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D[RE(;TIVE 98/15/CE DE LA. COMMISSION
du 27 février {998

portant modification de la directive $1/271/CEE du Conseil en ce qui concerre
certaines prescriptions fixées & son annege I

(Texte présentant de Vintérée pour 'EEE)

LA COMMISSION DES COMMUNAUTES EUROPEENNES,
vu le traité instituant la Communauté curopéenne,

vu la directive 91/271/CEE du 21 mai 1951 relative au
traitement des saux urbaines sésiduaires ('), ot notamment
son article 5, paragraphe 3,

considérant que les prescriptions relatives aux rejets
provenant des stations d'Epuration des eaux uthaines rési-
duaires et effectués dans des zones sensibles sujettes i
I'cutrophisation, tclies que rédigées au tableau 2 de l'zn-

nexe I de la directive 91/271/CEE, soulevaient des

probiémes dinterprétation qu'il importe d’éclaircig quiil
convient de modifier en conséquence le tableau 2 de I'an-
nexe I de la ditective;

considécant que les mesures prévues & la présente dirse
tive sont conformes 2 l'avis du comité prévu & I'article 18
de la directive 91/271/CEE,

A ARRETE LA PRESENTE DIRECTIVE:

Arricle premier

L'annexe [ de Ja directive 91/271/CEE est modifiée
conformément 4 l'annexe de la présente directive.

Article 2

Les Etats membres mettent en vigueur les dispositions
Iégisiatives, réglementaires ¢t administratives nécessaires

¢) JO L 135 du 30. 5. 1991, p. 40,

pour se conformer 1 la présente directive zu plus tard le
30 septembre 1998, Iis en informent immédiaterent la
Commission. | ] .

Lorsque les Ewts membres adoptent ces .dispositions,
celley-ci contiennent une référence 4 la préseate directive
ou sont eccampagnées d'une telle référence lors de leur
publication officielle. Les modalités de cette référence
sont acrétées par les Beats membres.

Am’_cle 3

La présente directive entre én vigueur le vingtidme jour

suivant cclui de sa publication au Journal officiel des
Communautds europfennes.
Article 4

Lss Etats membres sont destinataizes de la présente direc-
tive,

Fait & Bruxelles, le 27 février 1998.

FPar la Commission
Ritt BJERREGAARD
Membre de la Commission
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ANNEXE

Le tableau 2 de Vannexe I de Ip directive 21/271/CEE est remplacé par le texte suivanc

«Tabltan 2 Prescriptions relatives auz rejots provenant des stations dépunuon des-esux usbaines résis

duaires et cffectués dans des zones ibd i eutrophisation, telles qu'identifi€es &
annexe II, point A a). En fonction des conditions locates, on ppiiquers un seul dtre
ou les dewx, La valeur de Ja ion ou le pe tage de réduction teront rr“, &
Paramétres Cancentralion - Ponﬁaim‘:lF Méthede de mesure
) de réduction () | de réference
Phosphore total 2 mp/t (EH compris entre 30 1 Speemephotomditric par
C) 10000 et 160000} sbsorption moléculaire
1 mgfl (EH de plus de
100 000)
Azote total (7} 15 mp/l (EH compris eowe | . 70-80 Spectraphotométrie par
10600 ¢t 100 000) (7} absorprion moléculairs
190 mgfl (EH de plus de
100 0004 ()

() Réducton par mpport sux valeurs i ['entrés,

(%} Azore total signifie Te torl de 'szote dost selon Is méthode de Kjeldahl fazote orgasiique et ammoniscal), de I'azote
contenu dany les mitmtes ct de Vanotc contenu dana, les nitees,
{t Ces valeum de la iGN 300L des moy Hey, selon annexe L pomr. D4 Toutefois, e exigences
- pour lazote peuvent éure vérifiécs en ulisant des moyennes journatidres quand il est prouvé, conformément & Uan-
nexe 1, point D 1, que Je méme niveau de T proteetion est abtenu. Danis ce cas, la moyenae )cumnl:é:: nec pout pas
dépamer 20 mgfl dazok tial pour taus les échantillons, quand I mp&nm & lcfﬂumt dams le ecocceur biolos
gique est supetiewr ou égnle 2 12*C. La condi In trmp I ji¢ 8ire cemplacée pac unc Limim-
tien du emps de f tenant pie des dicons ¢limad ehgionaless
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Direccidn Ejecutiva
Departamento de Control de la Contaminacién

GOBIERNO DECHILE

LOMISIGN RACIDYAL
Tk o MDD MAtlibNTE

AVEXOS CORZERoMDEnTES A CART Andessclule | 20 AgoSTS 200}

Con fecha 30 de Agosto de 2007, se archiva la siguiente informacion, para el proceso de
Revision del DS 90, Norma de Emisién para la Regulacion de Contaminantes Asociados
las Descargas de Residuos Liquidos a Aguas Marinas y Continentales Superficiales

Nombre del Documento Formato
ANEXO 1. Analisis cientifico- técnico de la validez tedrica y practica del | Papel

| método de calculo de la ZPL, en et DS 90. Agosto 2007
| ANEXQ 2: Aportes contaminantes de las Aguas Servidas Crudas en eI Pape! ]
Territorio Cperacional de Esval 8.A. Afio 2005 ;
ANEXQO 2. Informe de Caracterizacién de las Aguas Servidas Domeésticas ; Papel

en localidades dentro del territoric operacional de Aguas del Valle SA.

Afio 2005

ANEXO 4: Emisarios submarinos: estudio del impacte en el medio . Papel

marino de los parametros sélidos sdspen s totales, acejtes y grasas y

sclidos sedimentables. Universiddd de Valparaigo. 2006.

Jefe Departamento Contro! de Ia optaminacién
Caomision Nacional del Medio biente

ELS/

Teatings N° 254, Santiage
Telefona: (56 2) 240 56 00 - Fax; (56 2) 240 57 82
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OF. ORD. D.E.: N°® (‘72842 /
GOBIERNO DE CHILE

COMISION NACIONAL ANT:. No hay

DEL MEDIO AMBIENTE

MAT. Solicitud de entrega de informacion.

21 AGO 2007

Santiago,

DE JEFE DEPARTAMENTO CONTROL DE LA CONTAMINACION
COMISION NACIONAL DEL MEDIO AMBIENTE

A : SEGUN DISTRIBUCION

En relacién al proceso de revision de la “Norma de Emision para la Regulacion
de los Contaminantes Asociados a las Descargas de Residuos Liquidos a
Aguas Marinas y Continentales Superficiales D.§ N° 90” y tal como fue
acordado en la cuarta reunién de comite operativo de la norma, solicito a usted
tenga a bien, entregar copia de los convenios (vigentes y en tramite) suscritos con
alguna de las otras autoridades competentes de fiscalizacién vinculada a dicho
Decreto.

Tal informacidn sera de utilidad para revisar el capitulo de fiscalizacion del actual
Decreto, considerando la informacion contenida en dichos convenios y poder
analizar las situaciones de duplicidad de competencias.

Esperamos que dicha informacion nos pueda ser enviada lo antes posible con el

proposito de poder trabajar en conjunto y concluir la nueva propuesta en relacion a
este punto.

Saluda atentamente a Uste

JEFE DEPARTAMENTG CONTROL DE LA CONTAMINACION
COMISION NACIONAL DEL MEDIQ AAMBIENTE
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GOBIERNODECHILE

COMISION NACIGNAL
DEL MEDIQ AMBIENTE

Distribucidn:

 Nancy Cepeda. Encargada de Unidad de Normas, Superintendencia de
Servicios Sanitarios.

e Christian Cid M., Capitan de Fragata, Direccidn General de Territorio
Maritimo y Marina Mercante.

o Carolina Ripa. Departamento de Salud Ambiental, Ministerio de Salud.

e Departamento Control de la Contaminacion, CONAMA.
Expediente Norma.
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Federacion Nacional de Productores de Leclfy

\ Santiago, 31 de agosto de 2007.

Sefor
ALVARO SAPAG R

Director Ejecutivo

Comision Nacional del Medio Ambiente
Presente

Estimado Sefior Sapag:

En relacion al "Proceso de revisién norma de emision para la regulacidn de
contaminantes asociados a las descargas de residuos liquidos a aguas marinas
y continentales superficiales DS N° 90", hacemos llegar a Ud. los siguientes
antecedentes:

1.- En relacion a la fiscalizacion: hoy el DS 90 reconoce en la SISS,
Directemar y Servicios de Salud, segln corresponda, la fiscalizacién del
cumplimiento de la norma.

Al respecto seria conveniente incorporar en forma explicita la facultad de
delegar dicha fiscalizacion en instituciones pertinentes como es el caso del
Servicio Agricola y Ganadero (SAG) en el caso del sector lacteo, ya que tienen
un mayor conocimiento de las caracteristicas del sector y una interaccidon mas
permanente con sus distintos actores a lo largo del pais.

Si bien en la actualidad la fiscalizacion ha sido “encargada” al SAG creemos
conveniente que quede en forma explicita porque las autoridades pueden
cambiar y por lo tanto también los criterios para delegar.

2.- En relacion a las muestras: en la actualidad existen caracterizaciones de
los residuos liquidos generados por las explotaciones lecheras, gue indican, al
hacer la comparacién con las distintas tablas presentes en el DS 90, que los
siguientes elementos se encuentran presentes:

Nitrogeno Total

Fosforo Total

Cobre Totai

Fierro Total

Manganeso total

Zinc Total

Aluminio Total

DBOs

Federacion Nacional de Productores de Leche
Tenderini 187 - Santiago - Chile
Fono: (56-2) 632 9473 - Fax: (56-2) 664 3242
E-mail: info@fedeleche.cl
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Federacion Necional de Produciores de Leche

. leiformes fecales
. Solidos suspendidos totales
. Solidos sedimentables

Dado el alto costo que puede implicar el tener que cumplir con los requisitos de
muestreo y analisis para todos los elementos mencionados en la Tablas del
Decreto, estimamos aconsejable incorporar un comentario que en aquelios
casos que exista una caracterizacion de los residuos como es el caso de los
purines que son relativamente similares, y que esta caracterizacion sea
realizada por una institucion independiente como puede ser una universidad o
centro o instituto de investigacién, sélo se daba hacer analisis para aquellos
elementos de comun existencia en los residuos liquidos y se elimine Ia
obligacion de hacer analisis para los demas.

Sin otro particular, le saluda atentamente

Carlos Aran

FEDELECHE F.G.

Federacion Naciona! de Productores de Leche
Tenderini 187 - Santiago - Chile
Fono: (56-2) 632 9473 - Fax: (56-2) 664 3242
E-mail: info@fedeteche.cl
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Corporacién Nacional del Cobre
Casa Matriz
Huéfanos 1270

Casilla 834 0424 Fax: 690 3059

CODE LCO Santiago, Chile www.codelco.com

Santiago, 31 de agosto de 2007 GAES-044

Sefior

Alvaro Sapag R.
Director Ejecutivo
Comisién Nacional dei Medio Ambiente
Presente

Ref.: Antecedentes sobre molibdeno y sulfatos
Para proceso de revisién del D.S. N°90.

Estimado seftor Sapag:

En el contexto del proceso de revision de la Norma de Emisién para la Regulacion de
Contaminantes Asociados a las Descargas de Residuos Liquidos a Aguas Marinas y
Continentales Superficiales, contenida en el D.S. N° 90/00 MINSEGPRES, adjunto
encontrara un documento que contiene una breve andlisis de los posibles riesgos
ambientales de la presencia de molibdeno y sulfato en cuerpos de agua, tanto en la
salud humana, como en ecotoxicidad acuatica y sobre cultivos.

Quedamos a su disposicion para cualquier requerimiento de informacién adicional.

Saluda atentamente a Ud.,

Fernandg/ Toledo T.
Gerente Corporativo de Asuntos
Externos ery Sustentabilidad

¢c. Hans Willumsen

Corporacién Naclonal del Cobre Casa Matriz Divisién Codelco Norte  Divisién El Salvador Division Andina Divisién El Teniente



i de Posibles Riesgos Am a de Mol £56400
Un Breve Analisis de Posibles Riesgos Ambientales de la Presencia de Molibdeno y Sulfato S !
en Cuerpos de Agua

Se analizan diversos aspectos del riesgo ambiental asociade a los parametros maelibdeno y sulfato
en el contexto de normas de emisién para residuos industriales liquidos.

1. Molibdeno

Es importante sefialar primero que el molibdeno (Mo) es un elemento natural y micronutriente
esencial para plantas y animales. De hecho, diversas entidades abocadas al tema de la nutricidon
humana recomiendan una ingesta diaria minima (Recommended Daily Allowance) de molibdeno
(50-150 micregramos/dia en promedio}.

Algunas de las reacciones bioldgicas en que se ha demacstrado la participacién del Mo son:
reduccion de nitrégenc y nitrato en plantas, e hidroxilacidn de purinas y aldehidos en animales. En
este ultimo caso, el nivel de actividad de la xantina oxidasa puede ser regulado por la
concentracién de Mo. También es critico para la actividad de la enzima sulfito oxidasa, gue oxida el
grupe sulfito a sulfato. La deficiencia de actividad de esta enzima causa un severo sindrome
neurclogico que puede llevar a retardo mental y muerte. Fue precisamente un casc de deficiencia
genetica del cofactor (molibdopterina) de esta enzima lo que permitio identificar esta funcion
metabolica del M.

Si bien es un hecho conccide que un micronutriente en exceso puede también causar efectos
adversos, es importante subrayar la condicién natural y de micronutriente de algunos elementos
quimicos de la tabla pericdica, para destacar la diferencia critica de éstos con los compuestos
quimicos sintéticos, diferencia que es relevante tanto para considerar como los organismes lo
metabolizan como para desechar opciones normativas extremas (e.g., su eliminacién del medio
ambiente).

Molibdeno: Salud humana

Como lo sefiala el estudio de la Food and Nutrition Board y del Institute of Medicine de los EEUU,
adjuntc en Anexc 2. "Los compuestos de molibdeno parecen tener baja toxicidad en seres
humanes." ¥ mas adelante: “...los datos existentes no permiten identificar una relacién causal
enire una ingesta excesiva de molibdeno en individucs saludables, aparentemente normales vy
ninguna consecuencia adversa de salud.” Debido a la escasez de estudios en que se observe
algun efecto téxico del molibdeno en la dieta, jos autores deciden basar la derivacién de un NCAEL
(No Observad Adverse Effect Level) en un estudio de efectos reproductivos en ratas. El NOAEL asi
derivado es de 0,2 mg/kg/dia, es decir que una persona de 70 Kg que ingiriera 60 mg de molibdeno
al dia estaria aun bajo el NOAEL (por ejemplo, para alcanzar esta ingesta bebiendo agua de la
descarga del Tranque Caren, con 2 mg/L de molibdeng, una persena deberia tomar unos 30 litros
de agua por dia}. Para derivar un nivel superior de ingesta tolerable (un UL} los autores dividen
este valor por un factor de 30, llegando a un valor de UL de alrededor de 2 mg/dia para una
persona promedio. Este valor debe ser considerado a la luz de! criteric por el cual se derivo:
efectos reproductivos estadisticamente significativos en ratas de laboratorio sometidas a una dieta
sobrecargada de molibdeno.

Molibdeno: Ecotoxicidad acuatica

En el Anexc 4 se presenta una evaluacion de la infermacion existente sobre toxicidad crénica de
molibdeno para organismos acuaticos, realizada por la empresa consultora europea EURAS para
la Asociacion Internacional del Molibdeno {IMOA). EURAS es una empresa con un gran prestigio
en la Unidn Europea, y el informe presentade ha sido entregado a autoridades regulatorias



europeas en el contexto de la derivacion de criterios de calidad para molibdenc en agua dulce. E!
informe revisa, bajo estrictos criterios de calidad, publicaciones en que se midid fa toxicidad cronica
de molibdeno para diversos taxa acuaticos, y deriva un NOEC (concentracién a la que no se
observa efecto téxico crénico) de 3,4 miligramos por litro (0 3.400 micrégramos/litro; ver pagina 6
del documento). Notese que este nivel es mas alto que el nivel maximo exigido por el D.S. 90 para
molibdeno (1 mg/L, tabla para cuerpos fluviales sin capacidad de dilucion). También es importante
observar que fos valores de NOECs revisados en el informe fluctian entre un minimo de 4,3 mg/L y
un méaximo de hasta 750 mg/L, es decir cerca de 1 gramoc de molibdenc por litro. Son escasos los
elementos metalicos que exhiban niveles tan bajos de toxicidad acuatica.

Esta observacion es plenamente consistente con el bajisimo nivel de toxicidad acuatica detectado
en la descarga del Embalse Carén, que se caracteriza por niveles elevados de molibdeno y sulfato.
En particular, explica el resultade, aparentemente sorprendente, del estudio de toxicidad de
efluente completo sobre Daphinia realizado por el Laboratoric de Metales Traza del CIMM (ver
extracte en Anexo 5 y seccion sobre sulfato para mayor detalle} que encontrd cero mortalidad para
ensayos en el efluente del Embalse Carén sin dilugidn (o sea, cuando el medic de ensayo era
efluente puro).

Nuestra conclusién es que, en este aspecto también, el molibdeno es un elemento de muy bajo
nivel de toxicidad.

Molibdeno: Plantas de cultivo y toxicidad secundaria

Come ya lo indicamos, el Mo es esencial para las plantas, y su deficiencia provoca una diversidad
de efectos fenotipicos, asociados generalmente a actividad reducida de molibdoenzimas, E! efecto
de la deficiencia puede también ser indirecto, e.g. asimilacién reducida de nitrégeno por las
bacterias de! suelo. Suelos deficientes en molibdenc puede ser remediados con adicidn de
molibdato de sodio. El Anexo 6 contiene una revisidn de este temna publicada en 2005 en Annals of
Botany.

Sin duda el efecto adverse méas estudiado del molibdenc es el que tiene en la condicién conocida
como melibdeneosis. La molibdenosis es fundamentalmente una deficiencia nutricional de cobre
inducida por molibdenc (también llamada hipocuprosis secundaria) que ocurre en animales
rumiantes expuestos a una iasa elevada de molibdeno respecto a cobre en los contenidos
dietarics. Esta razdn elevada normalmente deriva de la alimentacién con forraje crecido en suelos
con una razén Mo/Cu similarmente alterada, generalmente suelos deficientes en cobre y/o
impactados por niveles relativamente elevados de Mo. Dependiendo de una diversidad de factores,
los sintomas de la hipocuprosis secundaria pueden incluir: baja del rendimiento de produccién y
crecimiento, disminucion del apetito, disminucidn de la produccion de leche, infertilidad. Una forma
comun de tratamiento es la administracion oral de sales minerales, en particular sales de cobre.

Es muy impreobable que la molibdencsis se de en animales alimentados con forraje proveniente de
suelos con razones normales de Cu/Mo (2:1 © mas), situacidn frecuente de los suelos en Chile. Por
ejemplo, en la zona del Estere Carén, dende se ha vertido un efluente con niveles elevados de Mo
por casi dos décadas, nunca se ha verificade un caso de molibdenosis, incluso en una situacion
experimental en que se buscd inducir el desbalance Cu/Mo a través del forraje y el agua de bebida
(ver lista de estudios en Anexo 1).

2 Sulfato

Los sulfatos son la porcién anionica de diversas sales, en que el grupo S04 va acompafiado de un
catién (sedie, calcio, magnesio, cobre, etc.) También en este caso es importante sefialar, aunque
parezca obvio para los expertos, que en general las sales en base a sulfato son compuestos que
pueden tener origen natural, y que los organismos vivos han estado expuesios a ellas desde
siempre. De hecho, como o indicamos en la seccion sobre Mo, los sulfatos son intermediarios

CHO410



esenciales en el metabolismo de componentes biolégicos sulfurados, vy su deficiencia puede ser
letal.

Sulfato: Salud humana

El Anexo 3 contiene el capitulo correspondiente a sulfato de las Directrices de la OMS para agua
potable. Nos interesa el siguiente parrafo, de las Conclusicones:

“Los datos existentes no identifican un nivel de sulfato en agua potable que pueda tener efectos
adversos para ia salud humana. Los datos del estudio en lechones y de estudios en agua de llave
con voluntarios humanos indican un efecto laxante a concentraciones de 1000-1200 mg/litro, pero
sin aumento en incidencia de diarrea, dehidratacién o pérdida de peso. La presencia de sulfate en
el agua de bebida también puede provocar un sabor detectable; el umbral inferior de sabor para
sulfato es apreximadamente 250 mg/litro para ia sal de scdio. El suifato también puede contribuir a
la corrosion de los sistemas de distribucidn.

A la luz de estos antecedentes, no se propone un valor guia sobre la base de efectos de salud. Sin
embarge, existe una probabilidad creciente de quejas asociadas a mal sabor a medida que la
concentracion en agua supere los 500 mg/litro.”

Es evidente que, desde el punto de vista de la salud humana, el sulfate ne es un toxicante de
relevancia. Primero, es improbable que alguien beba agua con cantidades elevadas de sales de
sulfato, debide a su gusto salino. Segunde, en el caso que ello ocurra el sulfato sélo inducira
efectos gastrointestinales agudos y reversibles.

Sulfato: Ecotoxicidad acuatica

Hasta donde sabemos no existen estudios de toxicidad del sulfato para vida acuatica. Esto
probablemente se debe a la dificultad de disefiar ensayos toxicolégicos que permitan distinguir
entre efectos del sulfato y los de la porcidn catibnica de la sal.

En 2001, el Ministerio de Mineria encargé al Laboratorio de Ecotoxicologia de Metales Traza del
CIMM el estudio titulado "Descargas Al Ambiente De Aguas De La Mineria: Evaluacidon Quimico
Ecotoxicologica De Las Aguas Claras De Relave”. En este estudio se realizaron ensayos
ecotoxicologicos de efluente completo utilizando Daphnia magna y Daphnia pufex, organismos
invertebrados de agua dulce clasicamente usados en ensayos toxicolégicos en agua. En los
ensayos de efluente completo, se expenen los organismos a medios preparados con el efluente del
Embalse Carén (con niveles elevados de Mo y sulfato) diluido en diveros grados con agua de
laboratoric. Tras 48 horas de exposicidn, se cuenta el nimero de especimengs muertos. Como se
aprecia en el Anexc 6, no se encontr6 mortalidad significativa en ninguno de los ensayos,
incluyendo aguellos con muestras de efluente del Embalse Carén sin diluir. Los niveles de suffato
alcanzaban las 1500 ppm en algunas muestras. Este resultado claramente indica que Mo y sulfato
son elementes de baja toxicidad para organismos acuaticos sensibles. Debe tenerse en cuenta que
en los ensayos de efluente completo no solo se evalla el efecto toxico de cada componente por
separado, sino sus efectos aditivos o, incluso, sinérgicos.

Sulfato: Plantas de cultivo

Todes los compuestos salinos tienen un impacto scbre las plantas que se cultiven en suelos
impactados por elios. Este efecto, mas que un efecto toxico propiamente tal, es uno de tensién
esmotica: ias plantas deben gastar energia en absorber agua desde Iz solucidn salina gque la rodea
en el suelo. A este efecto contribuyen todas las sales presentes en el suelo. El efecto total es
medido por la conductividad eléctrica.

[P}
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Por esta razon, las normativas sobre calidad de suelos para uso agricola generafmente regulan los
niveles de salinidad en éstos, pero con un nivel importante de flexibilidad. Por ejemplo, si bien la
NCh 1333 establece un limite de 250 mg/L para sulfato, mas adelante clasifica las aguas de riego
segun sus usos, indicando que agua con conductividad eléctricas entre 1500 y 3000 umho/cm?
corresponde a “agua que puede tener efectos adversos en muchos cultivos y necesita de métodos
de manejo cuidadosos.” Un efluente con altos niveles de sulfato, como el dei Embalse Carén en la
VI Region, presenta conductividades en torno a 2500-3000 umho/em’. Sin duda no es
recomendanle usar estas aguas para riego agriceia, pero fa Norma admite que se pueden usar
bajo determinadas condiciones. De hecho, en la zona del Embalse Carén, algunos agricultores
hacen uso ocasional de estas aguas desde hace dos décadas.

El caso del Efluente Carén

El Anexo 1 lista, con un breve resumen, todos los estudios que la Divisidn El Teniente ha
encargado realizar en torno a diversos aspectos de posible impacto de la descarga del Embalse
Carén en la cuenca del mismo nombre. De estos se pueden extraer las siguientes conclusiones
generales:

I. En estudios de seguimiento de diversos cultivos regados con aguas del efluente, no se
detectaron diferencias significativas de productividad.

. En experiencias controladas sobre el uso de la descarga como agua de bebida de
animales, tampoco se encontraron efectos tdxicos relevantes.

Ill. Diversos estudios sobre la ecotoxicidad del efluente tampoco han encentrado ninguna
avidencia de este tipo de efecto en la cuenca.

Toda esta evidencia empirica recelectada en una cuenca en que hay actividades humanas de
distinto tipo respalda la afirmacién que niveles elevados de molibdeno y sulfate en agua
representan un riesgo ambientat relativamente menor.

CJ0410



Anexo 1

Resumenes Ejecutivos de Estudios Cientificos Encargades por Division El Teniente en Relacion al
Efluente Carén

1} Informe de Trabajo Referente a Mortandad de Peces en Lago Rapel. Cima Ceonsultores Ltda. 19889,

Se trata de un Informe muy breve y de tipoe cualitativo, que describe la mortandad de peces ocurrida en ef
Embalse Rapel en 1989. Scbre la base de inspeccion ocular del fenomeno, su extension y ubicacion, concluye
que et fendmeno no esta reiacionado con el efluente Carén. También hace un argumento en el sentido que el
estero Carén ha creado un ecosisterna mtcho mas rico que el pre-existente en la zona. No presenta
informacién cuantitativa.

2) Observaciones Hidrobiclégicas Realizadas en el Embalse Rapel entre el 18 y el 27 de Junio de 1990
{presentado a Corema V| Region). Facultad de Ciencias del Mar, Universidad Catolica del Norte. 1990.

Se frata de un Informe enfocade en la mortandad de peces ocurrrida en Emb. Rapel en Junio de 1890.
Proporciona una fotografia hidrografica, quimica y bioldégica del drea afectada inmediatamente después de
ocurrido el fenomeno. Desde el punto de vista quimico, no detecta variaciones que permitan explicar el
fenérmene en ningtn punto del Embalse, Los analisis cuantitativos y cualitativos de fitoplancton y zooplancton
sugieren la posibilidad de un florecimiento microalgal relacionado con la mortandad. Los analisis de contenido
de metales en tejidos de peces no indican intoxicacidn por metales. En definitiva el estudio no logra identificar
la posible causa de la mortandad.

3) Impacto Ambiental de los Efluentes del Embalse Carén. Informe Final. Universidad Catélica del
Norte, Sede Coquimbeo. 1990.

Los objetivos de este estudio fueron:

« Caracterizar fisicoguimicamente el area del Emb. Rapel afectada por ef efluente Carén: datos de
composicion quimica de aguas en efluente y embalse.

=« Caracterizar el area en términos de estructura de comunidades bioldgicas. Datos de composicién de
especies, inciuyendo fitoplancton, zooplancton, ictiofauna, avifauna y fauna benténica.

« Evaluar el efecto de los contaminantes de interés en las especies consideradas claves. Ensayos de
toxicidad con bacterias, Daphnia y pejerrey chileno, para cobre y otros metales.

La conclusidon central del estudio es que la infermacion recolectada “...no permite detectar un impacto

cualitativamente importante de las aguas claras en el sistema Carén Alhué...” desde un punto de vista

biolégico.

4) Uso Agropecuario de Aguas Efluentes Embalse Carén. Estacién Experimental Agropecuaria
Hacienda Loncha. Informe Final. CICA Ingenieros Consultores, 1991,

Informe de 4 afios del estudio realizado en la Hacienda Loncha, utilizando aguas claras para riego, enfocado a

estudiar el comportamiento de metales (Cu, Mo, Mn y Zn) contenidos en las aguas claras, al ingresar al

sistema agropecuario, con énfasis en suelos y tejidos vegetales. En resumen concluye:

« Cobre. Bajo nivel en aguas y niveles normales en suelos y tejidos. No es una limitante para el uso como
agua de riego.

» Molibdeno. Baja movilidad en suelos, acumulandose en perfil superficial. Leguminosas presentan un
grado de acumulacién, perc no hay signos de toxicidad ni efectos sobre crecimiento.

« Manganeso y Zinc. Niveles normales, no s un limitante.

= Sulfato. Faciimente lixiviado en columna de suelo. No hay efectos toxicos o efectos sobre crecimiento,
pero se reconoce como posible parametro critico por salinizacién. El estudio recormienda control de pH v
Conductividad Eléctrica.

Presenta un amplio cuerpo de datos.

5) Uso Agropecuario del Agua del Efluente del Embalse de Relaves Carén 1987-1892. CICA ingenieros
Consultores. 1992,

Este es el informe de 5 afos de estudios en la Hacienda Experimental Loncha. Se presentan resultados de:

Ln
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= Caracteristicas fisicoquimicas del agua de relave usada para riego. r fj ﬂ 4 1 ﬁg

= Influencia del agua clara en suelos: ensayos de terreno y laboraterio (columnas)

Influencia del agua clara en vegetales (cultivos, vides y frutales, hortalizas).

» Influencia en animales (ovinos, bovinos, conejos): alimentacidn con vegetales regados con aguas claras
(leguminosasy gramineas), agua clara para bebida de animales.

Las conclusiones mas relevantes:

» Molibdeno. Baja movilidad en suelos, acumulandose en perfil superficial. Leguminosas presentan un

grado de acumulacion, pero no hay signos de toxicidad ni efectos sobre crecimiento.

Sulfato. Facilmente lixiviado en columna de suelo. No hay efectos téxicos ¢ efectos sobre crecimiento,

pero se reconoce comeo posible parametre critico por salinizacion. El estudic recomienda control de pH y

Conductividad Electrica.

Aumento de Mn en efluente debe monitorearse.

En general no hay efectos nocivos del agua clara sobre especies regadas con ella.

Se recomignda continuacidn de serie de mediciones.

6) Evaluacion de Impacto Ambiental Embalse Carén. Informe Final. Dames & Moore. 1992,

Los objetivos de este estudio fueron:

» Actualizar informacion sobre criterios de calidad de agua para riego.

» Revisién de Informes existentes a la fecha de Hacienda Experimental Loncha (CICA) y de Facultad de
Ciencias de Mar de Universidad Catélica del Norte (impacte en Emb. Rapel).

= Evaluacién de efecto socioecondmice del embalse y efluente.

El Informe identifica efectos positivos y potenciales efectos negativos del embalse en diversos aspectos de la

cuenca. Entre ellos:

« El Embalse impide inundaciones periddicas que afectaban la zona y asegurz disponibilidad de riego
durante todo el afio.

= Evaluacion positiva de resultados agropecuarios en hacienda experimental {riego y bebida de animales).

= Desarrollo de vida acudtica en toda la cubeta del embalse.

« No existe una contaminacion ambiental severa.

« Identifica posible riesgo de acumulacion de molibdeno en suelos,

» Destino de sulfatos incierto: podrian contaminar napas o reducirse a sulfuros.

Presenta vasto cuerpc de datos y graficos recopilades.

7) Impacto Ambiental de los Efluentes del Embalse Carén. Informe Final Segunda Etapa. Universidad
Catélica del Norte, Sede Cogquimbo. TOMOS |y . 1992.

Este Informe cubre aspectos casi idénticos al del Informe Final Primera Etapa (ver N° 3) para el perfodo 1991-
1992, scbre el posible impacte del efluente Carén sobre la cubeta Alhué del Embalse Rapel y areas cercanas.
El Tomo | presenta resultados de estudios de contenido metalico en diversas especies; datos toxicol6gicos de
efluente completo en Daphnia y bacterias y ofros antecedentes sobre componentes especificos del
ecosistema. Ei Tomo Il esta fundamentalmente centrado en zooplancton, su composicién comunitaria,
variaciones estacienales...etc. Su conclusion es que para el periodo estudiado “...se puede concluir gque no
existe una severa contaminacion ambiental, no encontrandose variables criticas que tengan efectos tdxicos ¢
de alteracién significativa en e! desarrollo de una especie animal o vegetal.” Realiza una serie de
recomendaciones para la continuidad del monitoreo de componentes bioticos del sistema.

8) Uso Agropecuario del Agua Efluente del Embalse de Relaves Carén. CICA Ingenieros Consultores.
1995. (Para la Direccion General de Aguas).

Presenta los resultados de 8 afios de estudios en la Hacienda Experimental Loncha {ver también N° 5).

Aborda los siguientes aspectos:

+ Revision bibliografica de efectos de molibdeno y sulfatos.

+  Un modelo de absorcién de Mo por plantas de alfalfa desde el suelo y agua de riego.

= Una evaluacion de sistema agricola desde el punto de vista de la acumulacién de Mo en follaje de plantas
de cultivo con una amplia discusion del tema Mo, bioacumulacién y molibdenosis.

= Pruebas de sorcidn en columnas de lixiviacidn con suelos y en vegetales.

«  Evaluacion de rangos y umbrales de Mo en aguas de riego.

* Andlisis de resultados para sistema pecuario. rumiantes y monogatricos (agua de bebida y alimentacion
con plantas regadas con agua clara).

« Estudios en cobayos.



Sus conclusiones mas importantes:

» Es posible usar aguas claras de relave con niveles de Mo entre 0.4 y 0.5 ppm en agricultura y cosechar
tejido foliar con niveles normales del elemento.

= No se producen alteraciones productivas en animales (rumiantes y monogatricos) sustentados con heno
de alfalfa regada con efluentes {13 ppm de Mo} y una relacion Cu/Mo < 2,

« No se observo hipocuprosis como producto con dietas con razones Cu/Mo entre 1.4 y 10.6.

« El limite de la Norma de Riego para Mo de 0.01 ppm no representa el limite real permisible para el
sistema agricela de Loncha y, probablemente, para ningan sistema agropecuario del pais.

Presenta un vasto cuerpo de infermacién cuantitativa.

9) Estudios Complementarios del Sistema Hidrobiologico del estero Carén. Parte I: Modelacion,
Informe Final. Centro EULA Chile, Universidad de Concepcion. 1996, (Solicitado por DGA).

Primero de tres volumenes que contienen los resultados de un estudio sobre los efectos de las aguas claras

de Carén sobre la calidad de agua del Embalse Rapel. En este volumen se describe la metodologia empleada

y. en particular la modelacidn matematica del sistema hidrologico. Conclusiones:

s El Embalse recibe carga de sélidos finos, Fe casi exclusivamente de Cachapoal y Tinguiririca.

Carga de Cu y Mn casi excludsivamente de Cachapoal.

Carga de sulfatos: un tercio aportada por el estero Carén-Alhué.

Carga de Mo mucho menor y casi toda originada en Alhué-Carén.

Cu y Fe se estarian iendo principalmente a sedimentos, lo que es favorecido por aporte de sulfatos.

Ecotoxicolégicamente, ef Unico riesgo potencial {(pero no actual) lo representa el Cu en fas aguas del

Embalse, originade en los Rios Cachapoal y Tinguiririca.

= Por ultimo, no hay elementos objetivos que sustenten la necesidad de interrumpir la descarga de los
relaves al Embalse Rapel,

« Estas conclusiones tienen como limitante el que corresponden a un afio especifico de monitoreo.

*® 8 & ® @

10} Estudios Complementarios del Sistema Hidrobicldgico del estero Carén. Parte |: Ecotoxicolegia,
Informe Final. Centro EULA Chile, Universidad de Concepcidn. 1996. (Solicitado por DGA).

Se realizaron estudios de ecotoxicologia de efluente completo con aguas de diversas partes del Embalse
Rapel, asi como de! efluente Carén mismo, con algas {Selenastrum sp.) , invertebrados (Daphnia sp.) y peces
{Cncorhynchus sp.). Las conclusiones:

» Aguas de fondo de Embalse no presentan toxicidad aguda ni cronica para algas ni invertebrados, por el
contraric se observé un leve efecto estimulador de crecimiento y reproduccion. En peces se obtuvo 100%
de sobrevivencia en todas las pruebas,

+ Ensayos de toxicidad con sales agregadas de metales mostraron toxicidad mayor de Cu y Zn y menor de
Mn v Mo.

» Se estima que en el Embalse el elemento de mayor potencial riesgo ecotoxicologico seria el Cu.

+ No se detectaron problemas para las especies estudiadas que pudieran ser atribuidos a las descargas de
aguas claras de Carén.

11) Estudios Complementarios del Sistema Hidrobiolégice del estero Carén. Parte |: Limnologia,
Informe Final. Centro EULA Chile, Universidad de Concepcién. 1996. {(Solicitadeo por DGA).

Centiene una completa caracterizacion morfometrica, hidrolégica, hidrodindamica y metereolégica del Embalse,
que junto con la informacién ecotoxicoldgica, sirve para realizar el modelo hidrolégico contenido en el primer
volumen.

12} Primera Etapa Modelo de Simulacién Carén y Alhué. Versién 1.0. Ingenieria y Geologia Dos Ltda.,
CICA Ingenieros Consultores. 1996.

Evaluacion de modelos de simulacion de acuiferos subterraneos y transporte de contaminantes para posterior
estimacion de riesgo de contaminacién de acuiferos con componentes de efluente Carén.

13} Segunda Etapa Modelo de Simulacién Carén y Alhué. Version 1.0. Ingenieria y Geologia Dos Ltda.
CICA Ingenieros Consultores, 1996,

Uso de los modelos evaluados en informe anterior (N® 12) para desarrollar simulaciones en tres perfiles o
vistas con los objetivos siguientes:
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Perfil Riego: evaluar efecto de riego de cuitivos en Loncha con agua clara y movimiente de sulfato y {
molibdeno en superficie po saturada. )
Perfil Longitudinal: evaluar efecto de aguas de Estero Carén y movimiento de SC4 y Mo en acuiferos
subterraneos.

Vista Plana: evaluar extension lateral de S04 y Mo en acuiferos del valle.

Informacién necesaria para modelos se obtuvo de estudios parciales, perforaciones y pruebas de bombeo. Se
consideraron fendmenos de adveccidon, dispersion y adsorcion. Los escenarios especificos simulados
arrojaren los siguientes resultados:

De acuerdo a los resultados del Perfil Longitudinal y Vista Plana el movimiento de SO4 y Mo mostré
avances en el sentido vertical, por debajo del Estero Carén, de 12 m para S04 en 100 afios, para un
frente de 250 ppm; y 4 m para 100 afios para Mo con un frente de 0.1 ppm.

La Vista Plana arrcjd movimientos laterales para SC4 del orden de 30 m, para entre 10 y 20 afios,
laterales maximos de 190 m para 100 anos. Para Mo, el avance lateral maximo fue de 40 m para 100
anos, para un frente de 0.1 ppm.

En todo caso, el nimero de escenarios simulado fue limitado por el gran consumo de tiempo de computacion
de las simulaciones. El Informe no se refiere a evaluaciones de riesgo.

14) Investigacion Conducida por Codelco-Chile, Division El Teniente, para Evaluar el Impacto del Uso
de Agua del Embalse de Relaves de Cobre de Carén para un Riego Agrondmice Ambientalmente
Sustentable. 1987-1996. Informe de Auditoria Cientifica. L. D. Bailey. 19986.

Informe de Auditeria de estudios de Hacienda Loncha realizado por Dr. L.D. Bailey del Centro de Investigacion
de Agricultura y Agricola-Alimenticia de Canada. La evaluacion del Dr. Bailey es muy positiva en todos los
aspectos que cubren los estudics, tante desde el punto de vista de su calidad cientifica como de su relevancia
en resolver que las aguas claras son apropiadas para un usc agropecuario.

15) Mortandad y Varazon de Peces en ¢l Lago Rapel. Informe Técnico. CICA Ingenieros Consultores,
1598,

Informe técnico sobre la mortandad de peces ocurrida en el Embalse Rapel en julio de 1929, Para distintos
puntos del Embalse se presentan resultados de: analisis quimico-fisico de agua; oxigeno disuelto y
temperatura; metales pesados; sales solubles y conductividad eléctrica; pH, y analisis quimico de tejidos de
peces. Concluye que no hay evidencia que permita establecer un nexc causal entre el fendmeno y el aporte
del efluente Carén, aunque no pueden descartarse efectos subletales a largo plazo. Del analisis del cuerpo
integral de datos presentado sugiere que la mortandad podria deberse a una disminucién momentanea de los
niveles de oxigenc en algunas areas del embalse, causada por una combinacién de causas.

16) Analisis Global sobre la Mortandad de Peces en Embalse Rapel. Facultad de Ciencias del Mar,
Universidad Catélica de Chile. 1999.

Resumen de resultados de estudios encargados por El Teniente en relacion a los fendmenos de mortandad
de peces realizado para presentarse ante los organismos del Estado de la VI Region con competencia
ambiental en Agosto de 1998. Contiene misma informacidn resumida en N° 1 y 15 de esta lista.

17) Use de Aguas Claras de Relave del Embalse Carén en el Sistema Agropecuario. Resumen de la
Investigacion. CICA Ingenieros Consultores. Sin fecha. Texto y Power Point.

Resumen muy suscinto de resultados de estudios en Hacienda experimental Loncha.
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Anexo 2

EXTRACTO DE: Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium,
Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc {2000); Food and
Nutrition Board; Institute of Medicine

“Adverse Effects

Molybdenum compounds appear to have low foxicity in humans. More soluble forms of molybdenum have
greater toxicity than insoluble or less soluble forms. The UL applies to all forms of molybdenum.

There are limited toxicity data for molybdenum in humans; most of the toxicity data are for animals, especially
ruminants. Ruminants are more sensitive to molybdenum than monegastric animals, but the basis for the
toxicity of malybdenum in ruminants is not relevant for humans. In monogastric laboratory animals,
molybdenum has been associated with reduced growth or weight loss, renal failure, skeletal abnormalities,
infertility, anemia, diarrhea, and thyroid injury (Vyskocil and Viau, 1999}). Since none of these effects have been
observed in humans, it is impossible to determine which ones might be considered most relevant to humans.

Molybdenumn toxicity in animals varies according to age, species, sex, and duration of exposure (Vyskocil and
Viay, 1999). In ruminants, the relative amounts of copper and sulfur in the diet are also important determinants
of toxicity (Rajagopalan, 1988), but the effect of molybdenum on copper metabolism in humans is not
significant (Turnlund and Keyes, 2000). The data on adverse effects of molybdenum intake are summarized
below.

Renal Failure. Mild renal failure has been observed in rats after subchronic ingestion {by gastric intubation) at
80 mg/kg/day but not at 40 mg/kg/day of a molybdenum salt (Bompart et al., 1990).

There is weak evidence of diuresis and proteinuria after high dose molybdenum intake in animals (Bompart et
al., 1890). Asmangulyan (1865) evaluated the effects of molybdenum in rabbits receiving four different oral
doses (0.025, 0.5, 5, and 50 mg/kg/day) for 6 months. At a dose of 5 mg/kg/day, histological changes were
observed in kidney and liver along with body weight loss. No effects were observed at lower molybdenum
dosage levels,

Increased Uric Acid in Plasma and Urine. Key human studies on this endpoint include Chappell and coworkers
(1979}, Deosthale and Gopalan {1974}, and Kovalsky and coworkers {1961). Kovalsky and coworkers (1961)
observed hyperuricemia and arthralgias in Armenians who consumed 10 to 15 mg/day of molybdenum from
food. Serum molybdenum concentration was positively correlated with serum uric acid concentration.
Elevations in blood molybdenum concentrations were accompanied by decreases in blood copper
concentrations. However, serious methodological difficulties are noted with this particular study including
possible analytical problems in the assessment of blood and urinary copper levels and the very small size of
the control group in contrast to the molybdenum-exposed group.

Other studies in humans do not support the existence of this particular adverse manifestation in association
with elevated dietary intakes of molybdenum. For example, Chappell and coworkers (1979) reported reduced
uric acid concentrations in serum after molybdenum intakes of greater than 7 ug/kg/day from drinking water.
Deosthale and Gopalan (1974) reparted no change in uric acid excretion at intakes up to 1.5 mg/day in four
volunteers.

Impaired Copper Utilization. Impaired utilization of copper has been observed in ruminants (Mills and Davis,
1987) and is based on an interaction between molybdenum, copper, and sulfur that occurs in ruminants but not
in humans. A human study involving doses up to 1.5 mg/day showed no adverse effects on copper utilization
(Turnlund and Keyes, 2000}.

Reproductive Effects. The administration of supplemental dietary molybdenum was associated with a
pralonged estrus cycle, decreased gestational weight gain of the pups, and several adverse effects on
embryogenesis in female Sprague-Dawley rats (Fungwe et al., 1990), These effects were not observed at 0.9
mgfkg/day, but were observed at doses of 1.6 mg/kg/day (based on a gestational weight of 100 g). Schroeder
and Mitchener (1971) evaluated the effect of molybdate in drinking water (10 mg/L) on the reproduction of mice
over three generations. Because water consumption was not reported in the publication, daily molybdenum
intake can only be estimated. Vyskocil and Viau (1999} estimated that a 20-mg mouse's consumption of 3 ml.
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of water (10 mg/L) daily would result in a dose of 1.5 mg/kg/day of molybdenum. At this dose, Schroeder and
Mitchener (1971) reported some early deaths of offspring, dead litters, maternal deaths, and failure to breed.

Other Endpoints. There is no evidence that molybdenum causes cancer in humans or animals (Vyskacil and
Viau, 1999). There are consistent findings of decreased hemoglobin concentration and hematocrit in rabbits
(Arrington and Davis, 1953; McCarter et al., 1962; Ostrom et al., 1961; Valli et al., 1969). These effects were
seen at doses of 25 mg/kg/day or more.

Growth depression has been noted in several studies with monogastric laboratory animals (Arthur, 1965: Jeter
and Davis, 1954; Miller et al., 1956). In the study by Jeter and Davis (1954}, rats were administered four
different doses of molybdenum (20, 80, 140, and 700 mg/kg of diet) for 13 weeks. Growth depression was
noted in female rats fed 80 mg/kg, which according to Vyskacil and Viau (1999), corresponds to 8 mg/kg/day of
molybdenum. Miller and coworkers (1956) observed body weight loss and bone deformities in rats fed 75 and
300 mg/kg of diet molybdenum for 6 weeks. The lowest dose corresponds to 7.5 mglkgiday according to
Vyskocil and Viau (1999). Arthur {1965) fed guinea pigs diets containing various levels of molybdenum for 8
weeks. At the lowest dose (estimated to be 75 mg/kg/day), growth depression, loss of copper, and
achromatrichia were observed.

Bioavailability and Toxicokinetics. Possible reasons for the presumed low toxicity of molybdenum include its
rapid excretion in the urine, especially at higher intake levels (Miller et al., 1956; Turnlund et al., 1995b).

Summary

Because of the deficiencies in the study conducted in Armentia {(Kovalsky et al., 1961), inadequate data exist to
identify a causal association between excess molybdenum intake in normal, apparentiy healthy individuals and
any adverse health outcomes. In addition, studies have identified levels of dietary molybdenum intake that
appear to be associated with no harmm (Deosthale and Gopalan, 1974; Turnlund and Keyes, 2000). Thus,
reproductive effects in rats were selected as the most definitive toxicological indices.

Dose-Response Assessment

Adults

Data Selection. In the absence of adequate human studies, animal studies were evaluated. Rats, mice, and
rabbits appear to be more sensitive than guinea pigs to the adverse effects of dietary molybdenum. The effects
of molybdenum on reproduction and fetal development in rats and mice were found to be the most sensitive
and therefore were used to set the UL.

fdentification of a No-Observed-Adverse-Effect Level (NOAEL) and Lowest-QObserved-Adverse-Effect Level
(LOAEL}. The study of Fungwe and coworkers {1990) provides a dose-response relationship for adverse
reproductive effects in female rats. The NOAEL from this study was 0.9 mg/kg/day and the LOAEL was 1.6
mg/kg/day of molybdenum. This study is supported by observations of reproductive effects in mice in a three-
generation study at a single dose of 1.5 mg/kg/day (Schroeder and Mitchener, 1971). Since only one level was
used in this study, it is difficult to use this study independently tc determine a LOAEL. In addition, Jeter and
Davis (1954) noted decreased fertility in male rats after 13 weeks of exposure to 8 mg/ kg/day of molybdenum,
The NOAEL from that study was 2 myg/ kg/day. Taken together, these observations suggest that numerous
adverse reproductive effects were encountered in rats and mice at dietary molybdenum levels exceeding the
NOAEL of 0.8 mg/kg/ day established from the study of Fungwe and coworkers (1990).

Uncertainty Assessment. There do not appear to be sufficient data to justify lowering the degree of uncertainty
from the usual uncertainty factor (UF) for extrapolating from experimental animals to humans. Thus, the usual
value of 10 was selected. A UF of 3 for intraspecies variation was based on the expected similarity in
pharmokinetics of malybdenum among humans, Although Vyskocil and Viau {(1899) have argued for a larger
UF for intraspecies differences, they have based their concerns on possible interactions with copper and
concerns about copper-deficient humans. Recent information suggests that molybdenum does not have any
effect on copper metabelism in humans (Turnlund and Keyes, 2000). Thus, these two UFs are multiplied to
yietd a UF of 30,

Derivation of a UL. The NOAEL of 0.9 mg/kg/day was divided by the overall UF of 30 to obtain a UL of 30
pg/kgiday for humans. The value of 30 pg/kg/day was multiplied by the average of the reference body weights
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for adult women, 61 kg, from Chapter 1 (Table 1-1). The resulting UL for adults is rounded to 2 mg/day (2,000
Hg/day).

UL = NOAEL = 0.9 mg/kg/day = 30 pg/kg/day x 68.5 kg =
UF 30

2 mg/day (2,000 pg/day)

Although adult men and women have different reference body weights, the uncertainties in the estimation of
the UL were caonsiderable and distinction of separate ULs for men and women was therefore not attempted.
This level is supported by limited human data from Deosthale and Gopalan (1974) who demonstrated no effect
on uric acid or copper excretion in humans exposed to 22 pg/kg/day or 1.5 mgfday for an adult. Only four
subjects were included in that study and no LOAEL was established. In addition, Tumlund and Keyes {2000)
demaonstrated no effect of 1.5 mg/day on copper metabolism in humans.

Molybdenum UL Summary, Ages 19 Years and Older

UL for Adults

= 19 years 2 mgfday (2,000 pg/day) of molybdenum

Other Life Stage Groups

infants. For infants, the UL was judged not determinable because of insufficient data on adverse effects in this
age group and concern about the infant’s ability to handle excess amounts. To prevent high levels of intake,
the only source of intake for infants should be from food and formula.

Children and Adolescents. There are no reparts of molybdenum toxicity in children and adolescents. Given the
dearth of information, the UL values for children and adolescents are extrapolated from those established for
adults. Thus, the adult UL of 2 mg/day of molybdenum was adjusted for children and adolescents on the basis
of relative body weight as described in Chapter 2 with use of refer-ence weights from Chapter 1 (Table 1-1).
Values have been rounded down.

Pregnancy and Lactation. Because the UL is based on adverse reproductive effects in animals and because

there are no reports of molybdenum toxicity in lactating women, the UL for pregnant and lactating women is the
same as that for the nonpregnant and nonlactating female.

Molybdenum UL Summary, Ages 0 through 18 Years, Pregnancy, Lactation
UL for Infants

0-12 months Not possible to establish; source of intake should be from food and formula only
UL for Children

1-3 years 0.3 mgiday (300 ug/day) of molybdenum

4-8 years 0.6 mg/day (600 ugfday) of molybdenum

9-13years 1.1 mgiday (1,100 pg/day) of molybdenum

UL for Adolescents

14-18 years 1.7 mg/day (1,700 pg/day} of molybdenum

UL for Pregnancy

1418 years 1.7 mg/day {1,700 pug/day) of molybdenum

19-50 years 2.0 mg/day {2,000 pg/day) of molybdenum

UL for Lactation
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14-18 years 1.7 mg/day (1,700 yg/day} of molybdenum

19-50 years 2.0 mg/day (2,000 pg/day} of molybdenum

Special Considerations

Individuals who are deficient in dietary copper intake or have some dysfunction in copper metabolism that
makes them copper-deficient could be at increased risk of molybdenum toxicity. However, the effect of
molybdenum intake on copper status in humans remains {0 be clearly established.

Intake Assessment

National surveys do not provide percentile data on the dietary intake of molybdenum. Data available from the
1988-1994 Third National Health and Nutrition Examination Survey (Appendix Table C-21) indicate that the
average U.S. intake of molybdenum from supplements at the ninety-fifth percentile was 80 and 84 ug/ day for
men and women, respectively.

Risk Characterization

Because there is no infarmation from national surveys on percentile distribution of molybdenum intakes, the
risk of adverse effects cannot be characterized.”
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Sulfate in Drinking-water

Background document for development of
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Word Health OCrganization 2004 Requesis for permission to reproduce or translate WHO publications -
whether for sate of for noncommercial distribution - should be addressed to Publications (Fax: +41 22 791
4806; e-mail: permissions@who.int. The designations employed and the presentation of the material in this
publication do not imply the expression of any opinion whatsoever on the part of the World Health Organization
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. The mention of specific companies or of certain manufacturers'
products does not imply that they are endorsed or recommended by the World Health Organization in
preference to others of a similar nature that are not mentioned. Errors and omissions excepted, the names of
proprietary products are distinguished by initial capital letters. The World Health Organization does not warrant
that the information contained in this publication is complete and correct and shall not be liable for any damage
incurred as a results of its use.

Preface

One of the primary goals of WHO and its member states is that “all people, whatever their stage of development and their
social and economic conditions, have the right to have access to an adequate supply of safc drinking water.” A major
WHO function to achicve such goals is the responsibility “to propose ... regulations, and to make recommendations with
respect to international health matters ....” The first WHO document dealing specifically with public drinking-water
quality was published in 1958 as Internationa! Standards for Drinking-water. It was subsequently revised in 1963 and in
1971 under the same title. In 1984-1983, the first cdition of the WHO Guidelines for Drinking-water Quality (GDWQ)
was published in three volumes: Volume 1, Recommendations; Volume 2, Health criteria and other supporting
information; and Volume 3, Surveillance and control of community supplies. Second editions of these volumes were
published in 1993, 1996 and 1997, respectively. Addenda to Volumes 1 and 2 of the sccond cdition were published in
1998, addressing selected chemicals. An addendum on microbiological aspects reviewing selected microorganisms was
published in 2002,

The GDWQ are subject to a rolling revision process. Through this process, microbial, chemical and radiological aspects of
drinking-water are subject to periodic review, and documcntation related to aspects of protection and control of public
drinkingwater quality is accordingly prepared/updated. Since the first edition of the GDWQ, WHQ has published
information on health criteria and other supporting information to the GDWQ, describing the approaches used in deriving
guideline values and presenting critical reviews and evaluations of the effects on human health of the substances or
contaminants ¢xamined in drinkingwater. For each chemical contaminant or substance considered, a lead institution
prepared a health criteria document evaiuating the risks for human health from exposure to the particular chemical in
drinking-water. Institutions from Canada, Denmark, Finland, France, Germany, Italy, Japan, Netherlands, Norway,
Poland, Sweden, United Kingdom and United States of America prepared the requested health criteria documents.

Under the responsibility of the coordinators for a group of chemicals considered in the guidelines, the draft health criteria
documents were submitted to a number of scientific institutions and selected experts for peer review. Comments were
taken into consideration by the coordinators and authors before the documents were submitted for final evaluation by the
experts meetings. A “final task force™ meeting reviewed the health risk assessments and public and peer review comments
and, where appropriate, decided upon guideline values. During preparation of the third edition of the GDWQ, it was
decided to include a public review via the world wide web in the process of development of the health criteria documents.

During the preparation of health criteria documents and at experts meetings, careful consideration was given to
information available in previous risk assessments ecarried out by the Intcmnational Programme on Chemical Safety, in its
Environmentai Health Criteria monographs and Concise International Chemical Assessment Documents, the International
Agency for Research on Cancer, the joint FAO/WHO Meetings on Pesticide Residues and the joint FAO/WHO Expert
Committee on Food Additives (which evaluates contaminants such as lead, cadmium, nitrate and nitrite, in addition to
food additives). Further up-to-date information on the GDWQ and the process of their development is available on the
WHO internet site and in the current edition of the GDWQ.
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Sulfates occur naturally in numerous minerals, including barite (BaSO4), cpsomite (Mg304-7H20) and gypsum { ﬂ’-}
(CaS04-2H20) (Greenwood & Earnshaw, 1984). These dissolved minerals contribute to the mincral content of many
drinking-watcrs.

1.2 Organoleptic properties

Reported taste threshold concentrations in drinking-water are 250-500 mg/litre (median 350 mg/litre) for sodium sulfate,
250-1000 mg/litre (median 525 mg/litre) for calcium sulfate and 400-600 mg/litre (median 525 mg/litre) for magnesium
sulfate (NAS, 1977). In a survey of 1020 people, the median concentrations that could be detected by taste were 237, 370
and 419 mg/litre for the sodium, calcium and magnesium salts, respectively (Whipple, 1907). Concentrations of sulfatcs at
which 50% of pancl members considered the water to have an “offensive taste” were approximately 1000 and 850 mg/litre
for calcium and magnesium sulfate, respectively (Zocteman, 1980). Addition of calcium and magnesium sulfatc (but not
sodium suifate) to distilled water was found to improve the taste; an optimal taste was found at 270 and 90 mg/litre for
calcium and magnesium sulfate, respectively (Zoeteman, 1980).

1.3 Major uses

Sulfates and sulfuric acid products arc used in the production of fertilizers, chemicals, dyes, glass, paper, soaps, textilcs,
fungicides, insecticides, astringents and emetics. They are also used in the mining, wood pulp, metal and plating
industries, in sewage trcatment and in leather processing {(Greenwood & Earnshaw, 1984). Aluminium sulfate (alum) is
uscd as a sedimentation agent in the treatment of drinking-watcr. Copper sulfate has been used for the control of algae in
raw and public watcr supplics {McGuirc ct al., 1984).

1.4 Environmental fate

Sulfates arc discharged into water from mines and smelters and from kraft pulp and paper mills, textile mills and
tanncrics. Sodium, potassium and magnesium sulfates are all highly soluble in water, whereas calcium and barium sulfates
and many heavy metal sulfates are less soluble. Atmospheric sulfur dioxide, formed by the combustion of fossil fuels and
in metallurgical roasting processes, may contribute to the sulfate content of surface waters. Sulfur trioxide, produced by
the photolytic or catalytic oxidation of sulfur dioxide, combines with water vapour to form dilute sulfuric acid, which falls
as “acid rain” (Delisle & Schmidt, 1977}

2. ANALYTICAL METHODS

Sulfate in agueous solutions may be determined by a gravimetric method in which sulfate is precipitated as barium sulfate;
the method is suitable for sulfatc concentrations above 10 mg/litre (ISO, 1990).

3. ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE
3.1 Air

Levels of sulfate in air in Ontario, Canada, have been found to range from 3.0 to 12.6 ug/m3, with a mean of 7.0 pg/m3
(OME, 1987). In a nationwide survey in thc USA, sulfate concentrations in air ranged from 0.5 to 228 pg/m3, the means
ranging from 0.8 to 31.5 pg/m3 {(US EPA, unpublished data, 1984). The average daily intake of sulfate from air based on
these means and on the assumption that 20 m3 of air arc inhaled daily would be in the range 0.02-0.63 mg.

3.2 Water

Sulfate concentrations in rain in Canada ranged between L0 and 3.8 mg/litre in 1980 (Franklin ¢t al., 1985). An annual
mean valuc of about 6 mg/litre in precipitation over central Europe has been reported (WHO/UNEP, 1989). Levels of
sulfate in rainwater and surface water correlate with emissions of sulfur dioxide from anthropogenic sources (Keller &
Pitblade, 1986).

Seawater contains about 2700 mg of sulfate per litre (Hitchcock, 1975). According to GEMS/Water, a global network of
water monitoring stations, typical sulfatc levels in fresh water are in the vicinity of 20 mg/litre and range from 0 to 630
mg/litre in rivers (the highest values are found in Belgium and Mexico), from 2 to 250 mg/litre in lakes (the highest value
is found in Mexico) and from 0 to 230 mg/litre in groundwater (the highest values are found in Chile and Moroceo)
(UNEP, 1990). Levels of suifate in rivers in western Canada ranged from 1 to 3040 mg/litre, most concentrations being
below 580 mg/itre (Environment Canada, unpublished data, 1984). Levels of sulfate in groundwater in the Netherlands
were below 150 mg/litre (van Dijk-Looijaard & Fonds, 1985). In 1970, the US Public Health Service measured sulfate
levels in the drinking-water sources of nine geographic arcas. Sulfate was found to be present in 645 of 658 groundwater
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supplies and in all of the 106 surface water supplies sampled. Sulfate levels ranged from <1 to 770 mg/litre, with a median
of 4.6 mg/litre, Only 3% of the water supplics sampled had sulfate levels in excess of 250 mg/litre (US EPA, 1999a).

The mean sulfate level in municipal drinking-water supplics may be increased by treatment. Thus, the mean sulfate level
was 12.5 mg/litre in untreated water in municipal water supplies in Ontario, Canada, but 22.5 mg/litre in treated water
(OME, unpublished data, 1987). Levels in central Canada are particularly high; in Saskatchewan, median levels of 368
and 97 mg/litre were found in treated drinkingwater from groundwater and surface water supplies, respectively, with a
range of 3-32170 mg/litre (Saskatchewan Environment and Public Safety, unpublished data, 1989). In the Nctherlands,
the sulfate concentration of drinking-water from 65% of water trecatment plants was below 25 mg/litre in 1985 (van Dijk-
Looijaard & Fonds, 1985). A water quality survey carried out on British tap water supplies indicated a mean sulfate
concentration of 59.5 mg/litre, with a maximum of 236 mg/ltitre (Powcll ct al., 1984).

3.3 Food

No data on the sulfate content of foodstuffs were found; however, sulfates arc used as additives in the food industry
(Codex Alimentarius Commission, 1992). The estimated average daily intake of sulfate in food in the USA is 433 mg,
based on data on food consumption and reported usage of sulfates as additives (NAS, 1972; Informatics Inc., 1973).
Sulfitcs and sulfides arc also present in food.

3.4 Estimated total exposure and relative contribution of drinking-water

The average daily intake of sulfate from drinking-water, air and food Is approximately 500 mg, food being the major
source. However, in areas with drinking-water supplies containing high levels of sulfate, drinking-watcr may constitute
the principal source of intake.

4. KINETICS AND METABOLISM IN LABORATORY ANIMALS AND HUMANS

About 30% of an oral dose of 13.9 g of magnesium sulfate heptahydrate administered in four equal hourly doscs (Morris
& Levy, 1983) and 43.5% of a similarly administered dose of 18.1 g of sodium sulfate decahydrate (Cocchetto & Levy,
1981) were recovered in the urine of humans within 24 h. It was estimated that approximately 73% of calcium and
magnesium sulfate administered to adult male Wistar rats in the dict was absorbed {Whiting & Cole, 1986). The amount
ingested, the nature of the accompanying anion and the presence of certain dietary components influcnce the amount of
sulfatc absorbed. Low doses are generally absorbed well; at high doscs {(such as those used to induce catharsis), the
absorptive capacity is probably cxcceded, so that much of the dose is excreted in the facees.

5. EFFECTS ON LABORATORY ANIMALS AND IN VITRO TEST SYSTEMS
5.1 Short-term exposire

In short-term (28-day) studies, there were no adverse effects other than diarrhoca in weanling pigs drinking water
containing 3000 mg of sulfate per litrc (Paterson et al., 1979). Cattle can tolerate concentrations of sodium sulfate in their
drinking-water up to 2610 mg/litre {corresponding to 527 mg/kg of body weight per day) for periods up to 90 days with
no signs of toxicity except for changes in methaemoglobin and sulfhacmoglobin levels (Digesti & Weeth, 1976),

Groups of 20 male and 20 female Sprague-Dawley rats were given either tap water or bottled mineral water containing
sulfatc at concentrations of 9-10, 280 or 1595 mg/litre for 90 days. No gastrointestinal disturbances or other cffects were
noted in any group, based on the cvaluation of biochemical and haematological paramcters as well as a histopathological
cxamination (Wiirzner, 1979).

A study was carricd out in which artificially reared nconatal piglets were used as a model 1o evaluate the cffcct of
inorganic sulfate on bowel function in human infants. Two experiments (an 18-day and a 16-day study) were conducted to
evaluate the effects of high levels of sulfate on growth, feed intake and faccal consistency of the piglets and to determine
the dose at which 50% of the pigs developed non-pathogenic diarrhoea. The study involved newborn piglets being left
with thc dams for a period of 48 h and then transferred to an isolated room containing an automated feeding device that
dispensed liquid diet, the amount being dependent on the weight of each piglet. Initially, the piglets were fed a basal dict
with no added sulfatc in order to allow them to adapt to their new environment. This was done for 34 days, following
which 40 piglets were weighed and distributed into four groups of 10, according to sex, body weight and litter origin. The
groups were fed the liquid diet containing inorganic sulfate (as anhydrous sodium sulfate) at 0, 1200, 1600 or 2000
mg/litre of diet for experiment 1 over 18 days and at 0, 1800, 2600 or 2200 myg/litre of dict for experiment 2 over 16 days.
The results of these studics indicated that addition of sulfate did not affect the growth of the piglets or their feed intake. At
1200 mg/litre, there was no effect on faecal consistency, but at 1800 mg/litre, the piglets displayed a persistent non-
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pathogenic diarthoea. The study indicated that the level of added dictary sulfate at which 50% of the piglets devcloped
non-pathogenic diarrhoea was between 1600 and 1800 mg/litre (Gomez ct al., 1995).

6. EFFECTS ON HUMANS

Ingestion of 8 g of sodium sulfate and 7 g of magnesium sulfate caused catharsis in adult males (Cocchetto & Levy, 1981;
Morris & Levy, 1983). Cathartic effects are commonly reported to be experienced by people consuming drinking-water
containing sulfatc in concentrations exceeding 600 mg/litre (US DHEW, 1962; Chien et al., 1968), although it is also
reported that humans can adapt to higher concentrations with time (US EPA, 1985). Dchydration has also been reported as
a common side-cffect following the ingestion of large amounts of magnesium or sedium sulfate (Fingl, 1980}

There are subpopulations that may be more sensitive to the cathartic effects of exposure to high concentrations of sulfate.
Children, transients and the elderly are such populations because of the potentially high risk of dehydration from diarthoca
that may be caused by high levels of sulfate in drinking-water (US EPA, 1999a,b). There have been a number of studies
conducted to determine the toxicity of sulfate in humans. Case rcports of diarrhoea in three infants exposcd to water
containing sulfate at concentrations ranging from 630 to 1150 mg/litre have been presented (Chien et al., 1968). However,
the diarrhoca could not be explained as being solely due to exposure to high sulfate levels, and other factors may have
played a role (e.g., consumption of infant formula with high osmolarity or the presence of microbial pathogens), These
other potential causcs were not addressed by the authors.

A survey in North Dakota, USA, obscrved a slight increase in the percentage of people who reported a laxative cffect
when the drinking-water contained 500-1000 mg of sulfate per litre compared with people who reported a laxative effect
with water containing <500 mg of sulfate per litre (28% versus 21%). Sixty-cight per cent of people consuming water
with levels of sulfate between 1000 and 1500 mg/litre reported laxative effects. Several different conclusions were drawn
from this survey by different people examining the data. It was concluded that drinking-water containing =750 mg of
sulfate per litre was associated with a sclf-reported laxative cffect, whercas water containing <600 mg/litre was not
{Estcban ct al., 1997). A rcanalysis of the data found that most people experienced a laxative effect when they drank water
containing >1000 mg of sulfate per litre (US EPA, 1999b). Four healthy adult subjects were provided with drinking-water
containing increasing levels of sulfate (0, 400, 600, 800, 1000 or 1200 mg/litre) from sodium sulfate for six consccutive 2~
day periods, In addition, in a study in which a single dose level of sulfate was used, six other volunteers received water
with € or 1200 mg of sulfate per litre for 2 consecutive 6-day periods. In the dose range study, there was a decrease in
gastrointestinal retention of food, measured by mouth to anus appearance time {using coloured markers), with increasing
sulfate concentration. In the single-dose study, there was a significant increase in stool mass for the 6 days of exposure to
sulfate compared with the 6 days without exposure. None of the study subjects reported diarthoea (Heizer et al., 1997).

In a field study that was carried out to examine the risks for diarthoea in infants exposed to tap water containing sulfate
with a median concentration of 264 mg/litre and a range of up to 2787 mg/litre, compared with the risks for those not
using tap water or using low-sulfate tap water, there was no significant association between sulfate ingestion and the
incidence of diarrhoea for the range of concentrations studied (US EPA, 1999a).

Reviews of the literature and a study to experimentally determine a sulfate dose that would induce effects in adults
concluded that it was not possible to sct a hecalth-based standard for sulfate in drinking-water and confirmed the
conciusions of other workers (Backer, 2000; Backer et al., 2001).

7. CONCLUSIONS

The existing data do not identify a level of sulfate in drinking-water that is likely to causc adverse human health effects.
The data from the liquid diet piglet study and from tap water studies with human volunteers indicate a laxative cffect at
concentrations of 1000—1200 mg/litre, but no increase in diarthoea, dehydration or weight loss. The presence of suifate in
drinking-water can also result in a noticcable taste; the lowest taste threshold concentration for sulfate is approximately
250 mg/litre as the sodium salt. Sulfate may also contribute to the corrosion of distribution systems.

In the light of the above considerations, ne health-based guideline value for sulfate in drinking water is proposed.
However, there is an increasing likelihood of complaints arising from a noticeable taste as concentrations in water
increase above 500 mg/litre.

8. REFERENCES
Backer L (2000) Assessing the acute gastrointestinal effects of ingesting naturally-occurring high levels of sulfate in
drinking water, CRC Reviews in Clinical Laboratory Sciences, 37(4):389—400.

Backer LC et al. (2001) Assessing acute diarthea from sulfate in drinking water. Journal of the American Water Works
Association, 93:76-84,

17

R

L

M.

&

Ty



Chien L et al. (1968) Infantile gastrocnteritis duc to water with high sulfatec content. Canadian Medical Association
Journal, 99:102-104.

Cocchetto DM, Levy G (1981) Absorption of orally administered sodium sulfate in humans. Journal of Pharmaceutical
Sciences, 70:331-333.

Codex Alimentarius Commission (1992) Feod additives. Rome, Foed and Agriculture Organization of the United Nations
(Codex Alimentarius Vol I).

Committee on Water Quality Criteria (1972} Water quality criteria 1972, Washington, DC, National Academy of
Sciences, National Academy of Engincering.

Delisle CE, Schmidt JW (1977} The effccts of sulphur on water and aquatic lifc in Canada. In: Sulphur and its inorganic
derivatives in the Canadian environment, Ottawa, Ontario, National Research Council of Canada (NRCC No. 15015}.
Digesti RD, Weeth HI (1976) A defensible maximum for inorganic suifate in drinking water of cattle. Jowrnal of Animal
Science, 42:1498-1502.

Estcban E ct al. {1997) Evaluation of infant diarrhoea associated with elevated levels of sulfate in drinking water: a case
control investigation in South Dakota. Imternational Journal of Occupationa Medicine and Environmental Health,
3(3x171-176.

Fingl E {1980) Laxatives and cathartics. [n: Gilman AG et al., eds. Pharmacological basis of therapeutics. New York,
NY, MacMillan Publishing.

Franklin CA et al. (1985) Health risks from acid rain: a Canadian perspective. Environmental Health Perspectives,
63:155-168.

Gomez GG, Sandler RS, Seal E Jr {1995) High levels of inorganic sulfate cause diarrhea in neonatal piglets. Journal of
Nutrition, 125(9):2325-2332.

Greenwood NN, Earnshaw A (1984) Chemistry of the elements. Oxford, Pergamon Press,

Heizer WD ct al. (1997) Intcstinal cffcets of sulfate on drinking water in normal human subjects. Digestive Diseases and
Stignces, 42(5):1055-1061.

Hitchcock DR (1975) Biogenic contributions to atmospheric sulphate levels. In: Proceedings of the 2nd National
Conference on Complete Water Re-use. Chicago, IL, American Institutc of Chemical Engineers.

Informatics Inc. (1973) GRAS (generally recognised as safe) food ingredients: ammonium fon. Washington, DC, US
Department of Commerce, National Technical Information Service (PB-221- 235).

ISO (1990} Water quality -~ determination of sulfate. Geneva, International Organization for Standardization (ISO
9280:1990).

Keller W, Pitblade JR (1986) Water quality changes in Sudbury area lakes: a comparison of synoptic surveys in 1974—
1976 and in 1981-1983. Water, Air and Soil Poilution, 29:285.

McGuire MJ et al. {1984) Controlling attached blue-green algae with copper sulphate. Journal of the American Water
Works Association, 76:60,

Morris ME, Levy G (1983} Absorption of sulfate from orally administered magnesium sulfate in man. Journal of
Toxicology --- Clinical Toxicology, 20:107-114.

NAS (1972) Food ingredients. Washington, DC, National Academy of Sciences, Subcommittee on Research of GRAS
{Generally Recognised As Safe) List (Phase [1) (DHEW No. FDA 70-22).

NAS (1977) Drinking water and health. Washington, DC, National Research Council, National Academy of Sciences.
OME (1987) Appendix to annual report on air quality in Ontario. Etobicoke, Ontario, Ontario Ministry of the
Environment, Air Quality Assessment Unit.

Paterson DW et al. (1979) Effects of sulfate in water on swine reproduction and young pig performance. Journal of
Animal Science, 49:664-667.

Powell P, Bailey RJ, Jolly PK (1984) Trace elements in British tap-water supplies. Medmenham, Water Research Centre
{Report 706-M}.

UNEP (1990) GEMS/Water data summary 1985-]1987. Burlington, Ontario, Canada Centre for Inland Waters; United
Nations Environment Programme, Global Environment Monitoring System, GEMS/Water Programme Office.

US DHEW (1962} Drinking water standards — 1962. Washington, DC, US Department of Health, Education and
Welfare, Public Health Service; US Government Printing Office (Publication No. 9586).

US EPA (1935) National primary drinking water rcgulations; synthetic organic chemicals, inorganic chemicals and
microorganisms; proposed rule. US Environmental Protection Agency. Federal Register, 50(219):46936.

US EPA (199%9a) Health effects from exposure to high levels of sulfate in drinking water study. Washington, DC, US
Environmental Protection Agency, Office of Water (EPA 815-R-99-001).

US EPA (1999b) Heaith effects from exposure 1o high levels of sulfate in drinking water workshop. Washington, DC, US
Environmental Protection Agency, Office of Water (EPA 815-R-99-002).

Van Dijk-Looijaard AM, Fonds AW (1985) Integrated criteria document sulfate. Bilthoven, National Institute of Public
Health and Envirenmental Protection {RIVM Report No. 718612001).

Whipple GC (1907} The value of pure water. New York, NY, John Wiley [cited in Committee on Water Quality Criteria,
1972].

Whiting SJ, Cole DE (1986} Effect of dietary anion composition on acid-induced hypercalciuria in the adult rat. Journal
of Mutrition, 116:388-394.

L oty

.
&

L.d
e

o Yoy



' W wy P
WHO/UNEP (1989} Global Environment Monitoring System: Global freshwater quality. Published on behalf of the N u U 4 ‘4 :
World Health Organization and the United Nations Environment Programme. Oxford, Alden Press.
Wiirzner HP (1979) Exposure of rats during 90 days to mineral water containing various amounts of sulphate. Zeitschrift
Sfiir Erndhrungswissenschaft, 18:119-127.
Zoeteman BCJ (1980) Sensory assessment of water quality. New York, NY, Pergamon Press.

19



Anexo 4

Derivation of L{E)C1,/NOEC for Mo for Surface and Groundwater

April 2007

uras

Member of £ ARCADIS

Patrick Van Sprang and Dagobert Heijerick
EURAS

Mercatorgebouw, Kortrijksesteenweg 302
9000 Gent, Belgium

Tel: ++ 329 241 77 45

Fax: ++ 32 9241 77 02

Prepared for:

International Molybdenum Association (IMOA)
Rue Pére Eudore Devroye 245
B-1150 Brussels, Belgium

20



r
@U as Molybdenum EQS for groundwater/ surface water

1. Methodology

1.1 Selection of ecotoxicological data

The assessment of data adequacy involves a review of individual data elements with respect to how the study is
conducted and how the results are interpreted in order to accept (or reject} a study in accordance with the
purpose of the assessment.

The term adequacy covers both the reliability of the available data and the relevance of the data for use in setting
environmental quality standards (EQS). These two basic elements have been defined by the TGD as follows:

« Reliability: covering the inherent quality of a test relating to test methodology and the way that the
performance and results of a test are described.

= Relevance: covering the extent to which a test is appropriate for a particular risk assessment.

Only ecotoxicity data that comply with all of the above-mentioned criteria can be considered vali¢ and should be
used for EQS setting.

1.1.1 Relevance
Biclegical relevancy
The toxicity data on algae, higher plants, invertebrates, amphibians and fish are from single-species tests that

study relevant ecotoxicological parameters such as survival, growth, reproduction and developmental
malformations.

Relevancy of the test substance

Mo-only exposures are considered relevant for the effects assessment. Studies should be rejected if indications
exist that impurities or other substances might have an effect on the toxic properties of the substance under
investigation.

Ecological relevancy of d

The assessment of the ecological relevancy of a particular study requires that certain basic ecolcgical
considerations be taken into account (e.q.; test organisms should be representative for the environment). This is
especially true when non-ecological relevant species are the driver for the EQS.

Relevancy of the test medium

The range of the physico-chemistry of the test media should be within the range of ecologically relevant
conditions that occur in European surface waters. Therefore information on key physicochemical parameters of
the test medium should be reported, i.e., pH, hardness and dissclved organic matter. The latter parameter is
rarely reported, but in most cases a reliable estimate of the DOC-content can be made based on the type of test
mediurn that is used (well water, artificial water, natural water, tap water, etc.}.
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1.1.2 Reliability

Standardised tests, as prescribed by organisations such as OECD and USEPA, are used as a reference when
test methodology, performance and data treatment/reporting are considered. Indeed, the thorough descripticn of
key requirements guarantees the {high) reliability of the reported ecotoxicity data, Non-standardised test data,
however, may also have a high reliability, but require a more thorough check on their compliance with reliability
criteria before being used in hazard identification and/or risk assessment. The specific items considered in this
study for data selection are the following:

Type of test

Both standard OECD approved tests and non standardised tests have been considered as suitable. Ideally, tests
should be performed according te international accepted standard operational procedures andfor guidelines
{e.g., OECD Guidelines, {SO-Guidelines, EPA-Guidelines,...). Preference is given to data extracted from peer
reviewed publications, but data from national environment agencies (US EPA, RIVM,...) are also retained. For
risk assessment and EQS purposes preference is given to chronic tests. Chronic exposure depends upan the
exposure duration and is also a function of the life cycle of the test organisms. A priori fixed exposure durations
are therefore not relevant and should instead be related to the species, their typical life cycle and to the
recommended exposure duration as described in standard ecotoxicity protocols (e.g. 7 days for Cericdaphnids
(ASTM, 2004), 21 days for daphnids (OECD, 1898}, 30 days for fish (OECD, 1992}, According to the Zn risk
assessment, chronic exposure was defined as > 4 days for all invertebrates and fish. With respect to the chronic
effect values it is noted that the fact whether or not a NOEC value is considered chronic is not determined
exclusively by the above exposure limit of 4 days. For unicellular algae, other micro-organisms (bacteria,
pretozoa) and even invertebrates (e.g. rotifers), an exposure time of 4 days or less already covers one or more
generations, thus for these arganisms chronic NOEC values may be derived from experiments during less than 4
days.

Description of test material and methods

A detailed description of methods employed in the study should be provided. Including, but not limited
to preparation of the test solutions {environment), timing of administration and observations recorded,
etc,

Chemical analysis

In general metal effects assessment should only be based on NOEC values which were derived from
actual {measured) effect concentrations. This is aspecialiy relevant for those metals where effects
concentrations are clese to the background concentrations. For those metals where the background
level is negligible compared to the observed NOEC, effects levels based on nominai values can be
considered if there is clear indication that actual values are within 10% of nominal values.

If it is not mentioned whether the NOEC/L(E)Cio values are based on measured or nominal
concentrations, they were considered as nominal concentrations.

Test acceptability

Minimal requirements for endpeints such as mortality, growth, reproduction (e.g. control mortality for chronic
exposure < 20 %) are often given in standard procedures. Therefore chronic data were rejected if evidence is
provided that such unacceptable control mortality is observed in the control. For algae, control division rate was
checked for conformity with QECD {1983) and ASTM (2003) guidelines. These qguidelines suggested a cell
division rate of 1.33 for the OCECD guideline (i.e. cell concentration in the control cultures should have increased
by a factor of at least 16 within 3 days) and 1.0 for the ASTM {2003) guideline (i.e. cell concentration in the
controf cultures should have increased by a factor of at least 16 within 4 days).

Concentration-effect relationships

Clear dose-response should be observed. Because effect concentrations are statistically derived values,
information concerning the statistics should be used as a criterion for data selection. In that respect L(E)C1o
values are considered as equivalent to NOEC. If no methodology is reported or if values are 'visually' derived, the
data were considered unreliable. Effect levels derived from toxicity tests using only 1 test concentration always
results in unbounded and therefore unreliable data. Therefore, only the results from toxicity tests using 1 control
and at least 2 test concentrations were retained. Tests that do not comply with the above-mentioned stipulations
are rated as not reliable and are not recommended for use in the risk assessment exercise. However, the use of
unbounded NOEC/LOEC values could be justified on a case by case basis, e.g. when no other toxicity values
are available for a paricular species or when scientific evidence exist that the true toxicity towards a specific
organism would be biased if such data were not taken into account.
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1.2 Derivation of L{(E)C10/NOEC values (methods)

The toxicological variables are estimated based on NOEC (No Observed Effect concentration) or L(E)C1o values.
The methods that have been used for the derivation of NOEC values, being “real” NQEC values or NOEC values
derived from effect concentrations, are based on the recommendations qutlined in the revised TGD {2003).

If L{E)C10 data are reported or if both NOEC and L{E}C1o data are available, the L(E)C1p value were used in the
effects assessment. It is recommended that the L(E)Cio value should not be extrapolated below the lowest
applied {non-zerc) concentration. According to the draft ISO document estimation of L(EYC1 values outside the
concentration range tested introduces a great deal of uncertainty. Furthermore for metals/metal compounds it is
imperative that this value should fall within the range of tested concentrations to avoid extrapolating L{E)C1o
values below the natural background.

If no reliable L{E}G10 values are available, “real” NOEC values should be derived from the data reported,
i.e. the NOEC is one of the concentrations actually used in the test and should be derived using
appropriate statistics {significance level usually: p = 0.05 (optional: the p = 0.01 level if reported instead
of the p = 0.05 level)).

According to the TGD, LOEC/MATC values could also be considered and used for the generation of NOEC
values as follows:

- use of MATC values: NOEC=MATCH2

- use of LOEC values: NOEC=LOEC/2 in case the effects are situated between 10-20%

1.3 Aggregation of L(E)C1o/NOEC data

In addition, to avoid over-representation of ecotoxicological data from one particular species and as used in the
above mentioned EU risk assessment, the chronic Cr toxicity data values used here were treated as following:

= If for one species several chronic NOEC values based on the same toxicological endpoint are available,
these values are averaged by calculating the geometric mean, resulting in the “species mean” NOEC. With
respect to this it is noted that the NOEC values should be from equivalent tests, for example from tests with
similar exposure times. However, NOEC values derived from tests with a relatively short exposure time may be
used tagether with NOEC values derived from tests with a fonger exposure time if the data indicate that a
sensitive life stage was tested in the former tests.

+ If for one species several chronic NOEC values based on different toxicological endpeints are available, the
lowest value is selected. The lowest value is determined on the basis of the geometric mean if more than one
value for the same endpoint is available {see above).

* In some cases, NOEC values for different life stages of a specific organism are available in a specific
publication. If from these data it becomes evident that a distinct life stage is more sensitive, the result for the
most sensitive life stage is selected. The life stage of the organisms is indicated in the tables as the life stage at
start of the test {(e.g. fish: yearlings) or as the life stage(s) during the test (e.g. eggs < larvae, which is a test
including the egg and larval stage).

2. Overview of the chronic toxicity data for molybdenum

The evaluation of the various studies that repert chronic toxicity of molybdenum to aquatic freshwater organisms
is presented in Annex. An overview of all NOEC/EC+; values and their quality index is presented in Table 2.
Studies with a highly reliable {Q11} or intermediate reliable (Q2) quality label can be used for PNEC-derivation.

Table 2: Overview of the chronic freshwater toxicity data for Mo,

Species Mo-salt Effact level Quality Reference
label
(mgiL)

Algae

S. subspicatus NH4-molybdate 72h-NOEC: 25 Qs HRC, 1994a
S. subspicatus Na-molybdate 72h-NCEC; 12.5 Q3 HRC, 1994b
3. subspicatus Mo-oxide (tech} 72h-NOEC: 2 100 Q3 HRC, 19%4c
S. subspicatus Mo-oxide (pure) 72h-NOCEC: = 100 Q3 HRC, 1994d
S Na-molybdate 72h-NOEC: 4.6 Qs HRC, 1996

{
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capricomutum
P. subcapitata
P. subcapitata
Crustaceans

D.magna

D.magna

D.magna

D.magna

C.dubia

C. dubia
Amphibians

G. caroliniensis

Fish

O. mykiss

O. mykiss

O. mykiss

P. promeias

C. auratus

O. mykiss
Q. clandi

O. kisutch

Na-molybdate

Na-molybdate

Na-molybdate

Na-molybdate

Mo-oxide

Na-molybdate

Na-molybdate

Na-molybdate

n.r.

n.r.

Na-molybdate

Na-molybdate

Na-molybdate

Na-molybdate
Na-molybdate

Na-molybdate

To be evaluated ‘Y

E. gracifis
C. vulgans

C. vulgatis

NHs-molybdate
NHs-molybdate

NHs-molybdate
o, geometric mean of 2 values ; 2k 74-EC20/2 :

72h-NOEC: 3.4

72h-NOEC: 8.0

210d-NOECrmoraiy: 373
210d-NOECmpr: 136
213-NOEC; 50
21d-EC1o.m: 6.98 mgiL
210d-NQECm: 4.41 mg/L
210-NQECrepr: 49.9
7d-NOEC moraiiyy: 159
7d-NOECep: 38.5 @

8d-NOEC: 17 @

28d-LCs0: 0.79

28d-LCsq: 0.73

32d-NOEC: 200
32d-NOEC: 750
1-year-NOEC: »17
(18m-NOEC: >18.5)
NOECnonaity: 575
NOECgrown: 143.8

28d-LCs: 60

60cd-NOEC/LCS0: =30
30d-NOEC: >87.8

20w-NOEC: >18.5

Unbounded LOEC of 96
3 to 4m-NQEC: 10

96h-NOEC: 20
B 86112502 ;

Q1
Q1

1
M
Q3
84
a
a1
a
Q2
Q2103

Q3

Q3

Q1
ity
Q2
Q2
o1
a1
Q3

Q3
Q3
Q3

(4

Rodriguez, 2007

Rodriguez, 2007

Canton et al, 2006 (Draft
publication}
Diamanting et al, 2000

Kimball, 1978

Rodriguez, 2007
Canton et al, 20068 {Draft
publication)

Maddy et al, 1995

Birge, 1978; Birge et al
1980

Birge, 1978; Birge et al
1980

Davies et al, 2005

McConnell, 1977 &
Anonymous

Canton et al, 2006 (Draft
publication)

Birge, 1978; Birge et al
1980

McDevitt et al, 1999
Pickard et al, 1999

Ennevor, 1993

Colmano, 1973
Den dooren de Jong, 1965

Sakaguchi et al, 1981

: studies not available yet
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3. Conclusion

Long-term Q1/Q2 NOEC values for three species (algae, fish and invertebrates (Daphnia)) representing three
trophic levels were gathered from literature, with values ranging between 4.3 and 750 mg Mo/L. The lowest
chronic NOEC was 3,400 ug Mo/l
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ANNEX - Evaluation of the quality of chronic Mo-ecotoxicity studies

A1 Introduction

This Annex presents a critical review of relevant, available data regarding chronic toxicity of molybdenum for
the aquatic environment. The assessment of data adequacy (relevance and reliability} involves a review of
individual data elements with respect to how the study is conducted and how the results are interpreted in
order to accept (or reject) a study in accordance with the purpose of the assessment.

In theory, only chronic data from high quality studies should be used for regulatory purposes. In practice,
however, this may result in a very limited amount of studies and toxicity data, especially for compounds like
molybdenum for which the number of toxicological studies is rather limited compared to some other metals or
other chemical compounds. It was therefore decided to classify the evaluated studies into three categories:

Category 1; High quality data (Q1-data for RA-purposes): Relevant studies that comply with afl criteria
described in section 1.1 (full description of test methed and conditions, based on measured concentrations,
clear effect-concentration relationship that allows the derivation of a reliable LC1o or NOEC).

Category 2: Satisfactory quality data (Q2-data for RA-purposes): Relevant studies for which no or insufficient
information is given on one of the reliability criteria described in section 1.1:

- effect concentrations are based on nominal values,

or

- test method and conditions are insufficiently described;

ar

- unbounded NOEC/LOEC values for a particular species for which no other data are available or when
scientific evidence exist that the true toxicity towards a specific organism would be biased if such data were not
taken into account

If clear evidence is given that the criterion for which infarmation is lacking, does not meet the quality standards
set in section 1.1 (e.g., nominal values are given, but precipitation of Mo is reported), this study should be
categorised as @3 (Low quality data)

Category 3; Low quality data (Q3-data for RA purposes): Irrelevant studies or relevant studies for which no
or insufficient information is given on more than one of the reliability criteria described in section 1.1.



9

A2 Evaluation of chronic toxicity studies with molybdenum

A2.1 Birge et al,, 1979 ; Birge, 18978. Evaluation of Aquatic Pollutants Using Fish and Amphibian Eggs as
Bioassay Organisms ; Aquatic toxicolegy of trace elements of coal and fly ash.

Reparted LCsq-value for molybdenum in Birge et al. (1979) is an average of LCsos for three different species: a
7d-LCs for the narrow-mouthed toad (Gastrophryne caroliniensis), a 7d-LCss for the goldfish (Carassius
auratus) and 28d-LCs for the rainbow trout (Oncorfiynchus mykiss). The individual values are given in Birge
(1978):

Organism Effect concentration
Toad (Gasfrophryne caroliniensis) 7d-LCsp: 0.96 mg/L
{0.58 — 1.60)

7d-LCq: 3.1 pgiL
(0.6 -9.0)

Goldfish {Carassius auratus) 7d-LCsq: 60 mg/L
(7.94 - 92.2)
7d-LC4: 39.3 pgil
(0.9 - 26.1)

Rainbow trout (Oncorhynchus mykiss'") 28d-LCso: 0.73 mgiL
(0.30 - 1.40
28d-LCq: 22.3 ugiL

(1.2 —83.4)

M. previously named Saimo gairdneri

Exposure periods started upon fertilisation of the eggs and ended at 4 days post-hatching, indicating that test
results should be considered as a chronic tests: test period covering an entire life stage, and tested life stage
considered to be (the most) sensitive. However, the reported endpoint (LCsq) is not relevant for chronic tests:
EU-reguiations require EC; or NOEC-values.

With the information provided in the two papers it is not possible to derive NOEC- or ECjgvalues
{concentration-specific data not given; concentration-effects relationship not reported).

» Physicochemical parameters were monitored directly for pH, temperature, hardness, dissolved
oxygen, conductivity, flow rate and toxicant concentration;
Average values and variation is only reported for hardness, pH and temperature;
Metal levels were measured {AAS, model 503 Perkin-Elmer, equipped with an HGA-2100 graphite
furnace), indicating that reported LCsos are based on measured values or are based on nominal
values that were relevant for the actual metal concentration. Further information on measured levels
is not provided;

s Test methodology for the rapid-scan egg bioassays was not described properly; information was
given that methodology is in line with the technique of Birge and Just (1975; publication not available};

» Used Mo-sait was not reported.

= Q3-study {not useful for risk assessment and other regulatory purposes)

A2.2 Davies et al, 2005. Acute molybdenum toxicity to rainbow trout and other fish.
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This study replicated the studies by Birge (1978) and Birge et al {1980}, who found, in contrast to other findings
for this metal, that molybdenum was very toxic to developing rainbow trout (Oncorhynchus mykiss) (28d-LCs
values of 073 and 0.79 mg/L to embryofalevins). Davies et al (2005) followed both methodology and water
chemistry that were used in these previous studies.

. Test methods followed standard quidelines, and are well described;

. Physicochemistry of the test medium was monitored during the test (e.g., pH, hardness, temperature,
conductivity, dissolved oxygen). Measured values are reported in this study;
Used salt is reported: sodium molybdate dehydrate;
A chronic expasure period is considered {32 days; from fertilisation until post-hatching);
Molybdenum levels were measured, and were within 10% or better of the nominal values; nominal
values were used for statistical analysis;

. Tests were performed at two different hardness-levels: £ 100 mg/L as CaCOs (cfr. Birge-studies) and 42
mg/L as CaCO; (as specified in the standard test guideline);

. Highest concentration exposure groups did not exhibit sufficient mortality to calculate LCsg-values

. 32d-NOEC-valugs were 200 mg/L (hardness of 100 mg/L as CaCQsz) of and 750 mg/L (hardness of 750
mg/L as CaCQs). LC+5 or LG were also calculated, but are not considered as relevant end parameters.

= Q1-study (highly reliable study, useful for risk assessment and other regulatory purposes). This study
is in line with all requirements needed for highly reliably data: the test method is well described,
physicochemistry of the test medium is monitored and reported, Mo-levels were measured and were
within 10% of the nominal values, and a relevant end parameter is reported (32d-NOEC). The chronic
test period covers a full sensitive life stage (from fertilisation until post-hatching), and indication is
given that statistical treatment of the data is well performed.

This study was not able to repeat the outcome of the tests reported by Birge (1978) and Birge et al (1980}, who
found substantially lower effect levels for Mo with this species. Based on cur evaluation, the Birge (1978) study
was previously classified as a Q3-study (not useful for risk assessment purposes) (See A2.2).

A2.3 McConnell RP. Toxicity of molybdenum to rainbow trout under laboratory conditions
For this study the gquality of reported acute toxicity tests was also evaluated.

Chronic test:

» Test conditions and test methed have been reported adequately;

» Physicochemical conditions (alkalinity, hardness, pH, dissolved oxygen) during the test were
measured, reported and variability during the test period is acceptable;

« Test period {1 year) exceeds the minimum exposure period for chronic testing with fish (i.e., 28 days);

» The test is in line with the requirement of at least 5 test concentrations + control; tested molybdenum
concentrations are measured;

+ Used salt is reported: sodium molybdate;
Criteria for control mortality is not exceeded (i.e., 20%; mortality during the test was13.3%)

= Q2-study (useful for risk assessment and other regulatory purposes); study can not be
considered as a study of the highest quality (Q1-study), because the reported NOEC is an unbounded
NOEC, i.e. no effect was observed at the highest test concentration, so no exact value can be
determined (NCEC = 17 mg/L Mo}. The outcome of this study, however, needs to be compared with
the reported results in section A2.4 of this document.

Acutle tests:

Test conditions and test method have been reported adequately;

The amount of fish in each test concentration is in line with OECD Guideline 203,

The amount of tested concentrations (5 + 1 control) is in line with OECD Guideline 203;

Test duration and endpoint are in line with OECD Guideline 203,

Test medium was defined, test method was static-renewal;

Nominal concentrations are reported, but Mo was measured (results not given);

Effect-concentration relationships are given, thus allowing to recalculate the LCsps using more
appropriate statistical methods (straight line graphical interpolation was used in this study);

¢ Test substance is reported (sodium molybdate).



= Q2-study (useful for classification and other regulatory purposes); study can not be considered
as a study of the highest quality (Q1-study), because the reported LCscs are based on nominal Mo-
concentrations and not on measured values. It is advised to use LCsp-values that are determined by
means of fitting a logistic distribution through the data paints {see Table below). The relevance of the
reported LCsgs, however, should be evaluated by taking the solubility of sodium molybdate into

account.

Test with fish averaging 55 mm in Test with fish averaging 20 mm in
length length

96h-LCse derived by 1,320mg/L 800 mg/L

McConnell

Recalculated 96h-LCso 1,339 mg/l 781 mg/L

(logistic fity
95% CL: 1,249 — 1,436 mg/L 95% CL: 642 — 950 mg/L
*: 0.995 % 0.983

A2.4 Anonymous (Publication #1187 in Molybdenum database)

Analysis of the reported raw toxicity data in this publication revealed that this study reported the same data as
given in McConnell (see section A2.3). There are, however scme differences in the presented data that need
to be clarified:
* Reported Mo-concentrations of the chronic exposure in this study are 18.46, 4.36, 1.1, 0.3, 0.05 and
0.0 ppm, suggesting that the reported values in McConnell (17, 4, 1, 0.3, 0.05 and 0 ppm) are norntinal
values and not measured values;
» Exposure time in this study is 18 months, whereas McConnell refers to an exposure time of 1 year; %
mortalities at the different exposure levels, however, are identical for both studies;
» This study reporis effects on mortality and length after 18 months, whereas McConnell only reports
effects on mortality after 12 months.

A2.5 Canton et al, draft publication, 2006. Acute and chronic molybdenum toxicity to Cerodaphnia dubia,
Daphnia ragna, Chironomus fentans, Girardia dorofocephala and Pimephales promelas.

+ Chronic tests with D. magna, C. dubia and P. promelas were performed according to international
Guidelines (ASTM-Guidelines);

» Tests were camied out in duplicate;

«  Molybdenum salt is reported: sodium maolybdate;

*» Mo-concentrations were measured used for the determination of effect levels (e.g., reported NOECs
and LOECs are not equal to the reported nominal values;

» Test media were monitored, and a summary of water quality characteristics that did not vary
substantially with molybdenum concentration is given below:

»  ECics {preferred over NOECS) are not reported, but bounded NOECs are available for D. magna and
P. promefas (all endpoints) and C. dubia (mortality); unbounded LOEC is reported for reproduction of
C. dubia. As an alternative, the default value of ECz0/2 may be used for the latter species and
endpoint;

» The NOEC;.niva-values for D. magna are 377.0 and 368.3 mg Mo/L {average: 373 mg/L) ; based on
reproduction the NOECs are 192.3 and 96.3 mg/L (average: 136 mg/L);

*  The NOECsuniva-values for P. promelas are 462.8 and 714.6 mg Mo/L (average: 575 mg/L) ; based on
reproduction the NOEC is 143.8 mg/L;

s The estimated NOEC uniwi-values for C. dubia (ECay / 2) are 110.8 and 83 mgiL (average: 96.9 mg/L);
» based on reproduction the estimated NOECs are 37 and 40 mg/L (average; 38.5 mgil).

Table 3: Reported physicochemical properties of the test media used by Canton et al (2006)



Temperature Hardness Ammonia pH

*C mg/L as CaCQ; (pgiL)
Daphnia magna 201103 83135 61+ 36 7.88+£0.39
Cerniodaphnia dubia 25102 84011 69 + 59 7.87 024
Pimephales promeias 249+£02 92662 23+ 11 766+018

D. magna & P. promelas

=

C.dubia
=5

Q1-study (useful for risk assessment and other regulatory purposes). Detailed information on
the physicachemistry of the test medium during the test is available, test methods and used statistics
are well described this study, and reported endpoints are based on measured molybdenum
concentrations

Q1/Q2-study {useful for risk assessment and other regulatory purposes). Detailed information
on the physicochemistry of the test medium during the test is available, test methods and used
statistics are well described this study, and reported endpoints are based on measured molybdenum
concentrations. The NOECanival is considered as a Q1-data point, but for reproduction nc bounded
NQEC could be derived. The reported ECzo-value (76.9 mg/L) offers an alternative for estimating a
NQEC-value (ECzo/2 = 38.5 mg/L; Q2-data paint). This estimated NOEC-value for reproduction can
be used if no other reliable values (i.e., bounded NOECs or EC4p-values) are available for this species
and endpoint.

A2.6 Huntington Research Centre, 1994a. Ammonium dimolybdate - Algal growth inhibition.

Test was performed according to Standard Guidelines, and test was performed with the standard
species Scenedesmus subspicatus;

Cell growth in the control exceeded the minimal requirement;

Clear effect-concentration relationship was obtained;

Molybdenum salt is reported: ammonium dimolybdate;

Nominal values were used for the derivation of effect levels, as “Test concentrations were not verified
by chemical analysis, at the request of the Sponsor”.

pH was measured at the start and end of the test, and values are reported

Raw data (absorbance values} are reported, thus allowing to derive ECo-levels

Reported endpoints are EbCss {41 mgil), ErCss (100 mg/L) and NOEL {25mg/L} (No Observed
Effect Level = NOEC)

Q3-study {not useful for risk assessment and other regulatory purposes). As the reported
effects levels are based on nominal Mo-levels, and Moe-levels were not measured as specific request
of the sponsor, this study is considered as a Q3-study (unreliable study).

A2.7 Huntington Research Centre, 1994b. Sodium molybdate dihydrate - Algal growth inhibition.

Test was petformed according to Standard Guidelines, and test was performed with the standard
species Scenedesmus subspicalus;

Cell growth in the control exceeded the minimal requirement;

Clear effect-concentration relationship was obtained;

Molybdenum salt is reported: sodium molybdate dihydrate;

Nominal values were used for the derivation of effect levels, as “Test concentrations were not verified
by chemical analysis, at the request of the Sponsor”;

pH was measured at the start and end of the test, and values are reported;

Raw data (absorbance values) are reported, thus allowing to derive EC1g-levels;

Reported endpoints are EhCsq (48 mg/L), ErCso (>100 mg/L} and NCEL (12.5 mg/L).
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=  Q@3-study (not useful for risk assessment and other regulatory purposes). As the reported

effects levels are based on nominal Mo-levels, and Mo-levels were not measured as specific request
of the sponsor, this study is considered as a Q3-study {unreliable study).

A2.8 Huntington Research Centre, 1994¢. Molybdenum oxide (technical} - Algal growth inhibition.

« 4 % %

Test was not performed according to Standard Guidelines: Only one Mo-concentration (100 mg/L}
was tested and reported;

A standard algal species was tested, namely Scenedesmus subspicatus;

Cell growth in the contral exceeded the minimal requirement,

Test substance is reported, namely molybdenum oxide (technical);

Nominal value was reported, as “Test concentrations were not verified by chemical analysis, at the
request of the Sponsor”;

pH was measured at the start and end of the test, and values are reported;

Raw data (absorbance values) are reporied, thus allowing to calculate whether there is a significant
effect between the control and the tested Mo-concentration;

No EbCss, ErCsp or bounded NOEL could be calculated for this test.

Q3-study {not useful for risk assessment or other regulatory purposes). Cnly one test
concentration was tested, and the reported test concentration is not measured but nominal: Mo-levels
were not measured as specific request of the sponsor, No bounded NOEC or ECy; can be derived
with the data. Therefore, this study is considered as a Q3-study for risk assessment purposes.

A2.9 Huntington Research Centre, 1994d. Molybdenum oxide (pure) - Algal growth inhibition.

Test was not perfarmed according to Standard Guidelines: Only one Mo-cancentration {100 mg/L)
was tested and reported;

A standard algal species was tested, namely Scenedesmus subspicatus;

Cell growth in the control exceeded the minimal requirement;

Test substance is reported, namely molybdenum oxide {pure);

Nominal value was reported, as “Test concentrations were not verified by chemical analysis, at the
request of the Sponsor”,

pH was measured at the start and end of the test, and values are reported;

Raw data {(absorbance values) are reported, thus allowing to calculate whether there is a significant
effect between the control and the tested Mo-concentration;

No EbCsg, ErCsp ar bounded NOEL could be calculated for this test.

Q3-study (not useful for risk assessment or other regulatory purpeses). Only one test concentration
was tested, and the reported test concentration is not measured but nominal: Mo-levels were not
measured as specific request of the sponsor. No bounded NOEC or EC1o can be derived with the
data. Therefore, this study is considered as a Q3-study for risk assessment purposes.

A2.10 Huntington Research Centre, 1996. Sodium molybdate 241/32 - Algal growth inhibition.

Test was performed according to Standard Guidelines, and test was performed with the standard
species Selenastrum capricomutum;

Cell growth in the control exceeded the minimal requirement;

Clear effect-concentration relationship was obtained:

Molybdenum salt is reported: sadium molybdate dihydrate;

Nominal values were used for the derivation of effect levels, as “Test concentrations were not verified
by chemical analysis, at the request of the Sponsor”;

pH was measured at the start and end of the test, and values are reported;

Raw data (absorbance values) are reported, thus allowing to derive EC10-levels;

Reported endpoints are EbC50 (100 mg/L), ErC50 (>100 mg/L) and NOEL (4.6 mg/L}.

Q3-study (not useful for risk assessment purposes). As the reported effects levels are based on
nominal Mo-levels, and Mo-levels were not measured as specific request of the sponsaor, this study is
considered as a Q3-study (unreliable study).
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A211 Diamantino et al., 2000, Toxicity of sodium molybdate and scdium dichromate to Daphnia magna
Straus evaluated in acute, chronic and acetylchalinesterase inhibition tests.

» Chronic test with Daphnia magna was performed according to Standard Guidelines (static renewal, 21
days exposure, six treatment concentrations + control);

« Test medium was ASTM hard water with an organic additive (not further specified);

+ No information on physicochemistry during the test period or at the end of the test is reported (e.g.,
pH),

» Tested salt is reported: sedium molybdate;

s« Only nominal concentrations are reported, no indication is given that Mo-levels were measured during
the test period;

s Reported end parameter are NOEC, LOEC and ECso, and this for three different endpoints: mortality,
reproduction and total growth;

« Raw effects data are not provided, but effect-concentration relationship is shown in Figure 6 of this
publication;

+  Total growth and reproduction were the most sensitive endpoints, with a nominal NOEC of 50 mg/L.

= Q3-study (not useful for risk assessment or other regulatory purposes). As the reported effects
levels are based on nominal Me-levels, and no information of test physicochemistry is provided, this
study should be considered as a Q3-study (unreliable study).

A2.12 Fletcher et al, 1997. Scientific Criteria document for the development of an interim provingial water
quality objective for molybdenum.

This publication reports some additional chronic data, but no details on test methodology or test conditions,
i.e., only effect levels were reported. The original publications are currently not reviewed yet:

Colmano G, 1973. Molybdenum toxicity: abnormal cellular division of teratogenic appearance in Euglena
gracilis. Bull. Environ.Contam.Toxicol. 9 (6), 361-364.

Den Dooren De Jong LE, 1985. Tolerance of Chiorella vuigaris for metallic and non-metallic ions.
J.Microbiol.Ser. 31, 301-313.

Sakaguchi T, Nakajima A, Horikoshi T, 1981. Studies on the accumulation of metal elements in biological
systems XVIII.  Accumulation of molybdenum by green microalgae. European J.
Appl.Microbicl.Biotechnol. 12, 84-89.

A2.13 Naddy et al., 1995. Toxicity of arsenic, molybdenum and setenium combinations to Cericdaphnia dubia.

This study examined the sublethal interactive effects of molybdenum (as sodium salt of molybdate) on
Cenodaphnia dubia using the three-brood static renewal toxicity test.

Test species and culture medium and culture conditions are well described;

Test methods followed standard guidelines, and test conditions were similar to culture conditions;

Tested salt is reported: sodium molybdate;

Physicochemistry of the test medium was monitored daily: pH, hardness, alkalinity, conductivity,

dissolved oxygen. Measured values, however, are not reported;

. Molybdenum levels were measured, and calculated effect concentrations are based on measured
values;

. No NQEC or ECq is derived: endpoints that were calculated are 8d-ICsp, 8d-IC2s and 8d-1Cy25 (IC:

inhibition concentration), and effect levels were 79.7 mg/L, 47.5 mg/L and 34.0 mg/L, respectively. The

latter value can be used to estimate an 8d-NOEC of 17 mg/L, i.e., IC+25 divided by 2 (TGD-gquideling}.

= Q2/Q3-study (useful/not useful for risk assessment or other regulatory purposes). The lack of a
reported NOEC or ECyp results in an estimated 8d-NOEC-value of 17 mg/L {(82-1Cy25 of 34 mgiL
divided by 2). Secondly, no detailed information on the physicochemistry of the test medium during
the test is available. Therefore, it is recommended that this estimated NOEC-value may only be used
if no other reliable values are available for this species and endpoint.
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A2.14 Kimball G, 1978. The effects of lesser known metals and one organic to fathead minnows (Pimephales
promelas)y and Daphnia magna.

In this study acute and chronic bioassays were conducted using both flow-through and static systems to
determine the short and long term effects of molybdenum on survival and reproduction of the test organisms.
The source of water for all test media was hard and came from a well tapping the Jordan sandstone stratum
underlying the Minneapolis-St.Paul metropolitan area. The only treatment of the water prior to the test was
catalytic removal of iron (0.1 mg/L). Hardness was not reported but Kimball stated that the water hardness
was 4-5 times as hard as that used by Biesinger and Christensen (1972). The latter authors used Lake
Superior water with a hardness of 45.3 mg/. as CaCQ; as test medium, and based on this information ¢an be
calculated that the average hardness of the well water used in this study is 204 mg/L as CaCO; (181-227
mg/L as CaCOs).

Chronic test with D. magna

Daphnia magna were obtained from a commercially available source (Aquatic Life Company,
Minneapolis) and their identification was confirmed from three reference sources. The chronic toxicity
test was initiated with neonates {12 + 12 hours old} and was conducted during 28 days as static
renewal test using duplicate sets of seventy 100 mL beakers. Beakers were split inte one control and
six treatments with 10 beakers per treatment. Each beaker contained 50 mL of test solution and
individual daphnia were assigned across treatments randomly. Molybdenum was added as MoQ3
and the test range was 0.36 10 8.68 mg Mo/L. Three times per week each daphnid was transferred
by pipette to the renewal solution. Neonates and the molts of the adults were counted after the adults
were transferred. Water chemistries was sampled on a regutar basis and analysis included
temperature, pH, oxygen, alkalinity, as well as the toxicant concentrations. Molybdenum
determinations were made using atomic absorption spectrophotometry using both carbon rod and
flame spectroscopy. The mean test temperature, pH and alkalinity were 20.5°C, 8.37, and 185 mg/L
as CaCO3, respectively.

The chronic effects level of 0.93 mg Mo/L that was reported by Kimball (1978) represented the 28d-
LCso. This endpoint is not useful for both classification and effect assessment purposes. However,
with the raw data that are added in Annex to the Kimball-study, it was possible to calculate a 21d-
EC10 and 21d-NOEC, based on the intrinsic rate of natural increase (rn). The derivation of the ry,
value is presented in Equation 1 {Southwood, 1576):

21
ZIx.mx.e'(”")" =1 (Eq. 1)
x=0

with I the age-specific survival and my the reproduction rate.

The calculated rp-values, the percentage of inhibition or rn compared to the control, and the
calculated 214-EC1o/NQEC are presented hereunder.

The 21d-EC1o and 21d-NOEC values on rn are a factor of 7.5 and 4.7, respectively, higher than the
28d-LCs. This difference is due to the fact that the major part of adult daphnia mortality ate the lower
test concentrations occurred between day 21 and day 28.

Mo-concentration rm-value % inhibition compared to
control

{mgiL}

Control 0.3683

0.36 0.3885 -4.66

0.67 0.3519 4.47

115 0.3909 -6.12

2.19 0.3510 2.00

4.41 0.3678 0.14

13
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8.68 0.3033 17.7
21d-ECqo 6.98 mglL (95% CL.: 5.61-8.70)
21d-NOEC 4.41 mg/L

=» Q1-study {useful for risk assessment and other regulatery purposes). This study can be considered as
a study of the highest quality (Q1-study), as physicochemistry was monitored and reported during the test
period, Mo-levels were measured and test was performed according to QECD-Guidelines for chronic testing of
daphnids. The reported endpoints (28d-LCso) is not useful for risk assessment purposed, but the raw data that
were available allowed the derivation of a 21d-EC1o/NOEC. As the ECyo is preferred over the NOEC is risk
assessments, the value of 6.98 mg Mo/L is considered as the ‘safe’ chronic concentration for D. magna.

A2.15 McDevitt CA, Pickard J, Andersen K, Hickoff C, 1999. Toxicity of molybdenum to early life stages of
rainbow trout in on site bioassays. In: Proceedings of the 1999 Workshop on Molybdenum Issues in
Reclamation. Kamloaps BC, 24 September, Edited by Brice WA, Hart B, Howell C, pp 120-12¢.

Discharge water collected in the East Denak Pit (Endako Mine, British Columbia, Can.) can reach
concentrations of 30 mg/L total molybdenum, but does not contain any contaminants other than those leached
from the rocks.

Tests were conducted with pit water that was spiked with Na;MoQ4.2H;0 to obtain a total molybdenum
concentration of 30 mg/L (nominal); ambient concentrations were measured before addition of molybdenum in
order to determine the dosage required. Hardness of the pit water ranged from 301-316 mg/L as CaCOj. Other
parameters (e.g., pH) were measured but were not reported.

+« The flow-through test was not performed in the laboratory, but was conducted in the field under

controlled conditions. Test method was a modification of Environment Canada (1997);

Test organisms were eyed eggs of the rainbow trout {Oncorhynchus mykiss),

5 concentrations were tested; 100%, 75%, 50%, 250 and 0% spiked pit water, diluted with stream

water (Watkins Creek) that contains Mol-levels below the detection limit;

Physicochemistry of the dilution water is not reported;

Each concentration trial consisted of four replicates, for a total of 32 incubation chambers;

60 eyed eggs were placed in each of the test chamber at the start of the test;

The fish were fed three times/day for 30 days once they reached the swim-up stage; the test lasted 60

days;

Endpoints were mortality, deformities and behaviour,;

=  Survival percentages in the contral of the embryos, alevins and fry were 95, 92 and 89%, respectively.
The observed survival percentages at the highest exposure concentration were 93, 91 and 94% for
these stages, respectively.

* 60d-NOECs were =30 mg Mo/L, and this for all endpoints. Statistics are not reported

" % ® @ » @

= Q3-study (not useful for risk assessment and other regulatory purposes}). Mo-levels are not
measured after spiking, although indication is given that nominal values are ¢lose to measured
values. Dilution medium is not defined, pH of the test medium during the test is not reported and
reporied effect levels are unbounded values {(NOECniva > 30 mg/L). No data or statistics are
reported on behaviour or deformities.

A2.16 Pickard J, McKee P, Stroiazzo J, 1999. Site specific multispecies toxicity testing of sulphate and
molybdenum spiked mining effluent and receiving water. In: Proceedings of the 1999 Workshop on
Molybdenum Issues in Reclamation. Kamloops BC, 24 September, Edited by Brice WA, Hart B,
Howell C, pp 86-95.

The chronic toxicity of molybdenum using a receiving water and effluent from a mine in British Columbia was
determined in a 30d- salmonid embryo/alevin test with the rainbow trout {Oncorhynchus clarki).

14



General test procedures were based on the Environment Canada Document “Toxicity tests using
early life stages of salmonid fish {Rainbow trout, Coho salmon, or Atlantic salmon})” {1997);

The static renewal test was performed at 14 = 1°C and ended 7 days after 50% of the control
embryos had hatched (30d-exposure test);

No further information on test methodology is provided in the paper (e.g., number of concentrations,
tested Mo-concentrations);

Test water consisted of Brenda Mine Pit water mixed with Trepanier Creek water;

Test water was spiked with sodiurn molybdate (NazMoC4.2H20);

Laboratory culture water and unspiked Trepanier Creek/Brenda Mine Pit water served as negative
controls;

Physicochemistry of the test media is not reported;

Reported values indicate that Mo-levels were measured in the test concentrations;

No survival’hatching percentages in control or Mo-spiked media are reporied; used statistics are not
mentioned in the paper

No effects were observed at the highest test concentration (87.8 mg Mo/L);

Q3-study (not useful for risk assessment and other regulatory purposes}. The reported value of
the unbounded NOEC (i.e,, 87.8 mg/lL) indicates that this represents a measured concentration
{highest tested nominal level was 90 mg/l). However, dilution media are not defined,
physicochemistry of the test medium during the test is not reported, test methodolegy is poorly
described, and reported effect levels are unbounded values (NOEC > 87.8 mg/L). No data or statistics
are reported.

A2.17 Ennevor BC, 1893. Effects of sodiurm molybdate and Endako mine effluent on developing embryos and

alevin of coho salmon at Capilano river hatchery, Fisheries and Oceans Canada, Habitat
Management Branch. Vancouver BC Draft Report.

Developing coho salmon (Oncorhynchus kisutch) embryos were exposed to sodium molybdate from 30
minutes post-fertilisation to 20 days post hatch.

The experimental flow-through test design consisted of two controls and five sodium molybdate
treatments, each treatment having three replicates with £ 200 eggs/replicate;

Duration of the test period was 20 weeks and temperature ranged from 3°C to 7°C;

Test medium was Capitano river water (pH 6.74; hardness 7.4 - 7.6 mg/L; alkalinity 3.4 mgiL);
Nominal test concentrations were 0.94, 1.88, 3.75, 7.50 and 15 mg/L; average measured dissolved
Mo-levels were 1.2, 1.4, 5.5, 7.2 and 19.5 mg Mol/L;

pH at the start ranged between 6.37 and 6.47; pH at the end of the test period was situated between
6.45 and 6.52;

Hardness of the test media was situated between 4.1 and 5.1 mg/L;

Endpoints were mortality, deformations and hatching percentage;

Development and behaviour appeared to be normal in all treatments; mortalities were randomly
spread, and mortalities at the highest concentration of Mo ranged between 2 and 4%;

No effects were observed at the highest concentration

Q3-study {not useful for risk assessment and other regulatory purposes). Although this study
was well performed {monitoring of water parameters during the test period, Mo-levels were measured,
etc..} , the outcome of this study is an unbounded NOEC of >19.5 mg/L. It is recommended not to use
this type of data for risk assessment purposes.

A2.18 Rodriguez PH, 2007. Molybdenum: toxicity to Daphnia magna and Pseudokirchneriella subcapitata

(micro algae). Chilean Mining and Metallurgy Research Center, Final Report to the International
Molybdenum Association. 17 p.

In this study chronic bicassays were conducted with algae and invertebrates for detemmining the toxicity of
molybdenum, added as sodium molybdate dihydrate

Bigassay with the green algae Pseudokirchneriella subcapitata
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Test was conducted in accordance with QECD Guideline N. 201 “Alga, growth inhibition test”;
Cultures were obtained from Aquatic Research Organisms, Hampton, NH, USA;

Algal cultures were exposed to 5 test concentrations (3 replicates/concentration) of molybdenum plus
one untreated control {100 mL/Erlenmyer, cell density at start of the test was 1. 10° cells/mL):

Two test media were used fo evaluate molybdenum growth inhibition of P. subcapitata: OECD (I1SO-
medium and AAP (US-EPA) mediurn;

Tests were petformed at 22 + 1.5 °C;

pH in US-EPA medium ranged between 7.81 and 7.11, and between 8.12 and 7.96 in QECD medium;
Test substance was added as sodium molybdate dihydrate, and Mo-levels were determined by flame
atomic absorption spectroscopy technique.

Measured test concentrations in QECD medium were 1.6, 3.4, 7.3, 15.4 and 30.4 mgiL. of dissolved
Mo;

Measured test concentrations in US-EPA medium were 8.0, 50.8, 107.4, 213.2 and 419.5 mg/L of
dissolved Mo,

The ECgo and NOEC were based on the cell densities of the various treatments,;

Reported NOEC-values are presented in Table 4.

Chronic test with Daphnia magna

Test was conducted in accordance with OECD Guideline N. 211 “Daphnia magna reproduction test”;
Cultures were obtained from Aquatic Research Organisms, Hampton, NH, USA;

Test was performed with juveniles (< 24h old) tested for 21 days in a static renewal toxicity test
(renewal of the test medium at least three times/week);

Five concentrations and a control were tested;

Far each concentration, 10 organisms were individually exposed to the molybdenum compound in
polyethylene cups (70 mL of capacity) containing 50 mL of test medium;

Synthetic hard water was used as test medium (as recommended in EPA, 1993 and EPA, 2002} (pH
of 8.47; hardness of 168 mg/L as CaCOa);

Test was performed at 20°C, with a photoperiod of 16h light and 8h darkness;

Animals were fed at least three times/week (algal mix of P. subcapitata and C. reinhardfii in a 3.1
ratio);

Test substance was added as sodium molybdate dihydrate, and Mo-levels were determined by flame
atomic absorption spectroscopy technique.

Measured test concentrations were 24.1, 49.9, 89.1, 134.5 and 184.5 mg/L of dissolved Mo.

The stability of the dissolved molybdenum concentrations in the presence of food were verified by
flame-AAS;

The mean number of offspring per parent animal in each Mo-treatment was compared to that in the
control using a hypothesis test with the parametric “Dunnet’s Procedure” to determine the NOEC;
The reported NOEC-level is presented in Table 4.

Table 4: Test results of chronic toxicity tests with sodium molybdate dihydrate (data from Radriguez, 2007}

Test organism Test medium Effect concentration
{mg Moil}

P. subcapitata US-EPA medium 72h-NQEC: 8.0.

P. subcapitata OECD-medium 72h-NOEC: 3.4

D. magna Synthetic hard water 21d-NOEC: 49.9

Reliability of the study for classification purposes:

This study in considered as a study of the highest quality (Q1-study): Mo-concentrations were measured and
reported effect levels are based on these measured levels. The pH in the test media (alga) is reported, and
composition off the various test media is reported. Testing methads are properly described, and are in line with
recommended international testing guidelines.

With regard to the algal study, however, a NOEC based on growth rate would further increase the ecological
relevance of the derived effect concentration. It should be noted that biomass is 2 more sensitive endpoint
compared to growth rate. Therefore the use of the reported 72h-NOEC can be considered as a conservative
approach.




Secondly, it is also recommended to derive ECqo-levels instead of NOEC-levels as the latter values depend on
the used test concentrations. Both values, however, are acceptable for classification and risk assessment
purposes.

A3 Conclusion

Data for algae
For algae, 2 highly reliable data peoints were found (Rodriguez, 2007).

Data for crustaceans

For crustaceans, three highly reliable study reporting a 21d-EC1o/NOEC for Daphnia magna was found: the
Kimball-study (1978), the study reported by Rodriguez {2007), and the Canton et al-study (2006, Draft
manuscript). The latter study also provides high-quality data for Ceriodaphnia dubia. For C. dubia, there is an
additional study (Naddy et al, 1995) with a Q2/Q3 classification.

Data for amphibians
Mo reliable studies were found.

Data for fish

For the rainbow trout Oncorhynchus mykiss there was one highly reliable study (Davies et al., 2005) and one
satisfactory study (McConnell, 1977). A highly reliable study was also available for the fathead minnow
Pimephales promelas (Canton et al, 2006; draft publication).
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Anexo 5

Exiracto de :

Sistema Aguas Claras Embalse Caren Y Sistema Aguas Claras Embalse Los Leones. Informe Final.
Descargas Al Ambiente De Aguas De La Mineria: Evaluacion Quimico Ecotoxicoldgica De Las Aguas Claras
De Relave. Centro De Investigacion Minera Y Metaldrgica, Cimm. 2001.

“ MONITOREQ ECOTOXICOLOCGICC

El ndmero total de animales utilizados en cada bioensayo correspondio a 120. Se utilizaron 20 animales para
cada concentracion de efluente, incluido el control, 4 contenedores, cada uno de ellos contuvo 5 animales. En
alguno de los contenedores de los bicensayos realizados, el nimero de dafnidos tuvo variaciones de un
animal extra o de menos en cuye caso varié los totales parciales de animales en cada concentracion, esto
altimo no afecta de modo alguno los resuitados, ya que las metodologias (anexo 1) contemplan estas
diferencias para la determinacién de las LC50.

La incorporacién de un sitio extra de muestreo (Rapel en Punta Arenas}, y posterior realizacién de bioensayos
con esta aguas, permitié realizar sélo dos bicensayos con cada una de las especies de dafnidos en los
sectores de Embalse Loncha, Rapel en Desembocadura Alhué y Rapel en Punta Arenas.

RESUMEN DE RESULTADOS DE LOS BICENSAYQS

N° bioensaye Muestra Especie ECs QObservacion
1 Caréo antes de junta con Allwé | D. magna - No se detecto toxicidad en el effuente
2 Carén antes de junta con Allué | D. magna - No se detectd toxicidad en el efluente
3 Carér antes de junta con AThue | D. pulex - No se detecto toxicidad en ef efluente
4 AThué antes de jumta con Carén | D. magna - No se detectd toxicidad en of effuente
s Albué antes de junta con Carén | D magna - No se detects toxicidad en el efluente
6 AThué antes de junta con Carén | D. pulex - No se detectd toxicidad en ol effuente
7 Alhué en Qulamuta D. magna - No sa detecto toxicidad en ef eflusnte
8 Alhué en Quilamuta D. magna - No se detectd toxicidad en el efluente
9 Alhué en Quularouta D. pulex - No se detectd toxicidad en el efluente
10 Embalse Loncha D. magna - No se detectd toxicidad en el efluente
11 Embalse Loncha D. pulex - No se detectd toxicidad en el efluente
12 Rapel ec desembocadura Albwé | D magna - No se detectd toxicidad en el efluente
13 Rapel en desembocadurz Allwé | D. pulex - No se detects toxicidad en el efluente
4 Rapel en Punta Arenas D. magna - No se detectd toxicidad en el efluente
15 Rapel en Punta Arenas D, pulex - No se detectd toxicidad en el efluente
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» Background The tmportance of molybdenum for plant growth is disproportionate with respect to the ubsolute
amounts required by most plants. Apart from Cu, Mo is the least abundant essential micronutrient found in most
plant tissues and is often set as the base from which all other nutrients are compared and measured. Molybdenum is
ulilized by selected enzymes 1o carry out redox reactions. Enzymes that require molybdenum for activity include
nitrate reductase, xanthine dehydrogenase, zldebyde oxidase and sulfite oxidase.

» Scope Loss of Mo-dependent enzyme activity (directly or indirectly through low internal molybdenum levels)
impacts upon plant development, in particular, those processes involving nitrogen metabelism and the synthesis of
the phytohormones abscisic acid and indole-3 butyric acid. Currently, there is Little information on how plants access
molybdate from the soil solution and redistribute it within the plant, In this review, the role of molybdenum in plants
is discussed, focusing on its current constrzints in seme agricultural situations and where increased molybdenum
nutrition may aid in agricultural plant development and yields.

o Conclusions Molybdenum deficiencics arc considered rare in most agricueltural cropping arcas; however, the
phenotype is often misdiagnosed and attributed to other downstream effects associated with its role in various
enzymatic redox reactions. Molybdenum fertilization through foliar sprays can effectively supplement internal
molybdenum deficiencies and rescue the activity of molybdoenzymes. The current understanding on how plants
access molybdate from the soil solution or later redistribute it once in the plant is still unclear; however, plants have
similar physiological molybdenum transport phenotypes to those found in prokaryotic systems. Thus. careful
analysis of existing prokaryotic molybdate transport mechanisms, as well as a re-examination of know anion
transport mechanisms present in plants, will help to resolve how this important trace element is accurnulated.

Key words: Molybdenum, molybdate transport, nitrate reductase, Moco. Virs virifera, Merlot, Millerandage, sulfate
transport. witrogen fixation, nitrogen metabolism. plant nuirition.

INTRODUCTION hinder plant growth. Most of these phenotypes are associated
with reduced activity of molybdoenzymes. These enzymes
include the primary nitrogen assimilation enzymes such as
nitrate reductase (NR), and the nitrogen-fixing enzyme nitro-
genase found in bacteroids of legume nodules. Other molyb-
doenzymes have alse been identified in plants including
xanthine dehydrogenase/oxidase involved in purine catabo-
lism and ureide biosynthesis in legumes, aldehyde oxidase
(AOj) that is involved in ABA biosynthesis, and sulfite oxi-
dase that can convert sulfite to sulfate, an important step in
the catabolism of sulfur-containing amino acids (Mendel and
Haensch, 2002; Williams and Frausto da Silva, 20023, There
arc recent review articles on molybdoenzymes in plants,
animals and prokaryotcs (Mendel and Hacnsch, 2002:
Williams and Frausto da Silva, 2002; Sauver and Frebort,
2003) that cover the extensive literature on the regulation
and formation of Moco and the activity of Moco with mol-
ybdenum-dependent apoenzymes. Instead of re-gxamining
this important component of melybdenum nutrition, this
review will instead re-examine the effects of molybdenum
nutrition in agricultural plants and explore the poorly under-
stood aspect of molybdenum transport inte and within the
plant. In prokaryotes and lower-order eukaryotes, the molyb-
date transport systems have been well defined and are char-
acterized at both the physiological. biochemical and genetic
levels (Grunden and Shanmugam, 1997, Self et al., 2001),
* For correspondence. E-mail brent.kaiser @adelaide.eduau Unfortunately, this wealth of sequence informaticn bhas not

Molybdenum is a trace element found in the soil and is
required for growth of most biolegical organisms including
plants and animals. Molybdenum is a transition element,
which can exist in several oxidation states ranging from zero
to V1, where VI is the most common form found in most
agricultural soils. Similar to most metals required for plant
growth, molybdenum has been utilized by specific plant
enzymes to participate in reduction and oxidative reactions.
Molybdenum itself is not biolegically active but is rather
predominantly found to be an integral part of an organic
pterin complex called the molybdenum co-factor (Moco).
Moco binds to molybdenum-requiring enzymes (molyb-
docnzymes) found in most bioclogical systems including
plants, animals and prokaryotes (Williams and Frausto da
Silva, 2002). The availability of molybdenum for plant
growth is strongly dependent en the soil pH, concentration
of adsorbing oxides (¢.g. Fe oxides), extent of water drai-
nage. and organic compounds found in the soil colleids. In
alkaline soils, molybdenum becomes more scluble and is
accessible to plants mainly in its anion form as MoQ; . In
contrast, in acidic soils (pH <5-5) molybdenum availability
decreases as anion adsorption to soil oxides increase (Reddy
er al, 1997). When plants are grown under molybdenum
deficiency. a number of varied phenotypes develop that

© The Author 2005. Published by Oxford University Press on behalf of the Annals of Butany Company. All rights reserved.
For Permissions, please email: journals. permissions@ gupjournals.org
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translated into an improved understanding of how eukaryotic
systems transport molybdenum. This is not surprising as the
primary molybdatc transport systems present in prokaryotes
are members of the ATP-binding cassctte (ABC) protein
superfamily. Members of this superfamily extend into plants;
however, the numbers are large, where in arabidopsis alone
there is predicted to be at least 129 putative protcins in the
genome (Sanchez-Fernandez er al., 2001). Secondly a large
number of other putative transport proteins that may encode
molybdate transport systems still remain uncharacterized
in sequenced plant genomces (Schwacke et al., 2003).
Nevertheless, the prokaryotic sysiems are good starting
points to discuss the types of cukaryotic systems that may
exist and direct future research into specifically identifying
plant molybdenum transport systems,

AVAILABILITY OF MOLYBDENUM IN
AGRICULTURAL SOILS

Molybdenum is present in the lithospherc at average
levels up to 2-3mgkg ! but can increase in concentration
(300mgkg_1) in shales that contain significant organic
matter (Fortescue, 1992; Reddy et a/., 1997). In agricultural
soils, molybdenum is present as many different complexes
depending on the chemical speciation of the seil zone.
Mineral forms of melybdenum found in rocks include
molybdenite (MoS,), wulfenite (PbMoQy) and ferrimolyb-
denite [Fea(MoQy4)) (Reddy er al,, 1997). Release of mol-
ybdenum from solid mineral forms is through weathering. a
process involving continual solution and coxidation reactions
(Lindsay, 1979: Gupta, 19974). Dissolved molybdenum
availablc to plants is commonly found in the soluble
Mo, anion form (Lindsay, 1979). Above pH 4.23,
MoOy is the common anion followed in decrcasing order
by MoO; > HMO; > H,MOY > MoO,(OH)" > Mo03~
(Lindsay, 1979}. Once in selution, the MoO; anion is subject
to normal anion adserption/desorption reactions, which are
dependent on the specific chemistry of the soil sclution.
MoO,; can adsorb onto positively charged metal oxides
(Fe, Al, Mn), clay minerais, dissolved organic compeounds
and carbonates. The adsorption of molybdenum onto posi-
tively charged metal oxides is strongly pH dependent with
maximum adsorption occurring between pH 4 and 5
(K. §. Smith et al., 19978). As the soil solution becomes
more alkaline MoQ, availability increascs. Every unit
increase above pH 3, MoOy solubility increases approx.
100-fold primarily through decreased adsorption of metal
oxides (Lindsay, 1979}). Conscquently, the application of
lime to agricultural soils has been an important tool to adjust
soil pH and increase soluble molybdate.

Soluble MoQy; can also form ionic complexes with various
ions in solution including Na, K, Ca and Mg, and can also be
complexed with organic matter, particularly hurnic and ful-
vic acids {Jenne, 1977). The formation of these complexes
can deercase thc amount of MoO; bound by metal oxides,
increasing the amount of available MoQ, in solution (Reddy
etal., 1997), Soil moisture alse influences MoO, availability
where poorly drained wet soils (c.g. peat marshes, swampy
organic rich soils) tend to accumulate MoQ, to high levels
{Kubota er al., 1963). Many plants that grow under these

Kuaiser et al. — Molybdenum Nutrition in Plants

s0il conditions display high internal molybdenum levels,
which can result in molybdenosis in ruminant animals if
the material is used as animal feed (Scott, 1972; Gupta,
19974}, In contrast, well-drained sandy soils have been
shown to leach significant amounts of applicd molybdenum
(Fones and Belling, 1967). The retention of molybdenum in
sandy soils is very much pH dependent as acidic sands release
neglible amounts of molybdenum in the lcachate (Riley et al,,
1987). Thus, soils rich in organic matter and with poor
drainage traditionally accumulate soluble molybdate, while
sandy soils arc subject toe molybdenum leaching but in
a pH-dependent manner (Bleomficld and Kelso, 1973;
Karmian and Cox, 1978; Riley et af., 1987).

IDENTIFICATION OF MOLYBDENUM AS
AN ESSENTIAL PLANT ELEMENT

The requirement of molybdenum for plant growth was first
demonstrated by Armon and Stout {1939} using hydroponi-
cally grown tomato, Plants grown in nutrient solution
without moelybdenum developed characteristic phenctypes
including mottling lesions on the leaves, and altered leaf
morphelogy where the lamellae became involuted, a pheno-
type commonly referred to as ‘whiptail” (Arnon and Stout,
1939). The only trace clement that could eliminate these
phenotypes was found to be molybdenum. The first reported
case of molybdenum deficiency in an agricultural context
occurred in mixed pasture grasses in the Lofty ranges of
South Australia (Anderson, 1942). Local pastoralists
reported  significant failures of well-irrigated pastures
containing subtcrrancan clover (Trifolium subterraneaum).
perennial rye grass and Phalaris tuberosa. These pastures
had been sown on sandy loam (ironstone} soils, which were
low in nitrogen, slightly acidic (pH 5-5-6), rich in iron
oxides and had received significant superphosphate treat-
ments in previous years (Anderson, 1942, 1946). It was
noted at the time that clover could grow in these soils after
liming or when wood-ash was present (Anderson, 1942).
It was later identified that molybdenum was the most
abundant trace element present in the soluble and insoluble
cxtractions of the wood-ash. Molybdate application at 21b
per acre was capable of increasing lucerne yields approx.
3-fold over control plots (Anderson, 1942). Shortly there-
after, Davies (1945) and Mitchell (1945) demonstrated that
the whiptail phenotype in caulifiower could be overcome
with the addition of molybdenum to the soil. Watker (1948)
observed that tomate grown in molybdenum-deficient ser-
pentine soils could be rapidly rescued (return of green col-
our, loss of mottling) with application of sodium molybdate
dircetly te the soil, or by leaf painting and icaf infiltration.

In contrast, molybdenum toxicity in plants under most
agricultural conditions is rarc. In tomato and cauliflower,
plants grown on high concentrations of molybdenum will
have leaves that accumulate anthocyanins and turn purple,
whereas, in legumes, leaves have been shown to turn yellow
(Bergmann, 1992; Gupta. 1997h). The greatest concern
associated with high plant molybdenum levels is with crops
used for grazing or silage production, Ruminant animals,
which consume plant tissues high in molybdenum content,
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can suffer from molybdenosis, a disorder that induces
copper deficiencies (Scott, 1972}, Fortunately this diserder
can be controlled by directly maintaining adequate Mo/Cu
ratios in the rumen diet or by altering the availability of
melybdenum to plants by changes in soil availability (pH
adjustment).

VISUAL SYMPTOMS OF MOLYBDENUM
DEFICIENCY IN PLANTS

Molybdenum deficiencies have been documented in
many plant species where phenotypes range in severity
and appearance {Hewitt and Bolle-Jencs, 1952a). In the
Brassicaceac family, molybdenum deficiencies are strik-
ingly pronounced and reproducible amongst many of its
members, Visual effects in young plants include mottling,
leaf cupping, grey tinting, and flaccid leaves which arc often
found on scedlings that remain dwarfed until dying (Hewitt
and Bolle-Jones, 18524}, In older plants, where deficiencies
have been rescued or when deficiency levels are modest,
the symptoms appcar in younger leaf tissues with the char-
acteristic loss of proper lamina development (whip-tail),
leathery leaves and meristem necrosis (Hewitt and Bolle-
Jones, 1952b). Investigation into the ultrastructure of leaves
cxhibiting whip-tail indicated that chleroplasts near the
lesions became bulbous and enlarged with spherical protru-
sions boundcd by chloroplast and tonoplast membrancs
(Fido et ai., 1977).

Deficiency symptoms can alse be masked by the indirect
cffect of molybdenum on nitrogen assimilatory cnzymces
(i.e. NR). Many horticultivral. cerecal and legume crops
growing at deficient molybdenum levels in the presence
of nitrate fertilizers will develop pale green leaves and. at
times, necrotic regions at leaf margins with accompanied
decreases in overall plant growth (Hewitt and Bolle-Jones,
1952¢; Agarwala er af., 1978, Chatterjee er al,, 1985,
Chatterjee and Nautiyal, 2001). Molybdenum-deficient
cat and wheat develop necerotic regions on leaf blades,
and seeds are poorly developed and shrivelled (Anderson,
1656; Chatterjec and Nautiyal, 2001). In maize, molyb-
denum  deficiency shortens  internodes, decreases  leaf
areas and causes the development of chlorotic leaves
(Agarwala er al., 1978). In reproductive tissues in maize,
molybdenum deficiency can alter the phenotypes in devel-
oping flowers. including delayed emergence of tassels,
small anthers, poorly developed stamens, and reduced pol-
len grain development (Agarwala et al., 1979). Pollen that is
released from the anthers has been shown to be shrivelled
and have poor germination rates (Agarwala er al,, 1978,
1979). In grapcvines, molybdenum deficiency has recently
been suggested as the primary cause of a bunch develop-
ment disorder called Millerandage or *hen and chicken’
(Williams et af., 2004). Millerandage (Fig. 1) is character-
ized by grapevine bunches that develop unevenly, where
fully matured berries are present in a bunch alongside a
large number of fertilized underdeveloped berrics as well
as unfertilized swollen green ovaries (Mullins er al., 2000).
Millerandage has been reported primarily in Viris vinifera
‘Merlot® but unpublished anccdotal reports have suggested
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Fia. 1. Incidence of Millerandage in V. vinifera “Merlot’ and recovery

from after foliar molybdate treatment and/or grafting onto rootstocks.
Millerandage is identified by altered bunch deveiopment where berries
within bunches at final harvest are at different developmental stages
including fertilized matured ripened berries, fertilized bul  poorly
developed berries and unfertilized enlarged preen ovaries. (A} Merlot
bunches at harvest displaving Millerandage in the (—=Mo) treatment
versus nermal bunches in the (+Mo) treatment. (B) Final berry yields in
response to foliar molybdenum treatments pre-flowering. Merlot vines
were grown on own roots or grafted onto the rootstocks Schwarzmann
and 140 Ruggeri.

the problem also occurs in Cabernet Sauvignon and
Chardonnay cultivars (P. Dry, The University of Adelaide,
Adelaide Australia, pers. comm.). In Merlot vines dis-
playing Millerandage, other characteristic molybdenum-
deficiency responses also appear including shortened
zigzag-shaped internodes, pale-green leaves, increased
cupped and flaccid leaves, and marginal lcat necrosis
(K. Gridley, University of Adelaide, unpebi. res.).

BIOCHEMICAL RESPONSE IN PLANTS TO
MOLYBDENUM DEFICIENCIES

Molybdenum deficiency affects plant metabolism at many
differcnt levels. The responses are strongly linked to the
requirement of molybdenum for the various types of molyb-
doenzymes present in plants. Plant molybdocnzymes can be
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broken down to those involved in nitrogen reduction and
assimilation [i.c. nitratc reduction (nitrate reductase; NR},
nitrogen fixation (nitrogenasc), purine catabolism (xanthine
dehydrogenasc/oxidase; XDH), abscisic acid (ABA) and
indole-3 acetic acid (IAA) synthesis (aldehyde oxidase;
AO)] and sulfur metabolism (sulfite oxidasc; SO). The
molybdoenzymes can be classified even further based on
their interactions with Moce. NR and SO contain a diexoe-
Mo co-factor, which activates the protein when it is inserted
into the protein complex (Mendel and Haensch, 2002).
XDH and AD have a monoxo-Mo co-factor which requires
Moce insertion and then subscquent sulfuration of the
Mo centre to activate the Moco/protein complex (Mendel
and Haensch, 2002). Since molybdenum is involved in
a number of different enzymatic processes, a defined plant
response to molybdenum deficiency can be complex and
thus difficuit to assign causally to specific enzyme systems.
This is particularly evident in molybdoenzymes invelved in
nitrogen metabolism where overzll reductions in plant
growth and health can alter plant development, susceptibil-
ity to pest damage, and fruit or grain develepment (Graham
and Stangoulis, 2003).

Molybdenum deficiency and NR activity

Molybdenum deficiencies are primarily associated with
poor nitrogen health particularly when nitrate is the pre-
dominant nitrogen form available for plant growth. Inability
to synthesize Moco will reduce the activity of the critical
nitrogen-rcducing and assimilatery enzymes including NR
and XDH (Agarwala and Hewitt, 1954; Spencer and Wood,
1954; Afridi and Hewitt, 1964, 1965; Randall, 1969; Jones
et al., 1976; Agarwala et al.. 1978). In most plant species,
the loss of NR activity is associated with increased tissue
nitrate concentrations and a decrease in plant growth and
yiclds (Spencer and Wood, 1934; Agarwala er af., 197§;
Chatterjec er af., 1985; Unkles er al., 2004). Accordingly. in
spinach plants grown under molybdenum-deficiency condi-
tions, lcaf NR activity was found to be reduced and overall
final plant yields lower than control plants grown on
adequate levels of molybdenum (Witt and Jungk, 1977).
In wheat, molybdenum starvation was also shown to reduce
maximum NR activities (lower potential Vi) HiTespective
of the regulatory control of NR by light and dark periods
(Yanecva er ¢f., 2000}. Re-supplying moelybdenum as a foliar
spray or in supplemented nutrient solution in mest instances
will readily recover NR activity (Spencer and Wood, 1854,
Afridi and Hewitt, 1964 Jones et al., 1976; Witt and Jungk,
1977). In the wine grapevine Vitis vinifera *‘Merlot’, poor
growth during cstablishment and variable yiclds in mature
plants grown in many South Australian vineyards is posi-
tively correlated with reduced petiolar molybdenum levels
(Williams et al., 2004). Preliminary experiments by Ngaire
Brady and colleagues {unpubl. res.} have demonstrated
NR activity is significantly depressed in both Merlot shoots
and roots even when grown with nutrient solution contain-
ing nitrate-N and adequate amounts of sodium molybdate
(Fig. 2}. It is believed that this is not the result of a mutation
in the NR apoenzyme or in Moco biosynthesis as Merlot is
capable of nitrate reduction when molybdenum is applicd as
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In vive nitrate reductase activity (NRA)Y was measured in Jeaf dises and

young reok scclions from Merlot and Chardonnay  grapevines. The

prapevines were grown in sand in pots and supplied modificd Hoagland

nutrient solution contaming different nitrogen formulations. Data represents
the mean * s.e. (n = 5).

a foliar treatment. Painting molybdate directly onto a leaf
will induce NR activity in the treated lcaf and in untreatcd
leaves elsewhere in the canopy (Fig. 3). From this prelimi-
nary study, it would indicate the phenotype present in
Merlet is not related to the synthesis and activity of Moco
(Mendel and Haensch, 2002) or the NR apoenzyme but most
likely associated with a disruption in the mechanism con-
trolling molybdenum uptake and or internal redistribution in
the xylem and or phloem. Interestingly, NR activity can also
be rescued and plant growth returned to a ‘normal” state by
grafting Merlot onto hybrid North American rootstocks
(Fig. 1). From this phenotype it would suggest the mutation
in Merlot rests with its inability to readily accumulate
molybdate from the soil solution.

Molybdenum and its regulation of symbioric
nitrogen fixation

The ether notable influence of moelybdenum on plant
nitrogen metabolism is in nitrogen-fixing Jegumes. The
symbiotic bacterial enzyme nitrogenasc is comprised of two
subunits one of which is the MoFe protein directly involved
in the reduction of N2 to NH;. Supply of molybdenum and
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Fic. 3. Induction of nitrate reductase activity in Merlot leaves by foliar

application of molybdate, The level of NRA in leaves of Merlot before and

after application of molybdate to a single leaf. The leaves removed at T=0

had no Mo applied. The leaves at T = 7 d ¢ither had molybdate (1-54 mm
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side of the vme with no applicd molybdate {—Meo). Data represents
mean * standard crror (n = 5.

Fe to bacteroids is therefore an important process and most
likely a key regulatory component in the maintenance of
nitrogen fixation in legumes. Molybdate supptied by the
plant must traverse nodule cellular membranes (plasma
membrane and the peribactcroidd membrane) as well as
the bacteroid outer and inner membranes to reach the bac-
terial nitrogenase complex. A modABC transport system is
most likely involved in bacteroid molybdate uptake; how-
ever, currently there is no information on the mechanism
contrelling molybdate transport into nedules and across the
peribacteroid membrane. What is known, with respect to
molybdenum and legume nitrogen fixation, is that molyb-
denum availability is ¢losely correlated with nodule devel-
opment (Anderson and Spencer, 1950; Anderson, 1956), In
the absence of exogenous nitrogen (conditions which pro-
mote nitrogen fixation}, molybdcnum deficiency has been
shown to significantly increase the number and size of clo-
ver noduoles relative to control plants receiving molybdenum
(Anderson and Spencer, 1950). Foliage of molybdenum-
deficient clover also shows characteristic nitrogen-
deficiency symptoms with pale green to yellow leaves
and reduced biomass production (Anderson and Spencer,
1950; Hewitt and Bolle-Jones. 19524}, Legumes also appear
1o maintain molybdenum concentrations in nodules as the
partitioning of molybdenum in common bean and soybean
favours both nodules and developing seeds relative to other
tissucs (Gurley and Giddens, 1969; France and Munns,
1981; Ishizuka, 1982; Brodrick and Giller, 1991&). Foliar-
applied molybdenum to common beans resulted in an 81 %
increase in nodule molybdenum levels relative to the 56 %
increase observed in the shoots (Brodrick and Giller, 19915).
It would thus appear that nodules are strong sinks for
molybdenum, whether this i1s a direct consequence of an
active nitrogenase enzyme is still to be determined.
Experiments with soybcan and common bean have shown
that molybdenum fertilization can enhance the nitrogen-
fixing symbiosis through increascd nitrogenase activity
rates and larger nodules (Parker and Harris, 1977 Adams,
1997: Vieira er af., 1998). Howevcer, subsequent increases in
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nitrogenase activity were not shown to occur as external
molybdenum supply increased (Brodrick and Giller,
1991h). It would appear that nodules accumulate signifi-
cantly more molybdenum than what is required in order
to support bacterial nitrogenase activity and symbiotic
nitrogen fixation.

The mobilization and export of fixed nitrogen out of the
nodule requires the activity of the molybdoenzyme XDH.
Depending on the legume specices, fixed nitrogen ts exported
as either amides (glutamine and asparagine) or ureides
(allantoin and allantoic acid), which are initially derived
from the oxidative breakdown of purines. During this
process, XDH catalyses the conversion of hypoxanthine
to xanthine and xanthine to uric acid (Mendel and Haensch,
2002). The direct cffects of molybdenum deficiencies on
XDH activity in legume nodules is unknown; however,
deficiencies would impact vpon the ability of the plant to
efficiently export reduced nitrogen from the nodule. XDH
activity is also suggested to gencrate superoxide radicals
(superoxide anions and/or hydrogen peroxide) in responsc
1o both biotic and abietic stresses (Pastori and Rio, 1997,
Hesberg et al., 2004). XDH activity has been shown to
increase when phytopathogenic fungi infect both cereals
and legumes. Whether this response 1s aimed at oxidative
defence mechanisms it still unknown; however, in pea,
XDH activity is strongly correlated with the activity of
superoxide dismutase (Pastori and Rio. 1997). How this
and other plant defcnce-related responses are linked to
plant molybdenum nutrition is poorty understood. There
1s little direct evidence to conclude that improvements in
plant molybdenum levels results in a deerease of discase,
with the exception of small number of studies which indi-
cate molybdenum fertilization can improve resistance to
verticillium wilt in tomato (for a review, see Graham and
Stangoulis; 2005). However, as discussed by Graham and
Stangoulis (2005). this response may just be through
improved plant health and not a direct cffect on molyb-
denum in the defence response.

Molybdoenzymes not assoclated with nitrogen metabolism

Molybdoenzymes arc also involved in the synthesis of the
phytohormones ABA and indole-3-acetic acid (IAA). The
Moco-dependent AO, catalyses the final steps in the con-
version of indole-3-acetaldehyde 10 1A A, and the oxidation
of abscisic aldehyde to ABA. Mutaticns in either the AO
apoprotein or enzymes involved in Moco biosynthesis and
Moco activation (sulfuration) will disrupt ABA synthesis
(Marin and Marton-Poll, 1997: Schwartz et al., 1997; Sagi
et al., 2002; Hesberg et af., 2004). Low ABA levels result in
plants with a wilty appearance through excessive transpira-
tion and loss of stomatal control, altered sced dormancy, and
impaired defence responses (Mendel and Haensch, 2002). It
has been shown recently the ABA-deficient mutants Aacca
and aba3, which both show wilty phenotypes, are disrupted
in the Moco sulfuration stcp, which is required to activate
the inscrted Moco in AO (Bittner er af., 2001; Sagi ef al.,
2002). One of the distinct phenotypes in molybdenum-
deficient Merlot is flaccid and cupped leaves similar to
that observed in fucca and aba3 (Robinson and Burne,
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2000}. More rescarch is reguired to ascertain whether AC
activity in Merlot i1s affected by molybdenum deficiencics
and the wilty phenotype associated with AQO activity and
sufficient ABA production.

MOLYBDENUM TRANSPORT

The mechanism(s) controlling meolybdenum transport in
plants and all higher-order organisms are still unknown.
To datc, molybdcnum transport systems have only becn
identified and characterized in prokarvotes (bacteria) and
some lower order eukaryotes (Self et al., 2001; Mendel and
Haensch, 2002). In bacteria, the melybdenum transport
systemn consists of multiple transport systems that cnsure
cffective transfer of molybdenum into the cell. From studies
in Escherichia coli, three systems are known to exist (Fig. 4),
a primary high-affinity ABC-type transport system
(ModABC) {Maupin-Furlow et al., 1995) and two sec-
ondary systems including an ABC-type sulfate transporter
and a non-specific anion iransporter (Maupin-Furlow er af.,
19935; Self er al., 2001). Each of these proteins is encoded
from genes found on a single operon (Maupin-Furlow er af.,
1995; Walkenhorst et «l, 1995). Downstream of the
ModABC operon are two individual operons containing
the regulatory genes ModE and ModF (Grunden er af.,
1996). In many other bacteria and Archaea, Mod operons
with similar or altcred composition to that of E. coli have
been identified through genome sequence homology

(Grunden and Shanmugam, 1997: Self et al., 2001).
However, only a few have been genctically and functicnally
characterized including Mod genes present in Azotbacter
vinelandii, Staphylococcus carnosus and Rodobacter
capsulatus (Luque er al., 1993; Wang et al., 1993; Neubauver
et al., 1999},

ModABC consists of three proteins including a peri-
plasmic molybdate-binding protein (ModA), an integral
membrane channel protein (ModB) and an energizing pro-
tein (ModC). Molybdate binds to ModA (Kp, E. coli approx.
20um) inducing a conformational change in the protein
structure (Imperial er af,, 1998). In E. coli, ModA will
also bind tungstatc but has a low affinity for similar-
sized anions including sulfate (Rech et al., 1996; Impcrial
et af., 1998). MedB is an integral membrane protein con-
taining five transmembranc spanning regions and a charae-
teristic ABC signature motif (Self et al., 2001). The third
component ModC, contains two Walker motifs (A and B)
and an ABC meotif similar to those found on ABC-type
ATPases (Self et al., 2001} ModC is believed to be
involved in the energization of molybdate transport. The
ModABC complex is assumed to function as a melybdate
transport system through an interaction between the channcl
protein ModB and the initial interactions between ModA
and ModC through the conscrved sequence motifs present
in ModB (Fig. 4). In £ cefi and 2 small number of other
prokaryotes, ModABC is rcgulated by the activity of
ModE which is a DNA transcriptional activator that is
significantly more active when bound to molybdate
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{Grunden et al., 1999; Sclf et 4., 2001). The bound ModE—-
Mo complex represses the ModABC operon by binding to
the ModA operator DNA and turning off molybdate trans-
port {Grunden et al., 1999}, ModE requires molybdenum to
initiate the necessary conformational changes to become
active, while other anions including tungstate or suifate
cannot cffectively replace molybdenum binding (Grunden
et al., 1999). ModF encodes a protein with an ABC signa-
ture motif similar to those found in the ABC-ATPase,
ModC: however, its function is currently unknown (Self
et al., 2001).

In E. coli. the Ky for molybdate is approx. 50nm at pH
7-0 {Corcuera er al., 1993). The rate of molybdate uptake is
influenced by the presence of molybdenum in the external
medium where low concentrations {10 nM) enhance uptake
and higher concentrations (approx. 1um) eliminate trans-
port {(Corcucra et al., 1993). In E. celi mutants lacking
modABC activity, sulfate transporters can transport moelyb-
datc albeit at a lower affinity (Kyy approx. 100 ps). In dou-
ble mutants lacking both the modABC and sulfatc transport
systems, low affinity selenite-sensitive anion transporiers
can allow uptake of molybdatc; however, the Ky for this
transport phenomenon is not known (Lec et af., 1990). As a
bacteroid in soybean root nodules, varicd strains of
Bradyrhizobium japonicum display different affinities for
molybdate ranging between 45 nm and 0-36 uM (Lennox and
Maier. t987). The nitrogen fixing Anabaena variabilis
accurnulates melybdate at very low external concentrations
in molybdenum-starved cells with an estimated K, for
molybdate of 0-33 nMm (Thiel et af., 2002). The A. variabilis
molybdate transport system can transport tungstate but not
vanadate of sulfate (Thiel er al.. 2002). In an A. variabilis
modBC mutant, molybdate uptake is not detectable;
however, after successive generations in sulfate-depleted
medium, molybdate uptake can be restored and then later
eliminated with sulfate re-supply (Zahalak er af., 2004). It
would appear a second molyhdate system such as a sulfate
transporter may also participate in molybdate uptake in
A. variabilis (Zahalak et al.. 2004},

Molybdate transport into plants

Since there is no known molecular mechanism control-
ling molybdate transport in plants, and higher organisms for
that matter, we arc left to speculate on the types of systems
based on the information we have from prokaryote and
whole-plant molybdenum nutrition studies. Unfortunately,
linking prokaryotic molybdate transport systems to the pro-
cesses, which occur in eukaryotes, is not direct as there is
limited sequence homology to modABC, modE and ModF
in either arabidopsis or rice genomes or any other large
plant expressed sequence tagged collections or partially
sequenced genomes. However, there arc similarities in
physiological responses to molybdenum between prokary-
otic and cukaryoctic systcms, namely the close interaction
with sulfate transport. Sulfate is a similar-sized anion to
molybdate, and evidence from prokaryotic studies suggests
that sulfate transport systems and sclenate-scnsitive anion
channels are capable of molybdate transport (Sclf ef al.,
2001). Stout and Meagher (1948) first demonstrated that,
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in tomato, molybdate ("’Mo) uptake in simple single salt. .,
buffer was significantly cnbanced in the presence of phos-
phatc and inhibited with sulfate. In a morc representative
nutrient solutton where both phosphate and sulfate were
present, sulfate was still found to be an effective competitor
to molybdate uptake (Stout ez «f., 1951). In contrast, **Mo
uptake into tomate increased when phosphorus was with-
held from the nutrient solution which could be quickly
reversed with phosphorus re-supply (Heuwinkel et al.,
1992). From this study, it would appear molybdate is
bound and transperted across the plasma membrane using
a phosphorus transport system. However, firstly, the com-
petition studies demonstrated that when phosphorus levels
were adequate, low concentrations of molybdate failed to
effectively compete with phosphorus and, secondly, accu-
mulated molybdate did not quickly move from roots to
shoots and was instead readily available for exchange
with non-labelled molybdate (Heowinkel ef al., 1992).
These data suggest the phosphorus transport system may
effectively bind and accumulate molybdate but would
appear to have limited impact on molybdatc transport
under good growing conditions where the soil has adequate
amounts of available phosphorus. It is alse interesting to
note that sulfate accumulation was significantly repressed
during the phosphorus starvation period (Heuwinkel er af.,
1992), a result which strengthens the case for the involve-
ment of sulfate transport systems in melybdate transport.
Since the mitial observation by Stout and Mcagher (1948),
sulfate has since been shown to be an effective regulater of
molybdenum uptake in many plants under a wide range of
growing conditions (sec review by Macleod et af., 1997).
The similar size of the two anions and the relative concen-
trations in the soil solution most likely contribute to the
competition observed with sulfate. However, the effect of
sulfate on molybdate uptake is not solely at the root/seil
interface. Soybean plants showed decreased molybdenum
levels in aerial parts of the plant as the sulfate supply
increased (Sing and Kumar, 1979) cven if molybdenum
was applied as a foliar spray (Kannan and Ramani, 1978).

The influence of other ions on molybdate uptake is poorly
understoed. In excised rice roots, the uptake of molybdate
{0-01 mm) was significantly enhanced in the presence of
01 mM FeSQy but not in FecEDDHA (Patel ef af., 1988).
Interestingly, in free-living cowpea Rhizobium grown in
iron-deplete conditions, the addition of high concentrations
of molybdenum (1 mm) resnlts in a releasc of a sidcrophore
which appears to bind molybdenum and influences its
uptake into the cell (Kannan and Ramani, 1978). Molybdate
is highly mobile once in the plant where foliar absorption
and translecation occur quickly. Williams (2004) showed
that foliar-applied molybdate was rapidly distributed
throughout the plant, including translocation towards the
stem and roots within 24h, Work completed by Ngaire
Brady and collcagues (unpubl. res.) showed that foliar
application of molybdate onto V. vinifera ‘Merlot’ restored
NR activity in non-treated leaves elsewhere in the plant
canopy (Fig. 3). Indeed. Brodrick and Giller (1991a),
have shown good plant growth responses from foliar
molybdenum  application in the ficld. The mobility of
melybdenum in plant tissues does appear to be genetically



Page 8 of 10

controlled. Brodrick and Giller (1991a) observed different
molybdate partitioning patterns between two Phaseolus
vulgaris cultivars. One variety had a distinct advantage
in distributing molybdate to developing seeds, nodules,
roots and poed walls (Smith er al,, 1995).

PUTATIVE PLANT MOLYBDATE
TRANSPORTERS

The close interaction between molybdate and sulfate trans-
port in many biological systems suggests a similar transport
system is likely be invelved in the movement of molyb-
denurmn into and within plants. The first plant sulfate
transporters  (SHST/, SHST2, SHST3) werc identified
from sulfur-starved roots of the tropical ferage legume
Stylosanthes hamata (Smith et af., 1995). The SHST(1-3)
clones were identified by their ability to functionally com-
plement a yeast sulfate transport mutant YSDJ (Takahashi
et al., 1996, 1999, 2000; F. W. Smith er a/., 1997; Bolchi
er al., 1999; Vidmar et al., 1999, Hawkesford, 2003). Since
then a number of sulfate transport systems has been genet-
ically identified and characterized in plants including genes
trom arabidopsis, barley, maize, potato, soybean and wheat
(Hawkesford, 2003). In arabidopsis, there are 12 identified
suifate transporters with significant sequence homology and
two more which are more distantly related (Hawkesford,
2003). This rich gene collection in many plant species has
enabled distinct groups to be identified based on their
scquences, cellular localization and response to sulfate
(Takahashi er al., 1999). Group I sulfate transporters arc
high-affinity systems (Kys 1-5-10um) primarily expressed
in roots, and increase or decrease in expression in response
to sulfur starvation or supply, respectively. Group II sulfate
transporters are considered low affinity systems {(0-1-
1-2 mm) based on their functional properties when expressed
in yeast cells. Group II transporters also respond to sulfur
starvation through increased expression levels. Group 111
transporters are mainly cxpressed in leat tissues and account
for five of the 14 sulfate-like transporters identified in
arabidopsis. For the remaining two groups there is less
information on their functionality in plants. Initial reports
indicated a member of group IV {AtSuftrd;]) may be tar-
geted to chloroplasts (Shibagaki er al., 2002}, while group V
members are distantly related to members of group I-1V and
no functional cxperimentation has been completed on them.
The role of the sulfate transporter family in plants is slowly
becoming clearcr. Recently, the arabidopsis ArSudir! 2,
which 15 a member of the group I sulfate transporters,
was shown to be involved in sulfate uptake in planta
where a T-DNA lesion in the ArSulirl;2 locus allowed
plants to grow on toxic concentrations of selenate and
reduced its ability to accumulate snlphate into root tissucs.
There is an obvious requirement for more research into
identifving the ir planta function of the remaining sulfate
transporters in plants before any of them can be nominated
as putative molybdate permeases. However, one avenue of
research that could be explored further is the role of these
transport proteins when expressed in heterologous expres-
sion systems such as yeast cells, Although significant head-
way has been made in identifying genes encoding sulfate
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transport proteins very little information cxists on the
functional propertics of most of these transporters in
relation to anion selectivity, pH regulation and kinetic activ-
ities, Early studies in yeast demonstrated sclenate and chro-
mate as effective inhibitors of sulfate uptake (Breton and
Surdin-Kerjan, 1977). Thus, selenate has been an effective
screening tool to identify mutants that have disruptions in
sulfate transport (Smith er af., 1995; Cherest et al., 1997).
Using a sclenate-resistant mutant ¥SDJZ, the selectivity of
this mutant for sulfatc transport and other anions such as
molybdate is being explored. By removing molybdate from
the media by activated charcoal scrubbing it has been pos-
sible to demonstrate that molybdate vptake at low external
concentrations 15 also impaired in the yeast mutant
(K. Gridley, unpubl. res.). This low molybdate media screen
has been incorporated into ongoing experiments where
selected plant sulfate transporters are being expressed in
yeast and ranked on their ability to rescuc growth on
reduced molybdenum concentrations.

CONCLUDING REMARKS

Molybdenum nutrition is an essential component to healthy
plant growth. Molybdate which is the predominant form
available to plants is required at very low levels where it
is known to participate in various redox reactions in plants
as part of the pterin complex Moco. Moco is particularly
invelved in enzymes, which participate directly or indirectly
with nitrogen metabolism, However, Moco is also uniquely
involved in ABA synthesis where it has a significant effect
on ABA lcvels in plant cells and consequently a role in
water relations and transpiration rates through stomatal
control and in stress related responses. There is significant
scope in exploring practices, which optimize molybdenum
fertilization in crops where nitrate is the predominant avail-
able N source or in nitrogen fixing legumes. There is also
a large gap in the understanding of how molybdate enters
plant cells and is redistributed between tissucs of the plant,
For instance the mechanism controlling molybdenum trans-
port to nitrogen fixing bacteroids may be a unique control
mechanism by which the plant can regulate the symbiosis
indirectly through molybdenum availability to support
nitrogenase activity. From our recent work with the grape-
vine cv. Merlot, we are starting to appreciate the influence of
molybdenum on plant development and better understand
mechanisms, which may be responsible for molybdenum
uptake from the seil. It is ironic that it took a new industry
to be expanded in South Australia where molybdenum first
made its mark as an essential plant element to again reinforce
the importance of molybdenum in plant development. Much
more rescarch is required to ascertain the simple processes
invelved in how plants gain access to molybdenum and how
the element may be used in the future to expand growing
arcas where soil molybdate profiles limit plant growth.,
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ORD. N°~ !

ANT.. Of. Ord. DE N°072015 de
fecha 25.06.07

MAT.: Revision DS 90. Envia
antecedentes

INC.: Copia doctos. indicados

SANTIAGO, 0 3 SEP 0l

DE : SUPERINTENDENTA DE SERVICIOS SANITARIOS

A: SR. JEFE DEPTO. CONTROL DE LA CONTAMINACION
COMISION NACIONAL DEL MEDIO AMBIENTE

Con relacion a los antecedentes solicitados por su oficio Ord. DE N°072015/07,
dentro del proceso de revision de la “Norma de Emision para la Regulacién de los
Contaminantes Asociados a las Descargas de Residuos Liquidos a Aguas
Marinas y Continentales Superficiales” (DS N°90), informo a Ud. que en reunién
del 31.07.07 del Comité Operativo, esta Superintendencia realizé dos
presentaciones sobre los aspectos generales de la aplicacion de esta norma Y su
fiscalizacion por esta entidad, tanto para ias descargas de establecimientos
industriales como de plantas de tratamiento de aguas servidas.

Por otra parte, seglin lo acordado y solicitado en la reunién mencionada,

adjunto copia de los documentos que se detalla:

Oficina Puerto Montt
Pedro Montt N° 72
Piso 2, Oficina 203

 Telsfonc: (065) 343300

Fax: {065) 343903
Puerto Montt, Chile.
email;ptomontt@siss.d
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- Ord. SISS N° 1426/01.08.04, que incluye informe “Nutrientes en el afluente
de plantas de tratamiento de aguas servidas”

- Convenio de Cooperacidon para la Fiscalizacion de Aguas Residuales en
Medio Acudtico. Directemar — SISS, de septiembre 2004 (*)

- Acuerdo entre el Ministerio de Salud y la Superintendencia de Servicios
Sanitarios. Evaluacion y fiscalizacion de aguas residuales, de noviembre
2005 (*)

(") Documentos en etapa de complementacion y actualizacion

Saluda atentamente a Ud.

MAGALY ESP|NOSA SARRIA

Superintendenta de Serwicios Sanitaros
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- Sr. Jefe Depto. Control de la Contaminacién/ CONAMA,
- Divisién de Fiscalizacidn

- Unidad Ambiental

- Fiscalia

-  Of. Partes
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(Certificada)

MAT.: Revision y eventual modificacioén del
D.S. 80/00 respecto a la remocién
de nutrientes en Plantas de
Tratamientos de Aguas Servidas.

INCL.: informe de nutrientes.

SANTIAGO, 11 SEP a4

DE: SUPERINTENDENTE DE SERVICIOS SANITARIOS

Al

SRA. PAULINA SABALL ASTABURUAGA
DIRECTORA CONAMA NACIONAL

En la ejecucion de los procesos de fiscalizacion que esta 3ISS implementa hacia las Plantas
de Tratamientos de Aguas Servidas {(PTAS) de las concesionarias de servicio piblico sanitario,
se ha detectado una dispersion de resultados de concentracidn en los parametros Nitrégeno
Total Kjeldhal (NKT) y Fésforo Total (Pt} en las aguas servidas domésticas crudas que
ingresan a las PTAS y que en algunos casos estan por sobre los valores preestablecido en el
D.S. 90/00, especificamente en la tabla que define al “Establecimiento Emisor” y Tabla N°1
que fija los limites maximos para descargas de residuos liquidos a cuerpos fluviaies sin
capacidad de dilucion. Lo anterior es de especial interés, si se considera que el espiritu de la
Norma D.S. 90/00, refrendade en los valores preestablecidos en la mencionadas tablas, es
precisamente no requerir la remocion de estos parametros para las PTAS, dado los altos
costos adicionales asociados y que los clientes beneficiarios del servicio de tratamiento

deberian absorber a través de [a tarifa regulada.

A su vez, este tema actuaimente es planteado por las empresas sanitarias en proceso de
fijacion tarifaria, en el sentido de exigir reconocer en la determinacién de tarifa por tratamiento
de aguas servidas las obras y costos operacionales adicionales para la remocion de estos

parametros.

En el Informe adiunto se realiza una evaluacién integral del problema, y especificamente un
analisis de data disponible en esta SISS, respecto a resultados de la calidad de las aguas
servidas crudas para los pardmetros mencionados, data recopilada durante el periodo de junio
del 2003 junic del 2004, y la cual representa un 60% de las aguas servidas crudas totales
generadas en nuestro pais. Producto de este analisis, se formula la hipbtesis seria que las
aguas servidas crudas en Chile poseen concentraciones en estos parametros superiores a los
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predefinidos en el D.8. 80/00, con la consideracion de reguerir estudios y/o andlisis
complementarios para confirmar tal hipstesis.

De esta forma, si se confirma la hipdtesis planteada, y si se mantiene inalterabie el esplritu y
consideraciones que dieron origen al D.S. 90/C0, en cuanto a que las PTAS nc requieren remover
nutrientes dado los costos adicionales e impacto {arifaric asociade, surge la necesidad de dar
inicic & un proceso de modificacion del D.S. 90/00 al corto plazo, que evaltie gl impacto ambiental
de aumentar los niveles de descarga de estos parametros en cursos de aguas fluviales sin
difucién, vy se pondere con e alto impacto socioecondmico, reflejado en tarifa, que significa la
remocion de estos nutrientes en las Plantas de Tratamientos de Aguas Servidas.

Por lo anterior, solicito a Ud. incluir [a modificacidn respectiva en el proximo programa de revisién
de normas, con la urgencia gue amerita 2 situacién ya especificada.

Saiuda atentamente a Ud.,

A

| Tﬁ/u//

“k

ISTRIS?JI IJNC JUAN EDUARDC Spiliie AEDINA
OF, 5158 432.04 - 3319 SUPERINTENDENTE DE
SERVICIOS SANITARIOS

- Sra Directora CONAMA Nacional.
- Divisién de Concesiones

- Division de Estudics

- Division de Fiscalizacion (UPC)

- Oficina de Partes.
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NUTRIENTES EN EL AFLUENTE DE PLANTA DE TRATAMIENTO DE
AGUAS SERVIDAS

1. OBJETIVO

El presente informe tiene como finalidad, presentar los antecedentes que la
Superintendencia de Servicios Sanitarios (SISS) ha recopilado durante el periodo Julio
2003 a Junio 2004, respecto a la calidad de las aguas servidas crudas, para solicitar a la
CONAMA la revisién y eventual modificacion de los valores de concentracién
caracteristicos de los parametros Fosforo total (Pt} y Nitrégeno Total Kjeldahl (NKT),
expresados en la tabla ESTABLECIMIENTO EMISOR del decreto supremo N° 90/00
(“Norma de Emisién para la regulacion de contaminantes asociados a las descargas de
residuos liquidos a aguas marinas y continentales superficiales™), y de concluirse tal
modificacion, consecuentemente se deberia modificar los limites méximos para estos
parametros de la Tabla N° 1 del mencionado Decreto.

2.) ANTECEDENTES

2.1) Antecedentes normativos

En la tabla “Establecimiento Emisor” del D.S. N° 90/00, se establece los wvalores
caracteristicos de un establecimiento emisor que descarga residuos liquidos a cuerpos de
agua receptores como producto de su proceso y que corresponden a los valores de
concentracién media de las aguas servidas domésticas crudas. En la tabla 2.1 se muestra
algunos de los parametros de esta tabla, caracteristicos de las aguas servidas domésticas, y
se comparan con los valores de la tabla 1 y 2 del DS 90/00, que define los limites maximos
pemmitidos para la descarga de residuos liquidos a cuerpos de agua fluviales sin dilucién y
con dilucién respectivamente, de la misma norma.

Tabla 2.1. Comparacién de valores caracteristicos de algunos parametros
versus limites de descarga Tabla N° 1y 2 del D.S. N° 90/00

Pardmetros Unidad D.S. 609/98 D.S. 90/00
Tabla N° 1 | Establ. Emisor| Tabla N° 1| Tabla N° 2
DBO5S mg/t 250 250 35 300
38T mg/ 220 220 80 300
AyG mg/l 60 60 20 50
Col. Fecales | NMP/100 ml 1x10E+07 1x10E+03 | 1x10E+03
NTK mg/l 50 50 75
Pt mg/l 5 10 10 15
NH+4 mg/| 50
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Como se puede observar de la relacion entre las tablas que la Tabla N° | (Caracterizacién
de aguas servidas domésticas correspondientes a 100 habitantes) del DS 609/98 que regula
los contaminantes asociados a las descargas de residuos industriales liquidos a sistemas de
alcantanillado, considera para la evaluacién del nitrogeno, el nitrégence amoniacal, el cual
equivale aproximadamente al 80% de nitrégeno total.

Ademas de las tablas del DS 90/00, se puede comprobar que €l espintu de la Norma de
emisién vigente no obliga la remocidon de nutrientes (NKT y Pt} en las Plantas de
Tratamiento de Aguas Servidas (PTAS) cuando éstas descargan a cuerpos de aguas
fluviales, por cuanto los valores de concentracidon predefinidos para el Establecimiento
Emisor, son iguales e inferiores a los limites maximos para descargas a cuerpos de aguas
fluviales sin y con capacidad de dilucién del cuerpo receptor (tabla N° 1 y tabla N° 2 del
D.S. 90/00 respectivamente). En efecto, y tal como es posible observar en las minutas y
actas del proceso de elaboracion de la mencionada norma, en el origen del anteproyecto los
valores de limites maximos para descarga en cuerpos fluviales sin capacidad de dilucion
para los parametros NKT y Pt eran 10 mg/l y 2 mg/] respectivamente, siendo que en la
versidn aprobada y vigente de la Norma, éstos valores aumentaron a los actualmente
observados y coincidentes con los caracteristicos de las aguas servidas domésticas. Lo
anterior, fundamentado en el aumento de costos de inversidn y operacion requeridos en las

PTAS para remover estos parametros.

2.2) Impacto en la infraestructura sanitaria

La remocion de nutrientes en PTAS, significa niveles de inversidn y costos operacionales
adicionales a los requeridos para remover los otros parametros asociados, ello debido al
tipo de metodologias de abatimiento asociado a las PTAS y que resultan mas eficientes

dada la naturaleza del tratamiento.

Para el caso del NTK, el procesc de remocidon se basa en procesos bioldgicos de
nitrificacién y desnitrificacion, para los cuales se requiere aumentar tanto la edad del lodo
como los tiempos de residencia hidraulica en la etapa de remocion biologica de la materia
organica, lo que significa aumentar el tamafio de los reactores bioldgicos hasta volumenes
de un 60% superior al requerido para remover exclusivamente carga organica DBO, con el
consecuente aumento en los costos de inversion, a esto se debe considerar ¢l aumento de los
costos operacionales, por el mayor requerimiento de oxigeno para la nitrificacion.

Para el caso del fésforo, el proceso de remocidn se basa en la precipitacion quimica,
mediante la adicién de insumo coagulante (cloruro férrico), lo que hace aumentar entre un
20% a 30% la generacidén de lodos, con el consecuente aumento de capacidad de
tratamiento requerida en la linea de lodos. Lo anterior, impacta directa en la inversién por
aumento de capacidad de tratamiento de lodos requerida, ademas de aumentar los costos de
operacion por consumo del aditivo quimico directo, aumento de los costos de energia e
insumos quimicos (polimeros) asociados al aumento de tratamiento de lodos requendos y
aumento en los costos de transporte y dispesicion de lodos generados.

Pagina2de9
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2.3) Informacién disponible

La SISS en el proceso de fiscalizacién de Plantas de Tratamientos de Aguas Servidas
(PTAS) requiere a las empresas sanitarias un programa de monitoreo a las aguas servidas
crudas que ingresan a las PTAS para ser tratadas (afluente).

De esta forma, se tiene informacion sistematizada de la calidad de las aguas servidas crudas
producto de una campafia de monitoreo de 1 afio (julio 2003 a junio del 2004),
correspondiente a un 60% de las aguas servidas generadas a nivel nacional.

Las caracteristicas de estas muestras se definen a continuacion:

Muestras de NKT Muestras de Pt
Puntuales 504 310
Compuesta 24 horas 1.246 1.400
Total - 1.750 1.710

3. ANALISIS DE RESULTADOS

3.1) Analisis de factores externos que inciden en los resultados obtenidos

El primer analisis a ejecutar, consiste en determinar si los resultados obtenidos responden a
la presencia de factores externos no propios de las aguas servidas domesticas crudas en
f Chile. Para este andlisis, v a modo de hipdtesis, es posible identificar estos factores
externos que podrian incidir en los resultados obtenidos, respecto a los pardmetros en

cuestién, los cuales se indican a continuacion:

» Presencia de Riles

» Error de la metodologia de muestreo y analisis
+ Estacionalidad

« Distribucién geografica

Pagina 3 de 9
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3.1.1) Presencia de Riles

La eventual presencia de Riles en incumplimiento de D.S. MOP N° 609/98 de los
parametros de estudio, norma que regula las descargas de Riles a sistemas de alcantarillado,
corresponde al factor mas importante que podria incidir en la obtencién de resultados, ello
por cuanto las empresas sanitarias tienen la obligacién de fiscalizar el cumplimiento de Ja
mencionada Norma y por lo tanto las aguas servidas que tributan a PTAS autorizadas no

deberian tener aporte de Riles.

El proceso de eliminacién de este factor de la informacion total disponible, consistié en
identificar los establecimientos industriales que se encuentran en incumplimiento de la
Norma 609 para estos parametros, y eliminar los resultados de afluente de las PTAS a los

C‘ cuales estos establecimiento tributan.

A su vez, y para mayor seguridad, se eliminaron todos los resultados de aguas servidas
crudas cuyos valores superan los 100 mg/] para el caso del NKT y 20 mg/] para el caso del

Pt.

De esta forma, 1a informacién final de analisis se modifica de la siguiente forma:

Muestras de NKT Muestras de Pt I
Total Menos efecto Total Menos efecto
Riles Riles
N° muestras 1.750 1.662 1.710 1.642 |

Importante de destacar, es que la eliminacién de este factor externo se encuentra supeditado
a los resultados de la fiscalizacion que las empresas sanitarias ejecutan hacia los
establecimientos industriales que descargan al alcantarillado.

f

3.1.2) Error en la metodologia de muestreo y analisis

Los resultados disponibles corresponden en un 100% a analisis realizados por laboratorios
acreditados por el Instituto Nacional de Normalizacién (INN), requerimiento establecido
por la SISS con ¢l objeto de “eliminar” la dispersién de valores por errores metodolgicos

y aumentar la confiabilidad en los resultados obtenidos.

Respecto a la metodologia de muestreo, esta actividad se encuentra regulada normada por
las NCh 411/1/2/10 (metodologia de muestreo, programa y técnicas de preservacion y
ttempo) y actualmente se actualiza a instancjas del INN la NCh 411/10.

En resumen, se puede concluir que no existe efecto significativo por este factor en los
resultados de la informacién disponible.

Pagina 4 de 9
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3.1.3) Analisis del factor Estacionalidad

G0G4067

Para evaluar la incidencia de este factor, se graficé la dispersion de datos de calidad de
aguas servidas crudas para ambos parametros y para el periodo de analisis, que considera 1
afio completo, representativo de la estacionalidad. Los graficos N° 1 y 2 muestran los

resultados obtenidos.

Grafico N° 1: Dispersion Estacional del Nitrégeno en aguas servidas crudas
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Grafico N° 2: Dispersion Estacional del Fosforo en aguas servidas crudas
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De los graficos anteriores, 10 €S posible observar claras tendencia de estacionalidad en los
parametros en estudio. Alguna concentracion de valores entre los meses de enero a junio
para el caso del NKT y entre los meses de marzo a junio para el caso del Pt, pero poco
concluyente.

3.1.4 Analisis de dispersion geografica

Los graficos N° 3 y 4, muesira los resultados de dispersién geografica de concentracion
NTK y Pt de las aguas servidas crudas en el afluente de las PTAS, durante el periodo

Julio’03 a Junio’04.
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De los graficos anteriores se puede concluir que el efecto geografico no impacta en los
resultados.

En resumen, el analisis de factores externos asociados a la dispersion geografica, dispersion
estacional, y errores metodolégicos indica que no existe correlacion entre éstos y los
resultados obtenidos. Para el caso del impacto de Riles, la depuracion a la informacion
original permite eliminar el efecto de este factor en los resultados.

3.2) Analisis de frecuencia

En los graficos N° 5 y 6 se observa la frecuencia de resultados de ambos pardmetros, para
las muestras consideradas en el anélisis

Grafico N° 5: Analisis de frecuencia — Nitrégeno
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Grafico N° 6: Analisis de frecuencia — Fosforo
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De los graficos N° 5 y 6, se puede concluir lo siguiente:

Para el Nitrégeno Total Kjeldhal:
e Lamayor cantidad de registros se encuentra entre los 50 y 60 mg/1 (362 muestras),
correspondiente al 22% de los datos.
e Le sigue, los registros ubicado entre los 40 y 50 mg/l (291 muestras), equivalente
al 17.5% de los datos.
o Ademas, se puede indicar que el promedio es igual a 49.3 mg/l y la desviacién
estandar de los datos corresponde a 20.2 mg/l.

Para el fésforo total:
e La mayor cantidad de registros se encuentra entre los 5 y 15 mg/l (1.288

muestras), correspondiente al 78.4% de los datos.
o Ademas, se puede indicar que el promedio es igual a 10.04 mg/l y la desviacién
estandar de los datos corresponde a 4.06 mg/l.

3.3) Analisis de percentiles

Ademas del analisis de frecuencia, otro analisis que ayuda a la obtencién de conclusiones
es el andlisis de percentiles. Los graficos N° 7 y 8 muestran los resultados obtenidos sobre

el total de muestras analizadas.

Grafico N° 8: Percentiles para muestras de NKT en aguas servidas crudas
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Grafico N° 9: Percentiles para muestras de Pt en aguas servidas crudas
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De los graficos N° 8 y 9 se puede concluir lo siguiente:
e Para ambos casos, el 50% de las muestras se encuentran sobre el valor de 50 mg/l
y 10 mg/1, para el NKT y Pt respectivamente.
e Para ambos casos, el 90% de las muestras se encuentran bajo el valor de 75 mg/ly
15 mg/l, para el NKT y Pt respectivamente.

4) Conclusiones Generales

En base a los antecedentes disponibles respecto a la caracterizacién de las aguas servidas

crudas, y que consideran un programa de muestreo por un periodo de 1 afio (julio 2003 a

, junio 2004} a cerca del 60% del total de las aguas servidas domeésticas en Chile, se puede

- postular la hipétesis que las concentraciones promedio en los parametros Nitrégeno Total

Kjeldhal y Fésforo total serian superiores a los valores predefinidos en el D.S. 90/00,
especificamente en la tabla de “Establecimiento Emisor”.

De comprobarse esta hipétesis y en el contexto de mantener ¢l espiritu de la Norma en
cuanto a que las Plantas de Tratamientos de Aguas Servidas no requieren remover estos
parametros dado el aumento de costos de inversién y operacion y consecuente aumento
tarifario por servicio de tratamiento, es que se requiere una modificacién de los valores de
concentracién de la mencionada tabla v, consecuentemente, de los limites maximos
definidos al menos en la Tabla N° 1, que regula las descargas de residuos liquidos a

cuerpos de agua fluviales.

LRA/COM

Santiago, Agosto de 2004
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ACTA REUNION MESA TECNICA ACUERDO DIRECTEMAR-SISS

Antecedentes:

FECHA : Martes 19 de junio ds 2007,
HORA : 11:30 hrs.
LUGAR : Direccién de intereses Maritimos y Medio Ambiente Acuatico

Participantes:

A.- DIRINMAR:
a) CN LT Sr. Juan Pablo Heusser Risopatrdn.
b) CN LT Sr. Heméan Paredes Benavides.

¢) CF LT Sr. Christian Cid Monroy. LR
d) Sr. Roberto Goldenberg Ferndndez. LGOI oair s e ors s smomime

e) Sr. Mario Herrera Araya.

e

B.- SISS: - s _,;_E;,_..,_,,_\
: OFICINA OF PARTES
a) Sr. Carlos Ordones Meza. Suparlntenﬂ;ncin do Jervichns Sonitoriug A

b) Sra. M. Fernanda Bravo Bahamondes. \)ﬂ
c) Sr. Simén Bruna Gutierrez.

acallol 3 60 T %

Antecedentes de la reunién:

De conformidad [o disponen las cldusulas segunda y décima del convenio suscrito
el 06-09-04 entre la DIRECTEMAR vy la SISS, esto es, conformar una mesa
técnica y someter las acciones ejecutadas a una revisién periédica y en
consecuencia proceder a su modificacion y/o actualizacién, respectivamente,
acorde con los criterios establecidos en el referido convenio, se invitd a la
Superintendencia de Servicios Sanitatios (SISS), a una reunién con la finalidad de
analizar las exigencias que establecen ambas instituciones para otorgar las
resoluciones de monitoreo de autocontrol emitidas por ambos servicios y
establecer una estrategia para la fiscalizacién de la norma de emision aprobada
por el D.S, MINSEGPRES N°80/2000.

Temas abordados

1. Soalicitud de coordinacién entre ambas instituciones, efectuada por la Empresa
METHANEX S.A. _

2. Evaluar si existe duplicidad de exigencias por parte de DIRECTEMAR y SISS
sobre las mismas empresas.

3. Coordinar el universo que fiscaliza ambas instituciones.



Acuerdos

A.- Respuesta a METHANEX

1.

DIRINMAR (Direccion de [ntereses Maritimos y Medio Ambiente Acuético}
serd quien responda directamente la solicttud presentada por la Empresa
METHANEX S.A., con copia a la SISS.

Se acuerda que sea la Autoridad Maritima quien le fije el monitorec de
autocontrol a la Empresa METHANEX 5.A., con copia a la SISS,

La SISS y DIRECTEMAR procederan a fiscalizar en forma independiente a
METHANEX 8.A., de acuerdc a las condiciones gque establezca la
Autoridad Maritima en su Resolucién de Monitoreo de Autocontral,

B.- Sobre las Resoluciones de Monitoreo de Autocontrol de las Empresas:

4. Se acuerda que, para los establecimientos industriales que califican como

generadores de Riles y cuya descarga se efectta en dreas bajo
competencia de la Autoridad Marftima, (esto es el medio ambiente marsino,
conformado por las aguas interiores de golfos, bahias, estrechos y canales,
cualesquiera sea la distancia que exista entre sus costas, el mar territorial,
la zona contigua, y la zona econdmica exclusiva; los lagos de dominio
publico navegables por bugques de mas de 100 toneladas, y los rics
navegables hasta donde alcanzan los efectos de las mareas) serd
DIRECTEMAR ta autoridad que dicte las Resoluciones de Monitoreo para
estabiecer el proceso de autocontrol de la descarga, enviando acto seguido
una copia de dicha resolucion a la SISS. Se incluird entre las disposiciones
a cumplir por el fiscalizado, una cldusula referida al envio ds los resultados
de l0s monitoreos, ya sea a través del sitio Web dispuesto por la SISS ¢ en
la forma que ésta determine (acordar en prdxima reunién de la mesa
técnica).

Sin perjuicio de lo anterior y para aquellas dreas no comprendidas dentro
de ia jurisdiccién de DIRECTEMAR, asi como también para las Empresas
Prestadoras de Servicios Sanitarios, sera la SISS la Unica autoridad que
dictara las Resoluciones de Monitoreo de Autocontrol, aungue consideren
descargas al medio marino.

La SISS se compromete a derogar aquellas Resoluciones de Monitoreo
dictadas para los establecimientos emisores emplazados en 4dreas dentro
de la jurisdiccion de la Autoridad Maritima, una vez que DIRECTEMAR
dicte la correspondiente resolucién de monitoreo para dicho establecimiento
y ello sea comunicado a la SISS.

<>

0GATS
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C.- Sobre el Procedimiento de Fiscalizacién:

6. Ambas instituciones acuerdan en “fiscalizar a |os establecimientos emisores |
en forma independiente”, bajo las condiciones estabiecidas por las |
Resoluciones de Montorec de Autoconirol fijades por la Autoridad
competente, de acuerdo a la coordinacién previamente establecida,
evitando la duplicidad o interferencia de funciones de conformidad a lo
establecido en el articulo 5° de la Ley N°18.575/86.

7. Se acuerda mantener una comunicacién periddica y expedita respecto a los
resultados y antecedentes de los monitoreos que se reciban de aquellas
empresas que descargan en dreas de jurisdiccion de DIRECTEMAR.

8. La DIRINMAR (Direccién de Intereses Maritimos y Medio Ambiente
Acudtico) hard llegar a 1a SISS en un plazo no superior a 10 dfas a contar ]
de esta fecha, ef listado de todas las empresas bajo jurisdiccién de la |
Autoridad Maritima en relacién al cumplimiento al D.S. 90 MINSEGPRES a |
fin de cotejar el universo de empresas que est4n sometidas a la
fiscalizacion tanto de la SISS como de la DIRECTEMAR. |

8. Aquellas empresas que no den cumplimiento al D.S. MINSEGPRES N° 90,
y que ademas no cuenten con la respectiva Resolucion de Calificacién
Ambiental, sus antecedentes serdn remitidos, tanto a la COMANA como a
ta S18S, para su pertinente sancion.

DE NAVHO LT
INTERESES MARITIMOS
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GOBIERNO DE. CHILE .
MINISTERIO DE SALUD Superintendencia de
Servicios Sanitarios

ACUERDO MINSAL-SISS
EVALUACION Y FISCALIZACION DE AGUAS RESIDUALES

En Santiago, 28 de noviembre de 2005, el Sr. Juan Eduardo Saldivia Medina por la
Superintendencia de Servicios Sanitarios vy la Sra. Cecilia Villavicencio Rosas por el
Ministerio de Salud, suscriben el presente Documento y se comprometen a dar
cumplimiento a jos Acuerdos especificados en él.

§ ALUD PUBLICA
T ilia Villavicencio Rosas

SUPERINTENDENTE DE SERVICIOS SANITARIOS
Juan Eduardo Saldivia Medina
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1. OBJETIVO GENERAL

Este Acuerdo tiene como objetivo coordinar las acciones de! Ministerio de Salud
(MINSAL) y de la Superintendencia de Servicios Sanitarios (SISS), en materia ambiental,
a través de procedimientos estandarizados de evaluacion y fiscalizacién de aguas
residuales.

Este Acuerdo debe ademas permitir abordar de manera proactiva, eficiente y coordinada
la evaluacion vy fiscalizacion de la contaminacion por aguas residuales que se dispongan
€n cursos 0 masas de agua superficiales y/o subterraneas.

2. OBJETIVOS ESPECIFICOS

a. Promover el cumplimiento del D.S N°90/00, del Ministerioc Secretaria General de la
Presidencia (MINSEGPRES), en adelante D.S. N°90/00 y del D.S. 46/02 del Ministerio
Secretaria General de la Presidencia, en adelante D.S. N°46/02.

b. Promover el adecuado manejo, uso y/o disposicion de los lodos que generan los
Sistemas de Tratamiento de Residuos Liquidos y las Plantas de Tratamiento de Aguas
Servidas.

c. Promover el control de posibles impactos generados por la operacién de los sistemas
de tratamiento, tales como generacidn de olores, vectores, etc.

d. Ejercer las funciones plblicas de evaluacién y fiscalizacién de aguas residuales
coordinadamente y desarrollar flujos de informacion con el objetivo de optimizar los
recursos del Estado en el cumplimiento de estas funciones.

e. Estandarizar los requerimientos para proyectos generadores de Residuos Liguidos y
de PTAS que se presentan al Sistema de Evaluacion Ambiental, en adelante SEIA, y
determinar la responsabilidad de cada Institucién en cada materia acordada,

f.  Verificar el cumplimiento de la normativa ambiental asociada a aguas residuales y a
asimismo, en el caso de PTAS, que el servicio plblico sanitario se esta prestando en
condiciones de calidad y eficiencia de acuerdo a lo autorizado.

3. ALCANCE

El ambito en que se ejecutaran las acciones contenidas en este Acuerdo corresponde a la
evaluacion y la fiscalizacion de descargas de aguas residuales generadas por:

a. Plantas de Tratamiento de Aguas Servidas, en adelante PTAS.
b. Actividades Econdmicas, en adelante AE.

c. Establecimientos Industriales, en adelante El, con y sin Planta de Tratamiento de
Riles. '
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4. NORMATIVA APLICABLE

LEYES Y REGLAMENTOS

* EID.F.L. N°725 de 1967 del MINSAL, Caddigo Sanitario y sus Reglamentos.

= EID.S. N° 1775 de 1995 del MINSAL, Norma para la aplicacién del Articulo 75
del Codigo Sanitario.

* La Ley N° 19.937, que modifica el D.L. N® 2.763, de 1979, con la finalidad de
establecer una nueva concepcion de la autoridad sanitaria, distintas
modalidades de gestion y fortalecer la participacion ciudadana.

* La Ley 18.902, que crea la Superintendencia de Servicios Sanitarios y sus
maodificaciones.

= EID.F.L. MOP N°382/88 Ley General de Servicios Sanitarios

* Ley N°19.300 Sobre Bases Generales del Medic Ambiente y el Decreto
Supremo N°95/01, del MINSEGPRES, Reglamento del Sistema de Evaluacion
de Impacto Ambiental.

= EI D.S. N° 584/99 de MINSAL. Reglamento sobre Condiciones Sanitarias y
Ambientales en los lugares de trabajo y sus modificaciones.

NORMAS DE EMISION

= El D.8.609/98, Norma de Emision para la Regulacién de Contaminantes
Asociados a las Descargas de Residuos Industriales Liquidos a sistemas de
Alcantarillado.

= EID.S. N°90/00 del MINSEGPRES. Norma de Emision para la Regulacion de
Contaminantes Asociados a las Descargas de Residuos Liquidos a Aguas
Marinas y Continentales Superficiales.

» EID.S. N° 46/02 del MINSEGPRES. Norma de Emisidén de Residuos Liquidos
a Aguas Subterraneas.

NORMAS DE CALIDAD

* Norma NCh 1333/0f.78 Requisitos de calidad de Agua para Diferentes Usos.
» Normas de Calidad de Aguas Marinas y Continentales Superficiales.

NORMAS TECNICAS

* NCh 411. Partes 2, 3 y 10 Guias sobre calidad de agua: sobre técnicas de
muestreo, sobre la preservacion y manejo de las muestras, y sobre el
muestreo de aguas residuales, respectivamente.

* NCh-ISO 17025/01 Requisitos Generales para la competencia de los
laboratorios de ensayos y calibracién.

=  NCh 2313. Métodos de analisis.



4.5.

4.6.

NCh 2472 Aguas Residuales-Plantas Elevadoras-Especificaciones Generales.

ORDENES E INSTRUCTIVOS

Resolucién SISS N°2505, de 29 de septiembre de 2003, que establiece el
Procedimiento para la Calificacion de Establecimiento de Industrial (PCEI).

Oficios SISS N°1056 y N°1259, de 2003, que establecen los procedimientos
de fiscalizacion en Plantas de Tratamientos de Aguas Servidas.

Resolucion SISS N° 1145/97 "Requisitos para un Laboratorio de Aguas”.

Resolucién SISS N° 1442, de 2 de Junio de 2004, que aprueba el Formato N°
2 D.S. MINSEGPRES N° 90/00 “Caracterizacion de Riles” y su Instructivo, para
presentacion ante la SISS, de la Caracterizacion de los Residuos Liquidos
Industriales descargados a cuerpos de aguas superficiales continentales y
lacustres.

Oficio SISS N° 1394, de 8 de Agosto de 2004, gque |nforma sobre futuro actuar
de la 3ISS en materia de Proyectos de Aguas Servidas y Agua Potabie
emplazados en zonas urbanas, de expansién urbana, ZODUC, Articuio 55 de
la LGUC.

Oficio Ord N°B 5067, de 23 de octubre de 2004, del SESMA, que fija el
Acuerdo Intersectorial “Sistemas de Agua Potable y Aguas Servidas que
Abarcan Grandes Cantidades de Poblacion ubicados en zonas rurales,
urbanizables y zonas de desarrollo controlado (ZODUC).

Dictamen de Contraloria General de la Republica N° 774, de 18 de Febrero de
1994, sobre atribuciones de los Servicios de Salud en relacidn a las Aguas y
Sus USOs sanitarios y sobre Residuos Industriales Liquidos, en adelante RILES.

MANUALES

Manual CONAMA de Aplicacion del D.S. N° 90/00 MINSEGPRES.
Manual CONAMA de Aplicacion del D.S. N° 46/02 MINSEGPRES.

500482
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5. PRINCIPIOS

Este Acuerdo se sustenta en dos grandes fundamentos o principios que lo inspiran,
siendo eéstos el marco que rige el accionar de las Partes, ya sea en la interpretacion y
aplicacion del Acuerdo, como en el trabajo en las mesas técnicas que se constituiran en
virtud de éste.

5.1. REFORZAR LA INSTITUCIONALIDAD Y DELIMITAR COMPETENCIAS

Es un Principio de este Acuerdo reforzar y delimitar las competencias de las Partes en la
evaluacion y fiscalizacién de aguas residuales, potenciando, las capacidades técnicas y
las instancias de coordinacion.

5.2. COORDINACION

Es un principio rector de este Acuerdo la Coordinacién de las Partes en el ejercicio de sus
funciones de evaluacion y fiscalizacion de las aguas residuales, con los objetivos ltimos,
de optimizar los recursos del Estado en el gjercicio de las funciones publicas: y de
conservar, proteger y mejorar el medic ambiente.

Este fortalecimiento de la coordinacién en el gjercicio de las funciones publicas permitira a
las Partes elaborar y mejorar procedimientos y politicas ambientales en materia de aguas
residuales. :

Por otra parte, se menciona que las Resoluciones de Calificacion Ambiental de los
proyectos de saneamiento ambiental tienen un efecto directo en el calculo de las tarifas
de los servicios sanitarios, y por tanto, afectan el costo final de las tarifas a pagar por los
usuarios.

Por tanto, es importante para las Partes ponderar las implicancias tarifarias de los
requerimientos técnicos y/o administrativos en la evaluacion ambiental de las PTAS.
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6. ACUERDOS

6.1. CONSTITUCION DE MESAS TECNICAS
Las Partes acuerdan la constitucion de las siguientes mesas técnicas:
A. MESA TECNICA PERMANENTE

Las Partes se comprometen a constituir una mesa técnica permanente que tendra como
objetivo ser una instancia resolutiva en materias relacionadas a la evaluacion y la
fiscalizacion de Aguas Residuales.

B. MESAS TECNICAS ESPECIALES

Con el objetivo de desarrollar los procedimientos y resolver las cuestiones pendientes en
este Acuerdo, las Partes se comprometen a constituir las siguientes mesas técnicas:

i. MESA TECNICA “USO DE BY PASS Y SU SEGUIMIENTO”
Ii. MESA TECNICA “OLORES DE PTAS”

Las Partes constituirdn estas mesas técnicas dentro de los 30 dias siguientes a la
suscripcion de este Acuerdo. Las copias de las actas de constitucién de estas mesas
técnicas se enviaran a los respectivos Jefes de Servicio.

Las instrucciones o acuerdos que se generen del trabajo de estas mesas técnicas se
entenderan parte integrante de este Acuerdo.

Esta mesa tendra plenas facultades para modificar este Acuerdo en base a un
procedimiento que ésta misma establezca.

6.2. EVALUACION DE IMPACTO AMBIENTAL

Las Partes acuerdan las siguientes orientaciones para la evaluacion de impacto ambiental
de proyectos que generan residuos liquidos y PTAS, delimitando sus competencias en las
materias acordadas.

Se sefiala que este Acuerdo es sin perjuicio de las Orientaciones que pueda elaborar {a
Comision Nacional del Medio Ambiente (CONAMA), como organismo administrador del
SEIA en materia de proyectos que generan Residuos Liquidos y PTAS.

Finalmente, se reconoce la competencia de los demas organismos con competencia
ambiental sectorial en los temas tratados en este Acuerdo.

A. PROYECTOS QUE GENERAN RESIDUOS LiQUIDOS

i. COMPETENCIAS

La SISS participa en el SEIA como un organismo con competencia ambiental sectorial en
la evaluacién de impacto ambiental de proyectos que generan residuos liquidos, al
ejercer funciones fiscalizadoras respecto de las normas de emision, el DS N° 90/00, el DS
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N® 46/02, del MINSEGPRES y el DS N° 609/98 del MOP. Por tanto, los requerimientos de
la SISS para este tipo de proyectos van estar siempre vinculados a la verificaciéon del
cumplimiento de esta normativa ambiental.

Por su parte, la Autoridad Sanitaria Regional actia como organismo con competencia
ambiental secterial en el SEIA, al tener facultades fiscalizadoras en las nomas de
emisiones antes indicadas y por emitir pronunciamientos respecto de los proyectos
sometidos al Sistema de Evaluacion de Impacto Ambiental, en adelante REIA, en cuanto
digan relacion con la proteccion de la salud de ia poblacién. En este contexto, el MINSAL
actua como organismo rector del sector salud, y como tal se encuentra facultado para
dictar las normas ¢ instruir respecto de la aplicacién de las mismas.

Los Acuerdos de las Partes en esta materia no aiteran estas competencias, pero se
delimitan conforme lo Que se pasa a exponer.

ii. DESCRIPCION DE PROYECTO

En cuanto a la descripcién de proyecto, las Partes requeriran la siguiente informacion
conforme a sus competencias y segun lo que se especifica para cada item tratado:

¢ Anfecedentes Generales

- Clasificacion industrial uniforme (CIiU) y giro especifico asociado a la generacién de
Residuos Liquidos. (SISS)

- Plano de emplazamiento del proyecto a escala adecuada, para analizar el efecto en su
area de influencia, en el que se sefale, si es pertinente, su ubicacién, nombre de
calles colindantes, los accidentes geograficos cercanos importantes, las unidades de
produccion, la zona de tratamiento de Residuos Liquidos indicando la superficie total
construida, area administrativa, zonas de almacenamiento, viviendas, puntos de
acceso al establecimiento, ubicacién de uniones domiciliarias y de camaras de
muestreo. Ademas, dentro de un radio 300 m (3 cuadras) se debe indicar la existencia
y ubicacién de (Autoridad Sanitaria Regional):

- Viviendas
- Establecimientos educacionales
- Establecimientos de atencion de salud publica y privada.

- Si corresponde, descripcion y diagrama de flujo del proceso industrial o actividad
productiva, indicando la naturaleza de cada proceso, la incorporacién de materia
prima, agua e insumos. Especificar, si es pertinente, los ritmos de produccién
maximos. (SISS).

- Generacion de Residuos Liguidos (SISS)

10
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* Volumen de efluentes liquidos generados, especificando valores maximos y

medios.
Volumen Volumen Volumen Volumen maximo
medio medio maximo descargado m®
generado m* | descargado m® | generado m®
Afio
Mes
Dia

* Indicar la forma de evacuacion de cada una de las descargas de Residuos
Liquidos, especificando si es continua, discontinua o esporadica, volumen
maximo a evacuar y la frecuencia de cada una de ellas, si corresponde.

—

N° de Forma de Evacuacion Volumen Frecuencia

o 3 -
Descarga (continua, discontinua, maximo {m") (hridia)

esporadica)

- Estimacion de las caracteristicas fisica, quimica y bacteriolégica de los Residuos
Liquidos generados, antes de su tratamiento, considerando los parametros
normados y no normados. Para el caso de los parametros normados, esta
informacion se debe proporcionar de acuerdo al formato disponible en la pagina
Web de la SISS.

Para la evaluacion ambiental de la modificacion de proyectos en ejecucion, el
titular deberd acompafar la caracterizacién de su Residuos Liquidos, y una
estimacion de los nuevos Residuos Liquidos a generar. (SISS)

* Requisitos para los Generadores que disponen de un Sistema de
Tratamiento Propio (5ISS)

- Descripcién del sistema de tratamiento que se proponga adoptar, indicando los
procesos unitarios y sus respectivas eficiencias (balance de masa, balance hidrico,
etc)

- Diagrama de flujo y planos generales de la planta de tratamiento de Residuos
Liquidos y de todas las unidades involucradas, detallando en cada unidad de!
proceso los caudales de entrada y salida.

- Si el sistema de tratamiento contempla lagunas u otros depésitos para almacenar
los efluentes, tratados o sin tratar, se debera incluir informacion refativa a la

11
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capacidad, en términos de wvolumen y dias de produccién, y sistema de
impermeabilizacién de los depdsitos.

- Descripcidn de las instalaciones y tipos de instrumentos para registrar la
informacion del control del sistema de tratamiento cuando corresponda.

- Describir las obras ¢ infraestructura de descargas de Residuos Liquidos tratados.

* Requisitos para los Generadores cuyos Residuos Liquidos son tratados por
un Tercero

- Descripcién del tipo y condiciones del transporte desde el establecimiento
generador de riles hasta el establecimiento del tercero que los tratara. (Autoridad
Sanitaria Regional).

- Caracteristicas del (o los) establecimiento(s) de tercero(s) que recibiran sus
Residuos Liquidos para tratarlos. Al respecto, debe hacerse presente al titular del
proyecto que, ei establecimients que recibird sus riles debera contar con un
programa de monitoreo de control sancionado mediante resolucion SISS y que
debera estar debidamente autorizado de acuerdo con la normativa vigente. (SISS)

- Asimismo, debe hacerse presente al titular del proyecto gue debera informar a la
SISS cada vez que cambie de empresa que tratara sus riles; ello con el objeto de
facilitar la funcion fiscalizadora de la SISS. (SISS)

-  Capacidad del generador de almacenar los residuos liquidos en términos de horas
y dias de produccién. (SISS)

iii. ANTECEDENTES SOBRE EL AREA DE INFLUENCIA DEL PROYECTO
O LINEA BASE

La Autoridad Sanitaria Regional, conforme a sus competencias, requerira informacion
relativa al area de influencia dei proyecto o linea base. La SISS, al no tener competencia
en esta materia, no requerira ninguna informacion asociada a ella.

e Recurso agua

Para identificar las descargas que contempla el proyecto, se deben considerar las
siguientes tablas, segln corresponda:

Tabla t DESCARGAS A CUERPOS FLUVIALES

Descarga 1 Descarga n

Datum de Referencia

Huso

Ubicacion Norte
(Coordenadas UTM)
Este

12



Cuenca

Subcuenca

Cuerpo receptor de
la descarga

Nombre !

Tipo 2

Natural o Artificial

Otras fuentes
emisoras (aguas
arriba %/ aguas

Uhicacion en
coordenadas UTM

abajo)
Recursos Consumo humano
ambientales y usos |(Autoridad Sanitaria

del cuerpo recepfor,
aguas abajo de la
descarga®

Regional)

Recreacion con
contacto directo
(Autoridad Sanitaria
Regional)

Existencia de
comunidades
acuaticas(SAG-
SERNAPESCA)

Existencia de
ecosistemas
himedos(DGA-SAG)

Consumo animal{SAG)

Areas
rotegidas(CONAF)

Zonas con valor
paisajistico (CONAF)

Acuicultura y pesca
(SERNAPESCA-
SUBPESCA)

Usos productivos y
riego (SAG- Autoridad
Sanitaria Regional)

1 Nombre: nombre 'propio con el cual se identifica el cuerpo receptor (Ejemplos: Loa,

Lianquihue, Bio-Bio, etc.)

2 Tipo: Fluvial (rios, esteros, quebradas, canales, etc.); Lacustre (lagos, lagunas,

embaises, etc.); Marino; Subterraneas; Fluvial afluente a un cuerpo de agua lacustre.

13

00048~



vOG48"

3. Debera indicar el nombre de la Fuente emisora, la ubicacion y descripcién de su

descarga.

4 Se requiere esta informacion con la finalidad de analizar los efectos, caracteristicas o
circunstancias sefiatados en el articulo 11 de la ley 19.300.

Tabla 2 DESCARGAS A CUERPOS LACUSTRES

emisoras al lago®

coordenadas UTM

Descarga Descargan
1
Datum de Referencia
Huso
Ubicacion Norte
(Coordenadas UTM)
Este
Cuenca
Subcuenca
Cuerpo receptor de la | Nombre !
descarga
Natural o Artificial
Otras fuentes | Ubicacion en

Recursos
ambientales y usos
del cuerpo receptor,

Consumo humano
(Autoridad Sanitaria
Regional}

aguas abajo de Ia
descarga’®

Recreacidn con contacto
directo (Autoridad
Sanitaria Regional)

Existencia de
comunidades
acuaticas(SAG-
SERNAPESCA)

Existencia de
ecosistemas
humedos(DGA-SAG)

Consumo animal(SAG)

Areas
protegidas(CONAF)

Zonas con valor
paisajistico(CONAF)

14
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Acuicultura y
pesca{SERNAPESCA-
SUBPESCA)

Usos productivos y
riego(SAG- Autoridad
Sanitaria Regional)

1 Nombre: nombre propio con el cual se identifica el cuerpo receptor {Ejemplos: Loa,
Llanguihue, Bio-Bio, etc.)

2 Tipo: Fluvial (rios, esteros, quebradas, canales, etc.); Lacustre (lagos, lagunas,
embalses, etc.); Marino; Subterraneas; Fluvial afluente a un cuerpo de agua lacustre.

3. Debera indicar el nombre de la Fuente emisora, la ubicacion y descripcion de su

descarga

4 Se requiere esta informacién con la finalidad de analizar los efectos, caracteristicas ¢
circunstancias sefialados en el articulo 11 de la ley 19.300.

Tabla 3 DESCARGAS A CUERPOS MARINOS

Descarga 1

Descarga
n

Datum de Referencia

Huso

Ubicacién Norte
(Coordenadas

UTM) Este

Zona de proteccién litoral

15



Ofras fuentes
emisoras en ef
area de
influencia®

Ubicacién en coordenadas
UTM

v0649"
*

Recursos
ambientales y

Recreacion con contacto
directo(Autoridad Sanitaria
Regional)

usos del cuerpo
receptor, aguas
abajo de Ia
descarga®

Existencia de comunidades
acuaticas(SAG-
SERNAPESCA)

Areas protegidas(CONAF)

Zonas con valor
aisajistico(CONAF)

Acuicultura y
pesca{SERNAPESCA-
SUBPESCA)

L

Usos productivos(SAG-
Autoridad Sanitaria Regional)

3. Debera indicar el nombre de la Fuente emisora, la ubicacion y descripcion de su

descarga.

4 Se requiere esta informacion con la finalidad de analizar los efectos, caracteristicas o
circunstancias sefialados en el articulo 11 de la ley 19.300.

Tabla 4 DESCARGAS A ACUIFEROS

Descarga 1

Descarga n

Datum de Referencia

Huso

Ubicacién (Coordenadas
UTM)

Norte

Este

Caracteristicas del acuifero

Vuinerabilidad (1)

Profundidad

Recargas

16



Otras fuentes emisoras en el area de
influencia™(2)

Recursos ambientaies y usos del cuerpo
receptor (captaciones)

(1)Conforme lo dispone el DS 46, ésta puede ser alta, media y baja. indicar n° de solicitud
ante al Direccidén General de Aguas.

(2) Debera indicar el nombre de la Fuente emisora, la ubicacién y descripcién de su
descarga.

**Indicar si existen captaciones de agua para consumo humano a 100 m de radio de la
descarga, ver efecto en pozos — norias.

iv. NORMATIVA Y REFERENCIAS TECNICAS DE CARACTER
AMBIENTAL

» Parametros (SISS/Autoridad Sanitaria Regional)

Las Partes requeriran los parémetros de las normas de emision que sean aplicables al
c¢aso en particular.

Sin embargo, la Autoridad Sanitaria Regional en virtud del articulo 7 del RSEIA, podra
utilizar como referencia las normas de derecho comparado a que se refiere el mismo
articulo, para efectos de evaluar si se genera o no presenta el riesgo indicado en la letra
a) del articulo 11 de la Ley 19.300.

Sin perjuicio de lo anterior, la Autoridad Sanitaria Regional, una vez ejecutado el proyecto,
podra requerir cualquier parametro, ya sea establecido en la RCA o no, que signifique un
problema sanitario, lo cual debera estar debidamente fundamentado.

e Normas de Emisién (SISS)

Emisiones para Infiltracién

Vulnerabilidad del acuifero: Si se aplica el DS N° 46/02, el titular debera presentar el
pronunciamiento de la Direccion General de Aguas (DGA) respecto de la vulnerabilidad

del acuifero receptor de su efluente, o en su defecto, la copia de ia solicitud ingresada a

este organismo.
En caso de contar con el pronunciamiento de la DGA:

Contenido natural del acuifero: Conforme al resultado del pronunciamiento de la DGA, y
en el caso que la vulnerabilidad sea alta, el titular debera presentar adicionalmente el
pronunciamiento de la DGA respecto del contenido natural de dicho acuifero.

17
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Limites de emision: Se debera indicar la Tabla de los limites de emision que debera
cumplir el proyecto conforme a la definicion de la vulnerabilidad del acuifero.

En caso que no se cuente con el pronunciamiento de la DGA:

La Tabla del DS 46/02 aplicable al caso en concreto estarda condicionada al
pronunciamiento de la DGA.

Emisiones a Cursos o Masas de Aguas Superficiales

Descargas a cuerpos fluviales: Si se aplica el DS N° 90/00 vy el titular desea utilizar la
capacidad de dilucion debera presentar el pronunciamiento de la DGA respecto de ella y
la calidad natura! del cuerpo receptor en el punto en que se realiza la descarga. Para el
caso de que no cuente con la resolucion de la DGA, deberd asumir como cumplimiento la
tabla N° 1.

Descargas cuerpos lacustres: Se aplica la Tabla N° 3 del DS N° 90/00 a las descargas
de residuos liquidos que se vierten en forma directa sobre cuerpos de agua lacustres
naturates (lago, laguna) como aquellos que se vierten a cuerpos fluviaies que sean
afluentes de un cuerpo de agua lacustre. Se entiende como cuerpo fluvial afluente de un
cuerpo de agua lacustre, al tramo de cuerpo fluvial entre el cuerpo lacustre y la Gltima
confluencia con otro cuerpo fluvial antes del cuerpo lacustre.

Descargas a cuerpos de agua marinos: Para descargas al mar se debera incluir el
pronunciamiento de la DIRECTEMAR respecto del ancho de la zona de proteccién litoral.

Emisiones a Sistemas de Alcantarillado Publico

Si la descarga se realiza a la red de un Servicio Publico de recoleccion de aguas servidas
en que se aplique ef D.S. N° 609/98 del MOP “Norma de Emisién para la regulacion de
contaminantes asociados a las descargas de residuos liquidos a sistemas de
alcantarillado”, se debe presentar la siguiente informacién:

- Indicar la tabla del DS N°609/98 MOP que debe cumplir la descarga. En el
caso de fuentes nuevas se debe cumplir con la Tabla N°4 de esta norma
de emision.

- Certificado de Factibilidad de la respectiva Empresa Sanitaria.

- Copia del convenio de acuerdo a lo que establece el punto 4.4 del D.S.
MOP N°609/98, si el titular desea convenir con la Empresa Sanitaria los
excesos de carga organica para su descarga al alcantarillado.

Emisiones Directas a Infraestructura Sanitaria.

El titular debe acreditar, mediante el instrumento legal respectivo, la aceptacion de la
empresa Sanitaria de recepcionar los RILES correspondientes.

Adicionatmente, si el titufar desea convenir con la Empresa Sanitaria los excesos de carga
organica para su descarga al alcantarillado, debera adjuntar copia del convenio de
acuerdo a lo que establece el punto 4.4 del D.S. MOP N°609/98.

La descarga deberd cumplir con la Tabla N° 4 del D.S. N° 609/98 del MOP. Ademas la
empresa concesionaria debera dar cumplimiento a todas las condiciones establecidas en
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Of. SISS N°2054, del 19 de noviembre de 2003. Siendo las principales condiciones fas
siguientes; i) La PTAS receptora deberd disponer de una RCA que considere esta
alternativa de tratamiento; ii} La PTAS debera estar autorizada por la SISS para aplicacion
por cargo tarifario por entrega de servicio de tratamiento, y encontrarse obligada al
cumplimiento del D.S. N°30/00.

Si no es posible acreditar lo anterior, contemplar el caso gue la concesionaria no pueda
tratar ni disponer los Riles del titular.

Tratamiento de Residuos Liquidos por un Tercero

El generador debera contar con una Autorizacion Sanitaria para tratar o disponer sus
residuos fuera del predio industrial, segun lo disponga el D.S 594/00 Reglamento sobre
Condiciones Sanitarias y Ambientales Basicas en los Lugares de Trabajo.

El titular debe informar a la SISS y la Autoridad Sanitaria Regional cada vez que cambie la
empresa que tratara sus Riles.

Al respecto, el establecimiento que recibira los Riles debera contar con una RCA.

» Normas de calidad (Autoridad Sanitaria Regional)

Adicionalmente, se deben tener presente las normas de calidad de aguas superficiales,
tanto continentales como marinas, segin corresponda.

v. PERMISOS AMBIENTALES SECTORIALES (PAS) (Autoridad Sanitaria
Regional)

* Permiso Ambiental Sectorial del Articulo 90 del RSEIA.

La Autoridad Sanitaria Regional no exigira el PAS del Art. 90 del RSEIA para los
proyectos relativos a la construccion, reparacién, modificacion y ampliacion de cualguier
obra publica o particular destinada a la evaluacién, tratamiento o disposicién final de
residuos industriales.

Sin perjuicio de lo anterior, la Autoridad Sanitaria Regional siempre dara su opinidn
respecto a los literales f} y g) del articulo 90 del RSEIA.

vi. PROGRAMA DE MONITOREO

¢ Monitoreo calidad del efluente (SISS)

» El programa de monitoreo debe considerar como minimo lo que a continuacion se

presenta, para cada una de las descargas de que disponga el establecimiento
industrial;

- Punto de monitoreo (se debera indicar si existe una camara de muestreo vy la
localizacién de Coordenadas UTM con datum y Huso de referencia.)
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- Parametros a monitorear durante la operacién del proyecto {normados y no
normados)

- Eltipo de muestra a considerar
- Frecuencia minima de monitoreo

» Se debe especificar en la RCA que el titular debera avisar a la Superintendencia de
Servicios Sanitarios con 90 dias de anticipacion, el inicio de la operacion de su
sistema de tratamiento de Riles, de acuerdo al formato de aviso que se encuentra en
la pagina web www siss.cl de modo que dicho organismo dicte una Resoiucién de
Monitoreo, si corresponde.

' Se debe especificar en la RCA que los informes de autocontrol deberan ser
informados a esta Superintendencia, y deberan apegarse estrictamente a Ia
frecuencia y al formato que se sefale en ia citada Resolucién de Monitoreo.

* Monitoreo calidad del curso o masas de agua (Autoridad Sanitaria Regional)

Cuando el sistema de tratamiento contemple lagunas u otros depositos para los efluentes,
tratados o sin tratar, la Autoridad Sanitaria Regional podra requerir monitoreos de calidad
de agua subterranea para verificar que el almacenamiento no esta impactando en la
calidad de las aguas subterraneas y sus actuales o potenciales usos.

vii. MEDIDAS DE CONTINGENCIA (SISS)

El titular debe describir el plan de medidas de contingencia e instalaciones de seguridad o
respaldo ante situaciones de emergencias, tales como:

- Periodo de Puesta en Marcha del sistema de tratamiento, el titular debe indicar su
duracion, la capacidad de almacenamiento y de recirculacion. Para ello, se debe
proponer un programa de monitoreo, tanto del efluente como del cuerpo receptor,

- Cortes de energia.
- Superacion de ta capacidad de los depésitos de almacenamiento de riles

En cuanto a las Descargas de Emergencia las Partes no permitiran descargas de
emergencia, salvo situaciones de excepcion que deben ser resueltas en la mesa técnica
permanente.

B. PLANTAS DE TRATAMIENTO DE AGUAS SERVIDAS {PTAS)

i. COMPETENCIA

La SISS participa en el SEIA como un organismo con competencia ambiental sectorial
en la evaluacién de impacto ambiental de proyectos de PTAS, al ejercer funciones
fiscalizadoras respecto de las normas de emision, el DS N° 90/00, el DS N° 46/02 , del
MINSEGPRES vy el DS N° 609/98 del MOP. Por tanto, los requerimientos de la SISS para
este tipo de proyectos van estar siempre vinculados a la verificacion del cumplimiento de
esta normativa ambiental.
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Por su parte, la Autoridad Sanitaria Regional actlia como organismo con competencia
ambiental sectorial en el SEIA, al tener facultades fiscalizadoras en las normas de
emisiones antes indicadas, y por emitir pronunciamientos respecto del Permiso Ambiental
Sectorial (PAS) del articulo 91 y 93 del RSEIA, que tienen como objetivo la proteccion de
la salud de la poblacion. En este contexto, el MINSAL actia como organismo rector del
sector salud, y como tal se encuentra facultado para dictar las normas e instruir respecto
de la aplicacién de las mismas.

Los Acuerdos de las Partes en esta materia no alteran estas competencias, pero se
delimitan conforme lo que se pasa a exponer.

ii. DESCRIPCION DE PROYECTO

* Descripcion del sistema de recoleccién y/o tratamiento y verificacién de su
consistencia con lo considerado en el Plan de Desarrollo, si corresponde (territorio
operacional, n® de usuarios, n® de descargas, plantas elevadoras de aguas servidas,
etc). (SISS)

+ Emplazamiento: (Autoridad Sanitaria Regional)

- Plano de localizacién del area de recoleccion y/o de la planta de tratamiento,
a escala adecuada.

- Plano de emplazamiento de la planta de tratamiento a escaia adecuada con
indicacién del Norte, en el que se sefale los accidentes geograficos
cercanos importantes, vias de acceso, etc.

» Generacién de aguas servidas (SISS)

- Poblacién residencial, su carga organica y caudales considerados para el disefio
del proyecto.

- Se debe sefalar si se considera fracciones de aguas lluvias v/o infiltracién,
indicando los criterios de disefio en cada caso.

- Caudales medios y méximos de disefio.

Para acreditar estas declaraciones, el titular debera acompainiar los respaldos teéricos
y de monitoreo que sean pertinentes. La SISS presentara una propuesta de los tipos
de respaldo posibles para acreditar esta exigencia, a la Mesa Técnica de “Uso de By
pass y seguimiento”.

e Caracteristicas fisico-quimicas de las Aguas Servidas (SISS)

» Catastro de industrias generadoras de riles dentro y fuera del territorio
operacional (TO), cuyas descargas seran conducidas a la PTAS. (SISS). Para el caso
de los Establecimientos Industriales (El} ubicados dentro del TQO, se deberé incluir,
para cada establecimiento industrial, nombre, direccion, ClIU asociado a generacion
de riles, caudal medio anual y carga organica media diaria (incluyendo industrias en
convenio).

En el caso que la concesionaria sanitaria opte por recibir Riles fuera del area de
concesion, esto fo deberd declarar explicitamente, para lo cual sera necesario que
entregue, como minimo, la siguiente informacion:

- Volumen y carga organica maxima de Riles a recibir en la PTAS.
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Posibles puntos 0 modalidades, para la recepcion y/o vertimiento de Riles, tanto
en el sistema de recoleccion como directamente en la PTAS.

e Descripcion de la PTAS (SISS)

Descripcion del sistema de tratamiento que se proponga adoptar, indicando los
procesos considerados y sus respectivas eficiencias.

Diagrama de flujo y planos generales de la pianta de tratamiento y de todas las
unidades involucradas, indicando elementos tanto del tratamiento mismo,
incluyendo plantas elevadoras de aguas servidas, camaras de muestreo, eic;
elementos accesorios, como, sistema electrogeno; e instalaciones anexas como
laboratorio, casino, etc.

Si la disposicion final del efluente tratado es mediante emisario submarino fuera de
la zona de proteccién litoral, se debera incluir dispositivos de desbaste de sdlidos
finos con paso no superior a 0.6 cm, automatizado.

Si el sistema de tratamiento que se adopte contempla lagunas u otros depdsitos
de los efluentes, tratados o sin tratar, se debera incluir informacién del sistema de
impermeabilizacion de estos depositos.

Descripcion del sistema de tratamiento de olores, si corresponde.
Forma de Registro y Control de las variables operacionales.

* Generacion y manejo de lodos (Autoridad Sanitaria Regional /SISS)

Estimacion de volumen de lodos generados en cada una de las etapas de
tratamiento, caracterizacién fisico quimica y humedad.

Tipo de fratamiento de lodos, unidades involucradas, diagrama de flujo.
Programa de control de lodos.
Lugar de disposicion de los lodos.

En caso de disponer en mono relleno de la misma empresa se debera
proporcionar la siguiente informacion:

¢ Descripcion del mono relieno.

e Parametros de disefio (volimenes considerados, superficie, sistema de
recoleccion de liquidos percolados, colectores de aguas lluvias).

¢ Caracteristicas del sistema de impermeabilizacién de la superficie base.

En caso de disposicion de rellenos sanitarios, se debera proporcionar la siguiente

informacion:
* Relacién masica de los residuos solidos urbanos y lodos.
s Caracteristicas y frecuencia del transporte
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» Disposicion en riego (Autoridad Sanitaria Regional)

- La Autoridad Sanitaria Regional intervendra en la evaluacién de este aspecto del
proyecto conforme a lo dispuesto en el Cédigo Sanitario (Art. 73 y 75) y el DS
N°1775/95 MINSAL, que reguia la aplicacion del articulo 75 del Cédigo Sanitario.

iii. LINEA DE BASE O AREA DE INFLUENCIA DEL PROYECTO.

* Recurso Aire (Autoridad Sanitaria Regional)

Se requeriran los siguientes antecedentes respecto del emplazamiento y su relacién con
la generacién de olores de la PTAS:

- Ubicacién de la poblacién

- Rosa de vientos

* Recurso agua (Autoridad Sanitaria Regional)'
iv. NORMATIVA Y REFERENCIAS DE CARACTER TECNICO AMBIENTAL

» Parametros (Autoridad Sanitaria Regional /SISS)

A las descargas de aguas residuales de los servicios publicos sanitarios a cuerpos de
agua continentales, se les exigiran los parametros caracteristicos de lag aguas servidas
domésticas (Aceites y Grasas, Solidos Suspendidos Totales, DBOS5, Coliformes Fecales,
Nitrégeno Total Kjeldahl, Fésforo y Poder Espumégeno).

No obstante, en casos calificados, existiendo razones fundadas para la proteccion de los
CUSrpos receptores, se podran exigir parametros adicionales, previa consulta y analisis del
MINSAL y la SISS, a nivel central en mesa técnica.

s Normas de emisién
Emisiones para infiltracién (SISS)

Vulnerabilidad del acuifero: Si se aplica el DS 46/02, el titular debera presentar copia de
la solicitud del pronunciamiento de la Direccidn General de Aguas (DGA) respecto de la
vulnerabilidad del acuifero receptor de su efluente.

Contenido natural del acuifero: En caso de contar con el pronunciamiento de ia DGA y
e€n caso que la vulnerabilidad sea alta, el titular debera presentar adicionafmente el
pronunciamiento de la DGA respecto del contenido natural de dicho acuifero.

Limites de emisién: Se debers indicar Tabla de los limites de emisién que debera
cumplir el proyecto conforme a fa definicién de la vulnerabilidad del acuifero.

Emisiones a cursos o masas de agua superficiales (SISS)

' Se entienden incorporadas las tablas adjuntadas para proyectos que generan Riles.
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Descargas a cuerpos fluviales: Si se aplica el DS 90/00, para proyectos de PTAS el
titular debera solicitar siempre ia capacidad de dilucion del cuerpo receptor en el punto en
que se realiza la descarga. Para lo anterior, el titular debera presentar esta solicitud a la
DGA, independiente de su utilizacién posterior.

Para el caso de que la DGA, no otorgue capacidad de dilucion al cuerpo receptor, se darg
cumplimiento los valores limites de la tabla N° 1.

Se entiende como cuerpo fluvial afluente de un cuerpo de agua lacustre, al tramo de
cuerpo fluvial entre el cuerpo lacustre y la Gltima confluencia con otro cuerpo fluvial antes
del cuerpo lacustre. :

Descargas a cuerpos de agua marinos: Para descargas al mar se debera incluir el
pronunciamiento de la DIRECTEMAR respecto del ancho de la zona de proteccion fitoral.

Normas de calidad (Autoridad Sanitaria Regional)

Adicionalmente, se deben tener presente las normas de calidad de aguas superficiales,
tanto continentales como marinas, segun corresponda.

v. PERMISOS AMBIENTALES SECTORIALES DE LOS ARTS 91 y 93 DEL
RSEIA (Autoridad Sanitaria Regional)

La Autoridad Sanitaria Regional se compromete a interpretar estos articulos al tenor del
RSEIA, esto es, las observaciones y exigencias de la Autoridad Sanitaria, en el marco de
estos permisos, deben tener como objetivo la proteccion de la salud de la poblacidn y de
acuerdo a lo especificado en el presente convenio.

vi. PROGRAMA DE MONITOREDO. (SISS)

El programa de monitoreo de control del funcionamiento del sistema de tratamiento
debera incluir el control de las variables operacionales, parametros, puntos de muestreo,
tipos de muestras y frecuencias segin Oficio SISS N° 1056, de 19 de junio de 2003,

s  Punto de monitoreo

» Camara de muestreo del efluente tratado, ubicada al exterior del recinto (cuando
sea posibie), de facil y pulblico acceso. (se debera indicar la localizacion en
Coordenadas UTM con datum y Huso de referencia)

e Eltipo de muestra a considerar.
* Frecuencia minima de monitoreo.

» Instalaciones y tipos de instrumentos que utilizara el titular para registrar la
informacion del monitoreo de control del sistema de tratamiento, incluyendo
medicion y registro continuo de caudal.
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vii. MEDIDAS DE CONTINGENCIA

* Recursos para la Operacion de la PTAS
Las Partes generaran una propuesta en la mesa técnica.

* Plan de Medidas de Contingencias

- Descripcion del plan de medidas de contingencia e instalaciones de seguridad o
respaldo ante situaciones de emergencias, indicando acciones que se adoptaran,
- los responsables y plazos a ejecutar.

-  Existencia de grupos generadores de respaldo con Ia capacidad necesaria para el
funcionamiento de los sistemas de tratamiento en condiciones de emergencia, y de
plantas elevadoras segun exigencias de NCh 2472.

» Usode By Pass

- Las Partes reconocen la necesidad de la existencia del By-pass en la
infraestructura de la PTAS.

- Se tipifican los casos de uso de by-pass:

* Caso Fortuito o Fuerza Mayor: Entendiendo por éstos los sucesos que
provoquen dafios en la infraestructura sanitaria y que requieran la
operacion de una descarga de emergencia, siempre y cuando estos
sucesos escapen al control o responsabilidad del operador del sistema
sanitario. Ejemplos de lo anterior, son los siguientes:

» Inundaciones y crecidas extraordinarias (que constituyan
fuerza mayor.)

» Terremotos

s Actividades humanas externas no relacionadas con el
servicio (trabajo de magquinaria pesada no relacionada con
la concesionaria, accidentes, explosiones, robos, actos
terroristas, etc.)

» Descarga puntual y no autorizada de Riles. Para este caso,
la empresa debe demostrar cuantitativamente que el
problema que origina el uso de ia descarga de emergencia,
efectivamente lo constituye las descargas clandestinas de
Riles (&j: monitoreo en linea del afluente)

= Otros casos calificados: Aguas lluvias provenientes de colectores
unitarios y separados; mantencién programada de la PTAS.

La Partes se comprometen a desarrollar criterios para delimitar el uso del by-pass y
generar un sistema de seguimiento de su uso. Para ello, la SISS presentara una
Propuesta a la mesa técnica que se formara para tales efectos.
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viii. MEDIDAS DE MITIGACION

La SISS presentara los resultados del Estudio “Revision del Estado del Arte en materia de
olores y PTAS “ y una Propuesta de Criterios de Evaluacion y Fiscalizacién en esta
materia a la Mesa Técnica que se formara para tales efectos.

viii. EXIGENCIAS EXTRA-SEIA

Las Partes se comprometen a que todos los requerimientos solicitados a las PTAS de las
concesionarias sanitarias fuera del contexto del SEIA, que sean permanentes y que
involucren gastos no programados, tales como respaldos de equipes, productos quimicos
no contemplados en el tratamiento de aguas residuales, etc., seran evaluados por las
Partes en la Mesa Técnica Permanente.

6.3. FISCALIZACION

A. RILES

i. COMPETENCIAS

La SISS sera el Organismo encargado del control y fiscalizacién de los Establecimientos
Industriales (El) que descargan Riles.

La Autoridad Sanitaria Regional sera el Organismo encargados del control y fiscalizacion
de las Actividades Econdémicas que califican como Simples Actividades Econdmicas, para
lo cual el MINSAL deberd generar un Procedimiento que permita un seguimiento
sistematico de dichas actividades y ademas entregue herramientas que permitan a las
Partes ser pro-activos cuando dichas actividades modifican su calificacion, sin informar a
la autoridad oportunamente.

ii. CRITERIOS DE FISCALIZACION

Para efectos de priorizar la fiscalizacion, las Partes deberan tener en consideracion los
siguientes criterios para la evaluacion del riesgo ambiental asociado a una determinada
industria por vertimiento de Riles:

- Riesgo de Contaminacion Alta (CA): Efluentes que constituyen un alto riesgo a la
salud de la poblacién, tal como la descarga aguas arriba de una captacion de
agua potable, y un deterioro significativo a los recursos naturales o que esas
descargas generen un foco de insalubridad, atraccién de vectores y/u olores
molestos.

- Riesgo de Contaminacién Media (CM): Efluentes que afectan indirectamente la
salud de la poblacién, como es la descarga a un curso de agua superficial
afectando un uso posterior distinto a la captacién de agua potable, tales como:
riego, agua para uso recreacional de contacto directo, otros. Es decir, efluentes
que constituyan un mediano riesgo a ia salud de Ia poblacién y un deterioro
moderado a los recursos naturales.
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- Riesgo de Contaminacion Baja (CB): Efiuentes qué constituyan un bajo riesgo a la
salud de la poblacion y un deterioro leve a los recursos naturales.

El MINSAL generar3 los indicadores para evaluar estos tipos de riesgo.

iid. PROCEDIMIENTOS DE FISCALIZACION

El proceso de fiscalizacidén de Riles que son vertidos ya sea en alcantariltado (Norma N°
609/98) o en cursos o masas de agua superficial y/o subterranea (Norma N° 90/00 y N°
46/02, respectivamente), se lleva a efecto bajo dos ambitos de accién:

- El con Resolucion de Monitoreo (RM): La fiscalizacién de los El con RM en cuanto a
la calidad del efluente es competencia de la SISS. Dicho proceso se realiza bajo un
procedimiento estandarizado de fiscalizacion.

En el caso de los El que adn no cuenten con Resolucion de Monitoreo se aplicaran los
siguientes criterios:
1. Calificacion de la AE:

Las Calificacion de la AE se debera ejecutar de acuerdo con el procedimiento
establecido en la Resolucion 1442 del 02.06.04.

El referido procedimiento debera ser requerido sélo en aguellos casos en que los
antecedentes disponibles (informacién de la AE, monitoreos, etc.) no permitan
determinar si la Carga Contaminante Media Diaria (CCMD) de los residuos liquidos
a evacuar por actividades econdmicas, tales como pequefias y medianas industrias,
talleres artesanales u ofras, es superior o inferior en uno o mas parametros, a la
CCMD de las aguas servidas equivalente a 100 habitantes conforme a io establecido
en las norma respectiva.

2. Presentacion del proyecto al SEIA
Si corresponde, las actividades que requieran de la implementacién de una planta
de tratamiento de Riles o el mejoramiento de la ya existente, deberan someterse al
SEIA, sin perjuicio de las normativas sectoriales exigibles.

Este tipo de fiscalizacion se llevara a cabo hasta que el DS N°90/00 MINSEGPRES y
el DS N°46/02 MINSEGPPRES sean completamente exigibles.

- El que no requieren Resolucién de Monitoreo. La SISS fiscalizara a este tipo El, a
través de autocontroles.

En aquellos casos en que ia disposicién del Ril sea en riego, el procedimiento a seguir es
el siguiente;

- Si se trata de industrias vitivinicolas v suscritas al APL del sector, la SISS dictara la-
Resolucion de Monitoreo respectiva, y su fiscalizacidon se realizara de acuerdo a los f@
procedimientos establecidos por este organismo. '

- Sise trata de planteles de cerdo suscritos al APL del sector, sera el Servicio Agricola
Ganadero (SAG) el organismo encargado de su fiscalizacion.
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- Enlos demas casos, la fiscalizacion serd de cargo de la Autoridad Sanitaria Regional
en el marco de sus competencias. Sélo en caso de denuncia, la SISS fiscalizara
estos proyectos, conforme lo dispone el articulo 11C de la Ley 18902, sin perjuicio de
ello, el titular debera dar aviso previo a la Superintendencia del inicio de su descarga
mediante riego.

Lo anterior, es sin perjuicio, de la competencia de los demas organismos con
competencia ambiental en la materia.

iv. DENUNCIAS

Las denuncias por olores molestos o presencia de vectores sanitarios generados por un
mal manejo y/o disposicién de Riles, seran fiscalizadas en forma conjunta por ambos
Servicios, para lo cual se generara un procedimiento de comunicacion expedita.

En los lugares que no existan Oficinas Regionales SISS, la Autoridad Sanitaria Regional
llevara a cabo el procedimiento de inspeccidn y remitira el Acta de ella a la SISS.

En caso que, el origen del problema sea la inadecuada operacién de la Planta de Riles
que genere incumplimiento de la norma de emisién aplicable a la calidad del efluente,
sera la SISS la que iniciard un proceso de sancion y/o instruira al fiscalizado para que
adopte las medidas pertinentes para la solucion definitiva al problema en un plazo
perentorio. Si ei origen del problema es un mal manejo de los residuos sélidos y/o de los
lodos generados o por otra causa, en la planta de tratamiento de Riles, correspondera a
ta Autoridad Sanitaria establecer dichas acciones.

v. INFORMACION

El manejo de la informacion respecto del catastro de Riles a fiscalizar a nivel nacional
sera de responsabilidad de la SISS.

B. PTAS

i. COMPETENCIA

La SISS sera la unica autoridad que fiscalizara, permanentemente, la calidad del efluente
de las PTAS de las concesionarias sanitarias. Lo anterior, es sin perjuicio de la
fiscalizacion dei Autoridad Sanitaria Regional en las demas materias ambientales que son
de su competencia.

En el caso de denuncias en contra de estas PTAS, cualquiera sea su causa, fa Autoridad
Sanitaria Regional y la SISS, actuaran conjuntamente.

il LODOS DE PTAS

El MINSAL invitara a la SISS a formar una mesa técnica intersectorial para la generacion
de un Manual de Aplicacion del futuro Reglamento para el Manejo de Lodos generados en
Plantas de Tratamiento de Aguas Servidas.
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ifi. OLORES DE PTAS

Las Partes se comprometen a generar un procedimiento de fiscalizacion para eventos de
olores en PTAS, que sera desarrollado en la Mesa Técnica antes indicada. Para ello, |a
SISS presentara una Propuesta de Criterios de fiscalizacion y evaluacion®.

iv. VERTEDEROS DE TORMENTA Y COLECTORES UNITARIOS

» Se tipifican las causales de uso del by-pass: Fuerza mayor o caso fortuito; lluvias
intensas y mantencién programada de las PTAS. Estas causales seran desarroliadas
por las Partes en la Mesa Técnica que se formara para tales efectos.

Las Partes se comprometen a desarroliar un procedimiento de fiscalizacién para uso
del By-Pass. Para elio, la SISS presentara un propuesta a la Mesa Técnica antes
indicada.

Las Partes se comprometen a sancionar el uso indebido del by-pass, conforme al
procedimiento antes senalado.

Las Partes se comprometen a desarrollar un procedimiento de fiscalizacion de la
contribucidn de aguas Huvias de fuentes domiciliarias a las redes de alcantarillados.

v. FLUJOS DE INFORMACION

Las Partes se comprometen a generar criterios y flujos de informacion para adoptar
medidas administrativas (Ej.: Suspension de cobro tarifario). En este marco se
acuerda lo siguiente:

- La SISS enviard copia de las Resoluciones de Inicio de Procedimientos
Sancionatorios al MINSAL.

- MINSAL/SISS generard un sistema de captura de denuncias cuya propuesta
serd presentada a la Mesa Técnica Permanente.

Con motivo de los Estudios de Valorizacion de Plantas de Tratamiento de Aguas
Servidas en los procesos tarifarios, el MINSAL proporcionara todos los antecedentes
que sean necesarios para contribuir con este objetivo. Asimismo, la SISS estars
dispuesta a presentar los antecedentes disponibles de las concesiones sanitarias delia
region.

% Esta propuesta se basard en el Estudio “Revisién del Estado del Arte de PTAS y Eventos de olores”, que
sera licitado por la SISS y cuyos resultados se esperan para Diciembre de 2005,
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6.4. TEMAS TRANSVERSALES

A. TEMAS NORMATIVOS

B.

El MINSAL se compromete a revisar el Titulo Il, “DEL SANEAMIENTO BASICO DE
LOS LUGARES DE TRABAJO", del DS 584/00 del MINSAL, a fin de coordinar y
delimitar las competencias de los distintos organismos en materia de residuos.

EL MINSAL se compromete a dictar las instrucciones que correspondan a fin de
recoger e! contenido de la Resolucion N° 5081 def SESMA, que establece Sistemna de
Declaracién y Seguimiento de Desechos Solidos, a los Residuos Liquidos Industriales.

PROYECTOS PARTICULARES DE RECOLECCION, TRATAMIENTO Y

DISPOSICION DE AGUAS SERVIDAS

Estos proyectos seran autorizados y fiscalizados por la Autoridad Sanitaria Regional.

Las Partes acuerdan prohibir el tratamiento de Riles en PTAS particulares. El MINSAL
generara el instrumento legal para hacer efectiva esta prohibicién.

Las Partes se comprometen a implementar el Acuerdo Intersectorial “Sistemas de
Agua Potable y Aguas Servidas que Abarcan Grandes Cantidades de Poblacién
Ubicados en Zonas Rurales, Urbanizables y Zonas de Desarrollo Controlado”,
aprobado mediante el Oficio SISS N° 1394, de 8 de Agosto de 2004; y el Oficio Ord
N°B 5067, de 23 de octubre de 2004, del SESMA.

No obstante lo anterior, las Partes especifican las siguientes materias de este
Acuerdo:

- Las Partes aceptaran Proyectos de PTAS particulares sélo en el ambito rural,

- La Superintendencia fiscalizara que todos los proyectos que se desarrollen en
areas urbanas cuenten con sistemas publicos para su saneamiento, salvo
excepciones que se tipificaran en la Mesa Técnica.

- Todos los proyectos de saneamiento de gran magnitud (> 2500 habitantes) al
corresponder a servicios de caracter pdblico, requieren de concesién sanitaria y
son de competencia, en cuanto a su fiscalizacién, de la SISS. Lo anterior, se aplica
a proyectos emplazados en las Zonas de Desarrollo Controlado y en el caso
contemplado en el articulo 55 de la LGUC, cuando el proyecto genere nuevos
ndcleos urbanos.

- En la aprobacion y autorizacién de servicios particulares de agua potable y aguas
servidas, las Autoridades Sanitarias Regionales, no los autorizaran si no se
acreditan los derechos de agua vy la autorizacién a descargas de cursos
superficiales por los propietarios correspondientes. En el caso que el proyecto
ingrese al SEIA, se explicitarén estas exigencias en la RCA.
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C. OBLIGATORIEDAD DE CONEXION A LAS REDES PUBLICAS DE
ALCANTARILLADO (ARTICULO 39 DFL 382/88 MOP)

e lLas Partes se comprometen a coordinar sus labores de fiscalizacién para hacer
cumplir 1a obligatoriedad de conexién a que se refiere el articulo 39 del DFL 382/88
MOP

o las PARTES se comprometen a desarrollar politicas orientadas a promover la
conexién de los usuarios a los sistemas de alcantarillado plblico. En el marco de esta
coordinacion, las Partes lievaran a cabo las siguientes acciones:

- La SISS instruirda a las Concesionarias Sanitarias para que levanten
informacion sobre los sistemas particulares de tratamiento de aguas servidas
que se encuentren dentro del area de la concesion y por tanto, tengan la
obligacién de conectarse.

- La Autoridad Sanitaria Regional fiscalizara lo anterior en base a la informacion
proporcionada por la SISS.

- La SISS se compromete a enviar al MINSAL informacion relativa a la cobertura
de las concesionarias.

31



