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1. Introduction
This chapter we refer to mutagenicity activity in the urine samples of persons who are
exposed to carcinogenic materials in their occupations, and so some studies evaluated
mutagenicity determination in individuals who worked with and are exposed to active
potential mutagenic materials. There are some mutagenic compounds present in workplaces
such as among nursing personnel in oncology hospitals, farmers' fields, clinical pathology
laboratories, clinical forensic laboratories and pharmacology investigation laboratories etc.
Also, clinical forensic laboratory personnel use some dangerous solvents such as chloroform
which is mixed with other solvents in solutions of preparations of tank thin layer
chromatography. They are also exposed to some mutagenic compounds such as
formaldehyde, benzene and some solvents and colour regents. We refer to some of the
below mentioned compounds, such as benzene, formaldehyde, paraffin, colour regents,
organochlorin, smear fixators and so on. The colour regent might be contained in heavy
metal carcinogenic substances which were used for smear colouring in clinical pathology
laboratories by technicians and clinical forensic laboratories. According to review of some
studies, after the filling out of questionnaire forms by these individuals, urine samples were
*
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collected from candidates in all occupations at the end of the week and they were then held
in a refrigerator for the urine extraction process. Special instruments – such as vacuum – and
special materials such as MilliQ water and some solvents such as methanol and acetonitrile
were used for urine solid phase extraction. Some relationship studies showed that urine extracts
were prepared by resins of C18 and amberlite XAD-2 because they are particularly absorbent of
the carcinogenic compounds of urine; the importance of the above mentioned resins and the
sterilisation of urine extracts will be described in this chapter as well. The personnel who
work for a long time in these fields are exposed to these potentially carcinogenic materials.
According to the review studies, we will show the mutagenic activity evaluation of the urine of
some professional personnel by Ames monitoring. After the preparation of the sterile urine
extracts of these personnel, they were exposed to salmonella strains of bacteria for the
determination of mutagenic activity. The function of salmonella typhimorium strains such as:
TA98,TA100, and the overnight culture of these bacteria show the importance of suspension
preparation in the Ames test ratio and all kinds of bacterial environment cultures and the holding
of the above mentioned bacteria will be considered in this chapter too. All methods of Ames
assay application in these work places will be explained in detail in this chapter. And finally, a
risk-benefit assessment and the conditions of healthy work places and individuals’ protection
will be described as well at the end of this chapter.

2. Mutagenic or carcinogenic material
Some compounds are present in the occupations of clinical pathology and forensic
laboratory personnel and other occupations, such as oncology hospitals. Others in this
review are: hamatoxilene, eosin and some solvents and colour reagent. Benzene,
formaldehyde, paraffin, colour reagents, organochlorin, smear fixators, antineoplastic drugs
etc. So the personal of these places might absorb these materials in their work environment
through the lungs, the skin, orally etc. These compounds are metabolised in their liver by
the P450 enzyme to activate potential mutagenic compounds. Figure.1 shows some these
compounds. [5,6,7,8,9,10,12,13,14,15,17,18,19,20,21]

Fig. 1. Mutagenic or Carcinogenic material in laboratory, oxide metabolites of these
compounds cause genotoxic effects.

3. Samples and Ames test history
For the mutagenicity activity evaluation of biological fluids in different job environments in
previous decades, numerous studies of the founder of mutagenicity have a review up

www.intechopen.com

Review of Ames Assay Studies of the Urine of Clinical Pathology and Forensic
Laboratory Personnel and Other Occupations, such as Oncology Hospitals and Nursing Personnel

69

technique called Ames assay. The first experiments by professor Ames and his co-workers
were conducted in the 1960s and 1970s and they were accepted by international agencies,
including the American FDA. The test has its own specific conditions because it shows that
mutagenicity activities with cost less and the samples of tested results would be expressed
in a few days. As well as this, it can simultaneously test up some carcinogenic material over
the same time in less than three days. It is held that it also tested for ease of mutagenicity
activities which are available for review, of which there may be more in the future.
However, in many work environments there are promutagenic and carcinogenic
compounds that are present to which workers are exposed. The review of studies of more
jobs and environments globally show that using this test for biological fluids – including the
urine of personnel – proves potential mutagenic activities. It is also held that the assessment
of them in all jobs as well as review by the study process including the preparation of urine
samples, extraction of urine mutagenic compounds and the Ames test performed on the
samples and biological extracted compounds have similarities processes. [1,2,3,6,12,13,17]

4. Sampling of volunteers and urine extraction
All of the urine samples were collected at the end of the week from the Iranian forensic
organisation’s laboratories and other relationship laboratories personnel and stored in a
refrigerator, although some appropriate methods are accessible for the urine extracts’
preparation, but in this review we almost see solid phase extraction methods. Extraction
columns were filled with 1 g from one kind of C18 or XAD-2 resins between two layers of
cotton, depending on studies’ strategies. First, the resins were activated by Milli-Q water
and methanol then the volunteer’s clear urine was passed through a column by vacuum and
the mutagenic substances were concentrated with V/V of methanol/Acetonitrile in tubes.
[3,4,6,12,17]

5. Ames assay
In these studies, mutagenicity was followed by the plates’ incorporated procedures, as
described by Mortelmans and Zeiger (2000), in overnight cultures of TA98 and TA100
salmonella typhymorium tester strains with and without the S9 mix fraction in the forensic
organisation’s personnel and just TA100 in the clinical laboratory technicians in Iranian
laboratories. For this strain, the spontaneous background number of the revertant was
approximately 20-50 for TA98 and 75-200 for TA100 salmonella typhymorium tester strains. In
this study, Sodium azide was used as a positive control without using the S-9 mix buffer and
the 2-amino anthracene as a positive control with the S-9 mix buffer. DMSO and distilled
water were considered as negative controls and were used in this study. [1,2,3,6,12,13,17]

6. Ames assay protocol
The first dose/response was determined for all urine extract samples. In our studies, the
appropriate dose of urine extracts was 1/100 for exposed bacterial strains and 0.05ml of
overnight bacterial culture (TA98 or TA100) was added in 2ml of melting top agar
containing trace amounts of biotin and histidine then, and 0.05ml 1/100 of diluted urine
extract with DMSO solvent was added in the melting top agar tube as well; after shaking the
tube’s contents were transferred in Glucose minimum agar plates which were incubated at
37C for 48 hours. The above mentioned protocols were repeated with the addition of 0.5ml
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of the S-9mix buffer with the contents of the rat liver p450 enzyme. After the incubation of
all plates with and without S-9mix buffer, the colony counts of all the plates were reported
for data collection. [1,2,3,4,6,12,13,17]

7. Ames assay on urine samples of hospitals nursings
Most of the anti-neoplastic drugs are cytotoxic as well as nephrotoxic and cause DNA
damage. For example, some of them are: doxorubicin, bleomycin, vinblastine, dacarbazine,
methotrexate, fluorouracil , prednisone , epirubicin , irinotecan , leucoverin, prednisone,
6-mercaptopurine, procarbazine, lomustine, cisplatin (platinum), etoposide, 6-thioguanine,
dexamethasone. According to figure.2, these drugs (such as cycloposphamide,
mechlortamine, melphalan, chlorambucil) are nitrogen mustard group and so they have
genotoxic effects because they will link to DNA, and they have carcinogenic effects on
individuals who are exposed to them in their occupations. They involve a rapid
proliferation of normal tissues (bone marrow, hair follicles and the intestinal epithelium).
Therefore, most hospital nursing personnel are chronically exposed to anti-neoplastic drugs,
especially during the course of giving therapeutic doses to cancer patients. Some studies
have shown mutagenic activity in the urine of these nursing staff through an Ames assay.
[3,4,6,7,8,9,11,12,13,17]

Fig. 2. Some antineoplastic drugs with nitrogen mustard groups.

8. Studies’ results
The data was collected from all the occupational personnel and their negative group
control urine extracts were exposed to salmonella bacteria tester strains, such as TA98 and
TA100 in these review studies; then, according to the below mentioned results and data
from the Iranian clinical pathology and medicinal forensic laboratories, they show the
colony counts of all the tester strains of salmonella typhymorium bacteria (such as TA 98
and TA100) as being more than 400 for the positive samples of personnel. On the other
hand, the colony count of these individuals’ urine samples in the bacterial culture shows
that these personnel excrete mutagenic compounds in their urine. Each ratio is
determined from individuals’ urine samples colony counts per negative group of control
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persons’ urine sample colony counts, so the ratio of all the samples was more than 2 and
significant for the description of mutagenic compounds in all occupations. According to
figure.3, in these studies we used a 0.05ml DMSO solvent and diluted water for negative
control plates with and without using the S-9mix buffer, and we also used sodium azide
for positive control plates without using the S-9mix buffer and 2-amino anthracene for
positive control plates with the S-9mix buffer.

Fig. 3a. Diluted water (D.W) for the negative control colony count plate without using the
S-9 mix buffer. Rezai-basiri et al., 2008.

Fig. 3b. Sodium azide (5µg/plate) for the positive control colony count plate (and TA100
Salmonella typhymorium tester strain) without using the S-9 mix buffer. Rezai-basiri et al., 2008.
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Fig. 3c. DMSO for the positive control colony count plate (and TA100 Salmonella
typhymorium tester strain) with using the S-9 mix buffer. Rezai-basiri et al., 2008.

9. Statistical analysis methods
In the Ames assay on the Iranian forensic organisation’s laboratory personnel’s urines with
two bacterial tester strains of TA98, TA100 for colony counts in exposure to urine extract
samples, and positive or negative samples the Anova two-way statistical method was used.

10. Evaluation of mutagenic compounds the in urine of medicinal forensic
laboratory personnel
Control group
Male
Male
Male
Male
Male
Male
Male
Female
Female
Female
Average

Colony count TA100
without-S-9mix
with+S-9mix
86
65
106
72
100
77
85
75
88
68
98
65
95
85
91
85
102
86
98
76
94.9
75.4

Colony countTA98
without-S-9mix
with+S-9mix
26
25
23
27
27
21
19
24
22
25
21
14
23
29
20
20
24
28
18
24
22.2
24.7

Partoazr, et al., 2009.

Table 1. Results of the control group of the mutagenicity assay in the urine of medicinal
forensic laboratory personnel with the use of TA98 and TA100 bacteria strains both with and
without the S-9mix.
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Samples
1*
2*
3**

Colony count TA100
with+S-9mix
without-S-9mix
95
95
95
78
85
74

73

Ratio of TA100
without-S-9mix
with+S-9mix
1
1.26
1
1.04
0.89
0.98

*=The samples belonged to the pathology personnel of the medicinal forensic organisation.
**=The samples belonged to the anatomy personnel of the medicinal forensic organisation. Partoazr, et al., 2009.

Table 2. Positive and doubtful cases. The results of the mutagenicity assay in the urine of
medicinal forensic laboratory personnel with the use of TA100 salmonella typhymorium
bacteria strains both with and without the S-9mix (cell of rat liver).
Samples
1**
2*
3*

Colony count TA98
with+S-9mix
without-S-9mix
550
55
340
30
41
31

Ratio of TA98
without-S-9mix
with+S-9mix
20
2.2
15
1.2
1.86
1.24

**=Positive cases in the personnel of the medicinal forensic organisation.
*=Doubtful cases in the personnel of the medicinal forensic organisation. Partoazr, et al., 2009.

Table 3. Positive and doubtful cases. The results of the mutagenicity assay in the urine of
medicinal forensic laboratory personnel with the use of TA98 salmonella typhymorium
bacteria strains both with and without the S-9mix (cell of rat liver).

11. Evaluation of mutagenic compound in urine of clinical pathology
laboratory technicians
At least four clinical pathology laboratories witnessed the evaluation of the mutagenicity
of the urine of technicians by the Ames assay. That the ratio would be more than two
was significant for the potential of the mutagenic activity of the urine of technician.

Fig. 4. The plates of positive cases of the TA100 salmonella tester strain cultures at 37C for
48hours for the Ames assay on the urine extracts of the clinical pathology laboratory
technicians. Rezai-basiri et al., 2008.
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The number of personnel who had greater than two ratios was five people in this study.
According to the below mentioned, we see some significant results showing mutagenic
excretions in the urine of clinical pathology laboratory technicians:
The ratios without the S-9mix for two of the technicians were 2.01 and 2.0, and the ratio with
the S-9mix for these individuals was 2.05 and 2.01. [3,6,12,13,17]

12. Conclusion and recommendation
In this review study, we observed mutagenic activity in the urine extracts of some of the
technicians of clinical pathology laboratories and the forensic organisation laboratories.
According to these studies, in order to reduce mutagenicity in technicians it was suggested
to all of them to use masks, gloves and work under laminar flu and avoid drinking in the
laboratories. Considering the contamination of all personnel with mutagenic substances
such as colour reagents contained in carcinogenic heavy metals, formaldehyde, benzene,
hamatoxilen-Eosin and so on in these laboratories, the observation of the principles of health
conditions in clinical pathology laboratories and forensic organisation laboratories is
recommended. According to this review study, it is held that the long duration of working
and exposure to mutagenic and carcinogenic substances in high risk conditions leads to the
excreting of mutagenic compounds in the urine of these individuals and so they should
decrease their time spent working over the week. The some studies showed which
personnel has used antioxidant compounds, such as thiol group drugs; they had decreased
the mutagenic activity in their urine. Also these results were shown to smokers who have
used thiol group drugs such as acetyl cystein, had low mutagenic activity in urine samoles.
As such, it considers the consumption of vitamins with antioxidant effects which are useful
to individuals who are exposed to mutagenic compounds in their occupations. [3,6,12,13,16].
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