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TOM TAT

Trong bai bao nay chung tdi trinh bay
phuong phéap chiét déng thoi cac ion kim loai
ndng As, Cd, Cr va Pb trong mau nuéc
nhiém mén bang ky thuét chiét pha rén két
hop véi viéc phéan tich bdng phé hép thu
nguyén tir - nguyén tr héa bang 16 graphite.
Theo do, As(V) dwoc khi thanh As(lll) trong
dung dich natri thiosulfate 0,5 % trwdc khi
cho tao phtc véi ammonium  pyrroli-
dinedithiocarbamate (APDC). Phan (g giira
céac ion As(lll),Cd, Pb véi APDC xay ra tét &
pH 4,0 va pH 4,7 tbi wu cho phan (ng cia
Cr(llN/Cr(VI1). Cac dang phtrc Me-PDC khdng

phén cuc duoc chiét bdng SPE-C.g. Ngoai
loi ich loai b6 nén mudi, ky thuat chiét pha
rén con gitp lam giau chat phan tich dén 20
lan. Céc yéu té anh hudng Ién tin hiéu do
cling nhw qué trinh chiét duoc khdo sét
nhdm Ilwra chon céc théng sé tbi wu cho quy
trinh phan tich. Giéi han phat hién cia
phuong phép cho céc nguyén té As, Cd, Cr
va Pb I&n Iuot 13 0,328 ug/L; 0,011 ug/L;
0,080 ug/L va 0,109 ug/L. Quy trinh d& dwoc
4p dung thanh céng trén nén nuéc nhiém
mé&n va nuéc bién duoc thu thdp & tinh Tién
Giang.

Ttr khod: Arsen, Cadmium, Chromium, Chi ; GF-AAS, chiét pha rdn, APDC, nwéc nhiém mén.

MO PAU

Kim loai ning trong moi truong nuwdc nhiém
man rat da dang vé s6 luong ciling nhu ham
lugng, trong sb d6 nhom 4 nguyén to As, Cd, Cr
va Pb thuong dugc quan tdm trong cdc nghién
ctru vi chiing ¢6 doc tinh cao va ton tai kha pho
bién [1-6].Ham lugng trung binh cua cac ion nay
trong nudc bién Viét Nam dao dong & khoang vai
ug/L[1].Dé dinh luong dugce chiung doi hoi thiét
bi phan tich phai c6 do nhay cao va 6n dinh. Hién
nay, phuong phéap thich hop cho yéu cau xac dinh
luong Vét cac ion kim loai nay dugc st dung

nhidu nhat 1a GF-AAS va ICP-MS. Tuy c6 do
nhay cao nhung ca hai phuong phap thuong bi
anh huong nghiém trong bai nén mudi khi &p
dung cho miu nuéc nhidm man va nuéc man. Dé
loai trir &nh hudng ndy, cac quy trinh phén tich
thuong 4p dung k¥ thuat chiét nham loai bo nén
mau ciing nhu 1am gidu chét phéan tich gidp mé
rong duoc kha nang ung dung cua thiét bi phan
tich. Mot trong s6 d6 1a quy trinh hap phu phuc
Me-PDC duoc tao gitra ion kim loai vai APDC
lén pha tinh cua c6t SPE-Cig va duoc giai hip
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bang dung mdi hiru co. Cac nghién ciru cho thay
Cd, Pb, Cr(VI), As(ll) tao phuc véi APDC trong
khoang pH = 2+6 [2], As(V) khdng tao phic vai
APDC ¢ pH > 3 [7]. Trong méi truong acid (pH
< 6), Cr(VI) ton tai cha yéu ¢ dang HCrO, [8] va
phan tng véi anion pyrrolidine dithiocarbamate
tao thanh Cr(IIl), sau d6 Cr(Ill) phan tng voi
APDC tao thanh hai dang phuc la tris-
[pyrrolidine-1-dithioato-S,S]-Cr(I1l)  va  bis-
[pyrrolidine-1-dithioato-S-S']-[pyrrolidine-1-
peroxydithioato-O,S]-Cr(I11) [9,10]. Quy trinh c6
wu diém: chiét tach ddng thai nhiéu kim loai khac
nhau, loai bo triét &é nén mau, hé sé lam giau cao
[11].

VAT LIEU VA PHUONG PHAP

Vit liéu

Thiét b;

May quang phé hap thu nguyén tir GF-AAS
(Analytik Jena Zeenit 700P — Buc). Bo chiét pha
rain (Restek — Hoa Ky) + Bom chan khong
(Neuberger — Btic). May chung cét acid siéu sach
(DuoPur — Milestone — buc)

Hoa chat

Acid nitric siéu sach; acid chlorhydric; acid
monochloroacetic (MERCK); methanol;
chloroform (J.T.Baker)

Dung dich chudn As(V) (1000+2) mg/L; Pb
(1000£2) mg/L; Cd (1000+2) mg/L; Cr (lII)
(999+2) mg/L (MERCK); Cr (V1) (998+2) mg/L
(Inorganic Venture) APDC, Na,S,0;, NaOH,
Mg(NO3), (1 %), NH;H,PO, (0,1 %); Pd(NOs),
(1 %) (MERCK)

Pém CH,CICOOH/CH,CICOONa (2,5M,
pH=3)

Phwong phap nghién ciru
Quy trinh tao phuc

L4y chinh x&c 250 mL dung dich miu, thém
5 mL dung dich dém, chinh pH vé 4,7 bing
tai 1ap trén cac nén mau khac nhau va do tai lap
(0 tai 1ap trén cac nén mau khac nhau va d6 tai

NaOH 1M. Thém 5 mL Na,S,03 25 % , dun cach
thay & 95°C trong 30 phut. Sau d6 thém 2,5 mL
APDC 1% va dun & 80°C trong 20 phut. Dé
ngudi, chinh vé pH 4,0 bang CH,CICOOH (1 %).
Quy trinh chiét pha rdn

Hoat hda cot SPE-Cis: Nap 10 mL MeOH
qua cot (thdi khd cot) > 20 mL nuéc cit > 10
mL dung dich dém + APDC c6 ndng do tuong
duong ndng d6 trong dung dich mau. Tdc d6 nap
céc dung dich khoang 1 - 2 mL/pht.

Nap mau qua cot: mau duoc nap tu dong qua
cot nho lyc hit cia bom chan khéng, diéu chinh
van xa chan khong dé duy tri téc do nap mau
khoang 25 mL/phdt, trang rira binh chira mau
bang 20 mL dung dich dém + APDC.Ra giai: 10
mL dung dich CHCI; : MeOH = 7:3 (v/v) dugc
nap qua cot vai tée do khoang 1 —2 mL/phut.

Quy trinh xi ly mau

Pha hiru co thu dugc sau qué trinh ria giai
dugc dun trong bép cach thiy & nhiét d6 khoang
60-70°C dén khi day erlen con thoang hoi 4m, dé
ngudi. Thém 2 mL HNO; dam dic, dun trén bép
dién dén khi hét khoi nau & nhiét do khoang 80 —
100°C dén khi xuat hién ba 4m thi ngung xt ly.
Dé nguoi, dinh mic dén thé tich 10 mL bang
dung dich HNOs1 %.

Khdo sat cac yéu té anh hirong

Véi muc dich t6i wu diéu kién chiét dong
thoi 4 ion kim loai As, Cd, Cr, Pb va xac dinh
muc d6 anh huéng cua céc yéu td gay nhidu cho
quy trinh phan tich,cac yéu té gém chat bién tinh
nén mau, do lap lai cua thé tich tiém, khoang pH,
ndng d6 APDC, thoi gian bén cua phuc, ndng do
NaCl duoc khao sét.

Thdm dinh phirong phap [12]

Nhim danh gia chit lugng, do tin cdy cua
phuong phap phan tich, cac thong sé dugc thuc
hién bao gom: gigi han phét hién, giéi han dinh
luong, do lap lai cua phuong phap, do tai lap (d6

lap qua cac ngay phan tich khac nhau), d6 ding
(dugc danh gia qua hiéu sudt thu hdi). Cac
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thong s6 dwoc danh gia theo tiéu chuin CAC
(Codex Alimentarius Commission) [13].
KET QUA VA THAO LUAN
Chit bién tinh nénmiu va d¢ 13p lai ciia thé
tich tiém

Tién hanh khao sat tin hiéu do cua céc
nguyén tb véi ba loai chat bién tinh nén miu 1a
Mg(NOs),, NH,H,PO,, Pd(NO;),. Chat bién
tinh duoc lua chon Ia chat khéng anh hudng
dén tin hiéu do, cho peak hap thu d6i xing nhat
va d6 nhay cao nhit. Nhu vay,theo két qua
khao sét chang toi chon cac chat bién tinh cho
phan tich ting ion kim loai As, Cd, Cr va Pb
lan lugt 13 PA(NO3),, NH4H,PO, Mg(NO3),,
NH4H,PO,.
Nhamdanhgia d6 6n dinh cua thiét bi thong qua
thé tich tiém khi may tu dong hit mau & céc thé
tich khéc nhau. Tién hanh khao sét trén dung

dich Pb 50 pg/L & céc thé tich tiém mau la 5
uL; 10 pL va 15 pL. O mdi thé tich tiém phan
tich Ip lai 5 lan thu dwoc gia tri RSD lan luot
1a: 1,08; 2,39 va 2,35%. Theo cdng bé cia nha
san xuat Analytik Jena, d6 chéch cua cac lan do
khong dugc vuot qua 3 %. Nhu vay, thiét bi
GF-AAS Zeenit 700P hoat dong tot, cac gia tri
phan tich dugc khéng bi anh hudng boi thiét bi
do.
Phuwong trinh hdi quy tuyén tinh, h¢ sb
twong quan, giéi han phat hién va giéi han
dinh lwgng

Bang 1 cho thiy cac phwong trinh duong
chuan xéac dinh As, Cd, Cr, Pb c6 hé sb tuyén
tinh cao. Cac gia tri LOD, LOQ tir duong
chuan khé thap, khi két hop vai qué trinh 1am
giau mau s& giup lam tang do nhay cua phuong
phap.

Bang 1. Phuong trinh hoi quy va cac thong s6 R?, LOD, LOQ cua As, Cd, Cr, Pb

Nguyén t6 | Phwong trinh hdi quy R? LOD (ug/L) | LOQ (ug/L)
As y = 0,0029x + 0,0009 0,9992 1,84 6,15
Cd y =0,1102x — 0,0035 0,9989 0,082 0,273
Cr y =0,0082x — 0,0052 0,9965 0,801 2,67
Pb y = 0,0047x + 0,0040 0,9985 1,29 4,31
Khoang pH tdi wu va nong d9 APDC
0.30 -Abs
Khi dun néng ¢ diéu kién 80°C trong 20 0.5 -
phut, két qua & Hinh 1 cho thiy Cr(VI) tao phuc
tt trong khoang pH tir tir 3,5+5,0 trong khi do6 020 1
Cr(111) chi c6 thé tao phirc tét trong khoang pH tir 0.15 -
. £ 2R AliAe 4A - =o—Cr(Il)
4,5+5,0. Do do, d¢ chiet dong thoi 2 dang Cr(l1I) 0.10 -
va Cr(V1) khoi nén méu,‘chung t6i chinh cia pH 005 | —==Cr(VI)
dung dich vé pH 4,7 bang NaOH 1M roi dun Ddi chimg pH
0.00 . :

néng. Tiép theo s& chinh pH vé 4,0 bing
CH,CICOOH (1 %) dé dugc phan tng tao phuc
gitra As(I11) va APDC.

3.5 4 4.5 5

Hinh 1.Anh huéng ciia pH 1én kha ning tao phurc ctia
Cr(lI1) va Cr(VI)

Trang 85




Science & Technology Development, Vol 17, No.T3- 2014

035 Abs
0.30 -
v +
0.25 - .
0.20 - ﬁ\. ——As
—i—Cd
0.15 - B
Cr
0.10 - -
0.05 -
0.00 YAPDC
0.01 0.05 0.10

Hinh 2. Anh huong cua néng do APDC 1én kha ning
tao phtrc cua ion As(Ill), Cd, Cr, Pb

Tir két qua & Hinh 2 nhan thiy hiéu suat
chiét ca bdn ion kim loai khong ting khi ting
nong d6 APDC trong mau va nong do céc ion
kim loai trong mau thuc té khong nhiéu, do d6 dé
tiét kiem APDC, ching t6i st dung ndng do
APDC trong dung dich mau la 0,01%.

Nhiam danh gia hiéu qua cia phwong phap
vira nghién ctu, chung toi ap dung cac diéu kién
d3 t6i wu vao quy trinh chiét mau tu tao (mau gia
¢6 ham luong NaCl 3% (m/v), ham luong As(V):
5 ug/L; Cd: 0,1 pg/L; Cr(l): 1 pg/L; Pb: 1 pg/L.
Két qua hiéu suit thu hdi cho cac nguyén t As,
Cd, Cr, Pb lan luot 1a 90,4%, 91,2%, 86,3%,
96,1%.

Thoi gian bén ciia phirc va anh hwéng cia
ndng d9 NaCl

100.8°-

80.0 -

600 |  —m—cqd

400 - Cr
——Pb

200 -

0.0 T T T Phut
5 30 120 300

Hinh 3.Murc d6 phan huy cua phuc tao gitta APDC va
cac ion As, Cd, Cr, Pb theo thoi gian

023 Abs

0.2 1 . . —=As
015 - w=Cd

Cr

0.1 1 i Dhy
0,05

0 ' %NaCl

2.8 5 10

Hinh 4.Anh huéng cua nong do NaCl (% m/v) lén kha
nang chiét cac ion As, Cd, Cr, Pb

Céac phuc hinh thanh gitra ion kim loai va
APDC c6 khoang thoi gian ton tai nhat dinh, theo
thoi gian cac hop chat s& tu phan huy. Do d6, néu
céc phirc nay chi bén trong khoang thoi gian ngan
s& gay kho khan cho viéc phén tich hang loat
mau. Hinh 3 cho thiy chi c6 phirc cua As(l11) voi
APDCIa khdng bén theo thai gian, cu thé néu sau
2 gio thi nong do phirc giam 20% va s& giam
30% sau 5 gio.

Nhu vdy, nham tranh sy phan hay phtc cua
As(I1) vd APDC, céc dung dich sau khi dugc
chinh pH V& 4,0 s& duoc nap ngay Ién cot SPE va
tién hanh cac giai doan chiét, xtr ly. Néu c6 nhiéu
dung dich trong moét loat thi nghiém, cac dung
dich chua dén luot nap Ién cot chiét s& khong
dugc chinh pH vé 4,0 @ tranh tao thanh phirc
As-PDC.

Bén canh d6, két qua & Hinh 4 cho thay ndng
d6 NaCl ¢ mtc 10 % m/v ciing khong anh huong
dén kha nang chiét cac kim loai. Nhu vay, ching
t6i nhan dinh rang quy trinh chiét phu hop cho
viéc phan tich ham lugng ion kim loai As, Cd,
Cr, Pb trong cac mau nuéc nhiém man.

Thim dinh phwong phap

Gi4 tri MDL va MQL duoc tién hanh bing
cach xac dinh 11 1an mau c6 ndng d6 thap (trong
khoang tir 5+7 lan gia tri LOD u6c lugng). Két
qua trong Bang 2 cho thdy gii han dinh luong
ctia phuwong phép 14 rat thap (<1 pg/L). Gidi han
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dinh luong cua phuong phap tuong duong véi ky
thuat ICP-MS [14], ngoai ra con ¢6 wu diém loai
trir triét dé nén mudi ra khoi dung dich do.

Bang 2. Két qua MDL va MQL ciia phuong phap

Nguyén t6 MDL (ug/L) | MQL (ug/L)
As 0,328 0,984
Cd 0,011 0,033
Cr 0,080 0,242
Pb 0,109 0,328

Do lap lai cua phuong phap & cdc mac nong
d6 khac nhau duoc thuc hién bang cach tién hanh
phan tich lp lai 6 lan cac mau nudc nhidm man
c6 chira cac kim loai phan tich & cac muc ndng
do: thap, trung binh, cao. Do lap lai dugc danh
gia théng qua gia tri o léch chuan twong doi
RSD. Két qua tai Bang 3 cho thay céc thdng s6
déu thoa ngudng RSD (%) < 30 % tai nong do
thip hon 1 pg/L va RSD (%) < 21 % tai nong d6
thap hon 10 pg/L [13].

Bang 3. Két qua do lap lai ciia phuong phap & ba mirc ndng do thip, trung binh va cao

i Mirc thép Mirc trung binh Mitrc cao
Nguyén to = 0 = 0 = 0
C(ug/L) | RSD(%) | C(ug/L) | RSD(%) | C(ug/L) | RSD(%)
As 0,491 15 1,13 1,9 2,38 5,4
Cd 0,022 13 0,135 4,8 0,309 3,6
Cr 0,442 9,7 1,43 3,7 3,63 3,4
Pb 0,202 11 1,14 6,5 3,25 4,9

Do tai lap cua phuong phdp qua cac ngay
phan tich duoc danh gia qua viéc phéan tich mau
nudc nhigm man ¢ nong do cac chat phan tich ¢
muc trung binh trong 6 ngay lién tiép va so sanh
két qua do léch chuan trung binh. Két qua phan
tich cho thdy %RSD trong qué trinh phan tich cua
4 nguyén té khao sat dao dong trong khoang 4 - 7
%, dodo thong sb khao sat nay dat yéu cau cua

tiéu chuan CAC [13].D6 tai lap ctua phuong phap
trén cac nén miu khac nhau dwoc danh gia thong
qua gié tri do léch chuan trung binh tinh tir 6 1an
phan tich l3p lai cua 2 loai nén mau la:nuéc
nhidm man va nuéc bién. Két qua duoc trinh bay
trong Bang 4 cho thiy cé4c gia tri %RSD déu dat
yéu cau [13].

Bang 4. Két qua do lap lai ciia phuong phap trén nén mau nude nhiém min va nudc bién

Neuvén 4 Nudc nhiém min Nudc bién
guyen o C(ugl) |RSD(%) | C(ugll) |RSD(%)
As 1,81 45 4,32 3.4
Cd 0,10 9,8 0,16 5,8
Cr 0,79 55 1,40 48
Pb 0,96 8,4 2,46 3,2

Do dung cua phuong phap dugc danh gia
thong qua hiéu suit thu hoi cua cac mau thém
chuan & cac mic nong d thap, trung binh va cao.
Két qua tir Bang 5 cho thay hiéu suat thu hdi cua

cac nguyén té6 & 3 mirc ndng d6 déu nam trong
gii han 40 = 120 % ddi v&i ndng do nho hon 1
ng/L va 60 = 115 % d6i véi ndng d6 nhoé hon
10ug/L [13].
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Bang 5. Két qua hiéu suét thu hdi cua phuong phap & ba mirc ndong do

As
Nong d6 thém chuan (ug/L) 1,00 2,00 4,00
Hiéu suét thu hoi (%) 86,5 86,7 88,7
Cd
Nong d6 thém chuan (ug/L) 0,05 0,10 0,30
Hiéu suat thu hoi (%) 109,9 86,5 86,7
Cr
Nong dQ thém c‘huén (ng/L) 0,50 1,00 2,00
Hiéu suat thu hoi (%) 112 89,3 90,8
Pb
Nong dd thém chuan (ug/L) 0,50 1,00 3,00
Hiéu suat thu hoi (%) 84,7 90,6 92,4

Sau khi thuc hién khao séat cac théng sé tham
dinh va so sanh gid tri thu dugc vGi ngudng cho
phép cua tieu chuin CAC (Codex Alimentarius
Commission) [13] ching t6i két luan rang céc
thong s6 tham dinh hoan toan dat yéu cau va do
d6 phuong phap « Chiét ddng thai As, Cd, Cr va
Pb trong nudc nhidm man va phan tich bang pho
hip thu nguyén tir khong ngon lira (GF-AAS) ”

c¢6 day du tinh tin cay theo tiéu chuan ISO/IEC
17025:2005.

Két qua phan tich mt s mau thuc té

Phan tich mot s6 mau thuc té theo quy trinh da dé
xuit. Mau duoc lay tai dia ban tinh Tién Giang,
gom 2 ddi twong mau 12 mau nudc nhiém man va
mau nudcbién. M&i déi tuong dwoc phan tich 5
lan 13p lai va tinh gigi han tin cay tir phan b

dugc chitng minhla mét phuong phap phéan tich

Student.

Bang 6. K&t qua phan tich trén mau nudc nhiém mén va mau nude bién

MaAu nuée nhidm min

x Ham1
Miu | aCroh | Catal) | CoouglL) Cedug/L) Crn(Mg/L)
1 0,53 4,28+0,22 0,0560+0,0070 0,774+0,071 1,270+0,070
2 0,66 3,22+0,23 0,1040+0,0080 1,400+0,070 1,380+0,090
3 0,41 7,75+0,35 0,178+0,017 0,698+0,072 1,930+0,080

MAu nuéc bién

x Ham
Mau I\Ell :(l:llz%g Cas(Hg/L) Cca(Hg/L) Cer(Hg/L) Cro(Hg/L)
1 2,86 3,54+0,26 0,231+0,018 1,100+0,060 0,893+0,089
2 3,25 5,10+0,21 0,077+0,011 1,520+0,080 2,430+0,090
3 2,93 3,20+0,17 0,127+0,011 2,69+0,13 1,90+0,14

Trang 88




TAP CHi PHAT TRIEN KH&CN, TAP 17, 80 13- 2014

Céc két qua phan tich tir Bang 6 cho thay
ham lugng kim loai ning trong cac mau kha thap
(As: 2,90ug/L — 7,75 pg/L; Cd: 0,0560 pg/L —
0,231 pg/L; Cr: 0,698 pg/L — 3,78 ug/L; Pb:
0,893 pg/L — 2,43 pg/L) va déu nam trong mirc
cho phép theo cac Quy chuan Ky thuat Qudc Gia
vé ngudén nuéc cia Bo Tai Nguyén va Moi
Truong Viét Nam.

KET LUAN

Quy trinh chiét ddng thoi cac kim loai As,
Cd, Cr va Pbtrong nudc nhiém man bang phuong
phép chiét pha ran va xac dinh bang ky thuat GF-
AAS di dugc xay dyng va thim dinh thanh cong.
Két qua phan tich ham lwong kim loai ning trong
cac mau kha thdp (As < 10,0 pg/L, Cd < 0,5
Hg/L, Cr < 4,0 ug/L, Pb < 3,0 ug/L) va mét lan
nita khang dinh vai trd khong thé thiéu cua qué
trinh chiét loai nén va lam giau chat phan tich
trong cac quy trinh phéan tich kim loai nang trong

nuwdéc néi chung va nuéc nhiém min noi
riéng. Gidi han phat hién cua phuong phap cho
cac nguyén té As, Cd, Cr, Pb lan luot 1a ,328
po/L; 0,011 pg/L; 0,080 pg/L; 0,109 pg/L. Véi
ngudng néng do phat hién rat thip nay, quy trinh
hoan toan c6 kha nang ap dung thuc té trong viéc
kiém soat, danh gia ham lwong As, Cd, Cr, Pb c6
trong cac loai mau nudc.
LO1 CAM ON: Nhém tac gia xin chan thanh cam
on dén c&c bgn va thay co cong tac tai B6 mon
Hoa Phan Tich, Khoa Héa Truong Pai hoc Khoa
hoc Tuw nhién, PHQG-TPHCM; cdc dong nghiép
cdng tac tgi Khoa Xét nghiém Dgc Chat TTYTDP
Tinh Tién Giang.
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ABSTRACT

In this paper we studied a simultaneous
extraction process of As, Cd, Cr and Pb in
waters by solid phase extraction technique
followedby  graphite  furnace  atomic
absorption spectrometry. Accordingly, As(V)
was reduced to As(lll) in 0.5 % sodium
thiosulfate prior to form Me-PDC complex
with ammonium pyrrolidinedithiocarbamate
(APDC). The complexation reactions were
optimized at pH 4.0 for As(lll), Cd, Pb and at
pH 4.7 for Cr(lll), Cr(VI). The non-polar Me-
PDC complexes were retained on SPE-

Cygcartridge. This method may help to
eliminate matrix interferences as well as
topreconcentrate the analytes at the factor of
up to 20 times. Parametersinfluence upon
the extraction procedure and analysis were
also investigated. Detection limits of method
was 0.328,0.011, 0.080 and 0.109 ug/L for
As, Cd, Cr and Pb, respectively. The method
has been successfully applied to the
determination of these metal ions in brackish
water and seawatercollected at Tien Giang
province.

Keywords:Arsenic, Cadmium, Chromium, Lead ; GF-AAS, solid phase extraction, APDC,

saline water.
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