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A B S T R A C T

Consumption of psychoactive substances is a long-standing tradition among indigenous peoples of the Americas.
Archaeologically, consumption of tobacco has been shown through analysis of archaeological smoking pipe
residues, mummy hair and dental calculus. Analysis of the hair of a perinate recovered from a rock shelter in
Northern Chile and dated ca. 2400 yrs BP showed the presence of nicotine and its main metabolic product,
cotinine. Quantitative segmental hair analysis showed that nicotine was taken up from the mother via the
placenta and not through breast milk and that the death of the perinate occurred soon before or at the time of
delivery. The analysis also indicated that the mother consumed high quantities of tobacco, suggesting she was a
“tobacco shamaness” who might have experienced a miscarriage, since tobacco consumption by pregnant
women is strongly associated to spontaneous abortions and perinatal death. Thus, at the dawn of pastoralism and
agriculture in the highlands of the Atacama Desert, female individuals were already intensively consuming this
psychoactive plant, transmitting its signals, and perhaps its lethal effects, to a child during gestation. This is the
first evidence of simultaneous presence of nicotine and cotinine in pre-Hispanic bioanthropological remains from
the Americas, thus constituting unequivocal direct evidence of tobacco consumption, and it refers to the cur-
rently earliest and youngest passive tobacco consumer in the Americas.

1. Introduction

The consumption of psychoactive substances is a widespread and
long-standing tradition among indigenous peoples of the Americas, as
indicated by many ethnohistorical and ethnographic accounts (Dobkin
de Rios, 1984; Furst, 1976; Russell and Rahman, 2016; Wilbert, 1987),
and also by the presence in the archaeological record of consumption
paraphernalia such as smoking pipes, snuffing trays and enema tubes,
as well as various types of objects associated to the processing and
storing of the substances (Torres, 1995; Wilbert, 1987; Winter 2000).
Although the finding of these objects in the archaeological record is
taken to constitute indirect evidence of use of psychoactive substances,
it does not inform about the nature of such substances. Instead, ar-
chaeobotanical and chemical analysis of residues in consumption
paraphernalia, and also analysis of bioanthropological remains, may
provide direct evidence of the nature of the substances consumed.
Moreover, the finding of psychoactive compounds in

bioanthropological remains not only demonstrates unequivocally their
consumption even in the absence of paraphernalia, but also identify the
individual consumers and, eventually, the intensity of consumption by
those individuals, leading to a type of information that is not revealed
by residue analysis of paraphernalia. Such information can generate a
better understanding of the social dimensions of consuming practices of
psychoactive compounds in prehistorical times.

Archaeobotanical and chemical analyses of pipe residues from ar-
chaeological sites in the South-Central Andes, particularly the cir-
cumpuna area (Fig. 1), have shown consumption of tobacco, Nicotiana
spp. (nicotine) and cebil, Anadenanthera colubrina var. cebil (N,N-di-
methyltryptamines) in Northwestern Argentina (NWA) (Andreoni et al.,
2012; Aschero and Yacobaccio, 1994; Bugliani et al., 2010; Capparelli
et al., 2006; Fernández Distel, 1980; Lema et al., 2015; Martin Silva
et al., 2016; Pochettino et al., 1999; Rosso and Spano, 2005/2006) and
of tobacco (nicotine) in the coast and in the Salar de Atacama area of
Northern Chile (Carrasco et al., 2015; Gili et al., 2017). The smoking
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complexes experienced different developments on both sides of the
Andes. In NWA, smoking pipes appear in the archaeological record as
early as 2130 BCE (Fernández Distel, 1980). In the rich archaeological
area of San Pedro de Atacama (SPA) in the Salar de Atacama, smoking
pipes appear mainly during the Late Formative Period (400 BCE – 400
CE), although a pipe fragment is reported in the Tulan site Tu-54 dated
to the Early Formative Period (1400–400 BCE) (Núñez et al., 2006).
Some of the pipes found in SPA bear a close stylistic resemblance to
those found in NWA and, in fact, they are thought to have been brought
from there (Llagostera, 2001, 2015; Tarragó. 1989; Torres, 1999;
Westfall. 1993–1994) at the same time as other ritual objects such as
some ceramic vessels and the valves of terrestrial mollusks (Núñez
et al., 2006). The changes in ritual activities that these objects brought
to SPA and neighboring areas followed the deep changes that the local
communities had been experiencing in the sociopolitical and economic
spheres: the hunter-gatherer millenarian tradition had led to the first
pastoralist societies of the area, and stable long-distance trade and in-
terchange networks with communities who lived in the eastern slopes
of the Andes had been established (Agüero, 2005; Llagostera, 1996;
Núñez et al., 2007).

The ritual objects brought from the eastern slopes of the Andes are
not the sole expression of ceremonial practices in the Atacama Basin
during the Early Formative Period. In the southern part of the basin, a
ceremonial center was erected in Tu-54 during this period which
functioned as a point of social convergence and ritual practices (Núñez
et al., 2017). Multiple burials of children and newborns were found at
the bottom of the main structure, many of them associated to rich of-
ferings such as gold icons, stone vessels, necklaces and terrestrial

mollusks from the eastern slopes of the Andes (Núñez et al., 2017).
Moreover, a fragment of the first pipe reported in the area was found
inside the deposits of the site (Núñez et al., 2006). Undoubtedly, the
emergence of these ritual practices during this period, among them
smoking practices, was not casual and it may be suggested that they
played an important role in the reproduction of the new sociopolitical
order (cf. Gallardo and DeSouza, 2008).

Nevertheless, we still know little about the onset of smoking prac-
tices in the western slopes of South-Central Andes, particularly in re-
lation to the substances being consumed and the agents of these con-
sumption practices. Although the multiple-infant burials found at the
Tu-54 site could be a good target to assess this, no individuals with
preserved hair have been reported. Thus, it has not been possible to
assess smoking practices during this period through the chemical sig-
nals in the remains of these infants.

During an archaeological rescuing effort in a rock shelter in the
Upper Loa River, situated 100 km north of the Atacama Basin, the al-
most complete skeleton of a perinate was found in a context with rich
offerings dated to 500 BCE. The burial resembles those of Tu-54 and is
an expression of the burial practices peculiar to the Early Formative
period in the area. The skull of the perinate showed well preserved
portions of scalp with hair. Since this date appears to coincide with the
onset of consumption of psychoactive substances in Northern Chile, this
individual provides an opportunity to explore direct evidences of such
consumption in the regional prehistory, and also to indirectly address
the consumption of these substances by a pre-Hispanic woman.

Fig. 1. Map of the circumpuna area of the South-Central Andes.
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2. Materials and methods

2.1. The perinate

The perinate burial was found during the excavation of a rockshelter
located in the Loa River upper basin (Alero Ampahuasi, site A16), in
northern Chile, at 3100m.a.s.l., on the western slopes of the Andes
range. The burial was arranged at about 70 cm under the surface,
within a roughly cylindrical pit about 40-cm in diameter and 40-cm in
height. Clothing included a tunic, a kilt, and a turban of wool yarn that
covered the infant's skull. The offerings associated with the child in-
cluded two mollusk shells (Scurria viridula and Argopecten purpuratus)
from the Pacific Ocean, two spiral-technique baskets, a pumpkin
(Lagenaria siceraria) container, the remains of a bag, a lithic projectile
point, a copper metal pendant, and six small lithic beads (Fig. 2).

The infant showed a high degree of preservation of its anatomical
units, allowing the identification of 98.5% of the bone pieces. Based on
the development and eruption of dental pieces and metric measure-
ments such as the long diaphyseal length of long bones and other
measurements of short and irregular bones, the age at death of the
infant was estimated between 38 weeks of gestation and 2 months of
extrauterine life (De Souza et al., 2018).

Samples for 14C dating were extracted from two of the offerings
associated to the perinate (De Souza et al., 2018): one from the

vegetable fiber of a basket placed under the infant's body, and the other
from the wool yarn of the turban that covered the skull. The plant
sample corresponds to the terrestrial rush Cortaderia speciosa (syn.
Cortaderia atacamensis), while the wool sample corresponds to llama
fibers (Lama glama). Both objects were in contextual association with
the perinate; hence, it may be assumed they were incorporated to the
burial along with the body of the child. The date determined for the
textile was 2.450 ± 30 BP (2.700 – 2.340 cal BP) and for the basket
2.410 ± 30 BP (2.680 – 2.330 cal BP). The dates obtained from both
objects agreed closely and according to the Ward and Wilson test (Ward
and Wilson, 1978) they can be combined (T= 0.373, 5% 3.841,
Acomb= 109.7%) to yield a combined date of 2.480 - 2.340 cal BP. The
chronology of the burial can thus be assigned to the end of the Early
Formative Period (3350 - 2350 BP).

2.2. Sample preparation

The analysis of nicotine in hair using gas chromatography with mass
spectrometric detection was first described in the seminal work by
Zahlsen and Nilsen (1994); the use of the method in the analysis of
nicotine in archaeological smoking pipe residues was pioneered by
Rafferty (2002, 2006). The present hair analysis was based on the
method described by Chetiyanukornkul et al. (2004) which uses liquid
chromatography and mass spectrometry. Hair strands were severed

Fig. 2. Objects associated to the perinate burial at Alero Ampahuasi – A16. 1. Lithic beads; 2. Copper metal pendant; 3. Wool turban (dated by 14C); 4. Lithic
projectile point; 5. Fragments from spiral-technique basket (dated by 14C); 6. Pumpkin container.
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close to the scalp from the occipital region of the skull and measured
under the stereoscopic loupe (mean ± SD: 3.2 ± 0.6 cm; range:
1.8–4.5 cm). To determine more precisely the age of the perinate at the
time of death, segmental hair analysis was performed since it can in-
form about time course of exposure to exogenous molecules and their
metabolites (Pragst et al., 1998). Contamination of samples by exo-
genous nicotine can be a major issue in the analysis of nicotine in ar-
chaeological materials (see discussions in: Musshoff et al., 2009). In this
work, nitrile gloves were used during manipulation of hair in the la-
boratory and all equipment and glassware were washed with neutral pH
detergent, distilled water and alcohol before use. Hair strands between
2.6 and 3.8-cm long were cut into basal and apical halves. Since hair
grows at a rate of approximately 1 cm per month (Pragst, 2006), the
two sets of hair strands should reflect dynamic nicotine exposure during
approximately the last three months of life of the perinate. Individual
hair strands were further minced with scissors into ca. 1-mm segments.
Samples (ca. 4 mg) were washed three times for 10min with 3mL di-
chloromethane and evaporated to dryness under a nitrogen flow. In-
ternal standards were added to the dry extracts: 10 ng of tetra-
deuterated nicotine (20 μL at 500 ng/mL) and 5 ng of trideuterated
cotinine (100 μL at 50 ng/mL). After addition of 400 μL of 2.5 M NaOH,
the solution was sonicated for 2 h and extracted three times with 400 μL
of dichloromethane. The combined organic phases were mixed with
500 μL of 25mM HCl in methanol, evaporated to dryness under a ni-
trogen flow, redissolved in 1000 μL mobile phase, and transferred to a
sample vial. A 10 μL aliquot of the solution was then injected into an
ultraperformance liquid chromatograph coupled with a high resolution
mass spectrometer (UPLC-HRMS).

2.3. UPLC-HRMS analysis

The UPLC platform consisted of an LPG-3400RS pump, a TCC-
3000RS column oven, and a WPS-3000TRS autosampler (all from
Thermo Scientific, Bremen, Germany). The analysis was performed on
an Acquity UPLC HSS T3 1.8 μm (2.1×100mm, Waters, Milford, MA,
USA) analytical column. The auto sampler was maintained at 4 °C and
the column at 35 °C. Isocratic elution was employed using water-acet-
onitrile (40/60% v/v) as the mobile phase at a flow rate of 0.5 mL/min.
Mass spectrometry was performed with an Orbitrap Exactive Plus mass
spectrometer (Thermo Scientific) equipped with an electrospray ioni-
zation (ESI) interphase. Data handling used the Xcalibur 3.1 software
(Thermo Scientific). Capillary temperature was 300 °C, auxiliary gas
heater temperature 200 °C, S-lens RF level 50, spray voltage 6.0 kV,
sheath gas flow rate 35 (arbitrary units), auxiliary gas flow rate 5 (ar-
bitrary units) and cone sweep gas flow rate 1 (arbitrary units). Given
the record of use of psychoactive substances in the South-Central
Andes, the following alkaloids were used in the study: (± )-nicotine,
(−)-cotinine, N,N-dimethyltryptamine and 5-methoxy-N,N-dimethyl-
tryptamine obtained from Sigma (Sigma-Aldrich Co., St Louis, MO,
USA), and 5-hydroxy-N,N-dimethyltryptamine obtained from Cerilliant
Corp. (Austin, Texas, USA). (± )-d4-nicotine and (± )-d3-cotinine were
used as internal standards. Solvents were analytical chromatographic
grade from Merck (Darmstadt, Germany).

2.4. Initial analysis

High resolution mass spectra were obtained for all alkaloids to de-
termine the mass of the molecular ions to be used for quantitative
analysis. A chromatographic run was then performed with a mixture of
the five alkaloid standards and deuterated derivatives to determine
their retention times and finally, an extract of the perinate's hair was
injected. Since no tryptaminic alkaloids were found, further analyses
were aimed at quantitating only nicotine and cotinine in hair.

2.5. Calibration and validation procedures

Twelve nicotine and 12 cotinine standard solutions were prepared
with final concentrations between 2 and 70 ng/mL and between 1 and
15 ng/mL, respectively; they contained 10 ng of d4-nicotine and 5 ng of
d3-cotinine in a final volume of 1000 μL mobile phase. The ratio of the
peak area of nicotine to the peak area of d4-nicotine and the ratio of the
peak area of cotinine to the peak area of d3-cotinine were plotted
against the concentration of nicotine and cotinine, respectively.

Precision and accuracy of the method was determined by analyzing
as above four 4-mg portions of non-smoker's hair which were spiked
with 8 ng nicotine, 50 ng nicotine, 1 ng cotinine or 12 ng cotinine, re-
spectively. Analyses were carried out with three replicates.
Concentrations were determined from the peak area ratio of the ana-
lytes to their respective deuterated internal standard. Precision was
determined as the relative standard deviation and accuracy as [(con-
centration extrapolated from the calibration line)/(spiked concentra-
tion)]× 100. The limit of detection of the method was defined as the
concentration of alkaloid which produced a signal-to-noise ratio of 3
and the limit of quantitation as three times the limit of detection.

3. Results

The high resolution mass spectra in positive ion mode showed
protonated molecular ions [M + H]+ at m/z 163.123, 177.102,
167.146 and 180.123 for nicotine, cotinine, d4-nicotine and d3-cotinine,
respectively. Nicotine and cotinine could also be distinguished by their
retention times (Fig. 3). Linear calibration lines were generated for pure
nicotine and cotinine (regression lines: Y = 0.0195 + 0.0136*X,
R2 = 0.999 and Y= 0.288 + 0.121*X, R2=0.999, respectively, where
Y is the ratio of the peak area of the analyte to its respective deuterated
internal standard and X is the set concentration of the analyte in ng/
mL). Points for non-smoker's hair spiked with the alkaloids fell within
the 95% confidence limits of both lines, showing the absence of inter-
ference of the hair matrix (Fig. 4). Precision varied between 1.13 and
4.18%, and accuracy between 98.1 and 116.4%. The limits of detection
for nicotine and cotinine were 0.28 and 0.04 ng/mg hair, respectively,
and the limits of quantitation 0.84 and 0.12 ng/mg hair, respectively.

Both nicotine and cotinine were absent from washing solutions.
Authentic chromatograms of mummy hair are presented in Fig. 5. Mean
concentrations of nicotine and cotinine in the basal and apical sections
of hair strands are shown in Fig. 6. Two-way ANOVA showed significant
differences between alkaloid concentrations (F1,26= 70.977,
P < 0.001), non-significant differences between hair segments
(F1,26= 1.319, P=0.261) and no interaction between both factors
(F1,26= 0.0317, P= 0.860).

4. Discussion

Previous quantitative analysis of pre-Hispanic mummy hair showed
presence of nicotine and absence of cotinine (Musshoff et al., 2009). In
the present study, cotinine was found in all samples analyzed along
with nicotine. Since cotinine is the main metabolic product of nicotine
(Benowitz et al., 2009; El-Khoury and Wang, 2014), its presence in the
hair is indicative of nicotine metabolization and rejects the possibility
that it arises from contamination of the samples. Because it is unlikely
that nicotine reached the perinate's hair through active consumption,
the mother must have supplied it through the placenta and/or through
breast milk (Jacqz-Aigrain et al., 2002; Joya et al., 2015; Köhler et al.,
2007; Napierala et al., 2016).

The lack of differences both in nicotine and cotinine concentrations
between basal and apical sections of the perinate's hair strands suggests
similar uptake of tobacco-derived chemicals during the two periods of
hair growth examined. Since nicotine concentration in breast milk is
higher than in serum (Luck and Nau, 1984), it seems likely that the
perinate did not experience the transition from in utero to breast
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feeding, implying that the perinate died soon before or during delivery.
Several studies have reported mean nicotine and cotinine hair

concentrations in contemporary smoking mother-neonate pairs [mean
value of ng Nic/mg hair: 4.32–6.37 (Jacqz-Aigrain et al., 2002), 2.4
(Klein and Koren, 1999), 2.4 (Eliopoulos et al., 1994), 0.15–11.80
(Kintz et al., 1993); mean value of ng cotinine/mg hair: 0.62–1.61
(Jacqz-Aigrain et al., 2002), 2.8 (Klein and Koren, 1999), 2.8
(Eliopoulos et al., 1994)]. Concentration of nicotine in the hair of the
perinate (9.7 ng/mg hair) was within the range reported for con-
temporary hair. Concentration of cotinine in the hair of the perinate
(4.3 ng/mg hair) was higher than the values reported in contemporary
hair analysis. Significant positive linear correlations have been reported
between alkaloid concentrations in the hair of contemporary neonates
and their mothers. Moreover, further analysis of the data reported by
Jacqz-Aigrain et al. (2002) showed linearity between the mean number

of cigarettes per day smoked by the mother and the cotinine con-
centration in the neonate's hair. Extrapolation from this line to the
cotinine concentration found in the perinate suggests a consumption by
the mother of the equivalent to more than 70 cigarettes per day. This
high level of tobacco consumption by the perinate's mother might have
led to a misscarriage since tobacco consumption by pregnant women is
strongly associated to spontaneous abortions and perinatal deaths
(Aliyu et al., 2007; Bell and Lau, 1995; Cui et al., 2016; DiFranza and
Lew, 1995).

Ethnographic accounts reveal that during rituals South American
shamans may consume huge quantities of tobacco. For example,
Wilbert (1987) cites the smoking of five 90-cm long cigars while
chewing tobacco in one case and over 100 cigarettes in another, during
the course of one session. Moreover, ethnographic research in South
America has shown differences in the use of tobacco between men and

Fig. 3. Analysis of alkaloids in the hair of the perinate. UPLC-HRMS traces of pure alkaloids showing molecular masses monitored. From top to bottom: Nicotine,
50 ng/mL; cotinine, 10 ng/mL; d4-nicotine, 10 ng/mL; and d3-cotinine, 5 ng/mL.
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women, particularly regarding the amounts consumed, the techniques
and the artifacts employed, and also the social contexts (e.g.: ritual or
secular) where consumed by each sex (Wilbert, 1987). Thus, while in
some societies tobacco consumption is restricted exclusively to men (for
example, it is a taboo for women among the Witotoan people of the
Peruvian Andes; Wilbert, 1987: 96), in others women may even act as
“tobacco shamanesses” sensu Wilbert (1987), for example, among the
Jivaro and Cuna groups of South America (Wilbert, 1987: 155).

Although the shamanic role of women in pre-Hispanic times is not
well known, it is possible that the mother of the perinate was involved
in ritual practices leading to large consumption of tobacco and hence to
a large accumulation of cotinine. Alternatively, a mode of consumption
of tobacco by the mother different from smoking may be sought.
Ethnohistorical accounts show that tobacco has been used in a variety
of ways (Charlton, 2004; Wilbert, 1987) and such ways may lead to
differential cotinine accumulation (Benowitz, 1992; Jarvis, 1992). For
example, chewing tobacco leads to higher presence of cotinine in the
consumer than smoking tobacco (Çok and Öztürk, 2000), and the air-to-
skin-to-blood pathway, as may occur through the use of cataplasms to
treat ulcerated abscesses, fistulas, and sores (Charlton, 2004), may lead
to higher incorporation of nicotine than inhalation (Bekö et al., 2017).
These results point to the possible use of cotinine and nicotine con-
centrations as lines of evidence to identify different modes of tobacco
consumption in the past, including some ways that are not always as-
sociated with durable archaeological artifacts, such as chewing or
licking.

Overall, the present study offers new perspectives in the differ-
entiation of consumption by gender within archaeological contexts,
opens the possibility of comparing amounts consumed and suggesting
possible techniques of administration, and also refers to particular si-
tuations (i.e.: pregnancy) where tobacco would have been consumed in
prehistory by a specific gender. Future similar studies with individuals
of different sexes and ages will likely open an unsuspected field of
knowledge about the particularities of these practices in the past, of-
fering long-term diachronic perspectives on tobacco consumption that
ethnographic records are not able to reveal.

Although the consumption of local Nicotiana species cannot be ruled
out, several lines of arguments point to the eastern Andean slopes as the
origin of the tobacco consumed by the perinate's mother: i) during the

Early Formative Period, the local archaeological record begins to show
goods that come through long-distance exchange with the eastern
Andean valleys, such as the terrestrial mollusk Megalobulimus oblongus
(syn. Strophocheilus oblongus) from the Yungas and, suggestively,
smoking pipes that have earlier records in those valleys (Fernández
Distel, 1980; Núñez et al., 2006), ii) N. sylvestris, an endemic species
from Northwestern Argentina (Goodspeed, 1954), stands out as the
Nicotiana species with highest nicotine concentration (Saitoh et al.,
1985) and hence would be an efficient provider of the alkaloid, and iii)
the use of Nicotiana spp. has been reported in Northwestern Argentina
until ethnographic times (Pérez Gollán and Gordillo, 1993).

The chemical evidences presented in this study, together with other
recent ones from the Atacama Desert that indicate nicotine consump-
tion in pre-Hispanic times (Carrasco et al., 2015; Echeverría and
Niemeyer, 2013; Gili et al., 2017), confer a new visibility to tobacco as
a psychoactive plant of wide usage in the region. This opens a new
cultural scenario in relation to the consumption of psychoactive plants
in the area: while Anadenanthera spp. has been considered previously as
the major psychotropic element used in pre-Hispanic times (Torres and
Repke, 2006), the data now available suggests that tobacco was another
main psychoactive substance during the prehistory of the region.
Moreover, it may well be that tryptamines and nicotine were consumed
together, a situation that has been reported in ethnographic studies in
South America (Torres and Repke, 2006; Wilbert, 1987). The absence of
tryptamines in the hair of the perinate and of other individuals ana-
lyzed from the western Andes may be due to metabolic pathways that
degrade them at a relatively high rate (Barker et al., 1981; Echeverría
and Niemeyer, 2013: Yu et al., 2004). It would be desirable to analyze
pre-Hispanic bioanthropological material with highly sensitive che-
mical tools, perhaps with emphasis on specific metabolization products
of plant-derived tryptamines.

The evidence of an important consumption of tobacco by a pregnant
woman of the Formative Period of the region, suggests that ritual
practices with this plant were already deeply inserted in the social life
at this time. Moreover, this evidence is contemporary with the first
manipulation of crops in the area (McRostie, 2014), showing that, as in
other parts of the continent (e.g. Carmody et al., 2018), psychoactive
plants are important in the social life of pre-agricultural societies in the
American continent and their use might precede the cultivation of food

Fig. 4. Calibration lines for pure alkaloids: the ratio
of the peak area of nicotine to the peak area of d4-
nicotine and the ratio of the peak area of cotinine to
the peak area of d3-cotinine were plotted against the
concentration of nicotine and cotinine, respectively.
Nicotine (open triangles) and cotinine (open circles),
with points for hair spiked with nicotine (filled tri-
angles) and cotinine (filled circles).
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plants.

5. Conclusions

Chemical analysis of the hair of a pre-Hispanic perinate revealed the
hitherto earliest and youngest passive tobacco consumer in the ar-
chaeological record of the continent. Although this individual possibly
post-dates by several hundreds of years or even millennia the first uses
of tobacco in South America, possibly in contexts other than psycho-
tropic (Etkin, 1988) and even without well-defined associated para-
phernalia, this finding demonstrates that close to 2400 years BP, at the
dawn of pastoralism in the highlands of the Atacama Desert, female
individuals were already intensively consuming this psychoactive plant,
transmitting its signals, and perhaps its lethal effects, to a child during
gestation.

The detection of tobacco in the archaeological record is a central
issue to reach an understanding of the adoption and uses of this psy-
choactive plant in the past because the sole presence of smoking pipes is

not sufficient to demonstrate tobacco consumption, given the wide
variety of other possible plants that may have been smoked
(Tushingham et al., 2013). The chemical analyses of human hair, such
as that reported in this study, or of other bioanthropological remains
such as dental calculus (Eerkens et al., 2018) open especially favorable
perspectives to identify consumption in the absence of associated
paraphernalia and also to quantify intensity of use and to detect forms
of consumption different from smoking. At the same time, chemical
analysis of hair allows the identification of singular social agents of
these consumptions in the past, such as pregnant women, and also
passive victims, such as fetuses and new-born children.

Acknowledgements

Raw data is available from the corresponding authors. We gratefully
acknowledge funding from Universidad de Chile (VID: ENL026/16;
PAIFAC-Facultad de Ciencias; Facultad de Ciencias Sociales-FPCI: 04-
0417), from CONICYT (PAI/ACADEMIA No. 79160109) and from

Fig. 5. UPLC-HRMS traces of a sample of hair from the perinate: Above: nicotine, 7.40 ng/mg hair; Below: cotinine, 3.14 ng/mg hair.

H.M. Niemeyer et al. Journal of Archaeological Science 100 (2018) 130–138

136



FONDECYT (postdoctoral fellowship No. 3130327). Also, our gratitude
goes to the Native Community of Taira, for allowing us to work with the
biological remains of their ancestors.

References

Agüero, C., 2005. Aproximación al asentamiento humano temprano en los oasis de San
Pedro de Atacama. Estud. Atacameños 30, 29–60.

Aliyu, M.H., Salihu, H.M., Wilson, R.E., Kirby, R.S., 2007. Prenatal smoking and risk of
intrapartum stillbirth. Arch. Environ. Occup. Health 62, 87–92.

Andreoni, D.F., Spano, R.C., Lema, V., 2012. Nota sobre evidencias de uso de plantas en el
sitio Soria 2 a partir del análisis microscópico del contenido de pipas. Rev. Arqueol.
18, 235–243.

Aschero, C.A., Yacobaccio, H.D., 1994. 20 Años Después: Inca Cueva 7 Reinterpretado.
Resúmenes del XI Congreso Nacional de Arqueología Argentina, San Rafael,
Argentina.

Barker, S.A., Monti, J.A., Christian, S.T., 1981. N,N-dimethyl-tryptamine: an endogenous
hallucinogen. Int. Rev. Neurobiol. 22, 83–110.

Bekö, G., Morrison, G., Weschler, C.J., Koch, H.M., Pälmke, C., Salthammer, T., Schripp,
T., Toftum, J., Clausen, G., 2017. Measurements of dermal uptake of nicotine directly
from air and clothing. Indoor Air 27, 427–433.

Bell, G.L., Lau, K., 1995. Perinatal and neonatal issues of substance abuse. Pediatr. Clin.
42, 261–281.

Benowitz, N.L., 1992. Pharmacology of smokeless tobacco use: nicotine addiction and
nicotine–related health consequences. In: National Cancer Institute Monograph No. 2,
Smokeless Tobacco or Health: an International Perspective, pp. 219–244.

Benowitz, N.L., Hukkanen, J., Jacob 3rd, P., 2009. Nicotine chemistry, metabolism, ki-
netics and biomarkers. Handb. Exp. Pharmacol. 192, 29–60.

Bugliani, M.F., Calo, C.M., Scattolin, M.C., 2010. Fumando en la cocina. Determinación de
contenidos por técnicas fisicoquímicas en dos pipas cerámicas del sitio Cardonal. La
arqueometría en Argentina y Latinoamérica. pp. 231–236.

Capparelli, A., Pochettino, M.L., Andreoni, D., Iturriza, R.D., 2006. Differences between
written and archaeological record: the case of plant micro remains recovered at a
Northwestern Argentinean pipe. In: Proceedings of the IVth International Congress of
Ethnobotany (ICEB 2005), pp. 397–406.

Carmody, S.B., Kassabaum, M.C., Hunt, R.K., Prodanovich, N., Elliott, H., Russ, J., 2018.
Residue analysis of smoking pipe fragments from the Feltus archaeological site,
Southeastern North America. J. Archaeol. Sci. Rep. 17, 640–649.

Carrasco, C., Echeverría, J., Ballester, B., Niemeyer, H.M., 2015. De pipas y sustancias:
costumbres fumatorias durante el periodo Formativo en el litoral del desierto de
Atacama (norte de Chile). Lat. Am. Antiq. 26, 143–161.

Charlton, A., 2004. Medicinal uses of tobacco in history. J. Roy. Soc. Med. 97, 292–296.
Chetiyanukornkul, T., Toriba, A., Kizu, R., Kimura, K., Hayakawa, K., 2004. Hair analysis

of nicotine and cotinine for evaluating tobacco smoke exposure by liquid chroma-
tography–mass spectrometry. Biomed. Chromatogr. 18, 655–661.

Çok, I., Öztürk, R., 2000. Urinary cotinine levels of smokeless tobacco (MaraE powder)
users. Hum. Exp. Toxicol. 19, 650–655.

Cui, H., Gong, T.-T., Liu, C.-X., Wu, Q.-J., 2016. Associations between passive maternal

smoking during pregnancy and preterm birth: evidence from a meta-analysis of ob-
servational studies. PLoS One 11 (1), e0147848.

De Souza, P., Santana-Sagredo, F., Rodríguez, M., 2018. Efecto reservorio marino en re-
stos humanos e investigación paleodietaria: un caso de estudio en el Período
Formativo Temprano (∼ 2,450 AP) de la Puna de Atacama (Norte de Chile). Lat. Am.
Antiq (submitted for publication.

DiFranza, J.R., Lew, R.A., 1995. Effect of maternal cigarette smoking on pregnancy
complications and Sudden Infant Death Syndrome. J. Fam. Pract. 40, 385–394.

Dobkin de Rios, M., 1984. Hallucinogens: Cross-cultural Perspectives. University of New
Mexico Press, Albuquerque.

Echeverría, J., Niemeyer, H.M., 2013. Nicotine in the hair of mummies from san Pedro de
Atacama (northern Chile). J. Archaeol. Sci. 40, 3561–3568.

Eerkens, J.W., Tushingham, S., Brownstein, K.J., Garibay, R., Perez, K., Murga, E.,
Kaijankoski, P., Rosenthal, J.S., Gang, D.R., 2018. Dental calculus as a source of
ancient alkaloids: detection of nicotine by LC-MS in calculus samples from the
Americas. J. Archaeol. Sci. Rep. 18, 509–515.

El-Khoury, J.M., Wang, S., 2014. Recent advances in MS methods for nicotine and me-
tabolite analysis in human matrices: clinical perspectives. Bioanalysis 6, 2171–2183.

Eliopoulos, C., Klein, J., Khanh Phan, M., Knie, B., Greenwald, M., Chitayat, D., Koren, G.,
1994. Hair concentrations of nicotine and cotinine in active, passive and nonsmoking
mothers and their newborn infants. J. Am. Med. Assoc. 271, 621–623.

Etkin, N.L., 1988. Ethnopharmacology: biobehavioral approaches in the anthropological
study of indigenous medicines. Annu. Rev. Anthropol. 17, 23–42.

Fernández Distel, A.M., 1980. Hallazgos de pipas en complejos precerámicos del borde de
la Punajujeña (República Argentina) y el empleo de alucinógenos por parte de las
mismas culturas. Estud. Arqueológicos 5, 55–75.

Furst, P.T., 1976. Hallucinogens and Culture. Chandler and Sharp Publishers, San
Francisco.

Gallardo, F., DeSouza, P., 2008. Rock art, modes of production and social identities
during the Early Formative Period in the Atacama Desert (northern Chile). In:
Domingo, I., Fiore, D., May, S. (Eds.), Archaeologies of Art: Time, Place, and Identity.
Left Coast Press, California, pp. 79–97.

Gili, F., Echeverría, J., Stovel, E., Deibel, M., Niemeyer, H.M., 2017. Las pipas en el Salar
de Atacama: reevaluando su origen y uso. Estud. Atacameños 54, 37–64.

Goodspeed, T.H., 1954. The Genus Nicotiana. Chronica Botanica, Waltham,
Massachusetts, USA.

Jarvis, M.J., 1992. Dependence on smokeless tobacco. In: National Cancer Institute
Monograph No. 2, Smokeless Tobacco or Health: an International Perspective, pp.
239–244.

Jacqz-Aigrain, E., Zhang, D., Maillard, G., Luton, D., André, J., Oury, J.F., 2002. Maternal
smoking during pregnancy and nicotine and cotinine concentrations in maternal and
neonatal hair. BJOG An Int. J. Obstet. Gynaecol. 109, 909–911.

Joya, X., Pacifici, R., Salat-Batlle, J., García-Algar, O., Pichini, S., 2015. Maternal and
neonatal hair and breast milk in the assessment of perinatal exposure to drugs of
abuse. Bioanalysis 7, 1273–1297.

Kintz, P., Kieffer, I., Messer, J., Mangin, P., 1993. Nicotine analysis in neonates hair for
measuring gestational exposure to tobacco. J. For. Sci. 38, 119–123.

Klein, J., Koren, G., 1999. Hair analysis - a biological marker for passive smoking in
pregnancy and childhood. Hum. Exp. Toxicol. 18, 279–282.

Köhler, E., Avenarius, S., Rabsilber, A., Gerloff, C., Jorch, G., 2007. Assessment of

Fig. 6. Concentrations of nicotine and cotinine found in the perinates's hair. Apical and basal segments refer to the halves in which each hair strand was cut.

H.M. Niemeyer et al. Journal of Archaeological Science 100 (2018) 130–138

137

http://refhub.elsevier.com/S0305-4403(18)30478-3/sref1
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref1
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref2
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref2
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref3
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref3
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref3
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref4
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref4
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref4
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref5
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref5
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref6
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref6
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref6
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref7
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref7
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref8
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref8
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref8
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref9
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref9
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref10
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref10
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref10
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref11
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref11
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref11
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref11
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref12
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref12
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref12
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref13
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref13
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref13
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref14
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref15
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref15
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref15
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref16
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref16
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref17
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref17
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref17
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref18
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref18
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref18
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref18
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref19
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref19
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref20
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref20
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref21
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref21
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref22
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref22
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref22
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref22
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref23
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref23
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref24
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref24
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref24
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref25
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref25
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref26
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref26
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref26
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref27
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref27
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref28
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref28
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref28
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref28
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref29
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref29
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref30
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref30
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref31
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref31
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref31
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref32
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref32
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref32
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref33
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref33
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref33
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref34
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref34
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref35
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref35
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref36


prenatal tobacco smoke exposure by determining nicotine and its metabolites in
meconium. Hum. Exp. Toxicol. 26, 535–544.

Lema, V.S., Andreoni, D., Capparelli, A., Ortiz, G., Spano, R., Quesada, M., Zorzi, F., 2015.
Protocolos y avances en el estudio de residuos de pipas arqueológicas de Argentina.
Aportes para el entendimiento de metodologías actuales y prácticas pasadas. Estud.
Atacameños 51, 77–97.

Llagostera, A., 1996. San Pedro de Atacama: Nodo de complementariedad reticular.
Comps In: Albó, X., Albó, X., Arratia, M.I., Hidalgo, J., Núñez, L., Llagostera, A.,
Remy y, M.I., Revesz, B. (Eds.), La Integración Surandina Cinco Siglos Después.
Universidad Católica del Norte y Centro de Estudios Regionales Andinos Bartolomé
de las Casas, Cuzco, pp. 17–42 Estudios y Debates Regionales Andinos 91.

Llagostera, A., 2001. Archaeology of hallucinogens in san Pedro de Atacama (north
Chile). Eleusis 5, 101–121.

Llagostera, A., 2015. Albores del psicotropismo en San Pedro de Atacama. Pipas v/s
Tabletas. Chungará 47, 489–505.

Luck, W., Nau, H., 1984. Nicotine, and cotinine concentrations in serum and milk of
nursing smokers. Br. J. Clin. Pharmacol. 18, 9–15.

Martin Silva, V.B., Miguez, G.E., Korstanje, M.A., 2016. Análisis de microvestigios en
pipas procedentes de ocupaciones prehispánicas de las selvas meridionales del nor-
oeste Argentino. El caso de Yánimas 1. Estud. Atacameños 53, 33–52.

McRostie, V., 2014. Arboricultura y silvopastoralismo en el Período Formativo (1.400
A.C.-500 D.C.) de la cuenca del Salar de Atacama. Chungará 46, 543–557.

Musshoff, F., Rosendahl, W., Madea, B., 2009. Determination of nicotine in hair samples
of pre-Columbian mummies. Forensic Sci. Int. 185, 84–88.

Napierala, M., Mazela, J., Merritt, T.A., Florek, E., 2016. Tobacco smoking and breast-
feeding: effect on the lactation process, breast milk composition and infant devel-
opment. A critical review. Environ. Res. 151, 321–338.

Núñez, L., Cartajena, I., Carrasco, C., López, P., De Souza, P., Rivera, F., Santander, B.D.,
2017. Presencia de un centro ceremonial formativo en la circumpuna de Atacama.
Chungará 49, 3–33.

Núñez, L., De Souza, P., Cartajena, I., Carrasco, C., 2007. Quebrada Tulan: evidencias de
interacción circumpuneña durante el formativo temprano en el sureste de la Cuenca
de Atacama. In: Nielsen, A., Rivolta, M., Seldes, V., Vázquez, M., Mercolli, P. (Eds.),
Producción y circulación prehispánicas de bienes en el sur andino. Editorial Brujas,
Córdoba, pp. 287–304.

Núñez, L., Cartajena, I., De Souza, P., Carrasco, C., Grosjean, M., 2006. Emergencia de
comunidades pastoralistas formativas en el sureste de la Puna de Atacama. Estud.
Atacameños 32, 93–117.

Pérez Gollán, J.A., Gordillo, E.I., 1993. Alucinógenos y sociedades indígenas del noroeste
argentino. Antropol. Arch. 30, 299–350.

Pochettino, M.L., Cortella, A.R., Ruiz, M., 1999. Hallucinogenic snuff from Northwestern
Argentina: microscopical identification of Anadenanthera colubrina var. cebil
(Fabaceae) in powdered archaeological material. Econ. Bot. 53, 127–132.

Pragst, F., 2006. State of the art in hair analysis for detection of drug and alcohol abuse.
Clin. Chim. Acta 370, 17–49.

Pragst, F., Rothe, M., Spiegel, K., Sporkert, F., 1998. Illegal and therapeutic drug con-
centrations in hair segments—a timetable of drug exposure. For. Sci. Rev. 10,
81–111.

Rafferty, S.M., 2002. Chemical analysis of early Woodland period smoking pipe residue. J.
Archaeol. Sci. 29, 897–907.

Rafferty, S.M., 2006. Evidence of early tobacco in Northeastern north America? J.
Archaeol. Sci. 33, 453–458.

Rosso, C., Spano, R., 2005-2006. Evidencias del uso de alucinógenos en pipas halladas en
dos sitios tempranos de los Valles Calchaquíes. Arqueología 13, 79–99.

Russell, A., Rahman, E. (Eds.), 2016. The Master Plant: Tobacco in Lowland South
America. Bloomsbury Publishing.

Saitoh, F., Noma, M., Kawashima, N., 1985. The alkaloid contents of sixty Nicotiana
species. Phytochemistry 24, 477–480.

Tarragó, M., 1989. Contribución al Conocimiento Arqueológico de las Poblaciones de los
Oasis de San Pedro de Atacama en Relación con los Otros Pueblos Puneños, en
Especial, el Sector Septentrional del Valle Calchaquí. PhD thesis in History
(Anthropology). Universidad de Rosario, Rosario, Argentina.

Torres, C.M., 1995. Archaeological evidence for the antiquity of psychoactive plant use in
the Central Andes. Ann. Mus. Civ. Rovereto 11, 291–326.

Torres, C.M., 1999. Psychotropic substances in the archaeology of Northern Chile and NW
Argentina. A comparative review of the evidence. Chungará 30, 49–63.

Torres, C., Repke, D., 2006. Anadenanthera: Visionary Plant of Ancient South America.
The Haworth Herbal Press, New York.

Tushingham, S., Ardura, D., Eerkens, J.W., Palazoglu, M., Shahbaz, S., Fiehn, O., 2013.
Hunter-gatherer tobacco smoking: earliest evidence from the Pacific northwest coast
of North America. J. Archaeol. Sci. 40, 1397–1407.

Ward, G.K., Wilson, S.R., 1978. Procedures for comparing and combining radiocarbon age
determinations. Archaeometry 20, 19–31.

Westfall, C., 1993-1994. Pipas prehispánicas de Chile. Discusión en torno a su
distribución y contexto. Rev. Chil. Antropol. 12, 123–161.

Wilbert, J., 1987. Tobacco and Shamanism in South America. Yale University Press, New
Haven and London.

Winter, J.C., 2000. Traditional uses of tobacco by native Americans. In: Winter, J.C. (Ed.),
Tobacco Use by Native North Americans. University of Oklahoma Press, Norman, pp.
9–58.

Yu, A.M., Idle, J.R., González, F.J., 2004. Polymorphic cytochrome P450 2D6: humanized
mouse model and endogenous substrates. Drug Metab. Rev. 36, 243–277.

Zahlsen, K., Nilsen, O.G., 1994. Nicotine in hair of smokers and non-smokers: sampling
procedure and gas chromatographic/mass spectrometric analysis. Pharmacol.
Toxicol. 75, 143–149.

H.M. Niemeyer et al. Journal of Archaeological Science 100 (2018) 130–138

138

http://refhub.elsevier.com/S0305-4403(18)30478-3/sref36
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref36
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref37
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref37
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref37
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref37
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref38
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref38
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref38
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref38
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref38
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref39
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref39
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref40
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref40
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref41
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref41
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref42
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref42
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref42
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref43
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref43
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref44
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref44
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref45
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref45
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref45
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref46
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref46
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref46
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref47
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref47
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref47
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref47
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref47
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref48
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref48
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref48
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref49
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref49
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref50
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref50
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref50
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref51
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref51
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref52
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref52
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref52
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref53
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref53
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref54
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref54
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref55
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref55
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref56
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref56
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref57
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref57
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref58
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref58
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref58
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref58
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref59
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref59
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref60
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref60
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref61
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref61
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref62
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref62
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref62
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref63
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref63
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref64
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref64
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref65
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref65
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref66
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref66
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref66
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref67
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref67
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref68
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref68
http://refhub.elsevier.com/S0305-4403(18)30478-3/sref68

	Chemical evidence of prehistoric passive tobacco consumption by a human perinate (early Formative Period, South-Central Andes)
	Introduction
	Materials and methods
	The perinate
	Sample preparation
	UPLC-HRMS analysis
	Initial analysis
	Calibration and validation procedures

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




