiéu tng khir nitrit trén c6 thé tan dung dé

xu 1y céac loai nudc thai ¢6 ty 16 COD/N thap
nhiam tiét kiém nang luong va héa chat trong
van hanh hé thong.
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