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Re su men

Se re co lec ta ron par tí cu las de po si ta das en el tú nel El Pa raí so, lo ca li za do al oes te de Ca ra cas
(Ve ne zue la) y se se pa ra ron en cin co frac cio nes gra nu lo mé tri cas co rres pon dien tes a 35, 60, 120,
230 y 325 ma llas (500, 250, 125, 60 y 45 µm), es tas fue ron ana li za das para de ter mi nar el por cen -
ta je de car bo no, hi dró ge no, ni tró ge no y azu fre, adi cio nal men te fue de ter mi na do el con te ni do de
azu fre or gá ni co e inor gá ni co aso cia do a las mis mas. El ob je ti vo de este es tu dio es co no cer el ori -
gen y la dis tri bu ción de di chos ele men tos en este tipo de ma te rial. En este tra ba jo se pre sen tan
los re sul ta dos ob te ni dos para la frac ción gra nu lo mé tri ca de 45µm. Los aná li sis rea li za dos in di -
can la pre sen cia de car bo no y azu fre en for mas tan to or gá ni ca como inor gá ni ca. El azu fre inor gá -
ni co está pre sen te prin ci pal men te como sul fa to y el car bo no inor gá ni co co rres pon de a car bo na to
de cal cio. Am bos ele men tos, C y S, es tán en ri que ci dos en la frac ción de me nor ta ma ño (45µm).
En lo que res pec ta al ele men to ni tró ge no este po dría es tar prin ci pal men te aso cia do a la ma te ria
or gá ni ca ya que este no fue de tec ta do en fase acuo sa me dian te cro ma to gra fía ió ni ca. Las re la cio -
nes H/C en tre 1,0 y 1,5 su gie ren que el ele men to hi dró ge no está ín ti ma men te aso cia do a la ma te -
ria or gá ni ca, es pe cí fi ca men te en com pues tos tipo hi dro car bu ros sa tu ra dos y aro má ti cos. Es tos
re sul ta dos su gie ren que los ele men tos car bo no, hi dró ge no, ni tró ge no y azu fre aso cia dos a la ma -
te ria or gá ni ca tie nen un ori gen an tró pi co (emi sio nes vehi cu la res).

Pa la bras cla ve: Carbono; contaminación; partículas; Azufre; túneles.

Caracterización química (C, H, N, y S) de las fracciones
granulométricas de partículas provenientes de un tunel,

Caracas-Venezuela

Abs tract

Settled par ti cles co llec ted in El Pa rai so high way tun nel, lo ca ted at the wes tern Ca ra cas
(Ve ne zue la) have been frac tio na ted in five si zes 35, 60, 120, 230 and 325 meshes (500, 250,
125, 60 y 45 µm) and analyzed for car bon, hydro gen, ni tro gen and sul phur; in addi tion, or ga nic
and inor ga nic con tent of sul phur were de ter mi ned. The aim of this work is to gain some in sight
into ele men tal com po si tion and dis tri bu tion of the se ele ments in this kind of ma te rial. The re -
sults in di ca ted the pre sen ce of diffe rent or ga nic and inor ga nic spe cies for both, car bon and sul -
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phur ele ments. Inor ga nic sul phur is pre sent main ly as sul pha te; car bo na te is the main che mi -
cal form for inor ga nic car bon. Car bon and sul phur ele ments were highly con cen tra ted in the
fine frac tion (45 µm). Ni tro gen might be main ly asso cia ted to the or ga nic mat ter sin ce it was no
de tec ted in aqueous pha se by io nic chro ma to graphy. H/C ra tio bet ween 1.0-1.5 suggest that
the hydro gen is stron gly asso cia ted to the or ga nic mat ter, spe ci fi ca lly sa tu ra ted and aro ma tic
hydro car bons. This re sult pro vi des evi den ces of a common input for or ga nic car bon and sul -
phur by fos sil fuel com bus tion due to mo tor vehic le emis sions.

Key words: Car bon, sul phur, par ti cles, con ta mi na tion, tun nels.

In tro duc tion

Air bor ne par ti cu la te mat ter con tains C, N,
S and many other ele ments. The ele ments C, N
and S are re tur ned to te rres trial ecosys tems and
to the oceans by sca ven ging pre ci pi ta tion and by
di rect gas pha se and par ti cu la te mat ter trans fer
at the earth sur fa ce (1).

Agri cul tu re and in dus trial ac ti vi ties have
chan ged the ba lan ces and quan ti ties of input-
output of nu trient ele ments in many ecosys tems,
which cau se the ecosys tems chan ge accor ding to
their de gree of re sis tan ce and adap ta tion. Hu -
man anth ro po ge nic in fluen ce of the C, N and S
cy cles of te rres trial ecosys tems is evi dent in most 
parts of the world. Hu mans un doub tedly pro vi -
de the lar gest sour ce of C, N and S by com bus tion 
of fos sil fuel, main ly in au to mo bi le en gi nes and
power plants.

In ur ban pla ces, the tun nels re pre sent in te -
res ting pla ces for sam pling par ti cu la te mat ter,
be cau se usua lly the input of ma te rial trans por -
ted by wind and rain is li mi ted and the par ti cles,
rest of hydro car bons, lu bri cant and ga ses, co -
ming from mo tor vehi cles emis sions are accu -
mu la ted.

The stu dies about the settled par ti cles cha -
rac te ri za tion, es pe cia lly from tun nels are scar ce.

He ring (2) mea su ring the con cen tra tion of
po lia ro ma tic hydro car bons (PAHs) and to tal
car bon in par ti cles from tun nels. Kirchstter et al
(3) had done mea su re ments of fine par tic le and
ni tro gen oxi de emis sions from light and heavy
duty mo tor vehic le in or der to cha rac te ri ze this
kind of emis sions.

In Ve ne zue la, the in for ma tion about car -
bon, hydro gen, ni tro gen and sul phur in this kind 
of par ti cles from tun nels is poor (4-10). Pre vious
stu dies have been done in or der to co rre la te the
mi ne ra lo gi cal and or ga nic che mi cal com po si tion 
with the ori gin (sour ces) of the C, N, S and H ele -
ments. Fer nán dez and Ga la rra ga (7) de ter mi ne
mi ne ra lo gi cal com po si tion of settled par ti cles
from se ve ral tun nels at the Ca ra cas va lley.The
do mi nant mi ne ral were quartz, cal ci te and pla -
gio cla se.

More re cently Fer nán dez et al. (10) con clu -
de that the or ga nic com po si tion of the se sam ples
is do mi na ted by sa tu ra ted and po lia ro ma tic
hydro car bons.

The aim of this work is to gain some in sight
into ele men tal com po si tion and dis tri bu tion of
the se ele ments (C, H, N, and S) in settled par ti -
cles in si de a main tun nel from an ur ban high way
in the Ca ra cas va lley.

Re sults will con tri bu te to an un ders tan -
ding about the pro cesses con tro lling settled par -
ti cles com po si tion and hu man con tri bu tion, with 
em pha sis on the par ti cu lar en vi ron men tal si tua -
tion in the Ca ra cas va lley.

Ex pe ri men tal

Se ve ral com po sed sam ples of settled par ti -
cles from the midd le of El Pa rai so tun nel (año
1998) in the me tro po li tan area of Ca ra cas, were
co llec ted in sea led plas tic bags. Dry sam ples
(am bient tem pe ra tu re) were sie ved through five
sie ves (35, 60, 120, 230 and 325 meshes). De ter mi -
na tion of C, N and H for each frac tion was made
by using an ele men tal analyzer CAR LO ERBA
Mo del 1106 with in ter fa ces ER BA CARD and EA -
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GER 2000 pro gram. Sul phur con tent analysis
was done in a LECO SC- 432, with the fo llowing
ex pe ri men tal con di tions: oven tem pe ra tu re
1350°C; com pa ri son le vel 1%; no mi nal time
analysis, 5 mi nu tes; samp le weight 250- 350 mg.
Quan ti ta ti ve de ter mi na tion of inor ga nic-S (sul -
pha te) was ob tai ned by area in te gra tion un der
the ob tai ned cur ve bet ween 80 and 260 se conds
in the pi ro gram against a stan dard (gyp sum).
The con tent of or ga nic-S was ob tai ned by diffe -
ren ce from the to tal con tent of sul phur.

X- ray diffrac tion (XRD) analysis was done
to de ter mi ne mi ne ra lo gi cal com po si tion of the se
par ti cles, using Phi llips equipment with dust ca -
me ra and Co ano de.

T.A.Ins tru ment TGA- 51 was used for ther -
mo gra vi me tric analysis (TGA), in or der to es ta -
blish the diffe rent forms of car bon in the sam ples.

Sam ples were sub mi tted to So xhlet ex trac -
tion and then analyzed by FID gas chro ma to -
graphy using PERKIN EL MER 8500 mo del
equipment, with a SE- 54 pha se ca pi llary co lumn
of 30 m x 0.25 mm in ter nal dia me ter and 0.25 µm
of film thickness. Ex pe ri men tal con di tions were
80°C (4min) - 4°/min - 290°C (4min) (7-9, 11)

The iden ti fi ca tion and de ter mi na tion of or -
ga nic com pounds (sa tu ra ted and aro ma tic) was
rea li zed using a Perkin-E lmer mo del Q- MASS
910, with SE- 30 ca pi llary co lumn. The chro ma to -
gra phic con di tion was: ini tial tem pe ra tu re 80°C
(4min)-4°/min- 280°C.

Re sults and Dis cus sion

C, N, H and S con cen tra tions of settled
sam ples

Ta ble I shows the con cen tra tion va lues for
to tal C, N, H and S in each gra in size for the sam -
pled tun nel. It can be ob ser ved that the lar gest
con cen tra tions va lues for each ele ment co rres -
pond to the sma llest gra in size (<45µm). The se
facts suggest that or ga nic mat ter is con cen tra ted
in this frac tion.

En richment in car bon for the sma llest size
frac tion is more than 50%, res pect to the gross

frac tion (sie ve frac tion 500- 250 µm). Si mi lar en -
richment is de tec ted in hydro gen (21%), ni tro gen 
(125%) and sul phur (49%).

Mi ne ral con tri bu tion

The mi ne ral pha ses de tec ted in all frac tions
from the samp le are: quartz (Qtz.30 %), cal ci te
(Cal.20%), pla gio cla se (Pla.7%), mus co vi te (7%),
chlo ri te (2%), and Fe- o xi des (2%), Fi gu re 1 show
the re sults for the sma llest gra in size <45µm.
The se va lues in di ca te that the to tal mi ne ral con -
tri bu tion to the settled par ti cles in the stu died
tun nel is appro xi ma tely 68%. The re fo re, the re -
mai ning 32% is main ly or ga nic mat ter.

Inor ga nic com po si tion re vea led by XRD is
a re flect of the main litho logy in Ca ra cas area:
out cropping rocks, very near of the stu died tun -
nel, are quart z-mus co vi te cal ca reous schists,
stron gly cut ted by quartz and cal ci te veins (For -
ma ción Las Mer ce des). Other litho lo gies in Ca ra -
cas va lley in clu de mar bles, quart z-felds pa te and
quart z-al bi te-e pi do te schists. Pyri te is a common 
ac cessory mi ne ral in mar bles and schists of the
me ta mor phic sui te around Ca ra cas city (8).

Gyp sum pre sen ce is in fe rred by sul phur
analysis (see be low), but XRD te chni que can not 
de tec ted it, pre su ma bly due to the low con tent
(< 2%).

Ther mo gra vi me tric analysis

The ther mo gra vi me tric analysis (Fi gu re 2)
illus tra te four peaks at tem pe ra tu res around
120°C, 300°C, 500 °C and 650 °C, asso cia ted to the 
loss of wa ter (120°C), or ga nic com pounds (bet -
ween 300°C - 500°C) and CO2 from cal ci te de -
com po si tion (650°C). The loss of weight bet ween
300°C - 500°C is de ri ved from or ga nic (sa tu ra ted
and aro ma tic) com pounds of anth ro po ge nic ori -
gin. The pre sen ce of diffe rent peaks in this ran ge
of tem pe ra tu re are pro ba bly due to the rup tu re
of C-N,C-H,C-O bonds pre sents in this kind of
or ga nic com pounds (12).

Ta ble 2 shows that vo la ti le or ga nic mat ter
con tent in the fi nest frac tion (<45µm) is at least
18%. Car bo na tes are im por tant cons ti tuents of the
inor ga nic ma trix of the settled par ti cles (more than
12% CO2 re lea sed in this frac tion). The pre sen ce of
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cal ci te can be de du ced from ste chio me tric re la -
tionships, of 27.3% CaCO3. This va lue is not in con -
cor dan ce with the se mi- quan ti ta ti ve cal ci te de ter -
mi na tion by XRD (20%). The low con fi den ce in re -
sults from XRD only allows es ta blishing a si mi lar
mag ni tu de in cal ci te for both te chni ques.

The re si due from the ther mo gra vi me tric
analysis is com po sed by mi ne ral pha ses, cal cium 
oxi de de ri ved from the de com po si tion of cal ci te,
and re frac tory, non-vo la ti le or ga nic mat ter. By
ste chio me tric assump tion, it can be de du ced that 

15.1 % of the to tal re si dual is CaO; the re ma nent
is com po sed by quartz, al bi te, Fe- o xi des and mi -
cas (48%). At this mo ment, we take a good pic tu -
re of the gross che mi cal com po si tion of the frac -
tion <45µm of the settled par ti cles in the tun nel
(Fi gu re 3). The non-vo la ti le, re frac tory or ga nic
mat ter must be less than 15%. This va lue plus the
ob tai ned for vo la ti le or ga nic mat ter by TGA
(18%) gi ves a to tal of 33 % or ga nic mat ter, in a
very good agre e ment with the ob tai ned va lue
pre vious ly de ter mi ned by XRD (32%).
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Ta ble 1
Con cen tra tions of to tal C, N, H and S in each gra in size for the Pa rai so tun nel

Tunnel Sieve
fraction

(µm)

Carbon*

(± 0.2)
Hydrogen*

(± 0.1)
Nitrogen*

(± 0.04)
Sulphur*

(± 0.006)
Inorganic
sulphur *

(± 0.009)

Organic
sulphur*

(± 0.01)

El Paraiso

500-250 10.0 1.4 0.11 0.338 0.238  (70)** 0.10  (30)**

250-125 9.8 1.4 0.13 0.304 0.226  (74) 0.08  (26)

125-60 15.4 1.6 0.16 0.356 0.256  (72) 0.10  (28)

60-45 13.3 1.5 0.20 0.371 0.345  (93) 0.03  (7)

<45 15.4 1.7 0.25 0.451 0.351  (78) 0.10  (22)

* Ex pressed as % of the who le samp le.    **  Va lues bet ween brackets co rres pond to per cent of the to tal sul phur.

Fi gu ra 1. DRW for the frac tio  >45 µm of the El Pa rai so Tun nel samp le.



Sul phur con tent

The pi ro gram (Fi gu re 4) shows the sig nals
of diffe rent forms of sul phur.The first peak co -
rres pond to or ga nic-S; whi le the se cond peak is
asso cia ted to inor ga nic-S (sul pha te).The se as sig -
na tion was co rro bo ra ted using stan dards.

Ta ble 1 shows the re sults of to tal sul phur
and also in which forms it might be. The to tal sul -
phur va lues ran ge bet ween 0, 30-0,45 per cent.

The pro por tion of or ga nic-S is essen tia lly the
same for each gra in size.

Inor ga nic sul phur is firstly due to gyp sum,
de ri ved from al te ra tion of pyri te and other sour -
ces of sul phur. Gyp sum es ti ma tes in the fi nest
frac tion (<45µm), from the inor ga nic sul phur
con tent, is in the or der of 1.9%.

Pre vious stu dies re vea led that the sul phur
in the par ti cles settled in si de the tun nel is pre sent 
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Figure 2. Ther mo gram from the frac tion >45 µm  of the El Pa rai so Tun nel samp le.

Ta ble 2

Per cent of diffe rent com pound in the fi nest frac tion (45m) of the sam ples.

Temperature Class of compounds Percent determined by lost 
weight (thermogravimetric)

100 ºC Moisture 1.2%

180-500 ºC Volatile organic matter 18.2%

500-700 ºC Carbonates decomposition
(as CO2)

12.1%

Residue Refractory organic matter; CaO (derived from 
decomposition of calcite); mineral phases

68.5%



in two forms, inor ga nic-S as (SO4
2-) and or ga -

nic-S some as alkyl di ben zo tiophe nes (DBT)
(7-11, 13).The re sults suggest sour ces from fos sil
fuel com bus tion.

Co rrec ted ele men tal analysis

Ta ble 3 summa ri zes co rrec tions in the ori -
gi nal ele men tal analysis per for med on the fi nest

gra in size <45µm of the settled par ti cles of the
tun nel. The se co rrec tions in clu ded car bo na te
car bon, and hydro gen from wa ter, allowing the
ele men tal com po si tion for the or ga nic frac tion of 
the samp le. The most re le vant in for ma tion de du -
ced from this co rrec tion is the H/C va lue: 1.6,
typi cal va lue of alipha tic or ga nic com pounds;
this re sult suggests that the or ga nic mat ter pre -
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Fi gu ra 3. Gross mi ne ra lo gi cal com po si tion of the settled par ti cles >45µm.

Figure 4. Pi ro gram ob tai ned for the settled par ti cles >45µm.



sent in the settled par ti cles of the stu died tun nel
is main ly de ri ved of lu bri cants and oil- de ri ved
pro ducts, and the re fo re, anth ro po ge nic in ori gin
(vehi cles emis sions). Ta ble 4 summa ri zed the
mo le cu lar ra tio for the diffe rent ste ra nes and ter -
pe nes from the tun nel samp le. The grea test ra tio
of C21/C22 (1.33), C27/C29 (2.80), C29/C30 (1.20)
and C23/C23+ C30 (1.20) in di ca tes that the se sam -
ples have been al te red. This re sult was co rro bo -
ra ted by GC/MS analysis (5-8).

In te gra tion of re sults

The XRD and TGA in for ma tion to gether
with the re sults ob tai ned for C, H, N and S
analysis allow es ti ma ting a gross che mi cal com -
po si tion of the settled par ti cles. An inor ga nic ma -

trix (˜70% in weight) com po sed by quartz, pla gio -
cla se, mi cas and cal ci te, ad sor bing a com plex, or -
ga nic mix tu re of oil- de ri ved com pounds (˜30%),
like lu bri cants, as de ter mi ned by the geo che mi cal
fin ger prin ting. Re gard ni tro gen ele ment it might
be main ly asso cia ted to the or ga nic mat ter sin ce it
was not de tec ted in aqueous pha se by io nic chro -
ma to graphy (6). The de ter mi na tion of ni tro ge na -
ted hydro car bons are un der in ves ti ga tion.

Con clu sions

Con tent of oil de ri ved com pounds in the
settled par ti cles of the stu died tun nel is grea test
in the sma llest frac tion (>45µm). Ele men tal car -
bon in this kind of sam ples is pre sent as both car -
bo na te form (cal ci te) and as or ga nic car bon
(main ly alipha tic struc tu res). The or ga nic ma trix
re pre sents al most 30- 32 % in weight of the sma -
llest frac tion (>45µm).

The oil asso cia ted to or ga nic mat ter in the
par ti cles is com po sed by alipha tic hydro car bons
(H/C ~1.6), with a geo che mi cal fin ger print poin -
ting out lu bri cants and other oil- de ri ved com -
pounds; this anth ro po ge nic ma te rial is ad sor bed
on the sur fa ce of the inor ga nic ma trix, com po sed
by quartz, cal ci te, mi cas, al bi te and Fe- o xihyro xi -
des, de ri ved of the me ta mor phic litho logy
(quart z- mi ca ceous and cal ca reous schists) in the
zone un der study.
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Ta ble 4

Ra tio of the diffe rent or ga nic com pounds

for El Pa rai so Tun nel.

Sample El Paraiso Tunnel

C21/C22 1.33

C27/C29 2.80

C29/C30 1.20

C23/C23+ C30 1.20
 (H) (m/z 191); C27,C29 : ste ra nes 14  (H) , 17a (H) y 14 (H)
17 b(H), (m/z 217);   C21,C22 preg na ne y methyl preg na ne.

Ta ble 3

 Co rrec ted ele men tal analysis for the or ga nic mat ter pre sent in the settled par ti cles 325 meshes (45m)*.

Carbon*

(± 0.2)
Hydrogen*

(± 0.1)
Nitrogen*

(± 0.04)
Organic
sulfur*

(± 0.01)

Elemental
H/C

Elemental analysis for the
whole sample

15.4 1.7 0.25 0.10 -

Elemental analysis of the
organic fraction (ash and
moisture free, and corrected
by carbonate carbon)

38 5 0.8 0.3 1.6

* Co rrec tions made in clu ded: sub trac tion of car bo na te car bon; sub trac tion of hydro gen from mois tu re.



Re gard ni tro gen ele ment it might be main -
ly asso cia ted to the or ga nic mat ter sin ce it was
not de tec ted in aqueous pha se by io nic chro ma -
to graphy (6). The de ter mi na tion of ni tro ge na ted
hydro car bons are un der in ves ti ga tion.
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