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Abstract: Wastewater with high ammonium (NH4*) content and low carbon-to-nitrogen (C/N)
ratios is challenging for treatment technologies. The currently applied nitrogen removal
technologies, including: i) Nitrification-denitrification; and ii) Partial nitritation-anammox, are
insufficient for wide application. The nitrification-denitrification technology is costly due to the high
oxygen demand (for the nitrification step) and the requirement for additional organic carbon (for the
denitrification step). Meanwhile, the partial nitritation-anammox technology requires a stable
NH4*/NO;™ ratio, whereas the wastewater composition often fluctuates. Feammox is an anaerobic
respiration pathway discovered at the beginning of the 21% century and has recently been shown
applicable in the removal of nitrogen and organic carbon simultaneously with the advantages of
energy saving and simplicity in operation. In this study, a lab-scale Feammox procedure was
performed to remove nitrogen and organic carbon from mature landfill leachate with extremely high
NHs* and COD contents, and very low C/N and BOD/COD ratios. The results showed that the
highest removal efficiencies for NH.* (90%) and COD (63%) were achieved at a C/N ratio of 1.8
with the initial NH4* concentration of 100 mg/L and a hydraulic retention time of 6 days. Increasing
the C/N ratio of wastewater to 2.5 led to an increase in COD removal efficiency to 80%, however,
it reduced the NH4* removal efficiency to 58%. The NH," treatment efficiency was also decreased
to 58% when the initial NH4s* concentration was increased to 150 mg/L, even if the hydraulic
retention time was extended to 8 days. These results showed that nitrogen and carbon co-removal
from diluted landfill leachate could be efficiently achieved via the Feammox process.
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Nghién ctru xtr Iy nito va cacbon hitu co
trong nudc ri rac theo nguyén 1y Feammox
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Nhén ngay 18 thang 8 ndm 2023
Chinh stra ngay 03 thdng 9 nam 2023; Chap nhan dang ngay 12 thang 9 nam 2023

Tém tit: Nudc thai c6 ham lwong amoni (NH4*) cao véi ti 1¢ cacbon va nito (C/N) thap ludn 1a mot
thach thirc trong xtr Iy nudc thai. Cac cong nghé xir Iy nito dang dugc ap dung phd bién hién nay
gom: i) Nitrat hoa-khir nitrat; va ii) Nitrit hoa ban phan-anammox chua hoan toan d4p tmg dugc yéu
cau thuc té. Cong nghé nitrat hda-khtr nitrat co chi phi van hanh cao do nhu cau oxy 16n (cho budc
nitrat h6a) va can bd sung cacbon hitu co (cho budc khir nitrat), trong khi cong nghé nitrit hoa ban
phan-anammox kho van hanh & diéu kién Viét Nam do phai ¢am bao ti 1&¢ NH4*/ NO2~ 6n dinh nhung
thanh phan nudc thai lai thuong dao dong voi bién d¢ 1on. Feammox 1a qua trinh hé hap ky khi ¢ vi
sinh vat méi duge phat hién vao dau thé ky 21, va gin day di duoc ching minh 1a c6 thé ap dung
dé xur Iy ddng thoi nito va cacbon hitu co trong nude thai dat hiéu qua tét voi wu diém tiét kiém ning
luong va don gian trong van hanh. Trong nghién cru nay, mo6 hinh Feammox trong phong thi nghiém
dd duoc str dung dé xir 1y cac thanh phéan nito va cacbon hitu co trong nudc ri tir bdi chon lap da
hoat dong nhidu nam. Nudc ri rac ndy co ham luong NHz* va COD rét cao, trong khi ti 16 C/N va ty
16 BOD/COD riét thip. Két qua nghién ctru chi ra rang hiéu suat xir Iy NH4* va COD dat cao nhat &
ti 1& C/N 1,8 v6i ndong do NH4* dau vao 1a 100 mg/L, thoi gian Iuu 6 ngay, 1an lugt 1a 90% va 63%.
Tang ti 1& C/N cta nudc thai 1én 2,5 dan dén tang hi¢u suit loai COD 1én 80%, nhung lai giam hiéu
suét loai NHs* con 58%. Hiéu sudt xtr Iy NH4* ciing giam con 58% khi ting ndng d6 NH,* dau vao
1én 150 mg/L, tham chi khong dugc cai thién khi thoi gian luu kéo dai t6i 8 ngay. Két qua nghién
ctru da chimg minh kha ning xtr Iy ddng thoi nito va cacbon hiru co theo nguyén 1y Feammox véi
hiéu qua kha quan khi ap dung vdi nudce ri rac duge pha loang.

Tir khoa: C/N thép, COD, Feammox, NH4*, nu6c ri rac.

1. Mé dau hudng tiéu cuc dén hé sinh thai va con nguoi.
. ) ) Amoni (NH4*) 1a hop chit nito phd bién nhat

Nito la nguyén t6 rat can thiét voi su song, trong méi trudng nude, khi & ndng do cao s& dan
tuy nhién cac hop chat cua nito néu c6 mat trong dén tang nhu cau oxy cho cc qua trinh sinh hoa
mdi truong nude voi ham lugng 16n s€ géy anh cua vi sinh vat trong moi truong, hau qua la giam
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0xy hoa tan trong nude cho céc lodi thity sinh khac.
Theo tinh toan, 1 mg NH4* trong mdi truong nudc
doi hoi lugng oxy hoa tan tang thém 4,6 mg, chu
yéu do hoat dong ctia nhém vi khuan nitrat héa [1].

Trong thuc té, cac loai nudce thai tir cic co s
ché bién thuc phérn, chan nu6i, nudc thai sinh
hoat chira chat hitu co d& phan hily & ham luong
cao (ty ¢ BOD/COD > 0.5), va thong thuong
cling chtra ham lugng NH4* cao. Theo quy chuan
Qudc gia 40:2011/BTNMT, ngudng x4 thai cho
phép theo kénh A dbi véi COD la 75 mg/L va
NHs" 1a 5 mg/L. Nhu vy cong nghé xur Iy nuoc
thai dé loai COD va NH4* ¢6 nhu cau xa hoi rat
16n, nhim dam bao vé sinh moi truong san xuat
cho cac doanh nghi¢p ciing nhu méi truong sinh
hoat cho cong dong.

Trong thuc hanh xt Iy nudc thai, cacbon hitu
co va NHy* khi co mat & n6ng d6 cao khong duoc
xtr 1y dong thoi. Thong thuong, COD dugc loai
truge khi thyc hién xir Iy NHs* dé tranh anh
huodng cua cacbon hitu co tdi cac vi sinh vt tu
dudng oxy hoa NH4* [2]. Hai qua trinh nitrat
héa-khir nitrat va nitrit hoa ban phan-anammox
thuong dugc ap dung sau bude xur 1y cacbon hitu
co dé loai NH,* trong nudc thai. Ca hai quy trinh
déu trai qua budc oxy hoa NH,* do cac loai vi
khuin tu dudng co nhu ciu oxy rat cao, la
nguyén nhan chinh dan dén chi phi cao trong van
hanh. Cac vi khuan nay thuong man cam véi
cacbon hitu co va kém canh tranh (vé oxy) véi
cac loai vi khuan di dudng khi cacbon hitu co c6
mit trong méi trudng [1]. Cho dén nay, mot cong
nghé xu ly NH.* hiéu qua va co gia thanh thip
hon van dang dugc quan tdm tim kiém.

Trong thap ky gan ddy, con duong trao ddi
chat méi & vi sinh vat 1a oxy hoa NH4* két hop
v6i khir Fe®* trong diéu kién khong c6 oxy (goi
tat 1a Feammox) da dwoc phat hién, trong do
NHs* ¢ thé dugc oxy hoa thanh NO,, NO3,
hodac N2 phu thudc diéu kién pH trong moi
truong [3-5], phuong trinh phan irng nhu sau:

3Fe(OH); + 5H* + NH4* — 3Fe?" + 9H,0 +

0,5N2 (ArG°=-245kJ mol ') 1)
6Fe(OH)s + 10H* + NHs* — 6Fe?" + 16H,0
+ NO; (ArG® =—164 kJ mol) (2)

6Fe(OH); + 8H* + NH4* — 6Fe?* + 15H,0
+NOs~ (ArG®=-207 kJ mol') (3)

Nhitng nghién ciru dau tién vé qua trinh
Feammox trong mo hinh phong thi nghiém dé
huéng t6i ing dung trong xtr Iy 6 nhiém duoc
thuc hién trong diéu kién ty dudng, pH trung tinh
[6] hodc axit [7]. Nam 2021 nhém nghién ctru
ctia Le va cong sy dd cong bd két qua nghién ciru
xir Iy dong thoi NH,* va cacbon hitu co trong mo
hinh Feammox quy mo phong thi nghiém [8],
goira hudng img dung qua trinh Feammox dé xir
1y cac ngudn nudce thai chira dong thoi NHs* va
cacbon hitu co & nong d6 cao, nhung ty 16 C/N
lai & murc thip. Loai nudc thai nay rat phd bién
trong doi sdng, thudng 14 nudce thai sau khi duoc
loai cacbon hitu co bang phéan huy ky khi, vi du
nudce thai sau biogas hay nudc ri rac.

Trong nghién ctru méi duoc cong bd dau
nam 2023 cia Nguyen va cdng sy, nudc thai sau
biogas co ty 18 C/N thap v6i ham luong NH,* cao
da duoc xur Iy hiu qua dudi diéu kién Feammox
v6i hiéu suat xtr Iy NHs* va COD 1a 99% (ndng
d6 NH4* dau vao 12 100 mg/L, ty 16 C/N 1,8 - 2,5,
thoi gian luu nude thai trong hé théng HRT
6 ngay) [9]. Tuy nhién, nudc ri rac, ddc biét tur
cac bai chon lap dd hoat dong nhiéu nim
(>10 nam) van 12 mot bai toan kho duoc dit ra
cho cac cong nghé xur ly. Nudc ri rac tir bai chon
lép da hoat dong lau nam dugc dic trung boi
ndng 6 NH,* cao (3000-5000 mg/L), ham luong
COD < 3000 mg/L, ty 16 BODs/COD rat thap
(< 0,1), pH 16n hon 7,5 [10, 11]. Véi cac diém
dic trung ndy, nudc ri ric khong dé dang xtr 1y
bang céc bién phap sinh hoc.

Trong nghién clru nay, nudc ri rac tu bai
chén 14p ¢ Nam Son dugc thr nghiém xu 1y
trong mo hinh Feammox phong thi nghiém. Kha
nang xir Iy ddng thoi nito va cacbon hitu co theo
nguyén ly Feammox vo&i hi€u qua kha quan
khi &p dung véi nudc ri rac pha loang da dugc
ching minh.

2. Vit liéu va phuong phap nghién ctru
2.1. M6 hinh Feammox
Mo hinh Feammox duoc thiét ké bang mica

khong mau, do day 5 mm, gdm 3 bé (thé tich lam
viéc cua moi bé 6 L. Céc bé co ndp day va khoa
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gai dam bao kin khi, thong v6i nhau qua hé thong
ong dan hudng day dé nude thai di chuyén tir bé
trude sang bé tiép theo bang chay tran va tiép xtc
v6i bun ky khi ¢ day [8]. Trén mdi bé dugc bd
tri van thu mau bun, mau nudc va mau khi.
Trong mdi bé ¢ 100 cm® hat nhya HDPE (Kaite
Chemical, PRC) lam gi4 thé cho VSV (dién tich
bé mat riéng 850 m¥m?3), bao trong thi ludi dé cb

dinh & day. Nudc thai dau vao dugc chuan bj
trong mot bé cép liéu kin khi va dugc bom vao
cac bé ctia md hinh bang may bom nhu dong
(Huiyu Weiye, PRC) (Hinh 1). Véi luu lugng
dong 2 mL/phut, thoi gian luu nude thai (HRT)
trong cac bé 1an luot 13 2, 4, 6 ngay. Cac bé co
nip day kin khi, duoc bd tri van thu miu bun,
mau nude va mau khi.

Van liy méu khi

Bé1l Bé2 Bé3

I//\:E\
Pau vao
r
| SN 00 |
o
AN
Gia thé

Mue nude dang

>Van lhy méu nwée

Paura

Binh nap nudc thdéi  Bom nhu déng

=

Van lay méu bin

Hinh 1. So 6 mé hinh Feammox & quy md phong thi nghiém.

2.2. Nude thdi va cdc thanh phan bé sung vdo hé
thong mo hinh Feammox

Bang 1. Thanh phan héa 1y ctia nudc ri réc thu thap
tir bai rac Nam Son sir dung trong nghién ctru

TT Thanh phan hoa/ly Gi4 tri
1 | NHs(mg/L) 2176,8+51,80
2 | COD (mg/L) 1185+14,17
3 | BODs (mg/L) 27241417
4 | NOs (mg/L) 91,245 24
5 | NO2 (mg/L) 167,85+4,85
6 | N tong s6 (mg/L) 1751,77+48,24
7 | Thé oxy hoa khir (mV) -113,840,40
8 | pH 8,5+0,20
9 | Fe(mg/L) 6+0,17

Nudc thai dugc st dung trong nghién ctru la
nude ri rac duoc thu thap tir bai chén 1ap rac Nam
Son (Séc Son, Ha Noi) da hoat dong nhiéu nam
v6i ham luong NH4* cao, ty 18 C/N rat thap
(Bang 1). Trude khi nap vao hé théng mé hinh
Feammox, nudc ri rac thuc té & bii chon 14p rac
Nam Son dugc pha lodng véi nudc may dén
noéng d6 NH4* phu hop, va ty 18 C/N duge diéu
chinh dén cac gia tri mong mudn bang cach bd
sung Na-axetat (Bang 2).

Ferrihydrite dugc chuan bi theo mé ta cta
Ratering (1999) [12] va duoc b sung dinh ky
(12 ngay 1 lan) vao cac bé cia mo hinh lam
ngudn Fe** véi ndong do 30 mM.
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Bun ky khi tir m6 hinh Feammox van hanh
trudc do6 voi nude thai nhan tao duge bd sung
vao moi bé voi ti 1€ 5% (v/v) [8].

Bang 2. Cac tinh toan pha nudc thai dau vao
cho md hinh Feammox

. Tinh toan nuéc thai dau vao tir
Céac yéu to e
nuoc r1 rac

NH,* dau vao
(ma/L) 100 100 150
Ti 1& C/N dich 1,8 2,5 1,8
Do pha lodng 21,76 21,76 145
Na-axetat bo 212 343 313
sung (mg/L)
CODthycte | 135190 | 202414.1 | 212455
(mg/L)
Ntong 56 80,1+65 | 75457 | 11049,2
(mg/L)
Fe?* (mg/L) 0 0 0
Thé oxy hoa
Khir (mV) -25+3,4 -3515 -27+3
pH 8,0+0,2 | 8,5%0,2 | 8,2+0,3

2.3. Quy trinh thi nghiém

Pau tién, nudc ri rac dugc pha lodng dén
ndng d6 NH,* 100 mg/L, COD 239 mg/L va bom
vao ba bé ciia mo hinh. Oxy trong cic bé duoc
loai bang cach suc khi argon trong 5 phit. va o
trong 14 ngay dé thich nghi vi sinh vat.

Sau qua trinh thich nghi, mo6 hinh dugc van
hanh theo ché d lién tuc v&i nude rac co néng
d6 NH,* thay d6i tir 100-150 mg/L, cac ty 16 C/N
tor 1,8-2,5 va thoi gian luu nudc thai trong hé
thong (HRT) tir 6-8 ngay. Cu thé, 4 ché do van
hanh lién tuc dugc thir nghiém bao gbém:
i) NHs* dau vao 100 mg/L, ty 16 C/N 1a 1,8, HRT
6 ngay; ii) NH,* dau vao 100 mg/L, ty 1& C/N la
2,5, HRT 6 ngay; iii) NHs" dau vao 150 mg/L, ty
16 C/N 1a 1,8, HRT 6 ngay; va iv) NHs" dau vao
150 mg/L, ty 16 C/N 1a 1,8, HRT 8 ngay. Mdi lan
chuyén ché d6 van hanh, hé théng mo6 hinh duoc
chay trong 7 ngay trudc khi thuc hién quy trinh 12
ngay ldy mau phan tich. Pong thoi thoi khi argon
dé dam bao loai khi Ny sinh ra tir 1an chay trudc.

Tai mdi diéu kién van hanh, céc yéu t6 phan
tich gom c6: NH4*, COD, NOs~, NO;™ va Na.

2.4. Phan tich hoa hoc

Nong d6 NH4* duoc xac dinh bang phuong
phap do quang st dung thudc thur natri
nitroprusside [13]. Puong chudn NH4* trong
khoang 0,018-1,8 mg/L duoc xay dung dbi véi
day pha loang dung dich NH4Cl1 (str dung NH4CI
da say kho).

Nong d6 NO, duogc xic dinh bang Kit
NitriVer®3 (Hach 8507), voi duong chuan la
dung dich NaNO; trong khoang 0-150 mg/L.

Nong d6 NOs~ duge xac dinh bang Kit
NitraVer®5 (Hach 8039), v6i dudng chuan dung
dich NaNOs trong khoang 0-30 mg/L.

Ham Iugng Fe?" trong mau duoc xac dinh
theo phuong phap chuan DIN 38406 E1-1 (1983)
sir dung thudc thir O-phenanthrolin [14]. Nguyén
Iy cia phuong phdp dua trén phan Ung cua
O-phenanthrolin véi Fe?* tao phtrc ¢6 mau tim do
trong khoang pH la 3-9, do dugc & budc song
510 nm. Nong do Fe* cho phép do 13 0,01-5 mg/L.

Dinh lugng N, duoc tién hanh bang phuong
phap sic ky khi (GC) trén thiét bi 7890A
(Agilent) véi dau do TCD, cot HT-plot/Q. Céac
thong sb6 van hanh nhu sau: nhiét do 10 60 °C,
nhiét d6 dau do 250 °C, khi mang argon (Messer,
Viét Nam) véi téc d6 dong 3 mL/phat. Cac mau
khi (0,2 mL) duoc thu tir mdi bé ctia mo hinh
Feammox bang xilanh 1 mL (Hamilton) va duoc
bom vao GC. Puong chuin dugc dung tir day
binh serum chira N, tron véi argon theo ty 1€
trong khoang 0-100%. Nong d6 N, dugc tinh
theo % trong cac mau khi dya trén gia tri dién
tich peak va duoc tinh lai bang mg/L [8]. Sic khi
d6 minh hoa phan tich thanh phan khi N, bang
GC duoc thé hién & Hinh 2.

Ham Iugng COD duoc thyc hién theo
phuong phap USEPA 410.4 bang Kit Hach 8000,
sir dung cac 6ng chuan 1000 mg/L.

Do pH va thé oxy hoa khur (RP) clia nudce
thai dugc do biang may do pH/mV (model
HI5221, Hanna, Hoa Ky) ¢ cac ché 46 pH va mV
tuong Ung.
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Hinh 2. Sic ky do phén tich thanh phan khi N trong bé Feammox bang GC .

. Ham luong nito téng s6 (TN) duoc xac dinh
bang Kit Hach10072 véi ngudng 2-150 mg/L.

2.5. Cdc phwong phdp xir 1y 56 liéu
_ Cac phép do dac, phén tich duoc tién‘ hanh 3
lan; két qua dugc xu ly bang phan mém MS

Ex‘cel. Bé thi minh hoa két qua dugc v€ béng
phan mém SigmaPlot.

3. Két qua va thio luin

3.1. Thich nghi vi sinh vat Feammox trong moé hinh

300 - 300
= NH,
250 4 T £ con F 250

= 200 200
Ea o
= 150 s £
s a
@]
% 100 100 Q3

50 I F 50

0 ; : - 0

0 6 14

Théi gian (ngay)

Hinh 3. Chuyén hoa NH4* va COD trong md hinh
trong qua trinh thich nghi.

Qua trinh thich nghi trong 14 ngay (Hinh 3)
cho thdy néng d6 NHs* trong bé mo hinh
Feammox gidm con 26,39 mg/L, tuong ung voi
hi€u qua xtr Iy 74%, trong khi COD da dugc loai
bo hoan toan.

Céc nghién cuu thyc hién trén mo6 hinh
Feammox & cac diéu kién khac nhau d3 chi ra
qua trinh thich nghi VSV Feammox c6 thé kéo
dai tGi 74-150 ngay [6, 7, 15]. Trong nghién ciru
nay, viéc str dung ngudén VSV 1a bun ky khi tir
mo hinh Feammox van hanh truéc d6 vai nude
thai nhan tao da rat ngin qua trinh thich nghi mot
cach dang ké.

Sau qué trinh thich nghi, m6 hinh duogc
chuyén sang ché d6 van hanh lién tuc dé xr 1y nudc
ri rac pha loang ¢ céc ty 1¢ khac nhau (Bang 2).
Thoi gian lvu nude thai trong hé thong (HRT)
duogc diéu chinh bang cach thay d6i tbc do bom
nuée thai 1,56 mL/phut va 2 mL/phat dé dat
HRT tuong tng la 8 va 6 ngay.

3.2. Xur Iy mude rdc véi nong do NHs+ 100 mg/L
trong md hinh feammox

Két qua nghién ctru (Hinh 4) cho thay, ¢ ti 18
C/N 1,8 v6i nong do NH4* dau vao 1a 100 mg/L,
HRT 6 ngay hiéu sut loai NH,*, N tong s6 (TN)
va COD dat dugc 1an luot 13 90%, 89% va 63%.
Nong dd NH,* va COD trong nudc thai ddu ra
tuong ung l1a 7,2 + 5 mg/L va 54 £ 14 mg/L
(Hinh 4A).
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A NHg* 100 mgiL, HRT 6 ngay, C/N 1,8
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B NHg* 100 mg/L, HRT 6 ngay, C/N 1,8
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Hinh 4. Hiéu qua xir Iy nude ri rac pha loang NH4* 100 mg/L trong md hinh Feammox
& cac diéu kién van hanh khéc nhau va bién dong ctia Fe?* trong qua trinh xir Iy nuée thai & mé hinh.

Tuy nhién NOs™ va NO;™ khong dugc loai bo
hoan toan, van c6 mit trong nudc thai dau ra véi
nong do thap, twong tng 12 4,5 £ 2 mg/L va 3,2
+ 2 mg/L (Hinh 4B). Khi N, dugc sinh ra déu

dan, do dugce ¢ nong do 92 + 5,2 mg/L va 1a san
phim khi duy nhit cia quéa trinh chuyén hoa
NH,* (Hinh 4B). O diéu kién van hanh nay, Fe?*
duoc xac dinh & ndng do thap tir 0,54-1,15 mg/L
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& bé 1 (HRT 2 ngay) (Hinh 4E). O céc bé tiép
theo (bé 2 va bé 3 twong tmg HRT 4-6 ngay),
nong do Fe?* xac dinh duoc thip hon 0,1-0,53
mg/L (Hinh 4E). Nhu vay, Fe?" xac dinh dugc mo
hinh ¢ néng d6 thap hon nhiéu so véi lugng Fe?*
sinh ra twong ung voi lugng NH4™ bi oxy hoa
(theo phuong trinh 1-3, ty 1& Fe?*:NH," = 3:1
hodc 6:1). Nong do Fe?* khong can bang véi
lugng NH4" bi oxy hoa ciing dugc bao cao boi
cac tac gia khac. Yao va cong sy (2020) da bao
cao trong bé Feammox mang sinh hoc bot bién,
ndéng do6 Fe?* duogc xac dinh 1a 5-17 mg/L (0,1-
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0,3 mM) trong khi d6 nong d6 NH,* 16n nhat bi
oxy hoa la 18 mg/L (1 mM) [16]. Tuong tu, ndng
d6 Fe?* thdp tir 1-11 mg/L ciing duoc xac dinh
trong bé Feammox di dudng c6 nong d6 NH,* bi
oxy hoa cao ~ 180 mg/L [8]. Qua trinh oxy hda
Fe?* két hop voi khir nitrit/nitrat dugc cho 14 con
dudng chinh oxy héa Fe?* thanh Fe®* nhu di néu
trong céac bao cdo trudc day [17] va cling dugc dé
xudt trong nghién ctru ndy. Ngoai ra, qua trinh két
tha cacbonat ciing dong gop & mot mirc d nhat
dinh vao viéc mat Fe* trong md hinh Feammox
0 nghién clru nay.

B NH4* 150 mg/L, HRT 6 ngay, C/N 1,8
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Hinh 5. Hi€u qua xtr ly nudc ri rac pha loang NH4" 150 mg/L trong md hinh Feammox
& cac diéu kién van hanh khac nhau.

Su c6 mat ctia NO,~ va NOs™ trong nude thai
dau ra chi ra rang COD bi thiéu hut cho qué trinh
loai nito, do viy Na-axetat da dugc bd sung toi
ty 16 C/N 2,5. O ty 16 C/N cao hon nay, hiéu suat

loai COD dugc cai thién 1én 80%, nhung hiéu
sudt xtr Iy NHs* va N tong s6 bi giam xudng
tuong ung con 58% va 60% (Hinh 4C, 4D).
Nong do NH4* va COD trong nudc thai dau ra
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twong ung 1a 39,3 + 8,2 mg/L va 47 + 10 mg/L
(Hinh 4C). NOs™ va NO; trong nudc thai dau ra
hau nhu dugc loai bé hoan toan con twong mg
120,8 £ 0,4 mg/L va2,1+11mg/L (Hinh 4D).
Ham luong khi N; sinh ra thip hon nhiéu so véi
khi vén hanh v6i nude thai co ty 1€ C/N 1,8 chi
dat 49,5 + 8 mg/L (Hinh 4D). Nhu vay, khi nudc
ri rac dugc pha lodng ¢ ndng d6 NH,* 100 mg/L
thi ti 16 C/N 1,8 14 thich hop nhét cho xir Iy NHs*
va N tong sb dat hiéu qua cao.

3.3. Xur Iy muée rdc véi nong dé NHs* 150 mg/L
trong mé hinh Feammox

Trong budc van hanh tiép theo, nudc ri réc
dugc pha lodng téi nong do NH,* 150 mg/L,
trong khi gilt nguyén ti 1¢ C/N 1,8, HRT 6 ngay.
Két qua (Hinh 5A) chi ra ring ¢ diéu kién nay
mo hinh dat hiéu suét xir Iy NH4* thip hon, ¢
mitc 58%, trong khi hi¢u suat xr Iy COD duy tri
khoang 68%. Khi tang HRT t61 8 ngay, hiéu sut
xu 1y NHs" va N téng sd khong dugc cai thién
dang ké, chi dat 70% va hiéu suit loai COD dat
60% (Hinh 5C, 5D). NOs~ va NO, van con trong
nude thai dau ra vi ndng do thap (Hinh 5C, 5D).
N2 van duogc xac dinh 1 chat khi duy nhit duoc
sinh ra trong quéa trinh xir 1y v6i nong do dat
khoang 90-30 mg/L (Hinh 5C, 5D).

Nhu vay, tht nghiém x1r Iy nudc ri rac thuc
té trén mo hinh Feammox cho thiy & ty 16 C/N
1,8, ndng do NH4* dau vao 100 mg/L, hé thdng
dat hiéu qua xtr 1y cao nhat ddi voi NH4* va N
tong sb. Ty 1& nay ciing di duoc ching minh
tuong tu nhu dbi v6i nudce thai nhan tao trong
nghién ctu cua Le va cong su (2021) [8]. Khi
tang ty 1& C/N tGi 2,5 thi hiéu qua xt ly NH4*
giam rd rét, tuy nhién hiéu qua xi Iy COD duoc
tang 1én 80%. Hién twong nay dugc gia thuyét do
¢6 sy chuyén doi tir vu thé thudc vé qua trinh
Feammox khi ty 16 C/N < 1,8 sang uu thé thudc
vé qué trinh khir Fe®* va NO3~ thong thuong sir
dung cacbon hitu co, din dén mirc oxy hoa giam
d6i véi NH,*. Pbi voi hé thdng Feammox xir 1y
nudc ri rac, ngudng gidi han NH4* trong nudc
thai duoc xac dinh 1a 100 mg/L véi HRT 6 ngay.

Nude thai ¢6 ty 16 C/N thap thudng dugc xu
ly bang cong nghé nitrate hoa — khir nitrat (ND)
Va nitrit héa ban phan — anammox (PNA). Cong

nghé ND thudng hoat dong hiéu qua ddi voéi
nude thai cé ty 1& C/N cao tir 8,7-9,4 dat hi€u qua
xir 1y N 1 92%, trong khi & mirc C/N thap hon la
6,5, hidu qua xtr Iy N giam xudng 88% [18].
Trong khi d6 cong ngh¢ PNA chi hi¢u qua ¢ C/N
dudi 5 [19], thuong vai ty 1¢ C/N & mire 3,6 [20],
tham chi dudi 2 [21]. So vé&i cac cong nghé ND
va PNA hién dang trién khai, quy trinh Feammox
cho thdy mét s6 uu diém nhu: i) Khéng c6 nhu
ciu oxy; ii) Xt 1y hiéu qua NH4* dong thoi véi
COD; vaiiii) Hoat dong don gian. Tinh don gian
cia qua trinh Feammox trong xtr Iy NH4* thé
hién & chd chi nhd mot phan ing Feammox duy
nhit (chuyén hoa NH;* thanh N, theo phan tmg
Feammox 1), hodc thong qua hai phan Gng cting
la ky khi (NHs* dugc chuyén hoa thanh
NO,/NO;z™ theo phan tmg Feammox 2 va 3, tiép
sau la phan tmg khir nitrat), thiét ké hé thong xir
1y duoc don gian hoa v6i chi phi van hanh thap
Trong thyc té, /quy trinh xir ly Feammox c6 thé
st dung mot s6 loai chét thai c6 ham luong Fe®*
cao nhu bun sit tir cac nha may xt Iy nudc cip
hay bun dé tir cong nghi¢p khai thac bauxit. Do
d6, quy trinh Feammox khong chi 1a mot giai
phap xu ly nudc thai hi€u qua véi chi phi van
hanh thdp ma con c6 y nghia d6i vi moi truong
khi c6 thé sir dung cac ngudn thai nguy hai
chura sit.

Nhu vay, quy trinh Feammox phong thi
nghiém co thé xir Iy dong thoi nito (dic biét 1a
NH4") va COD trong nudc ri rac dat hi¢u qua cao
khi cac chét thai duoc diéu chinh vé ndng
do NH4" dat khoang 100 mg/L va ty 1€ C/N t6i
muec 1,8.

4. Két luan

Xtr Iy dong thoi nito va cacbon hitu co trong
nude ri rac pha lodng dudi diéu kién Feammox
budc dau duge ching minh. Hiéu suat xur ly
NH,* va COD tdt nhét dat duoc ¢ ti 16 C/N 1,8
v6i ndng d6 NH4* dau vao 1a 100 mg/L, thoi gian
lwu 6 ngay, lan lugt 1a 90% va 63%. Viéc ting ty
1¢ C/N cta nude thai dau vao 1én 2,5 lam giam
hiéu qué xtr Iy NH,*, trong khi d6 hiéu suét xir ly
COD van dugc duy tri, tham chi 14 cao hon do
qué trinh xay ra trong bé xir Iy bi chuyén huéng



84

N. D. Luu et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 39, No. 3 (2023) 75-85

sir dung cacbon hiru co dé khir Fe®* va khir NO3™
thay vi thuc hién Feammox.

Loi cam on

Nghién ctru dugc thuc hién tai phong Sinh

thai Vi sinh vat tng dung, Vién Vi sinh vt va
Cong nghé Sinh hoc, Pai hoc Qubc gia Ha Noi.
Céc tac gia cam on ThS. Nguyén Manh Hung,
cong ty Anabio dd cung cap nudc ri rac dé
thtr nghiém.
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