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Abstract

Benzene is a constituent of oil regarded as a potential carcinogen, and there-

fore a dangerous compound. Its risk increases when spills occur, added to 

²æØやØTØª²や©Œやº°̶µı²½や̶-Łやæıºæやß©Æıœı²½╇やı²‒±やı-Rœ²°̶²ØŁやı-²©や²æØやº°©³-Ł╇や°Ø̶-

ªæı-ºや²æØや¬æ°Ø̶²ıªや̶°Ø̶や³-²ıœやŁı±±©œµØŁ╇やª©-²̶ßı-̶²ı-ºや²æØや¹̶²Ø°╆
5æØや©ÆłØª²ıµØや©Œや²æı±や°Ø±Ø̶°ªæや¹̶±や²©やØµ̶œ³̶²Øや²æØやæØ̶œ²æや°ı±øや©ŒやØ-µı°©-ßØ--

²̶œやœı̶Æıœı²ıØ±やª̶³±ØŁやÆ½や²æØやª©-²̶ßı-̶²ı©-や¹ı²æやÆØ-¾Ø-Øやı-や²æØや｠&¼ま°ØR-Ø°½や
.̶°ªæやｱｸをやı-や.Ø¼ıª©や$ı²½╆や'©°や²¹Ø-²½や½Ø̶°±や¹Ø°Øやª̶°°ıØŁや©³²や°ØßØŁı̶²ı©-や
¹©°øやむ¹æıªæや±²̶°²ØŁや±ı-ªØやｲｰｰｸむや̶-Łや²©Ł̶½や²æı±や±¬̶ªØやæ̶±やÆØØ-やª©-µØ°²ØŁや
ı-²©や̶や°Øª°Ø̶²ı©-̶œや¬̶°ø╆や5æı±やØ-µı°©-ßØ-²̶œやœı̶Æıœı²½やı±やŁıµıŁØŁやı-²©や±ØµØ-や
¾©-Ø±やŒ©°や¬³°¬©±Ø±や©Œや°ØßØŁı̶²ı©-╇や̶œ²æ©³ºæやı-や²æı±やª̶±Øや©-œ½や¹̶±やª©-±ıŁØ-

°ØŁや²æØやｷや¾©-Ø╆や*²や̶ œ±©╇や²©©øやı-²©や̶ ªª©³-²や©-œ½や²æØやª©-ªØ-²°̶²ı©-や©Œや²æı±やæ½Ł°©-

ª̶°Æ©-や〉̶µØ°̶ºØ╇や¬Ø°ªØ-²ıœやｷｵや̶-Łやｹｵ《や¬°Ø±Ø-²やı-や²æØや±©ıœ╆や5æØや°Ø±³œ²±╇やむŒ°©ßや̶や
²©²̶œや©Œやｶｴｲや±̶ß¬œØ±やŒ°©ßやｱｲｲや±©ıœや¬°©RœØ±む╇やÆØŒ©°Øや²æØや°ØßØŁı̶²ı©-やむÆı©±¬°̶½や
¹ı²æやµ̶¬©°やØ¼²°̶ª²ı©-む╇や±æ©¹ØŁや̶やæØ̶œ²æや°ı±øやÆ½やŁØ¬²æやÆØ²¹ØØ-やｱ╆ｲや²©やｷ╆ｲやß╇や
Œ°©ßやｱ╆ｶｹ&むｰｷや²©やｱ╆ｲやｱ╆ｲｵ&むｰｵやßや²©やｴ╆ｸやß╇や¹æıªæやª©ı-ªıŁØ±や¹ı²æや²æØや¬æ°Ø̶²ıªや
œØµØœや©Œや̶®³ı²̶°Ł╇や¹̶±や²æØや¬œ̶ªØや¹æØ°Øや²æØやæıºæØ±²やœØµØœや©ŒやæØ̶œ²æや°ı±øやı±や¬°Ø-

±Ø-²╆や"Œ²Ø°や °ØßØŁı̶²ı©-╇や ²æØやßØ̶±³°ØßØ-²±や½ıØœŁØŁやｴ╆ｰｷ&むｰｷや ²©やｱ╆ｲやßや̶-Łや
ｳ╆ｸｵ&むｰｷや²©やｴ╆ｸやß╆や5æØ±Øやµ̶œ³Ø±やı-Łıª̶²Øや²æ̶²や²æØやß̶±±や©ŒやÆØ-¾Ø-ØやÆØŒ©°ØやŁØ-

ª©-²̶ßı-̶²ı©-やØ¼ªØØŁØŁや²æØや°ı±øやª©-±ıŁØ°ØŁや̶ªªØ¬²̶ÆœØ╇やｱ╆ｰ&むｰｶや̶²や̶やŁØ¬²æや
©Œや ｴ╆ｸやß╉や ̶Œ²Ø°や ²æ̶²╇や °ØŁ³ª²ı©-±や ÆØœ©¹や ²æØや ̶ªªØ¬²̶ÆœØや °ı±øや ¹Ø°Øや ̶ªæıØµØŁ╇や
¹æıªæや±æ©¹±や²æ̶²や²æØや°Øß-̶-²やæ½Ł°©ª̶°Æ©-やŁ©Ø±や-©²や°Ø¬°Ø±Ø-²や̶やæØ̶œ²æや°ı±ø╆



Health Risk Assessment of Zone 7 Contaminated with Benzene in the Environmental Liability Generated by the “March 18th Ex-Refinery” in Mexico City

Ingeniería Investigación y Tecnología, volumen XV (número 3), julio-septiembre 2014: 419-428 ISSN 1405-7743 FI-UNAM420

Introduction

0ıœやı-Ł³±²°ı̶œや¬°©Ł³ª²ı©-やæ̶±やÆØØ-や°Øœ̶²ØŁや²©や±©ıœやª©-²̶-

ßı-̶²ı©-╇や ̶ß©-ºや¹æıªæや¹Øや Œ̶ªØや ²æØや ¬°©ÆœØß±や ©Œや ŁØ-

composition of hazardous materials and wastes, as well 

̶±や°Øœ̶²ØŁや̶ªªıŁØ-²±や ı-やæ̶-Łœı-ºや²æØß╆や-̶°ºØやµ©œ³ßØ±や
©Œや±©ıœや̶-Łやº°©³-Ł¹̶²Ø°やÆØª©ßØやª©-²̶ßı-̶²ØŁやØµØ-やÆ½や
°ØœØ̶±ı-ºや ±ß̶œœや ̶ß©³-²±や©Œやæıºæœ½や ²©¼ıªや ©°º̶-ıªや ª©ß-

¬©³-Ł±╇や¹æıªæやı-やß̶-½やª̶±Ø±やØ¼ªØØŁや²æØやß̶¼ıß³ßや̶ª-

ªØ¬²̶ÆœØや œıßı²±╆や *²や ı±や Ø±²ıß̶²ØŁや ²æ̶²や ı-や .Ø¼ıª©や ̶œœや
̶ª²ıµı²ıØ±や°Øœ̶²ØŁや²©や²æØや©ıœやı-Ł³±²°½や̶ °Øや²æØやß̶ł©°やª©-²°ı-
Æ³²©°±や²©や²æØやØ-µı°©-ßØ-²̶œやŁØº°̶Ł̶²ı©-╇や̶-ŁやÆ̶±ıªや¬Ø-

²°©ªæØßıª̶œ±や ̶°Øや ²æØや œ̶°ºØ±²や ª©-²°ıÆ³²©°±や ²©や¬©œœ³²ı©-╆や
$©-²̶ßı-̶²ØŁや ±ı²Ø±や ̶°Øや ŁØR-ØŁや ̶±や ²æ©±Øや¹æØ°Øや ²æØ°Øや
æ̶±やÆØØ-やŁØ¬©±ı²ı©-╇やÆ³°ı̶œや©°やŁı±¬©±̶œや©ŒやªæØßıª̶œ±や©°や
wastes, related to industrial, commercial, agricultural 

©°やŁ©ßØ±²ıªや̶ª²ıµı²ıØ±や〉4̶œı-̶±╇やｱｹｹｷ╉や2³̶Ł°ıや½や1°©µØ--

ªı©╇やｱｹｹｴ《╆
5æØ°Øや̶°Øや²¹©や²½¬Ø±や©Œやª©-²̶ßı-̶²ØŁや±ı²Ø±╈

ｱ《やや ±©まª̶œœØŁや ｠Ø-µı°©-ßØ-²̶œや œı̶Æıœı²ıØ±を╇や œ̶°ºØや ±ı²Ø±や
¹ı²æや¬©œœ³²ı©-や¬°©ÆœØß±やª̶³±ØŁやÆ½やı-Ł³±²°ı̶œや³±Øや©Œや
land and improper handling of hazardous wastes, 

and 

ｲ《や ²æ©±Øや ±ı²Ø±や ¹æıªæや ¹Ø°Øや ª©-²̶ßı-̶²ØŁや Æ½や Ø-µı°©--

ßØ-²̶œやØßØ°ºØ-ªıØ±や̶-Łや¹Ø°ØやÆ°©³ºæ²やı-²©やµıØ¹や̶±や
±©©-や̶±や²æØ½や©ªª³°°ØŁや〉4&."3/"5╇やｲｰｰｸ《╆

All accidental leakages where dangerous materials 

̶-Łや¹̶±²Ø±や̶°Øやı-µ©œµØŁやºØ-Ø°̶²Øやæ̶¾̶°Ł©³±やª©-²̶ßı-
-̶²ØŁや±ı²Ø±や〉±©ıœや̶-Łや¹̶²Ø°《╇や̶-Łや̶°Øやø-©¹-や̶±やØ-µı°©--

ßØ-²̶œや ØßØ°ºØ-ªıØ±╆や 5æØ±Øや ̶ªªıŁØ-²±や ̶œ¹̶½±や ı-µ©œµØや
±©ßØや°ı±øや²©や²æØやØ-µı°©-ßØ-²や©°や²©や²æØや¬Ø©¬œØ‒±やæØ̶œ²æ╆や
"ªª©°Łı-ºや²©や±²̶²ı±²ıª±や©Æ²̶ı-ØŁやŒ°©ßや²æØや'ØŁØ°̶œや"m©°-
-Ø½や Œ©°や &-µı°©-ßØ-²̶œや 1°©²Øª²ı©-や 〉130'&1"╇や ｲｰｱｱ《╇や
Ø̶ªæや½Ø̶°やı-や.Ø¼ıª©や̶¬¬°©¼ıß̶²Øœ½やｵｵｰやØ-µı°©-ßØ-²̶œや
emergencies related to hazardous materials and wastes 

are presented.

*-やｲｰｰｴ╇や²æØ°Øや¹Ø°ØやıŁØ-²ıRØŁやｲｹｷやª©-²̶ßı-̶²ØŁや±ı²Ø±や
with hazardous materials or wastes. Among of them, 

ｱｱｹや¹Ø°Øや°̶-øØŁや̶-Łや¬°ı©°ı²ı¾ØŁや̶ªª©°Łı-ºや²©や²æØや°ı±øや
œØµØœや ²©やæ³ß̶-やæØ̶œ²æや ̶-Łや ²æØや Ø-µı°©-ßØ-²╇や ｱｲやß©°Øや
±ı²Ø±や¹Ø°Øやª©-±ıŁØ°ØŁや°Øæ̶Æıœı²̶²ØŁや©°やı-や¬°©ªØ±±や©Œや°Ø-

æ̶Æıœı²̶²ı©-╇や ²æØや °Ø±²や¹Ø°Øや -©²や °̶-øØŁ╆や #½や"¬°ıœや ｲｰｰｸ╇や
°Øºı±²Ø°ØŁやª©-²̶ßı-̶²ØŁや±ı²Ø±やı-ª°Ø̶±ØŁや̶¬¬°©¼ıß̶²Øœ½や
Æ½やｱｲゾ╇や³¬や²©やｳｳｳやœ©ª̶²ı©-±╇やı-ªœ³Łı-ºや²æØや｠&¼ま°ØR-Ø°½や
March 18thを╇や œ©ª̶²ØŁや ı-や ²æØや-©°²æや©Œや.Ø¼ıª©や$ı²½や 〉4&-

."3/"5╇やｲｰｰｸ《╆
5æØや±ı²³̶²ı©-やºØ²±や¹©°±Øや¹æØ-やœØ̶ø̶ºØ±やı-µ©œµØやª̶°-

cinogenic, mutagenic or teratogenic pollutants. One of 

the most hazardous crude oil compounds known for its 

ª̶°ªı-©ºØ-ıªや²©¼ıªı²½やı±やÆØ-¾Ø-Ø╇や¹æıªæやı±や³±ØŁや̶±や°̶¹や
material in the production of compounds such as phe-

-©œ╇や ±²½°Ø-Ø╇や ̶-Łや ª½ªœ©æØ¼̶-Ø╆や5æØや64&1"や 〉ｲｰｰｷ《やæ̶±や
°Ø¬©°²ØŁや²æ̶²やÆØ-¾Ø-Øやı±やª©-±ıŁØ°ØŁや̶や-©-まªæœ©°ı-̶²ØŁや

Resumen

El benceno es un constituyente del petróleo que se considera un cancerígeno poten-

cial y, por lo tanto, un compuesto peligroso. Su riesgo aumenta cuando ocurren 

ŁØ°°̶ßØ±や®³Ø╇や¬©°やØŒØª²©やŁØやœ̶やº°̶µØŁ̶Łや½や±³やº°̶-やß©µıœıŁ̶Ł╇や±Øやı-Rœ²°̶-やØ-やØœや±³Æ-

suelo, alcanzando la zona freática hasta disolverse, contaminando el agua.

El objetivo de esta investigación fue evaluar el riesgo a la salud del pasivo ambiental 

¬°©Ł³ªıŁ©や¬©°やœ̶やª©-²̶ßı-̶ªıŸ-やª©-やÆØ-ªØ-©やØ-やœ̶や｠&¼ま°ØR-Ø°ç̶やｱｸやŁØやß̶°¾©をやØ-やœ̶や
Ciudad de México. Por veinte años no se llevaron a cabo trabajos de remediación   

むŒ³Ø°©-やı-ıªı̶Ł©±や̶や¬̶°²ı°やŁØœや̶ü©やｲｰｰｸむや½やæ©½やØ-やŁç̶やØ±²ØやØ±¬̶ªı©や±Øやæ̶やª©-µØ°²ıŁ©やØ-や
³-や¬̶°®³ØやŁØや°Øª°Ø̶ªıŸ-╆や5̶œや¬̶±ıµ©やØ±²ÀやŁıµıŁıŁ©やØ-や±ıØ²Øや¾©-̶±や¬̶°̶やR-Ø±やŁØや°ØßØ-
diación, aunque para este caso solo se consideró la zona 7. Asimismo, se tomó en 

cuenta únicamente la concentración de este hidrocarburo (promedio, percentiles 75 

y 95) presente en el suelo. Los resultados –provenientes de un total de 642 muestras 

ŁØやｱｲｲや¬Ø°RœØ±や ŁØや ±³Øœ©む╇や ̶-²Ø±や ŁØや œ̶や °ØßØŁı̶ªıŸ-まÆı©̶±¬Ø°±ıŸ-や ª©-や Ø¼²°̶ªªıŸ-やŁØや
µ̶¬©°Ø±まや やß©±²°̶°©-や ³-や °ıØ±º©や ̶や œ̶や ±̶œ³Łや ¬©°や ¬°©Œ³-ŁıŁ̶Łや Ø-²°Øや ｱ╆ｲや ̶や ｷ╆ｲやß╇や ŁØや
ｱ╆ｶｹ&むｰｷや ̶や ｱ╆ｲやßや ½や ｱ╆ｲｵ&むｰｵや ̶や ｴ╆ｸやß╇や œ©や ®³Øや ª©ı-ªıŁØや ª©-や Øœや -ıµØœや Œ°ØÀ²ıª©や ŁØœや
acuitardo, siendo este último el lugar donde se tiene el mayor nivel de riesgo a la 

±̶œ³Ł╆や%Ø±¬³Ô±や ŁØや œ̶や °ØßØŁı̶ªıŸ-╇や œ̶±やßØŁıªı©-Ø±や ̶°°©ł̶°©-や ｴ╆ｰｷ&むｰｷや ̶や ｱ╆ｲやßや ½や
ｳ╆ｸｵ&むｰｷや̶やｴ╆ｸやß╆や&±²̶±やªıŒ°̶±やı-Łıª̶-や®³Øやœ̶やß̶±̶やŁØやÆØ-ªØ-©や̶-²Ø±やŁØやœ̶やŁØ±ª©--

²̶ßı-̶ªıŸ-や±©Æ°Ø¬̶±̶Æ̶やØœや°ıØ±º©やª©-±ıŁØ°̶Ł©や̶ªØ¬²̶ÆœØ╇やｱ╆ｰ&むｰｶや̶や³-̶や¬°©Œ³-ŁıŁ̶Łや
ŁØやｴ╆ｸやß╉やœ³Øº©や±Øやœ©º°̶°©-や°ØŁ³ªªı©-Ø±や¬©°やŁØÆ̶ł©やŁØœや°ıØ±º©や̶ªØ¬²̶ÆœØ╇やœ©やª³̶œやß³Ø±-
tra que el hidrocarburo remanente no representa un riesgo para la salud.

Descriptores: 

̋" dgpegpq
̋" tkguiq"c"nc"ucnwf
̋" rcukxq"codkgpvcn
̋" dcncpeg"fg"ocucu
̋" tghkpgt‡c
̋" tgogfkcek„p
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organic compound and is integrated into the group of 

ÆØ-¾Ø-Ø╇や²©œ³Ø-Ø╇やØ²æ½œÆØ-¾Ø-Ø╇や¼½œØ-Øや〉#5&9《╇やª©ß¬©-

-Ø-²±╇や¹æıªæや̶°Øや³±³̶œœ½やŒ©³-Łやı-や±©ıœや°ØßØŁı̶²ı©-や¬°©-

łØª²±や〉"œµØ±やet al╆╇やｲｰｱｰ╉や5Ø±²̶や̶-Łや8ı-Øº̶°Ł-Ø°╇やｱｹｹｱ《╆や
#Ø-¾Ø-Øやª̶-やı-Rœ²°̶²Øや²æØやÆ©Ł½や²æ°©³ºæや²æØや œ³-º±╇や

º̶±²°©ı-²Ø±²ı-̶œや ²°̶ª²や ̶-Łや ±øı-╆や8æØ-や ̶や æıºæや œØµØœや ©Œや
ÆØ-¾Ø-Øやª©-ªØ-²°̶²ı©-やı-や²æØや̶ı°や©ªª³°±╇やı-やª̶±Øや©Œやı-æ̶-

œ̶²ı©-や̶Æ©³²やæ̶œŒや©ŒやÆØ-¾Ø-Øやµ©œ³ßØや¬̶±±Ø±や²æ°©³ºæや²æØや
œ³-º±や̶-ŁやºØ²±やı-²©や²æØやÆœ©©Ł±²°Ø̶ß╆や8æØ-やÆØ-¾Ø-Øやı±や
Œ©³-Łやı-やŒ©©Ł±や©°やŁ°ı-ø±╇やß©±²や¬̶°²や©ŒやÆØ-¾Ø-Øや¬̶±±Ø±や
through the gastrointestinal tract and gets into the 

Æœ©©Ł±²°Ø̶ß╆や"や±ß̶œœや̶ß©³-²や©ŒやÆØ-¾Ø-Øやª̶-やı-Rœ²°̶²Øや
²æØやÆ©Ł½や²æ°©³ºæや²æØや±øı-や̶-Łや̶œ±©やºØ²やı-²©や²æØやÆœ©©Ł±-
²°Ø̶ßや¹æıœØや±øı-やæ̶±や̶やª©-²̶ª²や¹ı²æやÆØ-¾Ø-Øや©°や¹ı²æや²æØや
¬°©Ł³ª²±や ª©-²̶ı-ı-ºや ÆØ-¾Ø-Ø╆や 0-ªØや ı²や ̶¬¬Ø̶°±や ı-や ²æØや
Æœ©©Ł±²°Ø̶ß╇やÆØ-¾Ø-Øや²°̶µØœ±や²æ°©³ºæや²æØやÆ©Ł½や̶ -Łやª̶-や
ÆØや±²©°ØŁや²Øß¬©°̶°ıœ½やı-や²æØやÆ©-Øやß̶°°©¹や̶-ŁやŒ̶²や²ı±-
±³Ø±╆や 〉5©¼ıª©œ©ºıª̶œや 1°©RœØや Œ©°や#Ø-¾Ø-Ø╇や ｲｰｰｷ╉や04)"╇や
ｲｰｰｳ╉や*3*4╇やｲｰｰｶ《╆

.©±²や ı-µØ±²ıº̶²ı©-±や °Øº̶°Łı-ºや ²æØや ØTØª²±や ©Œや œ©-ºま
²Ø°ßや Ø¼¬©±³°Øや ©Œや ÆØ-¾Ø-Øや¹Ø°Øやß̶ŁØや ©-や¹©°øØ°±や ı-や
Œ̶ªıœı²ıØ±や¹æØ°Øや²æı±やß̶²Ø°ı̶œやı±やæ̶-ŁœØŁ╆や#°ıØŒやØ¼¬©±³°Øや
〉ｵまｱｰやßı-³²Ø±《や©Œや̶やµØ°½やæıºæやœØµØœや©ŒやÆØ-¾Ø-Øやª©-ªØ--

²°̶²ı©-やı-や²æØや̶ı°や〉ょºのß3やｱｹｴｳｰｰｰまｶｳｸｸｶｰｰｰや》ｱｰｰｰｰまｲｰｰｰｰや
¬¬ß『《やß̶½やª̶³±ØやŁØ̶²æ╆や-©¹Ø°やœØµØœ±や©ŒやÆØ-¾Ø-Øやª©--

ªØ-²°̶²ı©-や 〉ょºのß3や ｲｲｳｶｰｰｰまｹｵｸｳｰｰｰや 》ｷｰｰまｳｰｰｰや ¬¬ß『《や
ß̶½やª̶³±Øや±©ß-©œØ-ªØ╇やŁı¾¾ı-Ø±±╇や²̶ªæ½ª̶°Łı̶╇やæØ̶Ł̶-

ches, tremors, confusion and unconsciousness. In most 

ª̶±Ø±╇や¬Ø©¬œØや¹ıœœや±²©¬やŒØØœı-ºや²æØ±ØやØTØª²±や¹æØ-や²æØ½や
̶°Øや-©²やØ¼¬©±ØŁや̶ -½ß©°Øや̶ -Łや¹æØ-や²æØ½や±²̶°²や²©やÆ°Ø̶²æØや
Œ°Ø±æや̶ı°╆や5æØやª©-±³ß¬²ı©-や©Œや Œ©©Łや©°やÆØµØ°̶ºØ±や¹ı²æや
æıºæや œØµØœや ©Œや ÆØ-¾Ø-Øや ª©-ªØ-²°̶²ı©-や ª̶-や ª̶³±Øや µ©ßı-
²ı-º╇や±²©ß̶ªæやı°°ı²̶²ı©-╇やŁı¾¾ı-Ø±±╇や±©ß-©œØ-ªØ╇やª©-µ³œ-
±ı©-±╇や²̶ªæ½ª̶°Łı̶╇やª©ß̶や̶-ŁやŁØ̶²æ╆や*ŒやÆØ-¾Ø-Øやª©-²̶ª²±や
²æØやØ½Ø±や ı²やß̶½やª̶³±Øや ı°°ı²̶²ı©-や̶-ŁやØµØ-やŁ̶ß̶ºØや ²æØや
ª©°-Ø̶や〉5©¼ıª©œ©ºıª̶œや1°©RœØやŒ©°や#Ø-¾Ø-Ø╇やｲｰｰｷ╉や04)"╇や
ｲｰｰｳ╉や 5©¼ıª©œ©ºıª̶œや 1°©RœØや Œ©°や #Ø-¾Ø-Ø╇や ｲｰｰｷ╉や8ıœÆ³°╇や
ｲｰｰｵ╉や*3*4╇やｲｰｰｶ《╆

5æØや64&1"や æ̶±や ̶ªªØ¬²ØŁや ²æØや µ̶œ³Øや ©Œや ｵや ¬¬Æや ̶±や ̶や
ß̶¼ıß³ßや œØµØœや ©Œや ÆØ-¾Ø-Øや ª©-ªØ-²°̶²ı©-や ı-やŁ°ı-øı-ºや
¹̶²Ø°╆や5æØや64&1"や̶œ±©や±Ø²や̶やº©̶œや²©やæ̶µØや²æØやµ̶œ³Øや©Œやｰや
¬¬Æやı-やŁ°ı-øı-ºや¹̶²Ø°や̶-Łや±³°Œ̶ªØや¹̶²Ø°や±³ªæや̶±や°ıµØ°±や
̶-Łやœ̶øØ±やÆØª̶³±Øや²æØやŁ̶-ºØ°©³±やı-S³Ø-ªØや©ŒやÆØ-¾Ø-Øや
ª̶-やª̶³±ØやœØ³øØßı̶╆や5æØや64&1"やæ̶±やØ±²ıß̶²ØŁや²æØやµ̶-

œ³Øや©Œやｱｰや¬¬Æや©ŒやÆØ-¾Ø-Øやı-やŁ°ı-øı-ºや¹̶²Ø°や©°やØ¼¬©±ØŁや
ı-や²æØや̶ ı°や〉ｰ╆ｴや¬¬Æ《や©µØ°や̶ やœıŒØ²ıßØやª̶-やª̶³±Øや̶ や°ı±øや©Œや©-Øや
̶ŁŁı²ı©-̶œやª̶±Ø±や©Œやª̶-ªØ°や¬Ø°やｱ╇ｰｰｰ╇ｰｰｰや¬Ø°±©-±や〉5©¼ı-
ª©œ©ºıª̶œや1°©RœØやŒ©°や#Ø-¾Ø-Ø╇やｲｰｰｷ╉や8ıœÆ³°╇やｲｰｰｵ《╆

5æØやı-S³Ø-ªØや©ŒやÆØ-¾Ø-Øや©-やæØ̶œ²æや¹̶±やŁØR-ØŁやÆ½や
²æØや °Ø±³œ²±や ©Œや ı-µØ±²ıº̶²ı©-±や ²æ̶²や æ̶µØや ÆØØ-や °Ø¬©°²ØŁや
〉.̶-Łı°̶ªı©ºœ³やet al╆╇やｲｰｱｱ╉や.ª)̶œØやet al╆╇やｲｰｱｱ《╆や)©¹Ø-

µØ°╇やı²やı±やµØ°½やıß¬©°²̶-²や²©や°Ø±Ø̶°ªæやØ-µı°©-ßØ-²̶œやœı̶-

Æıœı²ıØ±╇や¹æıªæや̶°Øや̶やß̶ł©°やŒ̶ª²©°やı-や²æØや°Øµı²̶œı¾̶²ı©-や©Œや
ª©-²̶ßı-̶²ØŁや ±ı²Ø±や ̶-Łや ı²や ÆØª©ßØ±や ØµØ-やß©°Øや ıß¬©°-
²̶-²やıŒや¹Øや²̶œøや̶Æ©³²や²æØやª©-²̶ßı-̶²ØŁや±ı²Ø±や¹æıªæや̶°Øや
¬°©µıŁØŁやŒ©°や°Øª°Ø̶²ı©-╆

5æØや ¹©°œŁ‒±や ±ªıØ-²ıRªや ª©ßß³-ı²½や æ̶±や ¬³Æœı±æØŁや
±ØµØ°̶œや ±²³ŁıØ±や °Øœ̶²ØŁや ²©や ²æØや ªæ̶°̶ª²Ø°ı¾̶²ı©-や©Œや ±©ıœや
̶-Łやº°©³-Ł¹̶²Ø°やı-や±ı²Ø±や¹æıªæや¹Ø°Øやª©-²̶ßı-̶²ØŁやÆ½や
²æØや©ıœや ı-Ł³±²°½や〉4ªæ-ØıŁØ°やet al╆╇やｲｰｰｶ《╆や5æØ±Øや°Ø±Ø̶°-
ªæØ±や¬°©µıŁØや ̶-や ̶±±Ø±±ßØ-²や ©Œや ±©ıœや ª©-²̶ßı-̶²ı©-や©Œや
©-Øや°ØR-Ø°½やı-や4̶©や1̶³œ©╇や#°̶¾ıœ╇や¹æØ°Øや²æØやß©±²やŒØ̶±ı-
ÆœØや °Øæ̶Æıœı²̶²ı©-や ²Øªæ-ı®³Ø±や ̶°Øや ̶œ±©や Øµ̶œ³̶²ØŁ╆や *-や
²æ̶²やª̶±Ø╇や²æØや±©ıœや¹̶±やª©-²̶ßı-̶²ØŁやß̶ı-œ½やÆ½や#5&9や
̶-Łや̶TØª²ØŁや ²æØやØß¬œ©½ØØ±や¹©°øı-ºや ı-や ²æı±や °ØR-Ø°½╆や
"-©²æØ°や±²³Ł½や©-や²æı±や±³ÆłØª²や〉-ıやet al╆╇やｲｰｰｵ《や¬°Ø±Ø-²±や
̶-や̶±±Ø±±ßØ-²や©Œや ²æØやæØ̶œ²æや°ı±øやÆ̶±ØŁや ı-やŁ̶²̶や©Æ²̶ı-
-ØŁや Æ½やß̶²æØß̶²ıª̶œやß©ŁØœı-ºや ²æ̶²や ̶œœ©¹±や ŁØ²Ø°ßı-
ning contaminant concentrations in groundwater, and 

was applied in an oil contaminated site located in the 

8Ø±²や©Œや$̶-̶Ł̶╆や5³°ª¾½-©¹ıª¾やet al╆や 〉ｲｰｰｱ《や̶¬¬œıØŁや̶や
ß©ŁØœや ©Œや ÆØ-¾Ø-Øや ŁıT³±ı©-や ı-±ıŁØや ²æØや æ©³±Øや Æ̶±Ø-

ßØ-²±╆や5æØやı-µØ±²ıº̶²ı©-や¹̶±や¬Ø°Œ©°ßØŁやı-や"³±²°̶œı̶-や
æ©³±Ø±やı-や©°ŁØ°や²©や³-ŁØ°±²̶-Łや²æØやÆØæ̶µı©°や©ŒやÆØ-¾Ø-Øや
ı-やª©-R-ØŁや±ı²Ø±や̶-Łや¬°ØŁıª²やı²±やı-S³Ø-ªØや©-やæ³ß̶-±╆ 
Kreider et al╆╇や 〉ｲｰｱｰ《や¬³Æœı±æØŁや̶や °Ø±Ø̶°ªæや¹©°øや©-や̶や
°ØR-Ø°½やı-や*œœı-©ı±╇や64"╇や¹æıªæや¹̶±や©¬Ø°̶²ØŁやÆØ²¹ØØ-や
ｱｹｷｷや̶-Łやｲｰｰｶや̶-Łや̶-や̶±±Ø±±ßØ-²や©ŒやæØ̶œ²æや°ı±øや²©やØß-

¬œ©½ØØ±や¹æ©や¹©°øØŁや̶²や²æØや°ØR-Ø°½や̶-Łや¹Ø°Øや̶TØª²ØŁや
Æ½やÆØ-¾Ø-Øや¹̶±やß̶ŁØや²æØ°Ø╆ 'ı-̶œœ½╇や²æØ°Øや̶°Øや̶やµ̶°ıØ-

²½や ©Œや ±²³ŁıØ±や ©Œや ²æØや ØUªıØ-ª½や ©Œや °ØßØŁı̶²ı©-や ²Øªæ-ı-
®³Ø±や³±ØŁやı-やæ½Ł°©ª̶°Æ©-やª©-²̶ßı-̶²ØŁや±ı²Ø±╇やß̶ı-œ½や
ı-や ±ı²Ø±や œıøØや °ØR-Ø°ıØ±や ̶-Łや Œ³Øœや Łı±²°ıÆ³²ı©-や ±²̶²ı©-±や
〉"ıµ̶œı©²ıや̶-Łや(ıŁ̶°̶ø©±╇やｲｰｰｸ╇や$œ̶½╇やｲｰｰｲ╉や.̶°ºØ±ı-や
et al╆╇や ｲｰｰｳ╇や0‒3Øıœœ½や ̶-Łや5æ©°±Ø-╇や ｲｰｱｰ《╆ *²³°ÆØや et al. 

〉ｲｰｰｶ《や¬°Ø±Ø-²ØŁや̶-や̶±±Ø±±ßØ-²や©ŒやæØ̶œ²æや°ı±øやı-や̶-や©ıœや
Œ̶ªıœı²½やı-や.Ø¼ıª©╇や¹æØ°Øや51)や〉²©²̶œや¬Ø²°©œØ³ßやæ½Ł°©-

ª̶°Æ©-±《や¹̶±や²æØやº©̶œや©Œや±²³Ł½╆や-Ø±±Ø°や̶ -Łや4̶µ̶œや〉ｲｰｰｰ《や
ı-µØ±²ıº̶²ØŁや ²æØや ªæ̶°̶ª²Ø°ı¾̶²ı©-や ©Œや ©ıœや ¬©œœ³²ı©-や ı-や
ªœ̶½や±©ıœ±やı-や̶-や｠9をやŒ³Øœや±²©°̶ºØや̶-ŁやŁı±²°ıÆ³²ı©-や±²̶-

²ı©-や ı-や.Ø¼ıª©╆ *²³°ÆØや ̶-Łや ª©œœ̶Æ©°̶²©°±や æ̶µØやß̶ŁØや
studies concerning the characterization of storage and 

Łı±²°ıÆ³²ı©-や²Ø°ßı-̶œ±やı-や1³ØÆœ̶╇や1³ØÆœ̶や〉*²³°ÆØやet al., 

ｱｹｹｹ《╇や ;̶ª̶²Øª̶±╇や ;̶ª̶²Øª̶±や 〉*²³°ÆØや et al╆╇や ｲｰｰｳ̶《や ̶-Łや
.©°Øœı̶╇や .ıªæ©̶ªÀ-や 〉*²³°ÆØや et al╆╇や ｲｰｰｳÆ《╆や や /̶µ̶°°©や
〉ｲｰｰｶ《や ı-µØ±²ıº̶²ØŁや²æØやŁØ²Ø°ßı-̶²ı©-や©Œや²æØやœØµØœ±や©Œや
±©ıœや ±̶-ı²̶²ı©-や ı-や Ø-µı°©-ßØ-²̶œや œı̶Æıœı²ıØ±╇や ¹æıªæや
±æ©¹や²æØやœØµØœや©ŒやØ¼¬©±³°Øや©-や.Ø¼ıª̶-やı-ŁıµıŁ³̶œ±やı-や
sites contaminated with hazardous wastes.

5æØ°ØŒ©°Ø╇や ²æØやº©̶œや©Œや ²æı±や ±²³Ł½や ı±や ²©やØµ̶œ³̶²Øや ²æØや
æØ̶œ²æや°ı±øやı-や¾©-Øやｷや¹æıªæやı±やª©-²̶ßı-̶²ØŁや¹ı²æやÆØ-¾Ø-

-Øや ı-や Ø-µı°©-ßØ-²̶œや œı̶Æıœı²ıØ±や ｠&¼ま°ØR-Ø°½や .̶°ªæや
ｱｸ²æをや ı-や.Ø¼ıª©や$ı²½╇や ²̶øı-ºや ı-²©や ª©-±ıŁØ°̶²ı©-や ²æ°ØØや
ŁıTØ°Ø-²やª©-ªØ-²°̶²ı©-±や©ŒやÆØ-¾Ø-Øやı-や²æØや±©ıœや¬̶°²ıªœØ±╆
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Case study and methodology

5æØや±ı²Øや©Œや²æı±や±²³Ł½やı±や̶ や¬̶°²や©Œや²æØや｠&¼ま3ØR-Ø°½や.̶°ªæや
ｱｸ²æをや̶-Łやæ̶±や̶-や̶°Ø̶や©Œやややｷｷ╆ｴｵやæØª²̶°Ø±╆や*²やı±やœ©ª̶²ØŁやı-や
²æØや.ıº³Øœや)ıŁ̶œº©やœ©ª̶œı²½やı-や²æØや-©°²æ¹Ø±²や©Œや.Ø¼ıª©や
$ı²½╆や0-や0ª²©ÆØ°やｲｹ²æ╇やｱｹｳｰ╇や²æØや.Ø¼ıª̶-や0ıœや$©ß¬̶-½や
&œや"º³ıœ̶╇や4"╇や¹̶±や̶³²æ©°ı¾ØŁや²©やı-±²̶œœや̶-Łや©¬Ø°̶²Øや²æØや
°ØR-Ø°½やı-や²æØや"¾ª̶¬©n̶œª©やœ©ª̶œı²½や©Œや²æØや'ØŁØ°̶œや%ı±-
²°ıª²╆や 5æØや3ØR-Ø°½や ｠.̶°ªæや ｱｸ²æをや ÆØº̶-や ©¬Ø°̶²ı©-±や ı-や
ｱｹｳｳ╇や¹æıªæやØ-ŁØŁや©-や.̶°ªæやｱｸ²æ╇やｱｹｹｱやÆ½やŁØª°ØØや©Œや²æØや
'ØŁØ°̶œや (©µØ°-ßØ-²╆や '©°や ｵｸや ½Ø̶°±や ©¬Ø°̶²ı©-±や ©Œや °ØR-

-ı-º╇や ±²©°̶ºØや ̶-ŁやŁı±²°ıÆ³²ı©-や ©Œや ©ıœや¹Ø°Øや ª©-Ł³ª²ØŁ╇や
³-²ıœや²æØやªœ©±³°Øや©Œや°ØR-Ø°½やı-やｱｹｹｱ╆や%³°ı-ºや²æı±や¬Ø°ı©Łや
there were oil leakages that impacted the ground and 

the water.

5æØやØ¼ま°ØR-Ø°½や ı±やŁıµıŁØŁや ı-²©や ±ØµØ-や¾©-Ø±や Œ©°や ı²±や
±²³Ł½╆や *-や Ø̶ªæや ¾©-Ø╇や ²æØや ª©-²̶ßı-̶²ı©-や¹̶±や ̶-̶œ½¾ØŁや
̶-ŁやŁØ²Ø°ßı-ØŁ╇や ̶±や ±æ©¹-や ı-や 'ıº³°Øや ｱ╆や ;©-Øや ｷや ı±や ²æØや
©ÆłØª²ıµØや©Œや²æØや¬°Ø±Ø-²や±²³Ł½╇や¹æıªæや¹̶±やª©-²̶ßı-̶²ØŁや
Æ½やÆØ-¾Ø-ØやŁ³Øや²©や̶や±Ø°ıØ±や©Œや©ıœやœØ̶ø̶ºØ±╉や±©ßØや©Œや²æØßや
¹Ø°Øや°Øª©°ŁØŁやŁ³°ı-ºや²æØや©¬Ø°̶²ı©-や©Œや²æØや°ØR-Ø°½╆や*-や
©°ŁØ°や ²©や °ØßØŁı̶²Øや ²æØや ª©-²̶ßı-̶²ØŁや ±©ıœや ̶や ª©ßÆı-ØŁや
²Øªæ-ı®³Øや©ŒやÆı©±¬°̶½や̶ -Łやµ̶¬©°やØ¼²°̶ª²ı©-や¹̶±や̶ ¬¬œıØŁや
Ł³°ı-ºや©-Øや̶-Łや̶やæ̶œŒや½Ø̶°±╆や1æ½±ıª̶œや̶-ŁやªæØßıª̶œや¬°©-

¬Ø°²ıØ±や©ŒやÆØ-¾Ø-Øや̶°Øや±æ©¹-やı-や5̶ÆœØやｱ╆
5æØや±³Æ±©ıœや©Œや²æØやØ¼ま°ØR-Ø°½や｠.̶°ªæやｱｸ²æをやª©-±ı±²±や

©ŒやRµØやR-Øやº°̶-³œ̶°やœ̶½Ø°±╇やŁı±¬©±ØŁやı-や̶やß̶°ºı-̶œやœ̶-

ª³±²°ı-ØやØ-µı°©-ßØ-²╆や5æØやR°±²やœ̶½Ø°やı±やRœœØŁや¹ı²æやß̶²Ø-

°ı̶œ±や©ŒやŁıTØ°Ø-²や©°ıºı-や̶-Łや²æØや°Ø±²やŒ©³°やœ̶½Ø°±やª©-±ı±²や
©Œや©°ıºı-̶œや±©ıœや 〉%ı̶¾╇やｲｰｰｶ《╆や"œ²æ©³ºæや²æØ°Øや̶°Øや±œıºæ²や

ªæ̶-ºØ±や ı-や ²æØや µØ°²ıª̶œや ̶-Łや ²æØや æ©°ı¾©-²̶œや Łı°Øª²ı©-±╇や
²æØや±³Æ±©ıœや±²°³ª²³°Øや°Øß̶ı-±やØ±±Ø-²ı̶œœ½や³-ıRØŁや̶œ©-ºや
²æØや±ı²Ø╆や5̶ÆœØやｲや±æ©¹±や²æØや¬æ½±ıª̶œや̶-ŁやªæØßıª̶œやªæ̶-

°̶ª²Ø°ı±²ıª±や©Œや²æØや±©ıœや̶²やŁıTØ°Ø-²やŁØ¬²æ±やÆØŒ©°Øや°ØßØ-

diation.

'ıº³°Øやｲや¬°Ø±Ø-²±や̶やª°©±±や±Øª²ı©-や©Œや²æØや±²°̶²ıº°̶¬æ½や
©Œや ²æØや Ø-µı°©-ßØ-²̶œや œı̶Æıœı²½や ¬°Øµı©³±œ½や ªæ̶°̶ª²Ø°ı-
¾ØŁやÆ½やª©-²°̶ª²ØŁやª©ß¬̶-ıØ±╇や¹æıªæや©Æ²̶ı-ØŁや̶-や̶¬-

¬°©¼ıß̶²ı©-や©Œや²æØや±©ıœや²½¬Ø±や²æ̶²やŒ©°ß±や²æØや̶®³ı²̶°Łや
ı-や©°ŁØ°や²©や³-ŁØ°±²̶-Łや²æØやÆØæ̶µı©°や©Œやª©-²̶ßı-̶-²±╆や
5æØや±²°̶²ıº°̶¬æ½や±æ©¹±や©-œ½や ²æØやR°±²やｱｰやßや©ŒやŁØ¬²æ╇や
ÆØª̶³±Øや²æØやß̶¼ıß̶œや±̶ß¬œı-ºやŁØ¬²æや¹̶±やｷ╆ｲやß╇や¹æØ-

°Øやªœ̶½や¬°ØŁ©ßı-̶²Ø±やı-や²æØや±³Æ±©ıœや©Œや²æØやØ¼ま°ØR-Ø°½╆や
5æØや œ©¹やµ̶œ³Ø±や©Œやæ½Ł°̶³œıªやª©-Ł³ª²ıµı²ıØ±や ±æ©¹や²æØや
¬°Ø±Ø-ªØや ©Œや R-Øやß̶²Ø°ı̶œや ²æ̶²やß̶øØ±や ²æØや¹̶²Ø°や S©¹や
±œ©¹╇や¹æıªæやæ̶±やŁı°Øª²やı-S³Ø-ªØや²©や²æØや°Ø²̶ı-ØŁやª©-²̶-

minant concentrations.

4̶ß¬œØ±や¹Ø°Øや²̶øØ-やŒ°©ßや̶やß̶¼ıß̶œやŁØ¬²æや©Œやｷ╆ｲやß╇や
¹ı²æや ı-²Ø°µ̶œ±や ©Œや ｱ╆ｲやß╆や 5æ³±╇や ²æØ°Øや ̶°Øや ±ØµØ-や ±Ø²±や ©Œや
ª©-ªØ-²°̶²ı©-±や²æ̶²や̶œœ©¹や³±や²©やŁØR-Øや²æØやß̶±±や©Œや²æØや
ª©-²̶ßı-̶-²や Œ©°や Ø̶ªæや ŁØ¬²æや ̶ªª©°Łı-ºœ½╆や 5æØや Øµ̶œ³̶-

²ı©-や©Œや²æØやª©-ªØ-²°̶²ı©-±や̶²やØ̶ªæやı-²Ø°µ̶œやı±や¬Ø°Œ©°ßØŁや
Æ½や ²̶øı-ºや ±̶ß¬œØ±や Œ°©ßや ｲｸや ºØ©ま°ØŒØ°Ø-ªØŁや ¹Øœœ±や Œ©°や
each depth. In total 168 samples. After remediation of 

the site measurements of concentrations were made in 

ｳｰや¹Øœœ±やæ̶µı-ºやｱｸｰや±̶ß¬œØ±やı-や²æØや±³Æ±©ıœや¬°©RœØやŒ°©ßや
ｱ╆ｲやßや²©やｷ╆ｲやß╆や#Ø-¾Ø-Øや®³̶-²ı²̶²ıµØやŁØ²Ø°ßı-̶²ı©-や¹̶±や
©Æ²̶ı-ØŁやÆ½や̶やª©œ³ß-やº̶±やªæ°©ß̶²©º°̶¬æ½や³±ı-ºやß̶±±や
±¬Øª²°©ßØ²°½や̶±やı-Łıª̶²ØŁやÆ½や/0.まｱｳｸま4&."3/"5まの
44まｲｰｰｳ╆や3ØŒØ°Ø-ªØやßØ²æ©Łや¹̶±や&1"ｸｲｶｰ#やｱｹｹｶ╆や

Hkiwtg"30 "Eqpvcokpcvgf"¦qpgu"qh"
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5æØやæØ̶œ²æや°ı±øや²©や¬Ø©¬œØや¹æ©や̶°ØやØ¼¬©±ØŁや²©やØ-µı°©--

mental contaminants is calculated as the product of the 

ª©-ªØ-²°̶²ı©-や©Œや²æØやªæØßıª̶œやª©ß¬©³-Łやı-や²æØやØ¼¬©±³-

°Øや̶°Ø̶╇や²æØやØ¼¬©±³°ØやŁ©±Øや̶-Łや²æØや²©¼ıªı²½や©Œや²æØやªæØßı-
ª̶œやª©ß¬©³-ŁやŒ°©ßやØ®³̶²ı©-やｱ╈

》3ı±ø『や└や》&¼¬©±³°Øやª©-ªØ-²°̶²ı©-『やさや》%©±Ø『やさや》5©¼ıªı²½『や 〉ｱ《

*²や Œ©œœ©¹±や ²æ̶²や ²æØや ±̶ŒØや ª©-ªØ-²°̶²ı©-や ı-や ²æØや Ø¼¬©±³°Øや
̶°Ø̶やª̶-やÆØやª̶œª³œ̶²ØŁやÆ½や±©œµı-ºや²æØやØ®³̶²ı©-や̶-Łや±¬Ø-

ªıŒ½ı-ºや²æØや̶ªªØ¬²̶ÆœØや°ı±ø╆や&®³̶²ı©-やｲ╈

》-ıßı²や©ŒやØ¼¬©±³°Øやª©-ªØ-²°̶²ı©-『 =    〉ｲ《

Knowing the estimated concentration, the health risk 

ª̶-やÆØや©Æ²̶ı-ØŁやŒ°©ßやØ®³̶²ı©-やｱ╆や,-©¹ı-ºや²æØや̶ªªØ¬²̶-

ÆœØや°ı±øやむ°Ø¬©°²ØŁやÆ½や64&1"むや¹Øやª̶-やª̶œª³œ̶²Øや²æØや±¬Ø-

ªıRªや°ØßØŁı̶²ı©-やœØµØœや〉43-《や̶±や±æ©¹-やı-やØ®³̶²ı©-やｳ╈

》43-『や└やややややややややややややややややややややややややややややや 〉ｳ《

8æØ-や²æØやØ¼¬©±³°Øや±ı²Øやı±やŁıTØ°Ø-²や²©や²æØや±ı²Øや¹æØ°Øや²æØや
ıß¬̶ª²や©ªª³°±╇や ²æØ-や ²æØ±ØやØ®³̶²ı©-±やß³±²やÆØや̶Łł³±²ØŁや

²̶øı-ºや ı-²©や ̶ªª©³-²や ²æØや ª³ß³œ̶²ıµØや ØTØª²や ©Œや µ̶°ı©³±や
¬æØ-©ßØ-̶や©Œや¬̶°²ı²ı©-╇やŁıœ³²ı©-や̶-Łや̶mØ-³̶²ı©-や²æ̶²や
lower the compound concentrations during its trans-

portation from the source point to the receptor. This 

contamination reduction takes place due to so-called 

-̶²³°̶œや ̶mØ-³̶²ı©-や Œ̶ª²©°や 〉/"'《╇や¹æıªæや ı±やŁØR-ØŁや ̶±や
the ratio of the concentration in the source to concentra-

²ı©-やı-や²æØや¬©ı-²や©ŒやØ¼¬©±³°Ø╆や5æØ°ØŒ©°Ø╇や²æØやæØ̶œ²æや°ı±øや
©°や²æØやœıßı²やœØµØœや©Œやª©-ªØ-²°̶²ı©-やı-や²æØや±©³°ªØやª̶-やÆØや
ª̶œª³œ̶²ØŁや³±ı-ºや²æØやŒ©œœ©¹ı-ºやØ®³̶²ı©-や〉ｴ《╈

や や ややや や や ややややややややややややややややややややや〉ｴ《
                              

"±や ßØ-²ı©-ØŁや ̶Æ©µØ╇や ²æØや /̶²³°̶œや "mØ-³̶²ı©-や '̶ª²©°や
〉/"'《や°Ø¬°Ø±Ø-²±や²æØやª³ß³œ̶²ıµØやØTØª²や©Œや¬̶°²ı²ı©-╇やŁı-
œ³²ı©-や̶-Łや̶mØ-³̶²ı©-や¬æØ-©ßØ-©-や Œ©°やØ̶ªæや °©³²Øや©Œや
Ø¼¬©±³°Øや¹æıªæや °ØŁ³ªØや ª©ß¬©³-Łや ª©-ªØ-²°̶²ı©-や Ł³-

°ı-ºや²°̶-±¬©°²やŒ°©ßや±©³°ªØや²©や°Øªı¬ıØ-²╆や4³ªæや/"'やª©ß-

¬©-Ø-²±やª̶-や ı-µ©œµØや ²°̶-±ŒØ°や Œ̶ª²©°±や ²æ°©³ºæやØ-µı°©-ま 
ßØ-²̶œやßØŁı̶や〉±©ıœま²©ま̶ı°やµ©œ̶²ıœı¾̶²ı©-や©°や±©ıœま²©ま¹̶²Ø°や
œØ̶ªæı-º《や̶±や¹Øœœや̶±や œ̶²Ø°̶œや ²°̶-±¬©°²や 〉̶ı°や̶-Łやº°©³-Ł-

¹̶²Ø°やŁı±¬Ø°±ı©-《╆
*-や²æØ±Øやª̶œª³œ̶²ı©-±╇や²æØやµ̶œ³Øや｠Ł©±Øをやı-ªœ³ŁØ±やŁı-

°Øª²œ½やßØ̶±³°ØŁや ı-ºØ±²ı©-や Ł©±Ø±や ̶±や¹Øœœや ̶±や Ø±²ıß̶²ØŁや
ı-æ̶œ̶²ı©-やŁ©±Ø±や©Œやµ̶¬©°±やµ©œ̶²ıœı¾ØŁやŒ°©ßや²æØや±©ıœ╆や*-や

Benzene 

4©œ³Æıœı²½やı-や¹̶²Ø°や〉ゾßのß《 0.18

7̶¬©°や¬°Ø±±³°Øや̶²やｲｰ┱$や〉ｶｸ┱'《╈や〉ßßや)º《 ｷｵや

%Ø-±ı²½や〉ºのªßｳ《 0.88

#©ıœı-ºや¬©ı-²やや〉┱$《 80

.©œØª³œ̶°や¹Øıºæ²や〉ºのß©œ《 78.11

$"4 71-43-2

Vcdng"30"Rj{ukecn"cpf"ejgokecn"rtqrgtvkgu"qh"dgp¦gpg

"ªªØ¬²̶ÆœØや°ı±ø や
や %©±Ø さ 5©¼ıªı²½
Ç ×É ÚÇ ×× ÇÚ ÉÉ Ú

や "ªªØ¬²̶ÆœØや°ı±ø
や &¼¬©±³°ØやŒ̶ª²©°± さ 5©¼ıªı²½

Ç ×É ÚÇ ×× ÇÚ ÉÉ Ú

$©-ªØ-²°̶²ı©-やı-や±©³°ªØ さ や %©±Ø 5©¼ıªı²½
》$̶œª³œ̶²ØŁや°ı±ø『

や /̶²³°̶œや̶²²Ø-³̶²ı©-やŒ̶ª²©°
Ç × Ç × Ç ×É Ú É Ú É Ú? Ç ×É Ú

;0/&やｷ

%Ø¬²æや
〉ß《 5Ø¼²³°Øa

3Ø̶œやŁØ-±ı²½Æ 
〉tr《やºのªß

3

#³œøやŁØ-±ı²½cや〉ta《やや
ºのªß3

1©°©±ı²½やd 
〉ゾ《

)½Ł°̶³œıªやや
ª©-Ł³ª²ıµı²½や〉,《やªßの±

Organic  
material e やゾ

0.0 - 1.2 $œ̶½やœ©̶ß 2.42 ｱ╆ｵｵ ｳｵ╆ｹｵ ｳ╆ｵｵさｱｰまｶ 1.4

1.2 - 2.4 $œ̶½ ｲ╆ｲｵ 1.13 ｴｹ╆ｷｸ ｳ╆ｵｵさｱｰまｶ 1.3

2.4 - 3.6 $œ̶½ ｲ╆ｳｵ 1.24 47.23 ｳ╆ｵｵさｱｰまｶ 2.2

3.6 - 4.8 $œ̶½ ｲ╆ｴｹ 1.14 ｵｴ╆ｲｲ ｳ╆ｵｵさｱｰまｶ 0.4

4.8 - 6.0 4ıœ²½やªœ̶½ 2.62 1.41 46.18 ｳ╆ｵｵさｱｰまｶ ｰ╆ｹ

6.0 - 7.2 4ıœ²½や±̶-Ł 2.08 ｰ╆ｶｵ ｶｸ╆ｷｵ ｱ╆ｷｹさｱｰまｶ 8.1

Vcdng"40"Rj{ukecn"cpf"ejgokecn"uqkn"rtqrgtvkgu."a: Using the method  ASTM D 422-63; b, c, d, f: Using NOM-021-

UGOCTPCV/4222."g<"Wukpi"vjg"qhÝekcn"Ogzkecp"uvcpfctf"PQO/233/EPC/4222

c<"Wukpi"vjg"ogvjqf""CUVO"F"644/85
d."e."f."h<"Wukpi"PQO/243/UGOCTPCV/4222"
g<"Wukpi"vjg"qhhkekcn"Ogzkecp"uvcpfctf"PQO/233/EPC/4222
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̶œœや²æØ±Øやª̶œª³œ̶²ı©-±やı²やı±やª©-±ıŁØ°ØŁや²æ̶²やªæØßıª̶œや²©¼ı-
ªı²½や̶-ŁやŁ©±Øや̶°ØやµØ°½やª©-±Ø°µ̶²ıµØや̶-Łや ²æØ°ØŒ©°Øや ²æØや
43-や ̶ªªØ¬²̶ÆœØや œØµØœ±や ̶°Øや Ø±²ıß̶²ØŁや ı-ªœ³Łı-ºや œ̶°ºØや
±̶ŒØ²½やß̶°ºı-±╆や5æØやŒ©œœ©¹ı-ºやØ®³̶²ı©-や〉ｵ《やª̶-やÆØや³±ØŁや
²©やª̶œª³œ̶²Øや²æØや±̶ŒØやª©-ªØ-²°̶²ı©-やı-や²æØやØ-µı°©-ßØ-²̶œや
̶°Ø̶╈

や や や や 〉ｵ《

4&."3/"5‒±や(³ıŁØや〉ｲｰｰｶ《やŁØR-Ø±や²æı±や±̶ŒØやª©-ªØ-²°̶-

²ı©-や ı-や ²æØや ±©³°ªØや ̶±や ±¬ØªıRªや °ØßØŁı̶²ı©-や œØµØœや 〉43-《╆や
5æØや̶Æ©µØやØ®³̶²ı©-や¬°Ø±Ø-²±や²æØやÆ̶±ı±やŒ©°や²æØやª̶œª³œ̶-

²ı©-や ©Œや ²æØや 43-╇や ±ıßıœ̶°œ½や ²©や ²æØやßØ²æ©Łや ³±ØŁや ı-や 4&-

."3/"5やº³ıŁØや¹æØ°Øや²æØや±̶ŒØやª©-ªØ-²°̶²ı©-やµ̶œ³Øや©Œや
Ø̶ªæや ª©-²̶ßı-̶-²や ı±や Æ̶±ØŁや ©-や ²æØや ̶ªªØ¬²̶ÆœØや œØµØœや ©Œや
°ı±ø╆や4³ªæやµ̶œ³Øやı±や²½¬ıª̶œœ½やｱ╆ｰ&むｰｶ╇やßØ̶-ı-ºや²æ̶²や²æØや
©ªª³°°Ø-ªØや©Œや©-Øやª̶-ªØ°やª̶±ØやÆØ²¹ØØ-や©-Øやßıœœı©-や©Œや
¬©±±ıÆœØや °Øªı¬ıØ-²±や ı±や ²©œØ°̶ÆœØ╆や6-ŁØ°や ²æı±や¬°©ªØŁ³°Ø╇や
Ø±²ıß̶²ı©-や©ŒやªœØ̶-やœØµØœ±やı±や±ıß¬œØやÆ³²や¹ı²æやß̶-½や³--

certainties since it does not take into account inherent 

µ̶°ı̶Æıœı²½や °Øœ̶²ØŁや ²©やŁıTØ°Ø-²や ±ı²³̶²ı©-±や-©°や °Øªı¬ıØ-²や
ŁıµØ°±ı²½╆や*²やª̶-やÆØや̶°º³ØŁや²æ̶²や²æØ°Øやı±や̶-½やØ²æıª̶œやł³±²ı-
Rª̶²ı©-や²©や²æØや̶ªªØ¬²̶ÆœØや°ı±øやª©-ªØ¬²╇やÆØı-ºや-©や°ı±øや©°や
¾Ø°©や°ı±øや²æØや©-œ½や©-Øや̶ªªØ¬²̶ÆœØ╆や*-や²Ø°ß±や©Œや°ØßØŁı̶-

²ı©-やº©̶œ±やı²や¹©³œŁやı-µ©œµØや̶や²©²̶œやØ°̶Łıª̶²ı©-や©Œや¬©œœ³-

²ı©-や Œ°©ßや ̶や ±ı²Ø╆や /ØµØ°²æØœØ±±╇や °Ø±²©°ı-ºや ı²±や ¬°ı±²ı-Øや
conditions could lead to technical, economical or logis-

²ıªや ŁıUª³œ²ıØ±╇や ¬°©œ©-ºı-ºや ı²±や ±̶-ı²̶²ı©-や ı-ŁØR-ı²Øœ½や
〉/̶µ̶°°©╇やｲｰｰｶ╉や$©œœ̶±ı³±╇やｲｰｰｶ《╆や5æØやª̶œª³œ̶²ı©-や©Œや²æØや
43-や̶±や̶やŒ³-ª²ı©-や©Œや̶-や̶ªªØ¬²̶ÆœØやœØµØœや©Œや°ı±øやæ̶±や²æØや
̶Łµ̶-²̶ºØや©Œや̶œœ©¹ı-ºや̶やŁı°Øª²やª©ß¬̶°ı±©-や©Œや±ı²Øやª©--

ªØ-²°̶²ı©-±やı-や©°ŁØ°や²©やŁØ²Ø°ßı-Øや̶°Ø̶±や²æ̶²やß̶½や°Ø®³ı-
re remediation according to the use of the area and to 

ŁØœı-Ø̶²Øや²æØや̶°Ø̶や²©やÆØや°ØßØŁıØŁ╆や0-や²æØや©²æØ°やæ̶-Ł╇やıŒや
²æı±やØ®³̶²ı©-やı±や³±ØŁや²©やØ±²ıß̶²Øや²æØや°ı±ø╇やı²やı±や-ØªØ±±̶°½や
to use it for each measured point to delineate the area 

for remediation.

In order to calculate the health risk, a measured con-

ªØ-²°̶²ı©-や̶²や̶や±¬ØªıRªや¬©ı-²やı±や-ØØŁØŁ╉や²æØや43-やµ̶œ³Øや
Ø±²ıß̶²ØŁや̶±やŁØ±ª°ıÆØŁや̶Æ©µØや 〉²æØや ª̶œª³œ̶²ı©-±や©Œや °ı±øや
̶-Łや43-や̶°ØやÆ̶±ØŁや©-や²æØや±̶ßØやØ®³̶²ı©-やｶ《やª̶-やÆØや³±ØŁ╇や
ª©-±ıŁØ°ı-ºや²æØやŒ©œœ©¹ı-ºや¬°©¬©°²ı©-╈

〉ｶ《

5æØや 43-や °Ø¬°Ø±Ø-²±や ²æØや ª©-ªØ-²°̶²ı©-や ©Œや ̶や ±¬ØªıRªや
ª©ß¬©³-Łやı-や̶-やØ-µı°©-ßØ-²̶œや̶°Ø̶や〉Œ©°やØ¼̶ß¬œØ╇や±©ıœや
©°やº°©³-Ł¹̶²Ø°《や²æ̶²や¬°©²Øª²±や²æØや°ØªØ¬²©°‒±やæØ̶œ²æやŒ©°や
̶や ŁØ²Ø°ßı-ØŁや ̶ª²ıµØや Ø¼¬©±³°Øや °©³²Øや ı-や ̶や ŁØ²Ø°ßı-ØŁや
exposure pointや〉&1《╆や5æØ°ØŒ©°Ø╇やı²やı±や-ØªØ±±̶°½や²©やª̶œª³-

œ̶²Øや²æØや43-やŒ©°やØ̶ªæやªompound of interestや〉$0*《やı-やØ̶ªæや
Ø-µı°©-ßØ-²̶œや ̶°Ø̶や ı-や ©°ŁØ°や ²©や ¬°©²Øª²や Ø̶ªæや ¬°Ø±Ø-²や
°ØªØ¬²©°や〉©°や²æØやß©°Øや±Ø-±ı²ıµØや°ØªØ¬²©°╇やıŒやı²やı±やø-©¹-《や
Œ©°やØ̶ªæやØ¼¬©±³°Øや°©³²Øやı-や²æØやß©±²や°Ø̶±©-̶ÆœØやØ¼¬©-

sure points. 

5æØや°ı±ø╇や¹æıªæやß̶½やÆØやª̶³±ØŁやÆ½や¬Ø°ß̶-Ø-²やØ¼-

posure to the contaminants present in a determined 

ª©-ªØ-²°̶²ı©-やı-や±©ıœや ı-や̶や±¬ØªıRªやª©-²̶ßı-̶²ØŁや±ı²Ø╇や
ı±や-©°ß̶œœ½やª̶œª³œ̶²ØŁや²̶øı-ºやı-²©や̶ªª©³-²や°Ø¬°Ø±Ø--

²̶²ıµØや±²̶²ı±²ıª±や©Œやª©-ªØ-²°̶²ı©-やı-や²æØや̶°Ø̶や〉Œ©°やØ¼̶ß-

ple, the arithmetic mean or the upper limit of the 

ßØ̶-やª©-RŁØ-ªØ《╆や)©¹ØµØ°╇や²æØ°Øや̶-やØT©°²や¹̶±やß̶ŁØや
²©や ÆØや Ø¼²°ØßØœ½や ª©-±Ø°µ̶²ıµØ╇や ¹æØ-や ª̶œª³œ̶²ı-ºや ²æØや
°ı±øや²©や¬Ø©¬œØ‒±やæØ̶œ²æや¹æıªæやı±やª̶³±ØŁやÆ½や¬Ø°ß̶-Ø-²や
Ø¼¬©±³°Øや²©や²æØや¬°Ø±Ø-²やª©-²̶ßı-̶-²やª©-ªØ-²°̶²ı©-やı-や
Ø̶ªæや±¬ØªıRªや¬©ı-²や〉Ø¼²°ØßØやª̶±Øや¹æıªæや¹ıœœや-©²やæ̶¬-

Hkiwtg"40"Uvtcvkitcrj{"qh"vjg"Gz/tghkpgt{"ÑOctej"3:vjÒ0""Uqwteg<"UGOCTPCV."3;;:

4̶ŒØやª©-ªØ-²°̶²ı©-やı-や±©³°ªØ やÇ × ?É Ú
"ªªØ¬²̶ÆœØや°ı±ø ややさや /̶²³°̶œや̶²²Ø-³̶²ı©-やŒactor

や %©±Ø さ 5©¼ıªı²½
Ç × Ç ×É Ú É ÚÇ ×× ÇÚ ÉÉ Ú

や $©-ªØ-²°̶²ı©-やı-や±©³°ªØ
や》$̶œª³œ̶²ØŁ43-『

Ç ×É Ú?

$̶œª³œ̶²ØŁや°ı±ø や $©-ªØ-²°̶²ı©-やı-や±©³°ªØ
"ªªØ¬²̶ÆœØや°ı±ø ややや 4̶ŒØやª©-ªØ-²°̶²ı©-やı-やsource

Ç × Ç ×É Ú É Ú?Ç × Ç ×É Ú É Ú
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¬Ø-や³-ŁØ°や̶-½やª©-Łı²ı©-や©Œや œ̶-Łや³±̶ºØ《╆や *²や ı±や ıß¬©°-
tant to note that for horizons where concentrations 

̶Æ©µØや²æØや43-や¹Ø°ØやŁØ²Øª²ØŁや̶²やµ̶°ı©³±やŁØ¬²æ±やı-や²æØや
±̶ßØやª©œ³ß-や©Œや±©ıœ╇や²æØや̶µØ°̶ºØやª©-ªØ-²°̶²ı©-±や¹Ø°Øや
³±ØŁ╆や #Øœ©¹や¹Øや ¬°Ø±Ø-²や ²æØや ª̶œª³œ̶²ı©-や Œ©°や ÆØ-¾Ø-Øや
ª©-ªØ-²°̶²ı©-±や°Ø¬©°²ØŁやı-や²æØやªæ̶°̶ª²Ø°ı¾̶²ı©-や±²³Ł½や
of the site, as well as the concentration measured at 

©-Øや¬©ı-²╇や ª©-ªØ-²°̶²ı©-や¹ı²æや¬Ø°ªØ-²ıœØや ｷｵや ̶-Łや¬Ø°-
ªØ-²ıœØやｹｵ╆

*-や©°ŁØ°や²©やØ±²ıß̶²Øや²æØやæØ̶œ²æや°ı±øや°Ø¬°Ø±Ø-²ØŁやÆ½や
²æØや¬°Ø±Ø-ªØや©Œや̶やÆØ-¾Ø-Øやß̶±±や²æØやŒ©œœ©¹ı-ºやØ®³̶²ı©-や
ｷやı±や̶¬¬œıØŁ╈

〉ｷ《

$̶œª³œ̶²ØŁや°ı±ø╈
$©-ªØ-²°̶²ı©-やı-や±©³°ªØや〉ßºのøº《
43-$̶œ╆や〉ßºのøº《や└やª̶œª³œ̶²ØŁや±¬ØªıRªや°ØßØŁı̶²ı©-やœØµØœ
"ªªØ¬²̶ÆœØや°ı±øや└やｰ╆ｰｰｰｰｰｱ

5æØや©Æ²̶ı-ØŁや°Ø±³œ²やı±や̶やŁıßØ-±ı©-œØ±±や-³ßÆØ°╇や¹æıªæや
ı-Łıª̶²Ø±や²æØや¬°©Æ̶Æıœı²½や²æ̶²や̶ や¬Ø°±©-や¹ıœœやŁØµØœ©¬やª̶--

ªØ°や©°や±³TØ°や-©-やª̶°ªı-©ºØ-ıªやØTØª²±やŁ³°ı-ºやæı±や œıŒØ²ı-
ßØ╆や '©°や ª̶°ªı-©ºØ-ıªや ª©ß¬©³-Ł±╇や ̶や µ̶œ³Øや ©Œや ｱ╆ｰｰ&むｶや
æ̶±やÆØØ-や±Ø²や̶ ±や̶ ªªØ¬²̶ÆœØや°ı±øや〉¬°©Æ̶Æıœı²½や²æ̶²や©-Øや¬Ø°-
±©-やı-や̶やßıœœı©-や¹ıœœやŁØµØœ©¬やª̶-ªØ°《╆

Results

5æØやŁı±²°ıÆ³²ı©-や©Œや²æØやÆØ-¾Ø-Øや¬œ³ßØやı-や±©ıœやı±や±æ©¹-や
ı-や'ıº³°Øやｳ╇や¹æıªæや²̶øØ±やı-²©や̶ªª©³-²や²æØや̶ªª³ß³œ̶²ı©-や
©ŒやÆØ-¾Ø-Øや̶-Łやı²±やæ©°ı¾©-²̶œœ½やœıßı²ØŁやß©Æıœı²½やŁ³Øや²©や
²æØや±²°̶²ıº°̶¬æ½や©Œや²æØや±ı²Ø╇や¹æØ°Øや²æØやªœ̶½やœ©̶ßや±©ıœや̶ -Łや
²æØやº°©³-Łや¹̶²Ø°やœØµØœや©Œや̶®³ı²̶°Łや±ıº-ıRª̶-²œ½や°ØŁ³ªØや
ı²±やµØ°²ıª̶œやß©Æıœı²½╆や"œ²æ©³ºæやÆØ-¾Ø-Øやæ̶±やÆØØ-やØ¼¬̶--

Łı-ºやŁ³°ı-ºや±ØµØ°̶œや½Ø̶°±╇や ı²±やæıºæØ±²やª©-ªØ-²°̶²ı©-や ı±や
on the depth of 4.8 m, which coincides with the ground 

¹̶²Ø°やœØµØœや̶-Łやı±やŒ©³-Łやı-や̶やŒ°ØØやŒ©°ß╆
$©-±ıŁØ°ı-ºや²æØや¹©°±²やª̶±Øや©Œや ²¹©や±³ººØ±²ØŁや±ªØ-

-̶°ı©±╇やÆØæ̶µı©°や©Œや²æØやæØ̶œ²æや°ı±øや¹̶±や̶-̶œ½¾ØŁや¹ı²æや
ª©-ªØ-²°̶²ı©-±や ©Œや ¬Ø°ªØ-²ıœØや ｹｵ╇や¹æıªæや ±æ©¹±や ªœØ̶°œ½や
²æ̶²や²æØやæØ̶œ²æや°ı±øやØ¼ªØØŁ±や̶ªªØ¬²̶ÆœØやœıßı²±や̶²やŁØ¬²æや
4.8 m and 7.2 m. This does not represent a risk to the 

ªıµıœや¬©¬³œ̶²ı©-や²æ̶²やß̶½やµı±ı²や²æØやª©-²̶ßı-̶²ØŁや±ı²Ø╇や
ÆØª̶³±Øやı²やı±やœ©ª̶²ØŁや̶²や̶やŁØ¬²æやı-や¹æıªæや̶や¬Ø°±©-やŁ©Ø±や
-©²やæ̶µØや̶-½やŁı°Øª²やª©-²̶ª²や¹ı²æや²æØやª©-²̶ßı-̶-²╆や#Ø-

±ıŁØ±╇やı-や²æØや³¬¬Ø°やœ̶½Ø°や©Œや±©ıœや²æØ°Øやı±や̶やª©-ª°Ø²Øや±œ̶Æや
²æ̶²やª©µØ°±や²æØやª©-²̶ßı-̶-²や̶-Łやı-Łı°Øª²œ½や°ØŁ³ªØ±や²æØや
æØ̶œ²æや °ı±ø╆や )©¹ØµØ°╇や ¾©-Øや ｷや æ̶±や ÆØØ-や °Øæ̶Æıœı²̶²ØŁや
ÆØª̶³±Øや ²æØやªæ̶°̶ª²Ø°ı¾̶²ı©-や±²³ŁıØ±や±æ©¹ØŁや²æ̶²や ²æØや
ª©-ªØ-²°̶²ı©-や©ŒやÆØ-¾Ø-ØやØ¼ªØØŁØŁや ²æØや̶ªªØ¬²̶ÆœØや œı-
ßı²±╇や̶-Łや²æØ°ØŒ©°Øや²æØ°Øや̶やª©ßÆı-ØŁやßØ²æ©Łや©Œやµ̶¬©°や
Ø¼²°̶ª²ı©-や̶-ŁやÆı©±¬°̶½や¹̶±や̶¬¬œıØŁやı-や©°ŁØ°や²©や°Øß©-

µØや¬©œœ³²̶-²±や¹æıªæや °Øß̶ı-や ı-や ²æØや ±̶²³°̶²ØŁや ¾©-Øや ı-や
free form. 

5æØやŒ̶ª²±やŁØ±ª°ıÆØŁや̶Æ©µØや̶œœ©¹ØŁや²æØや°ØßØŁı̶²ı©-や
¹©°ø±や©Œや²æØや±ı²Øや²©やÆØや±³ªªØ±±Œ³œœ½や̶ªæıØµı-ºやØUªıØ--

ªıØ±や ÆØ²¹ØØ-や ｹｲゾや ̶-Łや ｹｹゾ╆や 3ØßØŁı̶²ı©-や ßØ²æ©Ł±や

Hkiwtg"50"Jgcnvj"tkum"d{"fgrvj"ecnewncvgf"hqt"
dgp¦gpg"ykvj"cp"cxgtcig"eqpegpvtcvkqp"*Er+."dghqtg"
tgjcdknkvcvkqp

$̶œª³œ̶²ØŁや°ı±ø やや $©-ªØ-²°̶²ı©-やı-や±©³°ªØ
"ªªØ¬²̶ÆœØや°ı±ø ややややややややややややややや $̶œª³œ̶²ØŁ43-

Ç × Ç ×É Ú É Ú?Ç × Ç ×É Ú É Ú

CalculatedSRL

や $©-ªØ-²°̶²ı©-やı-や±©³°ªØ
$̶œª³œ̶²ØŁや°ı±ø や さ "ªªØ¬²̶ÆœØや°ı±ø

Ç ×É ÚÇ × ? Ç ×É Ú É ÚÇ ×É Ú》$̶œª³œ̶²ØŁや43-『
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³±ØŁやª©-±ı±²ØŁや©-や̶やª©ßÆı-̶²ı©-や©ŒやÆı©±¬°̶½や̶-Łやµ̶-

¬©°やØ¼²°̶ª²ı©-╆や5æØやR°±²や©-Øやı±や̶-や̶²ß©±¬æØ°ıªや̶ı°やı--

łØª²ı©-や ÆØœ©¹や ©Œや ¬©œœ³²ØŁや ¾©-Ø±╇や ª°Ø̶²ı-ºや ̶や ßıª°©ま 
Æ³ÆÆœØや±ª°ØØ-╇や¹æıªæや°Øß©µØ±やÆ©²æやŁı±±©œµØŁや̶-Łや̶Ł-

±©°ÆØŁや¬©œœ³²̶-²±やı-や-©-ま±̶²³°̶²ØŁや¾©-Ø╆や5æı±や°Øß©µ̶œや
Œ©œœ©¹±や²¹©や¹̶½±╈や¬æ½±ıª̶œやŁ°̶ººı-ºや©Œや-³²°ıØ-²まªæ̶°-
ºØŁや̶ı°╇や̶-Łや-̶²ıµØやÆ̶ª²Ø°ı̶œや±²ıß³œ̶²ı©-╆や5æØや±Øª©-Łや
©-Øやı±や²æØやÆı©µØ-²ı-ºやı-µØ°±Øや¬°©ªØ±±╇や²æ̶²やı±や²©や±̶½╇や²æØや
³±Øや©Œやµ̶¬©°やØ¼²°̶ª²ı©-や¹Øœœ±╇や±©や²æ̶²やı²や ı±や¬©±±ıÆœØや²©や
Ø¼²°̶ª²やµ©œ̶²ıœØや̶-Łや±Øßıµ©œ̶²ıœØやŒ°̶ª²ı©-±やŒ°©ßや̶Ł±©°-
ÆØŁや̶-Łや̶Æ±©°ÆØŁやæ½Ł°©ª̶°Æ©-±やı-や²æØや-©-ま±̶²³°̶²ØŁや
¾©-Ø╉や ̶²や ²æØや ±̶ßØや ²ıßØ╇や ̶²ß©±¬æØ°ıªや ©¼½ºØ-や ı-Rœ²°̶-

²ı©-や ı-²©や±³Æ±©ıœや ı±や ı-Ł³ªØŁやÆ½や²æı±やßØ²æ©Ł╇や±²ıß³œ̶-

²ı-ºや ßıª°©Æı̶œや ̶ª²ıµı²½╆や 'ıº³°Øや ｴや ±æ©¹±や ̶や ÆØæ̶µı©°や
Łı̶º°̶ßや©ŒやæØ̶œ²æや°ı±øや©Œや²æØや°Øß̶ı-ØŁやß̶±±や©ŒやÆØ-¾Ø-

ne.

'ıº³°Øやｴや ±æ©¹±や ²æØやÆØæ̶µı©°や©Œや ²æØやæØ̶œ²æや °ı±øや Œ©°や
ÆØ-¾Ø-Øや̶Œ²Ø°や °ØßØŁı̶²ı©-や ı-や ²æ°ØØや¬©±±ıÆœØや±ªØ-̶°ı©±╈や
̶µØ°̶ºØやª©-ªØ-²°̶²ı©-╇やª©-ªØ-²°̶²ı©-や¹ı²æや¬Ø°ªØ-²ıœØやｷｵや
̶-Łやª©-ªØ-²°̶²ı©-や¹ı²æや¬Ø°ªØ-²ıœØやｹｵ╆や*-やºØ-Ø°̶œやŒ©°や̶œœや
²æ°ØØや±ªØ-̶°ı©±や ²æØや°ØŁ³ª²ı©-や©ŒやæØ̶œ²æや°ı±øやÆØœ©¹や²æØや
̶ªªØ¬²ØŁや œØµØœや ı±や ªœØ̶°œ½や ±ØØ-╆や $©ß¬̶°ı-ºや ¹ı²æや ²æØや
¹©°±²や±ªØ-̶°ı©やÆØŒ©°Øや°Øæ̶Æıœı²̶²ı©-や̶±や±æ©¹-やı-や'ıº³°Øや
ｵ╇やı²やı±や±ØØ-や²æ̶²や²æØや°ı±øやı±やŁØª°Ø̶±ı-ºや̶-Łや°Ø̶ªæı-ºや²æØや
µ̶œ³Ø±や¹ı²æやœ©¹やœØµØœや©Œや°ı±ø╇や¹æıªæや̶œœ©¹±や²©やÆØや±³°Øや
²æ̶²や²æØ°Øやı±や-©や°ı±øやŒ©°や¬Ø©¬œØや¹æ©やµı±ı²や²æØや±ı²Ø╆や*-ª°Ø̶-

±Øや©Œや²æØやæØ̶œ²æや°ı±øやı-や²æØや³¬¬Ø°やœ̶½Ø°±やæ̶¬¬Ø-±やŁ³Øや²©や
²æØや²Øªæ-ı®³Øや³±ØŁやı-や°Øæ̶Æıœı²̶²ı©-╇や¹æØ-や̶Œ²Ø°や°Øß©-

µı-ºや ²æØや ÆØ-¾Ø-Øや µ̶¬©°±╇や ²æØ½や ¹Ø°Øや Łı±²°ıÆ³²ØŁや ̶-Łや
º°©¹-や³¬╇やæ©¹ØµØ°╇や ²æØ½やŁ©や-©²や Ø¼ªØØŁや ²æØやß̶¼ıß̶œや
̶ªªØ¬²̶ÆœØやª©-ªØ-²°̶²ı©-±や̶-Łや²æı±や ı±やªœØ̶°œ½や°Ø¬°Ø±Ø--

²ØŁやı-や²æØやµ̶œ³Øや©Œや²æØやª̶œª³œ̶²ØŁやæØ̶œ²æや°ı±ø╆
5æØや°Ø±³œ²±や©Æ²̶ı-ØŁやÆØŒ©°Øや²æØや°ØßØŁı̶²ı©-や¹©°ø±や

±æ©¹や²æØやæØ̶œ²æや°ı±øやÆ½やŁØ¬²æやÆØ²¹ØØ-やｱ╆ｲやßや̶-Łやｷ╆ｲや
ß╇やŒ°©ßやｱ╆ｶｹ&むｰｷや̶²やｱ╆ｲ╆ßや̶-Łやｱ╆ｲｵ&むｰｵや̶²やｴ╆ｸやß╇や²æ̶²や
ª©ı-ªıŁØや¹ı²æや²æØやº°©³-Łや¹̶²Ø°やœØµØœや©Œや̶®³ı²̶°Łや¹æØ-

°Øや²æØやæıºæØ±²やœØµØœや©ŒやæØ̶œ²æや°ı±øやı±や°Ø̶ªæØŁ╆や"Œ²Ø°や²æØや
°ØßØŁı̶²ı©-や¹©°ø±や ²æØや©Æ²̶ı-ØŁや °Ø±³œ²±や ±æ©¹やｴ╆ｰｷ&む

ｰｷや̶²やｱ╆ｲßや̶-Łやｳ╆ｸｵ&むｰｷや̶²やｴ╆ｸやß╆や5æØや°Ø±³œ²±やªœØ̶°œ½や
±æ©¹や²æ̶²やÆØ-¾Ø-Øやß̶±±やÆØŒ©°Øや°ØßØŁı̶²ı©-やØ¼ªØØŁØŁや
²æØや ̶ªªØ¬²̶ÆœØや °ı±øや©Œや ｱ╆ｰ&むｰｶや ̶²やŁØ¬²æや©Œや ｴ╆ｸやßや̶-Łや
after the remediation works the health risk decreased 

ÆØœ©¹や²æı±やµ̶œ³Ø╆や"œ²æ©³ºæやÆØ-¾Ø-Øやª̶-やÆØやŁı±±©œµØŁや
ı-や²æØや±̶²³°̶²ØŁや¾©-Øや̶ªª©°Łı-ºや²©や4&."3/"5╇や²æØ°Øや
is no indication of concentration data, meaning an in-

±ıº-ıRª̶-²や °Øß̶ı-ı-ºや æ½Ł°©ª̶°Æ©-やß̶±±や ̶-Ł╇や æØ-ªØ╇や
-©やµı°²³̶œやæØ̶œ²æや°ı±ø╆

Conclusions

5æØやæØ̶œ²æや°ı±øやı-や¾©-Øやｷやª©-²̶ßı-̶²ØŁや¹ı²æやÆØ-¾Ø-Øやı-や
²æØやØ-µı°©-ßØ-²̶œやœı̶Æıœı²½やºØ-Ø°̶²ØŁやÆ½や²æØや｠&¼む3ØR-

-Ø°½や.̶°ªæやｱｸ²æをやı-や.Ø¼ıª©や$ı²½╇や³±ı-ºや̶や²Øªæ-ıª̶œやº³ı-
ŁØや ı-や©°ŁØ°や ²©や ±³¬¬©°²や ²æØやŁØµØœ©¬ßØ-²や©Œや ±²³ŁıØ±や©Œや
Ø-µı°©-ßØ-²̶œや°ı±øや̶±±Ø±±ßØ-²や©Œやª©-²̶ßı-̶²ØŁや±ı²Ø±╆や*²や
¹̶±やŒ©³-Łや©³²や²æ̶²や²æØやæØ̶œ²æや°ı±øやŁØª°Ø̶±ØŁや̶-ŁやÆØª̶-

ßØやœ©¹Ø°や²æ̶-やœØµØœ±や©Œや̶ªªØ¬²̶ÆœØや°ı±øや̶Œ²Ø°や°ØßØŁı̶-

²ı©-╆や"やÆØ-¾Ø-Øやß̶±±や±²ıœœや°Øß̶ı-±やı-や²æØや±©ıœ╇やÆ³²やŁ©Ø±や
-©²や °Ø¬°Ø±Ø-²や ̶-½や æØ̶œ²æや °ı±øや ²©や ²æØや ¬Ø©¬œØ╆や $©-±Ø-

®³Ø-²œ½╇やı-や²æØや¬°Ø±Ø-²や²ıßØや²æØや¾©-Øやｷやª̶-やÆØやª©-±ıŁØ-

red as a safe recreational area.

5æØや4&."3/"5や5Øªæ-ıª̶œや(³ıŁØœı-Øや¹̶±や³±ØŁや ²©や
ª̶œª³œ̶²ØやæØ̶œ²æや°ı±øやı-や²æı±や°Ø±Ø̶°ªæ╆や*²や¹̶±やµØ°½や³±ØŒ³œ╇や
±ı-ªØやı²やª̶-やÆØやıß¬œØßØ-²ØŁやı-やµ̶°ı©³±やØ-µı°©-ßØ-²̶œや
œı̶Æıœı²ıØ±や°Ø̶œやª̶±Ø±や²©や±©œµØ╆

$©ßÆı-̶²ı©-や©Œや²Øªæ-ı®³Ø±やむÆı©±¬°̶½ı-ºや̶-Łやµ̶¬©°や
Ø¼²°̶ª²ı©-む╇や̶œ©-ºや¹ı²æや©³°やæØ̶œ²æや°ı±ø±や°Ø±³œ²±╇や¬°©µıŁØや
ª©-±ıŁØ°̶ÆœØや±³¬¬©°²や²©や̶-½やı-ıªı̶²ıµØや©-や°ı±øやßı-ıßı-
zation in this site.
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"œµØ±や 7╆"╆╇や "œÆØ°º̶°ı̶や +╆-╆╇や 'Ø°-̶-ŁØ±や %╆7╆╇や "œµıßま'Ø°°̶¾や .╆╇や
%Øœ³°Øま.̶²©±や$╆や3ØßØŁı̶²ı©-や©Œや4©ıœや$©ßÆı-ı-ºや4©ıœや7̶¬©°や
&¼²°̶ª²ı©-や̶-Łや#ı©°ØßØŁı̶²ı©-╈や#Ø-¾Ø-Ø╆やChemosphere╇や µ©œ³-

ßØやｸｰ╇やｲｰｱｰ╈やｸｲｳまｸｲｸ╆
$œ̶½╆や3ı±øま#̶±ØŁや$©°°Øª²ıµØや"ª²ı©-や©Œや)½Ł°©ª̶°Æ©-や$©-²̶ßı-̶-

²ı©-や̶²や̶や'©°ßØ°や.̶ł©°や6°Æ̶-や1Ø²°©œØ³ßや4²©°̶ºØや4ı²Øや ı-や ²æØや
6,╇やSoil and Sediment Contamination, 2002.
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&1"やｸｲｶｰ#やｱｹｹｶ╆や$©ß¬³Ø±²©±や©°ºÀ-ıª©±やµ©œÀ²ıœØ±や¬©°や)3($の.4%や

½や¬³°º̶や½や²°̶ß¬̶╆
*3*4╆や#Ø-ªØ-©╇や〉$"43/やｷｱまｴｳまｲ《や*3*4╇やｲｰｰｶや》©-やœı-Ø『╆や"µ̶ıœ̶ÆœØや©-╈や

æm¬╈のの¹¹¹╆Ø¬̶╆º©µのı°ı±の±³Æ±²のｰｲｷｶ╆æ²ß
*²³°ÆØや.╆3╆╇や'œ©°Ø±や3╆.╆╇や'œ©°Ø±や$╆3╆╇や3©Ł°çº³Ø¾や3╆%╆╇や$æÀµØ¾や$╆╇や

3©ªæ̶や.╆や ½や 1Ô°Ø¾や(╆や &µ̶œ³̶ªıŸ-やŁØや œ̶や ª©-²̶ßı-̶ªıŸ-や Ø-や Øœや
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