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TOM TAT

Nghién cttu nay danh gia hiéu qua ctia hé théng sinh hoc hiéu khi cai tién c6 16p
dém ngap nudc (N-SAFB, novel - submerged aerated fixed bed) trong xtr ly nwdc thai
nudi tdm céng nghiép giau nito vo co. M6 hinh dugc ché tao & quy md phong thi
nghiém, véi cdu hinh 16p dém ngip nudce va dadu phun oxy F.BT-50. Hé thong duoc
van hanh trong 19 ngay, gém 10 ngay khoi dong va 9 ngay van hanh 6 ba muc tai
NH,*-N: 5,5; 19,4; va 31,6 g-N/m?/ngay, vdi thoi gian leu thuy lwc 6 gio. Két qua cho
thdy hé théng dat hiéu sudt loai bo NH4*-N &n dinh, tir 80 + 17% dén 93 + 7%, v6i
ndng dé dau ra dao dong tir 0,10 dén 1,58 mg/L. Cac chi tiéu BODs, SS va PO2~-P
cling duwoc xtr ly hiéu qua, [an luwgt dat 61-73%, 74-91% va 58-62%. Hé thong thé
hién kha nang van hanh 6n dinh, duy tri DO > 6 mg/L va khéng phat sinh hién tuong
bun ndi. So vdi cdc md hinh x& ly trude d6, N-SAFB cho thay kha nang thich nghi

nhanh, hiéu qua cao va phtt hop ting dung trong nudi tham canh.

Tw khéa: hé sinh hoc hiéu khi, SAFB, nuwdc thai nudi tdm, xr 1y nito, tai trong cao.

1. MO PAU

Nubi tom cong nghiép, dac biét 1a loai tom thé chan trang (Litopenaeus vannamei),
dang phét trién manh tai nhiéu qudc gia Pong Nam A nho kha nang ting trudng nhanh
va hiéu qua kinh t& cao. Tuy nhién, hinh thitc nu6i tham canh véi mat do cao dan dén
viéc phat sinh mot lwong 16n nwde thai chira cac chat hiru co, amoni va phosphate — la
nguyén nhan chinh gay pht dudng nguotn tiép nhan néu khong duoc xtt ly hiéu qua [1],
[2]. Trong diéu kién nhiét d6i nhu Viét Nam, amoni (NH4*-N) ¢6 thé tich tu nhanh chéng
trong ao nuoi do phan thai, thitc an du thtta va qua trinh phan giai, virot ngudng doc
déi véi tom va cac loai sinh vat day [3].

Trong cac cong nghé xtt ly nuedce thai hién nay, xr ly sinh hoc hiéu khi dwgc danh
gia 1a phuong phép than thién va kinh t& nho kha nang loai bd hitu co va nito thong
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qua qua trinh nitrat héa — kht nitrat va hdp thu sinh hoc [4], [5]. Mot hudng di day hia
hen la ting dung cong nghé MBBR (moving bed biofilm reactor), von da duoc phat trién
manh mé trong thap ky qua cho cac hé thong tuan hoan nudi thuy san (RAS) va nuéc
thai giau amoni [6], [7]. Céac vat liéu MBBR v6i kha nang tw lam sach, dién tich bé mat
l6n va kha nang duy tri mat do vi sinh cao da duoc chitng minh mang lai hiéu qua xtt ly
on dinh ngay ca trong diéu kién tai trong cao [8], [9].

Bén canh d9, cac yéu td nhu cau tric hé thong, dang phan phoi oxy, thoi gian luu
thuy lwc (HRT) va su twong tac vi sinh — vi tdo cling déng vai trd quan trong trong t6i
wu hoa hiéu sudt hé thong sinh hoc [10], [11]. Méac du cdng nghé MBBR da duwoc nghién
ctru rong rai trén thé gidi, chang han nhu tai Trung Qudc [12], nhung viéc tng dung
cong nghé nay trong xtt ly nuwdce thai nudi tom cong nghiép co bd sung nito ¢ tai trong
cao tai Viét Nam van con kha han ché. Dic biét trong bdi canh nhiéu ngudn nude thai
thuee t€ thuwong chira ham lueong cao nito v co hoa tan (DIN - dissolved inorganic nitrogen).

Muc tiéu cta nghién cttu la danh gia hiéu qua x ly nuwdc thai nudi tom cong
nghiép c6 bd sung nito tai trong cao bang hé thdng sinh hoc hiéu khi cai tién st dung
vat liéu MBBR. M6 hinh dugc thiét lap 6 quy mod phong thi nghiém, tich hop 16p dém
ngap nudc va dau phun F.BT-50 gitip khuéch tan oxy hiéu qua. Hiéu suat xu ly duoc
theo doi thong qua cac chi tiéu SS, BODs, NH,4*-N va PO,~-P trong ba pha van hanh khac
nhau. Két qua nghién cttu gép phan lam rd tiém nang ting dung thuec tién ctia cong nghé
sinh hoc cai tién trong xt ly nwde thai thuy san giau dinh dudng tai Viét Nam.

2. PHUONG PHAP NGHIEN CcUU
2.1. Mau nuwéc thai

Nudc thai st dung trong nghién cttu dugc 1dy tir nude thai xi phong vao lic sang
(7 - 8 gio, trong thang 4, thang 5 ndm 2023) ¢ ao nudi tdm thé chan trang (Litopenacus
vannamei) thudc xa Dién Huong, huyén Phong Dién, tinh Thita Thién Hué. Mau nuéc
duoclay va chira trong can HDPE (25 L), tong thé 250 L, van chuyén vé phong thi nghiém
Moéi truong (Trwong DH Khoa hoc — Dai hoc Hué). Nude duoc bao quan tranh anh sang,
suc khi nhe nham han ché& léng va duy tri to ty nhién. Cac mau dau vao cho cac thuc
nghiém dwoc phan tich cac déc trung chat lwgng nudce trong vong 24 gio va bd sung co
chat, dinh dudng phu hop cho cac khao sat.

Dbé van hanh ¢ diéu kién tai trong amoni cao, ham luong NH,*-N trong nuwdc thai
duogc do dac k va diéu chinh bang cach bs sung amoni clorua (NH,Cl, d6 tinh khiét >
99%, Sigma-Aldrich) nham dat cdc muc tai trong mong mudn tir 55 — 31,6 NH,*-
N/m3/ngay. Day la khoang tai trong twong tng v6i muc cao trong hé théng nudi tuan
hoan va tham canh theo cac nghién ctru trude [3], [6], [7].
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2.2. Hé thong N-SAFB

M5 hinh hé thong sinh hoc hiéu khi ¢6 16p dém ngap nudce cai tién (N-SAFB, novel
- submerged aerated fixed bed) dwgc b6 tri quy mo6 phong thi nghiém, ngoai troi, véi thé
tich lam viéc 15 L. B& phan tng b.:?mg nhua tru ding, chita vat liéu MBBR dang hat
(polyetylen, lién két bang soi len), chiém khoang 25% thé tich bé. Khong gian loc duoc
gitt ngap hoan toan.

Hé thong duoc cap khi lién tuc bang dau phun khi F.BT-50, b tri tai 1/3 day bé,
luu lwong khi ~0,6 L/phut, giup phan tan oxy dong déu va duy tri nong d6 DO >3 mg/L.
Hé théng van hanh tuan hoan kin véi thoi gian luu thay luc (HRT) ¢ dinh 6 gio [6].
Nhiét 6 moi truong dao dong tir 27-30°C, pH 6n dinh 7,2 + 0,2 va d6 man 24-25%o.

Bo nhanh cic thong
6 méi trubng

= iy
] Tulntogniiymis e
-] A chit lrgng nuére thai
<> &
2\ - * BODs
A/ — * NHs*-N
- ‘ * POg"-P
Bom nuoc
- Bé 2

Hinh 1. BG tri hé thong sinh hoc hiéu khi cai tién (N-SAFB)
Bang 1. Thong s6 ky thuat hé thdng sinh hoc hiéu khi cai tién (N-SAFB)

Hang muc Gia tri Ghi chu Pon vi

Tén hé thdng N-SAFB Loc sinh hoc hiéu khi ¢6 16p dém ngap -
B1 (phan tng),

Cau hinh 2 bé& B2 (tuan hoan) K&t nSi bang bom hdi luu va dng xa tran -

Thé tich tong mdi bé 25 Kich thudce vat ly giéng nhau L

Thé tich lam viéc 15 Hiéu dung cho ca B1 va B2 L

Kich thudc bé @30 xH100  Nhuya tru ding cm
Vat liéu loc (B1) 370 g (~25%) Hat kaldnes, dién tich ~500 m?/m?, ndi bé“mg soilen —

Suc khi (B1) FBT-50,0,6 Dat1/3 day bé L/phut
DO (B1) >3.0 Duy tri 6n dinh toan bd chu trinh mg/L
pH hé théng 72+0,2 Do tai dau vao va dau ra -

HRT - Q (B1) 6-0,25 Thoi gian luu - lvu lwgng tuan hoan h-L/h
Van hanh 10+ 33 ilé(lnp i(f;r;gnlg()é;g‘ay + 3 pha nang tai trong nito, ngdy
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2.3. B0 tri thi nghiém thay ddi tai trong NH*-N

Thi nghiém duoc tién hanh sau giai doan khoi dong 10 ngay (Pha 1), véi muc
tiéu tao 16p biofilm bam trén vat liéu MBBR. Sau d¢6, hé thdng duwgc van hanh lién tuc
qua 3 pha tai trong khac nhau, m6 phong diéu kién thuyec t€ cia nudce thai nudi tom cong
nghiép c6 bd sung amoni. Trong giai doan khoi dong va thi nghiém, d€ hd tro phat trién
vi sinh vat, nudc thai dugc bo sung dinh ky ché pham vi sinh (3 mL/15L/ngay trong 10
ngay dau, pha 1) va diéu chinh ty 1é C:N = 4:1 bang mat ri duong.

Noéng d6 NH4*-N dau vao duoc diéu chinh bang NH,CI tinh khiét. Thong tin chi
ti€t cac pha thi nghiém, nong d¢ dau vao va tai trong amoni twong tng duoc trinh bay
tai Bang 2.

Badng 2. Cac pha van hanh va tai trong amoni cua hé thong N-SAFB

Pha MO ta Nong d6 NHs~N OTai trong NH,*-N
(mg/L) (g-N/m?ngay)
Phal Khoi dong (thich nghi) 1,40 5,60
Pha 2.1 Tai thap — 6n dinh 1,37+ 0,03 5,48
Pha 2.2 Tai trung binh 4,86 +0,03 19,44
Pha 2.3 Tai cao 7,90 £0,10 31,60

(*)Tdi trong NH4*-N (3-N/m?¥/ngay) dwgc xdc dinh theo cong thirc (2)

2.4. Phan tich chit lwong nudc va xi¢ ly dix lidu

Céc thong s8 phan tich bao gom: chdt ran lo ltng (SS), nhu cau oxy sinh héa
(BODs), amoni (NH4*-N), phosphat (PO,~-P), pH, DO, nhiét do, d0 man va mat do tao.
Trong d6, cac thong s6 pH, DO, nhiét d6 va do man dwoc do nhanh tai hién truong bf?mg
thiét bi da chi tiéu Horiba U-50 (Horiba Ltd., Nhat Ban), hiéu chuan trudc mdi lan do.

Cac mau nudc dugc 14y tai dau vao va dau ra caa hé théng vao budi sang (7h30-
8h), ngay sau khi bat dau mot chu ky xt Iy. Mau dugc bao quan lanh, t6i & 4°C va phan
tich trong vong 24 gio.

Céc thong sd dugc phan tich theo APHA - 23rd Edition (2017) [13], cu thé: NH4*
N: do bang phuong phéap Nessler (4500-NH; F). Mau duoc kiém héa, thém thudc thir
Nessler, do quang & budc séng 425 nm bang may quang phd UV-Vis. PO~-P: xac dinh
bang phuong phap ascorbic acid (4500-P E), do tai budc séng 880 nm. SS (chat ran lo
Itng): theo phuong phap can xac dinh khdi lwong 2540 D. BODs: Mau dwoc t kin 5 ngay
& 20°C trong chai thty tinh c6 dung tich 300 mL, do DO dau va cudi bang thiét bi do
DO. Mat dd tao: dém truc tiép bang budng dém Neubauer, khong nhudm mau. Mau
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duoc 18y truc ti€p tir bé phan ting (B1), lac déu va nhé vao budng dém. Dém dudi kinh
hién vi quang hoc véi d6 phong dai 400x, tinh s6 luwong t€ bao/mL.

Hiéu suat (H, %) x@ ly ting chi tiéu duoc tinh theo cong thikc (1):

H = (=) x 100 )

Co
V6i Co landng do dau vao va C la néng d6 dau ra (mg/L).

Tai trong N-NHa4 (g-N/m3/ngay) duoc tinh theo cong thtrc (2):

L= QT/C" x 1073 @)
Vi Q la lvu lwong dau vao (m?/ngay), V la thé tich bé phan tng (m?), Co la nong
do dau vao cua N-NHs4 (mg/L hay g/m?).

D liéu duogc xtiz ly bfing Microsoft Excel. Gia tri cac chi tiéu duoc bidu dién duwdi
dang trung binh + d6 léch chuan (SD).

3. KET QUA VA THAO LUAN
3.1. Chat lwgng nudc thai dau vao

Nguon nudc st dung trong nghién ctu dugc lay tir bé tuén hoan ctia ao nudi
tom thé chan trang (Litopenaeus vannamei) 60 ngay tudi tai xa Dién Huong, huyén
Phong Dién, Thira Thién Hué (mat do tha 200 con/m?2). K&t qua phan tich cdc mau nudc
(Bang 3) phan anh diéu kién nuoi tom tham canh dién hinh, c¢6 ché€ d¢ dinh dudng cao

[14, 15].

Bidng 3. Mot s6 thong s6 chét lwong nude thai nudi tom va khoang thich nghi ctia tom

Gia tri trung

Théng s6 binh Khoang thichnghi  Nguén Panh gia
n
pH 7,59 74-82 [14] Phu hop
Nhiét d6 (°C) 28 28 -31 [14] T6i wu
D06 man (%o) 25 20 - 30 (isosmotic ~24,7) [14] Tot
DO (mg/L) 6,6+0,7 4 - 8 (85-105% saturation) [15] T6t
NH,*-N (mg/L) 1,40 + 0,00 <1,<0,1 (t3i wu sinh 1y) [15] Cao —ddc NH;
Cao — dé kich thich
3-_ 4 7 ~
PO4#-P (mg/L) 0,61 +0,00 <0,4 (tranh pht dudng) [14] ta0 phat trién
<1 (ly twong),
NO;-N (mg/L) 0,04 +0,04 [14], An toan
<10 (chiu dung) [15]

85



Xt Ij nuede thai nudi tom cong nghiép cé bd' sung nito-amoni tdi trong cao ...

Gia tri trung

binh Khoang thichnghi = Nguén Danh gia

Thong sd

RAt cao — mét can

Tao (tb/mL) 16106 <10° tb/mL 14y ing sinh hoc

Mic du cac yéu td vat ly nhu pH, nhiét d, d6 mén va DO déu ndm trong pham
vi thich hop cho sinh trudng va mién dich cta L. vannamei, tai dinh dudng trong nudc
dau vao rat cao — dic biét 1a NH,*-N va POg2~-P. Vi pH ~7,6 va nhiét d6 28°C, khoang
2,18% tong TAN duoc chuyén héa thanh NH; khong ion hda — dang ddc sinh hoc chu
yéu v6i tom. Diéu nay twong ting véi khoang 0,03 mg/L NHs, tiém can ngudng gay stress
man tinh (>0,05 mg/L) theo khuyén cdo cia Samocha & Prangnell [15]. Cung voi d6, mat
dd tao cao phan anh tinh trang phti dudng thi cap, dé dan dén dao dong pH va tiéu thu
oxy vao ban dém - anh hudng dén 6n dinh sinh thai ao nudi. Pay la hdu qua dién hinh
cta md hinh nudi tham canh st dung khdu phan dam cao, nhung thiéu kiém soat DIN
va photpho hoa tan. Néu khong dugc xt ly phu hop, loai nwdc thai giau dinh dudng
nay khi xa thai ra moi truong cé thé gay ra hién twong phtt dudng ven bo, mat can bang
hé vi sinh vat nuéc mén, va suy giam chat luong viing nudi ké can 1an ngudn nude bién
ven bo. Do d6, viéc phat trién va danh gid hiéu qua ciia mot hé thong xi 1y sinh hoc cai
tién, cd kha nang giam nhanh NH,*-N trong diéu kién tai cao, dong thoi duy tri tinh tuan
hoan va tiét kiém nang luong, 1a can thiét va c6 y nghia thuc tién 16n trong bdi canh quan
ly nudc thai thuy san hién nay.
3.2. K&t qua van hanh pha 1 - Khéi dong hé thong

Giai doan khoi dong (Pha 1) kéo dai 10 ngay, duoc thiét ké nham tao dieu kién
thuén loi cho su phat trién biofilm trén vat liétu MBBR, dong thoi kiém tra tinh 6n dinh
ban dau ctia hé thong ¢ tai trong thap. Bién dong cac thong sd chinh gom NH,*-N, DO,
va pH duoc trinh bay trong Hinh 2.

-~ 10 2
:'m 9 -8-DO (mg/L) -e-pH —&NH,*-N (mg/L) 18 I
E 8 16 ¢
o 7 14 =
Q 6 12 I
2] =
,8- 5 1 v
=
£ 4 0.8
r 3 0.6
2 2 0.4
1 0.2
0 0
01 2 3 4 5 6 7 8 9 10 11

thei gian (ngay)

Hinh 2. Bién dong cac thong s6 NH4*-N, DO, va pH ¢ pha khoi dong (10 ngay)
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Noéng d6 NH4*-N giam rd rét tr 1,40 xudng 0,25 mg/L, twong duwong hiéu suat
loai bo khoang 82,1%. Dién bién nay phan dnh qud trinh nitrat héa bat dau duoc kich
hoat t6t, v6i tdc d loai bo tang dan tir ngay thit 3 tro di — phi hgp véi thoi gian dap tng
sinh hoc dién hinh khi st dung vat liéu loc sinh hoc c6 bé mat 16n (> 500 m?/m?) [14].
Dong thoi, nong dd oxy hoa tan (DO) duy tri trong khoang 6,0-6,7 mg/L trong toan b
pha, veot mitc yéu cau t6i thi€éu cho sinh vat hiéu khi (> 4,0 mg/L) [15]. Diéu nay xac
nhén hiéu qua cua dau phun F.BT-50 trong viéc cung cap oxy phan tan min. Gia tri pH
on dinh trong khoang 7,55-7,63, cho thay kha nang dém pH tdt ctia nguon nudc dau
vao. Ngoai ra, mat d¢ tao giam dan tr 1,6 x 106 xudng con 7,5 x 105 t€ bao/mL, twong
duong giam 50%. Su suy giam nay c6 thé do canh tranh dinh dudng véi vi sinh di dudng,
cting nhut anh huong ctaa DO. Theo [15], nong dd DO cao va 6n dinh c¢6 thé han ché vu
thé sinh truwong cia nhém tao xanh lam hoac tao don bao nhay sang.

Pha khoi dong cho thiy hé thong c6 kha nang thich nghi nhanh, phat trién hé vi
sinh 6n dinh, duy tri DO t6t va kiém soat tai NH4*-N ban dau hiéu qua. Day la co so dé
ti€p tuc danh gia hé thdng 6 cac murc tai trong nito cao hon trong cac pha ké'tiép.

3.3. Hiéu suit xtt ly 6 ba mitc tai trong NH,*-N (Pha 2.1 — 2.3)

Sau pha khoi dong, hé thong N-SAFB duoc van hanh qua ba pha tai trong tang
dén, véi nong d6 NH,*-N dau vao lan lwot 1a 1,37; 4,86 va 7,90 mg/L, twong Gng véi tai
trong 5,5; 19,4 va 31,6 g-N/m3ngay (Bang 2). Mdi pha van hanh lién tuc trong 3 ngay,
khong tuan hoan nuéc dau ra, va cac chi tiéu dugc theo ddi hang ngay tai dau vao — dau
ra. Dit liéu trinh bay trong Bang 4 1a trung binh tir 3 mau phan tich/pha, thé hién dudi
dang gia trj trung binh + d6 1éch chuan (SD).

Badng 4. Hiéu qua xtt ly nudc thai tai ba mac tai trong NH;-N

Pha 2.1 Pha 2.2 Pha 2.3
Chi tiéu
(5,5 g-N/m3/ngay) (19,4 g-N/m3/ngay) (31,6 g-N/m3/ngay)

NH,*N ra (mg/L) 0,10+0,07 0,58 £0,13 1,58 +0,37
Hiéu suat NH,*-N (%) 93+7 88 +10 80+17
BODs ra (mg/L) 12,96 15,36 18,72
Hiéu suat BODs (%) 73+7 68+8 61+10
SS ra (mg/L) 6,59 10,98 19,03
Hiéu suat SS (%) 91+5 85+6 7419
PO;-P ra (mg/L) 0,232 0,250 0,256
Hiéu suét PO,>-P (%) 62+3 59 +4 58+5
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Két qua cho thay hé thong duy tri hiéu sudt x& Iy NH4*-N rat cao, véi nong do
déau ra chi con ~0,1 mg-N/L & pha tai thdp va dwdi 2 mg-N/L ngay ca khi tai dat 31,6
g/m3/ngay. Diéu nay phan 4nh hoat tinh sinh hoc 6n dinh va ning luc thich tng t6t caa
hé vi sinh vat trén vat liéu MBBR, duoc ho tro bsi diéu kién hiéu khi t&i wu (DO > 6
mg/L) va co ché€ ti€p xtic nho dong phan tan min tir dau phun F.BT-50.

Hiéu sudt x& ly BODs va SS mdc dut ¢6 xu hudng giam nhe khi tai tdng, nhung
van & mtrc khd cao (>60% va >74%) & pha tai ndng, cho thdy hé théng van duy tri nang
lirc phan huy hitu co va gitt bun t6t. Riéng PO2-P ¢6 hiéu suat xtt ly kha 6n dinh (60%),
phan énh gidi han ctia hé hiéu khi don thuén trong viéc hdp thu P, v6n can cac vi sinh
vat tich 1ty polyphosphate (PAOs) hoat dong trong diéu kién thiéu khi [14]. So véi nhiéu
hé bun hoat tinh truyén théng hodc biofilter don 16p, mo6 hinh N-SAFB cho thdy vu thé
vuot troi vé hiéu sudt loai NH4*-N, kha ndng van hanh ¢ HRT ngén (6 gi0), khong tich
tu bun noi, va 6n dinh theo thoi gian.

3.4. So sanh va thao luin véi mét sd nghién ciru khac

Hiéu sudt xtt ly nito amoni (NH4*-N) ctia hé thong N-SAFB dat tix 80 + 17% dén
93 + 7% tai ba muc tai trong khac nhau (5,5-31,6 g-N/m?ngay), voi nong do dau ra dao
dong 0,10-1,58 mg/L (Bang 4). Cac gid tri nay cho thady mic d6 loai bo NH,*-N rat tot,
ngay ca khi hé thdng van hanh & tai trong cao gap 5-6 lan so véi dau vao thuc t€ cua
nudc thai tom cong nghiép. Khi so sanh vdi cac nghién cttu khéc, hiéu suat nay la twong
dwong hoac vugt troi.

Nghién ctru cua Poon et al. (2010) [6] ghi nhan hiéu sudt loai NHs*-N khoang 85%
tai tai trong 15-20 g-N/m?3/ngay trong hé thong MBBR van hanh ban lién tuc, véi vatliéu
K1 (AnoxKaldnes). Trong khi d6, Gupta & Bhargava (2017) [7] chi dat hiéu sudt 72-78%
tai tai trong 25 g-N/m?ngay, khi dung MBBR truyén thong trong xtt ly nudc thai cong
nghiép giau amoni. Nhu vay, hé thdng N-SAFB trong nghién ctru nay van duy tri hiéu
sudt on dinh 0 tai trong cao hon, chitng minh duoc tinh linh hoat ctia cau hinh 16p dém
ngap + dau phan tan khi min. So véi hé bun hoat tinh truyén thong (ASP), muic hiéu suat
ttr 70-85% v6i HRT 2 8 gio thuong duoc bao cao tai tai trong thap hon (<20 g-N/m?/ngay)
[3], [9]. Bén canh d6, ASP con gép han ché trong kiém soat bun lo lteng va dé bi sdc tai,
diéu ma hé thong biofilm nhu N-SAFB c6 thé khic phuc nho vi sinh vat bAm dinh va
cau truc 6n dinh [11]. Ngoai hiéu suat NH4*-N, hé thong trong nghién ctru nay con duy
tri hiéu sudt xt ly BODs > 60% va SS > 70% trong ca ba pha, phu hop véi khuyén nghi
cua FAO cho nuéc tai st dung trong nudi thuy san [15]. Hiéu sudt PO2~-P thdp hon
(~58-62%) la dac diém thuong thdy trong hé thong hiéu khi khong c6 pha thiéu khi. Diéu
nay cling phut hop v6i quan sat ctia Vinatea et al. (2022) [14], cho thdy xt&t ly photpho
hiéu qua doi hoi cau hinh AO hoéc vi khuédn PAO chuyén biét.

Hé N-SAFB thé& hién rd uu thé vé hiéu suat, tinh on dinh, kha nang chong sdc tai,
va thoi gian khoi dong nhanh. Day 1a m6 hinh phut hop véi cac hé thong tuan hoan nuoi
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thuy san mat d¢ cao, ddc biét trong diéu kién nudc giau DIN nhw nudi tom thé cong
nghiép, gép phan giam tai ra moi treong va nang cao hiéu qua st dung nudc.

4. KET LUAN

Nghién cttu nay da chiing minh hiéu qua cta hé thong N-SAFB st dung vat liéu
MBBR trong xt ly nudc thai nudi tdm cong nghiép c6 b8 sung nito ¢ tai trong cao. Véi
cdu hinh 16p dém ngap nudc va dau phun oxy F.BT-50, hé thong dat hiéu sudt xt ly
NH4*-N vuot troi (80-93%) trong diéu kién tai trong dao dong tit 5,5 dén 31,6 g/m?/ngay,
v6i nong d6 dau ra dao dong 0,10-1,58 mg/L. Dong thoi, cac chi tiéu BODs, SS va PO4> -
P cling dwoc xtt Iy hiéu qua (trén 60%), khang dinh kha nang loai bé chat hitu co va chat
ran tot ctia hé thong. Hé thong khoi dong nhanh, van hanh 6n dinh, duy tri DO > 6 mg/L
va khéng phét sinh hién tuwong bun ndi. Diéu nay cho thdy sy twong thich cao gitra vat
liéu MBBR, ciu trtic van hanh va diéu kién hiéu khi, dic biét trong bdi canh nuoi tham
canh v6i nguén nude thai giau DIN. So sanh véi cac nghién ctru triede cho thay hiéu suat
xt ly ciia N-SAFB tuwong duong hodc vuot nhiéu mo hinh MBBR hoac ASP da cong bé.
K&t qua nghién cttu khang dinh tiém ning tng dung thuc tién ctia hé théng N-SAFB
trong xt ly nude thai nudi tom cong nghiép, huéng dén muc tiéu giam 6 nhiém dinh
dudng, tuan hoan nudc va phat trién nudi trong thuly san bén virng tai Viét Nam.
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TREATMENT OF HIGH- AMMONIUM NITROGEN LOAD SHRIMP
AQUACULTURE WASTEWATER USING AN IMPROVED AEROBIC
BIOLOGICAL SYSTEM N-SAFB
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ABSTRACT

This study comprehensively evaluates the treatment efficiency of a novel submerged
aerated fixed-bed (N-SAFB) aerobic biological system, specifically designed to
remove high concentrations of inorganic nitrogen from industrial shrimp
aquaculture wastewater. The laboratory-scale model was designed as a submerged
biofilm configuration and equipped with a fine-bubble oxygen diffuser (F.BT-50).
The system was operated for 19 days, including a 10-day startup phase and 9 days
of operation at three ammonium (NH4*-N) loading rates—5.5, 19.4, and 31.6
g/m3/day —with a fixed hydraulic retention time (HRT) of 6 hours. The results
indicated that the system achieved stable NH,*-N removal efficiencies ranging from
80 +17% to 93 + 7%, yielding effluent concentrations between 0.10 and 1.58 mg/L. In
addition, removal efficiencies for BODs, suspended solids (SS), and PO*--P were
satisfactory, ranging from 61% to 73%, 74% to 91%, and 58% to 62%, respectively.
The system demonstrated robust operation by maintaining DO levels of > 6 mg/L
throughout the testing period, with no sludge flotation observed. Compared to
previous treatment models, the N-SAFB exhibited rapid acclimation, high removal

efficiency, and strong applicability for intensive aquaculture operations.

Keywords: aerobic biological system, high nitrogen loading, SAFB, nitrogen

removal, shrimp aquaculture wastewater.
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