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1. PAT VAN PE

Hién nay, nudi c4 bién dang 1a hudng phat trlén quan trong ctia nghé nudi tréng thiy san &
Viét nam. Mot trong nhirng giai phap dé phat trién thanh cong va ben vitng nghé nudi cd bién la
giam thiéu luong nudc sir dung trong qua trinh nudi va san xuat gidng. Chinh vi vay, nham giam
thiéu lwong nudc sir dung trong nudi trong thuy san bang cong nghé tudn hoan tai s dung nude
nudi (Recirculation Aquaculture System viét tit 1a RAS) di duoc nghién ctru trién khai trong
khoang 15 nim qua. Tuan hoan nudc biang cong nghé loc sinh hoc ngap nudc (Submerged
Biofilter viét tit 1a SBF) dugc coi la giai phdp lam giam luong nude da sir dung thai ra moi
truong [6, 7, 11]. Pa c6 mot s6 cong trinh nghién ctru ing dung cdng ngh¢ loc sinh hoc trong hé
thong RAS, va khing dinh sy can thiét phai phat trién cdc hé thong biofilter loc sinh hoc tmg
dung trong quy md san xuét [6, 7, 8, 10].

Muc dich cua nghi€n ctru nay la: img dung cong nghé loc sinh hoc ngap nudc SBF dé xu 1i
tudn hoan nudc nudi cd bién gidng. Nghién ciru, ddnh gid qué trinh chuyen héa hop chat dinh
dudng bang cong nghé loc sinh hoc ngdp nudc. Chat thai trong nudi tréng thuy san cha yéu la
hop chét dinh dudng nito dang amoni (Tong nito dang amoni viét tit 12 TAN), nitrit va phot pho
dang photphat [1 - 4]. Trong khu6n kho bai bdo nay, chiing toi chi d4nh gid hop chit nito dang
amoni va nitrit. O quy mo san xuét, ndng do TAN) khdc nhau theo timg giai doan phat trién ciia
cd da duoc nghién ctu, dénh gid. Tinh todn moi tuong quan gitra toc do chuyen héa thé tich
TAN (Volume TAN Rate = VTR) v céc thong s6 ciia md hinh. Téc do chuyén héa dién tich
n1tr1t (VNR) voi lu’ong TAN thai ra (LRtaN) va luong nitrit thai ra (LRnoy). St dung hai thong
s6 VTR va VNR dé ddnh gia toan dién hon hiéu suat cta hé théng loc sinh hoc ngap nudc.

2. VAT LIEU VA PHUONG PHAP
2.1 So’ d6 thi nghi¢m

So d thir nghiém hé théng RAS ¢ dugc md phong trong hinh 1.
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Hinh 1. So db hé thdng RAS tng dung c6ng nghé SBF quy mé san xuét

Giai doan phat trién cb dinh mang sinh hoc trén vat liéu dém dugc thuc hién 20 ngay trudc
khi xt I tudn hoan nuéc bang hé thong SBF. Hé thong bé loc sinh hoc SBF duoc phit trién sinh
khdi céc vi khuan thuoc nhém Nitromonas spp, Nitrobacteria spp. Nudi ca R6 phi trong bé nuodi
3 —5kg/10 m® voi 4 m? vat lidu dém loc, cho cd an va tuan hoan nudc lién tuc 24/24 gio.

2.2. Thu miu va phan tich mau

Mau nuéc duge thu ¢ 2 diém (diém 1: nuée tha1 ra tir bé cd vao bé loc; diém 2: nu6e sau
khi xir 1i boi hé thong loc sinh hoc ngap nudc); mau duoc phan tich ngay sau khi thu mau.
Phuong phdp phan tich mau theo APHA, 1995 [5] bao gom tong s6 ammonia (TAN) xdc dinh
béng phuong phdp phenate, nitrit (NO,- N) xdc dinh bang thudc thur Greeiss, nitrat (NO3 - N)
cho miu qua cot khir Cu-Cd, rdi so mau bang thudc thir Greeiss; nhu cau 0xy héa hoc (BODs) u
trong 5 ngay va xdc dinh 6xy bang phuong phiap Winkler. D6 man, 6xy hoa tan (DO) va pH
duogc do hang ngay bang may do ¢6 d6 chinh xéc dén 0,01.

2.3. M6 hinh sy bién d6i ammonia ciia hé thong lgc sinh hoc SBF

Téc d6 chuyén héa thé tich TAN (Volume TAN Rate _VTR) la thong s6 dénh gid hi¢u suat
cua hé thong bé loc sinh hoc. VIR dugc tinh bang phuong trinh 1 [10]:

VIR = (TAN, - TAN,, )Qr (1)
m

trong d6: VTR 1a toc d6 chuyén héa thé tich (g/m’/ngay), TAN; la luorng TAN trong nudc vao bé
loc (g/m’), TANp la luong TAN trong nudc khi ra khoi bé loc (g/m’ ) Qr 1a luu lugng nudce
chay qua bé loc (m*/ngay) va Vm la tong thé tich cua vat liéu dém loc (m?).

Tbc d6 chuyén héa thé tich nitrit (Volume Nitrit Rate _ VNR) 1a théng s6 ddnh gid qua
trinh chuyén héa nitrit trong nudc trén mot don vi thé tich vat liéu dém loc. VNR biéu thi hai
chtic nang VTR (Téc d6 chuyén héa TAN) va tdc do chuyén héa thé tich nitrit thyc té (Volume
Nitrit Rate Apparent = VNRA) trong hé théng loc sinh hoc [8], va duoc xac dinh béng phuong
trinh 2. Phuong trinh (3) mo ta ti 1¢ chuyén héa Nitrit 12 luong nitrit dugc tao thanh khi TAN
dugc chuyén héa thanh nitrit trong hé thong loc [8].

(NO2-N), —(NO2-N),
Or
Vm
VNR = VTR+VNRA 3

trong d6: VNR va VNRA duogc do b?ing g Nqu-N/m3 .ngay, va (NO,-N); , (NO»,-N)o 1a n6ng do
Nitrit cia nude vao va nude ra (g/m’). Vm la thé tich vat liéu dém loc (m”).

VIRA =

2
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Chét dinh dudng (chét nén) vao bé loc dugc tinh todn ¢ phuong trinh 4

S,.
LRs =>1<" o)
Vm
trong d6: LRg = Lugng chat nén vao hé SBF (g/m’.ngay), S; = Nong do chat nén vao (g/m’),

Q¢ = luu lugng nude qua hé thong loc (m /ngay), va V, = thé tich vat li€u dém loc (m ).
2.4. Phan tich théng ké

Cac thong $6 moi quan hé ti 1€ chuyen héa thé tich (VTR) va TAN, LRtan, LRNOZ, luorng
nudce tudn hoan Qru, thoi gian luu cua nuée HRT duge phan tich thong ké md ta trén phan mém
Excel. Phén tich m6i twong quan cua ti 1¢ chuyén héa thé tich (VTR) véi cic thong s6 cua bé loc
sinh hoc bang phan mém SPSS 13. Phuong phdp so sénh ddnh gid cdc sO lidu, gid tri cdc thi
nghiém tién hanh, hé s6 twong quan, md hinh tinh todn theo phuong phép ciia Neter va cty
(1990) [9].

3. KET QUA VA THAO LUAN
3.1. Két qua kich hoat hé thong loc sinh hoc ciia hé thong tuin hoan nuéc bién
Tir ngay dau tién dén ngay thir 10 s6 lugng vi khuan phat trién chua du 16n, tir ngay tha 10

dén ngay thi 21 s6 lwong vi khuan Nitrosomonas phat trién da dé thuc hién qua trinh nitrat héa
(hinh 2). Ttr ngay thtr 22 tr¢ di, qua trinh nitrat héa di vao 6n dinh.

—o—TAN =— = = Nitrit (N- NO2-) ——— Nitrat (N- NO3-)
Chua xay ra qué trinh Vikhuén Nitrisomonas Nitrat héa da can bang,
Nitrat héa hoat dong vi khuan én dinh.
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Hinh 2. Sy bién ddi ham lwong NH,", NO, va NOj; trong hé théng bé loc sinh hoc giai doan
kich hoat (c6 dinh mang sinh hoc)

Két qua ¢ hinh 2 cho thay, sau 15 ngay da kich hoat dugc bé loc sinh hoc SBF phat trién hé
vi khuan va thuc hién qud trinh chuyen héa nitrit vé dang nitrat, sau 22 - 25 ngay c6 thé dua hé

thong loc sinh hoc SBF dé xtr Ii nuéc tuan hoan nudi gidng cd bién.

3.2. Cac thong sb ciia hé théng loc sinh hoc SBF quy mé san xuit
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Céc thong s cua hé thong loc sinh hoc SBF quy md san xuat dugc trinh bay trong bang 1
dua trén tinh toan so li¢u trong 69 ngay trién khai thuc hién.

Béng 1. Mét sb théng sb clia hé thdng loc sinh hoc SBF quy mé san xuat nudi ca Gio giéng

Thong s6

Pon vi tinh

Trung binh + d9 léch chuin
(min — max)

Tdc do6 tai luong thuy luc m3/nga?1y 611+-379,97 (120; 960)
Thoi gian luu thuy luc Gio 2,49 £2,55(0,8,7)
Nong d6 TAN vao g/m’ 1,19 + 1,50 (0,08; 4,92)
Lugng TAN thai vao g/m3 dém loc/ngay | 210,03 + 345,7 (2,16, 1064,08)

Hiéu suét (% TAN da dugc chuyén héa)

%

40,8 +21,11 (7,32,97,9)

Tdc d6 Nitrit thai vao

g/m’ dém loc/ngay

82,63 £ 20,75 (0,479 - 359,27)

Tbc d6 chuyén hoéa thé tich TAN (VTR)

g/m® dém loc/ngay

60,87 £ 99,8 (0,45, 424,53)

Tbc d6 chuyén hoa thé tich Nitrit (VNR)

g/m’ dém loc/ngay

77,89 + 125,86 (-19,97;
482,18)

3

Néng d6 DO vao g/m’ 5,71 0,1 (4,08, 7,27)
Nong d6 DO ra g/m’ 4,24 +0,24 (0,67, 6,0)
AO; (DOgiu ra = DOgiu vao) g/’ ~1,51 £0,27 (-5,28, -0.25)

APH (pHdﬁu ra PH déu vao)

-0,29 £ 0,15 (-0,55; -0,140)

Hiéu suat chuyén héa (R) , toc do chuyén héa thé tich (VTR) va tai luong thiy lyc 1a céc
thong s6 d€ danh gid hiéu qua cua h¢ thong loc SBF. Hi¢u suét chuyén héa trung binh trén 50%,
céc gia tri thdong s6 dugc trinh bay cu theé trong bang 1.

3.3. Méi twong quan ti 1é chuyén h6a VTR va cic thong sé
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Hinh 3. Sy phy thuéc téc do chuyén hoéa thé tich VTR (g/m°.ngay) véi ndng do TANi (g/m°).
Do thi v&i 95% khoang tin cay cac dwdng hoi quy va thdng s6 twong quan
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Thong : s6 dénh gid hé thong loc sinh hoc quan trong l1a VTR. VIR anh huong truc tiép boi
céc thong s6 cia hé thong nhu nong d6 TAN thai ra (duoc dic trung boi nong dd TAN vao bé
loc (TAN vao, don vi tinh mg/l), Téng luong TAN thai ra (LRTAN, don vi tinh 1a g/m3/ngay) tai
lwgng thuy luc, luong nudce tuan hoan (Qru, don vi tinh 1a m*/ngay) ..

Anh hwmg nong do TAN vao (TANI) d‘en~t0c do chuyen hqa thé tich TAN (VIR): Tdc do
chuyén héa thé tich VTR da dugc tinh todn moi ngay cho h¢ thong loc theo cdc giai doan phit
trién cua ca. Su phu thudc cua toc do chuyén hoa thé tich (VIR) va nong d6 TAN vao dugc trinh
bay ¢ hinh 3. Phuong trinh (5) md t4 moi twong quan anh hudng ciia néng do TAN va VTR:

VTR = 12,929 TAN + 1,5049 (5)

Gid tri t6i thiéu clia ndng do TAN trong hé thong da dugc Zhu va Chen (1999) [12] dénh
gid. Nong d6 TAN toi thiéu cua bé loc sinh hoc ngép nudce, qua trinh nitrat héa phan tng lién
tuc, gid tri trung binh 1a 0,07 + 0,05 mg/l ¢ nhiét do 27,2°C. bay la nong d6 nho nhat d¢ hé
thong c6 thé van hanh on dinh mang sinh hoc ciia hé thong xu 1i.

VTR va LRTAN-

Mo hinh tinh toan biéu dién su phu thudc tuyen tinh khdi Ivong TAN vao hé (LRTAN)
(Phuong trinh 4) va toc do chuyén héa thé tich dugc thé hién & hinh 4. Phan tich thong ké dé
thiét 1ap phuong trinh tuyén tinh gitra VTR va LRtan, cho thdy thong 56 LR1an bleu thi lugng
TAN vao cua hé thdng va anh huong tic dong truc tiép dén hé thong loc, véi mdi twong quan
tuyén tinh c6 y nghia (R* = 0,888) & phwong trinh (6).

VTR = 0,268 LRyan + 6,31 ©6)
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Hinh 4. B4 thi twong quan gitra VTR va LRyay vao hé théng loc sinh hoc SBF

Mo hinh téc d9 chuyén héa thé tich (VTR) va céc thong so ciia h¢ théng loc SBF

Cdc thanh phan bién d6i theo ngay 1a diu vao cia hé thng loc sinh hoc SBF duoc theo doi
ngau nhién, ddnh gid sy anh hudng cua cdc thong sé dén téc do chuyén héa TAN (VTR) cia hé
thong loc sinh hoc SBF. Phuong trinh sir dung cho mé hinh dé wéc tinh VTR c6 nghia véi do tin
ciy 95%, R* = 0,810, F = 0,00019. M6 hinh tuong quan sir dung cic bién dy bdo dé wéc tinh
VTR cho hé théng SBF xir I nudc tuan hoan nudi c4 bién dugc thé hién boi phuong trinh 7.

VTR = 132,56 — 12,2 Qru — 12 HRT + 20,1 TAN vao + 5,55 BODs @)

trong d6: VTR = Téc do chuyén héa thé tich TAN (g/m3/ng21y); Qru 12 Ivu lwong nudc tuan hoan
(rp3); HRT Ia thoi gian luu cua nudce (gio), TAN nong 6 TAN trong nudc vao (g/m3), BODs la
nong do BOD trong nude vao (g/m’).
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O quy md nghién ciru pilot, :[(”')c do chuyén’ héa thé tich dat cao nhét 1a 99,6 g/m’.ngay.
Trong nghién ctru & quy md san xuat VTR cao nhat 145,3 g/m®.ngay.

Ti 1¢ chuyén héa TAN trong nghién ciru nay cho thay sy khéc biét ddng ké tir cdc nghién
cuu trude d6. Zhu va Chen (1999) [12] cho rang két qua t6§: d6 chuyén héa TAN cua log sir‘lh
hoc v6i dém loc chuyén dong quy md phong thi nghiém bang cdch sir dung TAN 1a chét nén
dang k& duy nhat & nong d¢ cao hon so véi nghién ctiru nay. Cac két qua trung binh VTR
(374 g/m’.ngay) khoang 40% 16n hon so véi VIR trong nghién ctru nay (145 g/m’.ngay).

Két qua tir nghién ctru nay néu bét sy khdc biét ding ké giita hé théng loc quy mé 16n sir

dung nudce tir hé thong nudi c4 san xuét thuong mai va quy md phong thi nghiém nho, h¢ thng
loc chi str dung céc chat dinh dudng nhan tao.

3.4. Toc dp chuyén héa VRN

M6 hinh tll’OTlg quan VNR va LR NO2 va LR TAN

Mb hinh dy bdo gia tri VNR ciia bé loc sinh hoc ¢6 y nghia vai R*=0.76, trong do, VNR
dugc tinh todn theo phuong trinh (3) ¢6 méi twong quan dm voi khoi lugng Nitrit vao bé loc sinh
hoc (LRxo»), va twong quan duong vai lugng TAN vao bé loc (LR1an). M6 hinh dugc cu thé hda
¢ phuong trinh 8.

VNR = 3,068 — 0,071 LRnoo. + 0,134 LRan. (8)
3.5.So sanh VTR va VNR

Phuong trinh (3) VNR = VTR+VNRA cho thdy VNRA c6 thé gan bang 0, néu nhu hé
thdng loc ¢6 thé duoc loai bo nitrit tot. Gid tri VRN dwong, ti 1é chuyén héa cua hé thong loc tdt,
luong nitrit dugc loai bo, thé hién ¢ gia tri VNRA. Gia tri VNRA thé hién khdi luong vi sinh vt
trong hé théng. VNRA am, c6 thé nitrit van duogc loai bd trong hé théng. Gia tri VNR am la bao
hi¢u ham lugng Nitrit tich lily cao, va Ia tinh trang khong tdt clia hé thong loc. Trong qud trinh
thuc hi€n 6 ngay thir 23 va 26 gia tri VNR dat gia tri -14,8 va -15,5. VNR dugc coi 1a mot thdng sO
dé danh gia hiéu suat cta hé thong loc. Tuy nhién, gi tri VNR c6 rat it cdc két qua dugc cong bo.

Béng 3.3. Gia tri VTR va VNR cla hé théng loc sinh hoc SBF & quy mé sén xuét

VTR (g/m’.ngay) VNR = VTR + VTRA (g/m’.ngay)
Trung binh 26,97 27,21
Sai s6 chuan 8,60 9,31
Do léch chuén 42,14 45,59
Minimum 0,17 -15,51
Maximum 145,35 165,18
4. KET LUAN

Thoi gian kich hoat hé thong SBF & quy mé san xut 12 22 ngay.
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Téc do chuyén héa thé tich TAN & quy mo san xuét 1a 60,87 + 99,8 (0,45, 424,53) g/m’ dém
loc/ngay, thap hon so véi nghién ctru quy md trong pilot.

"Téc do chuyén héa thé tich dat cao nhat & quy mo Pilot 1a 99,6 g/m’.ngdy, & quy mo san
Xuét 145,3 g/m’.ngay
Mb hinh tuong quan gitta VTR n6ng d0 TAN, LRyan va LRyo2 12 VIR = 0,268 LRyan +
6,31 va VNR = 3,068 — 0,071 LRyop. + 0,134 LRpax,

banh gid hé¢ thong loc sinh hoc thong qua so sanh hai thong so VTR va VNR dé c6 thé s&
toan dién hon hi¢u suat cta hé thong loc ¢ diéu kién san xuét thuc té.
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SUMMURY

APPLICATIONS TECHNOLOGY RECIRCULATION AQUACULTURE SYSTEM BY
SUBMERGED BIOFILTER AT COMMERCIAL MODEL

Applications technology Recirculation Aquaculture System by Submerged Biofilter is
orinentation for future development. The biological filter system were evaluated in 69 days
rearing culture cobia (Rachycentron canadum) at the Ngoc Hai harchery, Do Son, Haiphong, a
commercial scale research and demonstration recirculating aquaculture facility. Total
ammoniacal nitrogen (TAN) removal rates were determined for this of biofilters for a range of
concentrations ranging from 0.08 to 4.92 ¢ TAN/m’/ngay. TAN concentrations were varied by
feed rates, and limited by fish feeding response. Maximum feed rates were 0.71 kg/m’.day, using
a 40% protein diet, total feeds was 23 kg/day. Average TAN removal rates (VIR) (in g
TAN/m’.day of unexpanded media/day + standard deviation, min — max) were 60.87 + 99.8
(0.45, 424.53) g/mS.day this biofilter submerged. Nitrit remove rates (VNR) was 77.89 + 125.86
(-19.97; 482.18) g/m’.day. These results are considerably lower than results previously
published at the laboratory scale using artificial waste nutrients. This study highlights the need
for future biofilter evaluations at the commercial scale using real aquaculture waste nutrients.

Keywords. VTR; VNR; Biofilter; Recirculating aquaculture systems (RAS).
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