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I. Back ground

I N T R O D U C T I O N

The concentration of heavy metals found in sewage effluent
is dependent on many factors. Many of the metals orig inate from
industrial activities including plating plants , foundries , and
alloy and munitions plants. Other sources commonly found in
sewage plants are waste water from cooling towers and catalytic
reactions used in chemical and petrochemical processes. The
p lumbing in factories as well as domestic homes may be a source
of dissolved copper , zinc , cadmium and chrom e , depending on
the type of water supp ly. While some metals may orig inate in
the water supp ly, significant concentrations are rarely found.

Once the waste water is released into the sewage system , the

metals undoubtedly become bound to the organic and , to a lesser

exte nt , to the inorganic constituents of the raw sewage. Since
one of the primary objectives of a sewage treatment p lant is to

remove and concentrate the solids , a sizable fraction of the met-
a ls  a r e  r em oved  b y most treatnent plants (Stones , 1960; Argo and
Culp, l 9 7 2 a ;  an d Bl ak es l e e , 1973). However , since the clarifica-
tion is rarely comp lete and since some metals may be in soluble
f o r m s , heavy metals are often constituents of sewage p lant efflu-
ent ( A r g o  and  C u lp ,  l972b). Wh ile it may be possible to remove
much of the heavy metals from effluent s such processes are gener-
al l y tedious and expensive (Rose , 1973 and Wing et al. , 1974).
This is particularly so where large quantities of water must be
cleared up. Since it is undesirable to release waters contami-
nated with heavy metals into streams , alternate means of disposal
must be developed.

Land irrigation provides one possible means of dispensing of
the water. Irrigation with sewage effluent has been in practice
for a long time in certain areas (Law , 1968). The land disposal
of s e w a g e  sl ud ge both as a solid and in a li quid slurry has also
b een wid e l y  p r a c tic ed ( L a w , 1968). Many of these wastes were
contaminated with heavy metals and through repeated app lications
have built up in the soil (Rohde , 1962) and in some cases have
reached significant concentrations in vegetation , particularly
root crops grown on the soils (LeRiche , 1968 and Garner , 196 6).

Although such land disposal has been conducted for many
y e a r s  in s o m e p l a c e s , there are virtually no records on how much
material was applied or in what concentrations. Nor have measure-
ments been made of the movement of metals below the root zone.
Literature on the soil chemistry of heavy metals (Leeper , 1 9 7 2 )
indicate that most soils have a huge capacity to absorb and in-
activate heavy metals. Any soil will onl y have a finite capacity
to absorb metals by either of these processes and once this is
rea ched , the metals will move to lower depths. Natural processes
within the soil may also result in conditions that would allow
th e metals to move down with the water. No data is ava ilable on
the movement of trace elements below the root zone (Page. . 1974).
Certainly it would be undesirable to conduct land disposal of
heavy me tal contaminated effluents in such a way that the me tals
wo uld leach through the soil to streams or underground water
supplies .

~ 

~~~~~~~ . 
__ ______
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This research was thus underta ken to investigate the mobility
of  heavy metals applied in sewage effluent as irrigation to the
s u r f a c e  o f  four undisturbed soil profiles.

Ob jectives

The objectives of this study were to determine the fate of
copper , zinc , cadmium , nickel , and lead app lied to soils as treat-
ment from sewage effluent. Specifically, the project was designed
(1) to determine what degree of metal removal is accomp lished by
different soils and at what depths the metals accumulate , (2) to
determine what portion of the accumulated metal is associated with
the organic fraction of the soil , (3) to determine what portion
of the metal is water soluble or available for plant or mic ro-
b ial uptake , and (4) to determine how the accumulation or movement
of metals is influenced by variations in sewage p lant perfor m ance
(BOD , TOC , pH) and precipitation on the disposal site.

Experimental Design

To meet the objectives , four soils , a silty sand (SM(d/u) ),
an acid inorganic clay of low to medium plasticity (CL), a basic
CL , and a cl ayey sand (SC), were selected. Five large , undi~~~ur t ed
monolith lysimeters were collected from , each soil. In addition ,
two f ield plots were established on the SM (d/u) and two on the
basic CL soils. Treated sewage effluent from a waste activated
sewage plant was spiked with 1 ppm of Cu , Zn , Cd , Ni , and Pb
a n d  w e e k l y a p p lications of two inches , or in some cases less
where infiltration became limiting, were app lied to the lysi—
meters and field plots for a period of one year. The eff l uen r
was also spiked with 100 ppm Bromide as KBr to trace water move-
ment. Natural rainfall was excluded from the p lots throughout
the research. During one six week period at the middle of the
y e a r , special treatments , including the substitution of effluent
w it h l o w e r  pH , c l a r i f ied p rimary effluent , and rainfall was app l i ed
to selected lysimeters.

The qual ity of the applied waste water was monit ored through-
ou t the experiment. Soil samp les were collected approximatel y
b i—monthly throug hout the experiment at a series of depths to be
analyzed for metal accumulat ion and soil pH. The Bermudagrass
grown on the lysim eters and field p lots was harvested and anal y z e d
f o r  the metals of interest. Water samples were collected from
suction cups in the root zone in the lysimeters and field p lot s
and fro m the bottom of t 1’e lysimeters. These were anal yzed for
the metals of interest ~m d  the presence of bromide. The metals
were analyzed as totals . the sol uble fraction , the organic frac-
t ion , and the exchangeable fraction.

Supplemental measureme nts , including soil water , so i l
temperature , so i l a i r , and meteorolo g ical parameters were taken
to assist in data interpretation.
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II. Field Installations

Lys ime t e r s

A deta iled description of the techni que for installing the
lysimeters used in this project is g iven by Brown et al. (1974).
Briefl y the techni que is as follows : Casings 152.3 cm (60 in)
w ide , 203 cm (80 in) long, and 152.3 cm (60 in) tall were
fabricated from .635 cm (1/4 in) steel p late. The casings
were sandblasted , coated with epoxy base , heavy metal
free paint (Shertar), and forced into the ground with pressure
applied by two backhoes. The soil was dug away around the out-
side to relieve the pressure as the casings were pushed. Angle
irons or plates were forced under the casings once they were in
p lace. These were bolted temporaril y to the angle iron used to
reinforce the castings. A temporary top was also bolted in
p lace. A crane was then used to lift the soil monoliths en-
closed in the metal box , and roll it upside down. Porous cera-
mic suction cups were installed in the soil at the bottom o f
the profile. The tubes used to conduct the leachate to the
surface were threaded through a 1.27 cm (1/2 in) PVC tube in-
stalled along the inside of one wall. A one—quarter inch steel
bottom p late treated as described above was then welded to the
lysimeter. They were turned upright and installed in holes dug
to receive them under the rainshelters.. The space around each
lysimeter was filled with soil to assure that similar soil ther-
mal gradients would develop in the enclosed monoliths. The
entire area was then sprigged with coastal Bermuda grass.

Field Lay out

The location of soils suitable for t.he field plots dictated
the field layout. In the SM(d/u) soil two adjacent plots 5.46 m
(18 Ut) square were selected side by side (Figure 1). The rain—
shelter was installed such that in the rest position it was north
of ‘~~~~~ p lots and did not interfere with the radiation bal ance or
air flow. On the basic CL soil , the variability of the soil pre-
vented the placement of both field plots under the same rainshel—
ter. Thus , soil fo r the field plots was selected and the lysi—
meters were arranged around them so that maximum coverage could
be ach ieved with the rainshelte rs (Figure 2). Again the shel-
ters we re to the north of the plots. All the lysimeters were
bro ught to the basic CL soil location for installatio n. The
SM(d / u ) f ield p lo ts were located about a mile to the northeas t
of the bas ic CL installation.

Rainshelters

The rai nshelters are shown in figure 3. They were specially
constr uct ed of materials , including fiberg l a s s  a n d plast ic , to
ass ure that metals would not be leached onto the p lots. The metal
parts were coated with a metal—free paint. The rainshelters were

4 - ‘~~~~~~~~~~
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a u t o m a t i c a l l y ac t iva t ed by a rainfall sensor. They covered the
plots within two minutes of the beg inning of rainfall. The rain
s e n s o r  w a s  hea te d b y means of a small resistor , and after the
r a i n  dried off , the shelters automatically returned to their
r e s t  p o s i t i o n s .  D u r i n g  the year of operation , the rainshel—
t e r s  w e r e  a c t - i v a t e d  a p p r o x i m a t e l y  80 times during which a
total of 80.6 cm (31.8 inches) of rain fell. Only one of the
shelters malfunctioned one tine , allowing about 2.5 cm ( 1 i n)
of rain to reach one of the SM(d/u) field p lots.

The rainshelters were manually activated to cover the field
plots each time sewage effluent was app lied. The spray nozzels
were suspended from the roof at 1.8 m (6 Ut) above this soil sur-
face. The rainshelters provided protection from the wind du ring
spraying and allowed a uniform app lication independent of weather
conditions.

L. ~~~~~~~~~~~~ .~~~ ~~‘~ T’:~~~~~~~ .~~~~~~~~~
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III. Samp le Collect ion 17

Collection of Water Samples

A séhematic diagram of the water collection system is shown
in figure 4. Leachate from the bottom of each lysimeter was
collected through 13 porous cups (Coors Type 1/7000 l—P—6—C) with
a bubbling pressure of .5 bars , a co nducti~~lty of 1. 2 ml , cm 2 ,
m1n 1 , bar 1 and a surface area of 38.8 cm

Plexiglass caps were sealed to the open end of the cups
with a water proof two part epoxy (Armstrong p34) . Nylon tubes
.159 cm (.063 in) in diameter were cemented into the plexiglass
caps with another two part epoxy (Armstrong 1/ 6) wh ich adheres
well t o ny lon. The 13 tubes lead to a glass collection mani-
fold on the soil surface. Nylon tubes of .32 cm (.13 in) dia-
meter were used to convey the leachate to the graduated collec-
tion bottles in the field hut. A continuous vacuum was main-
tained simultaneousl y on all the 20 collection bottles via a
manifold. The line coming in from the field was equipped with a
stop cock. The bottle was also equipped with an outflow tube
which was similarl y equipped with a stop cock.

At the beginning of the experiment , the vacuum pump was
controlled to :rovide a continuous potential equivalent to —1/3
bar on the suc r ion cups . Water was not removed fast enoug h , and
after 8 weeks , the vacuum regulation was bypassed and a continu -
ous potential equ ivalent to —0.8 bar was maint a i n e d  for the re-
mainder of the experiment. While the vacuum was on , the incoming
stop cock was opened and the outflow was closed. Depending on
the season , the 19 liter (5 gal.) bottles had to be emptied every
2— 4 days. First the volume of the accumulated water was recorded ,
then the vacuum was turned off. A valve was opened to bleed the
vacuum from the system. During the bleedin g, the incoming stop
c o c k s  w e r e  c lo sed , and the plastic cube containers were positioned
in the drain trou gh under the outflow line. Once the rystem was
at atmosp heric pressure , the stop cocks on the outflow line were
opened and the system was pressurized b y means of a small pump .
All of the accumulated water was forced out of the bottles into
the sample containers. The excess water overflowed into the
trough and was drained away. As the collection bottles emptied ,
the outflow stop cocks were closed. After all bottles were
emptied , the pressure pump was turned off , and the vacuum pump
was turned on. The inflow lines were again opened. The entire
process typicall y took about one hour , thus suction to the bottom
of the lysimeters was only interrupted for short intervals.

The major difficulties that arose were caused b y algae and
calcium carbonate. Al gae accumulated in the field manifold and
the ny lon lines , particularl y in the SC soil earl y in the experi-
ment. Calcium carbonate continuously accumulated in the entire
sys tem , particularly in the lysimet ers containing the basic CL
so il. The al g a e  w a s p hysically removed , and the manifold and
lines were covered to prevent li ght from entering them. This
very nearl y eliminated the algae problem. The calcium carbonate
accumulation required periodic flushing of the manifold and the
lines with a di lute solution of h yd rochloric acid. This was done

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i~~~~~~~~~~~~~~~ . . ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F i g u r e  4 .  Schematic diagram of the samp le collection system for
the porous cups in the bottom of the lysimete rs
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as neede d i m m e d i a t e l y  a f t e r  the  c o l l e c t i o n  b o t t l e s  w e r e  e m p t i e d ;
the f l u s h i n g  s o l u t i o n  was  d i s c a r d e d  b e f o r e  the  vacuum was  rees-
t a b l i s h e d .  O c c a s i o n a l l y  t u b e s  b e c a m e  b l o c k e d  c o m p l e t e l y  and s e c —
t i o ns  n e e d e d  to be r e p l a c e d .  In a l l  c a s e s , s p l i c i n g  was  done  by
means  of g l a s s  t u b e s .

S o i l  s o l u t i o n  s a m p l e s  f r o m  the r o o t  z o n e  w e r e  c o l l e c t e d  in
each ly s i m e t e r  at 75 cm (30 in) and in each field plot at 75 cm
(30 in) and 150 cm (60 in). Collection was done through a por-
ous ceramic cup (So il Moisture Number 2131) with a bubblin ~~,
pressure greater tha n 1 bar , a f low ra t e of  1 ml c m 2 min i bar 1
and a surface area of 31.43 cm 2. Nyl on tube similar to that de-
scr ibed above was attached to the suction cups with the same
materials. Before installation , all of th ese cups had been
leached with a dilute HC1 solution to remove traces of copper
which were detected. The suction cups were installed in the
bottom of an augered hole. The space remaining between the cup
and the surface was filled with a PVC tube attached to the suc-
tion cups. The nylon tubes lead throu gh a rubber stopper to a
250 ml (.264 qt) collection flask positioned in the field.
These were connec ted to a field vacuum manifold maintained
continuously at about —0.6 bars. Any excess water from the sam-
p le s  overflowed into the manifold and was periodicall y dra ined
from a trap. Earl y in the experiment , some wat er did move from
the manifold to the collection bottles when the vacuum was
i n t e r r u p t e d , hut  s u b s e q u e n t  a d j u s t m e n t s  in the e l e v a t i o n  of the
i n l e t s  to the  vacuum m a n i f o l d  c u r e d  t h i s  p r o b l e m .

L y s i m e t e r  w a t e r  s a m p l e s  w e r e  c o l l e c t e d  as o f t e n  as t h r e e
t imes  a week  and c o m p o s i t e d  f o r  a n a l y s i s .  Roo t  z o n e  s a m p l e s
were  c o l l e c t e d  w e e k l y  when  s a m p l e s  w e r e  a v a i l a b l e .  D u r i n g  t h e
d r i e r  p a r t s  of the  s e a s o n , a p e r i o d  of s e v e r a l  w e e k s  w e n t  by
b e t w e e n  the  c o l l e c t i o n  of enough  sam p les  to  a l l o w  a n a l y s i s .
Al l  s amples  w e r e  b r o u g h t  to the laboratory and refrigerated
unt i l  anal y s i s  c o u l d  be c o n d u c t e d .

So i l  Sample  C o l l e c t i o n  f o r  M e t a l  and pH A n a l y s i s

Soi l  sa mples  w e r e  c o l l e c t e d  at the  f o l l o w i n g  d e p t h s :  s u r f a c e
0 — 2 . 5 , 2 . 5 — 5 , 5 — 7 . 6 , 7 . 6 — 1 0 . 2 , 1 0 . 2 — 1 2 . 7 , 1 2 . 7 — 1 9 , 1 9 — 2 5 . 4 , 2 5 . 4 —
38.1 , 38.1—63.5 , 63.5—89 , 89—114.4 , 114.4—140 cm (0—1 (including
s u r f a c e ) ,  1— 2 , 2 — 3 , 3 — 4 , 4 — 5 , 5—7.5 , 7.5—10 , 10—15 , 15—25 , 25— 35 ,
3 5 — 4 5 , 4 5 — 5 5  i n ) .  S a m p l e s  w e r e  t a k e n  a t  the  b e g i n n i n g  of  the
expe r imen t  and every  month  f o r  the f i r . s t  s ix  m o n t h s .  There-
a f t e r , s a m p l e s  were  t a k e n  e v e r y  o t h e r  m o n t h .  The s u r f a c e  sa m —
plea  w e r e  s c r a p ings  t a k e n  w i t h  a p l a s t i c  s p o o n .  The d e p t h  sam-
p le s  were  t a k e n  w i t h  a 2 . 2 2  cm (7/8”) diameter coring tool with
a 2 5 . 4  cm (10  in )  c u t  away b a r r e l .  S o i l  samp le l o c a t i o n s  w e r e
se l e c t e d  at r andom.  The c o r i n g  t o o l  was  s a n d b l a s t e d  to remove
the p r o t e c t i v e  m e t a l  p l a t i n g  and c o a t e d  w i t h  e p o x y  p a i n t  ( S h e r -
tar)  to p r e v e n t  c o n t a m i n a t i o n  of samp l e s .  S i n c e  the  f i v e
shallowes t depths did not provide enough soil for metal anal y s i s ,
samples  were taken in three locations and pooled. The samples
were cu t  and handled with plastic spoons. They were pl aced itt

plas tic bags and frozen un til anal ys is. Every pessible precau-
tion was taken to prevent contamination of samples from the
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layer above. Th is Included discarding the top of cores whi ch
may have been contaminated by so il falling in and wiping off
the coring tool with a rag or washing it with distilled water
w h e n  t h i s  b e c a m e  n e c e s s a r y .  O n c e  t h e  s a m p l i n g  was  c o m p l e t e d ,
a PVC tube was pushed into the hole to a depth 1.27 cm (1/2
inch) below the soil surface. A tight fitting rubber stopper
was  p u t  in t h e  t u b e  a n d  t h e  a r e a  w a s  c o v e r e d  w i t h  a s m a l l
amount of soil.

A compl ete set of soil samples were taken at each site where
the lysimeters were filled. This included disturbed bulk samples
and und isturbed core samples. Samples were collected to a depth
of f ive feet in all cases. These were taken to the laboratory
f o r anal ys is.

Grass Sampling

The Ber mudagrass produced a lush green crop on both the
field plots and the lysimeters. The grass grew from early March
throug h October. During the winter , the tops were killed by low
temperature , and no growth occurred. During the growing season ,
the grass was periodicall y clipped to a height of two inches.
Th is was generally done when the growth reached 1 5 . 2 — 2 0  cm
(6—8 in). Al l the grass from each field plot and lysimeter
was coll ected .~nd placed in plastic bags for transport to the
laboratory. Early in the study comparisons were made between
w a s h e d  an d u n w a s h e d  grass samp les. No systematic differences
in metal concentration were detected ; the refore , washing was
discontinued. When samples were small , the entire samp le was
d ried in acid—washed beakers at 70° C (158°F). When samples
were  larger , subsamples were dried and the moisture fraction
was used to det~~rmine the dry weig ht of the total samp l e. All
d r i e d  samp les w e r e  s t o r e d  in p l a s t i c  b a g s  u n t i l  a n a l y s i s .
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)V . Soil Charac t eristics

Characterization of Soils

Soil samples were collected from the side of the pi t s from
which the lysimet ers were tak~.~n . Three undisturbed sat~p les ~.‘ere
taken b y forcing 5 cm (2 in) by 2.7 cm (1 in) long cy linders in-
to the soil at a series of depths. These were used for det er-
mining bulk density rind moisture relations. Bu]k samples were
ta ken , air dried and ground to pass throu g h a 2mm (.079 in)
si cve in preparat ion for further anal yses. Samp ling dep ths
were arbitraril y sele cted except where distinct layers in the
pr et ile necessitated other sampling intervals.

All anal yses were carr i ed out according to standard proce-
dures and are described briefl y as follows. The texture was
measured on samp les dispersed with a milk shake mixer in a solu-
tion of sodium hexam etaphosphate (calgon) as described in Black
(lc65). The densit y of the suspension was measured at appropri-
ate times with a Bouyoucos hydrometer. A ppropriate temper a~~urc
corrections were made. The USDA classification of sand being
the particles from 2.0 to 0.02 mm , silt from 0.02 to 0.002 mm
and clay being less than 0.002 mm was used. Rheolo gical char-
acteristics of the soil were determined by procedures described
by the Corps of Eng ineers (1960). The li quid l i m i t  was d ct er —
m ined by using a st andard repeated drop techni que. The p l a stic
limit was determined by rolling the soil into cy linders. These
results were used to dete rmine the A SIIO classification.

The bulk density was calculated as the dry weight per u n i t
volume. The water contents were determ ined in the same cores
and are expressed as percent by volum e . A series of  moisture
potentials includ inp saturation , field capacity, wilting point
and oven dry were u~~il ized. Ihe hei ght and diameter of the
soil core at each potential was utilized to determine the bulk
density.

The cation exchange capacit y was determined by replacing
all the cations with NH 4 then measuring the evolved NH 3. The
techni que is described b y Schollenberg er and Simon (1945). The
results are expressed in m i l l i e q u i v a l e n t s  per 100 g of soil dried to
105° C. The percent carbon was determined by a wet oxidation
technique described b y Clark and Ogg (1i~~2). A 1:1 weig ht ratio of
soil to water was pr epared for pH d e t e r m i n a t i o n s  which wer
made with a standard p11 meter.

Results

The results of the soil c h a r a c t e r i z a t i o n  are shown in table
1. The SM(d/u) soil had a deep uniform profile with a sand con-
tent of all layers greater than 80%. The bulk d e n c i t y  was inde-
pendent of the m oist u re p o t e n t i a l .  The w ater r e t e n t i o n  and cat- -
ion exchange capacity were both very l~~w.

The basic CL so i l p r o f i l e  w i s  re a sonabl y u n i f o r m  except for

-
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the thin layer of greater clay content between 120 and 122 cm
(47 and 48 in). This layer was classified as ML in the ASHO
system. This layer nay restrict the vertical movement of water
in both the lysimeter and the field plots. Water may move
hor izontall y above the layer in the field , but this movement
would be interrupted by the walls in the lysim eters. The bulk
density of this soil increased as the soil dried from field
capacity to oven dry. The density increase upon dry ing was
greater than 30% by volume and the available water in the pro-
file calculated as the difference between the water content at
field capacity and the wilting point averaged 22% by volume .
The cation exchange capacity and the carbon increased to a dep th
of 61 cm (24 in) and decreased thereafter except for the ML
l a y e r .

The Ac id CL soil had a CL surface layer and a CL—ML tram—
s i t i o n  f o r  25.4—50.8 cm (10—20 in). Clay content increased
with depth from 45% to 79%. Unfortunately the undisturbed
cores were lost and the moisture den sity and moisture relations
could not be full y determined on undisturbed cores. The CEC
was about the same as that of the basic CL soil except that it
increased more with depth. The percent carbon decreased sharply
with depth.

The SC soil increased in clay content from 30% at the sur-
face to 54% at 122 cm (48 in). Below this level the sand frac-
tion increased markedl y. This soil showed the greatest increase
in bulk density of any used. Volume changes upon drying were
dramatic. The SC soil held a large amount of water at the
wilting point and thus had less available water than the Basic
CL soil. The surface layer of this soil had a cation exchange
capac ity 1/3 larger than the Cl soils and 10 times larger than
the SM(d/ u) soil.

The pH prof iles of these soils will be discussed in a later
s e c t i o n .  A m o r p h o l o g i c a l  d e s c r i pt i o n  of  t h e  p r o f i l e s  is g i v e n
in a p p e n d i x  A.

The soils were selected to typify the range of textures and
o t h e r  c h a r a c t e r i s t i c s .  T h e y  a r e  a l l  d e e p  s o i l s  w h i c h  w e r e  d e p o —
sited b y water in the flood plane of a river. While they repre—
sent extensive areas , they are much more uniform with depth than
many of the soils formed by other processes , wh ich are often
character ized by abrupt changes in the profiles.
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V .  S e w a g e  S o u r c e  a n d  A p p l i c a t i o n

Descr iption of Sewage Source

W a s t e w a t e r  T r e a t m e n t  P l a n t  D e s c r ip _ t i on s

The  t r e a t e d  s e w a g e  e f f l u e n t  u s e d  in  t h i s  p r o j e c t  came  f r o m
two  s o u r c e s :  T e x a s  A&M U n i v e r s i t y  W a s t e w a t e r  P l a n t  and  t h e  C i t y
of B r y a n  W a s t e w a t e r  P l a n t .

The T e x a s  A & M  U n i v e r s i t y  W a s t e w a t e r  T r e a t m e n t  P l a n t  is a
p r i m a r y  t r e a t m e n t  p r o c e s s  f o l l o w e d  by b i o s o r p t i o n .  Th e des i gn
c a p a c i t y  of t h e  plant is 2.0 million gallons per day. A flow
sheet of the University plant is shown on Figure 5. The mo nthly
average flows into this p lant during the study period was less
than 2.0 million gallons per day but the maximum flows were as
high as 4.5 million gallons per day, (see Table 2) causing the
p lant to be overloaded. During the overload per iod , the p lants
efficiency decreased causing the total suspended solids and bio-
chemical oxygen demand to be high. During these brief periods of
plant upset , the sewage was collected from the Bryan Wastew ater
Treatment Plant.

The Bryan Wastewater Treatment Plant is a primary treatment
process followed by trickling filters. A flow sheet of this plant
is shown on Fi ,~ure 6. The design flow is 3.5 million gallons per
d a y ,  and the plant was operated at full capacity or overloaded
d uring the stud y period (Table 3). The sewage used in this study
was collected from the chlorine contact chamber at both plants.
pr ocess followed by trickling filters. A flow sheet of this
plant is shown on Figure 6. The design flow is 3.5 million
gallons per day. and the plant was operated at full capacity
or overlo aded d’~ring the stud y period (Table 3). The sewage
used in this study was collected from the chlorine contact
chamber at both p lant s.

Sewage Qual ity Parameters

The bas ic sewage quality parameters measured were pH , t otal
alkalinity , hardness , biochemical oxygen demand , (BOD) , and total
organic carbon (TOC). The methods used for measuring each para-
meter were taken from Standard Methods for the Examination of
Water and W astewater, 13th Edition, 1971. pH was measured b
means of a pH meter with glass and calomel electrodes . Alka-
linity was measured by titrating an aliquot of the sample to a
meth y l orange endpoint. Hardness was measu red by titrating w i t h
s t a n d a r d  E D T A  e n d p o i n t .  T h e  BOD w a s  measured by the standard
5 — d a y  i n c u b a t i o n  p r o c e d u r e .  I n i t i a l  f i n a l  o x y g e n  c o n c e n t r a t i o n s
w e r e  m e a s u r e d  u s i n g  a Y S I  Dissolved Oxygen Probe. Periodic
c h e c k i n g  of t h e  oxygen probe was made using the W inkler test.
TOC was  m e a s u r e d  u s i n g  e i t h e r  a B e c k m a n  Model 915 Tota l C. irb sn
A n a l y z e r  or  a n  O c e a n o g r a p hy  I n t e r n a t i o n a l  C a r b o n  A n a l y z e r
e q u i p p e d  w i t h  d i r e c t  i n j e c t i o n  n o d u l e .

L ~~~~~~~~~~~~~~~~~~~~~~~~
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Q u a l i t y  of  Was tewat er

A s u m m a r y  of the quality of the sewage used in this project
is s h o w n  in  T a b l e  4 .  D e t a i l e d  d a t a  f or  e a c h  load  of  e f f l u e n t  a r e
g i v e n  in a p p e n d i x  B .  The quality data shown in Tables 2 and 3
are the resul .ts of measurements taken by the wastewater treatment
plant personnel on samples collect ed independent of this study.
The results indicated , for the samples from this project , that
the biochemical oxygen demand is consistentl y lower than that
reported b y the wa stewater treatment plant personn el because
generall y no sewage was collected for project purp oses during
periods of extreme plant upset.

Transport , spiking and distribution of the sewage effluent

The sewage effluent was pumped from the chlorination tank
into a 4550 liter (1200 gal) capacity epoxy (Shertar) coated
steel tank trailer. In order to avoid metal contamination , P V C
pipe and fittings were used throug hout. Once the required amount
of effluent (usually 3800 liters (1000 gal)) was punr ed into the
ta nk , the intake valve was closed and a recirculating valve was
opened. Notes were taken on the appearance of the eff l uent.
These are given in appendix B. When the effluent quality was
unacceptable due to plant failure , effluent was drawn from the
Bryan plant. The sp ikes were added as the punts recirculated
the effluent. To avoid preci pitation of the lead , two separate
spikes were used. One contained the Pb(N0 3)2 while the other
contained the CdSO 4 . H 20, Z n SO 4 . 7H~~O , N 1SO 4 . 61120 and CuSO 4 . 1120.
These were dissolved in distilled water to make a stock solution.
The  l ead s p ike was made by diluting the prop 2r amount of Pb(N0 3)2
stock solution to 100 ml. The other sp ike was made by combining
and diluting the proper amounts of each stock solution to 1000 ml
volume. All spikes were stored in plastic containers until used.
An interval of 10 minutes was allowed between adding the lead
spikes and the sp ike containing the other metals to assure
dissipation of the lead before additional sulfate ions were
added. Dye tests indicated that 8 minutes were required to
achieve comp lete mixing in the tank. The pump was run for
either 15 minutes after the last spike was added , or for approx-
imately the 30 minutes required to transport the trailer to
the field. Short lengths of flexible tubing, GenLine air trans-
f e r hos e co d e  #805 , and under ground 3.8 cm (1—1/2’) PVC p ipe
we re used to convey the effluent to the rainshelters. At the
S M ( d / u ) f ie l d  plot l ocation , 30.5 m (100 ft) of PVC was used
while 9.15 m (300 ft) was required at the lysimet er location.
The rainshelters were moved into position and the flexible
tubes were hooked up to the spray man ifolds which were sus-
pended inside each rainshelte r 1.8 m (6 feet) over the plots.
A gauge was mounted on each rainshelter to monitor the water - .

press ure. Plastic dish pans were p laced on the soil between
the  l ys imeters and field plots to collect the samp les used for
the effl uent analyses. These samples were placed in glass
bo ttles and taken to the laboratory f o r  a na l ys is as s o o n  as the
spray ing was completed.

-444
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Table 3. Bryan Wastewater Treatment Plant

Flow , Million Biochemical Oxygen Total Settleable
Gallons Per Day Demand , mg/i Solids , mg/i

October 1973 4 .25  15 16
November 1973 3.69 17 18
December 1973 3.54 16 15
January 1974 3.63 17 15
February 1974 3.47 19 19
March 1974 3.69 18 17
April 1974 3.86 18 20
May 1974 3.87 19 18
June 1974 4.03 17 17
July 1974 3.85 17 18
August 1974 3.88 16 - 15
September 1974 3.93 16 17
October 1974 3.76 17 12
November 1974 3.95 16 15
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A p p l i c a t i o n  R a t e

The  e x p e r i m e n t  w a s  o r i g i n a l ly d e s i g n e d  f o r  an a p p l i c a t i o n
rate of 5 cm (2 in) of spiked effluent per week. After three
months of application , it became evident that the soil in the
ly s im e t e r s  a n d  t h e  f i e l d  p l o t s  w a s  b e c o m i n g  too  w e t .  Rather
than proceed with the wet soil conditions which resulted in
runoff and reduced oxygen supply to the grass roots , the
a p p l i c a t i o n  r a t e s  t o  a l l  l y s i m e te r s  a n d  f i e l d  p l o t s  w e r e  r e d u c e d
to 2.96 cm (1—1/16 in) per week. The sewage applicat ion schedule
to  b o t h  t h e  l y s i m e t e r s  a n d  f i e l d  p l o t s  of  a l l  s o i l s  s t u d i e s  is
g i v e n  in a p p e n d i x  C .

S e l e c t i o n  of N o z z l e s  and  U n i f o r m i t y  o f  A p p l i c a t i on

After several type spray nozzles were tested , Rainbird
series #2400 in brass were selected. Tests indicated that the
s e w a g e  m o v i n g  t h r o u g h  t h e  n o z z l e s  did not p ick up significant
quantities of the metals used in these studies. Few problems
with blocked nozzles occurred. The spray patterns of the half
round nozzle at different pressures are shown in figures 7—9 .
The patterns are for inverted nozzles located at 1.8 m (6 ft)
above the p lots.

It is evident that more uniform distribution could be
achieved at higher pressures; therefore , the effluent was
sprayed at 25 lbs. at all times. The nozzles were arranged
in p a t t e r n s  u n d e r  t h e  r a i n s h e l t e r s  in o r d e r  t o  p r o v i d e  as
uniform distribution as possible. The uniformity was deter-
mined by collecting the sprayed effluent in small paper cups
placed on the lysimeters and field plots. A typical distri -
bution pattern is shown in figure 10.

Determination of fecal coliform in t h e  l~~sitneter drain water

S a m p l e s  of l e a c h a t e  f r o m  t h e  l y s i m e t e r s  w e r e  t e s t e d  p e r i o d -
ically to determine if fecal coliform were present. The samples
were collected in sterilized bottles after at least 50 ml of the
leachate was flushed through the drain tube to remove any contam-
inant. A procedure given in Mi lli pore Bulletin AM3 02 was used.
I t  is b r i e f l y  d e s c r i b e d  as  f o l l o w s :

Fifty ml of the leachate was drawn through a
M i l l i p o r e  f i l t e r  by m e a n s  o f  a v a c u u m  p u m p .
The  filters were incubated on a Baito—Endo Auger
in a p e t r i  d i s h  a t  4 4 . 5 ° C ( 1 12 ° F)  f o r  2 4  h o u r s .

The results of the anal ysis after one year of effluent
a p p l i c a t i o n  a r e  g i v e n  1~ table 5. The absence of fecal co ’ i —
f o r m  in  t h e  l e a c h a t e  s a m p les f r o m  the basic CL soil even after
one  ye a r , indicates that the samp le collection and handling
techni que was adequate to p r - v e n t  the contamina t ion of the leach-
a te.

A f t e r  o n e  y e a r  t h e  f e c al  c o l i f o r m  b a c t e r i a  h a d  b r o k e n
through all ly simeters which had a surface soil pH of (

~~. S or be-
low except one of the acid CL soils. They had not come through
the basic CI. soil which had a pB of 7.3 or greater throughou t
the entire profile. Thus the differences in pH may have influ-
enced the m o b i l i t y  of the b a c t e r i a .
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Table 5. Occurrence of fecal coliform in effluent from
lysimeters after one year of applications

Ly~ imeter Soil

Acid CL SM(d /u )  Basic CL SC

1 + + - +
2 - + - +
3 + + - +
4 + + - +
5 + + - +
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Loss of met al in effluent

A f t e r  a b o u t  6 m o n t h s  of  o p e r a t i o n , t h e  c o n c e n t r a t i o n s  of
metals in the effluent collected as it fell on the plots began
to decrease despite no changes in spike or effluent handling
p r o c e d u r e s .  P o s s i b l e  p o i n t s  of l o s s  were investigated , these
b e i n g  t h e  t a n k  and t h e  PVC t u b e  used  to  c o n d u c t  t h e  e f f l u e n t
to the field.

As far as possible , all plumbing fixtures used to handle
the effluent were made of PVC p ipe and fittings. The inside of
the pump housing and the fittings that had to be welded to the
tank as well as the steel tank were coated with a heavy metal—
free epoxy base enamel (Shertar), to minimize the possibility of
contamination of the sewage. To determine if the metals were
precip itating in the tank , or adhering to the film which accumu-
lated on the walls and bottom , samples were collected periodic-
ally for analysis. This was done b y wiping a 97 cm 2 (15 inches~~)
area of the bottom of the tank with filter papers wetted with
distilled water. Three pieces of filter paper were used , one
a f t e r  t h e o t  h e r  to  w a s h  t h e  same a r e a .  T h e s e  w e r e  e a c h  h a n d l e d
and analyzed separately. After the second wiping, the surface
appeared to be clean and was visuall y comparable with a freshly
painted surface. The filters were digested in 10 ml HNO 3 (conc.)
and 0.5 ml H202 (30%). After a second addition of the HNO 3 and
1-1202, the solution was heated to dryness. Then 25 ml of HC1
were added and the material was heated for 15 minutes. The
extract was then brought to 100 ml by adding 10% HC1 , before
a n al ysis by atomic absorption. Typical results are given in
table 6 after 75 loads of effluent had been handled in the tank.
I t  can  be c l e a r l y s een  t h a t  t h e  t e c h n i q u e  a d e q u a t e l y  r e m o v e d  a n y
metal—containing material on the surface of the tank. In all
tests the third filter paper contacted small or neg ligible con-
centration. Assuming that the area wipe was representative of
the inside surface of the tank , the value measured would be
eq uivalent to 0.8 g of zinc. This is equivalent to 0.3% of the
zinc that had been added to the effluent which passed through
the tank. Thus it was apparent that only insignificant amounts
w e r e  l o s t  in  t h e  t a n k .

Since the losses were not occurrin g in the tank , attention
was turned to the conducting lines. There was no practical
m e a n s  of  w i p i n g  t h e  t u b e s , e s p e c i a l l y t h o s e  b u r i e d  in  t h e  g r o u n d .
The ref o re , a dilute concentration of HC1 was utilized to flush
t h e  l i n e s .  To do t h i s  2 . 2 6  Kg (5  l b s )  c o n c e n t r a t e d  H C 1  w a s
a d d e d  to  3800 l i t e r s  ( 1000 g a l )  of  w a t e r  in  t h e  t a n k  t r a i l e r .
The ra inshelters were moved off the p lots and plumbing was
arranged to get the solution to the shelters so that it would
not fall on the lysimeters or the field plots. After circulat-
ing the solution in the tank , 1/3 was pumped to each rainshe lter.
The t o t a l  v o l u m e  p a s s e d  t h r o u g h  u n d e r g r o u n d  f i e l d  l i n e s  a n d  1/3
passed thro ugh the plumbing in each rainshelter .

A f t e r  t h i s  t r e a t m e n t  t h e  c o n c e n t r a t i o n s  of  m e t a l s  r e a c h i n g
the plots again reached the desired level. Thus the p i pe or
t h e  r e s i du e  in  t h e  p i p e  h a d  b e e n  acting as a sink for the metals .
T h e r e a f t e r  t h e  s y s t e m  w a s  p e r i o d i c a l l y f l u s h e d  as d e s c r i b e d
above to prevent fur ther losses.
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Table 6. Concentrations of metals collected on filter paper used to

wipe the inside of the effluent transport tank.

Metal First filter Second filter Third filter
paper

2 
pape r

2 
paper2

mg/cm mg/cm mg/cm

Cd .085 :027 0

Cu .102 .033 0

Ni .091 .027 0

Pb .133 .04 0

Zn .167 .064 .0008
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V I .  B r o m i d e  S t u d y

Introduction

Bromide in the form of KBr was added to each load of sewage
at a concentration of 100 mg KBr/l . The bromide was added for
two purposes: to check on leakage between the soil and the sides
of t h e  l y s i m e t e r  and to determine how rapid l y a very mobile anion
would move through the soil being studied. The bromide ion is
known to move through soil much more rapidly than the heavy metal
ions so the mobilit y of bromide can be used as a referen ce for
assessing the mobility of heavy metal ions. Bromide has the
additional advantage of not being present in significan t concen-
trations in most soils.

Bromide Anal ysis

Bromide in the water samples was determined b y means of a
specific ion electrode (Orion model 94— 35). In order to mini-
mize the influence of back ground concentrations of other ions ,
part icularl y chloride , standards were made with sewage efflue nt
water to be used for anal yzing the bromide in the water put on
the plots. For the water collected in suction cups and the
l e a c h a t e  f r o m  t h e  l y s i m e t e r s , s t a n d a r d s  w e r e  c h e c k e d  b y a ddi n g
bromide to certain samples. Calibration curves were made
thro ug hout each set of analyses.

Results

The concentration of bromide in the lvsitaeter leachate dur-

ing the first 16 weeks of the experiment are shown on an expanded
scale in figure 11. The concentration of bromide in the leach—
ate from all tht lysimeters but the claycy sand (SC) remained
constant at back ground concentrations for the first ei ght weeks
of collection. This provides evidence that the sewage effluent
applied did not move down any channels that may have been present
along the edge of the inside walls of the lysim eters. The con-
centration in the leachate from the SC soil jump ed from the back-
ground value of 5 ppm to 19 ppm as soon as the effluent was
applied. The concentration trip led in 18 weeks and reached the
concen t ra tis~n in the ‘p~~lied sewage after 16 weeks. Similar pre-
cautions were taken in all lysimeters to seal any conduc t in b
c h a n n e l s  t h a t  may have developed along the walls. There is no
reason why the precautions should have worked in thr ee of the
soils and not the fourth. Thus an alternate explana t i on must be
sought. The clay in the SC soil was an expansive mo nt ri orillon —
ite and shrinkage cracks were evident throughout the prof ile.
The soil has some cracks which were evident from the surf ace
whe n effluent application was begun. It is speculated that the
e f f l u e n t  and  th e  bromide traveled down these cracks and thus
c a u s e d  t h e  i n it i a l  i n c r e a s e  in  concentrati on. Ki ssel et al.
( 1 9 7 3 )  h a s  shown that water movement throu g h cracked channels
ca n be s ignificant even when the soil is wet and cracks ire
s w e l l e d  s h u t .  T h i s  w o u l d  indicate that the water applied to a
shrinkin g swel li-i g soil would move through preferential channels.
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This may reault In the heavy metals being concentrated adjacent
to such channels and if the soil becomes saturated with the met-
als , they would be expected to move through shrinking swelling
soils more rapidly than would be expected if the water had moved
uniformly through the profile. The large surface areas of
shrinking swelling m ontmori llonitic soils may have a large
c a p a c i t y  to  a b s o r b  m e t a l s  a n d  t h u s , a l t h o u g h  t h e  b r o m i d e  a n d  t h e
water move more rapidly, the metals may concentrate in t-he soil
adjacent to the cracks very near the surface.

During the first 15 weeks of the experiment , onl y the silty
sand  ( S M ( d / u ) )  e x h i b i t s  a c l a s s i c a l  b r e a k t h r o u g h c u r v e  w i t h  a 50%
concentration reached on the 11th week. By the 14th week the
concentration is that of the water added. It increases there-
after to concentrations greater than that applied as a result
of the loss of water from the soil profile by evaporation. The
concentration of bromide in the leachate from all lysimeters for
the entire period of the experiment is shown in fig’~re 12. The
concentration of bromide in all the soils continues to climb
s lo w ly after the first 16 weeks. The scatter in the data as the
experiment proceeded is a result of the variable concentration
of bromide resulting from the evaporative loss of water and the
redilution when more water was added. The Basic CL soil exhibits
a breakthrou gh curve requiring about 20 weeks to reach 50% con—
cent -ation. The Acid CL soil does not demonstrate a typ ical
bre aLthrough cur -i e , but instead the concentrations in the leach—
ate remain very constant for a long per:.od of time with a sli ght
increase. T h i s  is a t t r i b ut e d  to the slow movement of water
thro ug h the soil. After 26 weeks , bromide additions ceased but
all concentrations contin ued by the evaporation losses continued
to climb slightl y as the leachate which had been concentrated by
the evaporation losses continued to move throug h the profile.

A comparison of the concentration of bromide from the soil
solution collected at 150 cm (60 in) in the field plots and the
l e a c h a t e  collected from the lysimeters s~~ould reveal the rela-
tive rates of water movement in the two systems. These data
p lus  the concentrations in soil solution collected at 75 cm
(30 in) in the lysimeters and field p lots are shown in figures
13 a n d  14 f o r  t h e  B a s i c  CL a n d  S M ( d / u )  s o i l s .  The  b r o m i d e
r e a c h e d  t h e  75 cm (30  i n )  d e p t h  in  t h e  f i e l d  p l o t  a p p r o x i m a t e l y
four weeks before it reached the same depth in the lysimeters.
Th e del ay in reaching the 150 cm (60 in) level was large and in-
creased w ith time. Earl y in the experiment the suction on the
lysimeters was adjusted to be similar to t h at  at the same depth
in t h e  field plot. Duri~~g th i s time , water built up in the soil
p r o f i l e .  A f t e r  t h e  8 t h  w e e k , t h e  v a c u u m  w a s  i n c r e a s e d  t o  r e m o v e
the water and prevent further build up. These changes provide a
p o s s i b l e  e x p l a n a t i o n  on t h e  d e l a y  in  b r o m i d e  r e a c h i n g  t h e  l o w e r
l e v e l s  in t h e  l y s i m e t e r s .

The co ncentration at the depths in the SM(d/u) lysim eters
and  f i e l d  p l o t s  a r e  s h o w n  in  f i g u r e  14 .  In  t h e  l y s i m e t e r  t h e
c o n c e n t r a t i o n  r e a c h e d  50 p p m  a t  75  cm (30  i n )  i n  4 w e e k s  a n d  a t
150 cm ( 6 0  i n )  in  11 w e e k s .  T h e  d a t a  f o r  t h e  f i e l d  p l o t  e x h i b i t s
m o r e  s c a t t e r , b u t  o t h e r w i s e  d o e s  n o t  d i f f e r  f r o m  t h a t  t a k e n  in
t h e  l y s i m e t e r .  T h e  S M ( d / u )  soil was more permeable than the
b a s i c  CL s o i l .  As a r e s u l t  t h e  w a t e r  d i d  n o t  a c c u m u l a t e  e a r l y
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in  t h e  e x p e r i m e n t  a n d  t h e  c o n c e n t r a t i o n  p r o f i l e s  a r e  s i m i l a r
t h r o u g h o u t  t h e  e x p e r i m e n t .  A p p l i c a t i o n s  of bromide continued
t h r o u g h  t h e  2 6 t h  w e e k .  By t h e  3 6 t h  w e e k  t h e  c o n c e n t r a t i o n  a t
75 cm (30 in) b e g a n  t o  d e c r e a s e .  By t h e  44th week , th e con-
centration was 50 ppm.

T h e s e  r e s ul t s  r e v e a l  t h a t  w a t e r  m o v e m e n t  i n  t h e  l y s i m e t e r s
did not differ greatl y from that in the field plots. If ade-
quate suction is applied to the lysimeters , nearl y identical
w a t e r  m o v e m e n t  c a n  be a c h i e v e d .
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V I I .  W a t e r  B a l a n c e

So i l  M o i s t u r e

S o i l  m o i s t u r e  w a s  p e r i o d i c a l l y  m e a s u r e d  b y t w o  m e a n s .  A
s o i l  m o i s t u r e ,  n e u t r o n  p r o b e  ( T r o x i e r  m o d e l  l O 5 A , G a u g e  model
1 2 5 7 )  was  u s e d  t o  m e a s u r e  t h e  v o l u m e  p e r c e n t  m o i s t u r e  p r o f i l e s
in the lysimeters and the field p lots.

The soil moisture potential was measured with mercury ten-
siometers similar to those shown in figure 15. They were made
of suction cups (Soil Moisture /12131) with a bubbling pres~~ure
greater than one atmosphere a-i d a conductivity of 1 ml ctn~~ min
b a r~~- and a surface area of 31.4 cm 2 . The tubes and cups were
refilled with water as nece ssary. The end of the shorter tube
was sealed and the longer tube was placed in a mercury well. As
the soil moisture potential changed , the water moved through the
porous cups either decreasing or increasing the suctio n on the
mercury column. Ten siometer readings were taken several t imes
per week. Tensiometers were installed in each field p lot and
each lysimeter at a depth of 30 cm (11.8 in s . In a d d i ti o n  one
lysimeter of each soil and one of each fie~~d p lot were ec~ui np ed
with a bank of tensiometers at 3.9 , 7.9 , 11.8 , 15.7 , 19 .7 , 27.6 ,
35.4 , 43.3 and 55.1 inches (10 , 20 , 30 , 4 0 , 50 , 70. 90 , 110 ,
140 cm ).

Water Balance

Vacuum was applied continuously to the suction cups located
at the bottom of each lysimeter. The cumulative fluxes of water
expressed as a depth for all lysimeters are shown in fi gures ~b ,
17 , 18 , and 19. Detailed data for each ly sineter are tabul a rized
in A p p e n d ix D . The — 1 /3 bar suction maintained at first was in—
sufficient to draw the water from the soil. Thus in all l y s i—
meters the outflow for the first 6—7 weeks was low. The suction
was then increased to — 0.8 bars. The 5 cm per week a p p l i c a t i o n
rate was still causing excess water both on the lvs ime t ers and
on the Basic CL land p l ot. All app lications were thus reduced
to 2.7 cm per week after the 12th week. The reduction plus the
increased evaporative dema nd during the summer months resulted
in a decreased flux rate during the second half ot the ye a r.

The lowest total flux of water occurred in the SC soil
f o l l o w ed b y the Acid CL soil; the greatest flux was fron the
SM(d/ u) profile. The differ L~~ces between the flux through the
4 soils can be clearl y seen in figure 20 where the avera g e values
are given. Variability between lysi m et e rs of the same soil was
typ i c a lly 5% , but one lysime~~er of each soil had a markedl y
higher or lower flux than did the others. This v a r i a b i l i t y
between soil m onoliths taken next to each other in the field nay
be typical of the horizontal variab il i t~’ that exist s in n ature.

Typical soil water content profiles are shown in fi gure 21
for each of the soils. On this particul ar date , all the 1~’s i—
meters were dry near the surface and moi sture Content increased
with depth. As would be expected from t ’ soil ch a ractcr i ; ’at ion
data , the SM(d/u) p r i f i l e  had the lowest m oisture content while
the other profiles  d i d  not differ g r e a t l y .  The average moisture
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Figure 15. Tensiotneter components.
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co nt e n t  p r o f i l e  f o r  t h e  b a s i c  ( 1  ] y s i m o t e r s  a n d  t h a t  f o r  t h e  t v o
b a s i c  CL f i e l d  p l o t s  e r e  s h o w n  i n  1 i g u r e  2 2 .  T h e  t e e  p r o f  i i , c;
a r e  t - n s en t i a f ly t h e -  s o m e , in d i c a t l n d  t h a t  t~ i L h  p r o p e r  m o n o g e m e u ~~.
m o i s t u r e  c o n d i t i o n s  s i m i l a r  t o  t h o s e  f o u n d  i n  t h e  f i e l d  c a n  h e
a c h i e v e d  i n  l y s i m e t e r s .

T h e  w a t e r  b a l a n c e  w a s  c a l c u l a t e d  i n  t w o  w a y s .  T h e  m e t e o r —
o l o g i c a l  d a t a  g i v e n i n  a p p e n d i x  E w a s  u t i l i z e d  t o  c a l c u l a t e  t h e
e v a p o t r a n s p i r ar i o n  by m eans of  the T h o r n t h w a i t e  f o r m u l a  as
f 0 1 1 ow s

e 1 . 6  ( 1 0. 1./ 1) a

w h e r e  e i s  t h e  m o n t h  e v a p o t r an sp i r a t i on ( c m )
‘1’ i s  t h e  m e a n m o n t h l y a i r t e m p e r a t u r e ( ° C)

i s t h e  h e a t  i n d e x  w h i c h  is t h e  s u m  o f  12 m o n t h l y
i n d e x  v a l u e s  i , w h e r e  i is  a f u n c t i o n  o f  t h e
m o n t h l y  m e a n  t e m p e r a t u r e S .

a is an  e mp e r i c a l  c o n s t a n t  g i v e n  as

a 6 . 7  x io~~ ~ 3 — 7 . 7 1  x io~~ i 2 + 1.79 x io 2 i + 0.49

T h e  m e a n  m o n t h l y e v a p o t r a n s p i r a t i o n s  arc shown in f i g u r e  2 3 .
The total annual evapo t r a n s p i r a t i on  was l 2 . ’~ c m ( 4 . 8  i n ) .

T h e  e v a p o t r a n s p i r a ti o n  w a s  c a l c u l a t ed  as the initial water

in  t h e  s o i l  p r o f i l e  p l u s  t h e  s e w a p e  e f f l u e ’ a t  a d d e d , l e s s  t h e  f l e x
o u t  t h e  bottom of the ly s i m et e r s  a n d  t h a t  r e m a i n i n g  i n  t h e  pro-
f i l e  a t  t h e  e n d  of  t h e  e x p e r  ~e n t  . T h e  d e t a i l e d  d a t a  f o r  e a c h
l y s i m e t e r  a r e  g i v e n  in  A p p e n d i x  ~~.

A s u m m a r y  f o r  e a c h  s o i l  i s  g i v e n  i n  t a b l e  7 .  I f  t h e  e v a p o —
t r a n s p i r a t i o n  c a l c u l at e d  f r o m  t h e  m e t e o r o l o g i c a l  d a t a  i s  t a k e n  as
b e i n g  a c c u r a t e , t h e n  t h e  e r r o r s  f o r  t h e  a c i d  CL , S ’ f ( d / u ) ,  B a s i c
CL a n d  SC s o i l  a r e  26 , — 9 , 12 , a n d  39 cm ( 1 0 . 2 , — 3 . 5 , 4 . 7 , a n d
15 i n )  r e o p e c t i v e l y .  A n y  of  t h e  m e a s u r e d  p a r a m e t e r s  m a y  c o n t r i -
bute to these errors.

T h e  tensiometer data exhibited quite a bit of scatter as a
result of the variable schedule en which the sewage effluent was
applied. General trends were , however , evident , an d the data i - a s
of value in mak ing decisions about changing both the suction end
effluent app lication rates earl y i n the e x p e r i m e n t .  Data w i t h i n
a day or two after application in the f i n e r  t e x t u r e d  s o i l s  o f t e n .
demonstrated an inve rted p r o f i l e  w i t h  m o r e  w a t e r  a t  the surf a cc .
Readings throughout the year taken at 4 dep t h s  in an acid CL lvsi—
meter are shown in fi gure 24. The wet period a t  t h e  b e g i n n i n g  o f
the experiment is evident as are the dryer months which corr e spon d
with the 28th through 46th wee ks. C o m p a r i n g  these results w i t h
those taken in the field plots s u b s t a n t i a t e s  t h a t  the s o i l  ‘p h- —
ture Inovenent was s i m i l a r , b eth i n s i d e  and o u t s i d e  the l ysim c t c r s
once adequate suct i on was a - p l i c - cI to the b o t t o m  of the lvsi—
meters. Figure s showing d e tailed t ensiometer data are presented
in Appendix G.
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Figure 23. Monthly evapotranspiration calculated from climatological data.
Annual total was 123 cm. 
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Table 7. Average wa ter balan ce In cm f or the four soils depth
for the en tire period of the experiment.

Acid CL SM(d/u) Basic CL SC

Wa ter Applied 170 170 170 170
Initial Water Content of Soil 67 47 61 67
App lied + Initial 238 218 231 239
Leachate 33 68 47 21
Final Wa ter Con ten t of Soil 55 35 51 53
Evapotranspiration + error 149 114 135 162
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VIII. Metal Accum ulation and Loss Through Vegetation and Soil

An attempt was made to keep a detailed account of the quan-
tities of m e t a l s  a p p l i e d  a n d  w h a t  h a p p e n e d  to them. The concen-
tration of each metal in the applied water was determined as de-
scr ibed previously. The leachate water from the bottom of the
lys imeters was anal y z e d  quantitatively for metal content. The
onl y other places for the metals to accumulate are either in the
vegetat ion growing on the lysimeters or directl y in the soil.
The r e f o re , the coastal bermudagrass growing on the lysimeters
was periodically harvested , we i gh ed a n d  ana l yzed for metal con-
tent. Likewise , soil samples were taken periodically through—
ou t the duration of the experiment and anal yzed for metals.

Grass  Y ield

The  a v e r a g e  g r a s s  y i e l d s  f o r  t h e  l y s i m e t e r s  c o n t a i n i n g  t h e
four different soils as well as those on the field plots are
given in table 8. The grass was harvested at intervals more fre-
que nt than would be customary for hay production. On the other
ha nd , if cattle were grazing the area , the harv est would be
nearly continuous. The SM(d/u) and SC lysimeters yielded le~~s
th an the Basic CL and acid CL lysime ters. Since no effort was
made to correct soil nutrient deficiencies which may have been
present , this may be partiall y responsible for y ield differences.
There was little correlation between the harvestable grass in
the lysimeters and the field plots of identi cal soil.

The gr ass was already established on the SM (d/u) field
plots. Grass was sprigged on the lysimeters and the Basic CL
f i e l d  plot at the beginning of the experiment. The slow growth
of grass after spri gging is responsible for the lower y i e l d s
ea r l y in the study . By the m iddle of the year , all surfaces
were well covered with grass. The total yields for the year
were in the nor mal range for the soils and climate.

Pre paration and Anal yses of Grass Samples for Heavy Metals

Af ter harvesting, a portion of each sample was oven—dried
at 70°C ( 158° F) and stored in plastic bags until anal y ses. A
dry ashing technique was utiliz ed to prepare the samples for
a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y.  The  t e c h n i q u e  is d e s c r i b e d  in
de tail by Jones and Isaac (1969). Briefly, it consisted of
ashing one gram of the dry plant material in a porcelain dish
a t 500° C ( 9 3 2 ° F). The ash was dissolved in 5 ml of 2O2~ HC 1 and
h e a t e d  as n e c e s s a r y  t o  d i s s o l v e  the residue. The solution was
f iltered throug h ac id washed filter paper which was then rinsed
w ith hot water. If not anal yzed Immediatel y, samples were
s tored  in  po l yeth ylene bo ttles. They were analyzed on a Perkin—
E l m e r  a t o m i c  a b s o r p t i o n  s p e ct r o p h o t o t n e t e r .

L .  -±~~~~~~~:~~~~~~~~~~~~
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Table 8. Yield of Crass Dry Weight in Kg/Ha. Averages of lysimeters
and 2 field plots are shown for each harvest date.

Date Harvested

12/1” 3/23 5/3 6/17 7/31 10/28 Total

Lysimeters :

SM D/ji 161 * 853 645 1020 1347 4026

Acid CL 373 439 2510 4193 3861 1973 13349

Bas ic CL 504 313 1276 1047 3942 1679 8761

SC 118 297 1162 650 1933 1138 5298

Field Plots :

Basic CL 120 1186 2287 1341 2607 778 8319

SM D/V 742 296 2768 — — — —  —— — — ———— 3806

* Samples burned in faulty drying oven.
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Metal Uptake and Removal b y H a r v e s t ed Gra ss

The conc entrations of metals in the harvested grass are
shown in figures 25 , 26 , 27 , 28 , and 29. For all metals a gen-
eral increase in concentration is found as the metals build up
in the soil from the repeated app lication. For all metals ,
peaks in concentration are obtained in the April , June , and
Oc to b e r  ‘74 samples except for the copper. This cyclic trend
in concentration over the growing season is more profound than
t h e  g r a d u a l  i n c r e a s e s  resulting from the repeated applications .
The annual trend may be associated with rapidity of growth , age
of the vegetation at harvest , cycling of soil microbial activity
which may result in cyclical avai lability of the metals or other
factors not investigated here. The samples of grass harvested
in mid—March were lost in a fire. Therefore , additional small
sa m p les were collected three weeks later. The grass harvested
was small and young. The  concentrati ons measured on these sam-
ples were the lowest observed for all metals. This indicates the
p o s s i b i l i t y  that the age of the grass may be an important factor ,
but does not rule out the other possibilities mentioned abov e .

Differences in concentration s in grass harvested from dif-
ferent soils are much less evident than differences between har-
ves t date. For all the metals except the lead , the concentra-
t ion in the grass harvested from the SM(d/u) soil was lower at
the beginning cf the application and were higher late in the
application period than those fot~nd in the grass harvested from
o t h e r  s o i l s .  T h i s  is indicative of the lower initial concentra-
tions of these metals in this soil , and the lower capacity of
this soil to inactivate the applied metals.

The quantity of metals harvested in the grass are given in
ta b l e s  9 , 10 , 11 , 12 , and 13. The uptake of the essential minor
nutrient zinc in the grass is three or more times greater than
t h a t  of t h e o t h e r  m e t a l s .  U p t a k e  of copper was second in most
cases. The uptake of the other metals from any particular soil
were similar , reflecting its probable dependence on the amounts
applied. Differences in uptake between soils are attributed to
the grass yield and not the concentrations in the grass. The
S M ( d / u )  a n d  SC l y s i m e t e r s  h a d  t h e  l o w e s t  m e t a l  u p t a k e  a n d  t h e
l o w e s t  g r a s s  y i e l d s .

Me tals in Root Zone Water

Root zone samples were anal yzed for metals by direct absorp-
tion into the flame of the atomic absorption spectrophotometer.
Quantitation was by comparison to standards of known metal con-
centr ation. Detection limits app licable to this procedure were
0.01 ppm for Cd , Cu , Zn , 0.05 for N i , and 0.07 pp m for Pb. No
me tals were found in any of the root zone water samples .

_ _ _ _ _ _
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Metals in Lysf ine te r Le a cha te water

Two extraction procedures W c i e  used to analy ze the m e t a l
conc entra t ion s in th i- l y siine ter l. e a ch ate w at (- r . The f i r s t  pro-
cedure was identical to the APDC /M1BK procedure for the ‘ extract-
able ” metals i n  the s c w a g e  s a m p les. The sc-c ond p r o c e d u r e  u l s
similar to the first , but an in itial di gestion of the sanpl~ -~~~i t h
K 2S 208 soin tio n was emplo yed , before extrac t ion , in ord e r to
break down any organicall y bound me t als in solution and thus
make them extractable. T h e  e x t r a c t i o n  p r o c e d u r e s  w e r e  e~ ip l o v~~- d
i n s t e a d  o f  t h e  d i re c t  a sp i r a t i o n  t e c h n i q u e  b e c a u s e  o f  t b e  r e e d
to have the bes t possible dete ction l i m i t s .  T h e  d e t e c t i o n  1i~ :i i t s

achieved were 0.0006 ppm for Cd and 0.001 ppm for the c t  her fo u r
elements. The concentration of heavy m etals in the lea cha te san—
pies collected from lys imeters throughout the experi n en t never
e x c e e d e d  t h e  d e t e c t i o n  l i m i t s .

Soil Anal ysis Procedure

The soil samples were analy zed for metal content using the
scheme and methods (with sli ght modifications) of S m i t h  and
Shoukry (1968) for the “available ” , “wa ter soluble ” , “exchange-
able ” , “organic bound ’ and “mineral” fractions. M o d i f i c a t i o n s
inclu ded the use of DTPA for the “availab l e ’ f r a c t i o n  a c c o r d i n g
to the method of Lindsay and N orve ll (1969) and a proce d u r e
described b y Pawluk (1967) for the “mineral” f r a c t i o n .  The over-
all analytical scheme employed and the fractions obtained were
as shown in Table 14 . Each fraction was analyzed for metals
by atomic absorption spectropho t ome t ry.

The actual procedures were as follows :
1. Soil samples were air—dried , ground to pass a number

8 s i e v e , a n d  two fractions of 10— 20 grams each were
we I ghed .

2. Split I was extracted twice with 20 ml DTPA extrac-
tant solution (Linds’o y and Norvell , 1969) and vigor-
ous shaking for two hours. After c e n t r i f l g a t i o n , the
two extracts were combined for anal ysis.

3a. Split II was leached of  “water soluble ” metals by
shaking with 20 m l of deionized distilled water for
20 m i n u t e s , and  a f t e r  c e n t r i f u g i n g  the solution was
decanted and retained for analysis.

b .  T h e  s o i l  remaining from 3a was extracted b y shaking
for two hours with 20 ml iN kmm on ium acetate at pH 7 ,
followed by centrifug ing and du c a n t i n g .  T h e  decant
was retained for anal ysis.

C. The soil remaining from 3b was then treated with
20 m l  o f  30% h y drog en peroxide and 1 ml concentrat ed
n itric acid and placed in a 75°C ( 158 ° F) water ba t h
overnight. Following centrifu g ation the soluti on
was decanted and diluted to 50 m l in a volumetric
f lask.

d. The soil remaining from 3c was treated w i t h  10 ml
concentrated nitric acid and 10 m l  48% h y d r o f lu o r i c
acid in a teflon beaker. The soils were then pl a ced

~ 
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Table 14. Analyses of soil samples for heavy me tals

Split Extractant Designat ion

I DTPA Available
Soil Discarded

II Deionized Wa ter Water soluable

II NH
4

OAc(1N , pH7) Exchangsable

Ii H
2
02 Organic Bound

II Digested with HNO~—HF Mineral
Soil Discarded Associated

E of split II Total

L.. 
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on a hot p late and evaporated to dryness. The addi-
tion of nitric and hydrofluor ic acids was repeated
and the sample again taken to dryness. After the
addition of 5 ml concentrated h y drochloric acid and
e v a p o r a t i o n  to  d r y n e s s , t h e  residue was taken up in
5 m l hy drochloric acid and centrifuged. The super—
n a t e  was  t h e n  d e c a n t e d  a n d  d i l u t e d  t o  a v o l u m e  o f
100 ml with deionized dis tilled water.

The “tota l ”  m e t a l  content of the soil was obtained by the
combination of 3a , 3h , 3c , and 3d.

The precision of these soil analysis procedu res as applied
to Basic CL soil is as shown in Table 15.

Res ults of Soil Anal yses

Results of this study indica ted that over a one year period
t h e  d o w n w a r d  migration or trans location of cadmium , copper , lead ,
nickel , and zinc applied in sewage effluent to four test soils
b y s p r a y  i r r i g a t i o n  w a s  minimal with the migration rates being
12.7 cm (5 in) per year or less . In general , no si g n i fi c a n t  dif-
ference in ability to filter out the metals was found between
the fo ur soils tested.

Of the various extractants used in  this study , the DTPA ex-
t r a c t i o n  m e t h o d  of  L i n d s a y  and Norvel l (1969) for “available ”
metals recovered the most. This method recovered from 10% to
100% of the metals added in the upper few inches of soil. In
m o s t  c a s e s , it averaged between 50% and 100%. For this reason ,
the DTPA extracts were considered to provide a good indi c a t i o n
of the degree of translocation of the metals that occurred. Re—
s u i t s  f o r  t h e  o t h e r  extractants (neutral arnmoniu m acetate , dis-
t i l l e d  w a t e r  and  30% h y d r o g e n  p e r o x i d e  .t p H 2) indicated simi-
lar or even less migration. In the case of the “total” metal
content , results were similar althou g h not as definitive in
sever al Instances. Since most of the “total” was due to in—
s o l u b l e  i n o r g a n i c  or r e s i d u a l  m i n e r a l  a s s o c i a t e d  m e t a l s , m o r e
v a r i a t i o n s  in t h e  H N O 3 — H F  d i g e s t i o n  e f f i c i e n c y  o c c u r r e d  f r o m  o n e
samp le a nal ysis period to another than was observed for the
other e x t r a c t i o n  m e t h o d s .  As a result some v a r i a t i o n s  in “ t o t a l ”
m e t a l  v a l u e s  f r o m  o n e  s a m p l e  p e r i o d  t o  a n o t h e r  w e r e  o b s e r v e d  in
several cases. Eve n so , for most metals and soils , the “total ”
metal concentrations measured indicate no significant mi gration
of these 5 metals below the top 7.6 to 12.7 cm (3 to 5 in) of
soil. Indeed as indicated in Table 16 , when a comparison of the
metal content in a thin surface layer of a few m il~~ime ter s is
m a d e  to  t h e  c o n t e n t  in t h e  o v e r a ll  top one inch of soil , it is
a p p a r e n t  t h a t  m u c h  o f  t h e  a d d e d  m e t a l s  r e m a i n  a s s o c i a t e d  w i t h
the thin surface mat. In all instances , the ratio of the metals
in this surface film to those in the top 2.5 cm c— f so i l  in—
creased with sewage effluent addition usuall y pe a king at 6 to
10 months of app lication and decreasing again by the 12th month
of sewage application.
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Table 16. Ra tio of DTPA Extractable and Total Metals in Surface

Film to Top One—Inch Layer

Acid CL Basic CL SC SM d/u

Mon ths DTPA Total DTPA Total DTPA Total DTPA Tptal

Cadmium
0 ——— — -—-- — -—-  --—- ——--

2 7.3 1.9 5.1 42.5 3.3 8.7 1.9 5.2

6 13.9 6.4 4.1 13.3 8.2 8.3 6.4 12.1

10 13.8 9.0 7.2 7.2 9.1 9.2 10.7 4.7

12 3.3 2.8 3.2 2.2 1.6 1.5 2.1 3.2
- Copp er

0 1.2 1.9 0.7 0.9 1.0 1.1 1.0 0.8

2 1.5 2.1 1.3 4.0 3.8 1.8 5.5 2.4

6 6.7 4.5 3.2 2.4 5.4 2.6 3.5 4.3

10 4.1 3.7 2.6 2.4 6.1 4.6 3.5 2.7

12 2 . 0  1 .6  2 . 3  1.1 1 . 6  1. 2  1 .7  1 .3

Lead

0 1.9 1.3 1.0 0.8 -0.9 1.0 1.2 0.9

2 2.6 1.1 3.5 3.5 2.3 1.2 3.6 2.9

6 6.2 1.6 4.7 2.1 4.7 2.7 6.0 3.4

10 3.9 1.8 3.2 3.6 5.4 4.8 5.2 3.4

12 4.6 1.1 2.0 1.1 1.5 1.1 1.8 1.7

Nickel
o 0.5 1.1 ———— 0.9 1.1 1.2 ——— — 1.3

2 2.2 1.3 6.1 2.2 6.8 1.3 6.3 5.6

6 5.0 1.9 4.1 2.6 6.1 2.8 6.0 5.9

10 0.5 1.7 4.6 2.5 5.8 4.8 5.7 3.3

12 2.5 1.1 3.0 1.3 1.7 1.2 2.3 2.2

Zinc
0 1.4 1.3 0.6 0.8 1.0 1.1 l.i 1.0

2 1.5 1.0 4 .6  1.9 2.6 1.3 4 .6  3.4
6 6 . 0  1.5 - 4 . 6  1 .9  3 . 6  2 . 1  s.~

10 4 . 6  1 . 3  4 . 4  2.].  5 . 9  3 . 6  5 . 7  3 . 5

12 2 . 2  0 .9  2 . 8  1 . 3  1,8  1 .1  1 . 8  2 . 5  

-. ~~~~~~~~~~~~~~~~~~~~ 
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A d d i t i o n a l  e v i d e n c e  f o r  l a c k  of m e t a l  m o v e m e n t  t o  d e e p e r
depths was indicated by the absence of t h e s e  m e t a l s  i n  d e t e c t -
able quantities in filtrate waters obtained from suction cups
or tubes located at d e p t h s  of 30 in (75 cm) and 60 in (150 cm).

C a d m i u m  in  So i l

As shown in Fi gure 30 , no evidence was found for migration
of cadmium below approximately 7.6 cm (3 in) depth over the 12
month period. Furthermore there did not appear to be any dif-
ference in migration within the four soil types. If we assume
that the Lindsay—Norve ll DTPA extraction test does indicate the
“ a v a i l a b l e” c a d m i u m  p r e s e n t  in the soils then the results also
indicate that from 50% to 100% of the cadmium added to the soils
existed in forms “ava i l a b l e ” for plant uptake and microbial
act ivity.

N o n e  of t h e  cadmium added was found to be water soluble
after app lication but from 5% to 50% was extractable with neu-
tral ammonium acetate. The greatest amount of this “excr~ange—
a b l e ” c a d m i u m , 35% t o  50% , w a s  f o u n d  in t h e  SC s o i l  lysimeters
and th e least , less than 20% , in the acid CL soil.

As previousl y mentioned , some variations in the HNO 3—H F d i-
gestion values were observed from time to time that did not
appear to be related to true variations in the metal concentra-
tions. This was most evident in the case of cadmium where the
DTPA extracts from fraction I of t h e  soil samp le sp lit exceeded
the “total” found for fraction II in a number of cases. This
d i s c r e p a n c y  was  p r o b a b l y  d u e  t o loss of some of the cadmium in
f r a c t i o n  I I  as a r e s u l t  of t h e  n u m b e r  of s e q u e n t i a l  e x t r a c t i o n
steps involved with the potential loss of cadmium during each.
In add ition , the HNO 3—HF digestion for residual cadmium may not
have recovered all of the metal. For this reason , the b udget
f o r  c a d m iu m presented in Table 17 does not account for all of
t h e  c a d m i u m  a p p l i e d  t o  t h e  s o i l s .

C o p p e r  in S o i l

As i n d i c a t e d  by t h e  v e r t i c a l  p r o f i l e s  o f  D T P A  e x t r a c t s
s h o w n  in F ig u re  31 , copper in the sewage effluent was retained
in  t h e  u p p e r  f e w  i n c h e s  of  s o i l .  Slight differences in the DTPA
extracts bel ow 12.7 cm (5 in) especially in the Basic CL soil
a r e  n o t  considered significant but rather appear to represent
small v a r i a t i o n s  in extraction efficiencies for different samp le
per iods. Based upon these DTPA extracts , 20% t o l00~ of th e
c o p p e r add ed w ill b e “available ” . As in the case of c- -cdm ium , no
wate r soluble copper was found. In addition , onl y trace quanti-
ties of ammonium acetate extractable copper were found.

E v i d e n c e  of  s m a l l  b u t  c o n s i s t e n t  q u a n t i t i e s  o f  o r g a n i c a l l y
associated c opper were found. Up to 25% of the added c o p p e r  was
extr a c t a b l e  by 30% hydrogen p e r o x i d e  a d j u s t e d  to pH 2. Largest
a m o u n t  of  t h i s  f o r m  of  c o p p e r  was  f o u n d  f o r  t h e  SM(d/u) soil
w h e r e  b e t w e e n  8% a n d  2 6 %  of  t h e  c o p p e r  w a s  so e x t r a c t e d .  B o t h

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a c i d  and  b a s i c  CL soils ranged from trace up to 10%. Onl y in
the SC soil were no si gnificant amounts of peroxide extrac table
not found. This association of copper with organic matter was
expe cted since McLaren and Crawford (l973a) had found up to 35%
of t h e  c o p p e r  in  24 different English soils. Copper absorption
by organic matter has also been reported by others (Mitchell ,
1964 ;  L e e p e r , 19 7 2 ) .

That copper did not migrate below the top 12.7 cm (5 in)
of soil is also indicated by the metal balance presented in
Table 18. More than 100% of t h e  c o p p e r  a d d e d  to  e a c h  t y p e  s o i l
is accounted for within the top 12.7 cm (5 in) of all lysi—
meters as well as the Basic CL land p lot.

N I c k e l  in So il

Results for nickel are very similar to those observed for
copper. Vertical profiles for the DTPA extracts are shown in
F i g u r e  32 and  i n d i c a t e  m i g r a t i o n  of less than 12 .7 cm (5 in) for
a l l  s o i l s .  T h e  D T P A  extracts indicate that from 10% to 100% of
the a d d e d  ni ck el w a s  “available ” . However , the average value
for this fraction was probabl y less than for the other met als.
No appreciable water soluble or ammonium acetate extractable —

n i c k e l  was found. As in the case of copper , a portion of the
nickel added was associated with the peroxide extracts with the
largest amount (up to 30%) bein g found in the SM(d/u) soil. A
metal balance for nickel is presented in Table 19 and indicates
that all added nickel could be accounted for in the top 25.t+ cm
(10 in) of soils and for three of the soils within the top
12.7 cm (5 In). However , it should be pointed out that greater
uncertainty exists in  the metals balance than in the soil pro-
f i les , and migration below 12.7 cm (5 in) probabl y did not occur.

Lead in Soil

Data for DTPA extracts from the various soils shown in
Figure 33 indicates lead was retained within the top 7.6 cm
(3 in) for the SC and SM(d/u) soils. Basic CL and Acid CL
soils data were not as well defined with the possibility that
lead mi gh t have migrated slightly deeper in these soils. How—
e v e r , the metal balance presented in Table 20 indicates that all
of the lead in Acid CL lysimeters was recovered in the top
12.7 cm (5 in). In the case of Basic CL soil , a difference
existed between the lysimeters and land plot values. Based upon
the land plot , it can be assumed that the lead p ro b a b l y  did not
reach the 19.1 cm (7—1/2 in) depth.

Lead was not found in water , ammonium acetate or hydrogen
per oxide extracts suggesting that the lead existed in some in-
sol u b l e , non—exchangeable inorganic form that probably accounts
for its immobility.
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Zinc In Soil

Vertical profiles in Figure 34 suggests zinc may have
moved from 12.7 to 19.7 (5 to 7— 1/2 in) depth .s in both the
Acid and Basi c CL soils but prob ably did not move below 2
to 3 inc Ites in the other two soils. From 10 to 100% of the
added zinc was associated with the DTPA extracts. However ,
only trace quanti ties were found in the other extracts.
Attempts to arrive at a me tal ba lance for zinc have not met
with much success. T h e  reasons for this inability to account
for the added zinc are not known at this time.

The concentrations of total zinc in the soil before the
treatments were applied were quite high. The amounts added
were small compared to the backgro und , thus calculations of
a balance resulted in sporadic results , rang ing from —3% to
several hundred percent , dependin g on the depth of profile
considered. Consequentl y ,  the:-deta iled~~results are shown
in Table 20a.

Effect of Sewage Quality Parameters on Metal Migration

It was originally intended to correlate w h e r e  p o s s i b] e
the effect of various sewage effluent quality parameters such
as pH , alkalinity, hardness , biochemical oxygen demand and
total organic carbon , on migration of the metals within the
various soils. However , due to lack of sufficient metal mi-
gration over the time span of the project such correlations
were not possible. -
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IX. Spec ial Treatments

Six months after the initiation of the effluent treat-
ments , a series of special treatments were superimposed on
certain lysimeters for a period of six weeks. Lysimeters 3 ,
10 , 11 and 19 were sprinkled with distilled water to simulate
1.27 cm (.5 in) rainfall dail y for a three—day period. This
water contained no metal or bromide spike. The regular efflu-
ent app lication was not interrupted by this treatment. Lysi—
meters 2 , 7 , 13 and 17 were treated for a six weeks period
with the standard effluent containing the bromide and metal
spikes. These treatments were applied in place of the normal
effl uent and p last ic tents were used to protect p lots from -

the normal effluent spray.
One load of each of the pH adjusted and clarified primary

sewage were t ransported in a special tank each week to the
plots. It was applied manuall y through a hand—held garden type
spray head on the end of a pressurized hose.

The characteristics of the clarified primary sewage are
shown in table 21. Many of the properties are similar to the
regular effluent with the exception of the much higher BOD and
TOC . This material would be characteristic of effluent which
might be expected from a malfunctionin g plant.

So il sa m p les were taken for metal analysis before and after
the special treatments. No differences in the buildup or mobil-
ity of any of the fractions of the various metals were evident
f r o m  ana l yt ical results. Soil surface pH samples were collected
from all lysimeters at the end of the experiment. These are
shown in table 22. It is evident that none of the treatments
influenced the pH of the surface soil and most likel y d id not
influence the soil at greater depths.

Some movement might have been antici pated in the lysimeters
subjected to acidified sewage effluent (Leeper , 1972; McLare n
and Cr aw f o r d , 1973b). Howe ver , no such effect was observed.
The pH of the acidified effluent was apparently not sufficient
to reduce the soil pH ’s low enough to allow migration of the
netals. As Cottenie and Kiekens (1972) showed for zinc and
c o p p e r , these metals were absorbed and retained in a number of
d ifferent soils at a pH of 3.5 and above.

Th us , it can be concluded that short—term changes in pH
or BOD in the effluent will not significantl y alter the buildup
or mobility of the various forms of the five heavy metals exam-
ined in this study in any of the soils tested.
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Table 22. The pH of soil surface samples taken immediately

before and after the 6 weeks special treatments .

Acid Basic
SC CL CL SM(d/u)

B A B A B A B A

Usual Effluent 8.65 8.63 - - -  8.47 7.64 8.67 7.68 8.96

Usual Effluent 8.01 8.74 8.55 8.76 8.29 8.32 7.53 9.19

8.36 8.68 - - - 8.54 7.64 8.30 8.67 8.80

5.1 cm (2”) effluent
p114.5 8.60 7.77 - - -  8.22 8.26 7.99 7.72 6.48

for 6 weeks

5.1 cm (2”) clarified
primary effluent 8.44 8.57 - - -  8.26 7.96 8.85 8.21 8.28

for 6 weeks

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -
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X.  pH a n d  O x y g e n  in  t h e  S o i l

pH

S o i l s  w i t h  a r a n g e  in  p 1! w e r e  s e l e c t e d  f o r  t h i s  s t u d\ ’ .
The SM(d/u) soil and acid CL h a d  in itial pH values averagin g
6 and 5.6 respectiv c-l y thr cug hout t h e  profiles at the bc~~in—
n i n g  of  t h e  e x p e r i m e n t .  T h e  Basic CL soil had an initial p t
of 7.7 wh ile the p 11 or the SC soil averaged 7.4. The app lica-
tion of the basic sewage effluent slowl y increased the p H of
all profiles. initial and final ph profiles ~‘re plotted in
figures 35 , 36 , 37 and 38. The SM (d/u ) soil which contai n ed
the least amount of clay and exchan ge sites exhibited a p h
adjustment from the initial average of 6 to a final average
value of 8.4. The Basic CL soil be came more b a s i c  t h r o u g h o u t
the profile with an average p H adjustment of nearly 1 unit.
The pH of the Acid CL soil changed over 2 units at the sur face
a n d  l e s s  t h a n  1/2 unit at greater depths. This is indicative
of the slower water movement throug h this soil. The pH of
the SC soil changed 1 unit in only a thin layer at the surface.
While the SC soil did not have the greatest clay content , the
clay probabl y had a greater surface area and thus more exchange
sites than that found in the other soils.

Oxygen

The oxygen diffusion rate is indicative of the supply of
oxyg en throug h the water film to the roots and micro bes in the
soil. It increases as the soil dries and decreases sharp ly
when the soil is rewetted. The results for an 18 day p eriod
initiated immediately after the application of the last 2.5 cm
(1 inch) of sewage effluent are shown in figures 39 through 42.

C For all soils the ODR increased with time as is anticip ated.
The basic CL soil and the SC soil started at very low values
indicating that the oxygen suppl y was limited.

Data in the literature (Lemon and Erickson , 1952) indicate
that below an ODR of .35 ug cm 2 m in 1 , the resp iration of roots
is below optimum values. SC soil remained below this level at

- all depths measured for 4 days while the basic CL soil remained
- below th is level for 2 days. The ODR should decrease with
depth in all cases. The occasional profiles with SC soil and
SM(d/u) soil remain unexp lained. The ODR i n  the acid CL and
SM(d/ u) soil did not change greatl y throughout the measuring
per iod and were at all times above the critical value. These re-
sui ts indicate that during part of the interval between app li—
ca tion at least the SC and basic CL soil suffered from a shortag e
of oxyge n. During periods of low evapotranspiration , w h e n  a l l
the soil became wet , they may have all had oxygen diffusion rates
below that required for optimum biological activity in the root
zones. 
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pH
5 6 8 9

0. C I I

x

- 

. 

4O~ x Oct. 15 , 1973
a Nov. l, 1974

DEPTH \\(cm) \~~80

120 -

160 -

F i g u r e  35.  The  pH of the SC soil in the lysimeters at s e l e c t ec . .
dep ths at the beginning and end of the experiment.
The  v a l u e s  a r e  t h e  averages of five l sim eters.
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X L .  S o f  1 — M e t a l  S a t u r a t i o n  S t u d y

I nt r o d u c ti o n

The o b j e ct i v e  of  t h i s  s p e c i a l  l a b o ra t o r y  s t u d y  w a s  t o
d e t e r m i n e  t h e  a b i  l i t y  of  the f ou r  s o i l s  used  in t ii s stud y
to a b s o r b  h i gh c o n c e n t r a t i o n s  o f  cadm um , c o p p e r , le nd , n i c k e l ,
and zinc. A d d i t i o n a l  i n f o r m a t i o n  was soug ht on the c o m p e t i -
tion of d i f f e r e n t  met als for the ava ilable fix ation site s on
the soil.

Methods

Ten grams of air—dried soil was placed in a poly c arbon ate
centrifuge bottl e wi th 100 ml of distilled deionized water to
which all five of the study metals h~~d been added. The epike
was prepared from five stock solutions , one for each of t h e  give
metals under stud y. Each stock solution contained 1 ,000 milli-
gram s per liter of one of the metals. Durin g the course of the
study , these solutions were mixed in equal volumes and d i l u t e d
as needed to create solution s conta ining 1 , 10 , 100 , and 200
milli grams per liter of al.l of the fiv e , metals as needed. The
stock solution was prepared using the hy drated sulfates of all
metals but lead. Because of low lead sulfate s o l u b i ] it y ,  lead
nitrate was used.

The soil—metal mixture was shaken for two hours at 25 cps
in a laborator y shaker. After shaking, the water and soils
were separated b y means of a centrifuge. Each soil was analyzed
for 1) available metals by extraction with DTPA solut ion , 2 )
water soluble metals by leaching with distilled , deionized
water , 3) exchangeable metals by an amm oniu~n a c e t a t e  e x t r a c t i o n ,
and 4) organicall y bound metals by hy drogen peroxide extraction ,
and 5) mineral associated me tals by a nitric acid p lus hy dro—
flouric acid extraction. The supernatan t was anal yzed for
total metal so that an internal check on the amount of metal
taken up by each soil could be made. In addition the detailed
procedures are given in chapter V III.

Results

Detailed data on the amount of each metal removed b y vari-
ous extractin g procedures from the soil after treatment is shown
in  A p p e n d i x  I. The am ount of the various metals remaining in
the sp ike a fter c e ntrif ugation is aloo given.

In all cases the concentration of metals removed by each
extraction procedure in creased as the c o n c e n t r a t i o n  in the
ori g inal spike increased. The largest portion of all metals was
generally removed by the DTPA e x t r a c t a n t  i n d i c a t i n g  that the y
would have been available to p lants. Generall y the am moniu m
acetate extr action removed the second most amount of m e t a l ;
again i n d i c a t i n g  t he  a v a i l a b i l i t y  to plants. The e x c e p t i o n  to
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this pattern was lead. The DTPA removed very l i t t l e  lead from
any  of the soils. The ammonium acetate was more effecti ve in
r e m o v i n g le ad , but the quantities were not as great as for
o ther metals applied. N i t r i c  and h y d r o f l o u r i c acid was required
to remove most of the lead indicating that it was more tightly
held th an the other metals and that it was probabl y associated
with the mineral fraction.

At increased concentrations in the sp ike , a small fraction
of each metal was extractable with water , wh ile none of the
background metals were water extractable. At concentrations
of 100 ppm in the spike , typ icall y 1 or 2% of the metals added
remained extractable with water. Three percent of the nickel
and zinc were extractable from the SM(dfu) soil , indicative of
fewer absorption sites in this soil. Water extractable lead
from all the soils was less than .05%.

The Basic CL soil was most effective in removing metals
from the spike. At 100 ppm in the spike , this soil removed
64% of the cadmium , 99 .7% of the copper , 100% o f  the lead ,
57% of the n ickel and 62% of the zinc. The SM(d/u) soil was
least effective in removing metals from the sp ike. Again at
100 ppm in the spike this soil removed 32% of the cadmium ,
55% of the copper , 98% of the lead , 2.5% of the nickel and
5.5% of the zinc.

Hydrogen perox ide extraction to remove organicall y bound
me tals yielded quantities similar to or slig htl y greate r than
that extracted by water. Copper consistently had higher organic
association than the other metals investigated. For the soils
and metals which had high available metal contents , the fr ac—
tions fo und in the nitric and hydroflouric extractions were
small. For cases where the metals were not available such as
f o r  l ead , greater q uantities were mineral associated.

In order to determine if there was a maximum amount of
metal which could be adsorbed by these soils , the mixed spike
concen tration was increased to 200 mg/l of each of the five
me tals being studied. This was the practical limit for a mixed
spike since at hi gher concentrations , lead was fo rced out of
solu tion. The amount of metals taken up fro m all the spike
conc entrations is shown in figures 43—47. For these figures
the uptake was taken as that which did not remain in the spike
af ter it was separated from the soil by centrifugation.

Note that th e ratio of sp ike to soil used is such that if
al l  the me tal in the s p i k e  w e r e  taken  up ,  the concentration in
the soil in mg/Kg (ppm) would be 10 times the concentration in
mg/l in the or iginal spike. Figure 43 shows that at concentra-
t ions  of 1, 10 , and 100 mg /Kg, all the cadmium was removed from
the spike. At concentrations of 500—600 mg/Kg cadmium satura-
tion begins to occur. The Basic CL soil shows a slightly higher
up take while the SM(d/u) soil exhibit, a lower uptake than the
other soils at spike concentrations of 100 mg/i and a marked
decl ine at 200 mg/l . The lower absorption capacity of this soil
is assoc iated with its lower cation exchange capacity and sur-
face area.
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acid CL

E:. SC

_ I
— ::::: I

—

10~~ 

I

I,

_ 

i 

_ _I- _ _  1 L
Initia l Mixed Spike Concentration (mg/i)

Figure 43. Uptake of cadmium in mg/Kg by each of the four soils from
1, 10 , 100 and 200 ppm solut ions.
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The copper uptake capacity (Fig. 44) for all but the SM(d/u)
so il ex c e e d s  1000 m g/ i , and onl y small amounts remained in the
auperna tant for the other 3 soils at spike concentrations of
200 mg/i.

Lead uptake shown in figure 45 was very nearl y complete
for all sp ike concentrations used. Only the SM(d/u) soil did
not take up quite all the lead from the 200 mg/i sp ike.

N ickel uptake shown in figure 46 was again lower for the
SM(d /u ) soil at 100 mg/i . The data is missing for the hig her
concentration in this soil. The maximum uptake from the combined
spik e for the other three soils appears to be 5—600 mg/Kg and is
even lower when the spike concentration is higher indicating
that nickel may not compete as effectively f o r  the ava i l abl e
fixa tion sites.

Zinc uptake shown in figure 47 shows a patt ern similar to
cadm ium uptake except that the acid CL soil exhibits less up-
take from the 200 mg/k spike .

The total uptake of all the metals for each soil is shown
in figure 48. The SM(d/u) soil exhibits slightly lower uptake
at the 10 mg/i level and a larger decrease at the 100 mg/i level ,
again indicating the competition for available sites. At high
sp ike concentrations , the gre atest total amounts of metal were
sim il a r  and  sl igh t ly  low e r , indicating that their total capaci—
ties were in the range of 4—5000 mg/Kg. The possibility of
compe tition was investigated and will be discussed next.

Compe titi on Be tween Me tals

In order to determine if the various metal ions competed
for a fixed number of sites on the soils , a comparison was made
between the uptake of cadmium by all four soils from a sp ike
con ta in ing 200 m g/ i of a l l  5 m e t a l s  and a sp ike containing 200
mg/i of cadm ium only. As shown in table 23 , a l l  s o i l s  took m u ch
more cadm ium when the other metals were not present in the spike.
In the case  of the bas ic CL , the soil took almost twenty times
as much as cadmium . This clearly illustrated that there was
compe tition between the various metals for the absorption sites
on these soils.

I
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Fi gure  44.  Uptake of copper in mg/n by ~-n~ h of the four soi ls from 1,
10 , 100 and 200 ppm solut ions. 
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Figure 45. Uptake of lead in mg/Kg by each of the four soils from 1,
10, 100 and 200 ppm solutions.
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Figure ‘46. Uptake of nic kel . in mg/Kg by each of “he four soils f rom
1, 10 , 100 and 200 ppm elutions . 
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Figure 47. Uptake of zinc in mg/Kg by each of the four soi ls from 1,
10, 100 and 200 ppm solutions.
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- Total Cadmium Uptake

Soil Type
200 mg/i 200 mg/ i

Mixed Spike Cd Sp ike

. SM(d/u) 56.00 171.00

basic CL 4.67 91.00

- 

acid CL 75.34 182.50

SC 59.34 1 6 6. 0 0

Table 23. Total cadmium uptake by each of the four soils from a 200 ppm
mixed spike solution ~nd a 200 ppm cadmium solution .
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Test of the Procedures

As a gener al test of the procedures followe d in th is study,
a materials balance was made b y comparing the at::ounts of metal
rem ain ing in the sup e rn a tant I Ji us t h a t  found in t n  v a r i o u s  f r a c -
tions of Split II wit h the amount ori g inally a l d e d .  The re s u l t s
are shown in fi gures ~9— 52 . Considerable s c a t t e r  is fau nd in th e
data for the one m~~/1 i~ ixo d s ? i k e  c o n c e n t r a t i o n .  The r e s u l t s
were generally low. There w- ts a ppreciable impr cr.-em en t in the
accountabi l ity of the sp ike at the 10 mg/ I sp i~:e co n c e n t r a t i C ~
level. Again the results w re generall y low . At th e 100 n n f ~
sp ike concentration , the results improved again show in g that
between 80 and 120% of the sp ike was being recovered. The
results were stil l  sli ghtly lo- ,~ in the case of the has ic CL
and the acid CL clays. At the h i g h e r  concentrations , the
r e c o v e r y  of c op p e r  is consistently lower than that oi the oth er
m etals.

— ~~~~~~~~~~~~ _~~~~~~~~ - -- - -
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X I I .  Discussion

As discussed in the introduction , the concentration of
heavy metals found in sewage effluent dep ends on many factors.

The concentrations of heavy metals commonly found in sew-
age effluent are lower than the 1. ppm concentrations used here.
Blakeslee (1973) reported mean concentration in the effluen t of
57 Michigan plants as 0.14 ppm Cu , 0.43 ppm N i , 0.44 ppm Zn ,
0.027 ppm Cd , and 0.14 ppm Pb. The maximum concentr a t i on found
for all the metals but Cd were 1.3 ppm or greater. Thus , for
all metals except perha ps cadmium , the values used here were
within the range of concentra tions normally found.

The fate of trace elements applied to soil in sewage efflu-
ent may depend somewhat on thc form of the elements at the ti~ae
of application. Ionic forms might be expected to leach further
than those which are associat ed with the organic consti t uents
of the effluent. While the differences may be slight , attempts
were made in this study to allow the spikes to equi ibrat e wi t h
the effluent before applicatio n. Equilibration was enhanced by
r a p id mixin g during the 15—30 minutes required to transport the
effluent. Comparison of the APD C—M IBK extract ioo o~ the efflu-
ent which should represen t soluble forms of the heavy metals
and the total metal content (table 4) reveal that 60—70% of the
metals remained in extractable forms. Blakeslee (1973) found
that typically 50% of the metals he detected were in the filtr atc
of the effluents. Considering the possibility that the extrac —
tant used here may have removed some loosely held ions , the con—
parison reveals that the equilibration process was adequate to
achieve distributions similar to those resulting in treatment
plants.

Heavy metals applied to soil may be fixed by the soils ,
taken up by plants or leached from the bottom of the profile.
In order to achieve a fair test of the possibility of metals
leaching through soil profiles , some assurance must be had that
the a p p lied water had displaced the water already in the profile ,
thus resulting in a comp lete b reakthrough of the new water.
W ater movement processes in the soil may be slow , and if evapor-
ation approximates water app lication over a period of a year ,
little or no water may pass below the root zone . To assure that
breakthrough occurred , bromide was utilized as a tracer. Bromide
is a h igh l y mobile anion which occurs infrequentl y in nature
(Bow e n , 1966) and has proven useful in miscible displacement
studies (Smith and David , 1974).

T h e r e f o re , the effluent app lied to the lysimeters and field
plots were spiked with 100 ppm bromide. Classical breakthroug h
curves were found for the SM(d/u) soil and the basic CL soil.
Complete breakthrou gh occurred within 16 and 32 weeks respectively
for these two soils. The SC soil which exhibited shrinkage cracks
showed rapid movement of the bromide throug h the pr ofile to the
suction cups at 150 cm . The Ac id CL soil had a very tight sub-
so i l , and although bromide was evident in the leachate throug hout ,
mean concentrati on never reached more than 40% of- that app lied.



I l l

- - n - - en —~ 
1 d t o  1 a L I t ’  ( ‘-~‘~~~S

1 liii r I I h bu t I I L ( (I
I I e n  u m d  t im p p ~ L it  t 1 1 n t 1 1 t b r 1 i U I ii h eu r t

A a V me 2 :4 - h  i~ Ifl i m’ i i I It : iv  0 o CO II I C - - - 1 11 ~1 S I)  1 oh 1 c 1: 1 a I mu - I e

or m w ott I d ave had a i t  ii c ha it c e o it g r a I li ro a a t e - S t

cc) 01 he  (‘U r a ii. i ~
- r i  e S en c I a Sod i n I a e Iv s I m e t a r s -

C om p a r i s 1) 11 o f  : h a I v:; 15 1’ ‘ r and  c Id p lot t- ’a or ha I n t r o  
-

d a t a rove a 1 1 ha i w 1 h p 01)  C t  i. an a C e men I , a I a i I a r W at e r - o t en t i a I.

and co st ‘ D I  p r o f i l e s  c n t m  be a c : ’ t i m ’ v e d .  Thus . then sb u ]d be no

d i N  b u l L y  e x i r a p i l . m :  i n g  lys i m e t e r  d . - n i v e c l  d ta to the f i e l d .

Onl y sm a l l  a m on a t s  of t im e  a p p ] ~ed m e t a l s  we re t n ~~ en  u ;  -v

t h e  g r a s s .  0: I d e  1 2 — 1 4  Kg/ha ol each to tal added d u n n. -, i l:e

y e  - ì  r , e s s I dot- I a ad i a me s e a s e  a • lass than 0 . 5 ~ ~~ ~ ~~ €- ( I V

by t Ii e ha rv Os I d ~ r a t  ~ do  :- j a t ’  m e  50110  p a r i o d . Lea s (‘1 r”4’ U it S

o~ cadt ciur: no d n t c h c l  w a r e  ~aLen u: h t I f  e r e n c o s  In u nt a ~~ e h - - —

t I- t ee n  s i t  it: ap~ ’ e . m r m - d l o  be ‘tare reLated to grass :.‘I.eI L:,:n Co1t~~

c e n t r a t i o n  d i f f ~~reuc~~~ in the gra a s ha rv e sted f r o m  su l l ~~ . A l —
thou g h the coneen t rar j o j i of r a t a l S  In t i l L  grass v a r i e d  f r o m
One s:ir:pl ing d a t e  t o  a n o t her , t he d ata in d i c a t e d , ca rt I c u l  a n y
fo r zinc , c a d m i u m  and c a p p e r , t h a t  t I L t ’  c o n c e f l t r a  i a ’  ;n  t h e

plants increas ed as t it ~ cOr,r n rtm t  (5 In t h e  50 )15 i n c r e a s ’d .  Tb”
c o n c e n t r a t  ion  o f  all, t h e  m t n l s  in I t o  h i ar v ,  - t e d  a r - I - s ran,
all p l o t s  w e r e  o f  t he s m t - o r d e r  o f  ma5’ a i : u d l - . I~i i : c  c - o c e t i r a —
t i o n s  w e r e  a l I t t l e  h igL~~r th an the o t h e r s , hut c o n t c r  r a~~:a n ’
of nickel , c a d m  on , i c - a d  and  co T- pe r w ore 141 1  s i m I la r  t i ’id a ]  I
increased throu g h o u t  the year o f a p p l i c a t i o n .  Th i a  S u g g e S t  a
s~~m r lar fractions of all. t h e  ‘:10: als were he ] d in ‘ or ns- .va i -~~~

- Ic
to the pl a n t s.

T y p i c a l  a nd  t o x i c  c o n c e n t r a t i o n s  of t r a c e  ci nie n t s f o u t d
in p lan ts  h av e  been r~~oorted by  A l i owv (lh6 ~~) (Table 2 1 ) .  (2 l~~
in the c a s e  o f  c o p ; - r  d i d  th e c o n c e n t r a t i o n  i n  t he  nr.~~ S rt ‘C it

the  p o t e n t i a l l y  t o x i c  1e~~ei N 20 p p m .  T h i s  o c c u r r e d  i t  th e
f ina l  h a r v e s t s  in t h e  a c i d  Cl. an d  S I’ l ( d/ u )  s ’,’i l s.  ( x j C

o f  Cd and Pb in v e g e t a t i o n  h a v e  no t  bc 1 - n  e s t a b l i s h e d  in t I m e
l i t e r at u r  . The c a n c e u t r a t  io ns  N the . i p p 1 i e .~ m e t a l s  i n  t h
ha r- .- c - s t e d  g r a s s  f a r  a l l  th e m e t a l s  bmt t z i n c  - :-: c- t ’ o d e d  tb u; p er
end o f t m i e  no rIn a 1 r i  go r I- It o r t e d by Al I (

~ 5w (1 9 S ) a t I e 0 S

d u r i n g  some h a r v e s t  d u r i n g  t h e  y e a r .  The c ad t :t i u n  c o n c e n t  r a t  i ons
are as g r e a t  as 30 t i t e s  t o e  uppe r  end o f  t I I C  norm al r a n g€ -

The greatest con cen rati on s w e r e  f o u n d  in the 1 , -w ot i l l i r a c t e t
thick surface sana les. The conc en t r a t i o n s  of ti l l m e t a l s  de-
c r e a s e d  w i t h  d e p t  h so  t h a t  a t  a d - p ’ h  of 15 cm ( inches) on n e en—
t r i t io n s  w e r e  s i m i l a r  t o  i ; i ck g ro u n d lev i  It;  . - \ f t  e r  I he- no y e - a r ,
the m a j o r i ty  o f  he app l ie d  r : c t a l s  c o u l d  ha~~c b e e n  r e na - ed l v
r e m o v a l  o f  the  top  5 c m ( 2  i n c h e s )  o f  s o i l .  I’i sam e c a s e s
re m o v a l  o f  the  t o n  2 — 1 / 2  L III (I i n c h )  w o u l d  h a ve  r e m o v e d  ev e r
50 % of  the  app i  i d m e t a l s .  T\ ’ ; i c a l  c a n c O t t t  r a t  1011 5 o f  h e a v y
m e t a ls in s o i l  w e r e  r ’ - p u r t e d  b y A l l o ’ - .’v ( 1 9’~~ ) ( la I i l e  2 4 ) .  Onl y
the  v e r y  s u r f a c e  s a m p l e s  o f  a ‘ ow s o i l s  e x c e e d e d  t he  7 ppm
u p p e r  c-nd of  t h  no r r i r a n g e  in s o i L a  f o r  c a d m i u m .  A l l  o t h e r
c o n c e n t r a t i o n s  f ound  UI- to  w i t h i n  and in so me c a s e s , U. rI  be- low
the normal ranp e. Had the s o i l  b een p t v-ed . t h i s  c o n c e n t r a t i o n
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would have been decreased to well below the 7 ppm reported as
the upper limit found in some untreated soils.

Several of the profiles of DTPA extracted m etals indica-
ted an increase in the concentrations over the background levels
at depths greater than 65 cm . In the m ajority of the cases ,
howeve r , all the data from samples other than the background were
within one standard deviation of the final samples collected in
November. The back ground samp les were taken from the side of
th e p it from which the lysimeters were filled and not inside the
l ysitneters as were all the rest of the samp les. These samp les
may thus n o t  have been representative of the soil in the lys i—
meter or may for some reason have undergone changes during storage
and  processing which resulted in less DTPA extractable m etals.

No metals were detected in either the root zone water samples
collected at 75 cm in the profile nor in the leachate collected
from the bottom of the 150 cm deep lysimeters. These results
further substantiate that metals did not move into or through
the lower part of the profiles investigated. The four soils
used had the abilit y to absorb the metals in forms which rendered
them unable to move in soluble forms to these depths.

Table 24. Concentration of heavy metal s typ icall y found In
p lants and soils (after Allowy, 1968).

Concentration in Concentration in
Element Plants (ppm) 

- 
Soil (ppm)

________________ 
Normal I Toxic Common Range

Cd 0.2—0.3 —— 0.06 0.01—7

Cu 4-15 >20 20 2—100

Pb 0.1— 10 —— 10 2— 200

Ni 1 >50 40 10-1000

Zn 15—200 >200 50 10—300
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The laboratory stud y revealed that all t he  soils had  a largc -
capacity to absorb tlIc five he avy metals under s t u d y .  T h e  SM(d/u)
soil which has t he  l o w e s t  c a p a c i t y  a b s o r b e d  up t o  100 ppm of all
t h e  metals simultaneousl y. W h e n  spike concentrations wer e - - increased

— the absorption of cadmium , copper and lead increased to 400 , 600
and 1000 ppm , but that of nickel and zinc were only 20 and 50 ppm.
For the other three soils absorpt ion capacit y of all fi n e  metals
s i m u l t a n e o u s ly w a s  5 — 6 0 0  p pm and in some c a s e s , muc h g r i a t e r .  A t
higher concentrations competition for absorption sites was evident.
Zinc and nickel were excluded from these soils first. The competi—
t i o n  became evident for concentration s of 500 ppm for zinc ,
nickel and cadmium , but was not yet evident at  c o n c e n t r a t i o t i s  o f
1000 m g / k g for lead and copper. When only cadm ium was present

j i m  
the sp ike  at  c o n c e n t r a t i o n s  o f  200 m g / l , t w o  or more  t i m e s  as

much cadmium w e r e  ta ken up t han  when all the m e t a l s  w e r e  p re s e n t ,
each at concentrations of 200 mg/i.

The laboratory study revealed that the soils had a much
hi gher capacity to absorb metals than was utilized in the field
during the stud y. In both studies , it w a s  e v i d e n t  t h a t  as the
concentration of metals in the soils increased as a result of
metal additions , the fraction of metals in the forms available
to p1 an~~r ua’I microbes increased.

In Table 25 the rate of DTPA to total metal is calculated
for the surface l a y e r  o f  each soil for each met al. The back-
ground concentrations of cadmium are low and thus the ratio is
meaningless , we find , however , that for all the other metals
and other soils except zinc and nickel in the SC soil , the
ratio of DTPA to total metal was two or more greater by the
end of the stud y. At the beginning of the study, the metals
rem ov ed b y the 1-120 , H1 ;-~0Ac , and H 202 extracting procedures
were nearly negli gible. ‘lable 26 shows the concentrations
and  percentages of the total metals these extractions
represented by the end of the stud y. Wh ile the water extracted
did not remove much metal from any soil, sig n i f i c a n t  amounts
typ icall y 0.5— 1.5% were evident in the treated soil. The
ammonium acetate extraction yielded 9— 48% of the cadmium and
smaller fractions of all the other metals. Ammoniu m acetate
extracted more of each of the metals from the SM(d/u) soil ,
which had the low surface area than from the other soils tested.
The 11202 extraction for the organicall y bound metal removed
small amounts of zinc but large amounts of cadmium , copper and
nickel. The metals remaining for the nitric and hy droflouric
ac id removal typ ically ran greater than 90% of the total except
for the SM(d/u) soils which had large fractions in other forms.

Lehman and Wilson (1971) also f o u n d  in lysimeter studies of
a number of soils that under the aerobic conditions of inter-
mittent flooding such as occurred in the present stud y, trace
metals including cadmium , copper , le ad , nickel and zinc , were
removed from sewage effluent at or near the soil surface. In
a ca l ca r eo us s o i l , 98% of the lead app lied was removed in the top
12.7 cm (3 in). Similar results were observed for nickel.
Cadmium was present in the sewage effluent but none was detected
in f iltrates obtained from the 12.7 cm (3 in) depth suggesting
this metal was also removed at or near the surface. Some m i gration
of copper and zinc were observed but only when high infiltration
rates were used ; a cond ition not reached in the present study.
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Table 27. Water quality c r i t e r i a  for surface and dr in king

water developed b y various agencies.

Continuous Use 20 year use 
_____

Element FWPCA ’ NAS Z F W P C A
Any Soil Coarse Textured Fine Textured

Soil Soil
- p p m - -

Cd 0.005 0.01 0.05

Cu 0.2 0.2 5.0

Pb 5.0 5.0 20.0

Ni 0.5 0.2 2.0

Zn 5.0 2.0 10.0

1 
Federal Water Pollu tion Control Adminis tration (1968) 

-

2
Nati onal Academy of Science (1973)

- -~~~~~ 
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1 2 3

As In the p r e a - n t . study, hc-r nlud ag ass cli p p i n g s  assim ul a te- d
se - -v e r al of the metals but not in significant q u a n t i t i i _-s .

It is more  d i f f i c u l t  to c o m p a r e  t h e  re s u l t s  of t h i s  s t u d y
with those of Ng and Bloomfield (l962)since th e i r  C l f l P h a —
sis w i s  upon t h e  effect of decomposing organic matter under
anaerobic conditions upon mobility of certain trace e lements.
Under these conditions of continuous flooding consid e rab l e
mobility of copper , nickel , lead and zinc among other metals
was observed. Subsequent reox idation of the soil did cause s o me
immobilization of these me tals with the exception of copper and
nickel.

Other recent studies indicating metal removal b y soIl
filtr a tion include those of W entick and Etze l (1972) ~ hv found
copper and zinc to be quantitatively rem oved on t i r e e  di f - r e n t
soils of vary ing clay content.

Recom m end at ions on the a m o u n t of metals that csn be o d ded
to various soils without de trimental effects on p lants must be
based on many factors. Some general guidelines for conce nt ra-
tions of metals in irri gation water which have been e stab ]~~shad
b y various agencies are summarized for the metals of i n t e re s t
in table 27. A greement between the FWPCA and N A ~ are re a so -tn b ]. ’
considering the scatt ered data they had to base their reco rt c- e-n—
dations on. Both lead and zinc are acceptable in c o n c e n t r a ti o ns
greater than those utilized here , while acceptable concentra t ions
of copper and nickel are less than the 1 ppm used here and .
recommendations on cadmium are much less. T h e  standards allow
tile possibilit y of hi gher concentrations of all metals for a
specified time period. Details of some of the standards a i ow
greater concentration s on fine textured basic soils than on
coarser texture or mor e acid soils. The results of this stud y
suggest that the limits already established are reasonable ~or
some metals. Cadmium at the rate of 1 ppm in irrigation water
equivalent to 140 cm per year , resulted in levels in the vegeta-
tion which were at the lower end of the toxic range. The FWPC - 5-
recommends that 1/20 of the concentrations used here m a y  be
a p p lied for 20 years before one reached the toxic level. Thus ,
the agreement is good. Zinc Is allowed for 20 years at concen—
t r a ti o n s  as h ig h as 20 ppm with toxicity expected at 200 ppm or
greater. In the present study 1/400 of the allowable amount was
app lied in one year and the concentrations in the vegetation
re a c h ed 40  ppm or 1/5 the lower toxic limit. Thus , the allowable
amount of zinc may be too great. Nickel toxicity is possible
at concentrations greater than 50 ppm (Allowy , 1968). In the
pres ent stud y, concentrations of 25 ppm were reached in one- year
with 1 ppm irrigation water. The recommendations allow 2 ppm
for 20 years. Here again the recommendat ions appear too hig h.
The discrepancies may well be a result of different interpr eta-
tions of the quantit y of irrigation water used and from differ -
ences in the form of the m etal. For purposes of growing a crop,
typically 50 cm of irrigation water are needed per year. If
the purpose is to dispose of water , then as much as three- times
this amount may be applied to the land. This would alter
gre atl y the amount of metal applied. W i t h  time , metals added
to the soil m ay revert to less available forms , thus the i r
potential toxicity may decrease , allowing greater long term
app l i c a t i o n  rates than would otherwise he permissable.

“-- - -  - - ~~~- ---—- - - - -~~~~~~~~~~
- - - - -
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Xlii. C o n c l u si on s

1. The copper , zinc , cadmium , nickel and lead app lied to l y i —
meters and field plots in concentrations of 1 ppm in secondary
treated sewage effluent at a rate of 2.7 cm per week for a period
of one year did not leach from the four soil profiles investi gated.

2. The largest portion of the applied metals were immobili zed
near the surface suggesting the poss ibility that disposal sites
could be renewed by the removal of thin layers of surface soils.

3. The influence of soil properties including texture , CEC and
pit were not detectable in the field , desp ite the use of soils
with widel y vary ing properties. Differential behav ior of the five
metals used were not evident.

4. Plant uptake accounted for less than 1% of the applied metals.

5. Plant uptake of the metals showed a cyclic trend over the
season , but generally increased as the app lied metals accumulated.

6. Wh ile some p lants may accumulate slightly more metals than
the bermudagrass utilized here , the results suggest that rejuvina—
t ion of disposal sites by harvesting crops would be a very slow
proce ss.

7. Applications of distilled water to simulate rainfall at the
rate of 2.5 inches per week for 6 weeks had no apparent influence
on the m ovement of the metals.

8. Applications of pr imary treated effluent with a BOD greater
than that which was normally applied , for a 6—week period , did not
have a detectable influence on the movement of metals.

9. Applications of effluent with a pH lower than that normall y
used for a period of six weeks did not have a detectable influ-
ence on the movement of metals.

10. Laboratory studies reveal that the soil investigated has a large
capacity to absorb the five metals of interest when applied in
dis tilled water. Quantities as large as 600 ppm metal were ab—
so rbed  comp le tel y by the soil.

11. The ca pacit y of the SM(d/u) soil which has the lowest cation
ex change capacity and lowest surface area exhibits metal s a t u r a t i o n

at concentrations below those of the other three soils in the labor-
atory. This was not observed at the low app lication rates used
in the field.

12. Greater absorp tion of cadmium was observed in the laboratory
from sol ution s not containing other ions than from mixed solutions ,
indicating competition for available sites.
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13. T h -  flow of w ater through ti ~e soils in the ly s ime -ters could
be ~i i d u  to equal t h a t  f l o w i n g  through the field s o ils by the app i i—
c at iou ol s u f f i c i e n t  suction to t h e  porous cups in the botto m of
the l ys ime t e rs.

14. ~ e t a 1  b a lances on the top 12.7 cm of soil accounted for
less of the cadmium app l ied , p r h ~~ps h e -cause of loss in extraction
p r o c e d u r e - s .  Tile metal b— da n~~e- b r  copper , nickel a nd  lead were
reas onable- , while that fo r zinc was spor adic. The- v a r i a b i l i t y  was
pr obably a result of the high ba c kground concentration.

15. Only small f r a c t i o n s  of t h e  metals originally in the soil
were in forms ava~~!ab le to the p lants. Much of the metals app lied
during the stud y w e-re , howev er , found in the - available form by
tile- end of the study.

16. The high availabilit y of metals may have contributed to the
high concentrations of metals , particularly cadmium , found in the
grass which was harvested from the plots.

17. The large capacity of soils to absorb heavy metals from sewage
effluent make- s them a desirable medi um for disposal of metal pol-
luted effluent.

18. The likelihood of metals le a chi ng from the soil is small , pro-
vided excessive amounts are not app lied.

19. Precautions must be taken to prevent buil d — u p s  which would he
too t o x i c  to  p l a n t s .  It would appear that heavy applicatio ns of
effluent of the quality investigated here could proceed for several
years before toxic concentrations would be reached for most m etals.
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A p p e n d ix A

Field Descriptions of Each of the Four

So ils Used in This Experiment
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Norwood Soil Series (Basic CL)

The Norwo od series comprises reddish well—drained alluvial
soils. Flood waters of rivers have carried in sediments from
the Reddish Prairies of West Texas and from the sandy forested
soils and the Blackland Prairie soils.

Profile description:

A
1 

0— 15” —— Li ght b rown (7.5YR 6/4; 5/4 moist) sand y cl ay
loam , very friable when moist and hard when dry;
calcar eous; pH 7.70; grades indistinctl y to
hor izon below.

AC 15—60” —— Light reddish—brown (5YR 6/4; 5/4 moist) clay
loam w e a k l y strat ified with thin layers of
sandy clay loam; very friable when moist and
sl ightly hard when dry: permeable ; calcareous;
pH 7.80.

Nacogdoches Sc-Li Ser ies (Acid CL)

N a c o g d o ch u s  so i l s  a r e  d e e p , well—drained up land so ils with
a dark reddish—brown fine sandy loam surface and dark red clayey
subso ils extending below 60” . They are developed from old marine
sed iments hi gh in glauconite.

Profile description:

A
1 

0—7” —— Red (2.5YR 5/6; 3/5.6 , moist) clay , w e a k  granular
in upper portion to massive in lower portion ; very
friable; sl igh t ly ha rd d r y ;  f ew f in e po re s;  few
small ha rd ferrugineous concretions 2— 5 mm in dia—
me ter ; pH 5.07; grades graduall y to horizon below.

7—60” —— Red (b R  4/6; 3/6 , mo ist) clay; moderate to strong
subangular blocky ; friable moist , hard dr y stick y
and p last ic; fine pores common , few large pores;
common f ine hard dark ferrugineous concretions
2—6 mm in diameter; clayskins almost continuous;
few soft brown ish yellow semi—hard concretions
3—15 mm in diameter which cause brownish—yellowish
streaks in the soil when crushed ; pH 5.5.

Bas trop Soil Series (SC)

The Bas trop soils occur on low river terraces adjacent to
flood pla ins and were developed under tall bunch grasses.

4
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Profile descri ption:

A 1 
0— 15” —— Brown (7.5YR 5/2; 3/2 moist) sand y clay loam ,

very friable when moist , slig htl y hard when dry;
weakly granular; numerous grass roots; pH 6.95;
grades gradually to h ori zo i below.

A
3 

15—18” — —  Li ght reddish—brown transitional layer of clay ;

- heavier than A 1 horizon.

8
2 

18—30” —— Yellowish—red (5YR 5/6; 4 / 6 , moist) clay; friable
to firm when moist , hard when dry, slig htly stick y
when wet ; massive; porous ; grass roots abundant;
pH 7.1; grades gradually to horizon below.

B
3 

30—55” —— Yellowish—red (5YR 5/1; 4/1 moist) clay; friable
when moist , hard when dry; massive; porous , grass
roots few ; pH 7.4 ; grades gradually to horizon below.

C1 
55— 60” —— Yellowish—red (5YR 5/1; 4/1 moist) sand y c l ay  loam ,

friable when moist , slightl y hard when dry; massive;
porous; pH 7.65; grades graduall y to horiz on below.

Lakeland Soil Series (SM(d/u))

Lakeland soils consist of deep li~~ht— co1ored loamy sands
over clayey materials and were developed in acid sandy clay loan
under scrubby hardwood forests on the up land.

Profile description:

A 0— 12” —— Li ght b rownish—gray (1OYR 6/2; 5/2 , moist) sand y
1 loam; very friable when moist and loose when dry ,

sing le grain ; pH 6.30; small roots abundant;
boundary with horizon below is abrupt.

A 2 
12—37” —— Very pale brown (1OYR 8/3.5; 7/3.5 , moist) sandy

loam; very friable when moist and loose when dr y ;
sing le grain ; pH 5.65; roots abund ant in upper
part; grades graduall y to horizon below.

A
3 

37—46” —— Very pale brown (1OYR 8/3; 7/3 , moist) sandy loam
mottled with yellow and reddish yellow; very friable ,
loose; pH 6.10; grades graduall y to horizon below.

Ac 46—53” —— Very pale brown (10 YR 8/3; 7/3 , moist); sandy
lo am mottled with yellow , white and distinct
yellowish red; the yellowish red is centered
around ferruginous concre tions ; friable ; massive;
pH 6.20; boundary with horizon below is abrupt.

B21 53— 60” —— White (1OYR 8/2; 7/2 , mo ist) sandy loam coa:sely
mottled with red (1OYR 4i~ same when moist) ; very
firm when moist , ve r y har . when dry, and very
st icky when wet ; weak medium bloc ky ; few roots;
pH 6.30. -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _
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Append ix B. Physical and chemical characteristics of the applied
effLuent.
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Appendix C • Sewage app lica tion schedule to both the lysimeters and
the field plots of all soils studied.
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I

date SM d/1.L Basic Acid SC
CL CL

Field Lys Field Lys Lys Lys

11/05 X
11/11 X X X X X
11/16 x x x x X
11/ 19 X X X X X
11/27 X X
11/27 X X
11/27 X X
11/2 8 X
12/05 XX XX
12/09 X X X X X
12/ 12 X X X X
12/ 1 3 X
12/14 X X X X X
12/17 X X X X X
12 /24 X X X X X
12/26 X X X X X
12/2 6 X
12/ 27 X X X X X
12/3 1 X X X X X
12/3 1 X
1/02 X X X X
1/ 0 4  X X X X X
1/ 07 X X X X X
1/07 X
1/ 09 X X X X X
1/ 12 X x x x x
1/ 14 x
1/14 x x x X
1/14 X X
1/21 x
1/30 X X X X X X
1/31 x x X X
2/01 X X X X
2/01 X X
2/ 02 X X
2/02  X
2/ 04 X X X X X

___________ 

___________ ________________ 

j  
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I

date SM d /u Bas ic Acid SC
CL CL

Field Lys Field Lys Lys Lys

2 /06 X X X X
2 /07 X X
2/07 X X X X
2/08 X
2/ 14 X X X X
2/ 14 X X
2/ 15 X
2/18 X X X X
2/20 X
2/21 X X
2/27 X X
3/01 X X X X
3/01 X X X X
3/05 X x X X
3/05 X X X X
3/05 X
3/06 X X
3/07 X
3/11 X
3/il X X X X
3/12 X X
3/18 X X X X

- I 3/19 x
3/19 X X X X
3/20 X X X X
3/28 X
3/29 X X
4/01 X
4/02 X X
4/03 X X X X
4/04 X X X X
4/04 X X X X
4/09 X X X X
4/10 x x
4/10 X

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~ 

_
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date SM d/ii Basic Acid SC
CL CL

Field Lys Field Lys Lys Lys

4/16 1/2X 1/2X
4/17 x x x
4/17 X X
4/19 x X X X
4/23 x
4/24 x x x x
4/24 X X
4/29 X X
5/01 X X X X
5/02 X
5/06 X
5/06 X X
5/08 x X X X
5/08 X
5/10 X X
5/13 X X
5/13 X X
5/14 X X
5/14 X X X X
5/15 X X X X
5/15 X X X X
5/17 X X
5/24 X X
5/27 X X X X
5/30 X X X X
5/30 X X
6/04 X X X X
6/07 X X
6/17 X X X X
6/17 X X
6/20 X X X X
6/22 X X X X
6/27 X X X X
6/27 X X
6/28 X X

_
- 

- - ~~~~~~~~~ . __
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da te SM d/~i Basic Acid SC
CL CL

Field Lys Field Lye Lys Lye

7/01 X X
7/02 x X x x
7/li X X X X
7/11 X X X x
7/12 X X X X
7/12 X X
7/ 16 X X
7/22 X X X X
7/23 X X
7/24 X X X X
7/24
7/25 X X
7/25 X U X
7/26 X XX X X X
7/26 -

8/06 XX XX
8/06
8/07 X U X X X
8/07
8/08 X X X X
8/08 X X X X
8/09 X X
8/12 XX XX - XX XX
8/12
8/13 XX U X X
8/13
8/14 X X
8/28 X X
8/29 X X X X
8/30 

- 
X X X X

9/06 X X
9/09 X X X X
9/10 X X —

9/11 X X
9/il  X X X X

- 

~~~~
_ 

-_ _ -
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date SM d/~ 
Basic Acid SC

CS CS
Field Lys Field Lys Lys Lys

9/16 X X X X
9/19 XX XX X X
9/19
9/25 X X X X
9/26 X X
9/30 X X X X
10/14 X X
10/16 X X - 

X X
10/17 X XX X X X
10/17
10/18 XX XX X X
10/18
10/24 X X
10/24 X X X X
10/25 X -X
10/27 X X X X
10/27 X X
10/27 X X X X

-_
~~~~— _ j~~~

’_
~
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-~~~~ -~~- C ~~~~~~~~~~~ —



147

Appendix D

The weekl y cum u 1at iv -~ water outflow for individual

iys ime ters  of a l l  4 so ils s tu d ied

- -  ~~~~ -i~I~~I~ 0 i _ ~
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Table D—l. The week l y cumul ative water outflow for indivi dual

lysime ters of the acid CL soil

LysiTneter Number
1 2 3 4 5 AverageWeek

1 .112 .148 
- 

.150 .183 .154 .149

2- .405 .635 •666 .823 .798 .6654

3 .149 .266 .370 .696 1447 .3856

4 .488 .610 .777 1.223 .711 .7618

5 .624 1.160 1.114 1.023 .798 .9438

6 .514 .917 .983 1.059 .937 .882

7 .710 .831 .998 .997 1.025 .9122

8 1.487 2.136 2.224 2.348 2.326 2.1042

9 1.646 2.460 2.497 2.826 2.904 2.4666

10 .985 1.612 1.686 2.170 2,176 1.7258

11 .857 1.268 11460 1.754 2.02 1 1.472

12 .804 1.246 1.436 1.749 2.268 1.5006

13 .809 1.118 1.430 1.721 2.053 1.4262

14 .724 1.055 1.513 1.755 1.875 1.3844

15 .613 1.010 1.471 1.656 1.792 1.3084

16 .651 1.029 1.518 1.782 1.649 1.3258

17 .589 .920 1.418 1.751 1.622 1.260

18 .953 .879 1.385 1.662 1.546 1.285

19 .474 .686 1.124 1.344 1.199 .9654

20 .681 .748 1.329 1.307 1.236 1.0202

21 .694 1.167 2.131 1.624 1.920 1.5072

22 .450 .762 1.150 .448 1.719 .8058

23 .558 1.030 .770 .208 1.236 .7604

24 .450 .781 .356 .108 .653 .4696

25 .346 .595 .382 .075 .593 .3982

26 .529 .874 1285  1052 .244 .3968

27 .481 .796 .352 .355 .101 .417

—- -C- - - --  A
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Ly.imeter Number
Week 1 2 3 4 5 Avera ge

28 .571 .086 .176 0 .042 .175

29 .556 .913 .312 0 0 .35

30 .393 .953 .085 0 0 .29

31 . 504 .837 0 0 0 .27

32 .158 .948 0 0 0 .36

33 . 226 .322 0 0 0 .11

34 .437 . ‘l 0 0 . 0 .23

35 .56 5 . 608 0 0 0 .24

36 .517 .263 0 0 0 .15

37 .212 1136 0 0 0 .07

38 .194 .059 0 - 0 0 .05

39 .038 .408 0 0 0 .09

40 .295 .7 69 .223 .139 .442 .38

41 .054 .791 .105 0 .042 .2

42 0 .223 0 0 0 .05

43 0 .256 0 .397 0 .12

44 0 .794 .544 .947 0 .46

45 .031 .674 .384 1.262 0 .47

46 0 .197 .101 .631 0 .18

47 - 0 .157 .025 .795 0 .20

48 0 0 0 .082 0 .01

49 0 .117 0 .568 0 .14



—
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Table D—2. The weekly cumula tive water outflow for Individu al

ly s i m e ter s  of  the SM (d/u) soil.

Lysimeter Number

6 7 8 9 10 Average
Week -

1 .210 .415 .089 .094 .184 .1984

2 .567 .629 .474 .661 .453 .5568

3 .195 .139 .080 .276 .202 .1784

4 .634 .778 .481 .222 .213 .6656

5 1.356 1.471 .954 .986 .601 1.0736

6 1.184 1.528 1.200 1.207 .586 1.)41

7 1.325 1.908 1.879 2.001 1.586 1.7398

8 2.550 3.732 3.486 4.208 3.614 3.518

9 3.302 5.625 4.685 6.205 5.302 5.0238

10 2.541 3.845 3.057 4.150 3.121 3.3428

11 2.433 3.513 2.567 3.664 2.669 2.9692

12 2.609 4.409 2.713 4.559 2.778 3.4136

13 2.404 3.923 2.523 4.153 2.987 3.198

14 2.350 3.231 2.500 3.848 2.912 2.9682

15 2 .242 2 . 5 2 6  2. 120 2.407 2 .541  2 . 5 672

16 2.340 2.266 2.119 3.348 2.408 2.4962

17 2.046 1.857 1.803 2.668 1.083 1.8914

18 1.861 1.557 1.800 2.490 1.904 1.9224

19 1.426 1.085 1.257 1 .792 1.342  1.38 16

20 1.604 1.262 1.407 2.0 19 1.469 1 . 5 5 2 2

21 2.346 1.909 1.982 2 .441 2 . 2 4 5  2.18~6

22 1.765 1.449 1.651 2 .193 1 . 7 7 7  1.767

23 1.590 1.186 1.376 1.697 1.549 1.4796

24 1.562 1.143 1.431  1 .728  1.582 1.4892

25 0.754 0.518 0 .471  0.659 0.687 0.6178

26 1.524 2 .003 1.381 1.578 1.500 1.5962

27 1~432 1,220 1~296 1.879 1.526 1.4706

— C C - - .  - p 
-- -~~~~~- - - -~~~~ --
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Lyaimeter Number
- - 6 7 8 9 10 Average

Week

28 1.242 1.243 - -  
1.268 1.650 1.425 1.3656

29 1.101 1.151 1.049 1.245 2.849 1.14

30 0.89 1.053 0.909 1.195 1.012 1.01

31 0.894 0.949 0.766 1.419 0.895 0.99

32 0.4 55 0.738 0.762 1.512 0.93 0.87

33 0.143 0.312 0.359 0.631 01383 0.37

34 0.328 0.693 0.773 1.423 0.908 0.82

35 0.093 0.735 0.909 1.421 1.044 0.85

36 0.25 0.536 0.787 1.079 0.948 0.68

37 0 0.61 0.257 0.564 0.681 0.62

38 0 0.523 0.342 0.535 0.885 0.46

39 0 0.835 0.617 0.79 0.973 0.64

40 - 0.635 0.597 0.585 0.757 0.755 0.66

41 0.743 0.584 0.261 0.836 0.94 0.69

42 0.209 0.516 0.103 1.066 0.987 0.58

43 0.642 0.725 1.057 0.834 1.116 0.91

44 0.362 0.371 0.597 0.576 0.668 0.51

45 0.612 0.580 0.985 0.823 1.076 0.82

46 0.305 0.325 0.631 0.512 0.631 0.48

47 0.657 0.439 0.993 0.037 0.992 0.60

48 0.30 2 0.253 0.529 0 0 0.22

49 0.372 0.393 0.755 0.395 0.999 0.61 

~~~~~~~~~ 
i- -. 
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Table D—3 . The weekly c -jmulat lv e water outflow for individual
lysimeters of the basic CL soil.

Lysitneter Number

11 12 13 14 15 Average
Week

1 0 .447  0.369 0 .331 0.471 0.556 0.4348

2 1.209 1.114 1.131 1.297 1.655 1.2812

3 0.555 0.779 0.432 0.795 1.050 0.7222

4 0.762 1.055 1.174 0.851 1.197 0.9978

5 1.135 1.210 1.294 1.042 1.111 1.1584

6 0.875 0.931 1.183 0.843 1.073 0.981

7 0.993 0.935 1.130 0.948 1.548 1.1108

8 2.771 2.038 2.942 2.456 3.549 2.7512

9 3.565 2.805 2.828 2.753 4.494 3.289

10 2.O7l 2.140 1.901 2.044 3.330 2.2972

11 1.886 1.700 1.468 1.669 2.317 1.808

12 2.176 2.024 1.791 2.003 1.939 1.9876

13 1.831 1.843 1.868 1.887 1.295 1.7448

14 1.719 1.108 1.895 1.852 0.995 1.6338

15 1.571 1.666 1.692 1.740 3.324 1.9986

16 1.266 1.200 1.635 1.622 1.089 1.3624

17 1.083 1.191 1.053 0.617 1.437 1.3512

18 1.299 1.359 0.365 1.291 1.678 1.1984

19 0 .924 0.827 0.563 0.971 0.615 0.980

20 1.074 1.3 96 1.006 1.168 0 .779  1.0846

21 1.594 2. 028 2.081 1.809 1.383 1 .779

22 1.253 0.879 1.618 0.951 0.550 1.0502

23. 1.196 1. 136 1. 660 0 .545  0.328 0 .933

24 1.305 1.672 1.420 0.388 0.178 0.9926

25 0.609 0 .782 0.404 0 . 2 7 4  0 .102 0 .4342

26 1 .279  1 .413 1.5 11 0 .250 0.840 0 .9074

27 1.526 1.135 1.642 0.133 0.660 0.9004

- 

-- ____
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Lysimeter Number

11 12 13 14 15 Average
Week

28 1.283 0.335 0.521 0.910 0.130 0.472

29 1.202 0.102 -- 0.030 0.061 1.095 0.500

30 0.835 0.389 1.386 0.026 0.177 0.510

31 
- 

0.941 0.571 1.304 0.183 0.072 0.62

32 0.790 1.248 1.379 0.223 0.073 0.74

33 0.045 0.234 0.386 0 0.332 0.20

34 0.686 0.804 1.255 0 0.971 0.74

35 0.771 0.334 1.218 0.026 0.173 0.51

36 0.688 0.189 0.189 0 0 0.33

37 0.308 0 0.417 0 0 0.14

38 0.12 0.051 0.172 0 0 0.27

39 0.967 0.789 0.068 0 0.13 0.39

40 0.858 0.652 0 
- 

0 0.271 0.36

41 0.84 3 0.906 1.262 0 0.089 0.62

42 0.751 1.165 1.343 0.059 0.130 0.69

43 0.450 0.070 0.896 0.059 0.105 0.43

44 0.031 0.677 0 .277 
- 
0.945 0.879 0.57

45 0.156 0.846 0.068 1.040 0.607 0 .54

46 0 0.498 0 0.631 0 0 .22

47 0 0.507 0 0.873 0 0.28

48 0.208 0.269 0.139 0.310 0 0 . 2 3

49 0.631 0.555 0.733 0.829 0 0.55

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~C - - -  —- --- -- -- - - - -~~~~
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T i b i c  D — 4 .  T~u -.~~- ek 1 y c u r n u l a t l v ’ -  .‘a~~e r  o u t f 1 o - ~ f o r  ln ~~~~v i d u a 1
1 yh~~m~~t ers o f  t h ~ SC s o i l .

Lys imete r  Nu~~,er

16 17 18 19 20 Ave r a~ e
W~ck

1 0.040 0.124 0.52’. 0.235 0.179 0.22~ &

2 0.43~ 0.758 0.87 ’  0 .478  1.067 0 . 7 2 7 ~-

3 0.319 0.644 0.~-7~ 0.469 0. 495 0 .553

4 0.508 0.80 2 0.997 0.603 0.593 0.700f

5 0.611 0.542 1.180 0.724 0.87~ 0.7F~4

6 0.585 0.530 0.745 0.774 0.832 0.~ 932

7 0.703 0.739 1.083 0.958 0.711

8 1.593 1.306 2.S€E- 1.790 1.459 1 . 74 7 7

9 1.432 1.519 2.390 2.054 2.110 1.901

10 0.192 1.017 1.173 1.125 1.19~ 0 . 9 2 9

11 0.744 0.824 0 . S A I  1.011 0.462

12 1.041 0.958 1.014 1.321 1.475 1.1618

13 0.997 0.462 1.023 1.533 1.244 1.0518

14 0.897 0.189 1.015 1.434 1.231 0.9532

15 0.681 0.871 1.218 0.914 0.737

16 0.814 0.801 1.959 1.723 1.384 1.3362

17 0.465 0.689 0.960 1.292 1.017 0.8846

18 0.355 0.435 0.614 0.585 0.633

19 0.166 0.178 0.282 0.234 0.654 0.3028

20 0.208 0.220 0.296 0.172 0.306

21 0.380 0.551 0.766 0.696 0.707 0.6202

22 0.211 0. 7’~1 0 .57 5  0 .4 Q4 0.541 0 .6 144

23 0.214 0.216 0.397 0.487 0.564 0.375~

24 0.133 0.130 0.251 0.340 0.432

25 0.08R 0.096 0.103 0.024 0 0 .0(122

26 0.480 0.500 0.194 0.215 0.307 0.161S

_•_

~
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Lyatmeter Number
3.6 - 3.7 18 19 20 Average

Week

27 0.560 0.480 0.32 0.194 0.419 0.1498

28 0.013 0 
- 

0 0.413 0 0.1032

29 0.265 0.119 0.193 0.278 0. 173 0.20

30 0.053 0. 631 0.143 0.232 0.173 0.250

31 0.085 0.221 0 0.102 0.051 0.090

32 0 0.735 0 0.025 0.064 0.170

33 0.28 0.045 0 0.28 0.026 0.07

34 0.074 0.05 0 0.043 0 0.04

35 0.24 0.207 0 0 0 0.09

36 0.121 0.062 0 0 0 0.03

37 0.100 0.202 0 0 0 0.06

38 0.101 0.103 0 0 0 0.04

39 0.089 0.216 0 0 0 0.06

40 
- 

0.253 0.07 0 0.332 0.232 0.18

41 0.085 0 0 0 0 0.02

42 0.145 0 0 0.052 0.134 0.07

43 0.024 0 0 0.032 0.309 0.07

44 0 0 0 0.107 0.243 0.07

45 0 0 0 0.185 0 0.04

46 0 0 0 0.086 0.189 0

47 0 0 0 0.52 0.366 
- 

0.08

48 0 0 0 0.050 0.253 0.06

49 0 0 0 0 0 0

- C -  ~~~~~~~~~~
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Appendix E

Meteorological da:a for the 12 months of this experiment

~ 
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Table E.-1. METEOROLOG ICAL DATA October , 1973

Temp. C’ Rd . Hum . 1 cm . cal/cm 2 Km/day

DAY M&X MIN MEAN 6A11 6PM MEAN PRECIP. SOL. RAD. WIND MOVEMENT

1 29.4 20.0 24.4 96 74 85 308 55

2 31.1 19 .4 25 96 72 84 260 . 
14~

3 31.7 20.5 26.1 96 69 82 282 163
4 29.4 18.8 23 8 95 79 87 4.4 217 52
5 28.3 18.8 23.3 95 90 92 1.8 291 113
6 27.8 20.5 23.8 96 92 94 .5 260 45

7 30 20 25 96 74 85 360 114
8 30.6 19. 4 25 98 79 88 321 50

9 31.1 19.4 25 97 75 88 373 269
10 30.6 23.3 26.6 96 91 93 273 195

11 24.4 17.7 21.1 95 94 94 6.9 48 330

12 25 .5 17.2 21.1 96 86 91 213 159
13 21.1 16.6 18.8 95 94 94 6.4 139 148
14 19.4 18.3 18.8 96 96 96 .8 113 63

15 21. 6 18.8 20 96 98 97 48 155

16 22.2 17.2 19.4 97 96 96 191 6
17 22.2 11.1 16.6 87 72 79 3.0 334 175
18 8.3 347 147
19 334 2
20- 338 3
21 351 21
22 28.8 13.8 21.1 70 325 42
23 28.3 10 18.8 97 66 81 247 2

24 27.7  11.1 19.4 96 84 90 221 37
25 28.8 17.7 23.3 96 86 91. 243 109
26 28.3 18.3 23.3  94 70 82 247 13
27 2 1.7 16.1 2 1.6 96 92 94 .8 217 187
28 22.2 10. 5 16.1 97 70 83 295 190
29 22.2 12 .2 17.2 97 86 91 304 23
30 21.6 11.6 16.6 96 96 96 2.2 61 160
31 20.5 9.4 15 91 88 89 .3 325 134

Total 27.3

Average 26.3 16.3 21 .3 96 83 89 254 . 102

~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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Table E—2. ~~TE0R0L0C1CAL DATA November , 1973

Temp. C~ Rd . hum . 1. cm. cal/cm
2 Km/day

DAY MAX HIN MEAN 6AM 6PM MEAN PRECIP. SOL. RAD. WIND MOVEMENT

1 25.5 7.2 16.1 97 89 93 295 72

2 29.4 14.4 21.6 96 89 92 265 290

3 23 .8  16.1 20 92 94 93 113 161

4 30 20.5 25 96 95 95 191 119

5 22.2 13.1. 17.7 95 92 93 87 161

6 15 13.8 13.3 94 92 96 61 113

7 25.5 15 20 97 94 95 .1 121 187

8 28.8 24.4 26.6 96 90 93 295 52

9 24.4 10.5 17.2 90 89 89 160 163

10 17.7 8.3 12.7 86 75 80 243 270

11 20 6.1 12. 7 89 89 89 295 48

12 25.5 8.3 16.6 98 85 91 230 118

13 27 .7  15 22 .2 98 80 89 247 159

14 28.8 18.8 23.8 97 76 86 252 206

15 27.2 10 18.3 94 60 77 256 275

16 23.3 6.1 14.4 98 62 80 291 108

17 26.6 7.7 17.2 99 81 90 260 8

18 35 18.3 26.6 98 76 87 239 356

19 28.3 21.1 24.4 97 83 90 195 155

20 23.3 7.7 15.5 96 82 89 1.9 182 370

21 23.3 5.5 14.4 94 81 87 286 113

22 2 7 . 7  13.8 2 0 . 5  96 88 92 200 79

23 2 7 . 2  21 .6  24.4 94 92 93 1.0 178 42

24 2 7 . 2  12 .7  20 93 95 94 1.0 204 475

25 22 .7  10 16.1 96 81 88 221 287

26 23.3 16.1 19.4 97 95 96 1.3 139 121

27 21.1 9.4 15 96 55 75 187 190

28 14.4 3.8 8.8 84 73 78 252 126

29 20 .5  2 . 2  11. 1 97 60 78 291 61

30 21.1 3.8 12.2 96 81 88 269 58

31

Total 5.3

Average 24.6 12.1 18.1 95 83 89 217 165

- 
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Table E-3 METEOROLOGICAL DATA December , 1973

Temp . C Rel. Hum . Z cm. cal/cm
2 Km/day

DAY MAX M IN MEAN 6AM 6PM MEAN PRECIP. SOt. RAD . WIND MOVEMENT

1 22.2 13.3 17.7 96 81 88 299 74

2 - 23.8 9.4 16.6 97 78 87 221 140

3 .6 182 203

4 204 164

5 308 224

6 213 1586

7 ~200 8

8 213 172

9 121 16

10 13.3 2.2 7.7 64 208 48

11 20.5 1.6 11.1 92 83 87 217 101

12 25 10.5 17.7 93 70 81 - 204 332

13 19.4 5 12.2 90 60 75 200 169

14 22.2 3.8 13.3 90 89 89 208 42

15 12.7 1.6 7.2 83 68 75 187 272

16 243 34
17 160 166

18 23.3 8.3 15.5 
- 

89
19 17.2 —1.1 7.7 89 74 81 2.2 61 517

20 5 —3.3 .5 76 62 69 156 327

21 12.2 —5 3.3 96 54 75 243 163

22 20 — .5 9.4 100 74 87 226 163

23 20.5 9.4 15 99 92 95 2.9 134 211

24 217 214

25 - 8

26 18.8 4.4 11.6 70 178 187

27 13.8 1.1 7.2 97 90 213 56

28 22.7 5 13.8 99 81 90 208 105

29 18.3 6.1 12.2 97 82 89 187 248

30 23.8 3.8 13.8 99 85 92 132 161

31 . 6.6 —1.1 2.7 73 104 242

Total 5.7

Average 18 3.7 10.8 93 74 84 195 208
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Table E—4 METEOROLOGICAL DATA January , 1974

Temp. C Rel. Hum. 2 cm. cal/cm
2 Km/day

DAY MAX M IN MEAN 6AM 6PM MEAN PRECIP. SOL. RAD. WIND MOV EMEN T

1 4.4 —5.5 — .5 86 71 78 441

2 4.4 .5 2.2 86 98 92 155

3 .5 —2.7 —1 .1 95 79 87 193

4 2.7 —1.6 .5 71 63 67 364

5 7.2 2.2 4.4 93 99 96 76

6 17.2 6.1 1L6 98 78 88 42

7 .2 45

8 15.5 4.4 10 97 99 98 1 1 87 118
9 21.1 2.7 11.6 91 96 93 .1 39 164

10 3.3 1.1 23 97 97 97 48 159

11 4.4 —1.1 1.6 96 89 92 .3 113 203

12 5 —2.2 1.1 72 91 81 95 222

13 5 —1 .1 1.6 94 96 95 .1 43 180
14 16.6 5 10.5 99 97 98 .3 143 21
15 13.8 11.1 12. 2 98 96 97 87 108

16 20 10.5 15 97 91 94 178 55

17 24 .4 13.8 18.8 96 89 92 213 74

18 23.8 14.4 19.4 93 75 89 1.8 160 295

19 14.4 6.6 10.5 96 88 92 48 274

20 21.1 3.8 12.2 98 76 87 253 50

21 22.7 3.3 12.7 98 80 89 256 113

22 21.6 10 15.5 95 76 85 1.6 95 214

23 10 4.4 7.2 95 96 95 1.9 52 219

24 6.6 4.4 5.5 94 90 92 2.0 39 237

25 8.8 4.4 6.6 97 96 96 1.4 91 285

26 18.8 7.7 13.3 96 64 80 .8 260 47

27 20 8.8 14.4 98 95 96 87 155

28 15.5 6.1 10.5 79 73 76 .1 267 161

29 18.8 .5 9.4 98 62 80 226 109

30 21.6 2.2 11.6 97 52 74 291 2

31 23.8 4.4 13.8 96 64 80 286 79

Total 10.7

Average 13.8 4.’ E.8 93 84 89 144 162
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Table E—5 METEOROLOGICAL DATA February , 1974

Temp. C Rel. Hum. 2 cm. cal/cm 2 Km/day

DAY MAX fIN MEAN 6AM 6PM MEAN PRECIP. SOt. RAD . WIND MOVEMENT

1 24.4 11.6 17.7 95 71 83 213 79

2 26.1 11.6 18.8 88 67 77 263 274

3 17.2 4.4 10.5 83 51 67 343 159

4 18.8 .5 9.4 94 58 76 325 208

5 20 4.4 12.2 94 86 90 147 106

6 18.3 4.4 11.1 94 68 81 .1 108 328

7 6.6 — .5 2.7 77 71 74 121 280

8 8.3 —3.3 2.2 85 55 70 260 245

9 15.5 —3.3 6.1 85 51 63 278 188

10 20 —2.2 8.8 95 54 74 269 129

11 22.2 0 11.1 96 59 77 299 109

12 24.4 6.1 15 96 64 80 - 308 8

13 25.5 14.4 20.5 94 74 84 273 403

14 21.1 16.1 18.3 94 81 87 87 272

15 21.1 7.7 14.4 96 59 77 226 169

16 18.3 3.8 11.1 96 70 83 334 45

17 20.5 0 10 98 70 84 334 113

18 24.4 12.7 18.3 95 46 70 130 275

19 21.6 5.5 13.3 79 52 65 325 156

20 25 9.4 17.2 95 72 83 343 153

21 21.6 4.4 12.7 44 72 73 .8 91 522

22 15 1.6 8.3 75 53 64 269 76

23 22.2 0 11.1 83 60 71 291 201

24 12.2 —2.2 5 75 59 67 338 531

25 80 421 206
26 13.3 —4.4 4.4 54 96 75 304 109

27 18.8 6.6 12.7 53 89 71 221 118

28 22.2 12.2 17.2 72 96 84 291 402

Total .9

Average 19.4 4.5 11.9 88 67 76 258 209
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Table E—6 MFFEO R O!001 CA 1.  DATA March 1974

Te~~ - C’ Re1 . }~um. ~ cm . ca l / cm 2 Km /day

DAY MAX M N  M} -\~ 6AM £~~ - MEAN PRF.C11’. SQL. RAD . W I N D  MOVEMENT

1 2 6.6 11. 7 t~~.8 63 95 79 260 322

2 25. 5 15.5  2~ .1 71 88 79 325 369

3 2 7 . 7  17.7 2 2 . 7  70 93 81 347 549

4 28.3 18.8 24 .3  73 72 72 265 398

5 27 .7  19.4 14 - 3  93 68 80 234 76
- 6 2 7 . 2  18.8 2 2 . 7  92 67 79 278 317

7 278 209

8 243 385
200 246

10 - 221 312

11 66 t race  325 275
12 24 .4  16.6 20.5 92 64 78 139 158
13 22 .7  12.7 17.7 80 59 69 278 169
14 19.6 11. 6 15.5 93 93 94 178 53
15 22 .2  11.6 16.6 96 85 90 187 100
16 23.3 12.2 17.7 91 52 71 1.4 369 71
17 26.1 7 .7  16.6 93 69 81 425 101
18 27.2  18.3 2 2 . 7  95 81 88 304 296
19 32 .2 17.7 25 96 63 79 377 325
20 27 .7  8.3 17.7 85 95 90 269 156
21 12.2 3.8 7 . 7  86 60 73 .1 317 322
22 20 1.1 10.5 88 69 78 386 166
23 26.1 2.7 14 .4 95 65 80 386 204
24 4.4 22 .2  3 .3  85 98 91 52 396
25 10 2.2  6.1 97 89 93 2 . 7  178 229
26 17.7 8.8 13.3 96 87 91 .3 226 134
27 22 .2 13.3 17.7 96 77 86 295 18
28 2 4 .4 13.8 18.9 96 79 87 173 97
29 29.4 13.3 21.1 96 47 70 211

30 29.4 8.3 18.9 92 63 77 48

31 31.6 16.6 23.9 95 65 80 277

1ot~ 1 4.5

Aver age 23.7 12.5 17.9 89 74 81 268 225
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Table E—7 METEOROLOGICAL DATA April , 1974

Temp. C Rel. Hum. 2 cm. cal/cm2 Km/day

DAY MAX fIN MEAN 6AM 6PM MEAN PREC I P. Sot. RAD. WIND MOVEMENT

1 31.6 14.4 22.7 96 48 72 425 420

2 29.4 8.3 18.8 84 73 78 473 8

3 30 14.4 22.2 95 46 70 425 401

4 18.8 8.9 13.8 64 56 60 360 222

5 21.1 2.2 11.6 78 50 64 442 211

6 23.8 4.4 13.8 88 56 72 529 66

7 29.4 12.7 21.1 95 62 78 442 423

8 23.3 10 16.6 71 55 63 486 262

9 23.3 4.4 13.8 89 55 72 477 196

10 22.2 12.2 17.2 92 95 93 91 161

11 21.6 13.3 17.2 93 81 87 3.6 208 486

12 28.3 15 21.6 96 67 81 317 270

13 28.8 19.4 23.8 93 72 82 451 8

14 21.6 12.2 16.6 62 61 61 408 204

15 19.4 9.4 14.4 80 76 78 226 204

16 25 6.1 15.5 98 53 75 494 79

17 26.1 8.8 17.2 82 61 71 516 8

18 26.6 12.7 19.4 97 68 81 416 240

19 26.6 15.5 21.1 96 87 91 312 161

20 24.4 18.3 21.1 95 90 92 182 277

21 347 328
22 25.5 84 .9 295 369

23 27.2 15.5 21.1 96 67 81 438 103

24 27.7 15 21.1 96 59 77 477 81

25 26.6 13.8 20 94 61 77 473 6

26 26.6 14.4 20.5 94 64 80 434 8

27 28.8 14.4 21.7 96 67 81 435 240

28 27.7 20.5 24.4 92 72 82 356 365

29 28.3 20 23.8 95 72 83 323 184

30 25.5 20 22.2 95 94 94 230 428

Total 4.5

Average 25.7 12.7 19.1 89 67 78 384 214
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Table E-8. METEOROLOGICAL DATA May , 1974

Temp. C ’ R d .  Hum. % cm. cal/cm
2 Km/day

DAY MAX fIN MEAN 6AM 6PM MEAN PRECI P . SOL. RAD . WIND MOVEMENT

1 2 2 . 2  17.7 20 5 83 89 .~~ 243 6

2 30.5 17.7 23.8 94 73 83 477 203

3 32.7 20 .5  26 .6  95 64 79 455 224

4 31.6 17.7 24 .4  94 95 94 435 8

5 23.8 17.2 20.5 95 94 94 360 193

6 24.4  16.6 20.5 68 360 160

7 27 .2  12.2 19.4 95 59 77 494 163

8 29.4 16.1 2 2 . 7  62 78 429 53

9 30.5 16.~ 23.3  94 73 83 343 105

10 21.6 16.7 18.8 93 89 91 3.7 204 196

11 26.6 15.5 21.1 96 89 92 473 97

12 31.1 16.6 2 4 . 4  96 69 82 438 40

13 30 16.6 23.8 97 79 88 386 118

14 28.8 2 2 . 7  25 .5  91 83 87 187 319

15 31.6 23 .3  2 7 . 2  95 77 86 .1 425 221

16 31.1 23.8 2 7 . 2  94 75 84 403 245

17 31.6 23.3 2 7 . 2  94 68 81 451 322

18 32.3 2 2 . 2  2 7 . 2  94 64 79 455 322

19 32 .2  21.1 26 .6  96 71 83 490 483
20 28.8 20 24 .4  98 90 94 356 55
21 28.8 20 24 .4  96 82 89 343 19

22 30.5 19.4 25 96 70 83 412 10

23 31.6 16.6 23.8 96 65 80 494 109

24 32 .2  20.5 26.1 95 66 80 451 43

25 32.7  21.1 26 .6  94 69 81 533 58

26 28.3 20 23.8 96 67 81 529 299

27 33.3 20.5 2 ’5 .6 96 62 79 507 101

28 32.2  ~9 - ~ 2 5 . 5  96 65 80 516 116

29 33.3 21.6 27.2 95 68 81 403 155

30 30.5 21.6 26.1 94 82 88 1.3 226 330

31 32.2 21.1 26.7 95 67 81 1.2 364 159

To ta l  8.3

Average 29.8 19.2 24.’e 95 ~~ 84 422 158

4- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~
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Table E—9 . METEOROLOGICAL DATA June , 1974

Temp . C’ R d .  Hum. 2 cm. cal/cm
2 Km/day

DAY MAX fIN MEAN 6M( 6PM MEAN PRECIP. SOL. RAD. WIND MOVEMENT

1 30.6 20 25 94 70 82 2.9 320

2 32.2 20.6 26.1 96 66 81 166

21.1 97 114

4 425 6
5 429 233
6 551 485

7 330 438

8 451 431
9 234 401

10 28.9 78 356 114

11 32.8 20 26.1 96 67 455 109

12 29.4 21.1 25 95 87 91 .1 252 53

13 32.2 18.9 25.6 95 69 82 468 159

14 33.9 20 26.7 94 63 78 499 113

15 34.4 18.9 26.7 94 60 77 533 43

16 34.4 20.6 27.2 95 68 81 542 55

17 35 20.6 27.8 95 63 79 564 113

18 33.9 22.8 28.3 95 63 79 - 494 163
19 34.4 20.6 27.2 95 63 79 477 270

20 35.6 21.7 28.3 95 68 81 429 6

21 34.4 21.1 27.8 95 62 78 464 230

22 35.6 21.1 28.3 95 61 78 507 111

23 37.8 21.7 29.4 96 61 78 122

24 22.8 83 61 74 108

25 28.3 12.2 20 96 58 77 555 258

26 28.3 13.3 20.6 93 75 76 560 72

27 30.6 13.9 22.2 94 59 76 520 85

28 26.7 16.1 23.3 96 58 77 330 124

29 31.1 16.7 23.9 96 60 78 507 61

30 33.9 17.2 25.6 97 62 79 520 153

Tot 1 3.0

Average 32.5 19.3 25.8 95 65 79 458 171
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T3ble E-lO. METEOROLOGICAL DATA July, 1974

Temp . C’ R d .  Hum. 2 - cm. cal/cm
2 Km/day

DAY MAX NIH MEAN 6AM 6PM MEAN FREd ?. SQL. RAIl. ~ I N D  MOVEMENT

1 34.4 21.1 27.7 98 71 84 382 214

2 33.8 2~ .3 2E.S 96 79 87 403 229

3 35 22.2 28.3 95 64 79 390 290

4 35.5 23. 8 29.4 95 63 79 412 274

5 37 .2  24 .4  30. 5  94 60 77 .1 490 101

6 37.2 22.7 30 9~ 58 76 472 121

7 36.6 21.1 28.3 96 66 81 503 269

8 36.6 2 2 . 2  26.6 97 77 88 5’~2 103

9 33.8 22.2 27.7 60 79 1095

10 33.8 18.8 26.1 96 55 75 61

11 30.5 19.4 25 95 87 91 37
12 31.6 19.4 25.5 95 80 91 .8 24

13 35 18.E 26.6 96 62 79 98

14 37. 7 21. 1 29 .4  96 93 94 100

15 33.3 23.3 28.3 96 70 83 .1 485 132

16 33.8 21. 27.2 96 74 65 485 32

17 31.1 20 25.5 96 90 93 118 53

18 31.6 21.1 26.1 96 68 82 1.2 393 77

19 35 18.8 26.6 96 60 78 603 121

20 36.6 21.1 28.8 95 58 76 551 11

21 37 .7  21. 6 29.4 80 56 68 538 37
22 38.3 22.7 30.5 94 498 48

23 36.6 22.7 29.4 68 716

24 35 22. 2 28.3 96 60 78 485 18
25 35.5 24.4 30 95 58 76 485 592

26 35.5 25 30 92 66 79 288 180

27 34.4 25.5 30 90 €-  77 485 512
28 38.8 22.7 30.5 97 56 76 577 230

29 38.3 22.2 30 98 52 75 498 6

30 32.7 22.2 26.6 92 63 77 159

31 31.1 20 25.5 92 70 81 .6 433 113

Total  2.8
Ave rage 35 21.8 28.1 9’..7 67 81 458 195

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~ - -~~ - ~~~~~~~ -—- -~~~~~~ -~~~~~~~~- - -- - - - -- - -~~~~~~~~~~



167

Table E-11 . METEOROLOGICAL DATA August , 1974

Temp. C R d .  Hum. 2 cm . cal/cm 2 Km/day

DAY MAX MIN MEAN 6AM 6PM MEAN PRECIP. SOL. RAD. WIND MOVEMENT

1 34.4 19.4 26.7 92 62 77 .7 538 50

2 25.5 18.8 22.2 92 84 88 249 118

3 33.3 18.8 26.1 92 61 76 1.8 446 39

4 30.5 21.1 25.6 92 82 87 459 8

5 30 20 25 94 56 75 288 147

6 28.3 20 23.9 90 92 91 - 288 18

7 25 20 22.2 92 91 91 157 166

8 26.6 20 23.3 92 88 90 1.8 288 114

9 92 3.4 433 163

10 512 272

11 
- 

- 
524 6

12 33.3 22.2 27.8 92 62 72 341 243

13 33.8 21.6 22.2 92 61 76 485 114 -:
14 34.4 22.2 28.3 92 66 79 524 47

15 33.3 20.5 26.7 92 60 76 164

16 34.4 20.5 27.2 92 60 76 629 109

17 34.4 21.1 27.8 92 62 77 577 164

18 35 21.1 27.8 93 58 77 498 76

19 35 21.1 27.8 96 62 79 669 82

20 33.3 21.1 27.2 92 58 75 538 180

21 33.3 20 26.7 92 56 74 578 126

22 33.8 21.1 27.2 91 60 75 524 111

23 33.3 18.8 26.1 90 70 80 393 16

24 33.8 21.1 27.2 92 62 77 483 61

25 28.8 19.4 23.9 92 93 92 170 98

26 27.7 21.1 24.4 93 76 84 3.6 341 14

27 30.5 20 25 92 80 86 393 340

28 .6 354 55

29 4.0 144 108

4.7 341 56

31 448 112
Total 20.6

Average 31.7 20.5 29.9 92 69 80 420 109
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Table E—1 2 . METEOROLOGICAL DATA Sep tember , 1974

Temp. C’ Rel. Hum. 2 cm . cal/cm
2 Km/day

DAY MAX H N  MIlAN I ;E 6PM MIlAN FRECIP. SOL. PJ.J). W I N D  MOVEMENT

2 485 192

2 32 .2  21.1 2(- .6 68 1.1 52 4 113

3 17.2 14.4 15.5 90 82 86 144 159

4 22.2 12.2 17 .2 92 58 75 446 158

5 23.3 9.4 16.1 92 57 74 524 166

6 24.4 10 17. 7 92 58 75 446 106

7 26.6 12.7 19.4 93 € 80 433 8

8 27.2 15.5 21.1 93 72 R2 38 242

9 -~.8 95 .7 118 291

10 2 . 7  262 304

11 38 203

12 2.3 315 279

13 92 108

14 8.9 167

15 1.1 8

16 31 .1 2 2 . 7  26 .7 98 90 94 223 14

17 31.1 22.2 26.7 97 88 92 302 166

18 30 21.6 25 .6  96 82 89 354 64

19 31.6 21.6 26.7 96 78 87 367 16

20 31.1 20.5 25.6 96 76 86 315 100

21 25.5 21.1 23.3 96 88 92 262 27

22 25 17.7 21.1 84 76 80 367 179

23 22 .7 14.4 18.3 83 75 79 315 156
24 26.1 13 . 6 20 92 80 86 288 483

25 20 14.4 17.2 9~ 91 93 1.7 118 113

26 20 26.4 17 .2 97 81 89 .1 275 32

27 30 13 .3 21 .7 97 71 81 341 48

28 29.4 15.5 72.2 93 70 81 ~~ 93

29 26.1 9.4 17 .8 98 65 81 485 106

30 26.1 7 . 7  16. 7 99 70 84 380 193

Total 18.2

Av er age 26.3 15.8 20.9 94 75 84 307 143

- ~~~~~~~ ~~~~~~~~ -~~~~~~~ 

-

~

- -- - - -C-- -



- -  - —-- --------- --C ~~~~~~~~~~~~ - - CC

169

Table E—13. METEOROLOGICAL DATA October , 1974

Temp. C’ Rd . Hum . 2 cm. cal/cm 2 Km/day

DAY MAX MIN MEAN 6AM 6PM MEAN PRECIP. SOt. RAD. WIND MOVEMENT

1 28.8 7.7 18.3 98 65 81 380 43

2 29.4 9.4 19.4 98 66 82 393 69

3 27.7 11.1 19.4 94 68 81 433 143

4 29.4 13.8 21.6 97 71 84 262 48

5 29.4 13.8 21.6 97 68 82 380 114

6 28.8 14.4 21.6 97 76 86 288 211

7 27.7 14.4 21.1 97 69 83 393 155

8 29.4 13.3 21.1 98 7u 84 341 14

9 30.5 16.1 23.3 97 69 83 341 1579
10 31.1 16.1 23.3 98 66 82 393 16

11 30.5 17.2 23.8 99— 67 83 341 198

12 29.4 13.8 21.6 99 72 85 341 132

13 30 18.8 24.4 99 73 86 433 40

14 25 18.8 21.6 99 70 84 1.1 144 118

15 16.1 11.1 13.3 90 70 80 302 191

16 14.4 3.8 8.8 99 65 82 341 156

17 26.1 7.2 16.6 98 65 81 393 50

18 28.3 9.4 18.8 98 65 81 341 5

19 27.2 13.8 20.5 98 71 84 341 1166

20 25.5 13.8 19.4 99 75 87 341 52

21 24.4 15 19.4 96 76 86 288 161

22 30.5 11.6 21.1 95 72 83 341 161

23 30 16.1 22.7 98 77 86 197 39 .
24 23.3 15 18.8 96 74 85 223 127

25 21.6 15 18.3 97 76 86 197 52

26 24.4 10 17.2 99 70 84 288 105

27 25.5 10.5 17.7 100 76 88 197 50

28 22.2 18.8 20.5 100 94 97 7.6 - 144 208

29 27.7 23.3 25.6 98 79 88 1.8 288 163

30 26.1 24.4 25 98 86 92 236 208

31 22.2 17.7 20 100 94 97 1.1 105 372

Total 11.6

Average 26.5 14.0 20.2 98 73 83 304 198
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A p p e n d i~ F

Water balance for each Individual l y s i m e t e r

f o r  the en tire period of the e xp e r i m e n t
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Table F— ].. Water balance for the Acid Cl soils lysimeters for the entire
pe riod of the experiment given in cm.

Lysimeter Numbe r

1 2 3 4 5 Average

Water applied 170 170 170 170 170 170

- Initial water content of soil 66 66 67 67 71 67

Applied + Initial 236 236 237 237 241 237

Leachate 23 38 33 37 36 33

Final water content of soil 55 61 55

Evapotranspiration + error 158 137 149 145 156 149

I

Table F—2 . Wate r balance for the SM(d/u) soils lysimeters for the entire

period of the experiment given in cm.

Lysimeter number

6 7 8 9 10 Average

Water applied 170 170 170 170 170 170

Initial water content of soil 34 52 52 49 49 47

App lied + Initial 204 22 2 222 219 219 217

Leachate 56 69 63 84 69 68

Final water content of soil 20 46 36 33 42 35

Evapotranspiration + error 128 107 123 102 108 114

- —- - -—-  - - — -- C--~~~~~~~~ - —C  -
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Ta b l e  F—3 .  W a t e r  ba l ance  f o r  the  Basic Cl soils ly s i m e t e r s  fo r  the entire

per iod  of the  e x p e rim e n t  given in cm.

Lys ime~~er N u m b e r

11 12 13 14 15 Average

W a t e r  a p p l ie d  170 170 170 170 170 170

I n i t i a l  wa te r  c o n t e n t  of so i l  66 53 62 64 60 61

Appl ied  + I n it i a l  236 223 232 234 230 231

Leachate  50 50 51 39 44 47

Final  w a t e r  con ten t  of so i l  61 43 53 47 51 51

E v a p o t r a n sp i r a tio n  ± e r r o r  125 130 128 148 135 133

Table F—4.  W a t e r  ba l ance  f o r  the SC soils ly s i m e t e r s  f o r  the entire

per iod of the  expe r imen t  given  in cm.

L y sim e t e r  Numb er

16 17 18 19 20 Average

W a t e r  appl ied 170 170 170 170 170 170

I n i t i a l  w a t e r  content  of  soil 63 72 73 68 69 69

App l i ed  + In i t L i l  233 242 243 238 239 239

Leachate  16 18 24 24 23 21

Final  w a t e r  con ten t  of soil 53 59 59 43 53 53

Evapo t r a n sp i r a t i o n  + er r ~~ 164 165 i-ED 171 1(3 165

-
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Appendix G. Te~ siometer data 
with depth for one lysimeter of each

soil.
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Total 4.5

Average 23.7 12.5 17.9 89 74 81 268 225
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Appendix H

Metal concen trations with depth for each of the four soils

and each of the five metals at the beg inning of the experiment ,

January, May, Jul y, September , and November
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Appendix I

The quantities of metals recovered from each individu al soil

after spiking i t  w i t h  k n o w n  a m o u n t s  of  e a c h  of the five metals.

~~—-- --~~~~-- -  -•- •~~~ - -~~~~~ -~~ -~~~~-- -- --- • -~ 
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3 2 5

SPIKE CONCENTRATION
(ppm)

FRACTION Back ground 1 10 100

DTPA (ppm) 0 10.20 89 37 170.00

water extract (ppm) o o .60 22 .20

ammonium acetate
extract (ppm) .03 3.64 74.80 144.00

hydrogen peroxide 10 8  2 .47  7 .40
extract (ppm) 0

nitric acid +
hydroflo uric acid .30 1.50 22.00 17 .00

extract (ppm)

superna tant (mg) 0 0 9.83 680 00

— DTPA (mg) 
~33 6.22 109.70 870. 60

Spike Recovered (Z) — — —  58.90 109.30 87.00

Table I—i - The concentration of metals in the SM(d/u) soil
and the amount remaining in the superna tan t for
samples spiked with different concentrations of
cadmium -
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SPIKE CONCENTRATION
(ppm)

FRACTION Background 1 10 100

DTPA (ppm) .55 6.95 87.87 565.00

water extract (ppm) o .08 .23 10.00

ammonium acetate .09 .21 8.78 144.00
extract (ppm)

hydrogen peroxide
ex tract (ppm) .30 3.36 22.90 139.20

nitric acid 9-
hydrof lo u ric acid 190 4.00 39.00 80.65

ex tract (ppm)

superna tant (mg) 0 .20 L74 453 20

E — DTPA (mg) 2.29 7 8 5  72 65 827.05

Spike Recovered (Z) 55.60 70.30 82.40

Table 1—2 . The concentration of metals in the SM(d/u) soil
and the amount remaining in the supe rnatant for
samples sp iked with different concentrations of
c o p p e r  -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ _ _ _ _ _ _ _ _ _ _ _  ~~~~—~~~~— ———- 
~~~~~~~~~~~~~~ 
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SPIKE CONCENTRATION
(ppm)

FRACTION B a c k g r ou n d  1 10 100

DTPA (ppm ) .80 5 9 7  72.26 58.27

water extract (ppm) o 0 .05 .56

ammonium acetate .18 10.41 272 .10
extr act (ppm)

h y dr og en p e r ox ide 06 .15 07 2.25
extract (ppm)

nitric acid 9-
hydroflour ic acid 8.50 23.60 97 40* 714.38*

extract (ppm)

supernatan t (mg) 0 0 .63 19.27

— DTPA (mg) 8.56 23.93 l08 56* 1008.56

Spike Recovered (Z) ——— 153.70 100.00 100.00

* Back calculated

Tabl e 1—3 . The concentra tion of metals in the SM(d/u) soil

and the amount remaining in the supe rnatant for

samples spiked with different concentrations of

lead.
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SPIKE CONCENTRATION
( p p m )

FRACTION Backgro und 1 10 100

DTPA (ppm) 0 6.57 72.02 130.00

wa ter extract (ppm) 0 0 1 1 3  30.30

ammonium acetate 0 45 26 16 53.00
extract (ppm)

hy dr oge n p e r ox ide .21 4.80 22 27 32.30
ex tract (ppm)

nitric acid +
hy dr oflouric acid 2.20 3.30 21.00 12.00

ex tract (ppm)

supernatant (mg) 0 0 l6 72 975.00

E — DTPA (mg) 2.41 8.55 87.28 1102.60

Sp ike Recovered (%) 61.40 84.80 110.00

Table 1—4 . The concentration of metals in the SM(dfu) ‘.~o i 1
and the amount rem aini-~g in the sup~-r~~a ti nt for
sam p~~es spiked with diffe r e n t  con c entrations of
nickel.
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S P I K E  C O N C E N T R A T I O N
(ppm)

FRACTION Backgro und 1 10 100

DTPA (ppm) 6.50 15.37 89.50 147 .50

water ex tract (ppm) 04 .03 .52 27.20

ammon iutn acetate .50 2.38 37.70 72.00ex trac t (ppm)

hy d r o g e n p e r o x i d e  L73 2.19 2.03 6.60ex tr ac t ( p p m )

nitric acid +
hyd rof louric acid 4.80 8.50 36.00 18.00

ex tract (ppm)

superna tant (mg) .10 .15 17.61 945.00

E — DTPA (mg) 7.17 13.25 93.86 1068.80

Spike Recov ered (%) - — —  60 80 86 60 106 l0

Tabl e 1—5 . The concentration of me t als in the SM(d/u) soil
and the amount remaining in the superna t ant for
samples spiked with d i f ~~c’rent concentrations of
zinc.
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SPIKE CONCENTRATION
(ppm)

FRACTION Back ground 1 10 100

DTPA (ppm) 20 7 3 5  88.66 605.00

wa ter ex t rac t (pp m ) O .03 .07 ll SO

ammo nium acetate
ex tract (ppm) 0 1.67 44 53 480.00

hydrogen perox ide
ex tract (ppm) 0 .62 1.95 29.70

nit ric ac id +
hydroflour ic ac id .10 5.15 43.66 132.00

ex t rac t (ppm)

supernatant (mg) 0 .15 .78 360.00

— DTPA (mg) .10 7.62 90.99 1013.20

Spike Recovered (Z) — — —  75.20 90.80 101.30

Table 1—6. The concentration of metals in the basic CL soil
and the amount remainin g in the supernatant for
sa m p l e s  sp iked with different concentrations of
cadmi urn .

IIIIIiI_ - - . ‘ .~w’. ~~~~~~~~~~~~~~~~ -~
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SPIKE CONCENTRATION
(ppm)

FRACTION Background 1 10 100

DTPA (ppm) 95 7.27 80.18 557.5 0

wa ter extract (ppm) 0 .11 .14 .25

ammonium ace tate 0 16 3 56 179 00extract (ppm) - - -

hy droge n perox ide - 
88 4 24 39 70ex tract (ppm) .17 - - -

nit r ic ac id +
hydroflour ic acid 4.80 14.20 74.90 408.50

ex tract (ppm)

superna tant (mg) 0 .25 .25 3.25

E — DTPA (mg) 4 9 7  15.60 83.09 630.70

Sp ike Recovered (X) — — —  106.30 78.10 62.50

Table 1.-7 . The concentrations of metals in the basic CL soil
and the amount remaining in the supe rnata ri t for
sampl es spiked with different conce:~tration s of
copper -
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SPIKE CONCENTRATION
( p p m )

FRACTION Background 1 10 100

DTPA (ppm) 1.17 7.80 77.51 3.12

water extract (ppm) 0 .05 .14 .05

ammoniuui acetate .23 .23 2.48 158.60
extrac t (ppm)

h y d r o g e n  p e r ox ide .13 .17 .14 1.54ex t r a c t (pp m )

nitric acid + 
*

hydr oflouric acid 9.30 17.50 75.00 848.97
extrac t (ppm)

superna tant (mg) 0 50 .55 .50

*
E — DTPA (mg) 9.66 18.45 78 31 1009.66

*Sp ike Recovered (7.) — — — 87 90 68.60 100.00

Ba ck calculated.

Table 1—8. The co ncentration of metals in the basic CL soil
and the amount remaining in the supernatant for
samples spiked with different concentrations of
le ad -
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SPIKE CONCENTRATI ON
(ppm)

F R A C T I O N  B a c k g r o und 1 10 100

DTPA (ppm) 0 3 5 5  41.76 472.50

wa ter extract (ppm) 0 .05 .05 10.90

ammonium acetate
ex tract (ppm) .16 44 9.82 230.00

hyd r o g e n p e r o x ide
ex tract (ppm) .19 1.31 5.56 35.60

nit ric acid +
hydr o f lo uric ac id 13.60 17.75 79 93 171.00

ex t rac t (ppm)

superna tant (mg) 0 .25 1.60 426.25

E — DTPA (mg) 13.95 19.80 96.96 873.75

Spike Recovered (2) — — —  58.50 83.00 85.90

Table 1—9 . The concentration of metals in the basic CL soil
and the amount remaining in the superna ti nt for
samples spiked with different concentrations of
n i c k e l -
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SPIKE CONCENTRATION
(ppm)

FRACTION Back ground 1 10 100

DTPA (ppm) 2.37 5.45 63.33 400 O0

wa ter extract (ppm) 0 04 04 5 1 0

ammon ium acetate .60 19 4 7 3  191.00
extract (ppm)

hydroge n peroxide .08 .22 8.10
extrac t (ppm)

nitric acid 9-
hydrofl ouric acid 26 00 33.00 108.66 266.00

ex tract (ppm)

superna tant (ug) 30 .25 .50 380 00

E — DTPA (mg) 26.90 33.56 114 .15 850.20

Sp ike Recovered (2) 66.60 87.20 82.30

Table 1—10. The concentration of metals in the basic CL soil
and the amount rem ain ing in the supernatant for
samples spiked with different concentrations of
zinc -
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SPIKE CONCENTRATION
(ppm)

FRACTION Back grou nd 1 10 100

DTPA (ppm) lS 8.35 93.16 175.00

wa ter extract (ppm) 0 03 .12 19.30

ammo nium acetate 0 2 .21 35.06 364.00
ex tract (ppm)

hydroge n perox ide 55 1 16 6 30
extract (ppm) - -
nitric acid +

hydroflo uric acid .30 4.30 33.00 99.50
ex tract (ppm)

supernatant (mg) 0 .15 2.75 477.50

E — DTPA (mg) .30 7.24 72.09 966.60

Sp ike Recovered (%) — — —  69 40 71.70 96.60

Table I—lL The concentration of metals in the acid CL soil
and the amount remaining in the supernatant for
samp les spiked with different concentrations of
cadmium.
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S P I K E  C O N C E N T R A T I O N
(ppm)

FRACTION Backgro und 1 10 100

DTPA (ppm) .97 7.32 95.67 357.50

wa ter extract (ppm) 0 .05 .05 4.04

ammon ium acetate 0 .22 1.45 71.10
extra ct (ppm)

h y d r o g e n  p e r o x ide .17 1.25 6.82 83.00
ex tract (ppm)

nitric acid +
hydrof louric acid ‘~.80 6.45 38 .56 245.00

ex tract ( ‘ .~- m )

superna tant (ms) 0 ,25 .25 109.00

E — DTPA (in g ’ 4.97 8.22 47.~~3 512 l 4

Spike Recovered ( % )  32.50 42 l0 sO. 70

Table 1—1 2 . The conc entration of mi- t als in the acid CL soil
and the amount remaining in the supe~~- li t a n t  for
s a m p l es s p iked with d i f f e r i n t  con cen t r .i t i ons of
co p p e r  -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



- . -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3 3 7

SPIKE CONCENTRATION
(pp m )

--— 1
FRACTION Back ground 1 10 100

DTPA (ppm) 2 l 5  7.02 68.15 4 9 7

water extr act (ppm) 0 .05 .10 .41

aninionium acetate 0 .05 1.39 68.40
extract (ppm)

hydrogen pe rox ide .06 .07 .05 .48
extrac t (ppm)

nitric acid + *
hyd roflouric acid 27 60 28 15 70.40 398.77

ex tr ac t (ppm)

superna tant (mg) .40 .50 50 560.00

E — DTPA (m g )  28.06 28.82 72 .44 1028 06

Sp ike R e c o v e r e d  ( % )  
— 

7
6OJ 

44.30 lOO OO

Back calculated.

Table 1—13. The concentration of n eta ls in the a c i d  CL soil
and the amount remaining in the sup er n ata nt for
samples sp iked with d i f f e r e n t  c o n c € I t r a t ~~ons o~
l ead  -
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S P I K E  C O N C E N T R A T I O N
(ppm)

F R A C T I O N  Back gro und 1 10 100

DTPA (ppm) 2 .57 9.80 72.81 335.00

wa ter extract (ppm) 0 .05 .22 25 90

ammo nium acetate 0 65 14.10 190.00
ex tract (ppm)

hy dr ogen peroxide 79 3.56 9 46  38.10
extract (pp m)

nitric acid +
hydroflouric acid 36 .50 45.75 76.10 122.00

extract (ppm)

superna tant (nig) 0 25 4.88 585.00

E — DTPA (nig) 37 .29 50 26 104.76 961.00

Sp ike Recovered (%) — — —  l29 70 67.40 92.30

Table 1—14. The concentration of metals in the acid CL soil
and the amount remaining in th e s u p e r n a t a n t  for
samples spik e~ with d i f f e r e n t  concentrations of
nicke l..

~~~~~~~ ~~~~
- - -
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SPIKE CONCENTRATION
(ppm)

FRACTION Back gr oun d 1 10 100

DTPA (ppm) 4.05 10.25 84.33 170.00

water extract (ppm) lO .06 .16 23.20

ammonium acetate .02 43 9.20 128.00
extra ct (ppm)

hydroge n perox ide 28 - 96 1 50 7 30ex t rac t (ppm) - - -

nitric acid +
hydr oflouric acid 100.00 85 00 117.66 190.00

ex t rac t (ppm)

superna tant (mg) .40 .85 4.51 560 00

Z — DTPA (mg) 100.80 87.30 133.03 908.50

Spike Recovered (2) — - —  —135 00 32 .20 80.70

Table I—lS The concentration of metals in the acid CL soil
and the atrount remaining in the supernatant for
sa m ples spiked with d i f f e r e n t  concentratio ns of
zinc.

L~~~~~~~ . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~

340

S P I K E  CON C E N T R A T I O N

_____________ ~~ J1 (ppm)

FRACTiON Background 1 10 100

DT FA ( pp ~~) i~ .07 5.85 105 00 385 00

water extract (p
~~

-
~
-) 0 0 .11 18.22

ammonium acetate .07 3.92 66.80 530.00
extrac t (p-,m)

h y d r o g e n  p er ox ide 6 .96 2.06 22.20
ex tract (ppm)

nitric acid +
hydroflour ic acid 0 3.40 27.00 95.00

extract (ppl a)

supernatant (mg) 0 0 l 8 7  456.25

E — DTPA (mg) .07 8.28 97.84 1121.67

Sp ike Recovered (%) 82.10 97.70 112.10

Table 1—16. The concentration of metals in the SC soil and
the amount remaining in the su pe r n a t~~nt for samp les
spiked with different concentrations of cadmium.



r - 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

341

S P I K E  C O N C E N T R A T I O N
(ppm)

I
FRACTION Background 1 10 100

DTPA (ppm) .80 5 8 5  84.00 497 50

water ex tract (ppm) 0 0 .18 6.54

ammoni um acetate .16 l4 4.63 234.00
extract (ppm )

hydroge n peroxide .04 .35 3.22 58.30
ex trac t (pp m )

nitric ac id +
hydroflo uric acid 5.80 11 .00 61.75 330.00

ex tract (ppm)

superna tant (mg) 0 0 .57 177 .25

— DTPA (mg) 6.00 11.49 70.35 806.09

Spike Recovered (2) 54 90 64.30 80.00

Table 1—17. The concentration of metals in the SC soil and
the amount remaining in the supernatant for samples
splk”-1 w ith different concentrations of copper.

______________
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3 4 2

If SPIKE CONCENTRAT l.ON
(pp m )

FRACTION Backg round 1 ~O 100

DTPA (ppm) 95 7 1 2  96.87 6 4 2

wa ter extract (ppm) o 0 .05 .18

ammonium acetate
ex tract (ppm) .23 .4~ lL~.47 356.80

h y d r o g e n  p e r o x ide
extract (ppm) 2~ .32 0S 1.35

nitric acid + 
*hy d r o f l o u r i c a ci d io oo 12.20 72.05 646.14

extract (ppm)

superna tant (nig) 0 0 .75 5 9 8

— DTPA (nig) 10.45 12.96 87.37 1010 45

Sp ike Recovered (¼) — — —  25.10 76.90 100.00

*
Back cal culated.

Table 1—18. The concentration of metals in the SC coil and
the amount remaining in the supern atant for samples
sp iked with d i f f e r e n t  concentrations of lead.

___  J
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SPIKE C O N C E N T R A T I O N
(ppm)

FRACTION Back g r o u n d  1 10 100

DTPA (ppm) .70 7.60 77.15 515 .00

water extrac t (ppm) 0 0 - .25 19.20

ammonium acetate .17 1 5 5  42.07 400.00
extract (ppm)

hydroge n peroxide .70 2.66 7.35 54 00
extrac t (ppm)

nitric acid +
hydroflour ic acid 5.10 10.50 46 50 103.00

extrac t (ppm)

super natant (wg) 0 0 3.70 507.50

— DTPA (mg) 5 9 7  14.71 99.87 1083.70

Sp ike Recovered (¼) 87.40 93.90 107 .70

the amount remaining in the supernatant for samples
Table l—19. The concentration of metals in the SC soil and

spiked with different concentrations of nickel.

S
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SPIKE CONCENTRATION
(ppm)

FRACTION Background 1 10 100

DTPA (ppm) .87 6.32 85.00 412.50

water extract (ppm) .23 .17 .36 19.68

amrnoniu~ acetate 
.80 1.25 27.00 356.00

hydrog:n pe r~~x ide 
.12 .80 46 9.90

nitr ic acid +
hydroflo uric acid 17.00 17.40 70.00 146.00

ex tract (ppm)

super natant (mg) .50 .60 4.62 512 50

E — DTPA (mg) 18.65 20.22 102.44 1044.08

Spike Recovered (7.) —— — 15 70 83.70 102.50

Table I—20. The concentration of me~~n1s in th~ SC soil and
the amount remaining in the supernatant for samp les
spiked ~ith different concentrations of zinc
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