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Tém tit: Kim loai trong bui duong, ma dic biét 1a Asen (As) c6 tiém ning gay tac dong
xau dén mai trudng va con nguoi. Khac voi da phan cac kim loai doc, viéc danh gia tac
dong cua As can quan tam tdi dang tdn tai ctia As bdi vi cac dang As c6 ddc tinh khac nhau,
Asen v0 co (1As) c6 doc tinh cao hon dang hiru co va Asen hoa tri I1I (AsIII) doc hon Asen
hoa tri V (AsV). Nghién ctru da ti wu cac thong so cua qué trinh ly trich cac dang As linh
dong bang acid photphoric cling nhu qua trinh chiét AsIII vao pha hitu co bang co ché tao
phuc véi APDC. Quy trinh dé xuét co d6 chon loc cao trong diéu kién dung dich ly trich c6
chtra cac nguyén t6 gy nhifu nhu sit, canxi, nhom, monomethylarsonic acid (MMA) va
dimethylarsinic acid (DMA), véi gi6i han phat hién ¢ mue 0,05 mg/kg. Ap dung quy trinh
trén mot s0 mau buyi duong ¢ Thanh phé HO Chi Minh, két qua cho thay su phan hod 1o rét
vé thanh phéan cac dang As glua cac khu vue. Két qua thu dugc gop phan ching minh tinh
hiéu qua ctia quy trinh trong viéc hd trg cong tac quan ly, gidm sat 6 nhiém bui.

Tir khéa: Phan tich nguyén dang Asen; Chiét Iong 16ng; Bui duong.

1. Giéi thi¢u

Asenic (As) 1a mot kim loai ¢6 ddc tinh ton tai trong nhiéu loai méi trudng trong d6 co
bui ling dong tir khi quyén. As trong bui c6 ngudn gdc tir ca ty nhién 13n nhan tao. Khi thai
do con nguoi tao ra tur cac hoat dong luyén kim, dbt nhién liéu, san xuét nguyén vat li¢u
chiém khoang hai phan ba tong lugng As thai ra khi quyén. Trong khi d6, ngudn gbc phat
thai ty nhién cua As vao khi quyén bao gém nui ltra, chay rung va bui mudi bién [1]. Cac
nghién ctru cho thiy nong do As trong khi quyen o khu vyc d6 thi va cong nghiép cao hon
dang ke s0 v6i ving nong thon. O chau Au, nong d6 As trong khi quyén dao dong tir 0,2- 1 D
ng/m~3 & khu vuc ndng thén va 0,5-3 ng/m= & khu vuc d0 thi, va thuong dudi 50 ng/m=> &
khu vyc cong nghiép [2]. 'Nhing dang As trong khi quyén c6 lién két v6i cac hat byi s& dan
ling dong bén trén mat dat va gop phan cau tao nén bui dudng phd. Chung c6 thé xam nhap,
véan chuyén dén do nudc mua va tran trong mua bio, lam lay lan 6 nhiém du lugng khong
thé luong truge [3]. Nghién ciru & mot khu vue cong nghiép dong dan cu cling cho thay su
gia tang Ve bui min va As lién két v6i bui min trong khoang thoi gian hoat dong san xuat dién
ra. Yéu té nay tac dong dén trang thai chat luong khong khi, gay anh huong xau cho ste khoe
con nguoi, vi bui co thé duoc hit sdu vao phé nang va duoc hap thu truc tiép vao hé thong
tudn hoan phoi [4] hodc di vao trong hé tiéu hoa thong qua chudi thire an. Tuy nhién, doc tinh
va do linh dong cua As c6 lién quan mat thiét véi dic tinh va trang thai oxy hoa ctia n6 trong
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moi truong. Nhin chung, cac loai As v6 co ddc hon cac loai As hitu co va As (I1I) c6 ddc tinh
va kha nang linh dong trong méi trudng cao hon so voi As (V) [5].

Tuy thu¢c vao dac tinh cua moi truong (ddc biét 1a pH va diéu kién oxy hoa-khir) cling
nhu tinh chat héa hoc cua cic hop chit As cu thé ma cac dang khac nhau cua asen c6 thé
duogc chuyén dbi _qua lai. Khong khi xung quanh 1a mét phan dac bi¢t cia moi trudong, chiu
tac dong cua nhiéu bién d6i vat 1y va héa hoc ma chu yéu 1a cac hinh thai khi tuong nhu do
am, nhiét d6 va birc xa mat troi. N6i troi nhat trong s6 cac tac dong nay 14 qua trinh oxy hoa
As (III) thanh As (V) boi oxy trong khi quyén, dic biét 1a ¢ pH cao [6]. Nghién ctru ciing chi
ra rang, 0zon trong khi quyén c6 thé dong vai nhu oxy. Mic du ndng d6 ciia ozon trong khong
khi thip hon oxy va bién dong lién tuc, nhung ozon c6 tinh oxy héa manh hon. Hau hét As
trong khi quyén c6 thé dugc tim thay ¢ pha ran; < 10% hién dién & pha hoi. Khi thai do hoat
dong cua con nguoi gdy ra, vi du nhu tir luyén kim hoac d6t nhién liéu hoa thach, dua mot
luong dang ké As bay hoi vao khi quyén (chu yéu 1a oxit As), phén tir nay uu tién hap phu
hodc ngung tu trén cac hat min. Do do, so voi ham lugng As nén c6 trong vo trai dat, As
trong bui c¢6 thé dugc 1am giau gip nhiéu lan [6].

Céc hat bui chira As cling c6 thé bét nguén tir qua trinh tai sinh bui tir cac hoat dong xay
dung, giao thong d6 thi. Nong do va thanh phan hoa hoc ctia bui va cac dang As lién két véi
bui chu yéu phu thude vao vi tri phat thai. O cac khu vuc cong nghiép, noi khi thai cong
nghiép dong vai tro chu dao, ndng do As (va cac dang ctia As) sé chi bi chi phdi boi dang khi
thai nay. Trong khi d6, cac khu virc c6 ngudn phét thai da dang nhu khu vic ngoai 8, trung
tam thanh phd, ndng do As (va cac dang As) chu yéu dugc dinh hinh boi khi thai tir cac hoat
dong d6 thi hodc khi thai giao thong duong bo [7].

Phan tich X-quang mau bui tir khu vuc cong nghiép cho thay dang As lién két véi bui
ton tai dang: Ca;Sr;(AsO4),5(PO4)o5s(OH); AsyO3; As,Os [8], trong d6 As v6 co hoa tri V
1a dang chiém uu thé trong bui [9], va ndng dd As trong bui & cac khu cong nghiép s& ¢ xu
hudng cao hon so véi khu vuce d6 thi [7-10].

Trong sé cac phuong phap phan tich nguyén dang cac hop chét As, ki thuat sac ky long
hiéu nang cao (HPLC) dd dugc chimg minh 1a rat pht hop cho viéc phén tach cac dang As
ma dac bi¢t 1a cac dang As vo co (As hod tri III - AslII, As hoa tr1i V - AsV) va hitu co
(monomethylarsonic acid - MMA va dimethylarsinic acid - DMA). Quy trinh phan tich bao
gom giai doan chiét mau bang cac dung moi phut hop sau d6 tiém vao hé thong HPLC két ndi
ICP-MS (Phé khdi-plasma két hop cam tng). Tuy nhién, k¥ thuat ndy gip han ché do yéu
cau phai trang bi hé théng HPLC-ICP-MS kha phirc tap, doi hoi chi phi van hanh cao va thoi
gian phan tich mau kéo dai [11].

Mot phuong phap don gian hon c6 thé phén tich riéng dang As v6 co d6 1a phuong phap
chiét 16ng - 1ong. Phuong phap nay dua trén kha ning tao phirc tot giita AsIII (As hoa tri IIT)
va ammonium pyrrolidine-dithiocarbamate (APDC) trong mdi truong pH tir 1,5-5, AsV
khong tham gia tao phirc véi APDC & diéu kién nay. Phirc AsIII - APDC duoc chiét qua pha
hitu co 13 cac dung méi nhu CCl14, CHCI3, hay MIBK [12]. Uu diém cta phuong phéap nay
Ia APDC chi tao phtrc chon loc véi AsIII, loai As ¢6 doc tinh cao nhét thuong dugc tap trung
nghién ctru, ma khéng tao phirc v6i cac dang As khéac. Do d6, ta c6 thé xac dinh riéng r& dang
AsllI trong nén mau déng thoi co thé ap dung dé loai bé nén mau phuc tap nhu bui, dét, bun
lang, tram tich, ....Hién nay, & Viét Nam viéc phan tich nguyén dang AsIII, AsV trong bui
chwa dugc quan tim diing mirc, mot phan c6 thé do chi phi phan tich dia trén ki thuat HPLC-
ICP-MS 1a rat tén kém. Do d6, nghién ctru tdi wu quy trinh phan tich AsIII, AsV trong bui
dua trén ky thuat chiét 1ong - 1ong don gian, chi phi thip va dé ap dung c6 vai tro tién phong
trong viéc phat trién hudng nghién ciru vé dic tinh 6 nhidém cic dang As trong bui.

Dic tinh clia As trong bui rat quan trong vi n6 ¢ thé cung cap thong tin vé mirc d6 gay
hai cho sinh vat sau khi tiép xtc qua duong ho hip hoic tiéu hoa. Hon nira, Asen vo co ¢6
ddc tinh cao hon dang hiru co va AsIII doc hon AsV do d6 can c6 mot bién phép hitu hiéu dé
c6 thé nghién ctru, danh gia nhirng tic dong ctia hoat dong dan sinh dén sy ton tai va phan bd
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cua cac ting dang As vo co trong bui. Mac du bui do thi thudc mot trong nhitng méi truong
duoc nghién ctru nhiéu nhat, nhung phuong phap phan tich nguyén dang As trong cac miu
bui van con kha khan hiém, dac biét 1a nhom cac phuong phap duya trén ki thuét chiét long —
long. Do d6, nghién ctru sé thyc hién cac muc ti€u nhu sau: Khao sat diéu kién ly trich cac
dang As vo co tir bui va tdi wu quy trinh chiét 1ong - 16ng xac dinh riéng dang AsIII va AsV;
Danh gia kha nang loai trir chat giy nhifu ctua phwong phap phan tich; Ap dung quy trinh
duoc t6i wu dé phan tich ham luong riéng cac dang As vo co trong bui & khu vyc nha may
phéi tron xi mang & thanh phd H6 Chi Minh.

2. Phuwong phap nghién ciru
2.1. Poi twong va pham vi nghién ciru

2.1.1. Hoa chét, thiét bi

Nghién ctru str dung: Hon hop acid nitric (65%), acid clohidric (35%), acid flohidric
(40%) d¢é thyc hién phan tich tong As; Hon hop dung dich ly trich gdm HsPO4 10% (v/v) va
acid ascorbic 10% (w/v) dé chiét cac dang As v6 co linh dong, dung dich ly trich dugc suc
khi Argon thong qua impinger trong 2 gid véi luu lugng 5 lit/phut dé loai bo khong khi trude
khi st dung, dung dich APDC (ammonium pyoridine dithiocarbamat - Sigma Aldrich) 1%
(w/v) dé tao phtrc véi AslIIl. Céac héa chat str dung c6 do tinh khiét pht hop cho phan tich hoa
hoc. Chit chuan (MERCK) sir dung gdom: AsV (HsAsO4 1000 mg/L trong HNO3 0,5 M) va
Asll1 1000 mg/L trong HCI 2%.

Céc dung dich dém dugc pha trong nudc khir ion gdm c6: Bém pH = 3: Can khoang 295
g acetic acid va 12 g Natri acetat trihydrate, thém nudc dén 800 mL, chinh pH va dinh mirc
1000 mL; Bém pH = 4: Can khoang 255 g acetic acid va 103 g Natri acetat trihydrate, thém
nude dén 800 mL, chinh pH va dinh mirc 1000 mL; Pém pH = 5: Can khoang 108 g acetic
acid va 435 g Natri acetat trihydrate, thém nudc dén 800 mL, chinh pH va dinh mic 1000
mL.

Ham lugng As duoc xac dinh bang thiét bi ICP-MS 7700x Agilent, véi khéi dinh lugng
m/z = 75, st dung khi Heli loai nhiéu voi luu lugng 5 mL/phat, ndi chuan Germani (Ge) pha
trong hon hop HNO3:CoHsOH:H20 ¢6 ty 18 5:2:93.

2.1.2. bia diém lay mau

Mau bui trén mit du’orng dugc thu thap doc theo 2 tuyén duong, c6 mat do phuong tién
giao thong twong d6i cao va nim song song v4i xa 16 Ha Noi, la Nguyén Vin B4 va Song
Hanh trong khoang thoi gian tir 12-15/3/2022, day 1a thoi diém nam trong mua kho va quan
sat thay thoi tiét khong xay ra mua, giéng léc trong sudt 15 ngay trude thoi diém thu thap
mau. Mic du thoi diém léy mau da duogc lya chon giup han ché thép nhét su bién dong vé
tinh chit mau do céac bién dong thoi tiét, hoat dong giao thong van tai dién ra soi dong tai dia
diém thu mﬁu cling c6 thé gay anh huong dén tinh déng nhat cuia mau. Tuy nhién, véi muc
tidu 1a trién khai nghién ctru budc dau dé danh gia quy trinh phan tich nguyén dang AslII,
AsV ciing nhu dua ra cac thong tin so bo vé dic tinh cac dang As trong bui duong, tan suat
va tinh chit mau bui duong thu dugc 1a pht hop v6i myc ti€u cia nghién ctu. Vé dia diém
thu mau, doan duong Nguyén Vin B4 nim doc theo khu nha may bé tong MEKONG Thu
Dirc va cong ty c¢6 phan Logistic Vincem (Hinh 1), 1a khu vye gay 6 nhiém bui trong khu vuc
do hoat dong ph01 tron va hoat dong van tai nguyén vat liéu. Nguoc lai, cac phuong tién nay
khong hoat dong trén tuyén duong Song Hanh cach khu vuc phat thai khoang 150 mét. Vi
vi tri dia Iy nhu vy, nghién ciru hudng dén muc tiéu danh gia anh huong cua hoat dong
nghién, trén xi ‘mang dén phan bd nong do cac kim loai trong bui duong. Ngoai cac xe tai
nang van chuyen bé tong hoat dong tai khu vuc, cac loai xe dau kéo hang nang (container)
cling thuong xuyén ra vao khu vuc nay vi day cling 1a noi toa lac cia cang ICD Sotrans. Nhin
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chung, thong qua khéo sat thuc dia, nguén phét sinh bui chu yéu tai khu vuc nghién ctru dén
tur nha may phdi tron bé tong.
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Hinh 1. Vi tri 1y mau.
2.2. Phwong phdp ldy mdu va phén tich mau

2.2.1. Phuong phap ldy mau bui duong

Mau bui duoc thu bang cach dung chéi nhua va dung cu quét dé thu gom bui trén dudng
[13]. Chéi duoc 1am sach bang nudc cat 3 1an trude khi 1dy mau. Dé tranh cac hat rit min
phat tan vao khong khi thi trong qua trinh 14y mau can quét cham. MAu s& duoc thu gom tir
lan dudng sat mép duong theo doan dai khoang 10m. Tai mdi diém 1y miu s& lay khoang
500g mau. Mau s& duoc lam kho bang thiét bi dong kho, sang qua rdy Imm dé loai bo da,
vat li¢u tho, nhya va céc tap chét khac. Mau bui s& dugc ray kich c& hat co kich thude 16 nho
hon 100 pm (mesh > 150) dé 1ay duoc phan bui ¢ thé anh hudng tiéu cuc dén stc khoe con
nguoi ciing nhu la phén bui ¢6 lién két nhidu nhat ddi voi bui khong khi [14—16]. Sau d6 mdi
mau s& duoc chuyén vao tai polyetylen sach, duoc ky hi¢u va hit chan khong trude khi dwa
dén phong thi nghiém. Cac mau s& dugc bao quan trong hdp nhya déy kin ¢ nhiét do -20°C
cho dén khi phan tich.

2.2.2. Phuong phap phan tich tong va nguyén dang As trong bui

Céc dang As trong mau dugc ly trich bang dung dich ly trich HsPO4 10% (Vv/v) va acid
ascorbic 10% (w/v), sau d6 tao phirc vdi APDC 1% (wW/V) va duoc chiét vao dung moi
cloroform (CHCIs) sau d6 giai chiét vao dung dich HNO3 25% (v/v). Quy trinh cu thé nhu
sau.

a) Ly trich cac dang As linh dong: Quy trinh dugc xay dung dua trén nghién ctru cta tac
gida Mélanie Giral va cong sy nam 2010 [17] v6i mot sé diéu chinh dé han ché qua trinh
chuyén d6i dang gitra AsIII va AsV, dong thoi thay thé ky thuat chiét vi song bang k¥ thuat
chiét co hoc: Can khoang 1 g (+ 0.001 g) miu bui cho vao éng ly tim 50 mL, thém 30 mL
dung dich ly trich d4 loai oxy, bom khi Argon vao dng va déng chit nip, sau do lic trong bé
diéu nhiét & 10-15 °C véi toe do 100 vong/phut trong 60 phut. Chuyén toan b hdn hop sang
binh dinh mtrc 100 mL va dinh mtc dén vach. Loc bang gidy loc khong tro thu duoc dung
dich sau ly trich (dung dich SLT).

b) Chiét AslIl: 10 mL mAu sau loc (dung dich SLT) duoc chuyén vao phéu chiét co chira
san 30 mL dém pH 4 va 10 mL dung dich Ethylenediaminetetraacetic acid (EDTA) 10%.
Thém 1 mL APDC 1% vao phéu chiét c6 chira mau, lac déu trong vong 5 phat. Thém 4 mL
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cloroform vao phéu, lic manh 10 phut. Dung dich dugc dé yén nham tach pha hitu co va pha
nudc, thu léy pha hiru co. Tiép tuc thém 3 mL cloroform vao phéu, lic manh 10 phut, thuc
hién budc ndy thém mot 1an nita. Gop pha hitu co cia 3 lén chiét (10 mL) vao 6ng thuy tinh
50 mL, thu dugc dung dich (AS3). Dung dich AS3 dugc tién hanh giai chiét (thém dung dich
giai chiét vao dng, tron déu bang may lac vortex 3 phut, doi tach 16p va chuyén pha nuéc ra
khoi Qng) 3 lan, v6i lan dau dung 4 mL va 2 1an sau mdi lan dung 2 mL HNO3 25% (w/v).
Chuyén toan bo pha nudc (8 mL) vao éng thuy tinh 100 mL va dun & 120°C dén khi dung
dich con khoang 3 mL. Dung dich sau giai chiét dugc dé ngudi va chuyén vao binh dinh muc
25 mL, dinh mc dén vach bé“mg nude khir ion, bao quan ¢ 4°C cho dén khi phan tich.

¢) Chiét AsV: Do nguyén Iy ctia qua trinh chiét dua trén phan tng tao phirc gitra AsIII
va APDC, do d6 can khtr AsV thanh AsIII truGe khi thue hién cac bude chiét tach. Dung
pipet hat chinh xac 10 mL dung dich (SLT) vao éng ly tim 50 mL. Thém 4 mL HC1 1 M va
1 mL NazS203 1% vao dng, ddy kin nip, dun cach thuy & 40°C trong 60 phut. Sau do tién
hanh chiét theo quy trinh chiét va giai chiét AsIIL

Dé xac dinh ham lugng tong kim loai, mau bui dugc xir Iy véi hdn hop acid HNO3 - HCI
- HF nhidm pha hity hoan toan nén mau. Can 0.1 g miu cho vao 6ng pha miu bang PTFE,
thém 6 mL HNOs, 2 mL HCI, 0,5 mL HF. Pun mau ¢ 110°C trong 12h, sau d6 gia nhiét dén
160°C va giir trong 2h. Mau sau xr Iy dugce dé ngudi va dinh mirc dén 25 mL, sau d6 luu trit
trong 6ng polypropylene & 4°C cho dén khi phan tich trén thiét bi khbi pho ghép cap cam tng
cao tan (ICP - MS).

Trong qué trinh chiét As can khao sat cac thong s6 nhu: pH chiét, luong chit che EDTA,
dd chon loc cua thude thir APDC véi AsIII trong diéu kién c6 cac chat gay nhiéu nhu AsV,
DMA, MMA, Ca, Fe, Al.

Dung dich SLT: 1 g mau + ong ly 10 mL SLT vao éng ly tdm 50 mL +
tam 50 mL + 30 mL dung dich ly 4 mL HCI 1 M + 1 mL Na,S,0; 1%,
trich + Ar, lic 10-15 °C 100 —>| dun 40°C trong 60 phut dé khir AsV
vong/phut trong 60 phut. Dinh mirc thanh AslIl. B6 qua budc nay neéu
100 mL , loc bang giay loc khong tro phan tich AslII

v

Dung dich AS3: 10 mL SLT vao Thém HNO; 25% (w/v) vao AS3,
phéu chiét c6 30 mL dém pH 4 va 10 vortex 3 phut, chuyén pha nudc ra
mL EDTA 10% + 1 mL APDC 1%, khoi 6 ong, lan dau dung 4 mL va 2

lac 5 phut. Thém 4 mL cloroform, 1an sau moi lan dung 2mL. Chuyén

lic 10 phit, thu lay pha hitu co. pha nudc (8 mL) vao 6ng thuy tinh
Thuyec hién 2 1an: Thém 3 mL 100 mL va dun 120°C dén con

cloroform, lac 10 phut,. Gop pha khoang 3 mL. Dinh murc 25 mL,bao

hitu co vao dng thuy tinh 50 mL quan ¢ 4°C cho dén khi phan tich

3. Két qua va thao luan

3.1. Anh huong ciia pH

Maéi trudng pH anh huong dén dang ton tai ctia AsIII va APDC trong dung dich chiét tir
d6 anh huong dén kha nang chiét hoan toan AsIII trong mau. APDC c6 dic tinh chuyén dan
thanh dang pyrrolidine trong méi truong c6 pH < 3 va két tiia nhom, sit s& xuét hién nhiéu
trong moi trudng pH > 6, do d6 nghién ciru s& tién hanh khao sat pH cta dung dich chiét &
cacgiatrilapH=3,4,5 bﬁng cach sir dung 30 mL cua cac dung dich dém co6 pH 3, 4, 5; moi
gia tri khao sat dugc thuc hién 6 lan. Dung dich mau dung dé khéo sat c6 ham luong AslII,
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Fe®*, Ca®* va AI** lan luot 14 10 ng/L, 250 mg/L, 250 mg/L va 125 mg/L. Ham lugng Fe, Ca,
Al thém vao tuong duong v6i ham luong tong co trong mau buyi thuc té (xac dinh béng
phuong phap ICP-OES, st dung hén hop acid HNOs-HCI-HF dé phan huy hoan toan mau).

Két qua cho thay trong khoang pH khéo sat, hiéu suét chiét trung binh tmg véi cac gia
tripH 3,4, 5 lan luot 12 98,52; 103,17; 101,29% véi do 1éch chuan tuong dbi 3,4; 4,2; 3,8%.
Tuy nhién, tai pH = 5, mac du hi¢u suét chiét van tot nhung quan sat thay trong dung dich
dan xut hién két tia Fe(OH)s. Dang két tiia keo nay c6 kha nam hip phu As 1én bé mit va
lam giam hiéu qua cta qua trinh chiét. Bén canh d6, mot phan két tia c6 thé 1dn vao dung
dich sau khi giai chiét, gdy nhidu cho qua trinh dinh luvong bang ICP-MS. Do d6, diéu kién
pH tdi wu duoc lya chon 1a pH =4.

3.2. Khao sat dé chon loc ctia thuéc thir

Sét 1a mot trong nhitng thanh phan co ban cia bui duong, mic du viée st dung acid
photphoric s& han ché 1 phan sit trong bui hoa tan vao dung dich ly trich, nhung ion Fe®* van
chiém thanh phan ap d4o so voi cac dang As. Ton Fe®* lai c6 kha ning phan tng tao phirc v6i
APDC, tir d6 1am giam hiéu qua cua qua trinh chiét AsIII bing APDC. Nham ngin can quéa
trinh tao phuc gitta F e3* va APDC, bién phap hitu hiéu nhat 1a s dung chat che EDTA dé
tao phirc v6i Fe®*. Tuy nhién, trong bui ngoai Fe con c6 Al, Ca ciing 1 cac nguyén to da
luong c6 kha ning tao phirc vdi EDTA dan dén giam tac dung ciia EDTA. Nghién ctru tién
hanh khao sat luong dung dich EDTA 10% & cac gia tri lan luot 12 2, 4, 6, 8, 10 mL thém
vao dung dich ly trich c¢6 ham luong AsIII, Fe®*, Ca?* va AI** lan luot 1a 10 ng/L, 250 mg/L,
250 mg/L va 125 mg/L.

Két qua (Hinh 2) cho thdy lugng EDTA trén 4 mL s& dam bao kha nang chiét AsIII véi
hiéu suat thu hoi khoang 93-99%. Tuy nhién, khi ding 6 mL EDTA, két tia mau xam cia
Fe3* va APDC c6 xuét hién, ching to6 EDTA da khong da dé tao phtrc hoan toan véi Fe va
c¢6 kha nang 1am giam hiéu suat chiét dbi v6i cac mau co6 ham luong As cao. Do d6 thé tich
tdi wu ciia EDTA dugce lya chon 14 10 mL.
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Hinh 2. Anh hudng cua thé tich dung dich EDTA dén hiéu suat chiét.

3.3. Ddnh gid phwong phdp chiét

Nghién ctru tién hanh thue hién tao 20 dung dich mau chira chat gay nhiéu, c6 ham luong
AsIIT 10 ng/mL; déng thoi chira cac dang As khac nhu AsV, DMA, MMA véi ham lugng
100 ng/L mdi loai; dung dich nay ciing chira cac nguyén t6 gy nhiéu nhu Fe (250 mg/L), Ca
(250 mg/L), Al (125 mg/L). Cac dung dich nay s€ dugc phan tich ham luong AsIII va AsV
dua trén quy trinh chiét d3 t5i vu nham xéac nhan dd chon loc cua thude thir, 46 on dinh cta
qué trinh chiét, d6 dung ctia phuong phéap va kha nang khir hoan toan AsV thanh AsIIL

Két qua cho thiy hiéu suat chiét trung binh ctia phuwong phap d6i véi AslIII 1a 98,73% va
97,19 % dbi véi AsV véi d6 1éch chuan twong dbi (%RSD) nho hon 3%. S6 liéu nay ching
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t6 phuong phap chiét c6 do 6n dinh va d6 chinh xac cao, dam bao c6 thé xac dinh chinh xéac
ham luong AsIII, AsV linh dong c6 trong bui. Dya trén viéc phan tich 21 mau tréng chi chira
cac chat gy nhiu ma khong chira AsIII, gi6i han phat hién ciia phuwong phap (LOD = 3xSD)
duoc xac dinh 1a 0,1 mg/kg.

3.4. Thoi gian ly trich

Thoi gian ly trich anh huéng dén kha ning 16i kéo dang As linh dong ra khoi nén mau,
thoi gian chiét kéo dai s& dam bao ly trich hoan toan chit phan tich. Tuy nhién, do AsIII d&
bi oxy hoa trong dung dich, do d6 thoi gian ly trich can dam bao khong qua dai dé tranh xay
ra hién tuong oxy héa AsIIL. Nghién ctru sé& tién hanh ly trich mau bui dudng trong cac thoi
gian khac nhau va danh gia su bién d6i cia ham luong AsIII va AsV trong dich ly trich. Cac
khoang thoi gian dugc lya chon dé khao sat trong nghién ctru nay 1a 15, 30, 45, 60, 75, 90
phut lic chiét. Bén canh do, két qua tong ham luong As ly trich bang phuong phap lic chiét
cua nghién ctru s€ dugc so sanh voi phuong phép ly trich trong dung dich 1 M H3PO4 + 0,5
M ascorbic acid véi sy hd trg ciia 10 vi song, ddy 1a phuong phap ly trich da duoc cong bd
qudc té boi Mélanie Giral va cong sy nam 2010 [17] va duge nhiéu nghién ctru khac ap dung.

Két qua cho thdy ham luong As linh dong trong mau khong thay d6i khi ap dung thoi
gian chiét tir 45 phat tré 1én va khong co khac biét thong ké (p = 0,45, n = 6) so v6i phuong
phap chiét bang vi song. Nghién ctru ciing khong phat hién ra sy thay di ty 18 AsII/AsV
trong khoang thoi gian chiét tir 45 dén 90 phat (Hinh 3), ching t6 khong co phan tmg oxy
hoa - khir xay ra trong qué trinh ly trich. Piéu nay dat dugc do phan 16n oxy di dugc loai
khoi dung dich ly trich bang khi Argon va viéc bd sung ascobic acid c6 tinh khir d4 loai trir
hoan toan phan mg oxy héa AsIII. Bén canh d6, diéu kién chiét lanh & 10°C gitip ngan can
su khir AsV boi ascobic acid. Toém lai, nghién ciru da chimg minh dwoc phuong phép ly trich
dugc dé xuét co hiéu nang va do dac hiéu twong duong véi phuong phap chiét sir dung vi
so6ng [17], nhung c¢6 wu diém 1a dé thyc hién va khong doi hoi phai c6 thiét bi vi séng chuyén
dung.
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Hinh 3. Anh huong cia thoi gian ly trich dén tong ham luong As linh dong va sy 6n dinh cia dang
AslIL, AsV (biéu thi qua ty 18 AsIII/AsV).

3.5. Phan tich ham lwong AsIIl, AsV trong mau bui dwong

Bang 1. Ham lugng cac dang As co6 trong bui dudng.

Vi tri t.As iAs AsllilI AsV Aslll/AsV
Khu vuc D-1 5,79 1,32 0,47 0,85 0,55
Xung quanh D-2 6,89 1,59 0,95 0,64 1,48
nha may tron D-3 5,23 1,23 0,42 0,81 0,52

bé tbng D-4 7,18 1,67 1,15 0,52 2,21
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Vi tri t.As iAs Asllil| AsV Aslll/AsV
D-5 5,32 1,27 0,42 0,85 0,49
D-6 6,46 1,41 0,88 0,53 1,66
D-7 5,46 1,29 0,46 0,83 0,55
D-8 5,96 1,38 0,72 0,66 1,09
D-9 5,21 1,25 0,41 0,84 0,49
Khu vuc D-10 5,02 1,15 0,32 0,83 0,39
céch xa nha D-11 5,64 1,44 0,37 1,07 0,35
may tron bé D-12 5,08 1,11 0,33 0,78 0,42
tong D-13 4,72 1,05 0,31 0,74 0,42
D-14 521 1,21 0,38 0,83 0,46

Don vi: mg/kg; t.As: Ham luong As tong s6; iAs: Tong ham lugng As vo co ly trich duoc (AsIII+AsV).

Két qua (Bang 1) cho thiy luong As vo co linh dong chi chiém khoang 21-25% tong
luong As c6 trong bui, do d6 cac danh gia vé mirc d 6 nhiém As trong bui cAn quan tm hon
dén dang linh dong hon 1a dang tong dé ¢ thé phan anh chinh xéc tinh trang 6 nhiém. Cuy
thé, ham luong trung binh cua As tong 1 5,65 mg/kg, cao hon 4 1an so v6i ham lugng trung
binh cua iAs (1,31 mg/kg), nhu vay viée st dung két qua As tong dé tinh toan cac hé s6 danh
gid moi truong cd kha niang s& gy ra canh bio qua mirc thuc té vé tinh trang 6 nhidm hién
hitu din dén nhitng sai 1dm vé hoach dinh chinh sach ciing nhu tao ra tim Iy bat an cho cu
dan sinh song gan ngudn phét thai. Hién nay ¢ Viét Nam chua c6 nhiéu nghién ciru vé ham
luong As trong bui dudng ma dic biét 1a danh gia ham luong cac dang As tai cac ngudn phat
thai nhiéu As, do d6 két qua ctia nghién ctru s& dong vai trod tién dé cho cac nghién ctru tiép
theo vé linh vuc nay.

Két qua con cho thiy su phan hoa rd rét vé thanh phan AsIII va AsV ¢ khu vuc phéi tron
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Hinh 4). Theo d6, ham lugng AslII, dang As ¢6 doc tinh cao, & khu vuc lan can dia diém
tron bé tong c6 xu hudng cao hon nhirng khu vuc xung quanh. Piéu nay chimg to hoat dong
phdi tron bé tong ciing 13 mot ngudn gay phat thai AsIII vao méi truong. Bén canh dé, xu
hudng trén chi co thé quan sat o rét khi thuc hién danh gia ham luong AslIlIl, AsV, trong khi
can ctr vao ham lugng As tong thi xu huéng nay kha md nhat (Hinh 5).
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Hinh 4. Phan hoa vé ty 1¢ AsIII/AsV giita khu vue  Hinh 5. Phan bé ham luong As tdng va AslII trong
phat thaiva khu vuc 1an can. mau bui tai cac dia diém nghién ctru.

4. Két luén

Nghién ctru da t01 uu quy trinh phan tich riéng dang As vo co (Aslll, AsV) trong bui
duong, cac thong s t6i wu dam bao cho qua trinh chiét hoan toan AsIII voi APDC. Bén canh
do, qua trinh ly trich As v6 co linh dong da dugc thiét ké dé khong lam anh hudng dén luong
As ly trich dugc ciing nhu sy 6n dinh cta AsIII va AsV. Quy trinh dugc nghién ctru c6 cac
vu diém so vdi cac quy trinh da dugc cong b trén thé giGi [17] nhu: 1-Chi can sur dung
nhiing thiét bi xtr Iy mau co ban ma khong can dén thiét bi pha mau vi song hién dai; 2-Quéa
trinh chiét AslIII, AsV dugce thue hién dya trén phuong phap chiét long - l6ng don gian hon
SO V01 ky thuat sic ky long hiéu ning cao. Mic du quy trinh dé xuat co uu diém 1a dé thyc
hién véi chi phi thap, tuy nhién ciing c6 mot sé nhugc diém khi so sanh voi k§ thuat HPLC-
ICP-MS d6 1a khong thé phan tich dong thoi cac dang asen hitu co va thoi gian phéan tich kéo
dai.

Phuong phap sau khi chimg minh dugce dg chon loc va d§ ding, thong qua viéc phan tich
mau chira cac chét gay nhidu nhu Al, Fe, Ca, DMA, MMA va so sanh v6i phuong phap chiét
tiéu chuan [17], da duoc tmg dung vao phén tich cac riéng dang As v co linh dong trong
mau byi dudng ¢ khu vuc nha may phdi tron bé tong & Thanh phd H6 Chi Minh. Mic du két
qué phén tich ham lugng As tong trong cic mau bui duong déu thap hon mirc quy dinh 15
mg/kg (QCVN 03-MT:2015/BTNMT) va ciing thap hon muc trung binh chung cua thé gidi
[18-20]. Tuy nhién, dua vao su phan bd ham luong AsIII & khu vuc khao sat, nghién ctru da
chi ra rang hoat dong phdi tron bé tong da gop phan lam phat tan mot luong AsIII vao moi
truong.

Tt nhing két qua nghién ctru hién tai, nghién ciu dé xuat mé rong khu vuc ldy mau, da
dang hoa mau tir cac nguon phat thai khac nhau, cting nhu theo doi sy bién dong ham luong
As v6 co theo muia. Tlr d6 dé hiéu 16 hon cac yéu tb tic dong dén ham luong cac dang As vo
co trong bui duong, phat hién cac nguy co tiém tang va dwa ra cac canh bao kip thoi cho cong
dong.

bong gop cua tac gia: Xay dung y tuong nghién ciru: N.T.Q.T., N.T.H.; Thu thap dir lidu:
N.T.Q.T., N.-T.H.; Xtr Iy s6 liéu: N.T.Q.T., N.T.H.; Viét ban thdo bai bao: N.T.Q.T., N.T.H.;
Chinh stra bai bao: N.T.H.

Loi cam on: Bai viét thuoc dé tai nghién ciru khoa hoc c6 ma sé CSB2022-45 clia Truong
Pai hoc Sai Gon. Nhom tac gia tran trong cam on Truong Pai hoc Sai Gon da tai trg cho Bé
tai
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Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién ctru trudc day;
khong c6 su tranh chap 1oi ich trong nhom tac gia.
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Research to determine As(l11), As(V) content in road dust near
concrete mixing plant in Ho Chi Minh City by liquid-liquid
extraction method based on complex formation mechanism with
APDC reagent

Nguyen Thi Quynh Trang '*, Nguyen Thi Hoa?
! Faculty of Environment, Saigon University; trangntm@sgu.edu.vn; nthoa@sgu.edu.vn

Abstract: The presence of arsenic (As), particularly inorganic arsenic (iAs), in road dust
can have detrimental effects on both the environment and human health. Assessing the
impact of arsenic is unique because its various species have differing toxicities; iAs is more
harmful than organic As, and Aslll is more toxic than AsV. In this research, we optimized
the extraction parameters for mobile As species using phosphoric acid and successfully
extracted Aslll into the organic phase through a complexation mechanism with APDC. Our
method exhibits high selectivity even in the presence of interfering elements like iron,
calcium, aluminum, monomethylarsonic acid (MMA), and dimethylarsinic acid (DMA),
with a remarkable detection limit of 0.05 mg/kg. When applied to road dust samples from
different areas in Ho Chi Minh City, this procedure revealed distinct variations in the
composition of As species. These findings underscore the procedure's effectiveness in
supporting efforts to manage and monitor dust pollution.

Keywords: Arsenic speciation analysis; Liquid-liquid phase separation; Road dust.
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