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Abstract

The aim of the present work was to investigate the exposure to the medical and industrial toxic
chemicals. The research was carried out on hair, nail and blood samples in a panel of 40 healthy
volunteers aged 7 to 77 with an average of 45 + 19 years (18 women (45%) and 22 men (55%)).
All of these individuals had not received medication for at least 1 year, including antibiotics and
psychotropic. This study was realized from July 2013 to March 2014 in Beijing, China. The method
for an accurate and reliable screening of medical and an industrial toxic chemical was based on
detection and assay by ultra-high performance liquid chromatography with UV detection type of
diode arrays. Also more than 10,000 toxic molecules commonly found in western industrial coun-
tries were screened by coupling gas chromatography and mass spectrometry. The main results
indicate that the molecules analyzed are mainly antibiotic (Gentamycine and Tobramycine), an-
tidepressant (Amitriptylin and its metabolites), narcotic (MDMA and Clonitazene), ingredient in
cosmetics (Benzenediol and Benzoic acid), insecticide (Carbamate derivative), ketamine, chlor-
hexidine and phthalate derivatives. There are no detailed documented baseline data of the analy-
sis of medical and Industrial toxic pollutants in hair, nail and blood samples in Beijing; however,
this study should be completed on samples from other provinces of China. This study is the first of
its kind. Therefore, further studies should be conducted in other cities and provinces of China to
be compared with each other.
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1. Introduction

Over the last few years, the determination of toxics in hair has been the subject of continues in the biomedical
and environmental sciences [ 1 |. It should be noted that human hair is an attractive biological material because of
the simplicity of sampling, transport and handling as well as providing information about concentration of some
element that are considerably more concentrated in hair than in other biological materials, which makes analysis
easier [2]. Elements are accumulated in the body over given periods of time; therefore, they reflect the biomedi-
cal and environmental history of the body as well as long term metabolic changes. Nail tissue is rich in fibrous
proteins that contain keratins such as cysteine residues. Their roots are highly influenced by health status of the
cells whereas blood and other body fluids give transient concentrations; human nails provide a continuous record
of elemental concentration. Nail growth in human is a continuous process throughout life, about 0.05 - 1.2 mm
per week. Moreover, nails are easier to sample, transport and store since they do not require any external condi-
tions unlike body fluids that are prone to contaminations.

Until now, there are no detailed documented baseline data of the toxic analysis of medicines such as antibio-
tics and industrial toxic pollutants in hair, nail and blood samples in Beijing. However, this study should be
completed on samples from other provinces of China. This study aims to determine toxic pollutants including
pesticide, antibiotic, cosmetics products and nicotine in human hair, fingernail and blood samples.

For the first time in Beijing, more than 10,000 toxic pollutants were screened on a representative sample pop-
ulation. The exposure of the Chinese population to various medical and industrial pollutants was estimated by
measuring 40 healthy volunteers (18 women (45%) and 22 men (55%)) aged 7 to 77 with an average of 45 £ 19
years. All of these individuals had not received medication for at least 1 year and it included antibiotics and
psychotropic drugs. This study was realized from July 2013 to March 2014. In this report, we present the differ-
ent available methodologies to assess compounds which have been analyzed. Their feasibility was examined
through different case studies on nail, blood and hair. Humans are continuously exposed to mixtures of chem-
icals compounds such as cafein, phthalate derivative, squalene, gentamycine, nicotine, tobramycine, tramadol, pa-
raben and others. The main results indicate that the molecules analyzed are mainly antibiotic, ingredient in cos-
metics and antidepressant agent.

The samples were analyzed by gas chromatography with mass spectrometrys such as detection method (GC/MS)
and the research was based on the library data developed by the national Institute of standard and technology
called NIST library [3]. Furthermore, the presence of psychotropic drugs was analyzed by ultra-high perfor-
mance liquid chromatography with UV detection type of diode arrays (UHPLC/PDA). Both methods are pre-
ceded by an extraction step.

2. Materials and Method
Extraction

Hair, nail and blood samples were from different subject in Beijing, China. The samples were provided by vo-
lunteers in 2013 who were healthy. The present research was carried out on hair, nail, and blood sampled from
subjects (22 males and 18 females). The population consisted of individuals who lived in Beijing (a city in Chi-
na, 1,344,130,000 citizens).

For all individuals, sample preparation was identical. The methods used are those published by the French
Society of Analytical Toxicology [4] with some modifications (hair washing, decontamination and external de-
contamination). The extraction of analytes from whole blood used Solid Phase extraction on X-TRATA car-
tridges (Phenomenex). Hair samples were collected from the nape of the scalp by cutting 2 mm from the scalp
using a pair of sterilized stainless steel scissors washed with methanol, a neutral solvent to remove external con-
taminations. Fingernail samples were cut with sterilized stainless steel scissors.

The hair samples were cut into pieces so as to ensure feasible and fast digestion of the samples. Hair samples
were pre-washed with dichloromethane and soaked in deionized water for 2 minutes. It was followed by soaking
in acetone to remove external contaminations and finally the hair samples were dried outdoors for 10 minutes.
The samples were set in the ultrasound device during an overnight at 40°C. The nail samples were scraped and
clean of dust particles with nonionic detergent following a standardized washing procedure. This followed by
soaking the nail samples in acetone to remove external contamination, and finally the sample were also set in ul-
trasound during an overnight at 40°C.

The samples were analyzed by GC/MS and research based on National Institute of Standards and Technology
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(NIST) [3]. The presence of psychotropic substances was analyzed by UHPLC-PDA. Further research is per-
formed at submission and chemical accident traffic by LC-MS/MS search benzodiazepines, drugs and any drug
resulting in a chemical rape. The extraction of analyses from whole blood used Solid Phase extraction on X-
TRATA cartridges (Phenomenex Laboratories, France) by a technique that we developed also [5]: Ultra-high
performance liquid chromatography as separative method with UV detection type of diode arrays was used for
detection (UHPLC /PDA) and assay of drugs. In particular, it allows the detection and determination of 650 drug
molecules commonly found in western industrial countries such as psychotropic drugs (tranquilizers, hypnotics,
anxiolytics, antidepressants and neuroleptics), the cardio tropic, anesthetics, antibiotics, etc. [5]. Furthermore,
toxic screening was performed by coupling gas chromatography and mass spectrometry (GCMS). The reference
technique is intended to provide an absolute identification of toxic and its metabolites confirmation. The abso-
lute identification of toxic involved with mass spectrometry is the forensic medicine.

3. Results and Discussion

In the whole blood, the screening showed presence mainly of phthalate derivative, cafein and squalene (Figure 1).
The search for drug products showed the presence of two antibiotics in the two biological matrixes: hair and
nails, gentamycine and tobramycine (Figures 1-3). Gentamycine is amino glycoside antibiotic used for therapy
of serious infections possibly caused by Gram-negative organisms by its rapid and powerful bactericidal activity
and comparatively low levels of resistance [6]. Such gentamycine, tobramycine is an amino glycoside and its
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Figure 1. Main medical and industrial toxic chemicals found in blood samples from Beijing
population.
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Figure 2. Main medical and industrial toxic chemicals found in hair samples from Beijing

population.
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Figure 3. Main medical and industrial toxic chemicals found in nail samples from Beijing
population.

use lead to accumulation in the body [7]. The research also showed the presence in hair a pyridine carboxylic
acid which is a derivative of some drug as iproniazid, ionized and nialamide. In the hair, the presence of an an-
tiseptic product, chlorhexidine was showed. The research also showed the presence of amitriptylin and its me-
tabolites in the nails. The drug is used as antidepressant agent.

Research of pollutants showed the main presence of phthalates in the three biological matrixes: blood, hair
and nails. This substance is a widespread pollutant. We also found the squalene in the three biological matrixes.
Squalene is largely present in hair and nail. Figure 2 shows the top molecules found in the hair and Figure 3 in
the nail matrix. We found benzene sulfonamide in nail. This substance is used as intermediate for several indus-
tries. The butylbenzene sulfonamide is used as plasticizer in polymers [8]. In Figure 2 and Figure 3, in both
nails and hair, we found indolizine derivative which is a constituent of different alkaloids. We find in hair three
main chemical pollutants. Benzenediol derivates chemically from resorcinol. Resorcinol is most frequently used
in cosmetic hair dye formulations [9]. We also found methylparaben which is used as an antifungal [10]. We
found Carbamate derivatives which are used as insecticide. We noticed the presence of ketamine, an anesthetic
agent. We confirmed the presence of both products in the hair, MDMA and a treat to severe nerve pain which is
tramadol. MDMA is an amphetamine. It is used as a narcotic in France and listed on the Convention on Psycho-
tropic Substances of 1971 [11].

4. Conclusions

The present paper investigated the exposure to drugs and industrial toxic chemicals in hair, nail and blood sam-
ples. The main results indicate that the molecules analyzed are mainly antibiotics, antidepressant, cosmetics in-
gredients, insecticides and phthalate derivatives. The study also shows that the Chinese population has levels of
exposure to phthalate derivative and that squalene is generally higher in the three biological matrixes (blood,
hair and nail). Concerning drugs such as gentamycine and tobramycine presence are significantly higher. How-
ever, for pyridine carboxylic acid, cinoxate, benzoic acid, ketamine and coronene, only a small proportion
(<10%) of the population showed the presence of these molecules. But for the global population, it is important.

Based on the results, it can be concluded that exposure to pollutants can occur mainly from eating habits,
therapy and environmental exposure. The pollutants can enter the human body mainly by inhalation, touch and
gastrointestinal absorption. Additional source of exposure to pollutants could be cigarette smoking or painting
the walls. In the future, we will complete this study by screening the heavy metals in the two biological matrixes
of choice: hair and nail.
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