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SUMMARY

APPLICATION OF ICP-MS METHOD TO DETERMINE AND ASSESS HEAVY
METAL POLLUTANTS (Cd, As, Pb, Zn) IN SOLID WASTE, SOIL, AND AIR DUST
AT ALUMINUM RECYCLING VAN MON CRAFT VILLAGE, YEN PHONG, BAC NINH

To evaluate the possibility of heavy metal emission from aluminum recycling craft village activities in
Man Xa village, Van Mon, Bac Ninh, heavy metals (Cd, As, Pb, Zn) in the solid waste, soil, air dust
were determined by ICP-MS equipment during November - December 2021. Among the heavy metals
studied, Pb was an element with high concentration that exists in all three environment components:
solid waste, soil, and ambient air. 9/28 samples, accounting for 30% of the total number of samples
analyzed with Pb concentration was exceeded QCVN 07:2009/BTNMT (regulations on hazardous
waste thresholds) for both total and leaching extraction methods and those samplers were identified as
hazardous waste. In addition, 3/28 samples had Zn level exceeding the allowable limit, 1/28 sample had
Cd level exceeding the allowable limit and were hazardous waste. Moreover, all 4 air dust samples
have heavy metal concentrations exceeding the allowed standards, 4 heavy metal concentrations in 4/6
soil sampler were exceeded the allowed standard by 1.2-3 times. The research results show the high
level of heavy metal pollution in solid waste, soil, and air dust from aluminum recycling activities due
to lack of management and treatment action of solid waste and air.

Keywords: Heavy metal, Craft village, Van Mon- Bac Ninh, Solid Waste

1. MO PAU

Cac kim loai nang nhu Cd, As, Pb, Zn c6 doc
tinh cao gdy 6 nhiém moi trudng va nguy hai
dén stc khoe con nguoi. Cd, As, Pb, Zn duoc
T6 chirc y té thé gigi (WHO) xéac dinh 1a bon
trong cic chat kim loai ning anh huéng dén
strc khoe cong dong; Tir nhitng nam 1950 dén
1980, cac bénh ly va r6i loan stic khoe nghiém
trong gdy nén boi cac kim loai trén da duoc
phat hién tai nhidu noi trén thé giéi, dién hinh
nhu bénh Itai-itai do nhiém déc cadimi tai
quan Toyama, Nhat Ban vao nhiing nam 1950,

hodc tai Iraq vao nhiitng nam 1970, hon 10.000
ngudi nhiém doc va sau d6 hang ngan ngudi
chét do sir dung luong thuc nhiém Hg [1, 2].
Cho du tiém 4n nhiéu nguy co giy tic dong
nghiém trong dén sirc khoe con ngudi, nhung tai
modt sd nudc dang phét trién, sy phat tin kim
loai ning van c6 xu huéng gia ting boi hé qua
cta viéc phat trién cong nghiép, phat trién lang
nghé, qua trinh d6 thi va viéc chua quan ly hi¢u
qua chat thai.

O nhiém kim loai nang tai cac lang nghé tai
ché da duoc mot ) nghién cuu thuc hi¢n nhu
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danh gid su c6 mat 7 kim loai nang trong mau
& tré em tai lang nghé tai ché pin Nghia Lo,
My Hao, Hung Yén [3]. Liéu luong rii ro cua
Pb tir ngudn luong thyc cta lang tai ché nhom
Vin Mén - Bic Ninh ciing da duoc nghién ciru
va cong bd. 45 miu gao trong d6 35 miu tir
khu néng nghiép c6 anh hudng boi ngudn thai
clia lang nghé va 10 mau gao tir ving it chiu
anh huong do ngudn thai lam miu ddi chimg.
Ham luong Pb trung binh tai ling nghé la
0,057 ppm trong d6 mau ddi chimg la 0,029
ppm, HQI - chi sb liéu lwong rui ro ¢ khu lang
nghé ciing cao hon tir 1,5 - 2 lan [4]. Chat
luong nudc va dat tai Van Moén cling duoc
danh gia va dua ra canh bao muc do6 6 nhiém
cac kim loai Cu, Cd, Zn va Pb [5].

Nhitng nguoi dan thon Man X4, xa Vin Mén,
huyén Yén Phong, tinh Bic Ninh dang phai d6i
mit v6i nhirng rai ro vé sitc khoe va 6 nhiém
mdi truong tir nghé tai ché nhéom. Day duoc
coi 1a lang nghé tai ché nhom co quy md 16n
nhit mién Bic. Cac ho chu yéu san xuét theo
quy mo tu phat, ho gia dinh nén viéc kiém soat
6 nhiém khéng dugc chu trong. Trung binh
mot nam cac ho trong théon Man X4 tai ché
khoang 10.000 tin nhém phé thai va mot ngay
mdt ho 1am nghé dun duc tir 200 - 300 kg bot
nhém. Trong d6, phai dung bot chi dé kéo 1ay
bot nhom (tinh trung binh 1 ngiy, thén Man
Xa sir dung khoang trén dudi 1 tin bot chi) Do
thiéu cong nghé xir 1y chét thai, dién tich chia
chat thai khong du nén phé thai trong qué trinh
san xut, chii yéu 14 xi nhom déu dugc db tha
ra cac bai dét, vuon hodc rudng. Theo ) liéu
cia UBND xi Vian Mon, mdi ngay, cac co s&
tai ché thai ra moi truong hon 3 tén tro xi [6].
Nghién ciru danh gia hién trang 6 nhiém kim
loai nang trong chat thai rn va cac thanh phan
mdi truong nhu dat va khong khi gitp cac co
quan quan 1y cap Bo va dia phuong c6 chinh
sach, giai phap kip thoi nhim giam 6 nhiém
moi truong

2. HOA CHAT, THIET BI VA PHUONG
PHAP PHAN TICH

2.1. Héa chit

+ Nué6c deion duge s dung trong sudt qua
trinh chuén bj mau va phan tich.

+ Chuén hdn hop: Be, Cd, Co, Cr, Cu, Li, Mn,
Mo, Ni, Pb, Sr, Tl, V, As, Zn, Mg, Ca, Fe, Sb,
Ti, Se nong d6 100 mg/L dugc cung cip boi
hdng CPA Chem, Bulgaria.

+ Noi chuin scandium, yttrium, indium,
terbium, bismuth nong d6 10mg/L ctua LGC
(Pre);

+ Can phan tich d6 chinh x4c dén 10-g,

+ Axit HCI 1N: pha lodng 83 ml HC1 dam dac
dén 1000 mL

+ NaOH 1 N:pha loing 40 g NaOH rin dén
1000 mL véi nudce deion

+ HNO3 68% ctia Merck

+ Khi Argon d6 tinh khiét 99.999% (Messer)

+ Khi Heli d6 tinh khiét 99.999% (Messer)

2.2. Dung cu, thiét bi phén tich

+ Mang loc s¢i thity tinh, dudng kinh 16 0,45
um

+ Nip kinh déng hd

+ May pha mau Multiwave go

+ Gidy do pH

+ Binh dinh m&rc 10 mL, 25ml, 50ml

+ C)ng dong chia d9, loai dung tich 1000 mL.

+ Hé thong khéi phd plasma cao tin cam tng
ICP-MS 7700 (Agilent) dwoc chuin héa bang
dung dich tune bao gém cac kim loai Ce, Co,
Li, Mg, TI, Y trong HNO3 2%, c6 nong do
1ppb.

2.3. Phwong phap lay va phan tich

Quy trinh thao tac ldy miu nudc dwoc thuc
hién theo TCVN 6663-1:2011, TCVN 6663-
3:2016; cac mau nudc duogce axit hoa mau bang
HNO3 1:1; Cac mau chét thai rin dugc ldy
theo TCVN 9466:2012, mau dét theo TCVN
7538-2:2005. Cac mau chat thai ran, dat dugc
phoi kho nghién nho sau d6 sang véi ray kich
thude 0,5 mm;

Ung dung ICP/MS trong nghién ctru, phan tich
va danh gia ham lugng cac kim loai nang da
dugc cong bb trude day [7]. O nghién ciru nay,
chiing t6i sir dung phuong phap ICP/MS dé phan
tich cac kim loai nang trong d4t, chét thai rin.
St dung 2 phuong phép (chiét doc tinh va ham



lugng tuyét dbi) phan tich chét thai rin dé xac
dinh ham lugng chat 6 nhiém va phan dinh phan
loai chit thai nguy hai tai thon Man Xa.

- Phuong phép chiét doc tinh theo US EPA
Method 1311: St dyng nudc siéu sach thém
vao mau dé kiém tra pH va xac dinh dung dich
chiét can dung. Dung dich chiét 1: Liy 11,4
mL axit axetic va 128,6 mL dung dich NaOH
IN dinh mirc 2L bing nudc deion, didu chinh
sao cho pH = 4,93 + 0,05. Dung dich chiét 2:
pha tir 11,4 mL axit axetic dinh mic 2L bang
nude deion, diéu chinh sao cho pH = 2,88 +
0,05.

Néu miu c6 pH<5 thi c4n khoang 100g mAu,
thém dung dich chiét 1 va dinh muc dén 2L,
didu chinh pH sao cho pH<5; Néu mau cé
pH>5 thi cAn khoang 100g mau, thém dung
dich chiét 2 vao binh dinh muc 21, diéu chinh
pH sao cho pH<5; hon hop mau va dung dich
ngam chiét cho vao may lic quy dao tron trong
thoi gian 18 * 2h, sau d6 loc lay dung dich
chiét bang mang loc 0.45um va thém HNO;
dén pH<2.

- Phuong phap xac dinh ham luong tuyét d6i
kim loai, 4 kim trong chit rin - Quy trinh hoa
tan mau chat thai rin, trAm tich, bun, dat va
dau bang 16 vi séng ¢6 su hd tro cna axit HNO3
theo US EPA Method 3051. Can khoang 0,5g
mau cho vao dng 10 vi song, thém 10 ml HNO3
dic, day nap cho vao 10 vi song gia nhiét &
nhiét d6 175°C trong 10 phut, sau d6 giit nhiét
do6 10 vi song trong khoang 170-180°C trong 20
phut, dung dich sau d6 dinh mac thanh 50ml
bang nudc deion.

Cac mau khong khi xung quanh liy theo
phuong phap NIOSH Method 7300, dugc hép
thy bang may Kimoto - Nhat Ban trong vong
60 phut véi toc do 1,5ml/phit. Gidy loc bui sau
khi ldy vé dugc chia nho cho vao coc 50ml
thém 5ml HNOs, day nip kinh va dé cho 30
phiit. Gia nhiét & 120°C bang bép dién dén khi
dung dich con khoang 0,5ml. Thém HNOj3 va

dun dén khi duoc dung dich trong, sau do tang
nhiét d6 1én 150°C dun con khoang 0,5ml mau.
Sau d6 chuyén toan b mau vao binh va dinh
mirc bing HNO;z 2%

S6 lwong mau chat thai ran 1a 28 mau tai quanh
cac diém trong thon Man X4, 4 miu khi xung
quanh tai 4 huéng (dong, tiy, nam, béc) cua
thdn va 06 mau dat tai thon dé danh gia luong
phét tan kim loai ning trong cidc moi trudng
cua khu vuc nghién ctru

- Cac dung cu phan tich dugc ngdm rua trong
Axit HNO3 5% va trang rira bang nudc siéu
sach dé tranh 12y nhiém kim loai;

- Piéu kién phan tich: hé théng ICP-MS can
dat chan khong 3.10°- 6.10% khi & ché do
stanby mode, nhiét d¢ phong sau khi bat plama
nén & 15°C-30°C nhung khéng duoc thay dbi
qua 2°C trong 1 gid. Hé thdng can 6n dinh sau
khi bat plasma tbi thiéu 1a 10 phat va ding
dung dich tune may truéc khi phan tich mau.

3. KET QUA VA THAO LUAN

Puodng chudn cta cac chit phéan tich dong thoi
trén thiét bi ICP-MS déu c6 do tuyén tinh cao
v6i R2>0,999. Hinh 1 12 db thi dudng chuin va
phuong trinh duong chudn cua Cd, As, Pb, Zn.
Bang 1 cho thiy RSD% ldp lai boi cing mot
nguoi phén tich trong khoang (1,95 - 4,72 %)
va RSD% tai lap khi thay doi nguoi phan tich
va ngay phan tich trong khoang (2,23 - 4,97%)
cho thdy phuong phap c6 d6 lap lai cao phu
hop dé phan tich ham luong cac kim loai trong
thoi gian dai.

Do dung va chinh xac cua phuong phap dugc
tién hanh thong qua phén tich lap lai mau kiém
chudn két qua ham lugng cac kim loai thu
duoc dao dong trong khoang (80-95%).

Gi6i han phat hién (MDL) nhoém nghién ctru
khao sat duoc trong khoang (0,05- 0,53)
mg/kg. Gidi han dinh lugng (MQL) khao sat
dugc trong khoang (0,17 - 1,69) mg/kg. Pam
bao phan tich dugc toan bd cac kim loai dap
g dwoc cac quy chudn hién hanh quy dinh.
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Hinh 1. Puong chudn cdc kim logi Cd, As, Pb, Zn trén thiét bi ICP-MS Agilent 7700

Bang 1. Két qua kiém tra lai phirong phdp phan tich dong thoi cac kim logi ndng bang phirong phdp ICP-MS

Giéi han | Giéi han | __ ,:
. P . A . Hiéu suat
. X Phwong trinh , [P0 lap laib9 tailap| phat hién (dinh lwgng| -~ .
Tén chat . 2 R thu hoi
dwdng chuan RSD (%)|RSD (%) MDL, MQL (%)
(o]
(mg/kg) | (mg/kg)
Cd y =961,5955 * x + 22,2267 | 0,9999 3,1 3,4 0,05 0,17 88-94
As y =707,3095 * x + 25,9300 | 0,9997 3,0 4,1 0,53 1,69 81-95
Pb  |y=9756,5303 *x+36713,2567| 0,9999 | 1,95 2,23 0,35 1,1 84-94
Zn y =493,6698 * x + 9100,1033 | 0,9995 | 4,72 4,97 0,31 0,97 80-95

Két qua phan tich 28 mau chét thai ran lay tai
thon Man X4, xd Van Mon, huyén Yén Phong,
tinh Bic Ninh vao thang 11 nam 2021 va thang
12 nam 2021 cho thdy: da dinh lugng va so
sanh v6i QCVN 07:2009/BTNMT, 9/28 méu
¢6 Pb & ham luong tuyét di vuot QCVN tir 2-
15 1an, 3/28 mau c6 ham luong tuyét ddi As
vugt QCVN tir 1,5-2 1an; 2/28 miu c6 ham
luong tuyét ddi Cd vugt QCVN tir 1,5-2 lan;
3/28 mau c¢6 ham luong tuyét dbi Zn vuot
QCVN tir 3-4 lan.

Két qua phan tich ham lugng ngam chiét va
ham luong tuyét dbi, cho thdy xac dinh c6 9/28
mau c6 ham luong Pb hodc Zn, Cd vuot ca 2
phuong phap va la chét thai nguy hai; Trong s6
cac kim loai phan tich va so sanh véi QCVN
07:2009/BTNMT cho thiy Pb 1a nguyén td
vuot quy chudn cho phép nhiéu nhit ¢ hau hét
cac mau voi ham lugng tuyét d6i tir 200-3000
mg/kg va ham luong ngadm chiét tir 1-90 mg/l,
tiép dén 1a ham luong tuyét ddi As tir 5-60
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ppm, ham luong tuyét ddi cua Zn tir 200-
18.000 ppm va ham luong ngam chiét tir, 0,5-
180 mg/l, tiép d6 1a Cd ham luong tuyét ddi tir
10-110mg/kg va ham lugng ngadm chiét tir 0,1-
1 mg/l. Ham luong tuyét dbi As tir 5-60 mg/kg
va ham luong ngdm chiét tir 0,01-0,05 mg/l.
Két qua do Pb, Zn va Cd cao hon nhiéu 1in so
v6i cong bd trude day ciia lang nghé co khi tai
Nigeria [8]. Nhu vy, 6 nhiém chat thai ran,
dic biét 1a Pb va Zn ¢ khu vuc thon Man X4 1a
van dé dang luu tim hién nay, ma ngudn gdc
ctua Pb phat sinh tir hoat dong cong nghiép tai
ché nhém cua lang. Ngoai ra, mot sé miu ¢
su xuét hién cta cac kim loai doc hai khac nhu
As, Cd, Zn. Qua Két qua phéan tich & hinh 2 cho
thdy cac mau chat thai ran thu ¢ thon Man Xa
¢6 khoang 30% vi tri 1a miu chét thai nguy hai.
Qua trinh thu gom va quan 1y chat thai nguy
hai tir hoat dong tai ché da lam anh huong dén
mdi trudng dat cling nhu moi truong khong khi
tai khu vuc nghién ctru.
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Hinh 2. Két qua phan tich cdc mdu chat thdi ran trén thiét bi ICP-MS boi 2 ham lwong ngdm chiét
va ham lwong tuyét doi so sanh véi QCVN 07:2009/BTNMT (GHCP - gidi han cho phép;
NC - ngdm chiét; TP - Tuyét doi)

Bdng 2. Nong dé cdc chdt phan tich trén mau ddt so sanh véi QCVN 03:2015/BTNMT

Ham luwgng kim loai ning (mg/kg dit khd)

Vi tri 1dy mau Cd As Pb zZn
bl 1,05 0,6 153,7 502,5
D2 0,45 0,58 21,9 109,5
b3 1,12 0,59 66,2 408,8
b4 0,32 0,79 36,7 256,9
b5 0,45 0,86 73,8 152,7
D6 0,22 0,59 25,8 186,1

QCVN 03-MT:2015/BTNMT

. 1,5 15 70 200
(dat nong nghiép)

Ghi chu:

P1 - Khu Trudng tiéu hoc xa Van Mén;

P2 - Khu vuc cau T6, thon Quan D9, xa Van Mon;

D3 - Khu xtr DPong Ma Xay, thon Man Xa, Xa Van Mon;

D4 - Canh nghia trang thon Man X4 (gan Cum cong nghiép lang nghé thon Man Xa);
D5 - Khu Goc Byu, thon Quan D6 (cach thén Man X4 khoang 1,0 km);

D6 - Khu Xt Bong ving 3 thon Tién Thén (giap thon Man X4);

Dé danh gia sy anh hudng cua chat thai tir lang tich. K&t qua phan tich (bang 2) cho thiy 2/6
nghé tai ché phat tan ra ngoai moi truong dét, 6 miu dit c¢6 ham luwong Pb vugt QCVN
méu dét chu yéu 1a gan khu vyc san xuit nong 03:2015/BTNMT tir 1,2-2 lan, két qua Pb
nghiép, kénh muong thuy loi va truong hoc khong cao hon nhiéu so v6i khu vuc mo Chi
quanh khu vuc lang nghé da dugc 1iy va phan kém lang Hich, tinh Thai Nguyén. Két qua
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phan tich ciing cho thdy 3/6 mau phat hién bj 6
nhiém kim loai ning Zn, hau hét cac miu co
ham lugng Zn lai cao hon so vé&i 1 sb nghién
ciru tai khu vgc mé Chi ké€m lang Hich, tinh
Thai Nguyén [9]. Ham lugng As va Cd déu
nam trong giGi han cho phép trong dit nong
nghiép. Mau dat D1 c6 dong thoi ca ham lugng

Pb, Zn vuot ngudng QCVN cho phép. Nhu
vdy, qua phan tich 6 mau dét cho thdy ring dit
tai khu vuc ndy c6 nguy co 6 nhiém Pb, Zn
cao. Piéu nay cho thay cac kim loai ning phat
sinh trong qué trinh luyén Nhém da phat tan ra
mdi truong dat véi ham lugng 16n, giy anh
huong dén méi truong dat tai khu vuc.

Bdng 3. Nong d¢ Bui, va cdc kim logi Cd, As, Pb, Zn trong mau khéng khi xung quanh

Ham lrgng chit ddc hai trong méi truong khong khi (u/md)

Vi tri 1y mau Cd As Pb zZn TSP
Al 0,06 0,23 4,78 129,8 2.265
A2 0,02 0,23 2,89 19,3 2.273
A3 0,72 0,07 0,70 39,6 2.284
A4 1,00 0,10 1,03 52,8 2.275
QCVN 05-MT:2013/BTNMT - - 1,5 - 200
QCVN 06-MT:2009/BTNMT 0,4 0,03 - - -

Ghi cha:

A1-Béi dién xuéng tai ché nhom nha Ong Nguyén Vian Pa thén Man X4 - dot 1

A2 Cach xuong tai ché nhéom nha Ong Nguyén Vin Pa khoang 100m vé nghia trang thon Man X4 - dot 1
A3-Bdi dién xuong tai ché nhom nha Ong Nguyén Vin Pa thén Man X4 — dot 2

A4 Cach xudng tai ché nhom nha Ong Nguyén Vin Pa khoang 100m vé nghia trang thén Méan - dot 2

Ngoai ra, nhém nghién ctru da lay va phan
tich 4 mau khong khi xung quanh v&i ham
lwong Bui tong sé va 1 s kim loai cho thay
ca 4 mau khong khi xung quanh déu c6 Bui
tong s6 vuot QCVN 05:2009/BTNMT rit
nhiéu 1an va ddng thoi ca 4 mau déu phat hién
¢ As, Cd, Pb trong khéng khi vuot QCCP tir
1,5-8 1an, ham lwong Zn trong khong khi dao
dong tir 19-129,8 pg/m?3. Két qua nay cao hon
mot sb nghién cuu vé néng d0 bui tai khu vuc
tai ché rac dién tir [10, 11]. Sy xuat hién cac
kim loai nang trong mdi truong khong khi
xung quanh khu vyc nghién ctru 1a phu hop vi
mot lugng 16n bui tur bai thai cia hoat dong
tai ché Nhom da phat tan ra méi truong. Nhu
véy, hoat dong tai ché kim loai tai khu vuc
thon Man X4 khong chi 1am anh huong dén
mdi truong dat ma con phat tan ra méi truong
khong khi xung quanh gay anh hudng dén strc
khée con ngudi.
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4. KET LUAN

DPénh gia sy 6 nhiém kim loai ning trong mau
chit thai ran, dit, khong khi va nudc mat tai
lang nghé tai ché nhém Vin Mén, Yén Phong,
Bic Ninh dua ra hién trang 6 nhidm, gitp cac
co quan quan ly nha nude c6 bién phap xu ly
va giam thiéu 6 nhiém.

Phwong phap phan tich dong thoi cac kim loai
As; Cd; Pb; Zn trong cac mau dat, trAm tich
khong khi trén thiét bj ICPMS 7700 c6 do tin
cay, do chinh xac cao. Gidi han phat hién va
giéi han dinh lugng dap tng yéu cau phan tich
theo c4c tiéu chudn hién hanh.

Ham lugng 4 kim loai nang (Cd, As, Pb, Zn)
trong mau chét thai rin c6 9/28 miu vuot quy
chuén cho phép nhiéu lan va xac dinh 30% s
lwong miu phan tich 1a chit thai nguy hai.

Cac kim loai ning cling phat hién véi ham
lwong cao so véi QCVN trong miu dét va miu
khong khi xung quanh. Piéu dé cho thdy su



phat tan 6 nhiém kim loai ning ra ngoai moi
trudng tir hoat dong tai ché cua lang nghé.
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