
Western Michigan University Western Michigan University 

ScholarWorks at WMU ScholarWorks at WMU 

Paper Engineering Senior Theses Chemical and Paper Engineering 

4-1982 

Interaction of Specific Contaminants in Pulp and Paper Effluents/ Interaction of Specific Contaminants in Pulp and Paper Effluents/ 

Leachates with the Soil Leachates with the Soil 

Steven G. Ziolkowski 
Western Michigan University 

Follow this and additional works at: https://scholarworks.wmich.edu/engineer-senior-theses 

 Part of the Wood Science and Pulp, Paper Technology Commons 

Recommended Citation Recommended Citation 
Ziolkowski, Steven G., "Interaction of Specific Contaminants in Pulp and Paper Effluents/ Leachates with 
the Soil" (1982). Paper Engineering Senior Theses. 592. 
https://scholarworks.wmich.edu/engineer-senior-theses/592 

This Dissertation/Thesis is brought to you for free and 
open access by the Chemical and Paper Engineering at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Paper Engineering Senior Theses by an authorized 
administrator of ScholarWorks at WMU. For more 
information, please contact wmu-
scholarworks@wmich.edu. 

http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/engineer-senior-theses
https://scholarworks.wmich.edu/pci
https://scholarworks.wmich.edu/engineer-senior-theses?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F592&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/93?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F592&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/engineer-senior-theses/592?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F592&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/


INTERACTION OF SPECIFIC CONTAMINAJ."fl;'S 

IN ·�utP .AND PAPER.EFFLUENTS/ 

LEACHATES WITH THE SOIL 

Steven G. Ziolkowski 

A Thesis submitted 

in partial fulfillment of 

the course require:raents for 

The :Bachelor of Science Degree 

Western �Iichignn. University 

Kalamazo:>, Nichigan 

• Apr11 i 19e2



ACKNOWLEL'GMENT 

I would like to thank nry senior thesis advisors, l-"ir • .Aldrich arid Dr. 

Peterson for their guidance and understanding. 

Also many thanks go to Mr. Ray Wagner and Mr. Budd Goldsmith from 

Simpson Paper Company. Their cooperation and assistance was deeply appre­

c:i,ated. 

Two other people who deserve thanks are Mr. Bill Thacker: and Mr.- Ron 

Vriesman of the,NCASI. Their advice and knowledge of soils was very valuable.

I would also like to thank Dr. Ferguson from· the �sics Department 

fo'i; analyzing my soil samples on the PIXE instrument. 

My appreciation goes to Dr. Harrison of the Geology Department too. 

His insight and knowledge of the soils and mine::.-als located around Kalamazoo 

helped me to understand.rzr:r data in a clearer manner. 

And finally, I would like to thank my wi.f e, Jamie, who typed this paper 

and gave me her support throughout this entire project which helped make 

things· go much easier for me.� 



ABSTRACT 

This thesis deals with the interaction of specific contaminants· in 

pulp and paper effluents and how they leach into the soil. The mill includ­

ed in my study applies its effluent to special irrigation fields on a daily 

basis. The mill produces s·ome specialty paper which involves the use of 

heavy metals�- it's papermaking proces.sand as a result some of the _metals

are applied on the irrigation field. :By taking s_oil samples from the irri­

gation fields and analyzing them for heavy metals, I hope to come up with 

some conclusions for the behavior of vertical migration of heavy metals in 

the soil. :By performing other tests such as soil pH and sieve analysis, I 

. think a better understanding of the characteristics of the soil will be 

established. 
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LITERATURE REVIEW 

The study of specific contaminants in pulp and paper effluents has· 

been an area of interest to environmental engineers for the past several 

centuries. By analyzing effluents from a mill we a.re able to determine 
. . . 

exactly what materials we can afford to release into the environment a.�d 

what materials.we can not. Once a large collection of data has been estab­

lished, and conclusions drawn, then and only then can we begin to look for 

ways of applying the effluent to the surrounding environment. One way that 

has been practiced for centuries is the.use of land application. This type 

of treatment makes use of the plants, the soil surface and the soil matrix. 

It has been known that the idea of using land treatment systems in<\ 

the Western civilization began as �ong ago as ancient Athens.1 A particular

wastewater irrigation system in Bunzlaw, Germany was said to have been in 

operation for more than 300 yea.rs after it was constructed in 1559.
2 For

the most pa.rt, land-treatment systems didn't really take effect until the: 

second half of the nineteenth century in Europe. Due to high level �ol-

lution problems occuringiin many rivers the only way they could dispose 

of the untreated wastewater was to apply it directly to the land. This 

so called "sewage farming" was practiced by transporting the untreated 

wastewaters into the agricultural areas for irrigation and disposal. In ·

the 1870's this method of "sewage farming11 was recognized in England as 

an a�c�ptable way of treating their wastewaters.3 However, as these urban

areas began to expand, more and more advanced treatment technology became 

available .and therefore many of the older treatment systems were dropped 

due to the need to develop the land. 

Land treatment systems in the United States began as far back as the 

1870's as did Eu.rope.4. The u.s. used the sewage farming idea as a first

step towards.water pollution control. By·the first halt or the twentieth 
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century these systems were being replaced by in-plant treatment systems or 

by one of the following: 1) managed farms where the treated wastewaters 

were used for crop production, 2) landscape irrigation sites, or 3) ground 

water recharge sites. It should be pointed out that these newer land­

treatment systems appear to exist mainly in the West where the resource 

value of wastewater was at an added advantage. 5 .'

There are three major processes which can be used for land treatment 

of �£fluents from a mill, the first is irrigation, then rapid infiltration, 

and finally overland flow. The particular mill which I will be studying 

1:1ses the irrigation type of process, so:·.!'or this reason we'll look at ir-

rigation in more depth. 

Irrigation is really the most :predominant land application type of 

process used today. This method simply involves the application of the ef­

fluent directly to the land for treatment and for meeting the growth need 

of the plants. The applied effluent is treated by physical, chemical and.: 

biological means as it leaches down into the soil. The effluent can by ap­

pli�d to the crops or vegetation (including forestland) by one of two wa:ys, 

sprinklers or by surface techniques used to avoicfpossible surface discharge 

of nutrients.6 The mill included in my study uses the sprinkler systems

to apply their effluents during the warm months and overland during the 

cold winter months.· 

Plants play an important role in.a land treatment system. The main 

purpose of plants a.re to take up nitrogen and phosphorous from the applied 

effluent, .lllfUlltain and increase water intake rates and soil permability, 

reduce erosion, and serve as a medium for microorganisms. The types of 

plants grown in these irrigated fields depends on some important factors.· 

First of all·the nitrogen removal capability of the.plant is important, 
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.the water need and tolerances a.re critical, it•s· sensitivity to specific 

contaminants in the effluent, public health regulations, and lastly plants 

management considerations. The types of plants {crops) used in the fields 

consist of three classes, 1) forage and field crops, 2)1andscape vegetation, 

and 3) woodlands.7 The crops grown by the mill I'm interested in a.re main­

ly alfalfa. and timothy hay, both of these crops are grown and haxvested 

on an annual basis. It's ·important to note "t4at, for forage and field 

crops, primary treatment prior to application is often sufficient. 

l:!!11.Background Information 

The:mill included in my study is the Simpson-Lee Paper Company in 

Vicksburg. This is a mill which has been. applying its effluent from its 

paper making process to an area of approximately 60 acres near the mill. 

The effluent is £1:rst passed through a primary clarifier which removes 

about 98% of the suspended solids. The effluent from the clarifier is then 

pumped through lines out to the designated areas of the fields. At the 

present time between 2 and 3 NGD of effluent, which is 28% to 38% {on an 

annual basis) is applied to the 60 acres of cropland by·means of a sprink� 

ler system.·. This sprinkler type of set-up is used from April to November 

to irrigate such crops as alfalfa and timothy hay. 'During the winter months; 

the mill uses an overland flow method into two lower elevation leaching 

areas consisting of some 50 total acres. In case of any trouble with the 

pressurized irrigation system the £low from the primary clarifier is di-

. verted·.:to an "emergency overflow area" near the paper mill which can handle 

up to 4 million gallons. Within the irrigation fields there a.re some 16 

groundwater monitoring wells where tests can be run to determine if ari 

contaz:ti.nation.: occurs in the groundwater. Some of the groundwater tes-ts 

consist of COD, pH, TDS, nitrate nitrogen, and Kjeldahl nitrogen.8
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Simpson Paper Company produces several types of specialty grades of 

paper which include photographic paper, blueprint paper, fire proof paper 

and artist :paper. As a result ot producing these specialty papers a certain 

amount of heavy metals are used in the paper making process. Naturally the 

effluent from this process will contain many of the heavy metals that went 

into making the paper. Approximately 3.2 percent of _these largely insol­

uble·metal pigment complexes go into the effluent and are sprayed onto the 
. 

' 

crops and land. On an annual basis we are talking about 300 to 400 pounds 

of.metals applied over the 60 acres. The particular metals we are concerned 

with are lead cbromates, mercury, cadmium, zinc, and selenium.9 · Although·· 

most of the heavy metal particles are removed in the primary clarifier, 

approximately 1. 5 pounds of metals per da;y find their wa;y ou·t to the irriga­

tion system and eventually onto the plants and into the soil. As a result 

I think it's important to do an analysis on the heavy matals in the soil 

to see how much has been accumulated over the years and possibly learn 

more about the characteristics of heavy metals and how they react in the 

soil. 

On the following page is a breakdown of how the testing procedures.' 

wilLbe conducted. Once the soil smmples have been collected, they will be 

analyzed by a PIXE instrument (}?article Induced X-rair Emissions) which will 

determine the concentration of heavy metals in each sample. Also pH tests 

will be performed on each sample to give us an idea of the different pH 

ranges that occur in each of the testing fields. Concentrations of the 

heavy metals found in the groundwater was also obtained from some data made 

available by the mill. All of this data was collected and analyzed to see 

if any correlations or trends could be drawn. The results and conclusions --­

from my data are found later in the thesis under "Discussion: of-Results'!. 



EXPERIMENTAL PROCEDURES 

1. Test for the migration of heavy metals at different depths of the soil.

a.) Desi&41ate 7_sites located throughout one of the irrigation fields

as testing grounds. (See figure 1) 

1) Take four samples from each of the designated sites.

2) Analyze sampl�s at the surface, 6 11
, 12 11 and 18" depth,

2 •. Do.a test on heavy metals in certain areas of greater effluent applica-.-

tion vs. area of less application. 

a) Ta�e 3. samples from areas of high application.

b) Take 3 samples from areas of low application.

3. Set aside an area of land which will serve as a control. (This land has

not been sprayed with an effluent and is the same type of soil found

in the irrigation fields.)

a) Take 2 samples and analyze them to see what the soil mainly consists

of. 0 

b) Take samples _at the surface, 6 11
, 12 11

, and 18" depth.

4. Compare· soil samples collected in September 1971 to samples that I col­

lected in February 1982 and see what kind of build up of mefa,ls have

. , occured over this time period. *

5. Obtain data from the mill pertaining to t..�e concentration of heavy metals

in the groundwater so that this can be entered into an overall mass bal-

• ance.

6. Do a pH test on each sample to determine what :.the pH range is in each of

the testing fields. 10

a) Air dry 50 grams of soil.

* Data proved to be nonconclusive.
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b) Mix 50 ml of distilled water with each.sample for one hour.

c) Read the pH directly from a meter for each sample.

7. Sample pr�pa:cation for the PIXE instrument

a) Oven dry samples for 24 hours.

b) Compress samples (2500 psi) into small pellets.

c) Insert pellets into plastic holders.

d) Place plastic holder into PIXE instrument.

-6-·
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FIGURE 1 

(Irrigation fields and testing sites)
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TA:BLE 1 

PIXE ANALYSIS 

(AVERAGE VALUES) 

CONTROL FIELD (SITES 1 AND 2) 

DEPI'H ELEMENT ppm ¾ unc * DEPrH ·ELEMENT ppm % unc

SURFACE K <4001.45 25 6". K 3774.6 25 
Ca. 1687.6 25 Ca· 1482.95 25 
Ti 1605.4 20 Ti 1562.4 20 
Cr 545.3 23 Cr 575.25 23 

669.0 25 Mn a90.55 25 
Fe 11159. 35 15 Fe 10686.2 15 
Cu 6. 75 28 Cu 9.05 23 

. Zn' 52.8 15 Zn 50.15 16 
Ga 7.2 31 Ga 8.9 29 

28.0 34 Pb 23.75 37 
Rb 77.4 15 Br 4. 75, 44 
Sr 112.65 15 Rb 74.9 15 
y 19.25 29 Sr 108.1 15 

Zr 373.e 15 y 24.95 26 
Br 2.7 63 Zr 338.3 15 

DEP.rH ELEMENT ppm % unc DEPrH ELEMENT ppm % unc

.. :12°: - . K 4583.05 25 18" -H- K 3680.3:; 25 
Ca 2146.5 25 Ca 2171.5 25 
Ti 1802.9 20 Ti 1671.6 20 
Cr 1007 .15 22 Cr 810.9 21 
Mn 476.35 25 Mn 434.6 25 
Fe 22928.4 15 Fe 15830.1 15 
Cu 15.55 19 'Cu 11.6 20 

'Zn 60.7 15 Zn 49.5 · 15
Ga 9.55 29 Ga. 9.5 28
Pb 36.a 31 Pb 60.5 28
Br 2.9 70 Br 5.4 42
Rb 115.3 15 Rb 88.8 15
Sr 103.4 15 - Sr 93.4 16

y 10.05 58 y 14.4 35
Zr 199.4 15 · Zr 242.7 15

* PERCEl�. UNCERTAINTY

ff ONLY ONE 1811 SAHPLE TAKEU FROH CON(rROL FIELD
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TABLE 2 

PIXE AVERAGES 

FIELD 2A*. (SITES #1, #5, #6) 

DEP11H ELEMENT p:pm 

SURFACE K 3973.3 
Ca 2952.6 
Ti 3626.8 
Cr 669.0 
Mn 400.7 
Fe 13036.2 
Cu 21.2 
Zn 145.8 
Ga 8.9 
Pb 104.4 
Br 10.0 
Rb 66.3 
Sr 108.6 
y · 12.4 

Zr 269.2 

DEPI'H ELEMENT. ppm 

12 11H K 3845.0 
Ca 1766.1 
Ti 1553.1 
Cr 577.5 
Mn 463.9 
Fe 11296.7 
Cu 7.25 
Zn 47.1 
Ga 6.8 
Pb 21.8 
Dr 2.8 
.Rb 62.9 
Sr 95. 7
y 10.2

Zr 206.7 

* SITE #9 ONI'ITED Ill FIELD 2A 

% unc 

25 
25 
20 
23 
25 
15 
18 
15 
29 
27 
52 
16 
15 
54 
15. 

%unc 

25 
25 
20 
23 
25 
15 
22 
15 
30 
33 
70 
15 
15 
58 
15 

ff OMIT SITE //5 DATA AT 12" DEPI'H 

DEPJ:H .-"

6" 

. DEP.1:H 

18 11

ELEMENT 

K 

Ca 

Ti 

Cr 
Mn 

Fe 
Cu 

Zn 

Ga 

Pb 

· Br

Rb

Sr

y 
Zr 

ELE!-!ENT 

K 

Ca 

Ti 

Cr 
Mn 

Fe 
Cu. 

Zn 

Ga 

Pb 

Br 

Rb 

Sr 

y 
Zr 

. ppm 

3670�2 
1ao3.2 

· 1657 .2
522.7
659.7 

10949.2 
9.2 

59.4 
8.5 

29.1 
6.6 

69.7
104.5 
18.6 

309.9 

ppm 

3167�7 
1528.0 
1125.6 
590.9 
270.3 

13226.0 
9.95 

37.7 
6.5 

23.3 
4.8 

. 69.1 
83.5 
9.6 

425.1 

96 unc. 

25 
25 
20 
24 
25 
15 
23 
15 
29 
36 
43 
16 
15 
29 
15 

% unc. 

25 
25 
20 
23 
25 
15 
24 
15 
29 
42 
48 
15 
15 
48 
15 



DEPI'H ELEr·IEllT 

SURFACE K 

Ca 
-Ti

Cr

Mn
Fe

Cu

Zn

Ga
Pb

l3r

Rb
Sr
y

Zr

DEPrH ELEMENT 

1211 K 

Ca 
Ti 
Cr 

Mn 
Fe 

Cu 

Zn 

Ga. 

Pb 

Br 
Rb 
Sr 
y 

Zr 
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TABLE.3, 

PIXE AVERAGES 

FIELD 2B (SITES #2, #7, #8) 

ppm % unc DEPflI 

4644.2 25 6" 
2760.6 25 
3198.2 20 
576.2 23 
551.6 25 

11574.1 15 
12.3 20 

128.4 15 
7.8 29 

61.0 · 28
7.9 37

59.5 15
106.0 15

14.2 35
253.8 15

ppm % unc DEPI'H 

5121.0 25 18 11 

1952.0 25 
1795.9 20 
769.1 23 
494.3 25 

17045.3 15 
·8.3 26 
47.7 15 
·8.5 29 
65.3 31 
4.9 54 

88.0 15 
.104.1 15 

12.7 37 
300.0 15 

ELEr1ENT ppm % unc 

K 4001.5 25 
Ca 1970.3 25 
Ti 1722.8 20 

. Cr 618.3 23 
Ym 475.5 25 
Fe 11253.0 15 
Cu 6.8 28 
Zn 49.7 15 
Ga 7.9 29 
Pb 33.8 40. 
Br 5.1 55 
Rb 68.3 15 
Sr 101.0 15 
y 16.0 29 

Zr 292.1 15 

ELEMENT ppm % unc 

K 3783.0 25 
Ca 1795.4 25 
Ti 1413,9 20 
Cr 804.7 23 
Mn 287.3 25 
Fe 17975.8 15 

. Cu 8.4 27 
Zn 50.4 15 
Ga 11.4 29 
Pb 37.2 29 
Br 4.8 44 
Rb e6.o 15 
Sr 90.7 15· 
y 6.6 61 

Zr 188.5 -15



DEP11H ELEMENT 

SURFACE K 
Ca 

Ti 

Cr 

Mn 

Fe 

. Cu 
Zn 

Ga · 

Pb 

l3r 
Rb 

Sr 

y 
Zr 

DEPrH ELEMENT . 

1211 K 

Ca· 
Ti 

Cr 

Mn 

Fe 
. Cu. 

Zn 

Ga 

Pb 

Br 

Rb 

Sr 

y 
Zr 
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TABLE 4

PIXE AVERAGES 

FIELD #3 ( SITES /}3, #4) 

ppm % unc DEP11H 

4765.6 25 6" 
2385.2 25 
2251.1 20 
643.6 23 
617.3 25 

13311.4 15 
17.15 18 
69.9 15 
13.1 · 29
44.7 27
7.2 40 

·76.5 15 
101.6 15 
18.1 36 

346.a 15 

ppm % unc DEFTH 

4426.0 25 1811

1838.9 25 
1851.8, 2,0 
1090.1 23 
299.8 25 

22528.3 15 
15.2 20 
5e.4 15 
·8.6 29 
49.9 29 
5.3 44 

111.2 15 
91.6 15 
12.1 49 

251.2 15 

ELEMENT ppm ¾unc 

K 4786.6 25 
Ca 1934.6 25 
Ti 2181.9 20 
Cr . 497.4 23 
:rrm 693.9 25 
Fe · 12268.2 15 
Cu .9.3 22 
Zn 55-� 15 
Ga 8.7 29 
Pb 26.0 36. 
Br 3�4 57 
Rb 72.3 15 
Sr 95.2 15 

y 20.1 28 
Zr 343.6 15 

ELEMENT ppm · �t unc

K 3513.6 25 
Ca 1700.r, 25 
Ti 1548.8 20 
Cr 1040.6 23 
Mn 289.7 25 
Fe 23;,s.5 15 
Cu 16.0 19 
.Zn 57.7 15 
Ga 9.9 29 
Pb 42.7 30 
l3r 4.8 45 
Rb 92.0 15 
Sr 94.5 15 

y 13.4 48 
Zr 256.4 15 



DEPrH ELEHENT 

SURFACE K 
·Ca
Ti
Cr
:rm
Fe

. CU·

Zn
Ga
Pb
Br
Rb

. Sr

y 

Zr 

DEP11II ELEMENT 

12" K 
Ca 
Ti 
Cr 
Mn 
Fe 

cu 

Zn 
Ga 
Pb 
Br 
Rb 
Sr 
y 

Zr 
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TABLE 5 

PIXE ANALYSIS 

FIELD 1* (SITE #10) 

:ppm % unc ·DEPI1H

4371.1 25 6" 
2135.9 25 
1868.1 20 
479.3 24 
664.3 25 

10737.3 15 
·2.5 63 
40.a 16 
·3.a ·. 41
14.0 51
2.0 81 

66.o 16 
95.1 15 
18.1 29 

362.1 15 

ppm % unc DEPrH· 

4635.5 25 18" 
1922.3 25 
1915.2 20 
514.8 23 
796.5 25 

12330.5 15 
8.4 29 

53.7 15 
9.4 28 

13.4 59 
2.5 68 

81.3 15 
105.0 15 
12-4 37 

330.5, 15 

* ONLY· 01-lE SAMPLE OBTADIBD FROM FIELD 1.

ELEMENT ppm % unc 

K . 3945.1 25 
Ca 1784.9 25 
Ti 1026.0 20 
Cr 505.9 23 
Mn 795.4 25 
Fe 11008.2 15 
cu 5.1 33 
Zn so.a 15 
Ga 1.a 30 
Pb 17.7 43 
Br 5.1 42 
Rb 70.3 16 
Sr 91.6 16 
y 12.0 37 

Zr 270.9 15 

ELEMENT . ppm % unc 

K 3a64.7 25 
Ca · 15oa. 7 25 
Ti 1553.7 20 
Cr 814.8 21 
Mn 267.2 25 
Fe 16450.2 15 
Cu 10.7 21 
Zn 46.0 16 
Ga 10.9 28 
Pb 21.a 39 

: 

Rb.· 87.1 15 
Sr 104.9 15 
y 10.5 42 

Zr 208.9 15 



DEPrH 

SURFACE 

DEPTH 

61t 
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IRRIGATION FIELDS - CONTROL SITES 

ELEMENT 

K 

Ca 
Ti 
Cr 

Mn 
Fe 
Cu 

Zn 

Ga 
Pb 

Br 
Rb 
Sr 

. Y

Zr 

ELEr-IENT 

K 

Ca 

Ti 
Cr 

Mn 

Fe 

Cu 

Zn 

Ga· 

Pb 

Br 
Rb 
Sr 
y 

Zr 

{Amount of metals applied) 

.

FIEL.D 2A FIELD 2B 
ppm ppm 

-* 643 
1265 1073 
1941 1513 
124 31 

-

1877 415 
15 6 
93 76 
2 1 

76 33 
1 5 

-

-

FIELD 2A 
ppm 

FIELD 2B 
ppm 

- 227 
320 487 
95 161 

43 
-

263 567 
1 -

9 
- -

5 10 
2 1 

-

-

-

FIELD 3 
ppm 

764 
698 
566 
98 

2152 
10. 
17 
.6 
17 
5 

-

-

-

FIELD 3 
ppm 

1012 
452 
620 

1582 
1 
6 

2 
-

5.3 

* Control concentration was higher than irrigation field concentration.

FIELD 1 
ppm 

370 
448 
183 

-

-

-

FIELD 1 
ppm 

171 
302 
264 

322 

1 
-

-

1 
-

-
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DEPrH ELEMENT FIELD 2A FIELD 2B FIELD 3 FIELD 1 
ppm ppm ppm ppm 

1211 K CONTROL 538 -* 52 
Ca VALUES -

Ti ARE ALL -- 49 112 
Cr HIGHER 83 -

?-In 

t 
--18 320 

Fe - -

Cu -

Zn ---v 

Ga --

Pb i 29 13 
Br : 2 .2 
Rb ,_ 

Sr 1 2 
y 3 2 
Zr 101 52 131 

DEP.I'H ELEMENT ·FIELD 2A FIELD 2B F1Wm 3 FIELD 1 
ppm ppm ppm 

6" K CONTROL 193 - 184
Ca VALUES - - -

Ti ARE ALL - -

Cr HIGHER -

t
- -

Fe 2146 7508 620 
Cu - 4 0 

, . ...,..; ___ 

Zn 1 8 
Ga 2 1 1 
Pb - - -

Br - -

Rb - 3 -

Sr 1 12 
y - -

Zr - _14 

* Control concentration was higher than irrigation field concentration.
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FIGURE 2 (PIXE Analysis) 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 
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TABLE 8 

pH TESTS 

SITES DEPI'HS SOIL E20 (Distilled) nH READING 

#1 . Surface · 50 grams 50 ml 5.a
(FLD 2A) 611 n " 6.4 

12" " H 6.3 
18" ft n 5.a

f)2 Surface . It " 6.6 
(FLD 213) 6" II " 6.4 

12" It It 6.3 
18 11 It " 6.5 

#3 Surface II It 5.6 
(FLD 3) 6" " It 5.6 

12" It It 6.o
1811 II " 5.0 

#4 Surface " " 5.6 
(FLD 3) 6" n ·n 6.1 

12 11 " II· 5.5 
18 11 H It 5.2 

.u5 Surface " • 6.6 
1r 

(FLD 2A) 6" 44.e 44.a 7.2 
12 11 50.0 50.0 7.0 
18 11 41.3 41.3 6.7 

Control Site Surface 50.0 50.0 5.4 
ff-1 6" 32.6 32.6 5.6 

1211 40.3 40.:; 5.9 
18" - -

#6 Surface 50.0 50.0 5.a
(FLD 2A) 6" " II 5.9

12 11 II n 6.o
18 11 " " 6.1 

#7 Surface 41.9 41.9 6.5 
(FLD 2B) 6" 50.0 50.0 6.4 

12" " II 6�4 
16" " ti 6.3 



SITES DEFTHS 

#8 Surface 
; (FLD 2B) 6" 

12" 
18 11

#9 Surface 
(FLD �) 6" 

12" 
18 11

#10 Surface 
(FLD 1) 6" 

12" 
18" 

Control Site Surface 
#2 6" 

12" 

18 11

-24-

TABLE 8,. (continued) 

pH TESTS 

.§fill! �O (Distilled) 

32.a grams 32.8 ml 
50.0 50.0 

II ·"
II n ·

ti " 
II " 
" II 

n ff 

35.8 ;5.8 
50.0 50.0 
" n 

" " 

It " 
" " 
II " 
" " 

pH READING 

6.7 
6.7 
6.7 
6.6 

5.9 
5.9 
6.1 
6.1 

6�6 
6.4 
6.o
4.8 

5.7 
5.6 
5.4 
5.3 



9,0 

e.o 

7,0 

5:0 

1,0 

0 3 

-25-

FIGURE· 10 
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FIGURE 11 
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FIGURE 12 
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DISCUSSION OF RESULTS 

By observing the graphs and analyzing the data I've collected from my 

soil samples; I have come up with some conclusions about my results. First 

I would have to say that the migration of the heavy metals down through the 

first eighteen inches of soil showed a very random distribution,. The Pl.JIB 

(Particle Induced X-rey- Emissions) analysis shows that the conce�tration of 

the metals did not follow any consistent pattern going from the surface 

down to eighteen inches. For example, site 9, in field 2A showed a concen­

tration of 127.6 ppm of zinc at the surface, 55.3 ppm at the six inch depth, 

but 69.0 ppm at the twelve inch level and then back down to 57.0 ppm at the 

eighteen inch mark. At this same site the lead concentrations vary from 

76 ppm at the surface to 48.6 ppm, 61.6 ppm, 50.7 ppm at 6, 12, and 18 inches 

respectively. These types of variations at the different levels in the soil 

seem to point out that my theory of the heavy metals consistently decreasing 

as you go dmm through the soil was not exactly right. However, I �an offer 

some explanation as to why the amounts of the heavy metals might fluctuate 

so much throughout the soil. 

In the soil its elf you have an area known as the lea�hing zone which 

is where,some of the heavy metals may be absorbed by soil particles and by 

plant roots or may simply pass straight through the soil and continue down­

ward.. The next zone we observe is the accumulation zone, where the heavy 

metals mey- build up and become trapped and can result in our higher con­

centrations. Still if we go down farther in the soil we :reach a ·zone which 

is relatively uneffected by any of the surface application of meta.ls. This 

zone may be son:ewhere between 8 - 10 feet below the surface. 

Now when looking back at rrry results, I would have to sa:y that my soil 

samples ta.�en at the deeper levels showed higher concentrations than the on�s 
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at the surface. It could be that I was in the accumulation zone where the 

metals were at their highest amounts, thus explaining the increase in metal 

concentration�. Also these irrigation fields are used to grow different 

types of crops. Every three to four years the fields have to be plowed to 

aerate the soil and mix up the dead organic material on the surface of the 1

soil. Due to this plowing the heavy metals at the surface are mixed up and 

carried down into the soil deeper. The depth.of the plow is set at about 

eight inches, and as a result higher concentrations of metals are vecy pos­

sible at t..11.e lower depths in the soil. Since the fields axe plowed evecy 3 

to 4 years its impossible to get a direct vertical migration of the heav-3 

metals since the mill b�gan, because the metals are upset due to the plowing 

and are not in their original i:attern since the beginning of the irrigation 

program. 

Another important factor that comes into play is the size of the par­

ticles such as clay have a stron�r a£finity for the positive charged par­

ticles than larger particles. Cley particles already have a negative charge 

associated with the?l and therefore they would naturally be attracted to the 

positively charged metals flowing through the soil. As a result, it's pos­

sible th�t where the concentration of the metals seems higher as I went 

deeper into the ground it could be due to a higher amount of clay particles 

at that particular depth. The soil where I obtained my samples is basically 

a sandy loam type of soil, however, ii' any clay particles were present they 

would moot likely attract the heavy metals with more consistency. A sieve 

analysis may have aided in particle distribution data. . However it was sug-
' 

' 

gested that this data would not have been of. qualitative value and therefore 

I chose not to perform the sieve anaJ.ysis test. 

When observing my data from the control fields I could see that in 

many inntances there were higher concentrations of some elements than I 
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expected. I couldn't understand why there was so mu.ch potassium, titanium, 

iron and manganese in the control field when there was no application of 

heavy metals •from the mill. After ta.lkin'g to Hr. Harrison· in the geology 

department here at Western I was made aware of the fact that there are many 

mino:ra.ls in the soil in the Kalamazoo area that naturally contain the ele­

ments mentioned above. Some of the more common minerals a.re quartz_ (Si02),

Feldspar (KA1Si
3
o

8
), Mica (KAliA1Si

3
o10)(0H)2), I1agnetite (Fe3o4), and

Illmenite (FeTio
3
). The mineral magnetite (Fe

3
o
4

) has the ability to ex­

change it's iron cation with other cations in the soil such as titanium, 

manganese, and zinc. This explanm;ion helped point out exactly where some 

of the metals found naturally in the soil. come from. 

Another factor that can ef.fect the migration of heavy metals in the 

soil is the pH. I :conducted some pH tests on all of my soil samples and 

plotted the results on graphs on page 25. The ranges of the pH were from 

5.4 to 5.9 for the control field and about 5.0 to 7.0 for the other irriga­

tion fields. These ranges are just about what is expected. If the pH levels 

were a.round 4.0, then there would be reason for concern since this acidic 

condition ma:y cause the minerals to release some of the heavy metals adher­

ing to their outer structure malr.ing them available to move around and con-
, 

. 

centrate in other areas of the environment. When growing crops it's best to 

have a high pH soil since this is what crops prefer, therefore, this could 

be the reason for the higher pH values for the irrigation fields. Typically 

farmers like pH values around 6.5. 

I would like to point out here that the results I received from the 

PI.XE analysis have a total amount of the particular metal in any given soil 

sample •. To obtain a rough estimate of how much of a certain metal wa.E1 ap-. 

plied to an area I subtracted the contz·ol sample from the sample in the 



irrigation field. These were averages of the different sites I had esta­

blished throughout the different fields. For example in field 2A I averaged 

the PIXE re�ul ts for sites 1, 5, and 6 ·to get values. for the ·surface, 6 inch 

12 inch and 18 inch.depths� For t�e control field I had established only 

two sites, therefore I used these two PIXE results and averaged them to-
·,

gether to give a.rough estimate of the metal concentrations in the control

field. It should be made clea:r at this point that my results are in no way ·

the exact amounts of the metals applied to the fields. In order �to come

up with a relatively close approximation, many more samples would have to

be t·aken. In my experiment I had taken a total of 51 soil samples through­

out the different irrigation fields and control field. I would estimate that

at least 200 samples would have to b·e taken in order to make a good basis

for establishing an average number for the metal concentrations.

All of the results from the PiicE instrument a:re not precise amounts. 

For each element analyzed there is a percent.uncertainty that goes along with 

it. For example, potassium has 25 percent uncertainty, .zinc 15%,�.lead 2996, 

copper 20%, and so on. This percent uncertainty varies for the different 

elements due to the ins_trument's ability ·to read the different energy l�vels 

of the elements. Some elements a:re easier to detect than others, therefore 

they have a lower percent uncertainty. There are a set of standards that 

the PIXE instrument is calibrated for and depending on how close the PIXE 

comes to these standards is another factor influencing the percent uncertainty. 

As a result, the concentration� reco�ded for my soil samples can vary as 

little as 2 ppm and.as high as 4000 ppm depending on the pa:rticular element. 

Another area to be concerned with is groundwater. contamination. Al­

though I didn't do any groundwater t,asts the mill did have some data. avail­

able from the monitoring wells taken in July 1980. After looking at the data 

-33-·
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(Table 9) it became apparent that the mill was not exceeding any water stan­

dards and that when compared to the amount of heavy metals trapped in·the' 

soil, the gi:oundwater had a very small a.mount. 
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CONCLUSIONS 

Finally, I would like to summarize some of the factors involved when 

collecting Sfil samples from a given site. In �-particular field, sam­

ples collected close to each other could vary largely due to some of the 

reasons I mentioned earlier: natural concentration of minerals, particle 

size distribution (clay vs. sand particles) and leaching and accumulation 

of the·_particular metal in that site. Due to the many influences that 

effect my results I would have to say that my method of accounting for the 

heavy metal application to the irrigation fields is non-conclusive. How­

ever my method of analysis is still of value to the mill since it does 

give the total amount of the metals in the soil. If another PIXE analysis 

were taken in three or four years and i£ noticeably higher concentrations 

were detected, then I thin.� a closer look into the application of the heavy 

metals would definitely be necessary. 



FUTURE STUDIES 

For future studies of the heavy metal application on the irrigation 

fields, I would have to say that an alternative method of determining the 

amount of heavy metals applied to the fields would be a chemical extraction 

of the metals from the soil particle. Soil samples·w�uld be obtained through 

out the irrigation fields and each one would be treated equaJ.ly by some 

type of acid extraction to strip away any of.the_ metals adhering to the out­

side.of a certain mineral� Then by using an atomic absorber instrument the 

amount of metals stripped off' can be readily detected. This type of strip­

ping analysis does not account f'or any of the natural metals that are in­

corporated in the inside structure of the mineral. As a result, all the 

metals you are extracting from the samples are the ones directly applied 

by the spray irrigation system. ·Also an analysis of the leaves, s-tems, and 

roots of the plants growing in the irrigation fields is advised. Since 

plants do not contain.the metals naturally, any amount detected through the 

PIXE analysis would be directly related th the heavy metal application too. 

By analyzing both pl�t samples and soil samples, we can grasp a better 

understanding of exactly how much heavy metals have actually been applied. 

to the irrigation fields. If the tests do show high levels of heavy metals 

then it will be-necessary to act as quickly as possible to avoid any permanent 

damage to the environment. 
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