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Abstract
Global economic growth has led to an increase in cement production to meet the demand of infrastructural development 
over the past decades. This has resulted in cement factories being the major sources of dust pollution. Dust emanating 
from the cements plants deposits on buildings, roadways, on road pavements and plants. The purpose of this study was 
to determine the concentration of platinum group metals (PGMs) emitted with cement dust on a dust suppressed road-
way next to a cement factory in Waterberg, South Africa. The concentrations of PGMs were determined using inductively 
coupled optical emission spectrometry. This region is well known for large reserves and mining of PGMs such as Pt, Rh, 
Ru and Pd. The highest concentration in the dust samples collected along the roadway was that of Pt followed by Ru, Rh 
and Pd. The concentrations of Pt, Ru, Rh and Pd in soil samples decreased with the increase of depth. Water concentra-
tion of PGMs decreased at each sampling point in the following order; Pt > Ru > Rh > Pd. Sediments samples were also 
sampled along the Crocodile River for characterisation of physico-chemical parameters. It was of great importance to also 
analyse PGMs in soils, water and sediments since, dust settles on them. Elevated concentrations of Pt were observed in all 
samples and the highest concentrations were partitioned to the small particle size fraction of 32 µm. The pH and electric 
conductivity (EC) of the sediments were measured and the pH values increased while EC values decreased moving along 
the river. The most common minerals identified in the dust samples were quartz and calcites. Vehicular emissions were 
also found to be the major contributor to suspended particulate matter and atmospheric deposition of dust dominantly 
result from emission from the cement plant. The cement plant was the major polluter through atmospheric deposition 
of dust particles. The result also revealed that the pH of the Crocodile River was slightly alkaline which was influenced 
by the effluent from the cement plant.
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1 Introduction

Thabazimbi local municipality is located within a belt 
of mining reserves of platinum, iron, chrome, limestone 
etc., and within the Bushveld region of South Africa. 
Bushveld igneous complex is well known area for its rich 
in platinum group metals (PGMs) and some of the princi-
pal mines from which these PGMs are obtained. Platinum 
(Pt), palladium (Pd), Ruthenium and rhodium (Rh) (also 

referred to as platinum group metals (PGMs)) that are 
chemically and physically similar and these metals are 
released into the environment by anthropogenic activi-
ties such as road traffic and mining industries [1]. 85% 
of the world`s PGMs production is in South Africa, and 
has 82% of the world’s economic resources [2]. There are 
also cement companies mining raw materials for cement 
production. Raw materials such as limestone and clay in 
the area are expected to contain some amounts PGMs. 
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Due to availability of raw materials for cement produc-
tion, there is cement plant located near Thabazimbi. The 
cement industry, due to the nature of its activities, is one 
of the leading polluters of the environment [3].

This cement industry is faced with the environmental 
issues of dust and its effects. Therefore, there is high pos-
sibility that PGMs might also be emitted with cement 
dust during pyro-processing from the plant to the sur-
rounding environment. During cement manufactur-
ing, dust emission usually occurs during quarrying and 
crushing, raw material storage, grinding and blending 
(in the dry process only), clinker production, clinker stor-
age piles, grinding, and packaging and loading [4]. The 
largest emission source of dust within cement plants is 
the pyro-processing system which includes the kiln and 
clinker cooler exhaust stacks.

The PGMs are currently under the spotlight as they 
offer the dual attraction of rare, high-value precious met-
als as well as having major industrial uses [2]. Due to the 
expected development within the Waterberg area and 
the existing mining and metallurgical activities in the 
western arm of the bushveld igneous complex [5], there 
is concern regarding the future and current air quality 
in these regions. This led to the establishment of the 
Waterberg Priority Area ambient air quality monitoring 
network in 2012 to monitor the ambient air quality in 
the Waterberg Area.

Some people have expressed concern over inadequate 
dust control measures from cement plants because fall-
out from quarry dumps containing cement dust can be a 
major issue to residents residing close to these companies 
(USEPA 1994) [6]. Health effects due to the exposure to 
constituents of cement dust on organ system in humans 
have been described in literature. According to Nurbi-
yantaro [7], exposure via inhalation of dust particles in 
the respiratory tract will cause a variety of lung function 
impairment. Chest pain, congestion, throat inflammation, 
cardiovascular disease and respiratory ailments are some 
of diseases that can be caused by air pollution [8]. The gen-
eral outcome of occupational exposure to PGMs is adverse 
health effects in the respiratory tract and the skin with the 
potential of lowering the quality of life, contributing to 
a disabling illness [9]. PGMs have chronic effects that are 
characterised by the reduction in body mass and content 
of haemoglobin in the blood [9]. Concerns may also arise 
from the farmers who have to handle cement dust during 
the application to agricultural fields (USEPA 1998) [10]. The 
effects of dust on the agricultural area are determined by 
the concentration of dust particles in the ambient air, size 
distribution, deposition rate and its chemistry [11]. Irriga-
tion using PGMs polluted water and dust deposition may 
cause contamination of agricultural soils to even deep 
lower layers.

In the past, it was common for many companies to 
indiscriminately discharge their wastes into the environ-
ment. This practice left governments to bear the cost of 
environmental clean-up. Due to environmental and health 
effects of cement dust and dust in general, many cement 
manufacturing companies are prioritizing minimization 
of the ambient particulate levels by reducing mass load 
emitted from the stacks [12]. A bulk of dust sample was 
analysed using modified three-step sequential extrac-
tion procedure called European Community Bureau of 
Reference (BCR) which provide more information on the 
origin, physico-chemical availabilities, mobilisation, and 
transport of trace metals in natural environments [13, 14]. 
This BCR sequential extraction method analyses different 
fractions of metals in the dust: acid-extractable (water 
soluble, exchangeable, and bound to carbonates), reduc-
ible (bound to Fe and Mn oxides), oxidizable (bound to 
sulphides and organic matter), and residual [15–17].

The primary aim of this study was to determine the 
contribution of road dust to PGMs such as Pt, Pd, Rh and 
Ru next to a cement plant in Thabazimbi Municipality in 
South Africa. Many studies conducted thus far are focused 
mainly on the vehicular emission of PGMs on dusty road-
way. However, industries such as cement factory can also 
contribute towards an elevated level of PGMs in the envi-
ronment [18–20]. Therefore, this study focusses on the 
determination of PGMs emitted from a cement plant to 
establish severity of their contamination on the surround-
ing environment.

2  Materials and methods

2.1  Analytical reagents

Analytical grade chemicals for sequential extraction  H2O2, 
 NH2OH·HCl,  CH3COONH4,  CH3COOH and  HNO3/HCl for 
aqua regia were obtained from Merck (Johannesburg, 
South Africa). Calibration standards were prepared using 
PGMs standards metal solutions (1000 mg L−1) purchased 
from Merck (Darmstadt, Germany).

2.2  Materials

Mesh sieves (125, 75 and 32  µm) bought from Lasec 
(Johannesburg, South Africa) were used to sort the dust 
into different sizes. Mechanic shaker bought from Retsch 
(Johannesburg, South Africa) was used to shake the sieves. 
A refrigerator bought from Labtech (Johannesburg, South 
Africa) was used to store the samples at 4.0 °C. CNW water 
bath thermostatic vibrator purchased from Lasec (Johan-
nesburg, South Africa) was used to mechanically shake 
the samples in 50 mL centrifuge vials. An MRC centrifuge 
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purchased from Retsch (Johannesburg, South Africa) was 
used to separate the residue and the extracts in the vials. 
All dilutions were done using ultrapure water purchased 
from Milli Q system (Millipore, France). A portable Multi-
probe Boeco pH meter purchased from Rochelle (Johan-
nesburg, South Africa) was used to measure the pH and 
electrical conductivity (EC), temperature and total dis-
solved solids (TDS).

2.3  Instruments

Measurements were carried out with a sequential, axially 
viewed ICP-OES 9000 Shimadzu equipped with a Mein 
hard nebulizer, a glass cyclonic spray chamber and ICP 
WinLab software Data System. Argon (purity > 99.995%) 
supplied by BOC gases a member of Linde group (South 
Africa), was used to sustain plasma and as carrier gas. Axial 
view was used for metals determination. The emission 
intensities were obtained for the most sensitive lines free 
of spectral interference. The conditions of ICP-OES are indi-
cated in Table 1. The calibration standards were prepared 
by diluting the stock multi-elemental standard solution 
(1000 mg L−1) in 0.5% (v/v) nitric acid containing all ana-
lysed PGMs elements supplied by Merck (Darmstadt, Ger-
many). For the calibration curve, the following standard 
solutions (blank, 5, 10, 25, 50, 100, 200, 500, 2000 µg L−1) 
were prepared from a multi-element solution (10 mg L−1). 
The dilutions were achieved using  MilliQ® ultra-pure water. 
The X-ray diffraction powder pattern was recorded at 26 °C 
using Bruker AXS (Karlsruhe, Germany). Measurements 
were performed using a multi-purpose X-ray diffractom-
eter D8-Advance from Bruker operated in a continuous 
scan in locked coupled mode with Cu-Kα (λKα1 = 1.5406 Å) 
radiation and Lynx Eye (Position sensitive detector). The 
Bruker handheld S1 Titan XRF (Cramerview, South Africa) 
spectrometer equipped with a Rh anode X-ray tube and 
a maximum voltage of 50 kV was employed for the dust 
analysis.

2.4  Sampling area

The cement plant shown in Fig. 1 is situated next to sev-
eral agricultural fields cultivated with pastures (GPS coor-
dinates 24°98′66 S, 27°54′65 E) and a busy gravel roadway 

parallel to the Crocodile River flowing towards the west 
in Koedoeskop which falls under the jurisdiction of the 
Thabazimbi Local Municipality and the Waterberg District, 
South Africa. The gravel roadway joins the R511 road on 
both its ends. Thabazimbi area is characterised by three 
prominent east–west trending mountain ranges and the 
majority of the mining operations take place in these 
mountains where the deposits of PGMs occur. The cement 
plant has a production capacity of 1.2 million tonnes per 
year [21]. There is Northam Platinum Mine on the far west 
of the cement plant. The gravel road is used by heavy traf-
fic coming and going from the cement plant and there is 
also heavy traffic of trucks transporting raw minerals from 
the nearby mines. Water from the Crocodile River is used 
for irrigation by the farmers, where the main agricultural 
activity is centred on pastures. Water is also channelled 
from the Crocodile River to the cement plant and used 
for cooling the rotary kiln during the production of the 
clinker. During processing, water gets contaminated with 
pollutants released from the formation of the clinker. Con-
taminated water is treated with lime to precipitate the pol-
lutants and then released back into the river. This water is 
also sprayed over the gravel roadway to suppress dust.

2.5  Sample collection

The dust samples (20 samples in total) were collected in 
summer using a brush and a pan along a gravel roadway 
at a distance of 1 km apart from one end of the roadway 
to the other end of the gravel road passing by the cement 
plant. A bulk of dust was sampled next to the cement plant 
for analysis of PGMs in different fractions, composition of 
PGMs in different particle size fractions, XRD, and XRF char-
acterization and measurement of pH and EC. Sediments 
samples were collected by hand (with latex gloves and 
plastic spatula), along the Crocodile River put into cleaned 
ziplock plastic bags and taken to the laboratory in cooler 
boxes. Six soil samples were dug using a small garden 
fork and a spade for depth analysis and another sample 
was dug on a farm nearby the cement plant and put into 
ziplock plastics. Samples were dried at room temperature 
until a constant weight was achieved and separated into 
different particles size fractions (125, 75 and 32 µm) in 
the laboratory. All the samples were originally stored in 

Table 1  ICP-OES instrumental 
parameters for the analysis of 
platinum group metals

Parameter Value Parameter Value

Ignition mode Normal (water) Carrier gas 0.6 L min−1

RF generator power 1.20 KW Air gas 500 kPa
Plasma-forming air flow rate 10 L min−1 Replicates 3
Gas flow auxiliary 2 mL min−1 Background correction 2 points
Peristaltic pump flow rate 1.8 mL min−1 Plasma viewing Axial
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paper and plastic bags until analysis. A total of 7 water 
samples were collected along the banks of the Crocodile 
River and factory effluent in 500 mL sampling bottles using 
grab sampling. A factory effluent water the wastewater 
discharged from the mining operations. The samples were 
collected in December (summer season). The bottles were 
rinsed with the surface water before collecting each sam-
ple 15 cm below surface water at each sampling point. The 
water samples were acidified with  HNO3 and the physico-
chemical parameters were also measured at the field.

2.6  Sample preparation

Aqua regia was used for digestion of dust, sediments and 
soils samples. The temperature was maintained at 110 °C 
for 2 h during digestion of 0.2 g of the samples with 20 mL 
of 3:1 (v/w) HCl/HNO3 mixtures on a hot plate in the fume 
hood. After cooling, 20 mL of 2%  HNO3 water was added 
to the sample and mixed. The residue was filtered through 
filter paper and then the sample was diluted to 100 mL 
with de-ionised water. A bulk dust sample was prepared 
through modified BCR sequential extraction as explained 
by Wali et al. [22]. In the laboratory, the water samples 
were passed through a 0.45 µm membrane filter prior to 
analysis. ICP-OES instrument was used to determine the 
concentrations of PGMs in the solutions. The dust sam-
ples were air-dried in open air, to remove moisture con-
tent. Removal of moisture is significant because moisture 

content above 20% could interfere with the XRF analysis 
and also alter the soil matrix for which the XRF spectrom-
eter has been calibrated with respect to solid (powdered) 
samples. The soil samples were thoroughly homogenized 
and sieved into fine particle sizes of 75 μm with Retsch alu-
minium test-sieves with vibratory electronic sieve shaker 
to reduce soil matrix. In general, although results are ele-
ment dependent, sieving samples to a particle size of 
< 250 µm is recommended [23]. For measurements of pH 
and EC, 1:5 sample (dust or soil or sediment) to deionized 
water suspension (w/v) mixture was prepared. A portable 
Multi-probe Boeco pH meter purchased from Rochelle 
(Johannesburg, South Africa) was used to measure the 
pH and electrical conductivity (EC).

3  Results and discussion

3.1  Characterisation of water and dust samples

Table 2 shows the results for pH, electrical conductivity 
(EC), total dissolved solids (TDS) and temperature of col-
lected water samples from the Crocodile River. The pH 
ranged from 7.7 to 8.7 which shows that the pH was just 
above the neutral pH of 7. The highest pH value was 8.7, 
which was recorded along the river close to the cement 
plant and the lowest value was 7.7 due to neutralization 
of the plant wastewater by liming the effluent from the 

Fig. 1  Sampling sites for dust along the road (4—stars), water samples (5—stars) along the Crocodile River and factory effluent
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cement plant. This pH from the effluent showed that 
the water was almost clean which implies it was treated 
before being released to the Crocodile River. The pH values 
fell within the recommended limit of 6–8.5 set by World 
Health Organisation and adopted by the Department of 
Water Affairs and Forestry of South Africa [24] for domestic, 
recreation and agricultural water use.

EC is used as a measure of the mineral or ionic concen-
tration of water [25]. EC of the Crocodile River water sam-
ples is shown in Table 2. The EC values ranged from 510 to 
1073 µS cm−1. The highest conductivity of 1073 µS cm−1 
was observed for water collected in the factory effluent 
next to the cement plant. This indicated that the water 
from the cement plant carried high mineral content. 
The EC values obtained in this study exceeded the water 
guidelines set by DWAF [24] and WHO [26].

TDS of water samples from the Crocodile River and 
factory effluent ranged from 301 to 630 mg L−1. TDS is 
the measure of dissolved mineral ions in water such as 
magnesium, calcium, sulphate, chloride, bicarbonate, 
sodium, nitrate and carbonate. It is a direct estimate of 
electrical conductivity of water because EC is the meas-
ure of charged ions in the solution [24]. The highest value 
of 630 mg L−1 from factory effluent (Crp) was above the 
recommended limit of DWAF [27] for domestic water 
use 450 mg L−1 and higher than the guideline value of 
(0.4 mg L−1) for use in irrigation. The temperature values 
of the water samples ranged from 27 to as high as 33.7 °C. 
The overall higher temperature was recorded over the 
factory effluent which was flowing slowly and during 

summer period. Higher temperatures above 30 °C affect 
organisms such as crabs, fish and microorganisms because 
it decreases the amount of dissolved oxygen in water. Fac-
tory effluent had the highest temperature of 33 °C as it is 
open to direct sunlight which increases the temperature 
of water.

The pH and EC of the dust and sediment samples were 
determined to assess their possible influences on agri-
cultural soil. The pH of the dust samples measured varied 
from 6.7 to 8.2, and this range showed that the dust was 
slightly alkaline. The alkalinity of the dust might have been 
caused by the presence of high calcium carbonate content 
present in dust. The highest pH value of 8.2 was observed 
at the bottom surface sediment collected along the Croco-
dile River. This suggested that there was high percolation 
of lime on sediments.

The EC values of the dust and sediments samples are 
shown in Table 3. The recorded values of EC varied from 
362 to 1497 µS  cm−1. The highest EC value was observed 
for sample collected next to the cement plant were most 
of the dust emanating from the plant settled. This shows 
that the dust was predominantly loaded with ions. Such 
ions might be have been carried by dust from the cement 
plant. The ions might be magnesium, sulphate, carbon-
ate, chloride and calcium from limestone and clay. These 
elements may affect productivity of the agriculture soil of 
the farms situated along the gravel road. The dust sample 
(RS16) collected along the road was slightly acidic, and 
this pH was strongly influenced by traffic activities. The 
other sources of heavy metal contamination on roads were 
from tire and brake abrasion, combustion exhausts [28, 29] 
and discharges of some raw material elements for cement 
production carried by heavy vehicles.

3.2  Mineralogy of dust samples

The XRD pattern of the dust samples collected close to 
the cement plant is shown in Fig. 2. The mineralogy of the 
dust sample was recorded for the sample in order to know 
about the mineralogical composition and the crystalline 
nature of samples. The minerals contained in the samples 
were identified by making use of International Centre for 

Table 2  Physico-chemical properties of water samples from the 
Crocodile River

Cr1–Cr6 are the sampling points of water along the Crocodile River 
and Crp is the sampling point of water at the effluent outside the 
cement plant

Site GPS coordinates pH EC (mS cm−1) TDS (mg L−1) Tem-
perature 
(°C)

Cr1 25°05′89 S, 
27°51′99 E

7.9 529 316 29.2

Cr2 25°06′62 S, 
27°51′57 E

8.1 510 301 30.9

Cr3 25°07′21 S, 
27°52′05 E

7.9 491 324 30.0

Cr4 24°89′14 S, 
27°51′99 E

8.7 464 285 32.2

Cr5 24°89′43 S, 
27°52′45 E

8.5 486 291 27.0

Cr6 24°89′94 S, 
27°52′95 E

8.5 485 292 27.7

Crp 24°98′22 S, 
27°54′82 E

7.7 1073 630 33.7

Table 3  Physico-chemical characteristic of dust and sediment sam-
ples

CR1and CR3 are the sediment samples collected along the Croco-
dile River, RS8 and RS16 are the dust sample collected along the 
road, Bulk is the dust sample collected in bulk next to the cement 
plant

Sample CR1 CR3 RS8 RS16 Bulk

Ph 7.3 8.2 7.8 6.7 8.0
EC (µs cm−1) 791 366 362 986 1497



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:1090 | https://doi.org/10.1007/s42452-020-2882-1

Diffraction Data, Powder Diffraction File (ICDD PDF). The 
XRD pattern identified the following minerals; quartz, cal-
cite, dolomite, microcline, muscovite and gypsum. These 
minerals observed in the XRD patterns of dust represent 
the composition of raw materials used in cement manufac-
turing with gypsum used as an additive for the clinker. XRD 
pattern also showed that quartz dominated and minerals 
in XRD pattern were crystalline in nature.

3.3  XRF analysis of dust samples

The XRF results of the bulk sample collected close to 
cement plant are shown in Table 4. As for this study, Ni 
was the only heavy metal observed from the XRF analysis 
with a concentration of 0.002 mg kg−1 and the Pt, Pd and 
Rh were below detection limit. The metal oxides such as 
silicate, lime and aluminate were the major representative 
of dust sample as shown in Table 4. These metal oxides 
might be arising from the raw materials used for cement 
production.

3.4  Levels of PGMs in the Crocodile River and road 
dust samples

The concentrations of Pd, Pt Rh and Ru in the Crocodile 
River where obtained from the ICP-OES with LODs ranging 
from 4.1 to 22.8 µg L−1. The general trend of the concentra-
tion of PGMs at each site was decreasing in the following 
order Pt > Ru > Rh > Pd. Figure 3 showed that the concen-
tration of the PGMs generally increased moving along the 
sampling points in the Crocodile River. Elevated levels of 
the PGMs after the cement plant at sampling points Cr4, 
Cr5 and Cr6 might be due to contamination of water by 
the effluent from the cement plant, leaching of the met-
als to the water bodies and atmospheric deposition. High 
concentrations of Pt at all the sampling points might also 
be caused by large deposits of Pt in the area [30]. Gagnon 
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Table 4  Shows the concentration of heavy metals and metals 
oxides with their standard deviations obtained using the XRF analy-
sis of the bulk sample collected close to the cement plant

SD standard deviation, bdl below detection (0.001 ppm)

Heavy metals Concentration (mg kg−1) SD

 Pt bdl bdl
 Pd bdl bdl
 Rh bdl bdl
 Ni 0.002 0.002

Metal oxides
 Al2O3 9.55 0.26
 SiO2 38.43 0.36
 CaO 15.72 0.05

Fig. 3  Concentration of 
PGMs in water samples of the 
Crocodile River and the factory 
effluent
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[31] reported that in highly industrialised areas, large 
amounts of Pt can be detected in river sediments. The 
presence of organic matter like humic and fulvic acids was 
likely to bind platinum and other PGMs. This is enhanced 
by having appropriate pH and redox potential conditions 
in the aquatic environment. The level of PGMs in the efflu-
ent sample showed that most of the metals in the Croco-
dile River emanated from the cement production plant.

Figure 4 shows the concentration of PGMs in different 
BCR fractions. The PGMs dominated the reducible fraction 
(ERO), followed by exchangeable fraction (EXC), oxidiza-
ble fraction (OM) and residual fraction (RE). Generally, the 
availability as well as the mobility of the PGMs decreased 
in the following order: ERO > EXC > OM > RE. This study also 
revealed that ERO and EXC fractions constituted the high-
est fractions with respect to the distribution of all met-
als. The ERO represents the concentration of metal bound 
to iron and manganese oxides that would be released if 
the substrate was subjected to more reductive condition 
[32]. EXC is the fraction that gives adverse impact to the 

environment [33]. The observed trend order suggested 
that metals were bioavailable and mobile, which can result 
to uptake by the plants. This study also revealed that ERO 
and EXC fractions constituted the highest fractions with 
respect to the distribution of all metals. This trend also 
suggested that the PGMs were from anthropogenic origin 
because of observed high levels in the ERO and EXC frac-
tions. The highest concentration was observed for Pt with 
a concentration of 32 mg kg−1 in the reducible fraction. 
Pt is mobile only in extremely acidic conditions or in soil 
water with high chloride content [31]. The availability and 
the mobility of metals pose a concern to the surrounding 
communities because people might ingest these metals 
through food chain.

3.5  PGMs in different particle size fractions

The concentration of PGMs in different particles size frac-
tions are presented in Fig. 5. Pt dominated all particle 
size fractions. Most of the PGMs were associated with the 
smaller particle size of  PM32 due to high surface areas: 
surface area: volume ratio and negative charges associ-
ated with fine particles especially on 2:1 clay minerals and 
organic matter [34]. The preference of the metals to the 
small particles was also observed by Wang and Chen [35]. 
The concentration of PGMs decreased with the increase of 
particle sizes. The level of the PGMs was high in small par-
ticle size fractions and the order was  PM32 > PM75 > PM125. 
This showed that PGMs in smaller particle sizes pose high 
risk to the people because such particles can be inhaled. 
The particles with small sizes are considered a major envi-
ronmental and health hazard [36]. The general trend of 
each metal in the particle size fractions was decreasing 
in the following order; Pt > Ru > Rh > Pd. Similar metal 
abundance order was obtained in all three different parti-
cles size fractions. The trend depicted in the Fig. 5 shows 
that people inhaling fine particles in the area around the 
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cement plant are in danger of health problems associ-
ated with PGMs toxicity. The results suggested that size 
distribution of particles containing PGMs is important with 
respect to risk assessment of human inhalation.

3.6  Depth analysis

The levels of PGMs at different depths of the soil samples 
collected next to the cement plant are shown in Fig. 6. The 
general trend was the decreasing of PGMs concentration 
with increasing depth from the topsoil to downwards. 
This uniform trend was observed for all PGMs from upper 
surface to downwards. A similar pattern was observed in 
Bongwha, Korea by Kim and Jung [37]. Nemati et al. [13] 
also found that at increasing depths, the effects of pollu-
tion become slighter and metals are always absorbed in 
the top soil at first, and then sinks into deeper positions 
by chemical exchange. This uniform trend was observed 
for all PGMs from upper surface to downwards. The PGMs 
concentration decreased with depth in the following 
order; Pt > Ru > Rh > Pd. The concentrations of the PGMs 
observed showed that the metals were being transferred 
to the lower soils by rain water.

3.7  Spatial analysis

The concentration of PGMs in particle size fraction of 
 (PM32) for dust samples collected along a gravel road are 
shown in Fig. 7. The highest concentrations in all the dust 
samples were that of Pt followed by Ru, Rh and Pd. The 
PGMs concentration along the dust road varied as fol-
lows Pt, (150–16,550 mg kg−1), Rh (58.5–5100 mg kg−1), 
Ru (381–7100 mg kg−1) and Pd (71.5–2895 mg kg−1). Low 

concentration was observed at the first sampling point 
(RS1) which is furthest from the cement plant. This showed 
that the concentrations of the PGMs decreased with the 
increase of distance from the cement plant. A work done 
by Hooda et al. [38] also showed that the concentrations 
of these metals decreased with the increase of distance 
from the dust roadway. High concentration was observed 
at the last sampling point (RS19) on a busy road where 
heavy vehicles pass by carrying cement bags and minerals. 
Vehicular and industrial emissions are known to be one 
of the major sources of metal pollution in road dust [39]. 
This high levels of PGMs on the dust road suggested that 
the dust road was polluted by emissions from the heavy 
vehicles and minerals falling on the road. It was observed 
that the concentrations of the PGMs were higher for the 
dust samples collected in the eastern part than those from 
western part of cement plant. The wind direction might 
have influenced the direction of atmospheric deposition 
of dust on the eastern part from the cement plant. High 
amounts of PGMs in the farm (OPP) might affect the crops.

4  Conclusions

In this study, the results showed that the cement plant 
activities increased the accumulation of PGMs in soil 
and water around Koedoeskop. The level of PGMs in the 
samples was dominated by Pt, followed by Ru, Rh and 
Pd. The BCR method revealed that PGMs were available 
and mobile for the plant uptake, which pose health rick. 
The results indicated a preferential partitioning of met-
als to small particle size fractions in all samples. The dust 
contained minerals such as quartz, calcite, muscovite, 

Fig. 6  PGMs concentrations in 
soil profile
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dolomite, microline feldspar and gypsum. Dust road was 
highly contaminated with the PGMs especially in next 
to the cement plant and along the busy road. This study 
showed that monitoring and risk assessment are neces-
sary to evaluate the PGMs concentration in dust in order 
to develop the proper measures for reducing health effects 
associated with inhalation and ingestion of dust. High 
level of PGMs showed that the water suppressant was not 
effectively suppressing the PGMs on the dust road. An 
efficient method that can suppress dust with the PGMs 
is required to avoid resuspension of the PGMs with dust, 
which pose health hazard to the people in the surrounding 
communities next to the cement plant.
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