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Analysis of the Forms of Six Heavy Metal Elements in the
Sludge from a Wastewater Treatment Plant in Yan’an

ZHU Yanqgiang, ZHANG Yuanyuan

(Yanan City Wastewater Treatment Plant s Yan’an, Shanzi 716000 ,China)

Abstract The Tessier sequential extraction procedure was used to extract six heavy metal elements, inclu-
ding Zn, Cu, Pb, Cd, Mn and Cr, from the sludge taken from a wastewater treatment plant in Yan’an.
The total amount and the forms of the six elements were analyzed by ICP-AES. The results showed that
Pb and Cd mostly existed as exchangeable ions and carbonate compounds which account for 76. 84% and
78.59% of the total contents of Pb and Cd elements, respectively. Pb and Cd elements had potential validi-
ty to biological species. Zn, Cu and Cr mainly existed as stable sulfides, organometal complex and solid
residues, thus not easy to transfer into the environment.
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28 5K 7

ICPS-7510 H J&H & 55 B9 11 & B i AL (&
HEPRE S AN D AUY220 B K7 (5 H
] B 52 50 A5 BR S w1 » OPK-T #8041 3 4 4 7K AL (O 5
BHECA R ], 720 YA $AbR AT VL4 i B L 15 6
B BB L LG10-2. 4 A 2 50 ML (A 5T 2
BLOHLT) . SHZ-22 BUK A IR IR % 48 COR & 35
AR .

S2E vk HNO, L i HCL, HCIO, . HF, H, O,
B35 53 M i, 258 HIACH PGS B 2l K (LR R4t
AT IC R AR VA IR 4 4 BRI AR ) S 9 v
A bR T TR ) B . SR T R O B
PR P IS A AR AR A FH AT 3 28 HNO, (420) 12 30 33t
R I 2l K Ve I - B4
2.2 tHmibiE

HRAELE T B 0. 12 mm §if , 28 A B
JCTE B B T AR 1 1
2.3 SREFELSETENEESTY

B 0. 5000 g A2 5 i 75 Je A B F R UK &
B i, im A 10 mL & HNO, .8 mL HCIO, .
5 mL HF . 76 f $Hr _b in $400 f G A4S 58 42 W)
Z U I F AR B L BRI HNO; (196)
R €4S R 50 mL, ] ICP-AES M 3 %5 ¥kt & 4
J8I6ZE Zn.Cu.Cr.Cd.Pb f1 Mn 1 & &,

2.1

2.4 STRHEFESETERSERN
2.4.1 AXRBEFES

FRIC 0. 5000 g W3 0 15 e A i T 2504 s
] E A in A 10 mL MgCl, (1 mol/L)F 22 C F{E &

E% 1 h, B0 (3000 r/min)  EF R
2.4.2 mBEREAS

TE 2. 4.1 R B Y P A 10 mL NaAc(1l mol/L)
F 25 CFZE¥ 6 h, B0 (3000 r/min) . Y 5 3 8 45
Hro
2.4.3 HEEAUPESTS

TE 2. 4. 2 BREAWIHIMA 10 mL NH, CI(0. 04 mol/L)
T 95 CHRER 6 hu i@ H AR B0 (3000 r/min) , 4L
RTHWITHT .
2.4.4 HMUMRENEES

TE 2. 4. 3 BB in A 10 mL HNO, (0. 02 mol/L)
A6 mL H,0,(30%),F 85 C FIAJBKZEY 4 h, 8k
JE A 3 mL NH, Ac(3.2 mol/L),Z% 25 min,
B0 (3000 r/min) , WS 1 I
2.4.5 BHiEs

ok BUeFEE AR A T mL & HNO, ,
TEHL AR B R, k47 3 G HNO, 1+ D
INFRE AR o 2k U IR T AT
2.5 ICP-AES WIEEHMOITLIERE

ICP-AES TAEZ&M: T 1.2 kW BB < &=
1.2 L/min, # K 3 & 0.7 L/min, ¥ # X i &
14 L/min JGIEIRE 38 C (LR ML IR 104 %0 K I 1= 2
1% 4+t 3% £ /nm: Mn 267.610, Cu 327. 396,
Zn 213.856,Cr 267. 716 ,Pb 220. 351,Cd 214. 438,
2.6 REREBRRE

HE A A il v 2% 0 3 0 3 S e I 4l K E TR
BRI, O 1 e G R G B TV R I P B Y
AHEL RN B FT I 0 6 Fh oo R 43 = I E . 5
—2:Zn.Mn.,Cd, 5 — 4 .Cu.Pb, 55 =4 .Cr., #%
B 2.5 A AR Z5 A HE AT I 5 » & JC R b 1V T
(14 IO VA B R [l U 5 BRI DG R LR 1.

5

F1 REBRFAPMERSR.EAMEDNAFTEMEXRY
Table 1 Standard solutions, linear regression equations and correlation coefficients
T e JLH PRUEH R 5]/ (mg « L) EVEp¥ KRB r

Zn 0.0 5.0 10.0 15.0 20.0 Y=17.606X-+1.6377 1. 0000

RAR 1 Mn 0.0 5.0 10.0 15.0 20.0 Y=286.021X+8. 1060 1.0000

Cd 0.0 5.0 10.0 15.0 20.0 Y= 20.971X+1.5371 0.9993

AR 2 Cu 0.0 5.0 10.0 15.0 20.0 Y=5.827X-+0. 6004 0. 9996

Pb 0.0 5.0 10.0 15.0 20.0 Y=0.986X—0.0441 0. 9999

RAR 3 Cr 0.0 2.0 4.0 6.0 8.0 Y=11.804X + 0.6071 0.9998
3 EEERD H 3% 2 Al DLA HAE 2 i 5 K AL B 75 e i AR

fma~—= W lE . " . .

RN RATERRE S Kb & R& 2
3.1 FRPESEHNEZEDN Mn. #5324, 38 mg/kg, MK N H )8 Zn 1 Cu,

PR 2.3 {975 ik Ak BHRE B 0 E 75 PR R A5 OO0 R
s L 2,

A3k 2312, 03 Fl 147. 23 mg/kg. & & i /By Cd
1 Cr, 2y 4 :38.05 F1 39. 87 mg/kg, 5 F [E i 4H I5
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Table 2 Testing results of total contents of

each element in the sample mg/kg

R Zn Cu Pb Cd Mn Cr
S 312.03 147.23  68.32 38.05 324.38 39. 87

ol

A

3.2 SRPESENTFERSIN
P IR 2. 4 (4R BT 2k Ak AR 5 0 VS 8 T A
RIS &8I 3,
RI3 BHERPELENHEESNER
Table 3  Analysis of the form of each element

in the sample mg/kg

IRE Zn Cu Pb Cd Mn Cr
AEMEFA 10.87 24.57 20.01 22.84 71.72 4.75
MERERLEAA  20.09  3.43  29.72 3.06 73.97 @ —
PRERELZS 15,77 5.57  4.07  4.01  25.71 —

WA ENLA 88.13 58.51 3.38  4.13  42.82 12.60
Rk A 100. 86 15.03 12.84 4.01 49.42 13.94

HR G2 3 XA 22 i i K AL B )95 P P /S Fh B 4
JBIC RS AR T T,
3.2.1 AIXBBFS

A A8 A 25 4 A A i W B A S B IO R - S Ry
FHETE S TR, % 55T A8 1h 45 B AU AT B
TP TR IWERTI 3k E . Cd 32 LLA] 58 4
BETE . RA L 60.2%, HKE Pb.Mn, Ef]h
Ph—E i nl e S . S cibiEn Cd
BATSRM DA &, A fE ., —BRETEDE S
R AN E A S R HEE ot R L HAE L i
T LIRS ER R EEHENL.
3.2.2 mBHEBLES

- S 1 R B X Bk R R 45 A S 1 4B T R
AR, R M A I, B A] B R B AR B R M
B3 S P 1 5 K A A TR R AR A L. AT LA
HPb EE MRS SR AL 42.45%, 571]
LB TSI, FELURRILLS A B HFAER Pb
() A EL A 5 ) A ) O S BT R S BB A B
H kR EE fa HECR
3.2.3 HEELYE

— BT A L B E AL R L )
JB (14 A 40 0 AR BIOORLAE AES L T M B A R
i A B AR Y b 3R T AR B T A k3 T
BB B LiX — RS TEM R WA E AW A

R N B SR A A 0 R A X — R 4 A AR
RN Cr JLPFAEX — RT3 A1 .
3.4 MUVRBINEES

TIE A Z R LY R ALY X L LY
Ny BA R 1 2 5 4 8 i RE 1 s R BB AT X
WUAR TR ) URE 1 2 TR BT L S T G I B 4 R
MIRE ST o FEIX —AREAEAE N 4 8 AR - A WA AL
PE2E, Cu FZE DX — RS EAE, BT 5 LBl 298
54.63%., Cr fE X —REMW M BB K, AN
40.27% B8 Cu 5 Cr 8 80E A 5 Bl 3 38 55 v
x%.
3.2.5 HES

Bt A AR — M R E AN G R AR
R 2% L BRI R ZE DO Y Th RS 8 A2 7E AN B B AR )
WS s 5 — e X IR 8852 WA 58 /I . Zn Cr F 2431 7E
X—ARAS Bk 42, 79 % A1 44.55% . BT LT LA
o Zn Cr BEFE UL Hh AR 8 A7 A R PR 5% 114 52 il i1
RN

FREL 0. 5000 g 15 RRES 1y . 4% B8 2.4 H iy 7 ik
PRI W] B8 4 B A e RS T 9k 0 o A A% 4
O3 VT I S S YA B AR B o e 22 T 4
R4,

*4 BEERR(n=6)

Table 4 Precision determination experiments

mg/kg
Hor Zn Cu Pb Cd Mn Cr
SEHME 10.87  24.57  20.01  22.84 71.72  4.75
RSD/ % 0.9 0.7 1.2 0.5 1.3 0.7

4 it

K ICP-AES 35 % % 22 17 5 7K 4b BT §5 e o
6 i L <2 J O AR Y SR RATAE B S 2B AT T 0 M At
FE I B TENT A RES R I IR BERON . 45 R KW
Pb.Cd 2 L2 DL Al S e 25 VBR PR R 45 5 &5 VB A
W26 B X =M BT BATE X EY AR
T AEA R X PR R RS R T . i
Y Zn,Cu Cr Z LAGALY) BA HLES & 25 R 5k i 25
AR UG E - A B i A8 B B b 25 X 3 5 M
BN T e S Rl T LA A S 08 4 R AL 4R
— € B A

5% Xk
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