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TOM TAT

Nghién ciru nay nham danh gid hiéu qua xit I cyanide (CN°) trong nwée thai phat sinh tir qud
trinh san xudt tinh bot khoai mi bang mé hinh UASB (Upflow Anaerobic Sludge Blanket) trong diéu
kién phong thi nghiém. M6 hinh thi nghiém voi thé tich 10 L dwoc van hanh qua ba giai doan twong
vng véi COD ban dau 1000; 2000 va 4200 mgO-/L, nong dé CN lan lwot 8,7; 17,4 va 36,6 mg/L, pH
6,91. Két qud cho thdy hiéu sudt logi b6 CN dat 97,5-99% ¢ cd ba giai doan, tuy nhién nong d CN*
ddu ra van vueot nguéng cho phép cia cét B theo QCVN 63:2017/BTNMT. Hiéu qud xir i COD 6n
dinh trong khodng 60-70% sau giai doan thich nghi, song COD ddu ra van vieot quy chudn. Liwong
biogas sinh ra dat trung binh 4,71 L/ngay & giai doan 2 va giam nhe & giai doan 3 do nong dé hitu
co vugt nguong 10i wu.

Tir khéa: biogas; tinh bot khoai mi; cyanide, UASB; xur li nudc thai

1.  Mé dhu

Cyanide (CN) 1a chit doc hai, anh huéng xdu dén vi sinh vat va hé sinh thai. Trong
nudc thai san xuét tinh bdt khoai mi, CN- chu yéu ton tai dudi dang linamarin va
lotaustraline, phan hily giai phong HCN va dan xuét thong qua cic enzyme ndi sinh. Riéng
Linamarin, hon 80% ton tai dudi dang cyanogenic glucose. Trong diéu kién méi truong axit
va xuc tac cua enzym, linamarin bi phan huy, tao thanh glucose, acetone va axit cyanhydric,
theo co ché phan ing dugc minh hoa trong so dd, Hinh 1 (Gijen et al., 2000).
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Hinh 1. Qua trinh phdn hiy Linamarin giai phong HCN (Gijen et al., 2000)
Téc d6 phan hiy CN™ trong diéu kién ki khi chdm hon dang ké so véi trong diéu kién
hiéu khi. Mot s6 con dudng sinh héa pho bién trong viée xir 1i CN” bao gom: thity phan, oxy
hoa, khir va thay thé, dugc thé hién rd & Hinh 2 (Luque-Almagro et al., 2018).
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Hinh 2. Phan itng héa hoc cho sw phdn hiy sinh hoc cia cyanide va dan xudt (Luque-
Almagro et al., 2018)

Kandasamy va cong su (2015) chting minh rang sy phan hity CN- thanh formate va
ammonium phi hop véi con dudng thity phan. Trong nhiing thi nghiém dang mé, két qua sur
phan huy cyanide thanh formate khong dugc ghi nhan, chi thdy sy hién dién ciia ammonium.
Su chuyén hoa nay c6 thé phuc vu cho sy phat trién ctia mot sé vi sinh vat trong nude. N-
NH; duoc xem nhu 1a mot trong nhitng san pham cubi cting clia qua trinh ki khi va hiéu khi
ctia cyanide. Su chuyén hoéa CN- thanh N-NH4 va CO;, théng qua nicotinamide adenine
dinucleotide (NADH) lién két voi xyanua monooxygenase (CNO) bao gdm cac enzyme nhu
nitralase va cyanide hydratase (CHTSs) khi c6 su hién di¢n cua O, phuong trinh (1), (2)
(Lugue-Almagro et al., 2018; Mpongwana et al., 2019).

2HCN + O; - 2HCNO 1)

CNO + 2H20 — NH4" + Oy (2)

Phén huy ki khi ctia CN- ¢6 thé xay ra néu c6 sy hién dién ctia H2S hoic HS, trong moi
truong. Qua trinh phan hity CN" cht yéu nhd vao hoat dong ctia mot sé vi khuan luu huynh,
phuong trinh (3), (4), (5) (Luque-Almagro et al., 2018).

CN3 + H,S — HCNS + H; (3)
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HCN + HS; — HCNS + H; (4)

HSCN + 2H,0 — NHs + HzS + CO; ()

Mot s6 thong tin vé nhém vi sinh vat c6 kha nang 1am giam ham lugng cyanide trong
nude thong qua mot sé con duong enzyme khac nhau, nhung cic con duong enzyme lién
quan van chua duoc 1am sang t6. Mot s6 vi khuan nhu Bacillus pumilus, Pseudomonas
stutzeri, Arthrobacter va Methylobacterium thiocyanatum, lam suy giam thiocyanate trong
qué trinh tang truéng va st dung ammonium dugc giai phong 1am ngudn cung cap nito. Theo
Naveen va cong su (2011), mot s6 vi sinh vat c6 kha nang xu 1li CN™ nhu: Pseudomonas
fluorenscens, Klebsiella oxytoca, Fusarium solani, Stemphylium loti, Pseudomonas
paucimobilis, Pseudomonas putida, Pseudomonas fluorescens. Ngoai vi sinh vat, nhém tao
cling dugc nghién clru trong qua trinh loai bé CN" trong nudc thai nhu: Arthrospira maxima,
Scenedesmus obliquus, Chlorella sp. Thong thuong, cac vi sinh vat ki khi, dac biét 1a
methanogens nhay cam véi sy c¢6 mat cia CN°. Sy thich nghi t6t ctia quan thé vi sinh
methanogenic trong mé hinh UASB 1én dén 125 mg/L CN" d4 duoc chirng minh (Naveen et
al., 2011). Cong nghé ki khi UASB da dugc (g dung rong rai trong xtr 1i nudc thai c6 ham
lwong chét hiru co cao, ddng thoi tao ra biogas c6 thé thu hoi nang lugng. Tuy nhién, nghién
ctru vé kha nang loai bd CN- béng UASB con han ché, dic biét v6i nude thai tir hoat dong
san xudt tinh bot khoai mi. Nhitng két qua niy cung cap mot sd thong tin hiru ich cho viée
loai bo CN™ nho hoat ddng cua mot s6 vi sinh vat trong nudc thai. Do d6, mot trong nhiing
dé suit ctia nhom dua ra 1a can nghién ctru sdu hon vé diéu kién toi wu cho nhom vi sinh vat
c6 kha nang xtr li cyanide trong nudc thai.
2. Vatliéu va phwong phap
2.1. Vit liéu thi nghiém
2.1.1. Bun

Nguén bun ki khi str dung trong thi nghiém duoc thu tu bé ki khi caa hé théng xu li
nuéce thai Cong ty TNHH Nu6c cham Mekong. Bun duoc nap vao chiém khoang 40% tong
thé tich cot UASB. Nong d6 chat ran lo lting d& bay hoi (VSS -Volatile Suspended Solids)
trong cot UASB 1a 4820 mg/L
2.1.2. Nuoc thai

Nudc thai st dung trong thi nghiém duoc 1dy sau bé ling bot tir hé thdng xtr 1i nude
thai ctia Cong ty TNHH XNK Nam Béo Tin (phudng Linh Péng, thanh phd Tha Buac, Thanh
phd H6 Chi Minh), véi cac thong sb nhu trong Bang 1.

Bing 1. Thanh phan va ddc diém ciia nuée thai dau vao

STT Thong s6 Pon vi tinh Gia tri trung binh
1 pH - 4,70 £0,34
2 COD mgO- /L 4200 + 14
3 N-NH4 mg /L 38,2+24
4 P-PO4 mg /L 19+0,3
5 CN- mg /L 36,6
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2.1.3. M6 hinh thi nghiém

M0 hinh thi nghiém dugc lép dung dya theo s6 liéu cong bd clia nhom tac gia Dongxue
va cong su (2019), Huynh va cong su (2021). Thung chira nude thai dau vao (1) c6 thé tich
12 1it, dugc bom dinh lugng (2) bom vao c6t UASB (3). Cot UASB c6 duong kinh D = 100
mm, cao H = 1200 mm, thé tich 1am viéc 10 lit. Doc theo chiéu cao ciia mé hinh bd tri cac
van 1y mau, tai tim day mo hinh 13 van dau vao duoc gin véi phédu bén trong cot c6 tic
dung phan phdi déu nudc thai. Phia trén cot gin phéu ring cua va b phan tach khi (4), ndi
v6i dng dan khi vé thiét bi thu khi (5). Thiét bi thu khi dugc 1am tir nhwa cting PE c6 thé tich
10 lit, gém hai binh hinh tru dat léng nguogc vao nhau, c6 chia vach dé doc thé tich. Thung
chtra nudc thai dau ra (6), thé tich 12 lit. M6 hinh dwoc van hanh véi luu luong 10 lit/ngay.
Mo hinh thi nghi¢m (Hinh 1) dugc dat tai phong Vi sinh, Vién Khoa hoc su séng.

WAN A KHI
b

o ST

BiMH THU KHI

VAN XA BUN

L e s e e e e

Hinh 1. M6 hinh thi nghiém

2.2. Phwong phdp thi nghiém

Mo hinh thi nghiém dugc van hanh véi nude thai thuc dugce léy sau bé léng bot tir hé
théng xur 1i nude thai cua Cong ty TNHH XNK Nam Béo Tin. Giai doan chay khoi dong
trong thoi gian 14 ngay (muc dich dé vi sinh vat thich nghi véi diéu kién thi nghiém, khi
hiéu suat loai b6 COD dat trén 50% thi tién hanh van hanh thi nghiém), cic thong sé van
hanh thich nghi COD 1000 mgO2/L; CN- 8,7 mg/L, N-NH4 9 mg/L; pH 6,91. C4Cc mau nudc
sau xur li duoc lay tai thung chira nudc thai dau ra ciia mo hinh trong sudt thoi gian van hanh,
dinh ky 2 ngay/lan va phan tich 3 1an 1ip lai v6i cac thong sé phén tich: pH, CN-, COD, N-
NHa, phan tich ngay sau khi ldy mau. Cac giai doan thi nghiém nhu sau: giai doan 1 (GD 1)
van hanh trong thoi gian 30 ngay, cac thong sé da duoc didu ¢ mirc: COD 1000 mgO2/L;
CN- 8,7 mg/L, N-NHs 9 mg/L; pH 6,91; giai doan 2 (GP 2) van hanh trong thoi gian 30
ngay, cac thong sé da duge diéu & mic: COD 2000 mgO2/L; CN- 17,4 mg/L, N-NH,4 18
mg/L; pH 6,91; giai doan 3 (G 3) van hanh trong thoi gian 30 ngay, cac thdng sé da duoc
didu & murc: COD 4200 mgO2/L; CN- 36,6 mg/L, N-NH4 38,2 mg/L; pH 6,91.
2.3. Phwong phap phan tich va xw li dir liéu

CN- dugc do bang test trén may DR/2400 (HACH - USA). pH dugc do bang may do
HI2210 pH Meter (HANNA Instruments). COD duoc pha mau bang may pha mau ECO25
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Thermoreactor (VELP Scientifica - Italy) va do bang may do Primelab 2.0 (Germany). N-
NH4, dugc phan tich dua theo ‘“Standardmethods for the examination of water and
wastewater” (APHA, 2005) va do biang may quang phd Jasco V-730 Spectrophotometer.

Viée xir 1i 86 liéu duge thuc hién béng phﬁn mém Microsoft Office Excel 365, véi cac
két qué dugc phan tich théng ké duya trén ba lan lap lai dbi v6i mdi chi tiéu nham dam bao
do tin cay cua dir liéu.

n
o \ £ , - X;
Gia tri trung binh s6 hoc (x) dugc tinh nhu sau: X = E —
iz N

7 ‘ > (% %)

D§ 1éch chuan (S) duoc tinh bang cong thuc: g = I:l?
3. Két qua va thao ludn
3.1. Higu sudt xir li CN" qua tirng giai doan thi nghiém

Trong mdi truong nude thai, CN" s& dugce chuyén thanh nhitng chat it doc hai hon nhd
hoat dong cua vi sinh vat hodc s& hinh thanh mét phuc chat voi kim loai, vi du nhu sit.
Tuong Gmg v6i 3 giai doan khao sat, két qua duoc thé hién ¢ Hinh 2. Trong diéu kién ki khi,
Véi sy hién dién caa HzS (¢ pH thap hon 7) va HS; (6 pH 16n hon 7) phan ¢ng phan hay CN-
dién ra theo theo phuong trinh (3) va (4), tiép d6 HCNS s& bi thuy phan thanh NHs, H2S va
CO2 theo phuong trinh (5). Nong d6 dau ra ctia CN” trong qué trinh thi nghiém dao dong
trong khoang tur 0,09 - 0,42 mg/L. O giai doan 1, n@mg d6 CN- dau ra dao dong tur 0,09-0,22
mg/L, hi¢u suat xur 1i CN- dat tir 97,5-99%. Dén giai doan 2, néng d6 dau ra cua CN- & mure
tr 0,28-0,42 mg/L, dat hiéu sut tir 97,6-98,5%. Giai doan 3, néng d6 CN- dau ra dao dong
tr 0,38 - 0,46 mg/L, hi¢u suit & mic 99%. Theo Gijen va cong su (2000), trong diéu kién ki
khi, vi sinh vat methanogenic thuong bi trc ché béi sy hién dién cua CN-, dic biét & néng do
cao. Tuy nhién, két qua ctia nghién ctru nay cho thay quan thé vi sinh da thich nghi tét, dat
hiéu qua xt li cao & ndng d6 CN” 1én dén 36,6 mg/L. Mic du, hiéu suit xir li CN” trong qué
trinh thi nghiém & mic rat cao khoang 99%, nhung ndng d6 dau ra van vuot ngudng cho
phép cua cot B, QCVN 63: 2017/BTNMT - Quy chuin ki thuat Qudc Gia vé nude thai ché
bién tinh bt san, nén can c6 budce xir 1i bo sung dé dam bao an toan méi trudng.
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Hinh 2. Hiéu sudt xir li CN" ciia mé hinh qua timg giai doan
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3.2. Higu sudt xir li COD va lwong biogas tao thanh qua cdc giai doan thi nghiém
M6 hinh UASB duoc van hanh & nhiéu néng do chit hitu co khac nhau, bét dau tir 1000 mg/L,
2000 mg/L, 4200 mg/L. Hiéu suét xir li COD ¢6 trong mau nude thai duoc thé hién qua Hinh 3.
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Q4000 ~n GD GD 80 5
S3000 2 3 60 4
«@©-
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"01@0 20
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Hinh 3. Hiéu sudt xir i COD ciia mé hinh qua cdc giai doan thi nghiém

Trong giai doan thich nghi, hiéu qua xtr li chét hitu co cia md hinh UASB thép, dat duoi
50%. Giai doan thich nghi dong vai tro quan trong trong viéc gitp vi sinh vat 1am quen véi diéu
kién ctia moi truong nude thai, tir d6 chiing c6 thé sir dung cac hop chat hitu co hién dién trong
mdi trudng nhu ngudn ning luong phuc vu cho qua trinh sinh trudng va phat trién. Sau giai doan
thich nghi, hi¢u qua xtr li COD ctia m6 hinh UASB dao dong khoang 50-70%, va dat on dinh
khoang 70%. Cu thé, giai doan 1, vi sinh vat da thich nghi v&i moéi truong nén hi¢u qua xtr 1i
tang dan, dao dong trong khoang 54-64%, Nong do COD giam tir 1000 mg/L xudng con 360 -
460 mg/L. Trong giai doan nay, sau 30 ngay van hanh mé hinh UASB, bun két thanh cum, dang
bong, lo limg. Két qua ghi nhan xuét hién bong bun, lugng bun troi ra hang ngay rat nhiéu dao
dong tir 2-4 gingay/dém. Nhung tir khi xuat hién bun hat, lurong bun trdi ra hang ngay giam han,
chi trong khoang 1 g/ngay.dém. Giai doan 2, ndng d6 COD 2000 mgOy/L, hiéu suat xu li cia
mo hinh UASB ting 1én, ¢6 xu hudng ting dan déu cho dén cudi giai doan va 6n dinh quanh
mirc 70%, ndng do giam xudng con khoang 620-780 mgO,/L. Pén giai doan 3, ndng d6 COD
giam tir 4200 mgO2/L xubng con khoang 1570-1640 mgO2/L, hiéu suit dat ngudng 60%. Nong
d6 COD ciia nudc thai dau ra vuot ngudng cho phép cua cot B, QCVN 63: 2017/BTNMT
khoang 1,4-6,7 lan. Cac két qua nay twong duong véi nghién ctru ciia Huynh va cong su (2021),
khi xtr i nuée thai chira mudi va chét hiru co phure tap, hi¢u qua COD dat khoang 65-75%. Mac
du, két qua khong dat quy chuan cho phép, tuy nhién két qua ciing ghi nhan lwong khi sinh ra
16n, 16p bun dén ra theo chiéu cao cot, hinh thanh nhiéu bong bun véi kich thude dudng kinh
16n 1,0-2,2 cm. Luong khi biogas trung binh sinh ra dugc thé hién & Hinh 4. O giai doan 1, lugng
biogas sinh ra dao dong tir 1,2-4,2 L/ngay, dat gia tri cao nhat 4,2 L/ngdy & ngay véan hanh thir
23. Thoi gian dau vi sinh vat chua hoan toan thich nghi nén hiéu suat phan hay chat hitu cap
tuong ddi thip dan dén lugng khi biogas tao thanh ciing khong cao, trung binh 3,68 L/ngay. Dén
giai doan 2, luong khi biogas sinh ra dao dong trong khoang 4,2-5,1 L/ngay, trung binh dat 4,71
L/ngay. Giai doan nay vi sinh vét da hoan toan thich nghi v6i méi trudng nén hiéu sut xir li chat
hitu co twong ddi cao va 6n dinh dan dén lwong khi sinh ra 16n. Mirc nay trong duong véi nghién
ctru ctia Luque-Almagro va cong su (2018) khi khao sat phan huy ki khi cyanide c6 mat cta vi
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sinh vat tao methan, trong d6 lugng khi sinh ra dao dong tir 0,20 dén 0,38 L/g COD tuy thugc
vao loai nén nude thai va mac do thich nghi sinh khéi. O giai doan 3, luong khi sinh ra mac du
cao hon giai doan 1 nhung c6 xu hudng giam & cudi giai doan, dat trung binh 4,07 L/ngay. Diéu
ndy c6 thé giai thich 13 ndng do chat hitu co trong nudc thai di vuot ngudng hoat dong tdi uu
clia vi sinh vat nén hiéu suat xir li giam do d6 luong khi sinh ra ciing c¢6 xu huéng giam theo. O
ca 3 giai doan thi nghiém, lwong khi biogas sinh ra khac nhau ¢6 y nghia thong ké (p < 0,05).

@ 6
< 4.71
o~ 3.68 4.07
58 4
=S
£ 3
=< 2
3
Biogas Gb 1 Biogas GD 2 Biogas GD 3

Hinh 4. Lugong biogas sinh ra trong qua trinh thi nghiém

4.  Kétluin

Hiéu suét xtr Ii cyanide (CN") trong nudc thai san xudt tinh bot khoai mi ctia mé hinh
UASB dat 97,5%-99% qua ba giai doan thi nghiém. Hi¢u suét xir 1i COD dat muc 6n dinh
60%-70%, lugng khi biogas sinh ra ¢ giai doan 2 dat trung binh 4,71 L/ngay, cho thiy tiém
nang thu hdi nang luong tir qué trinh xtr 1i ki khi. Mac d mé hinh UASB cho thay hiéu suat
loai bd CN™ va COD tuong d6i cao, tuy nhién ndng d6 cac chat 6 nhiém trong nudc thai sau
xtr li van vuot ngudng gidi han cot B, QCVN 63:2017/BTNMT. Do d6, dé dap tng yéu cau
xa thai theo quy dinh, can két hop thém bé xur 1i hiéu khi ¢ giai doan tiép theo.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

This study evaluates the efficiency of cyanide (CN") removal from cassava starch processing
wastewater using a laboratory-scale Upflow Anaerobic Sludge Blanket (UASB) reactor. The
experimental model, with a working volume of 10 liters, was operated in three phases, each
corresponding to increasing initial COD concentrations of 1,000, 2,000, and 4,200 mgO-/L, and CN
concentrations of 8.7, 17.4, and 36.6 mg/L, respectively, under a constant pH of 6.91. Across all
phases, the results demonstrated high CN-removal efficiencies ranging from 97.5% to 99% .
However, the effluent CN- concentrations remained above the permissible limit of Column B under
QCVN 63:2017/BTNMT. COD removal efficiency remained stable between 60% and 70% after the
acclimation period, though the effluent COD values also surpassed the regulatory standards. Biogas
production averaged 4.71 L/day during Phase 2 and with a slight decline in Phase 3 due to organic
loading exceeding the optimal threshold.
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