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MICRO POLLUTANT PARTICULATES IN THE 
AMBIENT AIR OF A CEMENT PLANT 

D. BANERJEE and G. S. PANDEY* 

Department of Chemistry, Ravishankar University, Raipur 492 010 ( M P ) ,  India 

(Received 22 June 1988; in final form 15 August 1988) 

Suspended particulate matter in the ambient air of an ESP equipped cement plant was determined 
using a high volume sampler at a number of sites within lOkm radius of the cement plant. The micro 
pollutants (Co, Ni, Pb, Ag, Bi, Cd, Sb, As, Mn, Li, Rb, Be, Mo) in a number of samples of the 
suspended particulate matter have been determined by Atomic Absorption Spectrophotometric method. 

KEY WORDS: Cement plant, suspended particulate matter samples, multielement determination, 
atomic absorption spectrophotometry. 

INTRODUCTION 

In studies conducted earlier, the fallout of settleable dusts from a slagbased cement 
plant of 1.38 million tonnes annual capacity was found in the range of 34.16 to 
978.30 tonnes/krn’/month.’ The range of fallout of settleable dust for a Pozzolana 
based cement plant of 0.6 millon tonnes annual capacity was found in the range of 
31.08 to 732.18 tonnes/km’/month.’ The studies described here have been carried 
out at a cement plant which works on dry process of manufacture, and is 
equipped with electrostatic precipitators at  sources of major dust emissions. The 
annual consumption of raw materials at the cement plant, in metric tonnes, are: 
Lime stone, 760,000; sand, 1 1,165; iron ore, 9,017; coal 128,500. The raw materials, 
particularly the iron ore and coal, are found to have traces of heavy metals. Some 
of these heavy metals are toxic in nature, and have hazards associated with them. 
The objective of the work is to determine the concentration levels of these toxic 
metals in the ambient air of a cement plant. The SPM concentration in the 
ambient air of this plant was determined at  a number of sites within 10 km radius 
and found to be in the range of 77.40-321.76pg/m3 on 24hr basis of 
 measurement^.^ 

The micro pollutants that have been studied in the sample of the suspended 
particulate matter collected from the ambient air of this cement plant are: Co, Ni, 
Pb, Ag, Bi, Cd, Sb, As, Mn, Li, Rb, Be and Mo. According to the classification of 

from this standpoint of environmental pollution, Be, Co, Ni, As, Ag, Cd, 
Pb, Sb and Bi fall under the category of “very toxic and relative accessible metals”. 

*To whom all correspondence should be addressed, 
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Figure 1 Locations of the sampling sites. 

Although Mn, Li, Rb and Mo have been placed under the category of noncritical 
metals under the same classification, significant toxicological effects of these 
elements have been reported in recent years. 

MATERIALS AND METHOD 

Sample collection 

Nine sampling sites within a lOkm radius of the cement plant were selected 
depending on the wind direction, accessibility and topography of the area. The 
locations of the sampling sites have been shown in Figure 1. A high volume air 
sampler (Model Envirotech APM-410) was operated at each site for the durations 
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of 11.30-64.15 hours with flow rates from 0.65 to 1.28m3/min. Whatman glass 
microfilter sheets of retention efficiency of 99.99 % for 0.6 p particles were used 
with the air sampler to ensure maximum retention of suspended particulate matter. 
The grain size of suspended particulate matter was determined at distances of 
2.5 km and 10 km from the emission source. The grain size in the former case was 
found to be above 5 p (60 %) and 1-5 p (40%) and in the latter case the grain size 
was found to be 1-5p (65%)  and above 5 p  (35%). The weather conditions were 
recorded on a daily basis, and the directions were recorded on a half hourly basis 
during the period of study. The average values of concentrations of SPM have 
been calculated in pg/m3 at each sampling site and shown in Table 1. 

Procedure 

The microfilter sheet containing the suspended particulate matter of each sampling 
site was divided into two equal halves. Each half of the filter sheet was treated in a 
Teflon digestion bomb using 10 ml acid mixture of hydrochloric acid, hydrofluoric 
acid and nitric acid placing in an oven at 180°C for 30 minutes as per 
recommended proced~re.’ .~ Thereafter, the solutions were made up to 100 ml 
volume in a medium of 0.1 M EDTA to suppress the interference of phosphate, 
carbonate, iodide, chloride and acetate. For the calibration, standard solutions of 
the metals ( I  ml= 1,OOOpg of the metal) were prepared in appropriate acid 
m e d i ~ m . ~  Blank determinations using microfilter sheet of same size and specifica- 
tions were similarly carried out. 

Method 

The analysis was performed using an atomic absorption spectrophotometer 
(Varian Model AA 575) following the recommended conditions of operation for 
the respective metals.’ 

During the calibration, the standard solutions of the metals were suitably 
diluted to match the concentration of the sample solutions within the measure- 
ment sensitivity. The results obtained have been shown in Table 2. 

RESULTS AND DISCUSSION 

The analysis data (Table 2) of the elements studied reveal that the average 
concentrations of the elements in the ambient air in the vicinity of the cement 
plant within a radius of lOkm, are in the following decreasing order 
Mn > Rb > Sb> Co > Ni > Li > Pb > Bi > Cd =- As > Be= Mo = Ag. The concent- 
ration levels of the potentially hazardous elements (Mo, Be, Mn, As, Sb, Cd, Pb 
and Ni) have been found below the limits prescribed for these elemenkg Thus an 
ESP-equipped cement plant as studied here can be taken to pose no environmen- 
tal hazards with regard to the presence of these elements. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
2
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1



T
ab

le
 1

 
L

oc
at

io
ns

 o
f 

th
e 

sa
m

pl
in

g 
si

te
s 

an
d 

SP
M

 l
ev

el
s 

Sa
m

pl
in

g 
si

te
 

no
.' 

D
ir

ec
tio

n 
D

is
ta

nc
e 

D
ur

at
io

n 
w

ith
 r

es
pe

ct
 

fr
om

 c
em

en
t 

of
 a

ir
 

to
 c

em
en

t 
pl

an
t 

sa
m

pl
in

g 
pl

an
t 

(k
m

) 
(h

rs
) 

F
lo

w
 r

at
e 

(m
3/

m
in

) 

E N
 SE
 

N
W
 

SE
 

sw
 

S N
W
 

N
W
 

3.
1 

0.
1 

3.
6 

8.
4 

0.
3 

3.5
 

8.
0 

9.0
 

0.7
 

21
.0

0 
27

.4
0 

22
.8

0 
21

.3
7 

21
.7

7 
20

.8
8 

29
.2

3 

1 1
.3

0 

20
.0

0 
21

.5
0 

21
.0

0 

22
.7

6 

64
.1

5 

18
.7

8 
15

.2
5 

15
.1

6 

22
.0

0 
24

.0
0 

23
.8

1 

16
.8

1 

1.
27

5 
0.

95
 

1.
17

5 
1.0

9 

1.0
5 

1.
01

 
1.

05
 

1.
10

 

0.
82

 
0.

65
 

0.
80

 

1.
09

 

0.
82

 

0.
85

 
0.

95
 

0.
75

 

1.
10

 
1.0

5 
0.

09
 

1.
10

 

V
ol

um
e 

o/
 

ai
r 

sa
m

pl
ed

 
(m

') 

1,
60

6.
50

 
1,

56
1.

80
 

1,
60

7.
40

 
1,

32
0.

07
 

1,
37

5.
50

 
1,2

65
.33

 
1,

84
1.

49
 

74
5.

80
 

98
4.

00
 

62
0.

95
 

1,
00

8.
00

 

1,
48

8.
18

 

3,
15

6.
18

 

95
7.

95
 

86
9.

25
 

68
2.

50
 

1,
45

0.
00

 
1.5

 1
2.

00
 

1,
28

6.
10

 

1,
10

9.
46

 

W
in

d 
di

re
ct

io
n 

A
ve

ra
ge

 
w

ei
gh

t 
of

 S
PM

 
(g

) 

A
ve

ra
ge

 
va

lu
e 

of
 

co
nc

en
tr

at
io

n 
of

 S
PM
 

(d
m

')
 

M
os

tly
 W
S
W
,
 

w
ith

 r
ev

er
sa

l 
of

 d
ir

ec
tio

n 

M
os

tly
 S

W
 

M
os

tly
 S
W 

V
ar

ia
bl

e 

M
os

tly
 S
W 

M
os

tly
 S
W 

M
os

tly
 N
E 

M
os

tly
 N
E
 

M
os

tly
 S
W 

0.
33

84
 

0.
47

86
 

0.
17

15
 

0.
23

02
 

0.
46

00
 

0.
74

85
 

0.
19

22
 

0.
18

91
 

0.
25

32
 

23
3 

32
5 

23
0 

23
6 

30
9 

23
7 

20
9 

13
5 

22
9 

'L
oc

at
io

ns
 s

ho
w

n 
in

 F
ig

ur
e 

I 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
2
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
2 

A
na

ly
si

s 
da

ta
’ 

of
 m

ic
ro

 p
ol

lu
ta

nt
s 

S.
 n

os
. 

Po
llu

ta
nt

s 
Sa

m
pl

in
g 

si
te

 n
os

. 
A

ve
ra

ge
 

R
ec

om
m

en
de

d 
va

lu
e 

lim
it 

in
 a

ir
 

1 
2 

3 
4 

5 
6 

7 
8 

9 

1 
c

o
 

2 
N

i 
3 

Pb
 

4 
A

g 
5 

Bi
 

6 
C

d 
7 

Sb
 

8 
A

s 
9 

M
n 

10
 

Li
 

11
 

R
b 

12
 

Be
 

13
 

M
o
 

0.
03

 1 1
 

0.
02

85
 

0.
00

78
 

<
 0.

00
03

 
<

 0.
00

52
 

0.
00

26
 

0.
07

77
 

<0
.0

01
3 

0.
19

42
 

0.
01

55
 

0.
07

77
 

<
 0.

00
03

 
<

 0.
00

03
 

0.
02

78
 

0.
02

78
 

0.
01

 1
1 

<
 0.

00
03

 
<

 0.
00

69
 

0.
00

35
 

0.
10

42
 

<0
.0

01
7 

0.
15

64
 

0.
01

04
 

0.
09

03
 

<
 0.

00
03

 
<

 O.
oO

O3
 

0.
04

14
 

0.
03

68
 

0.
01

38
 

<
 0.

00
02

 
<

 0.
00

46
 

0.
00

18
 

0.
07

36
 

<0
.0

01
1 

0.
10

58
 

0.
01

61
 

0.
09

19
 

<
 0.

00
02

 
<

 0.
00

02
 

0.
04

70
 

0.
03

02
 

0.
02

01
 

<
 0.

00
03

 
<

 0.
00

67
 

0.
00

33
 

0.
10

74
 

<0
.0

01
7 

0.
30

20
 

0.
02

35
 

0.
 I3

42
 

<
 0.

00
03

 
<

 0.
W

3 

0.
03

7 
1 

0.
03

40
 

0.
01

61
 

ni
l 

<
 0.

00
62

 
0.

00
37

 
0.

09
27

 
<0

.0
01

5 
0.

27
81

 
0.

01
24

 
0.

09
27

 
<

 O.
oO

O3
 

<
 O.

oO
O3

 

0.
01

 89
 

0.
03

08
 

0.
00

7 1
 

<
 0.

00
02

 
<

 0.
00

47
 

0.
00

24
 

0.
08

06
 

t0
.0

01
2 

0.
17

79
 

0.
00

95
 

0.
05

93
 

<
 0.

00
02

 
<0

.0
00

2 

0.
03

74
 

0.
04

36
 

0.
01

 1
6 

<
 0.

00
02

 
<0

.0
04

1 
0.

00
20

 
0.

06
65

 
<0

.0
01

0 
0.

15
58

 
0.

01
66

 
0.

09
14

 
<

 0.
00

02
 

<
 0.

00
02

 

0.
02

92
 

0.
01

 89
 

0.
01

03
 

<
 0.

00
02

 
<

 0.
00

34
 

0.
00

17
 

0.
04

8 1
 

<
 O.

oo
o9

 
0.

12
03

 
0.

00
69

 
0.

05
50

 
<

 0.
00

02
 

<
 0.

00
02

 

0.
02

74
 

0.
02

06
 

0.
01

 1
4 

<
 0.

00
02

 
<0

.0
04

6 
0.

00
23

 
0.

06
8 1

 
<0

.0
01

1 
0.

15
08

 
0.

01
21

 
0.0

9 1
4 

<
 0.

00
02

 
<

 0.
00

02
 

0.
03

30
 

0.
03

01
 

0.
01

21
 

<
 0.

00
02

 
<

 0.0
05

2 
0.

00
26

 
0.

07
79

 
<0

.0
01

3 
0.

18
24

 
0.

01
37

 
0.

08
7 1

 
<

 0.
00

02
 

<
 0.

00
02

 

-
 

1 ,
00
0.
0 

15
0.

0 

-
 50

.0
 

50
0.

0 
2.0

 
5,

00
0.

0 
-
 

-
 2.0

 
l0,

O
oo

.O
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
2
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1



174 D. BANERJEE AND G. S. PANDEY 

References 

1. P. C. Seth and G. S. Pandey, Cement l5(4), 13-18 (1984). 
2. P. C. Seth and G. S. Pandey, Journal of Institution of Engineers (India) ( E m .  Engg. Din), 64, 10S107 

3. D. Banerjee and G. S. Pandey, Indian Journal of Enoironmental Protection (paper communicated). 
4. J. M. Wood, Science 183, 1049 (1974). 
5. J. Richard, B. Thampson, C. Mogan and J. Larry, At. Absorp. News Letter 9(3), (1970). 
6. Kikuo, Oikawa, nace  Analysis of Atmospheric Samples, (A Halstid Press book, Cadansha Ltd., 

7. Lead in the environment and its significance to man: A Report of an Interdepartmental Working 

8. Analytical Method for Flame Spectroscopy (Varian Publication No. 85-100009-00, June 1978). 
9. M. Sittig, Toxic Metals: Pollution Control and Worker Protection (Noyes Data Corporation, USA, 

(1984). 

Tokyo, 1977). 

Group on Heavy Metals, Pollu. Pap. No. 2 (HMSO, London, 1974). 

1976), p. 4. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
2
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1


