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Kém (Zn) va dong (Cu) thudc sd nhiing nguyen to vi lugng can thiét (chi vGi ham lugng nhat dmh)
nhu’ng vugt qua gldl han cho phép chiing tré nén nguy hiém, gay ra cac hién chu’ng ¢d hai, anh hudng
rat xau de,n stic khde con ngudi. Chi (Pb) va cadimi (Cd) thudc sd it cac nguyén t6 khdng cé Igi, khong
nhitng thé, véi ham luwgng vugt qua gidi han cho phép, ching con de doa su an toan tinh mang con
ngudi.

Phuang phap Von - Ampe hoa tan andt xung vi phan (DPASV) sti dung dién cuc giot thiy ngén treo
(HMDE) d4 dugc ap dung dé xac dinh dong thdi Zn, Cd, Pb va Cu trong nhiéu ddi tugng phan tich khac
nhau. DPASV co dd chinh xac, dd qu lai, d6 chon loc cao,va gidi han phat hién tha,p Vdi nhiing diéu
kién thich hgp gidi han phat hlen lan lugt 1a 0,175 ppb ddi vai Zn(ll); 0,275 ppb ddi véi Cd(ll); 0,254
ppb ddi véi Ph(I1) va 0,340 ppb ddi véi Cu(II) Phuang phap nav da dugc ap dung thanh cong trong viéc
xac dinh dong thai Zn(11), Cd(ll), Ph(II) va Cu(ll) trong mgt ] mau tram tich luu vyc séng Cau khu vuc

thanh phd Thai Nguyén cho két qua co do Iap lai tot va sai s6 nhd, ndm trong gidi han cho phép.

Tir khda: Von - Ampe hda tan, déng thdi, tram tich, kim loai ndng, phuong phap.

SIMULTANEOUS DETERMINATION OF TRACE AMOUNTS OF Zn(ll),
Cd(I), Pb(ll) AND Cu(ll) IN THE CAU RIVER VALLEY'S$ SEDIMENT
SAMPLES IN THAINGUYEN CITY

Summary

Zinc and copper among micro-quantity elements are necessary for human hody, but only with
a certain content, beyond the allowed content, they hecome dangerous, cause complications,
and have harmful effects on human health. Lead and Cadmium are among few elements
which are un-useful for human hody; moreover, with the exceed of allowed content, they
also pose a threat to the safety of human life.

The differential pulse anodic stripping volammetry (DPASV) using hanging mercury drop
electrode was applied for simultaneous determination of cadmium, lead and copper in
various analyzed objects. Under suitable conditions, the differential pulse anodic stripping
volammetry has high recovery and low detection limit (0.175 ppb for Zinc; 0.275 ppb for
Cadmium, 0.254 ppb for Lead and 0.340 ppb for Copper). The method has been successfully
applied for the simultaneous determination of Zn(ll), Cd(ll), Pb(ll) and Cu(ll) in sediment
samples the Cau River valley of Thai Nguyen City area resulting a satisfactory repetition
level and low error in permitting limit.

Keyword: Stripping volammetry, simultaneous, sediment, heavy metals, method.
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1. Mo dau

Zn |a vi chat can thiét
cho sUc khoe, tuy nhién
néu ham lugng Zn vugt
quéa muc can thiét sé co
hai cho stic khde. Trong
co thé con ngudi, Zn
thudng tich ty chd yéu
trong gan, la bd phén
tich tu chinh cla céac
nguyén t6 vi lugng trong
co thé (khodng 2 g Zn
dugc than loc mdi ngay).
Zn con c6 kha nang gay
ung thu dot bién, gay
ngd doc hé than kinh,
anh hudng dén sy sinh
san, gay doéc dén hé
mién nhiém. Su thiéu
hut Zn trong co thé gay
ra cac triéu chung nhu
bénh liét duong, teo tinh
hoan, mu mau, viém da,

Tapchi KHOA HOC 57

CONG NGHE VIET NAM



NGHIEN CUU - TRRO PO

bénh vé gan va mot so triéu ching khac [8].

Pb c6 trong tu nhién dudi dang khodng sunfua galen,
khoang cacbonate-cerussite va sunfat anglessite. N6 c6
trong dat véi mot lugng nho, sy hoa tan cla Pb trong dat
tang 16n do qua trinh axit hda trong dat chua. Pb dugc
tich tu trong cay trong va do do, déi vdi cay luong thuc,
thuc phdm c6 thé dan dén sy doc hai do Pb.

Cd la mot trong rat it nguyén t6 khong co ich Igi gi
cho co thé con ngudi. Nguyén t6 nay va cac dung dich,
cac hgp chat cla n6 la nhiing chét cuc doc, tham chi
chi v6i ndng do thap chuing sé tich Iy sinh hoc trong co
thé ciing nhu trong céc hé sinh théi. Cd ciing c6 thé can
thiép vao cac qua trinh sinh hoc c6 chiia magié va canxi
theo cach thuc tucng tu.

Cu dugc xem la mot nguyén t6 dinh dudng déi véi cay
trong, né tham gia mot s6 men polyphenol oxidaza, cé y
nghia trong qua trinh quang hgp va cac qua trinh déng
héa cla thuyc vat. Nhu cau Cu cla cay trong réat rd rét, da
s0 cay trong déu thiéu Cu (binh quéan trong thuc vat kho
chico 10 ppm Cu). Nhiéu nudc tién tién da bon mot lugng
CuSO, rét I6n, nhUng chua thay €0 hién tugng doc hai cho
cay. Nhleu tac gia [5, 6, 8] cho rang, su doc hai clia Cu lién
quan dén ham lugng nhom hoa tan. Cu ciing la nguyén to
can thiét cho sinh vat nhung chi & mét mdc do nhét dinh,
néu it han ho&c nhiéu hon lai ¢6 tac dung ngudc lai.

Chinh vi vay, viéc xac dinh Zn, Cd, Pb va Cu trong cac
ddi tugng phan tich n6i chung va trong tram tich néi riéng 1a
rat can thiét. Trong bai bao nay, ching t6i trinh bay céac két
qué nghién clu, ap dung phuong phap Von - Ampe hoa tan
andt xung vi phan (DPASV) dung dién cuc giot thuy ngan
treo (HDME) dé xac dinh déng thdi ham lugng vét Zn(ll),
Cd(I), Pb(ll) va Cu(ll) trong mdt s6 mau trdm tich luu vuc
song Cau (khu vyc thanh phd Thai Nguyén). Phuong phap
Von - Ampe hoa tan anét xung vi phan la mét trong nhiing
phuong phap cé dé chinh xac, dé chon loc va dé nhay cao,
cho phép xac dinh dong thai ham lugng vét Zn(ll), Cd(ll),
Pb(Il) va Cu(ll) trong nhiéu déi tugng khac nhau [1-9].

I. Thre nghiém

Thiét bi va hoa chat

Céc phép do dudc thyc hién trén hé thiét bi phan
tich cyc phé VA 797 do hang Metrohm (Switzerland) s&n
xudt, c6 hé théng suc khi ty dong vé6i hé 3 dién cuc: dién
cuc lam viéc la dién cuyc giot thuy ngan; dién cuc so
sanh: Ag/AgCl, KCI (3M) va dién cyc phuy trg: dién cuc
Platin. C4c gia tri pH cla cac dung dich dugc kiém tra
trén may do pH Metter Toledo MP220 (Anh).

T4t c& céc hoa chat dugc sl dung trong qua trinh
nghién cliu déu 1a hod chat tinh khiét phan tich (PA) cla
Merck. Cac dung dich chuén zZn(ll), Cd(ll), Pb(II) va Cu(ll)
dugc pha ché hang ngay tui cac dung dich chuén géc néng
d6 1.000 mg/l cia Merck bang nuéc cat siéu sach. Trude
khi tién hanh phan tich dién cuc va binh chiia mau dudgc
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lam sach bang dung dich HNO, 10% va trang réia nhiéu
lan bang nudc cét siéu sach.

Cac dung cuy thuy tinh nhu: binh dinh mc, pipét, cac
chai thuy tinh, chai nhya PE, chai lo dyng hoa chét... déu
dugc ngam, rlia sach va sau dé trang béng nudc cat siéu
sach trudc khi dung.

Lay mau va béo quan méu

M&u trAm tich dugc Idy tai hién trudng, t0 bé mat
dén do sau 20 cm. L&y khoang 1 kg mau chuyén vao
tdi polyetylen va dugc bdo quan cén than trong khi van
chuyén. Sau d6 mau dugc tién xd ly bang céch phai kho
r6i nghién nhd va sang qua ray c6 dudng kinh 16 2 mm
dé loai bd da, san, ré cay.. Mau dugc rai déu thanh 16p
mong hinh tron trén tdm polyetylen sach va chia nho
theo phuong phap 1/4 hinh nén dén khai lugng can thiét
dé thu dugc mau dai dién cho phan tich.

Qué trinh phan hdy mau tram tich

Can chinh xac 1 g mau cho vao binh Kjeldahl va Ian
lugt cho vao binh 3 ml axit nitric dam dac va 9 ml axit
clohydric dam dac réi dun trén bép dién cho dén khi mau
bi phan hdy hét. Thém nudc cat siéu sach dé co dudi
lugng axit con du. Mau sau khi dugc phan hly hét dé
ngudi va dinh muc bang nudc cat siéu sach dén 100 ml
roi ti€n hanh dinh lugng theo phuong phap DPASV.

Qua trinh phén tich Zn(ll), Cd(ll), Pb(ll) va Cu(ll)

Céc mau tram tich sau khi xG ly dugc dinh mic bang
nuéc cdt siéu sach t6i thé tich nhat dinh. Sau dé lay
chinh xac mot thé tich dung dich nghién ctu va mot thé
tich nhat dinh dung dich dém axetat sao cho pH dung
dich bang 4,7; nhing hé dién cuc vao dung dich can do.
Suc khi véi thoi gian 90 s rdi dién phan lam giau 6 -1,4 V
trong thdi gian 60 s, toc do khudy la 2.000 vong/phit. Sau
khi két thic giai doan dién phan 1am giau, ngting khudy, dé
dung dich yén finh 15 s, sau d6 quét thé theo chiéu duang
t -1,4 V dén 0,15 V bang k¥ thuat xung vi phan dé hoa
tan cac kim loai vGi bién dé xung béng 50 mV; bé rong
xung 40 ms; thdi gian budc nhay thé bang 0,2 s; budc
nhdy thé bang 5 mV; téc dd quét thé bang 25 mV/s dong
thdi ghi dusng Von - Ampe hoda tan anot. D& xac dinh
ham lugng Zn(ll), Cd(ll), Pb(II) va Cu(ll), chung tbi lva
chon phudng phap thém chuén.

Il Két qua va thao luan

Anh hudng ctia thanh phén va néng dé axit dén qua
trinh xd ly mau

Qué trinh phan hdy mau sinh hoc va méi trudng
theo phuong phap v6 c¢o hda uét doi hoi st dung cac
axit manh lam tac nhan phan hly va oxi héa mau. Do
vay, phai lya chon thanh phan va ty 1é céac loai axit
sao cho qué trinh phan hiy mau triét dé nhung khéng
lam mét lugng ion kim loai can phan tich c6 trong mau
nghién ciu.



Axit nitric dac co6 tinh oxi hda manh nhung c6 nhiét dé
s6i thap (121°C) nén néu chi st dung axit nay dé vé co
héa mau thi mau sé khong bi phan hiy triét dé. Khi axit
nitric két hgp vdi axit clohydric, né tao thanh nudc cudng
toan, do vay ngudi ta thudng st dung hdn hop nay dé phan
hGy mau [7].

NGHIEN CUU - TRRO PO

khu vuc thanh phd Thai Nguyén.

Céc mau phan tich dugc 1y trén 3 dia dié:m va trong
4 dgt khac nhau. Mau, vi tri va thdi gian 18y mau dugc thé
hién & bang 2:

Béng 2: vj tri 18y mau va thoi gian I1dy mau

Pé khao sat anh hudng clia cac axit t6i qua trinh phan | Ky hiéu méu Vi tri 1y méu Dot Idy mau | Thai gian Iy mau
hly mau, ching toi tién hanh v cd héa mau trdm tich | T7S¢ Phia rén oGng x& N may gy ! 2982011
chudn MESS-3, véi ham lugng Zn(ll), Cd(ll), Pb(ll) va TTSC-2 Phia dui céng x& Nha may gidy 29.8.2011
Cu(ll) I&n lugt 1a 205,4; 1,57; 455; 56,5 ug/g va sl dung | —— g YT
hon hgp hai axit trén véi thanh phan va ty 1& khac nhau. TTSC4 Khu Bén Tuong . 20.8.2011
Hiéu qua s dung cla axit dugc danh gia thong qua do thu TTSC-1 Phlatrerhgggg;)\(/e;rl;lljl%may oidy 29.10.2011
hO.I. K,et q_ua ngh,len ch_anh hUOng C!,Ja ?Xlt va nong d(_) TTSC-2 Phia dudi cong x& Nha may gidy 2 29.10.2011
axit dén hiéu suat thu hoi dugc dua ra G bang 1. Hoang Van Thy

TTSC-3 Khu vic cau Gia Bay 29.10.2011
Béng 1: 4nh hudng cla axit va thé tich cla cac axit TTSC-4 Khu Bén Tudng 29.10.2011
16i hiéu suédt thu héi Zn(ll), Cd(ll), Pb(ll) va Cu(ll) TTSC-1 Phia "e’hg‘;’r}% ﬁ’#'}%?ay gidy 28.12.2011
Gée loai axit it dung Nhiét do 96 thu héi (%) TTSC-2 Phia duéi cong xa Nha may gidy s 28.12.2011
HNO(mI) | HCI(mI) (°C) Zn(l) | cd(i) Ph(ll) Cu(ll) Hoang Van Thu e
12 0 170 53,5 515 57,2 54,7 TTSC-3 Khu vic cAu Gia Béy 28.12.2011
12 0 200 51,7 49,3 52,8 50,6 TTSC-4 Khu Bén Tugng 28.12.2011
10 2 170 61,1 61,6 60,7 63,4 TTSC-1 Phia trén cdng xa Nha may gidy 28.2.2012
10 2 200 59,8 60,0 58,3 60,7 Hoang Van Thy .
9 3 200 73,2 74,5 72,5 69,8 TTSC-2 Phia dudi cong x& Nha may gidy 28.2.2012
8 4 200 784 790 81,0 776 Hoang Van Thy
7 5 200 70,1 67,4 69,2 66,7 TTSC-3 Khu vic cau Gia Bdy 28.2.2012
6 6 200 84,3 85,2 83,0 82,3 TTSC-4 Khu Bén Tudng 28.2.2012
5 7 200 91,5 92,0 93,7 91,0
4 8 200 95,7 95,3 96,5 93,4 o ] ) ; o
3 9 200 98,5 98,2 97,6 97,0 So lan Iap lai la 3 dén 5 lan dbi véi moi mau phan tich.
2 10 200 978 | 946 | 956 94,1 Sau khi xG ly théng ké cac so liéu thuc nghiém, két qua

Két qua nghién ctiu cho thdy, khi sti dung HNO,, d¢ thu
hoi ctia Zn(Il), Cd(ll), Pb(ll) va Cu(II) lan lugt 1a 53, 5 51,5;
57,2; 54,7% tai nhiét d6 170°C va 51,7; 49,3; 52,8; 50,6%
tai nhiét d6 200°C. Khi st dung hén hdp 10 ml axit HNO,
va 2 ml axit HCl dam d&c cho dé thu héi cla Zn(II) Cd(II)
Pb(Il) va Cu(ll) 1an lugt 14 61,1; 61,6; 60,7; 63,4% & 170°C
va 59,8; 60,0; 58,3; 60,7% & 200°C. Tuy nhién, khi v6 cd
héa mau & 170°C, dé mau hoa tan hoan toan thdi gian vo
¢6 hda mau phai kéo dai hon 6 h, con khi vé cd hda mau
& nhiét do 200°C thi hiéu suét thu hoi thdp han mét chut
nhung thgi gian phan hL’Jy ngan hon. Cac két qua khao
sat cting cho thdy, khi st dung HNO, va HCI dam déc véi
ti 16 HNO,:HCI Ia 3: 9 thi hiéu suat thu hoi tot nhat va thoi
gian phan hdy chi can 3 h. Chinh vi vay, ching t6i chon
hén hop hai axit véi thanh phan HNO,: HCI 1a 3:9 (1:3) dé
phan hiy mau trong qua trinh nghlen cuu.

Két qua phan tich mét s6 mau tram tich

Trén cd s6 cac diéu kién tdi uu cling nhu quy trinh
phan tich chung cho phép xac dinh dong thai Zn(11), Cd(ll),
Pb(Il) va Cu(ll) d6i véi cac déi tugng phan tich khac nhau
da dudgc chung t6i nghién cuu, chon lya va da néu trong
bai bao [1, 3]. Trong bai bao nay, chung toi tién hanh ap
dung phan tich véi mot s6 mau tram tich luu vic séng Cau

phan tich dugc chi ra trén bang 3 va hinh 1.

Béng 3: ham luang Zn(ll), Cd(ll), Pb(ll) va Cu(ll)
trong mét s6 mau tram tich luu vuc séng Cau

Mau Dot Ham lugng trung binh (ug/g)
Zn(ll) cd() Pb(ll) cu(ll)
1 186,316,9 | 12:002 | 452,9:103 | 501+1,4
2 188,6:45 | 2,120,09 488,743 | 450£06
TTSC-1 3 | 2134252 | 143004 386,616, 53,143,6
4 | 2192:68 | 1442005 | 3853:64 | 529+45
1| 2458:140 | 1,8720,10 | 715995 | 69,6:2,4
2 | 2355:31 | 1,69:006 | 8141x97 | 827:23
TTSC-2 3 | 2087+123 | 1,67:0,09 | 6838+139 | 62,8+1,7
4 | 2285+123 | 1,72:0,11 6780194 | 624+17
1 2480:7,7 | 2,85:0,02 | 6751x141 | 61,723
> | 20285227 | 2,35:0,03 | 6356462 | 548+12
TTSC-3 3 | 2347247 | 102:002 | 61712109 | 56,8419
4 | 2861272 | 104004 | 617,12105 | 57,1223
1 254,7:0,2 | 38,140,056 | 694,3:205 | 80,633
> | 2419:75 | 2,93:005 | 649,2:82 | 742:27
TTSC-4 3 254,9+7,6 2,92+0,03 716,9+15,6 66,9+3,1
4 | 2563+10,2 | 2,93:004 | 7177115 | 67,6:37

Qua céc két qua phan tich dugc, ching téi nhan thay:
trong tit ca cac mau tram tich da phan tich déu cé chua
céac kim loai Zn, Cd, Pb va Cu. Ham lugng cua cac kim loai
nay trong cung mdt mau phan tich tai cung mot dia diém
¢6 su khac nhau kha ro rét.
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Hinh 1: dé thi biéu dién ham luong Zn(ll), Cd(ll), Pb(ll)
va Cu(ll) trong 4 dot tai céc vi tri 18y m&u: A) TTSC-1;
B) TTSC-2; C) TTSC-3 ; D) TTSC-4

Nhin chung, trong tat c& cadc mau dugc Idy tai nhiing
diém khac nhau va trong nhiing khoang thdi gian khac
nhau thi ham lugng Pb(Il) chiém ty & I6n nhat (nam trong
kho&ng 62-70%) so véi tdng ham lugng 4 kim loai trong
mau tram tich. Bén canh dé, ham lugng Zn(ll) cling chiém
ty 1& dang ké (khodng 22-29%), ham lugng Cd(ll) lai chiém
ty 1& rat thap (chi khoang 0,17-0,29%), con véi Cu(ll) ham
lugng chiém khodng 6-7% so véi tdng ham lugng 4 kim
loai.

Doc theo Iuu viic séng theo cac diém 18y mau khac nhau,
tif diém 18y mAu thd nhat (TTSC-1) dén diém I8y mAu thy tu
(TTSC-4), va & céc thdi gian 18y mau khac nhau ham lugng
cac kim loai déu c6 xu huéng tang dan tii diém TTSC-1 dén
TTSC-2, sau d6 lai gidm doi chit & diém TTSC-3 va tang tré
lai & diém TTSC-4.

o} clng mét vi tri 1dy mau, nhung trong nhiing khoang
thai gian khac nhau thi ham lugng céac kim loai cling c6
sy thay déi. V&i Pb(Il) chi c6 tai TTSC-3 & 4 dot |y mau
ham lugng kha én dinh, con tai cac diém |dy mau khac
thi c6 sy dao dong kha Ién. Cu thé, tai TTSC-2 & dot |ay
mau thi nhat ham lugng Pb(ll) la 715,965 ng/g, sau thdi
gian 2 thang tic la & dgt 1dy mau tha 2, ham lugng Pb(ll)
tang lén 814,083 ug/g (tdng 98,118 ug/g). Sau dé, § dot
ldy mAu thi 3 va thi 4 thi ham lugng Pb(ll) lai gidm dang
ké, chi con 683,856 ug/g (gidm 130,227 ug/g) so véi dgt
ldy mau thd 2, tuy nhién lai gidm khong nhiéu so véi dgt
ldy mau thi nhat.

V6i Cd(ll), tai TTSC-3 va TTSC-4 ham lugng tuong doi
6n dinh gilia cac dgt 1dy mau, con tai TTSC-1 va TTSC-2
ham lugng gilia cac dgt c6 sy thay déi kha nhiéu. Cu thé
nhu, tai TTSC-1  dot Idy mau thi nhat ham lugng Cd(ll)
la 1,131 ug/g dén dgt Idy mau thii 2 tang 1én g&p gan 2 lan
la 2,085 ug/g, & dot 3 va dgt 4 giam xudng con 1,442 ug/g.
Trong khi do, ham lugng Cu(ll) va Zn(ll) lai kha n dinh
qua céc dot 1y mau khac nhau.

Trong cung mot dgt Idy mau, nhung & nhiing vi tri 1dy
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mau khac nhau, ham lugng céc kim loai Zn(ll), Cd(ll),
Pb(I), Cu(ll) cling c6 sy khac nhau kha nhiéu. Nhin chung,
qua 4 dot |18y mau téng ham lugng cac kim loai tai TTSC-2
va TTSC-4 [udn I6n nhat, tiép theo la & vi tri TTSC-3 va
ham lugng céc kim loai th&p nhét tai diém TTSC-1.

Su khac nhau vé ham lugng céc kim loai trong cac mau
tram tich c6 thé 1a do lugng nudc thai, tinh chat nudc thai
va sy sa lang cla céc kim loai & nhiing vi tri khac nhau
trong nhiing khoéng thai gian khac nhau la khac nhau.

IV. Két luan

- D& nghién ctu dugc céac diéu kién vo cd hoa mau
trdm tich v4i tac nhan vo co hda la hén hop HNO, va HCI
theo ty 1& 1:3 vé thé tich.

- D& 4p dung cac diéu kién t6i uu va quéa trinh phan
tich xac dinh dong thai ham lugng cla Zn(ll), Cd(ll), Pb(ll),
Cu(ll) da xay dung dugc phuong phép Von - Ampe hoa
tan anét [1] vao phan tich mot s6 mau trdm tich luu vuc
song Cau (khu vuc thanh phd Thai Nguyén) & cac vi tri
khac nhau va nhiing thdi diém khac nhau. K&t qua phan
tich ¢6 do 1&p lai t6t va sai s8 nhd ndm trong pham vi cho
phép m

Tai lieu tham khao

[1] Dudng Thj Tu Anh, Cao Van Hoang (2012), “Nghién cuu diéu kién
16i uu xéac dinh déng thoi ham Iugng vét Zn(ll), Cd (ll), Pb (ll) va Cu (ll) bang
phuong phép Von - Ampe hoa tan anét”, Tap chi Khoa hoc va cdng nghé - Dai
hoc Thai nguyén, tap 100, s8 12, nam 2012, trang 117-122.

[2] Lé Huy Ba (2009), “Nghién cuiu, xdy dung mét s6 chi tiéu déc chat
kim loai nang (Pb, Cd, As, Hg) trong méi truong dat déi véi cay tréng néng
nghiép”, Tuyén tap céc cong trinh nghién cdu khoa hoc - Trudng Dai hoc
Céng nghiép Tp HCM.

[3] Vién Thé nhudng Néng hoa (1998), S6 tay phan tich dét - nudc, phan
bon va cdy tréng, Nha xuét ban Néng nghiép.

[4] Eric P. Achterberg, Chalotter Braungardt (1999), “Stripping voltammetry for
the determination of trace metal distribution in marine water’, Analytical Chimica
Acta,vol 400, pp: 381-397.

[5] Paulo J.S., Melson R.S., (1997), Simultaneous determination of trace
amounts of zinc, lead and copper in rum by anodic stripping volammetry,
Talanta, 44, pp: 185-188.

[6] Rafael Pardo, Enrique Barrado, Lourdes Perez and Marisol Vega
(1990), “Determination and speciation of heavy metals in sediments of the
pisuerga river’, Water Research, 24(3), pp. 373-379.

[7] Rauret G, Rubio R, Lopez -Sanchez J.F and Casassas. E (1988),
“Determination and speciation of copper and lead in sediments of a mediterranean
river (river tenes, catalonia, spain)”, War Res, 22(4), pp. 449-455.

[8] Van Staden J.F., Matoetoe M.C. (2000), “Simultaneous determination
of coppre, lead, cadmium and zinc using differential pulse anodic stripping
volammetry in a flow system”, Analytical Chimica Acta,vol.411, No 1-2, pp:
201-207.

[9] Zhifeng Yang, YingWang, Zhenyao Shen, Junfeng Niu, Zhenwu
Tang (2009), “Distribution and speciation of heavy metals in sediments from
the mainstream, tributaries, and lakes of the Yangtze River catchment of
Wuhan, China’, Journal of Hazardous Materials, 166, pp. 1186-1194.



