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Laboratorio Quimica Analitica de
Contaminantes Organicos y
Elementos Traza

LINEA DE INVESTIGACION DE NUESTRO GRUPO DE INVESTIGACION:

Se estudia la presencia y comportamiento de compuestos organicos en el medioambiente
y alimentos. En este sentido, considera el desarrollo de metodologias analiticas basadas
en métodos cromatograficos de alta resolucion, métodos espectroscopicos asociados a
calibracion multivariada, métodos electroquimicos y técnicas de extraccion
instrumentales para la determinacion de distintos compuestos de origen natural o
antropogénico en matrices ambientales y alimentos diversos. Se emplea la quimiometria
como herramienta eficiente para el diseio de experimentos, calibracion multivariada y
manejo e interpretacion de la informacion analitica generada. En términos generales
busca conocer el posible impacto de actividades antropogénicas sobre el medioambiente
y la produccion de alimentos.
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Microwave-assisted extraction through an agueous medium and simultaneous cleanup by partition
on hexane for determining pesticides in agricultural soils by gas chromatography: A critical study

Microwave extraction

Cooled and transfer

i:

Ewvaporation under N,

1 g of soil Analytica Chimica Acta 578 (2006) 122-130
1 mL water-acetonitrile {1:1)
5 mL n-hexane
% Analysis by
GC-ECD
J Temperature sensor

%ﬂl'l:]l]l:l;?ggz‘-‘w n-hexane to hottom redissolution to 1mL
: conic tube
m' soaked soil
TEM vessel LOD (pgg™") % Recovery in soil
TEM VLC QTA

Trifluralin 0.006 60 £ 5 80 £3(74+3) 68 + 3(42+2)
Triallate 0.018 - 82 +£4(79+4) B0 £ 4(52£3)
Acetochlor 0.036 - 100 £ 3(844+5) B0+ 3(54+3)
Alachlor 0.030 — 101 £ 6(7T9+£4) 01 +3(51+£2)
Metolachlor 0.036 L6 104 £ 3(83+£4) 00 + 3(57x£3)
Chlorpyriphos 0.010 B0+ 6 100 £+ 3(90L5) B0+ 6(38+2)
Triadimefon 0.018 8+7 02 £5(114+06) 03 £ 3(87L£8)
Endosulphan I 0.008 - T8 £ 6(70+£4) T8+ 344+
Endrin 0.009 - T8E5(77L5) 70+ 4(47+3)
Endosulphan 11 0.008 — T2+ 7(71+3) T6 £ 4(45L£3)
Methoxychlor 0.010 - T3 £5(64+3) T2+ 6(97L£35)
Tetradifon 0.004 - T6 £ 5(75+£4) B0+ 1(36+2)

Recoveries for ultrasonic method shown in parentheses.



Parameters affecting microwave-assisted extraction of organophosphorus pesticides from

agricultural soil.
Journal of Chromatography A, 1169 (2007) 40-46
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Table 3

Analytical features of the MAEP-GC-FPD method obtained under optimized conditions (LOD and LOQ 3 and 10 times the standard error of the signal obtained for
six JTA soil extracts)

Compound Analytical sensitivity (pgg—')? LOD (pgg " LOQ (pgg " Precision (RSDD)
Ethoprophos 0.002 0.006 0.019 48
Diazinon 0.001 0.004 0.012 34
Methy!] parathion 0.004 0.012 0.035 7.5
Methyl pirimiphos 0.002 0.006 0.018 3.1
Fenitrothion 0.003 0.008 0.025 5.0
Parathion 0.002 0.006 0.019 38




Contaminantes organicos en alimentos
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Suitability of microwave-assisted extraction (MAE) coupled with solid-phase extraction (SPE) for
organophosphorus pesticide determination in olive oil.
Journal of Chromatography A, 1207 (2008) 38—-45

g Recuperacion
5 g aceite oliva o palta bty R

N Adicidn de extracto
5 mL AcN -DCM (9:1) (a)

a columnas con carbén Elusién final con
activo Diclorometano

| :

(b)

17
7
AN

- - - e

5 min a 7T00W ¢

L]
L]
Evaporacion

Vaso del microondas Rediscfl_ucian a2mlL
LIMPIEZA EXTRACTO Inyeccion en GC-FPD

Extraccién microondas ‘ U - ‘
2 min a 250W C u

(@) MAE (L-L) (b) Limpieza con SPE

Determinacidon con GC-FPD
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Microwave-assisted extraction at atmospheric pressure coupled to different clean-up methods for
the determination of organophosphorus pesticides in olive and avocado oil

Journal of Chromatography A, 1216 (2009) 8859—-8866

] b
D 1.0
13 cm 08
"o G,
04 P _
‘ \\ '1-"".:135. ]
L 0.2 WN\%._ ]
0.0 ‘@ﬁ-} 18.0
_ 146 315 o 7.0
Air-cooled condenser 354 433 34

Power {(w) Wolume AcN {mL)

Sample

Fig. 1. 5cheme of the glass system employed for atmospheric pressure microwave-
assisted extraction.
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Microwave-assisted extraction at atmospheric pressure coupled to different clean-up methods for

the determination of organophosphorus pesticides in olive and avocado oil

Table 8

Journal of Chromatography A, 1216 (2009) 8859—-8866

Pesticide residues (pgg') detected in virgin olive oil (V0O) and virgin avocado oil (VAO) samples produced in different regions of Chile, and MRLs according to European

Legislation [9,10].

Qil sample Valley and region ( ) of origin Diazinon Parathion methyl Clorpyriphos Methidathion Azinphos methyl
VDO1 Copiapé (III)

V002 Limari (IV) 0.005 0.124

Vo3 Aconcagua(V) 0.232

VOO04 Aculeo (RM) 0.038

VOO5 Aculeo 0.062 <0.007

V006 Maipo (RM) 0.024

Voo7 Maipo 0.016

Voos Curacavi (RM) 0.007

Voo9 Cachapoal (VI) 0.085

VOO10 Cachapoal 0.074

VOO11 Cachapoal 0.065

Vo012 Curico (VII) 0.100 0.015
Vo013 Maule (VII) <(0.0042 0.007

Vo014 Curicd 0.112 <0.015 <0.005 0.032
VOO015 Curico 0.088 0.022
VOO16 Maule

VOO17 Maule

VOO018 Maule 0.108

V0019 Maule <0.004 0.010

Vo020 Maule 0.004 <0.005 0.007

VAD1 Aconcagua

VAO2Z Maipo <0.005

VAD3 Maipo

VAD4 Aconcagua

MRL (pgg"')in VOO nr nr nr 2 nr
MRL (pgg ') in olives 0.010 0.020 0.050 1 0.050

nr: Non-reported.
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Survey of organophosphorus pesticide residues in virgin olive oils produced in Chile

LA AN e Food Additives and Contaminants: Part B
Vol. 3, No. 2, June 2010, 101-107
18° __
Azapa Valley
R. de Arica-Parinacota
0.25 - Diazi )
R. de Tarapaca 5C‘halilrr|]:;r]iphos (a) 0.28 i ) 0.6 ©
%
0.204 _ 0.20] 0.5
220 _ 015 y oo 0.4- 7
"o o .
2 2 5 034
R. de Antofagasta 0.10 4 0.10 -
0.2
- [
- E ﬁ E - E )
0 4
g 0,00 AN n ﬂ nnn 0.00 Hﬁﬂn I'IHnn E Hﬂ oolﬁaﬂ HH
= 12345678 9101112131415161718 1920212223242526 27 282930313233 3435 36 37 38 39 40 41 42 43 44 45
o) Sample number Sample number Sample number
?_J) 26° __
5 ) 030 -
O R.de Atacama Copiapé Valley
8 Il Diazinon o
% rr/ 0261 74 Chlarpyriphos
Methidathion
0204  BOKR Azinphos methyl
Huasco Valley I Parathion methyl
’ _ 0151
R. de Coquimbo 30— 1 0.10 4
Limari Valley
0.05 -
U,DUJIE i EH E ﬂ A all WO N e wn
46 47 48 48 50 51 52 53 54 55 56 57 58 589 60 B1 B2 63 B4 65 66 67 68 B9 70 71
R. de Valparaiso Aconcagua Valiey Sample number
Curacavi Valley:
R. Metropolitana / J T OPPs levels in 71 analyzed olive oil samples according to region of origin: (a) Arica-
R. Lib. B. O'Hliggins Parinacota, Atacama and Coquimbo; (b) Valparaiso and Metropolitana, (c) O’Higgins and (d)
Maule.
R. del Maule
Maule Valley
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Screening of edible oils for polycyclic aromatic hydrocarbons using microwave-assisted liquid—
liquid and solid phase extraction coupled to one- to three-way fluorescence spectroscopy analysis
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Feasibility of the determination of polycyclic aromatic hydrocarbons in edible oils via unfolded
partial least-squares/residual bilinearization and parallel factor analysis of fluorescence excitation

emission matrices.

Fluorescence intensity (a.u.)

Wavelength (nm)
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Talanta 103 (2013) 361-370
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Determination of heavy polycyclic aromatic hydrocarbons of concern in edible oils via excitation—
emission fluorescence spectroscopy on nylon membranes coupled to unfolded partial least-

squares/residual bilinearization _
Anal Bioanal Chem (2013) 405:7497-7507

Adsorcion HAPs sobre membrana nylon (b)

Fluorescancs Intsnsrty (2.0 )
- BB HE

Fluorescancs Intansity (2w}

5/

:

Fluorascancs intsnsity (2.0}

5/

Fotografia de membranas de nylon irradiadas
con lampara UV a 254 nm

Fluorsscancs Intansity (20}

'i‘»'.}

13 mm
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Analisis por MAE-SPE / U-PLS/RBL (pg kgt

Tipo aceite

Muestra

BbF

BkF

BaP

DBahA

BghiP

IP

Oliva virgen (abril 2012)
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T e e
A W N PP O
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[y
w
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Plaguicidas en abejas (sensores ambientales)

Caracterizacion de mieles

Radio de forrajeo de Apis:

1km
(300 hectareas)
en floracidn

3km
(2800 hectdreas)
en escasez

hasta 12 km
(45000 hectdreas)
en condiciones criticas



Determination of imidacloprid in water samples via photochemically induced fluorescence and
second-order multivariate calibration

Talanta134 (2015) 8-15

Photo induced fluorescence
UV lamp 254 nm

a———» |

PARAFAC and U-PLS/RBL analysis

a0 T
c1—__%<;jii;;>___CH:___J i Ei 2004t
T ?Ef 2004 .-
f\'\ % ",:-‘
o, £ 1004.--
N ’ \,f \\\ 250
cl CH;—N J - >
Y

N 400 550
(|1II Excitation wavelength (nm) Emission wavelength (nm)
Table 3

Predictions of imidacloprid and mean LODs in irrigation ditch sample spiked with additional foreign pesticides determined by SPE-C18-PIF-EEMs with PARAFAC and U-PLS/
REL.

Sample Foreign pesticide added (ng mL g Predicted values of imidacloprid *
Carbofuran Carbaryl Fenvalerate Atrazine PARAFAC U-PLS/RBL

1 10 10 50 50 8.0 758

2 50 10 10 50 10.6 1o

3 10 50 50 10 8.8 100

4 50 50 10 10 7.2 72

LOD (ng mL- ") ® - - - - 0.72 10

* Imidacloprid spiked at 0.01 pg mL
b LOD calculated considering the 50-fold pre-concentration factor.
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Photochemically induced fluorescence coupled to second-order multivariate calibration as
analytical tool for determining imidacloprid in honeybees.

AU

Retention time (min)

Chemometrics and Intelligent Laboratory Systems 160 (2017) 1-7

Excitation wavelength (nm)

350

Figura 1. Fotografia que muestra la mezcla de
abejas + fase C18 empacada sobre la columna
de carbdn grafito antes de la elusién con
solvente.

Figura 2. Cromatograma en HPLC-DAD
obtenido para una muestra de abeja y un
estandar de imidacloprid a 0.1 ug/ml (A);
graficos de contorno de PIF-EEM para la
misma muestra (B).

400 430 500 550

Emission wavelength (nm)
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Analisis de muestras de abejas de campo de la region de
O’Higgins en Chile central

35°

o e
| Nd Nd

Rengo
2 Rengo Nd Nd
3 Rengo Nd Nd
4 Chimbarongo Nd Nd
5 Chimbarongo Nd Nd
6 Codegua Nd Nd
7 Codegua Nd Nd
8 Peumo Nd Nd
9 Peumo Nd Nd
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Matrix solid-phase dispersion associated to gas chromatography for the assessment in honey bee of
a group of pesticides of concern in the apicultural field

Journal of Chromatography A, 1567 (2018) 47-54

Muestra

“""‘- Mecha con Detection Pesticide
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<«— Comprimir Diazinon
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o 45000 1.50E+008
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> #0000 3 30000 l 2 1.00E+008
El = ‘ g
450000 -] I | E
} If\- 500E+007 1 3
400000 -| 15000 - M r\}\ ‘ “ |
3 | 7 ’\ 2 |] |
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Evaluacion de plaguicidas en abejas recolectadas en la quinta y sexta region del

pais

Pelor ca

5 Panamericana
S 2ViasTTA
v~ 1Via TTA

O Capital Regional

Pica  Comuna

3

Otras Comunas

1.Papudo

2 Zapallar
3.Puchuncavi
4.Quintero
5.Concdn
G.Vifia del Mar
7.Valparaiso
H.Casablanca
9. Algarrobo
10.El Quisco
I'1.El Tabo
12.Car tagena
13.Villa Alemana
I4. Limache
15.La Cruz
16.Caler a
I'7.Panquehue
18, Rinconada
19.5an Felipe
20.Sta. Maria

12, Coinco

23. Santa Cruz

13. Quinta de Tilcoco 24. Nancagua

14. San Vicente

25. Placilla

26. Malloa

27. Requinoa

28. Rengo

29, Machali

30. San Fernando
31. Chimbarongo

32, Chépica
33. Lolol
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Plaguicidas al nivel de traza encontrados en abejas de la quinta y sexta

region.

Table 6

A. Balsebre et al./ |. Chromatogr. A 1567 (2018) 47-54

Pesticide residues detected in honeybee from Valparaiso (V) and O'Higgins (V1) regions of Chile.

Positive samples and concentration range () | pg g~!

Region | zone Samples Thiamethoxam Fipronil Acetamiprid Acrinathrin Methamidophos Diazinon Chlorpyriphos | Coumaphos
V/Casablanca 9 -1 2 1 4 - - - -
(<0.020) (0.057) (<0.020-0.026)
V/Catemu-Fanquehue 9 - - 2 5 - 1 - -
(<0.047-0.100) (<0.020) {(<0.015)
V/ConCon-Quintero 9 - 1 1 5 1 - 1 -
(=0.020) (=0.047) (=0.020) (<0.007) (=0.017)
V/Quillota 9 - - - 1 3 - - -
(=0.020) (<0.007)
V1/Chimbarongo B 1 - - 5 - 4 7 -
(<0.010)F (<0.020) (<0.015) (<0.017-0.067)
Vl/Codegua 4 - - - 1 - - 4 -
(<0.020) (<0.017)
VI Peumo 8 - - - - - 2 4 -
(<0.015) (<0.017)
VI/Rengo 12 - - - 1 - - 7 1
(=0.020) (<0.017) (<0.030)
Owverall 68 1 3 4 22 4 7 23 1
(<0.010) (<0.020) (<0.047-0.100) (<0.020-0.026) (<0.007) (<0.015) (<0.017-0.067) | (<0.030)
2 Residue was lower than the LOD.
b
Lower that the mLOQ. cl Cl
- | S
X ||
Cl O-pP-0
| .
\—CH:

O

\I
CHs3



Table 7

Comparison with results obtained on the determination of the target pesticides in bees in other countries.

A. Balsebre et al. /|. Chromatogr. A 1567 (2018) 47-54

53

Positive samples and concentration range ()| pgg~!

Country Samples Thiamethoxam Fipronil Dimethoate Diazinon Chlorpyriphos Coumaphos
[Ref]

Chile 682 1 3 - 7 23 1

[This work] (<0.010) (<0.020) (<0.015) (<0.017-0.057) (<0.030)
Uruguay 31k - 2 - - - -

LG] _ LIJ.ISIJ—D.I?D]

France 3072 - 7 - - - 14

[23] (<0.0003-0.0007) («0.037-25)
Egypt 16° - - - g 1 -

J7A4] (00002000058 [INITEwA]

Poland 730 2 3 30 - 38 -

[27] (0.044-0.275) (0.034-0.271) (0.0014-1.6) (0.002-3.3)

Poland 250 - 10 9 - 5 -

[28] (0.010-0.064) (0.238-4.9) (0.010-0.056)

Poland 33b - 3 3 - 9 -

[20] (0.008-0.017) (0.258-7.3) (0.010-576)

Greece 27t - 1 - - - 2

[34] ((LOJ21 (0.013-00201
France 1457 - - - 1 4 28

[35] (<0.027) (0.003-0.180) (0.004-0.047)

2 Workers bees.
b Poisoned dead bees.

Abejas obreras forrajeras

Abejas envenenadas muertas
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Camafos Tiametoxam 1% Firponil
5%

2% Acetamiprid
6%

Clorpirifos

35% Acrinatrina

34%

Metamidofos
6%

Principales plaguicidas
encontrados en muestras de la V
y VI region en porcentaje respecto
al total encontrado.

Venta de plaguicidas por region (SAG)

Compuesto Ventas V region Ventas VI region
activo (kg) (kg)
Clorpirifos 93.850 309.658
Diazinon 4.685 66.606
Clorotalonil 16.474 46.930
Metamidofos 34.760 36.509
Acetamiprida 2.917 8.626
Tiametoxam 3.080 3.472
Acrinatrina 901 1.688
Fipronil 5 1
Coumafos - -
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La miel ha sido
consumida
desde la
antiguedad y
desde entonces
se reconocen
sus
propiedades
benéficas para
la salud
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Entre las
propiedades de la
miel se cuentan
sus aspectos
nutritivos,
antibacterianos,
anticancerigenos y
regenerador de
tejidos.

¢ Qué le otorga

estas
propiedades?
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Componente vegetal

Sacarosay Glucosa
almidon Fructosa
— Minerales -| Hierro \-
Polen y néctar Proteina (1/3) 300% | 149%
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1,30%
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— Vitaminas
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Area geografica ~ Maltosa
Flora
Otros
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Flavonoides totales uM
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Proteinas totales en mieles de Chile en ug/g
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Generacion de perodxido de hidrogeno en mieles provenientes de distintos lugares del mundo.

Pais de Origen H,0, (ug/g) Condiciones de
incubacion
1-20 40% p/v en agua 4 hrsa 37°C
0,9-50 30% p/v en agua 4 hrs a temperatura
ambiente
2-54 40% p/v buffer pH 7 Sin incubacién
Cércega 4-9 40% p/v en agua 30 min a temperatura
ambiente
1-6 40% p/v en agua Sin informacion
5-50 30% p/v en agua 2 hrs a temperatura
ambiente
“ 17-68 40% p/v buffer pH 7 Sin incubacién
Canada 5-40 16% p/v buffer pH 7 2 hrs a temperatura
ambiente
“ 3-15 10% p/v buffer pH 7 30 min a 37°C
Chile 5-36 20% p/v en agua 3 hrs a temperatura
ambiente
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Assessment of role of glucose oxidase, flavonoids, copper and iron on the generation
of hydrogen peroxide in honey

Food Research International 202 (2025) 115532

Flavonoids

ve.
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CH,0OH CH,OH
o OH l Oxidation o)
OH + JOH

+ 02 > H202 O
OH " GOx % OH
OH FADH , FAD ‘ OH
Glucose Gluconic acid
I OH
[ A) '”h'b't'on]/[ B) Inhibition] o
o
HO o) 02" H0; OH
Cu?'/ Fe® .
+H*
| D.3) Oxidation
C) Complexation / © ©
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. . ‘l‘ O Cu+}rFe2+ - O-"Cl..|+ .fIFE2+
D) Prooxidant action o : | \
b 0O, O;_ /0
HO — Li»
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The potential mechanism of enzymatic and non-enzymatic H,O, production in honey by action of
GOx and autoxidation of flavonoids in the presence of Cu 2* or Fe 3*.
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‘< ( . Desarrollo de un método analitico para la determinacion de defensina-1 en miel.

N
L/’}.

Miel 20% m/v en .
Buffer Fosfato 0.15 M Procedimiento SPE-WCX Extractos miel
pH 6 Juntar extractos
Evaporacion 40 °C
Reconstitucion 1mlL
H,0 MilliQ

Miel 20% m/v en
Agua MilliQ,

Extracto concentrado

100 pL
Determinacion proteinas totales
Método de Bradford

HPLC-FLD

!
]
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Péptido antibacteriano

Concentraciones de defensina-1 en mieles de Chile en ug/g
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Quimica Analitica

Dl\lswn de !!umm a Analitica

y Ambiental de Chi ile

e Apoya regulaciones sanitarias y ambientales.
eSustenta politicas publicas de seguridad alimentaria y sostenibilidad.
ePermite tomar decisiones basadas en datos confiables y trazables.

eContribuye al desarrollo de tecnologias limpias y alimentos seguros.

Gambio
climatico
y salud
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