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Tém tit: San xuit bia 1a mot trong nhirng nganh cong nghiép thai ra mot lugng 16n nudce thai.
Nudc thai nha may bia c6 ham luong chat hitu co cao va kim loai ning nho. Tuy nhién, nudc thai
nganh cong nghiép nay co thé gay nguy hiém nghiém trong cho con nguoi, méi trudng va sinh vat
thity sinh néu khong dugc xir Iy dung cach trude khi thai bo. Nha may bia Ha Noi tai Hung Yén
hién dang san xuat bia v6i cong sudt 50 triéu lit/ndm va xa nudc thai khoang 450 m*/ngay dém. Hé
thdng xir Iy nudc thai hién tai cia nha may bia chi dat quy chuin k¥ thuat ky thuat quéc gia theo
QCVN 40:2011/BTNMT, cot B dic biét 1a ddi véi nito va phdt pho. Vi vay, bai bao nay nghién
clru nang cao hidu qua xi 1y nito va phdt pho trong nude thai nha may bia bang vt liéu Fe® nano.
Két qua nghién ctru cho thay nudc thai nha may bia c6 TSS, BODs, COD, Nts, NH,*, Tong P va
Coliform twong g cao hon quy chuén ky thuat k¥ thuat qudc gia theo QCVN 40:2011/BTNMT
(Cot A) 1a 10,4; 36,7; 24,3; 3,2; 5,96; 8,02 va 100,7 lan. Khi thém Fe® nano véi né)ng d6 0,2 g/l
vao bé ling thi ndng d6 N-NO5 va P-PO,> sau xir Iy twong ing giam con 14,02 va 2,4 mg/L; tong
N va tong P twong tng giam con 19,96 va 2,54 mg/L, dat quy chudn cho phép.

Tir khéa: Fe® nano, nha may bia, nude thai, nitrat, phdt phat.

1. Mé dau

San xuét bia 1a mot trong nhimg nganh céng
nghiép str dung rat nhiéu nudc va tao ra mot
lugng 16n nudce thai. Nudc thai cua nha may bia
¢6 ham lugng chét hiru co cao d& phan huy va
¢6 ham lugng kim loai ning nhé nhung c6 thé
gdy nguy hiém nghiém trong cho con nguoi,
mdi truong va thay sinh néu khong duogc xir 1y
ding cach trude khi thai bo [1]. Phuong phap
xtr 1y truyén théng nhu dong tu/keo tu, ly tam,
va tach ling trong luc c6 nhitng han ché nhat
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dinh trong viéc xir Iy (COD) va cac hgp chat
chtra nito, phdt pho do c6 hiéu qua xr 1y thép,
chi phi van hanh cao, hé théng xr 1y 16n va tao
ra cac chat giy 6 nhidm thu cép [2]. Mot sb
phuong phap khac nhu dién hoa, plasma... co
hiéu qua xtr Iy t6t nham muc dich tai st dung
nude thai nhung déu can chi phi cao [3-5]. Nha
may bia Ha Noi tai Hung Yén hién dang san
xuit bia v6i cong suit 50 triéu lit/ndm véi luu
luong xa nuéc thai khoang 450m*/ngay dém.
Hé thng xir 1y nudc thai hién tai méi chi dap
mg theo quy chuin QCVN 40:2011/BTNMT,
cot B dic biét 1a ddi voi nito va phdt pho. Theo
Quyét dinh sd 12/2010/QD-UBND ngay
29/4/2010 cia UBND tinh Hung Yén vé viéc
bao vé mdi truong trén dia ban tinh thi cac khu
san xudt, kinh doanh, dich vu phai c6 hé théng
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thu gom va xur ly nude thai dat gia tri gigi han
quy dinh tai Cot A theo QCVN 40:2011/BVMT
trudc khi thai ra moi truong. Pé dat duoc diéu
nay, can phai nghién ciru nang cao hidu qua xir
Iy nude thai cia nha may bia. Trong nhiing ndm
gan déy, cong nghé sir dung Fe® nano c6 nhiéu
tinh ning wu viét trong xr 1y 6 nhiém moi
truong nhu: xtr Iy nudc thai chira cac hop chat
hitu co kho phan huy, kim loai nang, hoa chét
bao vé thuc vat. Pic biét Fe’ nano vira ¢6 tinh
khtr, vira ¢6 kha nang hép phu bé mat nén nod co
kha niang xu ly dong thoi nitrat va phdt phat
trong nudc. Vi vay, bai bdo nay nghién cuu
nang cao hiéu qua xtr 1y nito va phét pho trong
nude thai nha may bia Ha Noi béng vat liéu Fe’.

2. Nguyén liéu va phwong phap

2.1. Nguyén liéu

Vit lidu Fe° nano c¢6 duong kinh trung binh
16,7 nm, dién tich bé mit riéng 60 mz/g duoc
ché tao bang phuong phéap khir FeSO,.7H,0 bai
NaBH, c6 bd sung chit phan tan polyacrylamid
(PAA) [6].

Nudc thai nha may bia tai ting cong doan
ciia hé thong xur 1y hién tai nhu: Tai bé diéu
hoa; Bé xir Iy yém khi; Bé xir 1y hiéu khi; Bé
lang va tai bé khir tring.

2.2. Phwrong phap nghién ciru

2.2.1. Phwong phdp xdc dinh mét sé chi tiéu
co ban cua nuoc thai

Mau nudc thai dwoc lay va bao quan theo
TCVN 5999:1995 va TCVN 6663-3:2008. Cac
thong sé dwoc phan tich theo tiéu chuan Viét
Nam nhu: Nhiét d6: TCVN 4557:1988; Mau:
TCVN 6185:2008; pH: TCVN 6492:2011; TSS:
TCVN 6625:2000; BODs: TCVN 6001-1:2008;
COD: TCVN 6491:1999; Nrs: sir dung hé thong
cit dam Kjeldahj xac dinh theo TCVN
6638:2000; Téng P: TCVN 6202:2008; Tdong
Coliform: TCVN 8775:2011; Pb, Cd, Cu, Zn,
Mn, Fe: stt dung phuong phap quang phé hip
thu nguyén tir xac dinh bang may AAS 6800
shimadzu theo TCVN 6193:1996; Tong dau m&

khoang: TCVN 5070:1995; Sunfua: TCVN
6637:2000.

2.2.2. Phuwong phdp bé tri thi nghiém xdc
dinh hiéu qua xir 1y nweGe thai nha mdy bia bang
Fe® nano

Mau nuéc thai nha may bia tai mdi cong
doan xur Iy khac nhau dwoc bd sung Fe’ nano
VOl cac néng do tr 0,1 dén 2 g/L sau do dugc
bd tri trong phong thi nghiém véi dic diém
tuong tu cic cong doan dang dugc xir 1y tai nha
may. Mau sau xir 1y dugc xac dinh nf)ng do
nitrat, ph6t phat con lai trong dung dich bang
phuong phap so mau quang dién trén may UV-
VIS3200 tai bude séng A = 430 va 710nm, xac
dinh cac san phim cua qua trinh khir nitrat tao
thanh nhu NH,", NO, bang phuong phap so
mau quang dién trén may UV- VIS3200 tai
bude song A =430 va 510nm.

3. Két qua va thao luan

3.1. Dac diém, tinh chdt cdc ngué‘n nuoc thai
tai nha may bia Ha Noi

Hién nay, cic ngudn phat sinh nudc thai cua
nha may gom c6 nudce thai sinh hoat cua can bd,
cong nhan vién va nudc thai tr qua trinh san
xuat bia véi tong luu lugng xa nudc thai la 450
m*/ngay dém. Trong do:

+ Hoat dong sinh hoat ctia nhan vién cong
ty khoang 55 m®/ngay dém;

+ Nudc thai san xuat: Nudc thai tir rira cac
bé 1én men khoang 50 m®ngay dém; nudc thai
tir rira chai khoang 100 m*/ngay dém; nudc thai
tir cong nghé san xuat bia khoang 200 m*/ngay
dém va nudc vé sinh nha xuong 45m*/ngay dém.

Hai ngudn nuéc thai nay duoc thu gom va
dua chung vao hé thong xr ly nudc thai tap
trung ctia nha may.

3.1.1. Tinh chdt nude thdi sinh hoat tai nha
may bia Ha Noi

Két qua phan tich chat luong nudc thai sinh
hoat sau bé phot va trude khi dua vao hé thong
xt ly nudc thai tap trung ciia nha may dugc the
hién ¢ Bang 1.
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Bang 1. Két qua phan tich chat lugng nudc thai sinh hoat tai nha may bia Ha Noi

QCVN 14:2008/BTNMT

TT Théng s6 Pon vi Két qua A B
1 pH - 7,68 5-9 5-9
2 TSS mg/L 310 50 100
3 BODs mg/L 380 30 50
4 COD mg/L 450 - -

5 Nts mg/L 82,5 - -
6  N-NH, mg/L 48,4 5 10
7  N-NOy mg/L 0,55 - -
8 N-NOj mg/L 2,05 30 50
9 TongP mg/L 14,2 - -

10 P-PO* mg/L 90 6 10
11  Tong Coliform MPN/100ml 1,2 x 10° 3.000 5.000
12 Pb mg/L 0,007 - -
13 Cd mg/L 0,005 - -
14 Cu mg/L 0,012 - -
15 Zn mg/L 0,098 - -

Két qua phan tich tai Bang 1 cho thiy, nuéc
thai sinh hoat tai nha may bia Ha N§i co cac
thong sé dic trung cho 6 nhidm vé chét dinh
dudng, chat hitu co va Coliform 4 rat cao. Néu
so sanh voi QCVN 14:2008/BTNMT — Quy
chuan ky thuat qudc gia vé nudc thai sinh hoat
(Cot A) thi TSS, BODs, NH,", P-PO,* va
Coliform twong tmg cao hon quy chuin cho
phép 1a 6,2; 12,7; 9,68; 1,5 va 400 lan. Nudc

thai sinh hoat nay sé dugc thu gom vao hé
thong xtr ly nudc thai tap trung trude khi xa thai
ra moi truong.

3.1.2. Tinh chdt nuée thai san xudt tai nha
may bia Ha Noi

Két qua phan tich chat lwong nudc thai san
xuat trudc khi dua vao h¢ thong xir Iy nude thai
tap trung cia nha may dugc thé hién & Bang 2.

Bang 2. Két qua phan tich chat lwong nudc thai san xuat tai nha may bia Ha Noi

TT Théng s6 Pon vi

QCVN 40:2011/BTNMT

Két qua

A B
1 Nhiét do °C 34,2 40 40
2 Mau Pt/Co 240 50 150
3 pH - 5,2 6 dén 9 5,5dén 9
4 BODs (20°C) mg/L 1.100 30 50
5 COD mg/L 1.820 75 150
6 TSS mg/L 520 50 100
7 Pb mg/L 0,012 0,1 0,5
8 cCd mg/L 0,008 0,05 0,1
9 Cu mg/L 0,035 2 2
10 Zn mg/L 0,118 3 3
11 Mn mg/L 0,092 0,5 1
12 Fe mg/L 0,521 1 5
13 Tong dau m& khoang mg/L 1,05 5 10
14  Sunfua mg/L 4,28 0,2 0,5
15 Nrs mg/L 64,3 20 40
16 N-NH, mg/L 29,8 5 10
17 N-NOj mg/L 12,63 - -
18 N-NOy mg/L 1,25 - -
19 TéngP mg/L 32,1 4 6
20 P-POS* mg/L 18,5 - -
21  Coliform VK/100mL 32x10* 3000 5000
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Két qua phan tich tai Bang 2 cho thdy, nudc
thai san xuat trudc xir 1y tai nha may bia Ha Noi
cling c6 cac thong sb dic trung cho 6 nhidm vé
chat dinh dudng, chat hiru co va Coliform 1a rat
cao. Néu so sanh vi QCVN 40:2011/BTNMT
— Quy chuédn ky thuat quic gia vé& nudc thai
cong nghiép (Cot A) thi TSS, BODs, COD, N+s,
NH,", Téng P va Coliform tuong tmg cao hon
quy chuan cho phép 1a 10,4; 36,7; 24,3; 3,2;
5,96; 8,02 va 100,7 lan. Ngoai ra con d6 mau va
sunfua ciing dd vuot quy chuan tuong tng la
4,8 va 21,4 lan. Tuy nhién cac thong s6 vé kim

loai, kim loai nang nhu Fe, Mn, Cu, Pb, Zn, Cd
lai rit nho so véi quy chuan. Vi vay, néu sir
dung Fe® nano dé xtr 1y nudc thai nha may bia
s€ thudn lgi do khong chiu anh hudng cia cac
thong s6 nay dén hiéu qua xu 1y [7].

3.1.3. Hiéu qua cia hé thong xir Iy medc
thai nha may bia Ha Ngi

Pé danh gia hiéu qua cia hé thong xir 1y
nude thai nha may bia Ha Noi, tién hanh lay
miu nudc thai sau timg cong doan xir ly dé
phan tich va so sanh, danh gid theo QCVN
40:2011/BTNMT. Két qua duoc thé hién & Bang 3.

Bang 3. Hi¢u qua xtr ly nudc thai nha may bia Ha N6i qua tirng cdng doan xur 1y

. Sau bé Sau }(ﬁ’ Sau yfﬁ’ Say Sau khit QCVN 40:
TT Thong sb Ponvi . o Ijyém Ijhidu  bé tring 2011/BTNMT
khi khi ling A B
1 Nhiét do oC 26,4 23,3 24,2 24,8 24,5 40 40
2 Mau Pt/Co 160 90 75 45 45 50 150
3 pH - 6,42 6,83 6,95 6,92 690 6-9 559
4 BODs (200C) mg/L 980 478 88,7 45,2 45,0 30 50
5 COD mg/L 1.480 720 124 87,5 86,9 75 150
6 TSS mg/L 480 310 220 85 82 50 100
7 Pb mg/L 0,000 0,007 0,005 <0003 <0,003 0,1 0,5
8 Cd mg/L 0,006 0,005 0,004 <0,003 <0,003 005 01
9 Cu mg/L 0,028 0,021 0,018 0,010 0,009 2 2
10 Zn mg/L 0,095 0,089 0,077 0,052 0,050 3 3
11 Mn mg/L 0,084 0,078 0,070 0,048 0,047 0,5 1
12 Fe mg/L 0,495 0,445 0425 0,252 0,250 1 5
13 Téng dau md khoang mg/L 0,940 0,902 0,678 0,487 0,486 5 10
14 Sunfua mg/L 4,02 1,98 1,02 0,925 0,920 0,2 0,5
15 Nrg mg/L 65,4 40,1 32,2 26,2 25,9 20 40
16 N-NH," mg/L 7,82 1292 425 4,18 3,88 5 10
17 N-NOs mg/L 36,96 148 19,88 1950 19,52 - -
18 N-NO, mg/L 2,12 1,35 1,87 1,94 1,95 - -
19 Téng P mg/L 29,9 20,5 17,2 7,7 7,6 4 6
20 P-PO*> mg/L 17,8 9,8 7,0 6,8 6,7 - -
21 Coliform VK/100mL 41x10* 1,4x10* 9,8x10° 7,2x10° 3,2x10° 3000 5000

Két qua phan tich tai Bang 3 cho thdy, nudc
thai sau xtr 1y tai nha may bia Ha Noi co cac
thong s6 giam sat déu nam trong quy chuan cho
phép theo QCVN 40:2011/BTNMT, Cot B. Tuy
nhién theo Quyét dinh sé 12/2010/QD-UBND
ngiy 29/4/2010 ciia UBND tinh Hung Yén vé
viéc bao vé moi truong trén dia ban tinh thi cac
khu san xuét, kinh doanh, dich vu phai c6 hé
théng thu gom va xur 1y nudce thai dat gia tri gi6i
han quy dinh tai Cot A theo QCVN
40:2011/BVMT trudc khi thai ra méi truong.

Theo d6, nudc thai sau xir Iy nha may bia Ha
N6i van con cac thong s6 BODs, COD, TSS,
sunfua, Nys, Tong P va Coliform twong tig cao
hon quy chuéan (Cot A) la 1,5; 1,16; 1,64; 4,6;
1,3; 1,9 va 1,07 lan.

Tu két qua phan tich tai Bang 3, v6i muc
dich ung dung Fe nano vao nang cao hiéu qua
xit 1y nitrat va phét phat trong nudc thai nha
may bia, nghién ctru da xem xét dién bién chuyén
hoa cac dang nito va phdt pho qua cac cong
doan xtr Iy. Két qua duogc thé hién ¢ Hinh 1, 2.
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Hinh 1. Dién bién cac dang nito qua cac
cong doan xu ly.

Két qua tai Hinh 1, 2 cho thidy Téng N va
Téng P sau xir Iy vin cao hon quy chuan
QCVN 40:2011/BTNMT, Cot A chi yéu la do
ndng do nitrat va phot phat sau xur ly van cao.
Vi vay, dé Tong N va Téng P sau xir 1y dat
dugc quy chuén thi cin tap trung xi 1y nitrat va
phét phat.

3.1.4. Két qua ndng cao hiéu qua xir Iy
nitrat va phot phdt trong nwéce thdai nha mdy bia
Ha Néi bang Fe° nano
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— QCVN 40 cila

——TingP
TongN, COtA = = QCVN 40 ciia Thng P, CotA

Néng d sauar I, me/l.

Hinh 3. Hi€u qua xu 1y nito va phét pho
khi b6 sung Fe? nano tai bé diéu hoa.
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Hinh 2. Dién bién cac dang phét pho qua cac
coéng doan xtr ly.

Vé6i muc dich xac dinh viéc bd sung Fe’
nano vao cong doan nao cua hé thong xur 1y cho
hiéu qua tét nhét, nghién clru da ldy mau nudc
thai cua nha may bia ta1 mdi cong doan xur ly
khéc nhau va bd sung Fe® nano vdi cac nong do
tir 0,1 dén 2 g/L. Mau dugc bd tri trong phong
thi nghiém véi dic diém twong tu céc cong
doan dang duoc xir 1y tai nha may. Két qua vé
hiéu qua xir 1y nito va phdt pho dugc thé hién &
Hinh 3 dén 6.

—&— Téng N —o—Téng P
—— QCVN 40 cita Téng N, CotA = — QCVN 40 cita Téng P, Cot A

0.2

0.4 0.6

Fe nano sit dung, g/L

Hinh 4. Hi¢u qua xit Iy nito va phét pho
khi b6 sung Fe° nano tai bé yém khi.
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Hinh 5. Hi€u qua xu 1y nito va phét pho
khi b6 sung Fe® nano tai bé hiu khi.

Két qua nghién ctru & Hinh 3 cho thay khi
b6 sung Fe’ nano ngay tai bé diéu hoa véi nong
do 2 g/L thi néng dd N-NO3 sau xu ly giam
xudng gan hét, con 0, 12 mg/L va voi luong st
dung 1a 0,6 g/L thi ndng d6 P-PO,* sau xu ly
giam xuong gan. hét, con 0,42 mg/L nhung tong
N va tong P van cao hon quy chuan QCVN
40:2001/BTNMT (Cot A) & tat ca cac thi
nghiém. Két qua nghién ctru ¢ Hinh 4 cho thay
khi bd sung Fe® nano tai bé yém khi v6i ndng
d6 0,4 g/L thi ndng d6 N-NOz va P-PO,* sau
xu ly giam kha manh tuong ung giam con 0,47
va 0,152 mg/L. Tuy nhién tong N va tong P van
cao hon quy chuéan cho phép ngay ca khi lugng
Fe® nano s dung dén 2 g/L. Két qua nghién
ctru & Hinh 5 cho thiy khi bo sung Fe® nano tai
bé hiéu khi véi ndong d6 0,8 g/L thi ndng d6 N-
NO; va téng N sau xtr 1y giam tuong tmg con
6,36 va 18 mg/L, dat quy chuén cho phép. Khi
khi sir dung Fe® nano voi nong d6 0,4 g/L thi
ndéng d6 N-PO,* sau xtr 1y di giam con < 0,01
mg/L nhung tong P sau xir Iy van cao hon quy
chuin cho phép ngay ca khi st dung voi ndng
d6 2 g/L. Két qua nghién ciru & Hinh 6 cho thy
khi bd sung Fe® nano tai bé lang voi ndng do
0,2 g/L thi ndng do N-NO5 va P-PO,* tuong
Gng giam con 14,02 va 2,4 mg/L; tong N va
tong P tuong Umg giam con 19,96 va 2,54 mg/L,
dat quy chuin cho phep Két qua nghién ctru
cho thiy nén bd sung Fe’ nano tai bé ling voi
nong d9 0,2 g/L thi s& cho hiéu qua xir 1y nito
va phét pho trong nudc thai nha may bia 1a t6t nhat.

—— Nitrat —B—Tér ——T&
—®— Phét phat

O('\'\4ﬂ 2 Ton \l{‘l\——Q('\'\I4D a Tong P, COt A

Fe nano st dung, g1

Hinh 6. Hi¢u qua xu 1y nito va phot pho
khi b6 sung Fe? nano tai bé ling.

4. Két luan

Nuéc thai sinh hoat va nudc thai san xuét
nha may bia Ha Noi tai Hung Yén chu yéu bi 6
nhiém boi nong d6 chat dinh dudng, chét hiru
co va Coliform cao. TSS, BODs, N-NH,", P-
PO43' va Coliform trong nudc thai sinh hoat
twong Ung cao hon quy chuin QCVN
14:2008/BTNMT (Cot A) 1a 6,2; 12,7; 9,68; 1,5
va 400 1an con trong nudc thai san xuit tuong
tmg cao hon quy chuin QCVN 40
2011/BNTMT (Cot A) 1a 10,4; 36,7; 5,96; 8,02
va 100,7 1an. Nuéc thai sinh hoat va nuéc thai
san xuat dugc tron 1dn va dua cing vé hé thong
xUr ly nudc thai tap trung cia nha may.

Nudc thai sau xi 1y nha may bia Ha Noi co
cac thong s6 BODs, COD, TSS, sunfua, téng N,
tong P va Coliform twong tng cao hon quy
chuan QCVN 40:2011/BTNMT (Cot A) 1a 1,5;
1,16; 1,64; 4,6; 1,3; 1,9 va 1,07 lan. Tong N va
tong P sau xu ly cao hon quy chuén chu yéu
la do ndng do nitrat va phdt phat sau xir Iy
van cao.

St dung Fe® nano tai bé ling v6i nong do
0,2 g/L thi nong d6 N-NO3 va P-PO,* sau xur
Iy twong Gmg giam con 14,02 va 2,4 mg/L; tong
N va tong P tuong tng giam con 19,96 va 2,54
mg/L, dat quy chuan cho phép. Vi vdy, nén
bd sung Fe0 nano tai bé ling véi nong dé 0,2
/L thi s& cho hiéu qua xir 1y nito va phdt pho
1a t6t nhat.
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Research on Improving the Removal Efficiency
of Nitrogen and Phosphorus in Hanoi Brewery Wastewater
by Using Nano Fe’

Nguyen Xuan Huan, Le Duc

Faculty of Environmental Sciences, VNU University of Science, 334 Nguyen Trai, Hanoi, Vietham

Abstract: The brewery is one of the industries that generates enormous amounts of wastewater.
Brewery wastewater contains high concentrations of organic matter, but low concentrations of heavy
metals. Without proper treatments before discharging, the wastewater from this industry can pose
serious risks to human health, the environment, and aquatic life. At present, the Hanoi brewery in
Hung Yen province is producing beer with 50 million liters/year and discharging about 450m*® of
wastewater per day. The effluent from the current wastewater treatment system of the brewery can
only meet the National Technical Regulation QCVN 40: 2011/BTNMT (column B), especially for
nitrogen and phosphorus. Thus, this study focused on improving the removal efficiency of nitrogen
and phosphorus from the brewery wastewater by using nano zero-valent iron (nZV1). The results
showed that the concentrations of TSS, BODs, COD, Nys, NH,, total P and Coliform in the brewery
wastewater were 10.4, 36.7, 24.3, 3.2, 5.96, 8.02 and 100.7-fold (respectively) higher than those of the
National Technical Regulation QCVN 40:2011/BTNMT (Column A). With a dose of 0.2 g/L of the
nZV| added to the sedimentation tank, the concentrations of N-NOz; and P-PO,> in the effluent
decreased to 14.02 and 2.4 mg/L, respectively; total N and P decreased to 19.96 and 2.54 mg/L,
respectively, meeting the National Technical Regulation.

Keywords: nZVI, brewery factory, wastewater, nitrate, phosphate.



