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Part I 

Surf ace 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 samples of fresh Hater 

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 surf ace 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 surface water data 

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 released 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 complete the chemical substances in 

the surface water data set$ Among thf~sc 65 toxics are 21 
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substances which are presently classified as confirmed or 

suGpccted carcinogens. 

Spearman's rank correlation, a non-parametric 

statistical procedure, was used to calculate the bivnriate 

correlations between the toxic substances in the surface 

water data. rl'he largest number of siunificant correlations 

and most of the largest correlation coefficients are found 

between sul:?stances within the same chemical categ<?ry. The 

chemical sub.stances with high positive corr.elation coef-

ficicnts 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 present 

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 benzdc.Ja)r-pyrcne-rnercury-iron factor. Several '--' r 'J 

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 wa:::; made to find associations between the 

characterintics of the areas surrounding the sample site 

locations with the patterns of contamination identified 

by factor analysis of the surf ace 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 ground 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 water 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. There 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 set, 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 uater quality parameters in the ground 
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water data set. All of thcsc:: h<-;avy metals a.nd standard 

water quality parameters are included among the larger 

list of substances within these categories 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 correlations 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 betwee·n toxic substances Hith­

in the same chemical category. This indicates that toxic 

substances within the light chlorinated hydrocarbons are 

found together in the same ground 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 analysis was used to identify the most impor­

tant patterns of contamination in the ground water data. 

Each pattern of contamination explains a majoi 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 directly 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 factor, a heavy 
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metalD factor, a standard \·l2ltcr quality par2l.mctcrs factor, 

a nitrogen factor, a second heavy metals factor, and a 

cyanidc-~cta--fluoridc factor. 

An attempt was made to find associations between the 

characteristics of the wells and the areas surrounding the 

wells from which the samples 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 analysis 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 great range of depths. 

Unfortunately much of the other descriptive in~ormation 

concerning the surroundings of the wells was missing and 

this seriously limited the effectiveness of this analysis. 
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Part II 

'!:.._ Comnari.:son of Ground and St~r.f ace Water Quali tv 

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 uncontaminated 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 lli thin 

an aquifer. 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. Tho 

preponderance of this published literature (reviewed in 

this report) concludes that ground water supplies are 

relatively uncontaminated by toxic ~ubstances. 

A vari~ty of federal and state laws and policy 

proposals dealing with toxic oubstanccs in water supplies 

require less monitoring and less treatment of potable 

water from ground water sources than from surf ace 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 ~oncentration of 

toxic substances in the ground and surface waters of New 

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 in 

surface water; and 3) comparison of the nonparametric 

av~rage concentration of each toxic substance in detect­

able ground 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 samples collected throughout 

the state. The surface water data set consists of 320 

grab samples collected throughout the state. Both data 

sets are thought to be representative samples of the 

respective water sources in New Jersey. 

The toxic substances studied in this report ~re 

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 toxic 

contaminants present (Kraybill, 1977). For example, the 

89 toxics identified in a 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-1. The 
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TABLE S-1. SUMMARY OF COHPJ\.RISONS OP TOXICS CONCENTHATIONS 

All 
New Jersey 

Samples 

All 
New Jersey 

Potable 
Water 

Samples 

All 
New ,Jersey 
Nonpotable 

Water 
Samples 

Southern 
New Jersey 

Samples 

Northern 
New JcrBey 

Samples 

IN THE GROUlJD J\ND SURFACE WA'rERS OF NEW 
JERSEY 

Percentage 
Toxics Maximum 

Concentration 
Found In 

Ground Hater 

73 

78 

60 

67 

71 

Percentage 
'I'oxics Hi th 

Probability Of 
Detection No 
Diff ercnt Or 
Greater In 

Ground Water 

60 

67 

69 

71 

65 

Percentage 
'roxics With 
Average 

Detectable 
Concentration 

No Different 
Or Greater In 

Ground i·1ater 

90 

86 

93 

88 

94 
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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 water 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 wa tE.~r; 3. the nonparametric 

average concentration was not significantly different in 

ground and surf ace 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 surf ace 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 tho~e 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 fr6m 0.92 to 0.99. This 

finding indicates that the ground waters of New Jersey are 

not only at least as contaminated with toxics as the 

surface waters, but that the patterns of toxics contamina-

tion are very similar. 

These results lead to the conclusion that the poten-

tial threat to the public health of New Jersey caused by 

the exposure to toxic and carcinogenic substances in water 

is at Jeast as great to that portion of the population 

consuming water from ground water sources as for the 

portion of the population consuming surface water. ~hile 

the precise etiology of cancer is unknown, many researchers 

believe that a single exposure to a high concentration of 

a carcinogen may trigger the processes which lead to 

cancer incidenceJ Because of non-turbulent flow condi­

tions, carcinogens and toxics in ground water are not 
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diluted as they are in surfvcc 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 

s\' ~, dieldrin, chlordane he DDT (includes 

DDE and DDD), lindane, BHC alpha aldrin, endrin, 

heptachlor epoxide, arsenic, beryllium, and seienium 

(National Research Council, 1977; Rohlich, 1978). Most of 

the other toxic substances included in this report have 

not had definitive tests for carcinogenicity. 

G"he 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 

most of these toxics-:;J There is an almost total lack of 

data regarding the potentially synergistic and antagonis-

tic interactions of these aqents with each other and with 
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other environmental agents. The little we know about 

toxic substances synergisms is not promising. Goxic 

organics isolated from Missouri ground water exhibited 

~ strong synergistic effectJ and when ·combined at their 

S-13 

naturally oc~urring 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 cocaLcinogens 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 health 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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PATTERNS OF TOXICS IN NEU JERSEY 

SURPACE WATER 

Data Descrintion: ------------ . ---- Surf ace Water 
·---~~~ 

The surf ace 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 and 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 H.eport 1 of the second 

contract. 

'The surface water data constitutes 2. representative 

sample of the surface uater of New Jer.sey insofar as samples 

fron every county in the state are included in the data set. 

There are more· sa;np1cs from northern Hm'l Jersey tJ'~.an from 

the southern half of t·~1c s1.:ate reflectinq the more nlmcrous 

lakes, la.ri;JC;r rivers, and the much greater use of surface 

waters in the northern portion of New Jersey. 
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The sample sites for the first year's data were 

selected by 208 planniwJ groups. 'rhe Northeast 208 planning 

group selected sample sites in Union, Hudson, Bergen, 

Passaic, Morris, Somerset, and Essex counties. The Monmouth 

208 Planning group selected the sample sites in Monmouth 

County. 'I'ogethc::r these two groups selected 154 sample 

sites. The Program on Environmental Cancer and Tox~c Sub­

stances selected the remaining 44 sample sites in the first 

year's data as either repeat samples or in the vicinity of 

samples already selected. 

The sample ni tes for the second year 1 .s data were-: 

selected by the Program on Environmental Cancer and rroxic 

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. 

The surface water data used in this report was re­

ceived in three distinct sets which have been combine'-1 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 frosh surface water of the 

state that they constitute a distinct population of paten-
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ti al samples. These samples wc~re 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 several changes in 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 

quantify these substances.. Unfortunately this has the 

effect of causing larg-u quantities of missing data to be 

present in the data set and often results in making con-

siderable qua.ntities of potentially useful and interesting 

information unuseable in statistical analyses. 

'rhere have been 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: 

"')C>-" -~~:~~ch_~orobrornomethanc, dichloroethylene (gem) , 

dibromomethane, and t-dichloroethylene. Trifluoromethane 

was included in the first year's data, but was not included 

in the data from the second year. 

Changes have occurred in the analysis of dichloro-

benzene. Under the first year's contract the data contains 

the substance dichlorohenzcne. Under the second year's 

contract the data contains quantities of the o~ m; and p-
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isomers of dichlorobenzene. The o-dichlorobenzene, m­

dichlorobcnzene, and p-dichlorobenzene isomers are retained 

as varici.bles on the data set, but a variable called total 

dichlorobenzcne is created by combining the o-; m1 and p­

isomers to r·1ak:e one rnear.:mre 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 were 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-clibromoethane and 1,1,2,2-tetrachloroethy­

lcne 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-dibrornoethane 

+ 1,1,2,2-tetrachloroethylcnc, in the 142 samples from .the 



second year's data is not includod in this report .. 

Several rneta1s were included in the first year's data 

but are not iucluded in the second year's data. These 

metals include: silver, iron, mercury, manganese, and 

sodium. 

6 

Several standard wa.ter quality variables are included 

in the first year's data, but are not included in the second 

year's data. These include: dissolved oxygen, arrooonia, 

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. Spme of the 

first year's data included as many as 14 PAH's, but this 

data was collected for only a small number of s.arnples. 'l'he 

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 (rroc) is 

included in the surface uater data set. TOC is included in 

the second year's data, but not in the data from the first 

year .. 

'J:'he 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.. r1?l1e heavy chlorina tcd hydrocarbons 



TABLE 1. SURFACE WATER DATA 

I. LIGHT CHLORINATED HYDROCARBONS 

Range of 
Chemical Substance Unit of Number of Number Median Det8 ctable 

Measure Samples Detectable Cone. Concen-
Collected trations 0-0 Min. }12:x: 

l. Fluoroform PPB 142 3 o.o (o.s ~o.s 
2. Methyl Chloride PPB 316 3 O.O 6.0 6.0 
3. Methyl Bronide PPB 316 0 o.o 0.0 O.O 
4. Vinyl Chloride PPB 317 4 O.O 1.0 5.9· 
5. Hethylene C£1loride PPB 316 114 ,.-- o.o 90.0 743.3 
6. Chloroform PPB 317 237 7S <0.8 <0.8 2461.8 -
7. 1,2-Dichloroethane PPB 317 ~ 35 o.o <.1.6 304.9 
8 1 1 1-~r;~rloro0t'n~nc PDB 317 277 ct /2 0 J2 0 22 ~ "' -- I 1 ....i.. ..:... ....i.- "'- J. l-... -.. ...... U..- - \;;::; ..._. l) ' • "'- • • I 

9. Carbon 'Tet:-ac!1lcride PPB 317 267 ~ <o.l .(0.1 20.6 
10. 1, 1, 2-Trichloroethylene PPB 1 73 120 G 9 <o. 3 <. O. 3 4. 7 
11. Dichlorobronoraethane PPB 142 ~ 79 

/ 
(O.l (O.l 2.0 

12. 1,1,2-Trichloroethane PPB 314 42 o.o <l.O 4.4 
13. Dibromochlorornethane PPB 317 81 0.0 ~0.1 8.2 
14. l, 2-Dibronoethane PPB 316 90 0. O < 0 .1 46. 5 
15. 1,1,2,2-Tetrachloroethylene PPB 314 252 ~v o.o <O.l 46.5 
16. Bronoform PPB 313 88 0 .. 0 <.1.0. 3. 7 
17. l,l,2,2-Tetrc:lchloroethane PPB 316 56 o.o <1.0 <l.O 
18. Diicdomethane PPB 316 9 o.o (.0.3 3.2 
19. 'l'otal Dichlorobenzene PPB 318 29 o.o <2.2 30. 7 
20 .. )l'A-Dichlorobenzen·z PPB 1 72 12 0. O < 1. 3 5. 0 
21.~-Dichlorobcnzcne PPB 172 20 0.0 1.3 30.5 
22.~Dichlorobenzene PPB 172 8 O.O 2.2 8.2 
23. Trichlorobenzene PPB 315 24 o.O 2.0 2.2 
24. Dichloroethylene (gem) PPB 97 62 O.O 7.8 489.1 
25. Dibromomethane PPB 97 35 O.O <l.O 3.3 
26.,;C-Dichloroethylene PPB 97 75 10.0 10.0 1307.5 
2 7. Bromodichloroethane PPB 31 2 0 .o < l .O 4. 7 
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TABLE 1. (Continued) 

II. HEAVY CHLORINATED HYDROC~ .. RBONS 

Chemical Substance 
Range of 

Unit of Number of Number of Median Detectable 
Measure Samples Detectable Cone. Concen-

Collected Conccn- trations 
trations Min. Max. 

1. Arochlor 1016 PPB 319 5 0 ~l .O 1.9 

2. Arochlor 1242 PPB 319 10 0 (1.0 117.3 

3. Arochlor 1248 PPB 319 32 0 <:1.0 109.1 

4. Arochlor 1254 PPB 319 57 0 Gl.O 12 7. 0 
~. 

s. o(-nHC-/\lpha PPB 311 82 0 .(1.0 ~l.O 

6. Lindane PPB 311 74 0 <1. 0 4'.l.O 

7. p- BHC g ·•ta PPB 311 182 ~/\ 0 .(.1.0 3.1 

s. Heptachlor PPB 311 63 0 <1.0 5.9 

9. Aldrin PPB 3il 30 0 <l.O <..l .O 

10. Heptachlor Epoxide PPB 311 114 
r ( 

0 .tl.O <1.0 

11. Chlordane PPB 310 148 ,!\ 0 {l.O <l.O 

12. _/Y,~' -DDE ~PB 311 101 ·'?,(... 0 .(l.O u.o 
/ 

13. Dieldrin PPB 311 118 s~ 0 (1.0 ~1.0 

14. Endrin PPB 311 42 0 <..1.0 <l.O 

15. #,pY-DDT PPB 311 45 0 <1.0 (.1.0 

16. _/'P,P-DDD PPB 311 71 0 (l.O 4(.1.0 

l 7. Ptf' -DDT PPB 311 51 0 <.1.0 <.1.0 
lo 0. Hirex PPB 311 19 0 <1.0 ~-0 

19. Ne·thyoxychlor PPB 311 0 0 

20. Toxaphene PPB 310 2 0 <1.0 u.o 



TABLE 1. (Continued) 

III. ffr.'f.\V~.l NETlU..iS 

Chemical Substance 

l. Silver 

2. Arsenic 

< Beryllium _, . 
4. Cadflium 

5. Copper 
,.. 

Chror:riu:m o .. 

7. Iron 

2. !·!ercury 

9. Nanganese 

10. S C(li illU 

11. ::-7ickel 

12. Lead 

13 .. Selenium 
"' A 
.L '""" .. Zinc 

Unit of 
Measure 

PPB 

PPB 

PPB 

PPB 

PPB 

PPB 

PPB 

PPB 

PPB 

PPB 
DD"C{ 
... ~ LJ 

P?B 

PPB 

PPB 

Number of 
Sam.pl es 

Collected 

153 

294 

294 

294 

2$74 

294 

153 

153 

153 

153 

294 

294 

293 

292 

I\T. ?OLYC'.i.7;~11rc P~R01,Li\TIC HYDROC~.RBONS 

Benzo{.;;t.,fyrene PPB 241 1 .... 
2. Perylene PPB 231 

3. Chry.se~-ie 

4. Fluorenthene 

I;PB 

PPn 

161 

270 

Number of 
Detectable 

Concen­
trations 

153 

294 

294 

294 

294 

293 

153 

153 

153 

Hedi an 
Cone. 

0.5 

1.0 

1.0 

1.0 

2.0 

1.0 

145.0 

0.1 

20.0 

153 22,500.0 

294 2.5 

294 2.0 

293 1.0 

292 •) r.: 
,_.:) 

28 o.o 
6 o.o 

24 o.o 
57 o.o 

Range of 
Detectable 

Cone en-
trations 

0 

Min. Max. 

~l.O 2.0 

<l.O 392.0 

<1.0 1.0 

~a.o 6.0 

<l.O 124.0 

~l .O 216.0 

1.0 46,800.0 

'-.1. 0 1.2 

5.0 1,150.0 

2,000.0 229,000 .. C 

2.0 36.0 

.(1.0 86.0 

{1.0 7.0 

2.5 420.0 

<.1.0 2,790.0 

<1.0 5 ? . .... 
.( 1. 0 9 .. 9 

(1.0 4.7 



TABLE 1. (Continued) 

V. S':22\.I:JDARD HATER QUALITY PARANETERS 

Chemical Substance 

1. Dissolved Oxygen 

2. .EHl-N (Ar.unonia) 
3 

3. Organic Nitrogen 

4. P°./ ""'T ( .,\..,.~ ~ +- ) \ -1··~ ~~ ..L l...r ~ fwe 

:'.). .J.! -.L-J .L·' i --r fl ._e l-,TOf 1'.- { ~.,. • .,._ 4- ) 

c p~ ,_~ - , .._ 
\.). -'0 -.i:' nOSJ.)fla L-C 

7. SOC-Sulfate 
I./ 

8. lilkalini ty 

9. Chloride 

10. I? l uo.!:' idc 

11. Cya:::ide 

12 .. Lu£ -D 8 tc::..- gent 

13. Dissolved SoliC~s 

1 11 ..L-::. ~?ecal Colifo::ns 

15. ~;2 ter 1:1G::'1per a ture 

16 .. •-rH-
l "7 
- I• Total O:cganic 

Cc.rbca 

Unit of 
Heasure 

PPM 

PPM 

PPM 

PPM 

PPH 

PP!·i 

Pl?'l-1 

PPH 

PP:M 

PPH 

PP~'1 

PPH 

PP!-I 

.IL/., 0-1 ~n' ·j-r ...L l: .i.\!...W 

co 

1-14 

PPB 

Number of 
Samples 

Collected 

175 

177 

176 

177 

178 

177 

177 

167 

153 

153 

154 

153 

l54 

150 

292 

304 

141 

Number of 
Det.ectable 

Concen­
trations 

174 

128 

166 

169 

80 

120 

175 

164 

153 

135 

. 14 

79 

154 

133 

292 

304 

141 

Median 
Cone. 

8.0 

o.o 
0.3 

0.2 

0 .. o 
o.o 

21.7 

72.0 

37 .. 0 

0.3 

o.o 
o.o 

25G.O 

o"o 
22.0 

6.8 

425.0 

10 

Range of 
Detectable 

Concen­
trations 

Min. Max. 

1.8 16.4 

<1.0 21 .. 5 

~l.O 8.6 

<1.0 2.8 

<.1.0 15.6 

<.l.O 1.2 

2.0 5 I 90 C1. 0 

2.4 232.0 

<1.0 230.0 

<1.0 
,.... ,.., , / 
..£~. -

<1.0 ~l.O 

41.0 <1.0 
- ,...,., 

l.. -"" 80/~. c 
<.l.O 56,000.0 

4.0 35.0 

1.9 9.4 

300.0 68,500.0 
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include 20 relatively p(~r:::d.stcmt org<"rnic comJ;:>ounds. The 

heavy metals include 14 metallic substances grouped for 

convenience under this heading. The polycyclic aromatic 

hydrocarbons include 4 related organic substci.nce:s. The 

standard \·vater quality pararnc::ters include 1 7 non-toxic 

substances or measurements used to determine water quality. 

Tab1e 1 reflects the changes made in the chemical sub­

stances included in the sample analyses during· the two 

years the project has been in exi.stence. The number of 

samples analysed for ea.ch substance varies widelye 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 

missing. 'rhe 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 

year of data collection some seasonal and monthly samples 

are being collected. These series of samples at the same 

locations collected over a period of time will become very 

important becau:se they will reveal the average composition 

of toxics in the surface ·water of the locations sampled ... 

There are presently in.sufficient time series data to attempt 

an analysis of average concentrations or trends. 
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Analvsis of the Surface Water Dnta 

The median value reported and the range of detectable 

concentrations give som(~ indication of the severely right 

skewed frequency distributions of most of these substances. 

'fhe standard water quality variables are approximately 

normal in their distributions, but all of the toxics are 

s~ewed. While all of the toxics are 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 frequency distributions of 

the to::dc substances in the surface water data limit the 

statistical analyses which may be employed. The data does 

not support the underlying assumptions of the w·hole 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~ 

are slightly less powerful than the equivalent parametric 

procedure and tend to underestimate any statistical associ­

ations present in the data. 
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Surfc:1ce Water Correlation l\nalv:.=>is ----& ....... _. ·-
One of the goals of this report is to investigate the 

intercorrelations among the chemical substances and '·1ater 

quality measurements included as variables 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. 

Mo.st o·f the highest corrE.'lations occur betHeen sub-

stances Hi thin. the same chr::r.dcal category: light chlorin-

atcd hydrocarbons, heavy chlorinated hydrocarbons, heavy 

metals, polycyclic aromatic hydrocarbons and standard water 

quality parameters.. w·hile some high correlation coeffi-

cients are found between substances in different chemical 

categories, they are generally not as prevalent, nor as 

high. Only correlation coefficients ·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 containin~J one of these 

substances is very likely to contain the othen:;, and that 

in those samples in which the concentri1t.ion of one of these 

substa.nccs is hi9h, the others are likely to be high.. 'rhe 

magnitude of the correlation coefficients is surprisingly 

high given the trace levels of the substances and the non-

parametric statistical correlation procedure. The high 



'11!\BLE 2 

1. Methylene Chloride 
~. Ch.1.oroforLt 
3. l,2-Dich1oroei::hane 
4~ 1,1,-Trichloroc~hane 
5. Carbon Tetrachloride 
G. 1, 1, 2-T_c ichloroc UJylenc 
7.. Dichlo:-co~::.rorac1K: tb.ane 
8. l,l,2-~richlorocthane 
9. Dibrcmoc.hlorme thn.ne 

10" 1, 2-Dib:romoc:~ L}1 ane 
11 ~ l, 1, 2, 2-'I1 et::~2.chl0roethylQne 

l 

.31 

.26 

12. Dromoforrn. • 21 
13. 1,1,2,2-Tetrachlorocthane 
14. Dich1oroc.,th~l1c:ne ~em) 
15. Dibrorao~nethanc 
16. Jt;.nichlorocthylene 
17. l\rochlor 124'3 
18. Arochlor 1254 
19 ~m:rc-A3.•Jlu.~;; 
20. Lind2nc 
21.fi BHC-S:rk Ld' 
22. ·IIcpt.achlor 
23. Heptachlor Epoxide 
211. Chlordane 
25. o,p'-DDE 
26. Dieldrin 
27 .. 
23. 
29 .. 
-. (1 .:s \..• • 
31. 

Enorin 
o ,p' -DJYI' 
p,p'-DDD 
p ,p I -DDr_p 
Silver 

32 .. ,~rsenic 

33. Beryllium 
34. C2.dmium 
35. Copper 
36. Chromium 
37 .. Iron 
38. Mercury 
39. Manganese 
40. Socliufft 
41. Hick.el 
4/.. Load 
43 .. Selenium 
44 .. Zinc 

-.32 
.,41 

.53 

.33 

.38 

.37 

.34 

.26 

.30 

.28 

.36 
• 71 
.67 

.36 

.28 
• 72 

.31 

.32 

• ~.2 

.36 

.29 

.38 

.40 

.38 

.41 

.38 

.38 

.30 

3 

.26 

.29 

.27 

.. 20 

.40 

.26 
-.40 
-.34 

.30 

14 

1onlv those correlat:ion cocffic-i.c·nts r:innificant c:it the 0.001 
J > ~. J- ] - . '\ • . 1 1 ,., ..... , i '"' ·-1-. ·i '. ':• -·· J--. "] ,-, c •' 1 -!- • f i- . . t .CVL - d.LC J.llC .. lA'-....CCi. -·-U t:..L1 . ._. _,_,,.,1 .. .,... 01·1.·c .(1 C.l.0!1 coe. ~1.Cl.C!l"l ··s 

calculated using ~;}Jt:<)rman•;.3 :.(z-tnk. C1..)r1~c!lat.i_o11 procedure .. 

5 

.41 

.35 

.24 

.30 

.31 

.29 



'rABLE 2 SURFACE HArfER COH.RELl\'.rION MATRIX
1 (Continued) 

45. 
46. 
4 7. 
48. 
49. 
50. 
51. 
52 .. 
53e 
54. 
55. 
56. 
5 7 .. 
58. 
59. 
60. 
61. 
62. 

l 

Tot~l Organic Carbon 
Benzo.(7'A..)-j>·y·J:-ene F~~e. , 
P1.rnthcnc < -~~ -.22 
Dissolved Oxygen 
IIIJ{-N (An:rnonia) 
O~qanic Nitrogen 
l :f(J' i. _ .. i (~Ji tr ··1 ., .• ;,) • 'g' ~ ~ l.' -·- - c L 1.-

rf Q l..l' - J'J (Hi tr i ... u.d 
Pfft-P J:. OS p11 a tcc: 
SO:.t:-Sulfate 
Al'1:::::Llini ty 
ChJ.oridc 
PJ.xi.oride 
Las-De tergc:m t 
Dissolved Solids 
Fecal Co1iforms 
Nater Temperature 

'H (fft} 

2 3 4 -
.41 

.36 

.34 

.. 42 

.42 

.. 28 

.. 32 -.31 .37 

.32 
~ 

.29 .32 

15 

1only those correlation coefficients significant at the 0.001 
level are included in this ·Table. Correlation coeffj.cients 
calculated using Spearman's Rank Correlation procedure. 

5 



Tl'...BLE 2 : SURE'ACg WA'I1ER COHRBLN1.1ION. NA'l'RIXl 

1. Methylene Chloride 
2. Chloroform 
3. 1,2-Dichlorocthane 
4. l, l·-Trichlorocthane 
5. Carbon Tetrachloride 
6. l, 1, 2~·'11 r ic11loroe thylE!ne 
7. Dichlorobronomethane 
:3. 1, 1, 2-A.L1richloroe thane 
9. Dib:corn.ochloT FlC t.:.hane 

10. l, 2-Dibr\)moc:thanc 
11. l, l, 2, 2-rretrachloroethy1ene 
12. Brornoforrr1 
13. J, 1, :·i., 2-Tctrc:.chlorocthc1ne 

14. D~~~l~~~~~~~l~ne i~em) 
15. D .1.i.).L OL:Ol•l'- l .. h c ... n1.:. 
16. ~Dichloroe:thylene 
17. Arochlor 1248 
18. A.rochlor 1254 
19 ~-BHC-Alpho. 
20. Lindane 

21.t~l~~ -i~~d~e 
22. Ltcptc:chlor 
23. Heptachlor Epoxide 
24. Chlordane 
25. o,p'-DDE 
26. Dicldrin 
27. Endr:Ln 
28. 0 Ip' -D1Yi' 
29. p,p 1 -DDD 
30. p 1 p 1 -DDT 
31. Silver 
32. ArsE:;nic 
33. neryllium 

6 

.34 

.37 

.31 

.45 

34. Cadmium -.22 
35. Copper 
36. Chromium 
37. Iron .46 
38. l·h~rcury 
39. llan9anese 
40. Sodium 
41. Hicl:.el 
42. I.Jead 
43. Sclc.=!nium 
44. Zinc 

7 

.31 

.40 

16 

8 9 

.37 

.40 

.27 
.27 

.. 42 

.46 

-.27 
-.25 

.44 

-.25 

1c)nl.v thone corr(•lation coefftcifmt.s siqn:tficant at the 0.001 
lev~d. arn lncludc~d in thif3 'ral)le. Cori·c~l :1U.on coefficients 
calculatc•d '~n:inq ~·;pc'~tr'n•m 'tJ Ranl:. Co:n:""cd.atj_on procedure. 

10 

.32 



,·;URF'l\CE WATER COHHEJ..A~PIOH l1J\.TRIX
1 

(Continued) 

. 1 , (fClnic Car1)on 
.-Pyren':= 

'l.1. oxyc;:ren 
\''.lmon.i. a) 
Nitroqc-n 

< L tr a t~.c:) 
·: 1 trite) 
··)h<~te 

_.,te 
't.y 

~-·0en t 
·.l Solids 
· l.iforms 
-_;perat.ure 

6 7 8 9 

.27 

.31 

.28 

.41 

.46 

.33 

.41 

17 

=orrelation coefficients significan~ at the 0.001 
~eluded in this Table. Correlation coefficients 
~sing Spearman's Rank Correlation procedure. 

10 
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rrl\.BI..B 2 SlJH.Pl\.CE ~J/\ 1l1ER CORREI..1ATIOiT MP rrPI"'"l 4 _,,_. A 

11 12 13 14 

l. HethyJene Chloride .21 
2. Chloy·oform .36 
3 .. 1,2-Dichloroethane 
4. l, l-r.I1richlor0Gthar10 .40 ,. 
:>. Carbon Tc~trachloride .35 
6. 1,1,2-Trichloroethylene 
7. Dichlorobromo~ethane 
8. 1,1,2-Trichloroethane .31 
9. Dibromochlormethanc .42 

10 .. 1, 2-·Dibrorno(;·Lb.aJ1(~ .32 
lL. 1, 1, 2 I 2•#'h:!'\:::rac.hlo_r. Oe chylene 
12~ Bromoforra 
13. 1,1,2,2-Tctrachlo~oethane 
14. Dichloroethylenc f-qc:m) 
15 .. Dibrornomo t£1a.ne 
16 .. ;/f;.Dichl or oe thy lcn.·2 
17. Arochlor 1248 
18. Arochlor 1254 
1 o .cl;B~~-.~.. 1 4 ·- _-,, .. li C ~ .1.. p I ct 

20. Lind.ane 
21., BI-IC-'Ja 'iA ta .26 
22. Hcptachlor 
23. Hc~pt.achlor Epoxide 
24:. Chlorcl.an~e .. 27 
25. o,p'-DDE 
26. Dielclrin. 
2 7. 1,1 .. • l.'.inarJ_n 
28. 0 ,p I -DD'J~ 
29. p,p'-DDD 
30. p,p'-DDT 
31. Si1ver 
32. Arsenic 
33. Beryllium .40 
34. Ca.dru.ium .37 
35. Copper .39 
36. Chromium .33 
3 7. Iron 
38 ... J:•iercury 
39"' J.1an9anese • 71 
40. Sodium .38 .43 
41. Nick.el .34 
42. Lead .36 .32 
43. Selenium e38 
44. Zinc 

1only those correlation coefficients significant at the 0.001 
J.evc.l are included in this Table. Correlation coefficients 
calculated using Spcarman's Rank Correlation procedure. 

1 r· - :.> 

.33 



TABLE 2 SURF1'-,.CE W':.1'i·;R COIU~ELATION. MA'fRIX
1 (Continued) 

45. Total Organic Carbon 
46. Benzo-A-Pyrcne 
117. F lrn thenc <:::: -~ 
48. Dissolved Oxygen 
4 9. NIIJ!-N. ( A.mr~oni a) 
50. Organic Nitrogen 
51. NOf-H (Hi trat:c} 
52. i:oi-H (Hi trite) 
!.)3. P04!-Phosphatc 
54 .. SO~Sulfate 
55. l-\J~·:;:a1ini ·cy 
56. Chloride 
5 7. Flv.or ide 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliforms 
61. Water •remperature 
62. fH 

11 

.29 

.2B 

.36 

~44 
.41 

.33 

.33 

12 13 14 

-.22 
-.51 

.54 

-.24 

19 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spearman•s Rank Correlation pr6cedure~ 

15 
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'I'ABLE 2 

lG 17 18 19 20 -
1. Methylene Chloride 
2. Chloroform 
3. 1,2-Dichloroethanc 
4. 1,1-Trichlorocthanc -.45 
5 .. Caxbon Tetrachloride 
6. l, l, 2-·Trichloroethylene 
7. Dichlorobromornethane 
8. 1,1,2-Trichloroethane 
9. DibromochlormethanG 

10. 1, 2-Dibrorrtoethanc 
11. l, 1, 2, 2-Tct.rachloroethylene 
12. Bromoform 
13. 1 1 2 ? '110tr-chJ o~e'"haN• -· ' ' ' - - .. .. a - . . . ~, " . 

14. D~~~l~r~e~~~l:ne cm) 
15. D l.D.1. o~.-01;1c~ t,.1,_ne 

16.Jl::':-Dichloroethylene 
17. Arochlor 1243 -.31 
l'' o. Arochlor 1254 -.38 -.41 
19 d_-BHC-Alph-a -.28 
20. J~indane 
21-(j,..BHC ~e-t:e. -.,31 -.41 .32 
22. Heptachlor 
23. Heptachlor Epoxide - .. 24 .. 2 7 
24 .. Chlordane -.24 -.36 .30 
25. o,p'-DDE -.27 .26 
26. Dieldrin -.23 -.32 .27 
2 7. Endrin 
28. o,p'-DDT 
29. p,p 1 -DDD -.22 .24 
30. p,p'-DDT e23 
31. Silver 
32. Arsenic -.31 
33. Beryllium -.30 -.47 .41 
34. Cadmium -.29 -.41 .39 
35. Coppe:c 
36. Chromium 
3 7. Iron -.38 
38. liercury -.38 
39. :Manganese 
40. Sodium 
41. Niel:. cl 
42. Lead 
43. Selenium -.30 -.37 .45 
44. /35.nc 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spearman's Rank Correlation procedure. 

.25 

.21 

.35 

.34 

.38 
~37 
.25 
.27 
.25 



SUIU'.2\CE HNrER cor-mELA'rro:n· I~i\TRIX 1 {Continued) 

45. Total Organic Carbon 
46. Benzof!::-.+l!>!renc 
47. Fl:cnti1ch~-- · 
4.-U. 
L} ~). 

50. 
51. 
~) 2. 
~) 3. 
54. 
55. 
t- r..-· 
~) 0. 

DissoJvcd Oxygen 
·s::ff!.f-n (J\1nmonia) 
Orc5an ic n i tx-o~ren 
imj!-i:r (Nitrate) 
HOZ.-N (Hi tr 5. te) 
n ~-,~i .. o<•··· "··· ~ -~-,..... .1." f..J"'..: ..t .!. J - , ) J-.) ~ l C-l. L.. r._:; 

<:-Ou.._··· r~ • 1 'L . .-:: a ·tr, IJ -~ ,__, L.. • J_ ~ 

-· i'f_ . 1 i . . ... , A .. ka. ___ 111 cy 
Chloride 

5 7. P 1 uoric1.c 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliforms 
61 .. Water 'I1emperature 
62. fH 

16 17 18 19 

-.23 

.26 

-.19 

21 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calcu1ated using Spearman's Rank Correlation procedure. 

20 



TABLE 2 

1. llcthylene Chloride 
2. Chloroform 
3. 1, 2~·Dichloroethane 
4. 1, 1-Tr3~chloroethanc 
5. C2rbon T2tracbloride 
6. 1,1 1 2-Trichloroethylcne 
7. Dichlo-co~()ronomc ·thane 
8. 1, 1, 2-Tricl,_] oroethanc:~ 
9... Dib;-:-omochlo:cn(~thane 

10. 1,2-Dibromoethane 
11. 1,1,2,2-~etrachlorocthylene 

21 

.53 

12. Bromoform .26 
13. 1,1,2,2-Tetrachloroethanc 
14. Dj_ch1oroethylene -Gem 
15. Dibronor:lCthane 
16. T-Dichloroethylene 
17. Arochlor 1248 

22 23 24 25 -
.33 .33 .38 .37 

.27 

-.24 -.24 
18. Arochlor 1254 -.36 -·. 2 7 
19. m-rC-l-ilpha 
20. Li:ndane 
21. BIIC-Bet.a 
22. Heptachlor 
23. Heptachlor Epoxide 
24. Chlordane 
25. o ,):) '·-DD:S 
26. Dieldrin. 
27. Endrin 
28. o,p'-DDT 
29. p,p'-DDD 
30. p,p'-DDT 
31. Silver 
32. Arsenic 
33. Bm::-yllium 
34. Cadmium 
35. Co~_per 
36. ChrorJ.ium 
37. Iron 
38. 1'.J:(:-~}:-cury 

39. Nanqanese 
40. Sod_~_ ur:1 
4L. Nickel 
42. Lead 
43. Selenium 
44. Zinc 

.32 

.35 

.53 

.39 

.42 

.31 

.34 

.33 

.36 

.62 

.58 

.23 

.49 

.40 

.20 

.62 

.25 

.22 

.26 

.22 

.23 

-.27 
.21 
.35 

.34 

.40 

.40 

.22 

.30 

.31 

.28 

.29 

.26 

.25 

.34 

.30 

.35 

.53 

.22 

.34 

.53 

.56 

.39 

.38 

.49 

.32 

.23 

.·4 7 

.43 

.53 

1only tho~Je correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spcaniian 1 s Rank Correla.t.ion procedure. 

.26 

.34 

.39 

.26 

.. 40 

.53 

.61 

.45 

.4G 

.52 

.51 

.22 

.39 

.37 

.44 



Tl\.DI.E 2 SURFl\CE WA'EER CORH.ELATIOJl M1Vl'RIX
1 

(Con tinuec1) 

45. Total Organic Carbon 
46. Benzo-j\-Pyrene 
4 7. Flrn thene 
48. Dissolved Oxygen 
49. IB13-N {Ammonia) 
50. Organic Nitro9en 
51. N03-N (Nitrate) 
52. NO~-N {Nitrite) 
53. P04-Phospha~e 
54 .. S04-Sulf:atc~ 

55. A1ka.lini ty 
56. Chloride 
57 .. Fluoride 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliforms 
61. Water Temperature 
62. PH 

21 22 /. 3 ?.4 

.37 

23 

- .. 26 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spearman's Rank Correlation procedure. 



TADLE 2 

1. Methylene Chloride 
2 .. Chloroform 
3. 1,2-Dichloroethane 
4. 1,1-Trichloroethane 
5. Carbon Tetrachloride 
6. 1 1 l, 2-1'r ichloroetbylene 
7. Dichlor.obromorne th~nc:: 
8. 1,1,2-Trichloroethane 
9. Dibromochlormcthanc 

10. 1,2-Dibromoethane 
11. l,l,2,2-Tctrachl.oro8thylene 
12. Bromoform 
13. 1,1,2,2-Tetrachloroethane 
14. Dichloroethylene -Get11 

15. Dibromomethane 
16. T-Dichloroethylene 
1 7. l'>.rochlor 1248 
18. Arochlor 1254 
19., BHC-Alpha 
20. Lindane 
21. BHC-Beta 
22. Heptachlor 
23. Heptachlor Epoxide 
24. Chlordane 
25. 0 1 p 1 -DDE 
26 .. Dieldrin 
27. Endrin 
28. o,p'-DDT 
29. p,p'-DDD 
30. p ,p I -DD'l1 

31. Silver 
32. Arsenic 
33. Beryllium 
34. Cadmium 
35. Copper 
36. Chromium 
3 7. Iron 
38. Nercury 
39. Manganese 
40. ~)odium 

41. Hjckel 
42. Lead 
43. Selenium 
44. Zinc 

26 

.34 

-.23 
-.32 

.27 

.38 

.42 

.22 

.40 

.56 

.61 

.45 

.48 

.55 

.42 

.39 

.36 

.44 

27 

.37 

• ?.2 
.39 
.45 
.45 

.54 

.41 

.4G 

20 

.26 

.25 

.31 

• 30 
.38 
.46 
.48 
.54 

.62 

.69 

.21 

29 

.30 

.24 

.27 

.34 

.31 

.49 

.52 

.55 

.41 

.-62 

.64 

.34 

.32 

.38 

24 

1only those correlation coefficients significant at the 0.001 
level arc included in this 'P;Jb1e. Correlation coefficients 
calculated usin9 Spe:arr;1an' s Hank Correla t.ion procedure. 

30 

.28 

.. 23 

.25 

.33 

.23 

.28 

.32 

.51 

.42 

.46 

.. 69 

.64 

• 30 
.28 

.33 



'I'ABLE 2 : SURFACE WATER COR1U:L?\'.rION I·ll\~r1ux 1 (Continued) 

45. '?c:tol Organic Carbon 
46. Benzo-l\.-Pyrcne 
4 7. F 1rn th(:ne 
48. Dis.solved Oxygen 
49. NTI3-n (.Ammonia) 
50. Orqanic Nitroqcn 
51. ROj-N (Nitrat~) 
52~ N02-N (Nitrite) 
53. P04-Phosphate 
54. S04~~~~ulfate 

55. Alkal:i.ni ty 
56. Chloride 
57. Fluoride 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliforms 
61.. water rr(~mper a ture 
62. PH 

7.6 27 28 29 

-. 30 

.30 

25 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation cqefficients 
calculated using Spearman's Rank Correlation procedure. 

30 



, .. lJ·~, r.tl CJ., ·-J"t\ r--'-'R co1-:ip ~-r ··1 rnro11 1 ·1' rr 1.'I"""' l ._) .i u.• l. .:.. '' n .. 1. t... '" ... A:,_ .;h. ~ . ,: ·l:. ~ J '- ••. A 

l. l·1cthy1enc Chlo:d c"tc: 
2. Chloro:f orm 
3. l,2-Dich1oroethanc 
4. l, 1-'I1:r ichloroE: tb;::'.nc 
5. Carbon 1I'etr.achlor id(-:'! 
6. l, l, 2-Trichlo:r·octhylcnE.~ 
7. DichJ.orobromornethane 
8. l, l, 2- 1C:r i. ch lo:coe thane 
9. Dibrorn.'JchJ.cn::·2 tharw 

10" 1, 2-Dj_bromoet:hane 
11.. J , 1, 2 , 7.-'I'c. b:- achl o:r.or;.~ thylene 
12. Brom.o:f:orm 
13. l,1,2,2-~etrachloroe~1ane 
14. Dichloroethylene -Gem 
15 .. Dibror:i.omethane 
16. T-Dichlorosthylene 
17. Arochlor 1248 
18. Arochlor 1254 
19. BHC-Alph3. 
20. LindarF) 
21. BI-IC·-Beta 
22. Heptach1or 
23. Heptachlor Epoxide 
24. Chlordane 
25. o,p'-DDE 
26 .. Dieldrin 
27. Endrin 
28. o ,p' -D1Yi1 
2 9. p Ip I -~DDD 
30. p,p'-DDT 
31. Silver 
32. Arsenic 

31 

33¢ Beryllium .72 
346 Cadmium .64 
35. Copper 
36. Chromi rn11 
37. Iron 
38. Mercury .32 
3 9. J.~ang anese 
40. Sodium 
41. Hickel 
42. Lead 
43. Selenium 
44. j~inc 

.36 

-.31 

.36 

.23 

.24 

.47 

.46 

.34 

.43 

.40 

.39 

33 

.41 

.38 

.29 

.. 30 

-.27 

.40 

-. 30 
-.47 

.41 

.62 

.29 

.47 

.39 

.39 

.34 

.30 
• 72 
.47 

.96 

.29 

.40 

.39 

.34 

.88 

34 

.67 

.40 

.27 

.31 

-.25 

.37 
-.22 

-.29 
-.41 

.39 

.58 

.26 

.43 

.37 

.36 

.32 

.28 

.64 

.46 

.96 

.32 

.42 

.31 

.36 

.. 84 

26 

1only those correlation coefficients significant at the 0.001 
level arP included in this Table. Correlation coefficients 
calculated using Spcarman's Rank Correlation procedure. 

35 

.36 

.38 

.25 

.39 

.34 

.29 

.33 

.40 

.34 

.39 

.54 

.23 

.40 



TABLE 2 : SURFACE 'dATEH. CORRELl\TIOI:J I·IA1l"RIX
1 

(Continued) 

45. Total Organic Carbon 
46. Benzo-A-Pyrene 
4 7.. F lrn i.~hcn.c 
48. Dissolved Oxygen 
49. NH3-N (.l\.mrnoni a) 
50. Organic Nitrogen 
51. N03-N (Nitrate) 
52. N02-N (Nitrite) 
53. P04-Phosphate 
54. S04-Sulf ate 
55. hlkalini ty 
56. Chloride· 
57 •. Fluoride 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliforms 
61. Water Temperature 
62. PH 

31 32 33 34 

• 60 
-.33 -.31 

.37 ~ 29· 

.31 

.52 .56 .51 

-· .42 -.34 

.37 

27 

1only those correlation coefficients significant at the 0.001 
level are included in this 11 21.ble. Correlation coefficiEmts 
calculated using Spearman•s Rank Correlation procedure. 

35 

.39 

.31 

.35 

.34 



Ti\BLE 2 

J. Methylene Chloride 
2. Chloroform 
3. 1,2-Dichloroethane 
4~ 1,1-Trichloroethane 
5. Carbon Tetrachloride 
6. 1,1,2-Trichlorocthylene 
7. Dichlorobromo1!1c~th2me 
8. 1, 1, 2-rrr ich loroe Uiane 
9. Dibromochlormcthnne 

10.. 1, 2-Dibrornoe th anc 

36 

.36 

.41 

.26 

11 >I' l, 1, 2, 2-'X'etrach1oroethylene • 33 
12. Bromoforrn 
13~ 1,1,2,2-Tetrachloroethane 
14. Dichloroethy1ene -~Gem 
15. Dibromornethane 
16. T-0ichloroethylene 
17. Arochlor 1248 
18. Arochlor 1254 
19~ BHC-Alpha 
20. Lindane 
21. BHC-Beta 
22. Hepta~hlor 
23. Heptachlor Epoxide 
24. Chlordane 
25~ o,p'-DDE 
2C. Dic-?ldrin 
27. Endrin 
28. o,p'-DDT 
29. p,p'-DDD 
30. p, p • -DD'r 
31. Silver 
32. Arsenic 
33. Herylliurn 
34. Cadmium 
35. Copper 
36. Chromium 
3 7. Iron 
38. llcrcury 
3 9. }lQns a11ese 
40 .. Sodium 
41. Nick.el 
42. Lc~ad 

43. Selenium 

.23 

.25 

.43 

.40 

.42 

.40 

.37 

.53 

.27 

.54 

.36 

.. 40 

37 

-.40 

-.39 

.49 

.28 

.43 

.27 

.30 

38 

-.34 

- .. 38 

.32 

.39 

.43 

39 

.34 

.37 

.43 

.48 

28 

l ] · l. 1 t • fr• • t • • f • t l. Q 00 J On .y t11ose corre a -ion coe :ricJ.en s signi ::Lean at b1e • .. 
level arc included in this 'J'i.tblc. CorrcL:1tion coefficients 
calculated using Dpearman's R.ank Correlation procedure. 

40 

.38 

.44 

.38 

.39 

.53 

.43 

.46 

.28 



'rADLE 2 : SURFACE WNrJ:.:H. COR!lf'..:Lb.TION }1Ti.1I1R.IX
1 

(Continued) 

45. Total Organic Carbon 
46. Bcnzo~~-Pyrcne 
4 7. F lrn the:ne 
48. Dissolved Oxygen 
49. NH3···1'1' {1\;:trnonia) 
50. Organic Nitrogen 
51., t!03-·N (Ni trc.i t(~) 
52~ N02-N (Nitrite) 
53. P04-Phosphnte 
54.. S0,1-S nJ f c~ t.e 
55 .. 1\.1.k.3.lini ty 
56. Chloride 
57. Fluoride 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliforms 
61. '~later Temperature 
6 2. r~·-1 

36 

.45 
• '-1 .. 7 
.42 
.42 
.52 
.51 

.35 

.41 

37 

-.44 
.47 

.27 

• 2 '7 
-.40 

38 

.3G 

-.34 

.48 

39 

.34 

.41 

.41 

.31 

.33 

.30 

29 

1only those correlation coefficientB significant at the 0.001 
level a.re inc1ud2d in thiD Table.. Corre:J.ation coefficients 
calculated using Spearrnnn's n.ank Correlation procedure. 

40 

.53 

.so 

.54 

.53 

.44 

.64 
• 76 

.42 

.58 



'J~.i\BLE 2 

41 

1. Mc~ thylene C11lor idc 
2. Chloroform 
3. 1, 2~-Dich loroe thane 
4. 1, l-'1.'richlorocthane 
5. Carbon Tetrachloride 
6. 1,1,2-Trichloroethylene 
7. Dic.1.1 lorobromorne thane 
8. 1,1,2-Trichloroethane 
9. Dibromochlormothane 

10. l,2-Dibromo0th2ne 
11. 1,1,2,2-Tetrachloroethylene .34 
12. Brornoform 
13~ 1,1,2,2-Tetrachloroethane 
14. Dichloroethylene -Gem 
15. Dibromomethane 
16. T-Dichloroethylene 
17~ Arochlor 1248 
18. Arochlor 1254 
19. BHC-Alpha 
20. Lindane 
21. BHC-Beta 
22. Heptachlor 
23. Heptachlor Epoxide 
24. Chlordane 
25. o,p•-nm:; 
26. Dieldrin 
27. Endrin 
2 s • o , p • -D1Yr 
29. p,p'-DDD 
30. p,p'-DDT 
31. Silver 
32. Arsenic 
33. Beryllium 
34. Cadmium 
35. Copper 
36. Chromium .27 
37. Iron 
38. Mercury 
39 • .Manganese 
40. Sodium 
41. Nicl:el 
42. Lead .22 
43 .. Selenium 
44. Zinc .31 

42 

.28 

.3B 

.30 

.32 

.36 

.40 

.34 

.36 

.54 

.54 

.48 

.4G 

.29 
• 4[3 

43 

• 72 
.30 

.29 

-.25 

.38 

-.30 
-.37 

.45 

.62 

.34 

.53 

.44 

.44 

.38 

.33 

.39 

.88 

.84 

.36 

.29 

44 

.23 

.40 

.40 

.30 

.. 28 

.31 

.48 

30 

1only those correlation coefficients significant at the 0.001 
level are included in this ~:'able. Correlation coe:f:ticicnts 
calculated using Spcarman 1 s Rank Correlation procedure. 



SURFACE tvA'I1EH COHRELA'l1ION ltn ... 'rRDCl (Con i.:inucd) 

45. Total Organic Carbon 
46. Ben?.o·-A-Pyrcne 
47. Flrnthcne 
48. Dissolved Oxygen 
49. NH3-N (Amn1onia) 
50. Organic Nitrogen 
51. B03-N (Nitrate) 
52. N02-N (Nitrite) 
53. P04-Phosphate 
54. S04-Su.1 f aJ:e 
55 .. Alkalinity 
55. Chloride 
~>7. :F'luoride 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliforms 
61. Nater Temperature 
62 .. PH 

41 42 

.36 

.41 

.39 

.44 

.34 

.27 

.42 

.. 44 

.so 

.35 

43 44 

-.28 
-. 30 

.30 

31 

1only those correlation coefficients significant at the 0.001 
level are included in this 1rable. Correlation eoefficients 
calculated using Spearman' r_; RanJ;: Correlation procedure .. 

tl5 



Tl:.TILE 2 SURF'ACE HATEH. CORRE:I,j\~f1ION M2\TRIX
1 

1. 1.1cthy1.cnc Chloride 
2 .. Chloroform 
3. 1,2-Dichlorocthane 
4. 1,1-Trichloroethane 
5. Carbon Tetrachloride 
6. 1, 1, 2-'l'richJo.roc thylene 
7. Dichlorobrm;1omcthanc 
8. 1, 1, 2-rrrichloroethane 
9. D:Lbromochlonl1ethan<:~ 

10. 1,2-Dibronoethane 
11. 1 6 1,2,2-Tetrachloroethylene 
12 .. Bromoforrn 
13. 1,1,2,2-Tetrachloroethane 
14. Dichloroethylcne -Gem 
15. Dibromomethane 
16. rr-Dichloroc-; thylene 
17. Arochlor 1248 
18. Arochlor 1254 
lS. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
2 7. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
3 7. 
38. 
39. 
40. 
41. 
42 .. 
43. 
44. 

BHC-.'.:\lpha 
L::indane 
DHC-Beta 
Heptachlor 
Heptachlor Epoxide 
Chlordane 
o,p'-DDE 
n i;;~.ldr in 
Endrin 
o,p'-DDT 
p,p 1 -DDD 
p ,p' -DDrr 
Silver 
Arsenic 
Beryllium 
Cadmium 
Copper 
Chromium 
Iron 
Nercury 
l\Ianganese 
Sodium 
Niclcel 
Lead 
Selenium 
Zinc 

46 47 

.. 41 

-.26 
- .. 30 

.60 

-.33 
-.31 

.36 

48 

.33 

-.42 

-.44 

49 

.36 

.29 

.43 

.47 

.34 

.53 

.36 

.30 

32 

1 1 1 1 ° ff 0 0 1 0 0 

L' ' 0 001 On y t1ose corrc. ation coe-· ic1en~s s1gn1£1cant at tne • 
level are included in this Table,. Correlation coefficients 
calculated using Spearrnan's Rank Correlation procedure. 

50 

.41 
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TllBLE 2 SURFACE WATER CORRELATION MATRIX! (Contin0ed) 

4G 47 4g 49 

45. rrotal Or~ranic Carbon 
46. Benzo-A-Pyrene 
4 7. Flrnthcmc 
48. Dissolved ox:/gen -.51 
49. NH3-N (Ammonia) -.51 
50. Organic Hi trogcm 
51.. N03-N (Hi tr a.tr::) .51 
52. H02-l\f (nitrite) .40 -.?.5 .52 
53. P04-J?hosp'ba te .55 
54. S04-Su1f aLe -. 34 .35 
55 .. l'llkalini t~/ -.43 .38 
56. Chloride .52 
57. Pluorid<2 .63 
58. Las-Detergent .29 
59. D .i .3so1 \ 7 e d .Solids -.46 .42 
60. Pee al Coliforrns 
61 .. TV Zl ter •renperature -.45 
62. PH 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spearman' s Rank Correlation pro.cedure. 

50 -
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~('J',.BLE 2 

51 52 53 54 55 

1., r I c~ t ~- i y 1 e n e Ch.J oridc 
2. Cll 1orof ox-rl1 .34 .42 .42 .32 
3 .. 1,2-Dichlcrocthanc -.31 
4. 1, 1-~r.richloroc~·c.~1anc: 
5. Cz1.rbon 'I'c~ tr ach.Lor ide 
6. 1,1 ,2-T:r.ichlo:::.oethylene 
7. Di.ch lox: o1:)rornornc thane 
8. 1, 1, 2-1Tricl1loroethanc 
9 ... JJibrouochlormethane .31 

10 .. l,2-DibronooU1ane 
11. l.,l,2,2-Tetr2chloroetl1ylene .36 
12. Drornof orr11 
13 .. 1, }. 1 2,2-Tetrachloroethane 
1'1-. Dichlo::oet1'1y1cne -GCFl 

15 .. Di.brono:t:12 thane 
16. T-Dichloroothylene 
1 7. A:rochlor 1248 
18. l\rochlor 1254 
19. BHC-Alpha 
20. Lin(l.ane 
21. BI·iC-Beta 
22. Heptachlor .37 
23. Heptach.lor Epoxide 
24. Chlordane 
25. o,p'-DDE 
26 .. Dic~ldrin 

2 7. Endrin 
28. o,p'-DDT 
29. p,p'-DDD 
30. p,p'-DDT 
31. Silver 
32. l\rsenic .31 
33. Beryllium .37 
34. Cadmium 
35. Coppc~r .39 .31 
36. Chromium .45 .47 ~42 .42 
3 7. Iron 
38 .. Mercury 
39 .. nan~·;u.ncse .41 .41 
40. Sodium .50 .54 .53 .44 
41. Nickel 
42. L€.~ad .39 .44 .34 .27 
43. Selenium 
44. Zinc 

1only thoso corrc~L-1 ti on coeffi.cients significant at the O. 001 
level are included in this Table. Correlation coefficients 
calculated tlSin9 Spearman' s Hank Correlation procedure~ 

.37 

.41 

.44 

.35 

.52 

.31 

.84 

.42 
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JI'A.BLE 2 : SU~FACE 1·1ATBR corm.ELATION MJ\TH.IX.
1 

(Continued) 

~) 1 52 r:: ~) :> .) 54 55 

45. r1•otal Organic Carbon 
46 .. Bcnzo-A-Pyrene .40 -.53 
4 7. F'lrnthcne 
48. Dissolvc:d Oxygen -.25 -.34 
49. 1m3-n ( ".!.': rnm on i a ) .. 51 .52 .. 55 .35 .38 
50e Organic Uitro9en 
51.. N03-:N ( nitrate) .45 .55 .37 .27 
52. U02-H (Hi trite) .45 .56 .37 .30 
53. P04-Pho_:_; ate .55 .56 .29 .30 
54. S04-S ul :fa. tc .37 .37 .29 
55. Alkalinity .27 .30 .30 
56 .. Chloride .Gl .so .57 .41 .65 
5 7. Pluoride -.37 -.44 
58. Las-De tc.:~r gent .41 .34 
59. Dissolved .Solids ..53 .43 .51 
60. Fecal Coli.forms .,27 
61. Water 'fempera ture .31 
62. PH 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spearman's Rank Correlation procedure. 

.31 

.63 



Tl\DLE 2 

1. Ncthy1cne Chloride 
2. Chloroform 
3. 1,2-Dichlorocthane 
4. l, l-rrrichlorocthane 
5. Carbon 'I'etr2.chloride 
6 .. 1,1,2-Trichloroethylcne 
7. Dichlorobromomothnne 
B. l, l, 2-11 r JcJ1loroethanc 

56 

.32 

.26 

9. Dibromochlormethane .46 
10. 1,2-Dibromoethane 
11. 1, 1, 2, 2-r.11e trachJ.orocthylene • 41 
l?.. Bromoform 
13. 1, 1, 2, 2-rl-ie tr v.chloroe thane 
14. Dichloroetl1:r.{1cne -Gem 
15. D:i.b.rornornethane 
16. T-Dichloroethylene 
17. Arochlor 1248 
18. Arochlor 1254 
19. BBC-Alpha 
20. Lindane 
21. BHC-Beta 
22. Hoptachlor 
23. HeptachJ.or Epoxide 
24. Ci'1lordane 
25. o,p 1 -DDE 
26. Dieldrin 
27. Endrin 
28.. 0 ,p I -DD'l"' 
29. p,p'-DDD 
30. p,p'-DDT 
31. Silver 
32. Arsenic 
33. Beryllium 
34. Cadmium 
35. Copper 
36. Chromium 
37. Iron 
38. Hercury 
3 9. Mang zmGse 
40. Sodium 
41. Hi.ckel 
42. Lead 
43. Selenium 
44. ~~i11c 

.34 

.. 51 

.33 
• 76 

.44 

36 

5 'l 58 59 

.32 

.33 .41 

.33 

.52 

.56 

.51 -.34 

.35 .41 

-.34 
.30 
.42 .58 

.50 .35 

1only thoac correlation coefficients significant at the 0.001 
level are included in this Table& Correlation coefficients 
calcu1 zd.:ed using Spearman' s H.ank Correl a ti on procedure. 

60 



Tl\BLE 2 SUI~FACE WATER COH.H.ELATION M1':i.~I1RIX 1 (Continued) 

45. Total Organic Carbon 
46. Bcnzo-A-Pyrcnc 
4 7. F 1r nth 0 n c 
48. Dissolved Oxygen 
49. HH3-N (Ammonia) 
50. Organic Nitrogen 
51~ N03-N (Nitrate) 
52. N02-N (nitrite) 
53. PO!l-Phonpha tE~ 
54. SOi1-S ul :2 <;1.tc; 
5 :-; • J;.lka.lini 'Ly 
56. C~nlorid.e 
57. Fluoride 
58. Las-Detergent 
59. Dissolved Solids 
60. Fecal Coliform~ 
61. Water Temperature 
62. PH 

SG 

.52 

.. 61 

.50 

.57 

.41 
• 65 

-.31 
.34 
.62 

57 58 59 

.63 -.46 

.29 .42 

-.37 .41 .53 

.34 .43 

.51 
-.44 .31 .63 
-.31 .34 .62 

-.28 -.48 
-.28 .45 
-.48 .45 

.30 
-.2B 

37 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spearman's Rank Correlation procedure. 

60 

.27 

.30 



SURFACE WA'r:r:m. COH.RELh'riorr 1LYI'RIX
1 

1. Met}).ylene Chloride 
2. Ch.loroform 
3. 1, 2-Dichloroc; thane 
4. l, 1--rrrichloroethane 
5. Ca.x,bon 'retrc~chlorids 
6. 1, 1, 2-'rrichloroethylene 
7. Dichlorobro@oncthane 
8. 1, 1, 2-'rrichloroc!thanc 
9. Dibromochlormothane 

10 .. 1, 2-Dibroi:we thane 
11.. 1, l, 2, 2-1rctrachloroethylene 
12. Bromoform 
13. 1,1,2,2-Tetrachloroethane 
14. Dichloro0thyl0ne -Gem 
15. Dibrornomethane 
16 .. T-Dichlorocthylene 
17. Arochlor 1248 
18. Arochlor 1254 
19. BHC-JU_pha 
20. Lindane 
21.. B!·IC-Bcta 
22. Heptachlor 
23. Heptachlor Epoxide 
24. Chlordane 
25. o,p'-DDE 
26. Dieldrin 
27. Endrin 
2s .. o ,P • -DD'r 
29. p,p'-DDD 
30. p,p'-DDT 
31. Sj_lver 
32. Arsenic 
33. Beryllium 
34. Cadmium 
35. Copper 
36. Chromium 
37. Iron 
38. Mercury 
39 .. .Manganese 
40. Sodiur.t 
41. Nickel 
42. Lead 
43. Selenium 
44. Zinc 

61 62 

-. 24 

.37 

-.38 
.. 48 

38 

1 Only those correlation coefficients significant at the 0.001 
level are included in th~in 'I'able.. Correlation coefficients 
calculated using Spearrnan's Rank Correlation procedure. 



'I?'..DLE 2 SUHFJ~CF. IJJ\.'l1ER CORRELA'rION NNl1RIX
1 

(Continued) 

45. Total Organic Carbon 
46. Benzo-A-Pyrenc 
4 7. F lrn thc~nc: 
48. Dissolved Oxygen 
4 9. NII3-U ( i\rnmon.i a) 
50. Orqanic Ei t1:-cH~;en 
51. NO 3-H (J: 5.. tra tc~) 
5 2.. no 2-~N (nitrite) 
53. P04-PhoDpha.te 
51.! ... S04-.Su1fatc 
:)~;. ... Alkalinity 
56. Chloride 
57. Fluoride. 
58. Las-Detergent 
5~. Dissolved Solids 
60. Fecal Coliforms 
61. iJater Temperature 
62 .. PH 

61 62 

-.45 

.31 

-.28 

39 

1only 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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correlation coefficients result to .some extent from t.h.e 

analytic techniques used to quantify these substances which 

for all four of these heavy metals vl(!J:"e overwhelmingly 

reported at either the minimum reportable concentrations of 

1.0 ppb or 2.0 ppb. 

The small number of concentrations greater than the 

minimum reportable value havf; a great effect on the correla-

tion coefficients. 

Consist.ent:ly 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 \'li th 

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 

expected high correlations. P,p1 -DDD has correlation 

coefficients of 0.6~ ~ith p,p1-DDT, 0.62 with o,p1 -DDT, 

0.55 with dieldrin, and 0.52 with o,p1-DDE. 

The light chlorinated hydrocarbons have many signifi-

cant intercorrela.tions, but none of the correlation coef-

f icients 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 level. 
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The correlations between dissimilnr chemical sub-

stances are not as prevalent, but ore perhaps even more 

interesting than those between chemically similar sub-

stances. Many of the correlations a!"e among the highest in 

the surf ace \later data.. Most of the relationships suggest-

ed by these correlations are not intuitively clear and may 

su<.Jgest future areas of research. Hethylcne chloride! hciS 

correlation coefficients of 0.72 with selenium., 0.71 with 
fre..-r'o.. 

beryllium, 0.67 with cadmium, and 0.53 with}BHC-BQta. 

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 fluorid<::-: and 0.60 with silver. In 

addition to having a correlation of 0.54 with lil,2-

trichloroethylene, chloride also has a correlation coef-

ficient of 0.51 with chromium. 

The correlation matrix in Table 2 ha.s only 62 of the 

82 variables in the surface ·water data. The 20 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 concentrations 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 circumstance may indicate a chemical 

relationship between t.hc substance, an anthropogenic pattern 

of use, or pureJy a chance occurrence. As a conservative 

step, a11 substances with less than ten percent of the 

total samples {i .. e., 32, detectable concentrations) Here 

dropped from the correlation matrix. This step is intended 

to decrease tbe possibilit.y 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, diiodometha.ne, total dichlorobenzene, m-

dichloro~enzene, p-dichlorobenzene, o-dichlo~obenzene, 

trichlorobenzene, a~chlor 1016, a~chlor 1242, hromodichloro­

ethane, aldrin, mirex, methyoxychlor, toxaphene, perylene, 

chrysene, and cyanide. 

Al though correlations involving variables vri th so few 

detectable concentrations may be unreliable, some of the 

high correlation coefficients are reported. Viewed in 

light o:E the small number of positive samples, these 

correlations may stimulate hypotheses to be investigated 

in future research. Methyl chloride has correlation ~oef-

ficicnts of 0.82 ·with iron and 0 .. 55 with vinyl chloride. 

Vinyl chloride has correlation coefficients of 0.74 with 

benzo~a}pyrcne, 0.65 with iron, and 0.50 with cyanide in 

addition to its high correlation with methyl chloride. 

P-dichlorobenzene has correlation coefficients of 0.99 with 
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brorwdichloromethanc, 0 .. , 95 with total dichlorobenzene, 0. 80 

with phosphate, Aldrin has 

correlation coefficients of 0.84 with bromodichloromethane, 

and 0. 75 with fluoride. ( rysene has correlation coeffi-
()... 

cients of o.97 with mercury and 0.69 ·with fluorrnthene. 

c um1n aJ~-1 o-F· Cor"-e l ~ .i~1· on i'\ n ~1y(· 1· ("' 1.,J •• c .. V L ... ,.. __ J. .• c.\ . ...... ,,.4 ""'·· o::> • .o . ~ . ~ 

Spearman•s rank correlation, a non-parametric statis-

tical procedure, was used to calculate the bivariate 

correlations of the variables in the surf ace 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 

measurements designated standard water 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 '\·later quality parameters 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 categories, 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 sampler;. 

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 hig-h correlations involv-

ing these substances have been mentioned. 

Factor Analvsis of Surface Water Data 
----~·-~ -~-----------------

Factor analysis is a multivariate statistical tech-

nique '\:·vhich 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 

analysis has identified many of the pairs of substances 

which tend to be found together. Factor analysis identifies 

independent patterns of contamination and indicates how 

strongly or weakly each of the chemical substances or water 

quality measurements in the data is associated with each of 

the patterns of contamination identified. 

The 62 chemical substances and ·t:mter quality me a.sure-

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 measurements are only a small sample of the 

potential number of substances wl1ich could be identified in 

water samples. Shakclford and Keith ( 1977) rE:.~port that 

1,259 different chemical compounds have been identified in 

water samples. The Environ.mental Defense Fund and Boyle 

(1979) 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 ·co be explained by the surface 

water data set, the conservative procedure of using the 

square of the multiple correlation coefficient (R2 ) of each 

variable with every other va~ciable was used to estimate the 

co1mnunali ties. These estimated communali ties replace the 

unit.ies along the principal diagonal .of the correlation 

matrix used in the factor analysis procedure. This con­

serv at.ive approach should assure that any unique variance 

\·1hich is not accounted for by the variables in the data set 

will not be included in the resulting factors. 

The large quantities 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 11 (Rummel, 1970). The effect of this 

imaginary variance is to inflate the total variance which 

the factors identified have been calculated to explain. 



rrhe imaginary variance cvu.sed by missing dci t:a rcsul ts in 

communali.ties which are infla.tcd. 

Prcsen~3~,,Ef Results of F~or Analysis 

46 

The results of factor analysing the surface water data 

set indicate many pattern!:; of variation. '\J[:;ing an eisren­

value cutoff of one, 18 factors are identified. This is a 

very L,;.:i:qs .nun!Y:'r of f a.ctors indicating that. nc::.ny different 

patterm:: of cont.::~nination exist in thE:~ 320 surface ':Jater 

samples. Most of the factors identified do not have any of 

the chemical substances strongly identified with them. 

While some combination of the 62 variables identify the 

factors, none of them are strongly associated with the 

factors. When none of tho variables are strongly associ­

ated with a factor, that factor can not be interpretedo 

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. Math0matically 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 'rable 3 • The unrotated solution 

maximized the explanatory power of the first factor. The 

rotated solution more clearly delineates the four di.stinc-
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TliBL:S 3: ROTATED FACTOR :Ml\TRIX TOXIC SUBSTANCES AND STANDARD HATER QUALITY PARAMETERS 
IN irnw JERSEY SURFACE WATER. 1 

V.::trj_ables 

1. methylene chloride 

2. chloroform 

3. 1,1,2-trichloroethylene 

4. dibromochlorometha.ne 

5. 1,1,1-trichloroethane 

6. 1,1,2,2-tetrachloroethylene 

7. BHC -

8. BHC - B 

9. lind2.ne 

10. 

11. 

dieldrin 

n r 1 -Dl.i~ml 
~I~ 

12. heptachlor epoxidc 

13. 

14 .. 

1 r-: _ _,. 

16. 

1 7. 

18. 

l.- 0 - . 
20. 

21. 

l 
o,p--DDZ 

l 

o,p..L-DDT 
1 

p,p -DDD 

endrin 

chlordeine 

r:1anganese 

beryllium 

cad:nium 

copper 

22 •. chromiun 

I 
Pesticide 

.45 

.46 

.58 

.44 

• 76 

.62 

.49 

• 70 

.63 

.67 

.54 

.69 

II III 
Stnd WQ Heavy 

( S04-CL-DS) Metals 

.56 

.49 .46 

.44 

.44 

.51 

.. 53 

.93 

.92 

.49 .42 

.65 

IV 
Iron-Her 

Bnzo-A-Pvrene 

-.46 

Communality 
h2 

.51 

.46 

• 2.3 

.30 

.36 

.38 

.29 

.53 

.22 

• 60 

.40 

.27 

.51 

• 40 

.47 

.30 

.51 

.29 

1.11 

1.03 

.43 

.62 
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TABLE 3 ROTATED FACTOR Mll.TRIX TOXIC SUBSTANCES AND STANDARD WATER QUALITY Pl'~RANETERS 
IN HEH JERSEY SURFACE WATER. (Continued) 

I II III IV 
Pesticide Stnd WQ Heavy Iron-Mer Communality 

Variables ( S04-CL-DS} Metals Bnzo-A-Pyrene h2 

23. sodium .82 .68 

24. lead .64 .56 

25. selenium .53 • 72 .so 
26. zinc .41 .22 
27. iron .42 .59 .68 
"0 L '-l. silver .57 .47 .63 
29. mercury .65 .46 
30. water temperature .43 ?n ..... v 

31. benzo-a-pyrene -.43 • 70 • 70 

32. dissolved oxygen -.42 .34 
33. ammonia • 72 • 60 

34. ni tratG .64 .41 
35. r1i trite .63 .55 

36. pLosphate .66 .44 
... ..., sulf 2te .52 .39 ~ ' _, ' . 
38. alkalinity .62 -.44 .58 
"">Q 
..) ..... c J:·i lo ride .81 • 71 

40. LAS .48 .. 29 

41. dissolved solids .68 .68 

42. fluoride .43 .42 
Ei(Jer..values 8.42 7.30 4.12 3. 0 7 

Percent total variation 3 7 .oo 32 .. 10 18.10 13.50 
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TABLE 3: ROTATED FACTOR MATRIX TOXIC SUBSTANCES AND STANDARD W~ .. TER QUALITY PARAMETERS 
IN NET·] JERSEY SURFACE l 1TATER. (Continued) 

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

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

Pactor 1 is a l?.t~sticidc factoE· 'I'he 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,p
1

-DDD 0.67: p,p1-DDT 0.63; and 

p,p1-DDT 0.62. These heavy chlorinated hydrocarbons are 

noted for there extreme persistence in the environment. 
~ ~o.-e.X-W 

Despite~several of these pesticides having been banned, 

since 1972, their persistence explains their presence in 

the surface waters of New Jersey in the period 1978-1979. 

Pactor 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 reasons for the pattern of surf ace water 

contamination identified by Factor 1. In areas where 

pesticides are used or have been used in the past, the long 

term effectiveness, the economics, and the regulatory 

situation 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 chemical reactions (~.-·Talker, 1975) 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 same surface water samples as the pesticides. 

Benzofafpyrene, a polycyclic aromatic hydrocarbon has a 

negative factor loading of -0.43 with Factor 1. The 

negative factor loading indicates that in those surface 

water sampies in which the pesticides are likely to be 

found, benzo{a}pyrene is not likely to be found, and when 

benzo~atpyrene 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 mc~thylene chloride were also found and 

were found in greater concentrations when the pesticide 

concentrations were greater. The reverse is found to be 

true of benzo{<1}pyrene. It is in tercs ting to note that 

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

Factor 2 is a standard Hater cruali tv factor with many ...... __ '13 ~ ,...,..,. 

of the standard water quality parameh~rs strongly associ-

ated with this factor. Factor 2 is dominated by sodium, 

chloride, ammonia, and dissolved solids with factor load-

i ng s of 0 .. 8 2 , O • 81 , 0 • 7 2 , and 0 • 6 8 , res pe c ti v e 1 y. l'li th 

these substances and measurements most strongly associated 

with Factor 2, the patturn of contamination identified is 

that common to the downstream reaches of the larg~r 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 high 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 substances which are not standard 

water quality parameters are sig·nificantly associated with 

Factor 2. In addition to the alkali metal, sodium, several 

othfff metals are associated with Factor 2. These include: 

chromium, lead, manganese, copper and zinc. These metals 

are not uncommon in the lower rea.ches 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 aE::sociated with 

Factor 2. These are 1,1,2,2-tetrachlorocthylene, chloro-

form, 1,1,2-trichloroethylene, and dibromochloromethanc. 
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These chemicals are commonly used ::;olvcnts, raw ingredients 

and by-products in many industrial operations. 

Factor 3 is a heavy metals factor which explains 18.1 

percent of the variation in the surface water data. Factor 

3 has 5 metals and 2 light chlorinated hydrocarbons sig­

nificantly associated, but is dominatcd·by be~yllium, 

cadmium, and selenium with factor loadings of 0~93, 0.92, 

and 0.72 respectively. The very high intercorrelations 

between these three substances has been discussed in the 

section on correlation analysis. Because these three sub­

stanc(~S 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 samples. 

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 Oo57 

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 c:~plains 13.5 percent of the variation in the 

surface water data. The unique set of substances associ-

ated with Factor 4 make this factor interesting and 

difficult to understand. Benzo{a}pyrone with a factor 

loading of 0.70, mercury with a factor loading of 0.65, and 

iron with a factor loading of 0.59 dominate Factor 4. Other 

substances \·;hich are identified with this pattern of 

contamination and which vary in concentration or measurement 

directly with benzo~a}pyrene, mercury, and iron include 

silver, fluoride, and water temperature. The substances 

which vary inversely with benzota~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 benzo~aipyrene and other poly­

nuclear aromatic hydrocarbons are found in urban runoff and 

speculates that one of the major sources is used crankcase 

oil {Mackenzie, Moira and Hunter, 1979; Whipple and Hunter, 

1979). 

Summarv of Surface Nater 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 
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sufficient chemical substances strongly associated with 

them to permit interpretation.. The four most importc:mt 

patterns of contamination in the surf ace water data are a 

pefltic:ide fa.ctor, a standard water quality parameters fac­

tor, a heavy metals factor, mid a benzo1a~pyrene-mercury­

i.ron factor .. 

Associations of Surface Water Sample Sites 
With .f:; a tter.n.s o:i! conta_mina~Zion 

An attempt was made to associate the characteristics 

of the san~le 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 v.d th 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 mo.st important in determining a 
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pattern of contamination, the resulting factor score may be 

;)i. ascd by overemphc:.isis on the subs tz.1.nces for which data are 

available. 

The factor scores of the upper decile of samples 

(about 30) that most strongly identify with each factor 

were reviewed on the assumption that those samples would 

most strongly manifest causal clues. Unfortunately some of 

these samples have problems of missing data. Therefore, 

the following results must be looked at with this serious 

weakness in mind. 

'rhe descriptive information for each sample location 

also suffers from missing data and inconsistently collected 

data... As Table 4 indicates many potenti2.lly interesting 

items of information are missing. Many additional de­

scriptive characteristics have not been included in Table 

because so little data were available. The land use data 

suffer from inconsistency.. The people collecting the water 

samples were asked to describe the land use in the immedi­

ate vicinity of the sample sib~. The results indicate wide 

variation in the categories of land use assigned by differ­

ent samplin~J teams. 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 nonpotablc. A sample has been classified pota-



57 

A~~socr.n..rrron.s OP SAMPJ.!~ SITE CITJ\fU\CTElUS 11'ICS WITH 
PA'rrl.'Im.flS OF CON'.L?,HIH/J./l1JON Il\f SUHFACE HNl1ER 

Factor 1 - Pc.·:::t.icide F'actor 

-
E) arn_nle ID Cotmt\7 Municinali tv Source '-----· _....-...,..,..,,_. ______ ........... .-.._......,..__ .... _ .. ________ , ----
CI\..H 104 
Ci\H 109 
MON 5 
HON 0 
MOIJ 28 

l·iON 2-11 
l•:ON 104 
oc 102 
oc , 'l r: 

_I.. \..1 _) 

PAS 101 

PAS 103 
SOM 102 
SOM 109 
SOM 110 
SOM 108 

BER 105 
BER 107 
BUR 105 
BUR 110 
HUNT 111 

HUNT 112 
MER 101 
MER 102 
MEH. 108 
NER 109 

MER 110 
M.ER 112 
M.EH. 113 
MER 114 
SUS 103 

UN 102 
WhH. 102 
HAR 110 

Camden 
CaJn<30n 
.Monn.outh 
NonE1outh 
Monn1outh 

Honrnouth 
Monmouth 
Ocean 
OC<~2n 

Passaic 

P2ssa:l.c 
Somerset 
Somerset 
.s or:i E! rs e t 
Somerset 

Pa.ssaic 
Bergen. 
Burlington 
Burlington 
Hunterdon 

Hunterdon 
Mercer 
Mercer 
l·i0rcer 
N0rcer 

Mercer 
lJercer 
Mercer 
.Mercer 
Sussex 

Union 
Warren 
Harren 

Cherry Hill 
L inden1,,1old 

Neptune City 
Jackan rrwp., 
Lacey ':I!wp. 
Wc~st Milford 

Hillsborough TH:,). 
Pr ankling 'I'wp. 
Rocky Hill Twp. 
South Bound Br. 

Little Falls 
Mahwah 
Mansfield Twp. 
Burlington City 
Readington 1'wp. 

West Amwell 
PlainBboro Twp. 
Princeton Twp. 
'11renton 
Hamilton Twp. 

Princeton 
Princeton 
Trenton 
Hamil ton Twp. 
Susse2: Boro 

Rahwah City 
Oxford Ti.vp. 
Hhi te ·rwp. 

Cooper River 
Cooper River 
Ne\'lman Spr in~)'S 

Jumpin~J Brook 

Forked River 
Pequannack R. 

Passaic R. 
Holland Brook 
D (Y. R Canal 
Bedcm Brook 
Raritan R. 

Passaic R. 
Ra.mapo R. 
Crafts Creek 
Delaware R. 
Rockc:n·rny Creek 

Moore C:ceek 
Plainsboro Pond 
Devils Creek 
Assunpink Creek 
Crosswicks Creek 

D & H Canal 
Stoney Brook 
Assumpink Creek 
Cro.s swic1~s Creek 
HallJ<:ill R. 

Robbinson Branch 
Pequest R. 
Buckhorn CreE"~k 
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Tld3LE 4 l\.SSOCil'..TIONS OF' .SM-:I?JrE SI'rI~ CH,i.\11AC'11 ERIS 1.rICS WITH 
Pl-\. 1r~rmms OF COWL'.l\IJIFJATION IN SURFACE i·m.TER 

Factor 1 - Pesticide Factor 

Corm:Jen tn ------
Water Nurky 

Reddish Pool Below Pipe 
Do~mstream from Industry 
Murky Hater 

Near Golf Course 

Oil Slicks 
Cmvs Use Brook 

Oil Slick 

Oil Slicks, Foam 
Murky, Bad Odor 

Ducks & Gease on Pond 

Trash in Stream 
Oil Slicks 

Oil Slicks 

Refuse in Water 
Dye Industry 

lJonpotable 
J.qonporable 
Potc:tblc 
Potable 
Nonpotable 

Nonpotable 
Nonpotcible 
Nonpotable 
Non.potaJ)le 
Potable 

Nonpotable 
Potable 
Potable 
Potable 
Nonpotable 

Pot.able 
Potable 
Potable 
Potable 
Potable 

Potable 
Potable 
Potable 
Potable 
Potable 

Potable 
Potable 
Potable 
Potable 
Potable 

Potable 
Potable 
Potable 

Land Use ----· 
Pore st 
Urban Residential 
Suburban Commercial 
Open Space 
Urban Residential 

Urban Residential 
Forest 
Urban Commercial 
Urban Commercial 
Suburban Residential 

Industrial 
Farm 
Suburban Residential 
Industrial 
Industrial 

Urban Commercial 
Urban Commercial 
Urban Residential 
Indus tried 
Farm 

Farm 
Urban Residential 
Farm 

Porest 

F'orest 
Suburban Commercial 

Industrial 
Suburban Residential 

Forest 
Suburban Residential 
Suburban Residential 



TABLE 4 

S amnl(! ID 

BER 5 
BER 7 
BER. 9 
BEH 15 
BI:;R 23 

ESS 13 
ESS 14 
ESS 1 
ESS 9 
ESS 11 

ESS 12 
ESS 18 
MON 23 
MON 24 
NON 25 

HON 28 
MON 34 
MOH 104 
MOH 2-10 
MON 2-11 

MO~T 2-14 
MON 2-24 
MOR 14 
oc 105 
PAS 3 

PAS 7 
PAS 25 
PAS 26 
PAS 32 
SOM 108 

SUS 103 
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l\SSOCII\.'I1IONS OF' r::J\.MPLE SITE CHARJ\Cl,ERISTICS HITH 
PliT'l1ERUS OF' COH'J:AllTNl\'fION IN SURF.ACE WATER 
{Continued) 

Factor 2 - Stc:)ndo.rd Water Quality Parameters 

Countv 

Bergen 
Berg,an 
Bergen 
Derc;:;en 
Bergen 

EssE~x 

Essex 
Essex 
Essex 
Essex 

Essex 
E[;sex 
Honmou.th 
Monmouth 
Nonmouth 

Monmouth 
Momnouth 
Monmouth 
Monmouth 
Monmouth 

Monmouth 
:Monmouth 
Morris 
Ocean 
Passaic 

Passaic 
Passaic 
Passaic 
Passaic 
Somerset 

Sussex 

Municipal i ty _________ S_o_t_1r_. c_e _____ _ 

Hohokus 

Neptune City 

Lacey Twp .. 

Cedar Grove 

Saddle River County Park 

{ Near Rt. 21 ) 

{South Orange Ave.) 

Above Orange Resevoir 

{Rt .. 33) 

Jumping Brook 
Big Brook 

Big Brook 
Lake Parsippany 
Forked River 

{Rt. 507) 

Peckman River 

Ha·wthorne Passaic River 
South Bound Brook Raritan River 

Sussex Boro Wallkill River {Rt. 565) 
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TJ\BLE !J- ASSOCI]\J1IOI1S OF .SJ\lH)LE srrF: CHARI\.CTE:RIS'l1ICS WITH 
PA~err_gmTS OP COl\J'l'AI'.lin7\'J.IIOn IlJ SURF'ACE WATER 
(Continued) 

Factor 2 - Standard Water Quality Parameters 

Comrnen ts 

Fish in River 

Runoff from Road 
Pipe Upstrevm, Decaying Debris 

Po ta])1'2/ 
I! o r~po t ::~~t_) _l_E"~ _____ L_a_n_,_d_U_f"_, 0 _____ _ 

Nonpotc-:ible 
nonpotable 
Nonpot:ab1c 
Nonpo \:able 
Non.pot a:~J 1 e 

Industrie:11 
Urban Commercial 
Op<:;n Space 
Ope:;n Space 
Urban Residential 

Debris Floating, Oil on Surface Nonpotable Urban C.ommercial. 
Urban Residential 
Urban ~esidential 
Open Space 

Pond Feeds Into River 
Parking Area on Left 
Near Abandoned Shopping Center 

Woods and Vegetation on Banks 
Oil Slick, Opaque Green Color 
Sludge Farm Upstream 

Near Discharge Pipe 

Murky Hater 
Farm Area 

Very Polluted 
Near Golf Course 

Bacterial Growth 
Old Pipe Dumped 

--Parking Lot, Discharge Pipes 
Treatment Plants Upstream 

Oil Slick 

Honpotab1e 
Potable 
Potable 
Potable 

Potable 
Potable 
Nonpotz-:i.ble 
Nonpot2ble 
Nonpota}Jl.e 

Nonpotable 
Nonpotable 
Honpotable 
Potable 
Nonpotable 

Nonpotable 
Potable 
Potable 
Nonpotable 
Nonpotc-.tble 

Potable 
Honpotable 
Nonpotable 
Nonpotable 
Nonpotablc 

Potable 

I ndu::; tx- i al 

Open Space 
Urban Commercial 
Industrial 
Industrtal 
Industrial 

Urban Residential 
Farra 
Forest 
Industrial 
Urban Residential 

Open Space 
Suburban Residential 
Suburban Residential 
Urban Commercial 
Urban Residential 

Urban Commercial 
Urban Commercial 
Industrial 
Urban Commercial 
Ind w::; trial 

Suburban Residential 



Tf.\BLE 11 

8a.mple ID 

BER 20 
BER 21 
BER 24 
BER 28 
CAH 105 

CUM 101 
CUM 104 
J?C• C' ... ~::i ..J 5 
HUNT 114 
BUD 3 

MON 15 
NON 21 
MON 103 
HON 2-11 
NON 2-12 

MON 2-14 
M.OR 14 
HOR 21 
MOR 25 
MOR 26 
Pl\.S 14 

PAS 16 
Pl\S 29 
PAS 101 
SJA 101 
SOM 111 

SUS 102 
SUS 103 
UNI 9 
UNI 10 
WAR 106 

WAR 107 
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J\SSOCIJ\.'J:IONS OP SAMPLE srrE CHARl\C'l'ImISTICS WPI'H 
PNl'TEH.N.S OF CON'J'/\.MINA'.rIOH IN sur~PACI~ wn.TER 
(Continued) 

County 

Bergen 
Bergen 
Bergen 
Berqcn­
Camden 

Factor 3 - Heavy Metals 

Municipality 

Englcv1ood 
Camden 

Source 

(Glen & Passaic Rds.) 
Woodcliff !Jake 

Cooper River 

Cumberland Millville 
Cumberland Nauricetown 

Maurice River 
Mau.rice River 

Essex 
Hunterdon 1,ambertville Swan Creek Resevoir 
Hudson 

:Monmouth 
Monmouth 
Monmouth 
J:.lonraouth 
Monmouth 

Monmouth 
.Morris 
Morris 
Morris 
Horris 
Passaic 

Passaic 
Passaic 
Passaic 
Salem 
Somerset 

Sussex 
Sussex 
Union 
Union 
Warren 

Warren 

Weequah.ic Lake 

Consolidated Water Co. 
rrap at Water Plant 

Neptune City Shark River 

West Milford 
Pittsgrove 
Hillsborough 

Franklin 
Sussex Boro 

Elizabeth 
Franklin 

Mount Olive 

Lake Parsippany 
(Rt. 46) 
(Rt. 23) 

Taylortown Resevoir 

Passaic R. (Rossiter Ave.) 
Pequannock. E. 
Maurice R. (Norma Almond Br.) 

Wallkill R. (Rt. 631) 
Wallkill R .. {Rt. 565) 

EJ.izabeth R. 
Musconetcong R. 
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Tl\BLE 4 ASSOCIATIONS OP Dl\lWLE SPL'E crrnHl-\CTERif>TICS WITH 
Pl\TTERNS OF COHT.AMINArI'ION IH SURFACE ~ll\TER 

(Continued) 

Factor 3 - IIeavy I-1etals 

Potable/ 
Comments Nonnot~bla Land Use 

Potable Urban Residential 
Residential Potable Suburban Residential 

Potable 

Old Tires & Other Debris 
Honpotable 

in WatC!r Nonpotable 

White Scum on Surface 

Water Aerated at Intake 
Dense Algae, Eutrophic 

Treated Hater 
PotablE-J Water 

Near Golf Course 
Near C2noe Rental 

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

Oil Slick 

White Foam on Water 

Suds on Hater 

Hwy. Crew Spraying Trees 

Nonpotable 
Nonpotablc 
Nonpotable 
Potable 
Nonpotable 

Potable 
Potable 
Nonpotable 
Nonpotable 
Nonpotab1e 

Non.potable 
Potable 
Potable 
Potable 
Potable 

Potable 
Nonpotable 
Potable 
Nonpotable 
Potable 

Potable 
Potable 
Nonpottible 
Nonpotable 
Potable 

Potable 
Potable 

Urban Residential 
Industrial 

Porer:: t 
Urban Residential 
Suburban Residential 
F'orest 
I ndu.s trial 

Suburban Residential 

Porest. 
Urban Residential 
Open .. Space 

Open Space 
Urban Commercial 
Open Space 
Forest 
Suburban Residential 

Urban Residential 
Urban Commercial 
Suburban Residential 
Forest 
Farm 

Forest 
Suburban Residential 
Urban Residential 
Urban Commercial 

Forest 
Suburban Residential 
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TABI,E 4: ASSOCIATIONG OP SA.MPLP. f.l'rE CHAIU\C'rERISTICS WITH 

S ampJ. c ID 
~-

BER 20 
ESS 17 
HUD ~J 

J 

MON 15 
MON 21 

MOH 23 
Mon 7,6 
MON 2-lO 
MON 2-lOH 
MON 2-12 

MON 2-13 
MON 2-14 
MON 2-15 
MON 2-16 
MON 2-17 

MOH 2-18 
MON 2-19 
.MON 2-20 
MON 2-21 
MON 2-22 

MON 2-23 
MOH 2-25 
1'·10N 2-29 
MON 2-·30 
.MON 2-31 

Iv10I:\T 102 
NON 104 
MOR 14 
l!iOH. lG 
PAS 11 

PAS 14 
PAS 16 
UHI 4 
UNI 9 

PATTERNS OF CONTAMIN~TION IN SURFACE tmTER 
(Continued) 

F' actor 4 - Monmouth Conn ty Factor 

Colin tv -
Bergen 
Esr;ex 
Huc1Don 
Monnouth 
Honrnouth 

Monm.outh 
Monmouth 
I1onmouth 
Monmou·th 
Monmo11 th 

Jvlonmouth 
Monmouth 
Monmouth 
Monmouth 
Monmouth 

Monmouth 
Monmouth 
J1onmouth 
Nonmouth 
Monmouth 

:Monmouth 
Monr.10uth 
Hon.mouth 
Monmouth 
.Monmouth 

Monmouth 
.Monmouth 
Horris 
Morris 
Passaic 

Pas~;aic 

Passaic 
Union 
Union 

Source 

(Glen Rd .. ) 

Weequahic Lake 
Consolidated ~later Co. 
Water Co. 

(Near Freehold) 

Big Brook 
Big Brook 

{Near Canoe Rental) 

From Origin in Marsh 

Ramanesseen Brook 
Ramanesseen Brook 

(Shank Rd.) 

Willow Brook 
Willm,1 Brook 
Willm·1 Brook 
Big Brook 

Big Brook: 

Maheras Brook 

Tinton Falls Pine Brook 
Neptune City Jumping Brook 

Lake P arsippany 
Grecnpond Lake 

Robinson Brank Abo·.~e Res. 
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'l11\.DLE 4 ASSOCIA'l1ION:-; OF Sl\PPLE SI'I'r·~ CHi\Rl\CTET.nr;'rICS lH'fiI 
PA'IHPJ·~rnm OF' ccn::Ti\!1.INNrION IH SURFACE WVJ~ER 
(Continued) 

Factor 4 - Monmouth County Factor 

Commentr:: ---

Dense Algae, Eutrophic 
Tr(::r.::it.c~a l'later 
Potable~ Hater 

Sludge Farm Nearby 
Area Smells 
Very P o.l l t.1 ted 
Black Oi1 on Bottom 

Baterial Growth, Red and Orange 

Garln~ge Dumped in S trc~am 

Undeveloped Area 
Bottles and Cans Dumped 

Oil Slick 

Below Dam Spillway 

Potable/ 
JT<.:npo tz1bI e 

Fotab1c 
Nonpota:)lc 
Non po t a1) :J. e 
Pota:,)lc 
Potable 

Non po tc:.ibl ~;' 
Nonpotable 
Potable 
Potable 

L?..nd Use 

Urban Residential 

IndU[.3trial 
Suburban Residential 

Industrial 

Indu;.-;tr:ial 
Industrial 

Nonpotable Open Space 

Nonpot2b1e 
Nonpot2ble 
Potable 
Potable 
Pota.ble 

Potable 
Potable 
Potable 
Potable 
Potable 

Potable 
Potable 
Nonpotable 
Nonpotable 
Nonpotable 

Nonpotablc 
Nonpotable 
Potable 
Potable 
Potable 

Industr:i_a1 
Open Space 
Farm 
Suburban Residential 
Suburban Residential 

Suburban Res iden ti al 
Open Space 
Open Space 
Urban Commercial 
Open Space 

Farm 
Suburban Residential 

Urban Residential 

Urban Residential 
Forest 
Suburban Residential 
Suburban Residential 
Open Space 

Potable Suburban Resi<lential 
Potable Urban l{esidential 
Potable Urban Residentia1 
Nonpotablc Urban I~cr;iden ti al 
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ble if the sample location is upstream of any potable water 

supply intake facility. The determination were made by 

Dr. Robert 'ruckcr ~md Barker Hamill of DEP and the author. 

The intake facility used in the classification may be in a 

neighboring state. rrhose Hamples clas~>ified nonpotable 

were determined to be downs tr~: am of all potable .supply in-

ta1(e f ac.ili ties. 

It must be reemphasized that the patterns of toxics 

contamination identified by means of factor analysis do not 

identify risks to the health of those people consuming the 

Hater. The fact.ors identified a:ce ri1athe1:iatical patterns in 

the data. '1.'he toxicity 2.nd OJ- health effects of corwuming 

those substances is not addressed in this report but can 

be found in Drinkinq (!c:i.tnr and_ Heal th {National Resca;:-ch 
..,,..-~·----~..__. __ 

Council, 1977). The concentrations 0£ 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 

as.sociated with Fr.i.ctor 1, the pesticide factor, arc pre-

S<:~nted in T.'able 1 • r11he sample sites indicate thc:Jt the 

pesticide pattern of contamination is widespread through-
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out the state. About two-thirds of the samples were col-

lectcd in Central lTmv J·cr:.:;ey from Yonmouth County to 

Hunterdon County. The 33 samples were collected in twelve 

different counties with Mercer County having the largest 

number of samples. 

The 1 and une of the areas surroundin<;J the sample sites 

reprecent a wide range of uses, but the developed land uses 

do predomiriate. Of course, the pollutants neasur~d in the 

samples collected may have entered the surface water far 

upstreaxn of the sample site. The co;:iments 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 potal:>le and 9 nonpota..ble 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 
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water quality as measured by the standard water quality 

parameters associated with Factor 2. These include runoff, 

debris, oil slicks, bacterial growtl1s, discharge pipes, 

etc. Of the 31 samples most strongly associated with 

Factor 2, 10 were from potable waters and 21 from non.pota­

ble waters. 

Factor 3 

The characteristics of the surf ace water samples most 

strongly associated with F'actor 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 urban, 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 do 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 Factor 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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benzota)-pyrcne, mercury, and iron with several other sub­

stances and wa.ter 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 samples most highly associated vlith 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 Uni.on Counties, i:vi th the exception of two 

samples from J.ak.es in Morris County. Given the common 

sources of benzofa)-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 concentrationr:: 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 ?\ssociat.ions of Surf ace Wa tc-;r Sample 
~; i tes \~!Ith F.rtEC;r:ns of Ccml:amina t"ion 

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 iri the surface water data 

set that relativ~ly little ad~itional informa~ion could be 

gleened.from the analysis of associations of sample site 

characteristics with patterns of cont.~mination. The miss-

ing data for the concentrations of toxics in the water 

samples 9reatly diminishes the reliability of the factor 

scores which indicate the degree of association of the 

samples with the patterns of contamination. The missing 

data in the descriptive characteristics of th~ 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. ,..I1he 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 

naming of this pattern of contamination the Monmouth County 

factor. 



CHAP'l1 Im 2 

PATTERNS OF TOXICS IN NEW JERSEY 

GROUND WATER 

Data Description: Ground Water 

The ground 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. The data include all of the 

samples collected under the 1977-1978 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 (Pa~Je and Greenberg, 1978). In the second year• s 

contract, some wells have been selected for monthly or 

seasonal sarnplinq. There.are a maximum of 5 samples from 

I 
I 
l 

I 
I 

) 
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15 different sample locations. 'fhcsc data arc at present 

insufficient for any rigorous analysis of temporal vari-

a.ti on. 

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 inclu<led in 

the sample analyses, there have been some noteworthy 

cha.11ges. Some chemical substances have been dropped from 

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. Trifluorornethane was included in the 

first 408 samples, but was dropped from all subsequent 

analyses. Fluoroform, dichlorobromomethane, dichloroe-
0 

thylene (gem), dibromomethane, t-dich.loroethylene, ar/chlor 

1016, atj~hlor 1242, and aJchlor 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 Oj ·rn- and p .... iso-

rners have been reported. The o; m; 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 chlori.nated hydrocarbons which have 

been changed during the course of data collection were 
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treated to make them comm(~nsurate 'dith the surface water 

data~ Concentrations of bromodichloromethane and 1,1,2-

trichloroethylene Wf!re 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 from. those samples from which they ·were combined. 

In the first ground water data set, 1,2-dibromoethane and 

1,1,2,2-tetrachloroethylenc were each variablese 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 included 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 

(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, 9 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 



Ti\.BLE 5 : GROUND WATER DATA 

I. LIGHT CHLORINATED HYDROCARBONS 

Chemical Substance 

1. Fluoroforr:t 
2. Methyl Chloride 
3. Ectlly·l Bromide 
4. Vi~yl Chloride 
5. I:et~~ylene Chloride 
6.. C!1lorof orn 
7. l, 2-Dic:nloroethan~ 
8. 1,1,1-T~ichloroethane 
9 • Carbon T t~ t.r a ch 1 or i de 

10. 
, 1 
-i... J_. 

12. 
13. 
14. 
1 ,... 
...... :>. 
"I,.. 
.L Q. 

l ~/. .. ,.... 
.Lo• 
19. 

l, l, 2-T~:-j_chJ.oroet.hylcne 
DichJ.o}~- 01::.::-o:noc:; thane 
1,1,2-T~ichlorosth&ne 

Dibromochloromethane 
1, 2-Din:cmnoethci.nc 
1,1,2,2-Tetrachloroethylene 
Bromo£orr., 
., , l, 2, 2-l'e:·'.:r u.chlo:cc2 t~1ei.~-12 
Diioc10L1c ··C.h2.!l\~ 
11ocal Dichloro?:::K:nzene 

20. ~Dichlorob2nzc:ne 
? 1 D- n ~ c 11 l o•-oY·,-:)_n '7 r--1•e-._ • ~ J..J....:- ........... -~ ... _ ,_.t\,...o ...... ~-"" 

22.~Dichlorobenzene 

23. 1,3,S-?richlorobcnzene 
2~. D~~1~lor~e~?~lene f~em) 
2::;,. D ..L.ur: cmo.,te ' ...... 1c..n8 

26. ~-Dichloroethyle.ne 
27. Brornodichloroethane 

Unj_ t of 
Heasure 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
·PPB 
PPB 
PPB 
I'PB 
PPB 
PPB 
PPB 
PPB 
PPB 
PID 
::_· p3 

PPB 
PPB 
PPB 
PPB 
PPB 
PPD 
PPB 
PPB 
PPB 
PPB 

Number of 
Samples 

Collected 

130 
628 
628 
627 
624 
640 
634 
638 
639 
250 
1(~2 

G37 
64.0 
640 
638 
640 
640 
639 
674 
249 
240 
249 
637 

64 
64 
64 

108 

Number of 
Detectable 

Concen­
trations 

15 
3 
2 .., 
.r... 

88 
~39 

57 
535 
431 
175 

60 
55 

104 
107 
3~18 

124 
57 
65 
22 

6 
12 

9 
24 
34 
23 
51 
18 

74 

Median 
Cone. 

Range of 
Detectable 

Concen­
trations 

0 .o 
o.o 
o.o 
o.o 
o.o 
0.3 
o.o 
2.0 

<O.l 
{0.3 

o.o 
(i • 0 
o.o 
o.o 

<O.l 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

10.0 
o.o 

10.0 
o.o 

Min. 

<0.5 
<6.0 
<l .O 

1.0 
90.0 
<0.8 
<.l.G 
(2.0 
<.0.1 
<.0.3 
<O.l 
.(.L.D 
<.O. l 
<.O ... l 
<O.l 
4'.l.O 
(0.3 
<0.3 
(2.2 
(1 .. 3 
(1.3 
<2.2 
(2.0 

1.1 
<O. l 
(0 .1 
<O.l 

Max. 

159.2 
220 .. 6 

6.0 
2.5 

1,900.0 
691. 2 

2,3JO .. O 
60 j'. 8 
150.2 
635.0 
E0"'1. 5 

31.1 
2.( 

196.7 
299.6 

1 ··' ., _. . ... ~..:~ • ...:J 

2.7 
2 .. 0 

102.3 
25.4 
'70 -
I,_)• J 

5.2 
33.7 

l,2CC.2 
44.9 

549.3 , ,.. 
.i. .. 'O 
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Tii .. ELE 5 : (Continued) 

II. HEAVY CHLORINATED HYDROCJ\.RBONS 

Range of 
Chemical Substance Unit of llumber of Number of Median Detectable 

Neasure Samples Detectable Cone. Concen-
Collected Cone en- trations 

trations Min. Max • 

., .. 0 .. ""' ""ii" .... ,,,.. 
_i_. 1:....rf:-n_i_oJ~ J..U J_ o PPB 248 0 

2. li~chlor 12·12 l?PB 248 7 0 (0 .1 3.4 

3. A~/bhlor 1248 PPB 248 3 0 (0 .1 0.2 
0 

4. Arjchlor 1254 PPB 638 11 0 <O .1 0.4 
5 I::" BFC-::l l p11a . "' ... ~- .... o<-~ PPB 653 96 0 <O .1 0.8 

6. LinC1_anG PPB 653 166 0 <0.1 0.9 
·-----........ V' -·, ,, 

7. BEC-Be ta ,&-::Bl-IC. PPB 563 245 0 <.O .1 \, 118.4 ___.;; 
'·--- VV' 

8. Ecptachlor PPB 653 172 0 (0 .1 1.0 ~ ··"'~ 

9. Aldrin PPB 653 156 0 <0.1 1~2 

10. Heptac~lor Epoxide PPB 653 155 0 <O.l 0.6 

11. Chlorc~ane PPB 653 185 0 <O.l u.3 
12. o,p'-DDE PPB 653 116 0 (0.1 0.9 

13. Dieldrin PPB 653 89 0 (0.1 0.9 

l·~. Pndrin 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 0 <O.l 1.8 

17. p,p'-DDT PPB 651 60 r. <0 .. 1 5.0 v 

18. Nirex PPB 653 39 0 <.O.l 0.4 

19. Methyoxychlor PPB 653 0 

20. Toxaphene PPB 652 1 0 (0.1 
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'I'l:.BLE 5 : (Continued) 

III. HEAVY !-!ET AL S 

Range of 
Chemical Substance Unit of Number of Number of .Median Detectable 

Measure Samples Detectable Cone. Cone en-
Collected Cone en- trations 

trations Min. Max. 

1. 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 <.0.5 405 

4. Cor-iper PPB 638 635 4.0 <o.s 1,381 

s. Chromiur1 PPB 638 638 2.0 <0.5 179 

6. nickel PPB 637 637 2.5 (0. 5 600 

7. Lead PPD 636 633 1.0 <0.5 329 

8. Selenium PPB 637 637 2.0 ~1.0 8 

a 
Je Zinc PPB 638 638 15.0 <2.5 36,500 



Trib~E 5 : (Continued) 

IV. STANDARD WATER QUJ\..LITY P ... 2\RAMETERS 

Chemical Substance 

1. NHi-N LZ\.mmoni2) 
3 

2. Organic Nitrogen 

3. tmi-u (Hi tr ate} 
3 

4. r:-o [-H ( rr.i trite} 

5. Poi p1-. 0°n11a i-e • ... .l ·-~ ..!_'"' l -

'f 
6. so{'_ St:lf ate 

" 7. Alk2linity 

8. Chloride 

9. Fluoride 

10. Cyanide 

11. L c::s-De tergen t 

12. Dissolved Solids 

13. Fecal Colif orms 

14. Nater Temperature 

15. pH 

Unit of 
Measure 

PPH 

PPN 

PPH 

PPM 

PPM 

PPH 

PPN 

PPH 

PPM 

PPM 

PPM 

PPM 

#/100 ML 
co 

1-14 

Number of 
Samples 

Collected 

343 

341 

342 

384 

347 

347 

345 

345 

348 

344 

348 

343 

349 

623 

607 

Number of Median · Detectable 
Detectable Cone. Cone en-

Concen- trations 
trations Min. .Max. 

343 (0.1 <O .1 9,048.0 

332 <O.l (0.1 320.0 

330 0.4 <.O.l 2.9 

209 <O.l (0.2 4,515.0 

30G <O .1 <O.l 200.0 

341 30.0 (0.1 3, 750.0 

327 96.0 2.0 446.0 

345 17.0 .1. 8 4,400.D 

348 0.2 .(0.1 5.4 

344 <.O.l .(Q .1 2.5 

330 o.o <..O .1 2.1 

342 134.0 2.2 3,240.0 

10 o.o <1.0 8.0 

623 13.0 5.0 25.0 

607 ' 7.2 4.0 9.9 
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set, no varlable has more than 674 sample concentrations 

and many have far fewer. This is caused by analytic results 

from ma.ny samples not being available for different chemi­

cal substanceso The largest quantities of missing data are 

caused by changes in the chemical substances included in 

the chemical analyses. Missing data is also caus~d 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. 

Analysis of the Ground Water Data 

Table 5 indicates that the toxics data are severely 

right skewed, particularly the light and heavy chlorinated 

hydrocarbons. Host 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 New Jersey require 

the use of non-parametric statistical procedures. As with 

the surface water data, the underlying assumptions of the 

more po\,rerful parametric statistical procedures are severely 

violated by the data. The non-param~tric statistical 

procedures used in this report are appropriate for the data 

but tend to be less powerful than the equivalent parametric 

procedures. 

~nd 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 the 0.001 

level are presented in Table 6 • 

As was found in the surface water data, most of the 

highest correlations occur between substances within the 

same chemical category. Those categories are: light 

chlorinated hydrocarbons, heavy chlorinated hydrocarbons, 

heavy metals, and standard water quality param~ters. ~rhere 

are many highly significant correlation coefficients between1 

substances in different chemical categories, but they are 

generally not as prevalent, nor as high as those beti:,.JE.:en 

substances within the same chemical category. 

The highest correlation coefficients are found within 

the heavy metals. Beryllium has Spearmen correlation 



TABLE 6: GTI.Om.rn Hl\TER CORRELATION l1ATrnx
1 

1. Vinyl Chloride 
2. Methylene Chloride 
3. Chloroform 
4. 1,1,1-Trichloroethane 
5. Carbon Tetrachloride 
6. 1,1,2-Trichloroethylene 
7. Dibror11ochloro~11 c thane 
B. l,2-Dibromoeth2ne 
9. l, l, 2, 2-'I1etre:~chloroethylene 

10. Bromoform 
i1.0(._m1c4!liJlia 
12. L i11d.;J~r1e 
13 ·~ BHC-Bt. La 
14. l1cptachlor 
15. l.:.ldrin 
16. HeptachJor Epoxide 
17. Chlordane 
18. o,p'-DDE 
19. Dieldrin 
20. Endrin 
21. o,p'-DDT 
22. p,p'-DDD 
23. Arsenic 
24. Beryllium 
25. Cadmium 
26. Coppc~r 

2 7. Chror:tium 
28. I:JickeJ. 
29. Lead 
30. Selenium 
31. Zinc 
32. TOC 
33. NHJ-N {Ammonia) 
34. Organic-N 
35. r.of-N (Nitrate) 
36. NO£-N (Nitrite) 
37. PO$-Fhosphate 
38. sor-~)~l~~~te 
3 9 • J\. l h. Cl .1 J. Ill ty 
40. Chloride 
41. Fluoride 
42. Cyanide 
43. LAS 
44. Dissolved Solids 
45. Hater •rcrnpe:r.ature 
46. }H 

l 2 

.19 

.24 

.25 

-.20 
.20 

-.16 
-.15 

.33 

.30 

-.21 

.21 

3 

.19 

.22 

.37 

.29 

.22 

.15 

.46 

.34 

.26 

.27 

.47 

.45 

-.14 

.36 

.23 

80 

4 

.22 

.34 

.40 

-.20 

-.15 

-.16 

-.16 

.21 

.14 
-.17 

.19 

1only those corrC'Lition coefficient[1 .significant at the 0.001 
level arc inclucled in thi.s r-'"ablc. Correlation coefficients 
calculated using Spcarman's Rank Correlation procedure. 

5 

.24 

.39 

.26 

.31 

.19 

.21 

.18 

.27 

1 r-• :.J 



T.ADLE 6 GROUND WA'J:Ei~ COHREl,J\'111 ON MA.'l'RIX l 

1. Vinyl Chlcride 
2. l1ethylene Chloride 
3. Chloroform 
4. 1,1,1-Trichloroethane 
5. Carbon '.!.1cd:rc:.chloride 
6. 1,1,2-~richloroethyJ.ene 
7. Dibromochloromethane 
8. l, 2·-D:ibromoct::1ant.~ 
9. l, l, 2, :?-tre tr aci1loroE.d~hy Jene 

10. BJ:-onoforn 
11. rmc-Alpha 
12. Linc---i,ctne 
13. BHC-Beta 
14. Hcptachlor 
15. Aldrin 
16. Hepto.chlor Epoxide 
17. Chlordane 
18. 
19. 
20. 
21. 
22. 
23. 
"?.4. 
25. 
26. 
2 7. 
28. 
29. 
30. 
31. 

o,p 1 -DDE 
D:Leldr:i.n 
Endrin 
o ,p• -DD1r 
p,p'-DDD 
I1rsenic 
Beryllium 
Cad1~tium 

Copper 
Chromium 
Nickel 
Lead 
Selenium 
Zinc 

32. 'I'OC 
33. NH3-N (l~rnmonia) 
34. Or9anic-N 
35. N03-N (Nitrate) 
36. N02-N (Nitrite) 
37. P04-Phosphate 
38. S04-Sulfate 
39. Alkalinity 
40. Chloride 
41. Fluoride 
42. Cyanide~ 
43. Ll\S 
44. Dissolved Solids 
4:i .. r.1ater 1l1cr:iperature 
46. PI-I 

6 7 

.29 • ?.2 

.34 

.26 

.17 
.52 

.24 

.27 

.36 

8 

.15 

. l '7 

.21 

9 

.46 

.40 

.31 

.S2 

.25 

.18 

.27 

.26 

.25 

.28 

.17 

.20 

.25 

.21 

81 

101 1 u t·' c ·" - ··~l .t.' ti · ~-r.-~:',... ' ... , -'-o r:•' -· -i·' - ·t -,t t1' 0 00] .J1-.i .no .. ,c COlrc .aL:tO .. , C(k.l.J.J•_;l,Dl-.i ,:;iJ.CT,I1.l.~ .. lCdl1 u ;G • ' -

level u.rE~ included L! this 'rc::b Jc~. Correl a tion Coefficients 
calculated u.c:-;lng .Spi.)a_r;-~-,a.n•r: H.an1~ Correlation procedure. 

10 

.25 

.34 

.19 

.24 

.25 

.19 

.17 

.36 

.33 

.28 
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'I'AC.LE 6 GROU1JD tvA'J."Im. CORRELNrION HA'l'RIX
1 

11 l/: J.3 14 15 - --
1 .. Vinyl Chloride 
2 .. Ecthylene Chloride -.20 .20 -.16 -.15 
3. Chlorof orr,1 .26 
4. l, l, 1-'Trichloroet:·i.cme ~ .. 20 -.15 
5. Carbon 1rc trachloridc 
6. 1,1,2-Trichloroethylene 
7. D5 .. 'J::: c;11oc ~·'.loron1e t:.ha1·1e 

8. 1,2-Dibrocoethane 
9. 1,1,2,2-Tetrachloroethylene .18 

10. nTomof orm .19 
11. BHC-,?\.lpha .50 .22 .27 .33 
12 .. I.indane .so .30 .49 .52 
13. 13HCq-J3 eta .22 .30 .17 
14 .. lieptachlor • 2 7 .. L19 .55 
15. Aldrin 3 ~_, 

• J .52 .17 .55 
16 .. Heptachlor Epoxide .27 3r:· • :> 00 

eL..--' .34 .48 
17. Chlordane .29 e32 .35 .25 e34 
18. o, F)' -DDE .28 .35 .34 .43 
19. Di.eldrin .29 .28 zr:· • :> "'23 .40 
20. Endrin .31 .31 .14 .30 .39 
21 .. o,p 1 -DDT .30 .35 .15 .30 .41 
22. p,p'-DDD .28 • 31 .18 .25 .39 
23. Arsenic - .. 17 -.,22 -.16 - .. 24 
24. Beryllium -.25 -.40 .22 -.20 -.30 
25. r.adraium .. 20 - .. 33 .21 -.18 -.25 
26. Copper -.16 
2 7. Chroraium 
28. Nickel -.19 
29. Lead ~.16 -.24 -.20 
30. Selenium -.17 .23 
31. Zinc 
32. rroc 
33. NH3-N (Ammonia) 
34. Organic-If 
35. N03-n (Nitrate) 
36. N02-N (Nitrite) 
3 7 .. P04-Phosphate 
38. S04-.Sulfate 
39. Alkalinity -.24 
40 .. Chloride 
41.. Fluo:cidc -.27 -.35 -.26 -.30· 
42. Cyanide -.27 -.20 
43. LAS 
44e Die.solved Solids 
45. H<J.tQr rrempE:r a tu re .28 .21 .19 .23 
46 .. PH 

1only tho~.rn correlation cocfficic-nts si~Jnificant at the 0 .. 001 
level arc .i.nc1t•,J:;~d in this rrabJ c. Correlation coc::ficientn 
CC1.lcu1atcd usin0 [;pc~an:E1n' s Rank Corn:lation procedure. 
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1111\BLE 6 

16 17 1 ' .. ) . ' 19 20 -
l. Vinyl Chloride 
2 .. Hcthylenc Ch1orick 
3"' Chloroform 
4 .. 1,1,1-Trichlorocthane -.16 
5. Ca.i:-bon rrc tr achlot• idc 
6. 1, 1, 2-~'Irichlorocthylene 
7. DibrornochJ.ororae U1;:;;ne 
8. l, 2-Dih::·omoethane 
Q _, . J., l, 2, 2-rJ'(~trachJo:r·oe thy.lene 

10 .. Brornoform. 
11. BEC-Al}:)ha. .27 .29 .2B .29 .31 
12. 11.indane .35 .32 .. 35 .. 28 .31 
13. BBC-Beta 20 • :7 

3 i-• :..> .25 .14 
14. Heptachlor .34 .25 .34 .23 .30 
15. l'"ldrin .48 ., 34 .43 .40 .39 
16 .. Heptachlor Epoxide .42 .42 .44 .36 
17. Chlordane • 42 .43 .43 .43 
18. • '12 .42 .43 .48 .53 
19 .. Dieldrin .44 .43 .48 5 '7 .. I 

20. Endrin .36 .43 .53 .57 
216 o,p'-DDT .36 .42 • '19 .. 51 .64 
22. p,p 1 -DDD .37 .40 .54 .55 .67 
23 .. Arsenic 
24. Beryllium -.18 
25. Cadmium -.17 
26. Copper 
27. Chromium - .. 14 -.14 
28. Nickel 
29. Lead -.14 
30. Selenium 
31. Zinc 
32. TOC 
33. NH3-n (1\mmonia) 
34. Organic-N 
35. N03-N (Nitrate) 
36. l\1'02-N {Nitrite) 
3 7. P04-Phor;pha. te 
38. so,1-Sul:Ea to 
39. Alkalinity -.24 -.19 
40. Chloride 
41 .. Fluoride -.25 -.25 -.23 
42. CyaDide 
43. LAS 
44. DissoJ.vcd Solids 
45. 'ilatcr 'l\.:."':!mpera ture .14 .22 .14 
46 .. PH 

1only those; co:r-ri.::~lation co.::-~fficients siqnificant at tlw O.Oul 
level arc inclu.dcL1 in thi;::: 1J.1 able. Correlation coefficients 
calc ula Led using ~~J.:.>c:a:,:·man 1 s Hci.nk Correla ti on procedure. 



TABLE 6 : 

21 

1. Vinvl Chloride 
2. Methylene Cl:,loridc 

4. 1, 1r1-::i::r· ichloroe t.hcme - .. 16 
5. Carbon Tc·(~racl1lr)ridc 
6. l, 1, 2-'J'richlol:"octhylene 
7. Dibromcchlorone~hane 
8. 1,2-Dibromoethane 
9. 1,1,2,2-Tutrachloroethylene 

10. Dromoforrn 
11. BHC-l\.lpha 
12. I.indane 
13 .. BHC-Beta 
14 .. Heptacr:i1or 
15. Aldrin 
16. Heptachlor Epoxide 
1 7. Chlordz .. n\."': 
18. o,p'-DDE 
19. Dieldrin 
20. Endrin 
21 o 0 ,p 1 -DDrJ? 
22. p,p'-DDD 
23. Arsenic 
24. Beryllium 
25. Cadmium 
26. Copper 
27 .. Chromium 
28. Hickel 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 

Lead 
Selenium 
Zinc 
TOC 
NH3-N (Ammonia} 
Organic·-N 
NO 3-N ( Nitrate } 
N02-N (Nitrite} 
P04-Phosphate 
S04-Sulfate 

39. hlk.alinity 
40. Chlorick 
41. Fluoride 
42. Cyanide 
43 .. LAS 
44. Dissolved Solids 
45. T·Jatcr r11 c~mperature 

46 .. PH 

.30 

.35 

.15 

.30 

.41 

.36 

.42 

.49 

.51 

.64 

.69 

-.15 
-.14 

-.23 

-.21 

.17 

22 

.28 

.31 

.18 

.25 

.39 

.37 

.40 

.54 

.55 

.67 

.69 

-.14 

.... 19 
-.22 

-.19 

.14 

23 

2 '7 .. ( 

.21 

.27 

., .17 
-.1 7 
-.22 

-.16 
-.24 

-.15 

.49 

.48 

.14 

.17 

.29 

.47 

.30 

.14 

21-1, 

.33 

.47 

.16 

.21 

.26 

.36 
.- .. 25 
-.40 

.22 
-.20 
-.30 
-.18 

-.15 

.. 49 

.89 

.17 

.34 

.65 

.61 

.ss 

-.45 

84 

25 

.30 

.45 

.18 

.25 

.33 
- .. 20 
-.33 

.21 
-.18 
-.25 
-.17 

-.14 

.48 

.89 

.21 

.38 

.61 

.15 

.54 

.43 

-.38 

1 
-··only thoDe corrcla ti on cocff ic:ien ts siqnificant at the 0. 001 
level are included j_n thi~3 Table. Correlation coefficients 
cc-1lcula·ccd using i3peannan 1 G Hank Correlation procedure. 



'rl\BLE 6 : GROUND 't1'/\.TER CORRELA'l'ION M?\'l1RIX
1 

26 

1. Vinyl Chloride 
2. Methylene Chloride 
3. Chloroform 
4. 1, 1, l-'l1richloroethanc 
5. Carbon r1':'E~trachluride 
6. 1,1,2-Trichloroethylene 
7. Dibromochloromethane 
8. 1,2-Dibroraoethane 
9. 1, 1, 2, 2-rI'Gtrachloroethylene 

10. Bromo:fo:cm 
11. BHC-1':..lpha 
12. Lindanc -.16 
13. BHC-i'cd::.a 
14.i. Heptachlor 
15. Aldrin 
16. Heptachlor Epoxide 
17. Chlordane 
18. o,p'-DDE 
19., Dieldrin 
20. Endrin 
21. o,p'-DDT 
22. p,p'-DDD 
23. Arsenic 
24. Beryllium .17 
25. Cadmium .21 
26. Copper 
27. Chromium 
28. Nickel 
29. Lead .59 
30. Selenium 
31. Zinc .41 
32. TOC 
33. NH3-N (Ammonia) 
34. Organic-N 
35. N03-N (Nitrate) 
36. N02-N (Nitrite) 
37. P04-Phosphate 
38. S04-Su1fate 
39. Alkalinity 
40. Chloride 
41. F'luoride 
42. Cyanide 
43. LAS 
44. Dissolved Solids 
45. l'later Temperature 
46. PH -.23 

27 

.. 14 

.27 

.28 

-.14 
-.14 

-.14 

-.19 
.20 

.25 

.22 

.23 
-.14 

7.8 

-.21 
-.14 
-·.17 

-.19 

29 

-.16 
-.24 

-.20 
-.14 

.17 

.34 

.38 

.59 

.15 
.. 16 .39 

.21 

-.26 

.21 
.21 

-.28 -.24 

-.17 

85 

30 

.• 21 
.36 

.15 

.. 1 7 

.28 

-.1 7 
.,23 

.29 

.65 

.61 

.15 

3 ·.:-. _, 
.33 

-.30 

1
on1y those correlation coefficients si0nificant a.t the 0 .001 
lcvc~l are incl udcd in this 'J,o~)J e. Correlation cocff icients 
calculated using Spearman's Rank Correlation procedure. 



TABLE G GROUND HNl1 ER crnuu:LATION MATHIX 
1 

1. Vinyl Chloride 
2. Methylene Chloride 
3 ... Chloroform 
4. 1, 1, 1-rrrichloroethan(~ 
5. Carbon Tetrachloride 
6. 1, l, 2-'I'richloroeth.ylenc~ 
7. DibroraochloromEd_:hane 
8. l, 2-Dibromoe th z::.ne 
9. 1,1,2,2-TetrachJoroethylene 

10. Brorno:Eorrn 
11. I3HC-·A1pha 
12 .. Lindanc · 
13. BHC-·Beta 
14. Hepta.chlor 
15. Aldrin 
16. Heptachlor Epoxide 
17. Chlordane 
18. o,p 1 -DDE 
19. Di(-=ldrin 
20. Endr:Ln 
21. 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 (l\.uunonia) 
34. Organic-N 
35. N03-N (Nitrate) 
36. N02-N (Nitrite) 
37. P04-Phosphate 
38. S04-Sulfate 
39. Alkalinity 
40. Chloride 
41. Fluoride 
42. Cyanide 
43. LAS 
44. Dissolved Solids 
45. Water •rcmperature 
46. PH 

31 

.15 

.41 

.16 

.39 

.20 

-.14 

32 

.18 

.28 

33 

.. 21 

.31 
-.21 

.20 

.21 

.22 

34 

.16 

-.19 

.31 

-.40 
.26 

86 

35 

.17 

.20 

-.21 
-.40 

-.26 

• 23 

.34 

1only those correlation coefficients significant at Lhe 0.001 
level are included in thi.s rrablc. Correlation coie~fficicnts 
calculated using Spearman'~> nan1::. Correlation procedure. 



TABLE 6 : GROUND HA'rim CORRELli..'I'I ON Nl\.rr1nx 
1 

36 37 

1. Vinyl Chloride 
2. Methylene Chloride 
3. Chloroform 
4. l, l, 1-rrrichloroethane 
5. Carbon Tetrachloride 
6. 1,1,2-Trichloroethylene 
7. Dibromochloromethane 
8. 1, 2-Dibromoethane 
9. 1, 1, 2, 2-'I'etrachl.oroethylene 

10. Bromoform 
11. BHC-A1pha. 
12. Lindanc 

38 

.23 
• J. 8 

.2S 

87 

39 40 

13. BHC-Beta. -.20 
14. Heptachlor 
15. l~ldrin 
16. Heptachlor Epoxide 
17. Chlordane 
18 • 0 Ip I ... DDE 
19. Dieldrin 
20. Endrin 
21. o,p'-DDT 
22 .. p,p'-DDD 
23. Arsenic 
24. Beryllium 
25. Cadmium 
26. Copper 
27. Chromium 
28. Nick.el 
29. Lead 
30. Selenium 
31. Zinc 
32. TOC 
33. l\ffI3-N (Ammonia 
34. Organic-1\f 
35. N03-N (Nitrate) 
36. N02-N {Nitrite) 
37. P04-Phosphate 
38. S04-Sulfa.te 
39. Alkalinity 
40. Chloride 
41. l"luoridc 
42. Cyanide 
43. LAS 
44. Dissolved Solids 
45. Water Temperature 
46. PH 

.20 

.26 

.26 

.20 

-.17 

-.19 

.25 
-.26 

.23 

.31 

.29 

;,50 

-.16 
-.23 
-.24 

-.19 
-.23 
-.22 

.22 

.31 

.29 

.54 

.39 

l 1 I 1 '. £,_.. • t . . .r:• 1 On y t1osc corrc acion coe:~1c1en-s s1gn1£1cant at the o.oo 
J.cvcl are included in this Table·.. Correlation coefficients 
calculated using Spearnan•s n.ank Correlation procedure~ 

.34 

.29 

.29 

.43 
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TABLE 6 . GROUND WATEI! CO F! HEL'A 1rI 0 H r'l'i'·'rcl . "1 1--.J.h . .I. 

41 42 43 44 

1. Vinyl Chloride 
2. Methylene Chloride 
3. Chlorof orn 
4. 1,1,-Trichloroethane .19 
5. Carbon 'J.1 E~ tr ach lor ide 
6. 1, 1, 2-rrr.ichloroethylene .36 
7. Dibrornochloromethane 
8. 1,2-Dibromoethane .21 
9. 1,1,2,2-?ctra.chlo:r.octhylene .21 

10. Bromof orm 
11. BHC-Alpha_ -.27 
12. Lindane -.35 -.27 
13. BBC~· Beta -.26 
14. H cptzKh1or - .. 16 
15. Aldrin -.30 -.20 
16. Heptachlor Epoxide -.25 
1 7. c:1J.ordane -.25 
18. o,p'DDE 
19. Dieldrin -.23 
20. Endrin 
21. o,p 1 -DDT -.21 
22. p,p'-DDD -.19 
23. Arsenic .27 • 30 
24. Beryllium .61 .ss -.45 
25. Cadmium .54 .53 -.38 
26. Copper 
2 7. Chromium .23 
28. Nickel .21 -.28 
29. Lead .21 -.24 
30. Seleniur.1 .33 .33 -.30 
31. Zinc .20 
32. ri'OC 
33. 1\1113-N (Ammonia) .21 .22 
34. Organic-N 
35. N03-N (Ni tr ate) 
~, r 
..)0. F02-1:1 (Nitrite) -.20 
37. P04-Phosphate 
38. S04-Sulf ate .so 
39. J'i ... lkalini ty .54 
40. Chloride .43 
41. Fluoride .. 39 -.25 
42. Cyanide .39 -.23 
43. LAS 
44. Dissolved Solids -.25 -.23 

·45. Hater rrempcr a ture -.31 - .. 28 
46. PH 

1only those correlation coefficients significant at the 0.001 
level are included in this Table. Correlation coefficients 
calculated using Spearman• s I~ank Correlation procedure. 



'l'ABI,E 6 GROUND WATER. COIUU~LA'I'ION Hi\'l1RIX
1 

1. Vinyl Chloride 
2. Methylene Chloride 
3. Chloroform 
4. 1,1,1-Trichloroethane 
5. Carbon Tetrachloride 
6. 1,1,2-Trichloroet~ylcne 
7. Dibromochlorornci.:hane 
8. 1,2-Dibromocthane 
9. l, l, 2, 2-1J.1etr ach1oroethy1ene 

10. Bromoform 
11. BHC-h1pha· 
12. Lindane 
13. BHC-Beta 
14. Heptachlor 
15. Aldrin 
16"' Heptacl1lor Epoxide 
l 7. Chlordane 
18. o,p-Dim 
19. DieJ.drin 
20. Endrin 
21. 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. 'l10C 
33. NH3-N (Ammonia) 
34. Organic-N 
35. N03-N (Nitrate) 
36. N02-N (Nitrite) 
3 7 .. P0-1--Phosphatc 
38. S04-Sulfatc 
3 9. l' .. lka.l ini ty 
40. Chloride 
41. Fluoride 
42. Cyanide 
43. L.l\S 
4 t1. 
45. 

Dissolved Soli<ls 
Water Temperature 

4G. PH 

~.5 46 

.16 

.2B 

.21 

.19 

.23 

.14 

.22 

.14 

.17 

.14 

-.14 

-.31 
-.28 

-.23 

-.17 

-.14 

.39 

89 

1·only thoGc correlation coefficients significant at the 0.001 
10vol arc included in this Table. Correlation coefficients 
calcul~tcd using Spearrnan•s Rank Correlation procedure. 
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coefficients of 0.89 with cadmium and 0.65 with selenium. 

Cadmium has a correlation coefficient of 0.61 wi.th seleni­

um in addition to 0.89 ·w.ith beryllium. Copper has a corre­

lation coefficient of 0.59 with lead. The very high corre­

lation coefficient between. beryllium, cadm.ium, 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 correlation 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 arc 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 greater detail (Page 
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and Greenbe71 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 

expected since these 408 sample 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 metal::; have much higher correlation coeffi-

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

408 samples the correlation coefficient of beryllium with 

cadmium uas 0 .40, whereas in the total 692 sarilples of 

ground water th.e 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~ 

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 

these three substances in the ground water samples collect-

ed after th.e first 408 sample results. ~very ground water 

containinq less than !_.O ppbd of bcrylli_u!!!,. l\~fter the first 

408 samples, 246 of the 251 detectable concentrations of 

cadmium have been reported 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 tl1e correlation coefficients be­

tween these substances to increase substantially. In short, 

the correlationo 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 i·rnter samples (Table 6 ) are very 

similar to the patterns of correlations found in the 

correlation matrix of 320 surface water srunples (Table 2 ). 

This is not surprisingeo 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 surf ace water samples is in the 

standard water quality par?.ltleters. The same parameters are 

intercorrelated, but the correlation coefficients in the 

ground water data are generally smaller than those between 

the same substances in the surface v.rater data.. The highest 

correlation coefficient among the standard water quality 

parameters in the ground water data involves diasolved 

solids with alkalinity, 0.54. The surface water data the 

correlation coefficient for the same substances is 0.63 

and is exceeded by 0.65 between alkalinity and chloride. 
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In general, all of the correlations among the standard 

v1atcr quality par<.m1eter:J are higher in the surface \·Jater 

data than in the ground uater sa.mplen. 

Several chemical substances included in the ground 

water data are not included in the correlation matrix. 

Those substances which had fewer detectable concentrations 

than ten percent of the total ground water samples collect-

ed (69) weie deleted from the correlation calcula~ions to 

decrease 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: fluoR04" 

.-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, 
0 0 () 

trichlorobenzene, arphlor 1016, arJchlor 1242, arfchlor 1248, 
0 

a~chlor 1254, dichloroethylene (gem), dibromomethane, t-

dichloroethylene, bromodichloromethane, p,p1 -DDT, mirex, 

methyoxychlor, toxaphene, and fecal coliform. Nith these 

26 variables deleted, the ground water data set is left 

with 46 variables. 

Summarv of Grow1d Water Correlation Analysi~ 

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 ) \·;ras found to closely resemble the 

correlation matrix of ·chcrnica.l substances calculated for 

the first 408 ground \'later samples (Pag·c and Greenberg, 

1978). The greatest difference in these two correlation 

matrices was identif:i .. ed to be in the heavy metals and the 

cause was investigated~ The similarity with the surface 

water biva~iate correlation matrix (Table 

noted and the minor difference examined. 

) was. also 

Factor Analvsis of Ground Water Data 

Factor analysis was performed on the ground water 

data set of 692 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 procedure 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 
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multiple correlation coefficients (R2) of each variable 

v1i i:.h every othc~r v0riablc ~1c•1-:c uE;c~d to estimate the corn:r.m-· 

nali tie[.:j. '11 he use of R
7 to eD tinz·1 tc the~ cornrnu.nali tie:~·; 

preve.nts f<lctor an2)lyr:.is from cit-tributing to the chemic.al 

substances in thn :rna1ysis the povcr to explain all the 

variation in th0 data. Since many unsamplcd variables may 

contribute to the~ variaU_on in the dat2., 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 dat2 set. 

Pro})lems <:~re caused by missing data Vc.1~'-uc:s in the 

<Jruunr~. ua.tcr d2.tct set. M:i..ss~.nq cl:=:ita causes e:.ctra or 

imaginnry variance to be present in the results of factor 

anaJysi.s. This problem 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 valuese 

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 those observations which do 

not h3vc nll data clements. In the ground water data set 

this ariproach ·1:.'t1s not us ecJ bee a.use only 3 ~:> c:~mplcs 11 ave data 

for (:ach variable! Anotr:cr common 2..pproc=~ch is to US(: the 
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mean or other measure of central tendency of a variable in 

the data set to fill in missing data for that variable. 

Because of the extremely skewed distributions of toxic 

substances in water the menn 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 Analysis 

Factor analysis of the .ground water data extracted six 

independent patterns of contamination. This is comparable 

to the factor analysis 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 £actors 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 chlorinat0d hydrocarbons in the ground water data 



'T1\BLE 7: FJ..,.CTOR Jl._NT'.LYSIS OF 692 NEW JERSEY GROUND Hl1..TER SAMPLES -

V 2ri 3.ble 

Vinyl chloride 
Methylene chloride 
Chloroform 
1,1,1-trichloroethane 
C2rbo~ tetrachlo~ide 

l,l,2-trichloroethylene 
Dibros~chloroethane 

1,2-dibrcnoethane 
1,1,2,2-tetrachloroethylene 
Brosoform 

EEC-Alpha 
Li~~a~e 
:.~I-·:C--~ct a 
Esr: t2.c~1lor 
J:i.1drin 
Hept2chlor epoxide 
Chlo~d.:_ne 

nl-DD~ o,J;/ - ....., 
Dieldrin 
Endrin 
0 ,~,l T'l'l'li 

I J__.. - j_j .::._,.' .t.. 

n -,·il_ ~T'D 
.i.- I!_·· J.,..u 

Arsenic 
Beryllium 
Cc· 6.~:i l.J.:-~ 
'_,,..., --~. ,.. .. 

y· . ..,,, ., ......... , 

Fl F2 F3 F4 F5 F6 

.59 

.67 

.41 .49 

.44 

.. 47 

.57 
-.48 

.so 

.65 

.59 

.59 

.68 
r0 

• 0(1 

• 74 
• 72 
• 72 

.so 

.93 

.85 
• 75 

• .41 
.68 

.67 
.49 
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Conmunalities 
• 2 
.n 

.02 

.22 

.. 45 

.21 

.16 

.65 

.12 

.05 

.. 46 

.23 

'I r ........ 0 
'Ir 

• '-=0 
.47 
.28 
.. 43 
.37 

,,., , 
• -r ...l. 

.47 

.48 

.57 

.. 54 

.56 

.34 

.99 

.. 83 
~ '! 

• __, I 

.. l 9 

.26 

.53 
• .:~ 9 
?-

• ·- :J 
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TJ .. BLE 7: FACTOR l\.NF..LYSIS OF 692 NEW JERSEY GROUND WATER SAMPLES (Continued) 

Communalities 

Variable Fl F2 F3 F4 F5 F6 h2 

TOC .02 
HH3-N (Ammonia) .56 .38 
Organic Tiitro~en .57 3t: • v 

:t:o3-n (::~·it:cate) -.51 .34 
ro 2-N ( Ei t::i te) .27 
?04 (Phosphate .09 
S04 (Sulfate) .51 .36 
.P~. l k a 1 i :r~ i t y .49 .35 
c r1 i o :- i (12 .40 io • J 

Fluor ids .45 .53 
C}r 2nid.c.~ .52 .47 
LAS (De t2rgcn t) .. 1 7 
Dissolved Solids • 76 -.41 .85 
\'/~ t(~.:c ·11 er:~r:!er a t::lre .13 
r-:-I ; 1 

.. J_ -

EigGn..-...r al 1...-~es 6.00 3.81 2.98 1.55 1.53 1.11 

Percent Variation 3 '- L ...J • - 22.4 17.6 9.1 9 .. 0 6.5 

':.7:::;-ir::a:: 2-otation. T11·2 sqt12red multiple correlation coefficients ~-1ere used as 
con~~nalitv estinates, a~d only eigenvalues greater than 1.0 were extracted. 
"?-: = G:?~ • 

.. c_":-~r 1 :-:·r12.i~~3 :--T1.~l-°~UtC!" thl'tn c. ~o arc presentGd. 
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~;i-:l: which ;n-c commonly u:-_;ed 0S pesticides arG significantly 

;i:'.r:nci;·-"tcd \Tith Factor 1. F :'.\ c tor l exp 1 tli n ~» th c~ g .re ates t: 

JH'rcen taqc of variation, 35. 4 _percent, in the gr.ound water 

~L1hc _per; ticidE:! factor c~xplains tJ-w gr ea te.s t percen taqe 

or variation in the; f<1ctor ana.lysi.s of both the first 408 

("\-"On more inportant in c-~xpl2j_ninq Vi::1rJation (P<lge: and 

c i:·ccnberg, 1 ~;TC) , 1,1:i_ L:h Fae toL l oxµJ n.Lning 48. 7 _percent of 

the v~n:-iation in the data a;J compared t8 35.4 pc~rcent in 

tho factor analysis of all 6c;'2 ~rround v1at.cr samples. 

A second difference between the 408 and 692 s~mplc 

an<1lyses war::: that tbe first .0Jrn sarriplc~ results yJelded b.ro 

pc~sticide factors in 'the varirnax rotated solution. Factor 

1 was a DDT-related pesticide factor and Factor 4 was a 

BBC-related pesticide factor. Factor 4 in the factor 

analysis of the first 408 samples explained 9.9 percent of 

the variation.. In the factor analysis of all 692 ground 

water samples all the pesticides are associated with 

Fnctor 1. 

Factor 2 is a hcn.vv r;1et2ls :f<tC~or, although several 

light chlorinated hydrocarbons are also associated with 

this factor. Factor 2 is dominated by beryllium, cadmium, 

;n1d selenium \·1ith factor J.oadings of O.CJ3, 0.85, ;:md 0.67, 
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0iven our con:::;crv;ltivc appro;~c!1,. The explanation for thc~se 

hi CJ h val u c~ ~-:; 11 as be c n disc us::::~ c d in th c .'3 ( :· c ti o 11 on corr el a-

tion analy.r;is \Jherc tl1e high corcc:l<:1tions arr1ong these thref~ 

l 1 . :! • 
su.)f:>tanceD v:10rc exp._aJ_1·1co J.n terms of Uir~ large number of 

samples which h7 cre rc_ported c-1.t. the nini;T'Jm r~.:!portable con-

cen t:r .::.:ti on. 

Several other substances are associated with Factor 2, 

althou9h not c)S stron~f]y as bcrylliu~fl, cadmium, and selcni-

um. 1\r.senic, which is cateqorized as a metal although it 

and selenium are in l:act non-raetals, has a factor loading 

of 0. 50.. '11hree light chlorina.tcd hydrocarbons are also 

associated with factor 2. Chloroform, l, 1, 2, 2-tetrachloroP 

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

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 significant differences in Fa.ctor 2 

in the f~ctor 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 conce11trat:lon in almo:::t all ground water 

samples collected after the fin:; t 408 saP1ples. BeryllieiL.tyq 

and cadmium Here a~;sociated with the he21vy metals factor 

i.n the ana1yELi.s of the first 40[3 samples, but with much 

lo~·1er factor loadin0s. Selen5.urn \'lns not strongly as.soci-
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'I'he Dccond major d::l. ffercncc in Pc.ictor 2 beh·1cc~:J the 

factor analyseD of the f.irst 408 and the full 692 9round. 

water samples concerns the~ li9h t chlorina tcd hydroearbons .. 

In the analysis of the first 400 sarnplcs, Factor 2 was a 

light chlorinated byd.nJc 2rbon f c:ctor and Factor 3 was a 

heavy metals £actor. I·luch of: this difference is probably 

due to chemical analy~:Ji.s proced1.i.res ratbc:r than to different 

patterns of contamination being identified in the. ground 

water samples collected after the first 408e Chloroform, 

and 1,1,2,2-tctrachloroethylcnc are associated with F'actor 

2 in both analyses. The discussion, under the heading data 

weaknesses, of brornodichloromethane with 1,1,2-trichloro..,.... 

efhylene and 1, 2-dibro:moeth.ane with 1, 1, 2, 2-tetrachloro.-

ethylene explains why considerable information was lost to 

the data set. rrhis lost information is probably a large 

cause of the differences in li~Jht chlorinated hydrocarbons 

in the tuo factor analyses. 

Factor 3 is a standard 'dater qu2li t_y ~"J_a,!:_ametcrs 

factor. Factor 3 is dominated by dissolved solids with 

sulfate, alkalinity, and chloride also identifying this 

pattern of contaminationo Ground water samples exhibiting 

this pattern of contamination also have relatively high 

concentrations of 1,1,2-trichloroethylene and 1,1,2,2-

tetrachloroethyJcne, nlthou9h rciisEJinq data values for both 

of· Uie.<:>e light chlori.nat.cd hydrocarbons may inflate their 

cont.ribut:i.on.. Factor 3 cxplainr; 1 7. G pc:rcc~nt of the.~ 
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+:}10 v.:i.riation in 

two st~ndard water qu~lity pnramc~0r fnctors identified in 

the 2na.J.ysi.s of t};(~ cl.ata t1~01~:1 t~·,_c fiy-~;t 408 D2ri1ples. 

Factor facto.~-~ .. It explaj_ns 9 .1 ner-J. 

cent of the total variation in the data set. Organic 

nitrogen and ammonia have factor loadings of 0.57 and 0.56. 

Nitrite nitrogen CJ:m/-N) 
')..-

is just 

with a factor loading of 0.39. 

below the level reported 

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 also found in 

the analysis of the data from the first 408 ground water 

samples. This is a finding the author has not seen 

reported in the literature perhaps because in routine 

analysis of ground uater samples nitrate nitrogen is 

usually the only form of nitrogen that is looked for (Hem, 

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

oxidized form, is most easily lc;::ichcd into ground uater. 



103 

Hherc the .soil is polluted \1:i th lclr<JC airounts of ni trogcn 

it :i.s likely that both n:i.tratc ;:rncl. nitrite nitrogen Hould 

rcac:ll the qround water.., 

Fae tor r: . 
.. ) J_S a !:.?econd he ;:.1vv u(·: tal s factor. ,.___..,___, __ , __ _.._...,_...,........ - It ex.plains 

9.,0 pc~rcent of the tot..::11 variation in the data set and is 

doviinatecJ by copper, lead, and zi.nc ·with factor lo;1dings 

of 0.75, 0.68, and 0.49. Factor 5 resembles Factor 3 from 

the 408 sample analysis. In an analysis of landfills in 

the Los Angeles area, copper and zinc along with chromium 

were found to be the greatest threats to ground and surface 

water {Eichenberger, et al., 19 78) •. 

Factor 6 is interesting but hard to interpret. It 

explains only 6.5 percent of the total variati6n in the 

data set, and ·while 5 vc:iriables are associated with it, 

none have high factor loadings. J?actor 6 has varia.b1es 

from 3 of the 4 general categories of sub.stances in the 

data set. The pattern of contamination identified by 

Factor 6 is est:.ablished by those ground water samples in 

which concentrations of cyanide, fluoride, and nickel are 
t?? . 

relativc~ly high when concentrations of /BHC•De.~ti and dis-

solved solids are relat.i vely 1ow and proha.hly non-de tee ta-

ble. Other substances in the data sc-1
.::. contribute to this 

pattern of contamination to a lesser cxt0nt, but in terms 

of the whole data set this is a n:i.no.r pal tern of con tamina-

ti on. 
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;~1r.r1m1nrv of Grouil'.J ·:";1te:c F';:1ctor J.n.:.:ilvsi:; 
--\·~~~-~. -~-·-~--'-.... <;--<.-w--.....r· .. "·t<(,:--·--•--_.a.-~---

Fac1:o.r anu.ly:.:;;.i[; was pc.:::fo:clncd on 46 ch(:mic.:c~l ~3ub.stanccs 

<'nd vatcr quality mcc:'.surerncmts collected for 692 g-round 

The 4.6 chcmicCil sub:..-; tanccs and v1a ter quali-

conccnt:i~ationr. in at lea.st ten percc~nt of the .sanples in 

the oat.a set. 

The f ~ctor analysis wao performed using conservative 

Spearman's Rank Corrclatio~, a non-par2rnetric 

proce:dlE·e produced the correlation ?'\1at:.-c ix. ~Phe square of· 

the multiple correlation coefficient for each variable 

'\>Ti th eve~~:y other variable waG used to cstir:late the commu-

nalitics. An eigenvalue cutoff of unity was u~ed to 

dete~rnine the number of factors to be interpreted. 

The factor analysis of the ground water data set 

identified 6 factors. Factor 1 is a pe::stici<le factor which ---------
explains 35.3 percent of the total v~riation in the ground 

water dat0 . ., Factor 2 is a rwav'i/' rnc:t:aJ_;3 factor •:1hich 

explains 22.4 percent of the variation in the data. 

fa.c tor 

which explains 17.6 percent of the variation in the data. 

Factor 4 i ~; a n i tr o 0.~? .. !2. fa c tor \·.'hi ch c: xp l a ins 9 .... 1 percent 

of the variation in the data. 

mctrlls f;1c tor 

in the d::l t.a. 

·which explains 9~0 pcrcc·;1t of the variation 

F ;ic tor 6 i::; a .'.'..:vu n i cl c ~~~ -:_f 2-1:~'.?E.i de 

fac to:r uhi.c:h i;3 dif:LLcul t to z11-~c1. cxpJ ;1J_n;3 only 
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G., 5 pcrccn t of t11c variation in the'! grotmd ua tcr. data set., 

analysis o~c all 692 c;rovnd \·Jtd:(=:r sample;:; and the results 

of an carJicr factox- analysis of the~ fir.st 408 ground wc:~ter 

f:'i-F:1ple::.~.. 'J.'ho pa t:tcrns of g:councJ \:Jatcr contaminat:ion in 

the l>10 2.naly~~es \·1c~rc~ found to be· very similar ... The great-

of the pesticide factor cmd th(~ i:ncrcc~E::cd import;::,ncc of 

the standard water quality parameter and tho nitrogen 

factor in the analysis of all G92 samples from U1e earlier 

a.nalysi:-.;. Problcr:1B of miBsing dat.a and cspecialJy changes 

in the light chlorina.ted hydrocarbons included in the 

chemical analyses of: the samples make corn.parisom;; of the 

light chlorinated hydrocarbons between the factor analysis 

results impossible. 

Assoc i a tio:1c.~ 
Cha..r C-".C' ·tcr is -~~ic;:; 

of Ground ll2ter Sa:t;·1~'.)le Site 
ni. th r a(:. tc~rns of Eon -c.aminc-7't'io:n 

An attempt was made to associate the characteristics 

of the ground water sample sites with the patterns of 

contamination identified by factor analysis. 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 a:~soc.:Lated 1:vith the 

patterns of contamination identified by the factor analysis 

of the ~rrouncl water data .. '.r1w chciract:cristics of the wells 

·from which thG .sampl(2s uere coJ.lecte:d c:md the areas around 
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d:U:fc.:ic:nt 1)attcrns of contarni-

n~J Lion. 

Miss:... 

pa i.::tcrn.~:, of con -~=a 7~iinal:~ion. 

and the a!.'.'cas .surroundin~J the~ wells make identification of 

any associations among those characteristics extremely 

difficult. 

Pactor 1 

The characb.?.ristics of the ground water E~amples most 

strongly associated with Factor 1, the pesticide factor, 

are presented in Table 8 • '11he 24 ground water samples 

most strongly associated with the pesticide factor were 

collected in 10 different counties in all parts of New 

Jersey. Nonmouth and Salem counties ·with 6 samples each 

are the counties nost strongly asE>ociated 't·Jith the ground 

mediately surrounding the ground water sample sites are 

r.ornc\:h<.1.t m.1.rpr:L::.:.;in<J. Only 3 of tLc~ Da1:11;lcs hztd cmrround-
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TABLE 8: ASSOCIATIOHS OJ? SAHPLE SI'I1E CHAR.:\CTERIS 1rICS WI1'H PATTERNS OF CONTP. .. HINATIClJ 
IE GHOUND Wl\TER 

Factor 1 - Pesticide F2ctor 

S2.:x0J.e ID Cmmtv 1-:~.~2~ i C i]}Ul it:~/ 

CZ2:..1~~· 12JY Cc:r.-J~~CT1 C 2.r1c1en 
c;::J.1 12 C2~dcn C~~Jcn 

CF 3 
Cl.7 5 
cu 6 

!~~~-; l) .... , -. ..... 
J.... ·• 

1:=:"?.. 19 
~-:2,:~ 1 
"\ ... ..-.. ,..,. 
' ; 'l.i ...... ..._.. ~. 3 
r.:c:1 2 

.., rri'"'""T 

.!..~ ......... _., .._.J 

r.:c~7 6 
r:c,:; 13 
:·:CR lC 5 
r?:.[3 2 

~(j 

-"-~ h j ,... 
tJ 

s:~ 3 
s;. L13 

.:~ 5 
,,- - r: 
~- - \.) 

~ ?> 1 r; .._.... . ~ .... ._,., 

ST_ ]_ 3J\. 

Ct~I-:-,bcr l z,.nd 
Ct.:.~\~::~ J:- l 2~~-1 c1 
Cu:~~bcr l a.~1d 

:._ ~ ::_) c :·.: 
I-~.~~~~- c 2 r 
I~ 0!:.:.'.0L:-t.h 

Ii 0r:::tOll t}1 

i-1011 ::-:w '-1th 

:~ :::-n~·'. ot.1 t.:~ 

~·~O~~~.ou t!1 
l :on:-.-~ CJD t~1 

i·:oi.-;;_- 2-S 

P 2s~:; 2j_c 

~ - ~: ~:~:-;:;~(:_;'):~ 

~=o:r:ris 
I"·7c11:-r is 
Se:~ :_c::-i 
Sc.<.ler:: 

E~ '-~~ } c !l-t 
s 2 :_er:\ 
S a:.c:::n 
S alc~t 

Ll.1sberg 
Upper Dearf ield Twp 

Ha~ilton 

Atl. Highlands 
Atl. Highlands 
Atl. Highlands 

I:cr:~d .. 2 l 
~Ct t.OT1 tO':-ln 

I~cc~sport 

Cliftcn 

c1 1 c ~ .7 -:-_c1::. 
I Io nc1 .... "1 ct~11 

l:c EC;_l': 2rn 

Aub1)rn 

r; C~1L2S\:JYO\Je 
~:C)CC13 tO':''l!1 

OldL~a.ns 

Upper Penns 

Depth 
In Feet Conments 

l 79 Car Lot 

154 
284 

307 
40 

660 
280 
600 

104 
150 
361 

83 
389 

225 

21st St. 

Hear Delauare 

Near building 

;') 
J.\.. 

Use of 
Nater Land Use 

Pctable In~ustrial 

r~ 0 tc..~J=-c~ 
1? 0 ta_})lC 

Po t.a.!J1e 
Potable 

Ind :.1 s t.i.~ i al 
S 11~b ;-e.· ·~ i Ql 1 

:,..4. • .... - -- ... 

Sul>. :cf_sic1 • 
Cooling Industri21 
P o t o;) l c I n cl us tr i :: 1 
P o t C'.b l e U ::- ~; • Cc r:::_; • 1 
Pota~J1e Urb. Ccnr·;. 

Pct2ble 
Cocling In~ustri~~ 
PotahlG In(bS trL:.l 
PoL:·,ble: 
Process Industri~l 

P o -c :: :.--~ J c s ~.:_ ·r~ • re s i ·_ . 
Potable Sub. rcsi5. 

205 
154 

Potable 
Behind fire house Pctable Far;:1 

54 
7 , ..... 

.!.. _j 

124 
122 

Near Cabins 

]}:.. t Plant 

:?' o t. &}; J_ e 

Po t;::_})J.e P <::rm 

Potable Fc:T:n 
Process InCustriQl 
Cooling Industrial 

1z,_1:·;~r,:=::\' i a ti ens USCC). ln t11s 'l1 a_~)l e: snb. rcsid. = Suburbnn residential; Urb. corrun. = 

U ~})2.::1 c:c·~~-=-;-~crc i u.l. 
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Tle;.B::i..;E 8 ;\.SSOCII..TIOlJS OF f:JAH?LE .SI'I'E CH...~RJl ... CTERIST.ICS HITH PATTERNS OF CONTAJ.ITNATION 
IE GROUED ~ffi~ER (Continued) 

2 C:: -.;. ~~) 1 '~'.~ I ~) c \~::. ~ J I1 t "\l 

BER 13 
c_- =·~ 
·""'- ., .,. 
·"-"····;_,.- ... 
.:-.-- ;..· 
\ ......... 
r"'{ ...... .._ ~ 

,.,.-. ......, .,. .. 
\...._,_"·· 

CTJ 
C~J 

J ·~JZ 
1-20:':? 
l2 
12~\D 

J_ 1 3 
2-1 
l2 

Bcrs-c~11 

C2 ···:~1.:~n 
c ~ . -'; <·~ (_:; r!. 
c~ : -l-::. :_-"7. ,;. .. : ... i 

C cti-~c~en 

C ;:,.:·.·:6_en 

-.... 

Ct::-.... ~-) ,:::r 1 ~~:~:~t 
(~: ~ -~.·-~ ~ l. .:. "':( 

F ac tc.:c 2 Urbar1-Industrial Heavy Metals Fac·tor 

1-'.;_:i·~i.ci-oali tv 

:-: .~~~~ c: }:. i::~ ~t.t s a~ c; }( 
c ai~:oc..:r: 
C: ~-:: 1( ~~~en 

c ~-::. ~r1 c~ c~ n . 
Car.x~.cr1 

I? c:·1n:; c~u·~~en 
Vincl2nc1 

Der)·tl1 
In Fc.;et 

179 
179 
179 
179 

220 
35 
17 

Cornnen ts 

Met cd_ s P 1 ant 
Metals Pl2nt 

(21st .St .. ) 
Metals Plant 

Grassy field 
(Eill Rd.) 
(Rt. -17) 

,... 
TJsc or 
~!2t,2r 

Pot2.ble 
J:ot2_ble 
P ot:=ible 
Pot2.ble 

Potable 
P ot2,:iJle 
~:. c t~ (_~l) 1 c~ 

L 2nd t~::~ .~ 

Urb.. C::::•;T::-:-:. l 
I n c] J s t !'." i 0 l 
I ncJ:.1~: ;c:.r i 3.l 
I rt cl u. s T:r i c:: _L 
I nc1us tr i ~~J. 

c.:1,,D rr,rir-~ 1 
... ..: .·~~ ..... t::,~-t,;..)-.'..._.t.• 

In-:lustri21. 
I~·~,:;. ~1 E'. t~ i .?!.l 

c~_.: •) C ~·---;-,. :~J_:,_:-16 TJ.i~)·:~,,~=r D·:::~c::cfielCl l: o tab:~ 2 

Fairmont Che~ical Process w:::: L?. ~ ~-~ :: -:; }~ 

~ -~ ~--: ~~~ ~ .S l S E 1S s -~ :{ 
19 

'} -.r•.'T } ") 
• J \_.. -- ' / .. ~ If.~ .... 

., "('. -:;i 1 ; ....... , C" 
.a..1.·J.;..\,. --'.. .• ':J 

RI-1 
., ...... 
-LO 

?:~,i 2 CJ 
-:':!'"" 
...... ._/ 

,i\:: . .J 

J_ l 
-: -, -,.,_ .... ·~ 

.. L .:.)~~Li 

?'"S 2. 3C·3 
SA 21 

r< -
:-J---, ~ 1I3 

1 ,-, 
v .. ; -- ;... 

.;._ .. _,, -
~l ~ . . ..;. __ / 

~>c-:cc.?r 

: : ~> !~ :~.~ C"'i l: ··::,~· l 

;., .-"'.r~- -~-[~ .... _ .......... -· 

~: ~ .. -~. Tl t c: ~~~ rJ~ :: 1 l 

::: : , .~ n t. c~ ~c ~~: j~~' n 
'-~- -c~:cs2t 

.:: \~ ~ .. :::: 1~ 5J e -~~ 

.S c ~--·: :: ~ ~-:; e L 
2 2~1.C~r7't 

.---) z·. _!.__ c:~l 

'L·n i()fl 

, , . , .c r ,:; ~! 
. ' ]~" .~ ,_.; p 

:~:~i-r·en 

:_-~ c ·,·_..-. ;::. r T: 

r:i l i:)\.ffne 
H&mil~~on 
F ~'.".: c: ::: ~-. c 1 ':~t 

IJ ':· 2} c,. no ri 

o J_c~\-; ick 
J.:c1 r: -
~- C) c ~: ~~: I~ i 1 J_ 
R G c ': y ;:.:( i 11 
O lc1mc.rns 

Uppar Penns Neck 
E J .. i_ z a.::Je tJ1 

Phil 1 j_ p s burg 
Oxford 

350 

462 
40 
13 
83 

260 

17 

17 
25 

495 

Near building 

Forest 

Pan th er Valley 

Poti:l.ble 
Co·:)li!iC} 

Ir_c1us t7 ial 

I r:::-inf; tr i ,~l 
1'1r;r1i i:t)~~irig~ Inc1t1s tri. D:l 
Pot?..ble 
Po tabJ.2 

Pc taJ)le 
P () t Cl.}) 12 
Fo t2b1c 

G -l! ~~J • r c s :L ::1 • 
T'.'rb 
\..J -~- ~ • 

(_:t ~ "! 1-
;..J u.-..,1 • 

rs:Ji.c1. 

rcsicJ. 

CC· !';1 ;JC: r C _:_ f~~l 

P o -C: ab l c Con:.: c r c i Z".l 
l~onitoring Indust:c-i&l 

Eoni tor in~f Indus tr ir:tl 
!-Ioni toring Ir~dus tr i. :il 
P o t 2 .. rj 1 e s :._ :. J .J • r c 2 j. c1 • 
Moni taring I r:r]us tr .L:;.J. 
Potable Industrial 

· .~ ,~ ~,~:1_0~~1 ~3 ~t~~.3C3C1 it!. t~:G ~:~~a})J..c: Sub~ resid. = Suburban residential; Urb. CODD. = 
. . ,. - ::--. c c - . ~ .-. :._: ~:- c _'. ~ .J • 
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ASSOCL\TIOES CF SAHFLE srrE CI-IARl\.C;rERISTICS ~'JITH PATTERNS OF CONTAHI11A.11 IOH 
IN GROUND UATER (Continued) 

Factor 3 - Standard Water Quality Parameters 

Depth 
Cc:..1 nt"-7 ::un~.c5n:.:-,J_i t•..r In Feet Comrnents 

B<::.:rgen 
Den:-r2n 
Dcrc;J2x1 
B ~:·:: ~c ST c; :1 

P ar1c Ricl0e 
I~oc!-;.21le P c-~rk 
Tect.crb·Jro 
I-Iaci:ens ack 

42 (Sulak Ave.) 

425 

Use of 
:Tater 

Potable: 
Potable 

Potc:.blc 

L2.no LS2 

S'..-lb. [CS id. l 
I r~ c1 us tr i r2. l ~ 
Urb. co1:·~::: •. J. 

c; .. :j J_2? .. TJ Cctrnc:.en ca-.-:.den Potable 

c-~: 2 J_ 
ET.JD lA 
El'D J_n 

E:.;D 2 
EC:T 3 7 

::GP\. 2 
1.~c?. 15 
1'7 :~ r,: .s s 3 
J.::-~=~~)S E: 
l~I:ESS 9 

T'"'br" .-, ~ n 
1..:;0 ;:) j_ ,:; 

p 7'. r' -; 
- 1:..0 I 

~~=::: r l ~·! 
RE 17 
~J-I 18 

RS 10 
T";. c 1 1 

:2 
, ""t - ,..~ 

~ '..,J ..:... .:;.: '.._; 

=~s 13013 

c ~ H - ., • _, ~ -~ :~ } ·~ ·~ : ( :~ 

Hudson 
TT11c-~{ son 
r-: t.J c: s c r1 
J.j_\)rl~i.<J'U t11 

·Nm:ris 
:·:or:c is 
Es so>: 
E~~~ s CJ: 

E.~3 s C:}~ 

!<orris tm·m 

South 02:"2.ngc 
B c: 11e'..7i11 e 

~5SE~~c 1Te\-Jar1( 
F' t~ss 2ic 
H ·u l.:. t \?; _:-~ cl cJ r: 
r-1~:~1t2 :c d_ c ~-~ :1 aJ~ i -t c:.n rrt:-ip. 
E-ur: t2rdon 

S ()::i·S .i~ Se-::_ 

S "';::·~~J~ s c; t l~ion:::.<J'~ITt(=:r}; 

S C·:--1 OJ:: S 2 ~~~ r.: c}l1 ~(~-o!:lsry 
S c.· ~~·."'. 2 ::_- s. (; ·:: F~ cc:(. y I-1 i 11 
~Jo.:-,·:(.:::-.: s e ·c ncd:y :ai 11 

2··.~l2Xi-r:::-:.::; l'_Scc:_ ln th.e r.rablc: 

295 
307 
165 
300 
472 

85 
332 
625 
300 

350 
300 
144 
122 
150 

80 

200 
200 

Near sludge beds 

(Raydol Ave.) 
In.side b-1..-i.ilding 

{Rt. 46) 

Inside building 

Fairmont Chemical 

Potable 

Coe>J.ing 
Cooli:i.g 
Potable 

Potable 
Pot2b1e 
Process 
CoolLng 

Cooling 
Other 

Past Med. Center {Rt.31) Pot2ble 
(Rt. 31) Potable 

Cmnmercial 
Small Field 

P ota:!:Jle 
Potable 
Potable 
Pota:)le 
Potable 

Urb. :.:-esid.l 
Stlb. re.sic1. 
I n.J.t1B tr i G.l 
I ncltJ[J ~:i. ... i a.l 
OlJSD Spa.cc 

Industrial 
Urb. co~~. 
Ind :~JS tr i_ :.l 
I ~1dus ·::r i c.l 

Industrial 
Urb .. conr::. 

Industrial 

Farm. 

09en Spa.c::: 
Cornn~rci.2J. 
~ U· ~D. C or-, r-, l 
'-' • J,. .. i.L, • 

Sub. resid. = Suburban residential; Urb4 cosD. = 
-_-.::.<.::~-·2:1 c::::-.~-.-:::rcic;_l; Urb. resid. = Urb.cm residential; Sub. comrn. = 'SubuY.·:fJ2n conr.~2rc i c~ 1. 
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ASSOCI~TIOl'TS OF SAMPLE SI'I'E CH!l .. R..i\CTERISTICS 
IN GROUND 1ffiTER {Continued) 

WI'Yd PATTERNS OF CONTA!UNATION 

Factor 3 Standard Water Quality Parameters 

Depth Use of 
S a:r-::}J_~ ID _cOlm_ty Mun_:l~il2_al_i ty In Feet Comments Hater_~ Land Use 

SA 6 
c•' '1 .. 
"-' .1.-.... _, 

1JI7 7 
L:~ 9 
H 3 

~-; 4 
1- 6 
• I .. 
T·..,. ::} 
•:J -.._; 

1} 12~\ 

.. 

~·; l :=: 

1 

Salem 
Salem 
Uni en 
Union 
;·Ja:cren 

:·~ a.r r ~'3 :-~ 

T·: ~~~ :c r c: :-.;. 
~ i Ll .!~ l- C tl 

~72rr0n 

~7 a~-rer1 

:::-.,"":--"'-".:·.· ... 
• (,,..J~ • ... • '- _ .. ..;.. .1 

~ ~ :-:.J: ~c ·2 r1 

Woodstown 
Peensville 

Hillsi<le 
Brainards 

Phillipsbl::rg 
,~,l c:_s !1 ing ~~:,\J r1 

Stewartsville 
Phillipsburg 

: :· c: ·!: c~ ~ .. -: -~:s <:.c; ~ .. r:1 

~:; c:.~:; l1i r-1s1 YC()!i 

710 
39 

400 

180 

86 
345 
4.95 
250 

lDO 
285 

Yard at Main Gate 

Panther Valley 

Sludge field 

Potabl€~ 

Potable 
Po table 
Cooling 
Potable 

Potable 
Pot;::·'.~_)le 

Pot<.:l.ble 
Potc1ble 

Urb. 
Urb. 
Urb .. 

resid.l 
res id .. 
C Ot1~'"J .. 1 

Industrial 
Farm 

Industric.l 
~Lir 1" rc.c· i .~ 
'~..,,,. -"'--)..i ... '-'•1 

Sub. res id. 
F arlT: 

Noni tor ing Indus i.:.r i aJ_ 

Monitoring Industrial 
Potable Inc1l.:s·c1:-ial 

""'-Ab'bre . .riatior·,s t.1sed :i.n tl-:.e Table: Sub. resid. = Suburban residential; Urb. conn. = 
Frb.::~n co:-,1r~orc:Lal; Urb. res id. = Urban residential. 



111 

TABLE 8 ASSOCV\.TIONS OF SAMPLE SITE Cf-UU1ACTERISTICS WITH PATTERNS OF CONTANINATION 
IN GROl~ND WATER (Continued) 

Factor 4 - Nitrogen Fac~or 

Den th 
s -=:~:~~.:<.? =-=; Cc::l"t°V Il-~".:icipality , __ In F:>.:;t 

'P""-'O i ~ 
...._/ ..;.._;..,. \,. _t .. ...,; 

I-2 E~~~ r.: 1 
_;-"-

c~-.._1-1 l2JE 

}~ 21·iJ~2n 

13 crcren 
C ai.-::d~:::n 

C~\M l 2SP C ?.~-:-t·-1 ·::n 
c:·.1-1 13 

CG 9 

C - ..... .....,,.....• r.::>.1~ {::i .. \,,.... .... ·-·-ti.~ 

_..,. ~ ·- - ...... ·- ... -.., .. ,._ .. __ .,, 
\.- Ul.\_,_J~..l. ..L. 0..;.J.' . ...t 

Sackens CJ.C~< 

Carne] en 
C 21-::-lclc; ri 
C3r:,·tdt'=!D 

l·:i 11v ille 
CU 12 Cu~b2rland ~au~ice R. 
: : 7~~ = ~S S 3 E s ~: :: :<< 
l : .:~ . .-~ l 2 J Y ! ~ : :.:-(>~ ::- ;:• .::· e :n ton 
l1~IlJ 11 

!<O~-~ 
'II. r,-,--:­
• .... ..........- .-· .. 

1-:C; :~ 

~o 
") ~~ 

~; 
_, I 

r ~ i. c5.c~ le s r:; :·~ 

1,:cJ~:-~_0:1 t11 F :r c c:~·10 lc1 
~- ~ G :; -,---: ~) ~~ t '.1 F~2e:told 

1:or1~10t~ t1,~ 1·1 c: ~~~~cs te a(l 

Twn 

i _\_/ .- ... 39 r.: c. :-1s () 1 ~~th F::.;rt 1lcn:·:wuth 
'i :r- ~ - 5 g 

!-::~?: 2 
LC::?. 3.4 
::· ........ -.:. 14 
L_~-.i ]_ 9 
RE 12 

})~S l l 
,-. 

.-.... ........ · C• 
;-:1 .:.~ . · ... .._.. 

- '"'"'-~ 
·~ -..~ ..._, .!--4' 

- -· =- ~: :;~: 
...... :.J -- ....... i .... \.._ 

,.. 
.iy .. 1Jl::--~ Q ~.1 t.:~l. 

!>~.:-er is 
1::.}:~rL.s 

I I 11 r~ --- ::: J_- (l cJ n. 
I~-:.·, :~ t c r c1 o n 
So:-:~~;.:; r :s (~ ::: 

~-.;():- .C!:rsr2·!: 
:; c:<<: =~~ r s c~ ~ 
~:o:-~crsc:t 

~: :::_·, ~~: .. __ ~~ :...:: -:. 
~:.; ~- ~~: :. ..... ~ 

:-:_ 0 }I-~~6. 2 l 

;.~err is tmvn. 
Do-rv~ 2r 

l-:on. tgon·,;;:;ry 

1>1'..~Tl ·t~101n·2ry 

y,: ?~~yv· i .1. l c~ 

n. () c ~: ,_. r:: i 11 
--

l~oc}:~{ ~~.i 11 
~1 ::) c j~: \.7 ~: i J_ J_ 

47 
179 
179 
230 

150 
17 

685 
110 
600 

702 

472 
97 

lC.4 

SS 
70 

144 

195 
200 
')"' n 
~-\.Iv 

200 

Comncnts 

Grassy Area 
Metals Plant 
Metals Plant 

{Rt. 47) 
(Grove S~a) 

Ca~psite 
Naxt to Swinming pool 

Gr a.ssy .P .. rea 

Grassy and Trees 
SThall Field 
S~all Field 
Commercial 

Use of 
~"! 2 ·cer .. 

Po tab1e 
Potable 
Po ta1.::- 7-e 
Pote:'})l0 
Potc.;_ble 

Potable 

L ::· 7~ c-i ~~-0 :·:: 

U .. -~., co~··~~ J. 
..... J. .), --··· • 

I nc-1 1 .. :s t1- i ;~l 
I :-1.J -"": s :: :: i :::i 1 
~~ ~:~. l' c .3 i J • J_ 

I ::ic1:.1s tr i z:J_ 

Hcni to:::·ing In:lt~s tr L::.l 
Coolir~g Inch1s t!" L:l 
Po t-~:bl.e 
PotaJ:]_·e 

Potable 
Pot~ble 

Potable 
0-cher 
PC· 1:3;~,l ~ 

Potable 
Potable 

p () t 2l-:j J .. c: 

Pot2ble 
Pota~le 

Pot e 
Pot2~le 

Po ·t:: :J_':i1 e 

In6x~stri2l 

Incl_:.1s trial 
F 2..rrr: 
Ope::-i S~)2~ce 

I r.. cl '.1 s t ?:. i u. l 

Indus t:.-.- i c:J J_ 

oi~2n sJ·iz:c·2 

Sub .. r12s ic1 ~ 
S -u_:·). J. 

. .. cc=~ 

E: 1.lb. 
~~j ·~ ~- -~) • c~· 

'l' t~h l (~: :,.}rlJ. ccjr1:~. = t:ri-f)dTI C0~?.1C;l.·cial; S:Jb • .!. .. C:5i.<~. = s·i: .. ::~ ~- ·-
= ~-' _._ .. c ;_ ·~ --~ ~:") ~ r: co r~i. T.1 r.: :. ... c i .::~ :_ ,, 
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Tl~BLE 8 : .E:..SSOCIJ\TIONS OF SAMPLE SITE CHARJ\.CTERISTICS WITH PATTERNS OF CONTAHINATIOU 

23l~:1})1S ID 

RS 
F~S 

13SP 
l30B 

S.:; 2 
SP~ 13B 
r~ ·,, .., r 
..... _-... .L 0 

SI~ 20 
s,:--~ .. 21 
.::.;J.-;., 3C~;.i. 

scs 11JY 
st:s llCB 

IN GROUND t·JATER (Continued) 

Factor 4 - Nitrogen Factor 

Depth Use of 
T'la tcr Land Use Ccuntv liunicinali tv In 1?eet Co!i'lments 

~"------------~·- .. --·- ··-···'--·- ·-· ··-···----·---~------·-----------------------------
So~10rset Rocky Hill 200 
Sonerset Rocky Hill 200 
Sal.em Llrc1c;r 
Salem Upper Penns Neck 356 
Salerct Elr::_er 65 

S ale:m Quinton 105 
S alc~r:l Oldmans 
Salem Elmer 
Sussex 
SlJ.ssex 

Small Field 
Small Field 

Near Plant 

Potable 
Potable 
Potable 
Po tz:.l')le 
Potable 

Pota.ble 

Sub. 
Sub. 
Farn 

cor::m. 
co:r~m. 

Industrial 
Farm 

Monitoring Industrial 
Pot.2.'Dle 
Po t2.DlE-.l 
Pot&ble 

Sub. con~. 

Sub. COD2. 

1 

~nc ...... vw 21 Suss2x 200 Par1<: Vegeration Potable 
. , 1 

Sub. res iu.. -

~Abbreviations used in the Table: Sub. comm. = Suburban commercial; Sub. resid. = 
Suburb2n resi6e~tial. 



TABLE 8: ASSOCil\TIONS OF SA~i!?LE SITE CHP.i.H.1\C'I'ERISTICS WITH PATTERHS OF CONTF.J.1INATIOU 
IN GKOUND Hl~TER (Continued) 

Factor 5 - Suburban and Rural Heavy Met~ls (Lead, Zinc, Copper) 

Depth 
s 2.2DJ.2 ID Countv Mur:d.cinali tv In Feet Comments ---- . . 

~-TI-. ,J: 
.. , ~ .-~.,.. --.. 
J:·i.....:.._ .. ·~ () 

~\~·L 9 
Cu 6 
cu 17 

1::;::~;:::. 2 

~tlantic 

Atl2ntic 
:-1·~.l2.~i -~i c 
Cunb2rlv.nd 
C:.111:b2r 1 and 

l!,·?-~~~cci-
1. '":.-,..,-.. .. . ~ ... ~: •''~ 14 l1:·:~rcer 

l-l =-~ :~t 101 l~t~.i-cer 

~-:C~T ]_6 1=cr!rr1ou th 
1-:Cl\J 2 7 1ionsouth 

!:<:·I~ s·t: ~.:ori~01J tl1 
i: ,,. .-.. •-.. ,...,. 
.::.:.' _ _..:. '\. .!.. r, ~ 0 ~~: I' i S 

LC~ 4 l:on: is 
1-:0:{ 14 ~,:or~·is 

RH 6 H~nterdon 

:-. - -r ~ ,...,~ 

;-~~~ 
., .-:: 
-Lu 

.!.'-,:- _,_ I 

FJ-I ~ 9 
n ct - '"\ 
!\.'-' j_ v 

s_·\. 3 
~ _....·~ -. 
s~\,. io 
SJ:'. 16 
.s~-\.. 2 0 

~·2 .. u :1 ~= c~ r (). (J t1 

~-: ·:-~ r:. t c :,:·cl G n 
=~ ~J.r_ .leer c~lc; r1 
Et!n ·:2::::-don 
S O:T;2rse t: 

S a.1 <:::rt~ 
S. 2 -i- C_:. E-~ 

S alE:E1 

S ale:a 
S aler.i 

B1_1cns 180 
507 

95 
Upper D2arfield 18G 

102 

Trentcn 

L2.~·;rencevil1e 

115..ddletm-mship 
Colts Heck 

;:orris to~n:. T~·Jp. 

Hanover Twp. 
Dover 

:c~ a~ i ·c a~1 T~·Tl'J • 

F1~gtoun 

Pennsqrove 
Oldsans 
"~ .r:....Lm.er 
Quinton 

85 

35 
126 

35 
("),... 
o:; 

400 
70 

1·4-1 

122 

160 

20 ~) 
SL;; 

124 
65 

105 

Parking Lot, 

Grassy Lawn 
Observatory 

Use of 
Hater 

Pot2ble 
Po tc:~jle 
Potable 
Cooling 
Po t.a})l e 

1? o ~c.0ble 
Pota.}:)le 

Oil Storage P::-:ocess 
Potable 

La.nd Use 

Cnen 
S "Li.b. 

SD.2"Ce 
- . ... 1 

z-:::::sia. ...... 
Sub. r2s1a. 
Industrial 

In6ustri2l 
O () e ~~ S i-:/ ~-: (: e .. - ., 
Urb. co::::r.: • ..t. 

Industri2l 
Open Spa.cc: 

Honitoring Industri:=.::.~. 
Potable 

Pot2ble 
Pot2ble 

P 0 tc.}Jl e 
Potable 
Potable 
Potable 

Poto..ble 
Pota~.)le 

Process 
Potable 
Pota~':ile 

Inc1us triu.l 
Industrial 

Urb. cc'~~rn .. 
Industrial 
Sub. rRsid .. 
Sub. resid. 

Farn 
Farm 
Indus·trial 
Farfi."1 

1 
-'-Ab:Orcvia ti ens used in the Table: Sub. resid~ = Suburban residential; Urb. comm. = 

Urban co~Llcrcial. 
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TABLE 8 ASSOCIATIONS OF SAMPLE SITE CHARACTERISTICS WITH PAT':L1ERNS OF CONTJ>_l·ITNJ..TIOU 
IN GROUND Wl\TER (Continued) 

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

Depth 
s SP~!?Je ID _Co1_~D_-:.:y ____ H~.mJ~~--p~JJ:__ tx _____ J_]J __ J~~e~ -- -- ~-<2_~~~n-'~----~ 

Use of 
l:ater 

SA 21A 
SA 30 
.. 2 
11 7 

Salem 
Salem 
~72.:C J:'G!l 

Harren 

Oldmans 
Elrno:c 
Dlc;~irstown 

19 

200 
495 

Blair Academy 
Panther Valley 

Potable 
Potable 
Pot2ble 
Potable 

Land Use 

UT..-b ,.,("]Mr:"> 1 .J... ,., e \._. i_.._L.U.1.l c 

Sub. resid.l 

17 1~ h -- - ~ ...... .!- .: ..... ...... . ... ., ..... _.q_,_,_,_,_;_ ev .J...c:.. l....J..OD.::> U.St::.:CT ..Ll-' t:he T :::..ble: Sµb resid. = Suburhan residential; Urb. corru.-n. = 
Urban commercial. 
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':1I:~BLE 8: ASSOCil\.TIOHS OF Sld·,1PLE SITE CH.A.Rl-'...CTERISTICS WITH PATTERNS OF CONTAHINATION 
IN GROUND WliTER ~· 
Facto:: 6 - Urban-Indust.rial Cyanide,f\BHC-Bctia., Fluoride Factor 

Dcnth Use of 
S 2:;"Sl:::; ID Co>.rnt.y 

BER 11 
B2R 13 
BE:?. 114 
CFJ.li l 2 

Bergen 
Bergen 
Berg-en 
Car::dcn 

Ciil-1 J.2JE Car,c1en 

C.:~.E 12JY Camdcm 
c:_:ti l 2SP C2udcn 

. CI':J·1 113 
c_:-:_1.1 104 
c;~p 12 

cu 6 
ESS 18 
I~J~~S S 16 
I;1EF~ 19 
HID 17 

!~10I:J 14 
NOH 20 
l·1tJl·J 2 2 
CCE 8B 
BJ-: 18 

EU-I 19 
::,~5 13JL 
~ q.:- 13~··~ \J 

-~ .. ._ , ... --. 
....:... ~·~t_; b 

(.' ... 

Cc:rildGn 
c 2:::cl2r1 
Car;e Ila.~l 

Ct1r11)Gr l o~r1d 
Esse;{ 
'.'1.--r-~~"'' .C..;0.._Jt.::..-t ..... 

}.:c1~cer 

Middlesex 

1"~onnouth 

Ecnmou-C.h 
1-10:,,-:r,1ou th 
Ocean 
Sv.n t.erc"ton 

Hunterdon 
S or~erse t 
E.: o:~~ ·2 ~T: s C: t 
S .::.r:t(~2..- s 0 t_ 
S c:1cn1 

:.:uni.cip2LU:y In Feet 

Teeterbo:-o 
Hackensack 
Fa.irlawn 

· C2E:d~;;n 
Ca.r.:.den 

Car1dcn 
Camder: 
Fennsauken 

Neu ark 
Hi 1 l}:i-u2:"ne 
T-Iar:~il ton 
~·J e .s -'-:. f i e 1 cl 

Union Beach 
Freehold 
?reehold 

Lebanon 

Rocky Hill 
nDc!k2/ I-I~i_ ]_ l 
RccJc:_.r Y.li 11 
S ale;n City 

425 

75 

179 

179 
179 
h"' t\ . .:..~·-' 
116 
., r ") 
L, 0 i .. 

350 
462 

40 
523 

290 
702 
13 

177 
2601 

200 
200 
200 
160 

Comments 

Metals Plant 

Metals Plant 
Metals Plant 
Grassy Field 
Outside School 

Fairmont Chemical 

Corrmwrc ial 
Commcrc 1. c.l 
Coffi:rierc i al 

.,... . - ~. :-- .... - .,, ·::. ~~ ~ : .':1 r.. ;':_ :. :·~ ·~:·12 M"I-:-}-. 1 1:; + "l.. ' . .,:~ ,,__! .... \.;.- • 1].l~}). c:c~~r::. = ux·ba!1 cor::-:\c:1:c i a:'!.; 
~~--- ~·~ :,~~~ ": 1._;~.:<#> .. ~~c:;:i .. c:. == l~:{b.:_11 ~r:::~~ic1cl:ti.al; S:.;l1. (~~, 

~·later 

Potable 
Potable 
Potable 
Potable 

Potable 
Potable 
Pote:.ble 
PotabJ.·2 
Pot.2ble 

Po cable 
Cooling 
Potable 
Cooling 
Pot2.ble 

Land Use 

In ... ;,Js +·-ri ;::, 1 
.&. '-4' . '-- - ,_ .. -1- 1 

Urb. COF'..m. -

Sub. r2sid.l 
Industrial 
Inci:rn tri.al 

Industrial 
Inoustria.l 
s!.:~b. res.id • ., 
lJrb, res id ... i. 
Sl1}J. resia. 

I nc1Gs tr i a1 

Industrial 
Industrial 

Potable Indus trial 
PotabJ.e 
Monitoring Industrial 
?otable Sub. resid. 
Potable Urb. resid. 

Pot2.ble 
Potab1c 
Pot.able 
Potable 
Potc.bJ.e 

5" .. ~l). 
.. .:-;: "'-"' 

Industrial ... 
5'>-lb. COE":.~ .. ..:... 

s 't.~:b. cc:···.:·-.. 
s ~.'.:). f~ r'l' - ..... .._.._ 

S u3'J .. r':.:s l '~~. 
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+ABLE 8 : ASSOCIATIONS OF SlU·lPLE SITE CHARACTERISTICS WITH PATTERNS OF CONTA1'1INATION 
IN' GROUND ~'JATER (Continued) 

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

Sa.r:·.ple ID County 

S.~\ 3 
St .. 5 
s2~ .. 21B 
SA 21 
Sp_ 15 

un 103 

S al<:~m 
S Ale~ 
S aJ_c1a 
Salem 
S a1em 

Union 

Depth 
Hn1icinality In Feet 

CJ 1 c1 :~~~12_ i~ s 
Pcn:nsg-ro .... .re 
o 1 c1.D a::. [_~ 
Olch:1a11s 
Oldmans 

Ra:i1":,:ay 

205 
54 
17 
40 
19 

200 

Comrnents 
Use of 
Water 

Potable 
Potable 

Land Use 

Farm 
Farn 

I:oni tor ing Industrial 
Monitoring Industrial 
Monitoring Industrial 

Potable T7rh r,..,c.; -1 1 
U --• C.::.>..1.L~• 

1 
-~Abbreviations used in the Table: Urb. resid. =Urban residential. 
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T1·1(; c11;:1ractc:rist]_c.-:; of t1.1c .g-:i~ouncl ~.Yater sa1nplcs rnost 

are presented ground water samples 

co11ectcd in 12 countic.:t-:: in oJ.l parts o:E Ne\J ~r0rscy.. 'I1he 

by two f!ets o·P wells: 5 wc1.ls which a:cc s1.1allm·1 mord. taring 

\vel1s probably monitoring landfill leachate, and 4 \!ells 

identified by co~rnents as metals or chemical plants. The 

9 g:round ·water samples from these ·Hells are most strongly 

associated w:i. th the hec1vy r.1eta1s factor. 

Three of the wells hnd more than one sample associated 

\·7i th Factor 2 • Cam 12, a v1e11 used by 2 rneta.ls plant in 

Camden City was identif~ed as having high concentrations of 

heavy metals during the fL:·.st. yec'\.:C' s data collection. The 

well was selected for monthly s~n~ling during the second 

year of dat~ collection~ rrhrec of the f.i.VC"! monthly DampJ.es 

fro;:~1 U tC'. :~:econd year of de. t;:;;. co.U ec ti on incl uc1od in the 
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associated \·Jith Factor ?.. Setmp1e:::~ r;a21 1-1nd Sa 21B 0re from 

the ::::-:ar:1.e Nell. Overall, Pac tor ?. i~~ an urban-industrial, 

heavy metals factor. 

Fae tor 3 

The characteristicLl of the ground water samples most 

Etrongly asr:;ociai:::.e(! \Ji.th Fae tor 3, the standard water 

quality parameters fact.or, Cl.re presented in '11ab1e 8 • The 

~-Jells fi~om 1:.Jhich samples Y·1erc rz10.st strongly associai::r0d with 

tho s t:c:1.nda.rd. 1i1a tc:r quaLL ty factor shoH qr cat diver.si ty and 

no distinctive patterns. TJ1(~ WC:!l1s are located in 13 

counties throughout the state. The wells range in depth 

from 42 to 710 feet. m) . 
i .1e land uses surrounding the wells 

include almost every land use, although the more heavily 

developed J.and uses do predominate. 

Factor 4 

'rhe charateristics of the ground water samples most 

strongly associated with Fae tor 4, the nitrogen factor, 

are pre.sonted in Table 8 • rnie samples were collected in 

12 different counties throughout the state, but seem to 

have a greater proportion of the new0r suburban counties 

than of the inner cities or older Duburban counties. The 

land use data support the suburban interpretation but also 

indicate that many of the samples were collected in 

industrial areas. 1'he depth[) of the \Jell~~ rangc:d from 1 7 
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supply# 

One point of interest jr; that a11 five monthly surnplcs from 

well RS 13 ·i:vc~re among tho~3C! most !.:: trongly a.s.soci a tc~d \·1i th 

the nitrogen factor~ 

Fc:ctor S .,... ______ ..._..._,. 

~1:be charactr;:.~ri.stics of the czround 'dater samples most 

strongly associated Hi th r~· actor 5 / the second heavy mc-Lals 

factor / a.re p:r.eDentQd in 'J'ablc 8 • '1'he second hec::J.vy metals 

factor is dominated by relatively hi9h concentrations of 

1ea.c1, zinc and copper (see Table 7 ) • The samples most 

s tron<J1Y associated ~-Ti th this factor were collected in 9 

counties in the southern and western portions of Hm'l Jersey. 

Salem County Hith 7 samples and Hunterdon County with 5 

samples are the counties most strongly associated with 

Factor 5. 'rhis £?ctor ap_pcars to be a combination of areas 

with naturally high concentrations of lead, zinc and copper 

in the soil and rock formations and a.lso some industrial 

activity. The land use data indicnte industrial activity 

in the vicinity of several wel.ls in these predominantly 

rural or suburban counties. 

:r:iactor 6 

The characteristics of trtt:~ g:t:'ound water samples most 

strongly associated with F ac to1: 6, the cyanide,~ BHC Be~~, 
fluoride factor, are preRented in Table n. Factor 6 

identifies a distinct but relatively minor pattern of 
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contamination ii1 the ~.p:-onnd uater of l\rc:w ,Jersey.. •rhe 

samples mor;t. E.it:ron91y iden.t:Lfied with Factor 6 were collect-

ed in l~ counties from all portions of the state. The 

municipality and land use data indicate that Factor 6 is 

stron~fly identified with industrial a.rc:c:ts and oEtcn those 

ind.us trial areas w'i_ thin urban areas. no th Cam 12 and HS 13 

have three rn.onthly samples among th.or;c~ samples most strong~~ 

ly associated with Factor 6. 

Surmn;:.1}:·v of Association~-.; of Ground Hater Sample ...,___...,_..,. __ ," . .,,~.-,,.._,_;.~·,-~-~·-""·'-~·----,.--.. .. -,~-.,..-·.......,__-----··"'·"'-----~-··•8'--""·-~--·s"".J--
S it<.~ Chc.ti:-acte.-cj.r;·cics \1~1. tJ·i Pattern:-:; of Contarn:i.nation 

The characteriDtics of the wqlls and surrounding 

areas most strongly associated with 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 re.sc::!arch hypotheses concerning 

the causes of toxics pollution of the grou.nd waters of New 

Jersey. 

Missing data is so pervasive in the ground ·water data 

set that relatively little 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 most intercBting findings of this analysis 

concerns the depth of tho W\")lJ[; from uhich samples were 
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pa tternn of contarnina ti on. For c~ach of 1:he G pa ttornn of: 

contumin(:-~t.ion t.ho ~:;0\~npl0::.: :no;:;t stronqly associt:d.:cd '>lcro 

found to come from v1ells of a great 1~ang,3 of depths. There 

has been rc:.:~;earch rc:;·3ul ts and sp2culc1·~:ion publ.i:::;hed (EPA, 

J.975) Vii~d.ch iJidicate.7.:1 U1;;J_:.: cJ.t le<:1.E~t for some to:dcs pollu-

tion of ground water woul~ ~0 expected in shallow aquifers 

if at all. 

'J:ht=.; other in tc:::res ting f indinc] \·12s the tvrn heavy 

mctaJ.L~ :Cactor.s--onc- concc~ntrat:?.d in c1nd around urban-, 

industrial sites, the second in less developed places. 



PART II. 

COMPARISON OF TOXICS IN 
GROUND AND SURFACE WATER 



CHAPTER 3 

REVIEW OF THEORY AND PREVIOUS RESEARCH 

Introduction to a Comparison of Toxics 
In the~ t~rouncl~~-

1·1 a ter s -·of Ne\.J Jer ~; ev --
In th~ 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 solid waste disposal, air 

pollution or water pollution~ Yet, all of these problems 

are intregally connected. 

Everything that man releases into the biosphere can 

ultimately 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 natural 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 overwhelmingly emphasized the protection and 

cleaning of surface waters. Since the passage of the 1972 
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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 filt~ring 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 variety of toxic substances 

in the nations water supply from both surface water and 

ground water sources. These substances are usually detect­

ed at low concentrations (see next section for a review of 

the data). The health 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 toxics in ground water and surface water supplies 

in New Jersey in order to determine their relative contami-

nation. 

Research on Toxics Pollution of Surface Water 

Advances in gas or high pressure liquid chromatographs 

and mass spectometers have enabled researchers to quantify 

rnany_,_tox:i:-e---subs_tances at the level of nanograms per litre 

,. ( ~g~f"'?r)es~ technological advances have stimulated 

Y 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-

countrye 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 
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associations with cancer mortality. Several substances 

found in surf ace water sources are confirmed human carcin-

ogens and many others are suspected carcinogens (Dostal, 

ct al., 1965; Friloux, 1971; Hites and Biemann, 1972; 

Svec, et al., 1973; Harris, 1974; Moskowitz, 1977). The 

potential impacts of the synergistic and antagonistic 

effects of the myriad mixtures of chemicals commonly found 

in water is essentially unknown. 

Several studies have found associations between the 

presence of ~ in surf ace water supplies and 

cancer mortality rates. Many of these studies have tc~ted 
wv;_~~ 

and found ground water source'l\-ee he Hoo+: significantly 

associated with cancer mortality rates. $tocks. (1947) in 

a study in London, England found 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 

correlations 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 Mississi11ni River wa.ter known to - c~ .J. 

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 sources would eventually 

reduce total cancer mortality rates in the area studied by 

approximately 18 percent. Kuzma, et al. (1977) used ground 

water as a presumably clean control for their study in 

Ohioe They also report significant correlations 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 Jerse~ 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 f~ctors. 

Trihalomethanes in Surf ace and Ground Waters 

A great deal of research has been directed to finished 

potable water and especially to the presence of trihalome­

thanes which are produced during chlorination (Rook, 1974; 

Belar, et al., 1974; Dowty, et al., 1975). The presence of 

trihalomcthancs 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 sutf ace water sources 

(Bellar, et al., 1974; Symons, ~t al., 1975). The general-

ly low turbidity and low presence of organic material in 

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 ground water sources. NORS found that total trihalo-

methane concentrations were greatest.in surface water 

sources, 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 trihalornethanes 

in ground water may only be representative of areas with 

high ground water tables and shallow wells {EPA, 1975). 

Research Indicatinq Ground Naters 
Are Not Po1lutccf~ .. \·li th Toxics 

There has not been a great deal of research 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 ex-

change of organics, inorganics, and microbes. Even after 

a contaminant has reached the water table, many physical­

chemical proGesses may operate to purify fluid wastes. 

These include: dilution, bufferinq_of pU, precipitation 

by reaction of water with indigenous water~ or solids, 

precipitation due to hydrolysis, removal due to. oxidation 

or reduction, mechanical filtration, volatilization and 

loss as a gas, biological assimilation or degradation, 

radioactive decay, membrane filtration, and sorption 

(Runnells, 1977). 

There is a body of research wh.ich indicates that these 

processes are effective at removing toxic substances before 

they reach ground water supplies. Terrierae 6t al. (1966) 

found that less than 0.1% of DDT applied to orchards 

reached ground water. Thompson 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 years forest soils in Mississippi retained 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, .£._t al., 1970; Eto, et al .. , 1967; Fuhriman and 

Barton, 1971; and Kaufman, 1974). Richard et al. (1974) 

in a study ~n 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 percolating through soil, and even after reaching 
I 

ground water, are exposed to many mechanisms which are 

potentially 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 May 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 (Lcithe, 1973). Unfortu-

nately this has happened in a number of instances, many 
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like that in N.J. (U.S. EPA, 197~). These instances of 

ground water contamination by toxic substances may have 

resulted from the inadvertant release of toxics from poorly 

sealed 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 proportion of that staggering quantity 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 hazardous 

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 dumping are greatly increacing 

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 (Castle, 

1977). These policies are apparently formed under the 

assumption that our ground water resources are protected 

froQ 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 Jer~ey 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, liquids, 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 

manufactured products discarded in the landfill. The slow 

degradation of manufactured products may release toxic 

substances into our ground water supplies ror many years 

even long after the landfills have been closed and forgot­

ten. 

Surf ace Imooundments 

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). 

Surface 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 sid~s 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 tbe 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

poundment sites in the nation is 132,700 and that each site 

on the average contains 2 or 3 surface impoundments (EPA, 

1978). Industrial waste 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 irnpoundment sites are broken 

down as follows: 9 municipal, 20 private/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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Movement of PolJ.ut~d 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 grountl waters 

are not subject to rapid dilution because of laminar non-

turbulent flow conditions and perhaps to differences in 

specific gravity, temperature and viscosity between the 

contaminated water and the native ground water (Walker, 

1973; Pettyjohn, 1977). As 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 centurie~ (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 

ground water environment. It is possible such substances 

could move as zones by slow "chromatographic" migration 

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

.>RQPERTY OF NEW JEA<.· 
O.E.P. INFORMA"'!'"•0 
RESOURCE CEN·1 t" 
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Research Rcporti!}_a 'I1oxics Pollution of Ground Water 

While relatively little research has been completed 

on toxics contamination of ground water, some research has 

reported the presence of toxics in bbth shallow and deep 

aquifers. Borneff and Kunte (1963) found carcinogens in 

deep soil deposits in Germany. Robinson, et al. (1967) 

recovered significant quantities 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 comparable 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 years 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 indenopyrcne. He concludes that the 

concentrations of these substances in ground water are 

generally less than those in surface waters. Achari, 

Sandhu, and Harren (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. 

Statutorv 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 supplies~ 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 ~arbon filtration system to 

remove toxics has not been serious questioned 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 

sources 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 has 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 years. 

Summarv of Previous ReseC1.rch on Toxics 
in Ground and Surf ace ~·later 

Improved technical capability has enabled scientists 

to detect many toxics in our water supplies. At high 

concentrati·ons 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 (National 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 feH 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 trihaloxmcthanes 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 nationa and in New Jersey 

along with a brief review of our knm-.1ledge 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 these laws and regulatory proposals which treat 

toxics in surface water differently from toxics in ground 

water were emphasized. 



CHAPTER 4 

CONPJ\H.ISOIJS OF TOXICS IN '.PHE GHOUND WATERS 
AHD SURFACE ~1ATERS 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. Gcohydrologic 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 surf ace water in New Jersey were used 

to te~>t this hypothesis. 

Selection of Data 

First, we had to choose which data sets to compare. 

The first 408 ground water samples were thought to consti-

tute a representative sample of toxics in the ground waters 

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

samples collected after the first 408 might be biased 

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 site selection 

procedure and only the original 408 ground water samples 

would be used for the comparison with the concentrations 

of toxics i"n surf ace 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 first 408 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 Nolfe, 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 1oxrc 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 
1,2-dichloroethane 390 16 0 0 0 1,968.9 
1.1,1-trichloroethane 390 314 0 1.0 14.9 441.8 
carbon tetrachloride 390 256 0 .(0.1 o.s 263.9 
1,1,2-trichlorocthane 390 44 0 0 0.1 4,726.7 
dibroreochlorornethane 390 61 0 0 L.0.1 2.4 
1,2-dibromoethane 390 30 0 0 (0.1 87.9 
1,1,2,2-tetrachloroethylene 390 160 0 0 0.6 90.6 
bromof orm 390 32 0 0 0 34.3 
1,1,2,2-tetrachloroethane 390 47 0 0 0 1 .. 4 
di ioc:omethane 390 58 0 0 0 1.2 
trichlorobenzene 390 19 0 0 0 337.7 
BBC-Alpha 405 87 0 0 <O.l 0.3 
lindane 405 160 0 0 <O.l 0.9 
BHC-Beta 315 120 0 0 <o .1 2.4 
heptachlOr 405 43 0 0 <O.l 1.0 
aldrin 405 131 0 0 <0.1 1.2 
heptachlor epoxide 405 125 0 0 (0.1 0.6 
chlordane 405 113 0 0 <O .1 0.3 
o ol-DDE 

I -
405 83 0 0 <O .1 0.9 

dieldrin 405 67 0 0 <O.l 0.9 
endrin 405 56 0 0 <O .1 0.6 
o pl-DDT 405 58 0 0 {0 .1 3.7 

I 1 
p,p ... -DDD 405 57 0 0 <O .1 1.8 
p,pl-DDT 403 49 0 0 <O. l s.o 

1
concentrations in parts per billion. 
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TABLE 9. DESCRIPTIVE INFORM..1\TION ON THE TOXIC SUBSTANCES IN THE FIRST 408 AND 
LAST 284 GROUND WATER SAMPLES (Continued) 

First 408 Ground Water Samples 

# # 90th 
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 
cndmium 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 s.o s.o 14.0 600.0 
lead 385 383 1.0 1.0 6.0 329.0 
selenium 386 386 2.0 2.0 2.0 s.o 
zinc 387 387 s.o 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 (Continued) 

Last 284 Ground Water Samples 

-P. .J-~ 90th 1r Ti 

Sampled Detected Mode Median Percentile Hiahest 

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 
1,1,1-trichloroethane 249 227 2.0 2.0 2.8 607.8 
carbon tetrachloride 250 176 0.1 0.1 o.s 9.1 
1,1,2-trichloroethane 250 14 o. 0 0 7.1 
dibromochloromethane 250 43 0 0 0.1 1.5 
1,2-dibromoethane 108 3 0 0 0 o.s 
1,1,2,2-tetrachloroethylene 107 76 0 <O.l 1.4 83.0 
b::·o1r.o form 250 92 0 0 1.0 3.6 
1,1,2,2-tetrachloroethane 250 20 0 0 0 2.7 
diiodofilethane 249 8 0 0 0 2.0 
trichlorobenzene 249 7 0 0 0 5.1 
BHC-Z\lpha 248 9 0 0 0 0.8 
linc1ane 248 6 0 0 0 <O.l 
BBC-Beta 248 125 0 0 0.1 118.4 
heptachlor 248 29 0 0 ~O.l 0.6 
aldrin 248 15 0 0 0 0.2 
heptachlor epoxide 248 30 0 0 <O.l O.l' 
chlordane 248 73 0 0 <O.l 0.3 
o,pl-DDE 248 33 0 0 (0.1 ~O.l 

dieldrin 248 22 0 0 0 0.1 
endrin 248 19 0 0 0 .co .1 
o,pl-DDT 248 12 0 0 0 0 .. 1 
D,Pl-DDD 248 15 0 0 0 0.2 
... - 1 

248 11 0 0 0 40.l p,p--DDT 
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TABLE 9. DESCRIPTIVE INFORM..Z\TION ON THE TOXIC SUBSTANCES IN THE FIRST 408 A~TD 
LAST 284 GROUND HATER Sli.MPLES (Continued) 

Last 284 Ground Water Samples 

-U- +I- 90th .,, Tr 

Sampled Detected Mode Median Percentile Highest 

mirex 248 7 0 0 0 <O. l 
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 s.o 
copper 251 251 1.0 6.0 42.0 1,349.0 
chromium 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 both data sets are included in Table 

9 and are the variables in the Mann-Whitney U test. The 

mode and meaian 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 riull 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 have greater concentrations 

in the first 408 ground water samples than in the last 284 
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TABLE 10. MANN-vTHI'l"'NEY U r.rEST OF FIRST 408 VS LAST 284 
GROUND HATER SAMPLES 

Gre~ter at Significance Level 

2-Tailcd 
o.os 0.01 Probability 

methylene chloride Last Last (Q.0001 
chloroform Laste Last .(Q.0001 

--Last Last .(0.0001 1,2-dichloroethane 
1,1,1-trichloroethane First Pirst ·o .. 004 
carbon tetrachloride No dif. No dif. 0.11 
1,1,2-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 
bromof orm Last Last .(0.0001 
1,1,2,2-tetrachloroethane No dif. No dif. o. 70 
diiodomethane First First L0.0001 
trichlorobenzene No dif. No dif. 0.29 
BHC-Alpha First First (0.0001 
lindane First First (.0.0001 
BBC-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 o.oos 
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 
mirex 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 1'.,irst First 0.0007 
zinc No dif. No dif. 0.60 

, 
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ground water samples. At the 0.05 level of significanc.e, 

19 toxics have greater average concentrations 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 water 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 samples. 



Comnci.rison of To~dcs Concentrations in all New '"Tersey 
Ground ~nd Surf~ce Water Samnles 

Only 52 toxics for which detectable concentrations 

were found in both the ground water and surface water 
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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 in.eludes 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 ccn tr al tendency ·which for 

almost every toxic are either zero because it was non-

detectable or the minimum reportable concentration. The 

m0asures of central tendency reveal a very substantial 

uniformity between ground water and surface water data sets 
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TABLE 11. DESCRIPTIVE I~TFORMATION ON THE rrOXICS I~ THE 692 GROUND WATER AND 320 
SURFACE WATER SAMPLES FROM NEW JERSEY 

..u. 
tr 

Ground Water 

# 90th 
Sampled Detected Mode Median Percentile Highest 

f luoroforrn 130 15 0 0 0 o.s 
methyl chloride 628 3 0 0 0 220.6 
vinyl chloride 627 2 0 0 0 2.5 
methylene chl·oride 624 88 0 0 90.0 1,900.0 
chloroform 640 439 0 0.8 2.2 691.2 
1,2-dichloroethane 634 57 0 0 0 2,300.0 
1,1,1-trichloroethane 638 535 2.0 2.0 10.1 607.8 
carbon tetrachloride 639 431 0 0.1 o.s 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 0.1 2.4 
1,2-dibrornoethane 498 33 ·a 0 0 87. 9 
1,1,2,2-tetrachloroethylene 498 237 0 0 1.3 90.6 
bromof orm 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-dichlorobenzene 249 12 0 0 0 78.5 
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 (gem) 64 34 0 10.0 169.9 1,280.2 

~ 

' 
1 

Concentrations in parts per billion. 
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TABLE 11. DESCRIPTIVE INFORMATION ON THE TOXICS IM THE 692 GROUND WATER AND 320 
SURFACE WATER SAMPLES FROM NEW JERSEY (Continued) 

Ground Water 

:ft- # 90th 
sam:eled Detected Mode Median Percentile Highest 

dibrornomethane 64 23 0 0 0.1 44.9 
t-dichloroethylene 64 51 10.0 10.0 73.2 549.3 
brornodichloroethane 108 18 0 0 0.1 1.6 
BBC-Alpha 653 96 0 0 ~O.l o.a 
lindane 653 166 0 0 <.o .1 0.9 
BHC-Betal 563 245 0 0 .(O .1 118.4 
heptachlor 653 172 0 0 (0.1 1.0 
aldrin 653 156 0 0 <O.l 1.2 
heptachor epoxide 653 155 0 0 L. 0.1 0.6 
chlordane 653 185 0 0 ~O.l 0.3 
o,pl-DDE 653 116 0 0 <0.1 0.9 
dieldrin 653 89 0 0 <0.1 0.9 
endlin 653 75 0 0 <O.l 0.6 
o,p -DDT 653 70 0 0 ~O.l 3.7 
p,p1 -DDD 653 72 0 0 <O.l 1.8 
p,p1 -DDT 651 60 0 0 o.o s.o 
rnirex 653 39 0 0 o.o 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 638 638 1.0 2.0 6.0 179.0 
nickel 637 637 s.o s.o 12.0 600.0 
lead 636 633 1.0 1.0 8.0 329.0 
selenium 637 637 2.0 2.0 2.0 8.0 
zinc 638 638 s.o 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 

.p .. 
Tf" # 90th 

Samnled Detected Mode Median Percentile Highest 

fluoroform 142 3 0 0 0 o.s 
methyl chloride 316 3 0 0 0 6.0 
vir:yl chloride 317 4 0 0 0 5.9 
methylene chloride 316 114 0 0 90.0 743.3 
chloroform 317 237 o.a 0.8 2.9 2,461.8---
1,2-dichloroethane 317 35 0 0 (.l. 6 304.9 
1,1,1-trichloroethane 317 277 2.0 2.0 4.l 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 o.s 4.4 
dibromochloromethane 317 81 0 0 0.1 8.2 
1,2-dibromoethane 175 11 0 0 0 o .. 2 
1,1,2,2-tetrachloroethylene 174 154 0 0.1 1.2 4.5 
bromof orm 313 88 0 0 1.0 3.7 
1 1 2 2-tetrachloroethane 

I I I 
316 56 0 0 (). 2 0.6 

diiodomethane 316 9 0 0 0 3.2 
total dichlorobenzene 318 29 0 0 0 30.7 
m-dichlorobenzene 1 72 12 0 0 0 5.0 
p-dichlorobenzene 172 20 0 0 1.3 30.5 
o-dichlorobenzene 172 8 0 0 0 8.2 
trichlorobenzene 315 24 0 0 0 2.2 
archlor 1242 319 10 0 0 0 117.3 
archlor 1248 319 32 0 0 0 109.1 
archlor 1254 319 57 0 0 0.2 127.0 
dichlor6ethylene (gem) 97 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) 

Surf ace Water 

SamEled 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 <O.l 0.8 
BHC-Betal 311 182 0 <O.l 0.2 3.1 
heptachlor 311 63 0 0 ~O.l 5.9 
aldrin 311 30 0 0 0 0.6 
heptachor epoxide 311 114 0 0 .( 0 .1 o.s 
chlordane 310 148 0 0 <:.o. 1 0.8 
o,pl-DDE 311 101 0 0 <O.l .(0 .1 
dieldrin 311 118 0 0 <O.l < 0.1 
endlin 311 42 0 0 <O.l 0.1 
o,p

1
-DDT 311 45 0 0 <O.l <0.1 

p,p -DDD 311 71 0 0 ~O.l 4'0.1 
p,p1-DDT 311 51 0 0 ~O.l <O.l 
rnirex 311 19 0 0 0 ~O.l 
arsenic 294 294 1.0 1.0 3.0 392.0 
beryllium 294 294 1.0 1.0 1.0 1.0 
cadmium 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 s.o s.o 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 s.o 13.0 46.0 420.0 

' 
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for the toxic substances included in this analysis. 

The 90th percentile concentration and the highest 

concentration provide another indic~tion 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 greatei 90th percentile concentrations in surface 

·water. 

The highest co:ncentrations show even greater varia­

tion between ground and surface waters. For 38 of the 

toxics (73 percent) the highest concentration was found in 

ground water and for 13 toxics (25 percent) the highest 

concentration was found 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 toxic.s ( 6 percent) ·was the highest concen­

tration an order of magnitude greater in surface water 

than in ground water and for h10 toxics ( 4 percent) the 

difference was 2 orders of magnitude. The 3 toxics with 

concentrations an order or more of magnitude greater in 

surf ace water are the archlors which arc forms of poly­

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

problem in New Jersey. 

Probabilities of Detection of Toxics in 
Ground and Surface: 17ater 

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 in 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, 1978A 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 level. 

There is substantial variation in the probabilities of 

detection among the 52 toxic substances and between ground 

and surface water. Among the light chlorinated hydrocarbons 

j 
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TABLE 12. PROBABILITIES OF DETECTING TOXICS IN NEW JERSEY GROUND WATER AND 
SURFACE WATER 

fluoroforrn 
methyl chloride 
vinyl chloride 
methylene chl·oride 
chloroform 
1,2-dichloroethane 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,2-trichloroethylene 
dichlorobromoethane 
1,1,2-trichloroethane 
dibromochloromethane 
1,2-dibromoethane 
1,1,2,2-tetrachloroethylene 
bromof orm 
1,1,2,2-tetrachloroethane 
diiodomethane 
total dichlorobenzene 
m-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
trichlorobenzene 
archlor 1242 
archlor 1248 
archlor 1254 
dichloroethylene (gem) 

' 

Probability 
Detectable 

In Ground W. 

• 12 
<.Ol 
<.01 
.14 
.69 
.09 
.84 
.67 
• 70 
.42 
.09 
.16 
.07 
.48 
.19 
.09 
.10 
.03 
.02 
.os 
.04 
.04 
.03 
.01 
.02 
.53 

Probability 
Detectable 

In Surface w • 

.02 

.01 

.01 

.36 
• 75 
.11 -
.87 
.84 
.69 
.56 
.13 
.26 
.06 
.89 
.28 
.18 
.03 
.09 
.07 
.12 
.os 
.08 
.03 
.10 
.15 
.64 

Significantly 
Different at 

0.05 Level 

Yes 
No 
No 
Yes 
Ko 
No 
No 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 
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-dichloroethylene .so • 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,p1 -DDE .18 .32 Yes 
dieldrin .14 • 38 Yes 
endlin .11 .14 No 
o p -DDT .11 .14 No 
p;p~-DDD .11 .23 Yes 
p,p -DDT .09 .16 Yes 
mirex .06 .06 No 
arsenic .99 1.00 No 
beryllium 1.00 1.00 /l_ll Detectable 
cadmium 1.00 1.00 All Detectable 
copper .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 l.CO 1.00 All Detectable 

' 
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the probabilities of detection ranqc from less than 0.01 

for methyl chloride and vinyl chloride in ground water to 

0.89 for l,l,2,2-tetrachlor6ethylenc 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 toxics 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. 
~-------~·· ·1 

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 

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 both the light 

and heavy chlorinated hydrocarbons fa.11 in this category. 

Four toxics (8 percent) are more likely to be detected in 

ground water. This category includes 2 light and 2 heavy 

chlorinated hydrocarbons. Twenty-one toxics (40 percent) 

have a significantly greater probability of being detected 
~N.:11~"'"'4'"'·' 

in surface water samples. 

The conclusion reached from the analysis of probabil-

ities of detection of toxic substances is that the majority 
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of toxics studied 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 mor~ probably detected in 

ground water~ The 31 toxics at least as likely to be 

detected in ground water as surface water are GO percent 

of the toxics studied. 

Comparison of Detectable Toxics in 
Ground and Surf ace Nater 

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 surf ace waters 

or ~ice versa when any contamination occurs. 'rhe analysis 

uses the 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 ____ ........ ,. ... . 
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-Whitney U test of 

detectable ground water samples versus detectable surface 
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TABLE 13. MAHN-~·JHITNEY U TEST DETECTABLE GROUND WATER SAMPLES VS DETECTABLE 
SURFACE t·JATER SAMPLES 

Greater at Significance Level 

f luoroform 
methyl chloride 
vinyl chloride 
methylene chloride 
chloroform 
1,2-dichloroethane 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,2-trichloroethylene 
dichlorobromoethanc 
1,1,2-trichloroethane 
dibromochloromethane 
1,2-dibromoethane 
1,1,2,2-tetrachloroethylene 
bromof orm 
1,1,2,2-tetrachloroethane 
diiodomethane 
total dichlorobenzene 
rn-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
trichlorobenzene 
archlor 1242 
archlor 1248 
archlor 1254 
dichlor6ethylene (gem) 

' 

o.os 

No dif. 
No dif. 
No dif. 
No dif. 
SUP 
SUP 
GRN 
GRN 
GRN 
GRN 
No dif. 
No dif. 
No dif. 
No dif. 
Ho dif. 
No dif. 
No dif. 
No dif. 
No dif. 
GRN 
No dif. 
GRN 
No dif. 
SUF 
No dif. 
GRN 

0.01 

No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
GRN 
No clif. 
GRN 
GRN 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
~,to dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
GRN 
No dif. 
No dif. 
No dif. 
No dif. 

2-Tailed Probabili~ty 

0.41 
0.12 
0.35 
0.77 
0.03 
0.01 
0.003 
0.04 
0.003 
0.001 
0"89 
0.16 
0.35 
0.22 
0.92 
0.61 
0.06 
0.13 
0.12 
0.013 
0.60 

~0.0001 

0.17 
0.01 
0.26 
0.014 



Table 13. MANN-WHITNEY U TEST DETECTABLE GROUND WATER SAMPLES VS DETECTABLE 
SURFACE WATER SAMPLES (Continued) 

Greater at Significance Level 
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o.os 0.01 2-Tailed Probabilit~ 

dibromomethane 
t-dichloroethylene 
bromodichloroethane 
BHC-Alpha 
lindane 
BHC-Betal· 
heptachlor 
aldrin 
h0ptachor epoxide 
chlordane 
o,pl-DDE 
dieldrin 
endlin 
o,p -DDT 
p,p1-DDD 
p,p1-DDT 
mirex 
arsenic 
beryllium 
cadmium 
copper 
chromium 
nickel 
lead 
selenium 
zinc 

' 

No dif. 
SUP 
No dif. 
GRN 
No dif. 
SUP 
SUF 
No dif. 
No dif. 
Ho dif. 
GRN 
GRH 
GRN 

"GRN 
GRN 
GRN 
No dif. 
SUF 
No clif. 
Ho dif. 
GRN 
No dif. 
GRN 
SUF 
GRN 
GRH 

No dif. 0.19 
SUP 0.003 
Ho dif. 0.31 
GRN o.oos 
No dif. 0.14 
SUF .c(0.0001 
SUP (0.0001 
No dif. 0.87 
No dif. 0.06 
No dif. 0.46 
GRN 0.0001 
GRN 0.-0003 
GRN 0.004 
GRN 0 .. 0001 
GRN ~0.0001 

GRN <0.0001 
No dif. o. 78 
SUF ~0.0001 

Ho dif. 0.10 
Uo dif. 0.07 
GRN (0.0001 
No dif. 0.45 
No dif. 0.049 
SUF (.0.0001 
GRN (0.0001 
GRN 0.003 



water samples is preaentcd as Table 13. Depending on the 

level of significance, between 26 and 33 toxics (50-63 

percent) have no significant difference 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 s~rface 

water. Be~~een 5-8 toxics (10-15 percent) have greater 

average rank detectable concentrations in surf ace water 

than in ground water. At the 0.01 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 percent= 

of the toxic substances included in this analysis. Reca-

pitulating, the overwhelming majority of toxics exhibit a 

typica1 detectable concentration at least as great in .. ___ "·-··~,,,' 

ground water as in surface water in New Jersey. 

Summarv of Comoarisons of Toxics 
in Ground and Surf ace Hater 

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 Haters 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, 71 percent of the toxics are more 

contaminated in ground water. Conparing the probabilities 
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of detection, 60 percent of the toxics have no significant 

difference or have a greater probability of detection in 

9rounc1 water. Comparing only those samples with detect­

able concentrations, 90 percent of the toxics arc not 

significantly different or are more contaminated in ground 

water than in surface water. 

Becaus~ 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 J.\ of rrable 14 revie"Ws 

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, 1 7 

(81 percent) have the highest concentration detected in 

ground water, while only 2 (10 percent) have the highest 

average detectable concentration in surf ace water compared 

to 8 (38 percent) in ground water and 11 (52 percent) with 

no significant difference. 

Those toxics \·d thout 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 coriccntration in ground 

water. The average detectable concentration exhibited no 

dif f erencc between ground and surface water for 11 toxics 
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TABLE 14. SUHHAHY OF COMPARISONS OP l\.LL GllOUND AND 
SUHFACE HNerm DA'l'A IN NEN JERSEY 

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

Average 
Highest Detectable 

Toxic Cone. Cone. 
Sub.stance Found in Higher in 

l. f luoroforrn Both No dif. 
') di i odomc.thane SUF No dif. "~. 

3. heptachlor SUP SUF 
4. aldrin GRN No dif. 

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

Average 
Highest Detectable 

Toxic Cone. Cone. 
S12bstance Found in Hiaher in 

1. methylene chloride GRN No dif. 
2. carbon tetra.chloride ·GRN GRN 
3. 1,1,2 trichloroethane GRN No dif. 
4. dibromochloromethane SUP No dif. 
s. 1,1,2,2-tetrachloroethylene GRN No dif. 
6. bromof orm GRH No dif. 
7. 1,1,2,2-tetrachloroethane GRN No dif. 
8. total dichlorobenzene GRN No dif. 
9. m-dichlorobenzene GRN No dif. 

10. p-dichlorobcnzene GRN GRN 
11. trichlorobenzene GRN GRH 
12. archlor 1248 SUF SUF 
13. archlor 1254 SUF No dif. 
14. BI-IC-Alpha GRN GRN 
15. BHC-Beta GRN SUP 
16. heptachlor epoxide GRN No dif. 
1 7. chlordane SUF No dif. 
18. o,pl-DDE GRN GRN 
19. dicldrin GRN GRN 
20. p,p1 -DDD GRN GRN 
21. p n 1 -DDT GRN GRN , .L 

1 At 0.05 significance level "i:Jith Nann-llhitney U test. 

1 

1 
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TABLE 14. · SUNM.?\RY OF C01·1PARISONS OF ALL GH.OUHD AND 
SURFl\CE HATER DNrA IH HE\·l JERSEY (Continued) 

c. Toxics without Significantly Greater Probability of 
Detection in New Jersey Ground or Surface Hater 

Average 
Highest Detectable 

Toxic Cone. Cone. 
Substance Found in Higher in 

1. methyl chloride GRN No dif. 
2. vinyl chloride SUF No dif. 
3. chloroform SUF SUF 
4. 1,2-dich~oroethane GRN ·SUF 
s. 1,1,1-trichloroethane GRN GRN 
6. 1,1,2-trichloroethylene GRN GRN 
7. <lichlorobromomethane GRN GRN 
s. 1,2-dibromocthane GRN No dif. 
9. o-dichlorobenzene SUF No dif. 

10., a.rchlor 1242 SUF No dif. 
11. dichloroethylene (Gem) GRN GRN 
12. dibromomethane GRN No dif. 
13. T-dichloroethylene SUP Sill' 
14. brornodichlorocthane SUF No dif. 
15. lindane GRN No c1if. 
16. endrin GRN GRN 
17. o,pl-DDT GRIT GRN 
18. mire::~ GRN No dif. 
19. arsenic GRN SUF 
20. beryllium GRN No dif. 
21. cadmium GRN No dif. 
22. copper 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 qreater in surface water in 5 of the 

toxic substances (19 percent). All of the heavy metals 

arc 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. 



COMPARISON OF TOXICS IN POTABLE 
GROUND AND SURFACE WATER 

Introduction 

A comparison of toxics concentrations limited to 

ground and surf ace 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 surf ace water samples in the 320 sample surf ace 

water data set were collected from the downstream 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 Jersey. 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 concentrations 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 i~ 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 pota6le if the water was 

used for drinking water. A surf ace water sample was 

characterized potable if it was collected upstream from or 

at a potable supply intake facility. The 52 toxic sub­

stances with descriptive statistics for both the potable 

ground water and potable surf ace 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 JERSEY! 

f luoroform 
methyl chloride 
vinyl chloride 
methylene chloride 
chloroform 
1,2-dichloroethane 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,2-trichloroethylene 
dichlorobromocthanc 
1,1,2-trichloroethane 
dibromochloromethane 
1,2-dibromocthane 
1,1,2,2-tetrachloroethylene 
bromoform 
1,1,2,2-tetrachloroethane 
diiodomethane 
total dichlorobenzene 
m-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
trichlorobenzene 
archlor 1242 
archlor 1248 
archlor 1254 
dichlorciethylene (gem) 

Potable Ground Water 

# # 90th 
Sampled Detected Mode Median Percentile Highest 

120 
509 
508 
505 
521 
51,5 
519 
520 
223 
132 
518 
521 
389 
388 
521 
521 
520 
546 
222 
222 
222 
518 
220 
220 
518 

58 

14 
3 
2 

85 
356 

45 
434 
348 
150 

54 
39 
77 
22 

170 
111 

43 
44 
18 

4 
10 

7 
22 

7 
3 
8 

30 

0 
0 
0 
0 
0.8 
o· 
0 
0 
0.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
o.s 
0 
2.0 
0.1 
0.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.1 

o.s 
0 
0 

90.0 
2.0 
0 
9.3 
o.s 
2.7 
0.2 
0 

.(0.1 
0 
1.1 
1.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

138.7 

159.2 
220.6 

2.5 
1,900.0 

691.2 
36.5 

607.8 
150.2 
635.0 
604.5 

31.1 
2.4 

48.8 
90.6 
6.4 
2.7 
2.0 

102.3 
19.l 
78.5 
4.7 

33.7 
3.4 
0.2 
0.4 

1,280.2 

1 
Concentrations in parts per billion. 
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TABLE 15. DESCRIPTIVE I1:t'ORMATION ON THE TOXICS IU 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 10.0 10.0 73.2 549.3 
bromodichloroethane 91 15 0 0 0.1 1.0 
BBC-Alpha 530 73 0 0 <O.l 0.8 
lindane 530 123 0 0 <O.l 0.9 
BHC-Beta 464 198 0 0 .(0.1 118.4 
heptachlor 530 132 0 0 <O.l 0.6 
aldrin 530 122 0 0 .(0 .1 0.4 
hcptachor epoxide 530 124 0 0 <O.l 0.6 
chlordane 530 154 0 0 <O.l 0.3 
o,pl-DDE 530 93 0 0 <O.l 1.0 
dieldrin 530 71 0 0 ~O.l 0.9 
endlin 530 59 0 0 <O.l 0.6 
o,p -DDT 471 59 0 0 <O.l 3.7 
p,p1 -DDD 530 57 0 0 -40.1 1.8 
p,p1-DDT 529 50 0 0 (0.1 s.o 
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 s.o 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 
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TABLE 15. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE POTABLE GROUND Wl1 .. TER 
Sl\.MPLES AND POTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued) 

Potable Surf ace ·water 

# # 90th 
Sampled Detected Mode Median Percentile Highest 

-z 

f luoroform 83 3 0 0 0 o.s 
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 0 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 o.s 20.6 
1,1,2-trichloroethylene 106 60 0 0.3 0.6 4.7 
dichlorobromocthanc 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 
1,2-dibromoethane 112 6 0 0 0 0.1 
1,1,2,2-tetrachloroethylene 111 95 0.3 0.3 0.6 4.5 
bromof orm 194 51 0 0 1.0 3.7 
1,1,2,2-tetrachloroethane 195 30 0 0 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-dichlorobenzene 106 9 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 0 117.3 
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 
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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 Surf ace Water 

# # 90th. 
Sampled Detected Mode Median Percentile His:hest 

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 
BBC-Alpha 192 52 0 0 4'0.1 ~O.l 
lindane 192 44 0 0 <.o .1 0.8 
BHC-Beta 192 109 0 <O.l 0.2 1.3 
heptachlor 192 48 0 0 0.1 5.7 
aldrin 192 22 0 0 <0.1 0.6 
heptachor epoxide 192 73 0 0 <0.1 o.s 
chlordane 191 94 0 0 <O.l o.s 
o,pl-DDE 192 67 0 0 .(Q .1 <:O.l 
dieldrin 192 79 0 0 c(Q .1 <O.l 
endlin 192 25 0 0 <.O.l <0.1 
o,p -DDT 192 29 0 0 .l.O. 1 ~O.l 
p,p1 -DDD 192 43 0 0 <0 .1 <.O. 1 
p,p1-DDT 192 34 0 0 <O .1 ~O.l 
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 176 176 1.0 3.0 9.0 124.0 
chromium 176 176 1.0 1.0 4.0 9.0 
nickel 176 176 s.o s.o 8.0 25.0 
lead 176 176 1.0 3.0 15.0 86.0 
selenium 175 175 2.0 2.0 2o0 7.0 
zinc 174 174 s.o 10.0 34.0 274.0 
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dichloroethylene (gem), dibronomethane, and T-dichloroe-

thylene to 546 samples for total dichlorobenzene. The 

number of potable surf ace 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 desctiptive statistics show Very little change from 

the corresponding statistic from the data sets containing~ 
all ground water and all surf ace water data. This obser- \ 

\ 
I 

i 
vation leads to the conclusion that the selection of only 

I 

) 
potable ground and surface water samples has not altered 

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 concentration was detected in ground water 

samples in 40 of the 52 toxics (79 percent) while being 

detected in surface water samples 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 

surf ace water one or more orders of magnitude greater than 

in the ground water data set. 

Probabilities of Detection of Toxics in 
Potable 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 

the water samples. The probability of detecting each toxic 

in potable ground water samples and potable surface water 

samples is presented in Table 16. The chi square test was 

used to test if the probability of detecting each toxic in 

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

f luorof orm 
methyl chloride 
vinyl chloride 
methylene chloride 
chloroform 
1,2-dichLoroethane 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,2-trichloroethylene 
dichlorobromocthane 
1,1,2-trichloroethane 
dibromochloromethane 
1,2-dibromoethane 
1,1,2,2-tetrachloroethylene 
bromof orm 
1,1,2,2-tetrachloroethane 
diiodomethane 
total dichlorobenzene 
m-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
trichlorobenzene 
archlor 1242 
archlor 1248 
archlor 1254 
dichloroethylene (gem) 

' 

Probability 
Detectable 

In Ground \·1. 

• 12 
.01 

<.01 
.17 
.68 
.09 
.84 
.67 
.67 
.41 
.os 
.15 
.06 
.44 
.21 
.oa 
.08 
.03 
.02 
.os 
.03 
.04 
.03 
.01 
.02 
.52 

Probability. 
Detectable 

In Surface w . 

.04 

.02 

.02 

.34 
• 71 
.11 
.85 
.85 
.57 
.64 
.13 
.23 
.os 
.86 
.26 
.15 
.02 
.07 
.06 
.os 
.02 
.06 
.04 
.os 
.17 
• 71 

Significantly 
Different at 

0.05 Level 

No 
No 
No 
Yes 
No 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
No 
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TABLE 16. PROBABILITIES OF DETECTING TOXICS IN NEW JERSEY POTABLE GROUND AND 
SURFACE WATER 

dibromomethane 
t-dichloroethylene 
bromodichloroethane 
BHC-Alpha 
lindane 
BHC-Betal 
heptachlor 
aldrin 
heptachor epoxide 
chlordane 
o,pl-DDE 
dieldrin 
endf in 
o,pl-DDT 
p,p -DDD 
p,p1-DDT 
mirex 
arsenic 
beryllium 
cadmium 
copper 
chromium 
nickel 
lead 
selenium 
zinc 

' 

Probability 
Detectable 

In Ground w. 

.34 
• 78 
.16 
.14 
.23 
.43 
.25 
.23 
.23 
.29 
.18 
.13 
.11 
.13 
.11 
.09 

.99 
1.00 
1.00 

.99 
1.00 
1.00 

.99 
1.00 
1.00 

Probability Significantly 
Detectable Different at 

In Surface w. 0.05 Level 

.31 No 
• 76 No 
.04 No 
.27 Yes 
.23 No 
.57 Yes 
.25 No 
.11 Yes 
.38 Yes 
.49 Yes 
.35 Yes 
.41 Yes 
.13 No 
.15 No 
.22 Yes 
.18 Yes 

.88 No 
1.00 All Detectable 
1.00 All Detectable 
1.00 No 
1.00 All Detectable 
1.00 All Detectable 
1.00 No 
1.00 All Detectable 
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 0.01 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

tion range from 0.09 for p,p1-DDT in potable ground water 

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 probnbilities 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. 

Seventeen 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 a·etection for 32 tOXiCS I 

and 2 toxics are more likely to be detected in ground 

water. The 34 toxics at least as likely to be detected in 

potable ground ·water as in potable surface water are 67 

percent of the toxics included in the analysis. 

Comuarison of Detectable Toxics in 
Potable Ground \later and 

Potable Surface Water 

Next, a comparison was made of toxics concentrations 

for only those samples with detectable concentrations. 

The analysi~ uses the Mann-Whitney U test to determine if 

the average rank of concentration of each toxic in those 

potable ground water samples known to be contaminated is 

less than, not significantly different from, or greater 

than the average concentration in those potable surf ace 

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 average concentrations in potable 

gr~und water samples. At the 0.01 significance level 14 

toxics (27 percent) had greater average concentrations 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 over-. 

whelming majority of toxics have an average concentration 

at least as great in ground water in New Jersey as in 

surface water. At the 0.01 significance level there is no 

difference in the average concentration for 30 toxics and 

a greater average concentration in potable ground water 



180 

TABLE 1 7. MANN-i·JHITNEY U TEST OF DETECTABLE POTABLE GROUND VS POTABLE SURFACE 
SAMPLES 

Greater at Significance Level 

o.os 0.01 ·2-Tailed Probabiliti 

fluoroform No dif. No dif. o.so 
methyl chloride No dif. No dif. 0.12 
vinyl chloride No dif. No dif. 0.35 
methylene chloride No dif. No dif. 0.92 
chloroform No dif. No dif. 0.20 
1,2-dichloroethane SUP 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 
dichlorobromocthane GRN GRN 0.003 
1,1,2-trichloroethane No dif. No dif. 0.29 
dibromochloromethane No dif. No dif. 0.71 
1,2-dibrornoethane No dif. No dif. 0.09 
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. No dif. 0.62 
total dichlorobenzene GR11 No dif. 0.03 
rn-dichlorobenzene No dif. No dif. 0.07 
p-dichlorobenzene GRN GRN 0.001 
o-dichlorobenzene No dif. No dif. 0.36 
trichlorobenzene GRN GTIN 0.001 
archlor 1242 No dif. No dif. 0.12 
archlor 1248 SUP No dif. 0.02 
archlor 1254 No dif. No dif. 0.66 

·dichloroethylene (gem) No dif. No dif. 0.06 

' 



TABLE 1 7. MANN-l'ITIITNEY U TEST OF DETECTABLE POTABLE GROUND VS POTABLE SURFACE 
SAMPLES (Continued) 

Greater at Significance Level 

.:.. .L. 

0.05 0.01 2-Tailed Probability 

dibromomethane 
t-dichloroethylene 
bromodichloroethane 
BHC-Alpha . 
lindane 
BHC-Beta· 
heptachlor 
aldrin 
heptachor epoxide 
chlordane 
o,pl-nnE 
dieldrin· 
endrin 
o,p

1
-DDT 

p,p -DDD 
p,p1-DDT 
mirex 
arsenic 
beryllium 
cadmium 
copper 
chromium 
nickel 
lead 
selenium 
zinc 

... 

No dif. 
SUF 
SUF 
GRN 
SUF 
SUF 
SUF 
No dif. 
No dif. 
No dif. 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 

SUF 
No dif. 
No dif. 
GRN 
No dif. 
GRN 
SUF 
GRN 
GRN 

No dif. 0.26 
SUF o.oos 
No dif. 0.03 
GRN 0.009 
SUP 0.006 
SUF .(0.0001 
SUF <.0.0001 
No dif. 0.38 
No dif. 0.18 
No dif. 0.39 
GRN 0.0009 
GRN 0.006 
GRN o.oos 
GRN 0.002 
GRN 0.001 
GRN 0.0002 

SUF 0.007 
No dif. 0.41 
No dif. 0.14 
GRN ~0.0001 

No dif. 0.11 
GRN 0.006 
SUF <0.0001 
GRN 0.004 
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 Co!Eparisons of Toxics in 
Potable Ground and .Su:.-tace Hater 

Analysis of the concentrations of toxic substances in 

the potable ground waters and potable surf ace waters of 

New Jersey reveals that the levels of toxics in potable 

ground wat~rs are at least as contaminated as those in 

potable surface waters for between 67 percent and 86 per-

cent of the toxics studied depending on the method of 

comparison. 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 toxics 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 surf ace water. 

Because 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 A.ND POTABLE SURFACE WATER DATA IN 
NEW JERSEY 

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

Average 
Highest Detectable 

Toxic Cone. Cone. 
Substance Found in Hiqher in 

1. diiodomethane GRN No dif. 
2. aldrin SUP No dif. 

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

Toxic 
Substance 

1. methylene chloride 
2. carbon tetrachloride 
3. dichlorobromomethane 
4. 1,1,2-trichloroethane 
5. dibromochloromethane 
6. 1,1,2,2-tetrachloroethylene 
7. 1,1,2,2-tetrachloroethane 
8. archlor 1248 
9. archlor 1254 

10. BBC-Alpha 
11. BHC-Beta 
12. heptachlor epoxide 
13. chlordane 
14. o,pl-DDE 
15. dieldrin 
16. p,pi-DDD 
17. p,p -DDT 

Highest 
Cone. 

Found in 

GRN 
GRN 
GRN 
GRN 
SUP 

.GRN 
GRN 
SUF 
SUF 
GRN 
GRN 
GRN 
SUP 
GRN 
GRN 
GRN 
GRN 

Average 
Detectable 

Cone. 
Higher in 

No dif. 
GRN 
GRN 
No dif. 
No dif. 
No dif. 
No dif. 
SUF 
No dif. 
GRN 
SUF 
No dif. 
No dif. 
GRN 
GRN 
GRN 
GRN 

1 Significant at the o.os level using Mann-Whitney U Test. 

1 
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TADLE 18. SUMMARY OF COMPARISONS OF' TOXICS IN POTADLE 
GROUND AND POTABLE SUHFI\CE WA'l1 ER DATA IN 
NEW JERSEY 

c. Toxics Without Significantly Greater Probability of 
Detection in Ground Water or Surf ace Water 

Toxic 
Substance 

1. fluoroforrn 
2. methyl chloride 
3. vinyl chloride 
4. chloroform 
5. 1,2-dichloroethane 
6. 1,1,1-trichloroethane 
7. 1,1,2-trichloroethylene 
8. 1,2-dibromoethane 
9. bromoform 

10. total dichlorobenzene 
11. m-dichlorobenzene 
12. p-dichlorobenzene 
13. o-dichlorobenzene 
14. trichlorobenzene 
15. archlor 1242 
16. diehloroethylene (Gem) 
17. dibromomethane 
18. t-dichloroethylene 
19. bromodichloroethane 
20. lindane 
21. heptachlor 
22. endrin 
23. o,pl-DDT 
24. arsenic 
25. beryllium 
26. cadmium 
27. copper 
28. chromium 
29. nickel 
30. lead 
31. selenium 
32. zinc 

Highest 
Cone. 

Pound in 

GRN 
GRN 
SUF 
SUF 
SUF 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
SUF 
GRN 
GRN 
SUF 
SUF 
GRN 
SUF 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 
GRN 

Average 
Detectable 

Cone. 
Higher in 

No dif. 
No dif. 
No dif. 
No dif. 
SUF 
GRN 
GRN 
No dif. 
No dif. 
GRN 
No dif. 
GRN 
No dif. 
GRN 
No dif. 
No dif. 
No dif. 
SUF 
SUF 
SUF 
SUF 
GRN 
GRN 
SUF 
No dif. 
No dif. 
GRN 
No dif. 
GRN 
SUF 
GRN 
GRN 
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information on those toxics with a greater probability of 

detection in potable surface water. Even among these 

substances, 76 percent had their highest concentration 

detected in potable ground water samples. 

Those toxics without significantly greater probabili­

ty of detection in either potable 9round Hater or potable 

surface wa~er are reviewed in Section C of Table C12. 

These substances represent 63 percent of the toxics 

included in this analysis. The highest concentration was 

found in potable ground 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 concentrations were 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 ~'ll\rrERS 

OF NEW JERSEY 

Introduction 

A comparison of toxics concentrations of just those 

ground and surf ace water samples collected from nonpotable 

sources of supply focuses the analysis on those water 

' 
supplies most likely to be contaminated 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-industrial corri-

dor of New Jersey. Wat~r 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 significantly 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 minnows 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 2~0,000 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 suppli6s of New jersey. 

Data Description 

A nonpotable sample is one which is collected from 

water not riormally 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 

water and nonpotable surface water data sets 2.re 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, 

cornp~risons of the following 10 toxics could not be per-

formed: fluoroform, methyl chloride, vinyl chloride, 

dichlorobromomethane, p-dichlorobenzene, archlor 1242, 

archlor 1248, dichloroethylcne (gem}, dibromornethane and 

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

Nonpotable Ground \·J'ater 

# # 90th 
Sampled Detectable Mode Median Percentile Highest 

f luoroform 1 0 0 0 0 0 
methyl 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 9? 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 0.5 4.3 
1,1,2-trichloroethylene 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 
dibromochlorornethane 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 <O.l 5.8 57.5 
bromof orrn 96 10 0 0 1.0 34.3 
1,1,2,2-tetrachloroethane 96 9 0 0 0 1.4 
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 1 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 
dichlorciethylene {gem) 0 0 0 0 0 0 
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TABLE 19. DESCRIPTIVE INFORMATION ON THE TOXICS IN THE NONPOTF .. BLE GROUND WATER 
SAMPLES AND NONPOTABLE SURFACE WATER SAMPLES FROM NEW JERSEY (Continued) 

Nonpotable Ground Water 

# # 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 1.6 
BBC-Alpha 98 21 0 0 <O.l 0.3 
lindane 98 41 0 0 ~O.l .(0 .1 
BHC-Betal 74· 36 0 0 <O.l o.s 
heptachlor , 98 33 0 0 <0.1· 1.0 
aldrin 98 29 0 0 <O .1 1 ? ..... 
heptachor epoxide 98 25 0 0 <O.l 0.2 
chlordane 98 23 0 0 (0 .1 <O .1 
o,pl-DDE 98 15 0 0 (0 .1 0 " 5 
dieldrin 98 14 0 0 <0.1 0.1 
endlin 98 11 0 0 <O.l 0.2 
o,p -DDT 98 8 0 0 0 o.s 
p,p1 -DDD 98 10 0 0 ~O.l 0.3 
p,p1 -DDT 97 5 0 0 0 0.9 
mirex 98 12 0 0 <O.l <O.l 
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 loO 1.0 1.0 405.0 
copper 95 95 2.0 4.0 40.0 690.0 
chromium 95 95 1.0 3.0 16.0 179.0 
nickel 95 95 s.o s.o 16.0 600.0 
lead 95 95 1.0 1.0 20.0 329.0 
selenium 94 94 2.0 2.0 2.0 s.o 
zinc 95 95 s.o 17 .o 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 

f luoroform 59 0 0 0 0 0 
methyl chloride 123 0 0 0 0 0 
vinyl chloride 122 0 0 0 0 0 
methylene chloride 123 48 0 0 90 743.3 
chloroform 122 98 0.8 0.8 3.5 1,965.0 
1,2-dichloroethane 122 13 0 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 8.0 
1,1,2-trichloroethylene 67 50 0.3 0.3 0.7 2.2 
dichlorobromocthane 59 26 0 0 0.1 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 o· 0 1.0 1.9 
1,1,2,2-tetrachloroethanc 121 26 0 0 0.3 o.s 
diiodomethane 121 6 0 0 0 3.2 
total dichlorobenzene 122 16 0 0 1.3 30.7 
m-dichlorobenzene 66 6 0 0 0 5.1 
p-dichlorobenzene 66 11 0 0 1.3 30.5 
o-dichlorobenzene 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 o.s 109.1 
archlor 1254 123 24 0 0 0.2 106.0 
dichloroethylene (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 $AMPLES FROM NEW JERSEY (Continued) 

Nonpotable Surf ace Water 

-t.l. # 90th 1· i 

Sampled Detectable Mode Median Percentile Hiahest 

dibromomethane 39 17 0 0 0.1 0.7 
t-dichloroethylene 39 31 10.0 10.0 286.6 l,~08.6 
bromodichloroethane 8 1 0 0 0.1 0.1 
BHC-Alpha 119 30 0 0 .<O .• l .(0.1 
lindane 119 30 0 0 ~O.l 0.2 
BHC-Betal 119' 73 0 ~0.1 0.2 3.1 
heptachlor 119 15 0 0 <O.l 5.9 
aldrin 119 8 0 0 0 <.O.l 
heptachor epoxide 119 41 0 0 i.O.l 0.2 
chlordane 119 54 0 0 <O.l 0.8 
o,pl-DDE 119 34 0 0 <O. l <.O .1 
dieldrin 119 39 0 0 <.O .1 L.0 .1 
endlin 119 17 0 0 <O.l 0.1 
o,p -DDT 119 16 0 ·o <O.l <O .. l 
p,p1 -DDD 119 28 0 0 <O.l <0.1 
p,p1-DDT 119 17 0 0 ~0.1 ~O. l 
mirex 119 8 0 0 0 <O.l 
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 s.o s.o 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 s.o 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

potable water samples have skewed distributions 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 hydrocarbons 

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 toxics 

was one or more orders of magnitude greater, and for two 

toxics it was two orders of magnitude greater in the non-

potable sui=face 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 was 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 Nater 

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 DETECTING TOXICS IN NEW JERSEY NONPOTABLE GROUND AND 
SURFACE WATER 

Significant 
Difference 

1~4 

Ground Surf ace At 0.05 Level· 

f luoroform 
methyl chloride 
vinyl chloride 
methylene chloride .01 .39 Yes 
chloroform .69 .80 No 
1,2-dichloroethane .o 7 .11 No 
1,1,1-trichloroethane .84 .91 No 
carbon tetrachloride • 71 .84 Yes 
1,1,2-trichloroethylene 1.00 • 75 No 
dichlorobromocthane .44 
1,1,2-trichloroethane .15 .14 No 
dibromochloromethane .19 • 30 No 
1,2-dibrornoethane .11 .08 No 
1,1,2,2-tetrachloroethylene .60 .94 Yes 
brornoform .10 .31 Yes 
1,1,2,2-tetrachloroethane .09 .21 Yes 
diiodomethane .21 .os 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 
dichloroethylene (gem) .54 
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Til.BLE 20. PROBABILITIES OF DETEC'rING TOXICS IN NEW JERSEY NONPOTABLE GROUND AND 
SURFACE WATER (Continued) 

Ground 

dibl?omomethane 
t-dichloroethylene 
brornodichloroethane .23 
BHC-Alpha .21 
lindane .42 
BHC-Betal .49 
heptachlor .34 
aldrin .30 
heptachor epoxide .26 
chlordane .23 
o,pl-DDE .15 
dieldrin .14 
endf in .11 
o,p -DDT .cs 
p,p1-DDD .10 
p,p1-DDT .os 
mirex .12 
arsenic 1.00 
beryllium l.Oo 
cadmium 1.00 
copper 1.00 
chromium 1.00 
nickel 1.00 
lead 1.00 
selenium 1.00 
zinc 1.00 

Surf ace 

.44 

.79 

.13 

.25 

.25 

.61 

.13 

.07 
• 34 
.45 
.29 
.33 
.14 
.14 
.24 
.. 14 
.07 

1.00 
1.00 
1.00 
1.00 

.99 
1.00 
1.00 
1.00 
1.00 

Significant 
Difference 

At 0.05 Level 

No 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Ho 

All Detectable 
All Detectable 
All Detectable 
All Detectable 

No 
All Detectable 
~ .. 11 Detectable 
All Detectable 
All Detectable 
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test was used to test if the probability of detecting each 

toxic in nonpotable ground w~ter was different from the 

probability of detecting each toxic in nonpotablc 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 questionable 

estimates of the true probabiliti~s~ 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 samplcn from ground and surface water. All of the 

heavy metals and some of both the light and heavy 



197 

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 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 waterQ These toxics include the 25 with 

no significant differenbe 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 \'later <J.rid Honpotuble Surface Hater 

The third comparison was for those samples with 
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detectable concentrations. The analysis uses the Mann­

Whi tncy U test to determine if the average concentration 

of each 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 results indicate that there are no significant 

dif f erenccs in the average rank of concentrations between 

nonpotable water samples from ground and surface water for 

28 toxics (67 percent) at the 0.05 significance level and 

36 toxics (86 percent) at th~ 0.01 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 greater 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 0.01 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 5 toxics (12 percent) at 

the 0.05 significance level and 3 toxics (7 percent) at 

the 0.01 significance level. 



TABLE 21. MANN-WHITNEY U TEST OF DETECTABLE NONPOTABLE GROUND AND SURFACE WATER 
SAMPLES 

Greater at Significance Level 
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o.os 0.01 2-Tafled Prob. 

fluoroform 
methyl chloride 
vinyl chloride 
methylene chloride No dif. No dif. o. 74 
chloroform No dif. No dif. o.s9 
1,2-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 
1,2-dibromoethane No dif. No dif. a.so 
1,1,2,2-tetrachloroethylene No dif. No dif. 0.68 
bromof orm No dif. No dif. 0.30 
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 
rn-dichlorobenzene No dif. No dif. 0.53 
p-dichlorobenzene 
o-dichlorobenzene No dif. No dif. 0.53 
trichlorobenzene No dif. No dif. o.78 
archlor 1242 
archlor 1248 
archlor 1254 No dif. No dif. a.es 
dichloroethylene (gem) 
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TABLE 21. l·IANN-\·ITUTNEY U TEST OF DETECTABLE NONPOTABLE GROUND AND SURFACE WATER 
SAMPLES (Continued) 

Greater at Significance Level 
b.05 0.01 2-Tailed Prob. 

dihromomethane 
t-dichloroethylene 
bromodichlorocthane No dif. No dif. 0.35 
BBC-Alpha No dif. No dif. 0.11 
lindane No dif. No dif. 0.25 
DHC-Beta SUP SUF <0.0001 
hcptachlor SUF SUP 0.002 
aldrin No dif. No dif. 0.10 
hcptachor epoxide No dif. No dif. 0.13 
chlordane No dif .. No dif. 0.84 
o,pl-DDE No dif. No dif. 0.30 
dieldrin GRN No dif. 0.045 
end-.- in no dif. No dif. 0.45 
o pl-DDT GRN No dif. 0.041 
p:p1-DDD GRN G:RN 0.003 
p,p1-DDT GRN GRN 0.0004 
mirex No dif. No dif. o.so 
arsenic No dif. No dif. 0.053 
beryllium No dif. No dif. 0.052 
cadmium GRN No dif. 0.042 
copper GRN No dif. 0.016 
chromium GRN No dif. 0.045 
nickel No dif. No dif. 0.53 
lead SUF SUF <:0.0001 
selenium 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 greate~ in ground water. These total to 39 toxics 

out of the 42 toxics (93 percent) included in this analysis. 

Summary of Corncarisons of Toxics Concentrations 
in the Nonnotable Ground and Surf ace 

Haters of New Jersel 

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 surf ace 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 arc not significantly different or are more 
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contaminated in nonpotablc 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 significantly 

greater probability of detection in nonpotable ground 

water than in nonpotable surfac~ water samples. Section B 

provides information on those toxics with a greater 

probability of detection in nonpotable 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 nonpotable surface water samples for 32 percent of 

these toxics. When the average concentrations of each 
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TABLE 22. SUMMARY OF COMPARISONS OF TOXICS IN NONPOTABLE 
GHOUND AND NONPO'l'ABLE SlffiF.l\CE 1dATER IH NEW 
JEP..SEY 

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

Toxic Substance 

1. diiodomethane 
2. lindane 
3. heptachlor 
4. aldrin 

Highest 
Cone. 

Found In 

SUF 
SUP 
SUF 
GRN 

Average 
Detectable 

Cone. 
Higher Inl 

SUF 
No dif. 
SUP 
No dif. 

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

Average 
Highest Detectable 

Cone. Cone. 
Toxic Substance Found In Hi~her In 

1. 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. 
s. 1,1,2,2-tetrachloroethane GRN No dif. 
6. total dichlorobenzene SUP No dif. 
7. trichlorobenzene SUF No dif. 
8. archlor 1254 SUP No dif. 
9. chlordane SUF No dif. 

10. o,pl-DDE GRN No dif. 
11. dieldrin GRN GRN 
12. p,pl-DDD GRN GRN 
13. p,pl-DDT GRN GRN 

1 . 
Mann-Whitney U test at 0.05 significance level 
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'l'ABLE 22. SUMMARY OF COMPARISONS OF TOXICS IN NONPOTABLE 
GROUND AND NONPO'rABLE SURPACE WATER IN NEW 
JERSEY (Continued) 

c. Toxics \'li thout Significantly Greater Probability of 
Detection in Nonpotable Ground or Surf ace Water 

Average 
Highest Detectable 

Cone. Cone. 
Toxic Substance Found In Highcst_;rnl 

1. chloroform SUP No dif. 
2. 1,2-dichloroethane GRN No dif. 
3. 1,1,1-trichloroethane GRN GRN 
4. 1,1,2-trichlorocthylene GRN No dif. 
5. 1,1,2-trichloroethyne SUP No dif. 
6. dibromochloromcthane SUF SUP 
7. 1,2-dibromoethane GRN No dif. 
8. m-dichlorobenzene SUF No dif. 
9. o-divhlorobenzene SUF No dif. 

10. bromodichloroethane GRN No dif. 
11. BHC-A1pha GRN No dif. 
12. BBC-Beta SUF SUF 
13. heptachlor epoxide BOTH No dif. 
14. endrin GRN No dif. 
15. o,pl-nnT GRN GRN 
16. mirex BOTH No dif. 
1 7. arsenic SUF No dif. 
18. beryllium GRN No dif. 
19. cadmium GRN GRN 
20. copper GRN GRN 
21. chromium SUF GRN 
22. nickel GRN No dif. 
23. lead GRN SUP 
24. selenium GRN GRN 
25. zinc GRN No dif. 

1Mann-Whitney U test at a.as 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 THE 
GROUND AND SURFACE vlATERS OF 

SOUTHERN NEW JERSEY 

Introduction 

Assuming 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 of toxics contamination. 

The five physiographic provinces of New Jersey are in 

order from northwest to southeast the Appalach{an Valley 

and Ridge Province, the New England Highlands Province, 

the Piedmont Province, the Inner Coastal Plain Province, 

and the Outer Coastal Plain Province. 

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 provinces. The 

information is being collected. 

A rough approximation of Northern New Jersey from 

Southern New Jersey does divide th~ state on the basis of 

the most distinctive physiographic characteristics in the 

state (.see Figure 1). Southern Neu Jersey approximates 

the Inner Coastal Plain Province and Outer Coastal Plain 
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NORTHERN AND SOUTHERN NEW JERSEY REGIONS 

Appalachian Valley & Ridge Province 

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

New England Highland Province 

Piedmont Province 

Inner Coastal Plain Province 

Outer Coastal Plain Province 

~ Southern NJ 

D Northern NJ 
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Province. These two physiographic provinces have much in 

common and are distinctively different from the three 

physiographic provinces in Northern New Jersey. 

The coastal plain, located in Southern New Jersey, 

occupies three-fifths of the land area of New Jersey and 

is the home of approximately one fourth the state's 

population (Widmer, 1964). The area 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 New 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, ~arls and gravels deposited as sediments during the 

Cretaceous period 140-170 million years ago (Widmer, 1964). 

While there is considerable spatial variation within these 

formations, several of these formations such as the 

Raritnn, CohanDcy, Magothy and Kirkwood are very important 
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aquifers throughout most of Southern New 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 on the toxics in 

the ground and surface waters of Southern New Jersey is 

presented 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 sket-·.red 

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 Jersey. For 35 toxics {67 percent) the 

highest concentration was in the ground water data, and for 
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TABLE 23. DESC1UPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE HATERS OF 
SOUTHERN NEW JERSEY! 

Ground Water 

fl: tF 
Sampled Detected Nod~ 

f luoroform 
methyl chloride 
vinyl chloride 
methylene chloride 
chloroform 
1,2-dichloroethanc 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,2-trichloroethylene 
dichlorobromocthanc 
1,1,2-trichloroethane 
dibromochloromethane 
1,2-dibromoethane 
1,1,2,2-tetrachloroethylenc 
bromof orm 
1,1,2,2-tetrachloroethane 
diiodomethane 
total dichlorobenzene 
m-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
trichlorobcnzene 
archlor 1242 
archlor 1248 
archlor 1254 
dichloroethylene {gem) 

62 
287 
287 
287 
291 
288 
291 
290 

94 
66 

291 
291 
225 
225 
291 
291 
291 
318 

9'1 
94 
94 

289 
95 
95 

292 
29 

7 
1 
1 

33 
214 

20 
249 
219 

66 
22 
10 
29 

9 
86 
53 
14 
32 
12 

2 
6 
5 

10 
0 
2 
5 

14 

1 All concentrations in parts per billion (ppb). 

0 
0 
0 
0 
0.8 
0 
2.0 
0.1 
0.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

90th 
Median Percentile Highest 

0 
0 
0 
0 
0 ti 8 
0 
2.0 
0.1 
0.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o.s 
0 
0 

90 
i.o 
0 

10.3 
0.5 
0.7 
0.1 
0 
0 
0 
0.9 
1.0 
0 
o.3 
0 
0 
0 
0 
0 
0 
0 
0 

96.2 

159.2 
163.8 

2.5 
1,900.0 

552.8 
120.4 

78.9 
150.2 
313.4 
604.5 

5.9 
0.2 
0.6 

57 .. 5 
6.4 
1.2 
2.0 

20.1 
1.3 
s .. 6 
3.1 
5.4 
0 
0.2 
0.2 

1,280.2 
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TABLE 23. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF 
SOUTHERN NEW JERSEYl (Continued) 

Ground Water 

.LI. # 90th 1r 

Sampled Detected Mode Median Percentile Highest 

dihromomethane 29 10 0 0 0.1 33.5 
t-dichloroethylene 29 23 10.0 10.0 90.7 549.3 
bromodichloroethane 28 2 0 0 0 1.0 
BBC-Alpha 293 54 0 0 ~O.l 0.8 
lindane 293 84 0 0 <0.1 0.9 
BBC-Beta /.12 76 0 0 <O.l 5.4 
heptachlor 293 94 0 0 <:0.1 0.6 
aldrin 293 81 0 0 .(0.1 0 L1 . -
hcptachor cpoxide 293 81 0 0 <O. l 0.6 
chlordane 293 96 0 0 <O .1 0.3 
o,pl-DDE 293 69 0 0 <O.l l.~0 

dieldrin 293 49 0 0 4) .1 0.9 
cndlin 293 40 0 0 <.O .1 0.6 
o,p -DDT 293 46 0 0 <O.l 3 .. 7 
p,p1 -DDD 293 49 0 0 <O.l 1.8 
p,p1 -DDT 291 38 0 0 <O .1 s.o 
mirex 293 23 0 0 0 0.4 
arsenic 279 278 1.0 1.0 2.0 1,160.0 
berylliun 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 s.o 47.0 690.0 
chromium 274 274 1.0 1.0 4.0 179.0 
nickel 273 273 2.5 s.o 19.0 600.0 
lead 274 272 1.0 1.0 s.o 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 
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TABLE 23. DESCRIPTIVE INFORMATION ON TOXICS IN THE GROUND AND SURFACE WATERS OF 
SOUTHERN NEW JERSEY! {Continued) 

Surface Water 

# ~'..!- 90th ·1r 

Samnled Detected Mode Median Percentile Highest 

fluoroform 66 2 0 0 0 0 • .s 
methyl chloride 127 2 0 0 0 6.0 
vinyl chloride 128 2 0 0 0 5.9 
methylene chloride 127 55 0 0 90 743.3 
chloroform 128 85 o.s o.s 2.8 1,965.0 
1,2-dichlorocthanc 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 0.1 0.1 0.5 6.6 
1,1,?-trichloroethylene 88 54 0.3 0.3 0.6 1.4 
dichlorobromocthanc 66 26 0 0 0.1 0.1 
1,1,2-trichloroethane 128 19 0 0 L.O 4.4 
dibromochloromethane 128 18 0 0 0.1 8.2 
1,2-dibromocthane 62 3 0 0 0 0.2 
1,1,2,2-tetrachloroethylcne 61 51 o.3 0.3 o.5 4.4 
bromof orm 125 37 0 0 1.0 1.9 
1,1,2,2-tetrachloroethanc 127 29 0 0 0.2 o.s 
di :Lodor:1e thane 127 6 0 0 0 3.2 
total dichlorobenzene 129 16 0 0 1.3 30.7 
m-di cl1loroJ12nzene 87 6 0 0 0 5.1 
p-dichloro1)cnzene 87 11 0 0 1.3 30.5 
o-di ch 1 oroJ,enz ene 87 5 0 0 0 8.2 
trichlorobcnzene 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 
dichloroethylcne (gem) 40 18 0 0 36.2 68.5 
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TABLE 23. DESCRIPTIVE INFORM .. n..rrI~N ON TOXICS IN THE GROUND AND SURFACE WATERS OF 
SOUTHERN NEH JERSEY (Continued) 

Surf ace Water 

# # 90th 
Sampled Detected Mode Median Percentile Highest 

dibromor.w thane 40 18 0 0 0.1 0.7 
t-dichloroethylene 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 <.O.l ~O.l 

linda.ne 127 48 0 0 ~O.l 0.8 
BHC-I3eta· 127 98 0 4'0 .1 0.2 3.1 
heptachlor 127 31 0 0 L.0 .1 5.9 
aldrin 127 13 0 0 ~O.l 0.6 
heptachor epoxide 127 59 0 0 <O.l o.s 
chlordane 126 73 0 .(0 .1 <O .1 0.8 

1 
0 I p-'·-DDE 127 45 0 0 L..O .1 <O.l 
dieldrin 127 60 0 0 .L..O.l (0.1 
endlin 127 21 0 0 <.O.l <O.l 
o p -DlYi.' 127 22 0 0 <O.l <O .1 p:p1 -DDD 127 37 0 0 .(0.1 <0.1 
p,p1-DDT 127 24 0 0 <1(0.l <O.l 
mirex 127 9 0 0 0 <0.1 
arsenic 111 111 1.0 1.0 6.0 392.0 
beryllium 111 111 1.0 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 111 111 s.o 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 one 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 water data than in the surf ace water 

data. For 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 ~·laters of 

SoutSern New Jersev 

The second comparison of toxic substances in the ground 

and surface waters of Southerri 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 samples 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 each toxic in ground water was different 

from 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. Since there were no 
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TABLE 24. PROBABILITIES OF DETECTION OF TOXICS IN THE GROUND AND SURFACE WATERS 
OF SOUTHERN NEN JERSEY 

Significant 
Difference At 

Ground Surf ace o.os Level 

f luoroform 0.11 0.03 No 
methyl chloride <0.01 0.02 No 
vinyl chloride <0.01 0.02 Ho 
methylene chloride 0.11 0.43 Yes 
chloroform 0. 7'1 0.66 No 
1,2-dichloroethanc 0.07 0.20 Yes 
1,1,1-trichloroethane 0.86 0.80 No 
carbon tetrachloride 0. 76 0.80 No 
1,1,~-trichloroethylone 0. 70 0.61 No 
dichlorobromocthanc 0.33 0.39 no 
1,1,2-trichloroethane 0.03 0.15 Yes 
dibromochloromethane 0.10 0.14 No 
1,2-dibromocthane 0.04 o.os No 
1,1,2,2-tetrachlorocthylenc 0.38 0.84 Yes 
brornoform 0.18 0.30 Yes 
1,1,2,2-tetrachloroethanc o.os 0.23 Yes 
di:Lodomethane 0.11 0.05 No 
total dichlorobenzene o.o4 0.12 Yes 
m-dic11lorol)enzene 0.02 0.07 No 
p-dichlorobenzene 0.06 0.13 No 
o-dichlorobenzene o.os 0.06 No 
trichlorobenzene 0.03 0.09 Yes 
archlor 1242 0 0.02 
archlor 1248 0.02 0.04 No 
archlor 1254 0.02 0.03 No 
dichloroethylcne {gem) 0.48 0.45 No 



TABLE 24. PROBABILITIES OF DETECTION OF TOXICS IN THE GROUND AND SURFACE WATERS 
OF SOUTHERN NEW JERSEY {Continued) 

Significunt 
Difference At 

Ground Surf ace 0.05 Level 

dihromomethane 0.34 0.45 No 
t-dichloroethylene 0 .. 79 0.73 No 
brornodichlorocthane 0.07 0.05 No 
BIIC-Alpha 0.18 0.33 Yes 
lindane 0.29 0.38 No 
DHC-Bcta 0.36 0.77 Yes 
hcptachlor 0.32 0.24 no 
aldrin 0.28 0.10 Yes 
hcptachor cpoxide 0.28 0.4-6 Yes 
chlordane 0.33 0.57 Yes 
o, r)·-DDE 0.24 04' 35 Yes 
diell1rin 0.17 0.47 Yes 
cnc1!in 0.14 0.17 No 
o,p -DD'r 0.16 0.17 No 

1 0.17 0.29 Yes p,p -DDD 
p,p1 -DDT 0.13 0.19 No 
mirex 0.08 o.o 7 :no 
arsenic 0.99 1.00 No 
beryllium 1.00 1.00 No 
ccidmium 1.00 1.00 No 
copper 0.99 1.00 No 
chromium 1.00 1.00 No 
nickel 1.00 i.oo· No 
lead o .. 99 1.00 No 
selenium 1.00. 1.00 No 
zinc 1.00 1.00 No 
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detectable concentrations of archlor 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 

samples and surface water samples from Southern New Jersey. 

For 35 toxics (69 percent) there is no significant differ­

ence in the probability of 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 detection, in surface 

water samples than in ground water samples 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 Jersey. 

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). 

This result compares to the 60 percent of toxics which 

were at least as likely to be detected in ground water 

over the entire state. 

Comnarison of Detectable rroxics in the Ground And 
Surface Waters of Southern ~ew Jersev 

The third comparison is for those samples with 

detectable concentrations of toxics. This analysis uses 

the Mann-Whitney U test to determine 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 ranl( of concentration in those surface 

water samples with detectable levels of the toxic. 

The results indicate that ther~ are no significant 

differences in the average rank of concentrations between 

samples from ground 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 surf ace water 

from Southern New Jersey. At the 0.05 significance level, 

14 toxics (27 percent) had greater average concentrations 



TABLE 25. MANN-\·lHITNEY U TEST OF DETECTABLE CONCENTRATIONS IN SOUTHERN NEW 
JERSEY 

Greater At 
Significance Level 

______________________ --~--0_._0_5 0.0)- 2-Tailed_ P_r_o_}:)£.QiJ._i_ty 

f luoroform No dif. No dif. o.56 
methyl chloride No dif. No dif. 0.16 
vinyl chloride No dif. No dif. 0.16 
methylene chloride No dif. No dif. 0.22 
chloroform SUP SUF 0.0008 
1,2-dichloroethane SUF SUF 0.004 
1,1,1-trichloroethane GRN GRN ~o. 0001 
carbon tetrachloride No dif. Ho dif. 0.90 
1,1,2-trichloroethylene No dif. No dif. 0.85 
dicl"llorobro!P.octhanc GRN No dif. 0.03 
1,1,2-trichloroethane No dif. No dif. 0.17 
dibromochloromethane No.dif. No dif. 0.24 
1,2-dibromoethane No dif. No dif. 0.19 
1,1,2,2-tetrachloroethylene No dif. No dif. 0.07 
bronof orm No dif. No dif. 0.49 
1,1,2,2-tetrachloroethanc No dif. No dif. 0.42 
ci iodor;·,e thane No dif. No dif. 0.09 
total dichloro~enzene No dif. No dif. 0.84 
m-dichlorobenzene No dif. No dif. 1.00 
p-dichlorobenzene No dif. No dif. 0.59 
o-dichloro1::-:enzene No dif. No dif. 0.41 
trichlorobenzen2 GRN No dif. 0.04 
archlor 1242 
archlor 1248 No dif. No dif. 0.12 
archlor 1254 SUF No dif. 0.02 
dichloroethylene (gem} No dif. No dif. 0.14 
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TABLE 25. MANN-WHITNEY U TES'r OF DETECTABLE CONCENTRZ\TIONS IN SOUTHERN NEH 
JERSEY (Continued) 

dibromomethane 
t-dichloroethvlene 
bromodichloroethane 
BBC-Alpha 
lindane 
BHC-Deta· 
heptachlor 
aldrin 
heptachor epoxide 
chlordane 

J ')DE' o,p --J _, 

dieldrin· 
endlin 
o,p -DDT 
p,p1-DDD 
p,p1 -DDT 
mirex 
arsenic 
beryllium 
cadmium 
copper 
chromium 
nickel 
lead 
selenium 
zinc 

Greater At 
Significance Level 
o.os O.Ol 2-Tailed Probabilitv 

No dif. No dif. 0.43 
SUP No dif. 0.03 
No dif. No dif. 0.22 
GND No dif. 0.02 
No dif. No dif. 0.21 
SUP No dif. 0.02 
SUP SUP <:0.0001 
No dif. No dif. 0.68 
SUP SUF o.oos 
No dif. No dif. 0.35 
No dif. no dif. 0.40 
GRN No dif. 0.015 
GRN GRN 0.01 
GRN G!{N 0.004 
GRN GRN 0.001 
GRN GRH 0.0002 
No dif. No dif. 0.31 
SUF SUF <0.0001 
No dif. (No dif. 0.15 
GRN No dif. 0.02 
GRN GRN <0.0001 
St.JP No dif. 0.03 
GRN GRN 0.001 
SUF SUF <0.0001 
GRN GRN 0.0008 
GRN GRN 0.57 
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in ground water samples. At the 0.01 significance level 9 

toxics (18 percent) had greater average concentrations in 

ground water sampleso 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 0.01 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 toxics were greater in ground 

water. These total to 45 toxics (88 percent) of the 51 

toxics included in the analysis. 

Summary of Comparisons of Toxics Concentrations 
in the Ground and Surf ace Haters 

of Southern ilcw Jersey 

Analysis of the concentrations of toxic substances in 

the ground and surf ace waters of Southern New Jersey reveals 

that the levels of toxics in ground water are not signifi-

cantly 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. LooJ<:ing 

only at the highest concentration of each toxic, 67 percent 

of the toxics are more contaminated in ground water. Com-

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 ~ith detectable concentrations, 88 percent 

of the toxics are not significantly different or are more 

contaminated in ground water than in surface water in 

Southern New 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 greater probability of detection in surface 

water. Even among these substances, 80 percent had their 

highest concentration 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 

from 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 COMPl\RISONS OF TOXICS IN THE GROUND 
AND SURFACE WATER OF SOU'l'HERN NEW JERSEY 

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

Highest Cone. 
Toxic Substance Found In 

aldrin Surf ace 

Average 
Detectable 

Concentration 
Highest Inl 

No dif. 

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

Toxic Substance 

methylene chloride 
1,2-dichloroethane 
1,1,2-trichloroethane 
1,1,2,2-tetrachloroethylene 
bromof orm 
1,1,2,2-tetrachloroethane 
total dichlorobenzene 
trichlorobenzene 
BHC-alpha 
BHC-beta 
heptachlor epoxide 
chlordane 
o,pl-DDE 
dieldrin 
p,pl-DDD 

Highest Cone. 
Found In 

Ground 
Surf ace 
Ground 
Ground 
Ground 
Ground 
Surf ace 
Ground 
Ground 
Ground 
Ground 
Surf ace 
Ground 
Ground 
Ground 

Average 
Detectable 

Concentrati£n 
Highest In 

No dif. 
Surf ace 
No dif. 
No dif. 
No dif •. 
No dif. 
No dif. 
Ground 
·Ground 
Surf ace 
Surf ace 
No dif. 
No dif. 
Ground 
Ground 

1 Mann-Whitney U test at 0.05 significance level. 
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TABLE 2 7. SUMMARY OF COMPARISONS OP TOXICS IN THE GROUND 
AND SURFACE t·lATER OP sourrr-IERN NEW JERSEY 
(Continued) 

c. Toxics ·without Significantly Greater Probability of 
Detection in Ground or Surface Water from Southern 
New Jersey 

Toxic Substance 

f luorof orm 
methyl chloride 
vinyl chloride 
chloroform 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,2-trichloroethylene 
dichlorobromomethane 
dibromochloromethane 
1,2-dibromoethane 
diiodomethane 
m-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
archlor 1248 
archlor 1254 
dichloroethylene (gem) 
dibromomethane 
t-dichloroethylcne 
bromodichloroethane 
lindane 
heptachlor 
endrin 
o,pl-DDT 
p,pl-DDT 
mirex 
arsenic 
beryllium 
cadmium 
copper 
chromium 
nickel 
lead 
selenium 
zinc 

Highest Cone. 
Found In 

Ground 
Ground 
Surf ace 
Surf ace 
Ground 
Ground 
Ground 
Ground 
Surf ace 
Ground 
Surface 
Surf ace 
Surf ace 
Surf ace 
Surf ace 
Surface 
Ground 
Ground 
Surface 
Surface 
Ground 
Surf ace 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 

Average 
Detectable 

Concentration 
Highest rnl 

No dif. 
No dif. 
No dif. 
Surf ace 
Ground 
No dif. 
No dif. 
Ground 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
Surf ace 
No dif. 
No dif. 
Surf ace 
No dif. 
No dif. 
Surf ace 
Ground 
Ground 
Ground 
No dif. 
Surf ace 
No dif. 
Ground 
Ground 
Surf ace 
Ground 
Surf ace 
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 

water 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 samples from the entire state. For these reasons, 

the results of these analyses are not included in this 

report. 



CB.AP'l1ER 8 

COMPARISON OP 1roxrcs CONTl\MINATION IN 
THE GROUND AND SURFACE HATERS 

OF NORTHERN NEW JTrnSEY 

Introduction 

Northern New Jersey for this analysis includes three 

of the five physiographic provinces of New Jersey 

(Figure 1). The physiographic provinces include the 

Appalachian 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 homogeneous, flat, 

plain of unconsolidated sandy sediments when compared to 

the consolidated rocks, hills and valleys of Northern New 

Jersey \'lhich have been further altered by glaciation. If 

the comparison of toxics contamination in the ground and 

surface waters of Northern New Jersey yields results 

comparable to those from the analysis of samples from 

Southern New Jersey, we can be reasonably confident that 

any conclusions concerning the relatively levels of toxics 

contamination of ground and surf ace 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 beti.·Jeen ground and surf ace 

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 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 Northern New 
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TABLE 28. DESCRIPTIVE INFORM.t"'~TION ON TOXICS IN THE GROUND AND SURFACE WATERS OF 
NORTHERN NEH JERSEYl 

Ground Water 

.p .. # 90th Tr 

Sampled Detected Mode Median Percentile Highest 

f luoroform 68 8 0 0 0.5 2.5 
methyl chloride 341 2 0 0 0 220.6 
vinyl chloride 340 1 0 0 0 1.0 
methylene chloride 337 55 0 0 90.0 1,200.0 
chloroform 349 225 0.8 o.s 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,~-trichloroethylene 156 109 0.3 0.3 8.0 635.0 
dichlorobromocthanc 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-tetrachloroethylenc 272 150 0 0.3 4.2 90.6 
bromof orm 349 71 0 0 1.0 34.3 
1,1,2,2-tetrachloroethanc 349 43 0 0 0.1 2.7 
di iodor.1e thane 348 3'1 0 0 0 1.2 
total dichlorobenzene 356 10 0 0 0 102.3 
m-dichlorobenzene 155 4 0 0 0 25.4 
p-dichlorohenzene 155 6 0 0 0 78.S 
o-dichlorobenzene 155 4 0 0 0 5.2 
tr i ch 1oro11cn z ene 348 14 0 0 0 33.7 
archlor 1242 153 7 0 0 0 3.4 
archlor 1248 153 1 0 0 0 (0.1 
archlor 1254 346 6 0 0 0 0.4 
dichloroethylcnc (gem) 35 20 0 10.0 240.7 992.3 

1 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 NEW JERSEY! (Continued) 

Ground Water 

# # 90th 
sampled Detected Ho de Median Percentile Highest 

dibromomethane 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 

BBC-Alpha 360 42 0 0 <0.1 <:o .1 

lindane 360 82 0 0 <O .1 0.1 
BHC-Bctal· 351 169 0 0 <O.l 118.4 
heptachlor 360 78 0 0 <O.l 1.,0 

aldrin 360 75 0 0 <0.1 1.2 
heptachor epoxide 360 76 0 0 ~0.1 o.s 
chlordane 360 90 0 0 <o .1 0.3 
o,pl-DDE 360 47 0 0 <O.l 0.1 

dieldrin 360 40 0 0 <O.l 0.2 

endf in 360 35 0 0 0 0.2 
o ,p ..... -DDT 360 24 0 0 0 0.2 

p,p1 -DDD 360 23 0 0 0 0.2 

p,p1-DDT 360 22 0 0 0 o.s 
mirex 360 16 0 0 0 0.1 

arsenic 363 361 1.0 1.0 s.o 18.0 

beryllium 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 s.o ~4.0 170.0 36,500.0 

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

Surface Water 

# # 90th 
Sampled Detected Ho de Median Percentile Highest 

f luoroform 76 1 0 0 0 0.5 
methyl 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 
chlorof orrn 189 15'2 o.s 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 s.o 22. 7 
carbon tetrachloride 189 165 0.1 0.1 0.4 20.6 
1,1,2-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 
dibromochlorornethane 189 63 0 0 0.2 2.7 
1,2-dibromocthane 113 8 0 0 0 0.1 
1,1,2,2-tetrachloroethylenc 113 103 0.3 0.3 1.4 4.,5 
bromof orm 188 51 0 0 1.0 3.7 
1,1,2,2-tetrachloroethane 189 27 0 0 0.1 0.6 
diiodomethane 189 3 0 0 0 2.2 
total dichlorobenzene 189 13 0 0 0 4.8 
m-dichlorohenzene 85 6 0 0 0 1.3 
p-dichlorobenzene BS 9 0 0 1.3 1.8 
o-dichlorobenzene GS 3 0 0 0 3 .. 3 
trichlorobcnzene 188 12 0 0 0 2.0 
archlor 1242 190 8 0 0 0 117.3 
archlor 1248 190 37 0 0 o.s 109.1 
archlor 1254 190 63 0 0 0 .. 2 127. 0 
dichloroethylcne (gen) 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 WliTERS OF 
NORTHERN NEW JEH.SEYl (Continued) 

Surf aqe Nater 

.. J.L # 90th 1t' 

Sampled Detected Mode 1-1edian 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 l 0 0 0.1 0.1 
BHC-Alpha 184 40 0 0 <O.l .:(0. 1 
lindane 184 26 0 0 .(Q.l <0.1 
BHC-Betal 184 84 0 0 0.2 1.3 
heptachlor 184 32 0 0 <O .1 1.5 
aldrin 184 17 0 0 0 <O. l 
heptachor epoxide 184 55 0 0 ~o .1 0.2 
chlordane 184 75 0 0 <.O .1 o.s 
o,pl-nnE 184 56 0 0 <O.l <O.l 
dieldrin 184 58 0 0 <O.l <O.l 

endlin 184 21 0 0 -'.0. 1 0.1 
o,p -DDT 184 23 0 0 <O.l <O .1 
p,p1 -nnn 184 34 0 0 4.0.l <O.l 
p,pl-DDT 184 27 0 0 .('0.1 ..(0.1 
mirex 184 10 0 0 '-.0.l <O.l 
arsenic 183 183 1.0 L.O 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 2'1.0 
lead 183 183 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 rnagni-

tude greater in the surf ace water than in the ground water 

data. 

Probabiliti2s of Detection of Toxics in the 
Ground and Surface \'Vatcrs of Nc)rthern New 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 these limits are the 

same for both the ground and surface water data, the 
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comparison is reasonable. The probability of detecting 

each toxic substance 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 each toxic in ground water was 

different from 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 0.01 to 

0.94. Within the heavy chlorinated hydrocarbons the 

probabilities of detection range from 0.04 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 probabilities 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 Surf ace Difference At 

o.os Level 

f luoroform 0.12 0.01 Yes 
methyl chloride 0.01 ..(Q. 01 Ho 
vinyl chloride <0.01 0.01 No 
methylene chloride 0.16 0.31 Yes 
chloroform 0.64 0.80 Yes 
1 2-dichloroethane 0.11 o.os No 

I 

1,1,1-trichloroethane 0.82 0.94 Yes 
carbon tet:r-achloride 0.61 0.87 Yes 
1,1,~-trichloroethylene o. 70 0.66 No 
dichlorobromocthanc o.so 0. 70 Yes 
1 1 2-trichloroethane 0.13 0.12 no 

I I . 

dibrornochloromethane 0.21 0.33 Yes 
1 2-dibromoethane o.o9 0.07 Ho 
1

1

1 2 2-tetrachloroethylene o.ss 0.91 Yes 
• I I I 

bromoform 0.20 0.27 No 
1 1 2 2-tetrachloroethane 0.12 0.14 Ho 

I I I 

di iodor:1e thane 0.10 0.02 Yes 
total dichlorobenzene 0.03 0.07 Yes 
m-dichlorohenzene 0.03 0.07 No 
p-dichlorobenzene 0.04 0.11 No 
o-dichlorobenzene 0.03 0.04 No 
trichlorobenzene 0.04 0.06 No 
archlor 1242 o.os .l0.01 No 
archlor 1248 0.01 0.19 Yes 
archlor 1254 0.02 o.33 Yes 
dichloroethylcne (gem) 0.57 0.77 No 
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TABLE 29. PROBABILITIES OF DETECTION OF TOXICS IN THE GROUND AND SURFACE WATERS OF 
NORTHERN NEN JERSEY (Continued) 

Significant 
Ground Surface Difference At 

0.05 Level 

dihromomethane 0.37 0.30 No 
t-dichloroethylene a.so 0.81 No 
bromodichloroethane 0.20 0.11 No 

BHC-Alpha 0.12 0.22 Yes 
lindane 0.23 0.14 Yes 

BHC-I3ota 0.48 0.46 No 

hcptachlor 0.22 0.17 No 

aldrin 0.21 0.09 Yes 
heptachor epoxide 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 pl-DDT 0.07 0.13 Yes 
p:p1-DDD 0.06 0.18 Yes 
p,p1-DDT 0.06 0.15 Yes 

mirex o.o4 o.os No 
arsenic 0.99 1.00 No 
beryllium 1.00 1.00 No 

, . 1.00 1.00 No cactmium 
copper 1.00 1.00 No 

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 9round 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 arialysis 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 Jerseyc 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 total 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 Surf ace Haters of Northern New Jersev 

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 for 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 ~ercent) at the 0.01 significance level {Table 

30). 

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 surf ace 

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 0.01 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 those samples of ground 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 r.rn.rnpl~~ for the overwhelming majority· of the toxic 



TABLE 30. MANN-HHITNEY U TEST OF DETECTABLE CONCENTRATIONS OF TOXICS IN 
NORTHERN NEW JERSEY WATERS 

Greater Concentrations 
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At Significance Level 2-Tailed Probability 

f luoroform 
methyl chloride 
vinyl chloride 
methylene chloride 
chloroform 
1,2-dichloroethane 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,~-trichloroethylene 
dichlorobromoothanc 
1,1,2-trichloroethane 
dibromochloromethane 
1,2-dibromocthane 
1,1,2,2-tetrachloroethylene 
bromof orrn 
1,1,2,2-tctrachloroethanc 
diiodomethane 
total dichlorobenzene 
m-dichloroJ)enzene 
p-dichlorobenzene 
o-dichlorobenzene 
trichlorobenzene 
archlor 1242 
archlor 1248 
archlor 1254 
dichloroethylone (gem) 

o.os 

No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
Ho dif. 
No dif. 
GRN 
GRN 
GRN 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
GRN 

No dif. 
GRN 
N'o dif. 
No dif. 
No dif. 
No dif. 

0.01 

NO dif. 0.72 
No dif. 0.48 
No dif. 0.22 
No dif. 0.58 
No dif. 0.96 
No dif. 0.88 
No dif. 0.45 
GRN 0.003 
GRN 0.006 
GRN 0.006 
No dif. 0.61 
No dif. 0.51 
Ho dif. 0.07 
No dif. 0.81 
No dif. 0.60 
No dif. 0.81 
Ho dif. o.os 
No dif. 0.30 
No dif. 0.16 
GRN 0.002 
No dif. 0.82 
GRN 0.0004 
No dif. 0.09 
No dif. 0.11 
No dif. 0.14 
No dif. 0.06 



240 

TABLE 30. M .. ~m~-~·JHITNEY U TEST OF DETECTABLE CONCENTRl\.TIONS OF TOXICS IN 
NORTHERN Nm·J JERSEY WATERS (Continued) 

dibromomethane 
t-dichloroethylene 
bromodichloroethane 
BBC-Alpha 
lindane 
BBC-Beta 
heptachlor 
aldrin 
heptachor cpoxide 
chlordane 
o,pl-nnE 
dieldrin 
end.tin 
o,p -DDT 
p,p1 -DDD 
p,p1 -DDT 
mirex 
arsenic 
beryllium 
cadmium 
copper 
chromium 
nickel 
lead 
selenium 
zinc 

Greater Concentrations 
At Significance Level 

o.os 0.01 

Ho dif. Ho dif. 
SUF No dif. 
No dif. No dif • 
No dif. No dif. 
No dif. Uo dif. 
SUP SUF 
SUF SUF 
No dif. No dif. 
No dif. No dif. 
No dif. No dif. 
No dif. No dif. 
GRN GRN 
No dif. No dif. 
GRN No dif. 
GRN GRN 
GRN No dif. 
No dif. No dif. 
Ho dif. No dif. 
No dif. No dif. 
No dif. No dif. 
GRN GRN 
GRN GRN 
No dif. No dif. 
SUF SUF 
GRN No dif. 
GRN GRN 

2-Tailed Probability 

0.17 
0.04 
o.ss 
0.18 
0.63 

<0.0001 
~0.0001 

0.75 
0.98 
0.97 
0.01 
0.006 
0.10 
0.017 
0.004 
0.014 
0.13 
0.59 
1.00 
0.95 

(0.0001 
0.01 
0.79 

.(0.0001 
0.02 
0.002 
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substances studied. At the 0.01 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. 

Summary to ComJ)arisons of Toxics Concentrations _in the 
§2::-ouncl. anc1 Surf ace \J2ters of Northern New J«2rsey 

Analysis of the concentrations of toxic substances in 

the ground and surface waters of Northern New 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 surf ace 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 Jersey, 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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TABT..1E 31. SUHMl\.RY OF COHPARISONS OF TOXICS IN THE GROUND 
A.ND SURFACE \'7NfER OF NORTHERN NEW JERSEY 

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

Toxic Substance 

f luorof orm 
diiodomethane 
lindane 
aldrin 

Highest 
Concentration 

Found In 

Ground 
Surf ace 
Ground 
Ground 

Average 
Detectable 

Concentration 
Highest rnl 

No dif. 
No dif. 
No dif. 
No dif. 

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

Toxic Substance 

methylene chloride 
chloroform 
1,1,1-trichloroethane 
carbon tetrachloride 
dichlorobromomethane 
dibrornochloromethane 
1,1,2,2-tetrachloroethylene 
total dichlorobenzene 
archlor 1248 
archlor 1254 
BHC-alpha 
heptachlor epoxide 
chlordane 
o,pl-nnE 
dieldrin 
o pl-DDT 
p;pl-DDD 
p,p1-DDT 

Highest 
Concentration 

Found In 

Ground 
Surf ace 
Ground 
Surf ace 
Ground 
Surf ace 
Ground 
Ground 
Surf ace 
Surface 
No dif. 
Ground 
Surf ace 
Ground 
Ground 
Ground 
Ground 
Ground 

Average 
Detectable 

Concentration 
Highest Inl 

No dif. 
No dif. 
No dif. 
Ground 
Ground 
No dif. 
No dif. 
No dif. 
lilo dif. 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
Ground 
Ground 
Ground 
Ground 

1 Mann-Whitney U test at 0.05 significance Level. 
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TABLE 31. SUMMARY OP COMPARISONS OF rrOXICS IN THE GROUND 
AND SURFACE WA'l'ER OF NORTHERN NEW JERSEY 
(Continued) 

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

Toxic Substance 

methyl chloride 
vinyl chloride 
1,2-dichloroethane 
1,1,2-trichloroethylene 
1,1,2-trichloroethane 
1,2-dibromoethane 
bromof orm 
1,1,2,2-tetrachloroethane 
m-dichlorobenzene 
p-dichlorobenzene 
o-dichlorobenzene 
trichlorobenzene 
archlor 1242 
dichloroethylene (gem) 
dibromomethane 
t-dichloroethylene 
bromodichloroethane 
BBC-beta 
hcptachlor 
endrin 
mirex 
arsenic 
beryllium 
cadmium 
copper 
chromium 
nicJ~el 
selenium 
zinc 

Highest 
Concentration 

Pound In 

Ground 
surface 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Surface 
Ground 
Ground 
Surf ace 
Ground 
Ground 
Surf ace 
Ground 
Ground 
Surface 
Ground 
Ground 
Ground 
Surf ace 
Ground 
Surf ace 
Ground 

Average 
Detectable 

Concentration 
Highest Inl 

No dif. 
No dif. 
No dif. 
Ground 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
Ground 
No dif. 
Ground 
No dif. 
No dif. 
No dif. 
Surf ace 
No dif. 
Surf ace 
Surf ace 
No dif. 
No dif. 
No dif. 
No dif. 
No dif. 
Ground 
Ground 
Surf ace 
Ground 
Ground 
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significantly greater probability of detection in ground 

water than in surfnce water. Section D provides informa­

tion on those toxics with a greater probability of 

detection in surface watero Even aciong 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 si~nificant­

ly different or was greater in ground water samples from 

Northern New Jersoy in 87 percent of these toxic sub-

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

for1ned 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 surf ace water from 

Northern 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 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 surf ace 

water samples from the entire state. For these reasons, 

these analyses are not included in this report. 



COMPARISON OF THE PATTERNS OF TOXICS CONTAMINATION 
IN THE GROUND AND SURFACE WATERS 

OF NE1·l JERSEY 

Introduction 

The patterns of toxic substarices 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 substances 

contamination. These patterns of contamination are groups 

of toxic substances which 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 {Bordon, 1972). 

The purpose of a factor structure comparison is to 

determine similarities and differences in the patterns of 

tm~ics contumination 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 surf ace waters of New Jersey and subsets of 

that data. Instead of comparing concentrations of indi­

vidual subntances, this chapter compares the concentrations 

of patterns or groups of toxics to see how similar they 

are in the ground and surf ace 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 eiirninated 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 -0f 

detectable concentrations from exerting too great an 

influence on the patterns of contamination. 

Conservative procedures were employed in the factor 

analysis of both the ground and surface water data sets. 

The nonpar~metric Spcarman's Rank correlation procedure 

was used to calculate the intercorrelation matrices of 

both the ground and the surf ace water data. The conserva­

tive assumption that all variation is not explained in the 
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data dictated the use of multiple R2 values as the initial 

communality estimates. An ei(jcnvalue 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 surf ace water data. 

The results of the preliminary factor analyses 

indicated that two changes were necessary to achieve the 

factor structures to be compared in the ground and surface 

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 \·1ere 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. 'I'he final 

factor analyses used 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 surf ace uater data for those 23 

toxic substances common to and significant in both the 

ground and surf ace water data sets are presented in Table 

32 and 33. 

Factor 1 in both the ground water and surface water 

analyses is a pesticide factor. The pesticide factor is 

the strongest pattern of contamination identified, 

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,p1 -DDE, dieldrin, endrin, o,p1 -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 and 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. ROT~TED FACTOR MATRIX, TOXICS IN NEW JERSEY 
GROUND WATERl 

Commu-
Variables Factors nali ties 

1 2 3 4 h2 

methylene chloride .10 
chloroform .59 .43 
1,1;1-trichloroethane .46 .• 24 
carbon tetrachloride .45 .21 
1,1,2-trichlorocthylene .65 .47 
dibromochloromethane .07 
1,1,2,2-tetrachloroethylene • 75 .58 
BHC-alpha .45 .26 
lindane .52 .46 
BI-IC-beta .67 .55 
heptachlor .44 .24 
heptachlor epoxide .57 .37 
chlordane .59 .41 
o,pl-DDE .69 .49 
dieldrin .69 .48 
endrin • 78 .64 
o,pl-DDT • 75 .58 
p,pl-DDD .77 .63 
arsenic .18 
copper • 72 .52 
chromium .12 
lead .81 .68 
zinc .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 3 3. ROTNfED FACTOR MA'rrux' 1l10XICS IN NEW JERSEY 
SURFACE Wl\TERl 

Variables 

methylene chloride 
chloroform 
1,1,1-trichloroethane 
carbon tetrachloride 
1,1,2-trichloroethylene 
dibromochloromethane 
1,1,2,2-tetrachloroethylene 
BHC-alpha 
lindane 
BHC-beta 
heptachlor 
heptachlor epoxide 
chlordane 
o,pl-DDE 
dieldrin 
endrin 
o pl-DDT 
p;p1 -DDD 
arsenic 
copper 
chromium 
lead 
zinc 

eigenvalues 

1 

.so 

.41 

.63 
• 70 
• 74 
.66 
.67 
.68 

Factors 

2 

.43 

.67 

.51 
• 79 
.52 

4.50 2.79 

3 

.46 

.51 

.46 

.so 
• 70 

Comrnu­
nal i ti es 

4 h 2 

• 71 • 6 3 
.40 
.33 
.2s 
.23 
.31 
.54 

.47 .29 
.25 

.57 .54 
.19 
.26 
.52 
.54 
.61 
.46 
.47 
.52 
.22 
.48 
.34 
.64 
.28 

1.26 0.74 

percent variation 48.50 30.10 13.60 7.90 

1 Varimax rotation. The squared multiple correlation 
coefficients t·rnre used as communality estimates. 
N = 320. 

2 Only factor loadings greater than 0.40 are presented. 
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factor in the surf ace 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

chloroethylcne. In the ground water results 1,1,2-

trichloroethylene 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. BHC-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 surf ace 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 th~ 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. 



Tl\.BLE 34. GROUND NNI'ER - SURFACE HATER 
COMPARISON: COSINE VALUES l\.MONG FACTOR 
STRUCTUHES 

Surf ace 
Water 

Pesticide 
F' 1 

Heavy .Met. 
F2 

LCH 
F3 

BHC 
F4 

Pesticide 
Fl 

-
0.99 

-0.03 

o.oo 

-0.14 

Ground Water 

LCH 
F2 

o.o~ 

0.35 

0.93 -
0.13 

Heavy Met. 
F3 

-o. en 

0.92 -
-0.32 

-0.21 

254 

BHC 
F4 

O.lLl 

0.1: 

-0.2( 

0. 90 -

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 

we have 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 surf ace 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 Comparison of Patterns of Toxics 
Contaminatiori.

4

-G1 the· (~round and Surface 
-------T,lu·'·erc• of" -].~~('\.1 Tprcr.:.v 

t (_ l ......... u ...:-:~~'-'-" -'--~~ 

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 New Jersey. The four major 

patterns of toxics contamination have correlation coeffi-

cients ranging from 0.92 to 0.99 between 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 greater proportion of the variation 

within the surface water data than within the ground water 
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datn. The heavy metals factor has a correlation coefficient 

of 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 to·xics contamination in 

both the ground water and the surf ace water data. The BHC­

beta factor has a correlation coefficient of 0.96 between 

the ground water data and the surface water data. 
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CONCLUSIONS 

The ground and surf ace waters of New Jersey are 

contaminated with a wide variety of toxic substances. The 

data analy~ed 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 surf ace 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, ground 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 percent 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 surf ace water samples from New 

jersey, only potable water samples, only nonpotable water 

samples, on-ly 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 Jersey 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 Hater samples from New 

Jersey were from ground water samples for most of the 

toxics studied. Toxic substances in ground water move as 

a plume of contamination without the substantial dilution 

which occurs in surface water. 

Present 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 s~pply. At 

present both laws and policy proposals treat water from 

surface water sources more stringently than· water from 

grouna·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 epidemiological 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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