
MINERALS & METALLURGICAL PROCESSING  Vol. 28  No. 1  •  February 201113

Real-time monitoring of arsenic, 
cadmium, copper and lead concentrations 
in workplace smelter particulates using a 
TSI 8520 DustTrak

J.P. McDonald, R.R. Larson, L.F. Pahler and M.S. Thiese
Graduate student, professor, associate professor and visiting instructor, respectively, University of Utah, 
Rocky Mountain Center for Occupational and Environmental Health, Salt Lake City, UT

ABSTRACT
Exposure to particulates containing metals and metal fumes (PCMMF) is a potential concern in ore refining 
and smelting.  Some metals of primary interest are arsenic, cadmium, copper and lead, which have been linked 
to various adverse health effects. The current National Institute for Occupational Safety and Health (NIOSH) 
sampling method for metals in particulates requires the use of a filter, precision airflow pump and laboratory 
analysis.  A major concern with this method is the one-to-two weeks’ wait before laboratory results are available 
for use in determining if additional controls are needed to assure adequate exposure protection for workers.  

Particulates containing these metals were sampled during sixteen sampling events at a copper smelter using the 
traditional NIOSH methods. Monitoring of particulates was simultaneously conducted using a TSI 8520 Dust-
Trak real-time aerosol monitor with a 10-μm-cutpoint sampling inlet. NIOSH analytical methods related to 
particulates and metals (methods 0500, 0600 and 7300) were used to determine particulate mass and individual 
mass contributions of metals on sample filters. 

Linear regressions with y-intercepts forced to zero were developed to determine the relationship between the PM10 
measurements recorded by the DustTrak and laboratory-reported total particulate mass, PM10 and respirable 
arsenic, cadmium, copper and lead concentrations.  These linear regressions yielded correction factors that can 
be applied to DustTrak readings to obtain total particulate mass, PM10 and respirable concentration estimates 
for each of the four metals.  The R2 (coefficient of determination) values from the linear regressions ranged 
from 0.65 for total lead to 0.91 for total copper.  These results suggest that the DustTrak may produce real-time 
data useful in providing estimates for airborne concentrations of arsenic, cadmium, copper and lead in copper 
smelter particulates.

Paper number MMP-10-004. Original manuscript submitted January 2010 and accepted for publication July 2010. Discussion 
of this peer-reviewed and approved paper is invited and must be submitted to SME Publications Dept. prior to August 31, 
2011. Copyright 2011, Society for Mining, Metallurgy, and Exploration, Inc.
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Figure 1 — Contingency table methodology.

Traditional sampling shows 

concentration to be above PEL

Yes No

DustTrak predicts concentration 

to be above PEL

Yes A B

No C D

Sensitivity = A / (A + C)
Specificity = D / (B+ D)
Positive predictive value (PPV) = A / (A + B)
Negative predictive value (NPV) = D / (C + D)



February 2011  •  Vol. 28   No. 1 MINERALS & METALLURGICAL PROCESSING16

	
�	�
����

�	���	�
���
����
�������+�����	��	�,�
���
����	���
��
����	��	���+������
�
�%��

D


���	�
�� �
�������	�� �

+� 	��� ���
�
�'�� �


���	�
���
���� �
�������	�� 
�� ��	�
+���	�
��� ��
���� 
�� 
��
����
�� ����
��)�������

+�	��������
�
��
����
����
+��
����!��	*
�3��
��
���	���+�	����
����	
�	�
���,�	��
��

	������

�	

��+����
���

+�	����
����	
�	�
����

+���+������+������
����++�
�0������
*�����<%��D
���
��(����	���	���������	����
�
�'���


���	�
��
�
�������	���

��7"5�����	
	������	���
	�����	����	�5%6<�����
5%6E��
�����	�)�����,��������+��+�����	���������	����
�
�'��
�


���	�
���
�������	��

�
����
�������
	�����	����	�5%<9%��*���
�


���	�
��� ��)
�)���� ����� ���������� 	��� �
,��	� ���
�
�'��

Table 1 — Respirable sample results.

Date 

sampled

Sample 

period

Arsenic 

concentration, 

μg/m3 

Cadmium 

concentration, 

μg/m3 

Copper 

concentration, 

μg/m3 

Lead 

conc., 

μg/m3 

Total respirable  

concentration, 

μg/m3 

DustTrak 

reading,  

μg/m3 

1/5/09 1* 68.7 2.56 80.7 200 767 295

1/5/09 2 44.0 4.05 46.0 60.0 917 264

1/7/09 3 14.0 1.60 88.7 25.7 329 522

1/7/09 4 39.7 4.70 51.3 73.7 786 696

1/9/09 5 48.7 2.13 31.7 187 901 335

1/9/09 6* 28.0 1.10 40.0 65.0 323 148

1/12/09 7 48.7 6.73 71.0 197 580 325

1/12/09 8* 12.0 0.68 34.5 39.5 285 86.0

1/16/09 9 45.3 5.30 49.3 103 551 371

1/16/09 10 54.3 4.10 55.3 120 601 472

1/19/09 11 77.3 6.83 59.3 69.0 672 718

1/19/09 12* 31.0 1.95 39.0 48.0 146 364

1/23/09 13* 71.5 1.80 61.0 115 662 564

1/23/09 14 66.0 2.73 78.7 143 707 470

1/26/09 15 12.3 0.88 97.7 18.3 783 445

1/26/09 16 39.3 2.77 140 88.7 671 482

Average 43.8 3.12 64.0 97.1 605 410

* denotes sample periods in which the results of only two samples were averaged due to third sample being voided

Table 2 — PM10 sample results.

Date 

sampled

Sample 

period

Arsenic 

concentration, 

μg/m3 

Cadmium 

concentration, 

μg/m3 

Copper 

concentration, 

μg/m3 

Lead 

conc.,

 μg/m3 

Total pm10 

concentration, 

μg/m3 

DustTrak 

reading,  

μg/m3 

1/5/09 1 63.3 2.37 90.7 190 1020 295

1/5/09 2* 35.5 4.80 70.5 69.0 274 264

1/7/09 3 18.3 2.57 120 34.0 1880 522

1/7/09 4 34.3 5.00 72.0 65.0 1120 696

1/9/09 5 52.7 2.53 42.0 170 596 335

1/9/09 6 22.7 0.25 41.3 51.0 396 148

1/12/09 7 55.0 7.37 87.0 200 1440 325

1/12/09 8 9.97 0.25 34.0 35.0 320 86

1/16/09 9 49.7 6.13 66.0 112 669 371

1/16/09 10 49.7 6.13 66.0 112 671 472

1/19/09 11 110 9.43 127 93.7 867 718

1/19/09 12* 30.5 1.90 50.0 45.5 654 364

1/23/09 13 110 2.70 107 170 1010 564

1/23/09 14 81.0 3.40 120 173 1100 470

1/26/09 15 14.7 1.28 123 23.7 234 445

1/26/09 16 37.7 2.77 140 86.0 841 482

average 48.4 3.68 84.8 102 818 410

* denotes sample periods in which the results of only two samples were averaged due to third sample being voided
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Table 4 — Summary of results from Pearson’s correlation and linear regression.

Metal Sample type

Pearson's correlation 

coefficient  (r)

 Coefficient of 

determination (R2)

Slope of regression 

(correction factor) p-value

Arsenic

respirable 0.40 0.82 0.098 < 0.00001

PM10 0.51 0.79 0.114 < 0.00001

total dust 0.46 0.80 0.114 < 0.00001

Cadmium

respirable 0.42 0.76 0.007 < 0.00001

PM10 0.54 0.77 0.009 < 0.00001

total dust 0.56 0.82 0.009 < 0.00001

Copper

respirable 0.33 0.81 0.142 < 0.00001

PM10 0.64 0.90 0.195 < 0.00001

total dust 0.67 0.91 0.219 < 0.00001

Lead

respirable -0.08 0.61 0.199 < 0.00001

PM10 0.06 0.66 0.216 < 0.00001

total dust 0.01 0.65 0.213 < 0.00001

Table 3 — Total dust sample results.

Date 

sampled

Sample 

period

Arsenic 

concentration, 

μg/m3 

Cadmium 

concentration, 

μg/m3 

Copper 

concentration, 

μg/m3 

Lead 

conc., 

μg/m3 

Total dust  

concentration, 

μg/m3 

DustTrak 

reading, 

 μg/m3 

1/5/09 1 64.0 2.43 103 193 1710 295

1/5/09 2 48.7 4.40 62.7 63.3 791 264

1/7/09 3 17.0 2.33 120 29.3 850 522

1/7/09 4 30.3 4.43 79.3 50.3 1180 696

1/9/09 5 53.3 2.77 46.7 180 1120 335

1/9/09 6 29.7 1.02 53.7 63.7 430 148

1/12/09 7 42.3 6.00 71.7 170 950 325

1/12/09 8 11.0 0.25 39.7 36.7 529 86

1/16/09 9 52.3 6.67 81.3 110 1040 371

1/16/09 10 56.7 4.30 98.0 120 1630 472

1/19/09 11 103 9.23 160 87.0 1340 718

1/19/09 12 35.3 2.30 62.3 51.0 1140 364

1/23/09 13 100 2.77 103 163 1660 564

1/23/09 14 83.7 3.53 130 183 1920 470

1/26/09 15 16.3 2.07 130 24.3 892 445

1/26/09 16 47.3 3.77 167 98.7 866 482

Average 49.4 3.64 94.3 102 1130 818
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Figure 2 — Regression plots for respirable, PM10 and total dust copper.

Figure 3 — Contingency tables for arsenic, cadmium, copper and lead.

Arsenic
Traditional sampling shows arsenic concentration to be above PEL

Yes No

DustTrak predicts arsenic concentration to be 

above PEL

Yes 15 0

No 1 0

Cadmium
Traditional sampling shows cadmium concentration to be above PEL

Yes No

DustTrak predicts cadmium concentration to be 

above PEL

Yes 1 1

No 2 12

Copper
Traditional sampling shows copper concentration to be above PEL

Yes No

Dusttrak predicts copper concentration to be 

above PEL

Yes 0 0

No 0 16

Lead
Traditional sampling shows lead concentration to be above PEL

Yes No

Dusttrak predicts lead concentration to be above 

PEL

Yes 12 2

No 1 1
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