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Tém tat: Anh hudng cua cic ion kim loai (Ca®*, Mg**, Cu®") véi cdc mirc ndng d6 khic nhau c6
trong nudc thai giau hitu co dén kha nang xir Iy cta hé bun yém khi dong chay nguoc (UASB)
dugc danh gia théng qua higu suat xir Iy COD va khi biogas sinh ra trong cting diéu kién nhiét d6 ~
35°C, pH ~ 7, tai trong hitu co (OLR) ~ 2,28 g/L.ngay, va CODgjy yao ~ 2100 mgO,/L. Két qua
nghién ctru cho thay sy c6 mat cua cic ion kim loai khién kha niang xur 1y ciia h¢ UASB thay ddi
phu thudc vao ndng d6 va ban chat kim loai. Vi Ca®* va Mg?*, khi ndng do ion kim loai & gid tri
phit hop (300 mgCa®/L, 100-1000 mgMg**/L), thé tich khi CH, thu dwoc ting manh (13 - 25%).
Tuy nhién, khi ndng d6 cao nhu Mg”** & 2400 mg/L ¢6 xudt hién ddu hiéu e ché qua trinh ky khi.

Khic v6i Ca®* va Mg, Cu®* glly tic ché & moi nong d6 nghién ctru; Khi néng do Cu’* cang cao thi
hiéu suat xu Iy COD cang giam. Theo d6, thé tich khi CH, thu dugc ciing giam di 26 - 28%.

Tir khéa: UASB, Ca®*, Mg**, Cu**, biogas.

1. Pit van dé

Nudc thai giau hitu co dang 14 van dé cap
thiét ding duoc quan tdm boi lwong phét thai
16n, giy tac dong moi truong nghi€m trong nhu
gdy mui hoi thdi khé chiu, 1am can kiét oxy
trong nudc 1am chét cdc sinh vat va mit cén
bang sinh thdi. Viét Nam c6 rat nhiéu nganh
nghé phat sinh nuéc thai giau htru co vdi gid tri
COD cao nhu: san xuat mia duong (24 g/L)
[1], tinh bdt dong riéng, tinh bot sin (13-18
g/L) [2], ruou, bia (1-2 g/L) [3], biin, banh da,
thit hop, ché bién thuy hai san (1,6 g/L) [4],...
Véi mdi tan san phim duoc tao thanh lugng
nudc thai phat sinh trung binh ctia cidc nganh
mia duong, tinh bot san va ché bién thuy hai
san 1an luot 12 14 m’, 20 - 30 m® va 30 m’.
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Trong bdi canh cic ngudn ning lugng dang
ngly cang can kiét thi phuong phdp yém khi
duoc lya chon dé xu Iy nudc thai giau hitu co
boi khd ndng sinh khi metan (CHy) tao ndng
luong. Pugc phat minh vao nam 1970, hé
UASB la budc ngodt thanh cong cua cong nghé
xu 1y yém khi véi kha ning chiu tai 16n, hiéu
suét xtr Iy cao va thoi gian luu ngan Tuy nhién,
cling nhu cdc cong nghé yém khi khdc, hé
UASB chiu anh huéng boi rat nhidu yéu tb
(nhiét d9, tai trong hitu co, thoi gian luu, pH,...
[5]), trong d6 cé yéu t6 kim loai.

Kim loai ¢6 trong nudc thai giau hitu co
phat sinh do nhiéu nguyén nhan nhu viéc sir
dung céc hoa chat ¢6 chira kim loai trong san
xudt, hién tuong an mon duong 6ng, qud trinh
rira thiét bj mdy méc, tdy mau, trung hoa...[6].
Céc kim loai thuong c6 trong nudc thai 1a Ca,
Mg, Na, K hay cédc kim loai niang nhu Cu, Cr,
Cd, Zn, Ni, Pb, ton tai 0 cidc dang va néng do
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khdc nhau tuy thudc vao nganh nghe san xuat.
Ca™, Mg2+ va Cu®* nam trong sO cdc ion kim
loai Xudt hién pho bién nhit trong céc loai nudc
thai giau hitu co.

D3 c6 nhitng nghién ctru vé anh hudng cua
Ca®, Mg™, va Cu®* ddi v6i su hinh thanh hat
bun trong hé yém khi nhu hé UASB. Yu (2001)
[7] nhén thiy ndng d6 Ca* tir 150-300 mg/L
gitp ting kha nang tich lily sinh khéi va qué
trinh tao hat bun yém khi. Sanjeevi (2013) [8]
cling nhan thiy anh hudng tich cuc tuong tu
ctia Ca®* & ndng do 300-400 mg/L. Dau hiéu tc
ché duoc Ahn (2006) [9] nhan thdy chi khi
néng d6 Ca®* 1én t6i 7000 mg/L. Cing nhu
Ca®*, Mg”* ciing c6 anh huéng dén sy phét trién
hat bun. Schmidt (1993) [10] nhan thdy ¢ nong
d6 240-720 mg/L c6 loi cho hat bun va hiéu
sudt xir Iy COD van duy tri trén 90% khi ndng
do 1én téi 2400 mg/L. Tuy nhién, Metcalf &
Eddy (2003) [11] cho rang Mg** giy trc ché qua
trinh yém khi & n6ng do chi 1000 mg/L. Céc
nghién ctru vé ndng do gy uc ché cua Mg**
khong nhiéu, chua duoc thong nhat giira cic
bdo cdo. Khong giébng nhu cdc ion kim loai
trén, Cu® 1am giam kha nang hoat dong cua hé
yém khi tir 15-20% khi ndng d6 Cu®* méi chi
khoang 1 mg/L [12, 13].

Nhin chung cdc nghién cuu trudec mdi chi
tap trung vao anh hudng cua cic kim loai dén
sy hinh thanh hat bun, chua quan tdm danh
hudng dén khi sinh ra phuc vu cho tan thu ning
luong. Trong nghién ctru nay, anh hudng cua 3
ion kim loai pho blen trong nudc thai Ca®
Mg*, Cu®* dén hé yém khi s& duoc ddnh gla
thong qua hiéu sudt xir 1y COD, thé tich khi
metan thu duoc va ti 1€ thanh phf?m khi (CHy,,
CO,) lam co s¢ cho viéc 4p dung cong nghé
yém khi vao xir Iy nuéc thai hitu co ¢6 tan thu
nang luong.

2. Nguyén li¢u va phwong phap
2.1. Nguyén liéu va thiét bi thi nghiém
Hé UASB c¢6 thé tich hiéu dung V = 8 L,

lam béng vat liéu nhua acrylic trong sudt day 5
mm. H¢ ¢6 cau tao nhu Hinh 1.
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Hinh 1. So dd hé UASB.

Bang 1. Thanh phin héa chét chuén bi cho 10 L
nudc thai nhan tao [14]
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Nudc thai nhan tao cé gid tri COD =
2100+100 mg/L tao ra tir thanh phan chinh 1a
duong sacarozo. Ngoai ra con c6 cdc chét bd
sung nito, photpho de vi sinh vét ¢6 du dinh
dudng va chat gitp 6n dinh pH. Thanh phan cac
chat duogc trinh bay chi tiét tai Bang 1.

Bun hoat tinh duogc le”iy tor trang trai chan
nuo6i Hoa Binh Xanh tai tinh Hoa Binh.

2.2. Phuwong phdp nghién cuu

® Quy trinh vdn hanh hé UASB

Bun hoat tinh dugc dwa vao hé vai luong
bang 1/3 thé tich cua hé UASB. Qu4 trinh dé
bun thich nghi véi nudc thai dugc dién ra trong
46 ngay. Tu ngay thu 1 - 14, chi dua tai trong
nho 1 g/L.ngay va chua ding bom tudn hoan.
Tu ngay 15 - 21, tang tai trong 1€n thanh 1.5
g/L.ngdy, bom tuin hoan véi tbc do cham,
khoang 1 L/h. Tir ngay 22 - 46, cr mdi 5 ngay,
tdng tai trong thém 0,5 g/L.ngay. Do vay, tai
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trong dua vao tuong ung la 2; 2,5; 3; 3,5; 4
g/L.ngdy. Téc d6 bom ting dan & 2 - 5 L/h, toc
d6 dang nudce tuong tng 12 0,37 - 0,72 m/h.

Két thiic qud trinh cho bun thich nghi véi
nuoc thai moi, tién hanh khao sit kha nang xu
1y COD véi céc tai trong hitu co tr 2,26-5,74
g/L.ngay, tr d6 lwa chon tai trong hitu co phu
hop cho giai doan nghién ctu anh hudng cua
ion kim loai. Tai trong hitu co dugc lua chon
phadi c6 hi¢u sut xtr Iy cao va 6n dinh.

® Nghién cuu anh huong cua cdc ion kim
logi d@én hé¢ UASB

Sau khi hé UASB dugc van hanh 6n dinh,
tirng ion kim loai Ca®*, Cu®*, hoic Mg** duoc
dua vao nudc thai nhan tao & dang mudi clorua.
Diénh gid anh huéng cua Ca®* duogce tién hanh tai
cac muc néng do 0, 50, 200, 300, 450 mg/L;
Mg™* tai 0, 10, 100, 1000, 2400 mg/L; va Cu**
tai 0; 0,5; 1; 2,5; 4 mg/L. Mobi muc n6ng do
dugc dénh gid trong 6 ngay & ciing diéu kién
nhiét d0 T ~ 35°C, pH ~ 7, CODgy vio =
2100£100 mg/L, tai trong hiru co (OLR) nhu da
chon sau qud trinh khao sat. Két qua xur 1y nudc
thai (COD) va kha ning sinh khi (thé tich khi
biogas, thanh phén CH, va CO,) cua hé¢ UASB
dugc phan tich hang ngay va tinh bé“mg trung
binh chung cuia 5 ngay cudi ciing.

® Phwrong phdp phan tich cdc chi tiéu

Cic chi tiéu duoc phan tich bao gdm COD,
thé tich khi biogas sinh ra (L/ngay), thanh phan
khi (CHy, CO,) va cdc phuong phdp phan tich
tuong tng duoc liét ké tai Bang 2. Thé tich khi
do duoc ¢ mdi lan duge quy d6i vé ciing didu
kién nhiét d6 25°C, ap suat 1 amt. Khi biogas
ding dé do ti 16 CH, va CO, la khi kho, da
duoc chan hoi nudc trude khi dua vao may
Biogas 5000.

Béng 2. Chi ti€u va cac phuong phép phan tich

Chitieu Ponvi Phuongphipdo |4
COD mg/L  TCVN 6491: 1999
% thé Do trong tdi dung
CH4 . LS 4
tich. khi bang may 1 lan/
co % thé Biogas 5000 nodl
2 tich (Geotech, UK) gay
Thé tich N Thay thé thé tich
. L/ngay .
biogas nudc

3. Két qua va thao luan
3.1. Hiéu sudt xir Iy COD theo tdi trong hitu co

Khao sat hiéu suat xi Iy COD véi tai trong
hiru co tir 2,26-5,74 g/L.ngay thu dugc két qua
nhu Hinh 2. Hi¢u suat xir ly COD (Hcop) cao
nhit 12 94% khi tai trong hitu co OLR = 2,28
g/L.ngdy, twong ng véi COD dau ra chi con
khoang 120 mg/L, cho thay kha ning xir 1y tdt
cua hé UASB tai tai trong httu co nay (Hinh 2).

Vié¢c lya chon tai trong hitu co c6 hidu sudt
xtr 1y cao c6 tinh 6n dinh hon tai trong hiru co
c6 hiéu suat xir ly thap. Hiéu suat xir 1y cao
ching t6 vi sinh vat yém khi dang hoat dong tdt
voi tai trong nay. Trong khi d6, hiéu sudt xir 1y
thdp cho thay vi sinh vat dang chua thich nghi
t6t. Néu tiép tuc van hanh, theo thoi gian, vi
sinh vat yém khi s& dan thich nghi véi muc tai
trong hitu co d6, nho' d6 ma hiéu suat xur ly s&
tang dan. Nguoc lai, néu vi sinh vat khong thich
nghi dwoc, hé ngly cang qua tai, hiéu suat xu ly
s& giam dan. Vi vy, nghién ctu lya chon tai
trong hitu co 2,28 g/L.ngay cho budc nghién
ctru anh hudng cua cac kim loai.

3.2. Anh huomg ciia Ca**

Trude khi ¢6 Ca®*, hiéu suat xu Iy COD dat
94%, thé tich khi CH, mdi ngay 12 4,16 L, ti 18
CH, trong khi biogas sinh ra chiém 70%. Khi
dua Ca® vao trong nudc thai voi ndng do tir 50
- 450 mg/L, higu suat xir Iy COD va ti 1¢ thanh
phan cdc chat khi khong c6 su thay ddi nhiéu.
(Bang 3). Hi¢u sut xir ly COD (Hcop) duy tri &
gié tri cao 95-96%, ti 1¢ CH, trong khi biogas
sinh ra déu tdng nhe tr 70% 1én 71-74%. Ti 1¢
CH, tang, dan tdi ti 1& CO, giam tur 20% xuéng
con 18 - 14%. Tuy nhién, ¢ ndng d6 Ca®* = 300
mg/L, hiéu Sudt xir 1y COD (Hcop) tang téi 96%;
hiéu suat chuyén héa (H,) COD xir Iy dugc thanh
CH, ciing tang tir 0,24 1én 0,30 L/gCOD khién thé
tich khi CH, (Vcus) thu duoc moi ngay tang ro rét,
dat 5,18 lit/ngay, tang 24,5% so véi giai doan
trudc khi c6 Ca™ (Bang 3).
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Bang 3. Sy thay ddi cua cdc thong sb
trude va sau khi c6 Ca**

Nong Hep
d(.;+ HCOD VCH4 (L/gCOD) CH4 COZ
Ca (%) (L/ngay) (%) (%)
(mg/L)
0 94 4,16 0,24 70 20

50 96 4,25 0,24 71 18
200 95 4,28 0,24 72 14
300 96 5,18 0,30 74 15
450 96 5,05 0,29 73 16

Ca®* ¢6 nhiing tic dong c6 loi dén qud trinh
yém khi nho anh huéng dén su phat trién hat
bun. Co ché anh huéng ciia Ca®* dén qué trinh
hinh thanh bun hat cling da dugc chiing minh
trong cic nghién ctru trudc day. Theo Schmidt
(1993) [10], qué trinh phat trién hat bun trong
hé UASB c6 thé chia thanh 4 budc: (1) sy di
chuyén hat bun nay dén bé mit hat bun khic,
(2) qué trinh h?ip phu bdi céc luc héa 1y, (3)
bam dinh giita c4c hat nho cdc phan phy cia vi
sinh vat hodc polymer, (4) phat trién vi sinh vat
trong hat. Bt ky yéu t6 nao c6 thé tang toc do
mot trong 4 budc nay s& ddy nhanh qui trinh
tao hat, rut ngén thoi gian khoi dong cua hé.
Nghién ctru cua Yu va Fang (2000) [15] cho
thy, nong do Ca®* phit hop s& gitip dy nhanh 3
budc phét trién cua hat: hap phy, bam dinh va
phat trién vi sinh vat. Khi phan gidi cc hop

chat hiru co, vi sinh vat tiét ra polyme ngoai
bao. B& mit té bao vi sinh vat va polyme ngoai
bao thudng c6 dién tich am [7], dé lién két voi
cac vi sinh vat khac tao hat thuong doi hoi cac
cation, chu yéu la cation héa tri II nhu Ca™.
Nho lyc hit trdi ddu, Ca®* lam cau ndi gitta cic
dién tich 4m tao sy 6n dinh cua mang ludi
polymer trong hat. C4dc polymer ngoai bao cé
xu thé bam vao Ca®* nhd ¢6 thé tao thanh phic
hop 6n dinh. Ngoai ra, cac ion kim loai hoa tri
II nhu Ca** con hd trg cho céc hoat dong cua
enzyme dé chuyén héa ning lugng trong té bao
song cua vi sinh vat. Nho d6, qud trinh metan
héa dién ra t6t hon va lugng khi thu dugc ting.

3.3. Anh hwong cua Mg2+

Mg* cing anh huong tich cyc dén qu4 trinh
yém khi ¢ nong d6 phit hop (Bang 4). Céc két
qua vé Heop, ti 1¢ CHy, CO, chi ¢6 sy thay dbi
nhe, voi chénh 1éch gitra cdc gid tri < 4%. Sy
thay dbi 1o 1ét nhit thé hién 6 thé tich khi CH,
thu dugc moi ngay. Tai nong do Mg* = 100
mg/L, hiéu suét chuyen hoéa (Hch) dat cuc dai
(0,29 L/gCOD,; iv); Nho do, thé tich khi CH,
thu duoc tang tr 4,39 1&€n 5,08 L/ngay (ting
16% so v6i ban dau). Tai ndng do Mg*
2400 mg/L, hiéu suat xr Iy COD giam con
92%, twong g COD dau ra 1én téi 170 mg/L,
cao gap hon 1,5 1an so véi gid trj COD tai cic
mirc n6ng d6 khac chi c6 85-105 mg/L (tuwong
g voi hiéu suit 95-96%).

Béng 4. Sy thay ddi cua cdc thong sb
trudc va sau khi c6 Mg**

Nong Hep

d6 Mg2+ HCOD VCH4 CH4 COZ
(;ng/L) (%) (Lingay) D (%) (%)

0 95 4,39 0,25 62 28
10 95 4,42 0,25 59 29
100 95 5,08 0,29 59 32
1000 96 4,96 0,28 58 33
2400 92 4,72 0,28 58 31
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La 2 kim loai lién ké nhau trong nhém IIA,
Mg va Ca c6 nhiing tinh chit twong ty, do d6 &
noéng do phtt hop Mg®* ciing day nhanh qui
trinh phét trién hat bun thong qua co ché hap
phy, bam dinh véi cac polyme ngoai bao nhu
Ca®*. Nong d¢ tdi wu ciia Mg™* tai 100 mg/L
cling dugc Hulshoff (1983) Mahoney (1987) va
Alibhai (1986) chi ra va tong hop trong bdo cdo
ctia Schmidt (1993) [10].

Su tc ché qué trinh yém khi & ndng do
Mg®* cao dugc 1y giai do viéc du thira Mg*
khién cdc két tha vo co hinh thanh can tr& qud
trinh phan hay chét hitu co; Hon nita, hat bun
don 1¢ nho thoét ra khoi hé dan téi sinh khéi
trong hé giam [10].

Két qua nghién ctru cling lam rd hon vé su
khong thong nhét nong do gay tc ché cua Mg™.
Hé van hoat dong tét & 1000 mgMg**/L va chi
bi suy giam nhe & 2400 mgMg®*/L. Diéu nay
twong ty voi nghién clru cua Schmidt (1993)
[10] nhung khic véi bdo cdo cua Metcalf &
Eddy (2003) [11] (Mg gy trc ché qud trinh
yém khi & ndng d6 1000 mg/L).

3.4. Anh hudmg ciia Cu*

Véi ndng do tir 0,5 - 4 mg/L, Cu®* thé hién
nhitng anh hudng tiéu cuc dén qua trinh yém
khi (Bang ).

Hiéu sudt xir 1y tir 95% xudng con 89%,
tuong ng véi COD dau ra tang tir 105 téi 230
mg/L, gap hon 2 lan so voi ban dau. Hiéu suat
chuyén héa giam ro rét tir 0,29 con ~ 0,22
L/gCOD,; 14; theo d6, thé tich CH, thu duoc
giam manh tur 5,1 con ~3,7 L/ngay (giam 27%).
Chat lwong khi biogas ciing suy giam, thé hién
o ti 1€ CHy giam t6i 10%, con CO, ting hon
10% so v6i trude khi c6 Cu™.

Bang 5. Sy thay ddi ctia cédc thong s trude va
sau khi c6 Cu**

Non H,
d6 Cug2+ HCOD VCH4 h CH4 COZ

(%) (Lingay) P (%) (%)

(mg/L)
0 95 5,10 029 75 11,5
0,5 93 3,75 022 64 25
1 93 3,66 021 64 25

2,5 93 3,75 0,22 65 21
4 89 3,71 0,22 67 20

Cu”* 12 yéu t6 can thiét cho sy phét trién cdc
vi sinh vat, tuy nhién chi & mic do vi lugng.
Déu 1a ion kim loai héa tri II nhu Ca**, Mg™,
nhung véi dac tinh cia kim loai nang khién
Cu®* can tr& qud trinh yém khi. Theo Icela
(2015) [12] va Lin (1999) [13], & nong do
khong phit hop, su ¢6 mit Cu®* c6 thé thay thé
cdc cation can thiét ¢6 trong cdc enzyme cua vi
sinh vat yém khi, khién céc enzyme ndy bj bat
hoat. Cu”* két ta v6i cdc nhém sunfit, cacbonat
va hydroxit [16] tich tu trong bun, lam giam
luong nudc trong cac hat bun, tao thanh cac hat
vat chét tro, can trd qud trinh phan hiy. Mit
khac, do khdng dugc decacboxyl héa tao CHy,
céc axit hitu co khong duogc khir, tdn dong trong
thiét bi 1am giam pH, gdy bt loi cho qué trinh
metan héa va khién ti 16 CH, giam.

4. Két luan

H¢ UASB nghién ctru phut hgp cho viéc xur
1y nudc thai giau hitu co, trong diéu kién nhiét
d6 ~ 35°C, pH ~ 7, tai trong hitu co 2,28
g/L.ngay va dat hi¢u suat xir Iy COD cao 94%.

Sy ¢6 mét cua cdc kim loai gy anh hudng
tich cuc va tidu cuc dén kha niang xu 1y nuéc
thai va kha nang sinh khi tiry thudc vao ndng do
va ban chét cdc kim loai. V&i Ca**, Mg*, khi
néng d6 kim loai & gid tri phit hop (300
mgCa®/L, 100 - 1000 mgMg>*/L), thé tich khi
CH; thu dwogc ting manh (13 - 25%). Tuy
nhién, khi ¢ ndéng d6 cao nhu Mg* & 2400
mg/L, xuit hién ddu hiéu tc ché qué trinh ky
khi, khién COD déu ra cao gap hon 1,5 lan so
v6i ban dau. Cu gy tc ché & moi ndng do
nghién ctru, ndng d6 Cu®* cang cao, hiéu suit
xtt 1y COD cang giam. Theo d6, thé tich khi
CH, thu duogc cling giam di 26 - 28%.

Loi cam on

Nghién ctru duoc sy hd trg mot phan kinh
phi tir & tai QG-14-11. Nghién ciru ciing nhén
duoc su gitp do tir ThS. Nguyén Truong Quén
va PGS. TS. Cao Thé Ha va céc cdn bo thudc
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The Effects of some Metal Ions on the Treatment Efficiency
of a High Rate Anaerobic System Applied
for Organic-Rich Wastewater

Dinh Duy Chinh, Le Thi Hoang Oanh, Nguyen Thi Ha

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

Abstract: The effects of metal ions Ca’*, Mg2+, Cu?* at different concentrations in organic-rich

wastewater on treatment efficiency of an Upflow Anaerobic Sludge Blanket (UASB) system were
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assessed based on COD removal efficiency and biogas yield under the same conditions such as
temperature ~ 35°C, pH ~ 7, organic loading rate (OLR) ~ 2,28 g/L..d, and COD;ygsyen; ~ 2100 mgO-/L.
The results showed that treatment efficiency of UASB system was dependent on concentrations and
types of metal ions. In cases of Ca>* and Mg”*, when ion concentrations were at suitable levels (300
mgCa®/L, 100-1000 mgMg**/L), volume of CH, yield increased significantly (13 - 25%). However, at
high concentration such as Mg of 2400 mg/L, there was inhibition of anaerobic digestion process.
Differently, Cu** caused inhibition of anaerobic process at all investigated concentrations; the higher
the Cu®" concentration, the lower the COD removal efficiency. Accordingly, volume of CH, yield
decreased 26 - 28%.

Keywords: UASB, Ca®*, Mg**, Cu™, biogas.



