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XAC PINH CADIMI TRONG MAU RAN MOI TRUGNG

BANG PHUONG PHAP VON-AMPE HOA TAN
Nguyén Thi Logi
Truong Pai hoc Thii Dau Mot

TOM TAT

Cadimi (Cd) la kim logi ndgng mdc du ton tai ¢ mac vét (c& ppm ~mg/l) va siéu vét (co
ppb = ug/l) nhung lai ¢ doc tinh cao [1, 2]. Theo mét so két qud phdn tich Cd trude day:
Nong do Cd thdp va thuong di kém véi cac kim loai khdc, dac biét 14 Fe véi ham lirong cao
nén khé xdc dinh. Bé phét trién phwong phdp xdac dinh Cd, bai bao xay ding quy trinh tach
Cd bang ky thudt chiét pha ran (SPE) két hop Véi phicong phdp phén tich von-ampe hoa tan
(SV) ding dién cuec mang bismut (BIiFE) insitu dwroc bién tinh bang nafion, dg diing ciia quy
trinh dwoc danh gid qua viéc phan tich mau so sdnh da dwoc cap chiing chi (CRM) va ap
dung thanh céng quy trinh d@é xdc dinh ham lrong Cd trong mgt s6 mau tram tich séng
Hurong — thanh pho Hué ( Gia Vién, Nga Ba Tudn, Bao Vinh...). Bai b&o nay da gép phan
nghién cizu phat trién BiFE cho phiong phdp SV va dp dung né dé xdac dinh leong vét kim
loai dgc Cd trong mét sé mau ran méi trieong.

Tar khéa: phuwong phap, von-ampe, hoa tan

1. GIOI THIEU (tich liy) 1én bé mat dién cyc lam viéc

Phuong phap von-ampe hoa tan hip  (WE) bang qua trinh hip phu. Quy trinh
phu (AdSV) vé co ban khac hoan toan v6i  phén tich theo phwong phap AdSV ciing
phuong phap ASV. Theo phuong phap  duoc thuc hién qua hai giai doan: giai doan
AdSV, phirc chit tao boi ion kim loai voi  lam giau va giai doan hoa tan [5, 6, 7, 8].
phdi tir c6 trong dung dich duoc lam giau
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Hinh 1: So do dién bién thé trén WE theo thoi gian doi véi qud trinh lam gidu
hai giai doan trong phwong phap DP-AASV
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Trong phuong phdp AdSV, khi ghi
duong von-ampe hoa tan, nguoi ta thuong
su dung ky thuat von-ampe xung vi phan
hoac song vuong... Khi do, phuong phap
cd tén goi tuong tng la von-ampe hoa tan
hip phu xung vi phan (DP-AdSV) va von-
ampe hoa tan hap phu séng vudng (SW-
AdSV). Tin hiéu hoa tan thu dugc c6 dang
dinh. Thé dinh (E,) va cudong do dong dinh
hoa tan (I,) phu thugc vao cac yéu té nhu:
thanh phan nén, thudc thtr tao phuc, pH, ban
chat cia WE, k¥ thuat ghi duong von-ampe
hoa tan... Trong nhimg diéu kién xac dinh,
Ep didc trung cho ban chat dién hoa ciia chat
phan tich va do do, co thé phan tich dinh
tinh dya vao Ep. I, ti 1¢ thuan véi nong do
cht phan tich trong dung dich va do vay, I,
la tin higu dung dé phan tich dinh luong.

2. THUC NGHIEM

2.1 Thiét bi

May VA 693 Proccessor va hé dién cuc
694 VA-Stand tit ca déu cua hang
Metrohm, Thuy Si. May phan tich di¢n hda
da ning CPA-HH5 do Viét Nam ché tao.

Cac dién cyc va binh dién phan: dién
cuc ran dia quay than thuy tinh, duong kich
28 £ 0,1 mm; dién cuc so sanh:
Ag/AgCI/KCI 3 M (dién cuc bac); dién cuc
phu tro: Pt; binh dién phan cua héang
Metrohm cé dung tich 80 mL.

Can phan tich Precisa XB 220A, Thuy
Si. May do pH 340 WTW, Duc.

May cit nuéc hai lan Aquatron cua
héng Bibby Sterilin, Anh.

H¢ SPE c6 gid do cho phép su dung
ddng thoi 12 cot chiét (Restek, Nhat) chua
nhia Chelex-100 dang Na* voi ¢& hat 100-
200 mesh  (Bio-Rad  Laboratories,
Richmond, CA, M¥). Bom nhu dong SMP-
21 Eyela, Nhat Ban.
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Micropipet Labpette cac loai: 10 + 100
pL; 100 + 1000 pL; 1000 + 5000 pL; cua
hang Labnet, M§.

Gitra cac phép do, hé dién cuc va binh
dién phan dwoc trang rira can than bang
HNO; 2 M, rdi bang nuéc cét hai 1an. Khi
khéng st dung, hé dién cuc va binh dién
phan dugc ngam trong HNO3; 2 M.

2.2. Hoa chit

Nuéc dung dé pha ché hda chat va
trang rira dung cu 1a nugc cat 2 lan.

Céc dung dich cta ion kim loai tao di¢n
cyc mang nhu: Hg'"; Bi"' va cac ion kim
loai khac nhu: zn" cd", Po" cu' va
Fe''.... ciing 1a cac dung dich gbc (1000
mg/L) dung cho quang phd hép thu nguyén
to cua hang Merck, Puc. Cic dung dich
trung gian va dung dich 1am viéc déu dugc
pha hang ngay tir cac dung dich gdc.

Céc dung dich axit HNO; (d = 1,41
g/mL) va CH3COOH (d = 1,05 g/mL) la
cia hang Merck, Buc. Dung dich NH;
dugc ché tao theo kiéu ding phi.

Cac héa chat NaOH, CH;COONa ciia
hang Merck, Duc.

Cac dung dich dém axetat 1,0M, amoni
axetat 2,0 M, Tris 0,2 M déu dugc pha tir
cac hoa chat ctia hang Merck, Dirc.

Thuéc thir tao phiic 2-mercap-
tobenzothiazole (2-MBT)dugc pha trong
ruou etylic 96° ctia hing Merck (Duc).

Dung dich Nafion 1% dugc pha loang
tor dung dich Nafion 5% (Fluka, Puc) véi
ruou etylic 96°.

3. KET QUA VA THAO LUAN

3.1. Khao sat anh hwéng cia nong do
Nafion bién tinh

Dién cuc sau khi bién tinh bang cac
dung dich Nafion khac nhau tién hanh phan
tich thu dugc ¢ bang 1, hinh 2.
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Bingl. Anh hiong ciia ty 1é thé tich Nafion va ruou etylic dén I, va Ep cua Cd

b (nA/ppp)
g

T T T T T ,
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Vnafion / V C,HgOH

z Vnafion:vrwqu
Théng so
1,0:2,0 1,0:35 1,0:5,0 1,0:10,0 1,0:20
[Cd"] (ppb) 5,0 5,0 5,0 35 40
Ep e (MV) (n =3) -841 -844 -850 -832 -832
lp,re (NA) (n = 3) 5647 6333 6100 2793 3320
(RSD, %) (2,3) (2,4) (2,6) (1,0) 1.4
b (nA/ppb) (n =3) * 1061 1245 1118 803 783
) b: hé s6 géc cia phwong trinh hoi quy tuyén tinh.
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Hinh 2. A). Anh hurong ciia 1 ¢ Viasion:V g dén hé so goéc (b); B). Cic dwong von-ampe hoa tan
ciia Cd 6 1y 18 Vaasion:Viueu = 1,0 2 5,0; mi lan thém 1,0 ppb Cd"

Két qua & bang 1 va hinh 1 cho thay:
Khi thay doi ty 18 Viafion:Veuou (n6ng do cua
Nafion bién tinh) thi thé dinh hoa tan ciia Cd
hau nhu khéng thay d6i. Khi ting nong do
cta Nafion trén bé mit glassic cacbon (GC)
lam cho bé day mang Nafion ting, mang
bismut kho tao ra trén bé mat GC nén I, cling
giam. Chon khoang ty 1¢ thich hop tir 1,0: 3,5
dén 1,0 : 5,0 cho cac nghién ciru tiép theo.

3.2. Khao sat anh hwong ciia pH dén
kha ning hap phu ion Fe'"

Tién hanh khao sat kha nang tach loai
Fe'' bang k§ thuat chiét pha rin (SPE) va
xac dinh Cd bang phuong phap AdSV; Két
qua thu dugc thu dugce & bang 2 cho thay,
chonpH: 2.4 + 2,7.

Bing 2. Khéi lwong ciia Fe bi giir lai trén 6t SPE 6 cac pH khac nhau

H Khéi lwgng cua Fe bi git lai trén cét SPE (mg) Hap dung cua nhwa
P A v, Vs V, Ve v, Chelex-100 (mg/g)
1,7 2,8 3,0 3,4 3,6 3,9 4,1 4.1 4,1
2,0 5,8 7,9 9,1 10,3 10,3 10,3 10,3 10,3
2,4 5,4 9,2 12,3 15,3 18,1 20,7 20,7 20,7
2,7 5,2 9,0 12,0 15,0 17,1 19,6 19,6 19,6
3,0 1

3.3. Khao sat anh huéng cia cac loai
dung dich hén hop axit

Cac thi nghiém dugc tién hanh: can
chinh xac mot khdi luong mau xac dinh (a
gam), chuyén mau vao bom Teflon. Sau do,
thém vao 5,0 mL bén loai axit va hon hop
axit khac nhau voi1 ty 1€ cua cac axit dam
dac 1a: HNOs, hon hop HNO3 va HCI (1:3),
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hon hop HNO3, HCI va HF (1:3:0,25), hon
hop HNO3; va HF (1:0,25). Sau khi thém
cac dung dich hdn hop axit, day chat nip va
cho vao ti sy & 110°C trong 24 gio. Sau
24 gid, binh Teflon duogc ldy ra va dé ngudi
dén nhiét ¢ phong. Tién hanh pha lodng,
loc va rira can béng nude cit 2 1an r6i dinh
mtc dén thé tich xac dinh, Vo, = 100 mL
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(ddpt). LAy ra mot thé tich xac dinh ddpt
(V1= 0,5 mL) cho vao binh dién, thém cac
dung dich sao cho néng d6 cudi cung cua
dém axetat 14 0,5 M, ion Hg" 13 10 ppm va
nuéc cit 2 1an vira di 10 mL. Tién hanh
xac dinh ndng do cia Cd" bang phuong

phap von-ampe hoa tan anot xung vi phan
(DP-ASV) dung dién cyc mang thiy ngan
in situ (MFE) va phuong phap thém chuan.
Mau trang dugc tién hanh nhu trén. Két qua
thu dugc ¢ bang 3.

Bing 3. Anh huong cia cdc loai axit dén viéc phan hity mau tram tich

Cac loai axit Khzéi liong t'é s do Th(“)”n g so ®

j mau am [CdT] (ng/Kg) b (nA/ppb) (n = 3)
HNO; (DDA1) 0,4995 0,054 48,1 0,168 + 0,002
HNO; + HCI (DDA2) 0,5128 0,054 42,9 0,122 + 0,002
HNO3+ HCI + HF (DDA3) 0,5082 0,054 142 0,182 + 0,003
HNO; + HF (DDA4) 0,5050 0,054 95,0 0,139 + 0,006

®. Kér qud trong bang da trir mau trang.

Chon hén hop axit véi ty 1&: HNOs: HCI : HF =1 : 3 : 0,25 dé phan hity mau tram tich song.

3.4. Xay dung quy trinh phan tich ham lwgng Cd

Cén a (gam) mu trim
tich (hodc mau dat) va
cho vao bom Teflon
dung tich 50 mL

—p| Trung hoa dén pH:

A 4

Liy V; mL dd A.

2,4+ 2,7 bang NaOH
05M

\4

Thém 5,0 mL hén hop
HNO;:HCI:HF
(1:3:0,25), day nip va
dé yén khoang 1 gio

Qua c6t SPE dang H*
véi v = 5,0 mL/phut.
Pinh mirc dén thé tich
V, mL (dd B)

Can chinh x4ac a (gam) rn?lu. Hoa
tan trong V, mL nudc cat 2 lan.

Thém 50mLCH;COONH,1,0
X M A\ 4
Chuyén dang bang]
10 mL Qua cot SPE (Chelex-
CHsCOONH,1M, —{ 100 dang NH,"), véi v:
voiv=5,0 5,0 mL/phat
mL/phat

A

v
Tién rira giai bang 20

\ 4
Van chat nép’ va
dua vao tu say.

Say & 110°C trong

\ 4
Liy V; mL dd B
dqm ¢O can trén
bep cach thuy &

Rira cot bang 30 mL

nudC cat 2 1an, voi

=4,0-+5,0 mL/phat v

mL CH3;COONH,40,1 M,
véiv=25+30

v

24 gioy 95°C
v
Thém nudc cét 2 lan, Xéc dinh néng do Cd"
loc, rira sach két tia. béang phuong phap DP-
Dinh muc dén thé tich ASV va SW-AdSV
V, mL (dd A) dung BiFE-bt

Hinh 3. Quy trinh tach Fe" rong

mau tram tich (dat) bang ky thugt

SPE va xdc dinh Cd" bang phirong
phdap DP-ASV va SW-AdSV

Rura giai bang 6,0 mL

Tai su
dung cot

HNO3 2 M (V4), véi v
=1,3+1,8 mL/phat

v
Lay V, mL dung dich
rira giai dem c6 can
trén bep cach thuy &

A\ 4
Xac dinh ndng d¢ Cd"
bang phuong phap SW-
AdSV dung BiFE-bt

Hinh 4. Quy trinh tach va lam giau
Cd trong mau héa chat tinh khiet

bang ky t

hudt SPE va xdc dinh bang

phuong phap SW-AdSV dung dién
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cuc BiFE-bt
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3.5. Ap dung thuec té
Xdc dinh dj dung cua quy trinh phdn
tich Cd trong tram tich

Dé xac dinh do dang cia quy trinh xac
dinh ham lugng Cd trong cac mau tram tich

song, chung t6i tién hanh trén mau chuan
tram tich sdng 1a mau vat liéu so sanh dugc
cAp chung chi (GBW 07301a) do Vién
Nghién ctru Tham do Pia vat ly va Dia hdéa
Trung bang hai phuong phap:

Bing 4. Két qua xdc dinh do diing ciia phiong phéap ASV doi véi mau chudn

[Cd"] trong binh dién phan (ug/L) Ham  luong
Thi nghiém - - - Cd trong mau | Rev (%)
Lan 1 Lan 2 Lan 3 Crgts(n=3) (ng/g)
TN1 0,406 0,410 0,361 0,392 +0,027 | 0,133 118,6
TN2 0,427 0,310 0,355 0,364+ 0,059 | 0,121 109,8
TN3 0,358 0,318 0,269 0,315+ 0,045 | 0,099 90,08

Bing 5. Két qua xac dinh d6 dung ciia phuong phap AdSV ddi voi mau chuan

[Cd"] trong binh dién phan (ug/L) Ham luvong Cd
Thi nghiém - - - trong mau | Rev (%)
Lan 1 Lan 2 Lan 3 Crgts(n=23) (no/g)
TN4 0,520 0,493 0,420 0,478 + 0,052 0,098 89,09
TN5 0,309 0,276 0,249 0,278 + 0,030 0,102 92,75

Két qua phan tich ham lugng Cd trong
mau chudn bang hai phuong phap ASV va
AdSV khong c6 sy khac nhau c6 nghia vé
mit thong ké & xac suat 95%. Theo [4], da
chép nhan phuong phap DP-ASV la phuong
phap chuan ding dé xac dinh mét s6 kim loai
nhu Zn, Cd, P va Cu, va do d6 co thé chép
nhén két qué ctia phuong phap AdSV.

T két qua phéan tich ham lugng cia
Cd, tinh toan gid tri d§ léch chuan tuong
d6i (RSDprn) 14 14,13%. Dwa vao cong
thire tinh d6 1éch chuan twong ddi theo ham
Horwitz W (RSDy). tinh toan duoc gia tri
RSDy & nong d6 0,2 (ug/g) 1a 20,39%. Do
vay, d0 lap lai 1a rét tot.

Chap nhan gia tri ham luong ciia Cd
trong mau chuan GBW 0730lala: p=C
+ Si= 0,11 % 0,03, véi n = 6. Tién hanh so

sdnh gia tri trung binh xdc dinh dugc voi
gia tri thuc ta co:
= @ x N =0,143< tgy,
(P=0,95f=4)=2,78
Do d6, ham luong Cd trong mau chuan
GBW 07301a: Cyg = 0,111 (ug/g) va S =
0,01563 (n = 5) la chdp nhan. Hodc tir két
qua ciing c6 thé tinh toan so sanh voi ham
Horwitz W. Cy thé 1a:

Sai sb tuong ddi cua thi nghi¢m, REty
=+ 0,91%, trong khi d6 sai s6 twong dbi
cho phép ctua phong thi nghiém tinh theo
Horwitz W., REpty = £ 13,8%.

Mau tram tich séng

Tién hanh phan tich mau thuc té tram
tich séng Huong thu dugc két qua & bang 6

tTN

Bing 6. Két qua xdc dinh ham lwong Cd trong mdu tram tich séng Huong

Ham lwong Cd, Cret S® (n = 3) (ug/g)

C z = x (b)

Vitri/ Dot lay mau Mau DP-ASV (MFE)® SW-AASV (BIFE-b))” d
NaE ba Tudn / TT11 0,453 + 0,103 1,494 + 0,047 1,041
Dg?o 1"" uan TT12 9,383 = 0,029 8,116 + 0,039 1,267
: TT13 1,581 + 0,052 2,153 + 0,032 0,572
TT21 10,56 + 0,023 12,75 + 0,020 2,185

Gia Vién / Dot 2 TT22 4,393 + 0,035 2,845 + 0,094 1,548
TT23 9,073 + 0,058 8,342 + 0,030 0,731
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TT31 2,216 + 0,090 1,296 + 0,034 0,920
Bao Vinh / bot 3 TT32 1,901 + 0,046 1,667 + 0,092 0,234
TT33 4,906 + 0,087 7,933 + 0,048 -3,027

@S- dp léch chuan; ® d: hiéu sé gitta cdc két qua ciia 2 phwong phdp ASV va AdSV.

Ham luong Cd trong cac miu trim tich
song Huong déu cao hon so voi mic quy
dinh tam thoi — 1a mirc ¢6 thé tac dong bat
loi, nhung khong quan sat dugc theo tiéu
chudn Canada (CEQG, 2002) quy dinh ddi
véi trAm tich nuéc ngot dé bao vé moi
trudng thay sinh ([Cd"] = 0,6ug/g) [3].

Héa chit tinh khiét

Mau hoa chat tinh khiét duoc lya chon
1a cac mau cua hang Merck (Puc). Qua
trinh chudn bi mau va dung dich phan tich
dugc thyuc hién theo quy trinh ¢ hinh 3. Két
qua xac dinh ham luong trong mot sb hoa
chat tinh khiét duoc trinh bay ¢ bang 7.

Bing 7. Két qua ham lwong Cd trong mét sé héa chat tinh khiét ciia hiing Merck

Ham lwong Cd, Cret S® (n = 2) (ug/Kg)

Na,SO, NaAx NacCl
0,25 +0,01 7,10 £ 0,06 7,47 £ 0,09
(@)  S-dg léch chudn. ®: Cac thude thir héa hoc (2005 — 2007) (Merck, Pirc). Méu trdng:0,024
1g/20 mL dung dich ria gidi.
T .
ST A i B / d C l
= § "’ ] & = &
. AN ] B
;_ \~\\. q- \ \
"t-"-\ - “(g\ 4 - _\ / : = /\\ 8
N R \'\., \ - N \
__ \ I\ |
225525555=+=e'-:~'=!¢¢="?ﬁ¥=|

Hinh 5. Cic dwong von-ampe hoa tan cia Cd (SW-AdSV). a mau; b, ¢ va d la cdc lan thém chudn.
A: Na,SO, (méi lan thém chudn 0,5 ppb); B: NaAX (moi lan thém chuan 3,0 ppb) va C: NaCl (méi lan
thém chuan 1,0 ppb).

Tir két qua ¢ bang 7 va hinh 5, chiing
to1 c6 nhan xét sau:

Ham lugng cua Cd trong hai loai hoa
chat Natriaxetat (NaAx) va Natriclorua
(NaCl) ¢ gia tri gan twong dwong va cao
hon nhiéu so véi Natrisunfat (Na,SO4), gap
khoang 30 lan. Cac dudng von-ampe hoa
tan ciia NaAx va NaCl cling 10 rang va can
d6i hon so v6i Na,SOs.

Tuy méi chi x4c dinh ham luong cia
Cd trong mot vai hoa chét tinh khiét, nhung
két qua nghién ciru d3 mé ra mot hudng
moi dé xac dinh Cd trong cac loai hoa chit
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tinh khiét va siéu tinh khiét ma cac nha
phan tich chua quan tim nhiéu.
4. KET LUAN

Tir cac két qua thu duge trong dé tai
nghién ctru nay dua dén mot sé két luan
sau: P& hoan thién phwong phap SW-
AdSV dung dién cuc BIiFE-bt, téi khao sat
anh huong cua nong do6 Nafion ding dé
bién tinh dién cuc glassy carbon, va da
chiing minh duoC Vyafion : Viweu = 1,0 1 3,5
cho dong dinh hoa tan va hé sé goc cao.
T6i cling di chimg minh dugc hap dung
cua nhyua chelex -100 ddi vai Fe'"' Ion nhat
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trong khoang pH tir 2,4 d&én 2,7; Han hop
axit vai ty 1&: HNOs: HCI: HF = 1:3:0,25
phan huy mau tram tich séng la hiéu qua
nhét; Pa xay dung dugc quy trinh tach Cd"
bang ky thuat chiét pha rin két hop véi
phuong phédp phan tich von-ampe hoa tan
anot xung vi phan dung dién cyc mang thuy
ngan in situ va von-ampe hoa tan hip phu
song vuong dung dién cuc mang bismut in
situ dwoc bién tinh bang Nafion. Do dung

viéc phan tich mau so sanh di dwoc cap
ching chi (CRM), 1a mau vat liéu so sanh
dugc cép ching chi (GBW 07301a) do
Vién Nghién ciru Tham do Dia vat ly va
Dija hoa Trung Qudc ché tao va mau that
duoc thém chuan mot lwong xac dinh chét
can phan tich. Pa ap dung thanh cong quy
trinh dé xac dinh ham luong Cd trong mot
s6 méu trdm tich song Huong va mot sb
hoéa chét tinh khiét ciia hing Merck, Dic.

cua quy trinh phan tich dugc danh gia qua

CADIMI DEFINITION IN ENVIRONMENTAL SOLID SAMPLE
BY VONAMPE SOLUBLE METHOD
Nguyen Thi Loi
Thu Dau Mot University
ABSTRACT

Cadimium is a heavy metal in spite of presence in trace, ultrace but highly toxic.
According to analysis of previous results, cadmium concentration is low and accompanied
by other metals, especially iron with high concentration therefore difficult to determine. In
order to develop the methods to determine cadmium, this article is to construct a process of
separation of cadmium by solid phase extraction technique (SPE) combined with anode
stripping voltammetry method (ASV) using bitmus membrance electrode insitu and
modified by nafion. The accuracy of the process was assessed by analyzing certifical
reference material (CRM). The process has been successfully applied to determine
cadmium in some sediment samples in Song Huong river and some pure chemicals of
Merck Germany ( ex: NaCl, Na,;SOy, NaAx...)
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