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ABSTRACT

Chrome tanning is the most widely used tanning system worldwide because of its

advantages. Occupational exposure to chromium among tannery workers is mainly to

the inorganic Cr (III) form. Aim of work: The study aimed at monitoring the level of

chromium in both blood and urine among tannery workers and clarifying the effect of

increased chromium level in the body on the level of free iron in blood and transferrin

based on the fact that both chromium and iron compete for binding  sites on transfer-

rin protein. Lipid peroxidation was estimated through measuring the level of malondi-

aldehyde (MDA) in blood. Methods : This work has been carried out in five small- to

medium-sized Egyptian tanneries, in Misr Al kadema area in Cairo. The study popula-

tion was composed of an exposed group (n=50) and a matched control group (n= 30).

Every subject was subjected to estimation of chromium and iron in both blood and

urine. Measurement of transferrin , MDA in blood and blood haemoglobin were done.

Results: There was significant increase in the level of the measured parameters

among the exposed subjects compared to controls except for haemoglobin which was

insignificantly lower among the exposed group. There was significant positive corre-

lation between chromium in urine and blood on one hand and  free iron in blood and

urine and serum MDA on the other. Also there was significant negative correlation

between chromium in urine and blood on one hand and haemoglobin on the other.
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Introduction

Tanning is the chemical process that

converts animal hides and skins into leath-

er. The term hide is used for the skin of

large animals e.g. cows or horses, while

skin is used for that of small animals e.g.

sheep. There is great variation in the scale

and types of tanning facilities. Some tan-

neries are highly mechanized and use

closed automatic systems and many chemi-

cals, whereas others still use largely manu-

al work and natural tanning substances

with techniques essentially unchanged

over centuries (Baker, 1998).  Leather tan-

ning and finishing processes can be divid-

ed into many stages. Trimming, soaking,

fleshing, and unhairing. The first steps of

the process, are referred to as the beam-

house operations, bating, pickling, tanning,

wringing, and splitting are referred to as

tanyard processes and finishing processes

include conditioning, staking, dry milling,

buffing, spray finishing, and plating (Gup-

ta,1991). 

The main distinction between different

tanneries is the use of vegetable or chrome

tanning. Prior to the 1900s all leather was

tanned by vegetable methods. Now,

chrome tanning is the most widely used

system worldwide, because of the advan-

tages of light color, speed, low cost, and

good stability of the resulting leather.

Chrome-tanned leather tends to be softer

and more pliable, has higher thermal sta-

bility, is very stable in water, and takes

less time to produce than vegetable-tanned

leather. (Kirk -Othmer, 1995).

Chromium forms a number of com-

pounds in various oxidation states. Those

of II (chromous), III (chromic) and VI

(chromate ) states are most important; the

II state is basic , the III state is amphoteric

and the  VI state is acidic (ATSDR,2000) .

It has been known to be a micronutrient for

mammals for four decades, but progress in

elucidating the role of chromium has pro-

ceeded slowly. The last five years have

seen a flurry of activity in the elucidation

of a potential role for trivalent chromium

in mammalian carbohydrate and lipid me-

tabolism at a molecular level. The most

popular form of chromium in dietary sup-

Conclusion: The results suggest that, occupational exposure to Cr (III) carries the

risk of displacement of iron from transferrin by the excess chromium leading to al-

tered iron metabolism and release of free iron. In addition, the study points to the role

of excess chromium in initiation of lipid peroxidation process. 

Key words: Tanning industry, Cr (III), transferrin, free iron, lipid peroxidation,

MDA, haemoglobin 
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plements, is chromium picolinate which is

absorbed in a different fashion from die-

tary chromium. Chromium picolinate, Cr

(pic)3, is remarkably stable; it remains in-

tact for several hours in synthetic gastric

juice (Vincent,2000). After absorption,

chromium is known to be maintained in

the bloodstream bound to transferrin and

to be excreted in the urine bound to the

oligopeptide chromodulin (Clodfelder and

Vincent, 2005)

However, occupational exposure to

chromium among tannery workers is main-

ly to the inorganic Cr (III) form, or in the

protein bound form (leather dust). In the

industrial settings, chromium may enter

the body through inhalation, oral route or

by direct skin contact (Kornhauser et al.,

2002).

Shi et al. (1998) demonstrated that

chromium (III) could enhance the forma-

tion of hydroxyl radicals from superoxide,

though to a lesser extent than chromium

(VI), suggesting that chromium (III) can

act as a catalyst for the Haber-Weiss cycle

(hydrogen peroxide break down producing

hydroxyl radical).

Aim of the Work

The aim of the present study was: 

(1) Biological monitoring of chromium in

blood and urine, in addition to, detec-

tion of the impact of chromium level on

the iron level in blood and urine and

transferrin level.   

(2) Assessment of MDA (malondialde-

hyde), a lipid peroxidation product in

blood and urine as a parameter of oxi-

dative stress among tannery workers.

Subjects and Methods

Subjects:

This work had been conducted at five

small- to medium-sized Egyptian tanner-

ies, in Misr Al kadema area in Cairo, an

area which contains most of the big private

sector, leather tanning plants in Egypt.

This study was performed on two groups,

an occupationally exposed group (n=50)

and a control group (n=30). The control

subjects were randomly selected from the

industrial medicine and occupational dis-

eases outpatient clinic in Kasr Al Aini hos-

pital and were never exposed to leather

tanning industry area, taking into consider-

ation matching of age, sex, socioeconomic

status and smoking habits.

The exposed group was further subdi-

vided according to stages of leather tan-

ning industry into a preparatory group

(beamhouse operations), tanning group

and finishing group. 

* The preparatory group (beamhouse oper-

ations) included fifteen workers (n=15),

who worked in trimming, soaking,

fleshing and unhairing of the hides. 
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* Tanning group included nineteen work-

ers (n=19), who worked in bating, pick-

ling, tanning (either vegetable or

chrome tanning), wringing and splitting

of the hides.

* Finishing group included sixteen work-

ers (n=16), who worked in staking, dry

milling, buffing, spray finishing and

plating.

Methods: 

Both groups were subjected to the fol-

lowing:

1. Detailed personal, occupational and

medical histories. Smoking index

(S.I.) was calculated as current tobacco

consumption (cigarette /day) X dura-

tion of smoking (yr)/20 (Lange et al.,

1990). 

2. Laboratory investigations:

a] Determination of chromium in blood

and urine: 

The samples for blood chromium

level were prepared by dilution of 0.5 ml

of blood with 2 ml deionized water. The

samples of urine were prepared by dilution

of 1 ml of urine with 1ml of deionized wa-

ter. The chromium in blood and urine were

measured by graphite furnace atomic ab-

sorption spectrophotometer (Perkin-Elmer

model 5100PC, Norwalk, CT).

1-Sample preparation:

Three per cent butanlol was added to

samples and standards to match the carbon

content with the aim of ensuring that the

ionization efficiency of elements such as

chromium is the same in all solutions.

TAMA 0.1% chemicals (Kwasaki city, Ja-

pan) supercleaning,  (high purity surfac-

tant),  was added to maintain a stable

emulsion with the diluted sample. HNO3

0.05% was added to ensure that the trace

elements were maintained in solution and

to aid wash out of these elements between

samples; the acid concentration was kept

to a minimum, otherwise cellular compo-

nent in blood sample in particular will ag-

gregate.

2-Calibration solution preparation:

External calibrator for chromium was

prepared by serial dilution of parent stock

(1000 µg/ml) using the diluents as those

used to dilute and prepare the sample.

3-Optimization of technique:

For reading concentration of both sam-

ple and standard (calibrator), first it was

important to choose proper wave length,

lamp current band pass optimization.

4-Calculation of the results:

By plotting standard curve, the reading

of absorbance of sample and calibrator

was plotted in semilog curve, the concen-
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tration of Cr in the sample was interpreted

from this standard curve.

b] Determination of iron and transferrin

in blood and iron in urine:

1-Principle of the method:

The iron was dissociated from transfer-

rin-iron complex in a weakly acid medi-

um. Liberated iron was reduced into the

bivalent form by means of ascorbic acid.

Ferrous iron gave with Nitro-PAPS (2-(5-

nitro-2-pyridyl-azo) a colored complex.

The intensity of the colored complex

formed is in proportion to the iron concen-

tration in the sample. Iron in urine was de-

termined by a similar method.     

2-Standard procedure:

Reagents used were 1.4 mol/L of ace-

tate buffer (pH 4.8), 0.04 mmol/L of Ni-

tro-PAPS with L Ascorbic acid 99.7%.

Iron Cal. (iron aqueous) primary standard

100 µg/dL, mixed and incubated for 2

minutes at room temperature, a sensitive

iron indicator to produce a blue chrom-

phore absorbed maximally at 595 nm.

Read the absorbance of the samples and

standard against the blank was read, the

color was stable for at least 30 minutes. 

c] Malondialdehyde (MDA) in the serum :

Serum MDA was assayed using the

standard technique described by Stringer

et al., (1989)

Statistical analysis:

Results were evaluated for each group.

Data were compared using Student t test.

Analysis of variance (ANOVA) was used

for multiple comparisons between the

groups. Post-hoc test was then used to

study the inter-relation between the differ-

ent groups. Pearson correlation test was

used to correlate between different vari-

ables among the exposed groups. The sta-

tistical significance was defined as P-value

<0.05 . Computer based statistical package

for social sciences (SPSS) for windows 9.1

program was used.  

Results

The study population was composed of

80 male workers presented in two groups,

exposed (n=50) and control (n= 30).

Mean± SD of age of the exposed group

was 36.88 ±11.36 years ranging from (20-

59) years versus 37.06 ± 10.15 years, rang-

ing from (24-57) years among the controls.

Mean duration of exposure was 16.04

±8.31 years ranging from (5-37) years.

Both groups were matched for age, smok-

ing habits and socioeconomic standard.

Every participant was subjected to esti-

mation of Cr in blood and urine, iron in

blood and urine, transferrin and serum

malondialdehyde (MDA).  All the men-

tioned parameters were significantly high-
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er among the exposed group compared to

the controls (P<0.001) (table 1). Measure-

ment of haemoglobin revealed lower lev-

els among the exposed (14.12±1.13g/dl)

versus 13.71±1.07 in the controls (table 1)

(P>0.05).The difference between the two

groups was statistically not significant.

The exposed group was further subdi-

vided into beamhouse group (n=15), tan-

ning group (n=19) and finishing group

(n=16). The three groups were matched in

age, duration of work and smoking index

(table 2). The three groups were compared

as regards the same laboratory parameters.

The tanning group was found to have the

highest levels (P<0.001) (table 3,4). Work-

ers in the beamhouse operations had

slightly lower levels of MDA in blood ,

iron in blood and urine and transferrin than

workers of the tanning group and the dif-

ference was statistically insignificant. The

finishing group was found to have the least

increase in the mentioned parameters

which were significantly lower than those

estimated in the two other exposed groups.

Figures (1,2) show the negative signif-

icant correlation between haemoglobin (g/

dl) and both Cr in urine (µg/g creat) (γ =-

0.35, P<0.05) and Cr in blood (µg/l) (γ =-

303, P<0.05). Multiple inter-variable cor-

relations revealed highly significant posi-

tive correlation between Cr in blood with

serum MDA, iron in blood and urine

(P<0.001) (table 5). There was another

negative but insignificant correlation be-

tween iron in blood and haemoglobin level

(γ =-0.192, P>0.05) (figure 3). On the oth-

er hand, iron in blood showed significant

positive correlation with MDA (γ =0.41,

P<0.05) (figure 4). Duration of work in

leather tanning industry was not correlated

with any of the available Cr in blood, Cr in

urine or MDA (table 6).
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Table (1): Mean ±SD of haemoglobin (g/dl) , chromium in blood (µg/L), chromium in urine ( µg/g creat),

MDA in blood (µmol/L), iron in blood (µmol/L), iron in urine (µg/ g creat.) and transferrin

(µmol/L) among exposed and control groups.

Data

Hemoglobin  g/dl

Chromium in blood µg/L

Chromium in urine µg/g creat.

MDA in blood µmol/L

Iron in blood µmol/L

Iron in urine µg/ g creat.

Transferrin µmol/L

Exposed

(n=50)

Mean ±SD

14.12±1.13

4.272±1.562

3.271  1.366

4.852 ±1.742

1.459 ±0 .312

9.492 ±2.156

2.925 ±1.101

Control

(n=30)

Mean ±SD

13.71 ±1.07

1.574 ±1.046

0.888 ±0.456

1.392  ±0.948

1.094±0.340

7.658 ±1.499

1.842 ±0.641

P-value

>0.05

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

t-test

1.58

8.38

9.23

10.00

4.89

4.09

4.09

*statistically significant 

Table (2): Mean ±SD of age and duration of work among tannery workers in different departments in leather

tanning industry

Age

Duration of work

S.I Pack /year

Tanning

( no=19)

Mean  ± SD

34.86±11.30

16.42±9.05

28.36±21.97

Finishing

(no=16)

Mean ± SD

35.18±10.41

13.12±6.17

22.62±17.21

p-value

>0.05

>0.05

>0.05

F

1.813

1.812

1.746

Beamhouse

(no=15)

Mean  ±SD

41.66±11.77

18.66±8.59

34.13±13.77
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Table (3): Mean ± SD haemoglobin (g/dl) , chromium in blood (µg/L), chromium in urine ( µg/g creat.),

MDA in blood (µmol/L), iron in blood (µmol/L), iron in urine (µg/ g creat) and transferrin

(µmol/L) among tannery workers in different departments in leather tanning industry

Variables

Hemoglobin  g/dl

Cr in blood µg/L

Cr in urine µg/g creat.

MDA in blood µmol/L

Fe in blood µmol/L

Fe in urine µg/ g creat.

Transferrin µmol/L

Tanning

( no=19)

Mean  ± SD

13.90±1.15

5.546±0.695

4.271±1.033

5.604±1.456

1.620±0.237

10.573±2.211

3.452±0.988

Finishing

(no=16)

Mean ± SD

14.34±1.14

2.833±0.679

1.969±0.788

3.432±1.365

1.208±0.278

7.837±0.921

2.055±0.658

p-value

>0.05

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

F

0.65

27.08

24.14

11.10

11.417

10.071

10.55

Beamhouse

(no=15)

Mean  ±SD

14.16±1.12

4.193±1.690

3.394±1.086

5.413±1.576

1.524±0.273

9.890±2.050

3.188±1.100

Table (4): Multiple comparison between mean ±SD of chromium in blood (µg/L), chromium in urine ( µg/g

creat.), MDA in blood (µmol/L), iron in blood (µmol/L), iron in urine (µg/ g creat.) and transfer-

rin (µmol/L) among tannery workers in different departments in leather tanning industry

Cr in blood
µg/L

Cr in urine
µg/g creat.

MDA in blood
µmol/L

Fe in blood
µmol/L

Fe in urine
µg/ g creat.

Transferrin
µmol/L

Tanning
( n=19)

Mean  ±SD
5.546±0.695

5.546±0.695
4.271±1.033

4.271±1.033
5.604±1.456

5.604±1.456
1.620±0.237

1.620±0.237
10.573±2.21

10.573±2.21
3.452±0.988

1.620±0.237

Finishing
(n=16)

Mean  ±SD

2.833± 0.679
2.833±0.679

1.969±0.788
1.969±0.788

3.432±1.365
3.432±1.365

1.208±0.278
1.208±0.278

7.837±0.921
7.837±0.921

2.055±0.658

p-value

<0.05
<0.05
<0.001
<0.05
<0.001
<0.001
>0.05

< 0.001
<0.001
>0.05
<0.05
<0.001
>0.05
<0.05
<0.001
>0.05
<0.05
>0.05

Beamhouse
(n=15)

Mean  ±SD
4.193±1.690
4.193± 1.690

3.394±1.086
3.394±1.086

5.413±1.576
5.413±1.576

1.524±0.273
1.524±0.273

9.890±2.050
9.890±2.050

3.188±1.100
3.188±1.100
1.524±0.273
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Figure (1): Correlation between chromium in urine and hemoglobin percentage among

exposed workers (γ =-0.35 , P <0.05)

Figure (2): Correlation between chromium in blood and hemoglobin percentage among

exposed workers (γ = -0.303, P<0.05)
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Table (5): Correlation between chromium in blood with each of MDA in blood and iron in both blood and

urine 

Data 

MDA in blood    µmol/L

Fe in blood     µmol/L

Fe in urine   µg/ g creat.

γ

0.490

0.566

0.546

p-value

<0.001

<0.001

<0.001

Figure (3): Correlation between iron in blood and hemoglobin percentage among exposed

workers (γ = -0.192 P>0.05)
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Figure (4): Correlation between MDA in blood and iron in blood among exposed work-

ers (γ =0.41, P<0.05)

Table (6): Correlation between duration of exposure in leather tanning industry with each of chromium levels

in blood and urine and MDA levels in blood and iron in blood among exposed workers

Data

Cr in blood         µg/L

Cr in urine         µg/g creat. 

MDA in blood  µmol/L

Iron in blood µmol/L

γ

0.072

0.12

0.19

0.022

p-value

>0.05*

>0.05*

>0.05*

>0.05*

* statistically insignificant
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Discussion

Basic chromium (III) sulphate is wide-

ly used in the leather tanning industry as

the basic tanning agent. The minimum

amount of chromium necessary to perform

a good tanning is approximately 3g of

Cr2O3 for 100g of leather (Tavani and

Volzone, 1997). If the tannery purchases a

hexavalent compound such as sodium

chromate or sodium dichromate, this com-

pound must be reduced to a trivalent com-

pound by treatment with sugar and sul-

phuric acid so that tanning would take

place (Hamilton and Hardy 1974).  Chro-

mium emissions may occur from chromate

reduction, handling of basic chromic sul-

fate powder, and from the buffing process.

At plants that purchase chromic sulfate in

powder form, dust containing trivalent

chromium may be emitted during storage,

handling, and mixing of the dry chromic

sulfate. The buffing operation also releases

particulates, which may contain chromium

(Marshall and Rutland, 1996). 

Blood distribution of chromium ap-

pears to be divided evenly between plasma

and erythrocytes. However, once ab-

sorbed, Cr (III) compounds are cleared

rapidly from the blood and more slowly

from the tissues (Goyer and Clarkson,

2001). Following clearance from the

blood, chromium is excreted principally in

urine. Secondary excretion of small

amounts of ingested metal occurs via bile

and feces. Minor routes of excretion are

through the skin and via sweat (Cohen

and Costa, 1998). 

The present study revealed a statisti-

cally significant difference between the ex-

posed and control group as regards chro-

mium in blood (4.272±1.562 versus

1.574±1.046 µg/L) and urine (3.271±1.366

versus 0.888±0.456µg/gm creat ) (table, 1)

(p<0.001).These results are comparable to

those obtained by Medeiros et al., (2003)

who investigated levels of blood and urine

chromium in the tannery workers. Plasma

chromium was higher in tanners (2.43 +/-

2.11 versus 0.41 +/- 0.11 microg/L in con-

trols P < 0.001). Urinary chromium was

also higher in tanners compared to con-

trols (2.63 +/-1.62 versus 0.70 +/- 0.38 mi-

crog/g creatinine, P < 0.001)

According to Miksche and Lewalter

(1997), chromium measurement in urine

and whole blood or plasma is indicative of

recent total chromium exposure.  Urinary

chromium excretion reflects absorption

over the previous 1 or 2 days only. There-

fore, if sufficient time has elapsed for uri-

nary clearance, a negative bio-monitoring

result can occur even with injurious past

exposure. Additionally, Goyer and Clark-

son (2001), reported wide individual varia-
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tion in metabolism and depletion of body

burden which limits the value of urinary

chromium monitoring. 

Further analysis of the results, showed

statistically significantly higher levels of

chromium in blood and urine among work-

ers in the tanning department than in other

departments (table, 3) (p<0.001). Our find-

ings agree with Kornhauser  et al. (2002),

who  studied three groups of subjects.

Group (1) included 15 male tannery work-

ers highly exposed to chromium from tan-

ning and retanning departments. Group (2)

included 14 male tannery workers with

moderate chromium exposure from dying,

drying and finishing departments. Group

(3) included 11 healthy, male subjects

without direct chromium exposure. Higher

serum chromium levels were observed in

group one than in the other groups. Urine

chromium levels in group (1) were higher

than those in controls. In our work, there

were greater amounts of cr(III) used in the

tanning departments than in the other de-

partments.Many studies demonstrated the

similarities between Cr (III) and Fe (III) in

the term of electrical charge, ion size and

competition of the two ions for transferrin

binding sites (Clodfelder and Vincent,

2005). Therefore, one of the aims of this

study, was to estimate the free iron level in

blood and urine in addition to the level of

serum transferrin. The study revealed that,

there was a statistically significantly high-

er level of free iron in both blood and

urine and serum transferrin among the ex-

posed workers compared to the controls

(table,1) (p<0.001). On comparing differ-

ent exposed groups as regards the same

mentioned parameters, there was a statisti-

cally significant difference among workers

in the tanning   department compared to

other departments (p<0.001) (table 3,4).

These results point to the competition of

chromium with iron in binding to apo-

transferrin, thus influencing iron metabo-

lism and its related biochemical parame-

ters and leading to an increase in the level

of free iron (III) in blood and urine .

Our findings are supported by a

study carried out by Vincent,(2001). The

author reported that in vivo administration

of chromic ions to mammals orally or by

injection resulted in the appearance of

chromic ions in the iron-transport protein

transferrin. On the other hand, in vitro ad-

dition of chromium sources to blood or

blood plasma also resulted in the loading

of transferrin with Cr(III). Recently, Racek

(2003) reported that, after absorption in

the gastrointestinal tract, chromium is

most likely transported to cells bound to

the plasma protein transferrin. Insulin ini-

tiates chromium transport into the cells
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where it is bound to the oligopeptide

apochromodulin. This oligopeptide com-

bined with four chromium(III) atoms

forms chromodulin, which is important for

amplifying the insulin signalling effect. 

Another in vivo study showed that to-

tal iron binding capacity (TIBC) was re-

duced by 11% following daily administra-

tion of chromium (1 mg/kg) for 45 days.

Serum ferritin was reduced by 22% under

this condition. Hematocrit and hemoglobin

levels were also affected in chromium-

treated animals and were both reduced by

17% (Ani and Moshtaghie 1992). In the

present study, haemoglobin was insignifi-

cantly lower among the exposed workers

compared to the controls.

The previous results could explain the

statistically significant negative correlation

between chromium level in both blood and

urine versus hemoglobin level (figure1&

2) (p<0.05) and the statistically significant

positive correlation between chromium

level in blood and iron in blood (p<0.001)

suggesting that chromium excess in the or-

ganism could increase free iron .

Metal-mediated formation of free radi-

cals causes various modifications to DNA

bases, enhanced lipid peroxidation, and al-

tered calcium and sulfhydryl homeostasis.

Lipid peroxides, formed by the attack of

radicals on polyunsaturated fatty acid resi-

dues of phospholipids, can further react

with redox metals finally producing muta-

genic and carcinogenic malondialdehyde,

4-hydroxynonenal and other exocyclic

DNA adducts (Valko et al., 2006). Until

recently, Cr (III) was thought to be rela-

tively nontoxic. However, Ozawa and Ha-

naki  (1990), demonstrated that Cr(III) can

be reduced to Cr(II), the newly formed Cr

(II) reacts with hydrogen peroxide to pro-

duce hydroxyl radical. The resulting hy-

droxyl radicals are presumably responsible

for tissue damaging effects.

In this study, malondialdehyde (MDA)

in the blood and urine was used as a mark-

er for lipid peroxidation in tannery work-

ers in an attempt to establish whether the

effect of  long-term exposure of tannery

workers to chromium compounds may ini-

tiate lipid peroxidation or not. The current

study revealed a statistically significant

difference between the exposed and con-

trol group as regards the mean values of

MDA in blood (p<0.001) (table,1). Also it

was significantly higher among workers in

the tanning department compared to other

departments (p<0.001) (table 3,4).

Our findings are in resemblance to

those of Gromadzinska et al. (1996),

where the concentration of selenium and

thiobarbituric acid reactive substances

(TBARS) and activity of glutathione per-
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oxidase (GSH-Px) were determined in

blood of 34 workers in a tannery in Gniez-

no, Poland, who worked in an area con-

taining chromium compounds. Decreased

Selenium (Se) concentration in whole

blood and blood plasma and elevated

TBARS concentration in blood plasma

were found in the whole group of investi-

gated tanners as compared to controls.

Tanners working in areas with high chro-

mium concentrations had a statistically

significant decrease in Se concentration in

blood and plasma and decreased urinary

excretion of this microelement as com-

pared with other tanners. This may be con-

firmed by the observed statistically signifi-

cant increase in TBARS concentration,

which seems to be a manifestation of in-

creased lipid peroxidation in blood plasma

of tannery workers exposed to chromium

compounds. The high level of TBARS in

the blood of tanners could not be attributed

to their exposure to chromium compounds

alone, but concentration or activity of anti-

oxidants in plasma should be carefully an-

alyzed; nutritional antioxidant supplemen-

tation might be introduced for the

purposes of prevention.

Another study by Huang et al. (1999)

included 25 chrome-plating factory work-

ers and a reference group of 28 control

subjects. The whole-blood and urinary

chromium concentrations, MDA, and the

activities of protective enzymes superox-

ide dismutase (SOD), glutathione peroxide

(GPX), and catalase (CAT)) were meas-

ured. They found that the concentrations

of both chromium and MDA in blood and

urine were significantly higher in the chro-

mium-exposed workers. The activities of

superoxide dismutase (SOD), glutathione

peroxidase (GPX), and catalase (CAT)

were not markedly different when controls

and exposed workers were compared. Data

suggest that MDA may be used as a bio-

marker for occupational chromium effect

whereas, antioxidant enzyme activities are

not suitable markers for chromium expo-

sure.

The statistically significant positive

correlation between MDA in blood and

chromium level in blood (p<0.001) (table,

5) is consistent with Huang et al. (1999),

who found a similar result suggesting evi-

dence of an index of oxidative damage.  

Contrarily, when Elis et al. (2001)

measured plasma lipid oxidation and anti-

oxidant levels in 11 welders chronically

exposed to chromium and compared them

with levels in 15 matched controls, there

was no significant difference between the

groups as regards lipid peroxidation and

total plasma antioxidant status. However,

the small numbers of subjects limit the

power of their preliminary study.
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Normally, iron is an essential mineral

for normal cellular physiology, but an ex-

cess can result in cell injury. The role of

iron in the initiation of lipid peroxidation

has been reviewed by Gogvadze et al.

(2003) who stated that, for iron to facilitate

the formation of reactive oxygen species

via Fenton reaction, it must be in a free or

catalytically active form.  For this reason,

the amount of iron within the cell is care-

fully regulated in order to provide an ade-

quate level of a micronutrient while pre-

venting its accumulation and toxicity. A

major mechanism for the regulation of iron

homeostasis relies on the post-

transcriptional control of ferritin and trans-

ferrin receptor mRNAs, which are recog-

nized by two cytoplasmic iron regulatory

proteins (IRP-1 and IRP-2) that modulate

their translation and stability, respectively

(Cairo et al., 2002) .

Baykan et al. (2001) investigated iron

status and its relationships with lipid per-

oxidation in patients with acute myocar-

dial infarction (MI). They measured the

levels of plasma iron, transferrin (TF), car-

diac enzymes, and erythrocyte malondial-

dehyde (e-MDA) in those patients on ad-

mission and on the 1st, 3rd 5th, 7th, 15th,

45th post-MI day and investigated the

variations of these parameters in acute MI.

There was an association of higher iron

status with increased lipid peroxidation on

the 1st post Ml day which decreased after

the 3rd day.

In another study by Armutcu et al.

(2004), the effects of occupational iron ex-

posure on serum iron, serum superoxide

dismutase (SOD), a free radical scavenger,

and plasma malondialdehyde (MDA),

were investigated in Turkish iron miners,

office workers and healthy control sub-

jects. Serum iron levels in both miner and

office workers groups were higher than

those of healthy controls (p < 0.05). There

were higher mean values of plasma MDA

levels in both iron miners and office work-

ers compared   to controls    (p < 0.05).

Serum SOD activity in the miner group

was lower than that of controls (p < 0.05).

These changes in MDA metabolism may

be due to iron-induced lipid peroxidation

in the blood and related body compart-

ments.

Expectedly, there was a statistically

significant positive correlation between

MDA in blood and iron in blood (p<0.05)

which is consistent with Armutcu et al.

(2004) and Baykan et al., (2001).  

Table (6) shows that there is no corre-

lation between the duration of exposure in

tanning  industry and  chromium level in

blood   or   urine (p >0.05). This could be

explained by the fact that chromium has
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no cumulative effect in the body. This

agrees with Saner et al. (1984), who found

no correlations between the duration of ex-

posure to chromium on one hand and hair

and urinary chromium values among tan-

nery workers on the other. Nevertheless,

the high values observed in workers with

short exposures, shows that chromium is

readily absorbed through the respiratory

system.

Our findings also agree with those of

Simpson and Gibson (1992), who meas-

ured concentrations of Cr in hair, serum,

and urine of men who were previously em-

ployed in the leather tanning industry.

Concentrations of Cr in hair and serum

were significantly lower than correspond-

ing values obtained during their employ-

ment and were comparable to levels ob-

tained for controls in a previous study.

These results suggest that Cr III absorbed

during employment in the leather tanning

industry does not result in long-term eleva-

tion of Cr concentrations in the body.

In the light of the previous results we

can suggest that urinary or blood chromi-

um can be used as indicator of chromium

exposure among tannery workers in leath-

er tanning industry. Additionally, hemo-

globin, serum iron, total iron binding ca-

pacity and transferrein levels are

recommended for monitoring the effect of

elevated blood chromium in tannery work-

ers on iron and hemoglobin metabolism.

Nutritional antioxidants supplementation

is recommended based on the elevated in-

dices of oxidative damage induced by oc-

cupational exposure to chromium. 
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