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Neutralizaci6n 

1.- Introducc16n 

Se denomina "acidez" de una solución acuosa a su capacidad para 

ceder iones de hidr6geno; al concepto inverso, es decir a la e~ 

pacidad de una soluci6n para aceptar iones de hidr6geno se le -

denomina "alcalinidad o basicidad"Q 

Por otro lado, la intensidad da la acidez o basicidad de una sg 

luci6n se mide convenientemente en funci6n de la concentraci6n 

de los iones de hidr6geno en el seno del lÍquido, As!, el "po

tencial hidr6geno" se define como el logaritmo de base lO de -

la inversa de la concentraci6n de iones de hidr6geno 

(1) 

Se consideran neutras las soluciones con pH 7, alcalinas las -

que muestran pH ">7, y ácidas las tienen pH <. 7. 

El t&rmino "alcalinidad total" se refiere a la cantidad total -

de ácido que debe agregarse a una muestra de soluci6n para ba

jar su pH hasta 4o5, y el "t~rmino "acidez total", a lq canti

dad de base requerida para elevar el pH de la muestra hasta 8.,. 
Ambos son tév~nos de capacidad, y pueden expresarse convenien

temente en mg/1 como Caco3o 



Las aguas residuales procedentes de un gran número de industrias 

son alcalinas o &cidaso Entre estas industrias destacan las de 

productos qu!micos, las de pulpa y papel, las metalúrgicas, las 

de galvanoplastia, las textiles, la hulera , las de carb6n mine
e 

ral, las de películas fotogr!ficas 9 las embotelladoras de refre~ 

cos 9 art!culos de cuero, y enlatadoraso 

Los desechos ácidos o alcalinos ocasionan daños a los cuerpos 

de ·agua reéeptores, ·produciendo, segQn su concentraci6n reduc-

ci5n o muerte de la vida acuáticao Se considera que el rango de 

pH para que exista actividad vital efectiva en las aguas es 6o5 

a 8o5 9 por tanto, se recomienda que los desechos fuera de estos 

limites se sujeten a neutralizaci6n antes de ser descargados(l), 

lo cual debe estar de acuerdo obviamente con las características 

de la corriente receptora y los reglamentos en vigor. 

2o- M~todos de neutralizaci6n 

Al presente existen diversos m~todos aceptables desde el punto 

de vista econ6mico para efectuar la neutralizaci6n de las aguas 

residuales que lo requierano Los más usuales son: 

a) - mezclado de aguas residuales ácidas y alcalinaséLos dese-
. ¡J 1 

chos pued~n proceder de la misma o diversas industrias, mezcláB 

dose para obtener un pH lo más cercano posible a 7. 

o 

o 

Q 
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Este método requiere de capacidad suficiente de ~lmacenamiento 

~~ 
y homogeizaci6n para absorber las variaciones en las concentrA 

cionas de los desechoso 

Si este m~todo es aplicado debe tenerse cuidado en el control 

de la producci6n de compuestos t6xicoao 

Aguas ácidasz 

b) - Paso de las aguas residuales por mantos de piedra calizao-

En este procedimiento, se usa generalmente flujo ascendente, 12 

grándose con ello arrastrar a la mayor parte de los productos -

de la reacci6n antes de que se precipiten sobre la caliza. La 

carga recomendada máxima es de 35 l/min-m2 , para obtener tiem-

pos de contacto suficientes para que se efectúe la reacci6n. Se 

recomienda limitar la concentraci6n de ácido en el agua residual 

al 5% para evitar la obstrucci6n de la superficie caliza debido 

a precipitadoso Para evitar la formaci6n de capas no reactivas 

de sulfato de calcio sobre la caliza 9 la concentraci6n de ácido 

sulfÚrico debe ser menor a Oo6%. Debe considerarse que los met~ 

les disueltos tienden a precipitarse como hidr6xidos obstruyendo 

la superficie de la piedra caliza~ 
~~ 

e) • Adici6n de lechada de cal a desechos ácidoso- Este método 

resulta más efectivo que el anterior en el tratamiento de dese-

chos ácidoso Se usa normalmente en tratamiento continuo, de mo-



do que los productos de la reacci6n, que quedan en soluci6n, 

son arrastrados con el efluente. 

No obstante las dificultades de dosificaci6n de la cal hidra-

tada,su empleo es muy conveniente cuando se trata de volúmenes 

relativamente pequeños de desechos. Como el contenido magn~si-

co de la cal es m&s reactivo en aguas fuertemente ácidas, el -

tipo de cal que se use influirá en el grado de neutralizaci6n 

obtenido. Los resultados son generalmente eficientes cuando el 

pH del agua por tratar es menor de 4.2. 

d) - Adici6n de NaOH o Na2 co3 ~ 

Estos compuestos son agentes neutralizadores m's potentes que 

la cal o la piedra caliza 9 sin embargo su alto costo influye 

generalmente en forma negativa en la selecci6n de este procesoe 

Su aplicaci6n tiene como ventaja el que los productos de la -

reacci5n son solubles y no incrementan la dureza de las aguas 

receptoras. Por tanto, este m&todo se usa para tratar pequeños 

volúmenes de desechos. 

Aguas alcalinas: 

e)- Adici6n de C02 ~ 
~~ 

La adici5n de co2 a aguas residuales alcalinas puede ser de di-

versas formas, a saber 

o 

o 

o 
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o - difusi6n de gases provenientes de chimeneas de calderas 

- inyecci5n de co2 comprimido 

- combusti6n sumergida 

En el primer caso se aprovecha el contenido de 002 de los ex-

haustos de las calderas (apro~imadamente 14%)o Para ello, los 

gases se filtran para remover azufre y part!culas, aplic~ndose 

posteriormente al agua mediante difusoreso Si las aguas residu~ 

les tienen altos contenidos de azufre~ puede formarse ~cido -

. 
sul!Ídrico, que debe controlarse para evitar condiciones desa-

gradablesa 

o El 002 comprimido comercial tiene ventajas sobre el 002 proce-

dente de procesos de combuati6n en calderas, sobre todo en lo 

que se refiere a su pureza y sencillez para su aplicaci6n. Por 

otro lado~ su costo resulta alto, sobre todo cuando se trata -

de grandes volúmenes por trataro 

El m~todo de combusti6n sumergida ha sido usado en forma experi-

mental 9 siendo necesario realizar investigaciones amplias para 

determinar si puede o no ser usado como proceso normal de neu~ 

f) - Adici6n de ácido sulfÚrico.-

o Este m~todo se usa para neutralizar pequeños volúmenes de aguas 
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residuales, debido al alto costo de este reactivo. Como desven- o 
taja se señala además, la dificultad y peligro en su ~anejoo 

Las reacciones típicas de neutralizaci6n de la acidez,que se 

efect~an en los procesos descritos en el capítulo anterior,son 

las siguientes& 

Ca co3 + H2 S04 --+Ca so4 + H20 + co2 (2) 

Ca(OH) 2 + H2 so4 
___..Ca so4 + 2H20 (3) 

Na(OH) + n2 so4 --+- Na2 so4 + 2H20 (4) 

Na2 co
3 

+ H2 so4 ___.... Na2 S04 + H20 + co t 
2 (5) 

Las reacciones típicas de neutralizaci6n de la alcalinidad o 
SOD.8 

(6) 

(7) 

(8) 

3e- Diseño de lechos de caliza 

Al proceder al diseño de una instalaci6n de neutralizaci6o 

mediante el.uso de piedra caliza, se debe determinar experi-
t,. ' 

mentalmente la profundidad del lecho, en funci6n de las caraQ 

ter!sticas del influente y del reactante. Los experimentos se () 
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efectúan en columnas de filtraci6n de 4 a 6 in. de diámetro, 

dispuestas como se muestra en la figura ls 

a La caliza triturada (1 a 2 in de diámetro), previa
mente lavada, se coloca en sendas columnas para te
ner profundidades de lecho de 1 9 2 y 3 ft. 

b - Se alimenta agua residual a las columnas en la forma 
ascendente o descendente, según se piense hacer en
la realidad. El gasto por unidad de secci6n recta 
(carga ~uperficial), se varia e~tre 50 y 1000 gal/ 
hora/ft (Oo030 a Oo60 l/min/m2e) 

e - Se mide el pH del efluente de cada columna hasta -
que este se estabilice0 

d Despu~s de cada prueba se remueve la caliza de cada 
columna, y se registra el peso utilizado. 

Los resultados del experimento permiten dibujar una gráfica 

que representa el valor del pH efluente en funci6n de la ca~ 

ga superficial y la profundidad del lecho. Esta gráfica (fi-

gura 2), constituye el principal elemento de diseño, el cual 

puede realizarse como sigue: 

a 

b 

Para el pH deseado en el efluente, se determin~~ 
usando la gráfica de diseño, las cargas superficia
les que corresponden a cada profundidad de lecho. 

1 .. ~ "1 

Se calcula el área necesaria de lecho de neutraliza
ci6n, en funci6n del gasto real~ para cada carga s~ 
perficial determinada en el paso anterior (area igual 
a gasto entre carga superficial) 
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e Se calcula el volumen requerido de caliza para cada -
profundidad,de lechoo 

1 

d - Se determina el gasto por unidad de volumen de caliza, 
para cada una de las profundidades consideradaso 

e - La pro~~did~d 6ptima se determina graficando loa gas
tos por unidad de volumen de caliza, contra las pro
fundidades correspondientes; el máximo gasto unitario 
corresponde a la profundidad 6ptima (figura 3) 

f - Se grafica el volumen o peso de caliza requerido por 
cada 1000 galo de agua residual contra el pH del 
efluente, para la profundidad 6ptima. Esta gráfica -
(figura 4) puede usarse para determinar las cantida
des de calcita requeridas para obtener diversos valQ 
res de pH en el efluente, diferentes al originalmente 
deseado o 

Ejemplo: 

Los desechos lÍquidos de cierta industria tienen una concen-

traci6n OolO N de H2 S04 a Si el gasto por tratar es de 

50 gal/min, y el pH final debe ser de 6~0, determinar a) la 

profundidad más econ6mica del filtro, b) los volúmenes de ca-

liza que debe de tener el lecho, si el pH final es 6e0o 

a - La figura 2 corresponde a las condiciones del proble-

ma y a lechos de calcita magnésica calcinadao Entrando en --

4~ 
las ordenadas con pH 6, en las abscisas se leen las cargas -

superficiales correspondientes a Oo5 ft, 1 ft, 3 ft, etca de 

o 

o 

o 
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profundidad de lechoo Estos resultados aparecen en la columna 

2 de la tabla le El área de lecho,respectiva, columna 3~ se 
1 

obtiene dividiendo el gasto (Oo50 gal/min D ;ooo gal/hr), en 

tre la carga superficial (;000/65 e 46; ~/3000/250 a 12, 

etc) o 

El volumen de caliza, columna 4, se obtiene multiplicando el 

O, 
'rea de lecho por la profundidad (46 X )o5 e 239 12 X 1 ~ 12, 

etc) o 

() El gasto por volumen unitario, columna 59 es el gasto (3000 gal/ 

hr) entrG el volumen de caliza (3000/23 = 130, etc). 

Graficando las profundidades contra los gastos por volumen -

unitario, se obtiene la curva de la figura 3, donde se obser-

va que la profundidad 6ptima es 3 fto 

b - Considerando un lecho de 3 ft de profundidad, en la fi-

gura 2 se leen loa valores carga ~uperficial correspondientes 

a pH 5, 6, ?, 1~tco Tales valores aparecen en la columna 2 de 

la tabla 2e o 
Las cargas superficiales divididas por la profundidad del le~ 

cho (3 ft), resultan en los gastos por volUmen unitario de ca-
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liza 9 columna 3, (3000/3 m 1000 9 etc)e 

Los volúmenes de lecho de caliza, por cada 1000 galones por 

hora de desechos tratados, columna 4, se obtiene multipli-

cando los inversos de la columna ;, por lOOOo 

e) Como la concentraci6n ácida de loa desechos es 0.1' N 

y el gasto es 3000 gal/hro, el peso de ácido neutralizado s~ 

rá: 

3000 ~~l X 0~1 N X~ x45;bg 

D 295o *e: 
1 24 hr 

X 3e?85 gaÍ X dÍa 

Si se supone que la calizausada tiene una reactividad del 60% 

el consumo de caliza será 

2950 :X 
~ 1 
50 X OoGÓ 

lb 
• 5000 dÍa 

4 - Diseño de sistemas de neutralizaci6n a base de lechada de 

cale 

Para determinar las propiedades neutralizantes de la cal que 
¡J. ; 

se vaya a usar en un proceso, se reali.zan pruebas de labora-

torio que consisten enz 

o 

o 

ü 
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TABLA 1 
. ' 

Cálculo del gasto por volu-men unitario de reactant'e 
em· ·lechos de caliza 

ll 

Profun- carga su- área, Volumen de Gasto. por volu 
· perficia~ caliza · men unitario -

dÍ~ad galLhr-ft · ft~ " rt3 · galL:hr-rt3 
~1) (2) '(3) (4) (5) 

·, Oo5 ·., .65 ,46 23." 130 
,, . 

' 1 250 12 12 250 
2 1040 2_o9 5.8 520 

,, 

3 1800 lo67 5o O 600 
4 2100 1o42, 5o7 -525 

f 

•' !' 

TABLA 2 
C&lculo del 

j 

volumen necesario de caliza por 1000 galones de 
~ ,;; agua residual tratada 

carga supe~_ gasto por v2 Volumen. de ca-
pH 

ficial·. 2 lumen unita- liza pór 10~0 gal/~· 
g~l/hr-ft rio de desechos · 

sal/hr-rt3 rt3 
' 

(1) ·, (2) ' (3) (4) 

' 5 '3000 1 ' ' •1000 l~_oo 
' 

6 1850 617 lo63 
1

1500 
( 1 ' 

7 ~o o 2~00, 

8 1220 407 2.46 

9 860 287 ;.50 

'' 

lf 



a - Tomar una muestra de la cal que se vaya a usar en el pro
ceso, y preparar una suspensi6n con concentraci6n tal que 
permita ser manejada convenientemente por el equipo de -
que pueda disponerse en la instalaci6n realo 

b - A~regar pequeños incrementos medidos de suspensi6n a 500 
ml de muestra de agua residual, agitar, y medir el pH -
después de cada dosificaci6n, hasta que el pH se estabi
lice. Registrar el pH de estabilizaci6n, y proseguir agre
gando suspensi6n de c&l hasta que se alcance pH 10 

Con los resultados del experimento se puede dibujar una 

curva similar a la que aparece en la figura 5, graficando los 

miligramos de cal por litro de muestra,gastados para obtener 

un cierto pR, contra los valores de pH respectivos. 

Para determinar el tiempo en que se completa la reacci6n: 

a Se usa la gráfica obtenida anteriormente, para deter
minar la cantidad de cal que debe agregarse a una -
muestra de 500 ml para obtener el pH deseado. 

b La cantidad de cal así determinada se agrega a la 
muestra, se agita continuamente, y se mide el tiempo 
en que se estabiliza el pH. Este dato representa el -
tiempo de mezclado necesario. 

La potencia requerida en el mezclador se calcula con la 

siguiente r6rmula: 

donde: 

p 

k 

p ll:ll 

¡J 1 

k P n; n5 
g 

potencia, ft-lb/seco 

coeficiente de mezclado 

p peso unitario de la mezcla 

n velocidad angular 9 ropoSe 

D diámetro del impelente, ft. 

(9) 

o 

o 

o 
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Ejemplo: 

El gasto da desechos líquidos de una cierta instalación 

industrial es de 6 1/sec .. Mediante pruebas de laboratorio -

se encontraron los resultados mostrados en la figura 6 .. 

Se desea neutralizar los desechos hasta alcanzar pH 7; de-

terminar: a) la cantidad de cal consumida, b) el volumen -

del tanque de reacción, si el tiempo de contacto es de 5 min, 

y e) la potencia necesaria en el impelente del mezcladorm 

lb o 

ft3 11 n !'S 4 rpao 

a) En la figura 6 se lee que para pH ? se requieren 2250 

mg de cal para tratar un 1 de agua residual, por tanto, pa-

ra tratar 6 1/seco se requeriráng 

6 _L 
sec X 2250 ES lo 

X Kg 
10+;' mg 

X 86 400 sec • 1166 Kd~a di a 

b) El volumen del tanque de mezclado se obtiene multiplic~ 

do el gasto por el tiempo de mezclado: 

6 !:L. 
se e x 5 min X 

60 sec 
m in a 1800 ltQ 

e) La potencia en el impelente del mezclador se obtiene -

aplicando lat~!órmula 9 .. 

p 0 .. 4 (69o5)(4)3(2e5)3 sec2 lb 1 ft5 se e 
113 32o2= f't rt3 sec3 550 .ft-lb 

p El 9o?5 H., Po 

HP 
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,.FUENTES Y EFECTOS,DE ·LA CONTAMINAtJON--DEL AGUA·" 
¡ 

~ ~ ,.. • ._,.. ~ ... j,. .l. -.t • ~ --. •• .,..,..· • "- -- - { • ~ - -· ::¡._- • 

1 M·rokr:ANt 1 A DEL· TR.ATAM n~:Nfo ~· 
' .. ; .,_ 

INTRODUCCION 

Por: Ingeniero Edmundo lzuriéta 
Oficina Sanitaria Panamericana 
Zona ll 

De todos los problemas ecológicos del hombre mo 

derno, los que más deberían preocuparnos son los relacio 

nados con la explosión demográfica, urbanización e indus 

tri al i zac i ón. La adap,tac i ón del hombre al fenómeno eco 

·lógico no es siemple, ya que se plantean difíciles proble 

mas que requieren una profunda investigación, la misma que 

reque~irá una actualización, para ad~ptarla a la dinámica 

de la evoiución social y tecnológica, 

El control sanitario del ambiente en el que vivi 

mos es muy importante, las condiciones insalubres han pro 

ducido más muertes y enfermedades que cualquier otro fa~ 

tor. Por !ortunai 1~ lngenieria Sanitaria y las disciplinas 

actuales disponen, hoy ~n dia, de técnicas suficientes para 

sanear cualquier ti.po de ambiente habitado por el hombre. 
~ ' - ' ' " ", ~\~ '< ., ,., ' ,.., r • 

La aplicación de esos conocimientos es practicamente ill 

mitada, debiendo plantearse comó meta' a ser alcanzada por 

todas las comunidades no sólo como un objetivo sanitario 

sino como una caracteristica de civilizacióno 

La comparación de las condiciones presentes y fut~ 

ras en las que vive y vivirá el hombre sirve de marco de 

referencia para calificar la calidad del ambiente en el que 
' . ' ~ ' 
~ :._, .,..¡ ••• 

vivimos. · ··- '· ,-•-< 
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La contaminacion podría descibirse, en termines 

generales, como la alteración desfavorables del medio que 

nos rodea, ocasionando problemas que tienden a gobernar. 
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la din6micu de lu salud, de la economía y de loo c~!D~ 

teros socinlc6 ~el s~r humano. La magnitud y comp1cj! 

dad do _lps problem?s representan un dcsufio a todos·los 

el eme ll tos -c ons ti tu ti vos de la sociedad. 

El me j oramien t·o de la calidad ·del ambiente re 

quiere frecuentes mnovaciones técnicas, asi como tambión 

mucha imaginaci6n ,para llevar a cabo efectivoG programas 

de con-crol. Ademis, es indispensable la ~omprensi6n y 

apoyo de ·la c·omuni~ad para poder· inter-relacionar la ca 

lidad del medio que se desea con.el costo de las accio 

nes. 

Los desperdicios o residuos producto de la vida 

ú'rbzinri··, dom6stica, social, agrícola, .recreativa e .industri 

ul, que no son adecuadamente dis-puestos .ocasi'ona.n, ~l~er~ 

cioncs fisicas, quimicas y biol6gicas en las caract~rist! 

c~s del aire, agua, ~u~lo y ~a creaci6n de pro~l~mas que d~ 

terio~an lo~ recursos materiales y n~turales. Poco_sc co 

noce do _las implicaciones a lat•go plazo ·que significan ex 

po~e~ al. hombre a bajas concentraciones de sustancias t6 

xicas ~ en lo que respecta a aspectos fisiol6gicos. y sic~ 

l.6gicos. Estos y otros factores como el uso adecuado de la 
... "' 1"' 

tierra, cr~cimiento industrial acelerado inducen al. pront~ 

establecimiento de programas adecuadamente administrados. 

1 
•·' 

Tanto economistas, urbanistas y ~ani:taristas que 
'. , . 

...-' ' ~ '.., ' { - . 

tratan con el. desarrollo social y econ6mico, expresan su 

preocupaci6n sobre el crecimiento demográfico y la distrib~ 

ci6n de la pobl.aci6n. · La urbanizac~6n es un __ fen6m~no real 

que:tiene· Caracteres de mayor o menor alarma, dependiendo 

del pais. 



. . . 
.g • 

A·pa~~i~ do loo eutudios democ~~rico~ ~o podr6 

vs~iaa.:u.• en fo~·mu cuolitutiV.:l .y cuantitativ.a loo proolcn;us 
1 

:u:¡ t.:. ion ;; n 1 es q u e D u e den de r i va r so do l in e ~:·e m o n t o do la o 
' 

concen~~ucionca u~bonas en detc~min.:ldan rocibncu del poia. 

S e l' ..) n e e e :;; u l' i o p va 1 u .:n• e o n e J. f' l' u s o 1 si g 11 i e i e n. d o q u o 't e n 

dr~n os.:1s g~a~dos conccn~racionos hum.anas en los altera 

cioaes <¡ue se ·produ;¿ca.n tanto en el aire como en el agua 

y suel.o. 

El estudio y con~rol de lu con~aminaci6n requieren, 

de una acci6n conjun~a o mancomunada entre todas las Ins 

t:it:ucioncs Oficiales y a los diferentes niveles. Ser lA 

indispensable planear las actividades ~n tal forma que nos 

permita la preparación de programas, adiestramiento del 

personal y b~squeda de métodos para financiar, disefiar y 

operar las facilidades o medios de tratamiento. 

Por otro lado, será necesario establecer normas 

sobre la cal.idud del. medio amb.iente: aire, agua y suclo;P.E., 

~n lo cual es indispensable disponer de información cien 

tifica adecuada que nos pol"mita definir lo6 'limites de 

·calidad, integr~r ~os essudios individualizados pura p~ 

dcr relucio~ar los efectos existentes entre el medio y 

el hombre. 

Sel."á,,. ~sim;1.smoc necesa¡oio definir la caliciad del 

medio que se desea tener para determinar el costo de las 

medidas p~eventivas y de cont~ol. 

I I • CO~TAMINACION DEL AGUA 

Son innum~rables los ejemplos que pueden citarse 

paX'a ilustrar c~mo el hombre ha usado y abusado do lae 
/ 

·. 

o 

o 

o 
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· ~suu~ supc,n'f'icio.le·a, cr9,ólndo s·erias condicionas muchas 

veces sin e~ conocimiento de las autoridades interesadas. 
> " 

for. fortuna, lo. intervenci6n de ciertas pers.onne de visibn . . 
ha impedido que la situación empeore y.se produzca un 

.. . , 
~~ave deterioro de ese ·importan te recura o natural. 

Los pasos acelerados que s~ estin dando en los 

paise~ de la Am&rica para lograr su pront~ desarr~llo está 
. . 

estimulando vivamente la creación de nuevas industrias, 

s~an éstas grandes, medianas o pequeñas. Esta actividad 

acompañada de la iiusión que signiaca figurar en la lista 

de paises que están industrializándose, .hace. ignorar que 

ese desenvolvimiento debe ir acompañado·de un profundo 
/ . . 

~~tudio sobre las pos.~bles. c.o.ndiciones del medio 9 creado con 

e~ nueyo establecimiento ~ndustrial. 

" . 
Aire, ag~a y~uelo deber6n ser motivo de ~nveati 

gaci6n para concretar las nuevas ~it~~c~o~es que se crea~. 
• ~ • • , : 1 

La ub~caci6n de la industria no sólo ea importante para s~ 

tisfacer los requ~rimientos sanitarios, sino para lograr 

economias en el de~plazamiento de la fuerza laboral, deberá 

tomarse en consideración el futuro inmediato y mediato de 
' . : ' 

la-industr;a para predecir los aspectos sociales y eco 
' ¡ • ~ 

nómicos deriva9~s de su localización. 

Por pequeña que sea una industria, en su proceso, 

se requiere~ la.~~~p~~ició~ de desechos gase?sos, liqu! 

dos y_sólid~s. ?stos ~esiduos_significan.~a adición de 

nuevos elementos al medio que modifican su composición, 
. ' ' . , 

creando situac~ones adversas y perjudiciales para el am 

bien·te fa'bril y par_a el.9..ue tiene el hombre de las ciu 

dades. 



La urbunizuci6n, ese fenómeno reu~ que viven todos 

los pueblos, ·produc'to de lo. o'trucci6n que siente el hombre 

po~ la ciudad, seo pura satisfacer sus necesidades econ~ 

micas buscando trabajo remunerativo o para sa'tisfacer sus 

necesidades sicológicas y sociales, es'tá generando, si no 

se la efec't6a en eorma ordenada y planeada, la creación 

de condiciones ambientales que' tienden a degradar la cal! 

dad del medio. Residuos líquidos y sólidos tienden a di~ 

ponerse alsuelo o al agua, sin prever las implicaciones 

que eso acarrea si no se emplea la tecnología adecuada. 

La contaminación del agua, aparte de producir si 

'tuaciones inadecuadas para que el hombre pueda usar ese re 

curso en la satisfacción de sus necesidades domésticas, agr~ 

colas o industriales, está originando una perturbación del 

medio en el que se desarrolla la comunidad o vida acuú'tica. 

Esa alteración 'puede ocasionar que ciert-as especies prol!_ 

feren y otras tiendan a desaparecer. Por ejemplo, las 

especies de protozoarios que se alimentan de bac'terias 

pueden aumentar cuando la carga bacteriana esalta. Mús 

aún, la contaminación ocasiona el desarrollo de ciertas es 

.pecies que pueden soportar o tolerar la perturbación o 

desequilibrio creado, tomando ventaja de las nuevas cond~ 

c1ones. Al mismo tiempo, aquellas especies ~ue no puedan 

'tolerar el nuevo régimen ecológico originadottienden a 

reducirse. 
'• 

La contaminación puede ocasionarse principalmente 

por la presencia de sólidos en suspensión, substancias tó 

xicas, cargas orgánicas y el calor. 

Los sólidos en suspensión producen la reducción de 

la penetración de la luz en el agua. La luz es importante 

o 

o 

o 
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en e~ proceso de ~oto~int~sis que ~orta oxigeno y a~b~ 

tituye al que es reducido por la'respiracibn de los anim,~ 

les acuáticos. Se ha comprobado que la foto~intesis es 

m6s ,~mportante.que la turbulencia para obtener la reoxi 

.genaci6~ del ec~~istema acu6tico. 

Siendo e~ oxigeno disue~~o un elemento indispe~ 

sable par~ lograr la· estabilización de la materia org6~i 

ca~ispuesta en el agua, .lo lógico será establecer con 

di¡;:ioncs de equilibrio entre aquel y l•a demanda bioquim.!, 

ca del oxigeno. Esa ·relación nos da la pauta sobre la 

cJ.,ase y grado de tX'atamiento que.·requiere un l."esiduo ~.!. 

quido domóstico a industX'ial. 

En ~os anexos N°f y N° ,~se p~esentan ~os princip~ 

lee¡ origenes de· los cont.aminantes del. agua (vivienda, in 
• ' .. •z 

dustria.¡ agricu~tura ·y min.eria) y ·su carac.terizacibn. 

No siempre ~a contaminación del tigua se debQ uni 

camente a la carga orgá?ica, hay substancias quimicas 

que producen alteraciones en el medio acuático, entre 

las principales tenemos: plaguicidas, herbicidas, fungi 

cidns; fertilizantes que act~an a través del nitrógeno 

y f66foro como nutrientes produciendo fenómenos de eutro 

fi~~ci6~, detergentes y me~ales pesados~ 

.. 
Los ~laguicidas ~onstituyen un grupo muywriado 

de substancia~·tales como insecticidas, rodenticidas, 

molusquicidas, herbicidas, f'ungicida.s. Su uso es muy 

variado·y en forma poco t~cnica, sin ajustarse a las es 

pecifiéaciones que exist~n para cada uno de ellos. En la 

agricultura se emplean básicamente para la protección de 

l~s siembras (herbicidas para el~rroz, maiz y caña de az~car; 

'' 
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fungicidas para las patatas e insecticidas para una gran 

variedad de árboles); en los programas de salud pública 

para el control o errad1cación de ciertos vectores res 

ponsables de la transmisión de enfermedades (paludismo, 

chagas y otras} o constituir molestias sanitarias. 

Dada la enorme variedad de plaguicidas existentes 

se los clasif1ca en dos grupos "A" y "B", al primero pe.E_ 

tenecen los organoclorados y organofosforados y al segun 
. -

do principalmente ciertos herbicidas. Todos ellos son tó 

xicos en mayor o menor grado, dependiendo de la concentra 

ción. Se han logrado establecer normas sobre los niveles 

do concentración tanto en el .agua de consumo doméstico, 

alimentos y como en el agua donde hay vida acuática produ~ 

ti va. 

Para las ~guas super~iciales que se emplean como 

fuente de abastecimiento se han fijado algunos criterios: 

PLAGUICIDAS 

Aldrin 

Clordano 

DDT 

Dieldrina 

Linda no 

.. 
El uso de plaguicidas, 

C ONCF.NTRACI ON 

(mg/1) 

0.01? 

' o. 003 

0.042 

0.01? 

0.056 

principalente en la 

culturap determina que p~r escurrimiento del agua se pr~ 

duzcan concentraciones en lagos, estuarios, costas, etc.; 

hecho que reviste caracteres de toxicidad para una serie 

de- e!3pecies acuáticas como ostras, camarones jóvenes y 

o 

o 

o 
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,~ ~~).''.L;_ ·~ : --~',• !t;i' J:O "•;' t'~ '\,'r •, 

'·' ,~ .-.f.:. u,.: t.oxi,ci~,n~. de ·una su bs'tanc·ia' s~ ·'esta blc e o ~~por, 
' - '(' ~ ~- ( ' ' ~1 ,~ • /• ' ~ 

limite de tolerancia- media (med:(óri:·tolé~anée ;;l.llmit; \: ;. 

, L· . .....,. .. . •.' 

el 

= T Lm) , que e onsis te *r,.n la c-an ti dad· o e oncen traci <>n .;; . :: 

', (/ •''_, 

X;~ ,, '' -~ :.: .• ,,. 
·PLAGUICI'OA 

.~;.,; .- ¡.' .:, 

. 
Aldrin .. '~ < l 

• 
el 50% de los organismos en 96 ho 
.. • ~.(~ < .. '_ (1 ·- -J~ "".~ ~ ; \. "-' ~" ~. ; '>-. ' 

_J,: ., 

·::)y 

, . 
1' \-. ~~ -~ 

,,, - ........ - ., "' ,.. '· ., . ~ .. ' 

T Lm ·. ~· 4S -HORAS, · r •• ·: ·< 

-w· ·g/.l)<_ ·-··.' ·,_~,: ,> .. ; 

. . ~ ~ 

2.00 
-. ~ l 

· · .. ;)2 ~ob 

'/·.;O ·2· ·o··· . .::·?\ •r ·• ·-·' = o • ' - "'~ ., )1 •• '~ 

·. : .. -\. ' ,'¡ 

t ' • ~~ p •• ' ./'- ' • 

.. " ... "rOtras ~.subs.tanci.~s1 :9~-~ 1 d_~s>e~pe~a~.-~~pel __ impo!_ 
~ t_..' t¡ " · ' , r -< • l • • ' ' ' - "'--' 

1
-- , ."~' t ~ •· 4 ' " ! ' ~,,-

•. · tante· .. en la· con·taml:naci~6n ,del .. agua son. los detergentes·• 
\ -' _,, ' • ,, ' ¡ .:..~ -."':: J '>: ,'-.. ~ ,.: .. _ ': :1 - - .:: .l '- "\ 1 •• _,_ .1 .. •' 

Su uso está muy .genera~_l:z.ad-.() ~~~a~\t~, .. e~ ,l.~ indust'ria ~c·om·o 
~ • .., ¡, ~ '\ :~ 

"en .. la, 1Vida domésticao 
' .:¡~,· ''"'('~ .. .)'--.)< J ~ ~J .... ,~3 ... ·;:~:.. .).~ f\ 

l ........ ,, ':.\('~ 1 -~.~'-¡,(;:.} ~'f " .. ·~·-r\ ¿ .. ~ 

Hasta la presente' 't'Efch·a: se han .. e~I>,l~ado ,.d,~.~.e.!. 

gentes constituidos por fosfatos 1".esponaables del abland~ 
..... 
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miento del agua. Por el hecho de producir grandes can 

tidades de espuma dificultan el tratamiento de las aguas 

negras; adem6s, son substancias do compleja eompoaicibn 

molecular dificil do ser degradablo por medio de las ba~ 

terias: Los detergentes comunmente empleados se les co 

noce como del· tipo ABS (alkylben zene-sulfonate). Sus 

concentraciones en las aguas superficiales que se emplean 

como fuentes de abastecimiento doméstico se limita a 

0.6 mg/l. 

Estados Unidos e Inglaterra están realizando gran -
des esfuerzos para reemplazar los detergentes aniónicos 

por otros compuestos con menor contenido de fosfatos como 

el LAS, a6n más, se ha determinado que el mejor subst~ 

tuto será el ácido nitrilo-triacetato (NTA). Este com 

o 

puesto es 70 por c,iento degradable por los procedimientos Q 
biológicos empleados en el tratamiento de aguas negras y 

las experiencias en animales revelan que no ~ienen efec 

tos genéticos oevidencia de toxicidad. 

Suecia, recientemcnte,di6 a conocer haber prod~ 

cido un detergente qu~ contiene 15 por· ciento de. citrato 

de sodio y es 100 por ciento biodegradable. 

Existen 'otros elementos que alteran considerable 

mente la calidad.qel agua y por ello ocasionan. su conta 

minaci6n, estos son los m~tales pesados, que en altas con 

contraciones hacen indeseable al agua para el consumo do 

méstico o matan la vida acuática. 

Entre los elementos tóxicos que juegan un papel 

importante tenemos el mercurio (Hg), plom~ (Pb), niquel o 
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• (Ni}, CLrdmio ('Cd') y ars~nico (As-). 
j' ..... ' ~-

, Exis;te una· re'l'aci'6n··-ent·re" e·~l conten¡ido de .. ,cad.mio 

y la ·d~r~·za e:n 'l'ós .. s:íd'temas"oe ribastecim.í.en~q· de og_ua~ c~n 
1 • ' .. 

las .én'fe'rn\e'dades ·cardióvasculñ•res'. 
-, ' -;1 ... . - , . . ' ~ ' '~ ·-: :· ~, -, 

~~;¡,;1 ... ~ -~ ~ 

' Pól .. · ot'•r'a parte, me~a'le·s·:.como zinc·,,(_Zn ),., .. ,ma,gnes:J.o 

(M~)'; ·h¡·erro (Fe)', c'Óbre -(Cu), 'en c·once:ntrac-ion~s d<2,s. 
' \_,. i .. , ~t •• 

o tres ·v~ces mayores a· los' ~Ol'"ma·les ·.pueden produci_r :d.!, 

ños que se hacen' 'pre·sentes solamente después d~, prolq~ 
' ' 

gados periodos. 
{,' -

r I' r ,, , 

'Re~~~ct~ ll ~~~~urió~débemos recordar.q~' p~r 
~ ~. .. • ' r ' , ... ~ 

eé'ectó -de la ·tuz;.soiar :li'ay"'·reacc.tonea·. d~ f.o"t;osinte~i~_~:con 
' ' 

la presencia de la materia orgánica (plankton), que de 
, , -

~empeña un papel catalizador y .. transform~.-.,lo~ 'compuestos 
1 ~ - • ' 

inorgánicos de'" ríu~rcurio en· methyl.-:~ercuri.o-' q:ue es absor 
• • 1 

bido por los yeces, creando intoxic~c~o~~s~e~ las pe~ 

son as que loa empl·ean ·como·· alim,en,to."'. , ._ 

... , ' . 
En relaci6n con el arsénico son muy conocidos l~s 

efectos que producen lasaltas ~oncent~~cÍo~e~ de ese 
,J .. -~·,". J 

elemento en el agua de consumo. 
J, \- l·.:: . ' 

Las normas establecen 

limites no mayores a 0.05 mg/1 • Hay ~~~~ hecho importante 

. _ré:sP.e·c_.~.}~: 1~,-~s,t~. e_lem~n_t~. y _con~ciste en que hay varios 
' "' ' ~.. ' . . . . ) ' . ... 

. ~~_et.~7.7.3·e~jt_es, q~ _USO doméstiCO que COnti:'e~~ri :a:'rf>énico en 
- ' '~ •. f t ... () 1 ' ' • ' • • ' r -. 

, .. c·anti·d a des _ variables. . un"'he·ch o evi<feri te· 'e ónsti,.tuy<e:,.·~loa 
'· ,.,, ·-'_'-~>. ~:}'~..• ...... ,(~-~{~, .-.~· •. \~ ' - - '\ ~-, ·~ :~· •,¡··, - ·~"' , .. 1 • 

,ri.eag ~a, Vd~., .1c.~~ t.aminaci6n a través de· l.'os res:i:'duoa ·(:fue• q·ue 
•' ..,, .,,., ~'"" .. --_. ~·~ )'~ .. ,('.,.,,? 1 -e'.,, rt '~J • """', -~,' •, -

dan en la ropa lavada. · ·· 
' r J '' ' ~ ~· ._ 

En.~l anexo N°3 se ha s~ntetiz~do los-Ti~sgos 

biol.6g¡cos y quimico-,s a los' q~e' ~-~tá expuestó ·el h'omb'•re 
' ~ . ', ,', }~ . ~ . ~ . 

como consecuenc.ia de ciertos contarílinante's ·presentes en 
',• 

el agua¡ asimismo, se ha ·indicado 'i'as fuentes ··d·e ·proceden'cia 

de l.os principaleao 

\ 
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El manejo de los residuos líquidos que son die 

puestos en los cursos de agua, para que no sean dañinos 

al hombre y no produzcan degradación del ambiente, supone 

la ejecución de una serie de actividades que podrian r~ 

suntirse asi: análisis de los residuos, reconocimiento 

de las corrientes, control de las plantas industriales 

(modificación del proceso y reducción de los residuos y 

desperdicios), educación, cumplimiento de las dispos! 

ciones, tratamiento preliminar, control de los residuos 

liq~idos, construcci6n y mantenimiento. 

A los contaminantes se les clasifica en: causan 

tes de enfermedades, conservativos y no conservativos. 

En estos tres grupos existen ocho categorias generales: 

agentes infecciosos 

residuos que demandan oxigeno 

.nutrientes de plantas 

compuestos químicos orgánicos 

compuestos inorgánicos y minerales 

sedimentos 

materiales radioactivos 

calor 

Entre los prir,"¡'eros se incluyen aquellos que se 

refieren a la salud pública. Los conservativos son esta 

bles y no se degr~dan por los procesos biológicos norma 

les, como por ejemplo los compuestos inorgánicos, es el 

caso de los cloruros que pueden ser diluidos pero no redu 

cidos encantidad. Los contaminantes no conservativos en 

el sis~ema acuático natur~l cambian sus caracteristicas 

o 

o 

debido a las fuerzas físicas, químicas. y biológicas •. Bl Q 
residuo liquido (agua negra) es un desecho orgánico alta 



o 

o· 

o 
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mente ~nestnble y puede convertirse en bióxido de carbono, 

materiales inorg6nicos y substancias celulares. 

Lu contaminación de las corrientes tiene efecto 

sobre la vida acuútica. El tratamiento generalmente no 
·"" es completo después de la' estabilizaci6n de la materia 

por el proceso biológico, o después de que el reo~duo 

liquido haya recorr~do los primeros kilbmetroa en la corrie~ 

te de agua. El tratam~ento será completo solamente cuando 

ya no se encuentren trazas de los materiales de desecho, 

en cantidadGs que puedan ser objetables a los usuarios del 

agua. 

Al estudiar los' cambios de una corrl.ente de agua, 

por efecto de las descargas de materiales degradables, se 
' tiene un nuevo sistema ecológico que debe ad~ptarse a las 

nuevas condiciones. Se produce primero una zona de degr~ . 
daci6n, seguida de una zona de descomposición y luego una 

de recuperaci6~, en cada una de esas condiciones cambian 

el n6mero y tipos de especies acu6ticas • Los nutrientes 

disponibles proveen de alimentación a ciertos microorgani~ 

mas, creando una demanda de oxigeno. Los microorganismos 

que mctabolizan los alimentos y se reproducen bajo condi 

cioncs aeróbicas requieren de la presencia de oxigeno g~ 

seoso disuelto¡ por tanto, mientras m~s abundante sea el 

alimento los organismos requeren más oxigeno disuelto. En 

caso contrario, s~ el alimento disminuye las necesidades 

de oxigeno también disminuyen. Al producirse la reareación 

se restablece la concentración de oxigeno en la corrien 

·. te. Anexo N° 4 • 

La bioquimica del tratamiento aeróbico y anaeró 

bico puede verse en el Anexo N°5 • 



Tixititen numero~os procesos paro el trntomiento de 

loti rcsiduoti liquides, puro su selecci6n ser6 ncccantio con 

tiidcrnr lns cuructcristicas del desecho y el. ~rndo de tro 

tamicnto requerido. En el anexo N° 6 ~e indi~o la secuencia 

que tienen los diferentes procesos de tratamiento; 

pretrutamicnto 

tratamiento primario 

tratamiento secundario 

rratnmicnto terciario 

- tratamiento de lodos 

disposici6n de lodos 

disposici6n de los liquides tratados 

o 

o 

o 



o 

o 

o 
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IV. RI:SU~\EN 

Ln contnminnci6n atmosférica tiene un profundo 

impacto en la salud y en la agricultura¡ por efecto do la 

corrosión produce daños profundos en muebles, automóviles, 

estructuras met6licas; afecta lalimpicza de casas y cdific~ 

ciones; ocasiono la devaluación de mercuncias, deterioro de 

ln x•opa (el alquitrán disuelve la fibra sintética);· por lo 

mismo, hay un max•cado desperdicio de uguo.p jab6n y dotcrgeE_ 

tes. 

Se podria medir monctariamonte el impacto económico 

de ln contuminaci6n del aire, sin incluir los gastos debidos 

a muerte8 y reparación de enfermos,.en la suma de 30 dol./ 

persona/sño. 

Tenemos optimismo que una_chimenea sea simbolo 

de.progreso pero no de una indeseable contaminaci6n. En 

los programas de desarrollo debe siempre asociarse progr~ 

so con salud. 

En lo que respecta a la contaminación del agua y 

del suelo ya se ha mencionado la trascendencia que tiene su 

control y prevención en la salud, agricultura~ industria, 

pesca, recreeci6n, estética, etc. Resulta verdaderamente 

compleJO valorar ~u impacto económico, ya que estará vin 

culado a la magni~~d del daño que oc~sione la contaminación 

y al grado de degradaci.6n·,que se produzca de ese recurso na 

tural. 

Es dificil establece~ con precisión y en forma 

apriori los limites de la calidad del ambiente. Po!'a en 

tender mejor el por qué, imaginemos que los habitpntes de 

una ciuiad toman un vaso de agua conteniendo c~ertus sub~ 

tancias t6xica. ¿Qué ocurrirb.?p r· algunas personas morirán, 
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otras enfermar6n . leve o gravemente, y otras no resultur6n 

af~ctodas. Lo cantida~ de substancias que se administre 

permanentemente a las personas sin ueectar su salud, cons 

tituirá el denominado ''indice permisible". 

~ 

' 
La lucha contra la contaminación, sea ésta del 

aire,. agua y suelo, requerirá una ucci6n mancomunada y · 

coordinado entre todas ~as i~ituciones públicas y privadas. 

Hay var~os pasos previos que dar, pudiendo citar entre los 

principales: reglamentaci6n, fijación de criterios claros 

para definir la calidad del ambiente que se desea obtener 

para esa forma determinar los parámetros, adiestramiento 

de personal tanto en el nivel normativo como en el ~plic~ 

tivo,para poner en marcha las medidas· preventivas y corree 

tivas. 

., . . . 

o 

o 

o 
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CONTAMINACION DEL AGUA 

ANEXO N° 1 

0 ORTGENES DE LA CONTAMINACIO~ 

o 

e 

o 

o 

o 

o 

Aguas negras o residuos líquidos municipales. 
,_1 

Residios lfqu~dos industriales: efluentes de las industrias de manufac -tura o procesamiento de productos de consumo (bia~ógicos, químicos, 
metales pesados). 

ResidLIOS líquidos t:ermales: termoeléctricas y ;¡:·efrigeraci6n de la i!!, 
dustria. 

Residuos agrícolas: erosión de la tierra de cultiva, disoluci6n y 
arrastre da sustancias químicas agrícolas (biocidas y residuos anima 
les.). 

Limo provenie~te de: erosi6n natural de la tierra, tala de bosques, 
urbanizaciones, minería. 

Petróleo y otras substancias: lugares de produ~ción, transporte y di~ 
tribución. 

0 Residuos do minas: resultantes del procesoa 

° CLASES DE CONTAMINANTES 

o 

o 

o 

Domésticos 

Industriales 

~.~ateria orgánica (oxigenación para estabilizarla) 
0 Demanda de oxígeno; demanda química de oxígeno (DQD) y demanda bio 

química de oxígeno (oso). 
0 Oxígeno disuelto: OD 

o Substancias Químicas 

o 

o 

o 

o 

o 

pesticidas, herbicidas, fungicidas 

fertilizantes: nutrientes como N y P producen eutroficación 

Detergentes 

Metales pesados: Hg-Cu-Pb-Ni-Cd-Zn 

Fotosíntesis del mercurio: 

Hg+luz+plankton ~ 
~ 

· catalizador 

,.. 
Methyl mercurio 

v 
compuesto absorbe 



.. 

a 

Pi=IJNCIPALES CONTAMINANTES fJEL AGUA Y SU CARACiEAIZACION 

VIV:!:~NOAS 

(hombre) 

J 
---~:>o...... aguas 

~ ; Lodos húmedos: 
Sólidos secos: 

'' 1 .. 

ANEXO N° 2 

negras o domésticas 

t 
10 litros/persona/día 
59 Kg/personajaño 

o CIUDADES · aguas municipales 

o 

o 

o 

materia orgánica: 200-500 mg/1 de 080 

Compuestos orgánicos: Carbohidratos, proteinas, amino ácidos, ácidos 
grasos, esteres, jabones, detergentes ani6nicos. 

Compuestos inorgánicos: sodio, potasio, co1cio, magnesio, manganeso, 
cloruros, nitritos, nitratos, bicarbonatos, sulfatos y fosfatos. 

Parásitos, microorganismos y virus. 

o INDUSTRIAS aguas residuales 

o 

o 

1\~ateriu. prima, productos: intermedios, derivados y finales. 

Detergentes, solventes, cianuros, metales pesados, blanqueadores, 
colorantes, ácidos:' orgánicos y minerales, sust~ncias ni tr9genadas, 
grasas, sales, agentes de curtiembre, sulfuros, amoniaco • 

. o AGRICULTURA ~ residuos agrícolas y ganaderos 

o Residuos de animales. 

a Material orgánico: 080 es 5 veces mayor a la producida por al hombre. 

o Material de erosión. 

o Sales inorgánicas y minerales diversos (irrigación). 

o Plaguicidas. .. 
o Nutrientes de plantas (fertilizantes). 

o Parásitos, microorganismos y virus. 

o 

o 

o 



o 

./ 

o 

o 

EFECIOS OE ALGUNOS CONiAMINANTES DEL AGUA EN LA SALUD 

ANEXO N° 3 

RTESGOS ntOLDGtCOG 

o 

o 

o 

Microoraani~mos patoo6nico~: c6lora, disenteria bacilar, fiebres 
tifoidea y poratifoidoo, gastroontoritis, diarreas infantiles, pa -l"áli:üo infantil, hepatitis infecciosa. 

Parasitosis: omibiasis, ascariasis, triquinosis, esquistosomiosis. 

Enfermedades producidas por vectores qua se desarrollan'en el agua. 

RIESGOS QUIMICOS 

o 

o 

o 

o 

o 

o 

o 

o 

Ni.tratos y nitritos: matahemoglobinemia. No se produce cuando as 
menor de 45 mg/1. 

Fluoruros: fluorosis y ostiofluorosis. 

Arsénico: Presencia puode ser natural, industrial o de los plaguici 
das. Límite permisible en el agua potable 0.05 mg/1. Aguas con -
concentraciones da 0.6 ..... 0.8 mg/1 en la Am~rica Latina ocasiona int2 
xicación end~mica (acumulativo). · Pie negro (black foot), cáncer. 

Selenio: el contenido de las aguas naturales 50-300 g/litro. En 
las plantas de tratamiento se lo elimina, como el arsénico, con 
precipitación quimica y adsorci6n. 

~'ercurio: Contenido de las aguas naturales 0.01...., 0.3_,¿¡g/1., en el 
agua del mar 0.1~g/1., en la atmósfera de las áreas industriales 
1.0 /( g/1. Origen: minas¡ industrias de la pulpa y papel, plástico, 
electrónica, agricultura y empleo combustibles f6siias. Límite 
permisible en al agua potable 0.001 mg/ 1. Toxicidad. · 

Plomo: Contenido en las aguas naturales O. 01 ,.,J O. 03 mg/ 1. Origen: 
tuberías de plomo, plásticos, combustibles, industria de baterías. 
Se acumula'en peces y mariscos. Límite permisible 0.1 mg/1 

Cadmio: Contenido en las aguas naturales 1)/g/1, pero pueden 
esconder a 10)/a/1. Origina en la industria, presente en los sedi 
montos do tratamiento (contaminación del arroz en Japón, 1970). 
Toxicidad y posiblemente efectos cardiovasculeres. Límite pormi 
sibla en el a.p. 0.01 mg/1. -

Dureza del agua: la dureza baja del agua da consumo estámociada 



con la mayor prevalencia de enfermedades cardiovasculares,.hipe~ 
tensión, etc. 

~ Plaauicid~s orqano clorados: origen en la agricultura e industria. 

o 

o 

Compuestos de baja solubilidad, persistentes y permanecen sin ca~ 
bio por muchos años. Ocasionan toxicidad aguda en concentraciones de 
5.Jf g/1 y menos, .de ahí que se adopte 1/100 como factor de aplicaci6n. 

En Estados Unidos las concentraciones medias varían de 0.2 ~28 nano -gramos y on Gran Bretaña 1.6N 64.6. 

Plaouicirlas orr¡anofosforndos: (diacin6n, malati6n, parati6n, clo.!: 
tión, diptcrox): Se hidrolizan más facilmente, persisten menea do un 
año, se degradan más facilmonte, son m6s agresivos en invierno, pro -ducan mayor toxicidad a la fauna marina. 

Hidrocarburos nrom~ticoo polinuclcarcs: (HAP) En el ambiento so en 
cuentra el benzopircno. Tiene caracteres cancerígenos. Aguas su~ 
terránoas 0.001-0.010 ~/ g/1 1 lagos 0.010 d'V 0.025 ..;t¡g/1, aguas alt~ 
mente contaminadas > 0.100 /fg/1. 

0 Oeteraentes aniónicos: (ABS): causa espuma e interfiere con aut~ 
purificación y tratamiento. Los de la cadena Lineal son más biod~ 
gradables., Cene ... deseable 0.2 mg/1 •. 

o 

o 

o 



o 

·. 

o rejillas 
o desarenador 
o homogenieización 
o separnci~n aceites 

y grasas 

--~ 

PRETP.A TA'.IIE~ JTO -
.. 

o 

PROCESO DE TRATAMIENTO DE LOS RESIDUOS LIOUIC::;:J 

o mat. inorg. susp. 
0 mat. org. susp. 

° Flotación 
0 Sedimentación 
0 Tanque Imhoff 
0 -Neutralización 

ANEXO N° 4 

0 mat. inorg. susp. 
0 mat. org. susp. 

0 lodos activados 
0 filtros rociadores 
0 lagunas 
0 sedimentación 

SECUr,lOARIO 

0 "'at. inorg. disuelta 
(PC4 1 ~:03, minerales) 
0 rnat. org6nica disu3lta 
0 co~;ulaci6n y sedi~3n:~~i~n 
0 é=s~ineralización 
0 int~rca~bio iénico 
0 ós~~sis inversa 
0 electrodiálisis 
0 ac!sc;rci6n 
0 filtración 
o caa:;ulaci6n 
0 c!esinfección 

1 

o 
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OEGRAOACION DE LA MATERIA ORGANICA 

ANEXO' N° 5 . 

co~\i/04 
02 

/Ji~ 

} 
PfiODUCTOS 
FINALES 

AEROBICO . 1 . 
....,_, -------1 MATERIA ORGANICA 1--------~---.-:- --

C H2 O N S 

¡,.._ _____ ___,,...a 

/11~ 
C02 H20 H2S CH4 ·NH3 

H N 03 + 
(NITRATO) 

H20 + HN02 
(NITRITO) 

,. 

w 
ANAEROBICO 

+ H2 

+ CH3 - CO - COOH 
(ACIDO PIRUVICO) 

CH3 - CHOH - COOH 
(ACIDO LACTICO) 

o 

o 

o 



~iECIX-:NCJ A f.N EL TllAT AL~IENTO o:: LOn 11ES IOIJOS LIOIIIOOS 

ANC:XO N° 6 

1. Prctratnmjcnto 

~.a 11cjillas 
't.b Oc~oronador 

1.c Homogoneizaci6n y almacan~ 
miento. 

í.d Separación de aceites y grasas 

2. P:-i:n3.rio 

2.ü Ncutralizaci6n (O) 
2.b Adici6n subst. qu!micas y 

flocula.ción (a). 
2.c Flotación (F) 
2.d Sedimentaci6n (F) 

0.3. Sacund.::~rio 

o 

3,a Lodos activados (sao) 
3.b Lagun.:ts anaer6bicas (soo) 
3.c Filtros rociadores (soo) 
3.d Lagunas aeradas (sao) 
3.e Lagunas de estabilización (sao) 
3.f Sedimentación (RSS) 

4. Terciario 

4.a Coonulaci6n y oedimentaci6n 
4.c Filtr.:tci6n 
4.c Adoorci6n (carb6n) 
4.d Intercambio iónico 

5. Tratomi.nnto do laG lodos 

S.a Digc~ti6n 
S.b Filtración al vacic 
S.c Ccntrifuaaci6n 
S.d Lochas da sacado e laguna -miento. 

6. Disposición ds los lodos 

?. 

6.a Incincraci6n 
6.b Relleno del terreno 
6.c Disposici6n ~n al mar 

Disposici6n de los líquioos tratados 

?.a Cuerpos receptares de agua 
?.b Transporte y descarga can 

trola das 
?.c. Disposición en el mar 

. ?.d Disposición superficial en la 
tierra (recarga de las aguas 
subterráneas) 

?.e Inyección en pozas profundas 
? • f Evaporaci6n a incinoi·aci6n 

Q = 
F ::r 

SODa 

ASS= 

quimica 
Físico 
oubstancias orqj ·-nicas disueltos 
romoci6n do s6li 
dos suspendidos 
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INrROD UCTION --ENVIRO N MENTAL GUID E UNES 
(1) 

Dr. Eamest F. Gloyna, P.E. 
rd (2) Dr. Davis L. Fo , P.E. 

Industrial wastewaters have a significant impact on the available water 

resources. The interrelated factors involving types of pollutants, source of 

pollution and impact of these constituents on water resources presents a complex 

problem. Expert knowledge is needed to understand the many industrial processes, 

options available for producing the required treatment and impac.t of rr c;iduals 

derived from treatment on the environment. 

This paper discusses classification and characterization of industrial 

wastewaters, treatment technology and constituent removals 1 relationship between 

physical and biological environments 1 and role of environmental base line evalua

tions. 

To the water resources planner~ the answer to the above question beCO!J1eS 

one of using sophisticated technology to sol ve a most complex problem. This 

evaluation in vol ves an understanding of the industry 1 the waste constituents 1 the 

treatment options 1 the ultima te disposal limitations, the environmental base line 

o 

as a societal monitor and the role of conceptual planning in residuals management. Ü 

Categorization of Industrial Wastewaters 

The Standard Industrial Classification system (SIC) has been used in the 

United States for many years as a system for delineating industries according to 

product. Although such a system has many advantages for estimating industrial 

growth, statistical accounting, and economic assessment 1 it is severely limited 

when applied to industrial effluent classification. This is attributable to the 

many nonclassifiable factors which influence the quality of industrial 

effluents 1 such as plant age, feedstock 1 influent water quality 1 process 

1 
Dean 1 College of Engineering and Joe J. King Professor of Engineering 1 The 

University of Texas atAustin, A~stin, Texas 78712 
2 . 1 

Senior Vice President 1 Engmeering Science Inc. , 3109 Interregional, Austin 1 

Texas 78722 

1 o 



characteristics, climatological conditions, operational practice, and water use 
p~tterns. In recognition of these factors, the U. S. Congress has listed a min-

O imum number of industrial categories in recently enacted legislation which serves 
as the basis for. effluent classification, quality limitations, and permit enfor
cement (1). These categories, which transcend many SIC numbers, are listed in 
Table l. 

.o 

Once an industrial categorization system is established, then the logical 
sequence of predicting industrial efflu~nt loads to a defined body of water 
would involve: 

(a)' estimatihg raw waste. loads generated in the present and future 
manufucture of prodúct; 

(b) predicting the portian of this load that can be removed using 
demonstrated treatffient te~hnology; and 

(e) projecting the 'implementation schedule for applying this demon
strated_ technology. 

Raw waste loads, as a_practical matter, are usually estimated. from histor
ical characterization data of the total effluent discharged from many production 
components within a'n integrated industrial plant. If .it were possible to .obtain 
such information from singular productjon units, the wastewate~ profiles could 
be developed on a 11 bui lding bl ock·~·o or cumula ti ve approach. for co~pl ~x systems. 
HoweverD there are many factors such·as water recycle and reuse, c~anges in 
water quality when mixed with other sourcesD and water use not directly associ-

.. ated with production which prevent this fonm of developing raw waste loads. 

o 

Classification of Raw Waste Loads 
The impact of raw waste loads may be depicted in terms of various potential 

impacts; namely, oxygen depletion, eutrophication, toxicity, and general nuia 
sanee. It is recognized that many constituents commonly found in industrial 
effluents transcend this classification system. 

Oxygen Depletion Potential: Certain inorganic compounds and many organic 
compounds commonly found in industrial wastewaters exert an oxygen demand in 
water. This demand.can be ~ither chemical or biological and it can be measured 
in tenns of: 

(a) biochemical oxygen demand {5 day or ultimate--8005, BODu); 
(b) Chemical oxygen demand (COD); 

2 

-
: ' 



Table l. Classification for Industrial Effluents 

Pulp and paper mills Inorganic chemicals manufacturing 
Paperboard, builders paper Plastic and synthetic materials 

and board mills manufacturing 
Meat product and rendering processing 
Dairy product processing 
Grain mills 
Canned and preserved fruits and 

vegetables processing 
Canned and preserved seafood 

processing 
$ugar processing 
Textile mills 
Cement manufacturing 
Feedlots 
Electroplating 
Organic chemicals manufacturing 

3 

Soap and detergent manufacturing 
Fertilizer manufacturing 
Petroleum refining 
Iron and steel manufacturing 
Nonfer.rous metals manufacturing 
Phosphate manufacturing 
Steam electric powerplants 
Ferroalloy manufacturing 
Leather tanning and finishing 
Glass and asbestos manufacturing 
Rubber processing 
Timber products processing 

o 

o 

o 



(e} total oxygen demand (TOO}; 
~ (d) Total organic carbon (TOC); and 

(e) immediate oxygen demand {IOD). 
Oxygen demand using one of these.parameters is convenient for indirectly estima
ting the envirormental and water use effects of a particular industrial_ waste
water. It may be difficult to relate the oxygen demand of an industrial waste
water to the dissolved oxygen pattern of a receiving water. Many industrial 
effluents exhibit high COD, TOC or TOO, but very low BOD values. Su~h character
istics indicate the presence of a high concentration of organic materials, but 
wastes which are not oxidized biochemically under the test conditions. The 
B005;coo ratio is indicative of the organic fraction subject te biological de
gradation and -oxYgen utilization, and typical values for industrial effluents 
ar.e tabulated in Table 2. It should be noted.that neither _the BOD5 nor COD 
reflect the total oxidation.potential of ammonia. Nitrification can signifi
cantly reduce the dissolved OXYgen. 

Dissolved oxygen depletion is not only a function of the quantity of 
OXYgen-demanding material present in the water but also depends en: 

(a) natural reaeration_due te the trahsport of oxygen from the 
~ atmosphere across the air-water interface; 

o 

(b} mixing and dispersion of the oxygen-demanding materials in· 
the water column; and 

(e} oxygen production by the physiological activities of photo-
synthetic plants, principally phytoplankton. 

Thus, the physical and biological properties of the receiving waters are equally 
as important as the oxygen demand of a wastewater effluent when estimating 
the impact of the effluent on the dissolved oxygen concentration in the receiv
ing water. 

The primary purpose for establishing dissolved oxygen criteria for receiv
ing waters is te protect aquatic organisms. Secondarily,_low dissolved oxygen 
concentrations can cause nuisance conditions and may endanger terrestrial wild-

' . 
life bY permitting the growth of anaerobic, pathogenic microorganisms in bottom 
sediments (2}.t 

The dissolved OxYgen criterion commonly used for fresh surface waters 
is .based on the needs of native fish populations and associated aquatic life. 
It -is reasonable to assume that the requirements for fish would serve the re
mainder of the aquatic community since a fish population would not remain in 
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1aole 2 •. soo5¡coo Ratios for Selected Chemical Grou~~ 

Chemical Group 

Aliphatics 
Nethanol 
Ethanol· 
Ethylene glycol 
Isopropanol 
Maleic acid , 
Acetone 
Methyl ethy1 ketone 
Ethyl acetate 
Oxalic acid 

Aromatics 
To1uene 
Benzaldehyde 
Benxoic acid 
Hydroquinone 
0-Cresol 

Nitrogenous Organics 
Monoethano1amine 
Acrylonitri 1 e 
Aniline 

Refractory 
Tertiary - butanol 
Diethylene glycol 
Pyridine 

Was te~tta ter 
Acrylonitrile 
Ammon1a 
Ammonia 
Ammon1a +,Utilities 
Butadiene-Styrene 
Chlorine-Soda 
Cumene 
EDC-Direct 
EDC-Oxyhydrochlorination 
Ethylene oxide 
Olefins 
Polystyrene 
Polyvinylchloride 
Propylene oxide 
Propylene glycol 
Propy1ene tetramer 
Sewage 
Synthetic rubber 

. Urea, 
.V1ny1 Chlor1de 

• 

5 

1.00 
0.75 
0.32 
0.08 
0.80. 
0.39 
0.82 
0.80 
0.89 

0.61 
0.82 
0.74 
0.55 
0.74 

0.65 ' 
0.01 
0.61 

0.01 
0.14 
1.00 

0.19 
0.06 
0.55 
0.37 
0.05 
0.03 
0.12 
0.49 
0.64 
0.35 
0.25 
0.44 
o. 1 o 

. 0.45 
0.48 

' 0.34 
0.37 
o. 51 
0.79 
0.04 

o 

o 

o 



an area devoid of an adequate food supply. Much more information is available for 
fresh water fishes and organisms.than for estuarine and marine organisms. How

<=) ever. sufficient data are available to establish preliminary critera for the 
latter groups. 

o 

A disso_lved oxygen (0.0.) concentration greater than 5.0 mg/1 provides a 
suitab~e envil'unment for a diver~ified warm water biota, including game fish. 
Natural 0.0. variability due to the biological and physical characteristics of 
a particular body of water may require that the established criterion permit 
deviations below this value of as muchas l.O ~g/1 of 0.0 under .extreme low 
flow and temperature conditions. 

Bécausé of the natural variability inherent in estuarine environments, 
estuarine organisms have adapted th~nselves to a wider range of dissolved oxy
gen concentrations than most fresh water organisms. Thus, a dissolved oxygen 
criterion of 4.0 mg/1 mínimum. with provision for short term variations of as 
muchas 1.0 mg/1, is generally promulgated for estuarine waters (2). 

Eutrophication Potential: The prolif~ration of aquatic plant life in waters 
which receive effluents from municipalities and many industries is commonly ( 
attributed to the enrichment of waters by the addition of nitrogen and phos
phorus. Eutroph1cation, the term used to describe this phenomenon, is a com-

. . 
plex process and often chemical compounds ot~er than nitrogen and phosphorus 
are significant factors in promoting it; specifically~ trace metals and carbon 
dioxide. Severe eutrophication represents an unstable aquatic ecosyst~~ exhib
iting extreme diu'rnal fluctuations in 0.0., pH, and alkalinity. These conditions 
can result in fish kills due to oxygen depletion or toxicity, visually displeas
ing algal growth, and taste and odor problems in receiving waters. In adqjtion. 
algae-laden fresh water supplies are-not suitable for municipal and industrial 
uses without extens1ve and costly treatment. 

The rnain p·recursors to eutrophication have been attributed to inorganic 
phosphorus and nitrates (3). However, more complex forms of inorganic phosphorus 
as well as organic phosphorus can stimulate aquatic plant life. Similarly, 
n1trogen derived from ammonia and subsequent fixation of gaseous nitrogen by 

algae can enhance eutrophication. This diversity of nutrient utilization, com
bined with complex interactions between nutrients and various physical. chem-
1ca1D and b1ol.ogica1 variables clouds the establishment of any definitive 
threshold concentration responsible for eutrophication. This makes it difficult 
to establish specific nitrogen and phosphorus limitations for industrial effluents. 
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Toxicity Potential: The term toxicity may include the effects of pH, dis
solved oxygen depletion, high salt concentrations, elevated temperature, soluble 
metalso and a host of other physical-chemical-biological interactions. <=) 

Toxicity is directly related to the dosage of the chemical taken into an 
organism. The mode of intake is not important. In water, the toxic effects~ of 
a compound can best be described in terms of a concentration threshold; the 'con
centration above which sorne type of physiological damage will occur to the organ
ism or its progeny. 

It is useful to distinguish between classes of toxic action .. A classifica
tion is usually based on the rate of toxic action of the toxic compound, the 
duration of the symptoms, and the rate of intake of the compound. Acute tox
icity is characterized by the onset of negative physiological effects, frequently 
resulting in death shortly after exposure. Chronic toxicity is manifested by 

the appearance of negative physiological effects after extended periods of ex
posure to sub-acute chemical dosages. Typical chronic toxicity manifestations 
include: mortalitYo malignancieso inability to reproduce, and genetically mu~ 
tated progeny. The purpose of toxicity criteria is to eliminate compounds with 
this potential from both the aquatic environment and from any potential uses,of 
the water involving human or animal consumption. 

Relatively few of the many compounds found in industrial wastewaters which ~ 
are potentially toxic to aquatic 1ife have been sufficiently studied to allow an 
accurate definition of their maximum allowable concentrations. Numerical cri-

' 
teria have been established for sorne common chemical constituents discharged. in 
industrial wastewaters. However, toxicity bioassays, in which indigenous 
aquatic organisms are exposed to known concentrations of the wastewater to be 
discharged in arder to observe deleterious physiological effectsD are the only 
means for establishing ~he toxicity of other less co~~on or unknown substances. 
Unfortunately, toxicity bioassays measure only acute toxicity and chronic toxic 
effects of the tested effluent may remain unknown. The chronic toxicity of cer
tain compoundsp .notab1y the heavy metals and radioactive compounds, are suffi
cient1y understood so that criteria have been established for these materials. 

Ammonia-nitrogen, which exists e1ther as free ammonia or an ammonium ion 
' 

in waterp exhibits several important effects 1n the aquatic environ~ent in a¡ 
tox1colog1cal sensc. The class of toxic act1on of a~monia-nitrogen involves: 
acute rather than chron1c ~oxicity. 

In most aquatic systemso the bio1og1cal conversion of ammonia to nitrate 
1s relatively rap1do so ammonia concentrations wi11 tend to decrease with time 
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of exposure. Evidence indicates that ammonia or ammonium concentrations greater 
than 1.0 mg/1 adversly affect many aquatic populations, the exact lethal cpncen-

c=) tration being a function of the pH and the 0.0. of the water. Ammonia-nitrogen 
co~centr-ations lower than 1.0 mg/1 should be safe for most aquatic populations 
although sorne phytoplankton species may be affected at concentrations of 0.5 
mg/1 (4). 

o 

o 

Heavy metals found in many industrial effluents exhibit both acute arld 
chronic toxic effects in aquatic and terrestrial ecosystems. Thus, public health 
effects are·equally as important as environmental impacts when cri~eria are set 
,for the various metals found in ~ffluents and natural waters. An important pro
perty of heavy metals is that many organisms, both aquatic ~nd terrestrial, tend 
to accumulate certain metals in various organs of the body until toxic conditions 
inevitably result. In fact, a lower food chain organism may show little or no 
toxic effect from a particular metal while the predators of this organism may, 
upon eating large quantities of the contaminated organism, demonstrate chronic 
or acute toxicity. The biolog1ca1 propert1es of heavy metals and their extreme 
toxicity ar,e such that stringent criter1a for the1r concentration in receiving 
waters must be established to avoid adverse consequences to public health and the 
environment resulting from éxcessive discharges of these materials. The criter
ion for· each metal is based on suitabil ity of the water for human co.nsumption 
and is a function of its toxicityD its persistence in toxic fonn. and i,ts tend-
ency to accumu1ate in the food chain. The criteria for the heavy meta1s in 
drinking·water as referenced toa background concentration in sea water is given 
in Table 3 (3,4,5). 

Table J. Rece1ving Water Quality Criteria and Natural Water 
Quality for Selected Heavy Metals 

Natural Concentration 
Criter1on in Sea Water 

Element (mg/1) {mg/1) 

Mercury 0.005 0.0001 
Chrom1um (hexava1ent) 0.05 0.00004 
Lead 0.05 0.00002 
Copper 1.0 'o. 001 

Zinc 5.0 0.002 
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To eliminate the possibility of acute toxic effects resulting from the 
discharge of a wastewater eff1uent into a receiving water, a toxicity bioassay 
is generally recommended. The bioassay consists of placing the most sensitive <=) 
native organisms of the proposed rcceiving waters in varouis dilutions of the. 
wastel'later and the receiving waters and observing any toxic effects which occur 
in the sample population during a specified time period. Corrmon time perio~s 
used are 40 and 96 hours and the bioassay results are usually defined in terms 
of a median tolerance 1imit (TL ) for the organisms being evaluated. The TLm m 
is that concentration or dilution of the toxic waste or compound which sults 
in 50 percent mortality in the test organism sample during the specified time 
period. This TLm is applied to the \'lastewater using an application factor 
which is sorne fraction of the TLm and is designed to account for the persis
tence or cumulative effect of the toxic compounds. Non-persistent compounds, 
those that degrade rapidly under natural conditions, generally have an applica~ 
tion factor of 1/10 while for more persistent or toxic compounds, an applica- · 
tion factor of l/20 to l/100 is used. 

General Nuisance Potential: Many constituents found in industrial waste
waters have nuisance potential. Phenolic compounds are particu1ar1y common to 
many industrial effluents and impart a taste to drinking water, even in minute 
concentrations. Floating materials such as oils, grease, and chemical sur- <=) 
factants have an adverse affect both in terms of aesthetics and atmospheric 
reaeration. 

Oils have a wide range of effects on water resources. Extreme1y small 
,.quantities of oil can cover large surface areas. Oil slicks are visible at con

c.entrations as low as or:e litre of oil per hectare. Free oils and oil emulsions 
may interfere with the respiration of aquatic organisms. Many oils contain sol
uple fractions which are toxic to aquatic life and other fractions may impart 
t~ste and odors to the flesh of fish. Oils can also produce displeasing sludges 
o~ beaches and may destroy benthic biota. Due to the chemical complexity of 
chemicals frequently called oils, it is difficult to establish numerical criteria. 
Current practice for fresh, estuarineo and marine receiving waters is to prohibit 
discharge of oils and greases which: 

· (a) result in a visible film or sheeno 
(b) is detectable by odor; 
(e) cause a 11 tainting" of the flesh of edible fish or macro-

1nvertebrates; 
(d) forman oil sludge deposit on beaches or bottom sediments; and 
(e) become effective toxicants to aquatic organisms. 

____ .;;L._- ·-
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Color and turbidity are undesirable properties of sorne waste effluents. 
Color and turbidity diminish light penetration in natural watersD 

e=> and also affect the domestic and industrial reuse of water. This removal process 
often adds undue expense ~o water ~reatment costs. 

O· 

o 

Settleab!e and suspended solids, both organic and inorganic substances, are 
frequently associa't~d with industrial wastes. The settleable and suspended 
material in a water or wastewater sample is generally estimated on the basis 
of the · fon~~iing paramet~rs; total suspended solids (TSS), volatile suspended 
solids (VSs); and settle~ble matter, all measured in mg/1. The inorgar e solids 
consist of sands, silts, cla,ys, inorganic precipitates, and dusts \'lhile the or
ganic fraction -may be extremely h~terogeneous .with regard to its chemical con
tent. Factors affecting the settleability of suspended soli·ds include the 
turbulence in the receiving waters, chemical or physical agglomeration of the 
particles, and the relative density of the .Particles in relation to the water. 

Settleable solids may adversely affect the aquatic biota by coveri.ng the 
bottom with a blanket of material that destroys the benthic biota or spawning 
areas of.fish. Organic bottom deposits may deplete benthic dissolved oxygen 
and produce hydrogen SUlfideD methaneD Carbon dioxide, Or other noxiOUS gases. . ' 

Sorne settleable solids can cause damage by direct mechanical action, such. as' 
clogg·ing., of the fish :~ills. · Suspended solids increase the turbidity. ·of. the re-

.. ' 

ceivin~_ waters and may reduce photosynthatic activity by re~ucing the ~cpth- of 
sunlight penetrat1on in the water column. Suspended matter may also clog the 
g111s of fish and can increase the cost of treating the receiving waters for 
municipal and industrial uses. Suspended solids also serve as a vehicle for 
transporting sorbed toxic materials and pathogenic microorganisms. 

'Dissolved inorganic ions in industrial effluents are difficult to ca~egor
ize but usually dissolved solids present a problem when the level is signifi~antly 
differ,ent than the receiving water. In fresh waters, for example, a dramatic 

- • " 1 

increase in dissolved solids can upset the osmotic balance of ~he indigenous 
' ' aquatic organisms as well as reduce the use for drinking purpose~. The ef~ect 

i s l ess severe when' estuarine waters are invo lved as estuari ne organi sms are , 
o -

generally adapted.to wide flúctuations in dissolved ion content due to.natural 
salinity var1ation. 

Treatment Technology 
Raw waste loads in most ca~es can not be completely eliminated, and treat-, -

ment ·of the was tewa ter be comes necessa ry. Trea tníe;1t techno 1 ogy i s dynami e, and 
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processes for improved constituent removal are being developed. The efficacy 
of selected processes for reducing industrial effluent constituents to desired 
levels, however, must usually be estabished by pilot plant or laboratory testing 
procedures {6). 

The treatment of wastewaters discharged from industries encompasses the re
moval of diverse pollutants, with most attention historically focused on organic 
removal (7,8). Recently, however, removal of eutrophying and potentially toxic 
substances has been emphasized by pollution control and regulatory agencies. ' 

It is recognized that as environmental stresses become more acute, the · 
concepts of pollution control will by necessity become more sophisticated. 

Table 4 presents a classification and application of necessary treatment. 
processes. A commonly accepted treatment classification is as follows: 

a. in-plant d. secondary 
b. primary e. tertiary 
c. intermediate . f. quaternary 

A general listing of these processes and their applicabi1ity of removing the .' 
industrial waste loads is presented in Table 4. A re~oval profile of these con
stituents is shown in Fig. l. Remova1 efficiencies depend on waste character
istics, adequacy of design, operational effectiveness, and environmental condi
tions. 

o 

Prediction of treatment plant effluent characteristics can be estimated on e=) 
the adequacy of the following: 

a. in-plant surveys e. plant design 
b. waste characterization f. construction inspection . 
c. laboratory treatability st~dies g. maintenance and operation 
d. pilot plant studies 

Table 5 provides estimates of possible constituent residuals. It is these con
centrations that must be evaluated for their impact on receiving waters, proper
ly considering dispersion patterns and receiving water quality. It is on thi's 
basis that associated costs to reduce the industrial waste loads can be predic
ted and the results integrated into a cost-effective/benefit format for making 
decisions in water quality management. 

Relationship Between Physical and Biological Environments 
Efficient and acceptable use of natural water systems for the disposal 

of residual wastewaters requires knowledge of the processcs by which the con
taminants are mixed and dispersed throughout

1

the receiving waters. Of the many 
factors which influence the q1.Jality of receiving waters, mixing and dispersio'n 
are among the most important. These factors effect the ecology of the waters, 

11 
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Tab~e> 4. Classif1cat1on and Application of Treatment Processes 

:ONTAMIMNTS IN-PLANT_ PRlPARY INTERMEOIATE SECONOARV TERTIARY QUATER!IARY 

lil Segrega t. ion . API Separator Air Flotation 
Concentretion Til ted Frame Mechaniéal 
Housekee¡;¡ing Separator Flotation 

1-'.edia 
filtration 

Soluble COO House!teeping Chemical Activated Media Reverse 
Precipitat'lon Sludge Filtration Osl!lOsis 
~lotation or Aerated Ca1·bon 
Gravity Lagoon Adsorption 
Separation Chemica1 

Equalization Oxidation 
\:laste Waste 
Stábi 11zation StabHization 

Ponds Ponds 

Hardness Segregation Chemical Ion 
PTecipi· .. Exchange 
tation 

Other TOS Segregation len 
E:x.ct.a ng e 

o Reverse 
Os::zs1s 

Electro-
.dialysis ' ,,. 

Ammon1a~n1trogen Subst1tut1on Tr1ckl1ng Act1vated Denitrifi· Ion 
Segregation F1lter ~ludge cation Exdlange 
Steam Stripping 

Phosphorus Segregation Act1vated Chemical 
Substitut1on Sludge Precipi~ 

), 
Aerated · tation 

Lagoon 

Heavy Hetals Hou'se!teeping Pond1ng Ch~"T11al Ion 
Substitution Precipi- E;.change 
Segregat1on tat1on 

Ch~m1ca1 
1 Oxidation 
~1a 

Filtr:ation 

Sulfides Segregat1on Chemical 
Steam Str1pp1ng Oxidat1on 

Cyanid,e~ Alkaline lnc1neration 
Chlorination 

Electro-
Dialys1s 

O. 
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o 

Constituent 

coo 

BOD5 

Phenols 

Heavy l~eta 1 s 

.... 
~; 

SS 

----
TOS 

NH3-U 

p 

Cyanides 

( 

Range for 
Selected Industrial 

Raw Waste loads 
(total effluént) 

500-700 mg/1 
o ' 

250-350 mg/1 

10-100 mg/1 

5-100 mg/1 

50-200 mg/1 
e -

1500-3000 mg/1 

15-150 mg/1 

1-10 mg/1 

1-200 mg/1 

l 

o 
> ' 

Table 5. Generalized Levels of Constituent Residuals 

Secondary 
Effluent 

100-200 mg/1 
r 

20-50 mg/1 

<1 mg/1 

1-50 mg/1 

1 

20-50 mg/1 

1500-3000 mg/l 

5-100 mg/l 

<1-7 mg/1 
-.,..os mg/1 

-

Tertfary 
Effluent 

50-200 mg/1 

5-20 rng/1 

<1 mg/1 

<1 mg/1 

<10 mg/-1 

1500-3000 mg/1 

'1-5 mg/1 

el mg/1 

-

}-'- • ----, '- r .,.,¡¡ ' 

-

Quaternary 
Effluent 

.::100 mg/1 

<5 mg/1 

<1 mg/1 

<1 mg/1 

<10 mg/1 

<300 mg/1 

<1 mg/1 

< 1 mg/1 

-

o 

General Rernarks 

Exact COD residuals vary_ \llith 
tompie)(fty of industry & design 
contad -t'lmB:;_ ·!o. the Act.S. and 
Carbon Treatment Plants. 
BOD residual-depends on BOO/COD-
ratio which characterizes rela-
tive biodegradability of waste-
water. 
Preno1s(ics} are generally amena-
ble to biological añd sorption 
removal. 
Ueavy metals concenlfratea to so~e 
extent in biological sludge and 
removed with slud~e wastage. Chem-
ical pr~cipitation at high pH lev~l 
effective for reducing most metal-
lic ion to less thdn 1 oom . 
Primlry effluent solids depend on 
design and operdtion of oil removal 
units. Act.S. effluent solids 
depend on effectiveness of secon-

· dary ctarifier. low effluent solids 
characterize carbor. column effluent. 
TOS is essentlally unchanged 
throtJgh all three treatm'2•1t s,tstems: 
Exact concentration depends on 
prc-stripring facilities. nitro-
gen content of raw mater1als cor-
rosfon additive practice and 
biological nitrification. 
Onf)' removal attr1buted Lo bio-
1 ~n_is.~l2.Y..!1 t h_e~---. S11n¡.lle cyaniifes can be v·educed 
to le~s than sn ppb with prope~ 
treatment anJ prl,)cess t3P,plic.1tfon. 

·--'-



and the net result is reflected in the benefits which may be expressed in terms 
of the economic value derived from the waters. The biological, eco1ogical and 
economic analyses can be considered only as partially complete until integ~ated e=) 
with mixing and transport character1stics of the receiving waters. 

The mixing process in any body of water is three-dimensional; vertical, 
lateral and longitudinal. By assuming complete mixing in the vertical and 
laterai dimensions, estimates of longitudinal concentration variations can be 
constructed (9). The complexity of the model and potential for errors may be i11us
trated by examining the physical processes external to an estuary: 

{a) tidal action at the estuary mouth» 
(b) fresh water inflow9 
(e} radiation balance; and 
(d) meteorological conditions. 

These processes are of importance in developing the velocity fields and turbu
lence in the estuary. 

HoweverG using adequate data and simplified ene-dimensional models it is 

possible to predict incremental changes at various distances from a point of 
discharge (10). Such results are shown in Fig. 2. 

Role of Environmental Baselines e=) 
The impact of industrial discharges on receiving waters represents a 

high degree of uncertainty until baseline infonmation is developed. Samp1ing 
stations should be established at predefined locations around the discharge 

,.pointso and water qulaityo sediment, and species diversity numbers obtained 
at sufficient frequency to establish statistica11y reliable baseline enviren
mental information. The sampling chronology should take into account the fac
t9rs of parametr1c variationo hYdrodynamic and hydrographic factorss and seasonal 
influence. 8oth 1[ situ and laboratory analyses are required. 

A typical schedule of analysis for a baseline study being conducted in an 
estuary which wil1 receive a large volume of treated petrochemical wastewater 
is shown in Tabla 6 (11). Background information must be determined as per this 
schedule befare and after the effluent is discharged to the estuary. These 

1 

data will provide the necessary informat1on to accurately evaluate the response 
o~ the exist1ng aquat1c ecosystem and receivin~ water qua11ty to the proposed 
discharge. 
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Table 6. Schedule of Analyses for B.aseline Study 

~ 

Constituent 
1 

t, ' '\.. 1 ~,: 

Receivirlg Water 
pH ~ 
Dissolved Oxygen (Do)· 
Tempera tu re 
Conductivity 
Transparency (Secchi) 
·sa l:ini ty 
Den·sity 
Bio.chemical Oxygen 

Demand- (BOD) 
Ch~11i ca 1 Oxygen 

Demand (COD) 
Total Organic Carbon (TOC) 
Kjeldahl Nitrogen 
Arranonia Nitrogen· (NH ) 
Nitrite Nitrogen (NO~) 
Nitrate Nitrogen (NO ) 
Reactive Phosphate (P04) 
Phenols 
Mercury 

' . 

Phjtopl ankton 
Coliforms (total and fecal) 

·; 
tl 

Sediments 
Classification 
Ch~ical Oxy9en 

Demand (COD) 
Hexane Extractable 
Materials , 
He~avaleot Chromium 
Mercury 
Lead 
Particle Size 
o:istribution 

Cyanide · 
Disso·lved Sulfide · 
Kjel dahl Ni trogen · 
Benthic Organisms · 

,, 
J 

Type of Sample 
,, 

P* 
p 
p 
p 
S 
p 
p 

D 

e 
o 
o 

·o 
o 
o 
'0 
o 
o 
o 
D 

o 
D 

e 
e 
e 
e 
D 
e 
.e 
e 
D 

*P - Profile at 1.0 meter intérvals witn in situ equipment. 
D - Discrete grab sample f9r laboratory analysis 
S - Single, in situ, analysis . 

Frequency 

W* 
w 
w 
w 
w 
w 
w 

M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Q 

Q 

Q 
é"' Q 

Q 
Q 

Q 
Q 
Q 
Q 
Q 

e- Composite of duplicate-grab samples with laboratory analysis 
W - Weekly · 
M - Monthly 
Q - Quarterly • · 
DR- Di.rect reading instrument 
CN- sy· calculation 
LA- La~boratory analysis 
FA- FH!ld a na lysis 

f) 
¡. 

f. • 
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Analytic Method . ' 'o 
· DR* 
. DR 
-·oR 

DR 
DR 
eN 
CN 

LA 

LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA. 
LA 
LA 

FA Ü 
LA 

LA 
LA 
LA 
LA 

LA 
LA 
LA 
LA 
LA 

o 
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INTRODUCTION --EXAMP LE 

CONTROL OF. REFINERY AND PET.ROCHEMICAL 

'WASTEWATERS AND RESIOUALS (1) 

(2) 
Earnest F. Gloynao Po E. 

(3) 
Dav!s &a Fo~do ~. E. , 

This paper cónsiders a spect~ of factors'which reflect on the control of 
wastewaters and residuals derived from the refining and processing of crude petro
leum and .·petrqch~micals.. The. source of waste 0 analyses of wastewater and .resid
uals managementu typical wastewater characteristics and treatrnent of wastewaters 

' ) -
are discussed. Emphasis is directed to thos~ treatment units which are capable 
of removing oil., 

Experimental and field data are provided describing process wast~ sources, 
boiler and cooling tower blowdownsu runoff from combined process and storm se~er 
systems, and ballast water. Oil removal through the use of gravity separators, 
dissolved air flotation, coagulation and precipitation and coalescers are 
stressed. Brief discussion is presented on the topic of soluble organics removal 
by biological action. 

The control of wastewaters will depend on a thorough understanding of al.l 
industrial processes contributing to the waste stream, options- available for pro
ducing the required treatment and finally the impact of residuals derived from 

. the total treatment process on the environment. 

1 Presented at the First Intemational Symposium on the Techniques of Liquid
Liquid Separationso October lO~llp 1974, Larnar University, Beau:nont, Texas. 

2 
Oean 0 College of Engineering and Joe J. King Professor of Engineering, The 

Oniversity of 'l'e:!W.s at Aust.ino Austin, Texas 78712. 

3 Vice President. 0 Engineering SCience, Incorporated, Austin, Texas 78722. 
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Terminology and Target Dates 

.O 

o 

. -~.inoln~y to de
In the USA. governmental agencies are using a new set of te. 

r.nncerned 
fine industrial ')?-roces ses and waste sources. Today, industry must be 

"'\'! 
with best practica1 technology (B~), best available tcchnology (BAT) 1n1~n~ 

1 

----source standards as defined in the Environmental Protection Agency'~ (~~A) stan-

dards ~ffluent ~p.tidelines. 'l'he 1atter represent levels of wastewatr)r tr(•atr.:.ent \ 

which. industry·wil1 be required to implement by specific dates, Table 1. 

The app1icable Standard Industrial Classification (SIC) numbers relat~d to 

the tppics und~·.'t' discussion include: 

SIC 2911 Petroleum Refining 

SIC 2815 Cyc1ic Intermediates, oyes, Organic Pigments, and Crudes 

SIC 2818 Organic Chemicals 

SIC 2819 Inorganic Chemicals Derived fram Petroleum 

SIC 2821 Plastic Materials and Resins 

·The detai1 of each SIC·is il1ustrated b~ listing the twelve processes which de

fine SIC 2911: 

la Storage and Transportation 7. Solvent Extracti~n c:-r Refining 

2. Crude Desa1tinc¡ a. Hydrotreating 

3. Fractionation 9, Grease Manufactur;ng 

4. Cracking lO. Asphalt Production 

S. Hydrocarbon Rebuildinc¡ 11. Product Finishing 

6. HydJ:ocarbon Rearrangement 12. Auxiliary Activities 

These'products· inclUde kerosene, gasoline, distillate fuel, residual fuel oil, 

and a ho~t of miscellaneous products. This list grows as petrochemicals are 

added to the listo 

Source of Wastes 

Ü 'l'he present and future levels of wastewaters and residuals depend on tr·e 

sources and management of these iÍlp\tts. Figure 1 depicts the six general sourc:cs 

as process streams, utility wastes, sewage, contaminated storm water, ballast 

water and miscellar•eous discharges. 

- 1 



Table l. EPA Target Dates o o o 
TYPE OF LEVEL OF DATE DY WHOM ENFORCEMENT 

------------~·~S~O~U~R~CE~----------·~-T~E~C~HN.~O~LO~G~Y~-----+--EF~F~EC~.T~I~VE~--------+-~E~S~T~AB~L~!S~~~IE~D~----~+-~ME~C~HAN~~I~SM.~--"---~-=S~C~O~P=E __________________ ___ 
NOTa "source" ·Not leve! of· July V-A All surface waters, h'ater ., 

Quality 
Standards 

Best 
Practicable 
Technology 

Best 
Available 
Technology 

l!ew 
So urce 
Standards 

PretreatlMnt 
Effluent 
Standard a 

Toxic 
Effluent 
Standards 

Secondary 
Trcatment 
(Public trcat
ment planta) 

Best 
Practicable. 
Waste Control 
T"chnola<¡y 
(PublJc treat
inent planta) 

rivers, streama, technology- 1983 (except those spccifically 
lakes-all water which e approved by EPA for 
surface w~ters provides for s less stringent 

recreation in 6 A 
5
t classifications)· 

!ndustry 
rnajor feE'dlots 
(existing) 

Industry 
major feedlots 
(existing) 

Industry 
ma)or fccdlots 
(constructed 
after May 1974) 

Industries intro
ducing wastes 
into pubhcly 
owned treatment 
works 

All sources 

Publicly owned 
treatment 
planta (con
atructed by 
.July 1974) 

All publicly 
owncd 
treatment 
plAnto 

on water 

Level I 
average of 
the best 
technology 
currently 
available 

Leve! II 
very best 
economica1ly 
Achievable 
techno1ogy 

Level III 
very best 
technology to 
be cont.ructed 

Not a precise 
1eve1 of 
technology 
-generalized 
unit processes 

Not a level 
of techno1ogy 
-whatever is 
needed to get 
out toxica 

Average of 
well-run 
w.lote trent
mcnt planta 
using secondary 
treatmcnt 

Average of 
best advanccd 
trcatr.tent 
oystcmm 

July 
1977 

Ju1y 
1983 

May 
1974 

January 
1975 

July 1977 
oxiating 

July 
1978 

planta 
constructed 

prior to 6/30/74 

July 
1983 

EPA 

EPA 

EPA 

EPA 

EPA 

S tates 

EPA 

Permita 

Pennits 

Permita 

No permita 
-rnonitoring-

Permita 

Permita 

Permite 

Add-on treatmcnt 
technology-includes 
proce'ia changes 

Add-on treaL~ent 
tcchnology-greater 
emphasis on production 
changas 

Add-on, ir. procesa 
controla, plant
design, raw materials, 
-all aspects-

-Unlimited-
any unit procesa 
controls needcd to 
prevent excess of 
pollutants into 
treatment plant 

-Unlimited-
any changes needed 
to prohibit/limit 
toxica 

Add-on tighteninq 
procesa control 

Construction of new 
trcatment systcms 
and additional 
proco~s controlo 
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Analysis of waste~ater and Residuals Management 

~Teatment and solids disposal is usually required because there is no such 

thing as zero discharge. However, process designs, waste treatment and all other 

industrial decision-making processes must relate reuse and recycling with efflu

ent levels and cost. Hopefully, some of the money required to treat the resid

ual wastes can be derived from credits obtained through better engineering of the 

production facilities, i.e., reduction of the waste load through the use of more 

efficient production units. 

The effectiveness of handling refinery and petrochemical wastewaters usually 

depends on the efficient utilization of several treatment processes: 

Primary Treatment - Gravity Separation 

Intermediate Treatment - Neutralization 

Dissolved Air Flotation Chemical Coagulation-Sedimentation 

Filtration 

Final Treatment (Biological/Physical/Chemical) -

Activated Sludge 

Aerated Lagoons 

Trickling Filters 

Waste Stabilization Ponds 

Cooling Tower Oxidation 

Filtration 

Carbon Adsorption 

Reverse Osmosis 

The problem is to delineate costs for meeting various levels of environmental 

quality. Costs will reflect such considerations as: 

(a) production variables; 

(b) liquid residual reduction and its impact on secondary residuals 

production, energy requirement, and land requirement for sludge 

disposal; 

(e) effects of air quality controls on liquid residuals; 

(d) effect of residuals modification measures on consumptive use of 

water; 

(e) variability in residuals generation and performance of treatment 

plant; and 

(f} effect of rainfall on probability of achieving zero discharge. 

o 

o 

o 
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Figure 2 shows an ex~ple where reducing variability in discharge require 

increased cost~ In this cascQ lagoon and/or spray irrigation syst~ms are 

examples, which are sensitive to both temperatura and precipitation. Alth~ugh 

the g~neralized cost increases greatly, this curve representa only one of many 

variables in rrc{~·iduals generaticn and residuals discharge. 

The response of an individual industrial plant to effluent controla may be 

illustrated by an analysis of a 150,000 barrels per day petroleum re!inery (1). 

Table 2 depicts the sizes of procesa units and magnitudes of product output~. 

Table 3 illustrates the residuals generated with treatment limited to oil-water 

separators and sour-water scrubberso As sho\m in Fig. 3, discharges of BOD sul

fide, p~enols, and ammonia decrease rapidly over the range of charges frcm l ~ent 

to 7 cents per pound, which representa reduction of 70~ of BOD, 82~ of phenol, 

48\ ammonia and 74~ sulfideo As the BOD reduction ~ncreases to about 95~ the 

charge increases ~ about 25 cents. For this example, the cost of reducing BOD 

by 75~ is about $0a002 per barrel of crude processed or about Oa045~ of daily 

costa 

'f:''(pical Wastewater Characteristica 

Once an industrial categorization system is established ~ then :the logical 

sequence of predicting ~ndustrial effluent loads to the treatment facility an4 
1 

environment are: 

(a) estimating waste loads generated in the present and future 

manufacture of productJ 

(b) predicting 'the por~ion 'of this load that.can be removed using 

demonstrated treatment technology.l 'and ., 

(e) projecting the implementation schedule for applying this 

demonstrated technologya 

Raw waste loads, as a practical matter, ar~ usually estimated from histor

ical characterization data of·the- total effluent discharged from many production 

component& within an integrated industrial plant. If it were possible to obtain 

such i<lfor,.-.atioll from singular production units, the wastewater profilea CQuld be 

developed on a "_building block 01 or cumulative approach for cornplex systeir.s. How

cw~r, the:t e are many factor a such as water recycle and reuse, changes in water-

•-;U¿·;l.n• when'mixed with C?ther sources, and water use not directly associated with 

production which. prevent pz:ecise predictions of raw waste lo~ds·· ., ' - ~:.:.'( 
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Tab1e 2. Process Units and Product Outputs, 
15o,ooq1( Barrels Per Day Petroleum Refinery 

,., 

PROCESS UNITs· (Barrel~ 
per barrel of 'crude charged) 

PRODUCT OUTPUTS 
(Quantity per day) 

Desalting 1 .. 00 

Atmospheric Distillation 1.00 

Products sold 

Refine%"./ gas 
Kerosene/diesel oil 
Distillate fuel oil 

6 
2.944xl0 lbs •. 

15,760 barrels 
l7,400·bal:rels 

Coking .133 

Hydrotreating .139 

Low sulfur 
t-ledium sulfur 
High sulfur 

8,880 B 
8,230 B 

290 B 

Reforming .139 

catalytic cracking .466 

Alkylation .. 076 

SWeetening .. 393 

Po1ym~r 21 
Premium gasolin~ 
Regular gasoline 

(Residual fue1 oil 
Straight run gasoline 

so1d as petrochemical 
feed · 

Reoovered su1fur 

660 barz'els 
35,100 harrels 
51,150 barrels 
~,OOO-:barre1s 

16,360 barre1s 
4o!o long tons . ' ~ ' 

Products used internally 
-

Hydrogen (buxned) ·. 
Sweet coke (b~ned) 
Sour coke (burned) 
Coke burned in catalyst 

rege~eration 

" 11erude ~. charged: 111,000 barrels East Texas (low sulfur) 
39,000 barre1s Arabian Mix (high sulfur) 

Total· ·¡so,ooo barrels per day 

Y Octane ~lOO; tetraethyl lead c:ontent ..:_ 2~5 cc/gal. 
1 

Y Octane ~ 94; tetraethyl lead content < 2.5 cc/gal. 

100,250 lbs. 
1,180,000 ~.s. 

'260; 000 lbs. 

1,540,000 lbs. 

. 

·1 
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Table 3. Residuals Generation per Barrel in a 150,000 
Barrels par day Pet;'oleum Refinery ' 

9 

RESIDUAL · GENERATION (Lbs,. per baz;rel) 

Gaseous 

, Particulates 
so, 

2 

Liquid 

BOD5 Oil 
Phenols 
Ammonia 
Sulfide 6 Heat, lO Btu 

Assumptions: 

Cost of.water withdrawalss 
Coolinq, $.015/1000 gal. 
Desalter, $.025/1000 galo 
Procesa steam, $.15/1000 gal. 

Cost of purchased fr.esh heats 
0.5~ Sulfur, $ •. 477/10~ Btu 
1.0\ Sulfur, -$.593/106 Btu 
2.0% Sulfur, $,661/10 Btu 

' 

Price of Recovered SUlfura $20/lonq ton 

. -·--- --·-·- --- -·- -- -·-

0._423 
1.429 

0.060 
0.047 
0.032 
0.021 
o.oo~ 
0.300 

o 

o 
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The iinpact of ra\"1 \\•aste loads on the envirorunent may be depicted in terrns 'óf 

various potential impacts1 narnely, Ohygen depletion, eutrophication, toxicity, c:J 
and general nuisance. Characterization of wastes for treatrnent plant design 

usually requires a qctailed analysis of the following: 

(a) Flow; 

(b) So1ids (SS, TOS, VSS)J 

(e) Nutrients (N, NH
3

o P)¡ 

(d) pH; 

(e} Biodegradability and oxygen 

requirements (BOD5o BODu1 

COD., TOC) 1 

(f) Toxicity (heavy.metals, cynides, 

pheno1s) 1' 

(g) Additional physical-chemica1 

characteristics; and 

(h) Rate relationships for treat

ment facilities design. 

Process Sources; An estimate of the amount of wastewater derived from a 

plant might be obtained by comparisons with other installations (2) or relating 

th~ quantity and quality of pollutant produced by a unit process to production 

units. For example, the American Petroleum Institute Refinery Effluent Profile 

(3) has tabu1ated process f1ow in terms of production units for the five refin-

ery classifications, Table 4. 

Table 4. Wastewater Discharge as a Function of Crude Throughput 

Gal. Effluent/bbl 
Refinery No. Refineries Crude Throughput 

Classification ReJ?Orting Max. Min. Avg. 

A 15 499.8 0.4 57.5 
B 70 '1658.6 2.1 116.3 
e 20 1399.9 17.6 181.0 

·D 18 759.4 14.8 143.4 
E 4 :1700.2 32.8 410.1 

The organic content can be expressed in terms of biochemical oxygen demand 

(BOD) 1 chem.ical oxygen dema.nd (COD) 1 or sorne other form of carbon source and 

oxygen demand. It is estimated that 90~ of the BOD is derived from eight pro

cess units. The source and range of BOD levels are: naptha treater (3 ,000-

4,QOO mg/1)~ MEK stripper (3,000 mg/1); furfura1 s~ipper (2,200 mg/1); lube dis

tillation unit. atm. (l,lOO mg/l), crude desalter (500 mg/l); sour condensat¿s 

- t60 mg/1); 1ube hydrotreater (300 mg/l)a and lube vacuum, distill. (300 mg/1). 

o 

o 
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Simi1ar1y, the OOD load as derived from seven process ~~its may have the 

fo11owing characteristicss de1ayed·coker (6,000 mg/1)J FCCU (6,000 mg/1); crude 

unit (2,000 mg/1)¡ paraxylene (1,200 mg/l)J styrene (1,000 mg/l); plat-

former Udex (800 mg/l)J and alk~lation (500 mg/1). The oi1, as the COD is 1arge-

1y derived from kerosene and diesel hydrotreating (about 50~). The FCCU and 

crude Wlits ~y contribute 20% to 30~ each, while the delayed coker, unsaturated 

gas plant, ultrafiner and untraformer and others contribute less than 5' each of 

the total conti.ibution. Wastewater characteristics associated with some petro

chemica1 products are listed in ~able S. Typica1 spent caustic and acid waste 

streams in pe~oleum refineries are given in ~ab1es 6 and 7, respectiye1y. The 

type of wastes derived from primary conversion and refining processes· are depicted 

in 'l'able a. 

Boiler Sources: It has been recommended that the water withi.D. steam drums 

(for pressures between· 300 to 750 psiq) nÓt exceed dissolved solids leve1s of ', 

3,500· to-2,000 mg/1, suspended solids leve1s of 300 to 100-mg/1, and a1kalinity 

(as CaC03) levels of 700 to 400 mg/1. 'l'ypical analysis of boi1er blowdown waste

waters and residl~ls·is shown in Table 9 (5). 

Cooling Towers: Most of the wastewater of the utility blowdown and fre

quently a sizable ~rtion of the cambined plant f1ow will be'derived from coo1-

, ·. in<¡ towers. · All of the utili ty blowdown streams contain organic materials, 

although the pollutants may exist at low concentrations (6). In addition to the 

incoming dissolved salts, the coolinq tower blowdown will contain su1furic acid, 

inorganic chromate salts (300 to 2~000 mg/1), inorganic and organic phosphates · 

and polyphosphates (~ t~ 30 mg/1), organic chromates (S to 20 mg/1 cre4and 5 to 

20 mq/i orqanics.), chlorin~ted phenols (300 to 400 mq/1), chlorine or brom¡ne, 

and quaternary ammonia copper complexas (200 mq/1)-. See Table 10. 

Bal1ast water qua1ity can he expected to vary considerably • 

.. . ,;~.., of a ballas't water survey from two refineries are shovn in Table 

.il C ··). Ti··=·- llly. the underflow from a ba1last holdin<¡ tank must be. <¡iven further 

t - . . .- t" • 



TabJ• ~. Wastcwater Characteristies As~ociated With somc Chemical Products (J) 

Material . 

frlmary Pctrochrmlclils 

Ethylenc 
Pro¡:.y!enc 

frlmary Jntcrmcdlatcs 

Tolucne 
Xylcnc 
An1monla 
V.<:thanol 
Ithanol 
Buthanol 
Ethyl bcnzeno 
Chlcrlnat~ h:¡drocat'htlil1G 

§pcondary !ntrr!ll:t'41oten 

Phenol, cumene 
Acetone 
Glycerln, g1yco1& 
Urea 
Acr.tic enhydrUle 
Terephtallc acld 
Ac:rylatos 
Acrllonltrlle 
Butadleno 
Styrene 
Vanyl chlorlda 

J>rlmary Poíymcors 

Polyethylena 
Polypropyleno 
PolystyJene 
Polyvlnyl chlorlda 
Cellulose acotilte 
Butyl rubber 

l!Y.fS and PlgmcntQ 

Jsocylln.ltc 
Phenyl glycine 
Pt!lro!thton 
rrtbut yl ílhosphllte 

o 

Flow 
(gal/ton1 

so- 1,soo 
noo- z.ooo· 

300- :11,000 
200- 3,000. 
300- 3,000 
300- 3,000 
300- 4,000 
200- 2,000 
300- :11,000 
so- l,ooo 

109,;, 2,500 
500- 1,500 

1.,0&0- S,OOD 
800- 2,000 

I,MO- 8,000 
1.000- 3,000 
1,000- 3,000 
1,000- 10,000' 

. 100- . :z,ooo 
l,OOO- 10,000 

10- 200 

4100-
400-
500-

·I,SOO-
10-

2,000-

!,600 
1,600 
1,000 
3,000 

200 
6,000 

so,ooo-:eso,ooo 

5,000- 10,000 
S ,000- 10,000 
3,ooo- 's,ooo 
1,000- 4,000 

BOD 
.· (mg/L) 

100- 1,000 
100- 1,000 

300- z.soo 
soo- 4,ooo 

25- 100 
300~ i,OOO· 
300- 3,000 

,-soo• 4,ooo 
500.,. 3,000 
$0- ISO 

Be2Gnol0,00!) 
!,000- 5,000 

seo- ll,soo 
so- 30o 
~GO• 5,000 

' 1~000- 3,000 
seo- s,ooo 
zoo- 700 
25- 200 

300- 3,000 
200- 2,000 

so- soo 
sao- z,ooo 

.GOO• 2,000 

200- 406 

1,000-:- z.soo 
1,000- 2. SO~l 
1,500- 3,500 

soo- z,ooo 

COD 
(rng/L1 

soo- 3,ooo 
soo..:. 3,000 

1.000- S,OOD 
a.oco o.ooo 

so- 250 
soo- z.ooo 

n.ooo- -11,ooo 
.1.000- 8,000 
P.,OOO- 7,000 

aoo- soo 

2,000-U,OOD 
!,000-lO.OGO 
1,000- 'i,CDO 

100- S€0 
Sotl- S,OCU 

2,000- 4,000 
z,ooo-u.ooo 

500- 1,500 
lOO- 400 

1,000- G,OOO 
soo- s,ooo 

200- <1,000 
zoo- 4,coo 

1,000- 3,000 
1,000~ 2,000 
J,OOO- S.OCO 
2,500- s.ooo 

soo- 2,ooo 

<G,ooo- e.oco 
4,0('0- 8,(100 
3,(100- 6,000 
1,000· 3,000 

o 

Oth~r 
Ch<~r<~r:tcrlstl es 

phenoí. pH, o!l 
phenol, pH 
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Tab1e 6. Typica1 Spent Caustic Stream Characteristics (4) 

Characteristics 
Alkalinity (mg/l) 
BOD (mg/1) 
COD (mg/1) 
H2S,.. (Il'!g/1) 
pH 
Phenols (mg/1) 
NaOH (wt %) 
Na2S04 (wt_ll>) 
Sulfates (mg/1) 
Sulfides (mg/1) 

Benzene 
Sulfona
tion 

Scrubbing 
33,800 
53,-600 

112,000 

13.2 
8.3 

1-
1.5-2.5 

3,760 

Ortho
pheny1-

pheno1 
Washing 
18,400 
18,400 
67,600 

9-12 
5,500 

0.2-0.5 

2,440 

Alky1ate 
tvashing 
46,250 

256 
3,230 

12.8 
50 

2 

Pol~'lne:r:

ization 
209,330 

8.440 
50,350 

3,060 
Su1fites (mg/1) 7,100 4,720 
Total So1ids ~~V~1~>----~9~0~,~3~0~0 ____ ~4~0~,~8~00~---------------------------

Table 7. Typica1 Acid Waste Characteristics (4) 
> 

Acid Wash- Acid Wash- Su1fite Wash 
Acid Wash- Phenol Sti11 OrthOphenyl- Liq. OP-pheno1 

Characteristic Alkylñ.tion Bottoms ,Eheno1 Distil1ation 
Ac.idity (xr.g/1) 1,105-12,325 24,120 675 
ROD (mg/1) 31 20,800 13,600 105,000 
COD (wg/1) 1,251 248,000 23,400 689,000 
Disso1ved 340,500 81,300 176,800 

So1ids (mg/1) 
Oil (~/1) 131.5 
pH 0.6-lo9 1.0 1.1 3.8 
Phenols (mg/1) 3,800 1,500 16,400 
Sulfate (mg/1) 54,700 
Sulfite (mg/1) 34,800 2,920 74,000 
Total Solids 403-,200 81,600 176,900 

m /1) 

Tab1e,8. TYPical Process Waste Charactcristics of Primary Conversion 
and Refining Processes (4) 

Characteristic 
Ammonia (mg/1) 
BOD (mg/1) 
COD (mg/1) 
Oil (ntg/1) 
pH (mg/1) 
Pheno1s (mg/1) 
Salt (as NaCl) 

(wt ,, 

Su1fides (mg/1) 

Crude 
Desa1ting 

a o 
60-610 

124-470 
20-516 

7. 2-9.1 
10-25 

0.4-25 

Q-13 

Catalytic 
Cracking 

230-440 
500-2,800 
200-2,600 

20-26 

Naphtha:. 
cracking:. 

53-180 
160 

1 
6-10 

Sour Condensates 
from Distillation, 

Cracking, etc. 
135-6,550 
500-1,000 
500-2,000 
100-1,000 
4.5-9.5 
100-1,000 

\ 
1 

·1 
{. 
j 
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! Table 9. Typical Boiler.Blowdown Analyses 

'' ' } " ' 

Parameter 

~ pH 
>~ Total Suspended So1ids (mg/1) 
:Volatile Suspended (mg/1) 

Settleable Matter (mg/1) 
Immediate Oxygen Oemand (mg/1) 

~· Biochemical Oxygen Demand5 (mg/1) 
'- Chemical Oxygen Demand (mg/l) 
.oil and Grease (mg/l) 
·.Temperature (°C) 
~Chromiu."TT (mg/1) 
::'Phenols (mg/1) 
Fluorides (mg/1) 
Total Residue (mg/1) 

:Ammonia (mg/1) 
O".cygen Demand Inciex (mg/1) 

' 
.; 

Number of 
Analysis 

22 
22 
22 
22 
13 

7 
22 
22 
22 

3 
19 
15 
e 

lO 
9 

.f.!ean 

12 
40 
25 
19 
12 
61 

201 
14 

174 
o.s 
0.1 
7 

4950 
3 

69 

Standard 
Deviation 

0.34 
24 
16 
23 

S 
27 
70 

5 
S 
0.3 
0.2 
9 

300 
2 
46 

Table 10. Ana1ysis of Coo1ing Tower Blowdown (24 hr. Composits) 

Par ame ter 
11 

pH 
Total Susp~nded So1ids (mq/1) 
Vo1ati1e Suspended Solicis (mg/1) 
~iochemica~oxygen D~~anci5 (mg/1) 
Chemical Oxygen Demand (mg/1) 
Oi1 and Grease (mg/1) 
Temperature (.°C) (Grab Samp1es) 
Su1fides {mg/1) · (Grab- Samp1es) 
éh.romium (mg/l) · 
'l'KN (mg/1) 
Total Phosphate (mg/1) 
Total Dissolved Solids (mg/1) 
Dissolved Organic Carbon, (mg/1) 

·.: 

Mean 

7.3 
e; 34 

26 
33 

140 
7 

27 
o 

12 
12 

S 
7,630 

60 

Sta11dard 
Deviation 

0.3 

35 
98 

3 
3 
o 

1S 
--_, 0.9 

2,430 
59 

15 

.O 

o 

(): 
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Table 11 •. Ballast Water Characteristics 

•, High Valu~ II::M Value Mean 
(m~/1) <ms(l> (mq/1) 

Refiner;t No. 1: ---~ 

COD ,. 
47~ 207 342 

BODS 3'89 23 168 
Oil 148 9 44 
Chlorides 18,500 14,200 1'.),900 

Refinerx· No. 2: 
COD 1,690 1,173 1,456 
Oil 280 147 183 

The quantity.of ballast water required during calm weather is about 1.5 

barrels (63 gallons) per ton of tanker deadweiqht displacement, but ·the actual 

amoW)t may vary greatly. Since only the most modern tankers have separata bal

last holds, there is little clean ballast. 

Furthermore, the unloading operations are extremely varied. Deballasting 

at port, by necessity, is rapid. 

Other Discharge~: Additional contributors to the overall wáste load are: 

o storm waters, sanitary, wastes, tank cleaning, product spills, off-specification " 

product dumps, equipment malfunction, turnarounds, and cleaning operations. The 

storm waters· can be a very significant contributor to the waste load. 

o 

For storm water analyses it is necessary to kriow the probable·v~lume which 

will be col+ected, quality characteristics and the peak flows (7). Storm water 

studies at large refinery and petrochemical facilities throughout the United 

States have indicated a general relationship between runoff volumes and contam

ination. This relationship is depicted in Fig. 4. · During the course of a given 

storm, one runoff reaches a peak flow commensurate with the concentration time of 

the installation. Following this peak, if no further rainfall occurs, a slow de-· 

cline in flow is experienced as stored rainfall drains off. For large instal

lations, this period of declining flow can last several days. The r~~val of 

contaminant mass, however, appears to be a much more rapid process. Peak contam

inant loadings generally occur near the peak f~ow and die off rather quickly to ~ 

consistent base level. Additionally, the analysis of numerous storm floW versus 
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o 
·contamination relations has indicated that bctween 60 and 80 percent of the con

taminant mass is washed out d~ing a one-hour period centered about the time of 

peak flow. 

Treatment of vh'stewaters 

Each refir-ery-petrochemical facility produces its own unique waste, but there 

are sorne generaliti~s that can be developed. Pretreatment is usually required to 

equalize the load, remove suspended solids and free oil, and possibly remove sol

-> , ubie org~"lics (8) ." Secondary treatment usually. involves biological treatr .. ~nt· in 

conjunction'with some for.m,of physical-chemical treatment to polish the eff+~ent 

and redu9e the volume of re~idual solids. 

-

Equalization: While equalization does not normally reduce the concentration 

of pollutants, most waste tr(aatmen~_ proce.::>ses depend on a relatively high degree 

of uniformity in load. The size and mixin~ features depend on waste character~ 

istics, plant schedule, and cYClic fluctuations. If sufficient flow and quality 

info;mition can be obtained from a wastewater survey, a rational basis for design-

~ ing the equaliza~ion facility can be developed. One approach is the use of the 

following equation. {29): 

o 

where: 

t = Time increment chosen for the numerical step-by-step calculation 

Ct = input _concentration averaged over At 

x = basin concentration before addition of the increment of flow at 
t 

concentration of ct 

>~(t + At) = basin concentration after addition of increment of flow· 

Q =. volumetric flow rate 
:. .. " - ' 

v "" basin volume 

t = time, varies be_tween zero and bt in the equation. 

The expression need only be evaluat~d- at t· a At. 
', 

Using this model, the concentration of pollutant in a mixed equalization 

basin or the effluent can be calculatéd. This assumes that the critica! pollu

tant in the industrial discharge was measured at time intervals of sufficie:r.t 



frequency to accurately define the variation. The standard deviation of the 

equalized concentration will decrease with increasing basin retention time. The 

relationship then can be used for selecting the retention time which corresponds 

to the maximum fluctuation trAilt can be tolerated in the biological system. As 

shown in Fig. S, the standard deviation for COD loading without equalization for 
e 

a petrochemical wastewater discharge is approximately S,OOO lb/day. Using.a resi-

dence time of two days, the standard deviation is reduced by 50% (9). 

Oil R~~oval: Oil separation is usually accomplished by gravity separators, 

dissolved gas flotation (DAF) and coalescers. In some cases, it may~e necessary 

to_use emulsion breakers and other chemical aids. The importance in controlling 

the oil concentrations is shown in Table 12 (9,10). Activated carbon beds and 

biological systems are particularly sensitive to the problemc~of free oil. . 

Table 12. Acceptable Levels of Oil in Treatment Units 

Treatment 
Process 

Gravity 

DAF 

Coalescers 

API 
CPI 
TPI 
Full or Partial Pressurization 
Chemical Tl::eat:Inent Recycle Flow 
Chemical Treatment Multicell, 
Eductor 
Granular Media 
Granular Media with Chemicals 
Vacuum Precoat Filtration, 
Chemicals 

Biological Treatment 
Activated Carbons 

*Oil contents > SO ppm are considered te be free oil 

Application 
(ppm) 

> 150 ~ 

> 50 
> 73 
200 to 90 
200 to 15 

200 to lO 
150 to SO 
130 to 5 

lOO to 5 
lOO to O 

5 too 

Oil contents < SO ppm are considerad to be emuls.ified or soluble 

Gravity Separators: Gravity separa~ion using API separators is basic to 

treatment of oily wastes. Typical oil removal efficiencies from refinery wastes 

may range from 50 to 90%. See Table 13. Generally the two IllOSt significant 

factors which influence separation of free oil from water are flow rate and 

influent oil concentration. The impact of surges of flow through an API separ

ator is shown in Fig. 6. A similar p~ttern exists for surges of oil. 

e~ 

o 

o 
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Table 13. Gravity Separation of Oil 

Oil- Ccntent Oil COD -
SS 

Influent Effluent Removed Removed P_r-;:¡:¡.o·.red 
(mg/1) (mg/1) (%) Type (%) Ut) 

300 40 87 l?arallel l?late 
i20 49 78 API 45\ 
108 20 82 Circular 
108 50 54 Circular 16 

98 44 55 API 
;too 40 60 API 

42 20 52 API 
2,000 746 63 Al?I 22 3~ 
1,250 170 87 API 68 
1,400 270 81 API 35 

Dissolved Air Flotation (DAFla Special,oil removal units are usua1ly re

quired fol1owing API separators or final clarifiers'. DAF units are frequent1y 

capable of meeting these needs. Tab1e 14 ~rovides a 1isting of oil removal effi

ciencies that have been reported. in this table-all cases, with one excep~ion, 

were operated with chemical addition. The design flow rate ranged between l.S to 

3.0 gpm per ft2 , and al1 units used pressurized ~ecycle systems. 

Tab1e 14. DAF Oil Removal l?erformance 

** 
** 

Influent oi1 Effluent oil Removal Chemicalst: 
(mSt/1) (mS!/1) (%) 

1930 (90~)1o'l 128 (90%) 93 Y es 
sao (SO%) 68 (50%) 88 Y es 
lOS (90%) 26 (90fll) 78 Y es 

68 (50%) - 15 (SO\) 75 Y es 
170 52 70 · No 
125 30- 7l Y e~ 
100 lO 90 Y es 
133 15 89 Y es 

94 13 86 Y es 
638 60 91 Y es 
153 25 83. Y es 

75 13 82 Y es 
61 15 75 Y es 

360 45 87 Y es 

* Parenthesis denotes probability of óccurrence 
•~ Alum rnost cornrr~n, 100-130 mg/1 

l?olyelectr~1yte, 1-5·mg/1 occasiona11y added 

Configuration 

Circular 
Circular 
Rectangular 
Rectangular 
Circular 
Circular 
Circular 
Circular 
Circular 
RectangUlar 
Rectangular 
Rectangular 
Rectangular 
Rectangular 

The results of a detailed study,_ involving a rectangular DAF unit operated 

in series with an API sepai:"ator, is given in Fig. '7. The oil concentration in 
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the influent to the separator was 1,020 mgfl~ (50% probability) and 2,150 mg/l 

(90%). The DJ\F reduced the total oil from 68 mg/1 to 15 mg/l for sosa probability 

and from lOS mg/l to 26,mg/l for the 90~ probability level • . , 

Figure B ehóws the relationship between the influent and effluent oil con

cen~ration i~ ~ DAF unit. The oil removal efficiencies vary from 60~ to 95~. 
' 

The ~jor factors in oil removal are oil concentration and for.m of the oil • 
.. 

Tabla 15 provides a qualitative comparison between three pressurized and 

one induced DAF systems. Each type has some advantages and disadvantages. In 

all cases, if a significant amount of the oil is in the emulsified form, chem

icals will have to be added to insure acceptable OAF perfprmances. 

Table 15. Ccmparisón of DAF Processes "(11,12) 

Process 
I-PRESSURIZED SYSTEMS 

(a) Full Stream 

(b) Partial 
Stream 

(e) Recycle 
Stream 

II INDUCED 

Advantages 

More gas/hr dissolved, 
& improved separation. 

Lower power required 
as compared to full'' 
stream pressurizatiop 

Need not pump influent 
solids¡ possible to 
optimize floc forma-' 
tion1 influent oil not 
emulsified, and employs 
si.mpler control, 

Lower capital cost; 

smaller space reqÚire
mentsJ 

" . efficient in removinq 
oil and ss 1 and 

can use multicells in 
series 

Disadvantages 

Influent must be 
pumped; eniulsifi
cation will occur; 
and high power 
reqt.li:x:e:ments. 

Less gasihr~ dis
solved; influent 
must be pumped; 
and can emulsify 
oil in in~luent. 

Requires larger 
flotation c_ell 

higher corrected 
pciwer requirements; 

need strict hydrau
lic control; 

less flexibility in 
chemical addition 
flocculation, and 

3 to 7 times more 
volume of float 
ski.mmings. 
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Coagulation and Precipitation: This process is effective in reducing nutri

ent concentrations such as phosphates, in precipitating heavy metals as metallic 

hydroxides, and in removing ~ater soluble materials such as alkyl-Aryl Gulfonates 

by forming insoluble precipitatesD 

Soluable orgaxúc removals by lime pretreatment are illustrated in Table 16. 

Tab1e 16. Soluble Organic Remova1s by Lime Pretreatment* 

Results 000
5 

COD 'l'OC 

,Mean filtered infl. (mg/1) 168 464 201 
Mean filtered effl. (mg/1) 131 408 155 
Mean removal (mg/1) 37 56 46 
Mean removal (~) 24 13 23 

* All data from filtered samples 

These wastes were derivad from a proposed regional treatment aystem containing 

-effluents from chemical planta and petroleum refineries. The mean overall aoo5 
and soluble removals respectively, were 37~ and 24~. 

·Figure 9 depicts a case involving an integrated refinery and- petrochemcial 

facility where air flotation on a bench scale was unsuccessful. However, it was 

found that a f1occulant suspension could be developed .. at a pH above a.o., A lime 

dosage of 350 mg/l was required. 

Massive lime addition did present a potential pr~blem in that the ava11ab1e 

natural alkalinity was insufficient to precipitate all of the calcium and the ..... -
uñstable eff1uent interfered with subsaquent treatment steps. Concern over tha 

fate of these excess calciurn iona together with anticipated problema in control-

1ing the pH of .the ~xed liquor prompted tha addition1:of soda ash. Drastic pH 

.teductions to below four ·had occurred during bench-sca1e bio1ogica1 treatability 

studies. This low pH problem ia a fairly common occurrence when treating some 

refinary wastes. It was hoped that the soda ash woula precipitate tha excess 

calcium ions, enhance the aett1cabi1ity of the floc, and buffer the biological 

procesa against detrimcntal pH changes. It t'l7as :. found that the natural bio1ogical 

reduction in pH from an inf1uent of 8.5 to a mean·of 7.0 shifted the carbonate-

~ b~carbonato balance and reduce~ the carbonata ions availab1e for calcium carbonate 

precipitation to approximately one-twenty fifth of that entering the aeration 

basin. The resu1t b'ing that the primary effluent was rendered more stable by 

biologica1 treat.ment ai d soda aah ac1di·.ion was not required for this purpose. 
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Drastic pH shifts did not occur in the pilot unit and soda as~ proved to be un

necessary as a buffer. Furthermore, cost analys~s indi~ated that a weighting 

agent could be applied more effectively in the for.m of powdered limestone. 

The pr~ry clarifier was operated for approximately two months at over;low 
'' 2 

rates ranging~between 400 to 1,100 gpd/ft. The pilot unit could be operate4 

either as a r~actor clarifier or in the conventional centerfeed configurat~o~. 

, Actual performance can best be characterized by extended periods of high 

efficiency p~~ctuated bY-period~c gross discharges of oily sludge. Each fai~~re 

could be traced to abnormally high influent oil concentrations. Normally, t~e 

influent oil remained less than 200 mg/l but on occasion jUmped to over 700 ~~/l 

which in turn triggered a clarification failure. This problem was eventually 

overcome by operating the unit at an overflow rate of approximate~y 600 gpd/ft2 

and adding massive quantities of weighting agent when influent oil levels rose 

significantlyo 

After the appropriate op~rational techniques had been perfected, effluent' 

oil and suspended solids concentration could be maintained consistently below 

Q 50 ·mg/l. Removals of COD in the primary treatment unit are shown in Fig. 9. 

o 

Approximat~ly 40 percent of the influent -loading, ora total of 1,700 mg/1 of 

COD was removed. Oil and grease remov~1 ranged from lOO to 5,000 mg/1 with a 

mean of approximately 500 mg/1. 

Considering the characteristics of the waste streams, it is believed· that 

lime coagulat~on foilowed by sedimentation offered the only-workable alternativa 

for effective· oil and suspended solids removal. Furthermore, this techni~~e pro

vided the added,attraction of taking advantage of co-precipitation to assist in 

the removal of significant quantities of dissolved organics. 

Coalescers: Coalescers are useful in break1ng some types of oil emulsions, 
1 

and may be classifiéd as plate, fibrous media and loose media. Plate coalescers 

employ gravity separa~ion and parallel platas to improve scparation. Fibrous 

media units havo a fixcd filtcr element such ap fiber glass. Loose media coalcs• 

cera usually use some type of multiqrade sand or other filtering media. 



The oil removal efficiency is related to two major factors: 

(a) variations in type of oil, degree of emulsion, droplet sizes, 

and suspended solids; and 

{b) fluctuations in flow rates, influent oil concentrations and 

equipment upsets. 

The advantages of coalescers are the compactness of the units and flexible 

operation. Sorne disadvantages include problems with solids, stabil±zed e .l emul

siona and suspended solida which may reduce the efficiencies that are no hetter 

than gravity separation. However, soma have reportad up to 95~ removal of oils 

at deaign flow rateso 'I'he amount of input oil, 'I'able 12, is limitad to about 

150 ppm. 

Secondary and Tertiary Treatmenta Biological processea for removing solu-

ble organice from wastewaters ia well documentad, cnd consider~ble experie~ce i~ 

being accumulated in physical-chemica1 techniques for polishing the final efflu

ents (13,14). Table 17 summarizes typical eA~erience derived from eight r~fin-

ery and petrochemical plants in which activated sludge and activated carbori treat- <=J 
ment were tried. Each waste stream has its own peculiar characteristics and any 

procesa sequence can be determinad only after a thorough investigation using 

continuous flow pilot systems. Temperatura and biotoxicity are of particular 

importance to biological systems. Cooling might be required during the summer 

months. Biotoxicity may be controlled by proper use of equalization basins and 

reducing excessive levels of known biotoxicants such as chromates, sulfides, 

ammonia, free oil, etc. 

. 
The design organic load for most activated sludge systems ranges from 0.10 

lbs BOD
5
/day/lb MLSS (extended aeration) to as high as o.a - 1.0 lbs BOD5/dáy/lb 

MLSS. Higher loadings can be imposed, but generally at the expense of poo:er 

efficiency and higher organic levels in the treated effluent. 

Oil and grease are of paramount importance when designing activated sludge 

systems for wastewaters such as those discharged from petroleum refinery and 
' petrochemical installations. Hexane extractables adversely affect a biological 

o 
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Tabla 17. Effluent Quality fro:n Activated Ca:.cbon and Activated Sludge Units 

Constituent 

COD 

Phenols mg/1 

pll 

SS 

TOS 

p 

l1ean Value Ranga 
PrL.,.arv Efflucnt 

500-700 ¡ng/1 

250-350 mg/1 

lQ-100 mg/1 

8.5-9.5 

SQ-200 _mg/1 

1500-3000 mg/1 

15-150 mg/1 

1-10 mg/1 

Total 
Carbon 

Effluent 
100-200 TNJI 1 

40-100 mg(l 

<1 mg/1 

<20 mg/1 

Combined 
Activ~tcd Sludge

Carbon Efflücnt 
30-100 mg/1 

5-30 mg/1 

<1 mg/1 

7-8.5 

<20 mg/1 

Remarks~ 

Exact COD residuals vary .-lith c~plex
ity of refinery & design contact times 
in the Act.s. & Carbon Treatment Plants 

' -

BOD residual depends on BOD/COD ratio 
\11hich characterizes relativc biode-_ 
gradabili ty of ~:Jasté>·mter. 

Phenols(ics) are.generally amenable 
to biological and sorption removal. 

pH drop in Act.S. systems attributed 
to biological production of co2 and 
intermediate acids. pH change in 
carbon columns depends on preferential 
absorption of acidic and basic organics. 

Primary effluent solids depend on de
sign and op~ration of oil removal units. 
Act.s. effluent solids depend on effec
ti.veness of secondary ~larifier. Lml 
effluent solids characterize carbon 
column effluent. 

1500-3000 mg/1 1500-3000 mg/1 TOS is essentially unchanged through 
all thre:e treatment systems. 

lQ-140 mg/1 2-100 mg/1 

1-10 mg/1' <1-7 mg/1 

Exact concentration depends on pre~ 
stripping facilities,· nitrogen con
tent of crude c~~ge, corrosion addi
tive practica and hiolc~ical nitri
fication. 

O~ly:removal attribufed to biological 
thesis. 

·1 



syst~~ as the concentration in the mix~d liquor approaches SO to 75 mg/1. A 

recent study conducted for the Environmental Protection Agency indicated that ~ 

activated sludge system will perform satisfactorily with a continuous loading of 

hexane extractables of O .1 lbs/lb .HLSS. It is recomrnended that the influent to 

the biological system should contain less than 75 mg/1 hexane extractables and 

preferably lesa than 50 mg/1. The most significant problem related to oils in 

biological systems seems to be attributable to lowering of the floc density to a 

level where the sludge settling properties are destroyed. 

The spectrum of wastewater derived from refinery and petrochemical planta 

may ranga from innocuous, readily biodegradable organics to highly toxic metallic 

complexas. Each combination of procesa units, operational procedures and flows 

deserves ita own unique solution which satisfies tha technical, econcmical and 

even local institutional constraints. 

'I'ha modern waste treatment system may include: improved in-plant control and 

treatment units; storm water collection system; g1:-avity-type oil separator; _equal- Q 
ization basin; gravity-type cl~rifiers; dissolved air flotation system; secondary 

biological treatment; biological and chemical sludge disposal systems; and P,hysi

cal-chemical polishing units to remove excess suspended solids, oil, color, 

organics, metals, and toxic or other unwanted residuals. Each treatment pro,cess 

has its limitations. 

t 
•i 
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1n-plant transport of solld waste mat(;nals. SJgnificant noliutant:-. ·::1.1 

h:sult frrJJn l• .. t Jye pc(:l:~..:. 
of c·ans and plant clean up. 
op~rations art~ sUinmarized 

s (; :- t 1 n !-! , s 1 i C" 1 :· ..; , e t e • , \'.'as l: i :1 :,.: ct n d r . i : .., ...: 

Thf~ range of wa.ste quantities from t}¡¡ -.e 

in Tahle l. ¡FWPCA. 19671. 

The d1stribut1on of water use m canncry operation is sumr:·.drÚed 
m Tablc 2. 

TypÍcal cánnfn.g \\'astes c'haractenstics are summanzed w 

Table 3. 

The average waste characteristics from frozen food prepa ration 
are O. 62, O. 63, and O. 50 lbs BOD, SS. and TDS/case respectively with 
a daily wastewater volume oí 125 gal. 

Typical survey data of a peach canning operation· showing the flow, 
and solids produced per case of No. 303 cans is given in Table 4. Table S 
shows the probability data of the same data. 

Figure 1 shows an example of waste sources from a corn cannery. 
The BOD load is derived from washing, cutting, reels and blanchm~. 

The EPA, Doc. 440/l-74-027-a, :\1arch 1974 provides considerable 
informa.tion on apple products ( except caustic peeled and dehydratec 
products), citrus products ( except pectin and pharmaceutical products ), an d 
frozen and dehydrated products. Thesc products are clabsified S. l. C. 2033, a 
2034, and 2037. Tables o, 7 and 8, -. · .)ectiv'ely, provide data on water · 
usage and waste characterization in t:.t: apple, citrus and patato processing 
industries. 

The average BOD and flows for various apple, cltrus and patato 
products, respectively, is shown in Tabl'es 9, 10 and ll. 

The waste loadinf!s for BOD and SS frorn 12 plant5 repres(:nt1n ~ the 
apple processing industry ranr;e in size from 3, 7oo to ·1-3~-100 kilo:.:ra~s/hour 
14. 1 to 47. S tons per ho~rl. The water usagc of these plants vancd from 
lll'lO lltcrs per thousand kilograms (285 gallons per ton) to 14,800 l /kkg 
( 35 50 G /T) with an ayera~e flow of 3. 660 1 /kkg (8 75 G /T l. The plant u sin g 
1-!, 800 1 /kkg (3550 G/Tl was far removed from the othPr with thc next 
closest one using 6, 050 1 /kkg ( 1450 gallons per ton). The BOD ran~ed from 
l.-! to 10. l kilograms per thousand kilograms (.l. 8 to 20. 2 1 hs per ton l and 
a!!am the high water user had the highest BOD. Thc aYcrage BOD for the 
12 plants was 5. O k¡.: /k k,:. 1lO. O lb/to21 l. Suspe:1dcd sohds ranged irorn O. l 5 
to l.O'l kglkk.~ 10.3 to 2.1 iblton) with th<· a'\'erat:c bl'in~ 0.5 k!-!/H:~ d. O 
lb/ton). 
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Proc('SS 
---------

'· 
Washin~ 

Belt Conveyo r 
So rpng, Pittin g 

Slicing,. etc. 

nlanching and/ or 
Pceilng 
' ' 

Exhausting of e 
Proccssing 
Cool ing of Can 
Plant Cleanup 
nox \\'ash~ 

TOTAL 
.\ \'f~H:\CF. 

S 

ans 

o 
Table l. Daily Waste Ouantilics from Unit Proces ses 

. . --
lb-/ da y /case-· -Wasteload, 

BOD SS TDS -
0.050-0.3 o. ,05 -0.4 300- 1,500 
0.003-0.001 O. Ol" -0. 02 30- 100 
0.005-0.06 O. O 15:..0. OTO 100- 500 

o. l -0.4 o. lo -·o. 4 2,000- 4,000 

o -0.015 o -0.015 o - 200 
o. 005-0. O(, o. 005-0. 045"0 40- 1, 200 
0.005-0.06 0.005-0,0300 300- 1, 000 
0.032-0.12 o. 030-0. 15 230- 1, 000 
o. o 1 -0.025 0.015-0.04 200- 500 

---.-

o. 26 -l. 05 ll, 2 3 - 1. 1 7 3,200-10,000 
o. 7 l•. B. 7,500 

Table 2. Water Reuse 

Gross Water Use 
Range Average 

<?pe ration 

Ha w 1 J ro d 11 e t 1 r H 1 1 'r 1 '1 1a r a t ion 
(inel11ding ¡wcling) 

Syrup and Brine 
Stcarn and Stt'rili/.atiun 
Cunl ing 
Ck.ul-IIP 
Other 

(%) 

2S-S5 

2-10 
10-20 
6-60 
r;-?.'í 

1- (¡ 

(%) 

34 

6 
14 
35 

R 
3 

-----·-----

o 

Was te \va ter V olumi~ 

os. e- 25., o 
01. 0- 05.0 
Ol. 0- 0.75 

0(¡, 0- zs.o 

o - 02,5 
01. 0- 05.0 
06.0- 10.0 
06. 0- 20,0 
02,0- 05.0 -

31.0-125.0 
075.0 



Table 3. Typical Canning Wastes 

Waste 
Volumc 5-Day_ BOD SusEcnded Solids 

Product ( gal /case) (mg /1) (lb/case) (mg/1) (lb/case) 
----

Apples 29- 46 1,680- 5,530 0.64-1.31 300- 600 0.10-0.20 
A pricots 65- 91 200- 1, 020 0.15-0.56 200- 400 0.14-0.25 
Cherrics 14- 46 700- 2' 100 0.16-0.50 200- 600 0.05-0.14 
eran her ríes 11- 23 500- 2,250 0.10-0.21 100- 250 0.02-0.05 
Pincapples 74 26 0.002 
Pcachcs 51- 69 1, 200- 2,800 0.69-1.20 450- 750 o. 24-0. 34 
Asparagus 80 16- lOO 0.01-0.07 30- 180 o. 02-0. 12 
Beans 1 Baked 40 925- 1, 440 o. 31-0.48 225 o. 07 
Ih:ansl Grecn /Wax 30- 51 160- 600 0.15-0.67 60- 150 0.02-0.04 

Ul 
Beans 1 I<idney 20- 23 1. o· n- 2, 500 0.19-0.45 140 0.02 
ncansl Litnal Dricd 20- 33 1 1 74r•- 21880 0.30-0.60 160- 600 0.05-0.10 
nc<lllS, Litnal Frcsh 57-294 190- 450 0.21-0.47 420 0.20-1.02 
Bcds 31- 80 1,580- 7,600 1.00-2.00 740-2,220 o. 50-·l. 00 
Carrots- 36' 520- 3,03'0 0.11-0.67 1,830 0.40 
Corn, C rcan1 St y le 28- 33 620- 2,900 0.17-0.66 300- 675 0,07-0.17 
Coro, Wholc Kernel 29- 80 1,120- 6,300 0.74-1.50 300-4,000 0.20-0.95 
:\1ush rot)l1lS 7ú- 850 4.77-51.38 50- 240 3. 14- 1 5. 07 
Peas 16- Bú 380- 41700 0.27-0.63 270- 400 O. O(J-0.20 
Putcttoes, Sweet 90 1, 5 00- 5,600 l. 10-4.40 400-2, 500 0.31-1.Y5 
Potatoes, Whitc 200- 2,900 990-1,180 
Purnpl~in 23- 57 1,500- 61880 o. 72-1.31 785-1,960 o. 38 
Sa1H: rkraut 3- 20 1' 400- 6, 300 o. 10-0. 30 60- 630 0.01-0.10 
Spinach lHO 280- 730 0.42-1.11 '}0- 580 O. 1-~-0. HH 
Sc¡uash 23 4, 000- ll' 000 0.76-2.0<) 3,000 o. 57 
Tonldtocs 3-114 ISO- 4,000 0.11-0.17 140-2, 000 O. Oú-0. 1 ' 

-----=:-~ 
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Flow Cases-
(gals) (#303)' 

119,280 3,500 
78, 1~0 1, 700 
99,720 2,381 

143,560 1,940 
45,840 8, 150 
74,280 1, 460 
85,800 2,200 
69,840 1 ,· 485 

C· 
54,600 1,045 
58,580 796 
89,520 1,655 

12-!,560 4,460 
171,840 4,940 
170,520 '4, 860 
153,600 4,970 
125,400 4,810 
170, 280 4,200 
16,8, 600. 5, 030 
140,040 4,900 
156, 120 4,900 
139. (>80 5,370 
131' 040 4,860 
157,560 4,580 
77,520 1, 840 

l4ú,400 5, 100 

o 
Tablc 4. Waste Loadings From Peach Canning Operations 

Total Suspended 
Solids Solids TS SS TS _

2 
gal/ case (mg/1) (mg/1) lb/1000 gal lb/1000 gal (lb/casc)xlO 

. 
1 

' 
34. 1 1750 60 14. 595 o. 5 49.77 
46. o 2045 120 17.055 l. o 78.45 
41.9 - - - - -
74.0 - - - - -
s. 6 2905 155 . 24.228 l. 29 13.57 

50.9 2330 450 19.432 3.75 98.91 
39.0 - - - - -
47.0 2010 25 16.763 ' o. 21 78.78 
52. 2 1585 150 13.219 l. 25 69.00 
73.6 2065 250 17. 222 2.08 126.75 
54. 1 1895 335 15. 804 2.79 85.50 
27.9 - - - - -
34. 8 1430 250 11. Q26 2.08 4lo 50 
35 • .1 1495 165 ¡.·. -!68 l. 38 43.76 
30.9 2005· 305 lt>.722 2.54 51.67 
26. 1 2175 240 18. 139 2.0 47.34 
40.5 - - - - -
33.5 2010 75 16.763 0.63 56. 15 
28.6 1660 95 13.844 0.79 39. 59 
31. 9 1975 125 16.471 l. 04 52.54 
2(1. o 1895 425 15.804 3. 54 41.09 
27.0 - - - - -
3·l. 4 1 (¡(J 5 90 13.886 0.75 47.77 
42. 1 1915 . 130 15. 971 l. 08 67.23 
28.7 2015 345 16.805 2.88 48.23 

SS 1 
(lb/case)xl 

..-----J 

17.05 
46. 00 

-
-

6·. 67 
190.87 

-
9. 87 

65.25 
153.09 
150.94 

-
72.38 
48.44 
78.48 
52.20 
-

21. 1 o 
22.59 
33. 17 
92.04 

-
25.80 
45.47 
82.65 

-3 o 
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Rank 

1 

2' ' 

3 

4 

5 ' (;' 

6 

7 -

8 -

9 

10 

11 

12 

13 

14 

1,5 

16 

17 

18 

19 

20 

21 
' ~ 

22 

-23 

24 

n = 2~ 

" '\ 
) 

~ 

j 
1 

Table 5. Probability Data F'rom Peach Canning Operations 

Prpbabihty g;:Ll/ case 
1''1 

' ~.' 

gallease 
m 

n + 1 

5.6 1.92 

26.0 5.77 

26. 1 9.62 

27.0 13.46 

27.9 17. 3Q 

28.6 21. 15 

28.7 25.00 

30.9 28. 85 

31.\9 32.69 

33.5 36.54 

34. 1 40.38 

34.4 44.23 

34.8 48.08 

35. 1· 51.92 

39.0 55.77 

4~o.· 5 59. 61· 

'41. 9 63.46 

42. 1 'ó7 o 31 

46.0 ',71. 15 

47.0 75.00 

50.9 78.85 

52.2 82.69 

54.'1 86.54 

73.6 90.38 

74.0 q4.26 

' -j ,' -:o .....,,. r' ., 

Rank 

1 

' 2 

3 

4 

5 

.6 

7 

8 

9 

10 

11 

12 

b 

14 

15 

16 

17 

18 

n = 19 

7 

Probabihty TS, S-, ,,· 

-2 
(lbs/case)xlO 

13.57 

39.59 

41.09 

41:5o 

43.76 

47.34 

47.77 

48.23 

49.77 

51.67 

52.54 

. 56. 15 

67.23 

69.00 

78.45' 

78.78 

' 85. 50 

98.91 

126.75 

' -3 
(lbs/L~se)xlO · 

ó.67 

9.87 

17.05 

21 o 10 

,zz.s9 

25.80 

33.17 

45.47 

46.00 

48.44 

52.20 

65.25 

72.38 

18.48 

82.65 

92.04 

150.94 

153. 09 

190.87 

n + 1 

2.5 

7. 5 

12. 5 

17.5 

22.5 

27.5 

32.5 

37. 5 

42. 5· 

47.5 

32.5 o - 57.5 

o2.5 

- o7.5 

72 .. 5 

77.5 

82~ 5 

87.5 

92. 5 

o·, 
.. 

. .. 
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o/o 
18.0 
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case 

BOD, 

o/o 
36,0 

24.0 

14.0 

25.0 

z. 8 
lb" .-case 

COD 
%' 

28.0 

36.0 

12.0 

24. o 
s. z 

lb 
case 

SS 
% 

33.0 

45. o 

4.0 

13.0 

l. 4 
lb 

case 
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-
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{ Cutting 
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Reels 
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Blanch 
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Figure l. Potential Pollution Sourées - Corn Cannery 
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Table 6. Water Usage a~d Wa·ste Cha racte rization in Apple Proces sing 

·' 
Water Usage. BOD5 . St•.spended Solide: 

Proce·,s St~ ~/kkg G/T kg/kkg lb/T kg/k k g lbiT 

Wnshing 142 34 0.09 O. L8 0.03 .06 
Peeli:1g 

O.Jl Mechan! cal 104 25 0.16 0.015 0.03 
~ticing 638 158 2.49 4.97 0.182 0.36 
Dcaeration 71 17 2.21 4.42 0.12 0.24 
Cooking 267 64 0.14 0.27 0.05 0.10 

..e Cooling (1) 58 14 0.02 0.03 0.005 0.01 
Transport ' 58 14 o. 02 o. 03. 0.005 0.01 
CIE.'an-up 1,558 372 l. 90 3.80 0~30 0.60 

(1) 95% r.e e 1 re ·u '1 a t e d 

. ' 
~: ~ 1 

.. 

o o o 
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Ta blc 7. Watc r Usage -and Waste Cha racterization in Citrus Proces sing 

-~ 

~~~~ 8005 §usp_(>ndC'd:SC?_lid.~ 
ProceHs S te!?.!! .1/Jdcg (G/T) _!<._s./k)(g (lb /T) ~E/í{kJl .i!~LD. 

Fruit Clcaning 303 ( 73) 0.08 (0.16) 0.04 co:on 
Extracting, 389 ( 93) 0.40 (0.79) 0.27' (0.54) 
Pasteurizing/Homogenizing 62 ( 15) o ( O) o ( O) 
Cooling (1) 

Juice Producte 221 ( 53) 0.03 (0.05) 0.02 (0.03) 
Segmente' 0.01 (0.02) 0.01 (0.02) 

Juice Condensing 400 ( 96'- 0.06 (0.12) 0.02 (0.03) 
Barometric Condenning (2) 

Juice Products 50 ( 12) 0.07' (0.13) 0.09 (0.17) 
Waste lleat Evaporntor 71 ( 17) 0.15 (0.29) 0.09 (0.18) 

...... Pee1ed Fruit Hashing 129 ( 31) 0.04 (O. 07) 0.01' (0.01) o 
Caustic Treatment 1 (O. 3) 0.01 (0.02) 0.01 (0.01) 
Centrifuging · 144 ( 35) 3.07 (6.14) 0.51 (1. 02) 
Container Hashing 75 ( 18) o o ( O) 
Waste Heat Evaporator 

Condensate . 334 ( -80) 0..-33- - (0.66) 0.11 (0.22) 
Waste Heat Evaporator 

Scrubber Effl. 351 ( 84) 0.22 (0.43) 0.08 (0.15) 
011 L~an' Residue From 

Scparator 126 ( 3ó) 0.16 (0.32) 0.25 (0.49) 
Boiler BloHdown 60 ( 14) 0.01 (0.02) 0.01 (0.02) 
Reg~neration Brine 13 ( 3) o ( O) o ( 0) 
Cleanup 

Juice ·Products 705 (169) 0,16 (0.32) 0.16 (0,31) 
Segments 371 ( 89) 0.36 (O. 72) 0.07 (0.13) 
Peel Products 484 (116)0 0.07 (0.14) 0.11 (0.22) 

(1) ')0~;, rce1rculated 
(2) 2% coolíng towcr blúwdown 



Table 8. Water Usage and Waste Characterization in Patato Processing 
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Table 9. Average (Range) of BOD and Flow For 
Va rious A pplc 'Product Style s 

~ ;_ FLOW BOD 
NilliBER 1/kkg gal/T kg/kkg lb/T 

PRODUCT STYLE PLNHS AVERAGE (RANG~) ·AVERAGE (RANGE) AVERAGE(RANGE) AVERAGE(RANGE) 

Juice Only 3 2880(1880-3540 ) 6Q0(450- 850) 2.05(1.6- 2.55) 4.1( 3.2- 5.1) 

Sauce Only 3 3400 (J 380-6050) HJS (JJ0-1450) <;.)50.4- 7.5 ) lO. 7 ( 6. 8-1 ').o) 

Sauce & Juice 3 1690(1190-14800) 405(285-3550) 6.85(5.8- 8.5 ) 13.7(11.6-17.0) 

Apple Products 9 3920(1190-14800) 940(285-3550) 6.0 (1.4-10.1 ) 12.0( 2.8-20.2) 

(~xcept Juicc Only) 

All AppJ e 
1 

--:--- -Products --- 12- 3660(1190-_l48QO) ___ _875 (285-3550) 5.0 (1.4-10.1) 10.0(2.8-20.2) 

Slices with 
Applc Products 3 6635(1790-14800) 1595(430-3550) 5.85(1.4-10.1) 11.7(2.8-20.2) 

'·' 

< •. e ~ 

o 



'1 

NUMBER 
PRODUCT STYI.E P·LANTS 

Segments Only 2 

Citrus Produc_ts 
without Segmente 19 

Citrus Products 
with Segmenta 6 

Citrus·Products 
1;,d thout Oil S 

Citrus Products 
w:ith Oil 22 

.... Citrus Producto 

..,., without Feed 9 

Citrus Products 
with Feed 18 

FLOW 
1/kkg ga1/T 

AVERAGE(RANGE) AVERA.GE (RANGEl_ 

7455(4340-10570) 1790(1040~2535) 

10160( 710-24950) 2440( 170-5980) 

10850(4380-191QO) 2600 (1050-4600) 

7570(4340-10570) 1820(1040-2535) 

10690( 710~24950) 2560( 170-5980) 

7 5 70 (16 30-2495C) 1820( 390-5980) 

BOD 
kg/kkg 

AVERAGE(RANGE) 

3.5 (2.65-4.35) 

3.15(0.45-8.5 ) 

3.3 (1.4 -5.6 ) 

3.35(1.45-5.6 ) 

3.2 (0.45-8.5 ) 

3.15(0.7 -6.4 ) 

1b/T 
AVERAGE(RANr.E) 

7.0(5.3- 8.7) 

6.3(0.9-17.0) 

6.6(2.8-11.2) 

6.7(2.9-11.2) 

6.4(0.9-17.0) 

6.3(1.4-12.8) 

::::-" A.ii' ·Pro·auct's 2-7 

11380( 710-24740) 

10110 e- -no---249 so> 

2730( 170-5930) 

2425( 170-5980)-

3.25(0.45-8.5 ) 

3.2 (0.45-8.5 ) 

6.5(0.9-17.0) 

6.4(0.9-1?_.0) 

Table 11. Avera'ge (Range) of BOD and Flow For Variou's Potato Product Styles 

PRODUCT STYLE 

Frozen Products 

Dehydrated Producta 

Frozen & Dchydrated 
Producto 

NUMBER 
PLANTS 

13 

7 

3 

A11 Potnto Producta 23 

1/kkg 
AVERAGE(RANGE) 

FLOW 

11320(4090-15510) 

gal/T 
AVERAGE(RANGE) 

2710( 980-3720) 

kg/kkg 
AVERAGE(RANGE) 

22.9 (4.45-36.95) 

BOD 
lb/T 

AVERAGE(RANGE) 

45.8( 8.9-73.9) 

8770(6530-12010) 2100(156~-2880) .11.05( 7.75:-15.2) 22.1(15.5-30.4) 
r, 

9260(6380-12800) 2220(1530-3070) 13.8(13.b5-13.95) 27.7(27.3-27.9) 

10270(4090-15510) 2460( 980-3720) 18.1 (4.45-36.95) 36.2( 8.9-73.9) ·---- --o--- ·-·-o----- . o-
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_ The p,QD aYcr~ge rar.ged fro'm 2. 05 kg/kkg (4. 1 lb/ton) fur- 1uice tr; 

E ••. 85 kg/kkg { 13.7 )b/ton) for'.the sauce and juice group. ThE· LúD a.vera2es 
for all the (!roups compared favórably to the BOD of 5. O 1-:g/kkl! 1 JO. O lh.'ton) 
for all apple products wlth the exception of the ·plants producing JUlcc. The 
flow averages ranged from 1690 to 6,635 1/kkg '(405 to 1595 G/T1 wlth the 
average for a . .Ü apple products bcing 3, 660 1/kkg (875 G/T-). 

Waste waters frorn citrus processing plants contain organ"c carbon 
and z:natter in suspended and dissolved forrn. The quantity of fresh water 
intak_e_ ~o plants ranges between 710 and 24,950 liters per thousand kilograrns 
( 170 a~d 5, 980 gallons per ton) of raw material. Fresh water use is highly 
conting~.qt upon in-plant conservation practices and reuse techniques and 
averages approximately 1 O, 11 O 1/kkg (2425 G /T) o-f citrus preces sed. The 
nature and arnounts oí these water reUl3CS ·as iníluenced by in-plant controls 
and operational practices have a. substantial eífect on resulting waste water 
quantities and characteristics. 

About two-thirds oí the total solids in cit'rus juices are sugars and the 
same may be saíd of the waste water. Because bí this citrus \\'astes are 
highly putrescible. Citrus wastes contain pectíc substances which 111terfere 
with s ettling bf the suspended solids. Prímary clarification of citrus waste 
water is notas effective as with rnost other wastes. Citrus waste water con
tains a small amount oí the essential oil that occurs rnostly in the fruit peel. 
This oil is bacteriostatic but usually does not in.terfere with treatment 
procedures unless it accurnulates in an anaerobic sludge digester. Citrus 
wa~tes are deficient in nitro gen and phosphorus compounds; treatment by 
b.iological procedures rnay be accelerated by adding these nutríe:nts. Citrus 
waste water úsu.ally is sornewhat acid because oi-the citríc acid it contains. 

-However, alkaline rnateríals u sed in cJ.caning t:h'e equiprhent and l ye- bath water 
írom sectionizíng operations tend to rnake the w~ste water alkaline. and at 
times ver y s trongly so. 

The volurne oí citrus wast~ water fluctuates through the ha!'vesting 
season. The production oí írozen orange concentrate is a cont1nuous operation, 
running, twenty-four (24) hours per day úntil it becómes necessary to clean 
the'equipmcnt. _ On the other hand, the other prbcessínl:\ operatlons are mostly 
a one or two shift operation daily, and rnay shutdown completely on weekends 
or hohdays, depending on fruit supply and markbt demand. The volume of 
waste \vater -changes rnarkedly when the production run is over and clean-up 
operations begin. .1 

L 
The chan~es in strength, volumc, 'and pH· ar~ such that bwlof!ical 

trcatmcnt oí the waste is rendered diíficult unle:ss fluctuations are leveled 
out. This is accomplished by a surge tank with !suita,f·de mixin!! facihtlt:s 
placcd' aht.·ad o( the treatment plant or with treatrrwnt pla.nt desi~n to hanclle 
thcsc fluctuations. 

1 4 

' 
'1 



In a survey of 23 plants ranging in size from 180 to 1630 kk:: (200 t0 
1800 tons ). the ROD ran~ed from 4, 4=) to 16.95 kg/kkg (8. 9 to 73, • JtJ lto:~ 1 

with an average of 18.1 kg/kkg (36.2 lb/ton). Suspended sohds r:lnf.U d from 
3. 8 to 45.5 kg/kkg (7. 6 to 91. O lb/ton) wlth an average of 1 ?. 9 kg/kkg ' O 
(31.8 lb/ton). Water usage ranged from 4090 to 15,510 1/kkg (980 to 372.0 G/Tl 
with an average of 10,270 1/kkg (2460 G/T). 

Case History 

l. Spray Irrigation 

(a} Description -- The París, Texas plant of Campbell Soup 
Company, whose building complex extends over an area oí 
22 acres, produces a complete line of heat processed soups, 
plus beans and spaghetti type products. Waste water from 
the processing areas is collected by two drainage systems. 
One, containing the grease írom the cooking a re as, 1s firs t 
routed through a gravity grease separator at the waste 
screening building befare it joins the second waste stream 
from the vegetable trimming atea. Together the merged 
streams pass through revolving drum type 1 O-mesh screens 
to remove large pieces of vegetable matter which are then 
conveyed to a storage hopper for later removal as animal 
fe e d. The wastewater falls into a 100, 000 gallon surge tan k 
from where it is pumped at high pres sur e to the spray 
irrigation field. 

Pumping is accompli;;t.ed by five 75 HP vertical turbmes 
ea:ch capable of 1000 gprn at 200 íeet TDH. The selection of 
vertical turbines over horizontal centriíugal pumps is the 
result oí cost considerations over a long period oí time. 
While thes e purnps are m.ore expensive at the outset, the 
cost of mounting, the efficiency oí operation, the accessibihty 
for maintenance, and their reliability makes them a less 
expensive purnp in the long run1. A liquid level system con
trols the starting of each pump so that each is energized in 
turnas the water rises in the surge tank. Tied electrically 

' 
to the starting circuit oí each pump is a timing dev1ce wl:uch 
controls the operation oí¡ pneumatically controlled valves ; 
in the field, which in turn activate the sprinklers. Each 

1 

sprinkler line is assigned a po.sition in an operatinp. group 
and each operating group is balanced to the dischar~e rate 
oí the purnp. In general, all lincs d1scha rge the san1e 
quantity of water on a pcr-acrc basis so that the rate of 
apphcation is ad.Justed by the duration of the spnnk.hng 
time. A switching arrangement has been provided so that_ 
the groups of lines operating from a given pump may be 
rotated frorn tlme to time. 
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For exan1ple, assume that p1,1mp "A" is operahn~ Group I! 
sprinklcrs. Whcn the water rises in the pit, Purnp "L" 1..01~..._,_ ~ 

on, ene r gi'zing Group V sprinklers. In the mean time, Group ¡¡ 
finishes its allotted time and turns off, but Pump "A" con-
tinues to operate and Group III sprinklcrs come on autornatica:iy. 
When Pump "B" has lowered the liquid level in the ¡;urge tan·r:. 
it turns off and Group V sprinklers are shut clown. The systc:n 
continues to recycle' as long as there is flow from the íactory. 

Per iodic samples s ecured at the outíall_ of the sys te m 
indicated a consistent reduction in Bon·· of 99 percent with 
most samples indicating a BOD of 3 to 6 ppm. 

' . 

(b) Key Design Parameters 

(1) Length of Slope -.- The Paris system was designed on the 
basis that the downhill slope should be between 200 and 
300 feet. Basically, the downslop¿ area requirement is 
50 fee! beyond the perimeter of the 1sprinklers. 

(2)Degree of Slope.-- The pitch .of slo'pes in París ranges 
from .l1es s thanc one percent to mord than twelve· percent. 
The in.~estigation led to the conclusion that a flat. slope 
limcouraged puddling and subsequently a.'"'laerobic 
conditions, while the retention time on a steep slope 
was in·sufficient for complete degrádation at normal 
application rates. This established a design criterion 
of no more than six percent but not less than two percent 
for any ¡;¡lope. · 

(3)Hydraulic Loading --In París, the design was based 
up_on an application rate of • 25 11 per day in Winter and 
• 50" per day in summer based upo~ an estima tea wetted 
area coverage of approximately 75 'percent. As it turned 
out, the actual wetted are·a was · considerabl y les s than 
the estímate, but the disposal capacity per wetted acre 
was much greater. The grea:ter hydraulic load capacity 
combined with more efficient land utilization rcsults in 
ªmore compac,t system requiiring fess ac·reage. The 
application to wetted watershed in t!hc test areas was 
norn<ally O. 6" per day or 3. O" for ·a five-day week. 
During the summer of 1968 the dur!ation of the sprinklin~ 
cycle was increased from 6 to 8 hdurs per day, while 
hay harvcst was in progress. 

(4)Hay Harvest -- Reed Canary Grass will yield a lar~e 
quantity of exceptionally high quality hay which according 
to nutrí tional analysis approximate1s the valuc of Íl rst 
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CANNED & PERSERVED FISH ANO 
SEAFOODS PROCESSING INDUSTRY 

E. F. Gloyna 

Fish and shellfish industry is an integral part of the food processing 
industry: 'The industry world-wide uses sorne of the oldest and newest 
technologies. Harvesting techniques employ; netting, trapping, dredging, 
and live fishing. Fishing vessels either take their catches directly 
to the processor or ice down the catch for later delivery. Wastes from 
butchering and evisceration are usually dry captured, or screened from 
the wastewater, and processed as a fishery by product. Unless the seafood 
is prepared for the fresh market, most catches of sea food receive sorne 
form of precooking or blanching which facilitates removal of skin,· bone, 
shell, gills, and other wastes. The fish is prepared in its final form 
by picking or cleaning to separate the edible portions. Bacterial growth 
is arrested at temperatures below -9 °C. Preservation by canning at 
about 115 oc for 30 to 90-minutes, depending on can size. 

Typical fisheries processing plants in the USA include: catfish, 
blue crab, shrimp and tuna. The following data (figures and tables) are 
deri ved -from EPA Draft Document, "Devel opment Document for Effl uent
Limitations Guidelines and Standards of Performance for the Canned and 
Preserved Fish and Seafoods Processing Industry". 

Catfish 
About 45% of the whole catfish is ~'laste but about 45%-of the ren
dered offal is protein, Table 1. 

Table l. 
Off a 1 ( 

Proximate Analysis of Raw Catfish 
, 1970) 

Constituent 

Moisture 

Crude fat 

Ash 

Crude protein 

1 

Level 

58.6% 

25.5% 

3.1% 

12.8% 
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Table 2 shows the waste characteristics from typical catfishing process
ing plants. 

Parameter 

F1ow 

BOD 

COD 

~ TSS 

TVSS' 

Table 2. Catfish Processing Wastewater Characteristics 
{Malkey and Sargent, 1972) 

Leve1 
kg or 1 lb or ~al kg or 1 lb or gal 

1000 fish 1000 f~sh kkg raw rnat'1 ton raw mat'1 

7570 (2000) 135 (3912) 

3.6 ( 8 o o) 7.83 (15.65) 

4o9 (10o8) 10.57 (21.12) 

2.3 ( 5 .1) 5.00 (9.98) 
.,...._ ~·~ ~.. " 

2.0 ( 4. 5) 4.40 (8.80) 

Grease and Oi1 0.8 ( 1 o 7} 1.67 {3.33) 

¡ 
{¡ _, 

•J -- ' , .... 
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A typical flo\'t diagram f.or a catfish processing facility is 
given in Fig. l. 

Fig. l. Catfish Process 
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Blue Crab 
. The majar part of ~he blue crab is not edible. The waste consist 

of body juices, shell and entrails. The loss may be as high as 86% of 
the crab weight. About 35% of the total 1oss may be lost in cooking. 
Because much of the waste is e~oskeleton the'protein concentration of 
these ~astes are low as compared visceral fish wastes. 

About 35% of the live weight of the crab is lost in the steam 
cooking process. These condensates from the crab cookers exhibit soo•s 
of l2,000'to 14,000·mgfl. Plant clean up waters may have organ~c 
strenghts of 1,400 mg/1. Also, in canning, additives such as EDTA, 
Alum, Citric Acid and other organic acids are used in small amounts. 

The blue crab handling process is shown in Fig. 2. A typical 
me~hanized plant utilizes the mechanical picker 5 to 10 hours per week 
or more. 

Fig. 2 Mechanized Blue Crab Process 
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The majar portian of the Alaskan (King Crab) is \'/asted in process>ng:, O 
About 80% is wasted. The waste in primarily protein, chitin and calcium _ 
carbonate, Table 3. 

Species 

king crab 
tanner crab 
tanner crab 

Table 3. Typical Crab Neat Composition 

Source Protei n 
(%) 

picking line 22.7 
leg and claw shelling 1 o. 7 
Body butchering and 

she 11 i ng 21.2 

e 

Composition 
• . 

Chitin CaC03 
.. 

(%) ( ~;) 

42.5 34.8 
3L4 57.9 

30.0 48.8 

A study by Oregon State University (Soderquist, et al., Ú72a) con-~ 
ducted in 1970 and 1971, characterized the wastewaters-from the processing 
of several fuits and vegetables in terms of organic load. The study found 
that green bean processing generates about 3.5 kg COD/kkg (7 lbs/ton) of 
raw product, whereas royal ann cherry processing generates 14 kg/kkg 
(28 lbs/ton); and red beets, 37.5 kg/kkg (75 lbs/ton). The Dungeness crab 
plants surveyed, by compar.ison, produced 11.0 kg/kkg (22.0 lbs/ton) of raw 
product processed. This, surprisingly, was lower than all but on of the 0 
fruit and vegetable commodities mentioned above. 

This comparison is made all the more interesting whenviewed in the 
light of water usage. Whereas, the range of water usage for the fruits 
and vegetables mention~d above was 3.7~ to 12.07 cu m/kkg (900 to 2900 
gallons per ton), water use in the Dungeness crab processing industry was 
about 15.0 to 21.2 cu m/kkg {3600 to 5100 gallons per ton). 

Shrimp 
The process for canned or frozen shrimp is fairly uniform throughout: 

the United Sta tes (see Figure 3). On the lower Pacific Coast, shrimp are·· 
brought to the processing plant frequently {1-2 days). Very seldom are 
the shrimp held at sea more than a few days. After netting, the shrimp 
are brought onto the deck of the ship and the majority of the larger 
fish and debris is removed at that time. The· shrimp are then stored 
whole in the hold of the boat. These shrimp are laid in a two to three 
inch mat with about an inch or more of ice put properly, spoilage will 
occur quite rapidly. Although trash fish are removed from the catch 
prior to returning to port, approximately one percent of the delivered 
load still consists of trash fish and debris, and must be manually sepa- · 
rated at the processing plant. 

In the Gulf of Mexico and South Atlantic fishery. the boats normally 
do not bl·ing their catch directly to the processing plant. They commonly 
dock at central locations (buying stations) and unload their catch into t ~ 
waiting tr~cks. The shrimp are then iced down and hauled to the process-. 
ing plant. Unlike other areas, the Gulf and South Atlantic shrimp fish-
ery dehead a s.ignificant portien' of the· catch at sea. This is done to 
minimize degradation of the product and permits extension fishing trips. 
,\lso, the breaded shrimp industry pays a higher price for deheaded shrimp 
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due to certain types of machinery that can only handle this type of pro
duct. In a.,fev/ instances, heads-on shrimp are brought to the unloading 
poi nt \'Jhere~~they á re deheaded prior to bei ng 1 oaded onto the truck, for 
transport to the processing plants. In the rle\·1 England area, the shrimp 
are del1vered fresh daily to the processing plant, heads on. At the ·plant 
dock·t~ey~are in_sp·ecfed and foreign material is removed; then they are 
weighed· a11d i~_ed .• 

- . 
Fig. 3. Gulf and. East Co~st Shrimp Canning Procesi 
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\Jastes Generated 

Jensen (1965) estimated that 78 to 85 percent of the shrimp is wasted 
in mechanical peeling. Using a value of 80 percent, the quantity of shrimp 
w~ste generated in Alaska in 1971 was calculated to be 4500 kkg (5000 tons). 

Vilbrandt and Abernathy (1930) mentioned that the shrimp heads comprised 
43 to 45 percent of the whole raw shrimp. Thus, the estimated total shrimp 
waste would be reduced to approximately 77,000 kkg (85,000 tons) if all the 
catch in the Gulf and South Atlantic states v1ere beheaded at sea. 

The wastes consists of about 25% protein, 50% chitin and 25% calcium 
carbonate. 

Tuna 
The four main tuna species of interest to the tuna processors are the 

yellow fin Neothunus macro terus , blue fin (Thunnus thynnus), skipjack 
(Katsuwonus pelamis , and Albacore (Thunnus germo). These species are 
divided into the white meat variety, exclusive1y Albacore, of which there 
is a limited catch, and the light meat varieties of blue fin, yellow fin and 
skipjack, the latter two of v1hich comprise the majority of the tuna canned 
in the United States. White meat tuna is considered the 11 premium" product 
of the industry, because of its characteristically v1hite color, firm tex
ture and delicate f1avor as compared with the darker, fuller flavored light 
mea t. 

Harvesting with pole and line has given way in the past 20 years to the 
use of the purse seiner, which permits the catching of a large volume of 
fish in about one-fourth the time. (Altacore are primarily harvested with 
pole and line because they don't school;. After locating a school of tuna~ 
the fish are encircled with a large net which is then drawn closed at the 
bottom. The fish are subsequently crowded together and dipped out of the 
enclosure into the hold of the boat. Fish harvested locally, i .e., near 
the processor, are held in refrigerated cargo holds or wells in the ship. 

The 
fica11y; 
torting, 
pet food 

processing of tuna is divided into several unit processes, speci-. 
receiving, thawing, butchering, precook, cleaning, canning, re-

and finally, labeling and casing. Product flow, wastewater flow, 
production, and waste utilization is shown schematically in Figure 4. 

The tuna are precooked to favilitate the removal of edible from inedible 
portions. The pre-cook process involves 3 main steps: 1) the steam cooking 
of the fish, 2) removal of the steam condensate or "stickv1ater," and 
3) the cooling of the fish prior to cleaning. 

~o part of the tuna which enters the processing plant is regarded as 
waste by the industry. 
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Fig. 4. Tuna Process 
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Waste Characterization 

Various summaries are provided depicting the ra\oJ ~laste loodings 
average flo\'/s. Table 4,5,6, respectively provides process summaries 
catfish, mechanized blue crab, shrimp and tuna processing. 

Table 4. Catfish Process Summary (5 plants) 

Coeffl.cl.ent of 
Standard Van.ation 

Mean Deviatl.On (\ of mean) 

1 
flow Rate, cu rn/day 

(rngdl 
109 

(0.029) 
43 39 
'(0.011) 39 

2 

" .. 

and 
for ~ 

t 
'l 

~ 
~ 

42 
(0.011-

o 

1S3 
o.o 

Flow Ratl.O, -1/kkg 
(ga1/ton) 

19,000 7,000 32 12,000 • - 29,000 

i 

" Settleable So1ids, rn1/1 
Settleab1e Sollds Hatlo,· 1/kkg 

: 3 
Screened So1l.ds, rng/1 
Screened So1l.ds Ratl.o, kg/kkg 

" 
· Suspended Soll.ds, rng/1 

Suspended So1l.ds Rat1.o, kg/kkg 
4 

S day BOD, rng/1 
S day BOD Ratl.O, kg/kkg 

20 day aoo,·rng/1 
20 day BOD Ratl.o, kg/kkg 

u 
COD, mg/1 
COD Ratl.O, kg/kkg 

Crease and Ói1, rng/1 
Crease and 01.1 Rat1.0, kg/kkg 

~ 4 
Jrganlc Nltrogen, mg/1 
Orgdnic N1.trogen Rat1.o, kg/kkg 

' l 4 .J 

Arnmonia-N, mg/1 
Arnmonia-N Rat1.o, kg/kkg 

S 
pH 

day = 8 h:z::s 
2 we1ght of raw product 
3 based on three observations 
4 based on four observations 
':. lat-oratory pH · 

' $ 
~ 

" 

,. 

(4600) (1700) 

0.6 0.4 
10.6 10.2 

30S 179.8 
6.7 3.4 

44S 204 
8.3 4 .·2 

511 152 
8.3 5.3 

891 432 
1S.5 6.1 

257 121 
4.5 2.0 

32.7 12.3 
o.s 0.2 

o. a 0.4 
0.01 0.007 

6.4 0.6 

32 (2900 6900) 

59 o.~ 1.2 
96 l.6 27.6 

' 
59 117.9 476.6 
so 3.5 10.2 

46 274 ~ 7S6 
51 3.3 12.9 

30 212 1006 
63 s.o H.2 o 
48 496 1600 
40 10.2 2S.7 

( 

" 47 114 44A 
44 2.9 7.2 

38 20.7 .;9. 6 
31 0.3; O.B 

52 o.s. l.4 
53 0.006 - 0.0 

e 
9 S. S 7.0 

o 
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Table 5. ~1echanized Blue Crab Process Summary 
(2 plªnts) 

?arameter 

1 
F1ow Rate, cu m/day 

Úngd) 

2 
F1ow Ratlo, 1/kkg 

(ga1/tonl 

sett1eab1e So1lds, m1/l 
Sett1eab1e so11ds Rat1o, líkkg 

Screened Sol1ds, mg/1 
Screened Sollds Rat1o, kg/kkq 

Suspended so11ds, mg/1 
Suspended Sol1ds Rat1o, kg/kkg 

5 day BOD, mg/1 
5 day BOD Rat10, kg/kkg 

20 day BOD, mg/1 
20 day BOD RatlO, kg/kkg 

o 
COD, mg/l 
COD Ratlo, kg/kkg 

Crease and 011, mg/1 
Grease and 011 Rat1o, kg/kkg 

Or~an1c·N1trogen, mg/1 
Organ1c N1t.rogen Rat1o, kg/kkg 

Am:non1a-N, mg/l 
Ammon1a-N Ratlo, kg/kkg 

pH3 

1 day = a hrs 
2 we1ght of raw product 
) laboratory pH 

Mean 

178 
(0 .047) 

36,900 
(8860) 

<i 

2.5 
92 

331 
11.7 

650 
22.7 

\ 

~040 

34 

150 
5.6 

107 
3.6 

5.8 
0.2 

7.0 

10 

Range 

it 279 
(O.ú20. O.C73l 

29,000 - 44,~00 
(6960 10760) 

:.4 2.6 
77 lO 7 

39 é 
11. S 

49b 
22.3 

644 
29 

147 
4.3 

61 
2.7 

3.5 
0.16 

6.8 

496 
22.3 

796 
2 3. o 

1450 
42 

15.4 
6.9 

153 
4;4 

8.3 
0.24 

7.2 



Parameter 

1 
fJ.ow .ka te, cu m/day 

(mgd) -; 2 
Flow Ha t'l o, l/kkg 

. r 
Cc;a1/ton) .. 

Sett1cable Sollds, ml/1 
Set tleablc !"ol1ds Ha u o, 

~creened_So1ld~, ITlg/1 

Table 6. Gulf Shrimp Canning Process Summary 
(4 plants) 

CoC"ff1c1ent of 
Standard Var1at1on 

:-~c.·an 0CV1at101l (% o'f rte>a~i 

788 9~7 12 
(C' • .205) (0.0245) 12 

H,96C' 9!\00 :!1 
(11,000) 12350) 21 

13.9 5.3 38 
1/kkg s~c, 470 90 

Screened,~ So1ld~ Rat1o, kg/kkg 
r 

Suspe-nded Só1ids, mg/1 802 4'i9 57 
Suspendcp so11ds Rat10, kg/kkg ~7.7 15.2 40 

~ 3 
~ da y óOU, 1'\gll 101?1 21€ :!0 
S day DOD Rat10, kg/kkg 46 

:u da y BS)O, mg/1 
20 day BOD R3t1o, kg/kkg 

con, mg/1 22'16 f;53 28 
con nat1o, kg/kkg 10q 20 18 

Grease and 011, ll'g/1 ::.a 169 H 
Greasc and 01·1 RatlO, kg/kkq !1·. o 9.8 81l 

Orga~lc ~ltrogen, mq,'1 196 62 3:? 
urgan1c N1trogcn Rat1c, kq lkkg 7.6 i. lO:? 

A:':lmon1a-i~, ng/l u '>.4 4n 
Ar:mon 1 a-!! Rat10, kg/kkg 0.51 c.i2 24 

4 
¡..H f:.7 

day ··<8 hrs 
::? \o.'C.I.ght of raw proa~.o.:t 
] t>as.:-d or. on€' plant 
4 laborator r pi! 

11 

o 

Range 

695 905 
(ú.184 - C.239) 

33,COO - 57,000 
(7900 - 14 ,OOCl 

">.4 • 31 
184 978 

483 110C' 
15.9 SC.1 

1008 14 J2 
4) 6: 

197, 265E o Rf: 122 

1411 759 
•;. 4 3~.4 

3':1 29~ 

1.9 U.4 

7 H 
0.~2 :.47 

6.5 - l 
- ~ '.v 

o 



o 
Table 7. Tuna Process Summary (9 plc~:~ 

l'aral"''("tC'r 

f lo.t. Pat C', e u m/ da) 
(I'YHi) 

2 
flow RatJ.o, 1/kkg 

(gal¡ton) 

Settlcable SolJ.ds, ml/1 
Sett1eab1e So1J.ds Rat10, 1/kkg 

Scre~ncd Sollds: mg/1 4 
~cre~ned So1J.ds Rat1o, kqfkkq 

Sus~ended Sol1ds, mg/1 
Suspfndcd So1ids Rat1o, kg/kkg 

5 day BOD, mg/1 
~ day BOD Ratl.o, kg/kkg 

20 day BOD, mg/1 ' 
20 ~ay BOD R~t10, kq/kkg 

t:OD, mg/1 
t~D RatJ.o, kg/kkg 

(,{'2ase ~nd Oll, mg/1 
CrC'a?e and OJ.l Rat1o, ~g/kkg 

Organ1c NJ.trogen, mq/1' 
t>raan1c N1troqcn Rat1o, kg/kkg 

;,;:u•1on1 a- N, Mg/1 
.~on1a-N RatJ.o, kg/kkq 
1'11 ') • ' 

i 
day = 8 hrs 

.: we¡qht of raw product 
drr "'" 1 gh t 

4 two su..'llo1es 
5· laboratory pH_ 

o 

~an 

3n 60 
(0. 8081 

18,290 
14386) 

2.1 
29 .o 

6 3. 5 
1.3 

670 
10.1 

939 
13.0 

2210 
35.l 

36 4 
5.7~. 

56.5 
1.22 

6.9 
o .119 

6.7 

Sta:1dard 
De·.·¡atJ.on 

3370 

9023 

1.8 
15.5 

763.7 
4.5 

692 
4.1 

939.9 
15.3 

Coeff:_=--e:--; 
Var:.a~::¡;: 

( 11 o! :ne a::. 

¡e; 
,:, 

·~ 

--

.e: 
~' 

207 ~~~_____...___,__: -
3.40 :.: 

25.10 '" o .049 ': 
~.27 E: 
o .072 í: 

o. 408 . 

12 

Range 

246 - 11,700 
(0.065 3.11 

5570 - 33,000 
(1336 7914) 

0.2 5.9 
6.9 so .1 

357 
3.8 

421 
6,8 

1310 
14.1 

130 
3.20 

30 
0.75 

2.2 
0.02 

6.2 

nJ.ne 

1769 
17.3 

p1o.1r.ts 

2510 
19.'i 

39 40 
6 3. ¡¡ 

509 
13.!5 

9 3. S 
2.17 

13. j 
0.23 

7.' 
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Control and Treatment TechnQ}Qgy 

Treatment control involves: minimizing use of water, recovery of 
dissolved protein and recovery of salid portions. 

Protein Recovery: Several techniques are available for reclaiming 
.protein from the port1ons of the product~ now being wasted. The protein 
can be recovered in the wet form and made into high quality frozen items or 
it can be recovered as a meal or flour, ranging from tasteless-odorless 
fish flour to fish meal for animal feed. 

1. Conventional Reduction Processes 

The conventional reduction process for converting whole fish or fish 
waste to fish meal for animal feed has been used for many years. 

Since the batch process does not remove any oil from the fish, the 
process makes a rather undesirable product from oily fish. In this case 
the continuous or semi-continuous equipment should be used whereby the 
cooked fish is pressed to remove sorne of the oil. This approximately doubles 
the cost of a small plant. 

Another dra\-Jback to a conventi o na l mea 1 p 1 ant i s the odor ca u sed by 
the drier. In areas where large processing plants are located, the odor 
problem has never been solved. Scrubbing has been the most sucessful tech
nique, but is expensive. Air from the drier is frequently introduced into 
the furnace supplying heat to the dryer, \-Jhere the temperature is approxi
mately 760°C (1400°F), thus partially burning the malodorous materials left 
in the process air. This air is then exhausted but where there are many 
reduction plants the cumulative effect, even under the best control condi
tions, is quite obnoxious. 

Of the catagories currently under consideration, only large tuna plants, 
such as those in Terminal Island, California and Puerto Rico have sufficient 
waste material to justify continuous meai plants with the required odor con
trol and stickwater processing facilities (Figure 5) where operating costs 
can be as low as $66 to $88 per kkg ($60 to $80 per ton) since the smali 
batch plants do not press the cooked fish to remove oil and the resulting 
product has an extremely high oil content. The oil content is the limiting 
factor in adding fish meal toan animal feed ration. The limit for conven
tional fish meal is 15% of the ration. llore oily meals must be restricted 
to a lower level because the oil flavor is carried over into the flesh of 
the animal. 
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Figure 5. Continuous Fish Reduction Plant 
With Soluble Recovery and Odor Control 
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2. Agueous Extraction 
,, ' 

The only "'ay that protein·~,aste can be processed into a high grade 
flour for human consumption is to remove _the oil from the product, thus 

- preventing the development of rancid flavor and odor. 'A recent development 
has involved changing from an organic solvent to salt water or brine 
(Chu, 1974). The first _phase of this process can be carried out in small 
as well as larQe processing plants with no highly skilled plant 6perators 
required. In arder to be practical for commercialization, this process 
should be ~apable of handling any portian óf fish scrap as well as whole 

, industrial fish. This would make the process applicable to low grade, 
. fertilizer products, high grade animal feed and fish protein concentrate 
for human consumption. The p·rocéss should also require only the low· 
cost facilities avalilble to small companies. It should, furthermore, 
not require highly trained operating personnel and should not produce 
a waste that will contribute' to the pollution problem-. 

Figure 6 shows the general brine-acid process· used for tr~ating the 
,fish waste or raw fish which is presently being sutdied on a pilot plant·
·scale. The material is ground and homogenized in various concentrations 
·of water or brine and hydrochlortc acid. The sodium chloride tends to 
decrease the solubility of various constituents and the acid minimizes 

·the protein solubility. After varying incubation times the material is 
then centrifuged so that'the lipid and water fractions separate from the 
solid_residue. For animal feed this salid sresidue can then be dried 
and ground to the necessary par:ti el e si ze. Further \'Jashi ng and extract
ing is necessary if it is to be used for human consumption. 

WHOLE FISH 

Figure 6. Brine Acid Extraction Process 
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~- Enzymatic Hydrolysis Process 

_ The use of enzymes to hydrolyze fish protein has been repprted 
by several laboratories. Trypt1c digestive enzymes, pepsin hydrolys1s, 
papai~, and many other eniymatic processes have been tried in an effort 
to· produce a.highly functional protein concentrate. In general, pepsin 
digestion with continuous pH contrcil at 2.0 has proven to b~ one of the 
best· procedures for producing a high quality bacteria-free product 
(Tarky and Pigott, 1973). 
' ' 

The basic -procedure consists of adding pepsin to a homogénized 
fish waste substrate to which equal volumes of water have been added. 
The· pH is lowered to 2.0 with hydrochloric acid and the mixture is 
then continuously stirred at 37°C (99°F). In general, this procedure 
yields about 12 percent product based on the raw material. The product 
has essentially no fat content and, when spray dried, is a bighly functional· 
powd~r which. is low in only tryptophan. However, when added to.vegetable 
proteins having sufficient tryptophan, the total protein is extremely · 
hñgh in quality. The material is cheaper to produce than milk [current 
e~timate, 40 to 55 cents/kg (18 to 25 cents/lb)] and equal or better 
i~ protein value when added as a supplement. The process flow sheet is 
s.hown in Figure 7. _ 

Figure 7. Enzymatic Hydrolysis of Sol id ~lastes 
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4. Protein Precioitation from Effluent Streams 

Laboratory work has shown protein to be recoverable almost stoichio
metrically by precipitation with sodium hexametaphosphate. The protein
phospate complex is highly nutritional and can be used as a high grade 
animal supplement. 

5. Waste Treatment Technigues 

Little of the technology which could be available to the seafood 
processing industry has been demonstrated at the operational level. 
Most of the processors have little if any significant wastewater treat
ment at the plant. 

All of the subcategories produce large volumes of solids. Fish and 
shellfish solids in the waste streams have commercial value as by-products 
oniy if they can be collected prior to significant decomposition, economi
cally transported to the subsequent processing iocation, and marketed. 
The importance of capturing such solids in dry form, in arder to retard 
biochemical degradation, has been recognized by the processors and dis
cussed in an earlier part of this section. Many end-of-pipe systems 
generate further waste solids ranging from dry ash to putrescible sludges· 
containing 98 to 99.5 percent water. 

o 

Screening is practiced, in varying degrees, throughout the crab, 
shrimp, catfish, and tuna industries for solids recovery, where such solids 
have marketable value, and to prevent waste solids from entering receiv-
ing \•:aters or municipal sewers. Vibratory screens are more commonly used Q 
in the seafood industry for processing operations rather than wastewater 
treatment. Tangential screens are finding increasing acceptance because 
of their inherent simplicity, reliability and effectiveness. 

Disposal and wastewater treatment methods are not well established. 
Incineration of seafood salid wastes has not been tried in the catfish, 
crab, shrimp, or tuna industries. Where allowed and where land is availa
ble, prívate landfills may be a practical method of ultimate disposa1. 
Deep sea disposal of fish wastes can be a means of recycling nutrients to 
the ocean. This method of disposal does not subject the marine environ
ment to the potential hazards of toxicity and pathogens associated with 
the dumping of human sewage sludges, municipal refuse and many industrial 
wastes. The disposal of seafood wastes in deep water or in areas subject 
to strong tidal flushing can be a practical and possibly beneficial 
method of ultimate disposal. In sorne locations, the entire waste flow 
could be ground and pumped to a dispersal site in deep water without ad-· 
verse effects. The U. S. Congress recognized the unique status of seafood 
wastes when, in 1972, they specifically exempted fish and shellfish pro
cesslng wastes from the blanket moratorium on ocean dumping contained in the 
so-called "Ocean Dumping Act". 

Wastewater treatment technology to treat practically any effluent 
to any degree of purity is available. The cost-cffectiveness of a speci
flc technology depcnds in part on the contaminants to be removed, the 
level of removal required, the scale of the operation, and (importantly). Q 
on local factors, including site availability and cli~ate. Because these 
factors vary widely among individual plants in the catfish, crab, shr1mp, 
and tuna industries, it is difficulty to attempt to identify a technology 
which may prove superior to all others, within an industrial subcategory. 
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METAL FINISHING WASTES A:Nl) 
METAL PROCESSING WASTE TREATMENT 

E. F. Gloyna 

Wastes from plants manufacturing finished metal products may·contain 
significant amounts of oil, other organic constituents and a variety of inorganic 
materials. Frequently the metals are relatively toxic to aquatic organisms. · 

Treatment Plant Design for any particular waste problem is based on the 
following considerations: 

l. 

2. 

3. 

4. 

5. 

6. 

7 . 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Volume of waste - including variations in flow. 

Load of contaminants - including variation in concentrations. 

Physical and chemical characteristics of the waste. 

Regulatory agency requirements. 

Factory layout and its effect on e ase of collection of wastes. 

Separation of industrial wastes from storm or cooling water~ 
and from domestic sewage. 

Dilution available from plant process and cooling waters 
following treatment and from receiving stream. 

Possibility of pretreatment at source. 

Wastes that can neutralize each other. 

Cost and availability of chemicals. 

Recoverable products for reuse. 

Space available for treatment' plant facilities. 

Land requirements for sludge disposal. 

Availability of equipment that can be u sed or modified for use. 

Ventilation. 

Maintenance costs. 

Operating costs. 

Selection of Batch or Continuous Treatment 
Metal-finishing industry wastes may be treated on a continuous flow 

basis or collected in tanks and treated by batch operation. The selection of 
the method to be used in any plant requires consideration of the volumes o~ 
wastes to be handled, s trength of the waste, type of treatment, and quality 
of the waste effluent desired as well as area restrictions within the plant. 
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' Cyanide Platinq Waste Treatment 
,.~.,~;". Cyanide compound.s are vyidely used in the metal finishing industry r9 

1··tNrt.fle· preparation of plating baths. Cyanide is commonly u sed in the ~preparation 0) 
of_ zlnc; copper 1 cadmium 1 gold 1 sil ver 1 bronze 1 and brass plating solutiofls 1 

~.{' : ~~ ' e - - 1" 

and often as a cleaning solution immediately prior to a plating process. A small 
quantity of this highly toxic solution .wÜl be dragged out of the plating~batl) as 
ea eh 'part is remcived and rinsed prior to the next plating operation. The ririse 
water.will also contaih cyanide. -.The problem is to safely dispose of cyanide 
t ' r- ~~~ ~ > ~ ' ' ' • ~ ' ' ~ ' \-

~~thout creating a water .pollution hazard. -.. . - ' 

Únder acidic conditions cyanide will hydrolyze to form the toxic HCN. 
The proportion of HCN present .will depend on the hydrogen ion concentration 
according to the relationship: "J 

CN 
HCN 

Lagooning of cyanide waste will reduce the cyanide to ammonium formate and 
Asulmic acid 

J 
HCN + 2H

2
0= HCOONH

4 

Aerobio biological treatment processes can oxid-ize cyanide providing the 
concentration is below toxic limits and the system has be en acclimáted. The 
toxic effects of cyanide on various fonns of biological life are summarized in 0) 
Table l. 

Subject 

l. Sunfish 
2. Daphinia 

3. BOD 

Table 1 

Toxic Effects of Cyanide 

Toxic Concentration Remarks 

0.18 
1.8 

Conc. killing 50% of fish in 24 hrs 
Cono. immobilizing 50% of 

organisms in 48 hrs 
9 5% recovery · 
60% recovery 

4. Sludge Digestion 

0.04 
0.4 

25 No adverse effect in 24 days 

50 

3 ppm initial retarding effect for 
6 c:lays· 

10% reduction in gas product~on 
' 

Collection: Sewers should be constructed so that only cyanide wa.stes 
are discharged to the treatment system. Treatment for other plati!19 room chemicals 
are not usually compatible with the methods _used for the destruction of cyanide 
wastes. Where large quantities of cyanide are u sed 1 it is usually necessary to 
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install separa te sewers for dilute and concentrated ~cyanide wastes. A dual 
collection system will permit concentrated wastes to be collected and pumped 
at a controlled rate to the cyanide treatment system. 

+f separate collection system is not employed 1 the capacity of the
chemical feed E5ystem will probably be exceeded duii.ng pe!1ods of slug charge s. 

' ~ 

Treatment: Cyanide wastes can be destroyed by oxidation processes to 
form carhon dioxide and nitrogen·. Among the most widely recognized oxidation 
methods employed are (1) biological; (2) electrolytic; (3) incineration; 
( 4) radia Üon; and (S) chemical. · 

Biological treatment--Cyanides can be destroyed in combinat: ,n 
with domestic sewage through such biological means as the activated sludge or 
trickling filter 'processes o Sewage provides the required nutrients for the process 1· 

and a ·biological culture will be produced capable of approximately 99 _per cent 
cyanide removal. 

However 1 this process cannot tolerate the discharge of slug dosages of 
concentrated cyanides.""Also, the biologicai popul~ition must receive necessary 
nut'rients for growth as provided by domestic sewage. If sewage 'is not 
available, the required nutrients must be artlficially added to sustain the biolo
gical population. 

l. Electrolytic destruction: . This method of ·Cyanide destru.ction 
requires long periods of time--2 to 7 days--to reduce cyanide to a 1-ppm level. 
The· anode used in this process can be copper, stainless steel or carbon steel. 
However, a current density from 30 to 80 amps/ft2 must be. maintained. The 
cathode employed can be made of carbon steel. Optimum operating temperatura 
for this destruction process is approximately 200 F (93 C) o 

2. Incineration: Waste cyanide can be blended with an oil mixture 
and incinerated at approximately 2500 F. 

3 ~ Radiation: Cyanide solutions can be deéomposed by radiation 
processes. Cyanide can be decompc sed to within 90-95 per cent completion 
without excl?ssive radiation dosages. However, to obtain further decomposiqon 
markedly higher radiation dosages are required. A solution containing ,2 gram~ 
per liter of a zinc cyanide-sodium cyanide complex requires 83.6 x 10 ° rads 
for 9 ~ per cen t decompo.sition. 

4. Chemical: The alkaline chlorination oxidation process is the most 
widely u sed process for the destruction of cyanide. The oxidation ·of cyanide 
by 'chlorination occurs by two separa te and major chemical reactions. In the 
first stage cyanide is oxidized to cyanate; in the second stage cyanate is 
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o.~idized to cyanat~,-and n~trogen. _ The first stage. of the o~idation e~~ ,~E7J_~:, O 
illu·strated by the following equati9ns: . _ , ~~- •.· 

.2c12 _+ .2NaCN 

.· iéÑci -i: 4'Naoli -~ 
_, 

2CNCI + 2NaCl 

2.N~CNO .. + 2NaCl + 2H2o 
~ ~ f ~ ~ ¡ - • • -

The first reaction -is i~sta;-1taneous and oc'curs at all pH Iev:els, while the ' 
sec~nd is one of hydrolysis whiéh converts ~yanogen · chloride to cyanate 
and is d~pendent 'upon. pH. The hydrolysis reaction will not go _to completion 
at pH le.vels of less than 7 .S, but the hydrolysis rate will increase a·s the pH 
increases o At a pH_ of 9. O the reaction will be completed in approxirr :el y_: 
3. minutes o It is important that the hydrolysis of cyanogen chloride to cyanate 

. be completed as· rapiclly as possible since cyanogen chloride ·is both volatile 
and t~xic o · • • :: 

The second major stage of chemical destruction is the oxidation of 
the cyanate obtained.in th~ first stage to car?on dioxide and -nitrogen. 

3CI2 + 4H20 + 2NaCNO --+ 

3CI2 + (NH4) 2co
3 

+ Na2co
3 

3CI2 + 6Na0H + (NH4) 2co
3 

+ Na 2co3 ~ 

2NaHC0
3 

+ N2 + 6NaCl + 6H2 O 

The~e reactions require an excess of chlorine and caustic o The rate 
of the reaction will increase as the pH oí the solution ~e creases. 1' 

Because a_ pH le'(el greater 'than 9. O is required for the íirst stage 
oxidation (of cyanide to éyanate) , and a pH of approximatély 8. S is required 
for the second stage oxidation of the cyanate, it is convenient to perform the 
oxidation in two separa te proc.e_sses o The prime difficulty in using a single 
chlorination step process 1s· that a compromise pH conditiori must be selec~ed 
.and there will be .a tendency to ha ve both stage s of the oxidation occurrinc;¡ 
simultaneously ~ :. 

When solution pH is too low, the~e will be a tendency for carbon .. 
dioxide and nitrogen gases to be fonned in the presen-ce of cyanogen chlori~e, 
due to the incomplete hydrolysis to cyanate. Nitrogen gas will be swept out of 
solution, carrying cyanogen c~loride with it, and creating a hazarcious coridition 
in t_he~ 1m media te work, area o 
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If solution pH is too high, the oxidation of the cyanate will require 
excessively long detention periods and may never go to completion. 

The alkaline chlorination process lends itself conveniently to automatic 
control. A system can be installed to maintain the required pH level conditiO!lS 
by controlling .the addition of caustic. An ORP (Oxidation Reduction Potential) 
system can be u sed to 'control the addition of chlorine. With a properly designed 
and op~rated plant it is possible to maintain about a 10-ppm excess chlorine , 
residual in the final effluent. 

T1·eatment System: The configuration and size of a treatment system 
willl of course 1 be dictated by local conditions. Figure 1 shows a schematic 
diagram for a typical batch type treatment process; Fig. 2 shows a flow-through 
type trea,tment process. 

Even though Fig. 1 shows only one treatment tank in the batch type 
system 1 a well designed treatment plant will normal! y contain three tanks. 
One tank will be filling, the second tank treating influent contaminants 1 

and the third tank discharging. A treatment plant designed in this manner 
allows maximum flexibility for nearly all situations which 'could arise. 

The treatment plant should also provide for a means for the efíluent to be 
discharged into a_ solids removal system. Final effluent of the treatment plant 
will nonnal~y contain toxic heavy metals employed in the plating processes 
which normally must be removed to comply with state and local regulations. 

Example of Alkaline Chlorination Process: 

l. Chemical Reactions: Alkaline Chlorination Process 
- + a. CN oxidized to CN : 

CN + Cl
2 

26 71 

CNCl + Cl 

61.5 

b. Formation of Cyanate 
pH 8.5, 

CNCl + 2NaOH 30 min. Na CNO + H20 + NaCl 

61.5 80 65 

c. Oxidation of Cyanate 

2Na CNO + 3Cl2 + 4NaOH ~ 6NaCl + 2C02 + N
2 

+ 2H
2
o 

130 213 160 

d. Oxidation of Fe++ 

2F, ++ Cl 2Pe+++ + 2Cl-e + 2 

111.2 71 
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DILUTE CYANIOE WASTE SEWER TREATMENT 

CHEMICAL 
~PPLICATION CAUSTIC 

TANK 
TRANSFER 
PUMP 

1 

POINTS OF {CHLORIN 

~--~--~~~~~ 
COt-,~CENTRATED 
CYANIDE S~WER 

EFFLUENT TO SOLIOS REMOVAL SYSTEM f 
FJG.I. SHOWN IS A TYPICAL SCHEMATIC DIAGRAM FOR A BATCH -TYPE 

TREATMENT PROCESS FOR DESTROYING CYANIDE WASTES. 

LDING 
TANK 

CONCENTRATED CYANIOE PROPORTION!NG PUMP 

.. 
DILUTE CYANIDE DILUTE CYAN 
WASTE SEWER EQUAliZATI0.\1 

D SURGE 
TANK 

CONCENTRATEO 
CYANIOE SEWER 

CYANIDE TREATMENT TANKS 
1-ST STAGE 2-ND STAGE 

§B ~ 
EACTION ETEHTION REACTIOl'\1 

~ §1 
CHLORINE 

C'.AUSTIC 

RECIRCULATION PUMP 

POINTS OF CHEM!CAL APPUCATION 

EFFUJENT 
TO SOLIOS 
REMOVAL 
SYSTEM 

FIG. 2. CYANIDE WASTES CAN ALSO BE TREATED BY THE FLOW THRU 

TYPE-~ PROCESS AS SHOWN IN THE SCHEMATIC DIAGRAM. 
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e. Precipitation of !ron 
+++ + 

Fe + 3Na0H ---?Fe (OH) 
3 

+ 3Na 

55.6 120 106.6 

f. Precipitation of Cu 
++ + Cu + 2NaOH --~)Cu{OH) 2 + 2Na 

63.5 80 97.5 

2. Cale. Solubility of Cu (OH) 
2 

& Fe (OH) 
3

. 

a. Cu{OH)
2 

Ph=8.S 

k = S. 6 x l0-20 = [Cu ++] · [OH-] 2 

b. 

sp ++ -
log 10 k

5
P = log [Cu 1 + 2 log [OH ] 

p k = - log k = 19 • 2 S 
sp sp 

log k = -19 • 2 S 
sp 

pH = 8 .S pOH =S .S = -log [OH-] 

log [OH-] = -S. S 

log [Cu ++1 = -2 log [OH-j + log k 
sp 

= -2~ (-5.5) + (-19.25) 

log [Cu ++] = 11.00- 19 .2S = -8.25 

log [Cu++] = 0.75-9 

[Cu ++] = 5.6 x 10-9 moies 

Solubility = 5. 6 x 10-
9 

moles . 63.54 g 
1 mole 

- -4 msi 
Solubility = 3.S x lO 

1 
@ pH 8.5 

Very Insoluble 

Fe (OH) 
3 

k =4x1o-38 pk =37.4 
sp +++ sp _ 

log k = I.og (Fe ] + 3 log [OH ] 
sp+++ 

log[Fe J=3(5.5)-37.4=20.9 
+++ log [Fe ] = O. 1 O - 21 

1000 mg 
g 

[Fe+++] = 1.26 x 10-21 mo~es 
-21 

Solubility = 1.26 x 10 moles 55.6 g 1000 g 
1 mo~ mg 

10 



3. 

Solubility = 7 x 10-17 !!19 @ pH 8.5 
1 

Very Insoluble 

Chemicals Required Flow = 15 Gal 
m in 

60 min 
hr 

16 hr ~ 14 400 .9& 
day ' day ~ 

Chlorine 

CN : 1 mg CN- requires 7.35 mg_Cl
2 

rlnd · :Waste ) 
'Ir.!:!!l_o 1 • p o 13 2 

20 mg CN 
1 

7'.35mgél
2 

=- 147mgC12 
mg CN 1 of Flow 

++ ++ 
Fe : 2 moles Fe requires 1 mole Cl

2 
++ 

10mg Fe 
1 

35.5mgClz 
55.6 mg Fe++ 

= 6.5mgCl 
1 of Flow 

. 154 mg 
Da1ly Dose = 

1 
0.0144 MGal 8.34 Lb. 18 Lb l 

day ~al-mg/1 = • e 2 

Sodium Hydroxide 

CN-: 1 mole CN- requires 2 Moles NaOH 

20 mg CN- 2 (40) mg NaOH _ 62 mg NaOH 
1 2 6 mg CN- - 1 of Flow 

+++ +++ -
Fe. : 1 Mole Fe requires 3 Moles NaOH 

+++ 10 mg Fe 3(40) mg NaOH _ 22 mg NaOH 
1 55 o6 mg Fe+++ - 1 of Flow 

++ ++ . 
Cu : 1 Mole Cu reqUlres 2 Moles NaOH 

++ 
8 mg Cu ~ 

1 
2(40) mg NaOH _ 10 mg NaOH 
63o5 mg Cu++ - 1 of Flow 

Available 
Chlorine 25 c1

2 

' 

D il D (62 + 22 + 10) mg 0.0144 MGal 8.34 Lb 
a Y ose = 1 Day MGal-mg/1 

Daily Do se = 11 Ib. of NaOH (100%) 

o 

o 

4. Sludge Produced 

Weight 
+++ 

( ) 
10mgFe 106.6mgFe(OH)

3 
0.0144MGal 8.34Lb .. _ 

Fe OH 3: 1 - 55 o 6 mg Fe+++ Day . MGal-mg/1-

2 o 3 Lb ./Day (Dry Wgt) 
++ 

Cu(OH) : 8 mgCu 97. S mg Cu (.O,W 2 O. O 177 MGal 
2 1 63 o S mg Cu Da y 

L5- Lb./Day (Dry Wgto) 

11 
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Volume 

Assume sludge concentrates to 1% 

on bottom of tank. 
·- 'l l ti 3 • 8 Lb . So lid s .Dal y accumu a on = D 

380 
Lb Sludge 

Da y 

ay 
100 Lb. Sludge = 
1 Lb. Solids 

As sume sludge unit wgt. = 8. 34 Lb ./Gal 
. _ 380 Lb/Day , -

Da1ly Volume - 8 • 34 Lb/Gal = 46 Gal./Day 

5. System Components 

a. Treatment Tank 

{1) 

{2) 

Gal 
Volume = 14,400 -D x 1 Da y = 14,400 Gal. 

ay 
_ 14,400 Gal _ 3 

Volume - 7 •48 Gal/CF - 1920 Ft 
2 

Set water depth = 10' Surface Are a = 192 Ft 

· For square tank Side length = 16 • 

USE 2 Treatment Tanks 1 each 16' x 16' x 10' 

Mixing 1 As sume O • 5 HP /1 O O O Gal. required 

HP Required = 14.4 103· Gal x O .5 HP/10
3 

Gal = 7 .2HP 

USE 1 - 7. S HP Mixer in .each Tank 

Chromium Treatment by Reduction and Precipitation 
Reduction and precipitation is a process whereby a soluble metallic 

ion is reduced through an oxidation-reduction reaction and then precipitated 
by conversion to an insoluble metallic hydroxide. The process finds principal 
application in the treatment of plating wastes containing chromium salts. 

Chromium is found in wastes from metal plating and finishing operation~. 
It is present in rinse _ waters from chromic a cid baths and in spent baths from 
electrÓplating and anodizing preces ses. These baths are made up of Cr03 anq 
H2S04 or NazCrz07 • 2Hz O and H2so4 • They have a pH of O .5 and a Cr +6 
concentr~tion of 201000 ppm (approx .) . The acidity in chrome was'te waters is 
proportional to the ch_fomium concentration. 

The reducing agents commonly u sed are ferrous sulfate 1 sodium 
metabisulfite or sulfur dioxide. 

12 



Ferrous sulfate and sodium metabisulfite may be dry or solution fed 
vyfiile:. SOz is diffused into the system directly from gas cylinders. Since tl)e-. · 
reduction of chromium is most effective at acidic pH va1ues. 1 a reducing agent 
with acidic properties is desirable·. When ferrous sulfate is ,us.ed ~s the 
reducing agent 1 the Fe++ is oxidized to Fe +++ while in the case of metabisulfite 
or sulfur dioxide the negative radical S03 ,is con verted to so4. 

Ferrous ion reacts with hexavalent chromium in an pxidation reduction 
reaction 1 reducing the chromium to a trivalerit state and oxidizing the ferrous 
ion to the ferric state. This reaction occurs rapidly at pH le:vels less than 3. O. 
The acidic propeÍtie~s of ferrous sulfate are low at hidh dilution ~o that acid 
must be added for pH adjustmerit. The use of ferrous sulfate as a reducing 
agent has the disadvantage that a· contaminatL.1g sludge of Fe (OH) 

3 
is forined 

on the addition of an alkali. In order to obtain a complete reaction 1 an. · 
excess dosage of two and one half times the theoretical addition of ferrous 
su'lfate must be made. The reactions are: · " 

2 Cr0
3 

+ H
2

0 = H
2

Cr2o
7 

2 H2Cr0
4 

+ FeS0
4 

+ 6H
2
so

4 
= Cr

2
(S0

4
)
3 

+ 3Fe
2

(S0
4

)
3 

+ 8H
2

0 (1) 

Na2cr2o
7 

+ 6FeS0
4 

+ 7H
2
so

4 
= Cr

2
(so

4
)
3 

+ 3Fe
2

(S0
4

)
3 

+ 7H
2

0 + Na
2
so

4 

Cr
2 

(SO 
4

) 
3 

+ 3Ca(OH) 
2 

= 2Cr(OH) 
3 

+ 3CaSO 
4 

(3) 

The oxidation-reduction which occurs is: 

++ +++ 
6Fe = 6Fe + 6e 

The theoretical 'quantities of chemical required are: 

1 pprn Cr requires 1 

' ' 

16.03 ppm 
6 !01 pprn 
9 .48 pprn 

The qu~ntity of sludge produced in the reaction is: 

1 ppm.Feso4 • ?~2o produces 
lime 
Cr 

13 

0.38 ppm Fe(OH)
3 

l. 84 ppm CaS04 
1.98 ppm Cr(OH) 3 

(4) 

(2) 

o 
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8ulfur Dioxide and Metabisulíite 
Reduction of chromium can be accomplished using either sodium meta

bisulfite or 802 . In either case reduction is accomplished by the H
2 
80

3 produced in the reaction. _ 

The H2so
3 

ionizes according to the reaction: 

l. 72 X 10-Z= (H~ (~03 -) 
2' 3 

(S) 

above pH 4. O only 1% of sulfite is presentas H
2 
so

3 
and the reaction is very 

slow. 

Vv"hen Metabisulfite is used the salt hydrolyzes to sodium bisulfite: 

(6} 

which in turn dissociates: 

(7) 

This reaction requires a cid to neutralize the NaOH formed during the reaction. 
The reaction is highly dependent on both pH and temperature. Due to the 
dependenc;:y of ionization of H

2 
so

3 
on pH excess 80

2 
is required. At pH 

ievels below 2. O the reaction 1s practically instantaneous at close to the 
theoretical requiremen,ts. Depending on the pH of the reaction, the basícity 
of the chrome salt ·produced wi~l vary. At pH values less than 2 .O'í cr

2
(80

4
) 

is formed; at pH 3 - 4 Cr 
4 

(OH) (SO 
4

) 
3 

is fonned; at pH > 6. 5 Cr(OH) 3 1s 
formed. At close to theoreticaP requirements, the reaction time has been · 
reported as follows: 

Time for 99% completion 
min. 

0.1 

0.5 

5.0 

30 .o. 
60.0 

200.0 

The reaction. with 80
2 

is: 

2H2cra4 + 3H28o
3 

= Cr2(80
4
)
3 

+ SH.ZO 
\ 

14 
1 

pH 
l. O 

1.5 

2.0 

3.0 

4.0 

5.0 

(8} 
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'hnd the réaction with bisulfite: 
~ ; _, 

2H2Cr04 + 3NaHS0
3 

+ 3H2so4 = Cr2(S04) 3 + 3NaHS04 + 5H20 

·_, ,,.,, 
' , 

(9) 

in both cases the precipitation reaction is the same as equation (3) • The 
theoretical quantity of chemicals required is: 

1 ppm Cr requires: 

2.81 ppm Na
2
s

2
o

5 
(97 o5%) 

l. 52 pprri H
2 

SO 
4 

2. 38 ppm lime (90%) 

1.85 ppm so
2 

At pH levels > 3 1 when a basic chrome sulfate is produced 1 the quantities of 
lime tequired for subsequent neutralization are reduced. 

At pH 8. O - 9 o O Cr(OH) 3 is virtually insoluble. Experimental investi
gations have shown that the sludge produced will compact to 1-2% by weight. 
¡ 

· Since dissolved oxygerí is usually present in rinse waters 1 an excess · 
of so

2 
must be added to account for the oxidation of the so

3 
to SO 4 o 

H
2
so

3 
+ 1/2 0

2 
= H

2
so

4 

~ An excess dosage of 35 ppm so
2 

will usually be sufficient for reaction 
with dissolved oxygen present. 

Acid Requirements +6 
The acid requirements for the reduction of Cr depend upon the acidity 

of the original waste 1 the pH of the reduction reaction 1 and the type of reducing 
agent used (e .g o SOz produces an acid while metabisulfite does not) . Since it 
fs difficult 1 if not impossible 1 to predict these requirements 1 it is usually 
x:eces~ary to ti trate a sample to the desired pH end point with standardized a cid. 

An ingeneous system has been developed by Lancy in which the 
reduction and- precipitation process is integrated into the plating lime. In this 
process the first tank at the end of the plating lime continuously received so2 
such that an excess is maintained at all times. The contents of the unit is 
9ontinuously recirculated through a storage reservoir. The second tank 
recirculates through a lime mixirlg tank in which the reduced chrome is 
precipitated. The precipitate is removed through a diatomite filter and the 
9Iarified liquid recirculated through the second treatment tank. A third tank 
containing a clear water rinse is provided to rinse any residues from the 
plated. parts. This process is schematically_shown in Figure 3. 
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WORK IN 

l l l 
REDUCTIÓN 

Cr DRAIN TANK PROCESS 
STATION D!FFUSER 

~FLOV'J M!::TER 

"0 .::> 2 

STORAGE 

TANK 

TL__. ______ _ 
SUPPLY 

o 

PROGRE SS - -

l r rr 

FIG.3. Lt\NCY INTEGRI-\TED SYSTE~1. 
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ICITY WATER 

Jl 
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RINSE 

PRECIPITATION 

TANK 
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Figure 4 shows processes which are applicable to mixed chro'm'lUm 
and cyanide rinse waters. 

Mixed Rinse Waters 
(Containing 'chromium 1 cyanide, nickel 1 _ copper 1 zinc~- etc.) 

l- l l-
Neutralization 

, of Acid 

1 
Precipitation of 

Chromium as 
Barium Chromate 

l 
Complexation of 

Cyanide with
FeS0

4 

Solids-Liquids 
Separation 

11 
Disposal 
of Liquid 

Acidifica tion 

1 
Reduction of 

Chromiurri with 
FeS0

4 

'V 

Complexation of 
e yanide with 

Additional Fe SO 
4 

1f Necessary 

Ü' ¡-Solids-.Liqu1ds 

l· . sepTion 

Disposal Disposal 
of Solids of Liquid 

Reduction 
of ChromLm 

with so
2 

l 
Neutralization 

Precipitation 
of Metals 

with Lime or 
Alkali 

l 
Partial 

Destruction 
of Cyanide 

with 
Sodium 

Hypochlorite 

Disposal 
of Liquid, 

FIG. 4. PROCESSES APPUCABLE' TO MIXED 
CHROMIUM AND CYANIDE RINSE WATERS 
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Ü In sorne cases it is easier to remove metal ions 1 including chromium 1 

o 

o 

through the use of special ion exchange media. Figure 5 shows a flow diagram. 

Chromium Rinse Waters 1 Mixed Rinse Waters 
{Chromium 1 nickel 1 copper 1 cyanide 1 etc.) 

Periodic ---------- Cation Exctnger _________ ¿ 
Regeneration Selectively Adsorbs 1- ----~ 

Metal Recovery 
if Feasible 

with Sulfuric Metals (Nickel 1 copper 1 

Acid trivalent chromium 1 iron 1 

aluminum 1 etc.) 

1 
1 ,-------, ''1'··-- --7 

Chromic Acid 
Recovery if 

Fe asible 

Periodic 
Regeneration 
with Sodium 
Hydróxide 

1' 

A'nion Exchang er : 
---------~ Adsor9s Hexavalent --- .._, 

Chromium 1 Sulfate 1 

Chlorides 1 Phosphates 
etc. 

J 
To Reuse as Disposal 

) 

Rinse Water, 

1 

1 
'IV 

Mixed Regenerant 
Solution (All 
metallic components of .. 
rinse water in 
concentrated form) 

1 

1 
'V 

Batch Treatment 
by Chemical 
Methods to Detoxify 

1 
1 

Dist>osal 

FIG. 5. ION EXCHANGE METHOD OF TREATING 
CH.ROMIU M RINSE WATERS OR MIXED RINSE WATERS 
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. A typical cation:-anion exchange calculation is as follows: 

1. Cation Exchange 

·o . C -. - 1 S equiv. - 1 5 (28 3 - 1-) - 42 ~ peratmg apaclt.y - • 1 - • · CF - , CF 

Regenerant \,... 5% H
2
so 

4
, Dosage = 12 1B/Ft3 . 

Operation: 

R ( ) (960 min) (3.781). 
Cations e moved = 7 S gpm da y gal 

(10 mg Cu 
l. 

meg. + 8 mg Ni meg ) . (--e ·-- ) _ 
63.54 mg l. 58.7 mg Ni 103 meg -

80 equivalents per day 

Note that 80 eq. is only 10% of th~ 800 eq. cation capacity 
'• 

. required for the daily .H
2 

GrO 
4 

recovery. Therefore the 

recovery operation dictates the capacity of the cation 

exchanger. Design cat. ex. for 880 equiv ./day with 

once daily regeneration. 
. 3 

Bed. Vol. = SSO eq. Ft = 21 Ft3 
- day 42 eq. · 

75 GPM 
Check Flow Rate: 21 Ft3 = 3.6 GPM/CF 

Set Depth = 30" (Diam. Cale. same an Anion Ex.) 

USE 2 Beds, 30" Deep x 2.5 ft. Diam. 

Regenera tion: 

OK 

Daily dose of H2so4 = (21 Ft~) (1~ f[3 = 252 Lb. (~0:~ ) 

252 ~ 1 2 4 
Regen. Tank Vol.= O.OS x(l.0383) 8 •34 = 582 Gal. 

Regen. Time @ l. O GPM/CF = 10 min. 

Rinse Vol. @ 120 Gal/CF = (21 CF (120) = 2500 Gal. 

MI . 120 Gal/CF . 
Rinse Rate 1.5 GP CF • T1me = 1 •5 GPM/CF = 80 mm. 

2. Anion Exchange 

Operating Capacity- 3.8 Lb.Cro
3 

per Ft3 

Regenerant - 10% Na OH, Dosage 4. 8 Lb NaOH/Ft
3 

Operation: 

75 mg/1 as Cr :::= 75 
52 ;¡<16

) = 144 Ef as cr0
3 
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Daily CrO'> Input = 144 ~ (7 5 gpm)f 
6~ m~n ) 

8.j4 86.5 Lb a¡ 

10
-6 = day 

d 1 86. S Lb 23 F 3 
For daily regeneration:, Be Vo . = 3 . 8 Lb/CF = t 

Regeneration: 

7 5 gpm gprn 
Check Flow Rate: 24 Cr = 3 • 3 ~ 

Set re sin depth = 30 in. 
23 Ft. 3 2-

Surface area = 2 •5 Ft = 9.2 Ft 

2 D
2 

Try 2 Bed s , Ea • with 4 ~ 6 Ft = 4 
4 2,_ .1 

D· = (- 4 • 6) 2 = { 5 • 9) ~ = 2 • 4 3 Ft. 

USE 2 Beds, 30" Deep x 2.5 Ft. Diam. 

3 Lb NaOH lOO Lb. 
Daily Dose of NaOH = (23 Ft ) (4 • 8 Ft3 ) = (lOO% NaOH) 

1 O O Lb 1 O Lb Brin e Gal • Brin e 
Regenerant Tank Vol. = du.y 1 Lb NaOH 9 • 6 Lb Brine = 

Regenerant Tank Vol. = 104 Gallons 
- r; . T' , @ l O GPM ll. 5 CF 12 .~tegeneratlOn u~e • :-cF = l. 0 = minutes 

· · ' Gal , 
Rinse Volume = (~ 3 CF) (lOO CF) = 2300 Gal. 

Chromic Acid Recovery: Re-cycle 70% of acid regenerants 

to cation ex. 

Cation Exchg. Equiv. Reg'd = O. 7 100 Lb NaOH 
40 g/eq. 

453 
g = 800 equiv. 

Lb 

Case History 
~. §teel- Mill cold finishing fac~lg_y. Figure 6 shows the facilities 

and Figure 1 illustrates, the waste treatment facilities. Tables 2 and 3 
respectively provide the oil and chemical usage, ,and the amount of 
contaminated wastewater flow. Table 4 shows the design criteria. 
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: Fig. 6 .Typacal steel 
facilities 
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TABlE2-0JL ArJD CHEMICAL USAGE 

Unit 

Contmuous p1ckler 
Acid 
Coating oil 

Cold reduction m1lls 
Rollmg oils · 

Cleaning lines 
Cleaner 

Tmmng lmes 
Cleaner 
Ac•d 
Chromates 

Galvan1zmg lines 
Cleaners 
Ac1d 
Chromates 

M1scellaneous oils and lubricants 

Cosa~ e 
(lb per ton) 

40 to 70 
1.5 to 3.0 

3 to 6 

2 to 4 

1.5 to 2 
15 to 25 
0.7 to 1.5 

1.5 to 2 
15 to 20 
0.3 to 1 
0.3 to 0.7 

TABlE 3-cornAMINATEiilWASTt\I'JATER HOVúSAND DUMPS 

P1cklmg line 
P1ckle l1quor 
Rinse water 

Cold reduction mili 
Cleanmg lme 
Tmnmglme· 
Galvan1zmg lme 
Miscellaneous shops 

Pickhn'g aéids 
Ac1d 

o 

Continuous flows (gpm) 

30 to 100 
150 to 350 
300 to 10,000 
100to300 
300 to 1500 
200 to 600 

to 2000 

Sc:hcdulo dumps (!l/Wk) 
5000 to 15,000 
2 to 8% 

__ . J:e.-rousj~on.: ·3to-10o/o· -
Rollmg solut1ons 

011" 
1o.ooo to·3o,ooo 
2 to 8% 

Cleamng solutions 
Ccustlc · 

. 5000 to 30,000 g/wk/lme 
3% 

P04 · 

Oils 
Chromate solutions 

cr•6 

0.5% 
,1.0% " 
1000 to 15,000 g/wkfbath 
1 to 12% 

TABlE 4-TREATMENT IFACIUTBES DI:SIGN CRITERIA 
Unit 

011 dump equal1zat1on tank 
Ac1d·chromate rinse mll<ing tank 
Waste ac1d storage tank 
Precoat f1lters 
Decp well'mJection rate 
Pnrnary separators' 

Equahzation basins 
M•xmg basins 
Fl occul at or·cl a rif1er 

Floccuíat1on 
Settlmg 
Sludgc storage 

011 sk1mmmgs t.:Jnk 
011 storcge 
ScpM31JOn zone 

22 

Croterlil 
12to48hr 
5 to 20 mm 
1 to 2 days 
1 to 1.5 gpm/sf 
100 to 500 gpm 
10 to 30 min 
2 to 5 gpm/sf 
8 to 24·hr 
5 to 25 min 

10 to 30 mm 
1 to '3 hr 
12 to 48 hr 

up to 1 wk (oll) 
up to 1 day (sk•mmmg~) 

1 ' 



! -
~ 

'2. Non Ferrous Metals, mining and smelting industry 

CASE HISTORY, NONFERROUS METALS, MINING & SMELTING INDUSTRY 

Process Woste Water Treotment ot Bunker Hill Ccmpony 

G. M. Baker*ond A. H. Lorson** 

August 1973 

ABSTRACJ 

At the Bunker Hill Compony mining ond metollurgicol complex in_ 
Northern Jdoho oll metollurgicoÍ woste woters that cannot be recycled 
without treatment are combined with milling effluent and acid mine 
drainage in one large impoundment pond. The overflow from this pond 

1 

is currently discharged directly into the South Fork Coeur d 1Aiene River. 
A new treatment plant utiliz1ng a lime neutbolization process is being 
installed to treat this discharge in order to minimize discharge of dissolved 
heavy metals. A bench-scale pilot plant was operated to provide an ex
perimental basis for establishing treatment effectiveness. Based on these 
tests, o full sea le plant was designed and is now under construction. 
Capital and operating costs for this plant hove been projected. ( 

* G. M. Baker is Director of Environmental Control Activities 
and Manager of Plant Engineering, The Bunker Hill Company, 
Kellogg, ldaho 

** A. H.· Lcrson is Manager of Research ond Dev~lopment, The 
Bunker Hill Compony, Kellogg, ldah_o 

This poper was presented ot the American Mining Congress, 
1973 Mining Convention, September 9- 12, Denver, Colorado 
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INTRODUCTION 

~ : ~· Jhe Bunker Hill Compony is a wholly-owned subsidiary of Gulf Resources ond 
Chemical Compony, Houston, Texas. All of the Bunker Hill Company's·operotions are 
located in the C.oeur d'Alene Mini~·g District of Northern ldoho, opproximotely 75 miles 
south of the Canadian border. The Coeur d'Alene mining district embraces an oreo 23 
miles iong by 9 miies wide, ond produces opproximately 47% of the nation's si lver 1 11% 
of its lead, ond 8% of its zinc. 

The Bunker Hill Compony mining operations ore performed at three ma¡c sub
surface mines. Also included is a lorge metallurgicol complex for smelting and refining 
primary lead and zinc metals. Related by-products, induding silver1 gold, copper, 
cadmium an~d antimony are recovered from processed concentrotes. Three sulfuric oc id 
plants ore operated to recover sulfur dioxide from the smelting processes. 

In addition to the mining and metallurgical_operations, Bunker Hill, in a joint 
venture with Stauffer Chemical Company 1 produces phosphoric acid and ammonium phos-
phate fertilizers at Kellogg. · 

SOURCES AND NATURE OF WASTE WATER 

Uquid effluents ore dischorged from the Bunker Hill Mine and all of the surface 
P,la~ts, with the exception af the lead smelter, into a. 160 aFre central impoundment pond 
for separation and retention of suspended solids. The clarified effluent is presently de
canted from this orea into the South Fork Coeur d'Alene River. The sour.ces and nature of 
waste water influents and effluents from the central impoundment pond ore shown in Table l. 

At the Zinc Plant and Phosphoric Acid Plant operotions, facilities hove been in
stalled to recycle a ma¡ority of the water discharged from cooling processes. The remainder 
of the effluent-, which is from metallurgical processing and air pollution control equipment, 
is not a~enable to recycle without treatment. it is tr~nsported a long with slurried gypsum 
from -the_ phosphoric aci d plant in a one-mile long 12 inch diameter PVC pipeline and·dis
charge(;i into the Central lmpoundment Pond for clarifi.~ation. This combined discharge is 
IQw in pH. lt contains dissolved zinc, cadmium, mercury, Fluoride, sulfate, phosphate, cnd 
includes gypsum as a suspended so lid. 

Mine diainoge is the ma¡or volume of waste water. lt is acidic in nature and 
originates from s~rfa~e ond ground waters which seep into t-he extensive worldngs of the 
mine. Combination of air and 'NOter along with complex bacteria! action in contact with 
pyrite, creates sulfuric acid lowering the pH of the water cnd dissolving hcavy meta!s fwm 
minera!ized oreas. The dissolved metals are then carried to the surface in mine drainage 
water. As noted in Table 1, this waste streom contains d;ssolved iron 1 leed, zinc, sulfate, 
cnd con~ideroble suspended salids. 



TACLE l. 

l. 
1 . ' 

Dissolved f 

Elements 

Charocteristics of Wcste Water lnf!uents cnd 
Central impoundment Pond Effluent (C!P) 

lnflucnt 

l?hosphoric Bunker Hi 11 
Zinc Pfant Acid Plant Mine 

o 

·O 
\ 

Effluent 

~ CIP 
1 Mili fng/L) 

1 .· . fe 

1 

. - X -

' 
20-30 

' 
j 
~ 
1· • ¡ 

1 
! 

i 
. 1 

-
Pb 

1 
- --

Zn X -

1 

1 
C<;l X 

1 
-' ' 

Hg X -

1 

. 
F - X 

1 P04 - X· ú 
,, 

i P. 
: 

X 

low low 

X ' X 
X X 

- -
- -

1 

. - -
- -. 
X 

.low High 

. 

1 
¡ 
~ 
1 

r2- 8 
·' 
90- 170 

0.5- 0.9 

0.003- o. 02 

190- 250 
; 

90- 120 

-1200 1500 

2;5 - 3.0 

' 

! 

1 
Suspcn-d-ed--+-----2-8_,__,00-0-----l--6-,-oo-o---+-1-3-0-,o-o-o-+---20---4-0-¡0 

Solids (mg/L) 1 13,000 

X = prcsen~ in significont concentrctions 

= not present in significont concentrations 

At the mili, waste products from wet grinding and flotation operations cre:cyc!oncd 
before discharge into the impoundment pond cnd the c.carse fraction is pumped bcck into the 
mine to refili mined-out oreas. During this 11 scnd-fill operation 11

, fines droin into the mine 
drainage system from underground cycloning systems and from the crees being fi lled with sand 
slurry. These fin~s return to the surface as suspended s61ids contained in the ocid mine droin
age. The mili effluent is choracteri5tically high in pH contcining dissolved zinc and leed, 
and suspended solids. · ; 

)_ 

The central impoundment pond is equipped with o decont for discharging darified 
overf!oy¡ from the center of the pond. The overfiow ~s low in suspended :ioii ds but ~ontci ns 
the dissolved elements shown in Toble l. The c'?ncentratiom of dissolved heavy metals must 
be reduced to meet currently ·propose-d State and Federal requiremcnts. Q 
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CONS!DERATIONS FOR SELECTION OF A TREATMENT SYSTEM 

· In the sel~ctio~ of a system for waste water treatment there were four inter
related requirements: acceptable effluent qualiry, minimum sludge production,· maximum 
system reliability, and acceptable capital ond operoting costs. On the basis of prcvious 
exp~rienc.e at Bunker Hi 11 anda state-of-the-art technology study by Envirofech Systems, 
lncorporoted·* with acid mine water and other heavy-metal-containing woste·waters, lime 
treatment.wos selected as the only practical system for meeting these criterio. 

The initiol invesl'igations using lime neutralization were conducted on individual 
waste water discharges from the Zinc Plant ond Mine. These investigations ossumed tre.at
ment of the discharges at their sources. Although lime additións to pH 9 .O to 1 O .5 produced 
treoted effluents which would meet the proposed regulations for dissolved heavy metals, the 
volume of low-density sludge presented imposslble storage and disposal problems. 

1 

Laboratory tests using lime neutralization of Zinc Plant waste water ·p;-oduced a 
sludge containing 6% solids by weight (77 ,000. pounds per doy of dry solids). Comparable 
tests with the Mine effluent produced a sludge containing 0.4%solids by weight (29,000 
pounds per doy dry so'lids) .• The total volume of sludge produced from the two systems rep
resénted ·.n 35 acre-feet per year; 160 from the Zinc· Plc.int waste water and 975: from the 
·Acid Mine· drainag~. · ' 

.. 
· -Chemiéal analyses ofthe sludges indicoted that Zinc Plant sludge was predóminant!y 

calcium sulfate (due to·tne high sulfate concentration of the ,waste water) and zinc'hydroxide, 
while the Mine sludge wos predominqntly hydroxides of zinc ond iron •. · 

In order to reduce the sludge volume, three simultaneous approaches were used: 

1. Reduction of the sulfate cc:mcentration by recycling within the Zinc Plant, 

2., Combination of the remoining Zinc Plant effluent with the Mine drainage to 
reduce sulfate concentration toa level where precipitation of calcium sulfate 
would not occur during lime neutralization, and 

3. Utilization of a thickener underflow sludg'e recycle system whereby the sludg~ 
· concentration can be increosed by including recycled underflow solids with 
incoming _plant feed. ** 

The potential sludge vQlume reduction incorpqroting the approaches listed a~ove 
is shown in Table 2. 

* Envirotech Systems, lnc., Menlo Park, California, .was retained as a consultant during 
the initial investiga.tion peripd. 

** J. Smith 111, 11 The Advantage of a Crowd for Acid Waste Liquors 11
, paper_presented at 

the 1972 AIME Annual Meeting in San Francisco. 
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TABLE 2. Comporisor. of Sludges from lndividua!ly Treoted Zinc Plant 
ond Mine Effluents,and Treotment of Combined Effluents 

Zinc Plant ·Mine 

Sulfate, ppm i . 4500 (est) 1000- 1200 

1 Thickener Underflow So!ids, 
pounds per doy 77,000 ' 29,000 • 

l 
Solids, % by Weight 

1 

. 
6 OA·· 

, i 

Sludge Volume, 
.. 

1 ocre ft/year 160 975 

* Suspended solids in untreoted wa"}er ore not included. 

Combi,notion 

1200 :., 1500 

35,000 
' 

.8 

,. 

55 

On the basis of this projectcd combination advantage, a combined Zinc-Mine 
effluent treatment plant was considered mandatory since the p:-oblem of disposing of the 

o 
* 

ñ . .. 'j 

~ ¡1 

1 
l 
1 

11 

volume of sludge generated by individual treatment •nas of mejor concern in the mount.'"Jinuus 
terroi n of the Kellogg oreo. Whi le developi ng this rotioncle and consi deri ng the location of Q 

~ other effluent sources and previous installations, it became apparent that this compined plant 
should include treatment foral! the waste water prescntly being dischorged from the central 

, impoundment pond. The advantages of such on overol! approach ore as follows: 

1. The total sludge volume will be minimized, 

2. The central impoundment pond will serve as a clarifier for the removal of high 
concentrations of suspended solids prior to lime treatment, thus remqving a 
heavy burden from the treoi"ment plant- especially important when otilizing 
o solids recycle system, 

3. The high pH Mili effluent will help neutroiize acid Mine drainage, 

4 •. A centra! p!ar.t is mor,e economical than severa 1 individual plants from both 
capital ond O?erating standpoints, : 

5. The central impoundment pond will pro.;ide surge holding copacity during 
treotment plont upsets or bt eakdowns, thcreby protecting the quality of the 
river course at al! times, 

6. Processing facilities for possible future recovery of metals from wost~ sludgc Q 
wi 11 be centrolized. ' 
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EVALUATION OF A LIME-TREATMENT SYSTEM 

The dÍssolved metal constituents of mejor concern in the. central impcundment 
pond efflucnt are zinc, iron, lead, codmium, and mercury. The mejor dissolved non
metal constituents ore sulfate, phosphate, ond fluoride. The results of beaker-scale lime 
treatment of one sample of this effluent water ore shown in Figure 1. With the exception 
of sulfate, al! the dissolved constituents showed increosed precipitotion with increased 
pH levels up too pH of 9 tolO. lt should be mentioned, howc-..:er, that leed above o pH 
of 9 and zinc above a pH of 10.5 exhibited amphoteric behavior; hence, these precipitoted 
metals re-dissolved. Lime requiremcnts to change the pH are shown in Figure 2. Over a 
period of time with different samples the Ca(OH)z comumption varied from O .a to 1 .7 mg/L 
to reo eh o pH of-1 O. 

in order to evoluate the lime treotment system a bench-scole pilot plant (miniplant) 
of the proposed,system was set up and operated. This bench-scale circuit is shown schemat
icolly in Figure 3. Sin'ce iron is present in the waste water mainly os ferrous iron 1 it was 
de_ci,d~d that oxidation to ferric iron by a.eration would be· necessary to ochieve more complete 
precipitation o-f iron ond befter sludge densifiéation. Typical ranges of results obtained by 
operation of t,he'bench..:.scale pilot plant at feed rates·o~ lO- 15 gph pnd·sludgeJecycle rotes 
of 1 O to 40 ore ~hown in Table 3. ·· These tests as ~ell _qs lab9ratory t,E!sts by Enviroteéh Systems, 
!nc. on the effeét of sludg,e recycle preved general applicability of the proposed system for 

"Bunker HilPs use. · Althóugh these tests included the· waste water from the Pho~phoric Acj~ 
Plant, it was decided that this ·p!ant \veste Vfoter should be removed from the infiow to the 
central tr.eatment plan-t and handled separahily by a clos~d loop recycle system developed by 
the Stauffer Ché.mical Company. In addition to r'educirig fluoride einissions, this closed loop 
system was more economical. The.160 acre impounqment pond has, therefore, been diked-cff 
into ~wo oreas with one oreo of 43 acres serving as a settling-cooling basin for recycled water 
to be returned to the Phosphoric Aci d Plant process. 

Tim~ wos not available to operate a large scale pilot pfont nor was odditional verif
iCotior(c'onsidered rnor.datory. Bunker Hill, therefore, 'deci_ded to .proceed with constructior. 
of the-full scale· operational plant. 

,, 
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TABLE 3 · Bench-Scofc Pilot Plont Reslllts . -

---~ -------
-

' . 
··Dissolved Element ' Thickene'r Overflow Thickener Undcr(low* 

. - . 
~ :- -. 
···- - . . -. . . . . Cd 

C'' 

-... 
"' _,. .. _ 

.. 
·' 

. 
-.· 

•' 
f 

( 

' 

. - . Cu 
~ ,:. . .Fe. . - - .. 
- . . :··. : -_-_~Hs --. . ' . .. Pb - . --.. . 

·Zn 
--

Ca O 
S04/S 

P04/P 

F 
. 

-
Suspended Sol-ids 

p~ 

(ppm) 

0.04.- 0.06 
, 

/ . . 
0.02 0.13 -
0.05 - 0.6 

- 0.001 - 0.004 . ·. 
0.3 - 0.6 
0.05 - 0.6. 

o 700 - 900 
·. 500- 700 . 

{).1 - 1.3 
' . 

-25 - 35 . 

15 -70 ppm (5- 15 JTU) 

9.7 - 10.5 

. - * Und~rflcw sludgc voried from 2 - 8% solids by weight . 
1 

0Nt. %} 

0.1 
0.1 
3 - 6 . 

-
0.2 - 0.3 
8 - 14 

17 - 23 
l - 2 -

1 - 2 
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DESCRIPTION OF OPERATIONALTREATMENT PlANT 

,, 
-· 

) 

~ 

' 
1 . 
J 

" . ,. 

" 
~ 

·= 
1! 

' 
1 

"" 
-. ' 

--
l 

" 

~ 

: 

' 

.. 

f _- Treotmenf facilities ore divided into two ports: the Centro! Treotment Plont Ónd Offsite 
fo'filities. The Central Treotment Plont is shown schemoticolly in Figure 4 .. 

"' 

1. Centrql Treotment Plont 

O· 

o 

The Central Treotment Plont consists of lime 'neutrolizction, oeration, floccula
tion, sedimentotion, thickener underflow solids recycle, ond ocidification. A 200 
ton-lime storoge bin ond 8000 lb/hr lime sloker unit will provide lime slurry for 
r.cutra lizotion. This slurry wi 11 be combined with thickener underflow in: a 15,000 
gollon mixing tonk. The decanted effluent from the Central lmpoundmeñt Pond 
will be combined with thc output of the mixing tonk in o 60' x 50' x lO' ~neutrcl-
ization-oeration bosin and controlled ato pH of 10. The overflow fror~ 1h:s Q 
bosin will be conditioned in o 32' x 32' x 11' flo~culation tank. Chcmi~cl floc-
culo~ts wi 11 be used as requircd. -

':'-' 
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Th_e flow fro.m the flocculation basin wi 11 enter a 236 ft. diameter thickener for 
V sÓÍids' settling and clarification. The majority of the thickener underflow wi 11 

be recycled through the mixing tank to increase the density of thc sludge.- The 
sludge bleed from the thickner will be blended with the Mili tailings ond dis
tributed around the perimeter of the Central lmpoundment Pond. 

The cladfied thickener overflow will be acidified with sulfuric acid as it flows 
to the Mili water supply reservoir. The Mili will recycle pcrt of this water for 
process requirements. The excess treated effluent wi 11 be dischorged into the 
South Fork Coeur d'Alene River. 

2. Offsite Facilities 

Offsite facilities include recycle within the Zinc Plant to reduce sulfate dis
chorge ond o pipeline for tronsporting Zinc Plant effluent to the Central lmpound
ment Pond. 

As part of these facilities, the Phosphoric Acid Plant effluent recycle system is 
included ond will utilize o 43 acre portian of the Central lmpoundment Pond for 
settling ond cooling. After settling and cooling, the effluent wi 11 be recycled 
directly bock to the Phosphoric Acid Plant. Required mcike-up water will be 
supplied from the Lead Smelter water recycle-system. The Lead Smelter effluent 
wi 11 n6rmal ly ,be· recycled within the Sm~lter. :

1

Provisions wi 11 be incorporated to 
discharge oll or any portian of this Le~d Smelt~r effluent to the Central lmpound
ment·-Pond for' treatment i \' the Centra l. T~eatme~t Plant d~ri ng periods of p;"ocessc 
upset within_the Lead Smelter. · 

Pro¡ected Capital ond Operating costs for the treatment system ore shown in Toble 4. 

The Central Treotrrient Plant being constructed is shown diagrammatically in Figure 5. 
Construction is now obout.:60% complete with startup sched'uled to begin in lote 1973. 

' 

o 
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.Pro¡ccted Copita 1 and Operoting Costs ·· 

Copita! Costs: 

Central Treatment Plant: 
(6000 ·gpm Dcsign Flow) 

ttQffsite Facilities .Costs: . 
(fncluding pipelines to impounding 
oreas, dcccnts, and vorious plant 
effluent recycle systems) 

Tot9l Cap!tal Cosrs: 

Annual Opera ti ng Costs: 

Direct Opcrating Cost: 
(ot Design Flow) 

lnclir(:ct Operating Co.)t: 
(including depreciation, 
toxes, ond ínsuronce) 

Total Annuol Operating Costs: 

¡' 

$ 550,000 

730,000 

$1,280,000 

$ 592,000 

110,000 ~ 

$ 703,000 

* Not in~luded is $995,000 spent previously for water treatment 
facilities which were necessary fo:- the proper operation of this 
focility. 

·. 
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STEEL MAKING 

.E. F. Gloyna 

R~íerence is made to Development Document íor Eífluent Limitations 
Guidelines and New 'Source Performance Standards for thc Steel Making lndustry, 
EPA-440/l-74-02.4-a; June 1q74. 

For the purpose of establishing ef~luent guidelines 
of perfm;márice f.or the raw stGel making operations 
and steel industryv the industry was divided into 
as follows~ " 

and standards 
of the iron 
subcategorie:s 

•' 
; -

1 

" 

I By-Prcduct cake Subcategory 

II Beehive Cake Subcategory 

III Sinte~i~g Subcategory , 

IV Blast Furnace (Iron) Subcategory 

V Blast Furnace (Ferromanganese) subcategcry 

VI Basic O:l~ygen -Eurnace ·· {Semit1et F...ir Pollution 
control·'Z-~ethoas) subc.ategoL~j ·. 

VII Basic Oxygen Furnace (Wet:. .Air.· Pollution 
C~:>nt~ol I:i~thods) SubcategO:ií.."Y 

VIII, _ópen H~arth Furnace. Subcategory 

rx·· Electric Are Furnace (Seúni\ve~ A ir Pollution 
Control r1et.hods) surcca\::ego.::.z 

X Elect.ric ~re Furnace (t-Jet. Air Pollution 
Control Iw1etho9s) subca~egory 

XI vacuum D_eg~s.sing sut:cai.egory 

XII Continuous Casting subcategory 

The selcction of these subcategories was based upcn d{stitct 
differences in· t;.ype of produc·ts producedu productio:.1. preces ses: 
raw materials used, waste waters generated and control and 
treatment teclmologies employedo . Subsequent ·,.¡aste 
ctaracterizations of individual plants substantiated the validity 

. of this subcateg9rization. 
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The effluent limitations guidelines- for the iron and steel 
industry rcpresenting ~he effluént qüality obtainab¡e by existirig· () 
po.int · sources through tqe application of the best practicable 
control technológy currently - avai·lable ('BPCTCA or Level- I) for 
each industry subcategoryq are as follows: 

I.· By-Product Cake Subcategory 
1 ' 

' '/ . .- ' '~ 

or: 

~ ... -. . ..... ' 
,.,, ..,.1"- -" ~' 

Pollutant Parameter 
.. . 

Cyan~de 

Phenol 
Arriinonia 
Oi~ & Greasé 
suspended solíds 
pH: 

BPCTCA Effluent Limitations . 
Un'its: kg pollutant per kkg of product 

lb pollutant per 1,000 lb of product 

;_ Maximum for· any 
. .'One Da y · Period 
Shall Not Exceed 

0.0657 
Oo0045 
Oo2736 

-o .0327 
Ool095 

6.0 to 9.0 

Maximum Average ·of _ 
Daily values ·for any~· 

.Period of 30 
Consecutive Days 

,Q'.0219 
o .o o 1,5 
0.0912 
C.0109 
o.-o3&5· 

II. Beehive cake Subcategory· 

or: 

' -
Pollutan!_Earameter 

cyan.ide 
Phenol 
Aminonia 
sulfide 
Oil & Grease 
suspended Solids 
pH 

'.: 

BPCTCA-Effluent Limitations _ 
Units:· kg pollutant per kkg of product: 

lb pollutant pe~ 1,000 lb of product 

l-1aximum for any 
one.-Oay Period. 
shall Not Exceed 

Maximum Average of · 
Daily Values for any 

· · · Péri.od of 30 
__ consecutive~§---

No discharg·e of '-
- [:rocess waste watér 
pollutants to 
navigable waters 

2 

'. ¡ 

-
' -

o 

O. 



o 

o 

o 

M1 
III. Sintering subcategory 

BPCTCA Effluent Lirnitations 
Uni ts:kgpollu,tañt" per. kkg of product 

or: lb pollutant per 1g000 lb of product 

f21lutant Parameter 

Maximum for any 
One Day Period 
§hall Not Exceed 

Maximum Average of 
Daily Values for any 

Period of 30 
----~ecutive Days 

suspended Sol.ids 
Oil & Grease 
pH 

0.0312 0.0104 
0.0063 Co0021 

6 .. 0 to 9.0 

!Ve Blast Furnace (Iron) Subcategory 

BPCTCA Effluent Limitations 
Un~ts:. lcg pollutant per kkg of product 

or: lb pollutant per 1u000 lb of product· 
1 

Póllutant Para~eter 

1 

f.iaximum fo~ any. 
One Day Period 
shall Not Excegg 

!.ilaxirnum Average of. 
Daily Va~ues for ~~y 

}?eriod of. 30 
Consecutive Days 

suspended 
Cyanide 
Phenol 
Ammonia 
pH 

Solids 0.0780 
0~0234 
Oo0063 
0 .. 1953 

6~0 to 

c-. 0260· 
r .• 0,()7_8 
"'~.002¡ 
o .. oss:·a-

s-.. o · ·, 

v. Blast Furnace (Ferromanganese) subc'ategory 

' 

B~CTCA Effluent Limitations 
units:: kg.pollutant per kkg of product 

or: lb póllutant¡per ~,000 lb of-produ~t 

Pollutant Parameter 

~-iaximúm for any 
One Day i?eriod 
Shall ~Q!._Ex6eed 

t·1aximum Averc.ge of 
,oaily Values for any 

. Period of 30 
_con~ccutive Davs 

Suspended Solids 
e y anide,.) 
Phenol 
Ammonia 
pH 

0.3129 
Oo~689 

0.0624 
1 .. 5636 

~oO to 9.0 

0 .. 1043 
0.1563 
0.0208 
0.5212 



VI.. Basic Oxygen Furnace (Semiwet Air Pollution
Control r"lethods) Subcategory 

' < • 
~ - '~ - -' ; ,_! 

BPCTCA Effluent LimitatiÓns . 
" ,- un:~t~: '_ -kg pollu~ant -perkkg of product: 
or: -· lb pollutant per 1, 000 lb of product ~ 

• '. '' - '- ¿ 

~ ¡ • '- '_ ~ 

Pollutant -Parameter 

Máximum for any 
One Day Per-iod ' 
Shall Not Exceed 

Maximum Average of 
Daily Values for any 

Period of 30 
Consecutive Days~ 

~·~ . --' -- -

suspended Soli~s No discharge of 
process waste·.water _ , 

pB pollutants to navigable w~ters 

1 

VII. · Basi.c 'oxygen Furnace (~Jet -AÍr Pol1ut.ion 
-· .Control -Hethods) subcategory 

' . 

or: 

" 
Pollutant Parameter 

suspended Solids 
pH 

.. ' 

BPCTCA Effluent Limitations 
Units: kg pollÜtant-per kkg of product 
lb pblfutan~ per 1,000 lb of product ~ 

r.1aximum fo:¡: any 
One Day Pex-iod 
Shall Not Ex~ 

0.0312 
6e0 t.o 9.0 

Maximum Average,of 
Daily Values for -~ any 

Period of, 30 -
Consecutive Days ___ 

Oo0íl04 .;; 

VIII. Open Hearth Furnace Subcatego_~y 
' . 

BPCTCA Effluent Limitations 
units:-~pollutant per kkg of product 

or: lb ~6l~u~áni·per~1,000 lb of product ~ 

~ollutant Parame~ 

suspended Solids 
pH 

' 

Maximum for any 
One.' Day Pei~od 
Shall-~ot-Eiceeg 

Maximum Average of 
Daily Values for any 

Period of 30 
Consecutive Days 

0.0312.: 0.0104 
6.0 to 9.0 

:: 
4 

~ 

: 

o 

o 

Q, 

' 



o 

o 

IX. Electric Are Furnace (Semiwet Air ?ollution 
Control Methods) subcategory 

BPCTCA Effluent I.irni t.ations 
U6its: kg pollutant per kkg of product 

or: lb pollutant per 18 000 lb of product 

Pollutant Parameter 

Maximum f<?r any 
One Day Period 
Shall Not Exceed 

.Na:dmum Average of 
Daily Values for any 

Feriod of 30 
_consecutive Days 

suspended solids 

pH 

No discharge of 
process waste water 
pollutants to navigable waters 

Xa Electric Are Furnace (Wet Air Pollution 
control Met.hodsj Subc,a tegory 

'
? ' 

B~CTCA Effluent LirnH:~t.ions 
Units:: kg pollu~cant per kkg of product 

or: lb pollutant per 18 000 lb of product 

Pollutant Parameter 

f-!a:drr.um for any ¡ 
One Day Pe:doéi. 
Shall Not Exceed 

Maximum Avera~e~of 
Daily Valucs for any 

Period of 30 
Consecutive Da~ 

SlJspended Solids 
pH 

0.0312 1 0.0104 
6.0 to 9 .. 0 

XI. Vaquum Degassing subcategory 

BPCTCA Effluent. Limitations 
Units: kg pollutant per· kkg of product 

or: lb polluta~t pe~ 1,000 lb of product 

~pollutant Pararneter 
' -,, 

suspended Solids 
pH 

Maximum for any 
one Day Period· 
2hall Not :· Exceed 

Maximum Average of 
Daily Values for any 

Period of 30 
Consecutiyg_~~Q_ 

0 .. 0052 
6 .. 0 to 9.0 

5 

\' 



.l 

( 
1. 

1 
l 

. ' 

XXI. continuous Casting Subcategory 

or: 

Pollutall1_farameter 

suspended solids 
Oil & Grease 
pE 

' .;_ 

BCPTCA Ef:fluen·t · Limi tations ··~, :;. 
Units: kg pdllutant ,p~r kkg of product~ 

lb pollutant per 1 0 000 lb of product : 

l<!aximum for any 
One Day Period 
Shall Not. Exceed 

J 

Maximum Average of 
Daily Values for any 

Period of 30 
. -~n~cutive Day,2_ 

0 .. 0780 
0.0234 

O.Q260 
O .. C078 

6.0 to 9~0· · 

The effluent guidelines representing the effluent qu~lity 
obtainable by existing point sources through the applicatipn of 
the best available technology economicaily achievable (BATEA or 
Level II) for each industry subcategoryl are as follows: 

l.. By•Product Coke Subcategory 

BATEA Effluent LimitatiQn§ 
Units: kg pollutant per kkg of product 

or: lb pollutant per 1 0 000 lb of product 

Maximum Average,of 
Daily Values for any 

Period of 30 ~ 
Pollutant Parameter 

Maximum for any 
one Day Period 
Shall Not E;rceed • j consecut1ve D2~s 

*Cyanide (A) 
Phenol 
Arr•monia 
Sulfide 
Oil & Grease ~ 
suspended solids 
pH 

0.0003 
0 .. 0006 
0 .. 0126 
o .0003 ' 
0 .. 012'6 
0.0312 

6 

0 .. 0001 
0 .. 0002 
0.0042 
0 .. 0001 
0.0042 
0 .. 0104 

6.0 to 9.0 

; 
( 

1 

o:-

o 

o 



. o 

o 

II. Beehive Cake -~úbcategory, 

BATEA Effluent Limitations 
Units: -¡g pollut~nt per kkg of proquct 

or: lb pollutant per 1 8 000 lb of product 

Pollutant Parameter 

*Cy anide (A) 
Phenol 
Ammonia 
Sulfide 
Oil & Grease 
suspended Solids 
P

·q ' 
~ 

Maximum for any 
One Day Period 
Shall No Exceed 

Ma:x:imum Average ~f. 
Daily Values for any 

Period of · 3Q 
_92nsecutive Davs 

_No discharge of 
process t·1aste t-Jater 
pollutants to navigable waters . 

*Cyanide (A) : Cyanide amenable to chlorination. Reference 
ASTM D 2036-72 • 

III.- Si~tering Subcategory 

~A Effluent Limitations 
Units: !{g pollutant- per -lt;.kg of product. 

or: lb pollutant per 18 000 lb of product 

Pollutant Parbmeter 

Maximum f9r any 
One Day P~eriod' 
Shall No~ ~~ 

Maximum. Average' of· 
Daily -Values .. for é.ny 

Period of 30. 
_consecu-t.iv~avs 

suspended Solids 
oil & Grease 
Sulfide 
Fluoride 
pH 

0.0~56 
0.0063 ' 
0.00018 
o .0126 ' 

0.0052 
0.0021 
0.00006 
0.0042 

6.0 to' -9. O 

• [. ,' t 



1 
l 

1' 
1 

·l 
' 1 
1 

. 1 
. ~ 

1 
-1 
1 
! 

IV. Blast Furnace (Iron) ~uccategory 

BATEA Effluent Limitations 
Units: _kg pollutant per kkg of product 

or: lb poll~tant per 1u000 lb of product 
. '• ' 

Pollutant Parameter· 

Maximum for ariy 
One Day Period 
§h211 Not Exceed 

l'~aximum Average of 
Daily values for any 

Period of 3C 
Consecutive Days 

Suspended Solids 
*Cyanide (A) - - -
Phenol 
AiTh'TIOnia 
su¡fid~ 
Eluoride 
P~. 

0.039'0 
0.0004 
0.0008 
0.0~56 
o.ooos 
0~0312 

0.0130 
C.00013 
0.00026 
0 .. 0052 
0.00016 
0.01C4 

6.0 to 9.0 

*Cyanide (A) : Cyanide's amenable to chlorinat.ion. ·Reference 
ASTM D 2036-72. !: 

V. . Blast Furnace (Ferromanganese) Subcategory 

BATEA Effluent Limitations 
Un'its: l~g pollutant per kkg of product 

or: lb pollutant per 1u000 lb of'product 

Eollutant Parameter_ 

Maximum for: any 
One Day Pe.t'liod 
Shall Not Exceed 

Maximum Average of 
Daily Values for any 

Period of 30 
_consecutive Days 

Suspend~d Solids 
~::~yanide .(A) 
Pherio;t · 
Ammonia 
Sulfide 
Manganese 
pH 

0.>0780 
0.0008 
0.0016 
0.0312 
0 .. 0009 
0.0156 

0.0206 
0.00026 
O .. Ó0052 
o o o "((\4 
0.0003 
0.0052 

6.0 to 9.0 

'· *Cyanide (A) : Cyanides amenable to chlorination. Reference 
ASTM D 2036-72. 

8 

o 

o 
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o 
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VIo Basic Oxygen Furnace (Se~iwet. Air Pollution 
- ·Control l>iethods) subcateg9ry 

BATE.Z\ Effluent Limi tations 
Unit.s: kg pollutant per kkg of product 

.or: ·lb pollutant per 16 000 lb of product 

- ~1aximum Average ·of 
Duily Values fo~ any 

Period o'f 30 -
Pollutant Pararneter 

Ma:dmum for any 
One Day Period 
Shall Not Exceed __ consecutiv~Days 

suspended Solids 
Fluoride 
pH 

No.discharge of 
process waste water 
pollutants· to navigable waters 

VIlo Btilsic o)cygen Furnace (vJet Air Pollut.ion 
control Met~od~) ~ubcategory 

·~· •,. 

' 

BATEA Effluent.·Limitations 
Uni.ts: kg pollu~an~ per kkg of product 

··or: lb pollutant per 1u000 lb of product 

Pollutant"P~ra~ete~ 

Maximum for an~
One: 'oay Period~ 

· :S hall N6t · Exc~gg 

· io'J:á'xii~um Average of 
Daily Valués for any 
Perioa of 30 
Conse~ive Days·-

Suspended Solids 
Fluoride 
pH 

1 
r 

''· 

O.On56 
0 .. 0126 

9 

0 .. 0052 
0.0042 

6 .. 0 to 9 .. 0 



VIII. Open Hearth Furnetce Subcategory ' 

- BATEA Effluent Limitations 
unítsi kg pollutant·pér kkg of product 

or: lb pollutant per 1g000 lb of.product 
\:~ - ' ' 

, ' .. 

·Pollutant Parameter 

·Maximum 't~z any 
One Day·Period 
.§h-all Not Exceed 

Haximum Average of 
·Daily yalues for any 

Period of 30 
co~secutive Q2~ 

~· suspended ·solids 
Fluoride - · ·' --
Ni trate (as N03) · 
Zinc - -
pH 

; 

Oo0156 
0.0126 
0~0282 
Q.0030 

Oo0052 
Oo0042 
0 .. 0094 

.0 .. 0010 
6.0 to 9.0 

IX. Electric Are Furnace (Serniwet Air Poliution 
control r.iethods) .. subcategory· · 

BATEA Effluent Limitations 
Units: kg pollutant per kkg of proauct 
or: lb pollutarit per 1g000 lb of product 

Maximum Average of 
Daily Values for any 

Period of 30 · 
~ollutant Parameter 

Maximum for any 
One Day Period 
Shall Not~Exceed __ consecutive Days 

Suspended Solids 
Zinc 
Fluoride 
pH 

No discharge of 
process uaste water 
pollutants to navigable waters 

x. Electric Are Furnace (Wet Air 'Pollution 
Control Methods) Subcategory 

:1 

BATEA Eff:fuent ·Limi t.ations 
Units!--kg pollutant per-kkg of product 

or: lb pollutant per 1g000 lb of product 

Pollutant Parameter 

r' 

Maximum for any 
One Da y Per iod :. 
Shall ~ot Exceed 

Maximum Average of 
Daily Values for'any 

Period of 30 
Consecutive Da~§__ 

suspended Solids 
Fluoride 
Zinc 
pH 

0.0156 ¡; 
0.0126 i· 

0.0030 

10 

0.0052 
C .. 0042 ·• 
0 .. 0010 

6.0 t. o 9.0 

0-

o 

' 
Q 



o 

o 

o 

XI. Vacuum Degassing'Subcategory 

BATEA Effluent r.irnitations 
Units: kg pollutant per kkg of product 

or: lb pollutant per liOOO lb of product 

Pollutant Parameter 

Suspended Solids 
Zinc 
Manganese 
Lead 
Nitrate (as N01) 
pH 

N.aximum Average of 
l-1aximum fo'r any Daily Values for any 
one Day Period Period of 30 
~11 Not Exceed ___ fonsecutive Days 

0.0078 
Oo0015 
Úo0015 
0.,00015 
Oo0l41 

6 .. 0 to 9.0 

Oo0026 
0 .. 0005 
0 .. 0005 
0.00005 
O.OOU7 

XII. Continuous Casting subcategory 

BATE.D:. Effluent. r .... imitations 
Uni ts:!cg pollut.ant per k1;;g of product 

or~ lb po~lutant per 1g000 lb of p=oduct 

follutant Parameter 

Suspended Solids 
Oil & Grease 
pH 

1 

Maldrnum for any 
One_Day Period 
ShalJ. Not Exce~ 

l"laximum Average of 
Daily Values for any 

Period of"30' 
Consecutive Davs 

---~~~~~~~~~-

0.0052 
0.0052 

6 .. 0 to 9.0 

The effluent guidelines representing the effluent quali~y 
attainable by new sources (NSPS or Level YII) through the 
application of the best ayailable demonstrated control 
technologyu (BADCT) p~ocessesu operating methods or other 
alt~rnatives·for· each industry sup-cat~gory are as follows: 

\ 

Same ?-S ,BATEA for all catego-ries except that the ni trc.te 
limitations·on the open hearth and vacuum degassing subcategories 
shali xiot apply. 
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In th1s process dirt, salt, blood, manure, and 
nonflbrous proteins are removed from the hidf's. 
There is considerable variation in the quantity oí such 
waste material, depending on the time oí yea r and the 
source oí the hides. 

Depending on the type oí leather produced, additional 
washes (rinses) may also occur' at several other points 
in the tanning. proces s, including after liming and 
dehairing, aíter bating, after tanning, and prior to 
and following coloring. 

Unhairing -- Hair is removed by chemical loosening 
íollowed- by either machine pulling or chemically dis
solving the hair. Machine removal is practiced where 
it is desired to recover the hair. The dissolving process 
is referred to as ''pulping" or "burning. 11 

For either type of unhairing, ·the hides are placed in 
vats (with or without paddles). drums, or hide processors 
with a lime slurry to which ·sharpeners such as sodium 
sulíide and sodium sulfhydrate- are added. When the' 
ha ir is to be saved, the strength oí:the solution and- the 
time in contact with the hide is limited to that necessary 
to loosen the .hair sufíiciently for mechanical pulling. 
lí the .hair is to be pulped~ stronger solutions and 1 o-r 
longer time· cycle·s ~-re used and the hair may be totally 
dissolved. 

Sometimes hides are relimed to make the hide swell for 
easier splitting. In a save hair operation, ílesh and 
hair removal is sometimes íollowe~ by a 11 scudding" 
ste p' to ensure removal oí hair roots and fine hairs. 

'The liming and unhairing prdcess ib one of the principal 
contributors to the waste eíüuent. '1 In a save -ha ir opera
tion with good recovery of haiir, the- contribution to the 
eífluent is substantially lo we:r than in the pulp hair 
operation. 

2. Tanhous e ,, 
¡:_ 

(a) .Bating -- Bating is the íirst"Step in preparing the 
·stock ·for the tanning proccss. It may be done in 
either vats (w1th .or without paddles). drums. or 
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hide processors. The hides are placed in the proct:sswg 
equipment which contains a solution of amn-,r,nn:rn c;;¡_Jtc; 

and enzymes. Thc purpose oí this operation lS to: 

1) De-lime skins 

2) Reduce swelling 

3) Peptize íibers 

4) Remove protein degradation products 

(b) Pickling -- The pickling follows the bating step and is 
normally done in the same equipment. A brine and acid 
solution is used- to bring the hides to an acid condition 
in preparation íor subsequent tanning sub-process. In 
addition to conditioning the hide fo'r receiving the tanning 
agent, it prevents precipitation oí' chromium salts. 

Pickling is always done befare the chrome tanning process 
and may be done beíore vegetable tanning. · 

(e) Tanning -- Nearly-all cattlehides in this country are 
either chrome or vegetable tanned; verflittle is tanned 
with alum or other tanning- materials. 

Vegetaole tanning is 1he older process, arid is performed 
in a solution cont<uning plant extracts such as- ...-egetable 
tannms. This method is usually tised for the heavy 
leathers such as sole leathe:r, mechanical leathers, and 
saddle leathers. Shoe upper leathers and other lighter 
leathers are usually chrome tanne:d by immersion in a 
bath containing proprictary mixtures of basic chromium 
sulfate. 

Vegetable tanni?g is usually done in vats, ·pnncipally 
due to longe r prQcess times, whilc chrome tanning takes 
place in drums or hide processors. 

In sorne cases, depending on typei of leather being 
produced, hides are tanned án the tanhouse and later 
r~.tanned as a part of the retan. color. fatliquor process. 
vVhere different tanning agents aré used in the initia'l 
and retan·steps, it is refcrreci t,) as combinat10n tanning.. 

Waste effluents from thc tan'ning pro ce ss a re su bstantíal. 
Recycle of vegetable tan soltutions1 1s bccomin~ n1or-.• corr:
mon in the industry; that which cannot be recycled ma y 



be used for retannin.g or evaporated and recov(;red. 
Rt;c;ycle ánd recovery of ,chrome .tánning soluti0ns 
is also practiced at a few locations~ 

(d} Splitting -- The tanned hide is split to produce a 
grainside piece oí essentially constant thickness and 
a flesh side layer. The flesh side layer or split can 
be processed separately or sold to split tanners. 

3. Retan, Color, Fatliguor 

(a) Retan -- .t(e~anning is done to impart diffe·rent 
characteristics in the finished leather; using chrome, 
vegetable, or synthetic tanning agents. 

' ' ' 

(b) Bleaching -- Bleaching hides with sodium bicarbonate 
and ·sulfuric acid after tannin'g is cbmmonly practiced 
in the sole leather industr'y. ·' 

(e) Coloring -- Coloring is done in the same drums as 
retanning, and may be done either:before or after 
fa tl iquo ring. 

(d} Fatliquoring -- This operation adds oils replacing the 
natural oils lost in the beamhouse and tanhouse processes 
and to make the leather pliable. 

Liquid wastes fr,_ .n the retan, color, and fatliquor 
proce·ss may be high volume~low s':t:rength compared 
with the.other processes. 

4. Finishing 1 

Finishi~g operations such as drying, wet-in coating, staking 
or tacking, and plating which follow the wet processes pro
vide 1 onl y r,ninor contributions to the liquid waste primaril y 
from cleanup of the paster drying plates an.d from paint 
spra:Y booth water baths. 

Trimming:s are disposed as solid waste, and dust collected 
may be disposed i_n either wet or: dry form. 

) 

Sheepskin Tannery Processes:, In this proces3, likc pigskin tannin~. 
therc is no beamhÓÚse proccss and degreasing isl requi,rcd. Thc three 
n1aJor processes are: (l) tanhouse; (2) retan, color, and fatliquor; and 
(3) finislung. 
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2. Tanhous~~ 

(~) Receiving -- Skins are salted, cured, and tied m 
bundles_ oí _one dozen skins. These skins have had 
the wool removed at the packer or wool pullery and 
proce~ sed to the pickled condition. The wool pulling 
represents a beamhouse process. 

Skins tanned with the wool intact are referred to as 
shearlings. Tanning oí these skins does not involve 
a beamhouse process. 

Pickled skins have been preserved for shipment and 
storage by irn..-nersion in a solution oí brine and acid. 
Shearling skins are cured in a salt brine only. Exces s 
solution is drained prior to bundling. 

(b) Storage -- Pickled skins held íor extended periods 
should be kept below 30°C (86°F) t'o avoid deterioration. 

(e) Fleshing -- Fleshings and trimmings are normally 
collected and 9isposed oí as a salid waste. 

:~ " 

(d) Degreasing -- Grease is recovered as a by-product 
írom_those skins-~hich have had tlle wool removed~ 
'When'' solvent degreasing is u sed, the solvent is 
·recovered and reus._··:. 

Skins with the wool on (shearlings) require subs tantiall y 
more water in the washing (scouring) operations and 
grease recovery is not normally practiced. 

There,is a waste eífluent from this process and a 
small amount oí vapor, i•·1cli:lding solvent exhausted 
to the' atmosphere. ' 

(e) Tanning -- Sheepskins may be either chrome or 
vegeÚl.ble tanned, although the maJority are chrome 
tanne'd. 

(f} Refleshing --In some cases, there is a refleshing 
o pe ration íollowing tanning, :which. produces a s mall 
amount oí salid waste. 

2. Color and Fatliquor 

(a) Colorín(! -- Skins to be colo'tcd ar.c immcrsed in a dye 
solution in drums. Generally. syhthctic dycs are ~;sed. 

8 



Sorne blcaching may be done prior to coloring 
oí shearlings. 

(b) _Fatliguorill,g_-- Th1s. operation is performed in the 
san)e drurt:l used for coloring. Skiris are immersed 
in a solution containing various oils to replace the 

t natural oils oí. the skin lost in the tanning process. 

3. Finishing, 

This is an essentially dry process, and the only liquid 
waste contributed is from cleanup operations. 

Sol~d wastes from the finishing operation include trim~ings 
and skivings. Dust from the sanding and_buffing operations 
may be collected dry artd disposed of as a solid waste or 
wet and carried into the wast'e water system. 

Pigskin Tannery Processes: In this operation there is essentially 
no bearnhouse proces s. Hair is removed at the packing house. The tanhouse, 
color and fatliquor and finishing processes ate generally similar to those 
mentioned previol,lsly. 

Waste Constituents 

Wastes in tanneries are derived from the following: 

Hair Lime Sugars 
Hide scraps Soluble protein Starches 
Flesh Sulfides Oils', fats 
Blood Amines Detergents 
Manure Chromium salta Acids 
Dirt Tannin ,, Dyes 
Salt Soda ash Solvents 

The BOD contribution írom a typical'cattlehide tannery ma y be as 
íollows: 1· 

Spak 
Unhair 
Re-lime 
De -lime and Bate 
Pie k le 
Chrome Tan 

20o/o 
52% 

2% 
13% 
4~. 

b% 
Color and Fathquor 2Sü 
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- Ü Figur~. ~- shows potential pollution sources in terms oí BOD. flo·.'l 

o 

o. 

and SS.; Thf> hf•amhouse produces the largest load. However, the wastE-
water flow for:var10us production umts. is highly variable, Fig. 5. 
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Typical characterization oí waste írom a.hide curing operation is 
as shown in Table l. 

Table l. Hide Curing 

~~~e Charact~istics 

BOD_2 

COD 

Total Solids 

suspended Solids 
' i 

· Oil and Grease 

concentration 
«mg/1) 

29,610 

280 11 500 

1017400 

'~40 17 2o;p 

kg/1 17 000 kg Hide 
jlb/1«ooo 18_~L 

3.9 

7.4 

70., 

2.6 

10.0' 

------------------------------------~-------~-------------------!. ' -, 

Water Use., l/kg 
(gal/,U::) 

11" 

0.24 
(o. o 3) 
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o Wa·stewater Tr.eatment 

The following unit processes appear necessary ,to meet the pres~nt 
·Water, pollution control :standards. 

l. Equalization 

2. Primary sedimentation 

3. Carbonation and sedimentation 

4. Addition of municipal sewage 

5. Activa:ted sludge treatment 

6. 'Sludge dewate.ring by centrifuge 

7. Effluent -chlorination 

_ EquaHzatio~. carbonation with flue ,gasses, and sedimentation are 
-desir~ble. Equalization is an irn,por.tant -unit .pr.ocess for :minimizing 
·variations in .di'scharge flows .ánd ·waste .str.ength; ·Ba·sed -on :the quantity . ' -
ano qúa'lity of the tannery dischar ge' .a minimum of ·4 :hours .is _probably 
required. ·· l · - -

Prirr~a.;y s e~imentation basins des"igned '.with 'a:n overilow rate of 
3'2. 9 e u m~/ da y /s.q m ·(700"gpd/:sq ft_) shou_'!~a ,pr_oduce a :shidge ·Y.iith 8 p~rcer..t 
so'lÍd·s. Hea-vy duty s.ludge :ren;iova1 .equ1:pment w.iH .be :réquired due to the 
vo'lum e and density of the s.ludge produce d. 

Pilot tests indicate that carbona:tion after equa.1ization provides a 
ra;pid absorption of ca.rbon dioxide (·COZ) :gas .• ·A ~contact time :oí 20 minutes 
was sufíicient for .flue gas -ca.rbonation. The resultin·g calcium -carbon~te 
pr,e'cipítate is expected to a id in the remova1 oí othe·r .sus-pended s olids by 
.sediménta.tidn prior to secondary .treatment. 1 

A volumetric loading of a.bout 9731 kg BOD 5./day /1,, 000 cu m (60 lb 
BOD2/day/l, 000 cu ft) for the aeration .b"asin with aeration capacity of 
123 kw ( 1.65 hp) is .proposed for combined treatment. Tests indicate foa.ming 
xr..ay be an operational problem. The fulrscale design should include pro
vi'sions for suríace sprays and chemical a.ddition. 

f ( 

The biological floc produced in trie pilot .a-eratlon bas'in was found to 
be very light and !:lettled wlth difficulty. ::An overflow t"ate not to exceed 
23. S cu m/aa.y/sq1m (500 gpd/sq ft) is proposed for secondary sed1:mentatiun. 
Upon resettling of thc waste secondary s1udge in the primary clariíier, a 
mixture resulted which dewatered readilty on drying beds. Since largc 
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volun1es of sludgc are produced, excessive amounts of land would be n::quired 
for dryins: l)c·c-b, Sluch!e 1~. th('rc:fore, proposed to be dcwaterf:r] 1n a s~)lid 

bowl centrifuge with the resulting cake containing 20 to 30 pcrcent solids Ü 
~auled toa sanitary landflil. 

A two-stage biological treatment plant, l, 514 cu m/ da y 10.4 mgd). ' 
receiving combined municipal and tannery sewerage has been used success
full y (N emerow). The treatment system cons1sted oí the following proces ses: 

l. Primary sedimentation 

2. Roughing filter 

3. Activated sludge 

4. Secondary sedirnentation 

Tte primary sedimentation unit with overflows between 15.5 and 
23.0 cu ~/day/sq m (330 and ~90 gpóLsq ft) produced re~ova~ 
~fficiencies of 48 percent for BOD,2. and 24 perceót for suspend~d 

solids. Comparable values with polymers were 75 percent and 39 
nerc~nt, respectively (24). The organic load on the filter 
ranaed from lvl35 te 3g242 kg BOD~~day/lq000 cu m (70 ~o 200 lb 
BOD,2/day/l u COO cu ft) \>Ji th BOD,2. removals of 37 and 30 pe:rcent., 
respectively (2U) • The activated sludge uni~ producec the 
nighest organic removal efficiency (85 percent) at food to active 
'mass (F /V) ratio of C. 2. The mixed. liquor suspended solids Q 
:cMLSS) concentrations in the parallel basins were maintained at 
·2,000-3,5C0 mg/lo Flotation 't.hick:..:.ers without polymers were 
'loaaed at 5.9 to 17.1 kg/sq m/nr (1.2 to 3.5 lb/sq ft/hr) ~nd 
cons~st~ntly produced sludg~ concentrations of 5 percento Totál 
syst~m BOD2 removals ranged betw~en 80 to 90 perc~nt. 

In '4E:nAral 8 combined treatment is viable if proper design 
coLSlde:ra<:lor.s assessl.ng tr,'= eff~cts of tannery was"te waters are 
considere::l. 

The present U. S. Guidelines utilize ilie best practical effluent 
limitations, Table,2 and best available effluent: limitations, Table 3. 
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PARrolETER (1) 

BODS -

Ta_ble 2. _Best Practicable Efflucnt Limitations 

Maximum Thirty Day Average 
(July 1, 1977) 

SUBCATmORY 
kg/1000 kg hid.e (lb/1000 

1 2 3 -'!, 

4.0 4•6 3.8 1.5 

'!OrAL- CHRam.J.M 0.10 0.12 o.os 0.10 

OIL & , GREASE 0.75 0.90 0.7S 0.25 

TSS 5~0 s.a 4.e 2.0 

lb hide) 
S --

4 .. 3 

OoOG 

0 .. 90 

S .. O 

6 

2.8 

0 .. 10 

0.35 

3.4 

(1) For all sul:Jcategorie.s pH should rancier bsb~ 6 .. 0 ana 9.0 e.t ~'V tima .. 

Table 3. Beat Avo.ilªble Efflu¡¡¡nt: Limite.Uono 
(July l, 1983) ' 

Stl'lHlATtGO~'i 
h r:, /.l.'u o o lt,~ t'l:h1o (lb/1000 lb hidQ} 

1 2 ~ :¡ 4 S S 
~ """""""' """""""' :~ '9:!:rm!ELS 1iEES2 ~~ 

" 
:¡,,40 l,GO 1, ~o o@so l;JGO o~.1o 

O e O~ OeOG .P~OS " 0,0~ O e O~ O .. O_l 'lOTAL C1UtC%1lU%1 ,, 

(),§3 0.'=1~ :f:l eSO t' (),~~ o~~S\ OeS4 

Ce005 Oe006 OeOOS 0.002 '0,@0~ O~OQS 

18!.í le~ 
' 
le4 O e~ le~ o '"' 9>'0 

Oe2? ee~a '@ fJ €J. 
" @ ~ il \) e·íO OeSl O~~l4 

== ==~~ 

f§~ Al~ §Y.gAC§J~I,§§ M§~I-Pr§bnbl~ Ny~~~~ (MIN) ~f 
f§~§1 ~§1,1§~Q§ §k~Y14 fi@g @~g~§d 40Q @@Uft~§ p~~ 100 ~1 
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. TableA •. Chemical Characteristics oí Alm:n Tanning Procesar Wastes at 
The Caldwell Lace Leathcr Company* - - --- -- - ~ --. 

-
r~ate Spcnt 

Washing lime and Al u m Spent 
-, and Pit Lime~_ Delime -- - Tanning Oye 

Paramctcr Soaking_ Discharge Washout Washout liauor Solution 
-

Cóndoctivity, - ' 1'3,800 27,000 ,2,600 4,400 60,000 -
micromhos/crn - - - - - -
pH 7.2 ' 12.1 11.1 8.8 3.3 3.4 

6.8-7.4 11.9-12.3 10.9-11.3 8.7-8.9 3.2-3o6 -
Phenolphthalein 
Alkal inity, - 4,980 180 160 - -
mg/1 as Ca C03 - 3,810~6,150 130~225 130-190 - -

Total Alkal inil'y 1 215 6,240 380 460 - -
-- mg/i as CaC o3 140-295 4,970~7,500 335-430 430-480 - -

Mineral Acidity, - - ... - 13,400 9,600 

rñ9/r as- Cae o3 
-- ' - ' ..., ,.D~'t-"1_.1-..z_..._,_ ·~ ,..:, . 9,000-20,200 - ... - -

Total Acidity, 25 ~ - - 22,100 17,200 

mg/1 as CaC03 0-40 - - - 20,000-27,400 -
' 

Chlorides, mg/1 5,100 11,980 580 940 33,160 25,480 

as el- 2,590~8,250 8,350~15,600 530-630 710-1180 24300-387ÓO 25250-25700 

Total Hardness, 210 6,480 280 540 - -
mg/1 as. CaC03 - - - - -.. ' 

-----·-
- *Values tabu lated ore ave roges with range undcrneal h 
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f¡e:écuse of the diffic~lty of determining the final quantity or the precise 
e~í~ct of the dye waste en the treated final efflucnt, an ogreement wa$ 

, reached with the state pollution control authorities whereby color removal 
facilities would not be initially installed so long as they can be added 
later if fóund to be necessary. This has not been found necessory. , 

Screening and Equalization- Screening of the waste is mandatory to remove 
ha ir, flesh particles, and bits of leather from the waste streom. Pielimin
ary studies were conducted using a vibrating scr~en, but during construction, 
a sloping slotted screen was substituted. This type of screen hcd just 
appeared on the market and was especially recommended for applicatiohs-
'su eh as this o 

Equalization Basil)_- Because of the variations in waste flow and character
istics and·the necessity of operating the bi;ological process on weekends 
when the plant is not in operation,~some trpe of equalization bosin wos 
necessary o r: 1_ • , 

' r 
1
..:, < : 
4- . ~ ~ 

Fbr en ¿verage weekiy flow of opproxjmatkly 160,000 gollons it v10s pro
. posed to feed the waste to the treatment plant as follows: 

Weekdays- 1500 gallons per hour from 7 cm to 5 pm 
750 gallonsper hour from 5 pm to 7 cm 

; 1 

~ Weekends,;. 750 :· .ilons'per hour 
¡ ;, ¡ 

This pumping schedule results in a :c:!aily design flow of 25,500 gallons per 
. doy for- weekdoys onda weekly flow of 163,500 gallons. Design of sedi

mentation basins ond other facilities with short detention times wos based on 
trhe daytime flowrate of 1500 galldns per hour or 25 gollons per minute. 
The~~verage weekdoy flowrote of 25,500·gallons pcr doy is 17.7 gollons per 
minuteJ. - ' ~ 

1 1 ~ :: ' 

, ~f. en ec:;ualizotion bosin of 50,000 gallons orles:; had been éonstructed, it 
' 1, .... 1 1 

would hove becn necessary to schedule tHe pumping rotes to the treotment 
Lnits só that the basin wos essentiblly tmpty on Monday morning. This 
wot!_ld hove resulted in unequclized, undi luted woste being pumped 
directly to the treatment unit~ on f,v\cnda~ morning. lo preve11t this, a 
~osin of 62,500 gallons copacity was pro\¡ided so that a buffer v~lume of 
'12,000

1

to 15,000 gallons of waste: remair1s in the tank at the stort of 
opcrations on Mondo y morn•ng. ~ , 

1 ~ " 

~ 10-hp mechanical mixer is mountcd on~,'beoms above the tonk, and has 
turbine' blades located near the bottom of the tcnk. An oir compressor pro
vides ~out 10 dm of oir, releaseH below the turbine blades, to pr~:vent ' 
anoerobic conditions. ~ \· 1 

i' ~ 
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6. . Pr.ima.ry Cl::lrifier- A surface locding of 635 gal!on~ per da¡' per square foot 
onda dctention· of 1.5 hours was provided for the primary clarifier ct\the 

' dcsign-flow of 1500 gallons per hour. A conical hopper bottom with? 
60-degree slope provides for st'órage and sorne compoction of sludge.~ 

. A chamber wcis prÓvided on the. outside of tne tank to p'rovide o two-minute 
reoction time with the coagulant a id prior to entering the settling ba~in. 

1. Aeration Basin- The repori· recommended a lcudir.g of about 0.70 pou'nds 
COD per da-y per pound of mixed liquor volatile suspended solids. A basin 
with capacity óf one day•s average flow of 25,500 ~allons was provided. 

The design load is 3, 000 pounds of COD per .week, 'and 50% of this load 
was a~umed to be removed in the_ prirl}ary clorifier~ thus leoving 1,50G 
pounds of COD to reach the biologicol process. At the proposed treotment 
rotes the plont will hondle 25,500 gollons per doy for five dáys, ora 
daily flow of 15.6% of the weekly flow. Thus, the design doily COD lopd 
to:the biological process wos 234 pounds a6d the maximum doy of 36;~00 
g~llons would provide 330 pounds of' COD ~; _ 

' ,1 ' ll 

Th'e desig'n for the maximum day COD requhed 330/.70 = 472 pounds of 
ML VSS. At the averag~ doy flow, the loo8ing wculd be 0.50 pcunds 'of -
CdD per doy per pound of MLVSS.I In a hosin of 25,500 gallons copdcity 
this would result in o MLVSS concentrotion of 2~220 mg/1 ond a_total 
Ml,.SS cdncentration of 3,470 mg/1~ which is the approximote concentra- O 
tion at which the pilot tests were ruYt. : 

8. 

9. 

' ' 
Oxygenation is provided h:.· : 5-hp _mechanical surface oerctor. Cclicula
tions indicoted that o 3-·~? unit'wouid hove been sufficient 1 but a 5.::.hp 
unit wos ~provided to_ give a slight mbrgin cif safety. . 

r. < 
~ 1 11 f . 

Final Cl<trifier - A circular center;feed c~arifier with o 45-degree _conicol 
bottom y..:as provided following the qeration basin. The surface loadi·,~g at 

. the design fiow of 1500 gallon's per~hour is,653 gal/day-sq ft, and th~ 
detentio~ time is two hours. Settled sludge is pumped continuously from 
the point. of the cone. · 

\ [, 
' 1 

Sl~dge Concentrotion and Storoge tank - fhe loboratory data showed :that 
after one hour of settling the sludge volume is about 25 percent of thc 

, 1 - r ñ 
o~iginal ~md thot ofter 14 hours of settling

1
the volume of sludge is re9uced 

tp abo--.~(one-holf of thP. one-hour volumc~ On the bosis of 25,500 gallons 
fl~vi per'doy, this would result in a:

1
3, 190 gallons of primary sludge per doy. 

W,aste activoted sJudge WaS projected at about l,QQQ gaiJons per aO}t ot 
l,:percen¡ sol ids con_centrot.i on ._ Th~s, the ,:~xpected sol ids vol u me w~\s 
4,190 gallons per doy. A circular tank with o conical bottom was con-

' ' 11 [' 

s~ructed to provide 12,570 gallons pf sludge storage, or about three doys 
production. 

• 1 

21 

() 



o 

(0 

This capaci'i-y wos considered to be conscrvotive, since this sludge volume 
.--\vos bosed on the total flow from the plont, whereos the sludge voiume 
meo~urements were mocie on the composite olum tonning process waste 
olone ~ Additiqnal sto,rage time in the sludge storage bosin wos expected 
to result iri'an increose in the solids concentration and, thus, in a !esser 
quantity of sludge to be hauled away. 

Piping' was provided from the sludge storage tank to the suction of the raw 
waste pumps and an a lternate pump discharge 1 iné wos provided for. fi 1 l·ing 
the tan k truck. 

1 O. Lime WaSre Storage - Lime waste is discharged from the beam house vats 
every other wórk doy, making four days one week and three days the next 
week. The volume of the solution added to the vats is approximatel y · 
2,200 gallons. lt is desirable to distribute this flow somewhat evenly into 
the equaiization basin, so a new 2500-gollon storage tonk for this purpose 
wos p~oviC:Ied. ' 

11. Nurrient Requirements- The laboratory_Srudies four.d that the indust¡ial 
waste does not contain sufficient phosp~orus td' support the biological life 
in the system. -The phosphorus required' is one pound per 100 pounds of 

_BOD applied to the ser.ondory system. The average weekly BOD load is 
916 pounds, so? .16 pounds of phosphorus per week would be required. 

1 
1 • j i ' ' ' 

The mc;>st ecoQomi~a! source of phosphorus is Triple Super Phosphate"ferti-· 
lizer which contains 42 percent P205 ond costs approximately $5.00 per 
100 pounds. :~Abcut 50 poun;!. :f Triple :Super Phosphate is required per 
week~so, ten;pounds of tht.. 1crtilizer wos origir:ally added to the qualiza-: 
tion bcsin each working doy of the week. 

¡ ¡ 
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o COAGULATION AN'D PRECIPATION IN THE 
. l 

~OVAL OF ORGANICS FROM INDUSTRIAL WASTEWATE.l{ 

2 
Earnest F. Gloyna, .P. E. 

3 
Jim M. ~ller, P. E •. 

INTRODUCTION 

Pretreat:Jr.ent is usually requiied to remove suspended matter., 

but the removal of soluble organics during pretreatment should 

not be overlooked. The objective of this paper is to establish 

the importance of l~rne pretreatment for ~emoval of organics. 

Specifically, case histories are provide:d to illustrate the role 

of pretreatment.for the removal of (a) insoluble hydrocarbons¡ 

(b) soluble and insoluble hydrocarbons plus inorganic part~culatcs, 

(e) soluble hydroca:rbons and co-precipitated hydrocarbons, and 

Q ~(á) organic partícula tes and precipi tated inorganics. The. seo pe 

of this paper is to include discussion on: (a) neutralizat~on, 

{b) coagulation, {e) flocculation, and (d) gravity separation. ' ., 
The design of industrial •,..ras:.ewater treatrnent plants, 

usually entails.three majar efforts.: {a) a detailed wastewater 

characterization; (b) evaluation of appr.opriate treatment pro

cesses; . and (e) : designing an effic;i'ent facili ty that rr.ay be oper

ated easily androne in which expansion and proccss changes can be 

~ade with rninimum difficulty. As indusüriai operations eontinue 
' ' 

to grow.in .. cornplexity it is necessary to evaluate a greater 

1 ' . ' 
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Jo·' S,O percent of the orgal"liC load on the e>:isting tre-atment ~acil-
ities. ·A waste"•ater character~zation surv~y ~ndicated that 

~~egregat~on and ·scf.Jara-;e treatment of the more conc8ntrated waste 
i, 

gtreams would provide an efficient and econornically attracti~~-
1 

n¡eans to enhance the overall \•astewate::- treatment program. How-

~ver, it was also recognized that the characteristics of the . 
selected streams would preclude effective secondary treatrnent 
without appropriatc pretrcatment. The pH varied from 2 to 10, 

> 

but usually the mean was close to 6, d~e to in-plant neutraliza-
~ 1 

~ion units. The COD ranged between l,OúO mg/1 and 24,000 mg/1. 

~or two major streams, the means of the COD were 4,000 mg/1 .and 

~,500 mg/1¡ means of the BOD5 were 1,700 mg/1 and 2,600 mg/1 with 
~ range from 400 mg/1 to 8, 000 mg/1; '1the means of the TSS values 

~ere 450 mg/1 and·?oo mg/1 with a range of- 40 mg/1 to 5,ooo·mg/l. 

Qbviously, effective pretreatrnent was impexative for successful 
- 1 .. '1 

~pplication of secondary biological ~reatment. Concern cen€ered 
4bout not only the fluctuating pH, bút also the periodic high 1 

()
1 

solids and organic. loadings. In fact, these·inorcinate was~e-
~ater characteristics, dicta.ted that 'the ~roposed·- treat..""nent- sys-
tem be preven and~refined by the· construction and operation of 
a pilot unit. Primary treatment consisted of individual equal-• 
~zation, pH adjusbment and sed~mentation. 1 The pH was adjusted 
~o 8.5 - 10.5 with the use of lime. Co-precipitation was quite 
~ 
evident upon, mixing of the two streams, and this process was :,en-
• 
hanced by pH adjustment. 
' ' 
• The third case, a Viscose Rayon1Plant, produced both acid 
Ánd alkaline was~e streams •. The alk~lineDwastes had a pH gen-
t~ \ . 
~rally in exccss ~f 10 and containedS rel,tively high concen~ra-
~ions of organic~-. The acid waste s~ream~ characteristically ::ex

~ibited a pH of l~ss than 4, BOD5 co.ncent~ation of less tha~ .. ioo 
mg/1, zinc h:~vel~: ranging from 15 to · 2P mg/ 1, and low suspeii-;-: 

~cd solids. Upon mixing these two s~rea~p' co-prec~pitatio~,: 
occurred which resulted in the remov~l of:j signif~cant quanti"t;:ies ~-

bf dissolved orga~ics. Bench~scale ~reatability studies in4~cated~ 
•'. 
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that thP. co-prccipitation phenomena could be enhanced and zinc 

r~9,~al accornplished by lime coagulation/seáimentation pre-
t'=." ea trnen t . 

CASE I C0~1BINED HEGIONAL TRE.ATHENT 

5 

Bench-scale tests were performed on samplt.~s gathered from nine 

potenti?l participants, and pilot~-plant design r.vas then predic-

ted o~ the results of these efforts. 
t 

Detailed waste character-

iza~ion ,studies indicated that tr1e integrated waste strearn would 

re1~uire neutralization prior to l:¡,iological treatment, but rather 

v.nimpressive results from chemicéll coagulation/sedimentation 

pretreatment wa!s observed. Ho~Je'l.rer 11 for b1o of the w.aste streams, 

as much as; 50 percent of the COD 1? c.ould 'be remÓved follo~üng 
' ' ¡, 

neutra-lization, alum coagulationi:, flocculation~ and clarification. 
' 1 

Since ~these wastes contained onl.'!y small quant;ities of suspanded 

solids in their raw state, the o.rganic removals evidently re

sulted from the precipitation oJ! soluble constituerits. Economics 

dictat~d 'the use of lime for ner;utral_ization. •' 

. 'The completed pilot used :'
1
i/n ttlese studies is shown in Fig o 1, 

' ¡' 

and t~e process1 is illustrated! in Fig o 2 ... Wastewater from th<:.~ 

vario_us participants ~as tranE1lported to~ the unit by tank truck 
' ¡_ 

and stored: in two 71,000 gall1C·;m wood stave tanks.' Another :wooden 
' - ' ' 1 1 ' 

tank. of similar: size 'we3:s use¡:/ for equaliz~tion. . 

- The~. sy,stem'· incorporated// provisions'~ for t~19 st_age neu-c¡:aliza

tion, however, · •it soon becan/e apparent that a stable pH could be 
,,:/ 

maintained; by adding lime s:,Lurry to only the first rapid mix unit. 
- ' ¡,¡ 

About 350 mg/1 of hydrated j/lime was 

ent pH of 1.5. -The gener~1ion of a 
ved i~ therrapid mix basi~? ~ 

required to maintain an efflu

stringy floc could be obser-

Efflul?.nt from the ncHti:ralization tqnks \oJas pumpcd to the 
. 1 "f" h ./ )

1 
• 3 h 1 ·.~::· t f t pr~mary e ar~ ~er s own ~¡n Fl.g. . ; T ~s e ar~.Ll.er was en ee 

! 1 

in diameter. It was hop~~dl that lil1le adclition would produce a 
1 ' 

heavy sludge an(jl enhanc~; h,'.igher ov~rflow rates. Unfortuna tely, 
/ 

¡ 

l 
1 

/ 
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solids carry-over occurred whenever the reactor tu_rbine was used. 
Atternpts te improve operation by varying the speed of the floc
culator turbine and by adding various polyelectrolytes preved 
unsuccessful and the unit was used during the remainder of the 
test pr,ogram as a normal centerfeed clarifier. 

Oye studies were performed to invostigate the possibility 
that the turbine was inducing turbulence into the settling zone. 
However, a study of the hydraulic characteristics indicated that 
the performance of the reactor clarifier was attributed to the 
basic nature of the suspeneion rather than the equipment. 

9 

Bench-scale testing conducted concurrently with pilot-plant 
opcra~ions indicated that flocculation significantly improved the 
settling characteristics of the neutralizea wastewater. Since 
tha turbiileo '~<í'hen 10perated at low spe~du served as a flocculator 1 

its use shoul}d h&ve en.."'la.nced cla.ri'fier per·fonnanceo Conve.rsely, 
tha high conc'entxdtion of suspended o:rganife solidEi ca:used the·: 

neutralized waet.e :to behave aa a flocbula~t suepension t-lhere zone 
settling veldcity ',decreased l'Jith ~ncreasiríg aolids concen~ratrion 

after an optimum Was reached at app:-oxima~ly 2u000 mg/lo Evi
de~tly any poaitive value obtained from tl'ie turbine as a floc·cu
lator waa overcome by its intsrnal recycls function which served 

' < 

· to maintain a higher than óptimum slurry concentration in the 
aett.ling zona. 

The resulta achieved by lime p:etreatmcnt are illustrated 
in Fig~ 4 whér~ influent and effluent BOD~ ure presented in ~erms 
of percent oct:currenceo Overall BOD~ :iremoval averaged 37 perdent. 

::> 
The fact that much of the soluble organice were removed is evl-
dcnccd by analyses of filtered samples wh~ch showed that approx
imately ~ p~rcent of the BODS re~D~ed could not be attributed 

·to influent suspended solida. Organic ~emovals in terms of COD 
and TOC are ªhown!; in Table 2. 
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Table 2o Soluble Organic Removals by Lime Pretreatment* 

Results BOD5 COD TOC 

Hean Filtered 
influent (mg/1) 168 464 201 

Mean filt:ered 
effluent (mg/1) 131 408 155 

Mean rernoval 37 .56 ·46 

o (mg/1) 

Mean removal 24 13 23 
(%) 

n " 

*All data from filtered samples 

o 



CASE,. II - INTEGRATED REFINERY/PI:TROCHEMICAL INSTALLATION .-, 
" 
" 

Two waste streams were selected for the integrated refi~ery/ 
-' . 

petrochemical study. Pretreatment was obviously required as 
'• ' 

influent oil and suspen~ed solids concentrations were occasi~nally 
more than ~n order of magnitude above the accepted limits· foi suc

c~ssful biological treatment. Neutralization was also a necessity 
~ 

as the influent pH ranged between 2.0 and 10.0 with a mean Ot 6.0.· 
- ' 

It was also recognized that pretreatment would provide the a9di-
tional benefit of removing a portien of the soluble organic ¡oad

ing since co-precipitation occurred when the pH of the commiñgled 
' ~ ' 

W?ste streams was increased. ;' 
. Air flotation on a bench-scale was urtsuccessful and grayity 

¡; 

s~paration of oils and solids from the neutralized waste was~only 
' 

marginally successful. However, it was found that a settleable 
;: 

f·locculant suspenlsion could be developed at a pH above 8. O. On 
this basis, a pilot plant was designed and constructed to test 

' 
and refine treatment alternatives. The pilot unit incorporated 
facilities simil~ to those described for~ the regional syste~, 

J 

i.e., equaltzation, rapid mixing with chemical addition, pr~ry 
?' 

qlarification, and secondary biolog~al breatment. 
~ddition provided for pH adjustment, floc: formation 

'• 

Chemical~ 

and increased 
settling vel-ocit:i:Jes. l. 
" z· 

r The pil·ot unit was equipped so that either lime o:.: caus"tic e 
might be added fdr pH control. More,bver ,~ facilities were av.ail-

·" 
~ble for adding a soda ash solutionJ Feeding equipment for pdd-
ing polyeleqtrolytes was provided and ev~ntually facilities~were 
provided to1add ~owdered limestone slurr~. 
~s a weighting aqent. 

.. 
The latter was used 

!. 
.; 

Both Cqustic and lime were tes~ed fqr pH control, but ~~ 
éimticipated:. the ¡Lime proved to be more effective. The lime :·not 

1 
only cost one-fifth as much as the caust~c per equivalent 

1 . 

o 

o 

~eight of base, but it materially enhanc~d settling of the-floc. () 
~ydrated lime was used as the primary source of base throughout 

:. 

i, 
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Üle prog.rhm. Dosage ranged from 250 to 900 mg/1 t.o obtain pH 

levels of 8.0 te 11.0. An operating pn cf ahout 8.5 provided 

optimum floc formation and settling. A lime dosage of 350 mg/1 

was required. Massive lime additicn did present a potential prob~ 

lem in that the available natural alka.lini-cy t-Jas insufficicnt to 

precipitate all of the calci~ and the unstable effluent inter

ferred with subsequent treat."'·nent s'ceps. 

Concern over the f~~e of thesc excess calcium ions togcther 

\.vith anticipated problems in controlli::.g the pH of the mi:-.:ed 

liquor prompted the addi tim1 of soda ash. D~as .. ::.ic pH rf.Xluc"i.:ic:"ls 

to below four had occurred during the Dench-scale biological 

·t::-eatabili"i:.y studies" This lot!J pH probli2l'ói is a fairly corr.rnon 

occurrence t•ú':le~1. treating some refinery wa~tes o !t t>las hoped: 
that. the ;;;;odi:. asn'1 tvould precipit~te the e~cess calcium ions, · 

() enhance tho sc~tlc&bility of the floco ana buffe¿ the biological 

procezs asa.ins'l:: detrimental pH changes o It ~vas fow¡d tP..at "éhe 

natural biclogica:l reduction in pH :Czom an influent of 8.5 to a 

mean oi 7.0 shifted the carbonate-bicarbonate balance and rcd~c¿d 

the carbonate ionís availablc for calciu.'il carbonate precipita.tion 

to appro::x:ir:iat.ely on~-t:t-;enty fifth oi that. ente:cing the aeration 

basin. The res·,.ü;,1::. being that the primary· effluent '''c.s :cende~cd 
rr~re stable by biological treatr~nt and soda ash addition was 

o 

not required' for this purpose. Dr~stic pH shift.s did no-e oc-=u:
in the pilot unit" and soda ash preved to be unnecessary as a 
buffer. Furthermore 8 cosJc analysis indicated t:hat a weighting 

agent could be applied more effectively i'n 'che iorm of powdered 

limest.one. 
The primary clarifer 't·las operated fo,r approximately t'\>?O . 

2 months at ov.erflow rates ranging bet~~iean aoo to 1, lOO gpd/ft 1. 

The pilot unit could be operated either a~ a reactor clarifier 

or in the convent;ional centerfeed cor,figu~ation. Similar to :. the 
regional treaL~ent systen, the flocculant suspension responded 

favorably to, turbine flccculation bu~ the: internal recyle had a 



detrirn~ntal ~ffcct en performance. In both cas~s, a true floccula
tor clarifier would ha•Je been the optimum equiprnent selection~ 

·· Actual performance can best be character ized by extended: 
periods of high efficiency punctuated by periodic gross dis-

-
charges of oily sludgeo Each ~ailu~e could be traced to abnor-
mal1y high influent oil conc'eD·trátd:d¡¡s o Normally, the influcnt 
oil remained le'ss than 200 ~/1 bUt on occasion jumped to over 
700 mg/1 which in turn trig~er~ a ~iari'fica.tion failureo This 
pr~blem was eventually overcome- bY operating the unit at an oyer
flow rate of approximately 6'00 gpd/ft2 and adding rnassive quaz:l
tities of weighting agent when influent oil levels rose signifi
caJ)tly. 

After t~e appropriate operationa1 techniques had been pe~-

o 

fec;ted, effluent o11 and suspended solids concentration could be 

ma~ntained consistantly below 50 mg/1~ Removals of COD in th~ 
primary treatment Unit are shown in Figo 5~ Approximately 40-
percent of the in~uent loading, or a totai of 1,700 mg/1 of COD CJ 
was removedo 1 Oil and grease rernoval ranged from 100 to 5,000 
mg/l with a mean o~ approximately s:o~mg/ll 

., Consider1ing the characteristics C!>f th~ waste streams, it .; is 
believed that1 lime coagulation followéd byraedimen'tation offered 

1 ,, 

' th~ only worktlble alterna ti ve for effective oil and suspended:· 
so~ids remova~o F~thermore, this technique provided the add~d 
at~raction of taking advantage of co-precipitation to assist in 
the removal of significant quantites ~f dissolved organics. 

~~SE III - VISCOSE RAYON PLANT 

( The third case for application of limé in ~he primary tr~at
meQt unit invblve~ a synthetic fibers~plant. Although the instal
lation also included a polyester facility,¡most of the signif~cant 
wa~te streams1 were1 generated in the ctt.ursei! of visco se rayen p;o-

' duc;tion. 
' 

., ,: 
t 

o 
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Thesc wastes strearns can generally be catagorized as either 
p.lkaline or acid. 'l'h~ alkaline waste st~e¿:¡,n are produced ~!hile 
disolving cellulose to form viscose. ~elluJ.c::.c is made soll,lble 
in carbon disulfide under alkaline cond~tions and wastes are 
generated through the separation of unusable he~icellulose or 
by normal process spills and losscs. r:.:·:"i.e~e wastes ha ve a pH 
ranging from 10 to 11, a BOD5 of approximately 300 rng/1, a COD 
of about 450 rng/1 and contain negligib:e quantities of zinc or 
other heavy metals o In the next pro=.:.:ss step, the dissol ved 
cellulose, (viscose) is precipitated a~d polymerized by ex~~usion 
or spinning in an acid bath. Zinc is added to the sulfuric< acid 
bath to enhance the toughness of the rayen fiber. 

The wastes generated during the; acid process characteris
tically exhibited a pH of leas than 14, a soo5 of less than ~00 
mg/1, and z{nc co:ncentrationa ranging frotn 15 to 20 mg/1. ~'llien 

90mbined, t~e twa streams had a mean flo~ rate of approximately 

16 

o 

.7 MGD with peak flows of up to 9 MGD'. Q 
The reaction which takes place upon mixing the two waste 

~treams is essent1ially the same as ::nat used in the production 
of rayon, i.e., the acid waate precipitatres and polyrnerizes: a 
portien of the soluble cellulose re~mainin9 in the alkaline ~aste 
stream. Sorne· previous treatrnent sch~nes ~ok advantage of tpis 
phenomena by mixing the t\.;o strew"Us prior¡ to sedimentation "in 
large earthe.n ponds o Unfortunately, variations in the character
stics of the alkaline waste coupled :~ith difficulties in ~~intain-, 
~ng good scttling in the ponds resul~cd in inefficient organic 
removals and did ::nothing to reduce efflucnt zinc concentrat~bn. . ' 

The proposed treatment systern took adv~nge of the natu~al 
co-precipitation:of organice but optimized it to achieve rna~irnum 
rernovals. ~he first step in design ·invo~ved a detailed waste
water survcy to insure that all con~amina~ed wastes were collected 
lnd routed t·o the new treatment site. Bonch-scale treatability 

' ¡ 

~tudies \>Jere thon performed to develop dc;:¡sign criteria with. the 
; ) 

specific objectives of essentially aompl~te zinc removal and .. max-
irm.L"U organic precipitation. 

o 
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The ~ench-scale test rcvealed tha~ once the sol~bl~ cellu
lo~e had come in contact w1th an acid cnvironment an1 orecipitated 

.. ~-- ,' ' 

it remained insoluble even at an elcvated pH. Furthermore, t~e 

additicn of lime to th~ commingled waste not only removed zinc; 
but also coagulated th~ precipitat~d cellulose. As shcwn in Fig. 
6, effluent concentrations of approx~mately 0.5 mg/1 zjnc could 

he achieved at a pH of less than 9.0. The effectiveness of lime 
coagulation in organic removal is illustrated in Fig. 7. On .the 

average, 300 mg/1 of lime were required to obtain a design P~. 
-- ' t ' 

of 8.5 with maximum p~ak dosages of up to 750 rng/1. It is anti-
cipated that lime coagulation/sedimentation will reduce the 
org~nics by 65 to 70 percent and achieve 95 percent or better . 
zinc removal;;. · r. 

The proposed~ treatment facilities consist of alltaline equal
ization, pre~ix ahd rapid mix basins ·, chemical sto~.:age and f~ed 
facilities, tand a: floccula.tor clá.rifd.er. r- Cellulose precipitat.ion 
will take place in the premix basin upon commingling of th; two 
waste streams a" L'ime will bé added in the: rapid mix basin. 

The ·bench-sc.ale studies indicated that the lime floc sett¡ed 
well and setJ\tling; was enhanced b~ <;entle ~locculation, but the 
floc was ~usceptable tq shear. To compensate for this probl~m, 
mixing will ;be accomplished with lowrspeed, large-diamzter tur
bines. The tendency for floc destru~tiorowill be reduced by 

using a low~speed screw pump to lifti the Mastewater to the 
flocculator :clarifier. The clarifer· will 1 provide approximately 
15 minutes Qf low intensity floccuiation and will operate at·a 

' . 2 
mean overflGw·raue of 900 gpd/ft. ~ 

Although. lime was selected as the primary che~ical f~r pH 
adjustment, :1a backup system was pro"'ided nto feed caustic. 'the 

' 

sy~tem was instrumented for autornat±c addition of sulfuric 
acid to the :1prern~x basin for precipitatiQ.n of dissolved organics 
in the case i:of tempo:rary suspension rtOf w~ste acid t·eleases. 

1, 
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SU~.ARY 

Three case histories have been presented to illustrate the 

potential of lime coagulation/sedimentation for industrial waste

water pretreatment.. In each case, lime pretreatment served not 

only to adjust pH and reduce contaminant concentrations to ~ 

level suitable for secondary biological treatment, but also re

moved significant quantities of dissolved organics. These re

movals of dissolved organics are of partic~lar significance be
cause the precipitated constituents are generally large mole
cules or polyermized entities and these are generally difficult 

to degrade biologically. 
Lime pretreatment represents a viable process alternative 

J 

~hich should be considered in many cases. Therefore, in many 
treatability · investigations the scop'e of the study should be· 

broadened to include evaluation of coagul·ation/sedimentation' 

pretreatmen'b 
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n "' f '' 11 ~'le~ ¡-, :-.oT NF.\\ The process was stud1ed 
~ 
W by "~ncultural chem1sts more than a hundred 

) ears a¡::o They found that certain types of soil contain
in¡:: ~ilu-a ancl aluminum compounds had the ability of 
t''\rhan¡::in¡:: ion~ with those in water. These soils, called 
zeolitt>~. \H'H" adapted for use in softening water in the 
t>.uly JIX)()'~. The tcchnology has grown rapidly. Today, 
10n exrhan¡::f" plays a fundamental role in industrial water 
en¡::inet>rin¡:: 

Concepts and Terms 
The con,·entional ion exchange materials used in 

",¡ter comlitwnin¡:: can he visualized as skeleton-like 
~truclure~ havin!! many attached "exchange sites" (Fi¡::ure 
1 \ The ~l..e!P!on is insoluble in water but is electrically 
char¡::erL holding iom of opposite charge al the exchan¡::e 
<;ites 

F.xchan!!P m~terials with ne¡::atively charged skeletons 
are n·ferred Ir• as cation exchangers since they attract 
po"itive ion"; anion exchangers are positively charged 
ancl consN1ue•1tly. attract <~nions. The porous structure 
of inn f''<chan¡;e materials permits water to permeate the 
psrticle. ;¡ffordm¡:: ¡::ood contact with the exchange sites. 

1 f calcium ions. or cations of other species than 
"oclium "hnnld approach a cation e'<.chan¡::er particle 
"aturalf'rl with sodium ions. sorne of them mav be cap· 
turf'cl hr th~ ex.changer. This would releR"f' sodium ions 
prr1 iouo:h h,.Jrl al the exchange sites on the skeleton. An 
E>nuilihrium i.;; soon established between the dístribution 
nf the~e ~nt'~íes on the exchan¡rer and in the water sur
rounrling !he exchanger. 

l ahoratory studies of such equilibria show that an 
ion el!chitn<rer has a preference or "selectivitv" for one 
•nt'cie~ nl'f'r another. This selectivity depends on ionic 
charge molecular weight, and solution concentration, 
!Figure 2 ) For example, a cation exchanger holds cal
cium inno. more firmly than sodium ions when immersed 
in a weak solution, such as a typical natural water. For 
this reacon. if a cation exchan¡::er is originally saturated 
with sodium ions, it can he used to soften water. taking 
cakíum out of the water and relea'lin~ sodium in 
f''<chan¡:e. 

Fortunateh. thf' selectivity between these species is 
rrl'f"r~erl al hi¡:h concentrations. so that a strong solution 
nf hrine can rearlily displace calcium from the exchange 
~ite<;. "regeneratin~" the exchanger by returning sodium 
ions to their original positions on the exchanger skeleton. 

The Measure of Exchange Capacity 
Ton exchan!!e materials in aqueous systems contain 

a lar¡:te proportion of water. We mi¡::ht consider the ion 
exchan~e particle containin¡:: water to be a tiny vessel 
holcling a -.alt solution The number of ion exchange 
sitc~ in a unit volume, which is a measure of the "ex
chan!!e capacity" of the ion exchan~e material, can be 
expres<.f"rl in the same terms the chemist uses in defining 
the <;lren¡:!th of a salt solution The chemist speaks of 
the<;e solutions in terms of their "normality." "One 
normal solution" contaíns one equivalent weight of salt 
dissolved in a liter of solution. The ion exchange tech· 
nologist speaks of the capacity of an ion exchanger in 
terms of "milliequivalents of exchange sites per milliliter 
of resin beads in a graduate." (Which is mathematically 
identical to equivalents per liter or normality). The 
normality of typical styrene·hase cation exchangers is 
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figure 2 - Selectivity of exchangers 1 

~...---_______ ] 
close to 2.0; that of typical strongly basic anion ex
chan~ers is about 1.3. 

The lun¡:: tradition in water chemistry of expressing 
hardness in "~rains per gallon," has saddled ion exchange 
with a jarp:on all its own. One of the unfortunate results 
has been the evpression of ion exchange capacity in 
"kilo~rains per cubic foot," (Kgr./cu. ft.). The factor 
for converting normality to kilo~rains per cubic foot is 
approximatelv 22 Most commercial styrene-type cation 
evchan~ers have a total capacity close lo 40 K~r./cu. ft. 
The strongly basic anion resins have capacities in the 
ran¡::e of 28-30 K!!;r./cu. ft. 

Ion Eltchange Matorials 
The earliest ion evchange materials werc either 

natural or synthetic zeolites - mincrals produccd from 
mixtures of aluminum salts ·and silicates. When the~e 

materials were convertecl to the qodium form bv treat
ment with brine, they were capable of softenin'! water 
quite effectively. However, capacity w:1s low. and the 
mineral tended to dissolve. increasing the silica contenl 
of the finished water. Research in the late 1930's 
developed plastic materials ( resins) which coulcl be 
converted to ion exchangers by chcmical processing. 
These resins ¡::reatly expanded the application<; of ion 
exchangc leading to such modern processes as demineralí
zation - processes unattaínnble with thc zeohte-t y pe 
materials. 

As an example of an ion exchangcr fabricatl'fl of 
plastic materials, Figure 3 illustrates the construction of 
a cation exchanger built of two organic molecules, 
styrene and divinyl benzene. When a group of styrene 
molecules are treated under proper conditions of tem
perature and pressure, they will line up in a long chain. 
called a "polymer." 

The atyrene polymer would be too water-soluble after 
ion exchange sitea have been added and not rigid enough 

o 

o 
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Water Cond1tioning Processes 

Thert> nrc:- m.m) \•ays to U!:'e cat10n exchangers, anion 
e\ch.m:::cr~. or comlnnations of both, using different 
chemicals for their re¡.:cneration, lo produce a variety of 
water trcnting procc11ses (figure 41. The simples! of 
thPse proc!'sses, serving as an excellent example of how 
ion l'xchange "orks. is water softening usinp: onlv a 
ralton exrhanp:er. re;renerated "ith brine. 

\nnther importan! ion exchan¡!e process using cation 
e\chan;!er~ ts operdted wtth acto rep:eneration. This 
makes 11 posstblt" lo remove sodium from raw water as 
well as calcium dnd ma1mesium This is the only chemi
C.Jl tre.tlment process which can remove sodtUm from 
water solutions economically. 

The most si:::nificant process using anion exchange 
resins emplo} s the strongly basic type exchanger regen
erated "ith caustic soda for complete removal of all 
anions from water lf the water being treated has first 
been passed throu¡rh an acid-regenerated cation ex
chan¡rer, the finished water is essentially mineral-free. 
So little dissohed matter remains in this water that it 
may have an electrical resistance of over 1,000,000 ohms 
per cubic centimeter, as compared to a range of 1,000 · 
S.OOO for many natural water supplies. 

Another important anion exchange process uses 
strongly basic resin regenerated with salt. Resin so 
treated is able to remove alkalinity from water for such 
uses as make.up to boilers or to cooling tower systems. 
Softening Operations 

The water softening process 1s typical of almos! all 
ion e\change processes; it is a "batchwise" operation. A 
vessel containing a bed oÍ resin, usually about 30" deep, 
serves as a water softener. As hard water percolates 
downward through the resin, the ion exchange beads are 
continually bombarded by the calcium and magnesium 
inns, which gradually replace the sodium on the resin 
skeleton 1 Figure 5). 

The bed of ion exchange material is somewhat like a 
o;torage battery. lt can continue to supply sodium ions 
only until its charge is exhausted. Then it must be 
re¡renerated This is done by washing the resin bed with 
a rclativeh strong solution of ordinary salt. Excess 
salt is rinsed out, and the softener is then ready for 
another C\ ele of operation. There are various other 
steps in the regeneration process designed to improve 
performance and produce acceptable efficiency. Since 
the resin acls as a filter, an importan! step is an upflow 
wash lo rid the bed of debris accumulated during the 
treating process. 

Figure 6 illustrates the various stages of softener 
operation. The first panel shows the tomposition of the 
ion exchange bed at the completion of its softening duty 
- at "exhau.,tion " The upper layers have a high hard
neo;-. cont,.nl ancl vNy little sorlium-form rcsin remains 
cven at the bottom. In the second panel backwashing hlls 
redistrihutcd the ionic matter through the bed, so that 
there is substantially the same composition at each hed 
leve!. In the third panel, brine has converted the upper 
layers completely to the sodium form, since all of the 
brine used for regeneration passes downwardly and the 
amount contacttng the top few inches is enormously 
~reatet than is needed for regeneration. The contaminants 
from the upper ldyers are pushed downward, and at the 
end of the bnne re¡!:eneration there is still hardness in 
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o· 
RULE-OF-THUMB BEHAVIOR FOR ION EXCHANGE RESINS 

1. EXCHANGE POTENTIAL ce CHARGE 

+ C ++ Al+3 Th+4 
Na < a < < 

2. EXCHANGE POTENTIAL ce ATOMIC WEIGHT 

+ + + + + 
Li < Na < K < Rb < Cs 

++ ++ ++ ++ 
Mg < Ca < Sr < Ba 

3. HIGH ION CONCENTRATlONS REDUCE 

OR REVERSE THE EFFECT OF CHARGE o 
4. HIGH TEMPERATURE REDUCES THE EFFECT 

OF ATOMIC NUMBER 

o 



5. EXCHANGE POTENTIALS MAY BE APPROXIMATED 

BY THEIR ACTIVI'IY COEFFICIENTS 

+ -6. EXCHANGE POTENTIAL FOR H AND OH 

VARIES WITH RESIN FUNC'riONALITY 

e.g. STRONG ACID AND BASE RESINS REQUIRE 

AN EXCESS DURING REGENERATION 

o 7. ORGANIC IONS AND ANIONIC METALUC 

COMPLEXES HAVE VERY HIGH EXCHANGE 

POTENTIALS 

o 



l. HIGH CAPACITY ,.... 4. S meq/g ~ 2. O meq/ml 

2. RAPID EXCHANGE RATE 

3. "SPUTS NEUTRAL SALTS" IN H-FORM 

- + 
R S0

3 
H + 

+ -Na + Cl = + 

4. VERY DURABLE - OPERATION POSSIBLE AT HIGH AND LOW 

pH AND SALT CONCENTRATION 

S. DOES NOT HAVE A HIGH SPECIFICITY FOR DIFFERENT IONS 

6. REQUIRES MORE THAN THE STOICHIOMETRIC AMOUNT OF 

ACID FOR COMPLETE REGENERATION IN THE H-FORM 

PROPERTIES OF STRONG-ACID EXCHANGE RESINS 

,Q 

o 

o 
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1. RAPID EXCHANGE RATE · 

2. REMOVES ANIONS AT ALL pH'S AND ION CONCENTRATIONS 

REVERSE DEIONIZATION ; SB ~ SA 

MONOBED DEIONIZA TION ; SB + WA 

3. MORE UNSTABLE THAN STRONG ACID RESINS 

4. POSSIBIUTY OF ORGANIC FOUUNG- AVOID BY ENIARGED 

PORE SIZES 

5. CAPACITY - 3. 5 meq/g ~ 1. 3 meq/ml 

PROPERTIES OF STRONG BASE EXCHANG E RESINS 



1. WEAKLY ACIDIC - WILL NOT REMOVE CATIONS AT 

NEUTRAL pH, REQUIRES pH 9 TO 10 

2. VERY EFFICIENTLY REGENERATED WITH ACID 

3. USUALLY NOT USED FOR WATER SOFTENING - HIGH 

AFFINITY FOR Ca++ OVER Na+ 

4. SLOW EXCHANGE RATES 

5. USES: MOSTLY IN OPTIMIZED DEMINERALIZATION 

PROCESSES 

6. CAPACI'IY - 10 meq/g 1::$ 4 meq/ml 

PROPERTIES OF WEAI< ACID EXCHANGE RESIN S 

o 

o 

o 



o 

1 o l\J ~ XC U A N~~., ~ f:-Q UJ lJ BJL 1 U ty1 

~ , '\-, 

US ~ S~ l~CT\ \f IT Y e' O&- F ¡: ICl.~ lJ Te.; •. 
. . ' 

. t 

r . 
• 1 ~· 

o 
'(' '' f.a +')('' e¡.'' •)'', ·-: ·_: ....._ ~ l. t4 - ~ ·-. e , : 

- ~ ,! /~:, Al' A ./ ~ ~' • 

• , e· • - 41\ • "'e' ·e . ,_ -,, . a: ' ' ' , AL ..• 
' ' : -· e. " : ' ' 

, '·~-) 1 ' 

- ' ) 

. -' 

~"\ ~ - ~ 

MATE.ll~L 08-l R~~· ~ 
:.. l • 

·' ., J -·-, 

MAr~RI,AL ~.~a~~-··c:~~U-1\~\l} ;-~ 
~ ,J "-r"- !..::.¡ ~ ;: \ "'e 

<. í --~ 

' 

~ ~ C ~~ Co&JCENT2AT\O'-l_-_- U~lTS 

o 



o 

PERCENT PERCENT CAPACITY 
/ 

meq/g meq/ml DIVINYL BENZENE MOISTURE 

4.0 62.6 4.81 l. 2 7 

8.5 48.6 4.79 1.87 

10.0 43.1 5.07 2.30 

12.5 40.8 5.12 2.47 

15.0 35.4 4.81 2.65 

CAPACITY AND POROSITY OF ION EXCHANGE RESINS AS A 

FUNCTION OF DIVINYL BENZENE CONTENT 
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TYPICAL SOFTENING EXCHANGER DESIGN PARAMETERS 

CAPACITY 1 Kgr/cu ft 18-20 20-22 24-26 28-30 

SALT REQ'D., 1b/cu ft 4 5 6 10 

FLOW RATES- up to 5 gpm/cu ft 

BED DEPTH - 30-48 inches 

FREEBOARD - 50 percent bed depth 

SUPPORTING BED - 6 inches low flow 1 up to 18 inches high flow 

o 
BACKWASH RATE - 5-6 gpm/sq ft for about 50 percent expansion at 65 F. 

BRINE CONCENTRATION - about 10 wt percent Diluted from: 
50% maximum solution 1 heat and mix 
30% by passing through a salt bed 

32-34 

18 

REGENERANT FLOW RATE ·- 0.25-1.0 gpm/cu ft for 40-60 minutes in brining and rinsing 

RINSE REQUIREMENTS - 20-35 gal/cu ft 

o o 
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·" cenlro de educación continua 
o fa e u 1 t a d de· i n g e n i e r í a, u n a· m 

,. 

TRATAMIENTO DE AGUAS RESIDUALES 
iJ 

PARAMETROS DE POLUCI ON DEL AGUA 

o 
' ' .. , 

' '' 

' •' .. •:- \ ¡ ,r~ \ \ \ \ \ ING .• <PEDRO MARTINEZ PEREDA 
' ' 

, r,, 
\ 

o 
Tacuba 5, primer piso. México 1, D.F. 

Teléfonos: 521·30-95 y 513-27-95 
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ION EXCHANGE * 

Introduction 

Ion exchange 1s an exchange adsorption process in whicn 1ons 
associated with the salid adsorbent are exchanged for ions in sCJlution. 
The phenomenon of ion exchange occurs in many natural solids 1 s '..!Ch 
as 1 soils, humus cellulose 1 wool, protein 1 carbon 1 aluminum oxtde 1 

lignin 1 and living cells. Synthetic ion exchange resins also ex~iblt 
ion exchange capabilities, 

The ion exchange process can be employed to remove undesirable 
anions and cations from wastewaters. Generally 1 hydroxyl ions are 
exchanged for the anions removed from sclution while hydrogen or 
sodium ions are replaced by the cations which are taken up by the ex
changa so lid. 

A synthetic ion-exchange resin generally consists of a network 
of hydrocatbC·íl molecules wh1ch contain soluble ionic functional groups. 
The overall insc~ubility and toughness of a synthetic resin are the result 
of the three-dimensional matrix form by the crosslinked hydrocarbon 
molecules. Th1s eros slinking establishes the interna! pare structure 
of the res in. The pare size must be large enough to permit the f; :ce 
movement of the exchanging ions which must diffuse into and out of 
the res in for exchange to take place. By proper selection of the degree 
of crosslinking in a resin, ions larger than the predetermined s'ize may 
be excl uded from reaction. 

The behavior of the resin is determined to a large extent by the 
nature of the ionic groups associated with the hydrocarbon molecules. 
The exchange capacity of the resin is controlled by the total number of 
ionic functional groups per unit weight of resin. T he type of ionic 
group affects the ion selectivity and ion-exchange equilibria. Anion 
exchangers primarily contain such furtctional groups as the strong-
base quater:1ary ammonium group (- t;J -+) 1 .the weak-base a mino groups 
(- NH3 +, = N Hz +). On the other hand th.e cation exd1 an98rs primarily 
contain such fur.ctional groups as the strong-acid sulionic group (- SO 3 -) 
and the weak-acid carboxylic group t- coa -)o 

*Joseph F. Malina 1 Jr. 
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II. Kmet1cs 

The rates at which ions are exchanged by porous synthet1c resins 
are controlled by transport forces which cause intraparticle diffuswn 
rather than by chemical forces. However, mathematical formulatwns of 
exchange kinetics ha ve not be en succes sful. In general, the principles 
of diffusion preces ses apply to the kinetics of ion exchange. 

Consider an exchange reaction proceeding toward ·equilibrium. 
In order for an exchange to occur, ion (A) in solution must travel 
through the bulk of the solution, through the stagnate film surrounding 
the res in, and through the pore spaces of the re sin particle. Similar! y, 
exchanging ion (B) must undergo the reverse process. In the usual 

- operation, rate of flow of the solution phase is sufficient to effectively 
carry ions up to and away from the film layer. The rate of exchange 1 

therefore 1 depends upon ion diffusion rates through the film and within 
the particle. The two rates are seldom equal and one or the other is 
rate lim1ting. The rate of diffusion through the resin is proportional 
to the concentration of fixed charges and the effective particle-diffusion 
coefficient of the ions (the latter decreases with greater crosslinking), 
and is inversely proportional to the volume of the particle. However, 
the rate of diffusion through the film is proportional to the solution 

o 

concentration and the effective film-diffusion coefficient of the ions 1 and O 
is inversely proportional to film thicknes s. 

The exchange reaction is stoichiometric, and since electroneutra
lity must always be maintained, the reaction can proceed no fas ter than the 
transport of the slowest ion. In reactions involving the exchange of two 
or more ions from solution phase, it is possible for the exchanger to 
temporarily overshoot equilibriu~ with respect to one of the competing 
ions. The exchanging ion with the greatest rate of movement in solution 
initially displaces the ions of the resin, only to be replaced later with 
a more strongly preferred, but more slowly diffusing, ion. 

III. Ion Exchange Reactions 
1 

The four fundamental types of s ynthetic, ion exchange undergo 
similar reactions which are analagous to common acids and bases. The 
major difference 1 however 1 is that the resins are insoluble and actually 
remove constitl'F.:.lts from solution by forming resin salts. Typical 
reactions are shown below. Note that R represents the non -mobile part 
of the ion exchange res in. 

1 

Strongly Acidic Cation Exchangers--anplogüt~s to sulfuric acid 
RS0 3H +NaOH ~ RS03Na , +H20 
RS03H +NaCl ~ RS03Na 1+HCl 
2RS03Na+CaC12 ;= (RS03)zCa +2NaCl 

o 
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'Weakl y Ac1dic Cation Exchange Resln--analogous to acetic a cid 
RC0 2 H +NaOH ~ RCOzNa +HzO 
2RC02Na -l CaC1 2 -- (RC02)2Ca +2NaCl ...--

Strongly Basic Anion Exchange Resin--analogous to sodium hydroxide 
RNR}OH +HCl ~ RNR3Cl +H20 
RNR30H +NaCl ~ RNR3Cl +NaOH 

1 
2RNR3Cl +HzS04 ;:::::: (RNR3)zS04 +2HC1 

Weakly Basic Anion Exchange Resin--analogous to ammonium hydroxide 
RNH 2 +HCl ~ RNH 3Cl 

or 
+HCl ~ RNH 3Cl +HzO 
+H2so4 ;=: (RNH3} 2so4 +2HC1 

When all the ions at the exchange sites in the resin have been 
substantially replaced by the ions from solution, the res in may be 
regenerated and the exchange capacity restored. Regeneran.ts are 
usually used at a 1 N :::oncentration or percentagewise in solutions of 
about 2 to 1 O percent by weight. Table 1 lists sorne of the regenerants 
that may be used with each of the different twes of ion exchange resins. 

Ion 
Exchange 

Res in 

Strong Acid 
Cati~m 

Weak Acid 
Cation 

Strong Base 
Anion 

Weak Base 
Anion 

TABLE 1 

Ionic 
Form 

H+ 
Na+ 

H+ 
Na+ 

OB-· 
Cl-
S04= 

Free 
Base 

Cl-
804= 

Regenerant 

HCl or H2S04 
NaCl 

HCJ or H 2so4 
NaOH 

Na OH 
NaCl or HCl 
Na 2so4 or H2So4 

NaOH or NH40H or 
Na 2co3 

HCl 
H 2so4 
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!V. Selection of Ion Exchange Resin 

An ion exchange resw should be chosen based on (a) reqUlred 
functionality 1 (b) proper porosity or degree of crosslinkage 1 and 
(e) particle size. Generally sulfonic acid cation exchange resins and 
quaternary ammonium anion exchange resins can be used for the removal 
of almost all ionic species. The porosity of a resin decreases as the 
degree of crosslinking increases. For general application 1 medium 
porosity resins are used for low molecular weight ionic species, and 
high porosity resins are usually reserved for high molecular weight 
species. The degree of crosslinkage also affects the selectivity 
pattern for various cations and anions. The particle size of resin most 
frequently used in separation of anions and cations from nonionic 

_ species ranges between 16 and 50 mesh. 

V. Ion Exchange Selecti vi ty 

Sorne empirical rules which could be used as a guide in understanding 
the relative :selectivity patterns are presented below. These relationships 
cannot be interpreted strictly for all cases. 

At low aqueous concentrations ·and ordinary temperatures 1 

the extent of exchange or the exchan<J1e potential increases 
with increasing valence of the texchanging ion. 

1 

(Na+ < Ca++ <Al+++) ' 

2. At low aqueous concentrations) ordinary temperatures 1 

and constant valence, the exchange potential increases 
with increasing atomic number. 

(Li <Na <K; Mg <ca <Sr <Ba; 
F <Cl <Br <n 

3. At high;concentrations, the differencés in exchange potentials 
of ions of different valence diminish and 1 in sorne cases, the 
ion of lower valence has the higher e:xchange potential. 

1· (Na+ vs Ca++) 
1 

4. The exchange potentials of various iqns may be approxi
mated from their activity coefficient--the higher the activity 
coefficient the greater the potential. 

S. 
¡j 

The exc;hange potential of the hydrogen ion or the hydroxyl 
ion depends upon the strength .of the acid or base formed 
between the functional group and the hydrogen or hydroxyl 
ion. The stronger the acid or base formed 1 the lower is the 
potent!al. 

o 

o 

o 
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6. As the degree of crosslinking or the flxed wn conc·cntration 
of any ion exchanger is lowered, the exchange eq_w,rllbrium 
or selectivity coefficient approaches unity. 

TABLE 2 

Relative Selectivity Coefficients of Sulfonic 

Cation Exchange Resins 

% Divinylbenzene (eros slink) 

Cation 4 _a_ 

Li l. 00 1. 00 
H l. 30 l. 26 
Na l. 49 l. 88 
NH4 l. 75 2.22 
K 2.09 2.63 
Cs 2.37 2.91 
Ag 4.00 7.36 

TABLE 3 

Relati ve Selectivity Coefficients of Qüaternary 

Ammonium Anion Exchange Resins 

Anion 

F 
OH 
Cl 
Br 
N03 
I 
Cl04 

Coefficient 
l 

O'. 09 
0.09 
i'. o 
2.8 
3.8 
8.7 

10.0 

10 -
1.00 
1, '{S 
2.;¡3 
3 ,l)7 
4.:t.s 
4,1S 

19.~ 
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VI. Applications 

One of the f1rst practica! applicatwns of ion exchange matenals was 
in the field of water softening 1 and their application in this field is among 
their majar use today. The basic principies of ion exchange for softemng 
of water have not changed 1 but the exchange materials have been vastly 
improved. At the present time styrene base cation resins with sulfonic 
acid functional groups are the mes t widely used exchange materials for water 
softening. This type of resin has high capacity, excellent stability 1 

and no adverse selectivity for ions normally associated with natural 
waters. 

Nearly all cation exchangers used in practica! water and waste 
treatment operations are strongly acidic 1 that is 1 they contain strongly 
ionized groups and are thus capable of exchanging all cations. Two 
general types of anion exchangers are employed 1 however; strong basic 
anion resins are capable of exchanging all anions including such weakly 
ionized materials as silica and carbon dioxide 1 while weakly basic 
resins will exchange only strongly ionized anions such as chlorides and 
sulfates. 

For water softening 1 as for most practica! ion exchange process 
operations 1 columnar operation is employed. The installation is similar 
to that for a pressure sand filter. The exchanger is most commonly in 
the sodium form initially 1 that is 1 1t contains the sodium ion as the 
exchangeable ion·. As raw water comes i~ contact with the resin the 
cations in the water are replaced with the non-hardness sodium ion. 
Eventually the majority of the sodium ions are displaced by other cations 
from solution and the res in beco mes inefficient as an exchanger. The 
exchanger must then be removed from setvice 1 backwashed to loasen the 
bed and remove accumulated dirt, and regenerated to the sodium form by 
passing a concentrated solution of sodium chldride through the bed. 
After rinsing to remove excess regenerant solution, the bed is again 
ready for service. 

In order to obtain reasonable and practica! rates of soft water pro
duction 1 applied feed rates, usually in the range from 2 to 8 gallons per 
minute per cubic' foot of resin 1 are in excess of those which would per
mit equilibrium c:ontact between resin and sol'ution. This condition 1 

however 1 'is operationally favorable in that the resin is subjected to a 
continuously hiqh concentration of excnanging ions 1 thus forcing the 
resin to more rapid and complete utiliza.tion o( capacity. The result 
is that the most active exchange occurs within a particular longitudinal 
zone of the bed. The active zone moves prog:ressively down the column 
as the reaction :proceeds. On the influ~nt side of the reaction zone 1 the 
resin has 1 attai11ed equilibrium withthe:feed and the released ions of the 
exchanger flow 1through the lower part of the bed without further change. 
In the upstream portien of the zone the.,resin ~s very near!y exhausted. 
However. in its relative position within the r¡eaction zone it is subjected 

o 

o 

o 
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to the highest concentration of exchanging ions, and is thus yet capable 
of partic1pating in the exchange reaction. The middle portian of the 
zone contains a relatively large quant1ty of unspent resin and also a 
relatively high concentration of exchanging ions remaining in solut1on 
phase. In this portion of the bed, the exchange reaction 1s most rapid. 
Near the downstream edge of the react.!.on zone, the solution contains 
a low concentration of ions to be removed, but al so in this area the 
resin is highest in exchangeable counter ions. Below the zone of 
exchange, the resin is essentially in the sodium form and the pass m;¡ 
solution contains only sodium ions. As the forward edge of the zone reaches 
the bottom of the column, hardness 1ons appear. in the effluent. When 
their concentration be comes unacceptably high, the exchanger must be 
regenerated. 

The design of an ion exchange unit requires knowledge of the 
capacity of the res in bed and of the efficiency of the process. The 
"theoretical" capacity of a resin is the number of ionic groups (equi
valent number of exchangeable ions) contained 'per ur:.it weight or unit 
volume of resin. This capacity is generally expressed as equivalents 
per gram dry hydrogen-form re sin 1 but may al so be expres sed as kilo
grains CaC03/ft3 res in bed 1 pounds CaC03/ft3 res in bed 1 etc. In 
practica 1 however 1 an exchanger is generally operated at a level con
siderably below its theoretical capacity. · The softenir.g exchange 
reactions, 

2RNa+ + ca+2 ~ R2ca+2 + 2Na+ 

and 2RNa+:· + Mg+2 ~ R2Mg*2 + 2Na+ 

are equilibrium reactions 1 and an impractically large quantity of 
regenerant would be required to drive the' reactions completely to the 
left. Although increasing the quantity of salt per unit volume of res in 
in regeneration increases the operational capaa:ity of the exchanger, the 
resulting bed capacity is not directly proportional to the increase in 
regenerant· required, In other words 1 dotibling the quantity of salt in
creases th~ bed capacity but by less than a factor of two. The degree 
of theoretical capacity attained in an operatiorl is termed the "degree 
of column utilization"; the ratio of the ·operating to the theoretical 
exchanger capac!ty. The term "efficiency" is :used to designa te the 
degree of utilization of the regenerant. Column efficiency is the ratio 
of the operating exchange capacity of a unit to the exchange that 
theoreticaUy could be derived from a specific weight of applied regen
erant. In this term it is important to note that the "theoretical capacity" 
of the exchanger is not a factor. Efficiéncy ret'fers only to the output 
of an exchanger relative to the input of regenerant, on an equivalent basis. 

The characteristlcs of an exchanger, ther~fore, are such that higher 
efficiencies are:.achieved with lower levels of ,regeneration. However, 
low bed capacities a.lso result at low regeneraUon levels. In practice. sorne 
efficiency. is generaUy sacrificad to obtain a r¡easonable column utilization. 
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storage. Since the maximum concentrat10n of Cr03 whi eh can be passed 
through sorne resins to avoid deterioration is 14 - 16 oz/gal as Cr03 the Ü 
bath may require dilution and the recovered solution may require make-up 
to s trength. 

The rinse waters are first passed through a cat10n exchanger to remove 
metal ions. The effluent from this unit is passed through an amon 
exchanger to remove chromate and to obtain demineralized makeup water. 
It ~s desirable to pass the rinse water through the cation unit first to 
avoid precipitation of metal hydroxides on the e~change resin. The anion 
exchanger is regenerated with sodium hydroxide resulting in a mixture of 
NazCr04 and NaOH in the spent regenerant. This is then passed through 
the cation exchanger to recover H2Cr04 which is returned to the plating 
bath. The recovered chromic acid from the spent regenerant will average 
4 - 6 % concentration. The spent regenerant from the cation exchanger 
will require neutralization and possibly precipitation of metallic ions 
prior to discharge' to the sewer. Since most of the metal ions are eluted 
in the first 70% of the regenerant volume; neútralization requirements 
can be reduced by reusing the last portien of the acid regenerant for the 
subsequent regeneration. In likc manner the last portien of the caustic 
regeneration can be used for neutralization of the spent cation reg-enerant. 

In cation units 1 the regeneration requirements are higher than those 
employed in water purification because of the cbmpetition with the rrt Q 
present in the waste solution. For water'reuse ;1 4 - S lbs H2S04/ft3 may 
be required 1for regeneration while for recóvery of H2Cr04 as high as 25 lbs 
H2so4/tt3 inay be required to reduce leaR_age of sodium ions. 

1 1 

VII. Modes of Operation 

Complete demineralization operations gene:rally involve a cation 
exchanger followed by a weakly basic anton exc!:hanger. If the cation 
resin is on the hydrogen-ion cycle and t'he anion resin on the hydroxide
ion cycle 1 the series exchangers successively convert salt impurities 
into acids and then into water, and remove all ionic materials except 
carbon dioxi.de and silica. 

If it is desired to remove carbon dioxide, a degasifier 1 decarbonation 
tank 1 or vacuum deaerator may be install~d following the anion exchanger. 
If both carbon dioxide and silica are objectionable 1 the decarbonation unit 
preceeds the highly basic anion exchanger in tMe flow sequence. The 
reason fqr this arrangement is the highly iba sic resins will remove carbon 
dioxide 

1 
as well as silica 1 and it is generally less expensive to save 

the capacity of the re sin by removing carbon dioxide in advance. The 
power required for a degasification unit is relatively ine>..-pensive com- Ü 
pared to costs of resin regeneration. 

Mixed-resln exchangers use a cation resin which is intimately mixed 
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Wlth a highly basic anion resin. A conventional two-stage e.xchanger will 
accomplish 90-99% total dissolved solids reduct10n; however, a mixed 
bed exchanger will remove all but a fraction of a percent of the ionic 1m
purities. M1xed-bed exchangers must of course be separated for regen
eration. This poses no serious problems since resins of such respective 
densities as will result in separation upon backwashing may be selected. 
It is of course necessary to remix the r€sms after regenerat10n. This is 
generally accomplished by blowing air thr~ugh t~,e expanded bed while 
drawing it down. 

In most mstances in which two-stage operation is employed it is 
advantageous to use a four-bed system with two two-stage units in series. 
Such an arrangemant allows operation of the first two units to a higher 
solids endpoint, yielding more complete removal at lower costs. 

In addition to the arrangements previously cited, various combinations 
of units for specific purposes are possible. For example, an installation 
may include a ·series arrangement of a cation resin, a degasifier, a weakly 
basic anion r'esin, anda strongly basJc anion resin. Ir.. such an installa
tion 1 the weakly basic anion re sin, which is relativc:ly inexpensi ve to 
regenerate, absorbs the majar anion lead, thus preventing the capacity of 
the strongly basic re sin. Al so, units may be devised in which counter
current operation may be practiced if desirable. 1 

VIII. Equipment and Operation Details 

1' 
" 

Because strong' acid and alkali solution are used for exchanger regen
eration, it is essen.tial that all tanks and interna! parts be of resistant 
materials or be lined or coated with resistant materials. Large units are 
usual! y lined with phenolic or vinyl chloride type materials. These coa!ings 
are general! y .about O. 01 inches in thickness for the plastic rnaterials and 
about O. 2 inches far hard rubber. 

1 

It is important for good operation that flow tnrougl-:. an exchanger be 
uniformly distributed. In general, exchangers are vertical and constructed 
with provisions for ·leveling adjustments, a:nd the~: flow is from top to 
bottom to avoid channeling and uneven distributiqln. Depths of exchangers 
usually range· from a minimum of two feet tQ a maximum of about s1x feet. 
Depending upon re sin type 1 50 to 100 per cent of packed column height is 
provided for expansion during backwashing. 

Exchangers are normally operated under pressure, and pressure losses 
general! y approximate a few pounds per square ir1¡ch. of which the bed con
tributes in the neighborhood of one or two f.eet he.~d los s. For highly 
turbid waters or wastes it is oftcn desirable to pretreat by coagulation 
or filtration so as to minimize head loss thr.ough the exchanger itself. 
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De sign criteria for ion exchange systems are summarized 
in Table 4. 

TABLE 4 

Design Criteria for Ion Exchange Systems 

Minimum bed depth 24-30" 60-70 cm 
' 

Treatment flow rate 2-S gpm/ft3 3. S -9. O liter /sec-m 3 

Regeneration O .S -l. S gpm/ft3 1-3 liter/sec-m3 

Reuse water volume 30-1SO gas/ft3 3S00-17 ,000 liter/m3 

Rinse flow rate 6 gpm/ft2 4 liter/sec-m2 
'• ' 

Backwa sh flow rate (anion unit) 
' 2 

2 liter/sec-m2 3 gpm/ft 

Backwash flow rate (cation unit) 6 gpm/ft2 4 liter/sec-m2 

Backwa sh time lS minutes 

Regenerant concentrati.on (H
2

SO 
4

) 2-S% 

Regenerant concentration (NaCl) 10-20% 

Regenerant concentration (NaOH) ·4% 

Treatment flow rate Sgpm/ft2 

Economic Considerations 

There tis a considerable literature on the economics of ion exchange 
for different types of applications, and Smith has presented a rather 
good bibliography on this literature. The principal operating cost factor 
is regeneration and regenerants 1 and this vari~s with raw water quality 
and operating arrangement. 

'1 • 

Exchangers employing highly basic resins 1 which are regenerated 
with sodium hydroxide 1 involve higher operating costs than those em
ploying weakly basic resins. Additionally 1 regeneration of the former 
is a less efficie~t process than that for the weakly basic resins. For 
weak-base exchangers 1 costs usually are in tl}e neighborhood of one 
cent per thousand gallons per grain per gallon ~. depending on the raw 
water quality. 

o· 

o 

o 
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The cost of ion exchange equipment will vary with the total 
volume of exchange resin required as well as on the number of units 
which will be u sed to house the re sin. Cost data developed by the 
Rohm and Haas Company indicate that the cost per single ion exchange 
column of a given volume (V) may be calculated from the following 
equations: 

Cost ($ US) 

Cost ($ US) 

1208 v0
•
55 

{acid & alkaline resistant) 

906 v0
•
55 

(salt resistant) 

where: V = cubic feet of re sin required per unit. 

These equations are applicable for volumes of resin per unit of one to 
one thousand cubic feet (. 028 to 28 m3). These estimated costs include 
the cost of the iori exchange unit, the co 1st of automatic controls, and 
the installation costs. These costs are summahzed for various volumes 
of resin in Table S. : 

TABLE 5 

Equipment Costs For Ion Exchange 

Rubber-lined Steel, not 

Volume of 
Acid Resistant Acid Resistant 

Resin (V) 1 1208 v0
·
55 

' 906 v0 • 55 

Cu. Feet 1 V0.5? ($ US) ($ US) 

1 l. 0.0 1,208 906 

10 3.55 4,290 3,220 

350 8.60 10,400 7,790 

lOO 12.60 15 12 2 o 11,420 

750 38. lO 46,000 34,5 00 

1000 44.70 54,500 4 o 15 00 
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Although the equations are applicable, only up to a volume of 1000 
cubic feet (28m3) ; larger units may be designed, but special con
struction considerations are required. Therefore, the standard costs 
cannot be used. 

The cost of res in is at times included as part of the equipment 
costs and at other times as part of the operating costs. Typical resin 
costs are about $20 US per cubic -foot ($ 706 US for m3} for cation ex
change resins while the cost of anion exchange resins is approximately 
$60 US per cubic foot ($2118 US per m3). 

X. Expenmental Procedure 

It is frequently necessary to operate a laboratory ion exchange 
column to .develc;>P the necessary design criteria for the removal of ions 
from complex in9ustrial wastes. A suggested, procedure is outlined 
below. ' ' ' 

l. 

2. 

3. 

4. 

5. ' 

6. 

Ilinse the column for 1 O minutes at a flow rate of 50 ml/mm 
"'Yith deionized water. 

1 • 

Adjust flow rate to column to ~O m'· rni11 of solution con-
taining the waste to be úeated. 
~ 

i 
Measure initial volume of solution to be treated. 

Start treatment cycle. Develop the breakthrough curve 
u'ntil the ion concentration reaches the maximum 
effluent limit. 

Back wash to 2 5% bed expansipn for 5-l O minutes. 
(Use distilled water for backwash operation). 

' Regenerate at a flow rate of 6 ml/min using the con-
centration and volume recommended for the resin. 
Collect spent regenerant and measure the recovered ions. 

1 

7. Rinse column with distilled water. 

By making several runs it should be possible to develop a relationship 
between resin utilization and regenerant efficiency and to select the 
optimum operating level for the system. 

o 

o 

o 
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A general plating plant operates 16 hours/day, S days/week. -
The total_discha¡:-ge of rinse waters has the .following characteris-
tics: · " ·' · · · · · . -· - -. · . - , --

Copper · 22· ·mg/1 as Cu 
Zinc rO mg/F a-s Zn 
Nickei 15 mg/l as,Ni 
Chromium/ 130 mg/1 as Cr03 

The rate· of flow is 50 gpm a'nd' inp1añt separation is not fea~i_ble_. 
pesign an exchanger systetil- to !nc1ude water and chromium re
covery. '.!;he operattng chará-cteiistics ·of -the ca_tion excha_ng.er 
are. as follows:. . ... ' 

• ~ 1' ·- • ) 
• < ' 

., '- \ ~. ; 

Cation Exchang er 

. ' 
Regenerant 
b·osage lbs/ft3 
Concentration 

, _, F1ow rate 
·'' ~per~ting Capacity 

Anion Ex:changer 

'i-r2·so4 
12 

'' , r' 

5% . 1~, '_ 
O. 5 gpm/ft3 _· 
1;.5 eq/1 
' ( ' 1 

-. : 
" - . í 

·NaOH. 
4; •. 8 
10% 

' ~ . ' 

Rég_enerant · ·· _ 
o'o~age lbs/ft3 
<:::oncentration 
Operating C~pacity 

... 'A 
3_:'- 8 lb&: cro3/ft3 -

A. Cation Exchánger 

The cations removed Inc1ude: 
• r ¡' 

~-~ ·= fÓmg/1 ·,- = ·_O • 3 'o 6 :in eq/11 · ·~ 
Cu ·=. 22mg/l =' '0:693· meq/11 
Ni = . 1Smg/l = 0.511 meq/ln 

. • . . ', - . ' "1' - -
Total l. 510 rneq/11 

. ' . 
1 }sl meq/1 (lo:-3)'{so gal/m1n)(3. 78? liter/ga1)(60 min/hr) 

(16 hr/day): .. =. 2,14 ~q/9~Y · ' 

1' 
... :.' 

·' 



At an operating capacity of 1 • S eq/1 the volume of re sin required for 
regeneration every 2 days is 

2 7 4 eg/day (2 days) 
l. S eq/1 (2fL 3 Vft3) 

Use a diameter · = 2. O ft 
Total depth = 4. 1 ft o 

= 12.9 cubic feet 
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.For flexibility in operation use 2 units which are 2 ft. in diameter and 36 
inches deep to allow for SO% bed expansion. 

B. Regeneration of Cation Exchanger 

Regeneration is accomplished by using 5% HzS04 ata rate 
of 12 lb/ft3 o The required HzS04 is 

··1z lb/ft3 (lz. 9 tt3> = 155 lbs 

Volume ,of H2so4 storage tarik is 

1 
155 lb ( 0 • 05 (l.OJ8) 8 • 34) = 358 gal 

Rinse requirements are 

120 gal/ft3 {12 .9 Ú3) = 1550 gal 

The waste resulting from regeneration of the cation exchanger con
tains metal sulfates and sorne free sulfuric acid and must be neutral
ized to precipitate the metals priqr to d~sposal. 

C. Anion Exchanger 

t 

The Cr03 in the effluent of the cation exchanger is removed 
from the rinse water on the anionic resin and replaced by OH-. 

'· 

The weight of Cr03 in the waste is 130 mg/1 (50)(60)(16) 
(8. 34 x 1o-6) = 52 lb/day. · 

At an operating capacity of 3. 8 lb Cr03/tt3 the required volume for 
daily regeneration ...§.t. = 

13 7 
f 3 

3.8 o t • 

Use a diameter of = 2. O ft. 
Required depth of re sin = 4. 3 5 ,ft. 

·' ¡ 
,, 

o 

o 

o 
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For flexibility in operation use 2 units which are 2 feet in diameter 
and 36 inches deep·to "aúo~ fo~ approximately 50% bed expansion. 

D. Regeneration of Anion Exchanger 

Regeneration is accomplished by using 10% Na OH at a rate 
of 4. 8 lb/ft3 ·• tb~·· NaOH r~quireél ;fs • · ., · ' 

' ., 

T>he volume of the NaO H. storage tank ;is · 

Rinse requirements are 

.13. 7 ft 3 (lOO gal/ft 3) = 1370 gal. 

E. Recovery of Chromic Acid -
1 

The spent regenerant from the anion exchanger contains 
Na

2
CrO and NaOH. Chromic acid may be recovered by passing 

the speá regenerant through a hydrogen cation exchanger. 

The sodlum in the spent is: 
i 

65.8 lb NaOH (454 gm/lb)(eq/40 gm) = 745 eq 

If the cation exchange is regenerated lonce daily, the 
volume of cation resin with an operating capacity of 1.5 eq/1 is 

745' eg 3 
Jl. 5 eq/1)(28. 3) = 17 ·. 6 ft 1 

/ 

Use a diameter = 2. O ft 
The required depth is 5. 6 ft. 

Therefore, for flexibility of operation use 2:·units which are 2. O ft in 
diameter and 50 inches deep to allow for 50~ bed expansion. 

F. Regeneration of Cation Exchanger Used for Chromic Acid Recovery 

. Regener~nt u sed is 5% H
2

SO 
4 

át a rate of 12 lb/ft3 . The re-
QUlred H

2
SO 

4 
1s: 
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12 lb/ft 
3 

(17. 6 ft 
3
) = 21 o. 5 lb 

o 
Volume of H

2
SO 

4 
storage tank is 

1 
210.5 ( 0.05 (1.038)8.34) =490gal. 

Rinse water requirements are 

3 3 
120 gal/ft {17 .6ft ) = 2105 gal. 

o 
¡1 

o 

,¡ 
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NOTES ON EQUALIZATION* 

The diurna! variability of flow entering wastewater treatment faclli
ties has important ramifications in the design and operation of both conven
tional and advanced waste treatment plants. Conventional treatment plants 
are necessarily designed hydraulically to handle peak flows. Savings in 
capital in ves tment would be realized if one could plan for peak daily rather 
than peak hourly flow. This point is especially significant in the case ot 
either small or combined systems. 

The operation of existing plants is affected by variable flow. Plants 
capable of handling daily average flow may be overloaded with respect to 
hourly flows. Plants are typically des igned on the bas is of this daily average 1 

and as such do not meet the demands of the incoming waste. Temporary over
loading has a deleterious impact on treatment efficiency and hence on receiving 
waters. For instance 1 the eff1ciency of a biological unit in secondary plants 
can be severely impaired by shock hydraulic loads. This is well established 
in a number of existing planta where by-passes are tncorporated around the 
biological units. 

Many advanced waste treatment schemes are adversely affected by 
the flow variation. For example, the solids-contact process utilized for chemi
cal precipitation of solids and phosphorus removal, is extremely sensitive to 
a variable flowo A constant feed of chemtcals would improve the efficiency of 
precipitation and coagulation proces_ses o Carbon adsorption is more effective 
1f hydraulic loadings are more uniform. With diurna! flow variation, design 
and operation are rendered more costly, and sorne advanced treatment methods 
become infeasible o 

The central assumption underlying this session is that a potential 
solution to these problems is equalization of wastewater flows and/or concen
tration. Flow or concentration is said to be equalized if it is more or less con
stant with time. Thus, in its stmplest form, equalization is often conceived 
to be attainable by use of a properly designad holding tank, from which waste
water is pumped to the treatment facilities at a constant rate. The actual s!.tua
tion is complicated by the variation in flow from day-to-day. This operational 
problem may be overcome by appropriate flow adjustment. A predictive model 
for flow forecasttng provides the best basts for adjustment. Failsafe design 
of the facility ts ala o advisable (1. e. provision for low level and high level 
conditions) . 

Waste Generation Survev 

1. Most important aspect of entire plant design 

*By Micha el J. Humenick, Jr. 
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2. Requirements 
a) Flow and concentration as a function of time 
b) Length of record should be statistically adequate 

3. Data analysis 
a) Statistical analysis. Plot a percent of time less than. 
b) Periodicity of flow and concentration. In phase, out of phase, 

or random fluctuations . 

4. Destgn Decision 
a) Flow equalization? 
b) Concentration equalization? 
e) Flow and concentration equalization? 

Design Methods 

A. Flow equaltzation 

1. Example: Small industrial waste problem 
a) Waste generation - Figure 
b) Mass Dtagram - Figure 
e) Phystcal Design - Figure 

Example calculation for volume: 

From the Mass Dtagrarn, minimum volume required below and above 
mid-day leve! is 13,000 and 11,000 gallons, respectively. Choose a rectangular 
shape 15x15 feet = 225 sq ft. Working depth = 24,000 gal/ 225 sq ft x 7.48 =14ft. 

Add 2 feet for minimum level and 2 feet for the distance from maximum 
level to the safety overflow. Total depth = 18 feet. 

2. Example: Combined equalization and tertiary treatment of munici-
pal wastewater. 

a) Use variable level equaltzation basin 
b) Develop activated sludge with floating aerators. 
e) Provide supplemental mixlng to avot.d solida deposition. 
d) Bast.n is stzed by Mass Dt.agram rnethod as above. 

Concentration Egualization, Flow relatively Constant. 

A. Procesa to be modelad: Completely mixed tank. Deviation from com
plete rnt.xt.ng ytelds poorer equalization. Thus, calculations based upon complete 
mixing are optimistic . 

' 

F. 
-~ 

,:l. 
<Q¡tl .. 

e, 
... -

vol e-t. C.t, 

-o 

o 

o 
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B. Appltcable Mass Balance: 

_ Assumpttons: Flows in and out are equal and constant (F 
1 

= F ) , 
vol!Jme, V, is constant, concentration of component e is conserva ti ve a~d 
addative, and that the equalization basin is completely mixed. 

1, - :, 

Mass balance equation: 

or 

rata of accumulatt'oñ = rate in - rate out 

V _,dC2 
dt 

= el - e2 1 where r = .:1_ = const'. 
F 

(1) 

(la) 

< • • 

To sol ve Equation 1, various methods may be used depending on the accuracy 
needed, the type of expression describing_ e

1
, apd the availability of computer 

·use. Severa! methods:follow.,, . ,.-. ·:· · - · ··· , 

l. Analytical Expression for c
1

• Periodic, repeating functions such 
as sine or sawtooth functions may be representad by mathematical 
expressions and allow exact solution of Equatlon 1. It is ins~ruc
tive to examine a simple case. 

' 
,... ,¡ r 

Let .c1- =-.e 
1 

+ ke
1 

sin,.wt which is- an expressión f?r c~ 1 w~ere. 
:·cÍ is the mean .. value ot·c

1 
arid:e

2
, kC

1 
being the minimu.~ and rna~iin-u~_ deytation 

·from C 
1

, w = 2n/T where T = period for -one ~ycle of ~he sine function, and t =time. 
1 
~- ~ - ,. -.solutton. oÍ .t.he- dtttere·n~taLequatto~ wtth bo~nda:ry condtttons c

2
· :-=e at 

;'t = O which then yields: - · · · -· 

(2) 

., 
where 

-1 
y = tan w't' 

After the transi'ent portiÓn of Equation 2 has died out (t becomes large), a 
regular output continues with e2 laggtng behind e 1·,· _and ha~ing !amplitude 

k c
1
/(l + 1:2w2) 1/ 2 thus, · · 

'- 1, ' • ' 
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e2 = el + k el sin (wt-y) 

(1 + 1iw2) 1/2 

(3) 

(o·,,·, 
... 1_ /' 

and 
(4) 

Attached figures show the results of the above relationships for various values 
of "t, k , a nd T . 

2. Finite Difference Solutions Suitable for D~sk Calculation. 

If rather wide increments of time (say 10 minutes) are considerad 
as having the influent concentration remaining constant at sorne average value 1 the 
solution of Reynolds , et al.(l) m ay be u sed. The equation to be sol ved is: 

where:. 

e 
2

t+6t 
• [ 1 - e -th: ] + c2 

t 
·e -t/-r (S) 

= bas in concentratton aft ~ r addition of the increment of flow 
at concentratton C 

1 
t 

C 
1 

= input concentration averaged o ver !). t. 
t 

The solution stmply tnvolves a numberical evaluation of the integrated 
form of the differential equation, Equation S, of the differential material balance 
for the system using actual data. The attached Figure illustrates the results of the 
above method for selected values of l;'. 

Another method utilizing statistical analysis of data was developed by 
Danckwerts and Sellers (2) . The method is particularly useful if input concentration 1 

e 1 , fluctuates rapidly and randomly. The equation to be determinad by graphical 

integration i.s: 

(6) 

where 
= the vartance in output concentratton o 
= the variance in input concentration 

R(r) = the autocorrelation coefficient defined as: 



5 

R(r) = (C - C ) · (C e ) 
1 1 t 1 - 1 t+r 

where the numerator is the average value taken over all values of t. To calcula te 
R(r) as a function of r, the following method is useful. 

a) Tabulate the vplues of (C
1 

- e 
1
) at uniform intervals of t1me, 6 t. Let 

us call these values 1'
1

, J 
2

, etc., numbered in the order in which they occur. 

b) Find the dtfferences, n
1

, of (1¡ - /
2
), the di.fference of n

2 
or (J; - ~) , 

2 
and so on. 8quare each difference and add giving L: D • 

e) Find the sum, 8
1

1 of (~ +J t); the sum, 8
2

, of ( J'
2 

+ et;>, etc. Square 

each sum and add the squares 1 giving t S • 

2 2 
:t' L:S- I:D R(r) (7) 

d) Then, 

t s2 
+ L:D

2 

r being equal, in this case to ~t. 

e) Find the sums (/ 
1 

+ J
3
); ( J; + ~), etc. 1 and the differences 

( /
1 

- i
3
>, ( ~ -1

4
), etc. Repeat the above process· for r = 2~t. 

f) Repeat for other values of r. 

When R(r) has be en found for a sufficient range of r, Equation 6 can be integ rated 
graphtcally or otherwise to give the ratio of the stand~j! deviations for any assigned 
value of ?;. The range of r must be such that R(r) · e "-"" becomes much les s than 
unity for the largest value of r. Use of the method has been illustrate~ by Wallace 
{3) , and the resulta of one such calculation are attached. 

3. Computer Calculations. Actual past data may be used to evaluate the 
effectiveneas of, various detent1o!). ·period~ ... Equatlon 1 is con verted to flnite dlf
ferences: 

(8) 

(_) The computer ls programmed to calculate c
2 

for a given time increment, 6t. Past 

records are used as input for c
1

• Concentration, c
2 

1 at other times are simply cal
culated by: 
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(9) 

where 6C
2 

is obtained from the solution of Equat1on 8. Iteration is performed 

by the computer and the output concentration is calculated as a function of time 
for any input and detention period, 1: . 

It should be emphasized that simple solution of Equation 8 can be 
ímproved (error in the estimate of 6C

2
1 by severa! computer subrouttnes such as 

the Runga - Kutta method or Euler•s formulas. 

Egualization of Flow and Concentratton 

/ ' 

( 

If both flow and concentrations are to be equaHzed 1 the practica! solution 
becomes rather involved because of the complexitles of calculation. However 1 with 
the use of modern electronic computers 1 the problem is greatly simplified. Beca use 
leve! continuas to vary wlthin the equalization bas in 1 volume changes as a function 
of c'hanging influent ratas. Thus the mass balance on the conservativa material 
requires that this factor be accounted foro 

o 

In the real case 1 influent wt.ll not usual.ly follow a regular 1 analytical Q 
expression, and exact soluttons to the output concentration as a function of time 
would rarely be found. An answer to the problem is possi.ble through the use of 
many 1 fintte difference calculations of the mass balance equations o An outline 
follows. 

1. From the record of past waste characteristtcs, size the equalizat10n 
basin based upon the Mass Diagram method discussed previously. Several other 
basin volumes may be evaluated lf outlet concentrations are calculated to be un
acceptable. 

2. Three equations are now used to calt:ulate the outlet concentration 
c

2 
• They are: 

vt+6t = V 
t 

6C = 2
t+6t 

and = 

+ [F 
lt 

- F 
1
t+ót 

J • ót 

[ (F 1 Cl)t 

vt 

(F2~12)t: J 
+ óC 

2t+6t 

{lO) 

o 6t (11) 

(12) 
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Iterative calculations are performed on Equation 11 with new values of 
V'determined from Equation 10 for ea~h iterat~oq. Again~ better ·estim~tes of 6C2 
are obtained with the use of subroutines designed to mlnimize the calculation 
error in c

2 
. , · · ·_ _ .. · . .. 

t+6 t ' " ' ' ' .• 
' ',, 

r , ~ • ~ ~ v> ~ 

Large Scale Plant Results of·Egualizatiori . ' ' ... "' 
\ ' ~' .... t ~ ~ 1 ' 

' ~ 1 " ~ • -

Th'e· attache'd Figui-É~s show the~- results 'of a' study (one of.the very few) 
by LaGrega and Keenan: (4).. ' , :. · · · · -· . .· · 

j -' 
.. '• 
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TABLE 5 

COMPARISON OF MEAN VALUES OF PRIMARY EFFLUENT 

-VARIABLE 

Biochemical Oxygen Demand • 

Biochemical Oxygen Demand (f)"' 

Otemical Oxygen Demand 

Chemical Oxygen Demand (f) 

Total Organic Carbon 

--~--__ Total ~~nic Carqgt;~_{f) 

Suspended Solids 

VoJatile Suspended Solids 

Data from diumal sampling program. 
values weighted with flow. 

0 Regressed values omitted. 

o 

PHASE 1 VERSUS PHASE 2 

PHASE 1 PHASE 2 

Mean Std.Dev. Mean Std.Dev. _t _lL 

209.6 113.2 184.9 32.5 1.00 34 

105.0 64.6 93.1 15.4 0.71 26 

355.7 179.7 337.5 90.3 0.54 71 

226.9 111.2 214.7 41.2 0.52 71 

B20.5 59.5 97.3 16.7 2.25 71 

-82.8 38.2 -- 66.4 12.4 2.45 71 

105.4 58.8 68.0 12.3 3.63 69 

92.6 49.2 60.5 12.8 3.69 69 

t - Student's t- statistic 
V - Degrees of freedom 
f - .Analyses performed on 

filtered aliquots 

o 

95% CONFIDENCE INTERVAL 

Lower (~¡-~2) Upper 

-23.6 73.1 

-20.7 44.5 

41.3 83.7 

-28.5 48.9 

3.0 43.4 

3.3 -29.5 

17.2 57.6 

15.0 49.2 

o 



------.- ---,- --

.. , - . 

o 

--··o. 

TABLE6 

EFFECT ON PRIMAR Y TREA TMENT 

' ' COEFFICIENT OF VARIATION FOR PRIMAR Y EFFLUENT 

VARIABLE DIURNAL 
Phase 1 Phase 2 

Biochemical Oxygen Demand • 54.0' 17.5 

Biochemical Oxygen Demand (0• 61.5 16.5 

Chemical Oxygen Demand 50.5 26.7 

Chemical Oxygen Demand (0 49.4 19.1 

Total Organic Carbon 49.3' 17.2' 

Total Organic Carbon (0 46.0 i, 1 18.6 

Suspended Solids 59.2 1 ·i 18.1 

Vo1atile Suspended Solids 60.6 21.1 

... , 
Coefficient of vaJiation = (mean -r standard deviation) x 100 

• Regressed values omitted. 

,f 

1' 

,, 

Phase 1 

35.6 

45.4 

29.3 

28.2 

24.1 

25.9 

'44.1 

39.6 

DAILY 
Phase 2 

32.7 

40.6 

25.1 

39.0 

21.1 

48.2 

19.0 

19.6 



o 

o 

o 



o 

o 

Example Problem 

Given the following information, dee.ign an activ~ted ~l,udgc ~Y,s,tc:fll "that will 
yield: 

1. · An average effluent soluble BOD5 = 15 mg/1 
2. A maxirnum effluent soluble BOD5 = 25 mg/1 
3. An average effluent s~spended solids = 30 mg/1 

tile content 

Kinetic Parameters 

l. Activated sluclge reaction rate based on BODy 

k = 13.11/day at 20°C 

2. Sludge S}~thcsis coefficient 
' a = 0.55 kg VSS/kg BOD removed 

3. Sludge auto-oxidation coefficient 

b = 0.20 kg vss/day/kg ~~vss 

4. Oxygen Utilization Coefficient 

a' = 0.40 kg o2/kg BOD removed 

5. Endogenous oxygen utHization rate 

b' = 0.28 kg o2/day/kg t-n..vss 

6. Temperature Coefficient 

e = 1.03 for BOD reaction rate correction' 

at 85 percent vola-, . . 

= 1.028 for oxygen transfer efficiency corrcct1flil: íc-r:~.,.d·,~':"·S.-~1 
surface aeration 

7. Manufacturer's Rated Oxygen' transfer effici.cncy 

N 
() 

= 1.45 kg o2/~p~~r 
(3.2 lb o

2
/hp-hr) 

8. Ox'Ygen tr·ansfer coefficient 
' ' 

a = 0.75 

!, ... -



9. Saturation Coeffi~ent 

8 = 0.98 

Design Condltions 

1. Total wastewater flow 
3 Q = 18t925 m /day (5 mgd) 

2. Influent waste tempera tu re 

Summer T. ::: 40°C (104 bF) 
~ 

Wintcr T. :::: 38.9°C (102 °F) 
l. 

3. Average extreme ambient temperatures 

Surr:.:ner T = 29.4°C (85°F) a 

Winter T = 10.6°C (51 °F) a 

4. Haste~<.Tater total BOD
5 

Influent S = 690 mg/1 
o 

5. Wastewater suspended solids 

Inf1uent X = < 10 mg/1 
o 

6. lnf1uent Nitrogen 

Total Kjeldah1 N = 50 mg/1 

7. Influent Phosphorus 

Total P = 20 mg/1 

Design of Aeration Basin Based on Hinter Conditions 

l. Calculate Kilogra~s BOD to be Removed per day (average) 

16 

o 

o 

Sr = (690 - 15) (18. 925) ( & q j' J.;') e~[{)(-. V) 

2. 

3. 

= 12,774 kg BOD/rlay 
/ 

Z.S IJ__7. :J 
) -. 

Estímate Horsepower Hequirements 

hp = (12, 774 kg BOD/ da y)/ (20. 4 kg BOD removed/hp-day) 
,..,. 11 1 j 

2 O } 11 7 S 1 u 1 ...,· :>_u 
e:: 626 hp 1 - ' 

1 ---~-----L----.--------------• .- 1 b' '"' ~ --- ' 1 , ' 
-~ :; t) ~/ --~· ( -( 1"" :; y t' ·..:. / /-¡ ~ - ('¡ • ~ 

Compute '\-!inter Temperature of Aeration Basin 1 

('1'. -T ) (1 K-cal/kg-°C) (Q) = (T -T ) (1134 K-ca1/hp-hr-°C) (h?) 
1. ~ w a 

(38.9-T) (1) (787,980) = (T -10.6) (1134) (626) 
w ' w 

( J .S l e¡ - ~~ J ) ( 1 ) ( 5" __ !:_?_!_7_.]) ) 
2. .. ¡. :,., ( / 1 

1 ~ &<. t-¡ 

• 
L-

o 
\ 

·-, ~:) ¡/,_, 
1¡,..)-;' ·~·:_,·-~ 



' ,·' 

Tw = 25.4°C 

Therefore, use~· ,~-T'· = 126°C . w 

4. Correct Reaction Rate Coefficient ·to l-linter Conditions 

-1 = 15.65 day 

'_. 

5. ,Compute ·Detention Time in Basin Based Upon BOD Removal and Sludge Settle-
.: ability for BOD Removál. · ·· '·' · · ¡·, · 

t = 

= 690 (690-15)'/(15:65) (3000) (15) 
[! ,'' 

= 0.66 days 

= 15.8 hr 

17 

Q Assume optimum F/H for s1udge settHikbii.'i.ty~is 0.6 '(see ·Figure 9) 

o .. / 

t e: s (24) /x (r/m 
O V 
' --~h - 1 1; • 1 -

= (690)(24)/{3000)(0.6) 

e 9.2 hr ~Use 15.8 hr 
'• '•' 

6. Compute F/H for Design Detendon ·,T:Íme 
' .; ' '~' ' ' ~ ' ' 

~ince BOD retn?va!' contiols ,' use t· = '!5 .'8 hr 

F/H = 
..;,.,.:,. ' 

(690)(24)/(3000){15.8) 

-;: .. ~ 

' ' ' ~~ ' 

As sume 
mg/1. This 
of 30 mg/1. 
assumption. 

this F/M wi11 generate 
value is 1ess than·the 
Figure 6 presents·the 

a desirable eff1uent suspended solids of 28 
design average·· eff1uent suspended solids value 
type of' corrélad.on need~d to,'make this design 

~ • ~· ¡;. 1 :. '1 ' • 

7. Compute Basin Volume 

V == Qt 

= (18,925)(0.66) 

. '3 -. = 12,491 m (3.3 mil gal) 



8. Compute Biodegradable Portian of }~VSS 

aS + bX -vfcas + bX )
2 

r v r v 
X e: 

e: 0.5 

where: 

2 b X 
V 

- 4bX (0.77 aS ) v r 

aS 
r = (0.55)(18,925)(690-15)/1000 

= 7026 kg/day 

bXV = (0.2)(12,491)(3000)/1000 

= 7495 kg/day lbJ ;-J3 
-T"" /' ~ -r 
~'--,.. ¡ 1 v< .... 

9. Compute Haximum Allowable ·Eff-luent Total BOD 

Knowing maximum allowable effluent soluble BOD is 25 mg/1 

k S = S (S -S ) /X t e o o e v 

S 
2

- 25 S = (15.65)(25)(3000)(0.66) o o 

S = 890 mg/1 
o 
. 
•o :: Equal iza t ion requirements should be designed accordingly 

10. Compute Summer Average Operating Temperature 

11. 

12. 

{40-T )(1){787,980) w 

= (T -T )(1134 K-ca1/hp-hr-°C)(hp) w a 

= (T -29.4)(1134)(626) 
w 

Compute Summer BOD
5 

Reaction Rate Coefficient, K 

Summer Temperature = 34°C 

KT = k 9T-20 
20 

(13.11)(1.03) 34- 20 

= 19.81/mg-day 

Compute Summer Effluent BOD
5 

based on Haxililum Influent BOD5 

S = s 2
/(S +kXt) e o o v 

18 

6 

n - ~ ¡, 
Y. ... _ ... !•-: 
(JI-"--

i .. J 

o 

o 



---) .. 
~_,, .... _ . 

o 

Q 

.,_ 

= (890)
2

/[890 + (19.8)(3000)(0.66)] 

= 
,;¡.,.: 

20 mg/1 .. , 
... j.) ' 

Compute Oxygcn and Horsepower Based on Summer Conditions and ~wximum Influent 
, BOD5 from Equa1ization 

l. Compute Oxygen Requüements 

= a 1 S + b 'xX ..., · , , ·, - - - · ~ · '·-: 
( - r · v . ., . . ~ , :.1 , - - \ 1 ..- 1 ·- / ..- ' ¡l · .- .. 1 1 ':- ·-

' ~ • / ... ·::¡ , -. 0 \ ·Í •¿ 1' ·, _., f ;. ·r f+- ) · .... ) i ') ' ~: 1 · ,:. ? ~ ~ 1 \ -' ~ _;; • 1 -. L ·-~ · '"i-) , .. ~~ , J - ,.... 1..... ..' · · ~. _,,, ...:.... ~ • '- ,_ ~ • 

= (0.4) (890-20) (18,-925) /1000 + (0.28) (0.5) (3000) (12,491) /1000 

= 6586 + 5246 

= 493 kg/hr . 

11 ' < 

! i.J.-.5" 1 2-- '¡..{j -; 
'.:..:.:. ;)7/ 

1 o 8C:. 
lb/ J :\ 1 

11/¡.,'('' 
2. Compute Actual Oxygen Transfer Efficicncy, N 

Using conventional transfer rates of low speed aerators, 
' ' 

As sume N o = 1.45 kg o2/hp-hr ("3.!... lb ... 
,, 
,_,·... ~ -. ¡ 1 

1" ( 
1 

' . 
"' ) 1 1 

[ 
T-20 

N = ~0- :(~C5 -C~)/C20 ] e . ~ 
!:;.,._ 

[ 1 ] 34-20 ' 1 = 1.45 (0.98) (7 .2) (2.0) 9.1 (1.028) ·.: (O. 75) 
~ . ~ .. ~ ~ 

= 0.88 :g o2/hp-hr . 

3. Compute Horsepower Requirements 

'1 /"'! .,' 1 ) '. 
1 ·o .-· -. ~'~"" 1·;, - ·"' '(' • ' '-¡'·,, / 

hp = kg_02/day required/N (24) 
. ~·-o·' t- '1 3 ... . -) "l / ~- 1"' 

1 ,-; e · ! · . __ 
e,.... _. '... ' 

= 11,832/(0.88) (24) ---;-:-~ B ·::. I)/, .. , 
___.--------~-· 

.. ...., -:.¡ n p t' r 
= 560 hp .·. checks wi~h assumed hp level ' 

4. Power Level Check 

PL = hp/V ' ~ -. .. 
= 560/12.491 

.. 44.8 hp/1000 
j" 

m 

1' 

1 • ~ .. ~. ,·: ._ 

('· c: < .... 1 
1/1 1 .1 

" -
1 ' 1 1 1 :' :. •• 

1 

.Compute Excess S1udge Production Based on Summcr Conditions and Average Inf1uent 
BOD5 

l. Compute Summer Effluent Soluble BOD5 Based on Average Influent Total BOD 

= S 2/S +k X t 
O O V 

,· ..... ; / 



A 
~ 

20 

(690)
2

/(690) + (19.8)(3000)(0.66) o 
.. 12 r;¡g/1 

2. Compute Ex~.·~css S1udge Production 

óX 
V -.. X + aS - bx X - X o r v , 1 e , • . '¡ , ., / , \ -: , '. : ~ ,~ ....... '1~ 3 , : .::._ 

r, ,·,'(tc.,·;~:i;' E ('•:":'-,','f,_3-:-- (),_:Jo) ¡·,.~:):J·:J¡;.• '/ !,• 
'' .. JJ L-"' 1 " _., ,~, .. 1 \, ti "' 

o+ (0.55)(690-12)(18,925)/1000- (0.2)(0.5)(3000)(12,491)/1000 
• , ~ .. , ,. r'- ""' ' 

- ~~ :; r ',- 1 , - r ": , : • .J.- , ~1, :-;'1 ~~ } 

- (3Ó)Ú8,925.)/1000(0.85). ;;:, 5'3-? - .'E;:..-"'·.1 -! ~) :. :; 
J 

,~ o + 7057 - 3747 - 483 
1 1 1 

. r. / cJ ,.,_' : 
1 

- 2827 kg/ day 

At 85 perc~·nt vo1ati1e 

óX =.,. 282 7 /O. 85 

=>-_ 3325 kg/ day ,., ",l ""i -~, } ' ' 
1 -' _ , ~/ r~ ,:;_

1 
on Average BOD

5 
Remova1 1 Compute Nutrien... Rcquiren:ents Based 

l. Compute Wi·: ter Nutrient Requirements 

óX 
V 

Nitrogen: 

N • d requ1re 

X + aS - bxX - X 
o r v P. · ..- <\~:: ').!~ ;'/,'}~~ .... ·.3.'"'··~ 

...,.· • • \ 1 .. ./ ' ' 1 ,' ~ 

~ o+ (0.55)(690-15)(18,925)/1000 
• ,f ,. - ,. '

0
1 :,; ...... 1.... . .. ' 

~ ,¡ ' .. ¡ • ...,./ ./ 1 • ,- ' l , • • ) 

- (30)(18,925)/1000 (0.85) 

:;:._ 7026 - 3747 - 483 

2796 kg/day 

- , . '. •) . \ 

''· . ~ -.1 l ..... .., 
/ . 

(0.2)(0.5)(3000) (12,491)/1000 

,.,. •1 o ' ~, -, ,.- - : t\ ,. ... , ¡ ") ~, V 1 - :;_¡ _ ·, 1 - .) :; -

/ , 1 1 
...... 1 1 - { .:;; 

1 • / 1 
1 ..... /. _, ,-, ,._ .. _.. 

~ . 

0.123 x6X /0.77 + [0.07(0.77-x)/0.77] 6X 
V V 

••• 1 
-.1' - • 

(0123)(0.5)(2796)/0.77 + [0.07(0.77-0.5)/0.77] 2796 

"<.., 223 + 69 

~ 292 kg/day required 

Ninf (50)(18,925)/1000 

946 kg/day 

TIJcrcforc, ~itrogen addition is not required. Wi11 have 654 kg/day (35 mg/1) 
nitrogen 1eavio,, activated s1udge system. 

o 

o 



Q 

.o 

o 
" 
) 

Phosphorus: 

P = 0.026 xl1Xv/O.n,:+~Jo . .-o~.~0._7_7...:x)(0~'?}]-·tife.,;_·:·r,:_' . .'~. :-\~··~;:.-::,_ o .. ( 

·"; ~ . '( ·~! ·::(='<-:,(o; 026) (o'.s)-(2796) ¡o·: 11 .+' [o ~·or<Ó ~7'7-o·.s)¡o. i1i 'i796'. ·,';·-:. , 
.\ 1, '<',~ "{ ~:" r;..:-:. .• \ ''," ' ';~ ~¡;" ·~,' ._-:_, ·. :•"' -"- ~ ~. ,},: ~' ,1:~_-í r ... ~' •• ~ ~ .. • 1 "'', .\ 

= 47 + 10 " ~ ' ')' •'. 
• '' .... ~ 1 • 

-' 

e: 57 kg/da'y .requireél· 
'' } ' ' ' 

P. f = (20)(18,925)/1000 ' 
~n "1'' ' ~ ' ' . ' .. 

= 379 kg/day ,l.-~ 

Th~refore, phosphorus addition l~, not. r~qui~~~·- · 

2. Compute Summer Nutrient Requirements 

: AXv = 2827 kg/day ... ';.... ~ ..z ' .. -: t~~ 
-,-..--- ...,.,., _,,,..... ' ... ~ 

. , .. Nitroge.n:., ,, 
•.k _¡, ., • • ~ 

' 1 -

.~\ ' 
' ' ~ ' ' 

,_- ..... -.. :·,-' 

Ninf =.~,-~4~, kg/day 

Theref«:?re,: I)itJ;ogen .. addition is not required o 

Phosphorus: . .. , : ,_ 

P = r().026(0.5)(2827)/0.77 + [0.01{0.77-0.5)/0.}-7] 2827 
-~· ' ' "' 

1:.._' ..t..::.\ 

~ < 
1 

'T O • ' t_ ~ \ '" ':. \· 

Therefo.re, ph~~phoru's. addition is not required;._ t • ·,_: 

~ ,q' ''. ) 

Compute Summer and·tVinter S1u.dge.-;..ge /:..-· __ ;.··::.''· .. · .. ·~~-~.\).:·, 
- ·' '' . ' 

' J • ' 

l. Summer S1udge Ag~ -- .. -~; < ~·. ~-..,· ~·~~~· .. _~,1, ... -~-:·: '< '.-·:.,~ .. '~,t~ .. ,~ : ' {"' . ,, 

X 
V 

G = -- == 6X 
~ .. , ,,.- . .._ '!. ¡ • 

2. Winter S1ud~e Age 

•o ' "- e ) 

'." .-. 

.... /. 
O~ays 

~ ' \ . 
• .... ¡''¡ , ..... 

,· ;: . 

"":, •• f ••• 

... -.l·' -. _, ' -· • _; ' '' ( 

G = 
X 

V 

AX 
V 

'- -·· . --
¡J 



vesign Final Clarifier for Naximum Operating HLVSS 

1. Compute Overflow P~te for }~SS of 3500 mg/1 

For a MLSS leve] of 3500 mg/1, assume the zone settling velocity, ZSV, is 
1.04 m/hr (3.~ ft/hr) from a correlation such as that presented in Figure 4. 

o.R. = (1.04 m/hr)(0.7)(24) 

/0 o() t.. 

2. Compute Area for Clarification 

A = Q/OR 

e 18,925 m3/day/17.5 m3/day/m2 

= 1081 m2 

3. -Compute Sludge Recycle Rate, r 

, . 
... , ('" ... ' ...... 

/1). J¡· - ¡ , ----- - ,. - ~ -
1¡ 1 l , 

22 

.o 

Assume a desired sludge concentration of 12,800 mg/1 from the final clarifier. 

R(l2,800)/1000 + EXCESS SLUDGE + EFFLUENT SOLIDS e (Q+R)(3500)/1000 

R(l2.8 - 3.5) = 66,238 - 3325 - 5v7 O 

• 
4. Compute Area for Thickening 

9.3 R = 

R = 

62,3lc6 

3 6703 m /day 

100 (R/Q) = 35.4 percent 

Choose design solids flux rate for a desired unde2flow concentration of 
12,800 mg/1. Assume solids flux rate equals 73.2 kg/m /day from a correlation 
such as that presented in Figure 5. 

------ ~ 

A = (Q + R)(~~SS max)/(solids flux)(lOOO) 
t;. u 'f¡,~ ...¡. (¡:_,; ,-' ... : i 

= 

= 

(18,925 + 6703)(3500)/(73.2)(1000) 

1225 m
2 

1 

Since area for thickening i.s greater than area for c1arification, thickening con
trols. Thcreforc, use ar~a of 1225 m2• 

S. Compute Clarifier Diameter 

A = 
1Td2 

4 

d = (1225/0.785)
1

'
2 

= 40 m 

Q 
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Final Effluent Quality 

From a correlation such as that presented in Figure 7, assume 0.4 mg BOD/ 
mg VSS for a sludge age of 0.5 days. 

Average effluent suspended solids = 30 mg/1 

Average effluent VSS = 25.5 mg/1 

Total effluent suspended solids = 50 mg/1 

Total effluent VSS 

BOD content of VSS 

Total effluent BOD average 

Total eifluent BOD maximum 

... 42.5 mg/1 

= 0.4 mg BOD/mg VSS 

= 15 + 0.4 (25.5) 

... 25 mg/1 

0:: 25 + 0.4 (42.5) 

= 42 mg/1 

23 

It shou1d be noted that the maximum BOD considers that the maxitnum soluble BOD 
and the maximum effluent suspended solids will occur at the same time which is 
unlikely. 

Sumrnary Process Design Tab1e 

Activated S1udge 

F/M {kg BOD/day/kg ~~VSS) 

Detention Time (days) 

Easin Vo1ume (m3) 

Depth (m) 

~~vss (mg/1) 

MLSS (mg/1) @ 85 percent volatile 

Oxygen Requirements (kg/day) 

Powcr Requirements (hp) 
' 3 

Powcr L2ve1 (hp/1000 m ) 

Basin Temperaturc 

Summer, T 
w 

Winter~ T 
w 

e: 0.35 

e: 0.66 

0:: 12,491 

e: 3.66 

= 3000 

= 3500 

= 11,832 

= 560 

... 44.8 



J 

Oxygen Transfer, N (kg o2/hp-hr) 

Nutrient Requirements 

Nilrogen (kg/day) 

Phosphorus (kg/day) 

Secondary Clarifier 

Overflow Rate (m3/day/m2) 

2 Surface Area (m ) 

Diameter (m) 

Water Depth Above Cone (n)' 

Excess Secondary Sludge (kg/day) 

Volatile Content (%) 

Underflow Concentration (%) 

Underflow Quantity (m3/day) 

Recycle Ratio (%) 

Recycle Flow (m3/day) 

24 

e: o. 88 o 
e: 292 

= 57 

= 17.5 

= 1081 

= 40 

... 4. 27 

= 3325 

e: 85 

= 1.28 

= 261 

= 35.4 o 
= 6703 

fJ 
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l. 1 Gci1crn 1i ci~1clcs. 

Esta prueba se usa exí"ensamente pa.1a determinar, 1a 
ca¡x1cidacJ de polución cJcl agua negra y, sobre 1:0c1o, ele los de
sc.:hos industriales". Se basa en el hecbo de que prácticarncnte 
todos los comp~1cstos orgtinicos se oxicl<:n p<tra proéJucirC~c:f_¿~r 
I-12C)y)O]~- la acción de oxiclantcs-fue-jTcs~ ba i o condi.c ione::s [lCi -

das. 

Desc1c· lllego esta reacc::.Oi1 no depcr .. de de .:-1ue los 
compLi(::sLOs sea u a si mil8. ~1Jcs bioló3icamente o nóv Por c:j c,-.11Jo 
la glucosa y la lignina se oxida completamente. Por lo tdnto, -
los valores de la DQO son en general maycn::s que los de la -
IT.lT. o. 

La pn1eLa de lé1 D. Q. O. no diferencia emre la mate 
ría oxidable bi.ológicamcnte y la Jnatel·ia org{lnica jncnc, ni es 
tablecc la rapit.lez COi.l que eJ material biológi_Cé1111(.:ntc activo es 
esrahilizac~o bajo condiciones que existen en la r:1aLcrz~lcza" 

La prueba dé DOO se efectúa sólo en ::3 hs. o me
nos COlTr¡Jarada con S días que requiere la D. B. O. 

l. 2 Agentes Oxidan re~~ 

PennangJnato de potasio - da resultados rnenores que -
la D .13. O. (5 días). 

- Su lfaro Céri.co. 

- Iodato de potasio. 

- Dicromato de Potasio. 

G:;~i.c úlUTt-:.o \:s el mús cf-:'cttvu e·,¡ is. o~iC:acíó:1 de ~.::.. ·
nnicriél orgúnico. La solución tiene que ser 2.ltnmen1e úcicia y 
cstJ. 1· ;J clcv;1cb t:cmpc r,ll:!Jra p7l ra que lél oxj cGC:i.ón sea cól11p1c
Ll. l Lbcn u S<l n:"cC:oí1i~fCñ~s:1crores ele rciTuj o r):-11-a-·c·vi Lai!JénTi:lia 
C:fc m;:¡tc:ria orgánica vólatil. 

AJgunos compues[os orgánicos, entre ellos, el úciclo acé 
Li e o y los ácido0___E;Ta,~os, se oxid,ln por el .chcromato sólo en 
pú::sencú~ de un c,ltall:~-ddOL (1<..,n·..:::_; L~~ 1:;~.: L:::). 

"-. 
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2. 

Los compuestos n rom;i 1 i e os y 1<:1 pi ridm<:1 nu se oxi cb1: 
en ninguna circu n s 1 <ln e i a. 

1.3 QuímicJ de L1 ox~cbción po1· el ciicrorn2to __ ~lc_j_~OtCL¿;jo. 

La reacción ele oxicbción se efcoCw como sigue: 

S d . d d ]~ · ' l0'?. 0 (~. , e usa 1crom<Ho e ~ra o ana ltJCO, s·2C<HIO a u _ 

Se n.:comícmla una 1lOJTn'-llicL1cl O. 25 N ¡x1rc.1 b solucj{m 
ele clicromaLO. Como una solucjón O. 2.5 N de oxígeno es cquiv8-
JenLe a O. 25 x 8 r;r = 2 gr _ 2 mgr de oxí3cno, 1 m l. de 
la solución l.t -rt rnl-

0. 25 N de dicromaro representaní 2 mg:r. de oxíge 
no. 

J. 4 Proceso estándar pa n.l encontrar la DQO por el rn0Loclo clcl 
dicromato de poLa si o. 
l. 4. ll)roceso en gcneraL 

La determinación de la D.Q.O. se hace agrag,~u 
clo a Ja muestra chcromato en exceso, Una ciert<l Célntid<ld c_:s c0~1 
sumida por la matecia oxidable pn::sente en Ja mues lTa, pe.cm.:mc 
cienclo un exceso qn solución. El c=~xccso se dcrermlna usauclo un
agcmc reductor, normalmente ión ferro~¡o (Fe++). La diferencia -
en n-e el dicromJ to agregado y el remanente es el dicrom;:no con
sumido. La reacción que tiene lugar es como sigue:. 

Como fuente de iones Fe++- se usa sulfato ferroso de amo 
nio (SFA), Como las soluciones de Fe++- se oA.jclan f8ciln1cni:c., e:; 
Las solucjoncs se deben cst:ancln dzar cada vez CJL!e se usen, lo _-:: 
que se puede hacer con solución ele dicromaw 0.25 N. 

Indicador.- Para ckLcrminar el momento en c¡tte Jn oxidación ele 
la materia orgtínica rernüno, se usa Ferro;¡-[ (1, JO fcmmtrolin2 mo 
nohiclr;:-¡racla). r·:l Célmtio ele color es clc1 venk· <l~·.¡:l al c~1k ['liCio. -

Se puede cuJnlific<l r la po~:cifm C<-l1·bonosa de lo~; co~1 
pucsLos ele nitrógeno, pero no lwy rcclucción en el dlcromdro poc <<n!o
nfaco ele] desecho o por el liberado de ma LtTl:ls pn1~éica s ( exccpLO en 
~resencia ele cloruros). 



ro 
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Los comlltlcsw~; d~~ cack-n::t abi cna ~~l:' o:dcléi!! ¡y¡{. s 
f:ícil Il1l'llle si se ag rt.·ga slllfc1to de p !a tn, pe ro lo~~ e: ]oru ..C.)f~, fl¡ 'o ·-L: !"().,> 

o iodu·¡·os rc~u::ci(nl<lll cnn él pn ra 1W"clucil" precipitado:.> que se oxicb:·: 
sólo pn re in ]mente..:. 

Los catalizadon:'S (sulfato de Ag) no ayucbn o l<'. o:-:i 
dación de los hich·acnrburos aromáticos, pero sí a la de los alcoholc-s 
y ácidos de cadena ahic..:rta. 

Eu presencia ele> nmoní:1··o, aminns ó ele matc 1:ia l~i

Lrogcn~cb, se pueden p1·esentar cíclica mente du r~mLc el p n)ccso C l o 
ce a truyés de Jn í"OJTt"lGCión de cloraminas. El prGCCSO dm:a. por va
rias lloras ele digestión, si no hay caializador. 

Corno 8 baj::ts D.Q.O. lo. presencia ele clonn·os afee 
ta mfts los resultados, el método se puede ::tplic:ar a D.Q.O. mayores 
que 50 p. p. m. Pa-r<! aguas con D.Q.O. menores ll /-5 p. p. m. los re
sultaclos pueden indicar solo un onl~n de magnitud. 

Cuando no se usa sulfato de Ag como catalizador, -
los cloruros presentes se oxid8n por el ciicromato, de manc:ca c1uc se 
debe aplicar una corrección. Se determina el contenido c.tc clor11 cos -
en una muestra separada y se deduce el consumo de oxfgeno del rcsu l 
tado obtenido: · 

1 g Cl 
lt (35.5) 

En efecto: 

equivalen a O. 23 g 
l.t 

oxígeno 
(8. O) 

3.5. 5 Cl = 8 -lt- 1L Ox. ; . 1 Cl = 8 
35.5-

O. 23 Ox.-

Cuando se use caw lizador no se puede aplicar la co 
r:cección, desde luego. 

l. 4.4 MuesLrco y almaccnamicnLO. 

~~:; f!Xl~..;tc; ill(tti.=:~ri<t iuc,~~Lil)l~, L;rc. il~~lC'~.[ ~~~l:--: ~)'' l~:\1-)t'¡· -

c""<.JJnimiL. itlrli~dl<llnrncntL~. Si Licncn sú11Gl>s sCLlÍillcní:nblcs dcik'1l ser 
llomo;;cncizaclas cujdaclo:.:;arncni"L'. Dc:bL~ procu mr:c;c evitDr pcqucf'ios vo 
lúrnencs de lllltCsLr·n (lo que succclcrfa s: la D.O.O. es alla); en este-_
Caf:lo se harán di luciones en matraces aforados y se rea li z::trft la pru~..· 
b::t en ]a dilución qu~ el(! mejores resultados con el méLodo C0!110 se \'(.;TÚ 

m{ts a<.lc li.lntc. 

1. 4. ::> Pro~:c:~;o en '.lcí:lllc. 
----~-~--------

1. 11 • .S • 1 A 11:1 rat os. 

o 

o 

o 
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M~1Ln1z csU:~rico con cuello c.'::J"JKTil~clo, ('20/'ifl), 
cnp. :H10 ml), y rcfrir-.<~r<mlc de Fri.cdriclls. 

1.4.5.2 nc~tcLivoc;, 

\ 

1- Sol. v<llP 1:ada de K2Cr
2
o7 , O. 2SO N. 

C<Jnticlad ncccs,Jria ele la sal: 

Corno (Cr2 07) = ___ 2Cr31- , hay un cambio de vnlcncia el-:; G. 

. . . 

K - 39. 1 02 X 2 :: 7 8. L04 

Cr- 51.9~J6 x 2 = 103.992 

0 - 16. Q()Q X 7 = 112.0000 
:. P. i\11. -= 2Y-1-:T%-

SoL lN = 29•1. 196 
--6--

- ·'9 1 o·r . 
- &j • ~ ' -r¡:-

O. 25 N = 12. 259 p;r 
-rr-

El c.licromato se seca a 103°C durante 2 ln:s. y 
luego se diluye a 1 000 ml. 

2- A e ido sulftí rico conccmrn do. 

3- Sol. valor~nh ele Pe (NII4) 2 (S0
4

) 2 6H
2

0, O. 25 N. (SPA). 

Prep[l raciún. 
a) 98 gr~ su-llJLo ferroso él monlacal se disuelven en agua c~cs 

Li lada. -
b) Se agregan 20 ml de IJ2':i0L! conccntnH.lo. 
e) Se enfrü.J y Se! diluye a lOOb c. e.-

Esta solución se debe ti LuJar el clü:. que se vaya a u riJizar. 

'nwh:cifm.- A 25 ml de soluciC>n valorade~ de hicromato dilu:ích1 a -
250 ml. se-le agregan 20 ml de l-J.;SO,, y se deja enfriar. 

~. 1' 

Se titub co~1 sulfDto ferroso amoniacal usando 2 o 3 gotAs de Ferrufn 
(~e' iT1 e, j 1 ~e: j :_-- :1 J r 1 ! ... 

No¡·¡n;Jiid:;d ·.-. ml I<2,Cr¿07 x O.?:i .-Vire: Verde¡¡ e<Jí'L'.-

-;~1-1!-~(Ñ-1].11"2-csc)4>"2 .. 

1. 4. 5. 3 l)asos. 

lo. -50 n:d Jnuc·:;l ra o p.1nc a1ícuoLa diluída a 50 JTIL-



2o.- 25 m1. Stll, val. clJCJ"<JillJ.lO. 

4o.- Se fija el comlen~Ctdor y se sorJICLe J. rerlujo pot- ? 11';, 

So.- Se clc~p enfriar y se JnvCt con 2.) m. l. de aguJ. dcsLi l:tc.J::¡. 

6o.- Se paso 81 contenido a un ma1-roz Erlcnmcyer de 500 111L 

7o.- Se lava el maLn1z csrérico 4 o 5 veces con af•;u.:!. dest·iLlda., 
vcnicncJo cada vez en el Erlcnmcycr, y se diJuyc en éste 
a 350 ml. 

So.- Se deja enfriar a la Lcmper0turJ. ambienLc. 

9o.- Se tilula co!1 SFA, a[;rcgando 3 golas ele FctTO[n.-

1.405.4. Tesli go. 
<. ----

Se hacen lns misn1as o¡)craciones con 50 ml. de -
agua des ti lada. 

1.4.5.5 Catalizador. 

Cuando se use cata1izac1or, sC:>. ar,rega clirecwmenLc 
a la mezcla, antes del reflujo, 1 gr. de Ag2so<1. 

l. 4. 5. 6 Cálculo y cleuuccié:n ele][) fórmula utilizJ.ch. 

b= 11 " 

La fórmula es: 

D.Q.O. =(a-h) e X soon 
--111l muestra 

11 " la muesLra. 

1 )cc!ucción de b fórmul.:J: , 

- d , en que 

So.bcmos CJtle el peso ele una suh~;wnci< A exrn·,·;s¿¡c]a con1o I3 c~;¡(t do.dcl 
por: 

o 

o 

o 



o 

o 

~D 
(. 

PA/13 == peso de A como B, gr.: 

PAjA = peso de 1\ con;¡o A,- gr.: 

P. E. ;= peso ~de un' cqui valen te - gtmno, .. gr.-
' . , 

cionan es: 
Además,. el nümero de equivalentes- g¡_·;·ullO que n·~c-

' ! t' J ~ '' 
.J ' i- .) ' 

···'Ni \rÁ· ~N u v.i3 • J_ • ~ "' ' •' ••• ~ ' 

N= normalidad (de ·A ·ó':J3), N0. ele P. E. 

lt ' 
V= volumen (ele A o B), lt.-

· ( 12 ), E'11 qL:(; 

es: 
Por lo tanto el peso eJe A con1o A e~presado en t; ~~amo 

PAjA = NAVA P.E.A 

el ·cual s~.;Jstllufdo en (J ), conduce a: 
,'\ -~ ' ,, 

P.E 
Si llamamos KAjB = a la concentración ltfJ A ·exp:resnda como B en -
gr , tcnJrérnos : , , "· \ , , ... ' ~ · 
lt 

PA/B = KAjB- NAVA P.E.B 

Vi\1 VM 

donde VM -es el volumen de la mucst:-ca, en lt. 

Por lo tanto, la concentración en mgr sc·rii. 

lt 

K A /B = N A V 1\ P. E. B x l. 000 

~\11 

En nuwst.ro caso tendremos, ele acue.rdo con el esquema: 

'--'· 



. . ... 7. 

<l-b-= clHcrl'ncia entre los vólumcncs ele sulhHo ferrnso nmoJJL; . .:.;ü con'-.:ltinidn 
en el testigo y la mucsLra. 

a-b = cuntcniclo ro;.:al ele materia orgánica en la mucslra. 
a--b= e<mtidad real de dicromaLO consumida por la materia ó.rg<-!nica de h 

mucsLra, 
a-b = cantic..l<lcl ele suUélto ferroso amoniacal com~umiclo en la LillllDCJÓ11o 

a-h= c~mLillad de oxrgcno que rcpTcscnta el contenido re8lllc:: llléltc.ri<{ ot·g.~t -
nica en la muestra. 

ConsidcTando las dos ültimns expresiones y Ja fórnitl l<J ( 4), se t rll 
ta de expresar la canriclacl de sullato ferroso amoniacal (A) como oxJ·¿cno 
(f3). Por Lanlo : 

C =NA 
dar : 

KA/B = D.Q.O.; 

D.Q.O. =NA (a-h) 8000 

VM 

Como la corrección por cloruros, D, es sustracrivel, y baci en do
la expresión c¡ucda en la forma presenLada en los MéLodos Est5n -

D.Q.Oo = (a-b) X 8000 

VM 
- d.-

o 

o 
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LAND DISPOSAL OF SLUDGE'~ 

Dis¡::>sal of wastewater sludges on land is practiced in many areas. In some cases 

the land serves as a dumping ground for sludges, while in other instances the sludge is 

applied to and mixed with the soil as a fertilizer or soil conditioner. The organic matter 

as well as the inorganic nutrient in sludge is beneficia! to the soil. Common dumping 

grounds for liquid and dewatered sludges include abandoned mines, quarries and lagoons 

and sani tary landfills. 

The application of liquid sludges to the land resulta in a number of benefits. The 

sludge need not be dewatered. The savings gained by eliminating the conditioning and 

dewatering of the sludges should be compared to the additional cost for transporting the 

water associated with the sludge. However this water is a source of irrigation water 

for the soil. An additional advantage is an increase in the removal of nutrients (nitrogen 

and phosphorus)from the wastewater during treatment. These nutrients which are 

associated withíthe sludges are released when the sludge is processed and the nutrients 

are returned to the treatment plant. Sorne of the reported data indicate that lOO percent 

of the nitrogen and about 4 percent of the phosphorus iri the sludge are released during 

Q wet oxidation of the sludge. Sorne of the reported data for application of digested sludges 

~-" 

o 

to land are summarized in Table l. 

Liquid sludges have also been used to develop and improve low grade soils such 

as dredged sand. The sludges are most commonly transported by truck although in 

sorne cases pipelines have been used. 

TABLE I 

LAND APPLICATION OF DIGESTED SLUDGE 

Type of Sludge Solida Content Approximate Loading Reference 
(percent) (Kg/Ha-year) 

Digested prima~y and 
activated sludges 4.0 5600 (2) 

Digested Primary sludge 6.5 22,400 to (4) 
224,000 

Digeated Primary aludge 4.1 6720 (5) 

100Joseph F. Malina, Jr. 
1 



TABLE I {cont) 

Type of Sludge Solids Content 
(percent) 

Approximate Loading Reference 

Digested primary and 
activated sludges 

Digested primary and 
activated sludges 6. O 

(Kg/Ha-year) 

4500 (5) 

136,600 (4) 

The liquid sludge should be applied at such arate so that there is no possibility of 

pollution of ground water or streams. 

A variety of crops ha-ve been grown in soils on which sludge was applied. The growth 

characteristics and crop yields compared favorably with the crops grown in soils which 

received the equivalent amount of chemical fertilizer. Sludge is not generally applied to 

crops which are intended for human consumption ,in the raw form. 
' ' 

The cost of land disposal was compared with various sludge treatment processes 

used by the Metropolitan Sanitary District of Greater Chicago. These data are summarized 

in Table II. The estimated cost for land disposal will be the basis for the comparison. 

Method 

Digestion and liquid application to 
land (distance to site 80 km) 

Drying and Sale as Feriilizer 

Digestion and Lagooning 

Wet Oxidation 

Dewatering and Iflcineration 

TABLE Il 

COST COMPARISON 

Relative Cost 
per kg 

1.0 

3. o 
3.26 

3.33 

3.8 

The relative costs of sludge disposal by various methods were evaluated by Riddell 
1 : ' 

and Cormack (1966). These c~sts were based on distance to disposal site for various 

populations. The methods of sludge disposal which were considered are listed below. 

l. Application of liquid sludge on the land by tank 'truck includes thickening 
and digestion. Hauling the sludge by tank truck was used for the city of 
10, 000 people and transportation by pipelines was used for larger populations. 

2. Dewatered sludge to landfill includes thickening, digestion vacuum filtration 
and trucking to the disposal site. 

¡ 
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o 
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3. lncincratwn and ash disposa! in a landf:ll includes thickemng, digest10r. vacuum 
fi1tratwn, mcmeralion, and truck1ng the ash to the d1sposal site. 

Q 4. Fertllizer production includes thlCkening, digestion, vacuum filtration, heat 

o 

drymg, and sale at U. S. $5. 00 per ton. 

The íollowmg sludge characteristics and design values were used: 

l. Per capita solids contribution = O. 2 lb/day. 

2. Volatlle content of raw sludge = 75 percent. 

3. Thickener loading = 15 lb/sq ft /day. 

4. Sol1ds concentration after th1ckening = 5 percent. 

5. Di¡;estwn tlme = 15 days. 

6. Reductwn of volatiles in digestion = 50 percent. 

7. Digested sludge suspended solids concentration = 3. 5 percent. 

8. Conditioning chemical requ1rement = 15 percent. 

9. Filter Yield = 3 lb/sq ft/hr. 

10. Fllter cake moisture = 75 percent. 

11. Dried sludge moisture = 6 percent. 

Spreading of Hquid sludge on land is the most economical method of disposing of sludge 

equivalent to that produ~ed by a clty of 100, 000 p~ople or less when disposal sites are 

avallable within 25 m1les. For disposal of sludge equivalent to that produced by a city of 
1 

a million people. the limiting distance is extendeti to 90 miles. For small installations, 

dewatering of sludge prior to disposal is necessary for economical operation when the 

disposal site is over about 30 miles from the treatment plant. Incineration and fertilizer 

production are feasible only in very large installatíons, and then only when the disposal 

site is over about 100 miles away. 
¡l 
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Introduction 

Filtration with sand or other granular media has been used for the rernoval of 
suspended solids from wastewater in tertiary treatment systems following biolog
ical processes or chemical coagulation and sedimentation. However 1 the use 
of ultrahigh rate w-depth multilayered filtratwn also has great potential for 
application to the treatment of raw wastewater. Investigations by Tchobanoglous 
(1) on multilayer filtratwn indicated that with the proper selectwn of material 
and loadwg conditions the entire depth of the filter can be employed in the fil
tration process, thus effectlng a more efficient use of the fllter. Frank (2) and 
Donovan (3) have demonstrated the feasibillty of using high rate in-depth dual 
media hltration for the efficient removal of suspended solids at concentrations 
normally encountered 1n municipal wastewater. 

The removal of suspendedor colloidal material from water by flltration 1s 
accomplished by one of a number of mechanisms wh1ch may be generally classi
fied as straining or trans port-attachment. The m ultiplicity of filtratwn stud1es 
and the variety of conditions specific to each study have addressed the large 
number of potential filtration mechanisms (4 1 5, 6, 7 1 8 1 9). However, the physi
cal and chemical complexities of the flltration process have defied for years the 
effective theoretical characterization. Numerous mathematical models ha ve 
been developed to describe filter performance under controlled laboratory condi
twns 1 but none of these models are appllcable to the design of filters. 

The highly unpredictable nature of mumcipal wastewater complicates the devel
opment of a valid design model further. The direct adaptation of water hltrauon 
models was impossible. However, the models do present the relative signih
cance of the numerous variables and provide a starting point for the design of a 
fllter. 

59 
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The objective of th1s paper is the evaluatwn oí a multilayered flltration system 
for the w-depth removal of suspended solids from untreated municipal wa ste
water at ultrahigh flow rates. Pilot-scale multimedia filters were operated using 
municipal wastewater. 

Filtration System 

A schematic diagram of the filtration system is presented in Figure 1. The head 
loss in the filters was monitored by means of manometers connected to the hl
ters. The filter desig n embodied two importa nt consideratwns: a) the determi
nation of reasonable flow conditions which would permit simple sampling tech
niques; and b) the versatility necessary to cope with unpredictable operations 
conditions. The columns were constructed of 1/8-inch steel plate bent into a 
channel resulting in a cross-sectional area of O .1 square feet. The sides of 
the channel were flared at the open face to permit fastening of a 1/2 -inch trans
parent plex1glas face plate which was held in place by C clamps and sealed by 
a 1/8 -inch rubber gasket material coa ted w1th silicone lubricant. The top a nd 
bottom of the channel were also flared to permit attachment of the removable 
cover plate and the flow dispersing chamber. The medium in the disperswg 
chamber consisted of: a) a 3/4-inch pipe inlet deflected by a 1. 5-inch d1ameter 
cone; b) a 3 -inch !ayer of marbles; e) a 1-inch !ayer of 1/4 -inch grave!; d) a 
1-inch !ayer of 1/8-inch grave!; e) a 2 -inch la yer of 2 mm garnet. Sample taps 
consisting of 1/8-inch nipples were secured in the rear wall with epoxy at a 

o 

spacing of 1.0-inch on center. Serum caps covered the ports 1 and permitted Ü 
the use of No. 18 sampling needles to monitor the chamber press ure. The fil-
ters were operated at flow rates of 10 1 20 1 and 30 gallons per minute per square 
feet (gpm/sq ft). A detailed discussion of the experimental equipment and the 
characterization of the filter media are presented elsewhere (1 O) . 
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FIG. 1 
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FLOW CONTROLLERS 

Flow Diagram for Wastewater Filtration 
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The characteristics of the filter media used are presented in Table 1, and the 
three filter designs are summarized 1n Table 2. The nonunifonnity coeffic1ent 
was defined as the ratio of the 60 percentile size seive to the ten percentile 
size. 

Material 

PVC Pellets 

Anthracite Coal 

Silica Sand 

Garnet Sand 

Media 

PVC 

Coal 

Sand 

Garnet 

Media Inter-mixing 

TABLE 1 

Characteristics of Filter Media 

Mean 
Diameter 

Sphencity (MM) 

0.90 4.4 

0.73 1.85 

0.96 0.77 

0.78 0.49 

TABLE 2 

Filter Design 

Depth 
(inches) 

8 l. 07 

5 l. 07 

3 l. 07 

2 1.13 

None 

Specific Gravlty 

1.20 

l. 68 

2. 65 

4.08 

Non- U niformlty 
Coeffic1ent 

l. 07: 

] . 15 

l. 22 

1.13 

Intermedia te 

l. 07 

l. 45 

l. 39 

l. 13 

Intense 
----

The experimental work was performed at the Govalle Wastewater Treatment 
Plant in Austin, Texas. The wastewater used in these studies was pa:;sed 
through bar screens, degritted and skimmed for grease removal. The u'l.derflow 
sludge collected in the skimming tank was returned into the primary eff 1 uertt 
e ha nne l from which the supply to be flltered wa s drawn. A screen box con
structcd of wood and standard 14 x 18 mesh window screen was placed vrlthin 
the e ha nnel. 

A prefilter was used in order to prolong the length of the runs of the multlhyered 
filters. The prefilter was designed based on the requirement of supply to U1ree 
filters ata maximum loading of 30 gpm/sq ft. The prefilter was constructed 
from 3/8-inch plexiglas with dimensions of 30 inches high by 5-5/8 inches · 
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square. The calculated inside cross-sectional area was O. 22 square feet. Four 
spray nozzles located approximately eight inches above the medium were used 0 
for surface wash. Provision for air wash also was included. The underdrain 
system consisted of a 3/4 -inch pipe with perforations in the horizontal pla ne 
placed 1n four inches of one to one a nd one-half inch s tones covered by two 
inches of 1/8 inch grave!. The medium used in the prefilter consisted of one 
foot of four by five mesh PVC pellets. The inlet at the top of the filter was pro
vided with a three-inch diameter disc located approximately one inch below the 
entrance port to dístnbute the influent. A pressure gage and a pressure relief 
system were bullt into the prefilter. 

Experimental Res ults 

The equipment was designed speciflcally for this study and was constructed and 
hydraullcally tested 1n the laboratory before location at the treatment plant. The 
mean BOD and suspended solids concentration in the wastewater during these 
studies were 150 mg/1 and 155 mg/1, respectively. The volatile content of the 
suspended solids was 86.5 percent. Experimental determinations included the 
essentlal variables with emphasis placed on trubidity and suspended solids. 

The relationship between total head loss and time for the multilayered filters is 
presented in Figure 2(a) for flow rates of 10, 20, and 30 gpm/sq ft. These 
linear results ind1cate 1n-depth removal of suspended solids and no surface mat 
wa s obs erved. 

The in-depth removal potential of PVC pellets was evaluated in more detall to 
determine the headloss in the filter and the penetratwn of suspended sollds 
into the medium. A typical incremental headloss with depth curve for increas
ing time is illustrated in Figure 2(b). These curves are similar to those observed 
in water filtration, however the time sea le is only 60 minutes for flltration of 
wa stewa ter compared to 60 hours commonly encountered for water treatment. 

The total removal of suspended solids throughout the depth of the filter nor the 
interna! removal function could be determ1ned from the headlos s curves. There
fore 1 the prefilter efficiency 1 the dependence on varying influent concentrations 
and removal efficiency with depth were evaluated. The results of load1ng the 
filter at 40 g pm/sq ft under a wide variety of influent sus pended solids concen
trations are presented in Figure 3. The data indicate that as the influent con
centration increases 1 the efficiency of removal increases. The depth-efficlency 
relationship for the flltration of wastewater is illustrated in Figure 4. These 
curves simulate the mathematical functwns developed for water filtration. 

Three multimed1a filters described above were operated in parallel atan average 
1nfluent suspended sollds concentratwn of 150 mg/1. The effects of hydraulic 
load1ng and degree of med1a intermixmg are illustrated in F1gure S. These data 
1ndicate that the non-intermixing filter was more effic1ent in suspended sohds 

o 

removal. The filter efflciencies ata 30 gpm/sq ft loading were 63.5 percent Q 
for non-Intermixing 1 56 percent for intermedia te intermixing 1 a nd 58. S for 
intense intermixing. The data indicate a decrease of efficiency wlth wcrease 
in load1ng; however 1 the rate of decrease is relatively small. A three-fold 
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FIG. 4 
Efficiency-Depth-Time Relationship for Raw Sewage Filtration 

increase m loading resulted in decreases of only seven percent from 70.5 per
cent to 63.5 percent. The depth headloss relationship is presented in Figure 6. 
These data indicate that the headloss in the non-intermixed filter was less than 
in the other filters. The headloss curves for the non-intermixed filter are pre
sented in Figure 7 and illustrate the rapid headloss buildup under average sus
pended solids loading conditions. A nine foot headlos s developed after 2 O 
minutes at 30 gpm/sq ft. This observation obviates the need for a pressure 
filter system 1 if this type of treatment were to be used in a full-scale system. 

Once the filter had reached the terminal heqdloss 1 a backwash was necessary. 
The filter was cleaned rapidly anda two-minute backwash was sufficient. How
ever 1 after backwashing 1 large flocculent material accumulated on the surface 
of the filter. This material was too large to be removed hydraulically and 
would presenta signiflcant problem in full-scale operation. A four-foot depth 
of water overlaid the filter at the beginning of the backwash cycle resulting in 
a substantial dilution of the sludge. The average maximum solids concentra
tion in the sludge ranged between l 1 000 and 4 1 000 mg/1. 

In backwashing the PVC prefilter the surface spray resulted in destructwn of the 
large floc that previously had been a problem after backwashmg 1 and the a1r 

o 

() 

wash resulted in an unexpected beneht. If the water level in prefilter were Q 
dropped toa point that provided an air gap between the filter surface and the 
outlet 1 and the a ir wash was operated for 30 seconds 1 most of the entrapped 
suspended solids moved above the surface of the filter medium and within five 
minutes settled into a sludge blanket containing three to five percent solids. 



.• 

o 
..J 
<l: 
> 
o 

';z 
UJ 
a: 
.¡¡ 
Q 
..J 
·o 
lf) 

o 
UJ 
o 
z 
w 
a.. 
lf) 

::> 
lf) 

o 

o 

75 

;::'¡ 

~1 a.. 

70 

> 
u 65 
z 
~ 
~ 
IL 
IL 
w 

60 

Ultrahigh Rate Filtration 

10 

No Prefdtrat•C"' 

NO INTERMIXING 

~ INTENSE 'INTERMIXING 

~INTERMEDIA TE 

20 

LOAOING (gpm/sq 11) 

· FIG. 5 
Efficiency of Multilayered Filtrat~on o'f Raw Sewage 

2 

3 

4 

5 

6 

7 
PVC 

¡¡; e 

"' I 
u 9 

•' 
~ 

I '10 .. 
o. .., 
o 12 

13 

14 

15 

"' 
17 

18 

19 

HEAOL05S (FEET) 

3 4 5 

lntermed1ete 

lntermtM1ng After 

30 M1nutes 
"' 

6 

After f • ' ,,_, 

30 Mtnutes lntense lnlern'Uxtng 

' After 15 Mtnutes 

) ¡,', 

'' 

Loed•ng - 20 gprn/sq ft 

' .. ' 

., 
•' 

., ' 

'65 

'-''•-

~ ' ' 

FIG. 6 . · 1 

Headloss for Multimedia Filters at Terminal Headloss 



66 J .F. YlALINA, JR. 

60 

e o 
;-.. 
"' !:. 
1/l 
1/l 
o 1:10 -' 
o 

" "' ~ 
-' .. 
~1 40 

30 

o 30 gpm/sq fl 

o 20 gpm/sq ft 

20 ~ 10 gpm/e.q tt 

20 40 60 BO 

~~f_(~5_2 

FIG. 7 
Total Headloss for Multilayered Filtration of Wastewater 

A device similar to the Patterson s1phon used in many European water filtration 
plants could remove the sludge directly to the sludge handling facilit1es 1 and 
elimina te the need for th1ckening. After removal of the sludge 1 the hlter wa s 
backwashed toan expansion of about 50 percent to remove the residua 1 solids 
entrapped in the filter. Chlorinatwn of the backwash water was included pri
marily to eliminate the growth of microorganisms within the filter. 

Design Model 

The various theoretically valid mathematical models did not provide a suitable 
des1gn relationship. Therefore 1 the filter design models must be based on an 
emp1ncal relationship. 

Sakth1vad1vel (11) showed the valldlty of the hydraullc radlUs theory relatlng 

o 

o 

the hydraullc conduct1v1ty as a function of poroslty. The relationship of head- 0 
loss and the volume of solids removed was independent of the concentratwn of 
suspended sollds as well as the hydraulic rate. This phenomenon appeared to 
be applicable to wastewater filtration. 
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The experimental data observed for the prefilter corroborate this relationsh1p and 
are presented in Figure 8. The slope of the headloss buildup with sohds removed 
is constant regardless of loading; however 1 there is a difference 1n the extrapo
lated intercept. The equation which describes this function is: 

in which 

HL 
E 
e 
Q 
dt 

= 
= 
= 
= 
= 

headloss (ft) 
efficierrcy 
influent suspended solids concentration (pounds/gal) 
hydra ullc loading {gpm/sq ft) 
increme:nt of time 

{l) 

The calculated constraints for these equations are presented in Table 3 and 
illustrate the m:athematical uniformity of slope under the various influent condi
tions. These constants increased significantly at extremely low influent sus
pended solids concentrationl for example 50 mg/1. However 1 at higher than 
average influent concentrations 1 for example 180 mg/1 1 the exponent constant 
decreased. 

Q The efficiency of the filter varied exponentially with time in the same manner as 
the headloss function: 

o 

. 
1 bt 

E= ae (2) 

The constants of this function also varied with the depth of medium. The varia
tion of constants for various depth of a PVC filter is presented in Table 4. 

O 10 gpm/sq fl e.t 158mg/1 a 8 

Q 20gpm/sq ft at 95 mg/1 a a 

6 20gpm/sq f1 at 1 BOm g/1 s a 

V 30 gpn/aq ft at 166 mq/1 a 6 

o 

Note FIUer Cont~rsted 

of 18•n P V C 

Suspended Solids Removed (lb/sq ft) 

FIG. 8 
Suspended Solids Removal 
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Q(gpm/sg ft) 

10 

20 

20 

30 

Fllter 
Depth 

6 

12 

18 

J.F. MALINA, JR. 

TABLE 3 1 
Constants of Empirica1 Equation: HL = aeb" EQCdt 

e (mg/1) 

158 

95 

180 

166 

TABLE 4 

a 

1.16 

l. 87 

1.11 

l. 36 

1 

e t t f E . . 1 E . E ' bt ons an s or mpu1ca quatwn = ae 

a 

0.85 

0.61 

0.46 

Note: Constants for filtration time in hours. 

b 

b 

3. 20 

3.2 3 

3. 02 

3. 2 o 

-2.72 

-1.2 7 

-0.46 

The effects of depth and time on the suspended sollds remova1 efficiency for 
PVC under constant conditions are presented in Figure 9 • These data indicate 
that in a filter of sufficient depth operatlng under relatively constant influent 
condltions, the efflciency is independent of time and the equatwn can be approx
imated as: 

-
HL = ae bEcqt 

The above equation can also be written for the multilayer fllter, but w1th the 
constants a and b chosen for the entire filter as a unit. This approach was 
shown lo he crnpirically valid and is illustrated in figure 10. The conslanls 
delermincd uraphicully for this funclion resulted in: 

HL = 3 _25 el.90 J EQCdt 

( 3) 

(4) 

The design of a filter of this type must include severa! cond1tions and constra1nts: 
a) each layer of the multi~'lyered filter should be sufficiently deep to keep from 

o 

o 

o 
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early breakthrough to the immed1ately lower layer; b) the filtration system shou1d 
have the capacity to withstand the maximum suspended solids and hydraullc 
1oadings; the design flows in the operation of this filtration process must be the 
maximum hourly or maximum three to four hour flow; e) the rate of headloss build
up combined with the maximum pumping capacity must not be exceeded by the 
tlme requirements of the backw3sh. For example 1 if the rate of headloss buildup 
is 100 ft/hr with maximum pump capacity of 100 feet and a typ1ca1 backwash 
down t1me of 15 mwutes, flve fllters wou1d be requued with one constantly being 
backwashed. Therefore 1 the time of run is confined to one hour, which a1so 
wou1d mean that the design conditions wou1d have to be for the max1mum hour1y 
flow and/or suspended ::.olids loading o 

Using the constants deve1oped for the case investigated/ the required design 
parameters are ca1culated by estimating the most senous conditions expected. 
As an examp1e assume: 

HL = 4 .0el.2 EQCt 

Max1mum SS = 450 mg/1 
Hydra ulic Loading = 30 gpm/sq ft 
Efficiency = 70 percent 
Pump Capacity = l 00 psi (2 31 feet) 

Therefore: 

231 = 
4. os = 

4
.0el.2(0.70) (6.751b/hr sq ft)t 

1 • 2 (O. 7 O) ( 6. 7 5) t 
t = O o 71 hr or 42 m in. 

The area needed for the fíltratíon facllity m ust include the loading a nd backwas h 
reqUlrements. The area required is based on the flowrate div1ded by the loading, 
and the backwash requirement is inc1ucied as a percentage of this ca1culated 
1oad1ng area. Therefore, the requirement for a 14-minute backwash cyc1e 1s: 

14/42 = 0.33 

Therefore, 3 3 percent additional area 1s required to ma intain consta nt backwash 
of the system. In a four hlter treatment p1ant 1 one fi1ter wou1d be be1ng back
washed continuous1y. 

Process Potential 

The multllayered filter can remove from 60 to 65 percent of the wfluent suspended 
sollds and prov1des the same degree of treatment as pnmary clarihcat10:1. It 

o 

o 

shou1d also be noted that the results of this study are for a moderately weak 
wastewater. However 1 the data indicate that the eff1c1ency of flltratwn 1ncreased Q 
with increased suspended solids concentration. The multimed1a filter would 
require considerably less 1and than a primary c1arifler. For example, a clarifler 
des1gned to operate at 1.0 gpm/sq ft (1440 gal/day-sq ft) would require from lO 
to 30 t1mes as much landas multimedia fi1ters, dependwg on the hydraulic 1oad-
ing. 
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O The la;~.d value purposely was not included in evaluating the economics to 
illustrate the competitiveness of the process. A companson of the cost of a 20 
MGD facility is presented in Table 5. The capital cost 1s $192,000 for filtra
tion and greater than $207,000 for primary sedimentation. 

o 

.O 

The results of the studies on backwash1ng indicate that an air wash coupled 
with a very low rate hydraulic wash for a short period would remove m:::>st of the 
entrapped material in the form of a sludge blanket containing two to five percent 
sollds. 

Conclusions 

(1) A new concept in municipal wastewater treatment 1s introduced wh1ch pro
Vlded a design model for the ultrahigh rate in-depth multilayered filtratwn of. 
untreated municipal wastewater. 

(2) The use of PVC pellets as a fourth medium overlaying coa!, sa nd a;~.d garnet 
1n the multimedia filter w-::~s the major contribution to the success of the process. 
The large grain size was responsible for prevention of surface mat formation 
which made the process unfeasible. 

TABLE 5 

Cost Comparison of Primary Sedimentation with Multilayered Filtration 

Primary Sedimentation 

Capitol Cost 

Filtration 

Disc Screen 
Tanks and Controls 
Media 
Piping 
Pumps, Motor and Base 

5@ $3,000 

$207,000 (12) 
315,000 (13) 

15,000 
65,000 
17,000 
80,000 

15,000 

$192,000 

Note: Design for 20 MGD facility 1970 ENR Construction Cost Index 
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(3) The suspended solids removal efficiency at the ultrahigh load1ng rate of 30 Q 
gpm/sq ft ranged between 60 and 65 percent, and the efficiency increased as the 
influent concentration increased. 

(4) A non-lntermixed media filter was more efficient in the removal of suspended 
solids and rate of headloss increase than a moderately and intensely imermixed 
media. 

(5) A backwash technique that produces a two to four percent sludge was pos
Slble using an a1r backwash followed by a short settling penod. After sludge 
removal, the normal backwash with surface wash was employed. 

(6) An empincal relationship for filter design was developed, which can be 
applled after observing the total headloss and filter efficiency with time. 

(7) The cost of the filtration process is economically compet1tive with pnmary 
clanficatwn, exc~ud1ng the cost of land. A conserva ti ve estímate of the dlf
ference of land requirements for a 20 MGD facillty would be 12,000 square feet 
for clanfication and 400 square feet for filtration, representlng a savings of 
approx1mately 9 7 percent. 
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o PRE AND POST TREATMENT OF BIOLOGICAL EFFLUENTS* 

TERTIARY TREATMENT- processes employed following secondary treatment 

for the removal of non-biodegradables (refractory organics) 1 dissolved 

salts 1 nutrients (nitrogen and phosphorus) and rnicroorganisrns (bacteria 

and viruses) 

POLLUTANTS 

Refra ctory Organics- ABS 1 aroma ti es 1 chlorinated hydrocarbons 1 etc. 

Dissolved salts - Sulfates 1 chlorides 1 hardness 1 etc. 

Nitrogen and Phosphorus - NH31 N0 31 organic nitrogen, ortho 1 and poly

phos phates 

Q Mfcroorganisrns - pathogenic bacteria, cysts and viruses 

o 

The characteristics of sorne secondary sewage effluents are shown in Table l. 

Typical requirernents for a reclairnable water are shown in Table 2. The 

average increase in constituents by one reuse of water is shown in Table 3. 

TREATMENT PROCESSES 

A. NITROGEN REMOVAL 

l. Arnrnonia Stripping 

NH+ ---, -·-
4 

At high pH the equilibrium shifts to right and the NH
3 

is liberated as 

o 
a gas; at pH 8.0, 8% of Nas NH

3
; at pH 11.0, 98% as NH

3 
(77 F). 

299 
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TABLE 1 

CHARACTERISTICS OF SECONDARY SEWAGE EFFLUENTS 

Location 

Constituent Stevenage, G. B. 
1 

Amarillo
2 

Tahoe 
3 

Haddenfield
4 

Total solids, mg/1 728 557 520 

Suspended Solids, mg/1 15 11 

BOD 9 10 

COD, mg/1 63 120 90 

Surface Active Matter,, rng/1 2.5 1.8 2.0 

Organic Carbon, mg/1 20 

Phos pha te (as P) , mg/1 9.6 9.0 9.2 10.5 

N itrogen (as N} , mg/1 43.9 22.3 31.0 21 

Sulfate, mg/1 85 78 

Chloride 1 mg/1 69 83 45 

Color so 
pH 7.6 o 7. 7 7.8 

Hardness 1 mg/1 CaC0
3 

249 250 98 

Alkalinity, mg/1 CaC0
3 

334 160 

1 
Eden, G. E. et al, Chem. and Ind. p. 1517, 1966 (Br.) 

2 . 
Treatment of Sewage Plant Effluent for Industrial Reuse, Eimco Corporation, 19 66. 

3 
Culp, G. and Slechta, A., Final Report, USPHS Dem. Grant 86-01 

4 
Downing, D.G. etal, DesalProcess,AIChE, Mayl967. 

o 

o 

o 
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TABLE 2 

DESIRED QUALITY OF RECLAIMABLE WATER AT WINDHOEK, S.W. AFRICA* 

Constituent Conc. mg/1 

NH
3

-.N S 

NO -N 
3 

10 

Total N 20 

P0
4 

1 

P. V. filtered S 

P.V. total 10 

BOD S filtered S 

o BOD
5 

total ,' 1 o 

SS 50 

TDS 600 

* Cillie et al 

o 
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TABLE 3

1 

AVERAGE USE INCREMENTS FOR 22 U.S. CITIES 

Constituent Avg. in crease 1 rng/1 

Na 66 

Ca 18 

Mg 6 

NH
4 

15 

Cl 74 

so
4 

28 

HC0
3 

lOO 

o 
NO: 10 

3 

Si0
3 

15 

P0
4 

24 

TDS 320 

BQD 16 

COD 87 

1 
Neal 1 J. H. 1 Advanced Waste Treatment by Distillation 1 AVVTR-7 

1 

U • S • P • H • S • Re port 9 9 9-W p- 9 1 19 6 4 • 

o 
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Kuhn (l) showed 92% NH3 Temoval from sewage effluent with a pH of 

11.0 andan airrate of 3740m3;m3.(500-ft
3
/gaÍ) in a 2.1'3·ft - · · 

t'?wer packed with Rashig r~~gs at .12.21-·liter:s/m
2 

(0.3GPM/ft
2

)· 

loading ~ Prather (2) showed 95% remova1 of NH
3 

froin refinery 

waste {in~tia1 ~. ~ lOO _mg/1) at 3600m
3
/m

3
' (480 ft

3
/gal) and 

pH > 9. O._ Culp and Slechta (3) obtained 98% removal of ammonia 

(initial cone = 26 ~g/1) ata- pH of LO·. 8., The'.detention tim'e was 

0.5 minu.~es and the air rate 562m~/m~ (75Q;·ft
3
/gal). The 

estimated cost of nitrogen removal by air st;ipping is $5. 54/1-000m 
3 

,. ' ' 

($21/MG) for 93% removal and $8. 45/lOOOm 
3 

($32/MG) using lime. 

1 
If phosphate removal is combined with aminonia stripping, the 

cos t is reduced, by $0. 95/,lOOOm 
3 

{$3. 60/MG). 

2. Nitrogen R~moval by Ion. Exchange 

2NH~ + Na
2

R"'"""" =-::. (NH
4

)
2

R + 2Na=" 

Preferential adsorption shows 

Ca++< M ++ NH+ . K+ /N + ' g '-. 4 ........._ ......... a 

++ . 
so that all Ca and Mg++ will also· be removed. Poor economics 

: . . 3 
for high hardness waters. Estimated· costs' are $11; 80/lO.OOm 

($44 ~ 50/MG) (mo_stly regenerant). Econom.ics would require· re:.. · 

generant reuse. 

B. PHOSPHATE RE!dOVAL 

' Removal with lime; 400 mg/1 (as CaO) and a pH of 11.6 reduced 

phosphorus (as PO 
4

) from 21.5 mg/1 to l. O mg/1. l. 0-l. 3 mg/1· 

of polyelectrolyte was also used in a separation bed. (Culp and Slecl~ta}; 

l 
i 
) 

\ 
í 
' i 
1 



35 O mg/1 lime u.t pH ll effected complete removal of phos phates and 

partial demineralization due to the removal of temporary hardness. 

NH 
4 

was reduced (see (a) ), and removal or organic nitrogen and 

sus pended solids also occurred. Complete bacteria! removal was 

observed (Cillie, et al). 

304 

Removal with alum (300 mg/1); residualless than 0.2 mg/1 (Parkhurst). 

Wuhrmann removed phos phorus by precipitation with ferric chloride 

(FeC1
3
) and lime. Fe+++ dosages ranged from 20 - 30 mg/1 with lime 

dosages governed by the alkalinity of the water to raise the pH to 

8.0- 8.3. The lime dosage aven:iged L5:1 of the a1kalinity (i.e. 

200mg/l alkalinity requires 300-350 mg/1 lime). In one series of 

experiments phos phorus (as P) was reduced from 3 mg/1 to O. 3 mg/1 

with 10 mg/1 Fe and 110 mg/1 lime. 

NU'i'RIENT REMOVAL IN STABILIZATION PONDS 

Stabll1zation ponds have been used for nutrient removal by 

algae. The problems associated with thís process are the seasonal in-

stability of algal removal of nutrients an'd the difficulty of separating 

algae from the treated wastewateL Cillie obtained 63% removal of total 

nitrogen from a Bio filter effluent 'after {4 days in a pond to which 10 per

cent settled sewage was added (to a1d denitrification). The algae was 

separated by flotation with alum. · Parkhurst showed 5O percent reduction 

in total nitrogen in a stabilization pond treating settled sewage with a 

o 

o 

o 
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retention period of 6 O days. Nmety percent algal removal and substantially 

complete removal of phosphate was effected by flotation or sedimentation 

with al u m. 

CHEMICAL COAGULATION OF SECONDARY EFFLUENTS 

Chemical coagulation is employed for the initial treatment of 

secondary effluents. Coagulation is accomplished using alum and a 

polyelectrolyte or lime. If the effluent is from a post oxidation pond, alum 

(1 00-2S O mg/1) will effecti vely flocculate the 1 alga e and other solids 

in the effluent. Separation is accomplished by flotation or sedimen-

tation. Stander reports considerably superior re sults with flotation. 

Lime treatment of a biological treatment effluent will yield phos phate 

removal at high pH valUes which can be followed by air stripping of 

ammonia. Results reported from three sources are summarized in 

Table 4. 

A nr.:·N process developed by the Micro~loc Corporation adds 

alum and a polyelectrolyte and applies the coagulated mixture directly 

to a separation bed. The separation bed is made up of several materials 

of differing specific gravity and particle size resulting in a graded filter 

media from coarse to fine._ The effluent is applied at a rate of 2 03. S liters/ 

min/m
2 

(S gpm/ft
2

) and backwashed ata rate 'of 610.S liters/min/m
2 

(15 gpm/ft 2). 
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TABLE 4 

CHEMICAL COAGULATION OF SEWAGE EFFLUENT 

Characteristic Stevenage 
1 

Windhoek
2 

Lancaster 
3 

Tahoe 

inf eff inf eff inf eff inf 

BOD 3 1 30 
( 

1 25 4 20-40 

COD 41 25 12* 1 170 55 80-160 

SAA 0.8 0.7 8 4 2.5 1.5 1.1-2. 9 

TOC 11 10 

p 8 1.5 10 Nil 13 0.1 8-10 

N 1.2 0.8 35 15 13 5.3 

804 66 99 108 220 55 220 

C1 74 77 

pH 7.8 7.4 8.5 8.0 8.5 6.6 

SS 10 3 70 14 5-20 

TDS 585 610 

*permanganate value 

1
coagulation with alum, 4 O mg/1; E den, G. E., et al. 

2
0xidation pond effluent; 220 mg/1 alum, followed by lime and chlorine; 
Cillie, G. G., etal., Adv. inWat. Poll. Res., p. 1 {1966). 

3 1 . 

Coagu1ation of oxidation pond effluent with 300 mg/1 alum followed by 

4 

dissolved air flotation; Parkhurst, J. D., Adv. in Wat. Po11. Res. 1 Vol. 2 1 

p. 27 {1966). 

Culp 1 G. 

4 

eff 

< 1 

30-60 

1.1-2.9 

10-18 

< 0.3 

0.2-3.0 

o 

o 

o 



o 
307 

ACTIVATED CARBON ADSORPTION 

Res1dual refractory organics after coagulation are removed by 

adsorption with activated carbon. Carbon treatment may in sorne cases 

use powdered carbon~added prior to coagulation although the economics 

of this treatment are not favorable. Continuous carbon columns or counter 

flow .fluidized beds are the most common systems u sed. Flow rate s 

average2 03 o 5-325.6 liters/min/m
2 

(5-8 gpm/ft
2

) with column depths 

up to 4. 2 7 m (14 ft) o Data from the Tahoe studies showed maximum 

' ' 

adsorpti6n of d.5 kg (0.5 lbs)/COD/kg (lb) carbon and 0.03 kg (lbs)ABS/ 

kg (lb) carbon. Therma 1 regeneration of the' carbon is accomplished 

Q at l600-l800°F in a steam atmosphere where the adsorbed organics 

o 

are volatilized. A carbon loss of 5-9% with each regeneration is esti-

mated. 'The process effluent should ha ve a 'BOD < l. O mg/1 and a 

COD < 15 mgfl for domestic sewage ~~ The i>resent estimated costs of 

this treatment is based on regeneration of 71.7 kg carnon/1000 m
3 

(600 lbs carbdn/MG) at $0o044/kg ($0.02/lb) or $3.17/1000 m
3 

($12.0dfMG)l Power and labor will tesult'in a cost1of about $3.96/lOOOm
3 

($15/MG). Total constructwn costs are estimated at $625,000 for a 

945 O m 
3 
/da y 1(2. 5 mgd) plant to $l1 8601 000 for a 37 1 90o'mYday (1 OMGD) 

plant. (This 'includes the total tertiéiry treatment system.) 

Stand~r in South Atrica ha S reported that ammonia can be removed 

1 ' 

by chlorinati6n to monochloramine prior to applying the effluent to a cake 

column. 
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ION EXCHANGE 

Ion exchange can be employed for the partial demineralization 

of pretreated sewage effluent. Sanks and Kaufman employed a strong 

acid resin and a weak base re sin with co
2 

removal between the cycles. 

An exchange efficiency on the cation unit of 93% at a regeneration leve! 

of ¿ kg H
2

SO 
4

/100 liters (l. 25 lbs H
2

SO 
4

/ cu. ft .) [ 5% acid] was ob-

tained with regenerant recovery. The overall efficiency (including 

regenerant makeup and reuse water) was 84% with 2 0-25% leakage. 

The anion unit wa s regenerated with l. 61 kg NH 
3
1100 liters (l lb NH 

3
¡ 

cu. ft .) [ 2%] 
1 

and resulted in 86% exchange efficiency with 35% 

leakage. Reuse water requirements ranged from l. 4 75-2. 14 m 
3 
/m 

3 

3 
(11-16 gal/ft ) • Spent regenerant was 3. 3% of the water treated. 

'Studies have also been conducted using weakly basic phenolic 

resins for reversible sorption of ABS and other organics. 

To múümize resin fouling and degeneration pretreatment by coagu-

lation ,· sand filtra tion and carbon adsorption are neces sary. 

1 The recently developed Desal process uses weakly basic anion 

exchange structures that form a bicarbonate salt with solutions of 

carbon dioxide and also have a favorable c'hloride-bicarbonate selectivity 

coefficient. Two flow sheets have been proposed as shown in Figure l. 

In the first, the effluent is passed through the anion exchange unit, ex-

changing the anions for bicarbonate: 

o 

o 

o 
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(R-NH)HCO 
3 

+ NaCl -----;;;> (R-NH)Cl + NaHC0
3 

The second umt contains a weak acid cation exchange resin. In this unit, 

the bicarbonate salts are converted to carbonic acid. 

R~.COOH + NaHC0 3 

The third unit also contains the weak basic anion unit in the free base 

forro in which the COZ 1s absorbed: 

Mter exhaustion, the first unit is regenerated back to the free base forro 

with ammonia, caustic, or lime. 

(B.-NH)Cl + NH
3 

The cation unit is re<::)enerated with sulfuric acid: 

ZRCOONa + HZSO 4 . . 

Since the third unit is already in the blCarbonate forro, the flow pattern 

is reversed for the next cycle. 

An alternate operation replaces the third unit with a degasifier for 

Clz removal and provides for injection of COZ to the feed stream of the 

first unit. 

The flow sheets for two water renovation processes are shown 

in Figures Z and 3. The South Vvest African Process (Stander) treats 
1 

' 
Bio filter effluent followed by maturation ponds to municipal water 

supply. The El 'Paso Products plant treats municipal sewage effluent 

o 

o 

o 
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after activated sludge for industrial process water and cooling water. 

A general flow sheet for water renovation is shown in Figure 4. 

ECONOMICS 

Sewage effluent treatment by coagulation 1 sand and carbon 

filtra tion for 9450 m 
3 
/da y (2. 5 mgd) has been reported to cost $6251000 

to construct and $38/1000 m
3 

($0 .144/1000 gal) to ooerate 1 including 

labor 1 amortization over 20 years at 3% interest. {Roderick and Culo). 

Treatment of sewage effluent (activated slU<~ge) at El Paso Products 

including lime and alum coagulation1 filtration through anthracite 

and cation exchange and chloíination is ~stimated $95/1000 m3 

($0. 36/1000 gal) for 181950 m
3
/day (5 mgd) rr:not including amorti-

zation ] • Sanks and Kaufman have estirriated ion exchange to remove 

350 mg/1 of dissolved solids. at $50 and. $39. 60/1000m 
3 

($0. 19 and 

3 ' 3 
$0. 15/1000 gal) for a 3790 m /da y (1 mgd) and a 37 1900 m /day 

(10 mgd) plant 1 respectively. The costs' include amortization but not 

operating labor. Chlorination can be expected to range from $2. 64/ 

1000·m
3 

($0.01/1000 gal) to $1.58/1000 m
3 

($0.006/1000 gal) for a 

3790 m 
3 
/da y (1 mgd) and 371900 m 

3 
/day' {10 mgd) 1 resoectively. 
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TERTIARY TREATMENT OF SECONDARY INDUSTRIAL EFFLUENTS 

BY ACTIVATED CARBON 

The mcreasing water needs for mdustnal and muniCipal use combmea wH:h 

the growmg demand for more aesthet1c waters for recreatwnal purposes ;¡_ave made 

the reducUon of orgamc pollutants imposed upon our natural waters a rr.u.tter of 

national concern. The rapidly increasing number of pollution sources dong our 

waterways has moved regulatory bodies to place more stringent restrictions on 

the quallties of wastewater discharges returned to the natural system. 'lhese 

restrictions and the ris1ng cost of industrial water ha ve ca u sed an empha sis to 

be placed on the development of wastewater treatmem systems produc111~ a h1gh 

quality efüuent. 

Many stud1es ha ve been duected to a solution to this problem- Tec"~ary 

treatment. of biologically treated wastewater is being considered as a practlcal 

solution Adsorption of biologically resistant matenals from secondary efüuents 

is being mvesUgated and of the adsorbent materials thus far evaluated 1 activa.:ed 

carbon has shown the most promise in this application-

Activated carbon is a general term applied to carbonaceous material witn 

certain adsorptlVe and catalyt1c properties. Activated carbon is generc.~cy manu

factured from raw materials such as wood 1 coal 1 lignite 1 sugar 1 vegetatlon 1 

peuoleum hydrocarbons, and other organic materials- These ra w materiuls ar8 

c:1.arred 111 the presence of catalytic agents such as magnesium chloride or zmc 

chloride, then activated by treatment with oxidizing gases, which dissi,Jat.e tr"e 

more readily oxidizible portions of the char. The resulting carbon is h1~ hly porous 

contam1ng internal surface areas as great as 2500 square meters per gtam Var':.

ations m the raw material, temperatures 1 additlves and procedures use( 1 result 

in activated carbons with widely di verse adsorptive properties (1)" 

ThA treatment of water and wastewaters followed two basic schemes Sorne 

applicatwns 1nclude the addltion of powdered acuvated carbon to raw water wlth 

o 

o 

o 



o 

o 

o 

subsequent separation of th~ ,carbon by coagulation ,and settl,ing. The .pa,ssc?ge 
' -'" ~ ' P e ¡ t - ' ~ \ \i '.<"' • • ' ' 

of raw water through a bed of .activated carbon in a downward direction or m a 
"" • 1', r, : ' l. ,, , , ' , ,;~ , ,.._ 

countercurrent fashion has also been applied, 

The batch mixing scheme which has been pri!TI~r:ily "used in_ ~un!cipal 

water treatment for removal of tastes and o(d<?rs 1 ha.s the a_dvantage of all_owing 

a very small activated carbon particle to be used 1 which results in high acborp-. - . . .. .: ' ~ . ' 

2 

tion rates and allows a closer control of the effluent quality o The pr'actice is not 

favored among ¡process engineers due to the required separation and the difflc':lltY. 
- ~ ' " 

of regeneration, which are necessary at the present time for economical opcrations. 

The use of granular activated carbon columns.is generally considered U be 
' • 1 l ' ) ~ • - ~ 1 ' .... ~ .... 1 ·....... ' • ' ' ~ J 1 "~ 

the most practl:ca~ s.cl}.eme for treatm~nt of industrial wastewaters for the ío:lowing 
' ' ¡ .. - ' ~ ' • 

reasons; the relative ·ea se of separation of the spent carbon for regeneratl0•1 and 
' . . - ' 

; 

th~ ability to tr.eat water in spite of large changes in .concentration without se~i-
..... ' ' '. ' ~ < ' " 

ously affecting the eff~l.!-<?n~ qJ,!.ality •. However 1 many proble.ms, S!J.Ch as expe~sive 
\ •- _. • e • • 

re~ndual organics, excessive. head los ses, corrosion of plant facilities and accumu-
, • - - ' ' > - ' ; ' ' - • 1 ' ' l ~ ' • J ' 

lati<?n of dissolyed, so.liP-9 in eq1.,1ipment must b~ effectively:,pc;mntereq o 
\.. ''-• '· .... l .. _,_ - ~"" • - - • - -

.Wnile continuous column operation is considered more practica! than batch 
' ' ( ' ,. - 1 ¡' ,_ • 1 • • ~ ·- ' ' ( ' • 

mixir,g operations 1 improvement of separation techniques dnay make powdercd .. 
- \ ' ,• ' . -

acti vated carbon treatment more desirable •. :The adsorptive characteristics of a. 
' ' ,.. 1 - ' ' ~ ) • ~ ~ ' 

steady state adsorbent-adsorbate, system are affected by m,any factors, - TJ:ley;,may 
l " -' J \.. • ~ - ' - J ' l 1 -· -

be classified into three general categories: 
• 1 1 --

(1) 

(2) 

(3) 

Environmental factors, 

Characteristics of the adsorbent, and . . , ' - ( - - . - ' . ' ,• 

Characteristics of the adsorbate. - .. . _-, '. 

), \ 

Whlle the combined effects of th'ese factors is difficult to predi.ct 1• the follow-. 
~ ' 1 - - J. ' 1 • J - • -~.... ' • 1 '~~~~" 

ing tendencies 1have been o,bserved: 

An increase in the rate of ,adso¡:-ption generally occlirs with: 
\ '- .... ·-- ' 

(1) An mcrease in adsorbate concentra~ion, 

(2) A decrease in par~icle. size, 

(3) A smaller size adsorbate molecule 1 and 

'' 



(4) An mcrea se in the surface area of the adsorbent. 

An increase in the adsorptive capacity of the adsorbent m a system occurs 

with: 

(l) A decrease in pH of the adsorbate 1 

(2) An increase in adsorbate concentration 1 and 

(3) An increase in surface area of the adsorbent. 

Experimental Procedures 

3 

The removal of many biologically resistant materials such as the pestic1des 

and surface active agents may be estimated quite readily by established procedures 

When one compound is of primary concern these procedures may be directly 

appllcable to estímate the concentration of the compound. However 1 the presence 

of several compounds of comparable concentrations seriously limits the use of 

direct measurement techniques. Any estímate of the concentration of biologically 

resistant materials using the biochemical oxygen demand (BOD) would obvwusly 

ha ve llttle meaning. The chemical oxygen demand (COD) is al so seriously llmlted 

in this application. Total organic carbon (TOC) offers a reasonable estímate of 

the organic concentrations in biologically treated wastewaters and is used as the 

organic parameter in this study, The TOC is estimated utilizing a Beckman Total 
+ Carbon Analyzer. The sensitivity of this instrument is - O. S mg/1 with a prec1sion 

- + 
OI -5%. 

Laboratory evaluation of activated carbon treatment of biologically treaLed 

industrial wastewaters is seriously limited when secondary treatment umts are 

not yet in operation, The volume of treated wastewater supplied from bench

scale treatment units is not sufficient to permlt a complete evaluation of the 

eHectiveness of continuous treatment using an activated carbon column. \Vl1en 

evaluation is required under these condltions and no simllar treated wastewater 

is available 1 the investigator must rely on batch mixing tests for preliminary 

o 

o 

o 
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TABLE 1 

WASTE CHARACTERISTICS 

WASTE COD mg/1 TOC mg/1 

REFINERY WASTE 86 - 23 

NO. 1 

o REFINERY WASTE 40 16 

NO. z-

PETROCHE MI CAL 107 33 

WASTE 

o 



5 

o 

TABLE 2 

AeTIVATED eARBON eHARAeTERISTieS 

eARBON RAW MATERIAL MESH 

A PETROLEUM HYDROeARBONS l8x40 

B ANTHRAeiTE eOAL l2x30 

o 
e LIGNITE 12x2b 

e LIGNITE 4xl2 

D WOOD 8xl2 

o 



o 
G 

feasability information. 

Effluents from laboratory and plant- scal~ activated sludge reactors :v:;ere·-r· ,/ 

filtered through Whatman Number 42 filter paper to remove the suspended-materials 

prior to testing The COD and thé·T0C concentration oreach waste is Hsted-in:. 

Table 1 

The commercially available activated carbons tested were soaked in d1stilled 

water for 24 hours 1 rinsed three times in distilled water and_dtied to-.a .constant..:L. 
. . 

·v¡eight at l 03° C, A portian of ea eh carbon was pulvelized with a mortar and pest~e 

and passed through a 2 70 mesh sieve whfch corresponds to a size openin~·oi 

O. 053 mm. The original mesh size and-the· raw material" are listed-in Table 2-

Other lnve:stigators have reporfed that the paiticle size has· little effécl. on. 

the equilibrium adsorption. (2) · (3) The agitation time required for a syster.1 to 

reach equillbri\!lm has been reported to be from S minutes to several weeks for 

Ü powdered carbon and from a week to 5 months for granular carbc~>n. (2) (4r (5) 

o 

- These times were reported fc?r ·various pure conipound solutioris· and -fór· 'secondary 

effluents, ·rt appears that determination of the time required · for complete· 

equilibrium to be achieved is limited by the -áccüracy ofthé;tésts''foc s'0lute~ 

concentrations. The data observed for a system involving 2-4 dichloropheno'l 

and pulverized ¡activated carbon indica tes thát adsbrption· i1s 'e'ssentially -complete 

in less than 30 minutes. Tests on the biologically treated· industrial wastewater 

yielded simllar results as shown in Figure. 1 Pulvé~lzéd activ?~ed carb6n was u~ed 
in the majority ,of the tests 1 but several tests were conducted using granular 

acti vated carbons. 

Various pulverized activated carbon dosages were added to 500 ml flu -':s 

containing 2 50 ml of a wastewater sample, Each flask was agitate"d for a périod 

of two hours by means of a Burrel shaker, The activated carbon was removed by 



ültrauon and the flltrate analyzed for re sidua~ organic carbon. The systems 

contammg granular carbon were agitated for periods up to 32 O hours. 

Carbon column tests were conducted using 2, 4 d1chlorophenol solut.~.or,s 

in the column system shown in F1gure 2. Concentratwn time proflles from 

each column were recordect. 

Results and Discusswn 

The analysis of steady state adsorption data may take several forms, The 

most common form is the adsorption isotherm. Among the equatwns applied to 

equilibnum adsorption data are the LangmUlr equation: 

X bC 
x = --:.:.m=----

1 + bC 

7 

x = number of moles of salute adsorbed per gram of carbon at concemcation C 

x = number of moles required to form a monolayer on the carbon surface 
m 

C = concentration at equilibrium 

b = constant 

and the Brunauer, Emmet, Teller (B.E.T.) Model: 

where 

AC 
+ 1 + A(-1) C/C 

S 

C = saturation concentration of the salute 
S 

A = constant 

These equations may be deduced from either kinetic considerations or the 

thermodynamics of adsorption. The Langmuir equation is valid for single layer 

o 

o 

o 



o 

o 

o 

molecule adsorption 1 while the B. E. T. Model reflects apparent multi-layer 

adsorption. (6) . 

8 

The fa millar Freundlich isotherm is of empirical origin 1 .but has. since 0een 

den ved by assuming a logrithmic distribution of adsorption sites 1 a treatment 

valid only. when there is no· appreciable interaction between adsorbed ·molecules > 

(7). 

C= 

X= 

m 

equilibrium concentration 

lb adsorbate adsorbed 
lb carbon 

A1 n= constants 

The adsorption of organic salutes by activated carbon may be con.:aden-:d to 

occur in thre~ consecuti ve steps: 

(1) transport of the salute to the exterior surface of the adsorbent 1 

(2) diffusion of the salute into the pares of the adsorbent 1 and 
: ' ' < ' ,-

(3) adsorption of the salute on the interior surfa~es of t~e adsorbent. (6). 
' ' 

The rate of adsorption from wastewaters will be controlled by one of Ül3se 
e < f ... ' 

steps. It has been reported by several investigators that the second step c1ppe9rs 
'· . 

to be th~ controlling factor_. (4) (8) > 

It has also been reported that the rate is related to the fractional satu[ation 
.: ' ' : • • 1 ' ' ' - .·" •• -, 

of the adsorbent. (2) (5), Since the adsorption capacity is dependent on the 
• 1 " • < <- t' " 1 ~ ( ... • - -.... \/ ·~· 

concentrat10n of the salute 1 it is apparent that the concentration of the so ... u[e 
t. - • ' ' ~ 1 .. ~ ..., 

generally has a dominant influence on the adsorptive characteristics of a ~_;;:qady_ 
' . • ' ( ¡ ~ ~ ~ \ j ' 

state adsorption system, 

Since a mathematical representation of the adsorption characteristics i.o~

unknown mixed salutes present in biologically treated industrial wastewa~e¡s 

is ófficul-;. 1 if not impossible 1 the analysis of the data was approached t·om a 

p~actlcal ,..J0int of view. 



( 
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The data observed during the long-term batch tests ind1cates that commercially 

available actlvated carbon can adsorb up to 85% of the biologically resistant 

orgamc material present in treated industrial effluents Two carbons, from :he same 

source, but of different particle s1ze, were tested. Whlle the smaller mes;, s1ze 

exh1bited o higher rate of adsorption in the early stages of the tests, the removal 

aÍter 32 O hours of contact time was essentially the same for both samples o~ 

carbon. The bulk of the adsorption was observed to ha ve taken place m each 

system tested after 100 hours contact time. The effects of initial concentrat10ns 

of dlChlorophenol solutions on the adsorptwn rate are illustrated in F1gures 3 and 4. 

A typical plot of the data from batch equilibrium tests using a system composed 

of industria.i. effluent and pulvenzed activated carbon is shown in Figure 5. The 

lmear logan;:hmic relationship between adsorptive capacity and concentrat10n 

md1cates that the Freundlich isotherm defines the adsorption phenomenon in this 

system. 

Isotherm data of this type may be used to compare the relative suitabillty of 

various types of activated carbon for use m the treatment of individual waste-

waters to remove refractory organic material. It may also be used to estimc:.re the 

carbon reqUirements. Assuming the adsorptive capacity to be the x/m value, 

correspondlr:g an initial concentration wh1ch will be exceeded by 80 - 90% oÍ the 

time, and aé.J usting for regeneration effic1ency; the carbon regeneration rate or the 

overall carbon dosage may be estimated. (Table 3) 

k.J.othe;:- application of the isotherm data has been proposed by Allen et .:a" , 

{8) wh1ch .... 1corporates the Freundlich isotherm intoan equation predicting an 

act. vated carbon column performance: 

=- T K q W ln y 
r 

vp 

o 

o 

o 
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eARBON 

A 

B 

e 
D 

... 

A 

o 
B 

e 

D 

A 

B 

o 

WASTE 

REFINERY 
Waste #L 

11' 
·-,- ' 

" 
" 

RE~INEB:Y: 
WASTE #2 . , . 

" 

" 
11 

PETRO
CHEMICAL 
WASTE 

" 

'' 
TABLE 3 

ISQTH~RM,I~ATlt' 

e mg/1 ·'i'' ' ' 
0TOe . 1/n 

23 1.06 

~3. 2.41 

23. o ,9,4 

23 '. ,1-.16' 

' '' 

-.16 1.-80 

.... " 
16 l. 55 

~- ~ 

16 2.49 

16 ·L39 

33 0.98 

33 3.05 

f '. ~ ; ' ' ··~ -

, -,. . K . . . X(M.eÓ 
mg/1 00 mg mg/1 00 mg 

LQW·, e 
mg/1 

' s··: 2.1 59 ' -

'o- 015 26 -' ' .. 7 .. 4 

,. 0.16- 45_' S : 

' .. 0·~,30·. 14,-. 3 ~:6 

•" ,,, 
' ....... l¡-

o. 1 o" 1.6· S .·6 
. " 
'•' 

0.70 48 4.6 
' ' 1. ' ---"1• 

0.04 38 4o2 

0.35 15 4..4 

0.0? 27 11 

36 8,8 

10 



Where A and n are the constants from the Freundlich equation concen

tration and e 1s the local liquid concentration. 

Concentration - time profiles were calculated for an activated carbon 

column removing dichlorophenol from solution. A comparison of the calculated 

and experimental values are shown in Figure 6. 

Summary 

11 

Activated carbon treatment of secondary industrial effluents will remove up 

to 85% of the refractory organic material expressed as TOC, TOC proved to be 

a suitable parameter for determining the organic removal characteristics of 

activated carbon treatment. The Freundlich isotherm was used successfully 

to describe the adsorption process in initial screening studies and has a suitable 

application in the prediction of carbon column effluent profiles in conjunction with 

the equation proposed by other investigators o 

o 

o 

o 
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