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Part I

Summarx

Surface Water Data

" The data set of toxic substances in the surface waters
of New Jersey is described and analysed. The surface
water data set consists of 320 sanmples of fresh water
collected throughout the state. While there are some
duplicate samples and some time series sampling has start-—
ed, the samples in the surface water data set are basically
single grab samples.

The surface water data set conéists of information on
the concentrations of a large number of toxic substances
and some standard water quality parameters. There are 27
light chlorinated hydrocarbons in the surface water éata
set. These are low molecular weight, relatively volatile
organic compounds. There are also 20 heavy chlorinated
hydrocarbons. These substances are primarily pesticides
noted for their extreme persistence once relecased into the
natural environment. Finally, there are 14 heavy metals
and 4 polycyclic aromatic hydrocarbons in the surface
water data set. There four categories of chemical sub~
stances total to 65 toxic substances in the surface water
data set. There is also information on 17 standard water
quality parameters to completc the chemical substances in

the surface water data set. Among these 65 toxics are 21
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substances which are presently classified as confirmed or
suspected carcinogens.

Spearman's rank correlation, a non-parametric
statistical procedure, vas used to calculate the bivariate
correlations between the toxic substances in the surface
water data. The largest number of significant corrclations
and most of the largest correlation coefficients are found
betwecen substances within the same chemical category. The
chemical substances with high positive correlation coef-
ficients indicate those chemicals which are often found in
the same water samples.

Factor analysis was used to identify the most impor-
tant patterns of contamination in the surface water data.
Each pattern of contamination identified consists of the
set of chemical substances which are found to be precsent
together and vary directly in surface water samples. The
four most important patterns of contamination in the
surface water data are a pesticide factor, a standard
water quality parameters factor, a heavy metals factor,
and a benzdi} a{:byrene-mercury—iron factor. Several
potential explanations for the presence and chemical
composition of the patterns. of contamination identified
are discussed. These range from patterns of human chemical
use, the stability of the‘chemical substances, and the
potential of toxic substances for metabolic and chemical -

reactions.
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An attempt was made to find associations between the
characteristics of the areas surrounding the sample site
locations with the patterns of contawmination identified
by factor analysis of the surface water data. If land use
or some other characteristic could be identified with the
patterns of contamination, the results could be of
assistance in the effort to identify and control water
pollution by toxic substances. Unfortunately missing data

precluded positive findings.

Ground Water Data

The grouﬁd water data set consists of 692 samples
collected throughout the state. While there are some
duplicate samples and some time series sampling has start-
ed, the samples in the ground watef data set are basically
single grab samples.

The ground water data set consists of information on
the concentrations of a large number of toxic substances
and some standard water quality parameters. There are 27
light chlorinated hydrocarbons in the ground water data
set. Therce are the same 27 low molecular weight, relative-
ly volatile organic compound that are included in the
surface water data set. There are 20 heavy chlorinated
hydrocarbons in the ground water data sct, again the same
20 heavy organics, primarily pesticides, that are included
in the surface water data set. There are 9 heavy metals

and 15 standard water quality parameters in the ground
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water data sct. All of these heavy metals and standard
water quality parameters are included among the larger
list of substances within these categoriés in the surface
water data set. Among these 56 toxic substances in the
ground water data set, 20 substances are either confirmed
or suspected carcinogens.,

The bivariate éorrelations between the toxic sub-
stances in the ground water data set were calculated
using Spearman's Rank Correlation. The largest number of
significant correlations and most of the highest correla-
tion coefficients are found between toxic substances with-
in the same chemical category. This indicates that toxic
substances within the light chlorinated hydrocarbons are
found together in the sane groﬁnd water samples more often
than they are found in the same ground water sample with
heavy chlorinated hydrocarbons, heavy metals, or standard
water quality parameters.

Factor analyéis was used to identify the most impor-
tant patterns of contamination in the ground water data.
Each pattern of contamination explains a major portion of
the variation in the ground water data and consists of a
set of substances which are present together and which
vary in concentration direcctly in a segment of the ground
water samples. Factor analysis identified six distinctive
patterns of contamination in the ground water data. These

patterns of contamination are a pesticide facgtor, a heavy
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netals factor, a standard water quality parameters factor,
a nitrogen factor, a second hcavy metals factor, and a
cyanide~BHC-beta-~fluoride factor.

An attempt was made to find associations between the
characteristics of the wells and the areas surrounding the
wells f£rom which theisamples were collected with the
patterns of contamination identified by factor analysis of
the ground water data. One of the most interesting find-
ings of this analvsis concerns the depth of the wells.

The ground water samples most strongly associated with
each of the 6 patterns of contamination were found to have
been collected from wells with a gréat range of depths.
Unfortunately much of the other descriptive information
concerning the surroundings of the wells was missing and

this seriously limited the effectiveness of this analysis.



Part II

A Comparison of Ground and Surface Water Quality

Water is essential to life and ground water sources
are essential to the supply of water in the United States.
It is estimated that 110 million Americans, over one half
the national population, rely on underground sources for
drinking water (Wilson, 1978). Approximately 22 percent
of the domestic, agricultural, and industrial water use;
50 percent of the irrigation water and livestock use;
and 77 percent of public water systems depend on ground
water entirely or in part (Wilson, 1976).

The assumption is widely accepted that ground water
supplies are relatively uncontaminatéd with toxic sub-
stances when compared to surface water supplies. This
assumption is supported by both theory and some field
results. Geohydrologic theory predicts that ground water
is effectively protected from toxic substances contamina-
tion by the layer of soil which toxic contaminants must
pass through before reaching ground water supplies and by
the chemical, physical, and biological processes acting to
capture and or degrade toxics both in the soil and within
an aguifer. Although the literature contains no studies
systematically comparing levels of toxics in ground water

and surface water, a number of studies do reach conclusions
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about toxic substances contamination of ¢ground water. The
preponderance of this published literature (reviewed in
this report) concludes that ground water supplies are
relatively uncontaminated by toxic substances.

A varicty of federal and state laws and policy
proposals dealing with toxic substances in water supplies
require less monitoring and less treatment of potable
water from ground water sources than from surface water
sources, The laws and policy proposals systematically
provide less protection from the public health dangers of
consuming toxic and carcinogenic substances to that
portion of the population consuming water from ground
water sources.

A systematic comparison of the concentration of
toxic substances in the ground and surface wéters of HNew
Jersey was performed to determine if ground water is
relatively less contaminated with toxics than surface
water. The comparison is based on three analyses:

1) comparison of the maximum concentration of each toxic
in ground water and in surface water; 2) comparison of the
probability of detecting each toxic in ground water and iﬁ
surface water: and 3) comparison of the nonparametric
average concentration of each toxic substance in detect-
able grouﬁd water and surface water samples. These three
analyses were performed on 52 toxic substances common to

the ground and surface water data sets. The ground water
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data set consists of 692 grab sanmples collected throughout
the state. The surface water data set consists of 320
grab samples collected throughout the state. DBoth data
sets are thought to be represcntatiée samples of the
respective water sources in New Jersey.

The toxic substances studied in this report are
however, only a small sample of the toxics thought to be
widely distributed in the ground and surface waters of New
Jersey and the nation. The more than 300 organic toxics
which have been identified in the drinking water literature
are thought to be a small component of the total toxi
contaminants present (Kraybill, 1977). For example, the
B89 toxics identified in é study of New Orleans water
represented only approximately 2 percent by weight of the
total organics in the drinking water (Guinan’et al., 1977).
Until data on the presence of these other toxic and poten-
tially carcinogenic substances in our ground and surface
waters are available, we must assume that the results of the
analyses on the sample of toxics we have data for would be
valid for the presently undetected toxics suspected of
being present.

The results of the systematic comparison of the
concentrations of toxic substances in the ground and sur-
face waters of New Jersey reveal that ground water is at

least as contaminated with toxic substances as surface

water. These results are summarized in Table S~1l. The



\

5-9

TABLE S--1. SUMMARY OF COMPARISONS OF TOXICS CONCENTRATIONS
IN THE GROUND AND SURPACE WATERS OF NEW
JERSEY
Percentage
Percentage Toxics With
Toxics With Average
Percentage Probability Of Detectable
Toxics Maximum Detection No Concentration
Concentration Differcent Or No Different
Found In Greater In Or Greater In
Ground Water Ground Water Ground Water
All
New Jersey 73 60 90
Sanples
All
New Jersey
Potable 78 67 86
Water
Sanmnples
All
New Jersey
Nonpotable 60 69 93
Water
Samples
Southern
New Jersey 67 71 88
Samples
Northern
New Jersey 71 65 94

Samples
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results of these analyses on all ground and surface water
samples from New Jersey reveal the following: 1. the
maximum concentration of 73 percent of the toxics was
greater in samples from ground watcr than surface water;
2. the probability of detecting 60 percent of the toxics
was not significantly different between ground and surface
water or was greater in ground water: 3. the nonparametric
average concentration was not significantly different in
ground and surface water or was greater in ground water
for 90 percent of the toxic substances in detectable
samples.

The comparison of toxic substances in the ground and
surface water of New Jersey was repeated for different
subsets of the ground and surface water data. The compari-
son of toxics in only those samples of ground and surface
water collected from sources used for potable water
supply reveals that ground water is at least as contamina-
ted as surface water for between 67 and 86 percent of the
toxic substances included in this analysis. Comparing
only those samples of ground and surface water from non-
potable sources of water supply reveals that ground water
is at least as contaminated as surface water for between
67 and 88 percent of the toxic substances. Comparing only
samples from Southern New Jersey between 67 and 88 percent
of the toxics are at least as contaminated in ground water

as in surface water. In those samples from Northern New
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Jersey between 65 and 94 percent of the toxics are at
least as contaminated in ground water as in surface water.

The patterns of toxic substances contamination in the
natural waters of New Jersey are found to be very similar
in ground water and surface water. The four most important
patterns of toxic substances which explain most of the
variation in the data are a pesticide factor, a light
chlorinated hydrocarbon factor, a heavy metals factor, and
a BHC-related factor. The correlations between these
factors in the ground and surface water data sets (using
a method called RELATE) ranges from 0.92 to 0.99, This
finding indicates that the ground waters éf New Jersey are
not only at least as contaminated with toxics as the
surface waters, but that the pétterns of toxics contamina-
tion are very similar.

These results lead to the conclusion that the poten-
tial threat to the public health of New Jerscy caused by
the exposure to toxic and carcinogenic substances in water
is at least as great to that portion of the population
consuming water from ground water sources as for the
portion of the population consuming surface water. [ﬁpile
the precise etiology of cancer is unknown, many researchers
believe that a single exposure to a high concentration of
a carcinogen nay trigger the processes which lead to
cancer incidench] Because of non-turbulent flow condi-

tions, carcinogens and toxics in ground water are not
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diluted as they arce in surface water. In the potable |
water samples analysed, the maximum concentrations of 78
percent of the toxics were recorded in samples from ground
water.

The health data available indicates that toxicity
varies greatly among the toxic substances included in this
report, The following toxics are either confirmed or
suspected carcinogens: vinyl chloride, benzo(a)pyrene,
chloroform, carbon tetrachloride, trichloroethylene,
polychlorinated biphenyls (at least certain of the

, dieldrin, chlordane,heptachlor, DDT (includes
K &

DDE and DDD), lindane aldrin, endrin,

heptachlor epoxide, arsenic, beryllium, and selenium
(National Research Council, 1977; Rohlich, 1978). Most of
the other toxic substances included in this report have
not had definitive tests for carcinogenicity.

[Ehe long term impacts of exposure to toxic substances
are potentially severe., Human beings have evolved without
exposure to the synthetic organic chemicals which comprise
the majority of the toxic substances included in these
analyses. We lack adequate defense mechanisms, acclima-

tion capabilities, and excretion pathways to deal with

A Too ST
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most of these t xicéi} There is an almost total lack of
data regarding the potentially synergistic and antagonis-

tic interactions of these agents with each other and with
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other environmental agents. The little we khow about
toxic substances synergisms is not promising. [onic
organics isolated from Missouri ground water exhibited
strong synergistic effecté]and when combined at their
naturally occurring ratio were frequently toxic to test
fish (Grigoropoulis and Smith, 1971). Berg and Burbank
(1974) have reported that many if not all metals are
potentially cocarcinogens being capable of depressing the
enzymic activities involved in the metabolism of organic
carcinogens.

With the Safe Drinking Water Act and other actions
the federal government has acknowledged the potential
threat to the public heaith caused by the presence of
toxic and carcinogenic substances in our water supplies.
Unfortunately most government actions and proposals
designed to protect the public health seem to have been
based on the assumption that ground water is relatively
uncontaminated with carcinogens and toxics when compared
to surface water. In New Jersey this assumption is false.
Clearly requirements for monitoring levels of toxics and
for water treatment technology should treat water supplies
from ground water at least as stringently as from surface

water.
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CHAPTER 1

PATTERNS OF TOXICS IN NEW JERSEY

SURFACE WATER

Data Description: Surface Water

The surface water data analysed in this report were
developed by the Department of Environmental Sciences, Cook
College under contract to the New Jersey Department of
Environmental Protection (DEP). The data include all of
the samples collected under the 1977-1978 contract with the
DEP 208 Planning Groups aﬁd part of the data collected under
the 1978-1979 contract with the DEP Program on Environmental
Cancer and Toxic Substances. Only data turned over to the
state as of April 30, 1979 has been analysed for this
report. This includes only Interim Report 1 of the second
contract.

The surface water data constitutes a representative
sanple of the surface water of New Jersey insofar as samples
from every county in the state are included in the data set.
There are more saanles from northern Mew Jersey than from
the southern half of the state reflecting the more numerous
lakes

, larger rivers, and the much greater use of surface

waters in the northern portion of New Jersey.



The sample sites for the first yearfs data were
selected by 208 planning groups. The Northeast 208 planning
group selected sample sites in Union, Hudson, Bergen,
Passaic, Morris, Somersct, and Essex counties. The Monmouth
208 Planning group selected the aampie sites in Monmouth
County. Together these Ltwo groups selected 154 samplc
sites. The Program on Environmmental Cancer and Toxic Sub-
stances selected the remaining 44 sample sites in the first
vear's data as either repeat samples or in the vicinity of
samples already selected.

The sample sites for the second year's data were
selected by the Program on Environmental Cancer and Toxic
Substances in an attempt to obtain a representative sample
of surface water bodies in the New Jersey counties not
sampled in the first year's data.

“he surface water data used in this report was re-
ceived in three distinct sets which have been combineud for
this report. While the three subsets of data are largely
comparable, several noteworthy differences exist.

A small number of samples collected under the first
year's contract were collected from tidal waters. Sample
sites included the Arthur Kill, Newark Bay, Kill van Kull,
and the lower tidal reaches of the Hudson, Hackensack, and
Passaic Rivers., In these cases the water sampled is
sufficiently different from the fresh surface water of the

state that they constitute a distinct population of poten-
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tial samples. These samples were deleted from all analyses
in this report. Only samples containing less than 1000 ppm
of dissolved solids (Hem, 1973) were used. Twenty four
samples of saline water were deleted.

There have been severél changesiin the chemical sub-
stance data. These changes are the result of decisions
concerning which substances would be tested, as well as
changes in the equipment and procedures used to detect and
gquantify these substances. Unfortunately this has the
effect of causing large guantities of missing data to be
present in the data set and often results in making con-
siderable uantities of potentially useful and interesting
information unuseable in statistical analyses.

There have becen several changes in the chemical sub-
stances included in the analyses within the group of light
chlorinated hydrocarbons. The following substances were
not included in the analyses of the first year, but were
added to the analyses under the second year's contract:

gl \
fluoroform Jdichlorobromomethane, dichloroethylene (gen),
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dibromomethane, and t-dichloroethylene. Trifluoromethane f

was included in the first year's data, but was ndt ihgiﬁéed
in the data from the second year.

Changes have occurred in the analysis of dichloro-
benzene. Under the first vear's contract the data contains

the substance dichlorobenzene. Under the second year's

contract the data contains gquantities of the o4 m; and p-
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isomers of dichlorobenzene. The o-dichlorobenzene, m-
dichlorobenzene, and p-dichlorobenzene isomers are retained
ag variables on the data set, but a variable called total
dichlorobenzene is createdbby combining the o7 mjy and p-
isomers to make one measure of dichlorobenzene consistent
throughout the data (Hunter, 1979).

Four light chlorinated hydrocarbons have at different
times been reported as distinct substances and at other
times as combinations of substances. In the first surface
water data received by DEP, bromodichloromethane and 1,1,2-
trichloroethylene were reported as one variable. In the
second portion of data, still under the first year's con-
tract, these substances wére included as distinct variables,
In the data received under the second year's contract,
1,1,2-trichloroethylene is a variable, but bromodichloro-
methane is not included. Detectable concentrations of both
substances are included in the data, therefore, both sub-
stances are retained as variables on the data set. The
information included in the combined variable: bromo-
dichloromethane + 1,1,2-~trichloroethylene, in the first 154
samples has not been used in this report. In the first
year's data 1,2-dibromoethane and 1,1,2,2-~tetrachloroethy-
lene were reported as two distinct variables. In the
second year's data they are combined as one variable. The
information from the combined variable: 1,2-dibromoethane

+ 1,1,2,2-tetrachloroethylene, in the 142 samples from the



sccond year's data is not included in this report.

Several metals were included in the first year's data
but are not included in the second year's data. These
metals include: silver, iron, mercury, manganese, and
sodiunm.

Several standard water quality variables are included
in the first year's data, but are not included in the second
year's data., These inciude: dissolved oxygen, ammonia,
organic nitrogen, nitrate, nitrite, phosphate, sulfate,
alkalinity, chloride, fluoride, cyanide, LAS, dissolved
solids, and fecal coliforms.

Several polycyclic aromatic hydrocarbons (PAH's) have
been included in the surface water analyses. Some of the
first year's data included as many as 14 PAH's, but this
data was collected for only a small number of samples. The
4 PAH's which are included in the second year's data and
presumably in future sampling are used in this report.
These 4 PAH's are consistent for all the surface water data.

One broad parameter, total organic carbon (TCC) is
included in the surface water data set. TOC is included in
the second vear's data, but not in the data from the first
year.

The 82 variables included in the surface water data
set used for this report are listed in Table 1. The light

chlorinated hydrocarbons include 27 relatively volatile

organic compounds. The heavy chlorinated hydrocarbons
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1. SURFACE WATER DATA
I. LIGHT CELCRINATED HYDROCARBONS

\ ) Range of

Chemical Substance Unit of Number of Number Median Detectable
Measure Sanples Detectable Conc. Concene—
Collected trations

e Min, MaXa

1, Fluoroform EPB 142 3 0.0 £0.5 £0.5
2. Methyl Chloride PPB 316 3 0.0 6.0 5.0
3. Methyl Bronide ' PPB 316 0 0.0 0.0 0.0
4, vVinyl Chloride PPB 317 4 0.0 1.0 5.9
5. Methylene Chloride PPB 316 114 — 0.0 90.0 743.3
6. Chloroforn PPB 317 237 75 <0.8 <£0.8 2461.8-
7. 1,2~Dichloroethane PPB 317 35 0.0 <l.6 304.9
8. 1,1,l-Trichloroethane PPB 317 277 ?Z <2.0 £2.0 22.7
9., Carbon Tetrachlcride PED 317 2567 X L0.1 <0DW1 20.6
i0. 1,1,2-Trichlorocethylene PPB 173 120 (9 <0.3 K0.3 4.7
1i. Dichlorobrcmonethane PPH 142 T 79 0.1 0.1 2.0
12. 1,1,2-Trichloroethanc PPN 314 42 0.0 £1.0 4.4
13, Dibromochloromethane PPB 317 81 0.0 0.1 8.2
14. 1,2-Dibreomoethane PPB ' 316 80 0.0 <0.1 46.5
15, 1,1,2,2-Tetrachloroethylene PPB 314 252 €0 0.0 <0.1 46.5
16, Bronoform PPB 313 88 0.0 £1.0 3.7
17. 1,1,2,2=Tetrachloroethane PPB 316 56 0.0 K1l.0 <1.0
18. Diicdomethane PPE 316 9 0.0 0.3 3.2
19. Total Dichlerobenzene PPB 318 29 0.0 <£2.2 30.7
20. MFDichlorobenzene =23l 172 12 0.0 <£1.3 5.0
21, p~Dichlorobenzene PPB 172 20 .0 1.3 30.5
22, @&=Dichlorobenzene PPB 172 8 0.0 2.2 8.2
23. Trichlorcbenzene ' PPB 315 24 0.0 2.0 2.2
24, Dichloroethylene {(gen) PPB 97 62 0.0 7.8 429.1
25. Dibromomethane PPB 97 35 6.0 <£1.0 3.3
26.;€F3ichloroethylene PPB 97 75 10.0 10,0 1307.5
27. Bromodichloroethane PPB 31 2 0.0 <L1.0 4.7



TABLE 1. (Continued)

II. HIEAVY CHLORINATED HYDROCARBONS

, Range of
Chemical Substance Unit of Number of Number of Median Detectable
Measure Samples Detectable Conc. Concen-—
Collected Concen- trations
trations Min, Max.
1. Arochlor 1016 PPB 319 5 0 <1.0 1.9
2. Arochlor 1242 PPB 319 10 0 {1.0 117.3
3. Arochlor 1248 PPB 319 32 0 £1.0 10¢c.1
4. Arochlor 1254 PPB 319 : 57 0 £1.0 127.0
5. tggg:%%pha PPB 311 ' 82 0 £1.0 £1.0
6. Lindane PPB 3117 74 0 £1.0 £1,0
7. p-BHC-Basa PPB 311 182 £ 0 {1.0 3.1
8. Heptachlor PPB 311 63 0 1.0 5.9
9. Aldrin PPB 311 30 0 £1l.0 <1.0
10. Heptachlor Epoxide PPB 3117 114 2/ 0 {1.0 1.0
11. Chlordane PPB 310 148 Ay 0 <1.0 <1.0
iz, /gﬁl»"—DDE PPB 311 101 '}}f 0 £.0 1.0
13. Dieldrin | PPB 311 118 %° 0 1.0 1.0
14, Endrin : PPB 311 42 0 1.0 1.0
i5. & py-DDT ~ PPB 311 45 0 £1.0 1.0
15. JB% ~DDD PPB : 311 71 0 €1.0 £1.0
i7. JE, '-DDT PPB : 311 51 0 <1.0 <1.0
18, Mirex PPB 311 19 0 1.0 ¢1.0
19. HMethyoxyvchlor PPB 311 0 0
20. Toxaphene PPB 310 2 0 £1.0 1.0



Range of

Chenical Substance Unit of Number of Number of Median Detectable
Measure Sanples Detectable Conc. Concen-~
ollected Concen- trations
trations Min, Max.
1. silver PPB 153 153 0.5 1.0 2.0
2, Zrsenic PPB 294 294 1.0 1.0 392.0
3. Berylliium PPRB 294 294 1.0 1.0 1.0
4, Cadmium PpB 294 294 1.0 1.0 €.0
5. Cogper EFPB 294 294 2.0 .0 124.0
6. Chroemium PPR 294 283 1.0 £1.0 216.0
7. Iron bPB 153 153 145.0 1.0 46,800.,0
2. Mercury PPB 153 153 0.1 21.0 1.2
9. Manganese PPB 153 153 20.0 5.0 1,150.0
10. Scdiun PPB 153 153 22,500.0 2,000.0 22%9,0C0.¢C
11. Fickel PPR 294 294 2.5 2.0 3€.0
12. Lead PPB 294 294 2.0 1.0 6.0
13, Selenium PPB 293 293 1.0 (1.0 7.0
14, Zinc PPB 292 292 2.5 2.5 420.8
Iv. FOLYCYC ARCMATIC HYDROCARBONS
1. Benzo xz yiene PER 241 28 . <1.0 2,790.0C
2. Perylene - PPB 231 6 0.0 £1.0 5.2
3. Chryesene PER 161 24 0.0 £1.0 9.9
4, Fluorenthene PPD 270 57 0.0 {1.0 4,7
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TABLE 1. (Continued) .

V. STANDARD VYATER QUALITY PARAMETERS

Range of
Chenical Substance Unit of Number of Number of Median Detectable
Measure Szmples Detectable Cocnc., Concen-
Collected Concen=— trations
trations Min. Max.
1. Dissolved Oxygen EPM 175 174 8.0 1.8 16.4
2. mg-N (2nmonia) PP 177 128 0.0 {1.0 21.5
3. Organic Nitrogen FPM 176 166 0.3 £1.0 8.6
4. N%;“u (Wit ;»e) PPM 177 169 0.2 <1.0 2.8
5. q; - {(Nitrgte) PP 178 80 0.0 <1.0 15.6
S. qu~9hosokate PRM 177 120 C.C <1.0 1.2
Te Sqf—8u¥: ate PPy 177 175 21.7 2.0 5,900.0
8. Alkalinity PPU 167 164 72.0 2.4 232.0
8., Chlcride BPPM 153 153 37.0 £1.0 23G6.0
10, Fliuoridc PPN i53 135 .3 1.0 2.2
i11. Cwvanide PP 154 14 0.0 <1.0 <1.0
1Z. Lac=-Detergent PR 153 79 0.0 £1.0 1.0
13. Dissoclved Sclids 242351 154 25G6.0 i.4 804,06
14, TFecal Coliforms #/100 ML 150 133 0.0 1.0 56,00C.C
15, wWater Temperature  CO 292 252 22.0 4.0 35.0
16. W _poH 1-14 304 304 6.8 . 9.4
l7. Total Crganic PPB 141 141 425.0 300.0 68,506.0
Carkon
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include 20 relatively persistent organic compounds. The
heavy metals include 14 metallic substances grouped for
convenience under this heading. The polycyclic aromatic
hydrocarbons include 4 related organic substances. The
standard water quality parameters include 17 non-toxic
substances or measurements used to determine water quality.

Table 1 reflects the changes made in the chemical sub-
stances included in the sample analyses during the two
years the project has been in existence. The number of
samples analysed for each substance varies widely. This is
caused by variables being included or excluded from the
analyses at different times, and some slight difference are
caused by an occasional analysis being lost or otherwise
rissing. The number of samples in which the substance was
detectable shows even greater variation.

The surface water data set is basically composed of
single grab samples for each location. A limited number of
repeat samples were taken each year, and during the second
vear of data collection some seasonal and monthly sanmples
are being collected. These series of samples at the same
locations collected over a period of time will become very
important because they will reveal the average composition
of toxics in the surface water of the locations sampled.
There are presently insufficient time series data to attempt

an analysis of average concentrations or trends,
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Analvsis of the Surface Water Data

The median value reported and the range of detectable
concentrations give some indication of the severely right
skewed frecquency distributions of most of these substances.
The standard water quality variables are approxXimately
normal in their distributions, but all of the toxics are
skewed. While all of the toxics arc skewed in their
frequency distributions, there is variation in the degree
to which these substances are right skewed. Generally the
heavy metals are less skewed and the chlorinated hydro-
carbons are more severely skewed.

The distinctly non-normal freguency distributions of
the toxic substances in the surface water data limit the
statistical analyses which may be employed. The data does
not support the underlying assumptions of the whole family
of parametric procedures. The use of parametric procedures'
with this severely skewed data would be likely to produce
entirely unreliable results.

This report is based on a variety of non-parametric
statistical analyses. These procedures make no assumptions
concerning the nature of the frequency distributions of
the data being analysed. The disadvantage of these non-
parametric procedures is their inherent conservatism. The%}a
are slightly less powerful than the equivalent parametric
procedure and tend to undercstimate any statistical associ-

ations present in the data.



Surface Water Correlation Analvsis

o

one of the goals of this report is to investigate the
intercorrelations among the chemical substances and water
gquality measurements included as var;ables in the surface
water data. A non-parametric statistical procedure,
Spearman's Rank Correlation, was used to calculate the
bivariate correlations presented as Table 2.

Most of the highest correlations occur betveen sub-
stances within the same chemical category: light chlorin-
ated hydrocarbons, heavy chlorihated hydrocarbons, heavy
metals, volycyclic aromatic hydrocarbons and standard water
gquality parameters. While some high correlation coeffi-
cients are found between substances in different chemical
categories, they are generally not as prevalent, nocr as
high. Only correlation ccefficients significant at the
0.001 level are presented and discussed.

The highest correlation coefficients are found within
the heavy metals. Beryllium has correlation coefficients
of 0.96 with cadmium, 0.88 with selenium and 0.72 with
silver. This tells us that samples containing one of these
substances is very likely to contain the others, and that
in those samples in which the concenitration of one of these
substances is high, the others are likely to be high. The
magnitude of the correlation coefficients is surprisingly
high given the trace levels of the substances and the non-

parametric statistical corrclation procedure. The high
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TABLE 2 : SURFACE WATER CORRELATION I‘»‘lATRIXl (Continued)

45, Yotal Olqanlc Carbon
46. bpnzoém vrana Fluwe Ran .41

47. 1?1rr111p1Ca<5——-‘”

48, Dissolved Oxygen

49, NHZ-N (Ammonia) .36

5¢. OxGanic Nitrogen

51. rrog( i (Witrate) .34

52. *og—ﬂ (Mitrite) W42

53. POZ-Phosphate .42

54, (oz; iulfate ' .28

55. Alhﬁilﬂlty .32 -.31 .37
5¢. Chloride .32

57. Fluoride 2

58. Las~Detergent '

59. Dissolved uol1d .29 .32

60. Fecal Coliforms
61, Water Temperature

62.‘PH /1P};)

1 . . . e

Only those correlation coefficients significant at the 0.001
level are included in this Table. Correlation coefficients
calculated using Spearman's Rank Correlation procedure.,
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TABLE 2 : SURFACE WATER CORRELATION‘IVE}‘;TRIX:L

6 7 8 2

Vethylene Chloride

1.
2. Chloroform
3. 1,2-bichlorocthane
4. 1,1l-Trichlorocthane .34
5. Carbon Tetrachloride .31
6. 1,1,2~-Trichloroethylene .37
7. Dichlorobromomethane .40
8. 1,1,Z2-drichloroethane .27
9. Dibromochlormethane .37 .40 27
10. 1,2-Dibromoetnanc
11. 1,1,2,2-Tetrachloroethylene .31 042
12, Bromoform
13. 1,1,2,2-Tetrachlorocthane
14, Dichloroethylene {qem)
15. Dibromomethane A6

16. #=Dichloroethylene .45

17. Arochlor 1248

18, Arochlor 1254

19 &f- BHC-#roha

20. Lindane

21 S BHC ~Preteny

22 Heptachlor

23. Heptachlor Epoxide

24, Chlordane

25. o,r'-DDE

26. Dieldrin

27, Endrin

28. o,p'-bnT

29. p,p'-DDD

30. p,p'-DDT

31. Silver

32. Arsenic

33, Beryllium -.27
34, Cadmium -2 . -e25
35. Copwper

36, Chromium

37. Iron .40

38. Mercury

39, Manganese

40, Sodium .44
41. Wickel

42. Lead

43, Seleniunm -,25
44, Zinc

1. . o C s e

Gnly those corralation coefficients significant at the 0.001
level are included in this Tabkle.  Correlation coefficients
caleculated using Spoiwvnan's Rank Corvelation procedurc,
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TABLE 2 :

HMethvlene Chloride

1.

2. Chlovroform

3. 1,2=-Dichloroethane

4, 1,l-Trichloroethanec

5. Carbon Tetrachloride

6. 1,1,2-Trichloroethylene
7. Dichlorobiromomethane

8. 1,1,2-Trichloroethane

9. Dibrorochlormethane

10. 1,2-Dibronoethane
11. 1,1,2,2-Tetrachloroethylene
2. Bromoform

13, 1,1,2,2-%ctrachloroethane
l14. Dichloroethylene équﬁ)

15. Dibromonethane
lG.jﬁ;Dichloroethylone
17. Arochlor 1248
18. Arochler 1254

19 4 BIIC—&4pire

20, Lindane

21 . pBHC-Beta

22.) Heptachlox

23. Haptachlor Epoxide
24. Chlordange

25. o,p'-DDR
26. Dieldrin
27. Endrin

28. o,p'-DDT

2%. p,p'-DDD
30. p,p'-DDT
3l. Silver
32. Arsenic
33. Beryllium
34. Cadmiunm
35. Copper
36. Chromium
37. 1xron

38. Mercury
32. Manganese

40, Sodium
41. Nickel

42. Lead

43, Belenium
44, Zinc

lOnly those correlation coefficients significant at the 0.001
Correlation cocfficients

level are

11

«39

.38

.34

«36

included in this Table.
calculated using Spcarman's Rank Correlation proccdure.

]

SURI'ACE WATER CORRELATION MATRIX™

18

12 13 14 15
.21
.33
.32
«26
27
<40
.37
.71
.43
.32
- 38
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TABLE 2 : SURFACE WATELR CORRELATION MATRIXl (Continued)

1 12 13 14 15
45, Total Organic Carbon
46. Benzo-A-Pyrene
4A7. Flrnthene & -.22
48, Dissolved Oxygen -e51
49, NHB-N (Ammonia) .29
50. Organic MNitrogen
51. NOZ-i (itrate) .28
52. NOZ-1 (itrite)
53. POg-FPhosphate .36
54, SOo%Sulfate
55. Alkalinity <44
56. Chloride .41 .54
57. Fluoride
58. Las-Detergent .33
59. Dissolved Solids «33
60. Fecal Coliforums
€l. Water Temnperature
62. pH o ~.24

1 . . . e e s .
Only those correlation coefficients significant at the 0.001

level are included in this Table. Correlation coefficients
calculated using Spearman's Rank Corrclation procedure.



TABLE 2 : SURFACE WATER CORRELATICON M]‘\TRIXl

L ]

NeRes IR RO WE)
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10.
11.
12.
13.
4.
15.
16.
17.

13.

16
A

Methylene Chloride
Chloroform
1,2-Dichloroethane
1,1-Trichloroethanc - 45
Carbon Tetrachloride
1,1,2-Trichloroethvlene
Dichlerobromomethane
1,1,2-Prichloroethane
Dibromochlorme thane
1,2~Dibromnoethane
1,1,2,2-Tetrachloroethylene
Bromofcerm
1,1,2,2-Tetrachlorpethane
Dichloroethvlene ﬁé@M)
Dibromomethane
=Dichlorosethylene
Arochlor 1243
Arochlor 1254

19 ol-BHC~2tpha

20.
21
22,
23.
24 .
25,
26.
27,
28,
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
3%9.
40.
41.
42.

4?3..

44,

1

Lindane
BHC-Feta
Heptachlor
Heptachlor ILpoxide
Chlordane
o,p'-DDE
Dieldrin
Endrin
o,p'~-DDT
p,p'-DDD
P,p'-DDT
Silver
Arsenic
Beryllium
Cadmium
Copper
Chromium
Iron
Mercury
Manganese
Scdium
Mickel
Lead
Selenium
7inc

20

17 18 19 20
"‘031
"’¢38 ".41
"'028
-'53.1. --41 .32
«25
-.24 «27 .21
- 24 -.36 «30 .35
"'027 u26 .34
~.23  =.32 .27 .38
«37
«25
-022 -24 027
223 «25
-~.31
"030 ""'¢47 .41
""129 -.41 .39
"'038
~.38
-« 30 ~e37 <45

level are included in this Table. Correlation coefficicnts
calculated using Spearman's Rank Correlation procedure.

Only those correlation cocfficients significant at the 0,001
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TABLE 2 :  SURFACE WATER connx,ATION'nATRIXl (Continued)

16 17 18 19 20

45, Total Organic Carbon

46, Denzo VX ene -.23
47. Flrnthche

48, Dissolved Oxvden

49, MHZ-1 (Aamondia)

50. OrGanic Witrogen

51. quu Witrate)

57. 02~ (Titrite)

53. P #wﬂsnsn:dbo

54. so¥-svlfat

55, Alialldluy .26
56. Chloride

57. Fluoride

58. Las-Detergent

59, Dissolved Solids

60. Fecal Coliforms

61, Water Temperature -,.19
6

2.1§H

Only those correlation coefficients significant at the 0.001
level are included in this Table. Correlation coefficients
calculated using Spearman's Rank Correlation procedure.

1



TABLE 2 : SURFACE VWATIER CORRELATION MATRIX®

21 22 23 24 25
1. lethylene Chloride « 53 .33 33 .38 «37
2. Chloroform '
3. 1,2-Dichlorcethane
4, 1,l-Trichlorocethane
5. Cerbon Tetrachloride
6. 1,1,2-Trichleroethylene
7. Dichloronromomethanc
8. 1,1,2~-Trichloroethane
@)

Dibromochlormethane

1,2-Dibromoethane

. 1,1,2,2-Tetrachlorocthylene

12. Bromoformn .26 27
13. 1,1,2,2~-Tetrachloroethanec

14, Dichloroeathvlene ~Gem

15, Dibromomethane

16. T~Dichloroethylene

\
)

et
o)

17. Avochlor 12483 —~e 24 - 24

18. Arochlor 1254 -.36 -~a27
12. BHC-Alpha «32 -l .30 «26
20. Liindane .25 .21 +35 .24
21. BIC=-Beta .35 .53 «39
22. Heptachlor ' .22 .26
23. Heptachlor Epoxide 35 .34 « 40
24.. Chlordane .53 22 .34 .53
25. o,p'-DBE .39 - .26 .40 .53

26, Dieldrin 42 «22 40 .56 .61
27. Endrin . e 22 .39 .45
28. o,p'-DDT .31 ‘ .30 .38 .46
29. p,p'-DDD . .34 .31 .49 «52
30 p,p'-DDT «33 223 .28 .32 .51

31. Silver
32. Argenic +36 ‘ «23 « 22
)

33. Bexyllium : .62 «29 47 . 3¢
34, Cadmiunm «58 +26 +43 «37
35. Cowper

36. Chromium «23 +25

37. Iron .49

38. Mowcury «40

39. Manganese

40. Sod.un

41, Hickel

42. Lead .20

43, Selenium .62 .34 .53 .44
44, Zinc

1Only those correlation cocecfficients significant at the 0,001

level are included in this Table. Correlation coefficients
calculated using Spearmnan's Rank Correlation procedure.



TABLE 2 :

Q
< e

60.
6l.
62.

21_
Total Organic Carbon
Benzo~A=Pyrene
Flrnthene
Dissolved Oxygen
M3~ (Ammonia)
Organic Nitrogen
NO3-1l (Witrate)
NOZ2-11 (Mitrite)
PO4-Phesphate
S04-5ulfate
Alkalinity
Chloride
Fluoride
Las~Detergent
Disgolved Solids
Fecal Coliforms
Water Temperature
P

SURFACE WATER CORRELATION MATRIX

22

23

: (Continued)

23 24 25

.37

-.26

lOnly those correlation coefficients significant at the 0.001

level

are included in this Table.

Correlation coefficients

calculated using Spearman's Rank Correlation procedure.



TABLE 2 : SURFACE WATLER CORRELATLON

° * .

L L] °

OO W -
[

L]

-

bt
—

Lot
SR
.

—
w
°

14.
15.
l6.
17.
18.
1o,
20.
21.
22.
23.
24,
25.
26,
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
390
40.
41.
42.
43.
44.

1

Methylene Chloride .34
Chloroform

1,2-Dichlorcethane
1,l-Trichloroethane

Carbon Tetrachloride
1,),2-Trichloroethylene
Dichlorobromomethane
1,1,2-Trichloroethane
Dikromochloxrmethane
1l,2--Dibromoecthane
1,1,2,2~Tetrachlorocsthylene
Bromoiform
1,1,2,2-Tetrachlorcethane
Dichloroethylene -Gea
Dibromomethane
T-Dichloroethvlene

Arochlor 1248 ~+23
Arochlor 1254 -.32

BHC~Alpha .27 .

Lindane 38
BiIC-Beta LA42
Heptachlor 22
Heptachlor Epoxide 40
Chlordane « 56
o,p'-DDE .61
Dieldrin

EFndrin : 45
o,p'-DDT .48
p,p'-DDD .55
P,p'-DDT 42
Silver

Arsenic

Beryllium .39
Cadnium <36
Copper

Chromium

Iron

Mercury

fanganese

Sodiunm

Mickel

Lead

Selenium .44
Zinc

level are included in this Table.
calculated using Spearman's Rank Correlation procedure.

24

‘MATRXXl

24
.37 25 o277
.31 .34

.22 .30 .31
.39 .38 .49
45 .46 .52
.45 .48 .55
.54 .41
«54 .62
41 .62
.46 .69 .64

.34
.32

.21 .38

Only those correlation cocfficients significant at the 0,001

Correlation coefficients

.23
.25
.33
.23
.28
.32
.51
.42
.46
.69
.64

.30
.28

.33



TABLE 2 3 SURFACE WATER CORRILATION HATRIXI (Continued)

26 27 28 29

Saci———

45, Total Organic Carbon
46, Benzo-hA-Pyroene ~¢ 30
47, Tlinthene

48, Dissolved Oxygen

49, W3- (Ammonia)

50. Organic Nitrogen

5l. FO3~N (Witrate)

52, WO2-N (Witrite)

53. PO4-Phosphate

54. S04~--Sulfate

« Alkalinity

6. Chloride

. Fluoride

58. Las-Detergent

59. Dissolved Solids

162 I8) WS}
oo,

60, Tecal Coliforus .30
61. Water Temperature

2. PH

1

Only those correlation coefficients significant at the 0.001
level are included in this Table. Correlation coefficients
calculated using Spearman's Rank Correlation procedure.



TABLYE 2 : SURPACE WATER CORRELATION
1. Methylene Chloride
2 Chloroform
3. 1,2-Dichloroethane
4., 1,l-Trichloreethane
5. Carbon Tetrachloride
6. 1,1,2-Trichloroecthylene
7. Dichlorouromomnethane
3 frichleoroethane
ilornethane
~omoethane
« 1,1 ?. . /«»'A‘r trachloroathylene
oy ) e
13. ],1,2,” motrachloroothanc
14, Dichloroethylene -~Gem
15. Dibroromathane
16, W=-Dichlaoroethylene
17. Arochlor 1248
18. Arochlor 1254
19, BHC-Alpha
20, Lindane
2l. BHC--Bet
22. "“ptdCh]ﬁT
23. Heptachlor Ppoxlde
24, Chlordane
25. o,p'-DDE
26. Dieldrin
27. Endrin
28. o,p'-DDT
29. p,p'-DDD
30. p,p'-DDT
31. Silver
32. Arsenic
33. Bervllium .72
34. Cadmium .64
35. Copper
36. Chromium
37. Iron
38. Mercury «32
39. Hanganese
40. Sodiun
41, Hickel
42, Lead
43, Seleniun
44, Zinc

1 . o .
Only those correlation coefficients
level are included in this Table.
calculated using Spearman's Rank Co

26

IiKWﬁQT"l
32 33 34 35
.36 4L .67 .36
.28 .40 «3
.29 .27
25
.30 .31
-o27 -.25
.39
<40 37
"".,22
-.31 -o47 v.dl
+41 +39
.36 .62 .58
29 .26
«23 47 <43
24 .39 «37
«39 .36
.34 «32
.30 .28
o712 «G4
.47 .46 .34
47 « 96 .29
46 .96 «33
.34 « 29 «32
43 .40 <42 .40
.39 .31
.34
.39
.40 .34 .36 .54
.39 .88 -84 e 23
.40

significant at the 0.001
Correlation coefficients
rrelation procedure.



TABLE 2 : SURFACE

45, Total Organic Carbon
46, Benzo-3-Pyrene
47. Flrnthene

48, Dissolved Oxygen
45, MNH3-W (Ammonia)
50. Organic Nitrcgen
51. NO3-l (Witrate)
52. NOZ-N (Witrite)
53. PO4-~Phosphate

54, S804-Sulfate

55. Alkalinity

56, Chloride’

57. .Fluoxride

58. Las-Detergent

59. Dissolved Solids
60. Fecal Coliforms
6l. Water Temperature
62, PH

lOnly those correlation coefficients significant at the 0.001

level are included in this
calculated using Spearman’

WATIR CORRELATION NATRIXl

S

(Continued)

31 32 33 34 35
060
"'033 ""g31.
.37 29 .39
.31
.31
.35
.34
.52 .56 .51
- 42 - 34
«37

Table. Correlation coefficients
Rank Correlation procedure,



TABLE 2 : SURFACE WATER COF

L e k] L] L]

L

* * L]

|l

4

NHHOWIT gD W=
L]

-

»

et
W
L3

14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
294
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,

Methylene Chloride
Chloroform
1,2-Dichloroethane
1,1-Trichloroethane
Carbon Tetrachloride
1,1,2-"richlorocthylene
Dichlorcbromonethane
1,1,2~Trichloroecthane
Dibromochlormethane
1,2-Dibromeecthane

28

QRELATIOM‘MHTRIXl
36 37 38 39
.36
« 41
026 "“‘040 ""-34'

1,1,2,2-"etrachloroethylene .33

Bromoform

1,1,2,2-FTetrachloroethane

Dichloroethylene -Gem
Dibremomethane
T-Dichloroethylene
Arochlor 1248
Arochlor 1254
RBHC-Alpha
Lindane
BHC~-Beta
Heptachler
Heptachloxr Epoxide
Chlordane
o,p'-DDE
Dieldrin
Endrin
o,p'-DDT
p,p'-DDD
p,p'=DDT
Silver

Arsenic
Beryllium
Cadmiun

Cepper
Chromiumn

Iron

Hercury
Nanganesco
Sodium

Nickel

I.ead

Selenium

Zinc

«43
.40
.40

.37
.53
.27
.54
.36
40

"‘.39 _538

49 .40
.28
32
.32
.34
37
.43
.43
.27
.43
.48
.30

.44

.38

.39

.53

1 A . e

Only those correlation coefficients significant at the 0.001
level are included in this
calculated using Spearman's Rank Correlation procedure.

Tablo.

Corrcelation cocfficients
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TABLE 2 : SURFPACE WATER CORRELATICN MRTRIXl (Continued)

36

w
~J
w
¢2]
w
o

45. Total Organic Carbon

46, Benzo-A-Pyrene .36

47, Flronthene .

48, Dissolved Cxygen ~o44 o34

49, WiI3-N (Ammonia) A3 A7 .34

50. Crganic Nitrogen

51, HO3-N (Mitrate) .45
52. NO2- (Hitrite) oA LAl

.41

53. PO4~Phosphate
54, SC4=-sSulfate
55, Rlkalinity
56. Chloride

57. IFluoride

58, Las~Dctergent .
59, Dissolved Solids
60, Fecal Coliforms

s 27

.31
.33

[ 92 1 62 SN
= NN

»

»
S W
Y

.30

6l. Water Temperature o277 «48
62, P ~.40

1 . C e P
Cnly those corxrelation coefficients significant at the 0.001

s
level are included in this Table. Correlation coefficients
calculated using Spearman's Rank Correlation procedurec.
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TABLE 2 :  SURFACE WATER CORRELATION MATRIXI

4. 42 43 44

1. lMethylene Chloride .28 .72

2. Chloroform .38 .30

3. 1,2-Dichloroethanc

4., 1,]l-Trichloroethane .30

5. Carbon Tetrachloride .29

6. 1,1,2-Trichloroethylene .32

7. Dichlorobromomethane

8. 1,1,2-Trichloroethane

9. Dibromochlornethane -.25
10, 1,2-Dibromoethane
11. 1,1,2,2=Tetrachloroethylene .34 .36
1Z2. Bromocform .38
13. 1,1,2,2~Tetrachloroethanc
14, Dichloroethylene -Gen
15. Dibromomethane
16. T-Dichloroethylene
17. Arochlor 1248 -.30
18. Avochlor 1254 - 37
19. BHC~Rlpha .45
20, Lindane :
21. BHC-Beta .62
22. Heptachlor
23, Heptachlor ILpoxide .34
24. Chlordane .53
25. o,p'-DDx .44
26. Dieldrin .44
27. Endrin
28. o,p'-DDT ,
29. p,p'-DDD «38
30. p,p'-DDT .33
31. Silver
32. Arsenic .40 .39 «23
33. Beryllium .34 .88

34, Cadmium .36 .84
35. Copper .54 , .40
36. Chyromium e 27 .54 «36 .40
37. Iron 30
38, Mercury

39. Manganese .48
40. Sodium .46 .28
41. Nickel .31
42. Lead .22 .29 .48
43. Selenium .29
44, Zinc .31 .48

1 . e C e e

Only those correlation coefficients significant at the 0.001
level are included in this Table. Correlation coefficients
calculated using Spearman’s Rank Correlation procedure.



31

TABLE 2 : SURFACE WATER CORRELATICN MATRIXl (Continued)

41 42 43 44
45, Total Organic Carbon
46, Benzo--A-Pyrene -.28
47, Flrnthene : . -.30
43, Diszolived Oxvgen '
49, NH3-1 (Ammonia) .36 .30
50. Organic MNitrogen .41
51l. MO3-1 (MNitrate) .39
52. NO2-11 (Witrite) .44
53. PO4-Phosphnate .34
54, 8S04-sulfate : e 27
55. Alkalinity o .42
56. Chloride A4
57. Fluoride
58. Las-Detergent .50
59. Dissolved Solids .35

60. Fecal Coliforms
61. Water Tenperature
62. PH

1 . s . e :
Only those correlation coefficients significant at the 0.001
level are included in this Table. Correlation coefficients
calculated using Spearman's Ranlk Correlation procedure.



TABLE 2 : SURFACE WATER CORRELATION MATRIX

L4

.

},_.!
QWU WN
.

.

1i.
12.
13.
14,

15.

16.
17.
18.
1c.
20.
21.
22.
23.
24,
25.
26.
27.
28,
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
3%.
40.
41,
42.
43.
44,

1

Only those correlation coefficients significant at the 0.001
Correlation cocfficients

Methylene Chloride
Chloroform
1,2-Dichlorocthane
1,1-Trichloroethane
Carbon Tetrachloride
1,1,2~Trichloroethvlene
Dichlorobromnomnethane
1,1,2-Trichlorcethane
Dibromochlormethane
1,2-Dibkbromeethane
1,1,2,2-Tetrachloroethylene
Yromoform
1,1,2,2-Tetrachloroethane
Dichloroethylens -Gem
Dibromomethane
Y-Dichloroethylene
Arochlor 1248
Arochlor 1254
BHC-Alpha

I.indane

DBHC-Beta

Heptachlor

Heptachlor Epoxide
Chlordane

o,p'-DDE

Dieldrin

Indrin

o,p'-DDT

p,p'~DDD

p,p'-DDT

Silver

Arsenic

Beryllium

Cadnium

Copper

Chromium

Tron

lercury

Manganese

Sodium

Nickel

Lead

Selenium

Zinc

- 26
-.30

.60

.36

level are included in thie Table.
calculated using Spearman's Rank Corrclation procedure.

47

1

50

.36

.33 «29

""‘-4:2
. .43
-.44 .47

34

. =

.53
.36

.30

.41
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TABLE 2 : SURPACE WATER CORRELATION MRTRIXl (Continued)

46 47 48 49
45, Total Organic Carbon
46. Benzo-A-Pyrene
47. Flrnthenc
48, Dissolved Oxygen -.51
49, NH3-N (Ammonia) -.51
50. Orxganic MNitrogen
51. NO3~H (Witrate) .51
52. 102-N (Witrite) . .40 =25 .52
53. PO4-Phosphate .55
54, S04-Sulfate -.34 .35
55. Alkalinity -.43 .38
56. Chloride .52
57. IFluoride .63
58. L.as-Detergent <29
59. Dissolved Solids -.46 .42
60. Fecal Coliforms
61. Water Tenmperature -.45
62. PH
1

Only those correlation coefficients significant at the 0.0C1
level are included in this Table. Correlation coefficients
calculated using Spearman's Rank Correlation procedure.



1Only those correlati
level

TABLE 2 ¢ SURIFACE WATER CORR
51
1. Methivlene Chilorid
2. Chloroforn .34
3. 1,2-bichlcroethanc
4, 1,1-Trichlorocthane
5. Carbhon Tetrachloride
6. 1,1,2 T ichloroethylene
e DLCIJ ohromomethanc
8. 1,1,2 ”r;c lorocthane
o. Dlosovogulo;nofhaﬂe
10. 1,2-Dibromoethane
11. 1,1,2,2-Tetrachloroethylene
1l2. Blomﬁnorm
13. 1,1,2,2-Cfetrachlorcethane
14, Dicy lo*oet”vLcne ~Gan
15. Dibrononethane
16. T-Dichlorocthylene
17. Arcchlor 1248
18. Arochlor 1254
19, BHC-Alpha
20. Lindane
21. HC-Beta
22. Heptachloxr
23. Heptachlor Epoxide
24, Chlordane
25, o,p'~DDE
26. Dieldrin
27. Endrin
28, o,p'-DDT
29, p,p'-DDD
30. p,p'-DDT
31. Ssilver
32. Arsenic
33. Beryllium
34. Cadmiunm
35. Copper
36, Chromiun .45
37. Iron
38. Mercury
39. Mangancse
40, Sodium « 50
41, Nickel
42 . Lead .39
43. Selenium
44, Zinc

ion coefficients

are included in this Table.

ELATICN MATRIY

52 53 54 55
.42 A2 .32
-.31
.3’7
.31 41
.36 .44
.37
.31
.37
.39 .31 .35
47 42 .42 .52
.41 .41 .31
.54 .53 .44 .64
.44 .34 .27 42

significant at
Correlation

the 0.001
coefficients

calculated using Spearman's Rank Correlation procedure.



TABLE 2 : SURFACE WATIR

45.
46.
47,
48,
4G,
50,
51.
52.
53.
54,
55.
56.
57.
58.
5%.
60.
6l.
62.

1

level are

Total Organic Carbon
Benzo-A-~Pyrene
Flrnthene
Dissolvad Oxygen
NH3-17 (~mmonia)
Organic Mitrogen
NO3-11 (Witrate)
1702-11 (Iitrite)
POdA-Phocspnate
504-Sulfate
Alkalinity

Chloride
Fluoride -
Las~Detergent
Dissolved Solids

recal Coliforms
Water Temperature
PH

included in this Table.

CORRELATION MATRIXl

(Continued)

calculated using Spearman's Rank Correlation procedure.

51 52 53 54 55
.40 -.53
-.25 ~.34
.51 .52 .55 .35 .38
.45 .55 .37 .27
.45 .56 .37 .30
.55 .56 .29 .30
.37 .37 .29
.27 .30 .30
.61 .50 .57 .41 .65
.37 -.44
.41 .34 .31
.53 .43 .51 .63
027
.31

Only those correlation coefficients significant at the 0.001
Correlation coefficients



TADBLI

2 : SURFACE

1

WATER CORRELATION MATRIX

36

56 57 58 59 60

1. Methylene Chloride

2. Chloroformn .32

3. 1,2-Dichlorocthane

4. 1,)l-Trichloroethane .26 .32
5. Carbon Tetrachloride

6. 1,1,2-Trichloroethyliens

7. Dichlorobromemethane

8. 1,1,2-Trichloroethanc :

9. Dibromochlormethane .46 .33 .41
10. 1 ,2-Dibromoethane
1. 1,1,2,2-Tetracnloroethylene .41 .33
12. Bromoform
13. 1,1,2,2~-Tetrachloroethane
14, Dichloroethvlene -Gem
15. Dibromomethane
16, T=Dichloroethylene
17. Axrochlor 1248
18. Arochlor 1254
19. BHC-Alpha
20, L.indane
21. BHC-Beta
22. Heptachlor
23, Heptachlor Epoxide
24. Cnlordane
25. o,p'-DDE
26. Dieldrin
27. Endrin
28. o,p'~DDT
29. p,p'-DDD
30. p,p'-DDT
31. Silver 52
32. Arsenic
33. Bervyllium .56
34. Cadmium .51 ~-.34
35. Copover .34
36. Chromium .51 .35 .41
37. Iron

38. Mercury -.34
32. Manganese .33 .30
40. Sodium .76 .42 .58
41. Nickel
42. Lead 44 .50 .35
43, Sclenium
44, Zinc

1

level

Only those correlation coefficients significant at the 0.001

are included in this Table. Correlation coefficients

calculated using Spearman's Rank Correlation procedurc.



TABLE 2 :

SURFACE WATER

CORRELATION

MATRIXl

(Continued)

56 57 58 59 816}
45, Total Organic Carbon
46, Benzo-A-Pyrene .63 ~. 46
47. Firnthene
48. Dissolved Gxvgen
49, MH3-N (Ammenia) .52 .29 W42
50. Organic Nitrogen _
51. NO3-1 (Witrate) .61 -.37 JAL .53
52. WO2-N (1Titrite) .50
53. PO4~Phosphate .57 .34 .43
54, S04-Sulifate 41 .51 .27
55. Alkalinity .65 ~.44 .31 .63
56. Cnloride -.31 .34 .62
57. Fluoride -.31 -.28 ~-.48
58. Las-Detergent .34 -.28 .45
5%. Dissclved Solids .62 ~-.48 .45 .30
60. Fecal Coliforms. .30
6l. Water Temperature -.28

62.

1

PH

Only those correlation coefficients significant at the 0,001
level are included in this Table., Correlation coefficients
calculated using Spearman's Rank Correlation procedure.



TABLE 2 ¢ SURPACE WATER CORRILATION MATRIX

»

» * ®

WO WN -
.

10.

=
et
°

12.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

1

81
MHethylene Chloride
Chloroforn
1,2-Dichlorocthane
1,l~Trichloroethanec

Carbon Tetrachlorides
1,1,2-Trichloroethylene
Dichlorobromonethane
1,1,2-Trichlorocthanc
Dibromochlormethane
1,2~-Dibrowcethane
1,1,2,2-Teltrachloroethylene
Bromoform
1,1,2,2-Tetrachloroethane
Dichloroethylicne —Gen
Dibromomethane
T-pichloroethylene

Arochlor 1248

Avochlor 1254

JFC~Alpha

Lindane

B{C~Beta

Heptachlor

Heptachlor Epoxide
Chlordane

o,p'-DDE

Dieldrin

Endrin

o,p'-DDT

p,p'-DDD

P,p'-DDT

Silver .37
Arsenic

Beryvllium

Cadmium

Copper

Chromium

Iron

Mercury =48

Manganese
Sodiun
Nickel
Lead
Seleniunm
Zinc

38

1

G2

-.38

Only those correlation coefficients significant at the 0.001

level are included in this dable. Correlation coefficients
calculated using Spearman's Rank Correlation procedure.



TABLE 2

45, Total Organic Carbon
4G, Benzo-A-Pyrene
47, Flrnthene

48, Dissolved Oxygen
49, W3- (nmmonia)
50. Organic Nitrogen
NO3-1 (iiitrate)
HO2-M (itrite)
PO4-Phosphate
S04-gulfate

55. Alkalinity

56. Chloride

7. Fluoride

58. Las-Deltergent

529, Dissolved Solids
60. Fecal Coliforms
61l. VWater Toemperature
62. PH

e
b
.

o n
)LJN
[

.
s
L]

SURFACE WATER CORRBLATION’NATRIXl

39

(Continued)

.31

"'028

i . - C s .
Only those correlation coefficients significant at the 0.001

level are included in thigs Table.

Correlation coefficients

calculated using Spearman's Rank Correlation procedure.
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correlation coefficients result to some extent from the
analytic techniques used to guantify these substances which
for all four of these heavy metals were overwhelmingly
reported at either the mininum reporﬁable concentrations of
1.0 ppb or 2.0 ppb.

The small pumber of concentrations greater than the
minimum reportable value have a great effect on the correla-
tion coefficients.

Consistently high correlation coefficients are found
between many of the standard water quality parameters.
Sodium, for instance, has correlation coefficients of 0.76
with chloride, 0.64 with'alkalinity, 0.58 with dissolved

solids, 0.54 with nitrite, 0.53 with ammonia, 0.53 with

’
phosphate, and 0.50 with nitrate. The expected inverse
relationship, -0.45, was found between water temperature
and dissolved oxygen.

Within the heavy chlorinated hydrocarbons there are
many high correlations. The metabolites. of DDT show the

l-~~DDD has correlation

expected high correlations. P,p
coefficients of 0.64 with p,pl—DDT, 0.62 with o,plnDDT,
0.55 with dieldrin, and 0.52 with o,p -DDE.

The light chlorinated hydrocarbons have many signifi-
cant intercorrelations, but none of the correlation coef-
ficients between light chlorinated hydrocarbons are as high

as 0.50. These more volatile and less persistent organic

chemicals have many intercorrelations at the 0.40 lecvel.
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The correlations between dissimilar chemical sub-
stances are not as prevalent, but are perhaps even more
interesting than those between chemically similar sub-
stances. Many of the correlations are among the highest in
the surface water data. Most of the relationships suggest-
ed by thesce correlations are not intuitively clear and may

suggest future areas of research. Methvlene chloride has

correlation coefficients of 0.72 with seleniqp, 0.71 with
Py

beryllium, 0.67 with cadmium, and 0.53 with}BHC~Beia.
1,1,2-trichloroethylene has correlation coefficients of
0.71 with manganese, 0.54 with chloride, and -0.51 with
dissolved oxygen. Benzo*a}pyrene has correlation coef-
ficients of 0.63 with fluoride and 0.60 with silver. 1In
addition to having a correlation of 0.54 with 1,1,2-
trichloroethylene, chloride also has.a correlation coef-
ficient of 0.51 with chromium.

The correlation matrix in Table 2 has only 62 of the
82 variables in the surface water data. The'ZO variables
which are not included have several very high and statisti-
cally significant correlation coefficients, but were drop-
ped from the analysis because of the small number of
detectable concentrations of each of these substances.
When only a small number of concentrations were detected,
one or two high conéentrations in the same sample in which

another substance was found in a high concentration results

in a high correlation coefficient. The correlation which
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results from such a circumsctance may indicate a chemical
relationship between the substance, an anthropogenic pattern
of use, or purely a chance occurrence, As a conservative
step, all substances with less than ten percent of the

total samples (i.e., 32, detectable concentrations) were
dropped from the correlation matrix. Thig step is intended
to decrease the possibility that a purely chance occurrence
could unduly influence the statistical analyses.

The substances not included in the correlation matrix
include: fluoroform, methyl chloride, methyl bromide,
vinyl chloride, diiodomethane, toﬁal dichlorobenzene, m-
dichlorobenzene, p-dichlorobenzene, o-~dichlorobenzene,

, bromodichloro-

trichlorobenzene, agchlor 1016, aééhlor 1242
ethane, aldrin, mirex, methyoxychlor, toxaphene, perylene,
chrysene, and cyanide.

Although correlations involving variables with so few
aetectable concentrations may be unreliable, some of the
high correlation coefficients are reported. Viewed in
light of the small number of positive samples, these
correlations may stimulate hypotheses to be iﬁvestigated
in future research. Methyl chloride has correlation coef-
ficients of 0.82 with iron and 0.55 with vinyl chloride.
Vinyl chloride has correlation coefficients of 0.74 with
benzo*a}pyrene, 0.65 with iron, and 0.50 with cyanide in
addition to its high correlation with methyl chloride.

P-dichlorobhenzene has corrc¢lation coefficients of 0.99 with
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bronodichloromethane, 0.95 with total dichlorobenzene, 0.80

with phosphate, and 0.50 with Aldrin has
correlation coefficients of 0.84 with bromodichloromethane,
and 0.75 with fluoride. Crysene has correlation coeffi~

o
cients of 0.97 with mercury and 0.69 with fluorgnthene.

Summary of Correlaticn Analysis

Spearman's rank correlation, a non-parametric statis-
tical procedure, was used to calculate the bivariate
correlations of the variables in the surface water data.
The correlation coefficients are presented in Table 2. The
largest number of significant correlations and most of the
largest correlation coefficients are found between sub-
stances within the same chemical category. The chemical
categories are: light chlorinated hydrocarbons, heavy
chlorinated hydrocarbons, heavy metals, polycyclic aromatic
hydrocarbons, and a broad group of chemical substances and
measuremnents designated standard watcr quality parameters.
The largest correlations are found within the heavy metals
where beryllium, cadmium, selenium, and silver are found to
be highly correlated. Other high correlations are found
between many of the standard water quality paraﬁeters and
between the pesticides.

There are some high correlations between chemical sub-~
stances in different chemical categories. While there are

not as many as those within catcgories, some of these
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suggest interesting questions as to why certain dissimilar
chemical substances are often found in comparable relative
concentrations in many samples.

To decrease the possibility of pure chance dominating
the statistical analysis, 20 chemical substances were
dropped from the correlation analysis. These substances
all had less than 32 detectable concentrations (ten percent
of the 320 samples). Some of the high correlations involv-

ing these substances have been mentioned.

Factor Analvsis of Surface Water Data

Factor analveis is a multivariate statistical tech-
nique which identifies statiStically independent structural
patterns exhibited by a set of intercorrelated variables
(Rummel, 1979). It is intended to identify distinctive
combinations of chemical substances which tend to be found
in the same water samples. The bivariate correlation
analvsis has identified many of the pairs of substances
which tend to be found together. TFactor analysis identifies
independent patterns of contamination and indicates how
strongly or weakly each of the chemical substances or water
guality measurements in the data is associated with each of
the patterns of contamination identified.

The 62 chemical substances and water quality measure-
ments included in the correlation analysis were included in

the factor analysis of the surface water data. These 62
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substances and measurcments are only a small sample of the
potential number of substances which could be identified in
water samples. Shakelford and Keith (1977) report that
1,259 different chemical conmpounds have been identified in
water samples. The Environmental Defense Fund and Boyle
(1279) estimate that only 10% of the organic chemicals
contaminating drinking water in the United States have been
identified. Since not all of the variation in the surface
water samples can be assumed to be explained by the surface
water data set, the conservative procedure of using the
square of the mnultiple correlation coefficient (RZ) of each
variable with every other variable was used to estimate the
communalities. These estimated communalities replace the
unities along the principal diagonal of the correlation
matrix used in the factor analysis procedure. This con-
servative approach should assure that any unique variance
which is not accounted for by the variables in the data set
will not be included in the resulting factors.

The large guantities of missing data in the surface
water data set present a number of problems in interpreting
the results of factor analysis. When factor analysis is
performed on a data set with missing data values, the
actual variance of the data is increased by a quantity of
"imaginary variance" (Rummel, 1970). The effect of this
imaginary variance is to inflate the total variance which

the factors identified have becen calculated to explain.
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The imaginary variance coused by missing data results in

communalities which are inflated.

Presentation .of Results of Factor Analvsis

The results of factor analysing the surface water data
set indicate many patterrs of variation. Using an eigen-
value cutcff of one, 18 factors are identified. This is a
very larce number of factors indicating that many different
patterns of contamination exist in the 320 surface water
samples. Most of the factors identified do not have any of
the chemical substances strongly identified with themn.
While sowe combination of the 62 variables identify the

factors, none of them are strongly associated with the

factors. When none of the variables are strongly associ-
ated with a factor, that factor can not be interpreted.
The first 4 of the 18 factors identified in the
surface water data explain virtually all of the variation
in the data and each can be interpreted since all four of
the factors have several chemical substances strongly
associated with the pattern of contamination identified by
that factor. Mathematically forcing only four factors to
be calculated, and using a varimax rotation to maximize the
independent clusters of chemical substances which explain
the variation in the data, produces the rotated factor
matrix presented in Table 3 . The unrotated solution

maximized the explanatory power of the first factor. The

rotated solution more clearly delincates the four distinc-—
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TABLEZ 3: ROTATED FACTOR MATRIX TOXIC SUBSTANCES AND STANDARD WATER QUALITY PARAMETERS
IN NEW JERSEY SURFACE WATER. ¥

T IT ITT Iv :
Pesticide Stnd WQ Heavy Iron-Mer Communality

Variables (804-CL-DS) Metals Bnzo-A-Pyrene h 2

1. methylene chloride .45 .56 .51

2. chloroform : .49 .46 .46

3. 1,1,2-trichloroethylene 44 .23

4. dibromochloromethane AL .30

5. 1,1,l~trichlorocethane ~.45 .36

6. 1,1,2,2-tetrachloroethylene .51 .38
7. BHC - | .46 .29

8. BHC - B .58 .53

9. lindane .44 .22

10. dieldarin .76 .60
11. p,p-DDT .62 .40
1z. heovntachlor epoxide .49 27
13. o,p -DDE .70 .51
14, o,pl-DDT .5 - 40
15. p,p ~DDD .57 .47
1. endrin .54 .30
17. chlordane .69 .51
18. manganese «53 .28
19, beryllium .23 1.11
20. cadmium .92 1.03
21. ccpper .49 42 .43
22. chromiunm .65 .62



TABLE 3

IN NEW JERSLEY SURFACE WATER.,

(Continued)

s

ROTATED FACTOR MATRIX TOXIC SUBSTANCES AND STANDARD WATER QUALITY PARAMETERS

I 1T ITI1 v .
Pesticide Stnd WO Heavy Iron~Mer Comnunality
Variables (S0O4-CL~DS) Metals Bnzo-A-Pyrens h?
23. sodium .82 .68
24, lead .64 .56
25. selenium .53 .72 .80
26, zinc <AL .22
27. iron A2 .59 .68
28, silver «57 &7 .63
28. mercury .65 .46
30. water temperature <43 .20
31. benzo-a-pyrene ~-.43 .70 .70
32. digsoclved oxygen -.42 .34
33. ammonia .72 .60
34, nitrate .64 LAl
35. nitrite .83 .55
36. phosphate .66 . L4
37. sulfate .52 39
38, alkelinity .62 -, 44 .58
39. chicride .81 .71
40, LAS .48 .29
241, dissolved solids .68 .68
42. fluoride .43 .42
Eigenvalues 8.42 7.30 4,12 3.07
Percent total variation 37.00 32.10 18.10 13.50
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TABLE 3: ROTATED FACTOR MATRIX TOXIC SUBSTANCES AND STANDARD WATER QUALITY PARAMETERS
IN NEW JERSEY SURFACE WATER. (Continued)

Varimax Rotation. The Squared multiple correlation coefficients were used as
comnunality estimates. N = 320.

2 Only factor loadings greater than 0.40 are presénted.
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tive patterns of contamination in the surface water data.

Factor 1 is a pesticide factor. The pattern of con-

tamination identified by Factor 1 explains 37 percent of
the variation in the surface water data. All 11 pesticides
included in the analysis are significantly associated with
Factor 1. The chemical substances with the highest factor
loadings in Factor 1 are pesticides: dieldrin 0,76; o,p1~
DDE 0.70: chlordane 0.69; p,pl-DDD 0.67¢ p,pl—DDT 0.63; and
p,pl—DDT 0.62. These heavy chlorinated hydrocarbons are
noted for there extreme persistence in the environment.
the booeX thak

Despiteﬂseveral of these pesticides having been banned,
since 1972, their persistence explains their presence in
the surface waters of Neﬁ Jersey in the period 1978-1979,
Factor 1 tells us that where one of these pesticides is
present in a New Jersey surface water sample, all eleven
are likely to be found. The factor loadings indicate the
relative probabilities that each of the pesticides will be
found in a surface water sample known to contain pesticides.

The persistence of heavy chlorinated hydrocarbons and
anthropocentric patterns of use of these pesticides are
probably the major recasons for the pattern of surface water
contamination identified by Factor 1. 1In areas where
pesticides are used or have been used in the past, the long
term effectiveness, the economics, and the regulatory
situatioﬁ have usually caused a variety of pesticides to

be used. Once these heavy chlorinated hydrocarbons have
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been introduced to the land surface and the aquatic
environment, their stable chemical nature insures extreme
persistence, Other contributing causes include metabolic
and chenical reactions (Walker, 19753 and contamination of
products (Edwards, 1977).

In addition to the pesticides, 4 other chemical sub-
stances are found to be associated with Factor 1. The
metals selenium and iron and the light chlorinated hydro-
carbon methylene chloride are identified as likely to be
found in the sane surface water samples as the pesticides.
Benzo{é}pyrene, a polycyclic aromatic hydrocarbon has a
negative factor leoading of ~0.43 with Factor 1. The
negative factor loading indicates that in those surface
water samples in which the pesticides are likely to be

found, benzo(a-pyrene is not likely to be found, and when

r
benzoka}pyrene is found in a water sample, the pesticides
are unlikely to be found.

Logical explanations for the four non-~pesticides
associated with Factor 1 are not readily available. Factor
analysis tells us that in a significant number of surface
water samples in which the pesticide pattern was found,
selenium, iron, and methylene chlorvide were also found and
were found in greater concentrations wvhen the pesticide
concentrations were grecater. The reverse is found to be

true of benzo{a}pyrene. It is interesting to note that

methylene chloride is one of the chemicals combined to .
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manufacture DT and other pesticides.

Factor 2 is a standard water guality factor with many

of the standard water quality parameters strongly associ-
ated with this factor. Factoer 2 is dominated by sodium,
chloride, ammonia, and dissolved solidé with factor load-
ings of 0.82, 0.81, 0.72, and 0.68, respectively. With
these substances and measurements most strongly associated
with Factor 2, the pattern of contamination identified is
that commoﬁ‘to the downstream reaches of the larger rivers
of the state., While the samples most strongly associated
with Factor 2 did not exceed the criteria to be deleted as
saline, many of them may be brackish water hich in sodium,
chloride, and dissolved solids. Factor 2 identifies a very
important pattern of contamination in New Jersey surface
water, explaining 32.1 percent of the variation in the data.
Several chemical substancesgs which are not standard
water quality parameters are significantly associated with
Factor 2., 1In addition to the alkali metal, sodium, several
other metals are associlated with Factor 2. These include:
chromium, lead, manganese, copper and zinc. These metals
are not uncommon in the lower reaches of the New Jersey's
rivers where they enter the rivers from urban runoff and
industrial activity (Wilber and Hunter, 1975). Several
light chlorinated hydrocarbons are also associated with
Factor 2. These are 1,1,2,2~tetrachlorocethylene, chloro-

form, 1,1,2~trichloroethylene, and dibromochloromethane.
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These chemicals are commonly used solvents, raw iﬁgredients
and by-products in many industrial operations.

Factor 3 is a hecavy metals factor which explains 18.1
percent of the variation in the surface water data. TFactor
3 has 5 metals and 2 light chlorinated hydrocarbons sig-
nificantly associated, but is dominated by beryllium,
cadmium, and selenium with factor loadings of 0.93, 0.92,
and 0.72 respectively. 7The very high intercorrelations
between thése three substances has been discussed.in the
section on correlation analysis. Because these three sub-
stances were reported at the minimum reportable concentra-
tion in almost all surface water samples, Factor 3 is most
strongly associated with those few samples in which
beryllium, cadmium, and selenium were found in higher
concentrations. The other substances associated with
Factor 3 were also found in higher concentrations in those
few samplecs,

In addition to beryllium, cadmium, and selenium, four
other chemical substances are significantly associated with
"Factor 3. Two metals, silver with a factor loading of 0,57
and copper with a factor loading of 0.42 help explain the
pattern of contamination dominated by heavy metals. Two
light chlorinated hydrocarbons, methylene chloride with a
factor loading of 0.56 and chloroform with a factor loading
of 0.46 arc also associated with Factor 3.

Factor 4 is a very interesting pattern of contamina-
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tion which explains 13.5 percent of the variation in the
surface water data. The unique sct of substances associ-
ated with Factor 4 make this factor interesting and
difficult to understand. Benzo(a’pyrcne with a factor
loading of 0.70, mercury with a factor loading of 0.65, and
iron with a factor loading of 0.5% dominatce Factor 4. Other
substances which are identified with this pattern éf
contaminatibn and which vary in concentration or measurement
directly with benzofa}pyrene, mercury, and‘iron include
silver, fluoride, and water temperature. The substances
which vary inversely with benzo{a}pyrene, mercury, and iron
include 1,1,1~trichloroethane, alkalinity, and dissolved
oxygen. Using these standard water quality measurements to
help interpret this pattern of contamination, the toxics
associated with Factor 4 with the exception of 1,1,1-
trichloroethane are likely to be found in those surface
waters which are relatively warm, acidic, and low in
dissolved oxygen. Recent research in New Jersey and
Philadelphia reports that benzopa%pyrene and other poly-
nuclear aromatic hydrocarbbns are found in urban runoff and
speculates that one of the major sources is used crankcase
0il (Mackenzie, Moira and Hunter, 1979:; Whipple and Hunter,

1979).

Summarv of Surface Water Data Factor Analysis

Factor analysis identified 18 independent patterns of
variation in the surface water data, but the first 4 fac-

tors explain most of the variation in the data and have



sufficicent chemical substances strongly associated with
them to permit interpretation. The four most important
patterns of contamination in the surface water data are a
pesticide factor, a standard water quality parameters fac-
tor, a heavy metals factor, and a benzo{a}pyrene—mercury~

iron factoer.

]

Association
wWith

3

')
atterns oif Contamination

it B4

An attempt was made to associate the characteristics
of the samnple sites with the patterns of contamination
identified by factor analysis. If some set of character-—
istics such as land use or location could be found to be
associated with one of the four distinct patterns of con-—
tamination, then we might have some clues to assist the
research effort in discovering the causes of the toxics
pollution identified in the surface water data. Factor
scores were calculated for each sample measuring the
association of that sample with each of the factors and
were used to find which samples were most strongly
associated with the patterns of contamination.

Problems of missing data seriously hinder site charac-
teristics with patterns of contamination., Each of the four
patterns of contamination identified in the surface water
data is dominated by a small number of chemical substances.
When a sample has missing data for some of those chemical

substances which are mcst important in determining a



pattern of contamination,
niased by overemphasis on
available.

The factor scores of the
(about 30) that most strongly
weré

nost strongly manifest causal

thece sanples have problems of missing data.

the following results must be

weakness in mind.
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resulting factor score may be

'

subs tances

I

for which data are

upper decile of samples

identify with each factor

reviewed on the assumption that those samples would

clues. Unfortunately some of
Therefore,

looked at with this serious

The descriptive information for each sample location

also suffers from missing data and inconsistently collected

data.

items of information are missing.
scriptive characteristics have not been

because so little data were avallable.

suffer from inconsistency.
sanples were
ate vicinity
variation in

ent sampling teams.

of the sample site,

As Table 4 indicates many potentially interesting

Many additional de-
included in Table

The land use data

The people collecting the water

asked to describe the land use in the immedi-

The results indicate wide

the categories of land use assigned by differ-

Efforts have been made to standardize

the categories based on additional information, but the

land use data remain suspect.

One piece of descriptive data which has no missing

observations is that concerning whether the water is

potable or nonpotabvle.

A sample has been classified pota-



TARLY 4

ASSOCIATIONS OFF SAMPLTE
PATTIIRNS

Factor

C‘C" ].tx.”:!] f'\,. fo& ],J.‘T

1 - Pesticide Fa

o]
9]
)

SITH CIHARACTERISTICS WITH
SURFACE VWATER

]

Sannla ID County Municipality Source

CAM 104 Camdoen Cherry Hill Cooper River
CAl 109 Canden Lindenwold Cooper River
MO 5 Monnouth Newman Springs
MON 8 Monmouth

HMON 28 Monmouth

Mow 2-11 Monniouth

MOW 104 Monmouth Neptune City Jumping Brook
oc 102 Ocean Jackan Twn,

ocC 10" Ocaan Lacey Twp. Forked River
PAS 101 Passalc West Milford Pequannack R.
PAS 103 Passaic Passaic R.
SoM 102 Somerset Hillsborough Two. Holland Brook
SOM 108 Somerset Frankling Twp. D & R Canal
SOM 110 Somerset Rocky Hill Twp. Beden Brook
SOoM 108 Somerset South Bound Br. Raritan R.
BER 105 Passaic Little ¥alls Passaic R.
BER 107 Bergern lahwah Ramapo R.

BUR 105
BUR 110
HUUT 111

HUNT 112
MER 101
MER 102
MER 108
MER 109

MER 110
MER 112

MER 113
MER 114
gUs 103

UN 102
WAR 102
VAR 110

Burlington
Burlington
Hunterdon

Hunterdon

Mercer
Mercer
Mercer
Mercer

Mercer
Mercer
Mercer
Mercer
Sussex

Union
Warren
Warren

Mansfield Twp.
Burlington City
Readington Twp.

West Amwell
Plainsboro Twp.
Princeton Twp.
Trenton
Hamilton Twp.

Princeton
Princeton
Trenton
Hamilton Twp.
Sussex Boro

Rahwah City
Oxford Twp.
White Twp.

Cratfts Creek
Delaware R.
Rockaway Creek

Moore Creek
Plainskboro Pond
Devils Creek
Assunpink Creek
Crossgswicks Creeck

D & R Canal
Stoney Brook
Assumpink Creek
Crosswicks Creek
Wallkill R.

Robbinson Branch
Poqueﬁt R.
Buckhorn Creek



TABLE 4 :
PATTERNS OF

Factor

Comments

ASSOCCIATIONS OF

SAMPYT. SITE

COWRANTHATION

- Pesticide

Fotable/
Monnotahble

CHARACTERISTICS WITH

SURFACE VATER

Factor

Land Use

Water Murky

Reddish Pool Below Pipe
Downs tream from Industry
Murky Water

Near Golf Course

0il Slicks
Cows Use Brook
0il Slick

0il Slicks, Foanm
furky, Bad Odor

Ducks & Gease on Pond

Trash in Stream
0il Slicks

0il Slicks

Refuse in Water
Dye Industry

Honpotable
Nonporable
Potable
Potable
Nonpotable

Honpotable
Nonpotable
Nonpotable
Nonpotable
Potable

Nonpotable
Potable
Potable
Polable
Nonpotable

Potable
Potable
Potable
Potable
Potable

Potable
Potable
Potable
Potable
Potable

Potable
Potable
Potable
Potable
Potable

Potable
Potable
Potable

Forest

Urbapn Residential
Suburban Commercial
Open Space

Urban Residential

Urban Residential
Forest

Urban Conmercial
Urban Commercial
Suburban Residential

Industrial

Farm

Suburban Residential
Industrial
Industrial

Urban Commercial
Urban Commercial
Urban Residential
Industrial

Farm

Farm
Urban Residential
Farm

Forest

Forest
Suburban Commercial

Industrial
Suburban Residential

Forest
Suburban Residential
Suburban Residential



TABLE 4

ASSOCIATIONS OF SAMPLE
PATYTERIS

STTE

IARACTERISTICS WITH

O CONTAMINATION IN SURIFFACE WATER
(Continued)

Factor 2 - Standard Water Quality Parameters

Samnle ID Countv Municipality Source
BER 5 Bergen
RER 7 Bergen
BER © Bergen Hohokus
EER 15 Dergen Saddle River County Park
BER 23 Bergen
ESS 13 Essex
ESS 14 Lssex (Near Rt. 21)
ESS 1 Essex
ESS 9 Essex (South Orange Ave.)
ESS 11 Essex
ESS 12 Essex
ESS 18 Bssex Above Orange Resevoir
MON 23 Monmouth
MON 24 Monnouth (Rt. 33)
MON 25 Monnouth
MON 28 Monmouth
MON 34 Monmouth
MON 104 Monnouth Neptune City Jumping Brook
MON 2~10 Monmouth Big Brook
MON 2-11 Monmouth
MON 2-14 Monmouth
MONW 2-24 Monmouth Big Brook
MOR 14 Morris Lake Parsippany
OoC 105 Ocean Lacey Twp. Forked River
PAS 3 Passaic (Rt. 507)
PAS 7 Passaic
PAS 25 Passaic Cedar Grove Peckman River
PAS 26 Pagsaic
PAS 32 Passaic Hawlthorne Passaic River
SOoM 108 Somerset South Bound Brook Raritan River
103 Sussex Sussex Boro Wallkill River (Rt. 565)

SUSs
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TABLE 4 ¢ ASSOCIATIONS O SAMPLI SITEH CHARACTERISTICS WITH
PATTERNS OF CONTAIIMATION TN SURFACH WATER
(Continued)
Factor 2 - Standard wWater Quality Parameters
Potable/
Comments Nonpotable Land Use
Nonpotable Industrial

Fish in River

Runoff f£rom Road

Pipe Upstream, Decaying Debr

Debris Floating, Oil on Surfa

Pond Feeds Into River
Parking Area on Left
Near Abandoned Shopping

Woods and Vegetation on
0il Slick, Opague Green
Sludge Farm Upstream

Near Discharge Pipe

Murky Water
Farm Area

Very Polluted
Near Golf Course

Bacterial Growth
014 Pipe Dumped

-Parking Lot, Discharge Pipes

Treatment Plants Upstream

0il Slick

.
1s

Center

Banks
Coloxr

Honpotable
Nonpotable
Honnotable
Nonpotaole

Nonpotable
Honpotable
Potable
Potable
Potable

Potable
Potable
Nonpotabhle
Nonpotaple
Nonpotable

Nonpotable
Nonpotable
Honnotable
Potable

Nonpotable

Nonpotable
Potable
Potable
Wonpotable
Nonpotable

Potabhle

Honpotable
Wonpotable
Nonpotable
Nonpotable

Potable

Urban Commercial
Open Space

Open Space

Urban Residential

Urban Commercial
Urban Residential
Urban Residential
Open Space
Industrial

Open Space
Urban Commercial
Industrial
Industrial
Industrial

Urban Residential
Farmn

Forest

Industrial .
Urban Residential

Open Space

Suburban Residential
Suburban Residential

Urban Commercial
Urban Residential

Urban Commercial
Urban Commercial
Industrial
Urhan Commercial
Industrial

Suburban Residential
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TABLE 4 ASSOCIATIONS O SAMPLYT SITR CHARACTEARISTICS WITH
PATTERNS OF CONTAMINATION IN SURFACE WATER
(Continued)

Factor 3 - Hceavy Metals

Sample ID County Municipality Source

BER 20 Bergen (Glen & Passaic Rds.)
BER 21 Bergen : Woodcliff Lake

BER 24 Bergen

BER 28 Bergen Englewood

CAM 105 Camden Camden Cooper River

CuM 101 Cumberland Millville Maurice River

CuM 104 Cunkerliand Mauricetown Maurice River

ESS B Esses

HUNT 114 Hunterdon Lambertville Swan Creek Resevoir
Hnun 3 Hudson Weequahic Lake

MON 15 Monmouth Consolidated Water Co.
MOW 21 Monmouth Tap at Water Plant
MON 103 Monmouth Neptune City Shark River

MON 2-11 Monmouth
MOMN 2-12 Monmouth

MONW 2-14 Monmouth

MOR 14 Morris ‘ Lake Parsippany

MOR 21 Morris (Rt. 46)

MOR 25 Morris (Rt. 23)

IOR 26 Morris Taylortown Resevoir

EAS 14 Passaic

PAS 16 Passaic

PAS 29 Passaic Passaic R. (Rossiter Ave.)
PAS 101 Passailc West Milford Pequannock K.

SA 101 Salem Pittsgrove Maurice R. (Norma Almond Br.)
SoM 111 Somerset Hillsborough

SUs 102 Sussex Franklin Wallkill R. (Rt. 631)

SUS 103 Sussex Sussex Boro Wallkill R. (Rt. 565)

UNI © Union

UNI 10 Union Elizabeth Elizabeth R.

WAR 106 Warren FPranklin Musconetcong R.

WAR 107 Warren Mount Olive



ASSOCIATICHNS O
PATTIRNS
(Continued)

TABLLE 4

SAMPLE SITE
OF COWTAMIMATION I

Factor 3 - Heavy Metals

Comments

Potable/
Nonpotable

62

CHARACTERISTICS WITH
SURFACE

WATER

Land Use

Residential

old

White Scum on Surface

Water Aerated at Intake
Dense Algeae, Eutrophic

’

Treated Water
Potable Water

Near Golf Course
Near Canoe Rental

Bacterial Growth, Red and Orange
Petroleum Substance on Water
Channelled Stream

0il Slick

White Foam on Water

Suds on Water

Hwy. Crew Sprayving Trees

Tires & Other Debris in Water

Potable
Potable
Fotalkle
Nonpotable
Nonpotable

Nonpotable
Nonpotable
Nonpotable
Potable

Nonpotable

Potable
Potable
Nonpotable
Nonpotable
Nonpotable

Nonpotable
Potable
Potable
Potable
Potable

Potable
Nonpotable
Fotable
Nonpotable
Potable

Potable
Potable
Wonpotable
Nonpotable
Potable

Potable
Potable

Urban Residential
Suburban Residential

Urban Residential
Industirial

Foresct

Urban Residential
Suburban Residential
Forest

Industrial

Suburban Residential

Forest
Urban Residential
Open. Space

Open Space

Urban Commercial
Open Space

Forest

Suburban Residential

Urban Residential
Urban Commercial
Suburban Residential
Porest

FParm

Forest

Suburban Residential
Urbhan Residential
Urban Commercial

Forest
Suburban Residential
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TABLE 4: ASSOCIATIONS OF SAMPLY SITE CHARACTERISTICS WITH
PARTERIS OF CONTAMIMATION IN SURFACE WATER
(Continued)

Factor 4 - Monmouth County Factor

Sample ID Countwv Municipality Source

BER 20 Bergen (Glen RA.)

ESS 17 Bessex

HUD 3 Hudson Weequahic Lake

MO 15 Monmouth Consolidated Yater Co.
MON 21 Monmouth Water Co.

MO 23 Monmouth (Near Freehold)
MOIT 26 Monmouth

MOW 2-10 NHonmouth Big Brook

Mow Z-10R Monmouth Big Brook

MON 2-12 Monmouth (Near Canoe Rental)
MON 2~13 Monmouth . From Origin in HMarsh
MO 2-14 HMonmouth .

MON¥ 2-15 Monmouth Ramanesseen Brook
108 2~16 Monmouth Ramanesseen Brook
MON 2-17 Monmouth (Sshank Rd.)

MO 2-18 Monmouth Willow Brook

MON 2-19 Monmouth Willow Brook

MON 2-2C Monmouth Willow Brook

MON 2-21 Monmouth Big Brook

MOW 2~22 Monmouth

MO 2-23 Monmouth Big Brook

MO Z-25 Monnouth

MON 2-29 Monmouth Mahoras Brook

MCN 2-30 Monmouth

MON 2-31 Monmouth

MON 102 Monmouth Tinton Falls Pine Brook

MOW 104 Monmouth Feptune City Jumping Brook

MOR 14 Morris Lake Parsippany

MOR 16 Morris Greenpond Lake

PAS 11 Passaic

PAS 14 Passaic

PAS 16 Passaic

UNI 4 Union Rebinson Brank Abo e Res,

UNI 9 Union



4 SSE5O0CIATIONS O
PATRERNS OF
(Continued)

TADLE

SAMPLE
CORTANIHNATION I

SITE
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CHARACTERISTICS WITH

SURI'ACE

WATER

Factor 4 - Monmouth County Factor

Comments

Potable/
Menpotable

Land Use

Dense Algae,
Treated VWater
Potabhle Uater

Eutrophic

Sludge Farm Nearby
Area Smells

Very Polluted

Black 0il on Bottom

‘Baterial Growth, Red and Orange

Garbege Dunped in Stream

Undeveloped Area
Bottles and Cans Dumped

0il Slick

Below Dam Spillway

Potakle
Nonpvotable
Nonpctail
Potahl
Potable

")
o0

Nonpotable
Nonpotabhle
Potable
Potable
Nonpotable

Nonpotable
Nonpotable
Potable

. Potable

Potable

Potable
Potable
Potable
Potahle
Potable

Potable
Potable
Nonpotable
Nonpotable
Honpotable

Nonpotable
Nonpotable
Potable
Potable
Potable

Potable
Potable
Potable
Nonpotable

Urban Residential

Industrial
Suburban Residential

Industrial

Industrial
Industrial
Open Space

Industrial

Open Space

Farn

Suburban Residential
Suburban Residential

Suburban Residential
Open Space

Open Space

Urban Commercial
Open Space

Farm
Suburban Residential

Urban Residential

Urban Residential
Forest

Suburban Residential
Suburban Residential
Open Space

Suburban Residential
Urban Residential

Urban Residential
Urban Residential



65

ble if the sample location is upstream of any potable water
supply intake facility. The determination were made by

Dr. Robert Tucker and Barker Hamill of DEP and the author.
The intake facility used in the classification may be in a
neighboring state. Those samples classified nonpotable
were determined to be downstream of all potable supply in-
take facilities.

It must be reemphasized that the patterns of toxics
contamination identified by mcans of factor analysis do not
identify risks to the health of those people consuming the
water., The factors identified are natheimratical patterns in
the data. The toxicity and or health effects of consuming
these substances is not addressed in this report but can

be found in Drinking Uater and Health (Mational Resecarch

Council, 1977). The concentrations of toxic substances
which are calculated to form a pattern of contamination are
in most cases very small, The fact that a source of pota-
ble water supply is found to be highly associated with one
of the patterns of contamination does not by itself indicate

a public health danger.

Factor 1
The characteristics of the surface water sample sites

associated with Factor 1, the pesticide factor, are pre-

1]
sented in Table 4 . The sanple sites indicate that the

esticide pattern of contamination is widesnread throuah-~
i ¥ i}
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out the state. About two-~thirds of the samples were col-
lected in Central lew Jersey fLfrom Monmouth County to
Hunterdon County. The 33 samples were collected in twelve
different counties with Mercer County ﬁaving the largest
number of samples.

e land use of the areas surrounding the sample sites
repregsent a wide range of uses, but the developed land uses
do predomiriate. Of course, the pollutants measured in the
samples collected may have entered the surface water far
upstream of the sample site. The comments indicate that
many of the‘sample sites exhibit evidence of some form of
pollution, such as oil slicks, odors, refuse, etc.

It is interesting that many of these obvious signs of
pollution are found in streams upstream from potable water
supply intakes. The pesticide factor is associated with

24 potable and 9 nonpotable waters.

Factor 2
The surface water samples most strongly associated

with Factor 2, the standard water quality parameters factor,
are from largely developed areas. The counties of Bergen,
Essex, Passaic and Monmouth account for 28 of the 31
samples most strongly associated with Factor 2., The land
uses of the areas surrounding the sample sites indicate the
built-up nature of these areas. Many of the comments

describe conditions which would be expected to lead to low



water quality as measured by the standard water quality
parameters associated with Factor 2. These include runoff,
debris, oil slicks, bacterial growths, discharge pipes,
etc., Of the 31 samples most strongly associated with
Factor 2, 10 were from potable waters and 21 from nonpota-

ble waters.

Factor 3

The characteristics of the surface water samples most
strongly associated with Factor 3, the heavy metals factor,
are presented in Table 4 . The samples were collected in
14 different counties located throughout the state. While
many of these samples were collected in the highly develop-
ed areas one would expect, about half the samples are from
potable waters in rural or lighty developed counties. The
land uses surrounding the sample sites also indicate that
while many are industrial and or urbén, 7 sample sites were
characterized as forest, 2 open space, and 1 as farm. The
- comments do indicate some local pollution may be present,
but &o not give indications of sources of pollution which
are often associated with heavy metals pollution such as

runoff or industrial activities.

Factor 4
The surface water samples associated with Facter 4 are
presented in Table 4 . Factor 4 is identified by a very

distinctive pattern of contamination which is dominated by
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benzoég}pyrene, mercury, and iron with several other sub-
stances and water quality measurements (see Table 4 ).

This factor was very difficult to interpret until the factor
scores were studied. Factor 4 is a Monmouth County factor.
Of the 34 sanmples most highly associated with Factor 4, 24
were collected in Monmouth County. If we look only'at
those 16 samples which had factor scores of 2 or greater,
13 are from Monmouth County. The pattern of contamination
identified by Factor 4 is evidently a distinctive combina-
tion of pollutants which are present in the surface waters
of Monmouth County.

The Monmouth County factor is most strongly associated
with 3 streams which drain into the Swimming River Resevoir.
They are Big Brook, Ramenessen Brook, and Willow Brook.

All three streams are classified as potable and their
drainage basins are lightly developed but do contain some
industrial facilities. The samples from other counties
which are among those most strongly associated with Factor
4 are from urban-undustrial areas of Bergen, Essex, Hudson,
Passaic, and Union Counties, with the exception of two
samples from lakes in Morris County. Given the common
sources of benzo{é}pyrene and mercury, it is possible that
industrial activity is the cause of the distinctive pattern
of contamination identified by the Monmouth County factor
along with high concentrations of iron which are found in

the soils and water of Monmouth County and many other areas
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of New Jersey. Unfortunately, missing data values for some
of the most important chemical substances associated with

Factor 4 hinder the interpretation.

Summary of Associlations of Surface Water Sample

Sites with Patterns of Contamination

The characteristics of the surface water sample sites
mostly strongly associated with the patterns of contamina-
tion identified by factor analysis are presented in Table 4.
It was hoped that some of the characteristics or comments
might provide research hypotheses concerning the causes of
toxics pollution of the surface water of New Jersey.

Missing data is so pervasive in the surface water data

set that relatively little additional information could be

gleened from the snalysis of associaticns of sample site

characteristics with patterns of contamination. The miss-

ing data for the concentrations of toxics in the water
samples cgreatly diminishes the reliability of the factor
scores which indicate the déqree of association of the
samples with the patterns of contamination. The missing
data in the descriptive characteristics of the sample sites
effectively masks whatever relationships or clues may be
present.

The only interesting finding to come from the analysis
of associations of sample site characteristics with pat-
terns of contamination . is the identification of the Mon-

mouth County pattern of contamination. The spatial concen=—
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tration of those samples most strongly associated with

Factor 4 of the surface water factor analysis led to the

c3

naming of this pattern of contamination the Monmouth County
-

factor.



CHAPTER 2

PATTERNS OF TOXICS IN NEW JERSEY

GROUND WATER

Data Description: Ground Water

The ground water data analysed in this reporﬁ were
developed by the Department of Environmental Sciences, Cook
College under contract to the New Jersey Department of
Environmental Protection. The data include all of the
samples collected under the 1277-1978 contract and Interim
Report #1 from the 1978-1979 contract.

The ground water samples were collected from wells in

every county in New Jersey, but are concentrated in certain\

areas of the state. The first 408 ground water samples
were a representative sample of the state's ground water,
when judged from the perspective that about the same number
of samples were collected in each county. The subsequent
samples were collected to gain additional information about
high levels of toxics in a small number of the wells
already sampled or in their vicinity.

The initial 408 samples were taken from 408 different
sites (Page and Greenberg, 1978). In the second year's
contract, some wells have becen sclected for monthly or

seasonal sampling. There are a maximum of 5 saumples from

3

\

\

033kt 1 s AT

‘w..,_m
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15 different sample locations. Thesc data are at present
insufficient foxr any rigorous analysis of temporal vari-
ation.

Several subsets of ground water data were combined for
this report. While these subsets of data are largely
comparable in terms of the chemical substances included in
the sample analyses, there have been some noteworthy
changes. Some chemical substances have been dropped fromn
the analyses, others have been added. Merging these sub-
sets of ground water data results in missing data.

Most of the changes have been within the light chlorin-
ated hydrocarbons. Trifluoromethane was included in the
first 408 samples, but was dropped from all subsequent
analyses. Fluoroform, dichlorébromomethane, dichloroe~
thylene (gem), dibromomethane, t-dichloroethylene, aqﬁhlor
1016, adghlor 1242, and aﬁéhlor 1248 have all been added
to the analyses under the second year's contract.

Changes have occurred in the analysis of dichloro-
benzene. In the first subset of data, dichlorobenzene was
the variable reported. Subsequently, the oy m-and p~iso-
mers have been reported. The o4 m7 and p-isomers have been
retained in the merged data along with a composite total
dichlorobenzene to make the ground water data comparable
to the surface water data.

Four other light chlorinated hydrocarbons which have

been changed during the course of data collectiocn were



73

treated to make them commensurate with the surface water
data. Concentrations of bromodichloromethane and 1,1,2-
trichlorocethylene were originally reported as one variable,
later as two separate variables, and in the last data
received only 1,1,2~trichloroethylene was reported. Both
substances are retained as variables, but the information
is lost frem those gamples from which they were combined.
In the first ground water data set, 1;2—dibromoethane and
1,1,2,2~tetrachloroethylene were each variables. In the
most recent data, these two substances are combined as one
variable. The information from the 143 samples with these
two substances combined is not inclﬁded in this analysis.

Standard water quality parameters were reported from
the first 245 ground water samples, but have not been

reported for any subsequent samples. Total Organic carbon

e et 7

(TOC) is included in sample results from the second year's
contract but had not previously been reported. The
variables included in the ground water data set used for
this report are listed in Table 5 . The 71 chemical sub-
stances or water quality measurements are divided into four
general categories., There are 27 light chlorinated hydro-
carbons, 20 heavy chlorinated hydrocarbons, © heavy metals,
and 15 standard water quality parameters.

The number of samples collected for each variable
listed in Table 5 highlights the problems of missing data.

While 692 ground water samples are included in the data



TABLE 5 :

I. LICHT

GRCUND WATER DATA

CHLORINATED HYDROCARBONS

74

Range of

Chemical Substance Unit of Number of Number of Median Detectable
Measure Samples Detectable Conc. Concen-
' Collected Concen-— trations

trations Mine. Max.

1. Fluoroforn PPB 130 15 0.0 0.5 159.2
2. Methyl Chloride PPB 628 3 0.0 <5.0 220.6
3. lethyl Bromide PPB 628 2 0.0 <1.0 6.0
4. Virnyl Chloride PPB 627 2 0.0 1.6 2.5
5. Methylene Chloride PPB 624 ag 0.0 ¢S0.0 1,500.0
G. Chlorofornm EPB €40 439 6.3 K2.83 591.2
7. 1,2-Dichlorcethan= PPB 634 57 0.0 <£1.6 2,308.0
. 1,1, 1-Trichloroethane FPB 638 535 2.0 £2.0 607.5
S. Carbon Tetrachleride PER 639 431 0.1 0.1 150.2
10. 1,1,2-Trichlorcethylene EPB 250 175 £0.3 <u.3 635.0
11, Dichlovohronocethiane FPR 142 60 0.0 <0.1 £0L,5
12, 1,1,2-Tricnloxro =y PPB 637 535 C.0 (1.0 51.1
12. Dibromochlorome PPB 640 104 0.0 <£C.1 2.4
i4, 1,Z-Dibromoetha PPB 640 107 0.0 «0.1 186.7
15, 1,1,2,2-Tetrach PPB 638 348 40.1 40.1 28%.5
16. Bromofori. PEB 640 124 0.0 £1.0 2.3
17. 1,1,2,2~7Tetrachlorcethane oP3 640 57 0.0 <£0.3 2.7
18, Diiocdonecthane ¥PB 639 65 6.0 <0.3 2.0
19. Total Dichlorobenzene PEB 674 22 0.0 <2.2 162.3
20. M-Dichlorobenzene PPB 249 6 0.0 (1.3 25.4
21. _pP-Dichlorobenzene PPB 2439 12 0.0 .3 72,5
22. O0=<Dichlorohbenzene PPRB 249 "9 0.0 <£2.2 5.2
23. 1,3,5-Trichlorocbenzene PPZ 637 24 0.0 £2.0 33.7
Z4. Dichloroethylene ggem> PEB 64 34 10.0 1.1 1,200.2
25. Dibrcnonethane FPRB 64 23 0.0 <0.1 44,5
26. £-Dichloroethylene PPB 64 51 10.0 0.1 549.3
08 0.0 1.6

Bromedichloroethane

PPB

<0.1

L4



(Continued)

IT. HEAVY CHLORINATED HYDROCARBONS
Range of
Chemical Substance Unit of Humber of Number of Median Detectable
Measure Samples Detectable Conc. Concen-—
Collected Concen= trations
trations Min. Max.
1. arfnlor 1016 PPEB 248 o
2. Agchlor 1242 2PB 248 0 0.1 3.4
3. Arkchlior 1248 PPRB 248 0 C.1l 0.2
4., Aﬁ%hlor 1254 PPB 638 11 0 0.1 0.4
5.5c-aipha -8 PEB 653 o6 0 0.1 0.8
6. Linlanc EPB 653 166 0 <0.1 0.9
7. BEC-Beta A-BHC PPB 563 245 0 ©.1  118.4
8. Heptachlor PP 653 172 0 0.1 1.0
. Aldrin rPB 653 156 8] 0.1 1.2
10. Heptachlor Epoxide PPR 653 155 0 Q0.1 C.6
1ll. Chilocrcdane bPPB 653 i85 o] 0.1 G.3
12. o,p'~DDE PPR 653 116 0 0.1 6.9
13, Dieldrin PPB 653 89 0 <0.1 0.2
14. FPadrin PPB 653 75 0 <0.1 0.6
15. o,p'=DDT PPB 653 70 0 0.1 3.7
16. »,p'-DDD PPB 653 72 o <0.1 1.8
17. p,p'-DDT PPR 651 60 0 0.1 5.0
18. Mirex TPB 653 39 0] <C.1 0.4
1%. Methyoxychlor PPB 653 0
20. Toxaphene PPB 652 1 0 0.1

.



TABLE 5 : (Continued)
ITI. HEAVY METALS
Range of
Chemical Substance Unit of Nunber of Number of Median Detectable
Measure Sanmples Detectable Conc. Concen-
Collected Concen- trations
trations Min. MaXe
l. Arsenic PPB 642 639 1.0 (1.0 1,160
2. Beryllium PPB 642 642 0.5 £0.5 84
3. Cadmium PPB 638 638 0.5 £C.5 405
4., Copper FPB 633 635 4.0 0.5 1,381
5. Chromiun PPB 638 638 2.0 0.5 179
6., MNickel PPB 637 637 2.5 0.5 600
7. Lead PER 636 633 1.0 £0.5 329
€. Seleniunm PPB 637 637 2.0 1.0 8
2. Zinc PPB 638 638 15.0 £2.5 36,500



TabuE 5 ¢ (Continued)

IV. STANDARD WATER QUALITY PARAMETERS
Chemical Substance Unit of Number of Number of Median - Detectable
Measure Samples Detectable Conc. Concen-
Collected Concen-— trations
trations Min. Max.
1. NH%LN (Ammonia) PPM 343 343 €0.1 40.1 9,048.0
2. Organic Nitrogen PEM 341 332 <0.1 {£0.1 320.0
3. Nog—n (ritrate PPY 342 330 0.4 <0.1 2.9
4. xozﬁm (ritrite) . PPM 384 209 0.1 (0.2 4,515.0
5. Pog’phosphate PPM 347 306 0.1 «0.1 200.0
6. SO%’Stlfate PPM 347 341 30.0 0.1 3,750.0
7. Alkalinity PPM 345 27 96.0 2.0 446.0
€. Chloride PEM 345 345 17.0 1.8 4,400.0
9. Fluoride PPM 348 348 0.2  40.1 5.4
10. Cyanide PPM 344 344 {0.1 «0.1 2.5
11. Las-Detergent PPM 348 330 0.0 0.1 2.1
12. Dissolved Solids PPM 343 342 134.0 2.2 3,240.0
13. Fecal Coliforns #/100 ML 3498 10 0.0 {1.0 8.0
14. Water Temperature © 623 623 13.0 5.0 25.0
15. pH 1-14 607 607 7.2 4.0 9.9
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set, no variable has more than 674 sample concen£rations
and many have far fewer. This 1is caused by analytic results
from many samples not being available for different chemi-
cal substances. The largest quantities of missing data are
caused by changes in the chemical substances included in
the chemical analyses. Missing data is also caused by
analytic results being lost or not performed on certain
samples. Whatever the cause, missing data presents serious
obstacles to any statistical analysis. Some information is
lost due to chemical substance combinations. Even more
disturbing is inflated or imaginary variance caused by
missing data. These problems will be reviewed during the

discussion of statistical procedures.

. f"\
Analysis of the Ground Water Data \

Table 5 indicates that the toxtics data are severely

" right skewed, particularly the light and heavy chlorinated
hydrocarbons. Most of the samples analysed were found at
non-detectable concentrations; yet a few samples contain
concentrations three or four orders of magnitude larger.
Analysis of the frequency distributions of the heavy metals
reveals that they are also right skewed even though they
are detectable in virtually all samples. The standard
water quality parameters are approximately normal. These

are the same patterns as were found in the surface water

.

data. _ ¢

The distinctly non-normal frequency distributions of /
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the toxics data from the ground water of Necw Jersey requife
the use of non-parametric statistical procedures. As with
the surface water data, the underlying assumptions of the
more powerful parametric statistical procedures are severely
violated by the data. The non-parametric statistical
procedures used in this report are appropriate for the data
but tend to be less powerful than the equivalent parametric

procedures.

Ground Water Correlation Analysis

Initially, Spearman's Rank Correlation procedure, a
non-parametric procedure, was used to calculate the bi-
variate correlations between the water quality variables.
Those correlation coefficients»significant at tﬁe 0.001
level are presented in Table 6 .

As was found in the surface water data, most of the
highest correlations occur betwéen substances within the
same chemnical category. Those categories are: 1light
chlorinated hydrocarbons, heavy chlorinated hydrocarbons,
heavy netals, and standard water quality parameters. There
are many highly significant correlation coefficients between;
substances in different chemical categories, but they are
generally not as prevalent, nor as high as those betwecn
substances within the same chemical category.

The highest correlation coefficients are found within;

the heavy metals. Beryllium has Spearmen correlation
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GROUIID VIATER

Vinyl Chloride
Methylene Chloride
Chloroform
1,1,1~Trichloreethane
Carbon Tetrachloride
1,1,2-Trichlorocthylene
Dibromochloroniethane
1,2-Dibromoectizane
1,1,2,2=Tetrachloroethylene
Bromoform

11.MBHC-xIpha

12.
13.
14,
15.
16.
17.
13.
19.
20.
21.
22.
23,
24,
25.
26.
27,
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

Lindane
BRHC-Sota—
Heptachlor
Aldrin
Peptachlor Epoxide
Chlordane
o,p'~DDE
Dieldrin
Endrin
o,p'-DDT
p,p'-DDD
Arsenic
Berylliun
Cadmium

Coppor
Chromium
Rickel

Lead

Selenium

Zinc

TOC

NH%«N (Ammonia)
Organic-N
reg-1 (itrate)
O Z-N (Witrite)
POg-FYhosphate

38. SOog~-Sulfate

3%. Alkalinity

40, Chloride

41. Fluoride

42 . Cyanide

43, LAS

44, Dissolved Solids
45, YWater Temperature
46, PH
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1

CORRELATION MATRIX'

1 2 3 4 5
.19 24
.19 22 .39
.22
.24 e 37
.29 .34 26
.22
.15
<46 .40 .31
.25 .34 .1°
-.20 -.20
.20 .26
"'016
-e15 -.15
-.16
~-.16
27 .21
«33 47 .21
.30 «45 .18
.14 .27
-.21 -.14 -.17
.21 .36 .15
.23
.19

1 - , . e
Only thuse correlation coefficients significant at the 0.001

lecvel are

included in thie

mable,

Correlation cocfficients

calculated using Spearman's Rank Correclation procedure.
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13.
16,
20.
21.
22.
23.
24.
25.
26.
27.
28,
29,
30.
31.
32.
33.
340
35.
36.
37.
38.
3G.
40.
41.
4z.
43.
44.
45,
46,

GROUND WATER

Vinyl Chloride
Methvlene Chloride
Chloroform
1,},)-Trichloroethane
Carben Tetrachloride
1,1,2-richloroethylene
Dibronochloromethane
1,2-Dibromocthane
1,),2,2-Tetrachloroethylene
Bromoform

RIC~Alpha

Lindane

EHC-Beta

Heptachlox

Aldrin

Heptachlor Epoxide
Chliordane

o,n'=-DDE

Dicldrin

Endrin

o,p'=-DDT

P,p'-DDD

Arsenic

Beryllium

Cadmium

Copper

Chiromium

Nickel

Lead

Selenium

Ainc

TOC

NH3-N (Ammondia)
Crganic-il

0 L- (Nitrate)
NO2~1 (mitrite)
PO4-~-Phosphate
SOo4~Sulfate
Alkalinity

Chloride

Fluoride

Cvanide

LAS

Dissolved Solids
Water Temperature
PH
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CORRELATION MATRIX

6 7 8 9
.29 022 .15 .46
.34 .40
.26 .31

.52
L1
L] :1- '7
.52
o 24 .25
.18
.27
.26
.25
.28
£ 17
.20
.25
.27
.21
.21
.36

1 . . U C e
Only those correlation coefficients significant at the 0.001

level

are included in this

Table,

Correlation Cocfficients

.25
.34

«17
.36

33



82

TADLE 6 : GROUND WATER CORRELATION MATRIXl

11 1.2 13 14 15

1. vinyl Chloride

2. Methylene Chloride -.20 .20 -.16 -.15
3. Chloroforn .26

4, 1,1, =Trichloroctaune - =20 -.15
5. (crbnn Tetrachloride

6. 1,1,2~Trichloroethylene

7. Difx_ sochloronethane

8. 1.,? D]ULCy‘OLii‘“7e

9. l, 2,2=-Tetrachloroethylene ' .18
10. )Jomo form .19

11, BHC=-Alphe - .50 22 27 «3
12. Liindane .50 .30 .49 «52
13. BHC~-Beta «22 .30 o 17
14. treptachlor .27 <49 <55
15. &ldrin .33 .52 o 17 .55
16. Heptachlor Epoxide o277 «35 .28 .34 .48
17. Chlordane + 29 « 32 .35 «25 .34
18. o,p'~DDE .28 .35 .34 43
19, Dieldrin +29 « 28 «25 .23 .40
20. Fondrin +31 .31 .14 .30 .39
2l. o,p!'-DDT .30 .35 .15 30 .41
22. p,p'-DDD .28 +31 .18 25 .39
23. Arsenic -, 17 e 22 -.16 - 24
24. Peryllium ~e25 —.40 .22 ~.20 -.30
25. Cadniun .20 -.33 «21 -.18 -e25
26. Copper ~-.16
27. Chromium
28, Wickel -.19
29. Lead -+16 - 24 -.20
30. Selenium -e17 «23
31. Zinc
32. TOC
33, NH3-N (Ammonia)

34, Organic-l

35. NO3-11 (Hitrate)

36. NO2-W (Nitrite)

37. PO4-Phosphate

38. S¢O4-Sulfate

3. Alkalinity : ~-.24
40, Chloride
41. Fluoride - 27 -+ 35 -.26 -.30-
42, Cyanide -.27 . -.20
43, LAS ]
44, Digssolved Solids
45, Watcr Temperature .28 .21 .19 .23
46. Pl

1 : e e ,

Only those correlation cocfficients significant at the 0.001
level are included in this Table. Correlation coeilficients
calculated using Spearman's Rank Correlation procedure.
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14.
i5.
16.
17.
18.
19.
20.
2).
22.
23.
24.
25.
26.
27.
28.
2.
30.
3.
32.
33.
34.
35,
36.
37.
38.
9.
40.
41.
42.
43.
44,
45,
46,

16

Vinyl Chloride
Methylene Chloride
Chloroform
1,1,1-%richlorocthane
Carbon Tetrachloride
1,1,2-Trichloroethylene
Dibromochloronetiiane
1,2-Dibromoethane
1,1,2,2-Tetrachloroethylienec
Bromoform.

RIIC-Alnha

Lindane

kHC-Beta

Heptachlor

Aldrin

Heptachlor Epoxide
Chlordane

27
.35
.29
.34
.48

42

oAz cA2
Dieldrin .44
Endrin « 36

.36
.37

o,p!'-DDT
r,p'-DDD
Arsenic
Beryllium
Cadmium
Copper
Chromium .
Nickel

Lead

Selenium

zinc

TOC

NH3-N (Ammonia)
Organic=N

WNO3-1 (Nitrate)
NO2-N (Nitrite)
PO4~Phosphate
504-Sulfate
Alkalinity
Chloride

Fluoride

Cyanide

IAZ"&S

Dissolved Solids
Water Tomperature
Pil

~-.18

.14

lOnly those correlation coafficients

level
calculated using

included in this PTable.

Specarman's

are
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1
GROUITD WATER CORRELATION MATRIX™

17

Cor——

19 19 20

-.16

.29

32

.28
.35

.29

28 .31

.35 .25 .14
.25 .34 .23 .30
.34 .43 .40 .39
.42 .42 .44 .36
.43 .43 .43
.43 | .48 .53
.43 .48 .57
.43 .53 .57
.42 .49 .51 .64
.40 .54 .55 .67
-.14

-.19

".25 ‘_023

.22 .14

significant at the 0.001

Corrvelation coefficients
Rank Correlation procedurc.
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11,
12.
13.
14.
15.
le6.
17,
16.
19.
20.
21,
22.
23.
24,
25,
26,
27.
28,
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
20.
41.
42.
43.
44,
45.
46.

21
Vinvl Chloride
Methyvlene Chloride
Chloroform
1,1, l-Tvichloroethane
Carbon Tatrachiosride
1,1,2~"richlorocthylene
Dibromcchloroneihane
1,2-Dibromocthane
1,1,2,2-Tetrachloroethylene
Bromoform
BHC~Alpha .30
Liindane .« 35
BHC~Beta
Heptachlor
Aldrin
Heptachlor Epoxide
Chxlordane
o,p'-DDE
Dieldrin
Endrin
o,p'-DDT
b lp‘ -DDD
Arsenic
Beryllium
Cadmium
Copper
Chromium
Wickel
Lead
Selenium
Zinc
TOC
NH3-N (Ammonia)
Organic-X
NO3-N (Nitrate)
WOZ2-N (Witrite)
PO4-Phosphate
S04~Sulfate
Alkalinity
Chloride
Fluoride
Cvanide
LAS
Dissolved Solids
Water ‘'femperature
PH

~l]6

.30
.41
.36
.42
.49
.51
.64

.69

"015
—Ql4

.17
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N
N

.28
.31
.18
.25
.39
«37
40
.54
.55
.67
.65

.19
"'0?2

'"'019

.14
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23 24 25
.33 .30
02? .47 .45
.21 .16
.21 .18
27 .26 .25
o L7 .36 .33
«ol7 =25 ~.20
—-.22 -, 40 -.33
.22 .21
-.16 -.20 -.18
- 24 -.30 ~e25
—-18 "'u].7
-.15 -.15 ~-.14
.49 .48
.49 .89
.48 .89
.17 .21
.14
17 34 .38
£ 29 .65 .61
.15
LA7 .61 .54
.30 <55 .43
""'045 '--38
.14

1 . et o s e
Cnly those corrcelation coefficients significant at the 0.001

level

are included in this Table.

calculated vsing Spearman's Rank Correlation procedure,

Correlation coefficients
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TABLE 6 : GROUND WATER CORRELATION MATRIX™

. L]

*

TSI O U LW
°

31.
32.
33.
34.
35.
36.
37.
' 38.
39.
40.
41.
42.
43.
44,
45.
46.

1

26

Vinyl Chloride

Methylene Chloride

Chlcroform :
1,1,1-Trichloroethane

Carbon Tetrachlaride
1,1,2-Trichloroethylene
Dibromochloromathane
1,2-Dibronoetihane
1,1,2,2~Tetrachloroethylene
Bromoform

BHC-~Alphea

Lindane - -.16
BHC-2cta

Heptachlor

Aldrin

Heptachlor Epoxide

Chlordane

o,p'-DDE

Dieldrin

Endrin

o,p'-DDT

P,p'~-DDD

Arsenic ,

Beryllium .17
Cadmium <21
Coppex

Chronium

Hickel

Lead + 59
Selenium

Zinc .41
TOC

NH3-N (Ammonia)

Organic-N

NO3-I (Witrate)

NO2-N (Nitrite)

PO4-Phosphate

SC4-Sulfate

Alkalinity

Chloride

Fluoride

Cyanide

LAS

Dissolved So0lids

Water Temperature

2381 ~.23

level are included in this Table.
calculated using Spearman's Rank Correlation procedure.

27 28 29 30
-.21 e21
-.14 «36
.14 ~o17
27 .15
28 +17
.28
-.16
“.24 -..17
“"019 023
-.20
"‘014 “"‘.14
~.14
ey o
17 .29
.38 .61
.59
15
.15
.16 «39
.21
~-. 1S
.20
<25 ~.26
.22
.21 .33
.21 33
.23 ~-.20 ~.24 -.30
-'014
-.17

Only those correlation coefficients significant at the 0.001
Correlation coefficients



86

TABLE 6 : GROUND WATER CORRLLATION MATRIXl
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13.
14,
15.
16.
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18.
1o.
20.
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22.
23.
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25,
26.
27,
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
4.
42.
43.
44,
45,
46.

Vinyl Chloride
Methylene Chloride
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
1,1,2~-Trichloroethylene
Dibromochloromethane
1,2-Dibromoethanc
1,1,2,2-Tetrachloroethylene
Bromoiorm

BHC-Alpha

Lindanec '

BHC~Beta

Heptachlor

Aldrin

Heptachlor Epoxide
Chlordane

o,p'~DDE

Dieldrin

Endrin

o,p'-DDT

p,p'-DDD

Arsenic

Beryllium

Cadmium

Copper

Chromium

Nickel

Lead

Selenium

Zinc

TOC

WH3--N (Ammonia)
Organic-N

NO3-N (Nitrate)
HO2~N (Witrite)
PO4~Phosphate
So4-5ulfate
Alkalinity

Chloride

Fluoride

Cyanide

L.AS

Dissolved Solids
Water Tenmperature

PH

31

.15
.41

.16
.39

.20

*014

32 33 34 35
.17
<20

.1-6
.18
-.19 « 20
le
-31 "‘021
.31 "’o40
".21 "14'0
.20 .26 -026
23
.34
.21
22

.28

1 . et . P

Only those correlation coefficients significant at the 0.001
level are included in this Table.
calculated using Spearman's Ranii Correlation procedure.

Corrclation coefficients
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Vinyl Chloride
Methylene Chloride
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
1,1,2~-Trichloroethylene
Dibromochloromethane
1,2-Dibromoethane
1,1,2,2-Tetrachloroethyl
Bromoform

BHC-Alpha,

12. Lindane

BHC-Beta

1l4. Heptachlor

15, Aldrin

16. Heptachlor Epoxide
17. Chlordane

l18. o,p'--DDE

19. Dieldrin

20. Endrin

2l. o,p'-DDT

22. p,p'=-DDD

23, Arsenic

24. Beryllium

25. Cadmium

26. Copper

27. Chromium

28. Nickel

29. Lead

30. Selenium

31. Zinc

32. TOC

33, NH3-N (Ammonia

34. Organic~N

35. NO3-N (Witrate)

36. NO2-W (Hitrite)

37. PO4-Phosphate

38. S0O4-5ulfate

39. Alkalinity

40. Chloride

41. Fluoride

42. Cyanide

43, LAS

44, Dissolved Solids

45, Water Temperature
46. PH
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ELATTION MA'RIXl

36 37 38 39 40
.23
18
cne <25
e 20
—-e17 -.16
e 23
~s 24'
-.12
"023

-019 "‘t22

25 .22
e 26
.20
26 .
-26 523 .34
«31 .29
.31 «29
' «29 .29
.20
-50 .54 .43
.39

1 . e x
Only those correlation coefficients significant at the 0.001

Jevel are included in this
calculated using Spearnan's

Table., Correlation coefficients
Rank Corrclation procedure.
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U X
TABLS 6 : GROUND WATER CORRELATION MAIRIX

41 42 43 44
1. Vinyl Chloride
2. Methylene Chloride
3. Chloroforn
4. 1,1,-Trichloroethane .19
5. Carbon Tetrachloride
6. 1,),2-Trichloroethylene .36
7. Dibromochlorometithane
8. 1,2-Dibromoethiane .21
9. 1,1,2,2~Tetrachlorocethylene .21
10. Bromoform
1l1. BUHC-Alpha . -o27
12. Lindane ~.35 ~.27
13. BIiC-Beta —-.26
l4. leptachlorx -.16
15. Aldrin -.30 - 20
16. Heptachlor Epoxide ~-.25
17. Chlordane ~-.25
18. o,p'DDE
19, Dieldrin -.23
20. Endrin ‘
21, o,p!'-DDT - 21
22. p,p'~DDD -.19
23, Arsenic « 27 - 30
24, Beryllium .61 «55 -.45
25. Cadmium « 54 .53 -.38
26. Copper
27. Chromium £ 23
28. Nickel « 21 ~-.28
2°. Lead : o 21 -.24
30. Seleniun .33 «33 -.30
31l. zZinc « 20
32. TOC
33, NH3-N (Ammonia) .21 22
34. Organic-N
35. NO3-N (Nitrate)
36. 1702~ (Nitrite) -.20
37. PO4-Phosphate
38, S04-Sulfate «50
3. rlkalinity .54
40, Chloride <43
41, Fluoride «39 —-+25
42, Cyanide «39 -a23
43, LAS c. _—
44 . Dissolved Solids —-e25 —-.23
-45. Water Temperature -.31 -.28
46. PH '

1 : C s . s

Only thosec correlation coefficients significant at the 0.001
level are included in this Table. Correlation coefficients
calculated using Specarman's Rank Correlation procedurc.
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TABLE 6 ¢ GROUND WATER CORRELATION HATRIXl

a5 46
1. vinyl Chloride
2. Methylene Chloiride
3. Chloroform
4, 1,1,1~Trichloroethane
5. Carbon Tetrachloride
6. 1,1,2~-"richlorocthvlene
7. Dibromnochlorome thane
3. 1,2-Dibromocthane
9. 1,1,2,2=-Tetraciiloroethylene
10. Bromoiorm
11l. BHC-Alpha- .16
12. Lindane .28
13. BHC-Beta .21
14, Heptachlor .19
15. Aldrin «23
16. Heptachlor Epoxide .14
17. Chlordane .
1&. o,p-DDE W22
19, Dieldrin ‘ .14
20. Endrin
21. o,p'-DDT 17
22. p,p'~DDD ‘ .14
23. Arsenic
24, Beryllium
25. Cadmium
26. Copper -.23
7. Chromiun -.14
28, Nickel -.17

29. Lead

30. Selenium

31. Zinc -o 14
32. TocC

33, NH3-N (Ammonia)

34. Organic~-N

35. NO3-i1 (Witrate)

36, NO2-3 (NMitrite)

37. PO4-~Phosphate

38. S04-5ulfate

39. Alkalinity .39
40, Chloride

41, Fluoride -.31

42, Cyanide ~.28

43. LAS

44, Dissolved Solids
45, Water Temperature
46, PH

]

icients significant at the 0.001
ble. Corrclation coefficients
ank Correlation procedure.

'Only those coryrclation coeff
level are dincluded in this T
calculated using Spearman's

2w
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coefficients of 0.89 with cadmium and 0.65 with selenium.

Cadnium has a correlation coefficient of 0.61 with seleni- .

um in addition to 0.89 with beryliium. Copper has a corre—~

lation coefficicent of 0.59 with lead, The very high corre-
lation coefficient between beryllium, éadmium, and selenium
are influenced by the analytic techniques used to quantify
these substances in the ground water samples. As was found
in the surface water data, the overwhelming majority of
sample concentrations for all three metals were reported at
either the minimum reportable concentration of less than
1.0 ppb for beryllium and cadmium and less than 2.0 ppb for
selenium. A small number of samples can have a very great
impact on the correlation coefficient if those samples
contain some of the small number of high concentrations for
these three metals. In the ground water data that appears
to have happened.

Many of the highest corrxelation coefficients are
between the heavy chlorinated hydrocarbons. This finding
is not surprising. Most of these substances are used as
pesticides and are extremely persistent in the environment.
Some of them are breakdown products of others within the
category. Some are likely to have been used in the same
areas either concomittantly or sequentially. Contamination
of products with chemically similar substances has also
been found to be common with pesticides. These potential

explanations have been discussed in dgreater detail (Page
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and Greenbe7, 1978).

The correlation matrix from the 692 samples of ground
water data is similar to the correlation matrix of the first
408 samples (Page and Greenberg, 1978). This is to be
expéqted since these 408 sanple results are included in the
692 samples analysed in this report. While the correlation
coefficients are nearly the same for most substances, some
of the heavy metals have much higher correlation coeffi-

cients in the 692 sample results. For example, in the first

1
408 samples the correlation coefficient of beryllium with
cadmium wag 0.40, whereas in the total 692 samples of
ground water the correlation coefficient is 0.89. In the
first 408 samples the correlation of beryllium with
selenium was very low and not significant at the 0.10 level,
while in the total 692 samples the correlation coefficient
is 0.65 and is significant at the 0.0001 level. .

. : . 3 \\\
The cause of the large increase in the correlation

coefficients between beryllium, cadmium, and selenium is \

caused by the lack of variation in the concentrations of |

i
3
. . i
these three substances in the ground water samples collect-)

ed after the first 408 sample results. Every ground water §

sample analysed since the first 408 has been reported as

containing less than 1.0 ppb of bervllium. After the first

408 samples, 246 of the 251 dectectable concentrations of
cadmium have been reporxrted at less than 1.0 ppb. After

the first 408 samples, 245 of the 251 detectable concen-—
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trations of selenium have been reported as less than 2.0
ppb. These large numbers of samples all containing the
minimum reportable concentrations of beryllium, cadmium,

and selenium has caused the correlation coefficients be-
tween these substances to increase substantially. In short,
the correlations of these three substances are high

because of.consistency not because of parallel patterns.

The patterns of correlations found in the correlation
matrix of 692 ground water samples (Table 6 ) are very
similar to the patterns of correlations found in the
correlation matrix of 320 surface water samples (Table 2 ).
This is not surprising. Ground water and surface water
are both interconnected components of the hydrologic cycle.
Many of the same chemical and physical processes occur in
both surface and ground water.

The greatest difference between the correlation
matrices of ground and surface water samples is in the
standard water quality parameters. The same parametérs are
intercorrelated, but the correlation coefficients in the
ground water data are generally smaller than those between
the same substances in the surface water data. The highest
correlation coefficient among the standard water quality
parameters in the ground water data involves dissolved
solids with alkalinity, 0.54., The surface water data the
correlation coefficient for the same substances is 0.63

and is excceded by 0.65 between alkalinity and chloride.
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In general, all of the correlations among the standard
water quality parameters are higher in the surface water
data than in the ground water samples.

Several chenmical subsgtances included in the ground
water data are not included in the correlation matrix.
Those substances which had fewer detectasble concentrations
than ten percent of the total ground water samples collect-
ed (69) were deleted from the correlation calculations to
decrcase the possibility of purely chance occurrences un-—
duly influencing the statistical analyses. This is the
same criteria used to delete substances from the surface
water data. The following substances were deleted: fluoRO =~
form, methyl chloride, methyl bromide, 1,2-dichloroethane,
dichlorobromomethane, 1,1,2-trichloroethane, 1,1,2,2~
tetrachloroethane, diiodomethane, total dichlorobenzene,
p-dichlorobenzene, o-dichlorobenzene, m-~dichlorobenzene,
trichlorobenzene, af%hlor 1016, aﬁ%hlor 1242, aﬁéhlor 1248,
aéghlor 1254, dichloroethylene (gem), dibromomethane, t-
dichloroethylene, bromodichloromethane, p,plnDDT, nirex,
methyoxychlor, toxaphene, and fecal coliform. With these
26 variables deleted, the ground water data set is left

with 46 variables.

Summary of Ground Water Correlation Analysis

The bivariate correlations of the chemical substances

in the ground water data set were calculated using Spear-
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man's Rank Correlation procedure. The resulting correla-
tion matrix (Table 6 ) was found to closely resemble the
correlation matrix of chewmical substances calculated for
the first 408 ground water samples (Page and Greenberg,
1978). The greatest difference in these two correlation
matrices was identified to be in the heavy metals and the
cause was investigated. The similarity with the surface
water bivariate correlation matrix (Table 4 ) was.also

noted and the minor difference examined.

Factor Analvesis of Ground Water Data

Factor analysis was performed on the ground water
data set of 6%2 samples in an attempt to identify chemical
clusters of contamination. The same 46 chemical sub-
stances and water quality measurements analysed by corre-
lation analysis were included as the variables in the
factor analysis. These substances were selected on the
basis of having at least 10 percent of the total number of
samples in the data set detectable.

The factor analysis was performed conservatively.

The correlation matrix produced by Spearman's Rank Corre-
lation, a non-parametric statistical procecdure was used in
the factor analysis. This tends to underestimate the |
degree of correlation between variables but eliminates
bias in the analysis due to the distinctly non-normal

distributions of the toxic chemicals.. The square of the



rmultiple correlation coefficients (R?) of each variablo

with every other variable were used to estimate the comnu-

o s a - ey A ; . . . .
nalities, The use of R” to estimate the communalities

prevents factor analysis from attributing to the chemical
substances in the analysis the power to explain all the
variation in the data. Since many uncampled variables may
contribute to the variation in the date, this is a real-
istic step. An eigenvalue cutoff of unity was used to
identify only the most important patterns of contamination
within the ground water data sct.

Problems eare caused bv missing data values in the

S I

ground wvater data set. Hissing data causes extra

o}
P

imaginary variance to be present in the results of factor
analysis. This prceblem is present in interpreting the
factor analysis results of the 408 ground water samples
(Page and Greenberg, 1978) and the 320 surface water
samples. The factors are computed to explain more varia-
tion in the data than actually exists because of the miss-~
ing data values.

Some of the most common methods of dealing with miss~
ing data were not used in this analysis. The most common
practice in statistically analysing a set of data with
missing data is to eliminate thosce observations which do
not have all data elements. In the ground water data set
this approach was not used because only 3 samples have data

for each variable! Another common annroach is to use the
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mean or other mecasure of central tendency of a variable in
the data set to £ill in missing data for that variable.
Because of the extrcmely skewed distributions of toxic
substances in water the mean was out of the question. The
use of the mode to replace missing values was evaluated in
the analysis of the first 408 ground water samples (Page
and Greenberg, 1978). It was found to produce results
‘comparable to those produced by forcing the correlation
matrix into the factor analysis as if there were no missing

data. This last approach was used in this analysis.

Results of Ground Water Factor Analvysis

Factor analysis of the .ground water data extracted six
independent patterns of contamination. This is comparable
to the factor anaiysis of the first 408 ground water
samples, which identified 5 factors using an eigenvalue
cutoff of unity, but is in great contrast to the 18 factors
calculated for the surface water data. Although there were
insufficient chemical substances identified with most of
the surface water factors to enable clear interpretation of
the factors, the results of the factor analysis indicate
that toxic substances in the surface waters of New Jersey
are present in a much larger number of combinations or

patterns of contamination than in the ground waters.

(See Table 7).

Factor 1 is a pesticide factor. All twelve of the

heavy chlorinated hvdrocarbons in the ground water data



TABLE 7: FACTOR ANALYSIS OF 682 NEW JERSEY GROUND WATER SAMPLES -
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agiven our conservative approach. The explanation for these
high values has been discussed in the scction on correla-
tion analysis wvhere the high correlations among these three
substances were explained in terms of the large number of
sampleas whiéh were reported at the minimum reportable con-
centration.

Several other substances are associated with Factor 2,
although not as strongly as beryllium, cadmium, and seleni-
un. Arsenic, which is categorized as a metal although it
and selenium are in fact non-wmetals, has a factor loading
of 0.50, Three light chlorinated hydrocarbons are also
associated with factor 2. Chloroform, 1,1,2,2-tetrachlorces

ethylene, and bromoform have factor loadings of 0.59, 0.41,

I
and 0.44, Factor 2 explains 22.4 percent of the variation
in the data from the 692 samples of ground water.

There are several gignificant differences in Factor 2

in the factor analyses of the first 408 and the full 692
ground water samples. One of the differences is due to the
finding of beryllium, cadmium, and selenium at the minimum
reportable concentration in almost all ground water
samples collected after the first 408 samples. Beryllitbm
and cadnium were associated with the heavy metals factor

in the analysis of the first 408 samples, but with much
lower factor loadings. Selenivm wvas not gtrongly associ-
ated with any of the factors in the analyegis of the first

408 ground water samples.
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The second major difference in Mactor 2 between the
factor analyvscs of the first 408 and the full 692 ground
water samples concerns the light chlorinated hydrocarbons.
In the anealysis of the first 408 samples, Factor 2 was a
light chlorinated bydrocarbon factor and Factor 3 was a
heavy metals factor. MHMuch of this difference is probably
due to chemical analysis proceduvres rather than to different
patterns of contamination being identified in the. ground
water samples collected after the first 408, Chloroform,
and 1,1,2,2-tetrachloroecthylenc are associated with Factor
2 in both analyses. The discussion, under the heading data
weaknesses, of bromodichloromethane with 1,1,2~trichloroes—

g&wlene and 1, 2Z2~dibromoethane with 1,1,2,2-tetrachloroes

@thyvlene explains vwhy considerable information was lost to
the data set. This lost information is probably a large
cause of the differences in light chlorinated hydrocarbons
in the two factor analvses.

Factoxr 3 is a standard water quality varameters

factor. Factor 3 is dominated by dissolved solids with

sulfate, alkalinity, and chloride also identifying this
pattern of contamination. Ground water samples exhibiting
this pattern of contamination also have relatively high
concentrations of 1,1,2-trichloroethyvlene and 1,1,2,6 2~
tetrachlorocthylene, although missing data values for both
of these light chlorinated hydreocarbons may inflate their

contribution. Factor 3 explains 17.6 poercent of the
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variation in the data froa the 692 sannloes of ground wvater.
The standard vater qualibty pavanmctors form nore

factorn, with 2 greater nunmber of veriabloes assoclated with

t ol

them, and explain & greater poercontage of the variation in
the full €92 areound vator sanrplton than in the first 400
mics data.  Factor 3 in the 692 sonrle analysis explains
the gane percentage of the total variation, 17.6, as the
two gtandard water guality paramctiey factors identified in

the znalysis of the desta from the first 408 ssmnles.

Factor 4 is a pitrocen factor. It explains 9.1 per-

i r———r T

cent of the total variaticn in the data set. Organic

*g
nitrogen and ammonia have factor loadings of 0.57 and 0,.56.
Nitrite nitrogen (NOiLN) is just below the level reported
2%
with a factor loading of 0.39. Nitrate-nitrogen (HO}LN)
has a factor loading of ~0.51 which indicates it is found
in low concentrations or not at all in those samples in
which the other forms of nitrogen are found in high concen-
trations. This is an interesting pattern of contamination,
The negative correlation coefficients were alse found in
the analysis of the data from the first 408 ground water
sanmples. This is a finding the author has not seen
reported in the literature perhaps because in routine
analysis of ground vater samples nitrate nitrogen is
usually the only form of nitrogen that is looked for (Hen,

1970). The nitrate form of nitrogen, because of its

oxidized form, is most easily leached into ground water.
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Where the soil is polluted with large awounts of nitroger
it is likely that both nitrate and nitrite nitrogen would
reach the ground wator.

Factor 5 is a sccend heavy wetals factor. It explains

9.0 percent of the total variation in the data set and is
dominated by copper, lecad, and zinc with factor loadings
of 0.75, 0.68, and 0.4%. JYactor 5 resembles Factor 3 from
the 408 senple analysis. In an analysis of landfills in
the Los Angeles area, copper and zinc along with chromium
vere - found to be the greatest thrcats to ground and surface
water (Eichenberger, et al., l978§f

Factor 6 is interesting but hard to interpret. It
explains only 6.5 percent of the total variation in the

data set, and while 5 variables are associated with it

-

14

none have high factor loadings. Factor 6 has variables
from 3 of the 4 general categories of substances in the
data set, The pattern of contamination identified by
Factor 6 is established by those ground water samples in
which concentrations of cvanide, fluoride, and nickel are
relatively high when concentrations of dHCaﬁeéa and dig-
solved solids are relatively low and probably non-detecta-
ble., Other substances in the data set contribute to this
pattern of contamination to a lesser extent, but in terms
of the whole data set this is a ninor pattern of contamina-

tion.
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Summary of Ground inter Factor Analvsia

Factor analysis was performed on 46 chemical substances
and water guality mecasurenments collected for 692 ground

5

water samples. The 46 chemical substances and vwater quali-

L.

ty measurcaents were selected because they had detectable

concentrations in at least ten percent of the samples in
the data set.

The factor analysis was performed using congervative
procaedurcs. Spearman’s Rank Correlation, a non-parametric

procedure produced the correclation matrix. The sguare of

the multinle correlation coefficient for each variable

with every cther variable was used to estinate the commu-
nalities. An eigenvalue cuteoff of unity was used to

determine the number of factors to be interpreted,
The factor analysis of the ground water data set

identified 6 factors. Factor 1 is a pesticide factor which

explains 35.3 percent of the total variation in the ground

Yol

water data. Factor 2 is a hecavy metals factor which

explains 22.4 percent of the variation in the data.

Factor 3 is a standerd water guality »arameters factor

. .

which explainsg 17.6 percent of the variation in the data.
Factor 4 is 2 nitrogen factor which explains 9.1 percent

of the varizstion in the data. Factor 5 is a sccond heavy

metals factor which cxplains 9.0 pvercent of the variation

in the data. TFactor € is a cvanide~nl’/C-BtP-{luoride

Tactor which is difficult to interpret and cxnlains only

et et et 10 et i



G.5 percent of the variation in the ground wvater data set,
Cowparisons wvere made bhetween the results of the factor

analyvsis of all 692 ground water samnles and the results

the first 408 ground water

b

of an carlicr factor analysis o
sammles,. The patterns of greound walter contamination in
the two analyses were found Lo bhe very similar. The great—

rences were found to be the decreased importance

i
e

ost dif:

.

of the pesticide factor and the increased importance of
the standard water quality parameter and the nitrogen
factor in the analysis of all 692 samples from the earlier
analysis. Droblems of missing data and especially changes
in the light chlorinated hydrocarbons included in the
chemical analyses of the sanples make conparisons of the
light chlorinated hydrocarbons between the factor analysis
regults impossible.

Asgociations of Grc
CharaCtroriscics f

ncamination

the chaeracteristics

An attempt was made to
of the ground water sample sites with the patterns of
contamination identified by factor analvsis. This analysis
repeats for the ground water data the analysis performed
on the surface water data. Factor scores were used to
select those samples most strongly associated with the
patterns of contamination identified by the factor analysis
of the ground water data. The characteristics of the wells

from which the samples were collected and the areas around

(SO}



thoase woells verce then cxanined in an attempt
anv commoen charactoeristics among those
ctronaglv associaved with che Giiffcer 111 natt
noticn.

Like the surfoce wvater data nigssing
Lhe grou cata set is a very
ine concontrations For chomical gunoioo2s
bianz in the factor scores which were usad
aqrou vater samples most strongly ascocic

inacicon.

patterns of conitam

from which the samnles

> glround

and the areas surrounding the wells

n

any associations among those characteris
difficult.

Factor 1

T oo

The characteristics of the

associated with Factor 1

s

strongly ¢

’

are presented in Table 8 . The 24

t

most strongly associated with the pest

collected in 10 different counties in all

Jersey. Monmouth and Salem counties with

are the counties most strongly associated

water pesticide factor. The land uses of

mediately surrounding the ground water

somevhal: surpriszing. Only 3 of the

characterizoed as farms wi

mamples

serious problem.

choracteristics
weire
malke identificat

tics

ground water
the pes

ground water

sanple si
sanplaes

11 1e

to discover

nost

erns of

information in

tend to cause

to select those
ated with the
of
collected

ion of

extremely

samples most
ticide factor,

samples

ticide factor were

parts of New

6 samples each
with the ground
the arcecas in-
tes are
had surroundu

2 vore Come

o))

contami-

Misg-
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TABLE 2 ASSOCCIATIONS T SAMPILE SITE CHARACTERISTICS WITH PATTERNS OF CONTAMINATION
IN GRCUND WATER (Continued)

Factor 3 - Standard Water Quality Parameters

Depth Use of
Samnle ID County Municipality In Feet Comments Water Land
SA 6 Salenm Woodstown 710 Potabkle Urbe ¢
sa 3% Salem Peegnsville 39 Lotable Urb. re
U 7 Unicon 400 Yard at HMzin Gate Potable Urb.e <
FEBAIRS Union Hillside Cooling Tndus s
W3 Warren Brzinarcs 180 Potable Farm
w4 en Phillipsburg 86 Potable Industriz
€ on Heshington 345 U resi
w7 en 495 Panther Valley : resi
(O] on Stewartsville 250
W 1ZA arren Phillipshurg iustri
VoOLa TTarvan 130 Sludge field Monitoring Indust
wol2 285 Potakle Induetyi
labbrev a ; Urb. comn. =

nveed in the Table: Sub, resid. = Suburban residential
izl Urb. resid. = Urban residential.
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A ] SAMPLE SITE CHARACTERISTICS WITH PATTERNS OF CONTAMINATION
IN GROUND WATER (Continued)

Factor 4 - Nitrogen Factor

R RR ]

ywninn i

n

Depth Use cof )
smnie ID County Vunicirality In Feet Comments Water Land Use
S 135P Somerset Rocky Hill. 200 - Small Field Potable Sub. comm.?l
S 130B Scmerset Rockyv Hill 2C0 Small Field i Potable Sub. comm.
A2 Salen Tliner Potable rarn
E 138 Saliemnm Upvper Penns Meck 356 Near Plant Potehle Industrial
A2 16 Salem Elner 65 Potable Farm
r 20 Salen Quinton 105 Potable
A 21 Salem Glémans Monitoring Industrial

305 Salen Llimer Potable

13 Sussex Potanle Sub. comnm.
1iCB Sussex Potzble Sub. commn.
21 Sussex 200 Park Vegeration Potable Sub. resid.

in the Table: Sub. comm. = Suburban commercial; Sub. resid. =

2
. T g - - E b}
DUrLan residocéntliala.

ok
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TABLE 8 : ASSCCIATICNS OF SAMPLE SITE CHARACTERISTICS WITH PATTERNS OF CONTAMINATION
I GROUND WATER (Continued)

Factor 5 - Suburban and Rural Heavy Metals (Lead, Zinc, Copper)

Depth Use of
Semple ID  County Municipality In Feet Ccrments Water Land Use
SA 21A Salem Clildmans 19 - Potable
Sa 30 Salem Elmer ‘ Potakle
2 arren Blairstown 200 Blair Acadenmy ‘ Potable Urb. comn.
w7 Warren 495 Panther Valley Potable Sub. resid

Abbreviations used in the Table: Sub resid. = Suburban residential: Urb. comm. =
Urban commercial.
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SAMPLE SITE CHARACTERISTICS WITH PATTERNS OF CONTAMINATION
ER . Kﬁ'

actor & - Urbkan-Industrial Cyanide{ABHC—Be%a” Fluoride Factor

Denth Use of
Samnmls ID  Countv vy . In Feet Comnments Water Land Use

11 Bergen 425 . Industrial1
13 Bergen Potable Urb. comm.™
114  Bergen 75 Potable Sub. resid.l
12 Canden Potable Industrial
1232 Camrden 175 Metals Plant Fotable Industrial
123Y Carden 179 Metals Plant Potabkle trial
1237 Canden 178 Metals Plant Potable trial
113 Cemden 22¢ Grassy Field Potzble resid, |
ic4 Camden 116 Outside School Potabla resid.”t
12 Cape liav 252 Potakle resid.
Cunperland Potable
Nevark 35G6 Falrmont Chemical Coocling Industrial
Millburne 452 Potable
o Hamilton £C Cooling Industrial
esex Vestfield 523 Potable Industrial
MON 14 Monmouth Union Beach 290 Potable Industrial
MOY 20 Monmouth Frechold 702 Potable
exn 22 Treehold i3 Monitoring Industrial
CCE 8n 177 Potable Sub. resid,
mEO18 Hunterdon Lebhanon 2601 Fotable Urb. resid.
18 Potable Industrial,
130D Rocky Hill 200 Commercial Potakle Sub. :
nE 1340 Rocky HLll 200  Commercial Potable sub.
oz ckv Hill 200 Commercial Potable Sud,
kS Citv 160 Potzbhle Sub.
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TABLE 8 : ASSOCIATIONS OF SAMNPLE SITE CHARACTERISTICS WITH PATTERNS OF CONTAMINATION

IN GROUND WATER (Ccntinued)

Factor 6 - Urban-Industrial Cyanide, BHC-Beta, Fluoride Factor

Depth Use of

Sample ID County Munjcipality In Feet Comments Water Land Use
sa 3 Salem Oldmans 205 Potable Farm
Sn 5 Salem Pennsgrove 54 Potable Farn ,
S 21B Salenm G ans 17 Monitoring Industrial
SA 21 Salem 0 ans 40 Monitoring Industrial
sS2 15 Salem 0 ans 15 Monitoring Industrial
T 103 Union Raawayv 200 Potable Urb. resid
1., . . . o m o . e s
abbreviations uvsed in the Table: Urb. resid. = Urban residential.

bt
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neyaicl, 4 guhuthon regidential, O dndugirial, and 5 i

€Y
$ > t S
sing data, The valrs ds vsoed overvghelminagly as potahle
vater. The wells ranced in cepth from 54 to 713 fecet deep.

strongly associsted with Tactor 2, the heavy metals factor,

7
arce presented in Table 8 . The 26 ground water samples

most strongly associated with the heavy metals factor were

collected in 12 counticg in all parts of Hew Jerscy. 'The
distinctive characterigtics of the wells are established

by two sets of wells: 5 wells wvhich are shallow monitoring

N

wells probably monitoring landfill leachate, and 4 wells
identified by comments as metals or chemical plante. The
¢ ground water samples from these wells are most strongly

acL

164

sociated with the heavy metals factor.

Three of the wells had more than one sample associated
with Factor 2. Cam 12, a well used by a metals plant in
Camden City was identified as having high concentrations of
heavy metals during the first yeaxr's data collection. The

X

the se

o
O
Q
=
(o))

well was selected for monthly samnpling during
vear of data collection. Three of the five monthly sanples

from the second vear of data collection included in the

ground water data set are among the 30 samnloes mest

-

strongly associated with Factor 2. Two of the fivo monthly

4

sSampnioes

=

‘rom REL3 are anong the 30 sanples nost strongly

Lo
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assoclated with Factor 2. Samples SaZl and Sa 218 are from
the gane well, Overall, TFactor 2 is an urban-industrial,

heavy metals factor.

-

Pactor 3
— —

The characteristice of the ground water samples most
strongly associated with Factor 3, the standard wéter
gquality parvameters factor, are preseanted in Table 8 ., The
wnles were most strongly associaited with
the standard water qguality factor show greatlt diversity and
no distinctive patterns. The wells are located in 13

P )

counties throughout the state. The wells range

tle

.n depth
from 42 to 710 feet. The land uses surrounding the wells
clude almost every land use, although the more heavily

developed land usez do predominate.

Factor 4

The charateristics of the ground water samples most
strongly associated with Factor 4, the nitrogen factor,
are presented in Table 8 . The samples were collected in
12 different counties throughout the state, but seem to
have a greater proportion of the newer suburban counties
than of the inner cities or older suburban countics. The
land use data support the suburban interpr “Latlon but also
indicate that many of the samples were collected in
industrial areas. The depths of tho wells ranéed from 17

to 685 feet, and most ave used as sources of potable
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supply. The comments nentioen grassy, fields or parks.
One point ef interest ic that all five monthly sanplcs from

well RO13 were among those most strongly associated with

the nitrogen factor.

Factor b

The characteristics of the g¢ground water samples most
strongly associlated with Factor 5, the second heavy netals
factor, are presented in Yable 8 . The second heévy netals
factor is dominated by relatively high concentfations of
lead, zinc and copper (see Table 7 ). The samples most
strongly associated with this factor were collected in 9
ceunties in the southern and.western portions of New Jersey.
Salem Céunty with 7 samples and Hunterdon County with 5
samples are the couhties most strongly asscciated with
Factor 5. This factor appears to be a combination of areas -
with naturally high concentrations of lead, zinc and copper
in the soil and rock formations and also some industrial
activity. The land use data indicate industrial activity
in the vicinity of several wells in these predominanfly

rural or suburban counties.

The characteristics of the ground water samples most
strongly associated with Factor 6, the cyani&c,ABHC-Eeﬁa,
fluoride factor, are »resented in Table 8. Factor 6

identifies a distinct but relatively minor pattern of



contamination in the ground water of New Jersey. The
semples most strongly identified with Factor 6 were collect-
ed in 14 counties from all portions of the state. The
municipality and land use data indicate that Factor 6 is
strongly identified with ind%strial areas and often those
industrial areas within urban areas. Roth Cam 12 and RS13

have three monthly samples among those samples most strong-

ly associated with Factor 6.

of Associations of Ground Water Sample

racteriscics wilth Patterns of Contamination

Sumnme

Site Cha

The chearacteristics of the wells and surrounding

>

alrc

i

1k

as most strongly associated witﬁ the patterns of con- -
tamination identified by factor analysis are presented in
Table 8 . The goal of the analysis was to discover if any
of the descriptive characteristics or comments made by the
sampling teams might provide research hypotheses concerning
the causes of toxics pollution of the ground waters of New
Jersey.

Missing data is so pervasive in the ground water data
set that relatively 1little additional information could be
gleened from the analysis of associations of sample site
charateristics with patterns of contamination. This is the
same finding that was reached in the analysis of toxics
substances in the surface waters of New Jersey.

One of the mest interesting findings of this analysis

concerns the depth of the wells from which samples were



121

collected that are most sivongly ascocliated with the

patterns of contamination. 7¥or c

N

3]

2O CIL OF

o

the 6 patterns of
contamination the samples moot strongly as
found to come from wells oif a great vang2 of depths. There
has been research roesults and speculation published (EPA,
3975) which indicates that at least for some towics pollu-
tion of ground water would be cxpectasd in shallow aquifers
if at all,

The other interesting finding was the two heavy

i)

-

metals factorsg—-~one concentrated in and around urban-

B

¢

. .

indusitrial sites, the second in less developed places



PART II.

COMPARISON OF TOXICS IN
GROUND AND SURFACE WATER



CHAPTER 3

REVIEW OF THEORY AND PREVIQOUS RESEARCH

Introduction to a Comparison of Toxics
In the Ground and Surface
Waters of New Jersey

In the United States we sometimes loose sight of the
interconnectedness of the natural environment in attempting
to control the release of waste products. Separate pro-
grams are developed to deal with sclid wastc disposal, air
pollution or water pollution. Yet, all of these problens
are intregally connected.

Everything that man releases into the biosphere can
uitimately contaminate our water supplies. When toxic sub-
stances are find their way into our water supplies in
sufficient quantities they should be removed before that
water can be potable.

Study of the hydrologic cycle shows us that all forms
of water in the hatural environment move continously
between the oceans, the rivers, lakes, and estuaries,
through the soil and ground, and the atmosphere. Despite
the interconnectedness of the hydrologic cycle the United
States has overvwhelmingly emphasized the protection and

cleaning of surface waters. Since the passage of the 1972



amendments to the Federal Water Pollution Control Act

(U.S. Congress, 1972), and despite the fact that at least
half of the U.S. population depends on ground waters
billions of federal, state, local, and corporate dollars
have been spent to enhance the quality of the nation's
surface waters. State and local governments have followed
the federal government in assigning control of ground water
contamination a low priority when compared the priority
assigned to control of surface water contamination {(Environ-
mental Protection Agency, 1974).

The physical and chemical filtering of water perco-
lating through soil and flowing through an aquifer are
very effective at removing the bacteria which can cause
serious water borne diseases. For this reason ground water
has been the favored potable water supply in much of the
world and is often distributed without any pretreatment or
chlorination (Sontheimer, 1978). Because of the natural
protection from chemical and biological contamination,
anthropogenic sources of ground water contamination have
been considered improbable (Miller et al., 1974; Vander
Leeden et al., 1975).

Field research has found a variecty of toxic substances
in the nations water supply from both surface water and
ground watér sources. These substances are usually detect-
ed at low concentrations (see next section for a review of

the data). The hcalth effects of long term ingestion are
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presently unknown but are considered potentially serious
(National Research Council, 1977).

Using the data on toxic substances in the ground water .
and surface water of New Jersey this report compares the
levels of toxicsg in ground water and surface water supplies
in New Jersey in order to determino their relative contami-

natione.

Research on Toxics Pollution of Surface Water

Advances in gas or high pressure liquid chromatographs
and mass spectometers have enabled researchers to quantify

many toxie—substances at the level of nanograms per litre

‘.(ﬁg>174ﬂgT“§§é”technological advances have stimulated

research into trace contaminants in water. Durum, Hem and
Heidel (1971) found concentrations of heavy metals to be
widespread in this nation's surface waters. Metals were
found everywhere from urban centers to undeveloped back-
country. Shakelford and Keith (1976) reported that 1259
organic'compounds have been identified in water. Most of
these substances were found in surface water sources. It
has been estimated that only about 10 percent of the organic
chemicals actually present have been identified (EDF and

Boyle, 1978).

Associations of Toxics in Surface Waters With Cancer
Much of the recent interest in research into trace

levels of contaminants in water has been caused by inferred



associations with cancer mortality. Several substances
found in surface water sources are confirmed human carcin-
ogens and many others are suspected carcinogens (Dostal,
et al., 1965; Friloux, 1971; Hites and Biemann, 1972;
Svec; et al., 1973: Harris, 1974; Moskowitz, 1977). The
potential impacts of the synergistic and antogonistic
effects of the myriad mixtures of chemicals commonly found
in water is essentially unknown, |
Several studies have found associations between the
presence of hexfe—substa%ees in surface water supplies and
cancer mortality rates. Many of these studies have tested
N
and found ground water sourceaabewbe—ﬁeé significantly
associated with cancer mortality rates. Stocks (1947) in
a study in London, England fouﬁd areas served by ground
water supplies to have lower cancer mortality rates than
those areas served potable water from the Thames, Lea and
New Rivers. Studies by Diehl and Tromp (1953) and Tromp
(1955) report that municipalities receiving potable water
from rivers in the Netherlands had higher cancer mortality
rates than those receiving their water from ground water
sources. Berg and Burbank (1972) found several significant
corrclations between river drainage basins with high
concentrations of heavy metals and cancer mortality rates
for specific‘body sites. Page, et al., (1976) investigated
the impact of the use of pississippi River water known to

&

contain many toxicf\as a potable water source. The authors
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estimated that a switch from Mississippi River water to
presumahly clean ground water sourccs would eventually
reduce total cancer mortality rates in the area studied by
approximately 18 percent. Kuzma, ct al, (1977) used ground
water as a presumably clean control for their study in
Ohio. They also report significant corrclations of surface
water supplies known to be contaminated with toxics and
cancer mortality rates for specific body sites. In his
study of cancer mortality in New Jersey, Greenberg (1977)
found cancer mortality rates for several body sites includ-~
ing those in the gastro-intestinal_tract to be positively
associated with the use of surface water supplies, but
found no association with the use of ground water,

When other factors common to the urban industrial
corridor were added, the importance of surface water was
greatly reduced. These studies must be evaluated in light
of water quality data limitations, the ecological fallacy,
and the many methodological difficulties in adequately
controlling for the many potentially confounding personal,

local ambient environment, and occupational factors.

Trihalomethanes in Surface and Ground Waters

A great deal of research has been directed to finished
potable water and especia;ly to the presence of trihalome-
thanes which are produced during chlorination (Rook, 1974;
Belar, et al >l974; Dowty; et al., 1975). The presence of

*

trihalomcthanes in drinking water has been associated with
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several specific body site cancers (Cantor, et al., 1978).
Finished water from ground water sources have been found
to have lower quantities of low molecular weight halogen-
ated hydrocarbons than those from surface water sources
(Bellar, et al., 1974; sSymons, et al., 19755. The general-
ly low turbidity and low presence of organic material ih
ground water is cited as the explanation of low trihalo-
methane concentrations after chlorination (National Research
Council, 1978).

The National Organics Reconnaissance Survey {(NORS) of
80 cities in 1975 examined finished water from both surface
and groun@ wétér sources., NORS found that total trihalo-
methane concentrations were greatest in surface water
séurces, but exceptions existed. For instance the highest
concentration of chloroform detected, 311 ug/l, was found
in Miami which has a ground water source (EPA, 1975). The
report notes that the organics found in ground water from
Miami were surprising in light of the traditional assump-
tion of ground water being low in contaminants. The report
speculates that the high concentrations of trihalomethanes
in ground water may only be representative of arcas with
high ground water tables and shallow wells (EPA, 1975).

Research Indicating Ground Waters
Are Not Polluted With Toxics

There has not been a great deal of rescarch on the

presence of toxic substances in ground water because
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geohydrologic theory predicts ground water will be less
contaminated than surface water. Ground water contamination
is not usually direct. In most cases the pollutant must
pass through a layer of soil. Attenuation of contaminants
flowing in the unsaturated zone is generally greater than
below the water table because there is more potential for
aerobic degradation, adsorption, complexing and ion eXe
change of organics, inorganics, and microbes. Even after
a contaminant has reached the water table, many physical-
chemical processes may operate to purify fluid wastes.
These include: dilution, buffering of p“, precipitation
by reaction of water with indigenous waters or solids,
precipitation due to hydrolysis, removal due to-oxidatioh
or reduction, mechanical filtration, volgtilization and
loss as a gas, biological assimilation or degradation,
radioactive decay, membrane filtration, and sorption
(Runnells, 1977).

There is a body of research which indicates that these
processes are effective at removing toxic substances before
they reach ground water supplies. Terrierae et al. (1966)
" found that less than 0.1% of DDT applied to orchards
reached ground water. Thompspn et al. (1970) found less
than 2% of dieldrin was leached through soil after one year
of precipitation. Reese and Beck (1972) found that after
20 yecars forest soils in Mississippi retainéd 34 to 50% of

the DDT originally found. Based on the organochlorine
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insecticides which have been most extensively studied many
}have concluded that leaching of pesticides from soils into
ground water does not appear important (Lichtenstein, et al.,
1962; Park and McClone, 1966; Sparr, et al., 1966; Hindin,
May and Dunstan, 1966; Eye, 1968: Harris, 1969; Edwards,
1970; Edwards, et al., 1970; Eto, et al., 1967; Fuhriman and
Barton, 1971; and Kaufman, 1974). Richard, et al. (1974)

in a study in Iowa found that well systems adjacent to the
alluvial plain of a river in which pesticides were. found
showed little or no biocide contamination.

In summary, both theory and previous research indicate
that most toxics, especially synthetic organic toxics, are
unlikely to be found in our ground water supplies. Toxics
in water percolatingvthrough soil, and even after reaching
ground water, are exposed to many mechanisms which are
pétentially effective at eliminating or reducing the
concentrations of toxics in ground water. Previous
research is briefly reviewed which indicates toxics are not

found in ground water supplies.

Indications That Ground Waters Mav Be Polluted With Toxics

If the soil is polluted by toxic substances to such a
degree that its adsorptive retention power is exceeded, the
most diverse materials can be released to the water and can
be detected in the ground water (Leithe, 1973). Unfortu-

nately this has happened in a number of instances, many
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like that in N.J. (U.S. EPA, 1274). These instances of
ground water contamination by toxic substances may have
resulted from the inadvertant release of toxics from poorly
secaled landfill sites or surface impoundments, leakage from
petroleum storage and distribution facilities, improper
application of agricultural chemicals, or spills caused by
industrial or transportation accidents.

The potential for toxic substances contamination of
the nation's ground water is substantial. It is estimated
that 1.7 trillion gallons of contaminated fluids are being
disposed of into the ground each year (Pojasek, 1977).

The prdportion of that staggering gquantity containing toxic
substances is unknown. Concentrating on industrial effluent
which may be more likely to contain toxics, EPA used
standard leakage coefficients and volumes of waste waters
discharged to estimate that more than 100 billion gallons
per year of industrial effluent enters the U.S. ground
water system. (EPA, 1974) EPA estimates that 80 percent
of the toxic waste in the nation is either placed in drums
and stored, poured out in the woods or on roadways or
dumped in inadequate landfills (N.Y., Times, 1979). EPA
surveys indicate that over 9~ percent of all hazafdous
industrial wastes are disposed’of on the land (EPA, 1974).
The great emphasis on controlling surface water

pollution, especially the impetus of zero discharge, and
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the mandated end of ocean dumpingvare greatly increasing
the disposal of waste products including toxics on the
land. It is now national policy that land treatment of
waste water is the preferred method of treatment (Costle,
1977). These policies are apparently formed under the
assunption that our ground water resources are protected

from contamination by toxics.

Landfills

EPA estimates that 240 million tons of industrial
wastes end up in land disposal sites each year because it
is the cheapest waste management option (EPA, 1977). Eckhardt
C. Beck, an EPA regional director, has estimated that 15
percent of the annual U.S. production of 34.5 million metric
tons of industrial waste was hazardous (EPA, 1977). The
situation in New Jersey is especially dangerous. The 15,000
New Jersey manufacturers generate 1.2 billion gallons of
chemical waste every year (N.Y. Times, 1979). EPA has
estimated that more than 10 percent of the nine million
tons of industrial waste generated in New Jersey each year
is toxic and that about 100 New Jersey garbage dumps |
contain potentially dangerous amounts of toxic wastes
(N.Y. Times, 1979).

Very few land disposal sites are sufficiently secure
that waste products are not able to leach into ground water

supplies. Leaching is the process of dissolving or other-
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wise placing solids, liguids, or gases in solution by the\
action of water moving through the parent material.

Leaching of toxic chemicals from a land disposal site can
occur due to horizontal flow of ground water or as a

result of vertical leaching by percolating water from rain-
fall or runoff (Robertson, et al,, 1974)., In the study of a
typical landfill which did not receive appreciable wastes
from industrial operators, over 40 undesireable organic
compounds were found in wells surrounding the landfill
(Robertson, et al., 1974). The authors concluded that the

source of the organic compounds was the breakdown of i

manufactured products discarded in the landfill. The slow

degradation of manufactured products may release toxic
substances into our ground water supplies Tor many years
even long after the landfills have been closed and forgot-

ten.

Surface Impoundments

Surface impoundments, also called pits, ponds, basins
and lagoons among other names, may constitute an even
greater threat to our ground water supplies than landfills.
Annual waste production in the U.S. includes 1 700 billion
gallons pumped to some form of surface impoundment (Russell,
1978).

Sﬁ;face impoundments arc successful because they leak.

An evaporation pit is successful in a humid region only if
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enough leakage takes place through the bottom and sidés to

create storage space for continued waste discharges
(Braids, et al., 1977). An EPA survey of surface im-
poundments reports that the large majority are unlined with
any substance which might keep the waste products from
percolating into ground water supplies (EPA, 1978).

Little is known about the numbers of surface impound-
ments and the volumes of wastes pumped into them. Most
impoundments are on industrial property and until recently
have received no government regulation. A preliminary
survey by the EPA estimates that the minimum number of im-
poundmeht sites in the nation is 132,700 and that each site
on the average contains 2 or 3 surface impoundments (EPA,
1978). Industrial wéste sites are estimated to operate 75
percent of the impoundment sites. Fifteen percent are
agricultural and 10 percent municipal, institutional or
private/commercial. Using a survey of secondary sources
EPA estimates that there are 277 impoundment sites in New
Jersey again with 2 or 3 surface impoundments per site
(EPA, 1978). The New Jersey impoundment sites are broken
down as follows: 9 municipal, 20 pfivate/commercial, 5
institutional, 230 industrial, 13 agricultural. No
estimates of the volumes of wastes nor the percentage of

toxic wastes pumped to impoundments are available.
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Movemnent of Polluted Ground Water

Generally, the contaminated water seeping into an
aquifer forms a discrete body or plume of contamination
elongated in the direction of ground water movement (EPA,
1978). Unlike surface waters, contaminated ground waters
are not subject to rapid dilution because of laminar non-
turbulent flow conditions and perhaps to differences in
specific gfavity, tenperature and viscosity between the
contaminated water and the native ground water (Walker,
1973;: Pettyjohn, 1977). BAs a result toxics in ground water
can move great distances, hidden from view and little
changed in toxicity by the processes of attenuation for
decades and even centuries (EPA, 1977). This behavior of
toxic pollutants in ground water makes the protection of
ground water sources of potable supply by means of routine
monitoring much more difficult than it is for surface
water supplies.

Even where toxics have apparently been immobilized in
the ground, potential dangers exist. Toxic substances
which are sorbed relatively strongly on aquifer solids
could ultimately pose a pollution threat if they were
resistent to biochemical and abiotic degradation in the
éround water environment. It is possible such substances
could move as zones by slow "chromatographic" migration

and eventually pollute wells (Robertson, et al., 1974).

>ROPERTY OF NEW JER<-
D.E.P. INFORMA™~ .
RESOURCE CEN1tn
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Research Reporting Toxics Pollution of Ground Water

While relatively little research has been completed
on toxics contamination of grcocund water, some research has
reported the presence of toxics in both shallow and deep
aquifers. Borneff and Kunte (1963) found carcinogens in
deep soil deposits in Germany. Robinson, et al. (1967)
recovered significant guantities of organic materials from
Illinois well waters and concluded that concentrations of
organics in some well waters are as high as in many surface
waters. Grigoropoulis and Smith (1968) found organic
contaminants in a natural spring and from wells 1150 feet
deep and 1745 feet deep in Missouri. They found that the
concentrations were compafable to those in unpolluted
Missouri surface water. Walker (1969) reported hydrocarbon
pollution of several Illinois aquifers. The pollution was
traced to breaks in transmission lines and leaking fuel oil
tanks. Although the leak was quickly repaired in one of
the situations one well 500 feet from the break had a
gasoline taste during the next 4 yvears during periods of
heavy rainfall. Borneff (1974) reports that in many parts
of Europe ground water has normal background concentrations
of the toxics fluoranthene, benzofluoranthene, benzopyrene,
benzoperylene, and indenopyrene. He concludes that the
concentrations of these substances in ground water are
generally less than those in surface waters. Achari,

Sandhu, and Warren (1975) have reported pesticides
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contaminating ground water in an agricultural area of South
Carolina.

In a study of the first 408 ground water samples in
New Jersey analysed for toxics, Page and Greenberg (1978)
described patterns of toxics contamination in ground water

throughout the state.

Statutory Treatment of Toxics

Recent federal laws and regulatory proposals treat
the problem of toxic substances contaminating surface water
supplies differently from their treatment of toxics
contaminating ground water supplicé; With passage of the
Safe Drinking Water Act (U.S. Congress, 1974) the federal
government has for the first time taken the lead role in
protecting the nations health from water related dangers.
In the recent and technologically complex issue of toxics
contamination, the federal EPA is uncontestedly in the
forefront in research and regulatory activity. A review
of EPA policy and proposals indicates the agency is oper-
ating under the assumption that the nations ground water
supplies are not threatened by toxics contamination
comparable to the toxics contamination threatening surface
water.

EPA's proposed strategy to protect the public health
from toxics contamination of drinking water is to require

potable water purveyors to install new filtering equipment
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to remove toxics. This proposal has been intensely debated
largely on the issues of cost and effectiveness. The EPA
proposals is that potable water purveyors serving more than
75,000 people and using surface water sources install and
operate granular activated carbon filtration systems
(Federal Register, 1978). The issue of why potable water
purveyors using ground water sources should not be required
to use the granular activated carbon filtration system to
remove toxics has not been serious gquestioned in the
literature.

The Safe Drinking Water Act establishes maximum
contaminant levels for a small number of organic toxics
and monitoring requirements which are different for surface
water sources of drinking water than for ground water
sourées of drinking water (U.,S. Congress, 1974). These
requirements do not even apply to ground water sources of
potable water unless the water supply system has been
designated by the state as subject to the requirement. If
a ground water system ﬁas been so designated by the state,
it would also be required to monitor for the six organic
toxics within two years and thereafter monitor every three
years which is the same schedule as surface water purveyors
must follow., At this time no ground water system has been
designated by New‘Jersey as subject to this requirement
(Hamill, 1979), although a few systems are required to

monitor different toxics. All surface water purveyors are
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required to monitor for inorganic toxics yearly. All
ground water purveyors are required to monitor for inorgan-

ic toxics every three ycars.

Summary of Previous Research on Toxics
in Ground and Surface Water

Improved technical capability has enabled scientists
to detect many toxics in our water supplies. At high
concentrations these toxics pose an immediate danger to
public health. The danger of long term exposure to low
concentrations of toxics in drinking water is at present
largely unknown (Mational Research Council, 1977). The
best available information indicates that the exposure to
any quantity of a carcinogen increases the probability of
developing cancer and therefore the long term result of
toxics and carcinogens in our drinking water supplies may
be an elevated cancer mortality rate. Several statistical
studies were reviewed which found significant associations
of water supplies with toxics and elevated cancer mortality
rates. All of these studies focused on surface water
supplies.

One of the few studies which investigated toxics
contamination of water from both surface and ground water
sources was the National Organics Reconnaissance Survey
(NORS). This was a survey of treated water from 80 U,.S.
cities which was primarily interested in trihalomethanes.

Finished water from ground water sources was found to have
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lower concentrations of trihaloxmethanes than those from
surface water sources. Other research indicating that
toxics contamination of ground water is not a problem is
also reviewed.

Recapitulating, this section presented evidence of
toxics pollution of ground waters. Included were discus-—
sions of toxics reaching ground water from landfills and
surface impoundments in the natiénéiand in New Jersey
along with a brief review of our knowledge of what happens
to toxics once they reach ground water supplies,

Recent federal laws and regulatory proposals dealing
with toxics substances in our water supplies were briefly
reviewed. This legislation places EPA in the role of
being responsible for setting national standards to ensure
the nations health from water related dangers. The
aspects of fhese laws and regulatory proposals which treat
toxics in surface water differently from toxics in ground

water were emphasized.



CHAPTER 4

COMPARISOIIS OF TOXICS IN THE GROUND WATERS
AND SURFACE YWATERS OF NEW JERSEY

A comparison was made of the concentrations of toxics

and the patterns of toxics contamination in the ground and

surface waters of New Jersey. Geohydrologic theory and

previous research indicate that with isolated exceptions

ground waters should not be as contaminated with toxics as

surface waters. The large toxic substances data sets for

both ground water and surface water in New Jersey were used

to test this hypothesis

e

Selection of Data

"\
First, we had to choose which data sets to compare. 1\

The first 408 ground water samples were thought to consti-

i

H
tute a representative sample of toXxics in the ground waters

of New Jersey. It was thought that the 284 ground waters

samples collected after the first 408 might be biased

i et b AR A 0

because they were selected to investigate ground water in /
the vicinity of wells known to have relatively high toxics /
concentrations.

It was decided to compare the concentrations of toxics

in the first 408 ground water samples with the concentra-

tions of toxics in the last 284 ground water samples which
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together constitute the full 692 ¢ground water samples
available for this analysis. If the 284 sample data set
was found to have significantly greater concentrations of
toxics than the first 408 samples set then it would be
concluded that it was biased by the sample sité selection
procedure and only the original 408 ground water samples
would be used for the comparison with the concentrations
of toxics in surface water. If the comparison revealed no
compelling evidence of upward bias in the concentrations of
toxics in the last 284 samples, then the full 692 ground
water samples would be used for the comparison.

The Mann-Whitney U test was used to determine if
concentrations of each toxic substance were significantly
greater in the firstv408 ground water samples or the last
284 ground water samples. The Mann-Whitney U-test is a
nonparametric statistical procedure which does not require
the assumption of normally distributed variables (Hollander
and Wolfe, 1973). Since the toxics in .the N.J. ground |
water data have highly right skewed distributions, a non-
parametric procedure was required. The Mann-~-Whitney U test
is a nonparametric equivalent of the parametric difference
of means test., It is in effect determining if the average
rank of the concentration of toxics in one set of data is
greater than the other. As a nonparametric procedure it
uses the mean rank instead of the arithmetic mean which is

normally associated with the term "average." The Mann-
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TABLE 9. DESCRIPTIVE INFORMATION ON THE TOXIC SUBSTANCES IN THE FIRST 408 AND
LAST 284 GROUND WATER SAMPLES

First 408 Ground Water Samples

# # 90th

Sampled Detected Mode Median Percentile Highest
methylene chloride 390 23 0 0 0 959,7
chloroform 390 226 0 0.8 1.9 388.9
l1,2~-dichloroethane 390 16 0 0 0. 1,968.9
1,1,1-trichlorocthane 390 314 0 1.0 14.9 441.8
carbon tetrachloride 390 256 0 Z0,.1 0.5 263.9
1,1,2-trichloroethane 390 44 0 0 0.1 4,726,7
dibrormochloromethane 320 61 0 0 ¢0.1 2.4
1,2~dibromoethane 320 30 0 0 0.1 87.9
1,1,2,2-tetrachloroethylene 3380 160 0 0 0.6 90.6
bromoform 390 32 0 0 0 34.3
1,1,2,2~tetrachloroethane . 390 47 0 0 0 1.4
diicdomethane 320 58 0 0 0 1.2
trichlorobenzene 390 . 19 0 0 0 337.7
BHC-Alpha 405 87 0 0 <0.1 0.3
lindane 405 160 0 0 <0.1 0.9
BHC-Beta 315 120 0 0 {0.1 2.4
heptachlor 405 43 0 0 £0.1 1.0
aldrin 405 131 0] 0 0.1 1.2
heptachlor epoxid : 405 125 0 0 (0.1 0.6
chlordane ' 405 113 0 0 (0.1 0.3
o,pl-DDE 405 83 0 0 <0.1 0.9
dieldrin : 405 67 0 0 0.1 0.9
endrin 4G5 56 0 0 <0.1 0.6
0,p+-DDT 405 58 0 0 0.1 3.7
p,p -DDD 405 57 0 0 <0.1 1.8
p,pl-DDT 403 49 0 0 0.1 5.0

1 . .
Concentrations in parts per billion.



TABLE 9. DESCRIPTIVE INFORMATION ON THE TOXIC SUBSTANCES IN THE FIRST 408 AND
LAST 284 GROUND WATER SAMPLES (Continued)

‘First 408 Ground Water Samples

# # S0th

Sampled Detected Mode Median Percentile Highest
mirex 405 32 0 0 0 0.4
arsenic 387 384 1.0 1.0 2.0 1,160.0
beryllium 387 387 1.0 1.0 1.0 84,0
cadmium 387 387 1.0 1.0 1.0 450.,0
copper 387 384 2,0 3.8 40.0 1,381.0
chromium 387 387 1.0 1.9 6.0 179.0
nickel 386 386 5.0 5.0 14,0 600.0C
lead 385 383 1.0 1.0 6.0 329.0
selenium : 386 386 2.0 2.0 2,0 8.0
zinc 387 387 5.0 15.0 160.0 28,360.0
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TABLE 9, DESCRIPTIVE INFORMATION ON THE TOXIC SUBSTANCES IN THE FIRST 408 AND
LAST 284 GROUND WATER SAMPLES

Last 284 Ground Water Samples

(Continued)

i # 90+th

Sampled Detected Mode Median Percentile Highest
methylene chloride 238 69 0 0 90.0 1,900.0
chloroform : 250 212 0.8 0.8 2.6 691.2
1,2-dichloroethane 250 47 0 0 2.0 2,300.0
1,1,l-trichloroethane 249 227 2.0 2.0 2.8 607.8
carbon tetrachloride 250 176 0.1 0.1 0.5 9.1
1,1,2-trichloroethane 250 14 0. 0 0 7.1
dibromochloromethane 250 43 0 0 0.1 1.5
1l,2-dibromoethane 1068 -3 0 0 0 0.5
1,1,2,2-tetrachloroethylene 107 76 0 0.1 1.4 83.0
bromoforn 250 92 0 0 1.0 3.6
1,1,2,2-tetrachloroethane - 250 20 0 0 0 2.7
diiodomethane 249 8 0 0 0 2.0
trichlorobenzens 249 7 0 0 0 5.1
BHC-Alpha 248 9 0 0 0 0.8
lindane 248 6 0 0 0 0.1
BHC-Beta 248 125 0 0 0.1 118.4
heptachlor 248 29 0 0 {0.,1 0.6
aldrin 248 15 0 0 0 0.2
heptachlor epoxide 248 30 0 0 <0.1 0.1
chlordane 248 73 0 0 £{0.1 0.3
o,pl-DDE 248 33 0 0 0.1 0.1
dieldrin 248 22 0 0 0 6.1
endrin 248 19 0 0 0 £0,1
o,pl-DDT 248 12 0 0 0 0.1
p,pL-DDD 248 15 0 ) 0 0.2
p,pt-DDT 248 11 0 0 0 0.1
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TABLE S. DESCRIPTIVE INFORMATION ON THE TOXIC SUBSTANCES IN THE FIRST 408 AND
LAST 284 GROUND WATER SAMPLES (Continued)
Last 284 Ground Water Samples
i # 90th

Sampled Detected Mode Median Percentile Highest
mirex 248 7 0 0 0 0.1
arsenic 255 255 1.0 1.0 4,0 18.0
beryllium. 255 255 1.0 1.0 1.0 1.0
cadmium 251 251 1.0 1.0 1.0 8.0
copper 251 251 1.0 6.0 42.0 1,349.0
chromiumn 251 251 1.0 1.0 4.0 65.0
nickel 251 251 5.0 5.0 7.0 31.0
lead 251 250 1.0 2.0 10.0 97,0
selenium 251 251 2.0 2.0 2.0 5.0
zinc 251 251 5,0 15,0 169.0 36,500.0
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Whitney U test is able to test unequal sample sizes with-
out bias,

Information on the toxic substances in the first 408
ground water samples and the last 284 ground water samples
is presented in Table 9. The 36 toxics which have detect-
able concentrations in bpth data sets are included in Table
9 and are the variables in the Mann—Whitney U test. The
mode and median show very little variation from one data
set to the other. The 90th percentile concentration shows
some variation, while the highest concentration shows
considerable variation. It is interesting that the high-
est concentration is found in the first 408 ground water
samples for 26 of the 36 toxics. If the last 284 samples
were biased upward by the selection procedure, this result
would not be expected.

The results of the Mann-Whitney U test comparing
toxics in the first 408 with the last 284 ground water
samples is presented in Table 10. The null hypothesis
tested is that there is no statistically significant
difference between the levels of concentrations of each
toxic in the two data sets. The alternative hypothesis is
that for a given toxic the average level of concentrations
is greater in one data set than in the other. |

The results indicate that of the 36»toxics for which
a comparison can be made, more héve greater concentrations

in the first 408 ground water samples than in the last 284



TABLE 10.

MANN-VHITNEY U TEST OF FIRST 408

GROUND WATER SAMPLES

Greater at Significance Level
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VS LAST 284

2-Tailed
0.05 0.01 Probability

methylene chloride Last Last <0.0001
chloroform Laste Last <0.0001
1,2~dichloroethane Last = Last <0.0001
1,1,l1-trichloroethane First First 0.004
carbon tetrachloride No dif. No dif. 0.11
1l,1,2~trichloroethane First No dif. 0.03
dibromochloromethane No dif. No dif. 0.47
1,2-dibromoethane No dif. No dif. 0.07
1,1,2,2-tetrachloroethylene Last Last <0.0001
bromoform Last Last <0.0001
1,1,2,2~tetrachloroethane No dif. No dif. 0.70
diiodomethane First First 20,0001
trichlorobenzene No dif., No 4dif. 0.29
BHC-Alpha First First <0.0001
lindane First First <0.0001
BHC-Beta Last Last {0.0001
heptachlor First First <0.0001
aldrin First First <0.0001
heptachlor epoxide First . First {0.0001
chlordane No dif. No dif, 0.46
o,pl-DDE First No dif, 0.03
dieldrin First First 0.005
endrin First No dif. 0.012
o,pl-DDT First First 0.0001
p,pl-DDD First First 0.001
p,pl-DDT First First 0.0007
nirex First First 0.0008
arsenic Last Last 0.009
beryllium First =~ ©No dif. 0.04
cadmium No dif., No dif. 0.24
copper Last Last 0.0004
chromium First First 0.0006
nickel First First 0.001
lead Last Last -0.0001
selenium First First 0.0007
zinc No dif. ©No dif.

- 0.60
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ground water samples. At the 0.05 level of significance,

19 toxics have greater average concentraticns in the first
408 samples, 8 toxics have no significant differences, and

9 toxics have greater concentrations in the last 284 ground
water samples. At the 0.01 level of significance, 15 toxics
were greater in the first set, 12 showed no difference, and
9 were greater in the last 284 samples.

Furthermore, the results indicate that for the light
chlorinated hydrocarbons and the heavy metals the results
are approximately evenly divided between the concentrations
being greater in the first 408 or last 284 samples. It is
among the heavy chlorinated hydrocarbons that the concen-
trations are found to be greater in the first 408 samples
for most of these pesticides.

After comparing the concentrations of toxics in the
first 408 samples and the  last 284 samples it is concluded
that the last 284 ground watef samples do not exhibit an
upward bias in the levels of concentrations. For most of
the toxics the highest concentrations were found in the
first 408 samples. The average concentration was usually
higher in the first 408 ground water samples. Since the
last 284 ground water samples cannot be excluded because of
bias, the ground water data set used for the comparison
with the surface water data set will be composed of 692
ground water samples which is the sum of the first 408 and

the last 284 sanmples.
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Comnarison of Toxics Concentrations in all New Jersey
Ground ond Surface Water Samnnles

Only 52 toxics for which detectable concentrations
were found in both the ground water and surface water
samples are included in the comparative analysis. These
toxics include light chlorinated hydrocarbons, heavy
chlorinated hydrocarbons and heavy metals. The ground
water data set includes 692 samples and the surface water
data set includes 320 samples. The 52 toxic substances
for which the analysis will be performed and descriptive
statistics on these toxics in both the ground water and
surface water are presented in Table 11.

The number of samples collected and the number of
samples detected exhibit great variation among the toxic
substances and between the ground water and the surface
water data sets. The explanation of the variation in the
number of samples is provided in Chapter 1. For most of
the toxic substances a greater number of samples were taken
in ground water than in surface water.

The mode and median concentrations provide some
indication of the severely right skewed frequency distribu-
tions of almost all of these toxic substances in both the
ground water and the surface water data sets. The mode
and median are measures of central tendency which for
almost every toxic are either zero because it was non-
detectakble or the minimum reportable concentration. The
measures of central tendency reveal a very substantial

uniformity between ground water and surface water data sets
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TABLE 1l. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE 692 GROUND WATER AND 320
SURFACE WATER SAMPLES FROM NEW JERSEY

Ground Water

* # S50th

Sampled Detected Mode Median Percentile Highest
fluoroform o 130 15 0 0 0 0.5
methyl chloride 628 3 0 0 0 220.6
vinyl chloride © 627 2 0 0 0 2.5
methylene chloride 624 88 0 0 90.0 1,900.0
chloroform €40 439 0 0.8 2.2 6C1.2
1,2-dichloroethane - 634 57 0 0 0 2,300.0
1,1,l1-trichloroethane 638 535 2.0 2.0 10.1 607.8
carbon tetrachloride 639 431 0 0.1 0.5 105.2
1,1,2-trichloroethylene 250 175 0.3 0.3 2.9 635.0
dichlorobromoethane 142 60 0 0 0.2 604.5
1,1,2-trichloroethane 637 55 0 0 0 31.1
dibromochloromethane 640 104 0 0 c.1l 2.4
l,2~-dibromoethane 498 33 0 0 0 87.9
1,1,2,2-tetrachloroethylene 498 237 0 0 1.3 90.6
bromoform 640 124 0 0 1.0 34.3
1,1,2,2-tetrachloroethane 640 57 0 0 0 2.7
diiodomethane 639 66 0 0 0] 2.0
total dichlorobenzene 674 22 0 0 0 102.3
m-dichlorobenzene 249 6 0 0 0 25.4
p-dichlorokenzene 249 12 0 0 0 7845
o-dichlorobenzene . 249 9 0 0 0 5.2
trichlorobenzene 637 24 0 0 0 33.7
archlor 1242 248 7 0 0 0 3.4
archlor 1248 248 3 0 0 0 0.2
archlor 1254 638 11 0 0 0 0.4
dichloroethylene (gemn) 64 34 0 10.0 169.9 1,280.2

Concentrations in parts per billion.



TABLE 11. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE 692 GROUND WATER AND 320
SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)

Ground Water

it # 90th

Sampled Detected Mode Median Percentile Highest
dibromomethane 64 23 0 0 0.1 44,9
t-dichloroethylene 64 51 10.0 10.0 73.2 549.3
bromodichloroethane 108 18 0 0 0.1 1.6
BHC-Alpha . 653 96 0 0 <0.1 6.8
lindane ) . 653 166 0 0 <0.1 0.9
BHC-Betal | _ 563 245 0 0 £0.1 118.4
heptachlor 653 172 0 0 {0.1 1.0
aldrin €53 156 0 o <0.1 1.2
heptachor epoxide 653 155 0 0 £0.1 0.6
chlordane : 653 185 0 0 <0.1 0.3
o,pl-DDE 653 116 0 0 <0.1 0.9
dieldrin : 653 89 0 0 <0.1 0.9
end{in €53 75 o] 0 <0.,1 0.6
o,p-~DDT v 653 70 0 0 0.1 3.7
p,pi-DDD 653 72 0 0 <0.1 1.8
p,pl-DDT 651 60 0 0 0.0 5.0
mirex 653 39 0 0 0.0 0.4
arsenic 642 639 1.0 1.0 3.0 1,160.0
beryllium 642 642 1.0 1.0 1.0 84.0
cadmium 638 638 1.0 1.0 1.0 405.0
copper ' ' 638 635 1.0 4.0 41.0 1,381.0
chromium £38 638 1.0 2.0 6.0 17%.0
nickel 637 637 5.0 5.0 12.0 600.0
lead 636 633 1.0 1.0 8.0 32%.0
selenium 637 637 2,0 2.0 2.0 8.0
zinc ’ 638 638 5.0 15.0 172.0 36,500.0
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TABLE 11, DESCRIPTIVE INFORMATION ON THE TOXICS IN THE 692 GROUND WATER AND 320
SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)

Surface Water

# # 90th

Sampled Detected Mode Median Percentile Highest
fluoroform 142 3 0 0 0 0.5
methyl chloride 316 3 0 0 0 6.0
vinyl chloride 317 4 0 0 0 5.9
methylene chloride 316 114 0 0 90.0 743.3
chloroform 317 237 0.8 0.8 2,9 2,461.8-
1,2-dichloroethane 317 35 0 0 (1.6 304.9
1,1,1-trichloroethane 317 277 2.0 2.0 4.1 22.7
carbon tetrachloride 317 267 0.1 0.1 0.4 20.6
1,1,2-trichloroethylene 173 120 0.3 0.3 0.7 4.7
dichlorobromocthane 142 79 0.1 0.1 0.1 2.0
1,1,2-trichloroethane 314 42 0 0 0.5 4.4
dibromochloromethane 317 81 0 0 0.1 8.2
1,2-dibromoethane 175 11 0 0 0 0.2
1,1,2,2-tetrachloroethylene 174 154 0 .1l 1.2 4.5
bromoform 313 &8 0 0 1.0 3.7
1,1,2,2-tetrachloroethane 316 56 0 0 0.2 0.6
diiodomethane 316 g 0 0 0 3.2
total dichlorobenzene 318 29 0 0 0 30,7
m-~dichlorobenzene 172 12 0 0 0 5.0
p-dichlorobenzene 172 20 0 4] 1.3 30.5
o-dichlorobenzene 172 8 0] 0 0 8.2
trichlorobenzene 315 24 0 0 0 2.2
archlor 1242 319 io 0 0 0 117.3
archlor 1248 319 32 0 0 0 109.1
archlor 1254 31¢ 57 0 0 0.2 127.0
dichloroethylene (gem) 57 62 0 10.0 60,7 489.1
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TABLE 11, DESCRIPTIVE INFORMATION ON THE TOXICS IN THE 692 GROUND WATER AND 320
' 'SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)
Surface Water

Sampled Detected Mode Median Percentile Highest

dibromomethane 97 35 0 0 0.1 3.3
t-dichloroethylene 97 75 10.0 10.0 - 526,0 1,307.5
bromodichloroethane 31 2 0 0 0 4.7
BHC-Alpha . 311 82 0 0 £0.1 <0.1
lindane 311 74 0 0 0.1 0.8
BHC-Betal 311 182 0 0.1 0.2 3.1
heptachlor 311 63 0 0 £0.1 5.9
aldrin 311 30 0 0 0 0.6
heptachor epoxide 311 114 0 0 £0.1 0.5
chlordane 310 1483 0 0 £0.1 0.8
o,pt-DDE 311 101 0 0 <0.1 <0.1
dieldrin 311 118 0 0 0.1 <0.1
endyrin 311 42 0 0 <0.1 0.1
o,p--DDT 311 45 0 0 <0.1 <0.1
p,p--DDD 311 71 0 0 0.1 40,1
p,prl-DDT 311 51 0 0 40,1 <0,1
mirex 311 19 0 0 0 {0.1
arsenic 2%4 294 1.0 1.0 3.0 392.0
beryllium 294 294 1.0 1.0 1.0 1.0
cadmium A 294 294 1.0 1.0 1.0 6.0
copper . 294 294 1.0 3.0 8.0 124.0
chromium 294 293 1.0 2.0 4.0 216,0
nickel 294 294 5.0 5.0 9.0 36.0
lead - 294 294 1.0 1.0 17.0 86.0
selenium 293 293 2.0 2.0 2.0 7.0
zinc ; 292 292 5.0 13.0 46,0 420.0



for the toxic substances included in this analysis.

The 90th percentile concentration and the highest
concentration pro§ide another indication of the skewness
of the data and suggest important variation between concen-
tration of toxics in ground water and surface water.

Twelve toxics (23 percent) had greater 90th percentile
concentrations in ground water and 10 toxics (19 percent)
had greater 90th percentile concentrations in surface
water.

The highest corcentrations show even greater varia- _
tion between ground and surface waters. TFor 38 of the
toxics (73 percent) the highest concentration was found in
ground water and for 13 toxics (25 percent) the highest
concentration was foﬁnd in surface water. In addition,
for 31 percent of the toxics, the highest concentration
was at least an order of magnitude greater in ground water
than in surface water. For 6 percent (3) of the substances,
the highest concentration was at least two orders of
magnitude greater in ground water than in surface water.
For only three toxics(6 percent) was the highest concen-
tration an order of magnitude greater in surface water
than in ground water and for two toxics (4 percent) the
difference was 2 orders of magnitude, The 3 toxics with
concentrations an order or more of magnitude greater in
surface water are the archlors which are forms of poly-

chlorinated biphenyls (PCB's). The finding that the highest



concentrations of most of the toxics in the analysis were
in ground water samples indicates that toxics contamina-~
tion of ground water may be a seriously underestimated
proklem in New Jersey,.

Probabilities of Detection of Toxics in
iround and Surface Water

In order to provide more precise data comparing toxics
contamination of ground and surface water in New Jersey the
probabilities of detecting toxics were calculated. The
probability of detecting each toxic iﬁ New Jersey ground
and surface water is presented in Table 12. These a
posteriori probabilities are based on the limits of
detection used in the analysis of the ground water and
surface water samples collected in New Jersey (Department
of Environmental Science, 19278A and B). With the rapid
increase in the technological capability to detect trace
levels of toxics in water, these probabilities will be
expected to change as the ability to quantify toxics at
ever lower concentrations is increased (Donaldson, 1977).
The chi square test was used to test if the probability of
detecting each toxic in ground water was different from the
probability of detecting each toxic in surface water at the
0.05 significance levél.

There is substantial variation in the probabilitics of
detection among the 52 toxic substances and between ground

and surface water., Among the light chlorinated hydrocarbons
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TABLE 12, PROBABILITIES OF DETECTING TOXICS IN NEW JERSEY GROUND WATER AND
SURFACE VWATER

Probability Prcbability Significantly
Detectable Detectable Different at
In Ground Y. In Surface V. 0.05 Level
fluoroform .12 .02 Yes
methyl chloride <.01 .01 No
vinyl chloride .01 .01 No
methylene chloride .14 «36 Yes
chloroform .69 «75 No
1,2-dichloroethane .09 ‘ o1l " No
1,1,1-trichloroethane .84 .87 No
carbon tetrachloride .67 « 34 Yes
1,1,2-trichloroethylene « 70 : .69 No
dichlorobromoethane 42 « 56 Mo
1,1,2-trichlorocethane .09 .13 Yes
dibromochloromethane .16 « 26 Yes
1,2-dibromoethane 07 .06 No
1,1,2,2-tetrachloroethylene .48 .89 Yes
bromoform «19 «28 Yes
1,1,2,2-tetrachloroethane .09 .18 Yes
diiodomethane .10 .03 Yes
total dichlorobenzene .03 .09 Yes
m~dichlorobenzene .02 .07 Yes
p-dichlorobenzene .05 «12 Yes
o-dichlorobenzene , .04 .05 No
trichlorobenzene .04 .08 Yes
archlor 1242 .03 .03 No
archlor 1248 .01 10 Yes
archlor 1254 .02 «1 Yes

dichloroethylene (gen) .53 .64 No
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TABLE 12. PROBABILITIES OF DETECTING TOXICS IN NEW JERSEY GROUND WATER AND
SURFACE WATER (Continued)

Probability Probability - Significantly
Detectable Detectable Different at
In Ground W. In Surface W, 0.05 Level

dibromomethane .36 , .36 No
t-dichloroethvlene .80 77 No
bromodichloroethane : <17 ' .06 . - No
BHC-Alpha . «15 «26 Yes
lindane «25 « 24 No
BHC-Betal: <44 ' +«59 ' Yes
heptachlor 26 + 20 Yes
aldrin .24 .10 Yes
heptachor epoxide .24 «37 Yes
chlordane «28 .48 ’ Yes
o,pl—DDE ' .18 «32 Yes
dieldrin <14 « 38 Yes
endyrin +11 s 14 No
o,pl-DDT J11 .14 No
p,p;-DDD .11 «23 Yes
r,p--DDT .09 .16 Yes

mirex +0E .06 No
arsenic « 009 1.00 No
beryllium 1.00 1.00C A1l Detectable
cadmium 1.00 1.00 All Detectable
copper ' 4 .99 1.00 No
chromium 1.00 1.00 No

nickel 1,00 1.00 All Detectable
lead .99 .99 No
selenium 1.00 1.00 All Detectable

zinc : 1.C0 1.00 All Detectable
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the probabilities of detection range from less than 0.01
for methvl chloride and vinyl chloride in ground water to
0.89 for 1,1,2,2-tetrachloroethylene in surface water.
Among the heavy chlorinated hydrocarbons the probabilities
range from 0,06 for mirex in both ground and surface water
to 0.59 for BHC-beta in surface water. For both groups of
organic toxicé the variation is much greater between toxics
than between the same toxic in ground and surface water.
All of the heavy metals were detectable in almost all
samples of both ground and surface water, I
The results of the chi square tests indicate that for
most toxics there is no significant difference in the
probability of detection between ground water and surface g
water samples, but that 40 percent of the toxics are more |
likely to be detected in surface water. For 27 of the
toxics (52 percent) there is no significant difference in'
the probability of detection in ground water or surface
water. All of the heavy metals and some’of bothvthe light
and heavy chlorinated hydrocarbons fall in this category.
Four toxics (8 pércent) are more likely to be detected in
ground water, Thié category includes 2 light and 2 heavy
chlorinated hydrocarbons. Twenty-one toxics (40 percent)i

have a significantly greater probability of being detected

e

in surface water samples.
The conclusion reached from the analysis of probabil-

ities of detection of toxic substances is that the majority



of toxics studicd are at least as likely to be detected in
ground water in New Jersey as in surface water. There is
no significance difference in the probability of detection
for 27 toxics, and 4 toxics are more probably detected in
ground water., The 31 toxics at least as likely to be
detected in ground water as surface water are 60 percent
of the toxics studied.

Conmparison of Detectable Toxics in
Ground and Surface Water

To complete the comparison of toxics in the ground

and surface waters of New Jersey a comparison was performed
of only the detectable concentrations in order to determine
if ground waters are more contaminated than surface waters
or vice versa when any contamination occurs. The analysis
usesrthe Mann-Whitney U test to determine if the average
concentration of each toxic in those ground water samples
known to be contaminated with that toxic are less than, not

significantly different from, or greater than the average

e ‘\«.

concentration in those polluted surface water samples.

The results of comparing only samples with detectable%
concentrations reveals that there is no significant differ;
ence in the average concentration for the majority of
toxics, but that the average concentration is greater in
ground water than surface water for more than twice as
many toxics. The results of the Mann-\Wthitney U test of

detectable ground water samples versus detectable surface



TABLE 13. MANN-WHITNEY U TEST DETECTABLE GROUND WATER
SURFACE WATER SAMPLES

Greater at Significance Level
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SAMPLES VS DETECTABLE

0.05 0.01 2-Tailed Probability
fluoroform No dif, No dif, 0.41
methvl chloride No dif. No dif. 0.12
vinyl chlocride No dif. No dif. 0.35
methylene chloride No dif. No dif. 0.77
chloroform SUFr No dif, 0.03
1,2-dichlorcethane SUF No dif. 0.01
1,1,1-trichloroethane GRN GRM 0.003
carbon tetrachloride GRN No dif. 0.04
1,1,2-trichloroethylene GRN GRN 0.003
dichlorobromoethane GRN GRN 0.001
1,1,2-trichloroethane Vo dif. No dif. 0.89
dibromochloromethane No dif. No dif. 0.16
1,2-dibromoethane No dif, No d4dif. 0.35
1,1,2,2-tetrachloroethylene No dif, No dif. 0.22
bromoform Yo dif, No dif. 0.92
1,1,2,2-tetrachloroethane No dif. No dif. 0.61
diiodomethane No dif. No dif, 0.086
total dichlorobenzene No dif. No dif,. 0.13
m-dichlorobenzene No dif. No dif. 0.12
p-dichlorobenzene GRN No dif. 0.013
o-dichlorobenzene No dif. No dif. 0.60
trichlorchenzene GRN GRH <0,.0001
archlor 1242 No dif. No dif. 0.17
archlor 1248 SUF No dif,. 0.01
archlor 1254 No dif. No dif. 0.26
dichloroethylene {(gem) GRN No dif, 0,014



Table 13. MANN-WHITNEY U TEST DETLCTABLE GROUND WATER SAMPLES VS DETECTABLE

SURFACE WATER SAMPLES (Continued)

Greater at Significance Level
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0.05 0.01 2-Tailed Probability

dibromomethane No dif. No dif. 0.19
t-dichloroethylene SUF SUF 0.003
bromodichloroethane Wo dif. No dif. 0.31
BHC-Alpha GRN GRN 0,005
lindane No dif. No dif. 0.14
BHC-Betal - SUF SUF £0.0001
heptachlor SUF SUF <£0.0001
aldrin No dif. No dif. 0.87
heptachor epoxide Mo dif. No dif. .06
chlordane Mo dif. No dif. 0.46
o,pl-DDE GRN GRN 0.0001
dieldrin GRN GRHN 0,0003
endrin GRN GRN 0.004
o,pr=-DDT "GRN GRN C.0001
p,p-~DDD GRY GRN £0.0001
p,p -DDT GRN GRN £0.0001
mirex No dif. Mo dif, 0.78
arsenic SUFR SUF <0.0001
beryllium Mo dif. No dif. 0.10
cadmiumnm WNo dif. Mo dif. 0.07
copper GRN GRH <0.0001
chromium No dif. No dif. 0.45
nickel GRN No dif. 0.049
lead SUF SUF £0.0001
selenium GRN GRN <0.0001
zinc - ) GRN GRN 0.003
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water samples is presented as Table 13. Depending on the
level of significance, between 26 and 33 toxics (50-63
percent) have no significant differcnce between the average
detectable concentrations in ground and surface water.
Between 14-18 toxics (27-35 percent) have greater average
detectable concentration in ground water than in surface
water. Between 5-8 toxics (10-15 percent) have greater
average rank detectable concentrations in surface water
than in ground water. At the 0.0l significance level

there is no difference in the average concentration for 33
toxics and a greater average concentration in ground water
samples for 14 toxics. The total 47 toxics is 90 percents=
of the toxic substances included in this analysis. Reca-
pitulating, the overwhelning majority of toxics exhibit a
typical detectable concentration at least as great in.____ .
ground water as in surface water in New Jersey.

Summary of Commarisons of Toxics
in Ground and Surface VWater

Analysis of the concentrations of toxic substances in
the ground waters and surface waters of New Jersey reveals
that the levels of toxics in ground waters are at least as
contaminated as those in surface waters for between 60 per-
cent and 90 percent of the toxics studied depending on the
method of comparison. Comparing only the highest concen-
tration of each toxic, 73 percent of the toxics are more

contaminated in ground water. Conmparing the probabilitics
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of detection, 60 percent of the toxics have no significant
difference or have a greater probability of detection in
aground water., Comparing only those samples with detect-
able'concentrations, 90 percent of the toxics are not
significantly different or are more contaminated in ground
water than in surface water.

Because of the complexity of the tables presented
during the comparison of toxics concentrations in ground
and surface water, a selected summary of Tables 11-13 is
presented as Table 14, Section A of Table 14 reviews
comparative information on the 4 toxics with significantly
greater probability of detection in New Jersey ground
water. Section B reviews.the comparative results for the
21 toxics with significantly greater probability of detec-—-.
tion in New Jersey surface water. Of these 21 toxics, 17
(81 percent) have the highest concentration detected in
ground water, while only 2 (lO percent) have the highest
average detectable concentration in surface water compared
to 8 (38 percent) in ground water and 11 (52 percent) with
no significant difference.

Those toxics without significantly greater probability
of detection in either New Jersey ground or surface water
are reviewed in Section C of Table 14. Of these 27 toxics,
20 (74 percent) had the highest concentration in ground
water. The average detectable concentration exhibited no

difference between ground and surface water for 11 toxics
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TABLE 14. SUMMARY OF COMPARISONS CI ALL GROUND AND
SURFACE WATER -DATA IN HEW JERSLY

A. Toxics with Significantly Greater Probability of
Detection in Ground Water

Average
. , Highest Detectable
Toxic : Conc. Conc.
Substance Found in Higher in 1
l. fluoroform Both Ho dif.
2. diiodemethane 5UF No dif.
3. heptachlor SUF SUF
4. aldrin GRN No dif.

B. Toxics with Significantly Greater Probability of
Detection in Surface Water

Average
Highest Detectable
Toxic A Cconc. Conc.

Substance ' Found in Higher in

1. methylene chloride GRN No dif.
2. carbon tetrachloride ‘GRH GRN

3. 1,1,2 trichloroethane GRN No dif.

4, dibromochloromethane sur No dif.

5. 1,1,2,2-tetrachloroethylene GRN No dif.

6. bromoform GRH No dif,.

7. 1,3,2,2-tetrachloroethane GRN No dif.

8. total dichlorobenzene GRN No dif.

%. m-~dichlorobenzene GRN No dif.
10. p-dichlorobenzene ' GRN GRN
11, trichlerobenzene GRN GRIN
12. archlor 1248 SUF SUF

13. archlor 1254 SUF No dif.
l4, BHC-Alpha GRN GRN
15. BHC-Beta GRN SUF

16. heptachlor epoxide GRN No dif.

17. chlorcdane SUF No dif.
18. o,pl-Dp= GRN GRN
19. dieldrin _ GRN GRN
20. p,pr-pDD GRN GRN
21. p,pr-DDT GRN GRN

1 At 0.05 significance level with Mann-Whitney U test.
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C TABLE 14, "SUMMARY OF COMPARISONSE OF. ALL GROUMND AND
SURFACE VATIR DATA IN MWEW JERSEY (Continued)

C. Toxics without Significantly Greater Probability of
Detection in New Jersey Ground or Surface Water

Average
Highest Detectable
Toxic ' Conc. Conc.
Substance Found in Higher in
1. methyl chloride GRN No dif.
2., vinyl chloride SUF No dif.
3. chloroform SUF SUF
4, 1,2-dichloroethane GRN. "SUF
5. 1,1,l-trichloroethane GRN GRN
6. 1,1,2~trichloroethylene GRN GRN
7o dichlorobromomethane , ' GRIN GRI
8. 1,2-dibromocthane GRN No dif.
9. o-dichlorobenzene SUF No dif.
10. archlor 1242 SUF : No dif.
11. dichloroethvlene (Gemn) GRN GRHN
12. dibromomethane : GRN No dif.
13. T=dichloroethylene SUF SUF
14, bromodichlorocthane SUF No dif.
15. lindane 4 : GRN No dif.
16. endrin GRN GRN
17. o,pl-DDT GRIT GRN
18, mirex GRN No dif.
1%, arsenic GRN SUF
20. beryllium GRN No dif.
21. cadmium GRN No dif.
22. coprer GRN GRN
23. chromium SUF No dif.’
24. nickel GRN GRN
25. lead GRN SUF
26, selenium GRN GRN

27. zinc GRN GRN
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(41 percent) was greater in ground water for 10 toxic

(37 percent) and was greater in surface water in 5 of the
toxic substances (19 percent). All of the heavy metals

are included in the category of toxics without significant-
ly greater probability of detection in either ground or
surface water. The other toxics included in this

category are from both light and heavy chlorinated hydro-

carbons.,



CHAPTER 5

COMPARISON OF TOXICS IN POTABLE
GROUND AND SURFACE WATER

Introduction

A comparison of toxics concentrations limited to
ground and surface waters used to supply drinking water is
important. Some of the ground water samples included in
the 692 sample ground water data set are known to monitor
heavily polluted ground water in the vicinity of landfills.
Some of the surface water samples in the 320 sample surface
water data set were collected from the downstreém reaches
of rivers in heavily industrialized areas with known pollu-
tion problems from point sources and runoff. Some of these
samples from both ground and surface waters may be so
polluted as to be unrepresentative of the ground and
surface waters of New Jdersey. A comparison of only potable
water sources will focus attention on water sources linked
most directly with potential adverse health effects.

Limiting the comparison of toxics concentxations to
potable waters is an indirect means of controlling for
important causal factors in the distribution of toxic
substances in water supplies. The distinction of nonpota-

ble sources and potable sources of water supply is, in New
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Jersey, a reasonably good surrogate for the distinction
between areas of high population density and heavy
industrial activity, and those areas characterized by low-
er population density and lower levels of industrial
actiVity. This distinction is especially appropriate in
New Jersey for surface water where the nonpotable, down-
stream reaches of the state's major rivers drain the urban-

industrial corridor of the state.,

Data Description

The initial step was to define a potable sample. A
ground water sample was called potaﬁle if the water was
used for drinking water. A surface water sample was
characterized potable if it was collected upstréam from or
at a potable supply intake facility. The 52 toxic sub-
stances with descriptive statistics for both the potable
ground water and potable surface water data sets are
presented in Table 15. Since mirex had no detectable
surface water concentrations, it was dropped from this
analysis.

The number of valid sample results available for
comparison varies by toxic and between the ground and sur-
face water data sets. For most of the toxics there are
more potable ground water samples than potable surface
water samples. The number of potable ground sample results

available for comparison ranges from 58 samples for
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TABLE 15. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE POTABLE GROUND WATER

SAMPLES AND POTABLE SURFACE WATER SAMPLES FROM NEW JERSEYZ

49

Sampled Det

Potable Ground Water

o
#

ected Percentile Highest
fluoroform 120 14 0 0 0.5 159.2
methyl chloride 509 3 0 0 0 220.6
vinyl chloride 508 2 0 0 0 2.5
methylene chloride 505 85 0 0 90.0 1,900.0
chloroform 521 356 0.8 0.8 2.0 691, 2
1,2-dichloroethane 515 45 0 0 0 36.5
1,1,1-trichloroethane 519 434 0 2.0 9.3 607.8
carbon tetrachloride 520 348 0 0.1 0.5 150.2
l1,1,2-trichloroethylene 223 150 0.3 0.3 2.7 635.,0
dichlorobromocethane 132 54 0 0 0.2 604.5
1,1,2-trichloroethane 518 39 0 0 0 31.1
dibromochloromethane 521 77 0 0 £0.1 2.4
1,2-dibromoethane 389 22 0 0 0 48.8
1,1,2,2-tetrachloroethylene 388 170 0 0 l.1 S0.6
bromoform 521 111 0 0 1.0 6.4
1,1,2,2-tetrachloroethane 521 43 0 0 0 2.7
diiodomethane 520 44 0 0 0 - 2.0
total dichlorobenzene 546 18 0 0 0 102.3
m~dichlorobenzene 222 4 0 0 0 19.1
p-dichlorobenzene 222 10 0 0 0 78.5
o-dichlorobenzene 222 7 0 0 0 4,7
trichlorobenzene 518 22 0 0 0 33.7
archlor 1242 220 7 0 0 0 3.4
archlor 1248 220 3 0 0 0 0.2
archlor 1254 518 8 0 0 0 0.4
dichlorocethylene (gemn) 58 30 0 1.1 138.7 1,280.2

Concentrations in parts per billion.
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TABLE 15, DESCRIPTIVE INFORMATION ON THE TOXICS IN THE POTABLE GROUND WATER
SAMPLES AND POTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)
Potable Ground Water

# # 90th :
Sampled Detected Mode Median Percentile Highest
dibromomethane 58 20 0 0] 0.1 44,9
t-dichloroethylene 58 45 0.0 10.0 73.2 549.3
bromodichloroethane o1 15 0 0 0.1 1.0
BHC-Alpha 530 73 0 0 <0.1 0.8
lindane 530 123 0 0 <0,1 0.9
BHC-Beta ' 464 198 0 0 0.1 118.4
heptachlor 530 132 0 0 <0.1 0.6
aldrin 530 122 0 0 <0.1 C.4
heptachor epoxide 530 124 0 0 <0.1 0.6
chlordane 530 154 0 0 <0.1 0.3
o,pi-DDE 530 93 0 0 <0.1 1.0
dieldrin 530 71 0 0 £0.1 0.9
endiin 530 59 0 0 <0.1 0.6
o,p--DDT 471 59 0 0 <0.1 3.7
p,pr-DDD 530 57 0 0 40,1 1.8
p,pr~DDT 529 50 0 0 <0.1 5.0
mirex 530 25 0 0 0 0.4
arsenic 525 522 1.0 1.0 3.0 1,160.0
beryllium 525 525 1.0 1.0 1.0 3.0
cadmium 521 521 1.0 1.0 1.0 65.0
copper 521 519 1.0 5.0 41,0 1,381.0
chromium 521 521 1.0 1.0 5.0 85,0
nickel 520 520 5.0 5.0 11,0 96.0
lead 520 517 1.0 1.0 7.0 97.0
selenium 521 521 2,0 2.0 2.0 8.0
zinc 521 521 5.0 14.0 160,0 36,500.0



TABLE 15, DESCRIPTIVE INFORMATION ON THE TOXICS IN THE POTABLE GROUND WATER
SAMPLES AND POTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)

Potable Surface Water

# # 90th
Sampled Detected Mode Median Percentile Highest

fluoroform 83 3 0 0 0 0.5
methyl chloride 193 3 0 0 0 6.0
vinyl chloride 195 4 0 0 0 5.9
methylene chloride 193 66 0 0 90.0 304.5
chloroform 195 139 0.8 0.8 2.2 2,461.8
1,2-dichloroethane 195 22 0 o 1.6 304.9
1,1,1-trichloroethane 195 166 2.0 2.0 4.1 22.7
carbon tetrachloride 195 165 0.1 0.1 0.5 20.6
1,1,2-trichloroethylene 106 60 0 0.3 0.6 4.7
dichlorobromocthane 83 53 0.1 0.1 0.1 2.0
1,1,2-trichloroethane 192 25 0 0 1.0 4.4
dibromochloromethane 195 45 0] 0 0.1 8.2
1l,2-dibromoethane 112 6 0 0 0 0.1
1,1,2,2-tetrachloroethylene 111 95 0.3 0.3 0.6 4.5
bromoform 194 51 0 o] 1.0 3.7
1,1,2,2-tetrachloroethane 195 30 0 o 0.1 0.6
diiodomethane 195 3 0 0 0 1.6
total dichlorobenzene 196 13 0 0 0 3.7
m-dichlorobenzene 106 6 0 0 0 1.3
p-dichlorcbenzene 106 S 0 0 0 1.8
o-dichlorobenzene . 106 2 0 0 0 2.2
trichlorobenzene 194 11 0 0 0 2.0
archlor 1242 , 196 7 0 0 4] 117.3
archlor 1248 196 16 0 0 0 64.4
archlor 1254 196 33 0 0 0.2 127.0
dichloroethylene (gem) 58 41 10.0 10.0 114.9 489.1



TABLE 15. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE POTABLE GROUND WATER
SAMPLES AND POTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)

Potable Surface Water

# # ' S0th.

Sampled Detected Mode Median Percentile Highest
dibromomethane 58 18 0 0 0.1 3.3
t-dichloroethylene 58 44 10.0 10.0 728.,0 1,307.5
bromodichloroethane 23 1 0 0 0 4,7
BHC-Alpha ' 192 52 0 0 £0,1 £0.1
lindane 192 44 0 0 0,1 0.8
BHC-Beta 192 109 0 £0.1 0.2 1.3
heptachlor 192 48 0 0 O.1 5.7
aldrin 192 22 0 0 <0.1 0.6
heptachor epoxide 192 73 0 0 {0.1 0.5
chlordane 191 g4 0 0 <0.1 0.5
o,pr-DDE 192 67 0 0 <0.1 <0.1
dieldrin 152 79 0 0 0.1 <0.,1
end{in 192 25 0 0 0,1 <0.1
o,p.~-DDT 192 29 0 0 20,1 <0.1
p,pi-DDD 192 43 0 0 <0.1 0.1
p,p--DDT 192 34 0 0 0.1 £0.1
mirex 192 0 0 0 0 0
arsenic 176 155 1.0 1.0 3.0 44,0
beryllium 176 176 1.0 1.0 1.0 1.0
cadmium 176 176 1.0 1.0 1.0 2.0
copper 3 176 176 1.0 3.0 9.0 124.0
chromium 176 176 1.0 1.0 4.0 9.0
nickel 176 176 5.0 5.0 8.0 25.0
lead 176 176 1.0 3.0 15.0 86,0
selenium 175 175 2.0 2.0 2.0 7.0
zinc 174 174 5.0 10.0 34,0 274,0
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dichloroethylene (gem), dibromomethane, and T-dichloroe-
thylene to 546 samples for total dichlorobenzeﬁe. The
number of potable surface water samples available for
comparison ranges from 23 samples of bromodichloroethane
to 196 samples of total dichlorobenzene and archlors 1242,
1248, and 1254.

The mode, median, and 90th percentile concentrations
provide some indication of the severely right skewed
frequency distributions of the toxic substances in both
data sets. It is interesting to note that all three of
these descriptive statistics show very little change from
the corresponding statistic from the data sets containiné\\
all ground water and all surface water data. This obser- X
vation leads to the conclusion that the selection of only E
potable ground and surface water samples has not altered é
the basic shape of the frequency distributions of the 52 /
toxics included in this analysis.

The highest concentrations in the potable ground and
potable surface water data sets reveal the same relation-
ship of toxics contamination found in the analysis of all
ground and surface water samples. Having eliminated the
ground and surface water samples collected from nonpotable
sources of water supply, it was anticipated that there
might be a change in. the relationship of highest concen-
trations between potable ground water and potable surface

water samples. As in the analysis of all ground and
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surface water samples, the great majority of highest

toxics concentrations were detected in ground water samples.
The highest conqentration was detected in ground water
samples in 40 of the 52 toxics (7% percent) while being
detected in surface water sanmples in 12 toxics (23 percent).
For 21 toxics (40 percent) the highest concentration in
ground water was at least an order of magnitude greater

than in the surface water data. For 5 toxics (10 percent)
the highest concentration in ground water was at least two
orders of magnitude greater in the ground water data. As

in the analysis of all ground and surface water data, only
for the 3 archlors were the highest'concentrations in
surface water ohe or more orders of magnitﬁde greater than
in the ground water data set.

Probabilities of Detection of Toxics in
Potabhle Ground and Surface Water

A second comparison of toxic substances in potable
ground and surface water in New Jersey involves the like-
lihood of toxics being present at detectable levels in
potable water. These a posteriori probabilities are

limited by the analytic methods used in the analysis of

1

the water samplés. The probability of detecting each toxic
in potable ground water samplés énd potable surface water
samples is presented in Table 16. The chi square test was
used to test if the probability ofvdetecting each toxic in

potable ground water was different from the probability of
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TABLE 16. PROBABILITIES CF DETECTING TOXICS IN NEW JERSEY POTABLE GROUND AND
SURFACE WATER

Significantly

Probability Probability
Detectable Detectable Different at
In Ground ¥. In Surface W. 0.05 Level

fluoroform «12 .04 No
methyl chloride .01 .02 No
vinyl chloride <.01 .02 No
methylene chloride 17 « 34 Yes
chloroform .68 « 71 No
1,2-dichloroethane .09 .11 No
1,1,1-trichloroethane .84 «85 ¥No
carbon tetrachloride <67 .85 Yes
1,1,2-trichloroethylene 67 «57 No
dichlorobromocthane .41 <64 Yes
1,1,2-trichloroethane .08 .13 Yes
dibromochloromethane +15 «23 Yes
1,2~dibromoethane .06~ .05 No
1,1,2,2-tetrachloroethylene 44 .86 Yes
bromoform .21 e 26 Mo
1,1,2,2~tetrachloroethane .08 .15 Yes
diiodomethane .08 .02 Yes
total dichlorobenzene .03 .07 No
m=dichlorobhenzene .02 .06 No
p-dichlorobenzene .05 .08 No
o-dichlorobenzene .03 «02 No
trichlorobenzene .04 .06 No
archlor 1242 .03 .04 No
archlor 1248 .01 .08 Yes .
archlor 1254 .02 «17 Yes
dichlorocethylene (gen) 52 .71 No



TABLE 16. PROBABILITIES OF DETECTING TOXICS IN NEW JERSEY POTABLE GROUND AND
SURFACE WATER

Probability Probability Significantly
Detectable Detectable Different at

In Ground W, In Surface W, " 0,05 Level
dibromomethane .34 «31 . o
t-dichloroethylene .78 ‘ .76 No
bromodichloroethane .16 .04 ¥o
BHC-Alpha ' .14 «27 Yes
lindane 23 «23 No
BHC-Betal «43 «57 Yes
heptachlor e 25 " .25 No
aldrin . 23 +11 Yes
heptachor epoxide .23 .38 Yes
chlordane .29 .49 ' Yes
o,pt-DDE .18 .35 Yes
dieldrin +13 «41 Yes
endiin .11 : .13 7 No
o,p.-DDT .13 .15 No
p,pl-DDD .11 .22 Yes
p,pl-DDT .09 .18 Yes
mirex ,
arsenic « 96 .38 No
beryllium 1.00 1.00 All Detectable
cadmium 1.00 1.00 All Detectable
copper .29 1.00 No
chromium 1.00 1.00 All Detectable
nickel 1.00 1.00 All Detectable
lead <98 1.00 No
selenium 1.00 1.00 All Detectable

zinc 1.00 _ 1.00 All Detectable
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detecting each toxic in potable surface water at the 0,05
significance level.

There is considerable variation in the probabilities
of detection among the 52 toxic substances and between
potable ground water samples and potable surface water
samples. Among the light chlorinated hydrocarbons the
probabilities of detection range from less than O.Cl for
vinyl chloride in potable ground water to 0.86 for 1,1,2,2-
tetrachloroethylene in potable surface water. Among the
heavy chlorinated hydrocarbons the probabilities of detec-

l.ppT in potable ground water

tion range from 0.09 for p,p
to 0.57 for BHC-~Beta in potable surface water. With the
exception of arsenic in potable surface water, all the
heavy metals were detectable in virtually all samples of
both ground and surface water.

The results of the chi square test indicate that for
the majority of toxics there is no significant difference
in the probability of detection between potable ground
water samples and potable surface water samples. For 32 of
the toxics (63 percent) there is no significant difference
in the probability of detection between the potable ground
and surface water samples. All of the heavy metals and
some of both the light and heavy chlorinated hydrocarbons
fall in this category.

Most of the toxic substances which have significantly

greater probabilities of detection in ground or surface
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water, have a greater probability of detection in potable
surface water samples than in potable ground water samples.
Se&enteen toxic substances out of the 51 toxics (excluding
mirex) (33 percent) have a significantly greater probabili-
ty of detection in potable surface water. Only 2 toxics

(4 percent) have a significantly greater probability of
detection in potable ground water samples.

Summarizing, two-thirds of the toxics studied are at
least as likely to be detected in ground water in New
Jersey as in surface water. There is no significant
difference in the probability of detection for 32 toxics,
and 2 toxics are more likely to be detected in ground
water. The 34 toxics at leaét as likely to be detected in
potable ground water as in potable surface water are 67
percent of the toxics included in the analysis,

Comparison of Detectable Toxics in

Potable Ground WWater and
Potable Surface Water

Next, a comparison was made of toxics concentrations
for only thosé samples with detectable concentrations.
The analysis uses the Mann-Whitney U test to determine if
the average rank of concentration of each toxic’in those
pofable ground water samples known to be contaminated is
less than, not significantly different from, or greater
than the average concentration in those potable surface

water samples which have detectable concentrations of the
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toxic.

The results indicate that there are no significant
differences in the average concentrations of about half the
toxics studied (Table 17). There was no difference in the
average concentration of toxics between potable ground and
surface water samples for 24 toxics (47 percent) at the
0.05 significance level,. and 30 toxics (59 percent) at the
0.01 significance level. For those toxics in which the
average concentration is greater in the'potable ground or
surface water samples, approximately twice as many toxics
had the average concentration greater in potable ground
water samples. At the 0.05 significance level 18 toxics
(35 percent) had greater avefage concentrations in potable
ground water samples. At the 0.0l significance level 14
toxics (27 percent) had greater average cdncentrationé in
potable ground water samples. The average concentration of
toxics was found to be greater in potable surface water
samples for 9 toxics (18 percent) at the 0.05 significance
level, and 6 toxics (12 percent) at the 0.01 significance
level.

In conclusion, with respect to potable water the ove¥;3
whelming majority of toxics have an average concentration
at least as great in ground water in New Jersey as in
surface water, At the 0.0l significance level there is no
difference in the average concentration for 30 toxics and

a greater average concentration in potable ground water
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TABLE 17. MANN-WHITNEY U TEST OF DETECTABLE POTABLE GROUND VS POTABLE SURFACE

SAMPLES

Greater at Significance Level

0.05 0.01 '2-Tailed Probability
fluoroform No dif, No dif. 0.50
methyl chloride No dif. Mo dif. 0.12
vinyl chloride No dif, No dif. 0.35
methylene chloride No dif. No dif,. 0.92
chloroform No dif. - Ne dif, 0.20
1,2-dichloroethane SUF SUF 0.001
1,1,1-trichloroethane GRN No dif. 0.025
carbon tetrachloride GRN No dif. 0,04
1,1,2-trichloroethylene GRN No dif. 0.02
dichlorobromoecthane GRN GRN 0.003
1,1,2-trichloroethane No dif, No dif, 0.29
dibromochloromethane No dif, No dif. 0.71
1,2~-dibromoethane Nec dif. jo dif. ¢.0%
1,1,2,2-tetrachloroethylene No dif. No dif. 0.14
bromoform No dif. No dif. 0.43
1,1,2,2-tetrachloroethane No dif. No dif, 0.18
diiodomethane No dif. Mo dif, 0.62
total dichlorobenzene GRN No dif. 0.03
m~dichlorobenzene No dif. No dif, 0.07
p-dichlorobenzene GRN GRN 0,001
o-dichlorobenzene No dif. Mo dif. 0.36
trichlorobenzene GRN GIN 0.001
archlor 1242 No dif. No dif. 0.12
archlor 1248 SUF No dif. .02
archlor 1254 No dif. No dif. 0.66
- -dichloroethylene (gem) No dif. No dif. 0.06



TABLE 17, MANN-WHITNEY U TEST OF DETECTABLE POTABLE GROUND VS POTABLE SURFACE
SAMPLES (Continued)

Greater at Significance Level

0.05 ‘ 0.01 2-Tailed Probability
dibromomethane No dif. No dif. 0.26
t-dichloroethylene SUF SUF 0.005
bromodichloroethane SUF No dif. 0.03
BHC-Alpha o GRN GRN c.009
lindane E SUF . SUF 0.0Q6
BHC-Beta , SUF SUF <0.0001
heptachlor SUF SUF <0.0001
aldrin No dif. Ne dif. 0.38
heptachor epoxide No dif. No dif. 0.18
chlordane No dif. No dif. 0.39
o,p*-DDE GRN GRN 0.0009
dieldrin’ GRN GRN 0.006
endfin GRN GRN 0.005
o,p,-DDT GRN GRN 0.002
p,pr-DDD GRN GRN 0.001
p,p-~DDT GRN GRN 0.00062
mirex
arsenic SUF ‘ SUF 0.007
beryllium No dif. No dif. 0.41
cadmium _ No dif. No dif. - 0,14
copper ) GRN GRN {0.,0001
chromium No dif. No dif. 0.11
nickel , GRN GRN 0.006
lead SUF SUF £0.0001
selenium GRN GRN 0.004

zinc GRN GRN 0.0002
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samples for 14 toxics. The total (44 toxics) is 86 per-

cent of the toxic substances included in this analysis.

Summary of Comparisons of Toxics in
Potable Ground and Surface Vater

Analysis of the concentrations of toxic substances in
the potable ground waters and potable surface waters of
New Jersey reveals that the levels of toxics in potable
ground waters are at least as contaminated as those in
potable surface waters for between 67 percent and 86 per-
cent of the toxics stgdied depending on the method of |
compérison. Comparing only the highest concentration of
each toxic, 78 percent of the toxics are more contaminated
in ground water., Comparing the probabilities of detection,
67 percent of the tokics have no significant difference or
have a greater probability of detection in ground water.
Comparing only those samples with detectable concentra-"
tions, 86 percent of the toxics are not significantly
different or are more contaminated in potable ground water
than in potable surface water,

.Becausé of the complexity of the tables presented
during the comparison of toxics in potable ground and
potable surface water, a selected summary of Tables 15-17
is presented as Table 18, Section A presents information
on the 2 toxics which have a significantly greater proba-
bility of detection in potable ground water than in

potable surface water samples. Section B provides
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TABLE 18, SUMMARY OF COMPARISONS OF TOXICS IN POTABLE
GROUND AND POTABLE SURFACE WATER DATA IN
NEW JERSEY

A. Toxics with Significantly Greater Probability of Being
Detected in Potable Ground Water

Average
Highest Detectable
Toxic Conc. Conc.
Substance Found in Higher in
1. diiodomethane GRN No dif.
2. aldrin SUF No dif,

B. Toxics with Significantly Greater Probability of Being
Detected in Potable Surface Water

Average
Highest Detectable
Toxic Conc.,. . Conc.
Substance Found in Higher in
1. methylene chloride GRN No dif.
2. carbon tetrachloride GRN GRN
3. dichlorobromomethane GRN GRN
4, 1,1,2-trichloroethane GRN No dif.
5. dibromochloromethane SUF No dif.
6. 1,1,2,2-tetrachloroethylene "GRN No dif.
7. 1,1,2,2-tetrachloroethane GRN - No dif.
8. archlor 1248 SUF : SUF
9. archlor 1254 SUF No dif.
10. BHC-Alpha GRN GRN
l1l1. BHC-Beta ‘ © GRN SUF
12. heptachlor epoxide GRN ‘ No dif.
13. chlordane SUF No dif.
14. o,pr-DDE GRN GRN
15. dieldrin GRIN GRN
16. p,pl-pDD GRN GRN
17. p,p -DDT GRN GRN

1 Significant at the 0,05 level using Mann-Whitney U Test.
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TABLE 18. SUMMARY OF COMPARISONS OF TOXICS IN POTABLE
GROUND AND POTABLE SURFACE WATER DATA IN
NEW JERSEY '

C. Toxics Without Significantly Greater Probability of
Detection in Ground Water or Surface Water

Average
Highest Detectable
Toxic ‘ Conc. Conc.
Substance Found in Higher in
l. fluoroform GRN No dif,.
2. methyl chloride GRN No dif.
3. vinyl chloride SUF No dif.
4, chloroform sSuUr . No dif.
5. 1,2-dichloroethane SUF SUF
6. 1,1,l-trichloroethane GRI GRN
7. 1,1,2~trichloroethylene GRN GRN
8. 1,2-dibromoethane GRN No dif.
9. bromoform - GRN No dif,
10. total dichlorobenzene " GRN GRN
1l. m—-dichlorobenzene GRN No dif.
12, p-dichlorobenzene GRN GRN
13. o~dichlorobenzene GRIN . No dif.
l14. trichlorobenzene GRN GRNW
15. archlor 1242 SUF No dif.
16. dichloroethylene (Gem) GRN No dif.
17. dibromomethane GRN . No dif.
18. t-~dichloroethylene v SUF SUF
19. bromodichloroethane sur SUF
20, lindane GRN SUF
21, heptachlor SUF SUF
22, endrin GRN GRN
23. o,pl-DDT GRN GRN
24. arsenic GRN SUF
25. beryllium ~ GRN No dif,
26. cadmium GRN No dif.
27. copper GRN ‘ GRN
28. chromium GRN No dif.
29. nickel : GRN GRN
30. lead GRN SUF
31, selenium GRN GRN

32. zinc GRN GRN
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information on those toxics Qith a greater probability of
detecction in potable surface water. Even among thesc
substances, 76 percent had their highest concentration
detected in potable ground>water saﬁples.

Those toxics without significantly greater probabili-
ty of dectection in either potable ground water or potable
surface water are reviewed in Section C of Table Cl2.
These substances represent 63 percent of the tpxics
included in this analysis. The highest concentration was
found in potable gréund water samples for 78 percent of
these toxics. When the average rank of concentrations of
each toxic were compared in only those samples for which
measurable concentrationsAwere found, there was no sig-
nificant difference for 44 percent of the toxics, the
average rank of detectable concentration was greater in
potable ground water samples for 34 percent of the toxics,
and was greater in potable surface water samples for 22

percent of the 32 toxics.



CHAPTER 6

COMPARISON OF TOXICS IN THE NONPOTABLE
GROUND AND SURFACE WATERS
OF MNEW JERSEY

Introduction

A compérison of toxics concentrations of just those
ground and surface water samples collected from nonpotable
sources of supply focuses the analysis on those water
supplies most likely té be cohéaminated with toxic sub-
stances. Some of the samples included in this analysis are
from wells monitoring landfill leachate. Other samples
are from surface waters near industrial outfalls. Most of
these samples are collected in the urban-industrizl corri-
dor of New Jersey. .Water'from these sources is not
generally consumed, but toxics in these sources flow into
the estuaries and off-shore waters of New Jersey where they
may enter the food web and.be significantiy biomagnified
before being consumed by humans. Many popular food fish
are resistant to certain toxics and may tolerate residues
sufficient to kill predators several hundred times their own
weight (Rosato and Ferguson, 1968). Research has indicated
that fathead minnéws exposed during their entire life to
concentrations of PCB's of less than one part per billion

have concentrated the PCB's as much as 200 to 240,000 times
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in the whole body of the minnow (Mount, 1973). Having
made comparisons of toxics in all waters and only potable
waters, we now turn to a comparison of toxics in the non-

potable fresh water supplies of New Jersey.

Data Description

A nonpotable sample is one which is collected from
water not normally used for human consumption. Uses of
ground water characterized as nonpotable include industrial
process and cooling, agricultural uses, and monitoring
purposes. Nonpotable surface water includes all surface
water samples collected downstream from the most downstream
potable supply intake facility. The 52 toxic substances
with descriptive statistics for both nonpotable ground
watef and nonpotable surface water data sets are presented
in Table 19.

The number of valid sample results available for
comparison varies by toxic and between the ground and
surface water data sets. For 10 of the 52 toxic substances
there are no detectable concentrations in either the ground
water, surface water, or both data sets. for this reason,
comparisons of the following 10 toxics could not be per-
formed: fluoroform, methyl chloride, vinyl chloride,
dichlorobromomethane, p-dichlorobenzene, archlor 1242,
archlor 1248, dichloroethylene (gem), dibromomethane and

t-dichloroethylene. For the remaining 42 toxics the number
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TABLE 19, DESCRIPTIVE INFORMATION ON THE TOXICS IN THE NONPOTABLE GROUND WATER
SAMPLES AND NONPOTABLE SURFACE WATER SAMPLES FROM NEW JERSEY

Nonpotable Ground Water

H # 90th

Sampled Detectable Mode Median Percentile Highest
fluoroform 1 0] 0 0 0 0
methvl chloride 96 . 0 0 0 0 C
vinyl chloride 96 0 0 0 0 0
methylene chloride 96 1 0 0 0 5.5
chloroform 96 66 0.2 4,7 388.9
1,2-dichloroethane - 96 7 0 0 0 2,300.0
1,1,1-trichloroethane 96 81 0 1.7 16.5 ~ 441.8
carbon tetrachloride 96 68 0 0.1 C.5 4.3
1,1,2-trichlorcethylene 14 14 0.3 0.3 19.9 134,2
dichlorobromoethane ‘ 1 0 0 0 0 0
1,1,2~trichloroethane 96 14 0 0 0.2 1.3
dibromochloromethane 96 18 0 0 0.1 0.2
1,2-dibromoethane 95 10 0 0 1.6 87.9
1,1,2,2-tetrachloroethylene 95 57 0 <0.1 5.8 57.5
bromoform 96 10 0 0 1.0 34.3
1,1,2,2~-tetrachloroethane 96 9 0 0] 0 l.4
diiodomethane 96 20 0 0 0.1 - 0.9
total dichlorobenzene 103 2 0 0 0 3.4
m-dichlorobenzene 14 1 0] 0 0 1.2
p~dichlorobenzene 14 0 0 0 0 0
o-dichlorobenzene 14 1l 0 0 0 2.2
trichlorobenzene 96 1 0 0 0 2.0
archlor 1242 14 0 0 0 0 0
archlor 1248 14 0 0 0 0 0
archlor 1254 96 2 0 0 0 0.4
dichlorcethylene (gem) 0 0 0 0 0 0
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TABLE 19. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE NONPOTABLE GROUND WATER
SAMPLES AND NONPOTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)

Nonpotable Ground Water

# o 90th

Sampled Detectable Mode Median Percentile Highest
dibromomethane 0 0 0 0 0 0
t-dichloroethylene 0 0 0 0 0 0
bromodichloroethane 13 3 0 0 0.3 l.6
BHC-Alpha ' 98 21 0 0 <0.1 0.3
lindane o8 41 0 0 £0.,1 £0.1
BHC~Betal 74" 36 0 0 0.1 0.5
heptachlor - 98 33 0 0 0.1 l.0
aldrin 98 29 0 0 0.1 1.2
heptachor epoxide g 25 0 0 0.1 0.2
chlordane o S8 23 0 0 0,1 £0.1
o,p+-DDE 98 15 0 0 <0.1 0.5
dieldrin 98 14 0 0 0.1 0.1
endiin 98 11 0 0 <0.1 0.2
o,p,-DDT 98 8 0 0 0 0.5
p,pr-DDD 98 10 0 0 0.1 0.3
p,pl~DDT 97 5 0 0 0 0.9
mirex 98 12 0 0 0.1 0.1
arsenic 95 95 1.0 1.0 6.0 232.0
beryllium 95 95 1.0 1.0 1.0 84,0
cadmium 95 95 1.0 1.0 1.0 405.0
copper 95 95 2.0 4.0 40,0 690.0
chromium 95 S5 1.0 3.0 16.0 179.0
nickel 95 95 5.0 5.0 16.0 600,0
lead 95 95 1.0 1.0 20,0 329.0
selenium, : %4 %4 2.0 2.0 2,0 5.0
zinc 95 95 5.0 17.0 384.,0 3,345.0
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TABLE 19, DESCRIPTIVE INFORM TION ON THE TOXICS IN THE NONPOTABLE GROUND WATER
SAMPLES AND NONPOTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)

Nonpotable Surface Water

# # ~ 90th

Sampled Detectable Mode Median Percentile Highest
fluoroform 59 0 0 0 0 0
methvl chloride 123 0 0 0 0 0
vinyl chloride 122 0 0] 0] 0 0
methylene chloride 123 48 0 0 30 743.3
chloroform 122 a8 0.8 0.8 3.5 1,965.0
1,2-dichloroethane 122 13 o} 0 1.6 35.1
1,1,1-trichloroethane 122 111 2.0 2.0 4.1 17.6
carbon tetrachloride 122 102 0.1 0.1 0.3 g.0
1,1,2-trichloroethylene 67 50 0.3 0.3 0.7 2.2
dichlorobromoethane 59 26 0 0 C.l 0.3
1,1,2-trichloroethane 122 17 0 0 1.0 2.9
dibromochloromethane 122 36 0 0 0.1 2.3
1,2~-dibromoethane 63 5 0 -0 0 0.2
1,1,2,2-tetrachloroethylene 63 59 0.3 0.3 1.6 4.4
bromoform 119 37 0 0 1.0 1.9
1,1,2,2~tetrachloroethane 121 26 0 0 .3 0.5
diiodomethane 121 6 0 0 0 3.2
total dichlorobenzene 122 16 0 0 1.3 30.7
m-dichlorobenzene G6 6 0 0 0 5.1
p-dichlorobenzene 66 1 0 0 1.3 30.5
o-dichlorobhenzene 66 6 0 0 0 8.2
trichlorobenzene 121 13 0 0 2.0 2,2
archlor 1242 123 3 0 0 0 2.4
archlor 1248 123 26 0 0 0.5 109.1
archlor 1254 123 24 0 0 0.2 106.0
dichlorocethylene (gem) 39 21 0 10.0 38.9 68.5
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TABLE 19. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE NONPOTABLE GROUND WATER
SAMPLES AND NONPOTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued)

Nonpotable Surface Water

#* O 90th
Sampled Detectable Mode Median Percentile Highest

dibromomethane 39 17 0 0 0.1 0.7
t-dichloroethylene 39 31 10.0 10.0 286.6 1,208.6
bromodichloroethane e 1 0 0 0.1 0.1
BHC-Alpha T 119 30 0 0 £0.1 <0.1
lindane 119 30 0 0 <0.,1 0.2
BHC-Betal - llo 73 0 £0,1 0.2 3.1
heptachlor 119 15 0 0 <0.1 5.9
aldrin 119 8 0 0 0 £0.1
heptachor epoxide 119 41 0 0 0.1 0.2
chlordane 119 54 0 0 0.1 0.8
o,pl-DDE 119 34 0 0 <0.1 £0.1
dieldrin 119 39 0 0 <0.1 0.1
endyin 119 17 0 0 <0.1 0.1
o,pI—DDT 119 16 0 0 <0.1 £0.1
b, pr-DDD 119 28 0 0 <0.1 0.1
p,pr=DDT 119 17 0 0 0.1 0.1
mirex 11°© 8 0 0 0 0.1
arsenic 118 118 1.0 2.0 6.0 392.0
beryllium 118 118 1.0 1.0 1.0 1.0
cadmium 118 118 1.0 1.0 1.0 6.0
copper 118 118 1.0 2.0 8.0 76,0
chromium : 118 117 1.0 2.0 6.0 216.0
nickel 118 118 5.0 5.0 9.0 36.0
lead 118 118 1.0 6.0 26.0 75.0
selenium. : 118 118 2.0 2.0 2.0 2.0
zinc 118 118 5.0 16.0 49,0 420,0
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of samples varies in ground water from 13 to 103 and in
surface water from 8 to 123. In general, there are more
samples of nonpotable surface water for any toxic than
there are samples of nonpotable ground water.

The mode, median, and 90th percentile concentrations
provide some indication of the severely right skewed
frequency distributions of the toxic substances in both
the ground-and surface water data sets. The toxics in non-
pbtable water samples have skewed distfibutions comparable
to those in all water samples and potable water samples.
The greatest difference in the toxics from nonpotable
samples is found in the light chlorinated hyvdrocarbons
‘where the mode, median and 90th percentile concentrations
are often greater in the surface water samples than in the
ground water data. Even with the greater mode, median and
90th percentile concentrations among the toxics from non-
potable water samples, the basic shape of the severely
right skewed frequency distributions of these toxics
remains. '

The highest concentration for the majority of toxic
substances was'detected in the nonpotable ground water
samples. For 23 toxics (55 percent) the highest concen-
tration was in the nonpotable ground water data, for 2
toxics (5 percent) the highest concentration was not

significantly different, and for 17 toxics (40 percent)

the highest concentration was found in the nonpotable
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surface water data. The highest concentration in 11
toxics was one or more orders of magnitude greater, and
for one toxic two orders of magnitude greater, in the non-
potable ground water data than in the nonpotable surface
water data. The highest concentration in three ftoxics

was one or more orders of magnitude greater, and for two
toxics it was two orders of magnitude greater in the non-
potable surface water data than in the nonpotable. ground
water data. The finding that for the majority of toxics
the highest concentration was found in ground water
corresponds to the results of the analysis of highest
concentrations in all ground and surface water samples and
only potable samples. However, the proportion of toxics
for which the highest concentration waé found in surface
water increased from 25 percent for all samples, 23 per-
cent for only potable samples, to 40 percent for only
nonpotable water samples,

Probabilities of Detection of Toxics in Nonpotable
Ground and Nonpotable Surface VWater

The second comparison of toxic substances in non-
potable ground and surface water in New Jersey involves
the likelihood of toxics being present within the limits
of our ability to detect them in the nonpotable waters of
the state. The probability of detecting each toxic
substance in nonpotable water samples -from both ground and

surface water is presented in Table 20. The chi square



TABLE 20, PROBABILITIES OF
SURFACE WATER

lvy4

DETECTING TOXICS IN NEW JERSEY NONPOCTABLE GROUND AND

Significant
Difference
Ground Surface At 0,05 Level
fluoroform
methyl chloride
vinyl chloride
methylene chloride .01 .39 Yes
chloroform +.69 .80 No
1,2-dichloroethane .07 «11 No
1,1,1-trichloroethane .84 .91 No
carbon tetrachloride « 71 .84 Yes
1,1,2-trichloroethylene 1.00 .75 No
dichlorobromoethane .44
l1,1,2-trichloroethane .15 .14 No
dibromochlorcmethane .19 .30 No
1,2~dibromoethane .11 .08 No
1,1,2,2~tetrachloroethylene .60 .94 Yes
bromoform <10 e31 Yes
1,1,2,2~tetrachloroethane .09 .21 Yes
diiocdomethane «21 .05 Yes
total dichlorobenzene .02 .13 Yes
m~dichlorobenzene .07 .09 No
p-dichlorobenzene <17
o-dichlorobenzene .07 .09 No
trichlorobenzene +01 <11 Yes
archlor 1242 .02
archlor 1248 .21
archlor 1254 .02 .20 Yes
dichlorcethylene (gem) .54



TABLE 20. PRCOBABILITILS OF
SURFACE WATER
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DETECTING TOXICS IN NEW JERSEY NONPOTABLE GROUND AND

(Continued)

Significant
Difference
Ground Surface At 0,05 Level

dibromomethane 44

t-dichlorocethylene <79

bromodichloroethane «23 «13 No
BHC-Alpha .21 25 No
lindane .42 +25 Yes
BHC-Betal .49 .61 No
heptachlor .34 .13 Yes
aldrin « 30 .07 Yes
heptachor epoxide «26 .34 No
chlordane «23 «45 Yes
o,pl-DDE .15 .29 Yes
dieldrin .14 «33 Yes
endyrin .11 .14 No
o,pl-DDT .08 .14 No
p,p--DDD .10 .24 Yes
p,pl-DDT .05 .14 Yes

mirex .12 .07 o
arsenic 1.00 1.00 All Detectable
beryllium 1.00 1.00 All Detectable
cadmium 1.00 1.00 All Detectable
copper 1.00 1.00 All Detectable
chromium 1.00 .99 No

nickel 1.00 1.00 All Detectable
lead 1.00 1.00 21l Detectable
selenium 1,00 1.00 A1l Detectable
zinc ’ 1.00 1.00 All Detectable
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test was used to test if the probability of detecting each
toxic in nonpotable ground water was different from the
probability of detecting each toxic in nonpotable surface
water at the 0.05 significance level,

| There is considerable variation in the probabilities
of detection among the 42 toxic substances and between
nonpotable ground water data and nonpotable surface water
data. These probabilities are presented in Table 20.
Some of these probabilities were calculated from small
numbers of samples and should be considered qucstionablé
estimates of the true probabilities. For instance 1,1,2-
trichloroethylene was detected in all 14 nonpotable ground
water samples which were analysed for this substance. The
probability of detection of 1,1,2-trichloroethylene in
‘nonpotable ground water should not be considered with the
same degree of confidence as the heavy metals which had
the same probability, but were based on either 95 or 118
samples.

The results of the chi square test indicate that for
the majority of toxics there is no significant difference
in the probability of detection between nonpotable ground
water samples and nonpotable surface water samples. For
25 of the toxics (59 percent) there is no significant
difference in the probability of detection in nonpotable
water samples from ground and surface water. All of the

heavy metals and some of both the light and heavy
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chlorinated hydrocarbons fall in this category.

Most of the toxic substances which have significantly
grcater probabilities of detection in ground or surface
water, have a greater probability of detection in non-
potable surface water samples than in nonpotable ground
water samples, Thirteen toxic substances out of the 42
toxics included in this analysis (31 percent) have a
significantly greater probability of detection in non-
potable surface water, Only 4 toxics (10 percent) have a
significantly greater probability of detection in non-
potable ground water samples.

The analysis of probabilities of detection indicates
that about two-thirds of the toxic substances are at least
as likely to be detected in nonpotable ground water as in
nonpotable surface water. These toxics include the 25 with
no significant differenc¢e and the 4 with a significantly
greater probability of_detection in nonpotable ground
water for a total of 29 toxics (69 percent). This result
is consistent with the results of the earlier analyses.
Toxics were at least as likely to be detected in ground
water as in surface water samples in 60 percent of all
ground and surface water samples, 67 percent of only
potable samples, and 69 percent of only nonpotable samples.

Comparison of Detectable Toxics in Nonpotable
Ground Water and Nonpotable Surface VWater

The third comparison was for thosce samples with
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detectable concentrations. The analysis uses the Mann-
Whitney U test to determine if the average concentration
of cach toxic in those nonpotable ground water samples
with detectable levels of the toxic substance being tested,
is less than, not significantly different from or greater
than the average rank of concentration in those nonpotable
surface water samples with detectable levels of the toxic.
The rééults indicate that there are no significant
differences in the average rank of concentrations between
nonpotable water samples from ground and surface water for
28 toxics (67 percent) aﬁ the 0.05 significance level and
36 toxics (86 percent) at théVO.Ol significance level
(Table 21). Among those toxics with greater average rank
of detectable concentrations in one of the data sets, the
number of toxics is approximately equal among those great-
er in nonpotable ground water and those gréater in non-
~potable surface water. At the 0.05 significance level 9
toxics (21 percent) had greater average concentrations in
nonpotable ground water samples. At the 0.0l significance
level 3 toxics (7 percent) had greater average concen-
trations in nonpotable ground water samples. The average
concentration of toxics was found to be greater in non-
potable surface water samples for‘S toxics (12 percent) at
the 0.05 significance level and 3 toxics (7 percent) at

the 0.01 significance level.
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TABLE 21. MANN-WHITNEY U TEST OF DETECTABLE NONPOTABLE GROUND AND SURFACE WATER

SAMPLES
Greater at Significance Level
0.05 0.01 2-Tailed Prob.,
fluoroform
methyl chloride
vinyl chloride
methylene chloride No dif. No dif. 0.74
chloroform No dif. No dif. . 0.59
1l,2-dichloroethane No dif. ~ No dif. 0.55
1,1,1-trichloroethane : GRN - No dif. . 0.012
carbon tetrachloride ' No dif. No dif. 0.85
1,1,2-trichloroethylene No dif. No dif. 0.09
dichlorobromoethane
1,1,2-trichloroethane No dif. No dif. 0.07
dibromochloromethane SUF No dif. 0.02
l,2-dibromoethane No dif. No dif. 0.80
1,1,2,2-tetrachloroethylene No dif, No dif. 0.68
bromoform No dif. No dif. 0430
1,1,2,2-tetrachloroethane No dif. : No dif, : 0.06
diiodomethane SUF No dif. 0.04
total dichlorobenzene No dif. No dif. 0.20
m-dichlorobenzene No dif. No dif. : 0.53
p-~dichlorobenzene
o-dichlorobenzene No dif. No dif. 0.53
trichlorobenzene No dif. No dif. 0.78

archlor 1242

archlor 1248

archlor 1254 No dif. No dif. 0.85
dichloroethylene (gem)
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TABLE 21. MANN~WHITNEY U TEST OF DETECTABLE NONPOTARLE GROUND AND SURFACE WATER
SAMPLES (Continued)

Greater at Significance Level

0.05 0.01 2-Tailed Prob.
dibromomethane
t-dichloroethvlene
Lbromodichlorocthane Mo dif. No dif. 0.35
BHC-Alpha No dif, No dif. 0,11
lindane No dif, No dif. 0.25
BHC-Beta SUF SUF £0.,0001
ieptachlor SUF SUF 0.002
aldrin No dif. No dif. 0.10
heptachor epoxide No dif, No dif. 0,13
chlordane No dif. No dif. 0.84
o,pr-DDE No dif. No dif. 0.30
dieldrin GRN No dif. 0.045
end{in No dif. No dif, 0.45
o,p;-DDT GRN No dif. 0.041
p , pr=DDD GRN GRN €.003
p,pr-DDT GRN GRN 0.0004
mirex No dif. No dif. 0.80
arsenic No dif, No dif. 0.053
beryllium No dif. Mo dif. 0.052
cadmium GRHN No dif. 0,042
copper GRMN No dif. 0.016
chromium GRN No dif. 0.045
nickel No dif, No dif. 0.53
lead SUR SUF £0.,0001
seleniun GRN GRN 0.001
zinc No dif. No dif. 0.31
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Examining only those samples of nonpotable ground and
nonpotable surface water which have detectable concentra-
tions of a given toxic, the average concentration is at
least as great in nonpotable ground water samples as in
nonpotable surface water samples for the overwhelming
majority of the toxics studied., At the 0.01 significance
level 36 toxics had no significant difference and 3 toxics
were greater in ground water. These total to 39 toxics
out of the 42 toxics (93 percent) included in this analysis.

Summary of Comparisons of Toxics Concentrations

in the Nonpotable Ground and Surface
Waters of New Jersey i

Analysis of the concentrations of toxic substances in
the nonpotable ground and surface waters of New Jersey
reveals that the levels of toxics in nonpotable ground
water are not significantly different or are more contami-
nated than nonpotable surface water for between 60 percent
and 93 percent of the toxics studied depending on the
method of comparison. Looking only at the highest concen-
tration of each toxic, 60 percent of the toxics are more
contaminated in nonpotable ground water. Comparing the
probabilities of detection, 69 percent of the toxics have
no significant difference or have a greater probability of
detection in nonpotable ground water. Comparing only
those samples with detectable concentrations, 93 percent

of the toxics are not significantly different or are more
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contaminated in nonpotable ground water than in nonpotable
surface water.

Because of the complexity of the tables presented
during the comparison of toxics in nonpotable ground water
and nonpotable surface water, a selected summary of Tables
19-21 is presented as Table 22. Section A presents
information on the 4 toxics which have a significéntly
greater prébability of detection in nonpotable ground
water than in nonpotable surfacé water samples., Section B
provides information on those toxics with a greater
probability of detection in nénpotable surface water.

Even among these substances, 54 percent had their highest
concentration detected in nonpotable ground water samples.
When samples with nondetectable concentrations were
eliminated from the analysis, 77 percent of these 13
toxics showed no significant difference and 33 percent had
their average concentration greater in the nonpotable
ground water samples.

Those toxics without significantly greater probabili-
ty of detection in either nonpotable ground water or non-
potable surface water are reviewed in Section C of Table
22. These substances represent 60 percent of the toxics
included in this analysis. The highest concentration was
found in nonpotable ground water samples for 60 percent,
and in nqnpotable surface water samples for 32 percent of

these toxics. When the average concentrations of each
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TABLE 22. SUMMARY OFF COMPARISONS OF TOXICS IN NONPOTABLE
GROUND AND NONPOTABLE SURFACE WATER I NEW
JERSEY

A. Toxics with Significantly Grecater Probability of
Detection in Nonpotable Ground Water

Average
Highest Detectable
Conc. Conc,
Toxic Substance Found In Higher In
l. diiodomethane SUF SUF
2. lindane SUF No dif.
3. heptachlor SUF SUF
4, aldrin GRN No dif.

B. Toxics with Significantly Greater Probability of
Detection in Nonpotable Surface Water

Average
Highest Detectable
Conc. Conc.
Toxic Substance Found In Higher In
l. methylene chloride SUF No dif.
2. carbon tetrachloride SUF No dif.
3. 1,1,2,2~tetrachloroethylene GRN No dif.
4, bromoform GRN No dif.
5. 1,1,2,2~tetrachloroethane GRN No dif.
6. total dichlorobenzene SUF No dif.
7. trichlorobenzene SUF No dif.
8. archlor 1254 , SUF No dif.
9. chlordane SUF No dif.
10. o,pl-DDE GRN No dif.
11l. dieldrin GRN GRN
12. p,pl-pDD GRN GRN
13. p,pl-pDT GRN GRN

1Mann-Whitney U test at 0.05 significance level
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TABLE 22. SUMMARY OF COMPARISONS OF TOXICS IN NONPOTABDLE
GROUND AND NONPOTABLILE SURFACE WATER IN NEW
JERSEY (Continued) :

C. Toxics Without Significantly Greater Probability of
Detection in Nonpotable Ground or Surface Water

Average
Highest Detectable
Conc. Conc.
Toxic Substance Found In Highest In
l. chloroform : SUFrP No dif.
2. 1,2-dichloroethane GRN No dif.
3. 1,1,1-trtchloroethane GRN GRN
4, 1,1,2-trichloroethylene CGRN No dif.
5. 1,1,2-trichloroethyne SUF No dif.
6. dibromochloromethane SUF SUF
7. 1,2=-dibromoethane GRN No dif.,.
8. m—dichlorobenzene : SUF No dif.
9. o-divhlorobenzene SuUr No dif.
10, bromodichloroethane GRN No dif.
1l. BHC-Alpha , GRN No dif.
12. BHC-Beta SUF ‘SUF
13. heptachlor epoxide BOTH No dif.
l4. endrin , GRN No dif.
15. o,pl-DDT GRN GRN
16. mirex BOTH No dif.
17, arsenic SUF No dif.
18. beryllium : GRN No dif.
19. cadmium GRN GRN
20. copper GRN GRN
21. chromium SuUr GRN
22. nickel GRN No dif.
23, lead GRN SUF
24. selenium GRN GRN
25, zinc GRN No dif.

lMann-Whitney U test at 0.05 significance level
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toxic were compared in only those samples in which
measurable concentrations were found, the average
concentration was not significantly different or was
greater in nonpotable ground water for 88 percent of these

toxic substances.



CHAPTER 7

COMPARISON OF TOXICS CONTAMINATION IN THD
GROUND AND SURFACE WATERS OF
SOUTHERN HEW JIERSEY

Introduction

Assuning that anthropogenic development patterns were
the same, differences in the rocks, soils, and topography
among the physiographic provinces of New Jersey may lead
to different levels and patterns éf toxics contamination.
The five physiographic provinces of New Jersey are in
order from northwest to southeast the Appalachian Valley
and Ridge Province, the New England’Highlands Province,
the Piedmont Province, the Inner Coastal Plain Province,
and the Outer Coastal Plain Pfovince.

Presently, the locations of the sample sites from
which the 1012 ground and surface water samples in New
Jersey were collected are not precise enough to permit
division into the five physiographic provincés. The
information is being collected.

A rough approximation of Northern New Jersey from
Southern New Jersey does divide the state on the basis of
the most distinctive physiographic characteristics in the
state (sce Figure 1l). Southern New Jersey approximates

the Inncr Coastal Plain Province and Outer Cecastal Plain
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FIGURE !. |
NORTHERN AND SOUTHERN NEW JERSEY REGIONS
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Province. These two physiographic provinces have much in
conmon and are distinctively different from the three
physiographic provinces in MNorthern New Jersey.

The coastal plain, located in Southern New Jersey,
occupies three-fifths of the land arca of New Jersey ana
is the home of approximately one fourth the state's
population (Widmer, 1%64). The arcea included in Southern
New Jersey in this analysis (Figure A) approximates the
coastal plain reasonably well. County boundary lines were
used to divide Southern from Northern New Jersey. Parts
of Mercer, Middlesex, and Union Counties are actually
included in the Coastal Plain but are included with the
rest of the non-coastal plain portion of the state in
Northern New Jersey for this analysis.

The Coastal Plain of WNew Jersey is an appropriate
physiographic region to study contamination of ground
water. There are several very important aquifers which
underlay most of the coastal plain. The entire Coastal
Plain rests on Precambrian rock which slopes to the ocean
at a rate of 80 to 100 feet per mile. On top of this bed-
rock are from 14 to 24 formations of unconsolidated clays,
sands, marls and gravels deposited as sediments during the
Cretaceous period 140-170 million years ago (Vidmer, 1964).
While there is considerable spatial variation within these
formations, several of these formations such as the

Raritan, Cohansey, Magothy and Kirkwood are very important
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aquifers throughout most of Southern Wew Jersey.

In summary, Southern New Jersey offers an excellent
physiographic region, the Coastal Plain, in which to isolate
a comparison of toxics contamination of ground and surface
water. It is a large area with great diversity of human
activity, but with a very limited range of soil character-

istics and many uniformities in the ground water aquifers.

Data Description

The number of valid sample results available for
comparison varies by toxic and between the ground and
surface water data sets. The number of samples varies in
the ground water data from 29 to 318 and in the Surface
water data from 22 to 129. Information onithe.toxics in
the ground and surface waters of Southern New Jersey is
presentgd in Table 23,

The mode, median, and 90th percentile concentrations
provide some indication of the severely right skewed
frequency distributions of the toxic substances in both
the ground and surface water data sets. The skewed
distributions of toxics in the waters of the Southern New
Jersey Coastal Plain are comparable to those found in the
ground and surface water data from the entire state.

The highest concentration for the majority of toxic
substances was detected in the ground water data from
Southern New Jérsey. For 35 toxics (67 percent) the

highest concentration was in the ground water data, and for



TABLE 23. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
SOUTHERN NEW JERSEY!L

Ground Water

#* It . 90th
Sampled Detected Mode Median Percentile Highest

by

fluoroform 62 7 0 0 0.5 159,2
methyl chloride 287 1 0 0 0 163.8
vinyl chloride 287 1 0 0 0 2.5
methylene chloride 287 33 0 0 90 1,900.0
chloroform 291 214 0.8 0.8 1.0 552.8
1,2-dichloroethane 288 20 0 0 0 120.4
1,1,1-trichloroethane 291 249 2.0 2.0 10.3 78.9
carbon tetrachloride 290 219 0.1 0.1 0.5 150.2
1,1,2-trichloroethylene 94 66 0.3 0.3 0.7 313.4
dichlorobromcethane 66 22 0] 0 0.1 604.5
1,1,2-trichloroethane 291 10 0 o] 0 5.9
dibromochlorcmethane 291 29 0 0 0 0.2
'1,2-dibromoethane v 225 9 0 0 0 0.6
1,1,2,2-tetrachloroethylenc 225 86 0 0 0.9 57.5
bromoform 291 53 0 0 1.0 6.4
1,1,2,2~tetrachloroethane 291 14 0 0 0 1.2
diiodomethane 291 32 0 0 0.3 2.0
total dichlorobenzene 318 12 0 0 0 20.1
m-dichlorobenzene 94 2 0 0 0 1.3
p-dichlorobenzene 94 S 0 0 0 8.6
o-dichlorobenzene 94 5 0 Y 0 3.1
trichlorocbenzene . 289 10 0 0 0 5.4
archlor 1242 95 Y Y 0 0 0
archlor 1248 95 2 0 0 0 0.2
archlor 1254 292 5 0 0 0 0.2
dichloroethylene {(gem) 29 14 0 0 96.2 1,280.2
1

All concentrations in parts per billion (ppb).
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TABLE 23. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
SOUTHERN NEW JERSEYl (Continued)

Ground Water

T ik 90th

Sampled Detected Mode Median Percentile Highest
dihromomethane 2% 10 0 G 0.1 33,5
t-dichloroethylene 29 23 10,0 10.0 0.7 549,.3
bromodichloroethane 28 2 0 0 0 1.0
BHC-Alpha ' 293 54 0 0 0.1 0.8
lindane 293 84 0 0 <0.1 0.9
BHC-Beta’ : 212 76 0 0 <0.1 5.4
heptachlor 293 94 0] 0 <0.1 C.6
aldrin 293 81 0 0 <0,1 C.4
heptachor cpoxide 293 81 0 0 <0,1 0.6
chlordane 293 o6 0 0 0.1 0.3
o,p’-DDE 293 69 0 0 <0,1 1.0
dieldrin 293 49 0 0 0.1 C.9
end{in 293 40 0 0 0,1 . 0.6
o,p,-DDT 293 46 0 0 <0.1 3.7
p,pl-pDD 293 49 0 0 <0.1 1.8
p,pl-DDT ‘ . 291 38 0 0 0.1 5.0
mirex 293 23 0 0 0 C.4
arsenic 279 278 1.0 1.0 2.0 1,160.0
beryllium 279 279 1.0 1.0 1.0 84,0
cadmium : , 274 274 1.0 1.0 1.0 405.0
copper - 274 271 1.0 5.0 47,0 690.0
chromium 274 274 1.0 1.0 4,0 179.0
nickel - 273 273 2.5 5.0 19.0 600.0
lead 274 272 1.0 1.0 8.0 329.0
selenium 274 274 2.0 2.0 2.0 8.0
zinc , 274 274 5.0 15.0 179.0 3,345.0



TABLE 23. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
SOUTHERN NEW JERSEY! (Continued) ‘

Surface Water

it i 90th

Sampled Detected Mode Median Percentile Highest
fluoroform 66 2 0 0 0 0.5
methvl chloride 127 2 0 0 0 6.0
vinyl chlcride 128 2 0 0 0 5.9
methylene chloride 127 55 0 0 o 743.3
chloroform 128 g5 0.8 0.8 2.8 1,965.0
1,2-dichloroethanc 128 25 0 0 13.0 304.9
1,1,1-trichloroethane 128 100 2.0 2.0 2.0 13.2
carbon tetrachloride 128 102 .1 0.1 0.5 6.6
1,1,?-trichloroethylene 88 54 0.3 0.3 0.6 1.4
dichlorobromocthane 66 - 26 0 0 0.1 0.1
1,1,2-trichloroethane 128 19 0 0 1.0 4.4
dibromochloromethane 128 18 0 0 0.1 8.2
1,2-cdibromocthane 62 3 0 0 0 0.2
1,1,2,2=-tetrachloroethylene 61 51 0.3 0.3 0.5 4.4
bromeform 125 37 0 0 1.0 1.9
1,1,2,2~tetrachloroethanc 127 29 0 0 0.2 0.5
diiodomnethane 127 6 0 0 0 3.2
total dichlorobenzene 129 16 0 0 1.3 30.7
m=dichlorobhenzene 87 6 0 0 0] 5.1
p-dichlorobenzene 87 11 0 0 1.3 30.5
o-dichlorohenzene : 87 5 0 0 0 8.2
trichlorobenzene ' 127 12 0 0 0 2.2
archlor 1242 129 2 0 0 0 0.3
archlor 1248 129 5 0 0 0 4.9
archlor 1254 129 4 0 0 0 0.4
dichloroethylene (gem) - 40 18 0 0 36.2 68.5
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TABLE 23., DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
SCUTHERN NEW JERSEY (Continued)

Surface Water

1 H# 90th

Sampled Detected Mode Median Percentile Highest
dibromomethane 40 18 0 0 0.1 0.7
t-dichloroethvlene ' 40 29 10.0 10.0 244,5 1,208.6
bromodichloroethane 22 1 0 0 0 4.7
BHC-Alpha ‘ 127 42 0 ¢ £0.1 0.1
lindane 127 48 0 0 £0.1 0.8
BHC-Beta’ 127 o8 0 0.1 0.2 3.1
heptachlor 127 31 0 0 0.1 5.9
aldrin 127 13 0 0 <0.1 0.6
heptachor epoxide 127 59 0 0 <0.1 0.5
chlordane 126 73 0 0,1 <0.1 0.8
o,p~-DDE 127 45 0 0 40,1 <0.1
dieldrin : 1z7 60 0 ¢] 0.1 <C.1
end{in 127 21 0 0 {0.1 <0.1
o,p -DDT 127 22 0 0 <0.1 0,1
P,p--DDD 127 37 0 0 £0.1 <G.1
p,pl-DDT 127 24 0 0 <0.1 <0.1
mirex 127 9 0 0 0 <0.1
arsenic 111 111 1.0 1.0 6.0 392.0
peryllium 111 111 i.0 1.0 1.0 1.0
cadmium 111 111 1.0 1.0 1.0 1.0
copper . 111 111 1.0 2.0 6.0 76.0
chromium 111 111 1.0 2.0 4,0 12.0
nickel 111 111 2.5 2.5 9.0 36,0
lead 111 111 1.0 4,0 16.0 75,0
selenium 111 111 2.0 2.0 2.0 2.0
zinc 131 111 5.0 16,0 46,0 134.0
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17 toxics (33 percent) the highest concentration was found
in the surface water of Southern New Jersey. The highest
concentration in 16 toxics was onc or more orders of
magnitude greater, for 6 toxics two or more orders of
magnitude, and for one toxic three orders of magnitude
greater in the ground wahter data than in the surface water
data. Tor 2 toxics the highest concentration is one order
of magnitude greater in surface water than in ground water
from Southern New Jersey.

Probabilities of Detection of Toxics in the

Ground and Surface VWaters of
Southern New Jersey

The second comparison of toxic substances in the ground
and surface waters of Southern New Jersey involves the
likelihood of toxics being present in water samples. The
.probability of a toxic being detected is limited by our
technological ability, but is the same for both ground and
surface water samples. The probability of detecting each
toxic substance in the sanples from ground and surface
water from Southern New Jersey is presented in Table 24.
The chi square test was used to determine if the probabili-
ty of detecting eachvtoxic in ground water was different
from the probabilitybof detecting each toxic in surface
water at the 0.05 significance level,

There is considerable variation in the probabilities

of detection among the 52 toxic substances and between the

ground and surface water data. Since there were no
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TABLE 24. PROBABILITIES OF DETECTION OF TOXICS IN THE GROUND AND SURFACE WATERS
OF SOUTHERM NEW JERSEY

Significant
Difference At
Ground Surface 0,05 Level

fluoroform 0.11 0.03 Ko
methvl chloride <0.01 .02 No
vinyl chloride ‘ £0,01 0.02 o
methylene chloride C.11 0.43 Yes
chloreform 0.74 0.66 No
-1,2-dichlorocethane 0.07 0.20 Yes
1,1,1-trichloroethane 0.86 0.80 o
carbon tetrachloride 0.76 0.80 No
l,1,2-trichloroethylene G.70 C.,61 Yo
dichlorobromocthane 0.33 : 0.39 7o
1,1,2-trichloroethane 0.03 ‘ 0.15 Yes
dibromochloromethane ‘ 0.10 0.14 No
1,2=-dibromoecthane 0.04 0.05 No
1,1,2,2-tetrachlorocthylene 0.38 0.84 Yes
bromoform 0.18 0.30 Yes
1,1,2,2~tetrachloroethanc 0.05 0.23 Yes
diiodomethane : 0.11 0.05 No
total dichlorobenzene 0.04 06.12 Yes
m~dichlorobenzene 0.02 0.07 KXo
p-dichlorobenzene 0.06 0.13 No
o~dichlorohenzene 0.05 0.06 Jo
trichlorobenzene 0.03 0.09 Yes
archlor 1242 0 .02

archlor 1248 0.02 0.04 No
archlor 1254 0.02 0.03 No

dichloroethylene (gen) 0.48 0.45 No



TABLE 24, PROBABILITIES OF DETECTICON OF TOXICS IN THE GROUND AND SURFACE WATERS
OF SOUTHERN NEW JERSEY (Continued)

Significant
Difference At

Ground Surface. 0.05 Level
dibromomethane 0.34 0.45 ¥o
t-dichloroethvlene 0.79 0.73 o
bromodichloroethane 0.07 0.05 No
BHC-Alpha 0.18 0.33 Yes
lindane 0.29 0.38 No
RHC-Becta 0.36 C.77 Yes
heptachlor 0.32 0.24 Yo
aldrin 0.28 .10 Yes
heptachor cpoxide 0.28 0.46 Yes
chlordane 0.33 0.57 Yes
o,pl-DDE 0.24 0.35 Yes
dieldrin 0,17 0.47 Yes
endyrin 0.14 0.17 No
o,p,~DDT 0.16 C.17 ¥o
P, pL-DDD 0.17 0.29 Yes
p,pl-DDT 0.13 0.19 No
mirex 0,08 0.07 Mo
arsenic , ’ .99 1.00 Mo
beryllium 1,00 1.00 No
cadmium 1,00 1.00 No
copper 0.99 1.00 Mo
chromium 1.00 1.00 No
nickel 1.00 1.00 Mo
lead 0.99 1.00 Ho
selenium 1.00 1.00 No

zinc 1.00 1.00 o
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detectable concentrations of archloxr 1242 in the ground
water data, the comparison of probabilities in the ground
and surface water will be based on 51 toxic substances.,

The results of the chi square test indicate that for
the majority of toxics there is no significant difference
in the probabilities of detection between ground water
sémples and surface water samples from Soutﬁern New Jersey.
For 35 toxics (69 percent) there is no significant differ-
ence in the‘probability oﬁ detection in samples from ground
and surface water. All of the heavy metals and some of
both the light and heavy chlorinated hydrocarbons fall in
this category.

Most of the toxic substances which have significantly
greater probabilities of detection in ground or surface
water have a greater probability of dgtection‘in surface
watéf samples than in ground watervsamples from Southern
New Jersey. Fifteen toxic substances out of the 51 toxics
included in this analysis (29 percent) have a significant-
ly greater probability of detection in surface water
samples. Only one toxic, aldrin,‘has a significantly
greater probability of detection in ground water in South-
ern New Jerseye.

The analysis of probabilities of detection indicates
that more than two-thirds of the toxic substances are at
least as likely to be detected in ground water as in sur-

face water in Southern New Jersey. These toxics include
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the 35 toxics with no significant difference and the one
toxic with a significantly greater probability of detec-
tion in ground water for a total of 36 toxics (71 percent).
Tﬁis result compares to the 60 percent of toxics which
were at least as likely to be detected in ground water
over the entire state.

Comparison of Detectable Toxics in the Ground And
surface Vaters of Southern New Jersey

The third comparison is for those samples with
detectable concentrations of toxics. This analysis uses
the Mann-Whitney U test to determiqe if the average rank
of concentration of each toxic in those ground water samples
with detectable levels of the toxic substance being tested
is less than, not significantly different from, or greater
than the average rank of concentration in those surface
water samples with detectable levels of the toxic.

The results indicate that there are no significant
differences in the average rank of concentrations between
samples from grdund and surface water for 27 toxics (53
percent) at the 0.05 significance level and 36 toxics (70
percent) at the 0.01 significance level (Table 25). Among
those toxics with greater average rank of detectable
concentrations in one of the data sets, the number of
toxics is greater in ground water than in surface water
from Southern New Jersey. At the 0.05 significance level,

14 toxics (27 percent) had greater average concentrations



TABLE 25. HMANN-WHITNEY U TEST OF

JERSEY

Greater At
Significance Level

DETECTABLE CONCENTRATIONS IN SOUTHERN NEW

0.05 0.01 2-Tailed Probabhility

fluoroform Mo dif. No dif. 0.56
methvl chloride No dif, No dif, 0.16
vinvyl chloride No dif. No dif. 0,16
nethylene chloride No dif. No dif. 0.22
chloroform SUF SUF 0.0008
1,2-dichloroethane SUF SUF 0,004
1,1,l1-trichloroethane GRN GRN £0.0001
carbon tetrachloride No dif. No dif. 0.90
1,1,2-trichloroethylene No dif. No dif. 0.85
dichlorchrcmoethanc GRN No dif. 0.03
1,1,2-trichloroethane No dif, No dif. 0.17
dibromochloromethane o dif. No dif. 0.24
1,2-dibromocthane No dif. No dif, 0.19
1,1,2,2-tetrachloroethyvlene No dif. No dif. 0.07
bromoform No dif. No dif, 0.49
1,1,2,2-tetrachloroethanc o dif. Ho dif. 0.42
diiodomethane No dif. No dif. 0.09
total dichlorobhenzene No dif., o dif. 0.84
m~dichlorobenzene No dif, No dif. 1.00
p~-dichlorobenzene No dif. No dif. 0.59
o-dichlorohenzene No dif, No dif. 0.41
trichloromhenzene GRN Mo dif. .04
archlor 1242

archlor 1248 No dif. No dif. 0.12
arc’nlor 1254 SURF No dif. 0.02
dichloroethylene (gen) lo dif, No dif. 0.14
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TABLE 25, MANMN-WHITNEY U TEST OF
JERSEY (Continued)

DETECTABLE CONCENTRATIONS IN SOUTHERN NEW

Greater At

Significance Level

0.05 0.01 2-Tailled Probability

dibromomethane No dif. No dif,. 0.43
t-dichlorcethvlene SUF No dif. 0.03
bromodich:loroethane No dif. No dif. 0.22
BHC-Alpha GND No dif. 0.02
lindane No dif. No dif, 0.21
BHC~-Beta" SUF No dif. 0.02
heptachlor Sur SUF £0.,0001
aldrin No dif. No dif. 0.68
heptachor epoxide SUF SUF 0.005
chlordane Mo dif. No dif. 0.35
o,pt-DDE No dif. No dif. 0.40
dieldrin- GRN No dif. 0.015
endiin GRN GRN 0.01
o,p,-DDT GRN GRN 0.004
v,p, -DDD GRN GRN 0.001
p,pl-DDT GRN GRN 0.0002
mirex No dif. No dif. 0.31
arsenic SUF SUF <£0,.,0001
beryllium No dif. " Mo dif, 0.15
cadmium GRN No dif. 0.02
copper GRN GRN £0.0001
chromium SUF Mo dif, 0.03
nickel GRN GRN 0.001
lead SUF SUF £0,0001
selenium GRN GRN 0.0008
zinc GRY GRN 0.57
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in ground water samples. At the 0.0l significance level 9
toxics (18 percent) had greater average concentrations in
ground water samples. The average concentration of toxics
was found to be greater in surface water samples for 10
toxics (20 percent) at the 0.05 significance level and 6
toxics (12 percent) at the 0.0l significance level.

Examining only those samples of ground and surface
water from Southern New Jersey which have detectable
concentrations of a given toxic, the average concentration
is at least as great in ground water samples as in surface
water samples for the overwhelming majority of the toxics
studied. At the 0.01 significance.level 36 toxics had no
significant difference and 9 tdxigé vere greater in ground
water. These total to 45 toxiecs (88 percent) of the 51
toxics included in the analysis.

Summary of Comparisons of Toxics Concentrations

in the Ground and Surface iaters
of Southern iTew Jersev

‘ Analysis of the concentrations of toxic substances in
the ground and surface waters of Southern New Jersey reveals
that the levels of toxics in ground water aré not signifi-
cently different or are more contaminated than in surface
water for between 67 percent and 88 percent of the toxics
studied depending on the method of comparison. Looking
only at the highest concentration of cach toxic, 67 percent
of the toxics are more contaminated in ground water. Comn-

paring the probabilities of detection, 71 percent of the
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toxics have no significant difference or have a greater
probability of detection in ground water. Comparing only
those samples with detectable concentrations, 88 percent
of the toxics are not significantly different or are more
contaminated in ground water than in surface water in
Southern MNew Jersey.

Because of the complexity of the tables presented
during the ‘comparison of toxics in ground and surface water
in Southern New Jersey, a selected summary of Tables 23-25
is presented as Table 27. Section A presents information
on the single toxic, aldrin, which has a significantly
greater probability of detection in ground water than in
surface water. Section B provides information on those
toxics with a greatef probability of detection in surface
water. Even among these substances, 80 percent had their
highest concentfation detected in ground water samples.
When samples with nondetectable concentrations were
eliminated from the analysis, 53 percent of these 15 toxics
showed no significant difference and 27 percent had their
average concentration greater in the ground water samples
froﬁ Southern New Jersey,

Those toxics without significantly greater probability
of detection in either ground or surface water from South-
ern New Jersey are reviewed in Section C of Table 27.

These substances represent 69 percent of the toxics

included in this analysis. The higheSt concentration was
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TABLE 27. SUMMARY OF COMPARISONS OF TOXICS IN THE GROUND
AND SURFACE WATER OF SOUTHERN NEW JERSEY

A. Toxics with Significantly Greater Probability of
Detection in Ground Water

Average
Detectable
Concentration

Highest Conc.
Highest Inl

Toxic Substancé Found In

aldrin Surface No dif.

B. Toxics with Significantly Greater Probability of
Detection in Surface Water

Average
Detectable
Highest Conc, Concentratign
Toxic Substance Found In Highest In

methylene chloride Ground No dif,
1l,2-dichloroethane Surface Surface
1,1,2-trichloroethane Ground No dif.
1,1,2,2-tetrachloroethylene Ground No dif.
bromoform Ground No dif.
1,1,2,2-tetrachloroethane Ground No dif.
total dichlorobenzene Surface No dif.
trichlorobenzene Ground Ground
BHC-alpha Ground ‘Ground
BHC-beta Ground Surface
heptachlor epoxide Ground Surface
chlordane Surface No dif.
o,pl-DDE Ground No dif.
dieldrin Ground Ground
p,pl-DDD Ground Ground
1

Mann-Whitney U test at 0.05 significance level,
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TABLE 27, SUMMARY OF COMPARISONS OF TOXICS IN THE GROUND
AND SURFACE WATER OF SOUTHERN NEW JERSEY
(Continued)

C. Toxics Without Significantly Greater Probability of
Detection in Ground or Surface Water from Southern
New Jersey

Average
Detectable
Highest Conc. Concentration
Toxic Substance Found In Highest Inl

fluoroform Ground No dif.
methyl chloride Ground No dif.
vinyl chloride Surface No dif.
chloroform Surface Surface
1,1,1-trichloroethane Ground Ground
carbon tetrachloride Ground No dif.
1,1,2-trichlorcethylene Ground No dif.
dichlorobromomethane Ground Ground
dibromochloromethane Surface No dif.
1,2-dibromoethane Ground No dif,.
diiodomethane Surface No dif.
m-dichlorobenzene Surface No dif.
p-dichlorobenzene Surface No dif.
o-dichlorobenzene Surface No dif.
archlor 1248 Surface No dif.
archlor 1254 Surface Surface
dichloroethylene (gem) Ground No dif.
dibromomethane Ground No dif.
t-dichloroethylene Surface Surface
bromodichloroethane Surface No dif.
lindane Ground No dif.
heptachlor Surface Surface
endrin Ground Ground
o,pl-nDT Ground Ground
p,pl-DDT Ground Ground
mirex Ground No dif.
arsenic Ground Surface
beryllium Ground No dif.
cadmium Ground Ground
copper Ground Ground
chromium Ground Surface
nickel Ground Ground
lead Ground Surface
selenium Ground Ground
zinc Ground Ground
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found in ground water samples for 66 percent and in sur-
face water samples for 34 percent of these 35 toxics. When
the average concentrations of each toxic were compared in
the ground and surface water data in only those samples in
which measurable concentrations were found, the average
concentration was not significantly different or was
greater in ground water samples from Southern New Jersey

in 80 percent of these toxic substances.

Analyses were performed on subsets of the data on
toxic substances in the ground and surface water of South-
ern New Jersey. One series of analyses were performed on
only those samples of ground and surface water from South-
ern New Jersey which were from potable water sources.
Another series of analyses were performed on only those
samples of ground and surface water from Southern New
Jersey which were from nonpotable water sources. For both
of these subsets of data the series of analyses included
analyses of the maximum concentrations, the probabilities
of detection, and the average rank of detectable concen-
trations.

The analyses of the potable and nonpotable subsets of
the data on toxic substances in the ground and surface
wéter of Southern New Jersey revealed little additional
information. The results were not very different from the
analysis of all ground and surface water samples from

Southern New Jersey. The results were also comparable to
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the analyses of potable and nonpotable ground and surface
water sanples from the entire state. For these reasons,

the results of these analyses are not included in this

report.



CHAPTER &

COMPARISON OF TOXICS CONTAMINATION iN
THE GROUND AND SURFACE WATERS
OF NORTHERN NEW JERSEY

Introduction

Northéfn New Jersey for this analysis includes three
of the five physiographic provinces of New Jersey
(Figure 1). The physiographic provinces include the
Apralachian Valley and Ridge Province, the New England
Highlands Province and the Piedmont Province. The area
included within Northern New Jersey includes great variety
of land forms and of human activity. This area includes
the Precambrian metamorphic rock of the Highlands which
were formed about 600 million years ago, the Paleozoic
rocks of the Ridge and Valley Province formed from 600 to
350 million years ago, to the triassic rocks and red shale
lowlands of the Piedmont Province formed 200 million years
ago. The Piedmont Province of New Jersey is the most
heavily developed area of the state with approximately two-
thirds of the population and most of the industrial
activity (Widmer, 1964).

Northern New Jersey is such a great contrast to
Southern New Jersey that it is an interesting geographic

region in which to compare the concentrations of toxics in
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ground and surface water. Despite some spatial variation,
Southern New Jersey is a relatively homogencous, flat,
plain of unconsolidated sandy sediments when compared to
the consolidated rocks, hills and valleys of Northern Hew
Jersey which have been further altered by glaciation. If
the comparison of toxics contamination in the ground and
surface waters of Northern New Jersey yields resuits
comparable.to those from the analysis of samples fronm
Southern New Jersey, we can be reasonably confident that
any conclusions concerning the relatively levels of toxics
contamination of ground and surface waters is not due to a
few isolated problems, but is a potentially wide ranging

problem.

Data Description

The number of valid sample results available for
comparison varies by toxic and between ground and surface
water -data sets. The number of samples varies in the
ground water data from 35 to 364 and in the surface water
data from 9 to 189. Information on the toxic substances
in the ground and surface waters of Northern New Jersey is
presented in Table 28.

The mode, median, and 90th percentile concentrations
provide some indicétion of the severely right skewed
frequency distributions of the toxic substances in both
the ground and surface water data sets. The skewed

distributions of toxics in the waters of Northern New .



TABLE 28. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
NORTHERN NEW JERSEYZL

Ground Water

# it ' 90th

Sampled Detected Mode Median Percentile Highest
fluoroform 68 8 0 0 0.5 2.5
methyl chloride 341 2 0 0 0 220.6
vinyl chlcride 340 1l 0 O 0 1.0
methylene chloride 337 55 0 0 90.0 1,200.06
chloroform 349 225 0.8 0.8 3.2 691.2
1,2-dichloroethanc 346 37 0 0 1.6 2,300.0
1,1,1-trichloroethane 347 286 2.0 2.0 10.0 607.8
carbon tetrachloride 349 212 0 0.1 0.6 6.8
1,1,2-trichlorcethylene 156 109 0.3 0.3 8.0 635.0
dichlorobromecthane ' 76 38 0 0 0.2 43.0
1,1,2-trichloroethane 346 45 0 0 1.0 31.1
dibromochloromethane 349 75 0 0 0.1 2.4
1,2-dibromocthane 273 24 0 0 0 87.9
1,1,2,2-tetrachloroethvlenec 272 150 0 0.3 4,2 90.6
bromoform 349 71 0 0 1.0 34.3
1,1,2,2-tetrachloroethanc 349 43 ¢ 0 0.1 2.7
diiodomethane 348 34 0 0 ¢ 1.2
total dichlorobenzene 356 10 0 0 0 102.3
m~dichlorobenzene 155 4 0 0 0 25.4
p-dichlorobenzene 155 6 0 0 0 78.5
o-dichlorohenzene 155 4 0 0 0 5.2
trichlorohenzene 348 14 0 0 0 33.7
archlor 1242 153 7 0 0 0 3.4
archlor 1248 153 1l 0 - 0 0 0.1
archlor 1254 346 6 0 0 0 0.4
dichloroethylene (gen) 35 20 0 10.0 240,.7 992.3
1l

All concentrations in parts per billion (ppb)
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TABLE 28. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
NORTHERN NEWY JERSEY! (Continued)

Ground Water

# # 90th

Sanpled Detected Mode Median Percentile Highest
dibromonmnethane 35 13 0 0 0.1 44,9
t-dichloroethylene 35 28 10.0 10.0 73.2 276.0
bromodichloroethane 80 16 0 0 0.1 1.6
BHC-Alpha ’ 360 42 0] 0 <0.1 £C.1
lindane 360 82 0 0 0.1 0.1
BHC-Betal’ 351 169 0 0 <0.1 118.4
heptachlor 360 78 0 0 0.1 1.0
aldrin 360 75 0 0 <0.1 1.2
heptachor epoxide 360 76 0 0 0.1 0.5
chlordane 360 S0 0 0 {0.1 0.3
o,pl-DDE 360 47 0 0 <0.1 0.1
dieldrin 360 40 0 0 <0.1 0.2
endrin 360 35 0] 0 0 0.2
o,pr-DDT 360 24 0 0 0 0.2
p,pr-DDD 360 23 0 0 0 0.2
p,pT-DDT 360 22 0 0 0 0.5
mirex 360 16 0 0 0 0.1
arsenic 363 361 1.0 1.0 5.0 18.0
bervllium 363 363 1.0 1.0 1.0 2.0
cadmium ‘ ' 364 364 1.0 1.0 1.0 42,0
copper : 364 364 1.0 4.0 37.0 1,381.0
chromium 364 364 1.0 2.0 6.0 90.0
nickel 364 364 2,5 2.5 8.0 25,0
lead 362 361 1.0 1.0 7.0 97.0
selenium 363 363 2.0 2.0 2.0 6.0
zinc . 364 364 5.0 14.0 170.0 36,500.0



TABLE 28. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
NORTHERN NEW JERSEYY (Continued)

Surféce Water

# 7 %90th
Sampled Detected Mode Median Percentile Highest

fluoroform 76 1 0 0 0 0.5
methvl chloride 189 1 0 0 0 6.0
vinyl chloride 189 2 0 0 0 1.3
methylene chloride 189 59 0 0 90.0 304.5
chloroform 189 152 0.8 0.8 3.4 2,461.8
1,2-dichloroethanc 189 10 0 0 0 67.6
1,1,1-trichloroethane 189 177 2.0 2.0 5.0 22.7
carbon tetrachloride 189 1658 0.1 0.1 .4 2C6.6
l,l,z-trichloroethylene 85 56 0.3 0.3 1.1 4.7
dichlorobromocthane 76 53 0.1 0.1 0.1 2.0
1,1,2-trichloroethane 186 23 0 0 1.0 2.9
dibromochloromethane 189 63 0 0 C.2 2.7
1,2-dibremoethane 113 8 0 0 0 0.1
1,1,2,2~tetrachloroethylene 113 103 0.3 0.3 1.4 4.5
bromoform i8a 51 0 0 1.0 3.7
1,1,2,2-tetrachloroethane 189 27 0 0 0.1 0.6
diiodonethane 189 3 0 0 0 2.2
total dichlorobenzene 189 13 0 0 0 4.8
m-dichlorobhenzene 85 6 0 0 0 1.3
p-dichlorobenzene 85 9 0 0 1.3 l.8
o-dichlorobenzene 35 3 0 0 0 3.3
" trichlorobenzene 188 i2 0 0 0 2.0
archlor 1242 190 8 0 0 0 117.3
archlor 1248 190 37 0 0 0.5 109.,1
archlor 1254 130 63 0 8] 0.2 127.0
dichloroethylene (gemn) 57 44 10.0 10.0 114.9 489.1
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TABLE 28. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF
NORTHERN NEW JERSEYl (Continued) :

Surface Water

# 1 S0th
Sampled Detected Mode Median Percentile Highest

dibromomethane 57 17 0 0 0.1 3.3
t-dichloroethylene 57 46 10.0 10.0 728.0 1,307.5
bromodichloroethane 9 1 0 0 0.1 0.1
BHC-Alpha ' 184 40 0 0 0.1 0.1
lindane 184 26 0 0 20,1 <0.1l
BHC-Betal 184 84 0 0 0.2 1.3
heptachlor 184 32 0 o {0.1 1.5
aldrin ' 184 17 0 0 0 {0.1
heptachor epoxide 184 55 0 0 0.1 C.2
chlordane 184 75 0 0 £0,1 0.5
o,pi-DDE | 184 56 0 0 <0.1 <0.1
dieldrin 184 58 0 0 <0.1 <0,1
endiin 184 21 0] 0 0.1 0.1
o,p -DDT 184 23 0 0 <0,1 L0,1
p,p-DDD 184 34 0 0 £0.1 <0.1
p,pl-DDT 184 27 0 0 <0.1 40.1
nirex 184 10 0 0 0.1 <0.1
arsenic 183 183 1.0 1.0 3.0 44,0
beryllium 183 183 1.0 1.0 1.0 1.0
cadmium : 183 183 1.0 1.0 1.0 6.0
copper 183 183 1.0 3.0 9.0 124,.0
chromium 183 182 1.0 1.0 4,0 216,0
nickel 183 183 2.5 2.5 8.0 24,0
lead 183 i83 1.0 4,0 18.0 86,0
selenium, 182 182 2.0 2.0 2.0 7.0
zinc 181 181 5.0 10,0 43,0 420.0
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Jersey are comparable to those found in the ground and
surface water data from Southern New Jersey and from the
entire state.

The highest concentration for the majority of toxic
substances was detected in the ground water data from
Northern New Jersey. For 37 toxics (71 percent) the high-
est concentration was in the ground water data, and for 14
toxics (27 percent) the highest concentration was found in
the surface water of Northern New Jersey. One toxic, BHC-
alpha, had the same maximum concentration in both ground
and surface water. The highest concentration in 24 toxics
was one or more orders of magnitude greater and for 3
toxics two or more orders of magnitude greater in the
ground water data than in the surface water data. For the
three archlors, which are polychlorinated biphenyls, the
maximum concentrations were one or more orders of magni-
tude greater in the surface water than in the ground water

data.

Probabilities of Detection of Toxics in the
Ground and Surface Waters of Northern Neow Jersey

The second comparison of toxic substances in the
ground and surface waters of Northern New Jersey involves
the likelihood of toxics being present in water samples.
The probability of a toxic being detected is limited by
our technological ability, but since thése limits are the

same for both the ground and surface water data, the



comparison is reascnable. The probability of detecting
each toxic éubstance in the samples from ground and sur-
face water from Northern New Jersey is presented .in Table
29. The chi square test was used to determine if the
probability of detecting cach toxic in ground water was
different {rom the probability of detecting each toxic in
surface water at the 0.05 significance level.

There is considerable variation in the probabilities
of detection among the 52 toxic substances and between the
ground and surface water data. The greatest variation is
within the light chlorinated hydrocarbons where the
probabilities of detection range from less than 0.0l to
0.94. Within the heavy chlorinated hydrocarbons the
probabilities of detection range from 6.04 to 0.48. Every
heavy metal was detected in almost every water sample from
both ground and surface sources.

The results of the chi square test indicate that for
the majority of toxics there is no significant difference
in the probébilities of detection between ground water
samples and surface water samples from Northern New Jersey.
For 30 toxics (58 percent) there is no significant differ-
ence in the probability of detection in samples from
ground and surface water.

Most of the toxic substances which have significantly

greater probabilities of detection in ground or surface
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TABLE 29, PROBABILITIES OF DETECTION OF TOXICS IN THE GROUND AND SURFACE WATERS OF
NORTHERN NEW JERSEY

Significant
Ground Surface Difference At
0.05 Level
fluoroform 0.12 0.01 ves
methvl chloride ' 0.01 20.01 Yo
vinyl chloride <0.01 0.01 Yo
methylene chloride 0.16 0.31 Ves
chloroform 0.64 0.30 Ves
1,2~-dichloroethane 0.11 - 0.05 Yo
1,1,1-trichlorcethane 0.82 0.94 Ves
carbon tetrachloride 0.61 6.87 Yes
1,1,2-trichloroethylene 0.70 0.66 No
dichlorobromocthane ' 0.50 0.70 ves
1,1,2-trichloroethane ‘ 0.13 0.12 Yo
dibromochloromethane 0.21 0.33 Ves
1,2-dibromoethane 0.09 0.07 Mo
1,1,2,2-tetrachloroethylene 0.55 0.91 ves
bromoform 0.20 0.27 : No
1,1,2,2~tetrachloroethane 0.12 0.14 o
diiodonethane 0.10 0.02 ves
total dichlorobenzene 0.03 0.07 v Yes
m~-dichlorobenzene 0.03 0.07 o
p-dichlorobenzene 0.04 0.11 No
o-dichlorohenzene g 0.03 0.04 o
trichlorohenzene 0.04 0.06 Yo
archlor 1242 0.05 20.01 Yo
archlor 1248 0.01 0.19 ves
archlor 1254 0.02 0.33 ves

dichloroethylene (gemn) 0.57 0.77 Mo
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TABLE 29. PROBABILITIES OF DETECTION OF TOXICS IN THE GROUND AND SURFACE WATERS OF
NORTHERN NEW JERSEY (Continued)

- Significant
Ground Surface Difference At
0.05 Level

dibromomethane 0.37 0.30 No

t-dichloroethvlene 0,80 0.81 No
bromodichloroethane 0,20 0.11 No
BIC-Alpha 0.12 0.22 Yes
lindane 0.23 0.14 Yes
BHC-Becta - , 0.48 0.46 No
heptachlor 0.22 0.17 Mo
aldrin 0.21 0.09 Yes
heptachor epoxide A 0.21 0.30 Yes
chlordane 0.25 0.41 Yes
o,pl-DDE 0.13 0.30 Yes
dieldrin - 0.11 0.32 Yes
endrin 0,10 0,11 No
o,p--DDT 0.07 0.13 Yes
p,pr-DDD 0.06 0.18 Yes
p,pl-DDT 0.06 0.15 Yes
nirex _ 0,04 0.05 No
arsenic 0.99 1.00 No
bervllium : 1.00 1.00 No
cadmium 1.00 1.00 No
copper ' , 1,00 1.00 o
chromium 1.00 0.99 No
nickel 1.00 1.00 No
lead 0.99 1,00 No
selenium 1.00 1,00 No

zinc 1.00 1.00 No
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water, have a greater probability of detection in surface
water samples than in ground water samples from Northern
New Jersey. Eighteen toxic substances out of the 52
toxics included in this analysis (35 percent) have a
significantly greater probability of detection in surface
water samples. Only 4 toxics (8 percent) have a signifi-
cantly greater probability of detection in ground water.,

The aﬂalysis of probabilities of detection indicates
that about two-thirds of the toxic substances are at least
as likely to be detected in ground water as in surface
water in Northern New Jersey. These toxics include the 30
toxics with no significant difference and the four toxics
with a significantly greater probability of detection in
ground water for a tbtal of 34 toxics (65 percent). This
compares to the 60 percent of toxics which were at least
as likely to be detected in ground water from the entire
state, and the 71 percent from Southern New Jersey.

Comparison of Detectable Toxics in the Ground
and Surface Waters of Northern Hew Jersey

The third comparison is for those samples with
detectable concentrations of toxics. The analysis uses
the Mann-Whitney U test to determine if the average
concentration of each toxic in those ground water samples
with detectable levels of the toxic substance being
considered is less than, not significantly different from,

or greater than the average rank of concentration in those
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surface water samples with detectable levels of the toxic.

The results indicate that there are no significant
differences in the average rank of concentrations between
samples from ground and surface water fbr about two-thirds
of the toxic substances. There is no difference between
concentrations in ground and surface water samples for 35
toxics (67 percent) at the 0.05 significance level and 39
toxics (75 'percent) at the 0.0] significance level (Table
30).

Among those toxics with greater average rank of
detectable concentrations in one of the data sets, the
number of foxics is greéter in ground water than in surface
water from Northern New Jersey. At the 0,05 significance
level 13 toxics (25 percent) had greater average concen-—
trations in ground water samples. At the 0.0l signifi-
cance level 10 toxics (19 percent) had greater average
concentrations of toxics in ground water samples. The
average concentration of toxics was found to be greater in
surface water samples for 4 toxics (8 percent) at the 0.05
significance level and 3 toxics (6 percent) at the 0.01
significance level.

Examining only ﬁhose samnples of gfound and surface
water from Northern New Jersey which have detectable
concentrations of a given toxic, the average concentration
is at least as great in ground water samples as in surface

water samples for the overwhelming majority of the toxic



TABLE 30, MANN-WHITNEY U TEST OF DETECTABLE CONCENTRATIONS OF TOXICS IN
NORTHERN NEW JERSEY WATERS

Greater Concentrations
At Significance Level

2-Tailed Probability

0.05 0,01
fluoroform No dif, No dif. 0.72
methyl chloride No dif. No dif. 0.48
vinyl chloride No dif, No dif, 0.22
methylene chloride No dif. No dif. 0.58
chloroform No dif. No dif. 0.96
1,2-dichloroethane Ho dif. No dif. 0.88
1,1,1-trichloroethane No dif. No dif.,. 0.45
carbon tetrachloride GRIT GRN 0.003
1,1,2=-trichloroethylene GRN GRN 0.006
dichlorobromocthane GRN GRN 0.006
1,1,2-trichloroethane No dif, No dif. 0.61
dibromochloromethane No dif,. No dif, 0.51
1,2-dibromocthane Mo dif. Mo dif. 0.07
1,1,2,2-tetrachloroethylene No dif, No dif. 0.81
bromoform No dif. ¥No dif, 0.60
1,1,2,2-tetrachloroethane No dif. No dif. 0.81
diiodomethane No dif. o dif.,. 0.08
total dichlorobenzene No dif. No dif. 0.30
m~dichlorobenzene No dif. No dif. 0.16
p-dichlorobenzene GRY GRE 0.002
o-dichlorobenzene No dif,. No dif. 0.82
trichlorobenzene GRN GRN 0.0004
archlor 1242 No d4if., No dif. 0.09
archlor 1248 No dif, No dif, 0.11
archlor 1254 No dif. No dif, 0.14
dichloroethylene (gemn) No dif. No dif, 0.06
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TABLE 30. MANN-TTHITNEY U TEST OF DETECTABLE CONCEMNTRATIONS OF TOXICS IN
HORTHERN NEVW JERSEY WATERS {Continued)
Greater Concentrations
At Significance Level 2-Tailed Probability
0.05 0.01

dibromomethane ¥o dif. Yo dif,. 0.17
t-dichloroethvlene SUF Jo dif. 0,04
bromodichloroethane No dif,. Mo dif. 0.58
BHC-Alpha No dif, No dif. 0.18
lindane No dif, o dif. 0.63
BHC-Beta - SUF SUF £0,0001
heptachlor SUF SUF £0,0001
aldrin No dif., No dif. 0.75
heptachor cpoxide No dif. No d4dif, 0.98
chlordane No dif. No dif. 0.97
o,pt~DDE No dif, Wo dif. - 0.07
dieldrin GRN GRN 0.00¢
endrin No dif, Yo dif. 0,10
o,p;~-bDT GRN No dif. 0.017
P, pr-DDD GRN GRN 0.004
p,p -DDT GRN No dif, 0.014
mirex No dif.,. No dif, 0.13
arsenic o 4if, No dif, 0.59
beryllium o dif. Mo dif. 1.00
cadmium No dif, No dif. 0.95
copper GRN GRN £0.0001
chromium GRN GRI 0.01
nickel Yo d4if, No dif. 0.79
lead SUF SUF £0,0001
seleniumn GRN No dif, 0.02
zinc GRN GRN 00002
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substances studied. At the 0.0] significance level 39
toxics had no significant difference and 10 toxics were
greater in ground water. These total to 49 toxics out of
the 52 toxics (94 percent) included .in the analysis.

Sunmary to Comparisons of Toxics Concentrations in the
Ground and Surface Waters of HNorthern lNew Jersey

Analyvsis of the concentrations of toxic subsﬁances in
the qround.and surface waters of Northern MNew Jersey
reveals that the levels of toxics in ground water are not
significantly different or are more contaminated than in
surface water for between 65 and 94 percent of the toxics
studied depending on the method of comparison. Looking
only at the highest concentration of each toxic 71 percent
of the toxics are more contaminated in ground water.
Comparing the probabilities of detection, 65 percent of
the toxics have no significant difference or have a great-
er probability of detection in ground water. Comparing
only those samples with detectable concentrations, 94
percent of the toxics are not significantly different or
are more contaminated in ground water than in surface water
in Northern New Jersey.

Because of the complexity of the tables presented
during the comparison of toxics in ground and surface
water in Northern New Jersecy, a selected summary of Tables
28-30 is presented as Table 31, Section A presents

information on the 4 toxic substances which have a
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TABLE 31. ASUMMARY OF COMPARISONS OF TOXICS IN THE GROUND
AND SURFACE WATER OF NORTHERN NEW JERSEY

A. Toxics with Significantly Greater Probability of
Detection in Ground Water

Average
Hichest Detectable
Concentration Concentration

Toxic Substance Found In Highest Inl
fluoroform Ground No dif.
diiodomethane Surface No dif.
lindane Ground No dif.
aldrin Ground No dif.

B. Toxics with Significantly Greater Probability of
Detection in Surface Water

Average
Highest Detectable
Concentration Concentration

Toxic Substance Found In Highest Inl
methylene chloride Ground No dif,.
chloroform Surface No dif.
l1,1,l1-trichloroethane Ground No dif.
carbon tetrachloride Surface Ground
dichlorobromomethane Ground Ground
dibromochloromethane Surface No dif.
1,1,2,2-tetrachloroethylene Ground No dif.
total dichlorobenzene Ground No dif.
archlor 1248 Surface No dif.
archlor 1254 Surface No dif.
BHC-alpha No dif. No dif.
heptachlor epoxide Ground No dif.
chlordane Surface No dif.
o,pl-DDE Ground No dif.
dieldrin Ground Ground
o,plnnDT Ground Ground
p,pl-DDD Ground Ground
p,pl-DDT Ground Ground
1

Mann-Whitney U test at 0.05 significance level.
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TABLE 31. SUMMARY OF COMPARISONS OF TOXICS IN THE GROUND
AND SURFACE WATER OF NORTHERN NEW JERSEY
(Continued)

C. Toxics without Significantly Greater Probability of
Detection in Ground or Surface Water

Average
Highest Detectable
Concentration Concentration
Toxic Substance Found In Highest Inl

methyl chloride Ground No dif.
vinyl chloride Surface No dif.
1,2-dichloroethane Ground No dif.
1,1,2~trichloroethylene Ground Ground
1,1,2~trichloroethane Ground No dif.
1,2-dibromoethane Ground No dif.
bromoform Ground No dif.
1,1,2,2~tetrachloroethane Ground No dif.
m-dichlorobenzene Ground No dif.
p-dichlorobenzene Ground Ground
o~dichlorobenzene Ground No dif.
trichlorobenzene Ground Ground
archlor 1242 Surface No dif.
dichloroethylene (gem) Ground No dif.
dibromomethane Ground No dif.
t~dichloroethylene Surface Surface
bromodichloroethane Ground No dif.
BHC~beta Ground Surface
heptachlor sSurface Surface
endrin Ground No dif.
mirex Ground No dif.
arsenic Surface No dif.
berylliun Ground No dif.
cadmium Ground No dif.
copper Ground Ground
chromium Surface Ground
nickel Ground Surface
selenium Surface Ground
zinc Ground Ground
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significantly greater probability of detection in ground
water than in surface water. Section B provides informa-
tion on those toxics with a greater probability of
detection in surface water. Even among these substances,
61 percent had their maximum concentration detected in
ground water samples. When samples with nondetectable
concentrations were eliminated from the analysis, 67 per-
cent of these 18 toxics were not significantly different
and 33 percent had their average concentration greater in
the ground water samples from Northern New Jersey.

Those toxic substances without significantly greater
probability of detection in either ground or surface
water from Northern New Jersey are reviewed in Section C
of Table 31. These substances represent 58 percent of the
52 toxics included in the analysis. The highest concen-
tration was found in ground water samples for 77 percent
and in surface water samples for 23 percent of these 30
toxic substances. When the average concentrations of each
toxic were compared in the ground and surface water data
in only those samples in which measureable concentrations
were found, the average concentration was not significant-
ly different or was greater in ground water samples from
Northern New Jersey in 87 percent of these toxic sube=
stances.

Analyses were performed on subsets of the data on

toxic substances in the ground and surface waters of
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Northern New Jersey. One series of analyses were per-
formed on only those samples of ground and surface water
from Northern New Jersey which were from potable water
sources. Another series of analyses were performed on
only those samples of ground and surface water from
Northern New Jersey which were from nonpotable water
sources., For both of these subsets of data the séries of
analyses iﬁcluded analyses of the maximum concentrations,
the probabilities of detection, and the average rank of
detectable concentrations.

The analyses of the potable and nonpotable subsets
of the data on toxic substances in the ground and surface
water of Northern New Jersey revealed little additional
information. The results were not very different from the
analysis of all ground and surface water samples from
Northern New Jersey. The results were also comparable to
the analyses of potable and nonpotable ground and surface
water samples from the entire state. For these reasons,

these analyses are not included in this report.



CHAPTER 9

COMPARISQON OF THE PATTERNS OF TOXICS CONTAMINATION
- IN THE GROUND AND SURFACE WATERS
OF NEW JIERSEY

Introduction

The patterns of toxic substances in the ground water
data were compared to the patterns of toxic substances in
the surface water data. In Chapters 1 and 2, factor
analysis was used to identify patterns of toxic subkstances
contamination. These patterns of contamination are groups
of toxic substances whiqh were found to vary similarly in
the same water samples. The factor structure identified
in the ground water data was mathematically compared to
the factor structure identified in the surface water data
using a computer program called RELATE (Veldman, 1967).
This program is based on a method developed by Kaiser
(1962). This program has previously been used to compare
patterns of standard water quality parameters in New
Jersey river basins (Hordon, 1972).

The purpose of a factor structure comparison is to
determine similarities and differences in the patterns of
toxzics contamination in the ground and surface waters of

New Jersey. Chapters 4~8 of this report compared
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concentrations of individual toxic substances in the

ground and surface waters of New Jersey and subscts of

that data. Instcad of comparing concentrations of indi-
vidual substances, this chapter compares the concentrations
of patterns or groups of toxics to see how similar they

are in the ground and surface waters of New Jersey.

Data Description

The full data sets of toxic substances in the ground
and surface water of New Jersey were used in this analysis.
The ground water data set consists of 692 samples and the
surface water data set consists of 320 samples. Both data
sets are considered to be representative of the ground and
surface water of New Jersey (see Chapters 1 and 2).

Certain toxic substances were eliminated from both
data sets for this analysis. Those toxic substances with
less than 10 percent of the samples having detectable
concentrations were eliminated to prevent small numbers of
detectable concentrations from exerting too great an
influence on the patterns of contamination.

Conservative procedvures were employed in the factor
analysis of both the ground and surface water data sets.
The nonparametric Spearman's-Rank correlation procedure
was used to calculate the intercorrclation matrices of
both the ground and the surface water data. The conserva-

tive assumnption that all variation is not explained in the



248

data dictated the use of multiple RZ2 values as the initial
conmunality estimates. An eigenvalue cutoff of unity was
used to limit the number of factors to those which explain
the most significant variation in the data sets. A
varimax rotation was used to maximize the independent
clusters of chemical substances which explain the varia-
tion within the data thereby assisting the interpretation
of the patterns of contamination identified in the ground
water data and in the surface water data.

The results of the preliminary factor analyses
indicated that two changes were ﬁecessary to achieve the
factor structures to be compared in the grbund énd surfacé
water data sets, ‘Although an eigenvalue cutoff of unity
retained 7 ground water factors and 6 surface water
factors; the first four factors in both data sets explain-
ed the vast majority of the variation in the data and had
sufficient strong factor loadings to‘allow interpretation.
The final factor analyses used in the factor structure
comparison were calculated for only 4 factors. For the
final factor analyses six toxics were eliminated from the
data sets because they were not significantly associated
with any of the factors in the preliminary results. The
six toxics eliminated are 1,2-dibromoethane, bromoform,
beryllium, cadmium, nickel, and selenium. The final
factor analyses usced for the comparison were based on 23

toxic substances including light chlorinated hydrocarbons,
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heavy chlorinated hydrocarbons, and heavy metals.

Results of Factor Analysis

The results of the factor analysis of the New Jersey
ground water data and surface water data for those 23
toxic substances common to and significant in both the
ground and surface water data sets are presented in Table
32 and 33.

Factor 1 in both the ground water and surface water
analyses 1is a pesticide factor. The pesticide factor is
the strongest pattern of contamination idehtified,
~explaining 49.2 percent of the variation in the ground
water data and 48.5 percent of the variation in the sur-—
face water data. Lindane, helptachlor epoxide, chlordane,
o,pl—DDE, dieldrih, endrin, o,pl-DDT, and p,pl-DDD are
significantly associated with the pesticide factor in both
the data sets. Heptachlor and BHC-alpha are significantly
associated with the pesticide factor‘in the ground water
data but are below the significance criteria of 0.40 in
the surface water results.

Factors 2 and 3 are reversed in number aﬁd in
importance from the analysis results of the ground water
data to the analysis results of the surface water data.
Factor 2 in the ground water data is a light chlorinated
hydrocarbon factor which explains 23.9 percent of the

variation in the data. The light chlorinated hydrocarbon
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TABLE 32. ROTATED FACTOR MATRIX, TOXICS IN NEW JERSEY
GROUND WATER1

Commu-
Variables , Factors nalities

1 2 3 4 h?
methylene chloride : .10
chloroform « 59 «43
1,1,1-trichloroethane «46 ‘.24
carbon tetrachloride .45 «21
1,1,2-trichloroethylene . «65 <47
dibromochloromethane ‘ _ .07
1,1,2,2~tetrachloroethylene 75 «58
BHC-~alpha .45 26
lindane «52 «46
heptachlor 44 «24
heptachlor epoxide «57 «37
chlordane .59 : 4l
o,pl-DDE .69 - .49
dieldrin ' +69 o «48
endrin .78 +64
o,pl-pDT .75 , .58
arsenic .18
copper «72 «52
chromium ‘ «12
lead .81 .68
zinc ‘ e 47 «23
eigenvalues 4,39 2.13 1.59 0.81
percent variation 49,20 23.90 17.80 9.10
1

Varimax rotation. The squared multiple correlation
coefficients were used as communality estimates.
N = 692,

2 Only factor loadings greater than 0.40 are presented.
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TABLE 33. ROTATED FACTOR MATRIX, TOXICS IN NEW JERSEY
SURFACE WATERZ

Commu-—
Variables - Factors nalities

1 2 3 4 h?
methylene chloride : .71 .63
chloroform «46 <40
l1,1,1l-trichloroethane .51 33
carbon tetrachloride .46 «25
l,1,2-trichloroethylene «23
dibronochloromethane «50 .31
1,1,2,2-tetrachloroethylene .70 : .54
BHC-~alpha «47 «29
lindane « 50 «25
BHC~beta «57 «54
heptachlor ' .19
heptachlor epoxide .41 «26
chlordane «63 «52
o,pl-DDE .70 .54
dieldrin .74 +61
endrin «66 «46
o,pl-DDT «67 <47
p,pt-DDD | .68 .52
arsenic .43 22
copper .67 .48
chromium .51 .34
lead .79 .64
zinc «52 « 28
eigenvalues 4.50 2.79 le26 0.74
percent variation 48,50 30.10 13,60 7.90
1

Varimax rotation. The squared multiple correlation
coefficients were used as communality estimates.
N = 320. :

2 Only factor loadings greater than 0.40 are presented.
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factor in the surface water data is factor 3 and it
explains 13.6 percent of the variation in the surface water
data.

The light chlorinated hydrocarbon factor in both data
sets has significant associations with chloroform, 1,1, 1~
trichloroethane, carbon tetrachloride, and 1,1,2,2~tetra-
chloroethylene. In the ground water results l,l,éa
trichloroeﬁhylene is also significantly associated with
the light chlorinated hydrocarbon factor. In the surface
water data dibromochloromethane is also significantly
associated with the light chlorinated hydrocarbon factor.

A heavy metals factor is factor 3 in the ground water
analysis results and factor 2 in the surface water analysis
results. The heavy metals factor explains 17.8 percent of
the variation in the ground water results and 30,1 percent
of the variation in the surface water results. Copper,
lead, and zinc are significantly associated with the heavy
metals factor in the results of both the ground water and
the surface water analyses. Two additional heavy metals,
arsenic and chromium are significantly associated with the
heavy metals factor in the surface water results.

Factor 4 in the results of both the ground water and
the surface water analyses is a BHC-beta factor. It is
the least important factor in both analyses, explaining
9.1 percent of the variation in the ground water results

and 7.9 percent of the variation in the surface water
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results. BllC-beta is the only toxic with a significant
loading in the ground water data results., In the surface
water results methylene chloride and BHC-alpha are also

significantly associated with this pattern of contamination.

Results of Factor Structure Comparison

A quantitative measurement of the similarity of the
principal patterns of toxics contamination in the ground
water data with the principal patterns of toxics contami-
nation in the surface water data was calculated. The
factor loading matrices which were obtained from the
orthogonal factor analysis of the ground water data and
the surface water data were input to the RELATE program.
The comparison is calculated by rotating the factor axes
to attain maximum overlap between the corresponding test
vectors in the ground water matrix and the surface water
matrix. The degree of rotation required is expressed as
the cosine of the angle between the factor axes and may be
interpreted as correlations between the factors.

The results of comparing the patterns of toxics
contamination in the ground water data with the patterns
of toxics contamination in the surface water data are

presented in Table 34.



TABLE 34, GROUND WATER - SURFACE WATER
COMPARISON: COSIHNE VALUERES AMONG FACTOR
STRUCTURES
Ground Vater

Pesticide LCH Heavy Met., ~ BHC

F1 F2 F3 F4
Pestieide 0.99 | ©0.02 | -0.01 0.14
Heavy Met. 1 _0.03 | 0.35 0.92 0.15
Surface
Water
LCH .
o3 0.00 | 0.93 | =0.32 ~0.20
BHC
- 4 - -
a 0.14 | 0.13 0.21 0.96

The pesticide factor, factor 1, is found to be extremely
correlated between the ground water data and the surface
water data with a cosine among the factor axes of 0.99.
This informs us that the pattern of toxics contamination
wevhave identified as the pesticide factor is almost
identical in the ground and surface waters of New Jersey.
The light chlorinated hydrocarbon factor has a cosine
among the factor axes of 0.93 indicating a high correlation
between this pattern of contamination in the ground water
data and in the surface water data. The heavy metals
factor has a cosine among the factor axes of 0.92 which
indicates this pattern of toxics contamination is highly
correlated between the ground and the surface water data.
The BHC-beta factor, factor 4, has a cosine among the

factor axes of 0.96 indicating a surprisingly high
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correlation between this pattern of toxics contamination
in the ground water data and the surface water data.
Summary of the Comperison of Patterns of Toxics

Contamination in the Ground and Surface
Waters of Icew Jersey

The patterns of toxics contamination identified in the
ground water of New Jersey are found to be very highly
correlated with the patterns of toxics contamination
identified in the surface water of New Jersey. A quanti-
tative method was used to calculate the cosine between the
factor axes as a measure of the degree of correlation
between the patterns of toxics contamination in the ground
water and surface water of MNew Jersey. The four major
patterns of toxics contamination have correlation coeffi-
cients ranging from 0.2 to 0.99 betﬁeen the ground water
and the surface water data sets. The pesticide factor was
identified as the most important pattern of contamination
in both the ground water and the surface water data sets
and was found to have a correlation coefficient of 0.99.
The light chlorinated hydrocarbon factor was found to be
more important in explaining variation in the ground water
data than in the surface water data. The light chlorinated
hydrocarbon factor has a correlation coefficient of 0.93
between the two data sets. The heavy metals factor was
found to explain a grcater proportion of the variation

within the surface water data than within the ground water
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data. The heavy metals factor has a correlation coefficient
df 0.92 between the ground water data and the surface

water data. The BHC-beta factor was found to be the least
important of the four patterns of toxics contamination in
both the ground water and the surface water data. Thé BHC-
beta factor has a correlation coefficient of 0.96 between

the ground water data and the surface water data.



CHAPTER 10

CONCLUSIONS

The ground and surface waters of New Jersey are
contaminated with a wide variety of toxic substances. The
data analysed in this report indicate that up to 65 toxic
substances are widely distributed in the ground water and
the surface water of the state. The toxics identified are
thought to be only a small percentage of the toxic sub-
stances actually present in our water. Of the toxic sub-
stances identified in the ground and surface waters of New
Jersey, 21 are either confirmed or suspected carcinogens.

The health effects of exposure to carcinogenic and
toxic substances in the waters of New Jersey are presently
unknown. Definitive health effects studies for most of the
toxics found in New Jersey ground and sﬁrface water are not
yet completed. Because of the low concentrations at which
these substances are present in ground and surface water,
the health effects must be estimated for long term exposure
to the low level toxics. While it is difficult to estimate
the health impacts of exposure to toxics in water, it is
widely accepted that it may be a serious problem.

In New Jersey, around water is at least as contamina-

ted with toxic substances as surface water. Systematic
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comparisons of the concentrations of toxic substances in
the ground water and in the surface water reveal that for
between 60 and 94 vercent of the toxic substances included
in the analyses ground water is at least as contaminated
as surface water, These results were consistent for
analyses of all ground and surface water samples from New
Jersey, only potable water samples, only nonpotable water
samples, only samples from Southern New Jersey, and only
samples from Northern New Jersey.

Not only are the concentrations of individual toxics
comparable in ground and surface water, but the patterns
of toxics contamination in ground water are very similar
to those in surface water. The four most important
patterns of contamination in ground water are very highly
correlated with the four most important patterns of
contamination in surface water. These patterns of toxics
contamination in both the ground and surface waters of New
Jersey are the pesticide factor, the light chlorinated
hydrocarbon factor, the heavy metals factor, and the BHC
factor. |

The results of comparing toxic substances and patterns
of toxics contamination in ground and surface water indicates
that those citizens of New Jerscy using water from ground
water sources are exposed to at least as great a potential
health danger as those citizens using water from surface

water sources. The potential health danger to people
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using water from ground water sources may be greater than
to people using surface water because the maximum concen-
trations of toxics discovered in water samples from New
Jersey were from ground water samples for most of the
toxics studied. Toxic substances in ground water move as
a prlume of contamination without the substantial dilution
which occurs in surface water. |

Preseﬁt and future efforts to protect the public's
health from the dangers of exposure to toxics in water
should treat ground water sources of supply at least as
stringently as surface water sources of supply. At
present both laws and policy proposals treat water from
surface water sources more stringently than water from-
ground water sources in terms of monitoring requirements
and potable water treatment requirements.

Further research is needed into all aspects of toxic
substances contamination of water. Research into these
issues should not accept the prevalent assumption that
ground water is relatively uncontaminated with toxic
substances when compared with surface water. In particu-
lar cpidemiological studies of the associations of areas
exposed to water supplies contaminated with toxics and
cancer mortality rates should not use areas served by

ground water as an experimental control.
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