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Tém tit: Bun thai phat sinh tir cac cong doan ciia nha may xir 1y nude thai sinh hoat c6 chira
nhiéu chat hiru co, ham luong N, P, K téng sO twong ddi cao. Ham luwong kim loai ning tong sb ¢
kha nang vuot gi6i han cho phép trong dat nong nghiép (Zn). Trudc nhitng thach thuc ngdy cang
gia ting vé noi thai bo bun thai d6 thi, ngudn dinh dudng cho néng nghiép va 6 nhiém moi truo’ng,
huéng tiép can loai bo cac thanh phan c6 thé gay doc trong bun thai dé tai st dung ngudn tai
nguyén nay ngiy cang phd bién trén thé gisi. Nghién ciru nay sir dung axit axétic dé chiét mot s6
kim loai ning (Cu, Cd, Cr, Pb, Zn) ra khoi bun thai. Két qua thir nghiém cho thiy, thoi gian tuong
tac 120 phut, ndong d6 axit 0,5M, pH = 0,3 va s6 lan chiét rat 5 lan Ia diéu kién phu hop dé tach
chiét cac kim loai nang (KLN). Hi¢u suit loai bo cac KLN theo thir tu: Zn > Cu > Cd =~ Pb > Cr.
Sau xtr 1y, ham lugng chat hitu co ting dang ké, ham lugng N, P, K giam so vdi ban dau nhung
van & ngudng glau so voi thang danh gia trong dat. Bun thai sau xir Iy kim loai ning c6 thé st

dung dé 1am ngudn cung cap chat dinh dudng cho cy trong.

Tir kh6a: Bun thai, kim loai nang, axit hitu co, tich chiét, néng do.

1. Mé dau

Tbc d6 d6 thi hoa nhanh chong tai cac qubc
gia dang dit ra cac thach thirc khong nho vé xtr
ly chét thai, dic biét 1a cac loai bun thai. Bun
thai d6 thi san sinh ra tir nhidu ngudn khac
nhau: nao vét song ho, tram xur Iy nudce thai, bé
phét,... v6i sb lugng ngay cang 16n. Trén thé
gidi, viéc tan dung bun thai d6 thi nhu mot
ngudn tai nguyén tai sinh khong con xa la. Khi
dugc bon 1én dét, bun co thé 1am ting do phi
nhiéu cua dat, lam dat toi x5p va duy tri d6 4m
cho dat. Tuy nhién, trong bun c6 kha ning chua
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mot s6 thanh phan cac chat nguy hai nhu cac
kim loai nang (KLN). Khi str dung bun thai cho
muc dich nong nghiép voi mdt dién tich dét 16n
va trong thoi gian dai, KLN c6 thé tich liy &
trong dat va anh huodng dén dong vat va thuc
vat, de doa dén sirc khoe cua con ngudi thong
qua chudi thirc an. Pay 13 mot han ché 16n dén
viéc tan dung bun thai.

Nhirng nim gin day, cac phuong phap hiéu
qua dé loai bo KLN tir bun da dwoc nghién ciru
rong rai voi cac phuong phap khac nhau nhu:
phuong phap tach chiét héa hoc, phuong phap
phan tach sinh hoc (bioleaching), phuong phap
xtr 1y bang dién dong hoc (electrokinetic) va
phuong phap siéu chiét (Marchioretto M. 2002)
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[1]. Trong d6, phuong phap hoa hoc tach chiét
cac KLN trong bun thai da dugc chi y rong rai
do hiéu qua xt Iy KLN cao va thyc hién don
gian. Phuong phéap nay st dung céc axit vo co
(HNOs, HCI va H,S0,...), axit hitu co (oxalic,
axétic, citric, lactic...), cac chét tao phirc (NTA
va EDTA) dé chiét, lam giam ham luong KLN
trong dat, bun thai hay tram tich dang ké. Theo
Veeken va Hamelers (1999), so voi cac chit vo
co va cac chét tao phuc thi cac axit hitu co co
trién vong hon vi qua trinh tach chiét co thé
duoc thuc hién & diéu kién c6 tinh axit nhe (pH
khoang 3 - 5), cac axit hitu co dé dang phan huy
nén bun c6 thé tu 1am sach ma khong can diéu
kién phuc tap do d6 ma lugng nudc thai duogc
giam dang ké [2].

Céc nghién cuu cia Veeken va Hamelers
(1999), Marchioretto va cac cong su (2002),
Xuejiang Wang (2015) [3] cho thdy hiéu qua
tach chiét KLN cua axit hitu co (citric, axétic,
oxalic) déu cho két qua t6t nhat & pH khoang 3-
4. Céc yéu tb anh hudng cua thoi gian, nong do
axit va s6 lan chiét rat khac nhau t6i kha ning
chiét mot s6 kim loai nang (Cu, Cd, Cr, Pb, Zn)
trong bun thai tir hé théng xir Iy nude thai cua
Tram xtr ly nudc thai sinh hoat Kim Lién (Ha
Noi) bang dung dich axit axétic trong moi
truong pH = 3 da dugc thuc hién trong nghién
cuu nay.

2. P6i twong va phwong phap nghién ciru

2.1. Péi twong

Bun cua tram xt ly nudc thai sinh hoat
(XLNTSH) Kim Lién, Ha Noi. Mau bun duoc
lay 3 dot (4/2014, 12/2014 va 6/2015). Mau bun
duogc lay trong ngdy va danh ki hiéu mau theo
ngdy, dia diém va dbi twong phan tich. Mau
dugc iy va bao quan theo TCVN 6663-15:
2004, (1SO 566715:1999).

2.2. Phwrong phap nghién ciru
Lya chon thoi gian twong tdc dé logi bé
KLN trong bun

‘Tién hanh ¢6 dinh bun/dung dich theo ty 18
khoi lugng 1:2,5; 1ay 4g bun (d3 duogc Oon dinh

va xu ly theo mé ta & muc 2.1) pha trong 10mL
dung dich axit, nong d¢ axit axétic 1a 0,2M.
Cho vao lo thiy tinh 50mL, khudy trong céc
khoang thoi gian: 30 phat, 60 phut, 120 phut,
240 phut roi ly tim véi toe o 4000 vong/phit
trong 90 phit ¢ nhiét do phong, thu lay phan
doan trao doi trong dich chiét, loc qua glay loc
trude khi dem di phan tich. Dich chiét duogc
dem di phan tich bang phuong phap quang pho
hép thu nguyén tir (AAS) & cdc bude song héap
thu tdi wu cho timg nguyén té Cu, Cd, Cr, Pb, Zn.

Xdc dinh anh hieéng ciia nong dé axit axétic
dén hiéu qua xir Iy KLN

Cén 4g bun (muc 2.1) cho vao lg thay tinh,
thém 10mL dung dich axit, ndng do axit thay
doi tir 0 — 0,65M (0 = nuéc cat; 0,1M; 0,3M;
0,5M; 0,65M) khudy déu trong khoang thoi
gian ti wu (dva vao két qua cua thi nghlem 1)
bang may khudy tir & nhiét d6 phong rdi ly tim
v6i tde do 4000 vong/phut trong 90 phut, thu
lay dich chiét dem loc trudc khi phan tich Cu,
Cd, Cr, Pb, Zn.

Xac dinh anh hwéng cia sé lan chiét rit
dén hiéu qua xir Iy

Chon thoi gian cén bang (ket qua  thi
nghiém 2.2.1) va ndng d6 tdi uu nhat (ket qua
thi nghiém 2.2.2), sau do chiét rat trong s 1an

to 1 den 8 voi ty 1& cac lan 1:2,5 (bun: dung
dich chiét rat).

Phwong phap phan tich

Do am xac dinh bang phuong phap trong
luong, pH do bang may do pH, chit hitu co
(OM) do bang phuong phap Walkley — Black,
Nito tong s6 (Nts)s dugc xic dinh bang
phuong phap Kjeldahl, Kali tong s6 (Ki) XAc
dinh bang phuong phap quang ké ngon lira,
Photpho tong s (P) do bang phuong phép so
mau véi chét tao phirc molipdat amoni, KLN do
bang phuong phap quang phd hip phu nguyén
tu (TCVN 6649:2000).

Phirong phdp phan tich thong ké

Gia tri trung binh giita cac thi nghiém dugc
so sanh giira cac thi nghiém dugc mo ta tai cac
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muyc 2.2.1-2.2.3. 86 li¢u dugc phan tich thong
ké trén phan meém SPSS 18.

3. Két qua va thio luin

3.1. Dac tinh Iy hoa cua 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 (Gia
tri trung binh # d6 léch chuan cia 3 lan lay
mau) duoc trinh bay trong Bang 1 (theo trong
lugng khé trir pH va d6 am).

Két qua phan tich cho thay, bun phat sinh tir
céc cong doan xtr 1y khac nhau c6 thanh phan,
tinh chat khac nhau. P§ 4m ciia bun twong ddi
16n (khoang 85%). Do thanh phan bun chii yéu
1a sinh khéi cua vi sinh vat, bun sau ling thi
cip c6 chira ham luong nito, phétpho cao hon
bun sau ling so cép. Bun sau nén tach nudce aé
dem di thai bo c6 do 4m cao (khoang 82%);
theo thang danh gia ham lugng chat dinh dudng
trong d4t thi ham luong chét hitu co, Nts, Pts va
Kts trong bun thai & ngudng cao dén rat cao [4].
Két qua nay tuong tu nghién ctru ciia Nguyén
Viét Anh (2014) [5]. Pay la dic diém thuan loi

dé can nhic tai st dung bun cho muc dich nong
nghiép. So sanh véi gidi han quy dinh d6i véi
ngudng chit thai nguy hai tai QCVN
07:2009/BTNMT thi ham lugng cac KLN (Cu,
Zn, Pb, Cr, Cd) cta tram XLNTSH Kim Lién
nam dudi ngudng nguy hai [6]. Tuy nhién, so
sanh voi giéi han quy dinh d6i v6i dat nong
nghiép [QCVN 03-MT:2015/BTNMT] thi ham
lugng Zn vuot tiéu chuan cho phép [7]. Pic
diém nay doi hoi phai can nhic ky cac giai phap
loai bd KLN dé dam bao réng viéc ap dung cac
giai phép tai sit dung bun la an toan cho moi
truong va hé sinh thai.

3.2. Kha néng chiét KLN trong bin thdi bang
axit acetic

Anh hiong ciia thoi gian dén hiéu sudt chiét
KLN trong bun thai

Két qua thi nghiém ve su phu thudc cua kha
ning tach KLN bang axit axétic vao cac thoi
gian tuong tac khac nhau (& pH khoang 3 va
ndng do axit axétic 0,2M), dugc thé hién trong
Béang 2.

Bang 1. Mot s tinh chat cta bun thai tram XLNT Kim Lién

Chi tié}l (dfon  Bun sau laingso  Bun sauﬂléng thu BL\!n sau r)én Eﬁfﬁgﬁ;ﬂi; ;fﬁg;;izgl};
vi) cap cap tach nudc [6] [7]
Do 4m (%) 91,4 + 3,27 849+ 478 82,7 + 2,06
pH 74 £ 0,1 7,6 £ 0,49 7,5+ 0,34
OM (% DW) 27,65 = 1,52 57,72 + 3,83 27,85 + 0,27
N (% DW) 2,73 = 0,47 3,70 £ 0,93 1,67 + 0,07
P (% DW) 2,59 + 0,49 5,30 + 0,89 1,72 + 0,38
K (%o DW) 2,75 £ 0,72 6,03 = 0,98 1,51 + 0,53
Cu (mg/kg) 61,7 = 0,7 57,14+ 1,2 59,29+ 1,84 - 100
Zn (mg/kg) 402,1 + 3,29 367,56 = 1,9 380,43+ 11,1 5.000 200
Pb (mg/kg) 18,78 = 1,15 18,36 £ 0,75 17,61+ 2,55 300 70
Cd (mg/kg) 1,29 =+ 0,19 1,23 + 0,16 1,21+ 0,1 10 15
Cr (mg/kg) 40,86 + 2,56 37,97 + 3,38 38,21+ 1,94 100 150
Ghi chi: % DW (% Dry Weight) - % trong lwong kho
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Bang 2. Hi¢u suat chiét KLN va phuong trinh hdi quy giita hiéu suat va thoi gian tuong tac

Hiéu sudt loai bd KLN (%)

KLN 30 phat 60 phit 120 phit 240 phit
Cr 1025026  1046°%01 13,04° % 0,39 14,245+ 0,7
Pb  3238°+109  41,07°+043 48,96° + 0,57 41,45°+ 05
Cd 278204344  325°+126 49,31° + 1,26 41,87°+ 21
Cu 372021  41,62°+1,07 55,87°+ 1,13 41,4°+08
Zn 7209161  78,67°+0.28 87,25° + 1,52 71,02+ 22

Ghi chii: Theo hang, trong timg thi nghiém, cic sb mang chit cai (a, b, ¢, d) khac nhau thi sai khac ¢6 ¥ nghia thong ké &
do tin cay 95%.

Tir cac két qua dua ra trong Bang 2 cho
thiy, thoi gian twong tac c6 anh huong rd rét
dén hiéu suit chiét cac KLN. Ngoai trir Cr, cac
KLN khac dugc chiét ra nhiéu nhét & thoi gian
120 phut, khac biét c6 ¥ nghia théng ké & do tin
cay 95% so voi cac thi nghiém & cac thoi gian
tuong tac khac. Hiéu suitchiét Cr 1a thap nhat
trong cac KLN thir nghiém (14%), thoi gian
tuong tac cang lau, hiéu sudt cang ting nhung
tang khong nhiéu. Nghién ctru cia Logan and
Feltz (1985) [8]; Wozniak and Huang (1982)
[9] khi st dung axit tach KLN ra khéi bun thai
cling cho hiéu suit tach Cr nho nhat trong sd
ciac KLN thir nghiém. Cr con gan nhu khong
tach ra dwoc khoi bun (hiéu suat = 0%) trong
nghién ctu cua Marius Gheju va cOng su
(2011) st dung axit v6 co (HCI va HNO3z6 pH
=1) [10].

Véi cac KLN khac (Pb, Cd, Cu, Zn) hiéu
sudt chiét ting nhanh khi ting thoi gian tuong

tac, dat cao nhat & 120 phut, nhung sau do, gia
tang thoi gian tuong tac thi hiéu suat chiét lai c6
xu huéng giam. Diéu nay c6 thé giai thich do
thoi gian tuwong tac lau qua trinh trung hoa axit
boi mot sb hop chét kiém va cacbonat trong bun
lam tang pH cta dung dich dan dén giam kha
nang hoa tan cia KLN. Zn 1a kim loai dugc loai
b6 nhidu nhat khoi bun (73%), tuong tu két qua
nghién cuu cua tac gia Veeken and Hamelers
(1999) khi st dung axit hitu co. Hiéu suit nay
cao hon nghién ctru cia Zhuhong Ding (2013)
khi sir dung EDTA chiét rat KLN trong bun
thai, cao nhat 1a Zn (64%) & thoi gian twong téc
24 gio [11].

3.2.2. Anh huong cia nong dé axit axétic
dén hiéu sudt loai bé KLN

Bang 3 trinh bay két qua thi nghiém tach
chiét cac KLN cua axit acétic & cac ndng do
khéc nhau (thoi gian tuong tac 120 phut).

Béng 3.Hiéu suit loai bd KLN cua axit axétic & cac néng d6 khac nhau

Hiéu suit loai bd KLN (%)

KLN
oM 0,1M 0,3M 05M 0,65 M

Cr 0,04* + 0,04 7,77° + 0,14 12,74° + 0,48 15,129 + 1,17 14,76° + 0,76

Pb  6,19* + 0,55 13,84° + 2,29 44,08 + 3,57 55,237 + 0,5 55,827 + 1,04

Cd 6,347+ 1,26 35,26 + 2,07 51,79° + 2,07 54,55° + 2,86 50,69° + 2,07

Cu  349* + 0,72 38,04° + 2,8 58,29 + 2,43 63,57% + 2,52 62,18° + 1,96

Zn 11,74°+ 0,9 51,22° + 2,05 68° + 0,49 82,49% + 2,75 81,64 + 2,72

Ghi cht: Theo hang, trong timg thi nghiém, cac sb mang chit cai (a, b, ¢, d) khac nhau thi sai khac ¢6 ¥ nghia théng ké

voi P<0,05%.
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Hinh 1. Anh huéng s lan chiét rat toi hidu suét chiét rat cua axit acetic

Tir cc két qua nghién ctru trong Bang 3 cho
thay, hiéu suat xir Iy cac KLN ting dang ké khi
ting nong do cua axit axétic. Tuy nhién, khi
tang nong do tir trén 0,5M, sy gia ting hiu suit
xu ly tang khong dang ké va c6 xu huong giam.
Hiéu suit loai bo ciac KLN ¢ nong do 0,65M
khac biét khong co y nghia thong ké véi két qua
thi nghiém tai néng dé 0,5M. Riéng Cu, hiéu
suét dat 6n dinh & thi nghiém néng do 0,3M, két
qua nay khac biét khong c6 y nghia thong ké
95% so voi cac thi nghiém 6 0,5M va 0,65M.

Anh hwéng cia so lan chiét dén hiéu qua
logi bo KLN trong bun thdi

Theo két qua thi nghiém 1 va 2, hiéu suét
chiét xuit cac KLN ciia axit axétic trong thoi
gian 120 phut tai ndng d6 0,5M dat t6i wu (pH
khoang 3). Do d6, thi nghiém diéu tra anh
hudng ciia sb 1an chiét xuit chon thoi gian can
bang ti wu 1a 120 phut va nong do 1a 0,5M dé

khao sat hi¢u suat s6 1an chiét. Hinh 1 biéu dién
hiéu suét xir 1y cho 5 KLN qua 8 lan chiét.

Tir @6 thi Hinh 1 nhan thay, lugng KLN
chiét rit duoc ting déu theo sb lan chiét rat.
Ham luong Pb thu dugc qua mdi lan chiét
khong ting nhiéu va tir 1an chiét thir 2 lwong Pb
tang khong dang ké. Trong lan chiét dau tién,
ham lugng Pb dugc chiét rat gin nhu tuyét doi,
cac lan sau hau nhu khong thay doi dang ké.
Hiéu suat xtr Iy Cd, Zn, Cu dat cao va 6n dinh
sau 5 1an chiét. Riéng Cr hiu suét dat cao, khac
biét co ¥ nghia thong ké 95% & lan chiét tht 7.

3.3. Thanh phan dinh duéng cua bun thai sau
xut Iy kim logi nang bang axit axétic

Bang 4 trinh bay thanh phin cac chat dinh
dudng cua bun thai trudc va sau khi st dung
axit ax€ tic d¢ loai bo kim loai nang.

Bang 4. Pic tinh dinh dudng ciia bun trudce va sau chiét xuat KLN bang axit
(thoi gian 120 phut, nong d6 0,3M, pH ~ 3, va sau 5 lan chiét rt)

OM (%DW) TN (%DW) P,0s (%DW) K,0 (%DW)
Trude chiét rat 27,85 = 0,27 1,67 + 0,07 1,72 + 0,38 1,51 £ 0,53
Sau chiét rat 325 121 1,38 = 0,20 0,57 = 0,69 0,68 + 0,32
Thang danh gia N,
P, K trong dat 1a >8,1 > 0,20 >0,13 >15
giau [4]

Ghi chi: % DW (% Dry Weight) - % trong lwong kho
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Sau khi str dung axit axétic dé chiét tach cac
KLN, ham lugng chit hitu co trong bun thai
tang, lugng N, P, K giam dang ké, nhung van ¢
muc cao so voi thang danh gia ham lugng cac
chat dinh dudng trong dat. Nhu vay, bun thai
sau khi chiét xuat KLN da cho thiy giam dang
ké ham luong kim loai ning nhung cac chat
dinh dudng trong bun thai (N, P, K) van dat
ngudng giau dinh dudng. Qua d6 cho thiy tiém
ning c6 thé dugc tdn dung nhu mot ngudn cung
cép chét dinh dudng rat tot cho cay trong.

4. Két luan

Bun phat sinh tir cac cong doan xu ly cua
nha may xt Iy nudc thai sinh hoat khac nhau cé
thanh phan, tinh chit khac nhau. Ham luong
chat hitu co, N, P va K trong bun thai & ngudng
cao dén rat cao. Ham luong tong sé cta 5 KLN
trong mau bun thai ¢ tram xur 1y nudc thai sinh
hoat Kim Lién dudi ngudng chét thai nguy hai
QCVN 07:2009/BTNMT. Tuy nhién, ham
luong Zn tong s6 vugt ngudng so voi QCVN
03:2015/BTNMT vé& giéi han KLN trong dét
néng nghiép.

Céc thi nghiém & quy mo6 phong thi nghiém
cho thdy, hiéu qua xur Iy KLN trong bun thai
bang axit axétic c¢6 tinh kha thi. Thoi gian phan
mg 120 phut, néng do axit 0,5M, pH ~ 3 va
chiét rat 5 1an 1a diéu kién téi wu dé tach chiét
cac KLN cao nhét. Hiéu suit loai bé cac KLN
theo thir tu: Zn > Cu > Cd = Pb > Cr.

Sau khi sir dung axit dé chiét xuat KLN,
ham luong chét hitu co ting dang ké. Ham
luvong N,P,K giam so v6i ban dau nhung van &
ngudng giau so voi thang danh gia trong dat.
Ham lugng KLN con lai trong bun thai sau tach
chiét dat tiéu chuin cho phép vé ham lugng
KLN trong dit nong nghiép. Axit axétic co kha
nang xir 1y tot KLN trong bun thai. Bun thai sau
xtr Iy KLN ¢6 thé coi 4 ngudn tai nguyén t6t co
thé tan dung dé cung cép chat dinh dudng cho
cdy trong.
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The Ability of Extraction of some Heavy Metals
in Biosolid by Acetic Acid
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Abstract: Sludge generating from domestic wastewater treatment plant (biosolid) contain a rich
organic matter as well as nutrients e.g. N, P, K. However, containing of heavy metals probably exceed
the maximum allowable value in agriculture might limit the value of biosolids. The removal of toxic
elements e.g. heavy metals from biosolids before reusing might reduce the potential heavy metals
accumulation of soil applying the biosolids as nutriens sources. This study used acetic acid to extract
some heavy metals (Cu, Cd, Cr, Pb, Zn) from biosolids. The results show that the interaction time of
120 minutes, acidity of 0.5M, pH ~ 3 and 5 times extraction were a suitable condition for extraction of
(82% for Zn, 64% with Cu). Efficiency removal of heavy metals in order: Zn> Cu> Cd = Pb> Cr.
After treatment, the organic matter content in the remaining materials increased significantly, levels of
N, P, K were lower than the original but still nutritive value for applying to agriculture land. The
treated biosolids can be used to supply nutrients for plants.

Keywords: Biosolids, heavy metals, organic acid, extraction, concentration.



