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Abstract: Recently, incineration is a popular treatment method for municipal solid waste, which
generates a large amount of ash containing toxic heavy metal components, causing environmental
pollution. Therefore, this study aimed to evaluate the accumualtion and leaching of heavy metals
in the bottom ash samples collected from municipal solid waste incinerators in Vinh Phuc and
Hung Yen under different pH conditions. In addition, some of the physicochemical properties
(pH, EC, moisture, volatile solid,...) of bottom ash were also determined. The results indicated that
Cu and Zn were the most common elements existed in the bottom ash samples. The total contents
of Sb in both bottom ash samples were higher than the allowable limit for hazardous waste
(QCVN 07:2009/BTNMT). However, in the leaching experiment, concentrations of leaching heavy
metals were low in the range of pH from 4 to 7, implying their low mobility in the bottom ash.
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Nghién ctru sy tich liy va kha nang giai phong cua mot sO
kim loai ning trong tro xi 10 d6t chat thai ran sinh hoat

Luong Thi Thu Trang, Nguyén Thi Ngan, Nguyén Quang Minh, Nguyén Manh Ha,
Nguyén Thi Hoang Lién, Nguyén Minh Viét, Nguyén Minh Phuong”
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Chinh sira ngay 19 thang 5 nam 2025; Chap nhan dang ngay 21 thang 5 nam 2025

Tém tit: Hién nay, chat thai ran sinh hoat duge xir 1y chii yéu bang cong nghé dét, phat sinh ra
mot luong 16m tro xi chira cac thanh phan kim loai nang (KLN) doc hai, c6 kha ning giai phong ra
mdi trudng nudce, gy 6 nhiém mai trudng. Do d6, nghién ctru nay tap trung xac dinh su tich iy va
kha nang giai phong mot sé KLN (Sb, As, Cd, Pb, Cu, Zn) trong cac mau tro xi tir cac 10 dbt chat
thai rén sinh hoat & Vinh Phiic va Hung Yén theo thoi gian tai cac diéu kién méi trudong pH khac
nhau. Ngoai ra, mot sd dic trung hoa 1y khac (pH, do dan dién (EC), do 4m, chét ran dé bay
hoi,...) cta tro xi ciing dugc xac dinh trong nghién ctru nay. Két qua cho thdy Cu va Zn 1a hai
KLN phd bién trong cic mau tro xi. Him luong Sb tich lily trong tro xi cao hon ngudng gi6i han
cho phép ciia KLN trong chét thai nguy hai QCVN 07:2009/BTNMT. Tuy nhién, trong thi nghiém
danh gia kha ning rira gidi cia KLN tir tro xi, ham lwong cac KLN gidi phong ra trong cac mau tro

xi nghién ctru 1a kha thap trong khoang pH =4 - 7.

Tir khéa: Tro xi, 10 ddt chat thai rin sinh hoat, kim loai nang.

1. Mé dau

Hién nay, chét thai ran sinh hoat (CTRSH)
dugc xir Iy cha yéu bang cong nghé dot. Bé dap
rmg nhu cau xtr Iy lugng CTRSH ngay cang gia
tang, bén canh cac lo dot rac phat dién qui mo6
16n, rat nhidu dia phuong Van chu yeu su dung
10 dot rac qui mdé nho cip x4, cdp huyén ap
dung cong nghé dbt rac khong phat dién nhu 10
dbt rac Losiho, CNC, Sankyo,... Qua trinh dbt
chit thai ran s€ tao ra tro gom tro day la phan
chit thai ran con lai sau khi thiéu ddt va tro bay
1a phan bui min dugc giir lai trong qua trinh xur
1y khi thai 16 @t [1]. Cac 16 d6t quy mé nho cap
xd, huyén thuong khong c¢6 bo phan thu héi tro
bay nén phan chat ran sau khi dot thuong bao
gdm ca tro bay va tro day. Thanh phan va dic
tinh héa hoc cta tro xi phu thudc vao thanh phan
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cta chét thai rén sinh hoat diu vao, cdng tac phan
loai rac va qua trinh van hanh 16 d6t [2].

Nhiéu nghién ctru trong va ngoai nudc cho
thiy sy tich lily cia mot s6 nguyén t6 KLN nhu
As, Sb, Zn, Cr, Cd, Pb,... trong tro xi cua 1o dot
CTRSH [2- 7, 14, 16]. O Viét Nam, cac nghién
ctru tip trung danh gia dic trung va nong do
KLN trong tro bay tir cac 1o dbt rac phat dién
[6, 7]. Su xuét hién cta cac KLN nay trong tro
xi c6 ngudn gdc chii yéu tir chat thai dién tir
nhu pin, chét thai xay dung nhu sat, thép, nhua,
cao su, vat liéu chong chay,... khong duoc phan
loai ma ddt tryc tiép [12-14]. Trong do, céac
nguyén td it bay hoi nhu Fe, Cu, Cr, Al, Pb, Zn
thuong tich liiy chii yéu trong tro xi day 10.
Nguoc lai, mot sb nguyén td kim loai nhu As,
Hg va Cd dé bay hoi thuong duge phat hién
trong tro bay [12-14]. Khi néng do cia KLN
vuot qua ngudng an toan, ching co thé gay tac
dong dén cac bao quan va thanh phan cua té bao
nhu mang té bao, ty thé, lysosome, nhan va mot
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s6 enzym tham gia vao qua trinh trao dbi chit,
g1a1 doc va phuc hoi ton thuong. Céc ion KLN
c6 thé tin cong vao DNA va protein ¢ nhan té
bao, blen d6i cdu trac DNA dan dén thay do6i
chu ky té bao, gdy ra ung thu va chét t& bao,
gy nguy hai dén strc khoe ciia con ngudi va
sinh vat [15].

Tro xi day 10 phat sinh sau khi dét thuong
dugc dem di chén lap, 1am vat lidu xdy dung,
cai tao dat. Trong mot sd diéu kién nhat dinh,
cac KLN c6 thé dugc giai phong ra tir tro xi gdy
tac dong x4u t6i moi trudng xung quanh [3, 16].
Luong KLN giai phong ra phu thudc rat nhiéu vao
tinh linh dong cia KLN trong tro xi [3, 16, 18].
Hién nay, cac nghién ciru vé ham luong KLN
cling nhu tinh linh dong cia chung trong tro xi
day 16 tir cac 10 d6t CTRSH qui mé nhé cip xa
& Viét Nam con han ché. Do d6, can thiét phai
c¢6 nghién ctru vé su tich lity va kha ning giai
phong cac KLN. Day s¢ la nhing dir liéu hiru
ich, 1am co s& dé dua ra cac giai phap thu hoi
cac KLN, tai str dung tro xi mét cach hiéu qua
va tranh gy 6 nhiém mai trudng.

Vi vy, nghién clru nay tap trung vao danh gia
su tich iy va kha ning giai phong cua mot sé kim
loai nang (As, Cd, Pb, Sb, Cu, Zn) trong cac diéu
kién pH méi trudong khac nhau cia cic miu tro xi
duoc lay tir 10 ddt rac thai sinh hoat ¢ tinh Vinh
Phuc va Hung Yén. Ngoai ra, mot s6 dic trung
hoa ly khac (pH, do dan dién (EC — electric
conductivity), do a am (WC — water content), chat
ran dé bay hoi,...) clia tro xi ciing dugc xac dinh
trong nghién ciru nay.

2. Thuc nghiém
2.1. Nguyén liéu

Cac miu tro xi dugc ldy tir 16 dot CTRSH
qui md nho tai Vinh Phuc (VP2) va 16 dot rac
qui mo lon tai Hung Yén (HY). Cac mau tro xi
sau khi mang vé PTN s& duoc loai bo cac thanh
phéan rac thd hodc thanh phan chua chay het,
phoi kho tu nhién.

2.2. Qui trinh thi nghiém

Phan doan kich thuéc hat cia mau tro xi
day lo.

Cac mau tro xi day 16 sau khi phoi kho tu
nhién s& dwoc rdy qua bd sang tiéu chuin
ASTM C88, c6 kich thudc 16 twong tng 14 0,15;
0,3; 0,6; 1,18; 2,36; 4,00; 4,75; 9,5 mm,
thu dugc cac phan doan kich thudc hat sau: S1
(< 0,15 mm), S2 (0,25 - 0,3 mm), S3 (0,3 —0,6 mm),
S4 (0,6 — 1,18 mm), S5 (1,18 — 2,36 mm), S6
(236 - 4 mm), S7 (4 - 4,75 mm), S8
(4,75 — 9,5 mm), S9 (> 9,5 mm) [10]. Mau tro
xi ban dau, khong phin chia theo cac kich
thudce hat ky hiéu la SO.

Xac dinh gia tri pH va EC cua tro xi day 10

Can 2 g mﬁu tro xi vao binh nén, thém
20 mL nuéc cat vao, khudy trong vong 1 gio,
sau d6 dé can bang trong 24 gid roi dem tién
hanh x4c dinh gia tri EC va pH cua dich chiét
trén thiét bj HI2550-02/Hanna meter.

Xac dinh d6 4m cua tro xi day 10

Lay mot lwong miu tro xi (2 - 5 g) vao chén
nung c6 khi lugng (m0), can khéi lugng cia ca
chén nung va miu 1a ml, siy ¢ 105 °C t&i khdi
lugng khong dbi (khéi lu:orng ca chén nung chira
mau sau sdy) (m2). D6 4m duoc xac dinh theo
cong thirc:

Wce (%) =

ml—m2

X:LIJIJ

Téng lugng chat ran: luong chit rin con lai
sau khi sdy & 105 °C

TS (%) = 100% —

Xac dinh ham luong chat rin dé bay hoi cia
tro xi day lo

Mau tro xi day 10 sau khi say dé xac dinh do
am & trén, duoc su dung dé tién hanh x4c dinh
ham luong chat rin dé bay hoi. Nung chén st
tai nhiét do 550 °C trong 1 gio trong khéng khi,
dé ngudi va bao quan trong binh hit am, can
ghi khéi lugng A. Sau d6 chuyén lwong miu tro
xi sau khi sy xac dinh d6 am sang chén nung
da nung ¢ trén, can ghi khéi luong C. Tién hanh
nung mau tai nhi¢t 46 550 °C trong 1 gio bang
16 nung. Sau do, dé nguodi va bao quan maiu
trong binh hat 4m.

Can mau, ghi khéi luong D va xéc dinh
ham luong chat rin dé& bay hoi (% chat kho)
theo cong thire sau

VS (%) = —xll:ll:l
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Trong do:

VS: Ham luong chat rin d& bay hoi (% chat
kho tai nhiét 46 105 °C)

A: Khéi lwong cta chén nung (g)

C: Khéi lwong ctia chén nung c6 chira tro xi
trudc khi nung (g)

D: Khéi lwong ciia chén nung c¢6 chua tro xi
sau khi nung ()

Xac dinh tong ham lugng kim loai ning;

Can 1 g mau tro xi trén can phan tich, cho
vao coc teflon. Sau do, thém 2 mL HCIO,,
10mL HF, dun & 100 °C dén gin khé. Tiép do,
thém 1mL HCIO, va 10 mL HF lan thit hai rdi
lam bay hoi dén gan khé. B sung thém 1 mL
HCIO, vao hén hgp, lam bay hoi dén khi c6
khoi tréng. Phin cin rin con lai duoc hoa tan
trong 20 mL HCI 12N va dinh mtc thanh 100
mL. Dung dich dugc bao quan & 4 °C va ham
luong cac KLN tong sé dugc phan tich bing
phuong phap phd cao tdn cam tng ghép ndi
khéi phd ICP — MS (Agilent 8900 ICP Triple
Quad) [17].

Qui trinh ngdm chiét doc tinh TCLP
kim loai nang trong tro xi day 10 (dya trén
EPA-1311).

Can 50 — 100 g mau kho vao cdc thuy tinh,
thém dich chiét (dung dich axit axetic ¢ pH =
4,93 + 0,05) vao theo ti 18 rén : long = 1 : 20;
khudy ¢ nhiét do phong trong vong 18 gio; loc
liy dung dich, axit hod bang HNOj3 t6i pH < 2,
bao quan mau & 4 °C trude khi xac dinh cac chi
tiéu kim loai ning bang phuong phap ICP — MS
(Agilent 8900 ICP Triple Quad).

Khao sat su gidi phong ctia KLN tr tro xi:

Trén co sé muc do tich luy KLN trong tro
xi, mau tro xi & Vinh Phuc (VP2) duoc lya
chon dé khao sat siu hon vé kha ning giai
phéng KLN.

Thi nghiém danh gia kha nang giai phong
KLN tir tro xi duoc thiét ké dua theo CSN EN
14405: 2017, day 1a mo hinh nham danh gia
tinh linh dong cta cac hop chit vo vo va chét
hitu co khong bay hoi tir cic mau chat thai.

Can khéi luong xac dinh cua tro xi vao
phéu loc Buchner. Nudc cit dé ion sau khi diéu
chinh cac gia tri pH = 2, 4, 6 va 7 bang HNO;
dugc din nho giot lién tuc xudng phéu chira tro
xi dé dam bao phan mau tro xi trén phéu ludén

dugc ngdp nudce. Phan dich loc sau khi chay qua
16p tro xi duoc thu gom theo timg tuin va nong
do cac kim loai nang Sb, As, Cd, Cu, Zn, Pb trong
cac mau dich loc thu dugc trong tudn 1, tudn 4
va tuadn 8 dugc xac dinh bang phwong phap
ICP — MS (Agilent 8900 ICP Triple Quad).
2.3. Cac phuong phap vat ly nghién cuu dac
trung vat liéu

Phuong phép nhidu xa tia X (XRD) duoc
thyc hién trén may Miniflex 600/Rigaku (Nhat
Ban), voi tia K, cua anot Cu c6 A = 0,154064
nm, nhiét d6 ghi 25 °C, g6c 20 = 10°-70°, toc do
quét 0,030 do/s dé nghién ciru cu trac va nhin
dang pha tinh thé cia miu tro xi. Thanh phin
oxit ¢6 trong cadc mau tro xi duoc xac dinh trén
may Huynh quang tia X (XRF) (JSX-1000S/
Jeol, Nhat Ban).

3. Két qua va thao luan
3.1. Ddc trung hoa ly cua tro xi

Hinh 1 thé hién ti 1& % khdi luong ciia tro xi
day 16 phan bb theo cac phan doan kich thudc hat.
Két qua cho thdy mau VP2 c6 kich thudc hat
tuwong dbi min khi cac hat c6 kich thudc dudi
1,18 mm chiém 53,55% khdi lugng mau (VP2).
Mau HY lai ¢6 xu hudéng nguoc lai, cac hat co
kich thudc dudi 1,18 mm chi chiém 24,23%,
dong thoi cac hat c6 kich thudc > 4,76 mm chiém
dén 57,84% khdi lugng mau tro xi.

[_]<015mm (S1)
7771015 - 0.3 mm (S2)
0.3 - 0.6 mm (S3)
X 0.6 - 1.18 mm (S4)
1.18 - 2.36 mm (S5)|
36 -4 mm (S6)
4-4.76 mm (S7)
F52294.76 - 9.5 mm (S8)
> 9.5mm (S9)

504

B
o
1

% Khéi lvong
8

n
o
L

104

VP2

Hinh 1. Phan b6 cua tro xi day 10
theo cac phan doan kich thudce hat.
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Béang 1. M6t s6 dic trung co ban ctia cac mau tro xi

Thong s6 ky thuat VP2 | HY
pH 11,7 | 6,51

EC (mS/cm) 27,4 | 6,65
Do am (%) 2,27 | 3,61
VS (%) 8,52 | 10,5

Gia tri pH cua 2 mau tro xi ¢ su khac biét
kha 16n, trong d6 mau VP2 co6 gia tri pH cao
hon (pH = 11,7) so véi mau HY (6,51). Gia tri
pH cao thuong lién quan dén su c6 mit cua cac
mudi bazo cia kim loai, hydroxide, carbonate.
Mau HY c6 gla tri pH gan trung tinh. Diéu nay
c6 thé duogc giai thich 1a do tro xi sau khi thai ra
tir 10 d6t & nhiét do cao thuong khong bén vé
mit nhiét dong hoc, trong diéu kién tiép xtc 1au
vé1 moi truong khong khi hodc nude lam mat,
c¢6 thé xay ra mot s qué trinh phong héa hoa
hoc nhu: thuy phan cua mét s6 khoang cua Na,
K, Al, Fe, Ca, qua trinh hoa tan/két tua,
carbonate hod, oxi hoa khr,... Trong s6 do, qua
trinh thuy phan cua khoang Fe, Al va qué trinh
carbonate héa dugc cho 1a nguyén nhan chinh
lam giam d6 pH cua tro xi [3]. Két qua nay phu
hop v&i thanh phan hoéa hoc cia tro xi duoc
trinh bay trong Bang 2.

b6 dan dién cia cac mau dao dong tr 6,65
— 27,4 mS/cm. D6 dan dién cua mau tro xi HY
cao hon nhiéu so véi mau tro xi VP2, chimg to
ham luong cic chit tan cao trong miu tro xi
HY. Do am clia cac mau tro xi VP2 va HY dao
dong tr 2,27 — 3,61%. Béng thoi, ham lugng
chit ran dé bay hoi ciia cac mau nay ciing tuong
dbi thap (8,52 — 10,5%).

3.2. Thanh phan khodng hoc va héa hoc ciia
tro xi

Gian d6 XRD clia cac miu tro xi day 1o
(Hinh 2) cho thiy su xut hién cia cic khoang
Calcite (theo tiéu chuan JCPDS #05-0586) va
thach anh SiO (theo tiéu chuan JCPDS
#46-1045). CaCOs3 va SiO: 1a hai khoang chu
yéu trong thanh phan cua tro day, ngoai ra con

¢6 mot s loai khoang khac nhu Halite (NaCl),
Alarsite (A|ASOA), Suessite (Feo_725Nio_0255io_25).

350

—HY
300 4 — VP2
250 JL )
200
JV‘ " L.,} 'v\/\v v(

150

A AN

Cuong do

100

50 4

T T T T
10 20 30 40 50 60
2 theta

Hinh 2. Gian dd XRD ctia cdc mau tro xi.

Thanh phrfm héa hoc cia tro day duoc dua
ra ¢ Bang 2. Nhin chung, CaO, Al;,Os, Fe;03 va
SiO; 1a 4 oxide chu yéu trong hau hét cic mau.
Trong d6, cao nhét 1a CaO voéi ham luong dao
dong tir 41,1 - 54,6%, Fe,O3 chiém 6,85 -
20,8%, AlO3 chiém 5,76 - 10,2%, SiO, chiém
khoang 11%. Mau VP2 c¢6 ham luong CaO cao
hon mau HY, nhung lai ¢4 ham luong Fe,03 va
Al,O; thip hon. Diéu ndy ciing giai thich cho
gia tri pH ciia mau VP2 cao hon mau HY.

Béng 2. Thanh phan ho4 hoc cta cac mu tro xi

Thanh phan | VP2 (%) | HY (%)
CaO 54,6 41,1
Fe>O3 6,85 20,8
Al,O3 5,76 10,2
SiO, 11,2 11,1
TiO, 3,89 3,09
MnO 0,36 1,09
Zn0O 1,66 2,54

3.3. Ham luong kim logi ning tong sé tich lily
trong tro xi

Két qua phan tich ham luong KLN téng sd
tir Bang 3 cho thdy, Cu va Zn Ia hai KLN pho
bién nhat trong ca 2 mau tro xi.
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Bang 3. Ham luong KLN tong sd trong tro xi

_ Sb | As | Cd Pb Cu Zn
Mau va ngudng gidi han cho phép
mg/kg
VP2 160 | 3,2 | 53 | 46,9 | 1049 | 4220
HY 30,0 1,3 15 19,5 232 1179
QCVN 07:2009/BTNMT (*) 20 | 40 10 300 - 5000
QCVN 03-MT:2015/BTNMT (**) - 12 2 70 50 200

(*) Ngudng chit thai nguy hai.
(**) Ngudng gidi han cho phép ciia KLN trong dat nong nghiép.

Két qua phén tich trong Bang 3 cho thiy,
Zn ton tai v6i ham lugng cao nhit, tuy nhién
van thip hon so voi ngudng cho phép ddi voi
chit thai nguy hai va ngudng cho phép dbi véi
ham luwong kim loai ning trong dit nong
nghiép. Nhin chung, ham lugng cac KLN khdo
sat tich luy trong miu tro xi tir 10 dét qui mod
nho (VP2) déu cao hon dang ké so voi mau tro
xi tir 16 d6t rac qui mo 16n (HY). Pic biét, ham
luong Sb tong s6 trong miu VP2 va HY vuot
qua ngudng gidi han cho phép cua KLN trong
chit thai nguy hai (theo QCVN
07:2009/BTNMT) tuong tng 1a 8 va 1,5 lan.
Tuy nhién, két qua ndng d6 ngam chiét cia Sb
trong mau VP2 va HY tuong tmg 1a 0,149 va
0,025 mg/L, thap hon ngudng ndng do ngim
chiét theo Quy chuan ky thuat qudc gia vé
ngudng chat thai nguy hai QCVN 07:
2009/BTNMT (1 mg/L). Vi vy, cac mau tro xi
VP2 va HY khong thuoc nhom chit thai nguy
hai. Sy tich luy ctia Sb cao trong cic mau tro xi
c6 thé lién quan téi mot sb loai chat thai nhu ic
quy chi, cac vat liéu nhua, sgi, cao su chéng
chay, vo boc nhua cia cac dd gia dung, mau
men gdm su, thuy tinh, ddy cap, hop kim chiu
ma sét,... khong dugc phan loai trude khi dot
[4, 5].

Mau tro xi VP2 ciing ¢6 ham lugng Cu va
Zn téng s6 vuot qua ngudng gidi han cho phép
cia KLN trong dat nong nghiép (theo QCVN
03-MT:2015/BTNMT) 21 lan. Vi viy, khong
khuyén khich sir dung truc tiép cic miu tro xi
ndy trong cai tao dit nong nghiép va can phai
¢6 cac nghién ciru sdu hon vé& kha ning giai
phong cac kim loai tir tro xi trude khi sir dung.

Céc két qua nghién ctiru vé ham lwong KLN
trong cic mau tro xi dy 10 ddt rac & Vinh Phuc
va Hung Yén cho thiy sy twong dong véi cac
nghién ctru da cong bd trude do [2-5, 9, 14, 16].
3.4. Kha nang giai phong KLN tur tro xi

Trén co so sy tich luy ciia cac KLN véi nong
dd cao, miu tro xi VP2 dugc lua chon dé nghién
ctru kha ning giai phong cac KLN sau 1 tuan, 4
tudn va 8 tudn ctia mau tro xi VP2 trong cac diéu
kién pH moi truong khac nhau pH = 2 - 7. Két
qua dugc trinh bay trong Hinh 3 - 8.

Két qua theo doi néng d6 cac kim loai Cu,
Zn, Pb, Cd, As va Sb giai phong ra pha dung
dich cho thiy tai cac méi truong pH khac nhau
tir axit t6i trung tinh, cac kim loai ndy cha yéu
dugc giai phong ra trong tudn thir nhat, sau do
¢6 xu hudng giam dan theo thoi gian.

Nong do cac kim loai Zn, Pb, Cd va As giai
phong ra pha dung dich theo cic tuan déu cao
hon ¢ diéu kién méi truong axit (pH < 7).
Riéng ddi v6i Sb, nong do giai phong ra 1a kha
cao ké ca tai diéu kién pH = 7.
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Hinh 8. Ham lugng Cd giai phong tir mau tro xi.
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4. Két luan

Két qua nghién ctru cho thiy Calcite va
Quarzt 13 2 thanh phan khoang hoc chu yéu
trong cic mau tro xi. CaO 14 thanh phin hoa
hoc chiém ti 1& cao nhat (41,1 - 54,6%). Ngoai
ra, trong mau tro xi con mot s6 thanh phan khac
nhu SiO,, Fe;0s, Al,Os. Trong d6, ham luong
Fe,0s, Al,O3 trong mau HY cao hon kha nhiéu
so véi mau VP2, dan t6i gia tri pH thdp hon cia
mau tro xi HY.

Ham lugng cac kim loai Cu, Zn, Pb, Cd, As
va Sb trong mau tro xi VP2 ciing cao hon dang
ké so v&i miu tro xi HY. Ngoai trir Sb c6 ham
lwong tong s trong mau VP2 va HY vuot qué
ngudng giéi han cho phép cua KLN trong chit
thai nguy hai (theo QCVN 07:2009/BTNMT)
trong tng 1a 8 va 1,5 lan, ham luong cua cac
kim loai khac trong cdc mau tro xi déu nim
trong gi¢i han cho phép vé chit thai nguy hai
ciia Viét Nam. Tuy nhién, cac mau tro xi VP2
va HY chwa thudc nhom chét thai nguy hai do
két qua ndng do ngdm chiét cua Sb trong mau
VP2 va HY déu thdp hon ngudng nong do
ngam chiét theo Quy chuin k¥ thuit quéc gia
vé ngudng chat thai nguy hai QCVN 07:
2009/BTNMT (1 mg/L).

Ham luong Cu va Zn tong s6 trong mau tro
xi VP2 vuot qua ngudng gioi han cho phép cua
KLN trong dit nong nghiép (theo QCVN
03-MT: 2015/BTNMT) 21 lan. Tuy nhién, ndng
dd dugc giai phong ra pha dung dich cua cac
kim loai nay kha thip & pH = 4 - 7 va giam
dang ké theo thoi gian.

Loi cam on

Nghién ctru nay dugc tai tro boi Dé tai
Khoa hoc va Céng nghé cdp BO TNMT mi s6
TNMT.2022.885.06.
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