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Abstract : We evaluated the content of arsenic in soils of an abandoned mining zone in the Cape Region, B.C.S. 
During June to August 1997, we were in theJeld sanzpling these soils. The concentration of arsenic was determined 
using the Chapman and Parket techniques. The results were statistically analyzed by ANOVA tests. Our results 
indicate that al1 the soils sarnpled in the region exceed the environmental limit (2 mg/K) established by Galvan and 
Corey (1987). According to the data found the more probable cause of this soil arsenic contamination is the rainy 
runofl 
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Introduction iiiiiiing district in Cape Region (Fig. l), tliere gold 

Soil is the major natural resource on which 
society depeiids for the production of food, feed, 
fiber, and wood products (Sancha and Castro, 
2000). Huiiiaii activities and natural forces have 
reduced soil productivity and damaged adjacent 
ecosystems (Traina and Laperclie, 1999). 
Industrial activities and improper use of iiiuiiicipal 
and industrial byproducts and animal nianures can 
build up nutrieiits and toxic trace elements in soils 
(Saiiclia aiid Castro, 2000). 

Because miiiiiig eventually extracts al1 tlie 
profitable resoiirces, inines are abaiidoiied and 
iniiiing wastes are left on tlie surface of tlie soil. 
Tliis is why soiiie of tlie largest and most 
coinplicated deposits of liazardous waste are at 
iiiining sites. Miiiiiig directly disturbs about 
240,000 km2 of the eartli's surface (Saloiiioiis, 
1988), aii area about tlie size of state of Oregoii. 

111 Mexico, niining lias esisted more than 
400 years aiid coiitainiiiatioii lias existed siiice 
then, mainly affecting soils, landscapes, and 
grouiidwater (Ruiz Meiidez, 1999). It is estiiiiated 
tliere are about 10,000 to 50,000 abandoiied niiiies 
in Mexico (Carillo aiid Huyck, 1997). In Baja 
Califoriiia Sur, in the San Antoiiio-E1 Triunfo 

and silver Iiave been niined sime the XIX ceiitury 
(Martinez, 1997). Mining in tliis region ended iii 
1940. There were left tliousands of toiis of waste 
oii the soil surface (Gonzalez, 1995). 

At present, tliere has been no 
quantification of tlie coiitainination levels in tlie 
soils of the regioii. For this reasoii we did tliis 
study. 

Materials and Methods 

Study site : Field work was doiie iii the Saii 
Antonio-E1 Triunfo iiiining district iii tlie soutlieni 
part of Baja California Sur, Mexico (Fig. 1) 
(23'48' to 23'49'~; 110'06' to 1 1 0 ~ 0 3 ' ~ )  aiid at a 
control site at E1 Coinitan iii the iiorthem part of 
tlie Cape Region, 20 km nortli of La Paz, Baja 
Califoniia Sur, Mexico (24' 1 O'N; 1 10'30'~).  

The area of San Antoiiio-E1 Triunfo is 
geologically situated oii tlie ceiitral part of the San 
Lucas tectonic block. Pliysiographically, it is from 
sea leve1 to 1000 m witli muddy-sandy soils. Tlie 
cliinate is wanii-arid witli an average annual 
teinperature of 22 .1 '~  and niaxiniuiii precipitatioii 
of 156 mili falliiig priiiiarily duriiig suiiuiier 
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(Arriaga and Ortega, 1988). Its predoiiiinant flora different sites in the surround of towns of San 
is xerophytic scrub (Leon et al., 1988). Antonio and E1 Triunfo. 

From June to August 1997 we developed Edaphic profiles inade at the four cardinal 
three periods of fieldwork to sanlple soils in points around each well iil both towns inside a 50 

Tiil~lc - 1 : Pliysical and chemical propcrties of Llie saiiiplcd soils. 

Biiiiple Dcptli 
# (CIII) Dry color Wet color Tcxture plI T OC 

- 

Elcctiic 
coiiductivity 

(Siciiieiis) 

Note : 
10 YR3/2 Dark brown; 
10 Yi¿4/2 Dark grayish-brown 7.5 YIL6.5 Liglit brown 
10 YR4/4 Dark yellowish brown 7.5 Yi¿6/6 Light brown 
10 m513 Brown 

S. Salid 
S.M. Sand-inarrow 

5 m313 Dark reddish brown 
5 YR4/3 Dark reddish brown 
5 YR5/4 Yellowish-red 

M.S. Marrow-salid 
S.C. Sand-clay 

111 radius. Wc took 250 g samples at cach poiilt at Thc sainplcs were takeri iil a plastic sliovel 
0-15, 15-30, and 30-45 cril depth. The samples and kept iri plastic bags labcled with the sitc of 
obtairied at the same depth (4) were mised aild extraction. 111 the laboratory the material was 
homogenized to yield a sariiple at each depth. sliifted through a 2 111111 sieve for physical 
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determinations (color, saturation percentage, 
porosity, texture, and reaction with HCl), and 
another sieve (0.85 mrn) for the chemical 
determination (pH and conductivity) (Escoppinichi 
et al., 1991). The sieved samples were divided and 
digested iii triplicate in 1 niL of acetic acid and 3 
mL of deionized water in Tefloii bombs at 70°C for 
tlie determination of the bioavailable arsenic 
frnction by tlie methods of Agemian and Chau 
(1 976) aiid Luoma and Moore (2000). For tlie 
analysis of the extracts of the digestions, and 
atomic absorption spectroineter (Spectronic 
Genesys niod 200A) was iised. 

To fiid statistical differences among the 
samples, arsenic results were compared by 
ANOVA (Sokal and Rohlf, 1969) followed by the 
Turkey-Kramer test (Sokal and Rohlf, 1969) 

Results and Discussion 

Obtained samples (54) were taken from 
the soil of nine (9) pits or profiles. The data on soil 
pH, temperature, electrical conductivity, texture, 
percentage of saturation, percentage of porosity, 
dry and wet color, and arsenic concentration are 
shown in Table 1. The soils were neutral (pH 6.9- 
7.9). The perceiitage of saturation varied from 

Table - 2 : Meaiis of AS bio-available fraction by edafologic profile (pit). 

Edafologic profile Town Location Arsenic, bioavailable fraction Homogeneous 
(mglk) group 

1 San Antonio 23'47'47" N 
1 10~03'20" W 

2 San Antonio 
23'47'14" N 

110'03'20" W 

San Antonio 23'47'1 1" N 
1 10'03'27" W 

23'47'1 1" N San Antonio 1 10'03'20" W 

San Antonio 23'48'50" N 
110~03'10" W 

San Antonio 23'48'51" N 
110~03'10" W 

EL Triunfo 23'48'02" N 
1 10'06'22" W 

EL Triunfo 23'48'03'' N 
1 10'06'22" W 

23'08'10" N 
9 E1 Comitan 110'26'30" W 

a 
(control sample) 

Note : The environmental limit for arsenic is 2 mgkg (Galvan and Corey, 1987). 

22% to 39%, aiid tlie porosity perceiitage from Al1 of tliein surpass the enviromnental limit of 
3 1% to 45%. The fraction of bioavailable arsenic Galvan aiid Corey iii 1987 (2 mgkg). In E1 
varied from 0.46 nigkg at tlie control site to 20.86 Comitan (control site), the average value was 
nlgkg. inside the environmental liniit. 

Tlie results indicate that considerable The iiiajor arsenic coiicentratioii was 
quantities of bioavailable arsenic are in the found at 15-30 cm froni profile 3 froni Saii 
saniples obtaiiied iii San Antonio and E1 Triunfo. Antoiiio (20.86 nigkg), and the least coiiceiitratioii 
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at 15-30 crn at profilc 9 froni E1 Coniitan (0.46 Tlicre wcre sigiiificaiit diffcrciiccs iii 

nigkg) (Fig. 2). Tlicre wcre no statistical arsciiic coriceiitratioi.i anioiig al1 pit profilcs 
diffcrences sigiiificativc betwecii thc deptlis (F aiialyzed (F (8,45)=2 1.16; P<0.000 1) (Table 2). 
(2,5 ,)=0.26: P<0.77) aiid tlie test for hoinogeneity Tliere are differeiices bctweeii the soils of towils 
rcvcaled only onc group. (F(2,51)= 15.2 1 ; P<0.000 l),  witli San Aritoiiio witli 

Fig. 1. Study site. Localioii ofliie iiiincs wdste M ond pits A 

tlic grcatest arseiiic coricciitratioii (x2= 12.46 Table 2 sliows four groups. Profilc 
illgkg) tliaii E1 Triuiifo (x2=8.68 iiigkg). iluinbcr 9 (coi~trol sample) witli low values was 
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sig~iificaiitly differciit froiii groups b, c and d. Tlie 
protilcs of groiip b (profilcs 2, 5, 6, 7, a id  8 )  wlcrc 
statistically siiiiilar witli iiltcriiiediatcs values (6- 
1 1.4 1 nigíkg). Group c (profile 4) lias higli valucs 
of arsciiic (14.82 mgkg); group d (protilc 1 aiid 3) 
has tlic grcatcst coiicciitratioii of arscnic (15.77- 
17.31 mgíkg). 

S:iii Aiitoiiio Iias a greatcr average arseiiic 
coiicentratioii. Tliis is attributed to tlic prcseiicc of 
tlic iiiiiic San Juiies, whicli is niore rcceiit tliaii tlic 
otlicr mines iii tlic adjaceiit towii of E1 Triuiifo. 

Tlierc are various factors or patterns tliat 
could detcriiiiiic tlie arseiiic distributioii iii tlic soil; 
tlie age of tlic ore waste, tlic prccipitatioii. aiid tlie 
wiiid. Carillo aiid Huyck (1997) obscrved tliat ttlic 
wiiid plays aii iiiiportaiit role for dispcrsioii of tlie 
arseiiic iii tlie area 

Gougli et al. (1979) iiiade a comparisoii 
amoiig tlie fractions of bioavailable arseiiic at 3 
depths (0-15, 15-30, aiid 30-45 cin) of tlic soils of 
tlie Yakima vallcy i i i  USA and fouiid a larger 
coiiceiitratiori of soluble arseilic iii tlie first 15 
ceiitiiiieters dcpth. Biit iii this case, tlie 
coiicciitratioii is iiot correlated witli tlie dcep. 

Becausc tlic: doiiiiiiaiit wiiids of tlic rcgioii 
flows froin soutli to iiortli, if tlic aisciiic 
coiitamiiiation could be produccd by eolic hctors, 
we iiiust expcct tliat tlic saiiiple points 3, 4, 7 and 8 
sliowcd siiiiilar valucs. Tliis is iiot tlic case. 

Aiotlicr cause of this arsciiic 
contaiiiiiiatioii could be attributcd to tlie coinbiiied 
cffect aiiiong tlic altitude of tlie sainple sitcs aiid 
tlic distaiice and altihidc of tlic niiniiig waste. As 
we caii sec iii Fig. 1 sample sites 7 aiid 8 are closcr 

1 2 3 4 5 6 7 8 9  
Profile 

Fig. 2. Coiicciiti-citioii orarsciiic bioavnil;iblc by dccp iii soil 

t o  the rnining waste but are located at tlie saiiic 
lcvel. Tliis is iiot tlie case for tlic sriiiiplc sites witli 
tlie liiglicst soil nrscnic values fouiid; 7 aiid 4; tliese 
samplc sitcs dcspite tliat are located far froni tlie 
iiiiiiiiig wnste, arc tlic oncs witli tlic lowcst leve1 
locatioii. Suggestiiig tliat raiiiy ruiiiiof is the most 
probable cause of soil arsciiic coiitaniiiiatioii iii tliis 
regioii 

l'licrc are liigli lcvels of available arseiiic 
iii tlie soils of tlic iiiiniiig district Saii Antonio-E1 

Triunfo surpassiiig tlic cstablishcd liiiiit (2 mgíkg), 
wliich is tlie product of iiiining in tlie area. Tliis is 
tlic first study of arseiiic soil contaiiiiiiatioii at tliis 
sitc iii Mesico. 
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