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TOM TAT

Nghién ctru nay sir dung axit citric dé chiét mot s6 kim loai nang (Cu, Cd, Cr, Pb, Zn) ra khoi
bun thai trong bé nén bun cua tram xir Iy nudc thai sinh hoat Kim Lién, Ha Noi. Két qua thir nghiém
cho théy, thoi gian twong tac 120 phit, néng d6 axit 0,5M, pH = 0,3 va sb 1an chiét rat 5 13n 1a diéu
kién toi wu dé tach chiét cac kim loai nang. Hiéu suat loai bo cac kim loai ning ra khoi bun thai cua
axit citric theo tht ty: Zn > Cd > Cu > Pb > Cr. Sau khi chiét rt cac kim loai nang bang axit citric,
bun thai ¢6 ham luong chat hitu co ting dang ké, ham lwong N, P, K giam so v&i ban d¢au nhung van &
ngudng giau so véi thang danh gia trong dat. Ban thai sau xur ly kim loai nang c6 nhiéu tiém nang dé
sir dung dé 1am ngudn cung cap chat dinh dudng cho cay trong.
Tir khéa: Axit citric, bun thai, kim loai ning, tach chiét

Nhdn bai: 17/05/2017 Hoan thanh phdn bién: 10/06/2017 Chdp nhdn bai: 15/06/2017

1. MO PAU

Trong cé4c loai hinh chat thai do thi, bun thai d6 thi 1a mét loai hinh chit thai dac tha
dugc phat sinh cha yéu tir cac hoat dong xtr 1y nude thai (XLNT) va nao vét hé thong thoat
nudc d6 thi. Theo Quy hoach thoat nudc cua thu d6 Ha Noi dén nam 2050, thanh phé s&
hoan thanh xay dung mot loat cac nha may XLNT tap trung, dam bao 100% dan sé trong
pham vi quy hoach s& dugc phuc vu thu gom va XLNT. Theo d6, lugng bun thai phat sinh tir
cac cong doan XLNT s& ngay cang nhiéu. Nghién ctu cua Bala Subramanian (2010) chi ra
rang, chi phi quan ly va xt Iy bun thai dao dong tir 30 - 50% chi phi van hanh caa mot nha
méy XLNT tiéu biéu. Chi phi ndy s& la ganh ning cho cac hé thdng xir Iy nudc thai néu
khong c6 céc bién phap xir Iy bun thai thay thé. Tram xt Iy nuéc thai sinh hoat (XLNTSH)
Kim Lién (Ha Noi) di vao hoat dong nim 2005 véi cong suat xu ly 3.700 m¥/ngay dém,
lwong bun phat sinh 3,5 m3/ngay (khoang 50 — 60 tin/thang). Bun thai cua tram XLNTSH
Kim Lién duoc xtr Iy co hoc (cd dic bun bang thiét bi nén bun va éo bun bang tai) c6 bd
sung polyme. Theo Nguyén Viét Anh (2014), bun thai phat sinh tir cac cong doan cua nha
méay XLNT sinh hoat c6 chira nhiéu chat hiru co, ham luong N, P, K tdng sé twong dbi cao,
1a ngudn dinh dudng tiém ning cung cip cho ndng nghiép. Tuy nhién, trong bun c6 kha ning
chtra mot s thanh phan chat nguy hai nhu cac kim loai nang (KLN). Khi st dung bun thai
cho muc dich nong nghiép véi mot dién tich dat 16n va trong thoi gian dai, KLN cé thé tich
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lity & trong dat va anh hudng dén dong vat va thuc vat, de doa dén sirc khoe cia con nguoi
thong qua chudi thie an. Day 1a mot han ché Ion dén viéc tai sir dung bun thai.

Nhimg nim gan déy, cac phuong phap hiéu qua dé loai bo KLN tir bun da duoc
nghién ctiu rong réi vai cac phuong phap khac nhau nhu: phwong phéap chiét héa hoc,phwong
phép phan tach sinh hoc (bioleaching), phuong phap electrokinetic (xir Iy bang dién dong
hoc) va phuong phap siéu chiét (Marchioretto va cs., 2002). Trong d6, phuong phap hoa hoc
tach chiét cac KLN trong bun thai da nhan duoc sy chdi y rong rai do hiéu qua xu Iy KLN
cao va thuc hién don gian. Phuong phap nay st dung cac axit vo co (HNOs, HCI va H2SO4),
axit hitu co (oxalic, axetic,citric, lactic), cac chét tao phirc (NTA va EDTA) dé chiét xuit la
giam ham luong KLN trong dat, bun thai hay tram tich xudng dang ké. Marchioretto va cs.
(2002) da danh gia cao hiéu suét chiét hoa hoc cua hai loai axit hitu co (axit citric, axit
oxalic) va axit vo co (HCI, HNO3) trong viéc loai bo KLN tir bun phan hay ki khi tor mot
nha may xir ly nudc thai tai Ha Lan. Theo Veeken va Hamelers (1999), so vai cac chat vo co
va cac chét tao phic thi céc axit hitu co co trién vong hon vi qué trinh tach chiét c6 thé duoc
thue hién & diéu kién c6 tinh axit nhe (pH=3 - 5), cac axit hitu co d& dang phan huy nén bun
c6 thé tu 1am sach ma khong can diéu kién phuc tap; do d6 ma lwong nuéc thai dugc giam
dang ké. Céc nghién ctu cia Veeken va Hamelers (1999), Marchioretto va cs. (2002) va
Xuejiang (2015) cho thay hiéu qua tach chiét KLN cua axit hitu co (citric, axetic, oxalic) déu
cho két qua tét nhat & pH = 3 — 4. Cac yéu té anh huong cua thoi gian, ndng do axit va sb lan
chiét rat khac nhau téi kha nang chiét mot s6 KLN (Cu, Cd, Cr, Pb, Zn) trong bin thai tir hé
théng XLNTSH Kim Lién, Ha Nbi bang dung dich axit citric dd dwgc thuc hién trong nghién
clru nay.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit li¢u

Bun thai cua tram XLNTSH Kim Lién, Ha Noi, gom: bun trong bé hiéu khi, ban
trong bé nén bun (1a hdn hop bun so cip va bun thi cip) va bun sau may ép tach nudc. Mau
bun duoc lay 3 dot (thang 4/2014, thang 12/2014 va thang 6/2015). Mau bun duoc iy trong
ngdy va danh ki hiéu mau theo ngay, dia diém va dbi twong phan tich. Mau duoc lay va bao
quan theo TCVN 6663 - 3:2000 - Chét lugng nudc - LAy mau. Phan 13: Hudng dan lay mau
bun nuée, bun nudce thai va ban lién quan. Cac mau bun thai dugc lay 1a mau don (mau riéng
Ié dwoc ldy mot cach ngau nhién theo thai gian va/hodc dia diém) tir mot khéi bun.

Do céac dic diém vé thanh phan dinh dudng, KLN va luong phat sinh, nghién ciu
nay lya chon bun thai trong bé nén bun dé danh gia kha nang xur ly mot s6 KLN trong bun
bang axit citric.

2.2. Phuwong phap nghién ctru
* Thi nghiém (1): Lwa chon thoi gian twong tac dé logi bé KLN trong bun

Tién hanh ¢4 dinh bun/dung dich theo ty 1& khdi lwong 1:2,5; lay 4g bun (dd duoc 6n
dinh va xir ly theo md ta muc 2.1) pha trong 10mL dung dich axit, nong d¢ axit 1a 0,2M. Cho
hdn hop vao lo thiy tinh 50mL, khudy trong cac khoang thoi gian 1a: 30 phut, 60 phit, 120
phut, 240 phut rdi ly tam voi tbe dd 4000 vong/phut trong 90 phut & nhiét ¢ phong, thu 1iy
phan doan trao d6i trong dich chiét, loc qua gidy loc trudc khi dem di phan tich. Dich chiét
dwoc dem di phan tich bing phuong phap quang phd hip thu nguyén tir (AAS) ¢ cac budc
song hip thu téi wu cho ting nguyén té Cu, Cd, Cr, Pb, Zn.
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* Thi nghiém (2): Xdc dinh anh huong cia nong dé dén hiéu qud xir Iy KLN

Can 4g bun (myc 2.1) cho vao lo thay tinh, thém 10mL dung dich axit, ndng do axit
thay doi tir 0 — 0,65M (0 = nudc cat; 0,1M; 0,3M; 0,5M; 0,65M) khudy déu trong khoang
thoi gian téi wu (dya vao két qua cua thi nghiém 1) baing may khudy tir & nhiét d6 phong roi
ly tim voi toc dd 4000 vong/phut trong 90 phut, thu iy dich chiét dem loc trude khi phan
tich ham luong cac nguyén té Cu, Cd, Cr, Pb, Zn .
* Xdc dinh anh hieong cia sé lan chiét rit dén hiéu qua xu 1y

Chon thoi gian twong tac t6i uu (két qua thi nghiém 1) va nong do ti wu nhat (két
qua thi nghiém 2), sau do chiét rat trong s 1an tir 1 dén 8 véi ty 18 hdn hop trong céc lan
1:2,5 (bun : dung dich chiét rat)
* Phuwong phap phan tich:

Do am xac dinh bang phuong phap trong luong, pH do bang may do pH, chat hitu co
(OM) do bang phuong phap Walkley — Black, Nito tong s6 (Nis) do bang phuong phap
Kjeldahl, Kali tong s6 (Kis) xac dinh bang phuong phép quang ké ngon lira, Photpho tong sé
(Pts) do bang phuong phap so mau vai chét tao phirc molipdat amoni. Xéac dinh tong chat ran
(TS) bang phuong phap SMEWW 2540.B:2005, chét rin bay hoi (VS) bang phuong phap
SMEWW 2005 (2540 E). Xac dinh KLN tong sé trong mau ban bang phuong phap quang
phd hap thu nguyén tir ngon lira (TCVN 8246:2009), KLN tong sé trong dung dich ngam rua
duge xac dinh theo TCVN 6496:2009 - Xac dinh KLN trong dich chiét dat bang cuong thuy,
phuong phap quang phd hap thu nguyén tir ngon lira.
* Dia diém phan tich:

Phong thi nghiém hoa ly, truong Dai hoc Y - Dugc Thai Nguyén.
* Phirong phap xi ly s6 liéu:

Xtr ly bang phan mém Excel 2010 va phan tich théng ké trén phan mém SPSS 18.
3. KET QUA VA THAO LUAN
3.1. Pac tinh ly héa caa bun thai tram XLNTSH Kim Lién, Ha Noi

Két qua phan tich thanh phan, tinh chét cua bun thai tram XLNTSH Kim Lién, Ha
Noi (Gié tri trung binh + d6 léch chuan cua 3 lan liy mau) dugc trinh bay trong Bang 1.

Bdng 1. Mot s6 tinh chat cua bun thai tram XLNT Kim Lién

Ngudng Tiéu chuan

Buntrongbé  Buntrongbénén  BUn sau may chét thai 44t cho

Chi tiéu (don vi)

hiéu khi bun ép : R .
nguy hai ndng nghiép
Do am (%) 96,4 90,2 80,2
pH 6,8 7,1 7,3
OM (% DW) 17,61+ 1,01 20,57 +224 20,87 +1,65
TS (%) 1,1940,14 1,58+0,11 1,42+0,13
VS (%TS) 75,32+1,71 80,33+0,85 62,08+1,65
Nis (% DW) 1,45+ 0,08 1,25 +0,12 0,86 £0,16
Pts (% DW) 1,76 £ 0,08 1,35+ 0,08 1,64 +0,92
Cu (mg/kg) 57,9+2,32 59,29+ 1,97 137,5+ 1,92 - 100
Zn (mg/kg) 223,14+ 2,32 380,43 +2,36  453,95+1,59 5.000 200
Pb(mg/kg) 13,21+0,84 17,61+ 0,96 39,61+ 0,56 300 70
Cd (mg/kg) 0,93 +£0,27 1,21+0,11 1,18+ 0,15 10 15
Cr (mg/kg) 30,86 +1,44 38,21 +0,79 46,21+ 0,9 100 150

Ghi chu: Gia tri trung binh + Dé léch chudn. % DW (% Dry Weight): % trong luwong khd
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Két qua phan tich ¢ Bang 1 cho thay, bun phét sinh tir cac cong doan xir ly khéac
nhau c6 thanh phan, tinh chat khac nhau. D6 4m ciia bun trude khi sir dung may ép rat lon,
trén 90%. Ham Iuong chat hiru co (OM) trong bun thai rat cao, cao hon nhiéu so véi yéu cau
ham lugng htu co trong phan hiru co vi sinh (>20%). Ty I¢ VS/TS cua bun tu tram
XLNTSH Kim Lién kha cao (VS/TS dao dong trong khoang 43-63) nén thich hop cho cac
phuong phap xir 1y sinh hoc. Theo thang danh gia ham lwong chét dinh dudng trong dit trich
boi Lé Thi Thanh Chi (2008) thi ham luong chat hitu co, Nts, Pts trong bun thai & ngudng
cao dén rat cao. Két qua nay tuong tu nghién ctru caa Nguyén Viét Anh (2014). Pay 1a dic
diém thuan loi dé can nhic tai sir dung bun cho muc dich nong nghiép. Vé ham luong cac
KLN trong ban, bun tram XLNTSH Kim Lién c6 ham luong KLN dudi ngudng chat thai
nguy hai theo quy dinh tai QCVN 07:2009/BTNMT. Tuy nhién, so sanh vai so sanh vai gidi
han quy dinh d6i voi dat ndng nghiép thi bun sau may ép c6 ham lugng Zn vuot tiéu chuan
cho phép (TCCP) 1,27 lan, ham lugng Cu vuot TCCP 0,38 lan. Bun trong bé hiéu khi va bé
nén bun c6 ham lwong Zn vuot TCCP lan luot 12 0,11 va 0,9 lan. Pic diém nay doi hoi phai
can nhic ky cac giai phéap loai bo KLN dé dam bao rang viéc &p dung céc giai phap tai sir
dung bun 1a an toan cho moi truong va hé sinh thai.

3.2. Nghién ciru tach chiét KLN trong bun thai bang axit citric
3.2.1. Nghién citu anh hueong cua thoi gian d@én hiéu suat logi bé KLN trong bun thdi

Két qua thi nghiém vé sy phu thudc cua kha ning taich KLN bang axit citric vao cac

thoi gian twong tic khac nhau (& pH 3 - 4, ndng d6 0,2M), duoc thé hién ¢ Bang 2.
Bdng 2. Hiéu suit loai bo KLN trong bun cua axit citric & c4c thoi gian khac nhau
Hiéu suat loai bo KLN (%)

KLN 30 pht 60 pht 120 phit 240 pht
Cr 28,22+ 0,7 39,0°% 1,0 40,1°% 1,0 30,2609
Pb 37,0°+ 0,4 55,39+0,3 53,7°+ 0,6 40,3°£0,2
cd 58,42+ 1,2 63,6°+1,6 79,0°%+1,7 60,8+ 1,7
Cu 46,79+ 1,1 57,65+ 0,5 61,69 0,7 50,80+ 1,7
Zn 76,32 + 1.4 83,4b+ 172 90,1 + 1,1 78,0°+ 1.4

Ghi chli: Gia trj trung binh + P¢ léch chuan. Theo hang, trong tung thi nghi¢m, cac s6 mang chiz cai (a, b, c, d)
khdc nhau thi sai khdc cé y nghia thong ké ¢ do tin cdy 95%.

Két qua nghién ciu & bang 2 cho thay, thoi gian tuong tac c6 anh huong rd rét dén
hiéu suit loai bo cac KLN. Hiéu suat tach chiét KLN ting nhanh khi ting thoi gian tuong tac
(dat cao nhat & 120 phat), nhung sau do, gia tang thoi gian tuong tac thi hi¢u suét tach chiét
cac KLN lai c6 xu hudng glam Diéu nay c6 thé giai thich do thoi gian twong tac lau, quéa
trinh trung hoa axit béi mot sé hop chét kiém va cacbonate trong bun 1am ting pH cta dung
dich din dén giam kha nang hoa tan ciia KLN.

Cr 1a kim loai dwoc téch chiét ra thap nhat (14%) trong cac KLN thir nghiém, thoi
gian twong tac cang lau, hiéu suat c ting nhung ting khong nhiéu. Nghién ctru cua Logan
va cs. (1985); Wozniak va cs. (1982) ciing cho thay hiéu suit tach chiét Cr Ia nho nhét trong
sb cac KLN thir nghiém. Cr con gan nhu khong tach ra dwoc khoi bun (hiéu suit = 0%) trong
nghién ciu cua Marius Ghejuva cs. (2011). Trong khi d6, Zn 1a kim loai duoc loai bo nhiéu
nhat (hiéu suat trén 90%), twong tu két qua nghién ctru ciia Veekenva cs. (1999) khi sir dung
axit hitu co. Hiéu suét nay cao hon nghién ctru ciia Zhuhong Ding (2013) khi str dung EDTA
chiét rat KLN trong ban thai (64% véi Zn, thoi gian tuong tac 24 gio).
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Nhu vy, vdi thoi gian twong tac 120 pht (pH 3; 0,2M) higu suat loai bo cac KLN
cua axit citric la tot nhat.
3.2.2. Anh hwong cua nong do axit citric dén hiéu sudt logi bé KLN
Bang 3 trinh bay két qua thi nghiém tach chiét cac KLN cuia axit citric & c4c nong do
khac nhau (thoi gian tuong tac 120 phuat, pH = 3,0)
Bdng 3. Hiéu suét loai bo KLN cua axit citric & cac ndng d6 khac nhau

KLN Hiéu suat loai bo KLN (%)
oM 0,1 M 0,3M 05M 0,65 M
Cr 6,9+ 0,5 14,6+ 0,4 39,3+ 0,7 44,7940,2 39,05+ 0,9
Pb 12,072+ 0,2 23,4°+0,5 58,1+ 0,6 60,5¢+0,6 60,029+ 0,7
Cd 29,42+ 15 41,8°+12 83,1°+1,2 85,9+ 0,8 86,59+ 1,2
Cu 21,98+ 0,9 35,6°+0,1 67,8+ 0,6 68,99+ 0,1 59,9+ 0,9
Zn 35,62+ 0,7 68,7°+0,9 89,6+ 0,2 94,019+ 0,6 93,29+ 0,2

Ghi chu: Gia trj trung binh + @ léch chudn. Theo hang, trong ting thi nghiém, cac sé mang chiz cai (a, b, ¢, d)
khdc nhau thi sai khéc c6 Y nghia thong ké ¢ do tin cdy 95%.

Két qua nghién ctru ¢ bang 3 cho thay, hiéu suét loai bo cac KLN dat hiéu qua cao tir
nong d6 0,3M — 0,65M. Cac KLN nhu Cd, Pb, Zn déu dat hiéu suat Ién hon 60%. Riéng Cr,
Cu hiéu suat déu giam ¢ nong d6 0,65M. Hiéu suat cua hai kim loai nay déu giam khi thoi
gian phan ¢ng lau (240 phat) va néng d6 cao. Nhu vay, nong do toi uu dé tach chiét KLN
trong bun thai cua axit citric 1a 0,5M.

3.2.3. Anh hwong cua sé lan chiét dén hiéu qua loai bé KLN trong bun thdi

Theo két qua thi nghiém danh gia anh huéng cua thoi gian twong tac va ndng do axit
citric, thi nghiém danh gia anh huong cua sé lan chiét lya chon thoi gian twong tac 1a 120
phut, ndng d6 dung dich axit 0,5M. D6 thi hinh 1 thé hién anh huéng cua sé 1an chiét rat d¢én
hi¢u suét loai bo KLN cua axit citric.
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Hinh 1. Anh huéng s6 lan chiét rat toi hiéu suat chiét rat KLN cua axit citric.
Tir d6 thi hinh 1 nhan thiy, lwong KLN chiét rat dugc tang déu theo s6 lan chiét rat.
Ham luong Pb thu dugc qua mdi lan chiét khong ting nhiéu va tir lan chiét thir 2 lugng Pb
tang khong dang ké. Trong lan chiét dau tién, ham lugng Pb hoa tan trong dung dich dugc
chiét rGt gan nhu tuyét dbi. Hiéu suat xur Iy Cd, Zn, Cu dat cao va 6n dinh sau 5 lan chiét.
Riéng Cr hi¢u suat dat cao, khac biét c6 y nghia thong ké 95% & lan chiét tha 7. Nhu vay,
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hiéu qua loai bo hau hét cac KLN cua ca 3 axit 1a sau 5 lan chiét rat lan luot 1a: Zn > Cd >
Cu >Pb>Cr.
3.3. Thanh phan dinh dwéng cia bun thai sau xir ly KLN bang axit citric

Bang 4 trinh bay thanh phan cac chat dinh dudng cua bun thai trudce va sau khi st
dung céc axit dé loai bo KLN.

Bdang 4. Thanh phan dinh dudng va KLN cua bun truéc va sau khi loai bo KLN

BN thai pH oM Nts Pts Cu Zn Pb Cd Cr
(%DW) (%DW) (%DW)  (mg/kg) (mg/kg)  (mg/kg)  (mg/kg) (mg/kg)
Trude chiét 205 1,25 135 5929 380,43 17,61 121 3821
X 71 + + + + + + + +
xuat 2.24 0,12 0,08 1,97 2,36 0,96 011 0,79
o chidtxuit 275 0,95 1,03 2431 26,63 7.04 0.18 214
b:n citric 45 + + + + + + + +
ang 0,95 0,08 0,09 0,67 0,98 0,09 006 088
Sig. (2-tailed) 0,00 0,008 0,021 0,016 0,00 0,00 0,00 000 0,00

Ghi ch: Gia trj trung binh + D léch chudn. % DW (% Dry Weight): % trong lirong kho

Nhu vay, sau khi sir dung cac axit dé loai bo cac KLN, ham lwong chat hiru co trong
bun thai tang khac biét qua phép thir T-test; ham lugng N, P giam nhung khong co sy khac
biét qua phép thir T-test, va van & mac giau so vé6i thang danh gia ham lugng dinh dudng
trong dat. Ham luong cac KLN giam khéc bigt qua phép thir T-test va déu dat ngudng cho
phép KLN trong dat néng nghiép. Qua, d6 cho thay tiém nang bun thai sau khi chiét xuat
KLN c6 thé dugc tan dung nhu mot ngudn cung cip chit dinh dudng rat tét cho cay trong.

4. KET LUAN

Bun phét sinh tir cac cong doan xtr ly cia nha may xtr Iy nudc thai sinh hoat khac
nhau c6 thanh phan, tinh chit khac nhau. Ham luong chét hiru co, N, P va K trong bun thai ¢
ngudng cao dén rat cao. Ham luong téng sé cia 5 KLN trong mau ban thai o tram XLNT
Kim Lién dudi ngudng chit thai nguy hai QCVN 07:2009/BTNMT. Tuy nhién, ham luong
Cu va Zn téng sé vuot ngudng QCVN 03:2015/BTNMT Vvé gigi han KLN trong dat nong
nghiép.

Str dung axit citric dé tach chiét cac KLN trong bun thai d6 thi c6 hiéu qua twong ddi
cao. Thoi gian phan tng 120 phdt, nong d6 axit 0,5M, pH = 0,3 va chiét rat 5 lan 1a diéu kién
t6i wu dé axit citric tach chiét cac KLN cao nhat. Hiéu suit loai bo cac KLN theo thtr tu: Zn
> Cd > Cu >Pb> Cr.

Sau khi str dung céc axit dé loai bo cac KLN, ham lugng chat hiru co trong bun thai
tang, ham lugng Nis, Pis €O gidm, song van & mic giau so voi thang danh gia ham lwgng dinh
dudng trong dat. Ham luong cac KLN giam di dang ké va déu dat ngudng cho phép KLN
trong dat néng nghiép.
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THE ABILITY OF EXTRACTION OF HEAVY METALS (Cu, Zn, Pb,
Cr, Cd) IN BIOSOLID BY CITRIC ACID
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ABSTRACT

Citric acid was used in this study to extract some heavy metals (Cu, Cd, Cr, Pb, and Zn) from
the sludge in the slurry tank of the domestic waste water treatment station in Kim Lien Ward, Hanoi.
The results show that the interaction time of 120 minutes with 0.5 M acid concentration, pH = 0.3 and
5 times extraction are the optimum condition for extraction of heavy metals. The efficiency of
removing heavy metals from the sludge discharged by citric acid is as follows: Zn> Cd> Cu> Pb> Cr.
After treatment, the organic matter content of the sludge increases significantly, while the N, P, and K
content decreases compared with the original but still remains at the rich level in the soil. The sludge
after treatment has great potential for using as a source of nutrients for plants.
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