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Abstract: The environmental risk of chromium pollution is pronounced in soils adjacent to chromate industry. It is important to 
investigate the functioning of soil microorganisms in ecosystems exposed to long-term contamination by chromium. 45 soil samples 
obtained from different places of the slag heap in a steel alloy factory were analyzed for chromium contamination level and its effect 
on soil microorganisms and enzyme activities. The results show that the average concentrations of total Cr in the soil under the slag 
heap, adjacent to the slag heap and outside the factory exceed the threshold of Secondary Environmental Quality Standard for Soil in 
China by 354%, 540% and 184%, respectively, and are 15, 21 and 9 times higher than the local background value, respectively. 
Elevated chromium loadings result in changes in the activity of the soil microbe, as indicated by the negative correlations between 
soil microbial population and chromium contents. Dehydrogenase activity is greatly depressed by chromium in the soil. The results 
imply that dehydrogenase activity can be used as an indicator for the chromium pollution level in the area of the steel alloy factory. 
Key words: chromium contamination; soil microorganism; enzymes activities; total Cr; water soluble Cr(Ⅵ) 
                                                                                                             
 
 
1 Introduction 
 

In recent years, contamination of the environment 
by Cr, especially hexavalent Cr, has become a major area 
of concern. Chromium is the 10th abundant element in 
the earth’s mantle and persists in the environment as 
either Cr(Ⅲ) or Cr(Ⅵ). Cr(Ⅵ) is toxic to both plants and 
animals, being a strong oxidizing agent, corrosive, and  
potential carcinogen[1−2]. In contrast, the trivalent 
species is not toxic to plants and necessary in animal 
nutrition. Elevated soil concentrations of this potentially 
harmful element principally result from industrial wastes 
or spills, especially chromium-containing slag. Ore 
refining, production of steel and alloys, pigment 
manufacture, corrosion protection, leather tanning, wood 
preservation, and combustion of coal and oil are mostly 
responsible for release of chromium to the environment. 
Lacking of appropriate disposal facilities leads to serious 
groundwater and soil pollution. The steel alloy industry 

is a large contributor of Cr pollution to soil resources. 
Chromium-containing slag is one of the most hazardous 
solid wastes because of its high content of dissolvable 
Cr(Ⅵ). The accumulated chromium in soil can also 
cause acute and long term toxic effects on soil 
ecosystems[3]. 

Microbes play significant roles in recycling plant 
nutrients, maintenance of soil structure, detoxification of 
noxious chemicals, and the control of plant pests and 
plant alterations. Heavy metals exhibit toxic effects on 
soil biota, and they can affect key microbial processes 
and decrease the number and activity of soil 
microorganisms[4]. Microbial population has often been 
proposed to be an easy and sensitive indicator of 
anthropogenic effects on soil ecology. Cr(Ⅵ) has been 
reported to cause shifts in the composition of soil 
microbial populations, and known to cause detrimental 
effects on microbial cell metabolism at high 
concentrations[5]. 

Soil enzymes are synthesized by microorganisms 
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and act as biological catalysts to facilitate different 
reactions and metabolic processes to decompose organic 
pollutants. They are also intimately involved in the 
cycling of nutrients, affecting on the fertilizer efficiency. 
Furthermore, they reflect the microbiological activity in 
soil and act as indicators of soil change[6−7]. Soil 
enzyme assays have been considered as one of the 
cheapest and easiest techniques and used as sensors for 
measuring the degree of soil pollution. Soil enzyme 
inhibition depends on the nature and concentration of 
heavy metals, Heavy metals can inhibit enzymatic 
activities by interacting with the enzyme substrate 
complexes, denaturing the enzyme protein and 
interacting with its active sites. Metals indirectly affect 
soil enzymatic activities by altering the microbial 
community which synthesizes enzymes[8]. 

Quite a few studies on soil contamination of heavy 
metal from industrial sites were reported[9−10], however, 
no literature was found to investigate the degree of 
chromium contamination in soils immediately under the 
chromium-containing slag heap and its effects on soil 
microorganisms and soil enzymes. This study was 
undertaken to assess the transverse enrichment levels of 
total Cr and water soluble Cr(Ⅵ) in soil environment and 
the effects of chromium on soil biota and enzyme 
activities. The field investigation was carried out at 
chromium-containing slag sites in a iron alloy factory in 
Hunan Province, China. The selected enzymes included 
soil catalase, dhydrogenase and polyphenol oxidase and 
alkaline phosphatases. 
 
2 Experimental 
 
2.1 Soil sampling 

45 soil samples were collected from the upper 20 
cm of the four selected sites, namely, three from location 
A (under the chromium-containing slag heap), steel alloy 
factory in China, nine from location B (adjacent to the 
slag heap), twenty-three from location C (in the vicinity 
of factory) and ten from control site (far away from 
chromate slag site), respectively. Random soil samples 
were collected at each sampling site, placed in sealed 
plastic bags and transported to the laboratory. The moist 
soil was divided into two portions. One portion was kept 
in a refrigerator and temperature was maintained at 4 ℃ 
for determining soil enzymes and microorganisms. 
Another portion was air-dried, ground and sieved 
through a 0.16 mm mesh sieve for determining total 
chromium and water soluble Cr(Ⅵ). 
 
2.2 Soil analytical methods 

Total chromium was determined using the flame 
atomic absorption spectrometry(FAAS) method. 1 g of 
soil sample was digested with 10 mL of nitric acid + 5 

mL of 11׃ sulfuric acid + 5 mL of hydrofluoric acid. The 
total chromium in the digested solution was determined 
by atom absorption spectrometry. Water soluble Cr(Ⅵ) 
was determined by adding 50 mL of deionized water to 
10 g soil samples and shaking for 1 h. The amounts of 
water soluble Cr(Ⅵ) in the soil extracts were determined 
using 1, 5-Diphenylcarbohydrazide spectrophotometric 
method. 

All the samples were analyzed in three replicates. 
The quality control of analytical accuracy was also 
analyzed by reagent blanks and reference (China 
Standard ESS-3). 
 
2.3 Microbial population 

10 g of soil was diluted in 90 mL of Na4P2O7 (1 g/L, 
pH 7.0). Soil suspensions were shaken at 120 r/min for 
30 min and then rest for 10 min to allow settling of the 
soil. Standard serial dilutions followed and 0.1 mL 
aliquots of dilution were spread on plates. Enumeration 
of soil microorganisms was performed using the spread 
plate counting method. Nutrient agar (NA) medium was 
explored for bacterial enumeration, while potato dextrose 
agar(PDA) medium and ammonium chloride-starch agar 
were used for fungal and actinomycetes enumeration, 
respectively. Streptomycin and penicillin (25 mg/mL 
each) were added to PDA. The microbial populations 
were enumerated as colony-forming units(CFU) from a 
serial dilution of the soil suspensions. The colonies were 
counted after incubation for 3, 3 and 5 d at 30 ℃ for 
bacteria, fungi and actinomycetes, respectively. 
 
2.4 Soil enzyme activity 

The activities of soil enzymes were assayed 
according to the procedures of GUAN et al[11]. 

Catalase activity in soils was measured using the 
KMnO4 titrimetric method. In brief, 5.0 g fresh soil was 
placed in 100 mL measuring flask and added with 0.5 
mL of toluene, shaken thoroughly, and then placed in 
refrigerator (4 ℃) for 30 min. 25 mL of 3% H2O2 

solution was added into flask which was placed in 
refrigerator (4 ℃) for another 30 min. 25 mL of 1 mol/L 
H2SO4 was mixed and the suspension was filtered. 2 mL 
filtrate was treated with 4 mL of 0.5 mol/L H2SO4 .The 
residual H2O2 was determined by titration with 0.1 mol/L 
KMnO4 at the presence of H2SO4. A control without soil 
was treated identically at the same time. Catalase activity 
is expressed in mL/(g·h). 

Dehydrogenase activity was determined with the 
following modification. 2 g of soil was placed in 18 
mm× 20 mm glass tube and incubated with 2 mL of 3% 
2, 3, 5 tri-phenyl tetrazolium chloride(TTC) for 24 h at 
30 ℃. After incubation, 10 mL acetone was added, and 
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the suspension was homogenized with intermittent 
agitation for 2 h (once every half an hour) and then 
filtered in darkness. Reactive products were measured at 
485 nm using a spectrophotometer (VIS−7220). A 
sample without soil containing 2 mL buffer, which is 
instead of TTC, was used as a control. Dehydrogenase 
activity is expressed in mg/(kg·d). 

Polyphenol oxidase activity was measured by 
UV–Visible spectrophotometer. Briefly, 1 g fresh soil 
samples were carefully transferred into a 18 mm×20 
mm glass tube and mixed with 10 mL of 1% pyrogallol 
solution. After incubation at 30 ℃ for 1 h, 12.5 mL of 
0.5 mol/L HCl was added to the mixture, then shaken 
manually. The gallic acid produced was extracted with 
10 mL ether and measured spectrophotometrically at 430 
nm. Activity was quantified by reference to a calibration 
curve constructed using gallic acid standards, and it is 
expressed in mg/(h·g) gallic acid. 

Alkaline phosphatase activity was determined by 
the following procedure. 1.0 g of fresh soil was mixed 
with 0.2 mL of toluene, 4 mL of modified universal 
buffers(MUB) of pH 11.0 and 1.0 mL of 0.025 mol/L p- 
nitrophenol phosphate and incubated for 1 h at 37 ℃. 
After incubation, the mixture was mixed well with 1.0 
mL of 0.5 mol/L CaCl2 and 4.0 mL of 0.5 mol/L NaOH 
and then filtered through a filter paper. The concentration 
of product (p-nitrophenol) in the filtrate was determined 
colorimetrically at 400 nm. Activity was quantified by 
reference to a calibration curve constructed using Phenol 
standards under the same conditions described above, 
and it is expressed in mg/(g·h). 
 
2.5 Statistical analysis 

An analysis of variance was carried out by the 
General Linear Model(GLM) procedure of the SAS 
software package (SAS, 2001). Significant differences 
microbial population between means for different 
treatments were compared by means of the LSD test at ρ
＜0.05. 

 
3 Results and discussion 
 
3.1 Total Cr concentration in tested soil 

Soil samples were collected from the upper 20 cm 
of four locations (A, B and C and control site) for total 
Cr. The total Cr concentrations in the soils of the study 
areas except for control site are generally high. The 
concentrations of total Cr concentration in the soil 
samples vary significantly (Table 1). The concentration 
of total Cr in soil varies greatly according to the distance 
from the chromium slag heap. The total Cr concentration 
ranges from 1 248.4 to 2 130.3 mg/kg (mean value     
1 589.3 mg/kg) at location A. The total Cr concentration 
is in the range of 656.1−3 500.1 mg/kg, with the mean 
value of 2 239.5 mg/kg at location B. The mean 
concentration of total Cr is found to be 995.3 mg/kg in 
the soil at location C (208.6−6 207.6 mg/kg). The lowest 
total Cr concentration (208.6 mg/kg) is found in the soil 
sample far away from the main source of metal 
chromium such as chromium slag heap. 

In comparison with local background values (Table 
1) in the soils at the control site, the mean value of total 
Cr in the analyzed soils is much higher. The 
concentrations of total Cr in the soils at locations A, B 
and C are 15, 21 and 9 times higher than the local 
background value at the control site, respectively. In 
comparison with the threshold of Secondary 
Environmental Quality Standard for Soil in China (total 
Cr≤350 mg/kg) (National Environmental Protection 
Agency of China, 1995, which applies to soils in 
farmland, orchards and rangeland), concentrations of 
total Cr in the soils at locations A, B and C exceed the 
standard limit by 354%, 540% and 184%, respectively. 
Total Cr concentrations in all the samples at locations A 
and B exceed the standard limit. Among the 23 samples 
at location C, the content of total Cr in 22(95%) samples 
exceeds the standard limit and the highest value is 18 
times of the standard limit. The results show that there  

 
Table 1 Content of total Cr and water soluble Cr in tested soils at four sites (mg/kg) 

Sampling 
site 

Total Cr Water soluble Cr(Ⅵ) 

n Mean Minimum Maximum S.D. n Mean Minimum Minimum S.D. 

Location A 3 1 589.3 1 248.4 2 130.3 473.5 3 123.8 49.5 252.7 112 

Location B 9 2 239.5 656.1 3 500.1 1413.5 9 36.9 0.5 101.8 38.9 

Location C 23 995.3 208.6 6 207.6 1643.1 23 0.6 0.2 1.7 0.3 

Control site 10 104.9 90.0 117.5 13.9 10 0.7 0.1 1.1 0.5 

n means number of samples; S.D. means standard deviation; Location A means under slag heap; Location B means adjacent to slag heap; Location C means in 
vicinity of factory. 
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are serious pollutions by chromium from the 
chromium-containing slag in the study areas. On the 
selected three locations, location B adjacent to the slag 
heap has the highest contaminant levels, followed by 
location A (directly under the slag heap), and location C 
has the lowest contaminant level. 

Most researches focus on the comparison of the 
contamination degree among the soils around the 
contaminant sources and coincident results that total Cr 
concentrations decrease with distance from the 
contaminating sources were reported in previous 
literatures[12−13], which was in agreement with our 
study. Opposite observation that no direct relationship 
was apparent between the soil chromium content and the 
distance from the slag heap was also reported by 
LOYAUX et al[14]. To our knowledge, however, no 
literature was found to investigate the contaminant level 
directly under the slag heap due to the difficulty of 
sampling. In this study, total Cr concentration in soils 
under the slag heap (location A) was slightly lower than 
that at location B (around the slag heap). This is due to 
the total Cr in surface soils at location A mainly from 
natural leaching and mobility from the chromium- 
containing slag, however, total Cr enriching in the 
topsoil at location B can be attributed to atmospheric 
fallout, leaching and diffusing when transporting the 
slag. 

Generally, high Cr load of soils may increase 
absorption by plants and cause adverse effects on 
ecosystems, animal and human health if it consumed 
through foodstuff[15]. Because soil samples from 
location C were paddy soils, it is reasonable to assume 
that the large amount of total Cr in this farmland is likely 
to lead to food chain contamination. These facts revealed 
that the metal chromium discharged from the steel alloy 
factory posed a significant risk to soil environment. 
 
3.2 Water soluble Cr (Ⅵ) concentration in tested soils 

Water soluble Cr(Ⅵ) contents are also listed in 
Table 1. The highest water soluble Cr(Ⅵ) concentration 
is observed in soil at location A, with the mean value of 
252.7 mg/kg. The lowest content in soil at location A 
also reaches 49.5 mg/kg. Average soluble Cr( Ⅵ ) 
concentration is 123.8 mg/kg in the soils at location A. 
The average water soluble Cr(Ⅵ) in the soils at location 
B is 101.8 mg/kg, ranging from 0.5 mg/kg to 36.9 mg/kg. 
Water soluble Cr(Ⅵ) contents in the soils at location C 
are all low, close to local background value. However, 
the concentrations of water soluble Cr(Ⅵ) at locations A 
and B are 175 times and 52 times higher than the local 
background value, respectively. The results further show 
that the areas inside the steel alloy factory are heavily 

polluted by chromium from the chromium- containing 
slag heap. Moreover, it has been noted that the 
concentration of water soluble Cr(Ⅵ) is the highest in 
the soils directly under the slag heap. Degree of 
contamination in soils outside the steel alloy factory is 
relatively lower than that inside the steel alloy factory. 

Chromium compounds are highly toxic to plants 
and are detrimental to their growth and development, and 
Cr(Ⅵ) is considered the most toxic form of Cr[16] 
because of its strong oxidation with a high redox 
potential in the range of 1.33−1.38 eV accounting for a 
rapid and high generation of ROS[17]. Furthermore, 
water soluble Cr(Ⅵ) is extremely irritating and toxic to 
human body tissue owing to its oxidizing potential and 
easy permeation of biological membranes[18]. Although 
the water soluble Cr(Ⅵ) content in the soil at location C 
is low, the total Cr concentration is high. Cr(Ⅲ) can be 
converted to Cr(Ⅵ ) in the presence of MnO2 and 
molecular oxygen in soils[19]. Other forms of Cr(Ⅵ) 
such as exchangeable-Cr(Ⅵ), carbonate-bonded Cr(Ⅵ) 
can also be transformed to water soluble Cr(Ⅵ) when 
soil characteristics (pH, organic matter and so on) 
changed[20]. It should be pointed out here that low 
concentration of water soluble Cr(Ⅵ) in soils at location 
C may still pose potential health risks. 
 
3.3 Population of microorganisms 

The population of microorganisms in soil from 
location A (under the slag heap) is very low, only 12.053
×103 CFU/g (Fig.1). However, microbial number is 
great in soil from control site, with the value of 19 787×
103 CFU/g. Microbial number decreases by as much as 
three orders of magnitude, and also reveals that microbial 
number has been severely depressed in the heavy con- 
 

 
Fig.1 Total microbial population at four sampling sites 
(Vertical bars are SEs. Row number followed by different 
letters is significantly different at p=0.05. Location A (n=3): 
under slag heap; Location B (n=9): adjacent to slag heap; 
Location C (n=23): in vicinity of factory; Control site (n=10): 
far from factory) 



HUANG Shun-hong, et al/Trans. Nonferrous Met. Soc. China 19(2009) 241−248 

 

245

taminated site. Furthermore, with the increase of distance 
from the chromium-containing slag heap, the number of 
soil microbes increases. Population of soil 
microorganisms shows the order of control site ＞
location C＞ location B＞ location A. No significant 
difference in microbial population was found between 
location C and control site. The number of micro- 
organisms in soil from location A shows significant 
difference from that of the other three sites. The 
statistical analysis also shows that microbial number is 
negatively correlated with total Cr and water soluble 
Cr(Ⅵ) (data not shown). This suggests that the very high 
chromium concentrations in the contaminated sites have 
been primarily responsible for the decrease in the 
microbial number. 
 
3.4 Catalase activity 

Catalases scavenge H2O2 and protect cells from 
damage are caused by reactive oxygen species. Catalase 
is related to active soil biomass and has been suggested 
as sensitive indicators of soil quality. The mean value of 
catalase activity is the highest at location A, a heavily 
contaminated site (Fig.2). 

Significant differences in catalase activity were 
found between location A and other sites. The mean 
values of catalase activity in soil samples at location B, 
location C and control site are very near. No significant 
difference is found in catalase activity among these three 
different sampling sites (Fig.2). These facts show that 
catalase activity does not increase with the distance from 
the chromium-containing slag heap. Positive and 
significantly positive correlations between catalase 
activity and total Cr and water soluble Cr respectively 
indicate that heavy chromium stimulates catalase activity 
(Table 2). Adequate studies on the effect of heavy metal 
on catalase activity in soil were found and different 
results and even contrary findings were set in previous 
literatures. It was reported by BELYAEVA et al[8] that 
catalase activity was not markedly inhibited by heavy 
metals. Contrast results were elucidated by KHAN et 
 

 

 
Fig.2 Catalase activities in soils at four sampling sites (Vertical 
bars are SEs. Row number followed by same letter is not 
significantly different at p=0.05. Location A (n=3): under slag 
heap; Location B (n=9): adjacent to slag heap; Location C 
(n=23): in vicinity of factory; Control site (n=10): far from 
factory) 
 
al[21] who noted that heavy metals Cd and Pb slightly 
inhibited the catalase activity and the extent of inhibition 
increased significantly with increasing level of heavy 
metals. 

The observed inhibition or activation of catalase in 
the soil in the presence of heavy metal probably is a 
result of the reaction between the metal ion in soil and 
the functional groups of catalase. The enhancement 
effect of heavy metal on catalase in this study might also 
be explained by the fact that catalase may be metallo- 
enzymes[22]. 
 
3.5 Dehydrogenase activity 

Dehydrogenase activities in the soils from four sites 
are shown in Fig.3 and Table 3. The highest 
dehydrogenase activity was observed in location C, 
reaching 312.875 mg/(kg·d). The lowest value of 
dehydrogenase activity was found in location B, a site 
polluted severely with chromium, only 26.233 mg/(kg·d). 
The mean value of dehydrogenase activity of soils 
from four different sampling sites presents the order of 

Table 2 Correlation coefficient (r) among contents of total Cr, water soluble Cr and enzymatic activities in tested soils at four sites 
(n=45) 

Variable Catalase Polyphenol oxidase Dehydrogenase Alkaline phosphatase Total Cr Water soluble Cr(Ⅵ)

Catalase 1      

Polyphenol oxidase 0.111 1     

Dehydrogenase −0.970 0.606* 1    

Alkaline phosphatase −0.162 0.117 0.284 1   

Total Cr 0.126 0.491* 0.333 0.491* 1  

Water soluble Cr(Ⅵ) 0.513* 0.269 −0.176 −0.103 0.107 1 
* Correlation is significant at ρ＜0.01.  
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Table 3 Range of enzymatic activities in tested soils at four sites 

Location a(Catalase)/(mL·g−1·h−1) 
a(Polyphenol oxidase)/

(mg·g−1·h−1) 
a(Dehydrogenase)/ 

(mg·kg−1·d−1) 
a(Alkaline phosphatase)/

(mg·g−1·h−1) 

Location A (n=3) 9.085−15.786 0.415−1.013 32.406−59.142 0.011−0.100 

Location B (n=9) 4.285−7.780 0.488−0.720 0.358−1.526 0.478−0.602 

Location C (n=23) 0.520−17.024 26.233−76.673 32.855−312.875 46.001−145.8 

Control site (n=10) 3.320−8.232 0.084−0.153 0.020−0.592 0.029−0.088 
n: Number of samples; a: Activity of enzymatic 
 

 

Fig.3 Dehydrogenase activities in soils at four sampling sites 
(Vertical bars are SEs; Row number followed by same letter is 
not significantly different at p=0.05; Location A (n=3): 
immediately under slag heap; Location B (n=9): adjacent to 
slag heap; Location C (n=23): in vicinity of factory; Control 
site (n=10): far from factory) 
 
location C＞control site＞location A＞location B (Fig.3). 
No significant difference was found in dehydrogenase 
activity between location A and location B, between 
location C and control site, however, dehydrogenase 
activities in the soils of location A and location B 
significantly differed with location C and control site. 
The results show that heavy metal chromium inhibited 
dehydrogenase activity and soil health is impacted 
markedly by chromium from chromium slag. Negative 
correlation between dehydrogenase activity and water 
soluble Cr(Ⅵ) (Table 2) shows that water soluble Cr(Ⅵ) 
is responsible for the inhibition of dehydrogenase 
activity. This is associated with the inhibition of 
microbial growth as dehydrogenase is an intracellular 
enzyme[23]. Inhibition of higher heavy metal 
concentration on dehydrogenase might be due to reduced 
microbial number and activity in soils because the 
activity is derived from the intracellular enzyme. The 
results illustrate that dehydrogenase activity is one of the 
best indicators of microbial activity because 
dehydrogenase only occurs within living cells, which can 
reflect the ability of microorganism taking part in redox 
reaction in soil. Dehydrogenase activity is very sensitive 

to chromium contamination. 
 
3.5 Polyphenol oxidase activity 

Polyphenol oxidase activities of soils from four 
sampling sites are exhibited in Table 3 and Fig.4. The 
highest and lowest values of polyphenol oxidase activity 
were all found in location C. The mean value of 
polyphenol oxidase activity in the soils of the four 
locations is very near, presenting no significant 
differences. Moreover, positive correlation between 
polyphenol oxidase activity and chromium content was 
observed. This indicates that chromium does not 
influence polyphenol oxidase activity. 
 

 
Fig.4 Polyphenol oxidase activities in soils at four sampling 
sites (Vertical bars are SEs; Row number followed by same 
letter is not significantly different at p=0.05; Location A (n=3): 
immediately under slag heap; Location B (n=9): adjacent to 
slag heap; Location C (n=23): in vicinity of factory; Control 
site (n=10): far from factory) 
 
3.6 Alkaline phosphatase activity 

Alkaline phosphatase catalyses the hydrolysis of 
various organic phosphorus compounds and acts as 
transphosphorylases at alkaline pH[24]. Activity of 
alkaline phosphatase in the soils varies with the distance 
from chromium slag sites (Table 3 and Fig.5). Alkaline 
phosphatase activity reaches the highest levels (0.592 
mg/(g·h), 37 ℃) in soils at location C and the lowest 
(0.011 mg/(g·h). 37 ℃) at location A (Table 3). The order 
of the mean value of alkaline phosphatase activity is 
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location C＞ location B＞ location A＞ control site. 
Alkaline phosphatase activity in soils does not 
significantly differ among the four sampling sites. This 
shows that the distance from the chromium slag heap 
does not significantly affect alkaline phosphatase activity. 
Significantly positive correlation was observed between 
alkaline phosphatase activity and total Cr (Table 2), 
indicating that total Cr stimulates alkaline phosphatase 
activity. However, weak negative correlation between 
alkaline phosphatase activity and water soluble Cr(Ⅵ) 
shows that mobile Cr(Ⅵ ) slightly inhibits alkaline 
phosphatase activity. 
 

 

Fig.5 Alkaline phosphatase activity in soils at four sampling 
sites (Vertical bars are SEs; Row number followed by same 
letter is not significantly different at p=0.05; Location A (n=3): 
immediately under slag heap; Location B (n=9): adjacent to 
slag heap; Location C (n=23): in vicinity of factory; Control 
site (n=10): far from factory) 
 
4 Conclusions 
 

1) Soils adjacent to the slag heap has the highest 
mean total Cr concentration, reaching 2 239.5 mg/kg, 
exceeding the threshold of Secondary Environmental 
Quality Standard for Soil in China by 540% and being 21 
times higher than local background value. Under the slag 
heap the average concentration of total Cr reaches      
1 589.3 mg/kg, 15 and 4 times higher than the standard 
limit and local background value, respectively. Even 
outside the factory the chromium concentration in soil is 
as high as 959.3 mg/kg, 9 times higher than local 
background value. Average concentrations of water 
soluble Cr(Ⅵ) in the tested soils under the slag heap and 
adjacent to the slag heap are 175 times and 52 times 
higher than the background values, respectively. 
However, the contents in the vicinity of the factory are 
all low, close to local background value. 

2) The chromium slag heap from the steel alloy 
factory may pose a significant risk to soil environment. 

Microbial number and dehydrogenase activity are 
severely depressed by chromium from the chromium- 
containing slag. Chromium pollution exhibits no 
inhibiting effect on catalase, polyphenol oxidase and 
alkaline phosphatase activity. Dehydrogenase and 
microbial population can be used as an indicator for the 
chromium pollution level in the area of steel alloy 
factory. 
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