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Dear Commissioner: 

08625. 

ex-officio. members 
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I am pleased to submit on behalf of the Institute its 
recommendations for maximum contaminant levels in drinking 
water. The processes by which these levels were derived 
are described in-the Institute report presented on the 
following pages. · 

We appreciate the di,l.igence and c:ompetence of those 
in the Departments of Health and, especially, Environmental 
Protection who designed and supervised studies, evaluated 

"" information, · prepared reports and· otherwise provided · 
essential staff services to. the Institute •. 

The varie.ty of <:hemicals produced . aiid the· extent of 
their use have been increasing, remarkably in recent years. 
The sensiti,vity of our measurement techniques has been 
improving. One of the results of these trends is more 
widespread evidence,of low-level contamination of our 
environment. Some of these chemicals may bring more harm 
than benefit. but no one is empowered to :make that a bind-
ing judgment. In·time the public interest may penetrate 
the system that decides which chemicals are to be made 
and delivered to the environment. 

As you know better tnan we do, an element of our 
environment which is vulnerable, and'is of paramount public 
concern,. is the quality of our drinking water supplies. 
Unde'r the terms of the N .J. Safe Drinking Water Act, the,, 
Institute is directed to recommend to you maximum contaminant 

.· levels for chemicals . listed in the law. , 

/1/ew Jersey· ls An Equal Opportunity Empl(Jyer 
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Availab e knowledge of the effect of these chemicals 
upon human h alth is incomplete. For ~any ot the chemicals 
we seek tor gulate there probably is no leyt1 below which 
they are ha less. We have observed the statutory criteria, 
considered t e most current and best health.;..effects informa--• ' I , 

tion, determ·ned analytical sensitivities, and evaluated 
existing wat r treatment technologies. From!this review we· 
have develop d ~ealth .... based numbers, practi¢al quantitation 
levels, and aximllm contaminant levels. Ge:pEkrally our MCL 
values are m re.conservative than those prop6.sed by the EPA. 
In some case, the recommended MCL is)considerably higher 

I than the hea th.;..based number, reflecting analytical limita .... 
tioris. Wed ci¢ed that in an enforceable re~ulation persons 
cannot be he'd to a performance standard that cannot reliably 
be measured n ~ur best laboratories. As.se*sitivity improves, 
the MCL shou d he lowered in these cases. ! 

I In the 
usable, cos-t 
contaminants 
The applicat 
these contam 
zero. 

I 

ourse of our work, we have beenlassured that 
y treatment techniques exist tojremove these 
to concentrations below the, reccinnmended levels .. 

, I 

on of treatment where it is nee<fed should bring 
nant levels as cle.se as possibly to the goal of 

I 

r1 Institu e members hope that these recommendations will 
assist you i the difficult task of preparincjr the necessary 
regulations. · I 

We inte 
concerning c 
of the safe 
the law. 

RJS: jeb 

d to submit at a later dat1= rec~nunendations. 
emicals not listed in the. statute, the conduct 
rinking o/ater program, and needed changes in 

Sincerely, 
• I 

I Richard J. Sullivan 
Chairman i 
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PREFACE 

, The New- Jersey Drinking Water Quality Institute (Institute)· 
is I la fifteen member body created by the amendments to the. New 
Jer~ey Safe Drinking Water Act .. ("Act") (N.J.S.A. 5S~12A-1 et ~+, . P.L. 1977 ,. · c. 224, as amended and supplemented by P.L. 
198:B, c.4.43). Six members serve 'eX ,officio and include. 
reptesentatives of the New Jersey Department/ of Environmental 
Protection, the New Jersey . Department of Heal th,·· .. and· the ··.· water 
Supf lY. Advisory Council. · . Nine members .are appoint~d; _three by , the . 
Spec;:i.ker of tne · General ·Assembly, three by the President o,f the . 
Senatei and three by the ·. Governor, .and represent major water 
pur.J,eyors, .the academic ·scientific communit:y,.and the public. 

I . I . ' 

I This document. presents the Institute recommendations for 
maximum contaminant levels to the Commissioner. of the . Department 
of. iEnvironmental .· Protection for a list of. twenty-two·. hazardous 
contaminants listed in the amendments to the Act. · .This completes 
onel of the tasks of the Institute. Future activities .of the. 
Institute ·· include the · development of a· list of con-taininants · for · 
whi¢h testing will be_required. 

i 
I 

i 
I 

. I 
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EXECUTIVE SUMMARY 

Overview 

Over the past ten to fifteen years, the vulnerability of our 
nation's potable water supplies .to organic pollutant contamination 
has become increasingly evident through a variety of drinking 
water quaiity evaluation surveys and reports of specific 
contamination cases. Volatile organic chemicals (VOCs) have 
received particular attention due to their potential adverse,. 
heal th effects, their potential to contaminate groundwater 
supplies, and the relative ease of analytical detection of these 
substances. Concern has also centered around certain chlorinated 
organics such as polychlorinated biphenyls and chlorinated 
pesticides, primarily due to their persistence in the environment 
and their toxicity. 

In the past, a number of New Jersey potable water supplies 
have been demonstrated to be contaminated with generally low 
levels of voes and chlorinated organic contaminants. The State 
Safe Drinking Water Act (P.L.1983, c.443) was amended in 1984 
(A-280 ·amendments) to assure that all New Jersey public community 
water supplies would be monitored on a routine basis .for a 
specified list of twenty-two voes and chlorinated organics~ many 
of which are among the most commonly detected organic contaminants 
in drinking water. The comprehensive nature of the New Jersey 
A-280 monitoring reqtiirements is more extensive than those of any 
other known state or federal drinking water programs. 

The A-280 amendments also mandate the establishment of 
maximum contaminant levels (MCLs) for the twenty-two specified 
contaminants. Additional hazardous contaminants are to be 
evaluated for possible inclusion by regulation in the A-280· 
monitoring and standard setting process. Maximum contaminant 
levels are to be set for carcinogenic contaminants at levels which 
would lead to the development of cancer in no more than one in one 
million persons ingesting the contaminant over a lifetime, within 
the limits of medical, scientific and technological feasibility. 
The MCLs for noncarcinogens are to be established, within the 
limits of practicability and feasibility, at levels which 
eliminate all adverse physiological effects following ingestion. 
Additional statuatory guidance regarding the state MCLs is that in 
no case shall the New Jersey standard~ be any less stringent than 
corresponding federal standards, and standards need not be 
established for any hazardous contaminant until the presence of 
the substance has been detected by tests required hy the A-280 
amendments. The owner or operator of each water system, upon 
receipt of test results that confirm that an MCL has been 
violated, must bring the water into compliance with the MCL within 
a year. The U.S. Environmental Protection Agency has proposed but 
not yet adopted standards for eight of the A-280 contaminants. 

The amendments established the New Jersey Drinking ··Water 
Quality Institute (Institute) to provide external input into the 

ix 
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overall A-280 ro~ram, • the spe_cif:j.c ~en;!rja~ion of ~aximum 
contaminant leve s, , and the selection of addi t:i--cmal .cqntaminants. 
This I Institute on~ists of 15 members '. from:· i the public-, tl\e .. -· 
academic communi y, 1 the state's water puirveyoir~,- and two state 
agencies. A lis ing of Institute representatiyes is provided , in 
Appendix A. , Th~s · - report summarizes • the i I initial' set · of 

' recommendations romi the Institute · to the Commiidsioner of the New 
· Jersey _ Departm nt _ - of Environmental · _ Protie~tion. · These 

re. 9ommenda:tions re' centered around the activi;tf' es undertaken by 
.th~ Institute o establish MCLs for the inttial. list of 
contaminants. · - , : -

To derive the MCLs, the Institute ev~ uated three key 
elements: heal th ~,ffects, analytical rn~thodq,.~ogies and· their 
reliability, and water . t~~?-tment; capabilit_ie_s;.-1 Adverse ~ealth 
effect~ were eva uat_ed 1.n1. t1.ally_ by 7ateg~r1.z1.~9j tp.e '?o~tarn7n<;1nts 
according ·· to th :j;evel of ev1.de.nce of i hurna;ni carcJ.nogen1.c1.ty. 
Quantitative ri k , assessments · were then - CQI\ducted based \ on 
selected sensiti e :health. endpoints - to i e~taplish. health-based 

-levels in drinki g water. -. Standard anal~tica]~ [methods available -
for 16 of the 22 compounds,.. were ev,aluated !through laboratory·. 

-. studies and an examination•. of ·- availaple W j S. • Environmental 
Protection Agenc _d~ta.. · Based. upon a revi!ew o~ I the detection and 
quantitation inf rntation provided, practical ~d,anti tation .levels 

. were· d:evelo_ped~; P_tactical quanti~ation l~ve~s; tre; concen_tr_ations 
· at. which quant1.tati,on • can be a_ch1.eved wJj.t}).1.n' a.ef1.ned l1.m1.ts of 
. uncertainty, . Tw<;> -treatment technolog_:;es, · :a[ir .. stripping · and 

gr·an~l.rar ac;:tiva_t q qaibon coi:itact·ing, .wert;!·· a-1s:01 il1.vesti;g~te¢l for : 
the 16 contamin .rits •. ·· . The Ins-t:itute d~term~ped that . it was 
t~c:::hnologically easible and practicable . to remove . these A-280 
organic.s 'from dri kihg water.· , ]' 

Recomme~dations .. : I 
: I 

Based upon ·the deliberations of the I~stitute members, 
specifi.c recomme datfions ·· for the A..-280 pro9ram h~ve been developed 
and are· presented in -the accpmpany~ng . docume~t,,. · The. following· 
list is intended. ·o p.ighlight the most sign[ificanr recommendations: 

. .• . . . . - ! : ! .. . ·. ' .. 

) 

1. r. ec<;>mm. en .. ded MCf,s for. life;ti .. me ~.r: posure to , contamina ts: 1.n potable water are:· : .· , - · 
i ·-·' : 1 

. : . . .;.· ,: ; . . 

Contaminant : ·· MCL1 (ug/1) 

1}'. 
2) 
3) 
4) 
5) 

n~ene _ . 
rbon Tetrachlorid~ 
lo!rdane· 
lorobenzene 

' I ·1 :.-1 
.i I r· :. 

o Di,chlorobenzene . l 
m Di;chlorobenzene) 1 

. p.,;.Dic.hlorobenzene : 
6) l,2~Dichloroethane _ . 

.•· 11 ·. 1.~ 1 ... infc:hloroethylen'; · · . > ·.· i j · 
8) · c1.s-:and -trans--!, 2 ... oichloroe,thyle:nel · 

, I 

!. . I 

X_ ! 

1 
2 

.0.5 
4 

600 
600 

6 
2 
2. 
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9) Methyl~ne Chloride 
10) Polychlorinated Biphenyls 
11) Tetrachloroethylene 
12) Trichlorobenzenes 
13) 1,1,1-Trichloroethane 
14) Tri61tloroethvlene 
15) Vinyl Chloride 
16) X:ylenes 

2 
0.5 
1 
8 

26 
1 
5 

44 

MCLs could not be established for the following 
contaminants specified in the A-280 amendments 
because of the lack of current standardized 
analytical methodology: ethylene glycol, formaldehyde, 
n-hexane, kerosene, and methyl ethyl ketone. 

2. The Inst{tute recognizes that the toxicological database 
for these chemicals is a constantly evolving set 
of information, and that new a_dvances in a.nalytical 
methodologies . for the detection of organics .in potable 
water may occur in the future. Maximum contaminant 
levels were set for some chemicals at concentrations 
above the health-based goals. Such MCLs were 
established at the lowest reliable quantitation 
levels based on presently available methodologies. For 
these reasons, it is recommended that the Institute 
re-evaluate the MCLs at least every three years to 
reflect the most current technical information. 

3. In addition to reporting values at or above the 
practical quantitation levels determined by the 
Institute, the levels at which quantitation can be 
achieved with acceptable uncertainty, laboratories 
should be required to report any level of contamination 
between the practical qQ~ntitation levels and the 
individual labo~atory's method detection limits 
(MDL). These results should be qua.lified as estimated 
vaiues. This reporting is of particular importance for 
chemicals for which the health-based goal is below the 
practical quantitation level. 

4. A standardized procedure should be identified for the 
determination of MDLs by all A-280 laboratories. 
Laboratories should be required to determine MDLs for 
each instrument at a set frequency. 

5. Due in part to the fact that kerosene is actually a 
mixture of a variety of hydrocarbon compounds, the 
Institute recornmends that kerosene be removed 
from the original list of 22 contamina.nts. An MCL for 
one component of kerosene, benzene, has been recommended. 

xi 
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2b List - A list of hazardous contaminants to be developed 
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to the N.J. Safe Drinking Water Act. 
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I. INTRODUCTION 

A. Background 

Throughout the 1970s and early J.980s, concern over the 
possible contamination of potable water supplies was heightened as 
a result of numerous- reports on the detection of a variety of 
potentially toxic organic pollutants in the nation's water 
supplies. In 1976, the U.S. Environmental Protection Agency 
(U.S. EPA) released a compilation of data revealing that more than 
1,200 organic compounds had been f_ound in a variety of water tvpes 
worldwide (Shackelford arid Keith, 1976). As of 1984, Stacha and 
Pontices reported that more than 700 organic contaminants h~d been 
specifically identified in U.S. drinking water supplies. 

Although a broad arrav of organic contaminants have been 
detected in potable water supplies,· attention has been directed 
toward volatile organic chemicals (VOCs) ,. due to .their potential 
health risks,, 'their potential Jfor groundwater contamination and 
the fact that many drinking water surveys have been targeted to 
the analysis . of this type of contaminant (Shackelford and Cline, 
1986). Volatile organics are a class of -synthetic chemicals with 
low molecular weights. Such. commonly known · solvents and raw 
materials · as trichloroethylene, . benzene and vinyl chloride are 
examples of volatile organic substances~ Analyses of groundwater 
supplies throughout the nation (U.S.EPA Groundwater Supply Survey 
198·0 - 1981, Westrick et~ al.,. 1983) and in New Jersey (Tucker, 
1981-) have demonstrated the vulnerability of a significant number 
of supplies to contamination with gener9-lly low levels of volatile 
organic pollutants~ 

As a result of findings st1ch .as these, the . federal government 
began its lengthy efforts to _set sta_ndards,_or_maximum·contaminant 
levels. (MCLs) , for volatile orga.:nics in drinking water. The first 
federal announcement of an int.eht to regulate· these contaminants 
came in 198 2, with a U.S. EPA Advanced Notice of Proposed 
Rulemaking for volatile organics ('U.S.EPA, 1982). This initial 
notice was only a first step in a very·' time-consuming process to 
set MCLs, and was restricted to a small group of 13 volatile 
contaminants. Five years later, as of the beginning of 1987, this 
U.S.EPA process has not yet resulted, in the setting of an MCL for 
any volatile organic compound in drinking water. 

B. A.,...280 Amendments 

Due, in part, to the lack of standard-setting activity on the 
federal level, and in the wake of numerous reported detections of 
organic pollutants in New Jersey ~ater supplies (Tucker, 1981 and 
Division of· Water Resources, Bureau of ·safe Drinking Water 
historical data files) , the legislature adopted and the Governor 
signed into law amendments to the State Safe Drinking water Act in 
1984. These amendments, commonly referred to as "A-280" 
(P.L.1983, c.443), mandated the ·periodic testing of delivered 
water at-public - commun~ty water · supplies (Pews) for a specified 
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list primarily of volatile organic hazardoµs contaminants. 
Monitoring for· A 280 contaminants on a semi-amr111al basis has now 
been required f New Jersey PCWS , s:Lnce ~arly 1985. A 
comprehensive rep rt~ on the 'initial rou'.nd ;of sqrtjpling resul t_s was 
released in 1986 NJJDEP, 1986b)'".. , i 

l ; I 

Also require by A-2_80, - was the adoption I of MCI,s :by the 
Commissioner of thei Department o:t; Environmentiajl Protection for 
each of the spe ifted _ contaminants. The list.j of 22 compounds 
(plus isomers) fo w;hich MCLs are to be established is provided in 
Table 1. This gr up! of chemicals has been , refe:i:rrted to as the "2a" 
list because-· of · · ts: location in Section 2. a. pif the amendments. 
All of· the conta inants · on this .list are: vola't~le .. organics with 
the' exceptions f chlordane, .- kerosene,. i ethy~ene glycol, and 
polychlorinated b · phj=nyls (PCBs) • , Most of th~ \volatile organics 
selected by the Legislature had previousl~ beeii detected in New 
Jersey potable at~r supplies, and as: wel+ ! the nonvolatile 
compounds, chlor ane and PCBs (Tucker) 1981). The A-280 

' : I amendments also c 11 for the future adoption of ,tj.n addit_ional. list 
of .. hazardous contami!nants (referred. to as jthe "i2p" list) which is 
to,. inclu_de pesti ides, either synthetic o:tjgani9isj and metals, and 
the setting of MC S for these. · 

1. 
2. 
3. 
4. 
5. 
6 •. 
7. 

. 8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20 ~-
21. 
22. 

Benzene 
Carbon Tetrac 
Chlordane 
Chlorobenzene 
Dichlorobenze 
1,2-Dichloroe 
1,1-Dichloroe 
cis-1, 2-Dicl;ll 
trans-1,2-Dic 
Ethylene Glyc 
Formaldehyde 
n~Hexane 
Kerosene 
Methyl Ethyl 
Methylene·chl 
Polychlorinat 
Tetrachloroet 
Trichlorobenz 
1,1,1 - Trich 
Trichloroethy 
Vinyl Chlorid 
Xylene(s) 

Table 1 
1i-280 2a Contaminants List. 

e(s) 
ha:n~ 
hylene 
roethylene 
loroethylene 
1 

etone 
ricfle 
d Biphenyls. (PCBs) 
ylene 
ne :( s) 
oroethane 

) 



C. Drinking Water Quality Institute 

In order to provide external recommendations , to the 
Commissioner of the New Jersey Department: of Environmental 
Protection (NJDEP) on . various aspects of the A-280 program,. tJ::ie. 
amendments established .an advisory group in the NLTDEP called the 
Drinking Water Quality Institute (Institute). The Institute was 
charged with providing recommendations for the following: 
development of the MCLs, development of the 2b contaminants list, 
development of appropriate analytical testing methodologies, and 
review of general NJDEP activities related to the safe drinking 
water program. The amendments provided the Institute with the 
technical services of the state agencies (including NJDEP and N. LT. 
Department of Health (NJOOH)) and other commissions or agencies. 

As provided by the statute, the Institute is comprised of 15 
members, 6 of whom are ex officio. representatives of N,JDEP, NLTDOH, 
and the Water Supply Advisory Council, and 9 of whom are appointed 
representatives of the water purveyors, the academic scientific 
community, and the. public. Members serving in appointed positions 
are to . be selected' by. the Governor, President of the Senate and 
Speaker of the General Assembly. Following this procedure, all 
initial members were appointed to the Institute by LTanuary, . 19 85. 
A complete listing of· current· Institute members is given in 
Appendix A. _/ 

The first meeting of the Institute was held in March of 1985 
and meetings of this · advisory body have generally followed a 
regular monthly schedule. Subsequent to the initial meeting, 
three Subcommittees were formed to effectively carry out the 
mandates of the Institute in· a timely manner. The work. of the 
Subcommittees · revolved around the need to develop information in 
three critical areas for MCL derivation:· health effects, 
analytical quantitation limits, 1:1.nd water treatment capabilities. 

The three Subcommittees and their responsibilities are:· • 
1) Lists and Levels - development of health-based 

maximum contaminant levels and a 2b list of 
additional hazardous contaminants 

2) Testing - development of appropriate analytical 
techniques, reliable quantitation limits, and 
frequencies of testiriq. 

3) N,JDEP Program - review of NJDEP activities 
undertaken in·accordance with the Safe 
Drinking Water Act, a.nd consideration of 
water treatment issues. 

J 
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All Insti tu e meetings. ar.e open to the ii> blic. Technic.ai 
support has been 'pr~vided to the rnstitute ~y :~epresentatives of 
the NJDEP Office of ;science and Research (OSR) ;apd Bureau of Safe . 
Drinking Water (B DW:) , and the NJDOH. As descr1ibed later in :this 

;·. I I I ' ' . document, NJOEP. ersonnel also frequently. provitjled ·:the Institute 
with detailed res lt~. of a number of exter:q.al r~~earch evaluations 

• related to the es ab+l.shrnent of the MCLs.. '· , J 

. i 
D. Document Cont nt, and Or anization • , I. . . 

. This . document presents, the product of the ! deliberations of 
· the · Drinking Water Quality . Institute,. and 'convey15 the . Institute' s 
·initial·· · recommen ations • to. the NJDEP Commissioner. It · :is . 
. anticipated·. that th!ese recoltlillendation~ will s~rve . as t:he . main 
technical support · f¢r NJDEP' s regulations : purs:U!ant to the A'"'. 28 O 

, amendments •.. The· oc;ument ~s organized acc~rdimj jto ·the. activ~ties 
·• of . t~e . three_ 5;u~comm1.ttees: · ·health1based J con~1derat1.ons, .• 

·. analytical cons 1.. erat1.ons, . · and. treatment con~;derat1ons. The· 
resultant deriva ion and application of MClLjs follows ' these 
sections, and tlll.e document concludes with additional 
recommendations . o:f . the Institute•. . Additional 'dletailed technical 
reports ·. and uaitions are presented . i for ·• ~efer~nce • in the 
appendices.. . , j 
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II. HEALTH EFFECTS CONSIDERATIONS FOR MCL DERIVATION 

A. Requirements Und~r A-280 

The A-280 amendments to the New ,Jersey Safe Drinking · Water 
Act require heal th effects considerations in the establishment of 
maximurfi contaminant levels for each of 22 organic compqunds (plus 
isomers) • Heal.th effects are considered for the purposes of risk. 
assessment either . as cancer or other adverse. physiological 
effects. The A-280 amendments stat~ tha~ within certain 
feasibil~i ty limits, the maximum contaminant levels for 
carcinogens, other than those resulting from compounds with public 
health benefits (e.g. disinfecting agents), shall permit cancer in 
no more than one in one million persons ingesting that chemical 
for a lifetime. The MCLs for honcarcinogens, and those 
carcinogens resulting from compounds with public health benefits, 
shall eliminate within the limits of practicability, and 
feasibility, all adverse physiological effect,s which may result 
from ingestion. · · 

B. Th~ Risk Assessment Process 

1. Background 
' Health-based MCLs were developed by conducting risk 

assessments on. the 22 compounds ( includ.;i.ng 'isomers) specified in 
the A~2so amendments. The risk assessment methodology followed 
generally accepted procedures including those recommended by 
U.S.EPA (1984c, 1985d, 1986), as well as those recommended by risk 
assessment experts associated with other government agencies, 
scientific institutions, and environ.mental consult;i..ng firms. 

' • • l . '< 

Chemicals were first cla1ssified as carcinogens or 
noncarcinogens for the purposes of risk assessment according to 
the . U.S.EPA proposed "categorization for carcinogens . (U.S.EPA, 
1985d). U.S.EPA has categorized chemicals, according to the weight 
of evidence for human carci:nogenici ty in Groups A thru E as shown 
and defined in Table 2. Risk assessments were performed using the 
three category approach for setting recommended MCLs as described 
in U.S. EPA, 1985d. 

Category I includes Groups A and B, Category II includes 
Group C, and Category III includes Groups D and E. · Category I 
includes those chemicals which are known or probable human 
carcinogens with strong evidence of carcinogenicity. Risk 
assessments fo;i:- these· chemicals were based on carcinogenic 
effects. Those chemicals in Category II with equivocal evidence 
of carcinogenicity ·were treated as noncarcinogens with an 
additional uncertaintv factor of 10 to account for their unclear 
carcinogenicity status (U.S.EPA, 1985d). Category III chemicals 
were considered noncarcinogens because .of either inadequate or no 
evidence of carciriogenicity. 

5 
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Table 2 

' ' U.S.EPA Cat go;r.ization of Weight of E:vi.denpi: for Human 

Group A: 

Group B: 

Group C:. 

Carcinogenicity* 1 

Human arcinogen ,_ 
Suffic'en:t evidence from human epidem~blogical studies. 

. . ' I . - [ f 

Probab e human carcino eri -
Group 1:: Limited evidence from human-~pidemiological 
studie 

- I . 
Group 2: Sufficient evidence from ani~al studies and 
inadeq ate or no data from human epide~iological 
studie 

Possib e human carcino en -
L1m1te· evi.denoe of carcinogenicity frpm animal 

. stu:die in the absence of human data. ! 
' ' ' 

Group D:, Not cl ssifiable as to human carcinog~hicity -
Inadeq ate human and animal evid~nce 'f pr 
ca;rcin genicity or no data avail:able~ · 

Group E: Eviden e pf noncarcinogenicit for hu)llfins -
No ev'i·ence for carcinogenicity in at: ~east two 
adequa·e animal tests or in both adeqµate human 
epidem. ological and animal studies. .. I 

* (based on U.S.E ~, 198~) 
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Studies · used in quantitative risk assessment were chosen to 
represent, as closely as possible, the human exposure conditions 
of interest. Therefor~, studies in whic~ animals were exposed by 
an oral route were preferred to those where exposure was by an 
inhalation route. Long term exposures were preferred over .short 
term exposures because effects occurring with lifetime exposure 
are pertinent for the MCL development under A-280. 

One of .either two general risk assessment procedures was used 
depending on the carcinogenicity classification of the chemical. 
These are discussed in detail below. · 

2. Noncarcinogens 

Health-based risk assessments for noncarcinogens (Categories 
,II and III) were performed to develop health-based maximum 
contaminant levels (MCLs) at which no adverse. physiological 
effects would be expected · to result from lifetime exposure. · Risk 
assessments for noncarcinogens were ~ased on the assumption that a 
threshold for such effects.exists, below which such effects should 
not occur. 

The process involved in developing health-based MCLs for 
noncarcinogens is outlined in Table 3. The first step involved 
review of · the scientific literature and evaluation of all human 
and animal studies in which adverse effects related to exposure 
were reported. All· nonca:rcinogen health-based risk assessments 
were based on studies in exp~rimental animals with the exception 
of methyl ethyl ketone, which was based on· effects observed in 
humans. · The study most appropriate for risk assessment was chosen 
after considering the route o.f exposure, the duration of exposure,. 
and the dose at which adverse effects were observed. 

As mentioned previously, -t;h.e oral route is preferable for 
extrapolation to human drinking water exposure. When no adequate 
oral study was reported, studies using inhalation exposure were 
considered. Studies in which the compound was administered by 
injection were not considered appropriate for risk assessment. 

Chronic exposure studies (greater than 10% of. the lifespan, 
or approximately three to six months in rodents, Chan et al., 
1984) were preferable to subchronic studies (less than 10% of the 
lifespan) • Studies evaluating effects of acute exposure were not 
considered appropriate for health..:based MCL development. 

In cases where a number of equally valid studies demonstrated 
adverse effects at different levels of exposure~ the highest level 
at which no adverse effects were observed (NOAEL) which· did not 
exceed any known lowest observed adverse effect level (LOAEL) was 
chosen. If no NOAEL had been demonstrated, the lowest reported 
LOAEL was used • 

The dose to the experimental animals in mg/kg per day at the 
- NOAEL (or LOAEL) of interest was then calculated. Specific 

7 
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J Table· 3 

. i I . . ... 
Ste S- in No car;cinogen Health-Based Level Qe,velopment* 

I 
. i 

Select most 

2 ~, Determine· 

pp:riopriate.study and endpoint. 
I 

3. 

s. 

. . 

Cal cul.ate 

C~lculate 
factors. 

Calculate 
for hum,an 

' 

e ¼o experimental animals ; in mtj/1kg · per day. 

hu. an :ADI by applying. approp;iate :Jncertainty 
I i '. I 

dr'nk~ng water health-based MCL m:1i1.'ng assumptions 
ex os~re. · , . j 

*(see text for de 
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calculations for 'each noncarcinogen can be found in Appendix B. 
For exposure by gavage, the · administration 'of a dose of test 
chemical to experimental animals by a tube inserted into the 
animal's stomach, 100% _absorption was assumed. For exposure in 
the food or drinking water, the dose in mg/kg was ·cal.cuiated from 

· food or water consumption data, if gi,ven, or from standard 
assumptions for these parameters. For i'nhalation exposure, the 
dose to the experimental animals in mg /kg ier day generally w~s . 
ca'lculated from tJ::ie air concentration (mg/m. ) , breathing rate (m.:> 
/day), and pulmonary abs6rption factor as described by An~erson et 
al., 1983. A conservative estimate for the pulmonary absorption 
fraction was used, · based on available.· experimental data for the 
compound. For one chemical (1, 1, I-trichloroethane}, this method 
for dose conversion was · not . appropriate because inhalation 
exposure was continuous and saturation occurred. In this case, a· 
pharmacokinetic model was used to estimate the dose to animals in 
mg /kg per day. For all dose calculations, if weights of the 
experimental animals were not reported ,:~-"rats were assumed to weigh 
0.35 kg and mice0.03 kg (Anderson et al., 1983). · 

The. next step in· noncarcinogen heal th-base'a MC~ development 
involved calculation of an ADI (acceptable daily intake) to humans , 
by applying appropriate uncertainty factors to the animal dose in 
mg/kg per day. The application ·of uncertainty factors generally 
followed the recommendations of Dourson and Stara (1983), as shown I . . . . . 
in Table 4. , . · 

· Finally, the' heal th-based MCL was · calcula·ted from the ADI by 
assuming that an average adult male consumes two liters of· water 
per day and weighs 70 kg. An exception to this assumption was 
made·. for one compound,. xylene, . for which. the risk assessment was 
based on effects due to exposure during pregnancy. Ip.this case, 
the. average weight of an adult female, 60 kg, was used. It was 
further assumed that only 20% of the daily exposure to the 
compounds would come from drinking water and that the remaining. 

1 80% of exposure would result from other sources such as air and· 
food (U.S.EPA, 1985d). 

3. Carcinogens 

Carcinogen risk assessments are based on the assumption that 
no threshold exists for carcinogenesis. This means that there is 
some risk of cancer following exposure • to any dose of a 
carcinogen. Risk assessments for carcinogens · (U.S.EPA Group I) 
were conducted in a manner consistent with the recommendations of 
the Carcinogen ]\ssessment.Group of U.S.EPA (Anderson et al., 1983; 
U.S.EPA, 1986). As required by the A--280 amendments, the 
heal th-based MCL is based on the level of a compound expected to 
result in no more than a one in one million lifetime additional 
cancer risk. 

One in 
. additional 
magnitude 

one million repr,esents an extremely small lifetime 
cancer risk, · and an increa·sed incidence . of this 

is not measurable in a population · by epidemiologic'al 
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techniques. To put this risk in perspective, the current lifetime 
cancer incidence in the U.S. is approximately one in three 

-~ individuals (American Cancer Society, 1985). Therefore, an 
additional lifetime risk of one in one million will not measurably 
increase the total cancer incidence. 

Mathematical models developed for the extrapolation of risks 
at very low doses from effects observed at the high doses used 
experimentally were emp.loyed as discussed~ be.low. The risk 
assessments were based on animal bioassay data for all compounds 
except benzene, which was based on human data. 

Mathematical modeling was performed by K.S. Crump and Co. on 
animal bioassay and epidemiological data provided by the OSR Risk 
Assessment Unit (K.S. Crump, 1986a~ 1986b). The study and 
endpoint most • appropriate for risk assessment was selected based 
on design and conduct of the study, duration of exposure, and 
route of administration (oral preferable to inhalation, discussed 
previously) • When more than one otherwise equally appropriate. 
study or tumor type was reported, the most sensitive endpoint was 
chosen for MCL development. The incidence of benign and malignant 
tumors was considered in accordance with. recent U.S.EPA Guidelines 
for Carcinogen Risk Assessment (1986). 

The multistage model for high to low dose extrapolation was 
used for all risk assessments based on 'animal bioassays, w:i th the 
exception of carbon tetrachloride. · For · carbon tetrachloride, the 
multistage-Weibull model was employed to adjust for premature 
mortality of the animals in the study se!lected for risk assessment 
(K.S. Crump, 1986a}. For benzene, the relative risk model. was 
applied to human epidemiological data (K.S. Crump, 1986b). 

In . calculating the doses to the experimental animals,· 
conversions to mg/kg per day frqm inhalation exposure or exposure 
in the diet were performed as discussed for noncarcinogens above. 
Doses were adjusted when necessary for less than daily exposure 
frequency, less than lifetime exposure period, or early 
termination of experiment, as described in K.S. Crump, 1986. 
Assumptions for the weights of experimental animals were as 
previously described in the noncarcinogens section. 

The dose to the. experimental animal which would result -'in a 
lifetime extra risk of one in one million was extrapolated from 
the adjusted experimental dose .with the. multistage (.or 
multistage-Weibull model). The conversion to the equivalent human 
dose was then ma:de on an equivalent surface area basis. It was 
assumed that humans and animals are equally susceptible to the 
compound's carcinogenic effects. 

The health-based MCL for drinking water was calculated from 
the 95% lower confidence limit on the dose projected to result in 
an extra risk of cancer of one in one million. Assumptions for 
daily human water consumption· and average human weight were the 
same as for the noncarcinogens. 

11 



/ 

. \ 

; ( ' . 

. . ·_ Uncertainty is [inhere;nt .in · the risk assessib~mt process, since 
risk assessment · s utilized to. predict heal th. effects in htunans at·_. 
very low dose ev~ls · based-· upon toxicity -qblserved mainly· in. 

· experimental an ·ma~s exposed · under differetjtl conditions and 
··usually_ at much igp.er dose. s •. Two 9.·f _the_ majtj~ _contrib_u't._ions· to' 
uncertainty • are the. use of. an . animal. model! .Ito predic.t human 
response, and_· th , u~e o:f effects observed c!,.t 1.hign do.ses to· predict 
responses at low evels encountered· in the· ~nvirbhment. · · . . ) .· . i . . ·. . . · •.. ' . • ' •. ' : i ·. . 

Differences 1in ! se11sitivity to toxic; effebt.s .between -humans 
·and experimeµta:1 ani!mals may arise. from differeti,cbes in metabolism, 
target · Site fo ~oxicity, .. susceptibility' ofl · target . site to 

. disease;·· immunol gical respQnse, hor1'to-na~ stiatus, and _dietary. 
·factors.. .1 .. i 

.( r-...... ,,.· 

-The_ mult'is ag~ model .was used for !carcinpgens' to estimate 
·responses · outs·ide of . the . range wh;ch can be · prap}ically deteimin.E!d 

·. ·experimentally·. . This high-to~low. · dose i extr~polation · involves 
~ncertainty whic itjc~eases · as · the. dif fer~i;ice _. b~twe~n the doses 1n 
the range of obs _rvc;ttion and predicted. ri$k' beGqmes greater~ For 
noncarcinogens1 , he : application of uncerta,iht.y 1 ;ff actors results , in 

·1he,al th-based MCLs which are several orders; of -n:i~<JJni tude _lower than 
__ th,7 1 levels at wh "Chi ~dverse effects are 9h~erv,d i~ experimen:tal 

. 1an1mals. . · -. • , - ·, , · · . • . · · , . I 
I :: • • 

._ . Other sov.rc s ¢,f uncertainty in ,tl;le 'ris~ 4ssessment process 
arise. frc,m · varia ility in· sen·sitivity amotig: ttje human population 
-resulting-·. from·- · ~tt~tic an_d ep,v:i..rcinmenta+ ;. fact;q:rst . extrapo:tation 
between <iiffere t · :;routes and time cou;rses ! of exposure,. · anq 
assump.1;:ions. rd:i;ng·'. the: potential fqr hmttan environmental 
exposuz:e. ·to. ·com~ound · -of- inte·:rest .•· (e;.9.j . clrinking water 
consumption). · 

1 
•. i_ j _ . . 

A conservat ·ve l approach. was ·used in., :all ~s!pects of the risk 
assessment proce s. for both carcin9gens ! and tjoncarcinogens, as 
discussed below. therefore, the risk. as:sessmiept procedur~s and 

· assumptions . rriore likely . to; over~stim~te,. r~ther than 
underestimate; t e .:potential adverse • eff:ects <j>f · the compounds. 
This ~s · a prude t ~ppr-oach since_ our.· k1~p~le?g~\ of .~he po1=ential 
effects · of expo ure to . low levels of toxic, I chemicals _ is not.· 
complete. Human w;ere · considered to b_e. · aJs. •·sensitive g.S the most 
sensitive_a:n:imal sp~cies tested,\ and .the_rji.sk a~$essment was based 
on the, most se:t;isitive · tmcic endpo~nt :r/eporte_d. . (adverse 
physiological '.ffect · or· .. carcinogeniciity} .I I , ·Cons'ervative 
assu111:p~ions · . wer · used f?r such para~e~ers, : pulmonarr and 
gastrointestional absorption ·. factors in: exp~rimental , animals, 
human drinking at~r ccmsump. t;i..on., .. _·arid.. f~actior1 of total human. frbm drinking water.' · · : 

: . ''· ·.·.. ; . . . ' 

! r " I 

' High~to~low dose extrapolation~ I for ; carcfnogens and 
nbncar.cinogenS w : , p~rfot'll\ed in ii . con$ervatr.e · manner. .FOr 
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noncarcinogens, the application of safety factors resulted in 
heal th-based MCLs expected to be below the threshold for adverse 
effects for the most sensitive exposed individuals. For 
carcinogens, the multistage model was chosen for low-dose 
extrapolation, because it currently has the strongest sci,erttific 
basis of any existing model (U.S.EPA, 1985a). The multistage 
model is conservative because it predicts a linear, non threshold, 
dose-response. curve at low doses. · Further conservatism is 
incorporated into the carcinogen risk assessment by using the 95% 
lower. confidence limit on the dose giving one in one million risk, 
rather than the maximum likelihood estimate of the dose, for • 
health-based MCL I development. Therefore, one in one million is 
the plausible upper limit on risk from lifetime exposure at 
the heal th-based MCL. In other words, the risk at the 
health-based level is likely to actually be less than one in one 
million. 

Health-Based MCL Support Document Development and Review 

The Risk Assessment Unit_ in the Office ot Science and 
Research had primary responsibility for development and 
preparation of Support Documents which present the background for, 
and calculation of the health-based MCL for each compound. 
Valuable input was also receb,ed from NJDOH personnel· and members 
of the Drinking Water Quality Institute Lists and Levels 
Subcommittee in the review of these. documents. _OSR's Risk 
Assessment Unit staff contributing t6 this project included seven 
individuals with advanced degrees in toxicology, epidemiology, and 
statistics. Contracts were initiated with. consul tan ts by the 
staff to augment their own expertise · and accelerate the data 
gathering process. The stages in the. process of MCL development 
and review are summarized below. 

An initial· review of the r~J,evant toxicologic literature for 
each compound· was provided to the Offi~e of Scienc.e and Research 
by ICAIR Life Systems Inc. {1985) in a report entitled "Ass~ssment 
of Candidate Studies for Derivation of MCL Values for 22 Se-lected 
Drinking Water Contaminants". In addition to a literature review, 
the.consultants performed a preliminary risk assessment to suggest 
a health..;,.based MCL for each contaminant and recommended the most 
appropriate study and endpoint. They also provided copies of 
primary literature cited to the Office of Science and Research. 
The report was a useful preliminary review of previous work, and 
provided the foundation for further work. 

For each chemical, the OSR Risk Ass.essment Unit staff 
performed a complete review of the relevant s~ientific literature 
independent of that done by ICAIR. The Support Documents are 
based on the literature published through July 19R6, although more 
recently published information was considered in some instances. 
Contacts were maintained with krio~ledaeable individuals within the 
U.S.EPA's Office of Drinking Water, ~Carcinogen Assessment Group, 
and Office of Research and De.velopment: the National Toxicology 
Program:· and the National Academy of Sciences, as well as 

13 



researchers in i dustry and academia, to . obtain information not·• 
available in the ublished scientific literature. 

For all com ounds, the choice of the most !appropriate study 
and endpoint for heal th-based MCL development ! wa·s made by the 
staff of the ~R'sk Asseasment Unit. For no~carcinogens, the 
quantitative risk as:sessments were carried out bry Risk Assessment 
Unit staff. Most 0f the quantitative risk asf;iessments for the 
compounds treated asi carcinogens were performed; py K. S. Crump and 
Company Inc. (19 6a~ 1986b), based on animal bioassay and human 
epidemiological ata provided by the Office I of Science and 
Research. In few cases, quantitative r:j..skj assessments for 
carcinogens were p,erformed by the Risk. Asse~sment Unit when 
additional data ecame · available. For each compound, K.S. Crump 
and Company carried out risk assessments b:ased on several 
different studie and endpoints. . . 'fhe , most: j appropriate risk 
assessment for· MC d~velopment was selected by tbe OSR staff. 

I I 
I 

The documen s were presented to the L/ists and Levels 
Subcommittee of the _Drinking Water Quality· Institute between 
January and July, 1986. After incorporation of the Subcommittee's 
comments and changes;, the documents were accepted and transmitted 
to the full Drink ng Water Quality Institut~. · 

I ' I At this tim , the documents were submitted to ICF Clement 
Associates, a con ulting firm bighly qualified in the area of risk 
assessment, for peer review. ICF Clement provid:ed comment on• the 
accuracy of infer, at!ion, appropriateness of) study chosen for risk 
assessment, and ris!k . asses5.ment methodology q~ each . individual 
Support Document and in a final report (ICF Clei;nent, 1986). The 
documents were revis1ed to incorp9rate the peer ,I]eview comments as 
appropriate. i 

Additional were Jal so received • from consul tan ts 
retained by the water supply industry· on trichloroethylene, 
tetrachloroethyle e and '1, 2-dichloroethane (Environmental 
Medicine, Inc., 1986;; Calabrese, 1986). These qomments discussed 
some of the areas of controversy regarding the r~sk assessment for 
these chemicals ad were reviewed by the Risk A~$essment Unit, OSR 
and NJDOH. ' 

I 

After cons id ration of further comments submitted by the New 
Jersey Departrnen bf Health, the documents· w~re modified and 
adopted in final form by the Lists and Levels Subcommittee in 
December 1986. everal specific issues will b 1e mentioned in the 
introduction to the proposed Regulations in order to request 
public comment on areas of uncertainty. 

D. ,Summar alth-Based MCLs 
i 

Table 5 s selected elements of tpe MqL] risk assessments 
presented in, il as individual Support Docµ:rhent1s in Appendix 
B. Health~based MCLs range from 0.013 ug/1 fo 1rj chlordane to 600 
ug/1 for ortho- and meta..:dichlorobenzene. Elev:en chemicals were 
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Table 5 

Summary of Risk Assessments for Health-based MCL Development 

Chemicals 

Benzene 
Carbon tetrachloride 
Chlordane 
p-Dichlorobenzene · 
1,2-Dichloroethane 
Formaldehyde 
Methylene Chlorid.e 
PCBs 
Tetrachloroethylene 
Trichloroe thyle.ne 
Vinyl Chloride 
Chlorobenzene 
l,l~Dichloroe~h~lene 
o-Dichlorobenzene 

· m-Dichl<>rQbenzene 

cis-1,2-Dichloroethylene 

trans-1,2-Dichloroethylene 
Ethylene Glycol 

a-Hexane 

Kerosene 
Methyl Ethyl Ketone 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane 
Xylenes 

* U.S.EPA, 1985d 

Carcin-
'ogenicity 
Category* 

I 

I 

I 

I 

I 

I 

I 

I 

l 

.I 

I 

II 

II 

Ill 

III 

III, 

III 

III 

III 

III 

III 

III 

III 

** Based qi animal data unless otherwise specified. 

Bas is for Risk Assessment 
Approach Endpoint** 

Rel.ative Risk 
Mul~istage Weibull 
Multistage 
Multistage 
Multistage 
Multistage 
Multistage 
Multistage 
Multistage 
Multistage 
Multistage 
NOAEL-
LOAEL 
LOAEL 
LOAEL 

LOAEL 

I£lAEL 

tllAEL 

l.OAEL 

l.OAEL 

NJAEL 

Human Leukemia 
Hepatoce llular Care inoma 
Hepatcicellular Adenol!la 
Renal Adenocarcinoma 
Hemangiosarcoma, 

Nasal Squamous Cell Carcinoma 
Hepatocellular Carcinoma and Adenonia 

Hepatocellular Carcinoma 
Hepatocellular Carcinoma 

Hepatocellula.r Carcinoma and Adenoma, 
HepatocellularCarcinoma 
Liver Toxicity 
Liver Toxicity 
Kidney Toxicity 
Kidney Toxicity 

Liver Toxicity 

Liver Toxicity 
Kidney toxicity 

Neural Respcnse Tine 

Hunan Neurcipathy 
Liver Toxicity 

LOAEL 

in<\El. 
Liiier Toxicity 

Enoryotoxic and Developnental Effect~ 

Health-based 
MCL (micro-
grams per 
liter} 

0.15 
0.39 
0.013 
6.1 
0.29 
0.65 
2.5 
0.024 
0.4.4 
1.2 

0.084 
4.6 
1.0 

600 
600 

10 

10, 
290 

33 
nooe 

270 

8.6 
26 
44 

,,, 
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I ,· ... 
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treated -·as · ge~s in. Categqry I_, and J1everi as .noricarcinogens 
• • - • ' ! • • '! in Categories· I ~nd III. The ·predominant. arget · organ for 
carcinogenic and nonicarcinogenic effects was -th¢ li:vef. All risk 

. assessments we+e · ba~ed on · data from experiment, l · animals except· 
for ben'zene and. •m th¥1 ethyl ketone which were b~sed on effects in 

. humans. i I 
· No health-1::>a ea: MCL for k,erosene is rJcomm~Jded at. '!:,his time, 

because not enou h ·1relevant •· scientific inform.i:[1 ion is currently 

, ·.However, •recomme dat!ion-s ·.are, made regarding the basis of futl,l.re .,. _ 1 _ .· .ava._ilable t __ o _a.11 w for MC ____ L dev_. e .. i.opme. n. t __ . for.• thi~ -complex.· m_ ix_tur.·e_ _ 
regulations. for _· pecbific components of k~rose1ne in the Keros~ne 
Support Document (Appendix B., Section , K) i of · t. is· document. . . A 
recdinmendation th t /kerosene b¢· removed firoi:n tn~ 2a list is -made 
in Section VII of this document, ._ \. ' .·•· . · i · _. · 

I 
•• I 

) 
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III. ANALYTICAL CONSIDERATIONS FOR MCL DE:RIVATlON 

A. Analvtical Methods 

Analytical methods to be used for .the dete~mination of A~28Q 
organic compounds in - potable water samples · must be sensitive, 

· rapid, compound specific, commercially available and pJ:"oduce data 
that are accurate and reproducible. Method_s ·.have· been developed 
by the u. S~EPA that satisfy these characteristics . for sixteen·• of 
the A..;.280 compounds. · 

·· The current·. NJDEP .. ''Regulations.· Governing Laboratory 
Certification and Standards for Perforniance,I'· N.i.T.A •. C.,. 7:18-1.1 et 
seq., amended in 1984, specify the use of 'the U.S.EPA "Methods for 
Organic Chemical . .Analysis of Municipal and Indus.trial Wastewater", 
40 CFR Part 136, for the analvsis . of A-280 contaminants. These 
methods, first released in 197~; are commonly re'ferred to as the 
600 series methods. While.· designed for industrial· and municipal 
wastewater. matrices, the 600 series methods were used for the 
analysis of A-280 compounds ih drinking water matrices because 
they represented the ·· best .available . applicable methods. . NJDEP 
methods currently appro~,ed · for the analysis •Of A.-2fl0 compounds are 
listed in Table~-· · ·' · 

. In June 1985, .the U.S.EPA released i•Methods for the 
Determination of Organic Compounds in Finished Drinking Water· and 
Raw Source Water!', commonly· refe.rred. to as the 500 series methods · 
(U. S .EPA, 1985b) •. ·.·.. These . ·methods,.· designed for potable water 
matrices, are• . directly applicable ·. to · the analysis of many A.:.280 · 
volatile ·organic'" chemi'ca:1s· \(VOCsl and are listed as part of Table 
10. . . . . ' . 

No approved ·, NJDEP •. methods exist for .'• the ' analv'sis of 
formaldehyde, n-hexane•~ kerosen~ ,. ethylene gly,col, methvl ethyl 
ketone and• cis-1,2-dichloroethyterie in drinking water. - Methods· ). • ··· 
are ·being· developed and- validated by NJDEP for these. ~ompounds-
(see Section VII). ' 

j 

B. Limits .of Detection and Quantitati.on 

Analytical methods:· must. be capable of/detecting a compound 
and_,· then · measuring. that compound withi:n spe.cified uncertainity 
limits •. · · The lowest concentration I.eve+ to. which an arialyte can be 
measured · by an · analytical method with 'confidence that tpe anaiyte 
concentration is greater than zero :Ls commanly called the method 
detection limit· (MDL) . · However, accurate and , reproducible 
quantitation may not be achievable at this. level. · MDLs for a 
given analytical method may vary among ' laboratories and 
instruments, and also may be different· .from day to day on t.he same 
instrument used by the same operator. 

. In . an. effort. to establish a defined . le,rel . where 
in·strumentation :and . daily analytical variations· may be controlled' .. 
to an acpeptable ' standardized deg-ree, the u,,. s .• EJ?~., established·.' a ' 



, .. . . . · Table 6 
~JDEP Approved Methods •for 
Analysis of A:-280 Compounds : . 

! 
Compound 

.Benzene 
/ . 

. Carbon Tetra.chlor de : ·· . r . . 
\. 

.· Chlordane 

Chlorobenzene 

. Dichlorobenzenes. 

1,2-Dichloroethan 

1,1-Dichloroethyl ne· 
· ... · .. ,' .·· '. '' ( . 

cis~l,2-Dichloroe hylene 

trans-1, 2-Dichlor etl}yle•ne 

Ethy1ene Glycoi 

Fo.rmaldehvde 
·. (_, . 

·n-:aexane· 

Kerosene 

Methyl.ene. Chlori.d · 

M~thyl Ethyl Keto e 

PCBs 

Tetrachloroethyle e 

. Trichlorobenz enes •· · 
.. J . • i 1,1,1-Trichloroet ane 

Trichloroethylene 

Vinyl Chloride 

Xylenes .. 

18 

U.S. EPA Metho4 

602, ! 624 

601, '624 · I 
•. 1 

I I 
608, , 625 

'602, 624 
I 

' ' 

t 
I 
I 

I 
I 

6 0 1 ,· : 60 2 , i 25 

601,. i 624 

601, i 624 
. .· .·. ·-. ! . 
~o Method• 

601,: 624 

. No Method' 
'! .. 

No Method, 1 
I. 

No Method : i ', : . ·' i 
i 

No Method1 l .. : 

60L; 624 

~o· M¢thod, 

608, i 625 

601, ! 624 

'612 1 625 '· . , i 

601,i624 

601, i624 

601, l 624 · 

I' 

' ' 
' . '• 

'' 602,: 50J. l 625 



concept which has been termed the practical guantitation 
level - (PQL) .- The PQL is tne level where quanti tation can · be, 
achieved with acceptable uncertainity among most laboratories. 

It would not be possible to regulate a ~mbstance accuratelv 
at the MDL. The uncertainity of any reported value at the MDL is 
far too great to serve as an acceptable basis for regulatory 
action. The PQL, on the other lland, is a limit set above the MDL 
where confidence can be placed in the value of the ~esults 
reported. 

In the November 13, 1985 Federal Register the U.S.EPA 
proposed PQLs for nine voes. The. PQLs were based on an evaluation 
of results of laboratory performance data from U~S.EPA and 
external sources, multi-laboratory method validation studies, and 
laboratory performance evaluation· studies. Results of U.S.EPA and 
State laboratOJ::-ies · performance on _ a series of lab9ratory 
performance evaluation studies are given in Table 7. 

From the results shown in Table 7 , the u. S" EPA determined 
that most laboratpries could achieve acceptable results (within 
plus or minus 40% of the I theoretical true value) for the 
designat~d voes at a conceniration of 5 microgra~s per liter 
(ug/1). Therefore, the agency proposed their PQLs at 5 ug/1 for 
the seven voes included in the studies. The U.S. EPA also used a 
:factor of 5 _to 10 times the MDLs achieved by the best .J:aboratory 
·to support_ their conclusion that commercial laboratories could 
achieve these levels. The PQL for 1.,1-dichloroethylene, which was 
not included in the laboratory performance evaluation studies, was 
also. proposed at 5 ug/1 "based upon its similarity in analysis 
(e.g., same analytical method, similiar chemical structure, and• 
similiar GC retention times} to the voes" shown in Table 7 
(U.S.EPA, 1985b). The PQL for vinyl chloride, which was also not 
included in. the water pollution, studies, was proposed at 1 ug/1 
with special considerations being placed - on its analysis. The 
value of 1 ug/1 for vinyl chloride· was determined by multiplying 
the low end of the MDL range by a factor of 5. 

The major limitation of the results presented in Table 7 was 
that the lowest concentration levels used in_ the- performance 
evaluation studies were 5 ug/1 or above for all compounds except 
1,1,1-trichloroethane. Therefore, no data was provided to 
evaluate the ability of the laboratories to analyze samples· at 
lower concentration levels accurately. The Institute requested 
that · N,TDEP investigate the possibility of performing a research 
study to provide them with information on the accuracy and 
precision of analyses at these low concentrations to derive MCLs 
for many of the A-280 compounds. 
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U.S.EPA 

-----------------' ' 

/ . 

Table7 
esµl ts -f.rom water Polltition 

· (From U.S.EPA, 1985b.) 
Stui:iies 8-11 

i I 

: t 
•• I 

~-~----~-------------~---~---~.;.~--------------- l 
T~ - No. -of·- · No. 1of, laJ:,~ · No. of · 

(ugi/ 1) labs outside . . labs 
+/~ 20% Tvl \ · outside 

- - -- ------- --
Benzene 

Carbon Tetra-
'chloride 

_l ,-2-Dichloro-. 
ethane 

Trichloro~thylene _ 

-Tetraqh1oroethy-
:lene · · 

1,1,1-Trichlo~o-
ethane 

- ._; , : I +1.;. 40~ 
• -. I TV 

_:;_/""------.:--:--------.;.---~--.:..,.. ____ ~r-----------.---,----
1i. 10 · 31 · ', 12 :, - .· . 1 6 

. • , • . I 

9:_4- 32 5 2 
--' 1~ . l 2 8 · 5 1 

1!8 .·8' 2~ 8 4 

' 
.6~02 
10.5· 
1;2.0 
16.9 

31 
35 
4.0 
3T 

35 
29 
34 
38 

30 
38 
36 
35 

38 

10 
6 

12 
7 

~1 
5 
3 
7 

6 
'\ 8 

\ .. ·. 8 
5 

11 

\' 

·. ! 
! 
I 

) 
5 
? 
3 

·'2 

3 
: 3 
0 
3 

3 
2 
?. 

\ 
,, :· 
'-• 

5 

; 

6:~ 08 -
. 11.;0 36 4 •, 1 
1:2. 2 30 6 4 

39 '· 16 9 
.· 31 6 3 

35 8 2 
35 6 _o 

P"."Dichlorobenzene 5:. 5 
_ 1!1.0 
lJ. 7 

18 5 ?. 
18 5 4 
14 8 1 

1TV="true" value or :reference concentration:. 

.) 

- ~-



c. Studies to Determine the Analytical Limitations 

1. U.S.EPA - Water Supply Performance Evafuation Study #17 

In Water Supply Performance Evaluation Study # 17 
(Gomez-Taylor, 1986), the U.S.EPA sent low level samples of nine 
voes to state and commercial laboratories to evaluate laboratory 
performance below 5 ug/1. The results of this study, which 
U.S.EPA released to OSR, indicated that the majority of the 
laboratories could achieve acceptable quantieation (within plus or 1 

minus 4'0% of the true value) for concentrations of approximately 2 
to 5 ug/1 for all voes included in· the study except vinyl 
chloride. It was. assumed that laboratories were using the 600 · 
series methods for thii study. 

2. Rutgers University, Department of Environmental Sciences 
- Drinking Water Methods Validation Study 

As previously stated, when the A-280 amendments were first 
passed, the only methods available for the measurement of volatile 
organic compounds in water were the U. S .EPA 600 series methqds. 
To validate the application of these methods to drinking water and 
to develop methodologies for. compounds without approved methods, a 
study was initiated by NJDEP with Rutgers University, Department 
of Environmental Sciences (RUDES) . A maj.or portion of this 
project was to develop MDLs for the A-280 contaminants in drinking 
water ~atrices as specified by U.S.EPA in 40 CPR part ·136, 
Appendix B. This work was also to evaluate the effect of 
increasing the 600 series method's _(for VOCsl sample purge volume 
in order to assess possible improvements in .detection limits. The 
study was subsequently modified.to evaluate the 500 series methods 
when these methods were released by the U .s. EPA. The use of the 
larger sample purge volume (25 ml versus 5 ml) was maintained. 
RUDES provided data on their laboratory's MDLs for Methods 502 .1, 
524.1, and 608. RUDES MDLs are shown in Table 8. 

3. NJDEP - Practical Quan ti tation ,Level Stud~, 

At the request of the Testing Subcommittee a study was 
initiated by NJDEP with the N.J. A-280 certified lab6ratory 
community to evaluate their analytical performance on A-280 
contaminants. The study, referred to as the PQL study, was 
designed to evaluate the precision and accuracy of analysis at low 
concentration levels of A-280 contaminants by certified 
laboratories, to give ,insight 6n the analytical met~ods being 
used, and to provide the information needed to determine the PQLs. 

All 33 laboratories certified for A-280 analyses were asked 
to participate in the POL study. The laboratories were instructed 
to analyze samples at 5 concentration levels using the 500 series 
methods for voes and method 608 for extractable compounds. All 
methods were to be performed exactly as written. At each. 
concentration level, laboratories were required to run four 
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Benzene 

Carbon Tetrachlor de' 

Chlordane 

Chlorobenzene 

1,2-Dichloro~than 

1,1-Dichloroethyl ne 

C+T~l,2-Dichlor6e hy~ 

lene 

n-Hexane .. 
( - -

-·Methylene Chlorid 

Methyl Ethyl Keto e 
' . . . . 

PCBs (Aroclor 125 t 

PCBs (A.roclor 124) 
. : . . ' . . , . . 

,T~trachlo:t::oethyle e 

1,), 1-Trichloroet ane 

Trichloroethy~ene 

Vinyl Chlo;ide 

1,4 + 1,2-Xylenes 

· 1, 3-Xylene 

Table.a 
; / -
I • 

. ' 

orted b ers Unive · 

Method 524.1 Method 

sw2 GW SW : 
--; 

• 80 • 07 . 

- • 22 .2i'· ... 0.013 

• 5·0 .21 

.83 .72 • 039: 

.37 .34 • 035; 

.86 .18 .• 028: 

.22 .32 ! 
I 

.45 .81 .022 

' ; 
i 12.26 8.43 I· 
I : 

\ • 34 ·.' .20 • 08?: 

.31 .27 • 017: 
I 

.60 _. 28 . I 
• 035: 

1.51 1.08 

• 75'· .22 

• 3.5 .20 

I 
I 1 5o;n1 

GWI 
-.-.-1 

I 
I 

o;t2 
. I 

I 
I .. 1 

0 . I 

I 
I 

.0?3 

:I 
i 
I 

. I . 
.153 

I 
! 

011.9 • , I 

• o 7 . 

- Method 608 

SW GW 

.141 --.054 

131 ·.· .173 

.·-.189 •. 185 

125 ml sample purge volume was used for: metho~ 502.1 

2sw = Surface water 
GW =)Ground ater 

0 ·, 

) 

'.•t 
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replicates. The concentration, levels chosen ranged from easily · 
quantifiable levels, to levels around the MDLs given in the 
methods. Results were/compared to the known values of the samples 
to determine accuracv. Precision was.determined from the analvsis - . 

of the repLicates and from comparison of !the mean · values 
determined by each laboratory. 

Along with the results of these samples, the laboratories 
were also required to report surrogate recoveries from each 
sample, daily calibration check and quality control (QC) check 
standards, daily blanks, initial precision ana accu,racy 
statements, calibration, curves, and the MDLs '·for each ana1yte. 
MDLs were determined as specified by U~S.EPA in 40 CFR Part 136, 
Appendix B. This supporting· documentation was required to allow 
NJDEP to evaluate the quality of the reported results. 

one limitation of the study was that only 6 out of the 33 
commercially certified laboratories participated. . This low 
response occurred despite aggressive actions by NJDEP td encourage 
participation, including: ,a general certified laboratory meeting 

· to describe the study, numerous letters and follow--up phone 
conversations with the laboratory _personnel, and an offer of 
payment, for a portion of the workload. Although the number of 
labs participating was low, this study represents a unique 
evaluation of analytical performance by the certified laboratories 
which are actually per~orming the A-280 analyses. This PQL study 
is far superior to_the common reliance on only university or state 
laboratories to obtain this type of data. 

Another l;i.mitation of this study was that it was necessarv to 
send! out ·samples to the laboratories in sealed glass ampules at 
high concentrations. The laboratories were asked to make a series 
of dilutions from these ampuJes. Some small errors woµld be 
expected to have been introdu,ced, during dilutfon procedures~ Th.e 
samples used ·were supplied· by the U.S.EPA' and are the best 

·currently available. A review o~ the results did not indicate any 
substantial dilution errors. The samples used were supplied by. 
the U.S.EPA and are the best currently available. 

D. Derivation of the PQLs 

Two approaches were used to derive the PQLs. Each approach 
yielded a range where an acceptable PQL could be set., Information 
from many other sources was used to support the PQLs. A detailed 
discussion describing how the PQL was determined for each c·ompound 
is presented in Appendix C which supplements this documerit. 

The first approach to determine i. the PQLs was to evaluate the 
results of the PQL study (see Table 9) for the 12 compounds. 
included. Using three parameters calculated from the study data, 
prec1.s1.on and accuracy were evaluated at each concentration 
level. Accuracy ,was e~pressed as .the percent difference between 
the laboratory determined mean and t:.he · true concentration of each 
sample. Acceptable accuracy was set at .an average percent 
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Table 9 
Summari- of PQl;, Stud:i: Data 

J 
AVG AVG -, AVG 

COMPOUND- SAMPLE TRUE LAB %STD %DI.FF %STD 
# VALUE MEAN.1 REPS* . i FROM ) MEAN I '· '· ·(ug /ll (ug / 1) I TRUE *** ~· 

I 
· I VALUE**.· 

----------------- --~----~-------------..:-~_L _____ i~ _____ .:. ___ ~~----
VINYL 

. . I . . 

CHLORIDE 1 50.8 55.-73 17~ 9·9 i 62.39 80. 85 . I 

•·/., 2 12.72 12.62' 7.50 42.99 58.07 
····3 5.08 3.94 ~3.32 34.78 A9.48 
4 1.02 0.85 ~1.77' 54.92 65.60 
5 0.2 0.24 ·?,6.17. 82.70 7'8.86 ) 

I 

TRI CHLO RO ETHYLENE 1 17.5 .10.4:5 9.27 14.78 18.04 
2,. 4.38 3.70 ~.58 19.27 16.07 
3 1. 75 1.42 7.25 27.26 34.47'. 
4 ·- 0.35 0.27 21.2~ 2.9 .'21. 40.56 

' .. 5 0.07 0.04 31.90 64.42 110.29 

.TETRACHLOROETHYLE E 1 22.6 24 .• 56 11,. 15 14.27 15.53 
2 5.65 4.95 7.63 18.57 12.37 

·3 2.26 1.94 ~.80 30.65 31. 42 
4 0 .4,5 0.35 ~9.97 53.21 51.18 
5 o. 09· · 0.07 18.19 68.91 102.04 

( I 

CHLOROBENZ.ENE. 1 15.8 15.77 ~-21 16.80 27.77 
2 4 3.10 9.47 29.75.· ·'. 35.31 
3 1 ~58. .1.31 11. 85 34 •. 20 4,7.12. ., . 

\ 
4 -• 00.32 - 0.31 -~0.92 46.77 60.84 ) 

: 

5 0.06 0.10 38··· 45·· 
!··. . • .· 16.5. 92 146.88 

-
METHYLENE CHLORI.D L 9~ 11 11.03 9.15 24.02 13.76 

)2 2.28 2. 51. 9.73 22. 0.3 20~46 
3 0.91 1.10 i2.62 34.58 33.05 .. 
4 0.18 0.45 . _ ';.7. 23 147.61 6L27 ) . 

: 
\ 5 0.04 o·. 30 23.97 717.87 74.22 

\ 
·' -

TETRACHLOR 
I 

15.11 23.24 CA'.RBON DE 1 10.6 9.93 8.99 
•. 2 -- 2. 65- · 1. 89 5.47 .. 28.59 23.24 

3 1. 06\ 0.58 36.76 ·.45.07 49.17 
4 0.'21 0.12 - b.8.60' 46.02 5L32 
5 \ 0.04 0.01 35.07 73.96 139.9.7 -

5.15 
! 

BENZENE 1 6. 33, 14.92 27.20 23. 71- I. 2 1.29 1. 41 9. 08 -- 23.94 28.09 • 
3 0. 52 .· 0.66 14. 9 2: 38~52 4'6.-39 

}. 4 0.1 0.16 37.72 66.61 31.94 
5 0.02 0.05 ~5.55 203.33 100.00 • 

l_ 

i 
I .. ,. 
! 
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Table 9 · (con' t.) 
Summary of PQL Study Data ) 

AVG AVG AVG 
COMPOUND SAMPLE TRUE LAB %STD %DIFF %STD 

# VALUE MEAN REPS* · FROM MEAN 
(ug/1) (ug/1) TRUE *** 

VALUE** 

~~----.--~------~---~---------------9"" ------------~-~-----------------
1,4-D°ICHLOROBENZENE 

1,3-DICHLOROBENZENE 

1,2-DICHLOROBENZENE 

1,1,1-TRICHLOROE-
THANE 

CHLORDANE .. 

AROCLOR 1254 (PCBs) 

1 ., ,~ 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
·2 
3 
4 
5 

1 
2 
3 
4 
5 

!3.6 14.62 
_ 3. 4 3.16 

1.36 1 •. 09 
0.27 .0. 26 
0~05 0.15 

25.8 27.49 
6.45 6.03 
2.58 2.24 
0.52 .o. '35 
0.1 0.03 

15.5 14.98 
2.8 3.05 
1.55 1.42 
0.22 0.46 
0.05 0.80 

7.39 6.47 
1.85 1.58 
0. 74 0. 48-
0·.15 0.17 
0.03 0.05 

1.18 · 1.23 
0.59 0.63 
0.16 0.19 
0.06 0.09 
0.03 0.05 

0. 9,7 0.92 
0 .49 0.44 
0.32 0.30 
0.13 0.14 
0.07 0.09 

24.33 30.76 34.32 
8.46 35.61 45.80 
13. 77 19.66 18.54 
26.80 73.91 100.88 
8.53 303.98 158.18 

17.68 12.42 12.25 
13.56 21. 78 ?.6.45 
11.38 17.96 20.12 
34.25 52.39 78.99 
4.3. 08 86.34 192.03 

21.99 46.29 45.13 
15.15 36 .10 46.87 
19.68 49.47 49.47 
29.38 191.82 127.66 

·0.35 1813.92 191.12 

9.61 33. 32 · 57. 02 
7. 62 . 22.84 24.94 
30.64 34.46 46.36 
53.98 23.79 36.28 
8.54 151.87 99.85 

3 .• 07 8.46 8.13 
2.97 5.17 0.80 
2.71 23.29 21.05 
7.61 50.42 22.22 
2.75 66.67 20.00 

7.59 14.69 16.04 
13.83 17.47 22.51 
15.70 35.75 39.15 
11.03 31.86 32.90 
29.56 4?.64 24.00 

*AVG% STD REPS - Average·relative standard deviation of the four 
replicates . 

**AVG% ·DIFF FROM TRUE VALUE - Average% difference of the lab 
mean from the true value 

***%STD MEAN - Relative standard deviation -of.laboratory means 
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difference of the ~aboratories mean valu~s from the true 
values (AVG. % DIFF FROM TRUE VALUE) of I less than 40%. 
Individual labor to:cy precision was evaluated . using the percent 
relative standar deviation of the four replidates analyzed at 
each concentrati n level. Acceptable . indi~idual laboratory 
precision was. ~et at an average relative standar1d deviation (AVG. 
% STD REPS) of less than 20%. Interlaborat~ry precision was 
evaluated using he percent relative standard, 1deviation of the 
laboratory repo ted means ( % · STD MEAN) i. Acceptable 
interlaboratory p ecision was chosen to be iess t~an 40%. 

/ , I 

Using these three parameters it was possible to observe how 
well each ilabo atory and the group of la!boratories could 
quanti tate each compound over a wide: conc;entration range. 
Individual labor tory precision indicated th~ ,, consistencv of 
results reported from 1individual laboratories add interlabor.atorv 
precision indica ed the consistency among ~he laboratories: 
Accurq.cy, as expressed by the percent difference! between the mean 
and true value, provided an indication of how i close the values 
from laboratories were to the true values. i 

I From the 
concentration ran 
be achieved. Be 
parameters fail t 

L Study, it was possible 4o determine the 
e in which acceptable precision and accuracy can 
ow that concentration ra:nge, one or all of the 
meet the acceptance criteria. I 

I 
A second used to further $arrow down the 

concentration 1ran es and to support the· PQL studty results, was to 
multi ply the RUD .,S · and PQI, study method , dete~t-ion limits by a 
factor. u. S. EPA proposed a 1factor of 5 to 10 times the MDTJ for 
determining the PQL (U.S. EPA, 19 85b) • 1 The American Chemical 
Society (ACS) def'nes the MDL as 3 times the staridard deviation of 
the analyte signal, and the limit of quantitatiotj, similiar to the 
PQL, as 10 times the standard deviation (ACS, 19183). This yields 
a PQL approximate y 3. 3 times the MDL., These factors were applied 
to the PQL stud MDLs and the RUDES MDLs. T(he RUDES data is 
extremely important because it is the only dat9- derived ·using a 
drinking water atrix. All other results, ilncluding the PQL 
study, were deri ed using an organic free watelj:" matrix. Matrix 
effects become c itical for low detection, limitls in Method 608, 
where an extracti n procedure is required. I 

i 

U.S. EPA dat from Water Supply Per'f<t>rmanc~ Evaluation # 1 7, 
when available, ere also evaluated to de.t.ermi.ne[' the··. performance 
of U.S. EPA and State laboratories on low• level volatile samples 
which were similiar to those used in the PQL study. Results were 
evaluated to det rmine the .number of laboratories that achieved 
accuracy within +/-40%. If ~he tiew 500 series mJthods, instead of 
the 600 series ethods, had been used, 1 results may have been 

I • • • 1. -· 

improved during W ter Supply Performance Evaluatifn #17. 
I 

All. the data described above were evaluatedito determine each 
PQL. The PQL was then rounded off to th1= near~st whole number, 
except for chlt>r ane and PCBs for which a PQL I lower than l ppb 

I 
i 

26 



\ 

Table 10 
Practical Quantitation Levels and Recommended 

Analytical Methods for A-280 Compounds 

COMPOUND PQL (ug /1) _ 

1 

Rl!:COMMENDED U.S. EPA METBODS-;~ 

Benzene 
Carbon·tetrachloride 
Chlordane 

·chlorobenzene . ' ( o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
C+T-1,2-Dichloroethylene 

. 

Ethylene Glycol - · No 
Formaldehyde No 
n-Hexane 
Keroserte 
Methylene Chloride 
Methyl Ethyl Ketone 
PCBs 
Tetrachloroethylene 
Trichlorobenzene 
1,1,1-Trichloroethane 
Trichloro-ethylene 
Vinyl Chloride 
Xylenes. 

No 
No 
\ 

No 

2 
o·. s 

·2 
5 
5 
5 
2** 
2** 
2** 

Method 
Method 
Method 
Method 

2 
Method 

0.5 
1 
5** 
1 
1 
5 
2** 

503.1, 524.1 
502.i, 524.1 
608 · 
502.1, 503.1, 524.1 
503.1, 524.1 
503.1, 524.1 
503 .1, 524.1 
502.1, 524.1 
502.1, 524.1 
502.1, 524.1 -------------·-------------------------------------· 
502.1, 524.1 
------------
608 
5.02.1, 503.1, 524.1 
612 
502.1, 524 •. 1 
502~1, 503_. l, 524 . .-1 
502.l, 524.1 
5-03 .1, 524.1 

*U.S.EPA has recently .released methods. 5.02 •. 2 and. 524.2. These i 
methods are currently being consid~red for use by NJDEP in the . 
A~2a.o mpnitoring program. · 

**Compounds riot included. irt the PQL · study. 

/ 
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could be establ · sl1ed. . ;hese •· values wer~ further discussed · by 
analytical chemi ts _who are actuallr. perfdrmingr jthese analyses to 
ensure that these levels were ach1,evable:. For compounds· where 
little or no inf r~~tlon on· analytical• pe:i;:-formarice was . available, 
the PQLs were ba ed on th$ similiari ty iii· chemilcal structures to· 
those compounds included iri - the PQL stµ4y. · 'P.QLs are given in 
Table 10. 

E. Additional commendations 

_ · · .. ___ .· · . In the de.te mination of iPQLs, the Testing Sljlb<::ommii:tee · of the. · 
_.· . Ins.tit.ut-·e· ___ reviewed a.·•·, large __ -~.uantity_ of. ·anafyt.ic~t d,at_ a .. a. nd f_?_ und_ a_· ... number of unansw red, questions t,hat , need : to be - addressed - in the 

near future. ,w ile the. PQL is importan-tj. for · he comparison of 
data between lab ratories, the MDL _ was foiund · to be important for . 

. the. assessment.· of individual , laboratory · pe formance. . The. 
Subcommittee fou d that the MDL is "rery .±nstrQirtent dependent and ·. -· 

·_ •, must be statis ically . derived by each labdratory . for . e,ach _.· 
_ instrument.. · How verr, it -was noted -that _most • :!laboratories never 

.. routinely . statis ically . determined their: own I MDL' but rather 
relied on · li tera Ure references or made .. their o~n non-statistical 
app.rox.imation~. : se~era1 · statis. tica.l. apprpache.s for. e,_t.ab.lis!1in_g 
MDLs are availab e. · · The· U.IS.EPA procedure, st:ated. in Appendix B 
to 40 CFR Part 36, was selected for usacjJe in the RUDES and PQL 
studies· due to its dire6t applicati_on Jto gajs chromatographic 
techniques. H wever, . even in this _ procedure, options are· 
available·· to the analyst. which could. resµlt •i,nj establishment ·of 
non-uniform MDLs amc)mg lab.oratories. . The$e options will . need to 
be standardized. .. j , .· ]; I ··. •,.·- _ . __ .· ·. • ·._ . · 

From the . verall Te~ting -Subcommittee . •s.sessment it, is . 
evident that' lab ratory · test~ng ·.- standa,pds I need to .<be• estal;>lished 
tn. the.•· following . reas: 

J.r 
1. 'A standa dized procedu,re (preferablly the U.S.EPA . 

. method c·ted ab.eve) needs to be identifi d and if. · 
n .. e.ed be., st. ·.andard1_:.·zed .. · for_ the 1ete;rrni.· :ha:tto. n o.· .f MDLs by all A 280 testing laboratories:: : · · . 

• • • • ' '.. I '" - : I . . .- . -.-' 
\2. A.,.,.280 ce 't.ifled·laboratories must iJe i:.leq :i.:r:;ed to . 

determin ·. ~he MDL .· for each·. instrtr,~nt usrd . for \ -· 
A,-?.80 testing at a set frequency· Ci .e. once a _ 
year l : a d . · · .· · . · i ·· · 1· .. ~: • , 

. . · I ( '. 

3. A-280 certifi'ed laporatories shou],.id be r~quired to· 
report all data. down to the- statis!tically ·derived 
MDL~ An ly,tical results occurring1 betwe~n the MDL and 
PQL should· be _qualified - as estimajted v,a~ues ~- However~· 
the data, should still be- reported :to NJDE:.P. . . .· . - , -·• I . 

.. To ach.ieve · he •PQLs it. is ,extremely i~porta!t ,to use the best 
·· analytical:. meth available. T.he : Tes-t;ing Subcommittee, 

therefore , .. _ reco ·. th~ ·. fo ii owing ,a:naljytica,;1 methods .. for.- the 
· determination compounds:_ . . i- .. - . 

·; 



1. · u. S .EPA 500 series methods should replace the 600:, series, · 
methods for. voes in potable wate,r; ·_,,, 

2~ The sob 
analysis of the 
recommended; and 

se;ries. methods were not evaluated. for the 
trichlorobenzenes, therefore, · ~e.thod 1612 is 

I. 
j 

. . 1 

a.. u.S.EPA method 6·oa is recommended .for the ana_lysis: of the 
· extractable compounds, PCBs. and ~chlbrd~ne> Method 62!f .should IlO 
longer be c~:mside:ted ~.cceptable due to extremely high Mf,)Ls. ·. 

. . 

· Recommended .· method.s for each A,-2ij0 compotmd are given in' c:.-. ·· 

Table 10. 

Lastly, the Testing Subcommittee ,recommends that additional 
research he conducted to evaluate a.lt~rnative analytical methods. 
or modifications· to, existing ·me.thods for.• analyzing . the · A-2,eo 

.· compounds · . with health~based'. nuI(l.bers lower than ·• •. the. PQLs 
established _ in this document. The·· long term goal· should be .· to 
identify or develop · methods with PQLs ·. at·. or approaching the. 
health-based numbers.·. · 
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IV. , TREATMENT CO SII;>ERATIONS 

A. Res onsibilit 

I 
I 

. !. 

.. · The Program St;tbcomrni ttee of the Ii;istit* , e was · orginally 
delegated the res onsibili ty of reviewing genera] NJ-PEP activities 

. undertaken in .-_ac o·.rd~nce with the• New Jer~e,Y Sfife Drinking ·· Water 
Act. . . After the ·. nsti tute and three. Subcomrni ttee~ were £:armed and 
began discussing their respective issues, : the treatment of water 
~or the remov~l qt . A-280 .· con.taminantS lp~gan: Ito emerge as an 

· important cons.id ration that was · not · being . addressed.· by any 
.. Subcomrni ttee. The questions that had i::o be: answe:ted were: 1) can 
1volatile organic be :removed from drinking waiter . to ·· meet the 
health-based er· te:i:;-ia . for . carcinogenic[ · ~naj n~ncaf-ci~ogenic 
compounds 7 2). wha a:re) the· a~ai;able tecJ;mqlogiei . for removing the 
A;-280 . contami~an s '.from _drinking. wateri ! and . i3> ·. what . are the 
economic cons1.de ations in ... removing the! noncci-rcinogenic . A-280 

· contaminants fro drinkinq · water. · Thes!e issues are· direc.tlv 
. . : . . . - . . , . ·I . . . ... -

related to the .. feasibility .. criteria to b~ cdnsidered .in setting 
standards for ca cinogens and the feasibijlity .a6d practicability'· 
criteria for non ar~inogeI\s. The respon$ibili tty for addressing 
these questions w s_ assignea to the Program;subcor1

• ittee. 

B. Treatment Te hni ues and Feasibilit i 
' I 

The Program Su:bcommittee investigated and greed upon two 
technologies tha can be used to. remove· tlie sixteen .A-280 
chemica:1s _ curren ly -monitoi;-eci. Aerat:ion /is · onJ · process whereby 
the A-280 voes. d ssolved. in water are forcped :er~m the_ wate:r; into 

•. the. air. . ContJt tors provide· .. the other ,t:echn¢lo9y · that removes 
organic che~icals . from water by chemical tand. I?bJysical attraction 

· pf the molecules · to:. ac.ti vat:ed • granular .. carbon. , I· Packed aerat,ion .• 
tow~rs fair ~-! ipping) - . and . granular ~c~iva~rd ... carbon•< {GAC] .. 
co~tactors .. provi e th~•, best remoyal eff1~ienc~~s · for the A--280 
organic contamin rii;.Ei among the ·. available ! aerat~on and contactor 
processes. Table. 11 provides the v6c remov,ar ef:fiiciendies for.the 
various, treatmen technologies~ packed ~Tr_ ati5>* towers and GAC _ 
contactors are s ow:n. to-. have the capaci~y forl greater than or . 
equal to 90% rem ·val. · Both techno~og1es i are ,,'aya;ilable a~d have 
been used'. to re ·uce .the concentrations df · org~nic volat.;1..le. and 
nonvolatile chem cal.s . in drinking water .: ip. 'tfe!w Jersey. Both. 
techno.logies a.ls· have · · a long history oif use · in the· chemical 
process industry. · · 

. i 

The nature . the organic compOlfn~ to be removed frpm 
drinking · water etermin,es the appropriate tr~atment ·technique. 
Most of the A-. 80 organics unde:t consiideratlpn ' are gene.J;ally 
volatile amenable· to 'aeration~ . Tpe _amopnt .. of a compound 
th.at may transfe from the . water to the:· air iµay _ be calculated 
using Henry's La.· .· {1see Appendix D) for 'tjhe design of treatment 

· .... ·.processes.. . . The , catculations ·_ ·are simplified ~hen •·. the.·· organics··· 
< dis.solved. in the wa'.ter. a·re at low c:oncerttratiqns; c:Lo not: · react . 

with .· other ···• dis dived·.·· .. c:onrpound.s, arid a'.re allowed · to reach ·· . . . .. ·.. . . . ! , 1 . . .. 

I. 

I 
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Table 11 
Treatment Technologies for voe -,Reduction 

Aeration 

Packed Aeration Towers 

Multiple Tray Aeration 

Diffused Aeration 

Spray Aeration 

Air Lift Pumping 

Cascade ·Aeration 

Cont actors 

Reported Removal Efficiency 

90-99'. 9% 

40-90% 

70-92% 

75-,90% 

40-97% 

40-80% 

· Granular Activated Carbon.Contactors (GAC) >99% 

Powered Activated Carbon Addition 50-90% 

Synthetic Resin Contactors ')90% 

Other Treatment Options 

Point of.Use GAC 
1 ' U.S.EPA, 1985e. 

90-)99% 
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equilibrium with clean air at normal, temperatti. es ·.and pressures. 
These c:6ndi tion .. can · be . approximated : · in ; actual practice. 
Therefore, the p rfdrmance of air s·trippers mar ~e predicted (Hand. 
et al., 1_986; Lov et al.., 1983; Gosset etll., li85). · .· 1 . ,. 

The relativ • ease'of:air stripping tie A-~$0 contaminant~ is: 
portrayed on Tab e 12. For organics,that ~re weakly air stripped; 
such as 1, 2-dich-. orqethane, a combination 9f air j stripping and ,GAC 
contacting makes reduction feasible. It 'is ·npt feasible to air 
~trip . either . ch ordane or PCBs. These comp,1u_nds are readily 

1 adso:pbed onto car on. , 

I 
{. 

·, / , "L .• 1 • :_ • : 

Similarly;. ost; of the A~280 organics! are._ a1J.so adsorable onto . 
granular activat d c;:arbon (GAC) • GAC is specially·· treated carbon 

. that ha.s _an . eri rmpus internal surface ! a;rea fon ~h~ch orga1;ic 
molecules in the water can be adsorbed. Ideal, condi tl.ons reau1.re 

. that water . tern ~rature r_emain . const~nti a1;d. I th~t equilfbrium ' . 
· bet~een the adso bed. or~anios . anci. _th'?s~ rtemain:1.pg in solution be 
reached. The athematical rela,tionsh1.p i betwefn · . ~he amount . of· 
organic compound . in:; the water .a.nd the amount q>:f "organic compound 
adsorbed has be~n ~eiscribed (Dobbs and. Cohe\n, \9!8f) · · .. •. · · •. · ·· 

The relati e ease of adsorption· 1by contacting is 
portrayed on Table ·:-12 Weakly adsorbed i organics ' may require a 
combination of air sitripping and carbpn aa~or-ption, . Vinyl . 

· chloride which is no1t feasible to 9-dsorb is: read'i y a,ir stripped~ 

C •. Cc;:,st Anal s,is a:na Practicabili t i 
! 

. . . .· . . , . .. ·1 I 
The · Program Subcommittee · also review~d . -factors and 

. cost estimates f. r temoving cer'f;ain organi;,cs .. fl',"om drinking;,water. 
The A-28'0 ·: arnendm nts conta:i.n specific> .woridi'ng il:o .be used by tne. 

· Institute to, de elqp MCLs. : .· Th¢ cost of: treaitment,. which is. a 
• function . of tteatrrte .. nt e. ffi.:cie. rtcy in _i th;at ·. ·1 it• . affects the 
~practicabil.it,y' < oi .. , an MCL_, . may .· .. on~y . • b~ considered for 
noncarcinogen~ o those toxic. cnemical.s . that ate disinfection. by-
products. · A..-280 hazardous contaminants p;resent~y classified _;as 
noncarcinogens i elude the following: . / _.··•·. -~' . . . . · · 

chlorobenze meta-. and ortho-dic:hlorobenzene . . I - . . . 

1, 2, 4--trich rabenzerie. 1, 1, 1-trichlorroetha'n · · . · · · 
1, 1-dichlor. tbylene cis- · and 1:.ran~--1, 2'.'."':dichl,oroethy~ene 
ethylene · gl ol n-hexane ! · . :. · · · 
met_hjl ethy k~torie xylenes ' i 

I 
The practicabili y 0f achieving_health~bas~d·. le was e~aluated 
,in terms of the ize and cost of treatment ifaci1ities. 

. . ' 
For the pu poses. of cost estimation~- pack d \tower aeration 

treatment was· us d because the . results of /this ·t eatment techriique · 
can be predicted A U.S.EPA report; on thei removal of orga11;ics was 
used .. which prov· qed cost estimates .on .:ai:t s I ripping .. only for ' 

. yariqus siz.e tre tmertt ·• p,l.ants,' converted. tp 1986· . dollarsi (U~ $ .$1'.J\; .·. r 
. · l984'el. 

. 1' 
/ 
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ORGANIC c11nHCAL 
Benzene 

Carbon Tetrachloride· 

Chlordane 

Chlorobenzene 

p-Dichlorobenzene 

o-Dichlorobenzene 

m-Dichlorobenzene 

1,2-Dichloroethane 

1, 1-Dichloroethyiene / 

cis-1,2-Dichloroethylene 

. trans-1,2-Dichloroethylene 

Ethylene Glycol 

Formaldehyde 

Kerosene 

Methyl Ethyl Ketone 

Methylene Chloride 

N-Hexane 

Polychlorinated Biphenyls 

Tetrachloroethylene 

Table 12 
Comparison of Two Treatment Technologies: 

Removal of A-280 Con~aminants 

Carbon Adsorhability 
. READILY MOl)ERATELY WEAKLY NOT 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

· -- . --- · - -----. NR*--. - . · --- --

-. · .. ------ - ----NR--- ------- -

-- - ~--- - --- -NR--- --- -- -

X, 

- . --- ---------NR-- ------ - -

X 

X 

Air Strieeahility 
REA£HLY MODERATELY WEAKLY NOT 

,X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

--- ·-- ------- . NR-- · . --------

. ------- -------NR----- ------

--- -- - ----· NR --- ---- --

. --- -- ---·- --NR------------
. j 

X 

-------- --------NR------~-----

X 

X 



ORGANIC CHEMICAL 

1,1,1-Trichloroethane 

1,2,4-Trichlorobenzene 

Trichloroethylene 

Vinyl Chloride 

Xylenes 

*NR = Not Reported 

Table 12 (con't.) 

Carbon Adsorbability 
READILY MODERATELY WEAKLY NOT 

X 

X 

X 

X 

X 

Air Strippability 
READILY MODERATELY WEAKLY NOT 

X 

X 

X 

X 

X 

References: Ashworth et al., 1986; Cummins, 1982a, 1982b, 1985; Gosset- et al., 1985; Hand ~t al., 1986; 
Abrams and Medlar, 1986; Dobbs and Cohen, 1980; Love et al., 1983; U.S.EPA, 1984d. 



Although cost considerations are only applicable for the 
noncarcinogens, the Program Subcommittee originally chose to 
estimate costs for removing two carcinogens (benzene and 
trichloroethylene) to 1 ppb ·a,nd one noncarcinogen 
(1, 1, 1-trichloroethane) to 5 ppb, to reflect what the Subcommittee 
judged to be reasonable estimates of ana:;t.ytical capabilit:ies and 
long-term heal th effect levels. Using this approach, an estimate 
of $54 million· dollars in treatment costs for the affected 
supplies in N. J. was derived. An increase in water rates from 
$0.05 to $0.96 per 1,000: gallons was also estimated ($0.05 to 
$0 .15 · per 1,000 gallons increase for systems serving more than 
100,000 people,· $0.19 to $0.96 per 1,000 galclons for the smaller 
systems). 

The Program Subcommittee reanalyzed cost data based on 
preliminary indications of what that Institute was considering 
adopting as MCLs (see Section V., Derivation of the MCLs). Five 
sets of. A-280 rnonitor:i,ng 9ata collected betw,een. Decernber 1984 and 
December 1986 \Showed that 120 PCWS had reported results above the 

,i . C ' ' ' • ' ' •' \ draft Institute recommended MCLs. However, all these results were 
riot necessarily verified accor<;Iing to the Bureau of Safe Drinking 
Water policies set forth in the· Drinking Water Guidance document 
(NLTDEP, 1986a). · The estimated total Statewide costs to remove 

A-280 contaminants· to the draft Institute recommende.d MCLs is 
projected to be in the range of 50 to 70 million dollars, which is 
very similar'to the first estimate. 

In both cases, however, the cost estimates are approximate 
and do not take into account site specific data and other factors 
such as the cost of abandoning a supply, site and distribution 
improvements and cost of alternative supply.· Costs will also be 
influenced by other factors di.rectly related to the two 
teChnologies. Air strippers may emit unacceptable concep:trations 
of volatile organic contamimmts ·· into the air, which may 
necessitate t.he use of vapor phase carbon to adsorb the organics 
being emitted. Costs for 'air stripping may _double if vapor phase 
carbon is required to' control air emissions. Granular activated 
carbon used for contaminated water adsorbs organics selectively 
and may subsequently release what it previously adsorbed, 
resulting in the organic breaking through the conta.ctor and 
reentering the drinking water. To prevent breakthrough to 
unacceptable levels, water utilities have . to replace the carbon. 
The frequency of replacing the carbon will significantly affecti 
costs. Therefore, carbon usage and disposal may become important 
considerations in both air stripping and carbon contacting. 

Practicability was considered by estimating the size and cost 
of treatment facilities, namely air ,strippers for various 
capacities and contaminant concentrations (U.S.EPA, 1984d; 
U.S.EPA, 1984e). A summary of available data for· a hypothetical 
one · million gallon per day packed aeration tower with a 
hypothetical influent .concentration of 100 · .. ppb .. for each 
noncarcinogen is presepted in Appendix D. ·.. In summary; available · 
studies and limited field data indicate the practicability of .. air J . . . . 
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stripping, even for the not-so-strippable 
trichlorobenzene. A brief discussion 
noncarcinogens al o appears in Appendix D. 

D. Summary, 

dichlorobenzenes 
o:fi each of 

I 

and 
the 

It is techn 
A-280 .volatile' 

logically feasible and practica~le 
nd readily adsorbable organibs 

to remove the· 
from drinking 

water. Specifi ally, ' 

trichioroeth lene 
1,1-dichloro thylene 
vinyl chlori e 
1,1,1-trichl roethane 
benzene 
methylene ch oride 
trichloroben ene(s) 
chlordane 

can be' removed ith either 
activated carbon contactors. 
conclusion for th following: 

methyl ethyl ketone 
kerosene 
n-hexane 

tetrachloroethyiene 
carbon tetrachloride 
trans-1,2-dichloroethylene 
xylenes 
dichlorobenzene(s) 
1,2-dichloroeth?ne 
PCBs ! 

! 

packed aeration towers or granular 
There is insufficient data to draw a 

ethylene glycol; 
formaldehyde · 
cis-1,2-dichlor9ethylene. 

) 
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' V. MAXIMUM CONTAMINANT LEVEL DERIVATION AND RECOMMENDATIONS 

A. A-2-80 Statuatory Basis for Maximum Contaminant Levels 

The· A-280 amendments describe the process to be used in the 
establishment of MCL.s. Maximum contaminant levels for the 
carcinogenic contaminants are to · be established in a different 
manner than for the noncarcinogens. For the carcinogenic 
substances, MCLs are to be developed which " •.. permit cancer in 

· no more than one in one million persons ingesting that chemical 
for a, lifetime •.• 11 " ••• within the limits of medical, scientific 
and technological feasibility". The ·. Institute interprets this 
language to mean that the MCLs for carcinogens should he set at 
the one in one million excess risk level unless it is not 
currently technically feasible to do so. Technical feasibility 
includes the capability of analytical instrumentation to detect 
and quantitate contaminants reliably in water, as. well as 'the 
capability of water treatment processes to remove · contaminants to 
the specified heal th-based levels. Cost is not a direct 
consideration in the · evaluation of technical feasibility in this 
case. 

A different process is described in the amendments for 
setting MCLs for noncarcinogenic contaminants. For these 
substances, MCLs 'should be derived which .eliminate " .•. all adverse 
physiological effects from ingestion .•. " 11 ••• within the limits of 
practicability · and feasibility". The Institute · interprets 
practicability to mean · that cost . considerations should be 
evaluated in.· determining MCLs for noncarcinogens. Therefore, the 
Institute finds that MCLs for noncarcinogens should be set at the 
health-based levels unless it is not technically feasible to do 
so, or. would present 'an overwhelming cost··. burden when compared to 
the cost qf other commonly accepted water treatment practices·. 

The only additional. statuatory guidance subplied to the 
Institute for the· setting of MCLs is that in no case shall the 
State MCLs be less stringent than federal standards established by 
the U .. s. EPA. As of the date that these recommendations are being 
prepared, no final federal MCLs are ,available for any of the A-280 
2a list contaminants although, proposed standards for eight A-280 
compounds have been published (U.S.EPA, 1985c). A comparison of 
U.S. EPA standards to MCLs recommended by . the Institute will have 
to be undertaken by NJDEP at the time that the final federal MCLs 
are promulgated. Any New Jersey MCL which exceeds a federal 
standard would have to be adjuste~ at that time. 

B. Derivation of Recommended MCLs 
' As .outlined above, the Institute required information on 

adverse health effects, as well as analytical· and treatment 
capabilities to .1 derive MCLs for ea.ch of. the · A--280 contaminants. 
In previous f5ections···of this document, these three ··considerations\ . 
were fully·. described and conclusions were. presented. Section T:tJ 
contains the heal th-based levels for each. contaminant, and Section 

. ' ' 
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+II provides the compound-specific prad: :ical analytical 
quantitatio.n lim · ts (PQLs). Treatment. capabI,' lit:ies . and cost 

. _figures are revie ed: in Section IV. · .' · 

After evalu ting the heal th-based levels : .nd ·~he. POLs, the 
Institute found hat treatment considerations weie not the drivi.ng 
factors for he MCL, determination ; for ll carcinogens or, 
noncarcinogens. Therefo}:'e, the recommended MCLS were set based on 
health-effects nd · analytical considerations. If reliable 
quant_i tation cou d be achieved at the he~l th-b I sed levels, then 
the MCLs were se j a,t the heal th-based conpentrarions. I If it was 
determined that concentrations at the h~altH~ ased goal ,level 
could not be rel· ably quanti tated at this I time, then MCLs had to 
be set at the PQ • The processes u_ sed ta_: e_ stajlish the MCLs for 
each contaminant re shown .in Figures 1 andi '-. - _• _. 

. ' ' 

i . 'I . . . ,I 

Table 13 lists all -· of the A-t280 \2a contaminants, 
corresponding he 1th-based levels, PQLs a.pd the _ MCLs deriyed as 
stated• above~ .. - Ma~itm1m _contaminant. leve!lS __ fOf. a tpta~ of";9 
compounds . · (1.ncl 9-ing _ isomers) - . were : der1v1d., _ ranging in 
concentration fr m O .-5 - to 600 ug/1. Recommenced MCLs for the 
cori~aminants · tre ted as carcinog.eri.'s in ; the . ~uanti ~ative risk _ 
estimates (categ ry. I) ranged from O. 5 to 6 ug/L, and for the 
othe~ chemicals categories II and IIIr, [!:he ~alnge varied from · 1 
to 600. ug/1. __ c mp0unds in Tab~e 13_ are fident:ilfied pre,t:isely as 
they appeared in the A-280 legislation; therefpre, some isomers 

. are listed sepa ab:~ly, while others _ are/ combined. . . Section_ VI 
should be consul ed.· far a further description, 6f isomer-specific 

__ M_ CLs. Due· to th wide range of value_s (~-~13 t.ol 600 1;1c,Jll) fof the 
health-..based le els .. among _the_ vario:us _ d:mtaminants; ·' two 
signi-ficant -- figu es were pr_ovided instel:td o;fj Calculating_ the 
values · to_·•-- a, de ined decimal place._ Whep a ·.,health-based level 
exc'.eeded a PQL, n ~CL. was set· at the he,flth-~~sed. who~e ~umbe;. 
Heal th.-based con entrations were rounded down - J:;n establi,shing the 
MCLs to be as p otective of public healtn as p;ossible· (e.g. thE;! 
chlo·robenzene he 1th-based number of 4. 6 twas rrunded down to ari 

· , MCL of 4 ug / l) . 1 ; , ' 
{ - : 

I 

· The u. s. EPA proposed MCLs for_- eight compounds are provided .in 
- Table -13 _ for ompar:ison to tli.e Inst~tute - I rec~mmended ~CLs · · 

(U.S.EPA, - 1985c).. ;A41l of :the U.S.EPA proposed MCLs are 
equivalent to o higher · than .those , recoµunende~ . 11.ere, with the _ 

· exc.eption of yin 1 chloride. The propose~ .u~ s .IEPA MCL _ for vinyl 
chloride is more stringent than the Institute rec6ommended .value ll_ . 
versus .5 ug/1). If this federal standarti is . wroi;nulgated, N~TDEP . 
would b'e obligat d to adopt the lower valu~. altl;l<bugh the NJDEl? PQL 
study data does not supp<?rt reliable gua~titat ·Ion at _ such a low 
level. -
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Figure 1 
Derivation of MCLs: Contaminants 

with Heal th-Based Levels , 
Greater Than the PQL and the MDL 

Health-Based Level (HBL) Discontinue Use 
Method Practical · and Qf Water For 

Detection Quantitation Maximum Contaminant Potable 
Level Level Level Purposes* [------. -------+---------- +---- --------------+---- ----- ----------- --------] 

Zero MDL PQL MCL = HBL 

Compounds: Chlorobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-bichlorobenzene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 

Methylene Chloride 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane 
Trichloroethylene 
Xylenes 

*For Further Discussion, See Section VI.A. 
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Health-
Based. 
Level* , 

i Figure 2 . . . 
Derivation of MCLs: Contami~a.nts 

.. with Health-Based. Levels . 
Less Than the PQL 

· Method ; . 
• Detection 
Level 

Health-
Based . 
Level* 

( 

i 
: ! 

! 

I . 

. i ract ical 
.: CDu1mt it at ion 

tevel · .. · 
= ·. I 

. ,: ~aximum · 
,·ttontaminant 
. tlevel . 

Di scant inuE 
Use · J 
Of.·· 

· Water 
For . 
Potable 
Purposes** . . · I ' 

i------------1,------'-----+------.~ ......... ------1,~ ........ --;,-:.--.....--+------~.....,...---'----I 
Zero HBL. MDL ·. HBL . . I . 

l 

1CL = PQL 
) 

Examples: 
•·\· 

Benzene 
Carbon Tet rach a.ride 
·Chlordane 
. t~ 2"'.'Dichloroet ane · 
1, 1-Dichloroet, ylerie 
PolycMorinate · Biphenyls 

. Tetrachloroeth lerie . 
Vinyl Chloride 

' : . 

i' 
!.· 

*The health-based levels ay •occur eit:her below· or aboveithe m~hod detection level for .·· 
the chemicals i iSted depe din;g on the contaminant, and t~e lab9rlatoiy and analysis methods 
used. · · ! · · ·" 

**For FurtherDiscussion,· See Section VI.A. 
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Table 13 
Health-based Levels, PQLs,.U.S.EPA ProposedMCLS 

and.Institute Recommended MCLs (ug/1) 

Health- U.S.EPA 
Based Proposed 

Contaminant Levels PQLs MCLs 1 . --
1) Benzene 0.15• 1 5 

2) Carbon Tetrachloride 0.39 2 5 

3) Chlordane· 0.013 0.5 NA2 

4) Chlorobenzene 4.6 2 NA 

5) 
. 3 o-Dichlorobenzene 600 5 NA 

m-Dichlorobenzene 3 600 5 NA 

p-Dichlorobenzen:e3 6.1 5 750 4 

6) 1,2-Dichloroethane 0.29 2 5 

7) 1,1-Dichloroethylene, 1.0 2 7 

8) cis-1 2-, ·.· . 3 Dichloroethylene 10 2 NA 

9) trans-1·2-, . 3 
Didhloroethylene · 10 2 NA 

10) Ethylene Glycol· 290 NA NA 

11) Formaldehyde o .• 65 NA NA 

12) n-Hexane 33 NA NA 

13) Kerosene 6 NA NA NA 

14) Methylene .Chloride 2.5 2 NA 

15) Methyl Ethyl Ketone 270 NA NA 

16) Polychlor~nated 
Biphenyls 0.024 0.5 NA 

1~7) Tetrachlofoet:qylene 0.44 1 NA 
3 . ' 

18) Trichlorobenzenes 8.6 5 NA 

19) 1,1,l~Trichloroethane7 26 1 :?00 

20) Trichloroethylene · 1.2 1 5 
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Institute 
Recommen-
ded MCLs 

1 

2 

0.5 

4 

600 

600 

6 
,, ,_ 

,, ~-

10 

10 

NR5 

NR 

NR 

NR 

2 

NR 

0.5 

1 

8 

26 

1 



21) Vinyl Chlorid 

22) Xylenes 3 

1 U.S. EPA, 1985c 

0.084 

44 

5 

2 

2 NA = Not Available 
3 See Section VI -for discussion of MCL 
with multiple ers. 

.1 

NA 

! 

. I 
a~plicatlion 

. ' i 
I 

5 
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for compounds 

4 Revision of U.S.EPA proposed MCL is expected for 
p-dichlorobenzene due to recently. released and reviewed positive 
carcinogenicity ata. These results indipate that this" compound 
should be class. fied as a probable hum~n carjcinogen (National 
Drinking Water Ad isory Council, 1986). j 1 

5 NR = No Recomm ndation for Institute MctL at 'this time due to 
lack of U.S.EPA a prov~d methodology and PQt data. 

' 6 See Sec,tion VII for recommendation to remove : erose.ne from the 
A-280 2a list. 

l The major facto in the difference . betwe1en the U.S. EPA proposed 
MCL of' 200 ug/1 ersus the Insti,tute recorrup.ended IMcL of 26 ug/1 is 
that the U.S.E A · (1984a) did , not inc_brp(?raf:e an addition.al 
uncertainty f·act r of 10 for estimation of a NOAEL from a. LOAE:t,. 
The use of such an uncertainty factor i recommended by Dourson 
and Stara (1983) f the U.S.EPA. 

i· 
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VI. MAXIMUM CONTAMINANT LEVEL APPLICATION 

A. Use of MCLs by NJDEP 

The A-280 law states that the New Jersey prinking Water 
Quality Institute will recommend maximum contaminant levels to 
the Commissioner of the Department of Environmental Protection for 
adc,ption into the rules and regulations for the N.J. Safe Drinking 
Water Act (Act) • The definition of a· maximum contaminant level, 
set. forth in the Act, states that an MCL is the ..• "maximum 
permissible level .of a contaminant which is delivered to the 
free-flowing outlet of the ultimate user ••• ". The exact criteria 
for setting the MCLs for the hazardous contaminants listed in the 
law was discussed in Section V. This document consolidates the 
work of the Institute and the three Subcommittees by establishing 
recommendations for MCLs and is being submitted to the 
Commissioner.in accord with the A-280 amendments •. 

The A-280 . law also states that the. owner or operator of. each 
water system, upon .receipt of test results that confirm that an 
MCL has been violated, must bring the water into compliance with 
the standard within one year. In cases of immediate public health 
threat, the water supply may be required to comply with the 
standards more rapidly. A specified high value above each of the 
MCLs should be designated by NJDEP as that which would define the 
water -as undrinkable ·because of acute adverse health effects. Low 
values, below the MCL and above the MDL, should also be reviewed 
because some MCr..s were set above the health-based number. Details 
concerning the implementation of the drinking water program will 
be described in the regulations. 

. ,.The MCLs that . will be adopted by NJDEP should . be used to 
insure that all PCWS in New Jersev do not contain the hazardous 
contaminants listed in the A-ia'o ·· leqislation ·. at concentrations 
which exceed the :criteria stated in the A-280 law. These MCLs 

. will provide the Department with a basis for assessing the risk of 
levels of contaminants reported during semi-annual testing 
performed by the 630 PCWS in N. J. The MCLs will also be used as 
appropriate to assess water quality in non-community and 
non-public water supplies. 

As an interim measure to----- direct Department1;1.l response to the 
detection of contaminants _in potable water, the Bureau of Safe 
Drinking Water (BSDW) has been using a document developed by OSR 
entitled "Drinkinq Water Guidance, Interim Action Levels and 
Recommendations for Responses · for Selected Organics in Drinking 
Water" (NJDEP, 1986a) This document was released in ,January 
1986 and was developed from previously published U.S.EPA levels. 
As soon as the MCLs are adopted by NJDEP, drinking water quality 
in N. J •. is to ,be . assessed based on the MCLs in the regulations 1 
the MCLs are to supersede any other guidance nurnl:)ers available, 
including · those published pre~,iously in the Drinking Water 
Guidance. 
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1. · 
I 
I 

~
' ) 

The, MCLs d veloped as part of the A-28.0 program ar'e not 
intended to be u,sed for assessing contam nation in other' 

.. environmental me ia · The MCLs were deve~oped fi ased on_ specific 
stringent crit~r ·a. in .t.he la'.w that use i. ngestion. of drinking water 
each day for a ifetime as part of the risk assessment. Other 
NJOE·P programs hould take this limi tati6n . · nto . account when 
reviewing the dri king water recommendation:s of. t~is Institute. 

I 

. ' 

Many of the 22 A~280 hazardous contaminan1ts are listed in the ·. 
law as single co pourids. OJher contamina111ts, ; hcpwever , .. are listed 
as multiple · isom rs· of the same compound. 1 Risi{: assessments were 
developed for al the isomers whenever sufficie~t information was. 
availa-ble. · The following policies should be· ponsidered by the 
NJDEP for those c emicals with multiple _isomers: ! 

ll . The health...:based ,• number. i was . ' based on a . risk 
. ; I 

assessment · of o e of the six I PCB· mixtur:es\ currently monitored . 
. There was insu£f cient information availal?le f9:rl' cal,culating risk 
assessments for each mixture. The comp}iance J test result data 
from each of th se. six mixtures of PCBs should be . totaled, and 

· this total __ · comp red to the MCL. to determinl1 · if there is . a 
violation of the CL. ·. · · . · 

. ' . . 
. ' . 

' • 2) · The 1., 2, 4-trichl0robenzene. isomer was chbsen .· for 
, ~er~vation of a. ealth-based. MCL f~r · "trichloroprnzene (s)" ~ecause 

itJ~s the only i om~r used comm~rcially a~d the 1only one wit~ a,.ny 
toxicology data va1.lable.· It is also being usep more extensively 
th,an in the p st · as a subs ti tut.e for PC:];3s in electrical 
transformers. T e 1, 2, 4-isomer. is the c;,niy ism~e:i::; required to be 

· reported in the C · and GC/MS · methods according / to,. the . laboratory 
certification egulations.. _.· Therefore, 1- the MCL for 
i•t:richlorobenzene ( s) If will be measured PY ~his isrmer. 

· 3) Only . the trans-isomer .. of· 1, 2-di¢hloroethylene · is 
presently repor ed ·. to NJDEP. The ci:s-a:i;i.d. [ triins-isomers .of 
1, 2-dichloroethylene _do not · separate. during·· Gq analysis on the 
primary column a d therefore, cannot be di:stingu~shed using either 
the 502 .1 or 524 l methods. Due to. possib:le misiidentifiqation and 
the lack of toxicology data availal;>le to i distiqguish between the 
two isome:i:',s, t es!3 compounds · shoulq be regulated as total 
1,2-di'chloroethylene:s (~.g •.. 10 . ppb . ~pr ttje su~ , of_ both 
compounds) • T • e .1, 1-dichloroethylene i;somer ,I should still be 
treat~d separately~ · · 1

1· , -

I, 

. 4) Risk a sessments for each of the three dichlorobenzerie ·. 
isomers were cal ul,3-ted separately becaus~ toxifology information 

· was available fo each isomer. Th~ isonie:irs :3ho1r'ld be rep~rtE;d as 
total, dichlorobe zenes, however, since th:e . isorq,ers are difficult 
to separate. If the total · dichlorobenzenei(s) •concentration 
e}tceeds the MCL .. for the isomer with ttje lowest heal th·-· ef'fect ·._ 

· ..• number, p-dichlo obenzene-, · a . resample to . quant~fy the separat;e 
. isomers should b · .. · taken as soon as possible. • j _ .. · 

~4 i 
! 
j : . . ! 
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5) The xylene heal th-based number is based on the total xylene 
concentration because there is no information to justify separate 
risk assessments for the three isomers. The laboratory community, 
however, has been separating the three isomers according· to the 
laboratory certification·regulations. The NJDEP should calculate 
the total of the three isomers and compare the total to the MCL to 
determine the water quality of the drinking water supply. 
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VII. FUTURE INST TUTE CONSIDERATIONS 
I 

The presentation of the MCLs to 'the Department concludes the 
main task of the Institute. There are now seve~al other tasks.to 
be performed for the. 2a list contaminants for w.l'ich MCLs were not 
recommended at t is time. The Institute · will also continue its 
efforts ea recommended 2b list • 

. A. 2a List Acti ities 

1. Analytic 1 Methodology Development! 

Several of he 2a list contaminants do not hav·e standardized 
methodologies, a d therefore, no attempt bas be~n made to detect 
these contaminan s in the waters of New Jersey under the A-280 
program. Two co taminants that are currently n~t tested for are 
kerosene, which · s recommended for deletio'n from the 2a list, and 
cis-1,2-dichloroe hylene which can be det~cted ~y U.S.EPA methods 
502.1 and 524.1 hich will be used in the .futur~. Four chemicals 
for which metho ol.~gy development is needed ,are methyl ethyl 
ketone, ethylene glycol, n-hexane and formaldehyde. Preliminary 
methodology deve opment was performed by ' Rutge:ts University for 
these four · che icals. Final methodology I development· and 
validation, to i sure the methods are accurate! and precise for 
environmental . sa ples, will be performed under. bontract with OSR 
by· Battelle Labo ato:ries. A .number of drinking! water samples in 
New Jersey will also · be analyzed for·· formaldehyde by Battelle. 
Analysis for th· s chemical will be. performed I in environmental 
samples bec;ause he· method development has advainced further than 
for the other c emicals. The N,TDEP intends tcb use these newly 
developed methods for the analysis of New.Jersey water samples to 
see if MCLs nee to be promulgated when the ;method validation 
process has been ompleted. 

2. MCLs for Chemicals Without U.S.EPA 
Analvtic 1 Methodologies 

Three key pieces of information, a health-based number, a 
POL and availab e treatment technologies: must I be evaluated in 
order for an M L to be set. Heal th-based *umbers have been 
developed for all the A-280 contaminants, however, PQLs are not 
available for th se contaminants with no •standardized, validated 
analysis method logies. MCLs can be set only after PQL 
information is Jcomplete, and after ava.j.lable treatment 
technologies are dequately evaluated for removal! capabilities. 

. . ' . . I . h The Inst1tu e is not required to set MCLs ~nt1l t e presence 
of these contam nants is /established in drinking water. The 
Institute may chose to develop MCLs before thes~ contaminants are 
incorporated in o the semi-annual testing by PCWS, so that 
appropriate acti n may be taken by NJDEP should these substances 
be detected in drinking water~ I 

, . - I 
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3. Removal of Kerosene From the 2a List 

The contaminant mixture keros~ne, listed on the list, was 
evaluated in detail by the Lists and Levels Subcommittee for risk 
assessment. Kerosene is a mixture of aliphatic and aromatic 
hydrocarbon compounds with differing properties and water 
solubilities. There were no adequate toxicity studies available 
that could be used to develop a risk assessment for keros.ene· in 
drinking water. The toxicology of several components of kerosene, 
especially those tha·t are water soluble, may be more appropriate 
for assessing the. risk ,presented by kerosene contamination~ Two 
of the most common water soluble compounds in kerosene are 
benzene, a 2a list contaminant, and naphthalene. The Institute 

· finds that · kerosene is an inappropriate contaminant for the 2a 
list, and. recommends that kerosene not be regulated as such, since 
it cannot be evaluated according to the procedures set forth in 
the A-280 law. · It is also recommended that naphthalene be 
considered for the 2b list. 

B. 2b List Activities 

One of the provisions of the amendinents to the N. J. Safe 
Drinking Water Act gave the. Ins,titute the responsibility of 
choosing additional chemicals for regulation in drinking water. 
This list of additional chemicals, specifically. metals, base/ 
neutrals, acid extractables, and pesticides and related compounds 
is commonly called the "2b" list after the section of the 
legislation mandating this responsibility. 

, In order to narrow the field of chemicals to, those most 
appropriate. for regulation in drinking water, a 2b Contaminant 
Work· G:r:;-oup, comprised of m~mbers of NJDEP anq .NJDOH was .formed. 
The three main criteria used t,o screen chemicals for possible 
placement on the 2b list were: 1) toxicity, 2) occurrence in 
potable water, and 3) availability of reliable analytical 
methodol°ogy. To date, the 2b work group has done a. preliminary 
assessment of phthalates~ phenols, metals, and additional volatile 
organic chemicals. Some of the findings and recommendations for 
thes~ groups of chemicals have been discussed by the Lists and 
Levels Subcommittee. 

The Institute has requested that the four trihalomethane 
compounds currently regulated as primary drinking water 
contaminants be looked at first as part of thi's 2b process. 
Naphthalene will also be considered at the beginning of the 
proces~ since thii compound is to be regulated in place of 
kerosene as discussed above. The Lists and Levels Subcommittee 
will be working more on this activity in the future. 

The legislation mandates 
that will be developed for 
process as was set up for the 
described in this document. 

that the maximum contaminant levels 
the 2b chemicals follow the same 

22 2a hazardous coritaminants and was 
The carcinogens are to be regulated 
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I 

I 
based on one in O e million excess cancer incidedce for~ lifetime 
exposure; the MCLs are to be based on adverse 
physiological ef ects. If new standardized tel' st methodologies 
need to be devel ped, they will be developed an~ validated in the 
same manner as fo fOur of the hazardo~s 2a contaminants. U.S.EPA 
approved test met odologies will be used wheneveripossible. 

C. Periodic ew of Work j 
The Institut proposes a review of new toxi ological data and 

new advances in nalytical technology at least ~very three years. 
The Institute re lizes that in the future, the !classification of 
chemicals accord· ng to carcinogenicity may chahge based on new 
stud~es, or more sensitive endpoints may be . fjound for certain. 
chemicals.. Such ew developments may warrant thE:1 · use of alternate 
toxicology data, new mathematical models, : or new calculations to 
be us.ed. for M L ·development.· .· · , Subst.3/ntial ] changes in . the 
toxicology datab se for an individual cihemica11 may ' require a 
recalculation of the MCL at the time the data becomes available. 
Also, new I analyt · cal techniques. may be availablJ to detect lower 
levels· of conta ination with more precision alnd accuracy than 
presently reflect d .. by the PQLs. The Institute r}roposes _th.at this 
body perform a eassessment every . three years 1· at a . minimum to 
assure that the .CLs will reflect the best ava~lable information 
to effectively pr tect the health of the citizensiof New Jersey. 

I 
1 

/ 
I 
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APPENDIX B 

SUMMARIES OF HEALTH-BASED MAXIMUM CONTAMINANT 
LEVEL SUPPORT DOCUMENTS 

Adopted by the Lists and Levels Subcorrmittee 
to be transmitted to the 

New Jersey Drinking Water Quality Institute 
for Consideration in Maximum Contaminant Level Development 

Copies of the Health-Based 
Support Documents are 

available upon request from 
the New Jersey Department of Environmental Protection 
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INTRODUCTION 

The basi for the heal th-based maximum :contaminant level (MCL) for 
each · of the -280 contaminants is briefly surnrnari~ed below. Detailed 
discussion of the risk assessment for each compound,! along with relevant 
supporting in orrnation, is found in the Health-Based! Maximum Contaminant 
Level Supper Documents (NJDWQI, 1987; Ap~endix ~, Section A...;T). A 
d,iscussion of the methodology, including carcinog~nicity category (I, 
II, III) and the approach used i_n, the , risk asse~sments is found in 
"Health Effe ts Considerations for MCL Derivati:on" (NJDWQI, 1987, 
Chapter II). ' I 

BENZENE 
I 

Benzene s considered a human carcinogen and was therefore placed . . I 
in Category I It has been shown to cause cancer in numerous organs in 
rats and mice and leukemia in humans. The risk as.sessment was based on 
pooled epidem · ologic data from occupational. studieJ (Ott et al. , 1978; 
Rinsky et al , 1981, and Wong, 1983). The en9:p~int · considered was 
leukemia. A elative risk model for high to low dol:ie extrapolation was 
used to deriv a health-based MCL of 0.15 ug/L. 

\ 

. I Carbon t trachloride is considered a probable :\'lurnan carcinogen and 

CARBON TETRAC 

was therefore placed in Category . I. This :compoµnd has been shown to 
cause liver c ncer in rats, mice, and hamsters. Thei risk assessment was 
based on ,an ora.l exposure study .in mice :(NCI, lr76). \ The endpoint 
considered wa combined male and female mous~ hepato

1
cellular carcinomas. 

The multistag -Weibull model was used to derive a ,health-based MCL of 
0, 39 ug/L. ' . . 

CHLORDANE I 
I 

Chlordan is considered a probable human carci~ogen and was there-
fore placed · n Category I. This insecticide ha)s peen shown to cause 
cancer in mi e. The risk assessment was based o~ a study involving 
chronic oral exppsure of mice (RIAsr, 1983) • The I endpoirit .considered 
was the incidence of hepatocel l ular adenoma: in mal1e mice. The multi-
stage model or high to low dose extr~polation wJs used to derive a 
health-based CL of 0.013 ug/L. 

CHLO ROB ENZ ENE 

Chlorobe is considered a possible hwilan carcinogen via 
' I ingestion, an was therefore placed in Category II.! This compound has 

been shown to be associated ·with an ,increased occmbrence of neoplastic 
. . ' . ( 

nodules of th liver in highly dosed male rats. The! ,risk assessment was 
based on a s udy involving subchronic oral exposur:e of dogs (Monsanto 

'. ' 
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Company, 1977) • The endpoints considered were minimum histological 
changes in the liver, kidneys _and hematopoietic tissues in dogs. 
Appropriate uncertainty factors were applied to the NOAEL of 27.3 
mg/kg/day, including an additional safety factor for the possible 
carcinogenicity of chlorobenzene. The resulting health-based MCL of 4.5 
ug/L was derived. 

DICHLOROBENZENES 

p-Dichlorobenzene is considered to be a probable human carcinogen 
and was therefore placed in Category I. This compound was found to 
cause cancer-in both rats and mice. The risk assessment was based on a 
study involving chronic oral exposure of p-dichlorobenzene to rats and 
mice (NTP, 1986). The toxic endpoint was an. increase in kidney 
adenocarcinomas in male rats. The multistage model for high to low dose 
extrapolation was used to derive a health-based MCL of 0.61 ug/L. 

o-Dichlorobenzene is considered to be a non-carcinogen anq was 
therefore placed in Category III. Toxicity to the liver and kidney are 
the predomina'.nt chronic effects of exposure to o-dichlorobenzene. The 
risk assessment was based on a study involving chronic oral exposure of 
o-dich-lorobenzene to male rats (NTP, 1985) •.. The endpoint considered was 
a dose related increase in kidney tubular regeneration. Appropriate 
uncertainty factors were applied to the LOAEL of 60 mg/kg/day, and a 
health-based MCL of 600 ug/L of drinking water was derived. 

Comments 'are . requested regarding the significance of a marginal 
dose related increase in the serum cholesterol levels of male and female 
rats in the NTP (1985) study. 

1,2-DICHLOROETHANE 

1, 2-Dichloroethane is considered a probable human carcinogen and 
.was therefore placed in Categor,y I. This compound has been shown to 
cause cancer in various organs of rats and mice. The risk assessment 
was based on a study involving chronic oral exposure of rats and mice 
(NCI, 1978). ·. The endpoint considered was the incidence of 
hemangiosarcomas in male rats. The multistage model for high to low 

,dose extrapolation was used to derive a health-based MCL of 0.29 ug/L. 

DICHLOROETHYLENES 

1, 1-Dichloroethylene was considered to be a possible human 
carcinogen and was therefore placed in Category II. 
1, 2-dichloroethylenes are not considered to be human carcinogens and 
were placed in Category III. 1, 1-dichloroethyiene has been shown to 
cause liver and kidney injury in experimental animals. Little is known 
regarding the chfonic toxicity of cis- or trans- 1,2-dichloroethylenes, 
however available information indicates that they are less toxic than 
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1,1-dichloroe hy1ene. The risk assessment for all tj.ichloroethylenes was 
based on a chronic oral exposure of mice to 11,1-dichloroethvlene 
(NCI/NTP, 1982). The toxic endpoint was an increa~e in ;liver nec~osis 
in mice. A propriate safety factors were appli~d to a LOAEL of 2. 
mg/kg/day, i eluding an additional safety factor for the possible 
carcinogenici y of 1,1-dichloroethylene. The resuliing health-based MCL 
for 1,1-dic loroethylene is l ug/L and fol:i cis- or trans-
1, 2-dichloroe hylenes, 10 ug/L. 

ETHYLENE GLYC 
) 

Ethylene glycol is, considered a non-ca,rcinogen and was therefore 
· placed in Ca egory III. This compound causes kidtjey . toxicity in both 

humans and an'mals. The risk assessment was based bn a study involving 
chronic oral exposure of rats (Blood, J965). The I endpoint considered 
was kidney to icity in male rats. Appropriate uncelrtainty factors were 
applied to th NOAEL of 42 mg/kg/day, and a I;iealth-tjased MCL of 290 ug/L 
was derived. · . i 

FORMALDEHYDE. 

Formalde yde has been shown to cause nasal cancers in rodents and 
was therefore placed in Category I. Addit!m;ially, qarcinoma in situ was 
observed afte · repeated exposure of the oral mucosa of rabbits (Muller 
et al., 1978 • The risk assessment was based oi· a study involving 
chronic inha ation exposure of rats (CHT, 19181). The endpoint 
considered was the incidence of nasal cell tumors I· in male and female 
rats. The mu tistage model for high to low ,dose extrapolation was used 
to derive a h alth-based MCL of 0.65 ug/L. i 

I 
I 

n-HEX,ANE 
i 

I n-Hexane is considered a non,-carcinogen and was1 therefore placed in 
Category III Neuropathy was observed in both ; humans and animals 
exposed to n- exane. The risk. as.sessment was based bn a study involving 
subchronic in al~tion exposure• of rats to n-bexane (!Rebert and I Sorenson, 
1983). The ndpoint considered was· decreased nehral response time. 
Appropriate u certainty ffctors were applied to th~ LO,AEL of 500 ppm, 
and a health- ased MCL of 33 ug/L was derived. · 

KEROSENE I 

Kerosene cannot be classified as to human carclinogenicity. Due. to 
lack of rel vant information, no risk assessmenit for kerosene was 
performed and, therefore no health-based MCL is recommended. Instead, 

' I ' I \ 

it was recomrn nded that kerosene be regulateq. on thej basis of two of ·its 
components, b nzene and naphthalene. 
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METHYL ETHYL KETONE 

Methyl. ethyl .ket~ne is. considered a non-carcinogen· and was 
therefdre placed in Category III. · Irritation and mild neurologic 
symptoms were reported · in humans exposed to methyl ethyl ketone. The 
risk as.sessment _is .. based on a · study which described the effects of 
methyl ethyl ketone in an occupational setting (Smith and Mayers, 1944). 
The toxic· endpoint considered was mild neuropathy. Appropriate 
uncertainty factors were applied to the LOAEL of ·300 ppm,·· and a 
.heal th-based MCL of 270 ug/L was· derived. · , 

METHYLENE CHLORIDE 

Methylene chloride is considered a probable human carcinogen and 
I'.: . was therefore placed in Category I. . It has been shown to cause cancer 

-- in various organs in rats· and mice. The risk assessment was based on a 
study involving orai exposure in mice (NCA, 1983). The endpoint 
considered was a combination of hepatocellular carcinoma and adenoma in 
male mice. The multistage.model for high to· low dose extrapolation was 

.used to derive a health-based MCL of 2.5 ug/L~ 

POLYCHLORINATED BIPHENYLS 

Polychlorinated biphenyls (PCBs) are considered to be probable 
human · carcinogens and were therefore placed in Category I. These 
compounds were found to cause cancer in both rats and mice. The risk 

· ·assessment was based on a study invo1 ving chronic ora1 exposure to 
Clophen 60 (a PCB mix1:ure) .to rats (Schaefer et al., 1984). · The toxic 
endpoint was an· increase in liver tumors in male rats. The mult:'istage) 

. model·· .for • high to low dose' extrapolation was used to· derive a 
health-basedMCL of 0.024 ug/L. 

Comments are requested regarding .whether neoplastic: nodu.11:!s, · a 
possible precarcinogenic stage, 13hould be combined with fully developed 
tumors for the purposes of risk assessment. 

\ TETRACHLOROETHYLENE 

Tetrachloroethylene is -considered a probable human carcinogen and 
was therefore placed in Category I. It has been shown to cause cancer 
at various sites in rats and mice. The risk assessment was based. on an 
oral· exposure study in· male mic;e (NCI, · 1977). The endpoint considered 
was hepatocellular carcinoma. The multistage model for high to low dose 
extrapolation was used to derive a health-based MCL of 0.44 ug/L. 

1,2,4-TRICHLOROBENZENE 

1,2,4-Trichlorobenzene: is considered a non-carcinogen and was 
therefore placed in Category III. This compound causes kidney and 
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respiratory t xicity in humans, and liver and reprcbductive toxicity in 
animals~ The risk assessment was based on a study linvol ving subchronic 
inhalation e posure of rats (Watanabe et al., 1977). / The endpoint 
considered w s liver porphyria in rats. Appr!opriate uncertainty 
factors were pplied to the NOAEL of 3 ppm, and a: health...;based MCL of. 
8.6 ug/L was erived. : 

I 

I 

1,1,l-TRICHLO 

l, l, 1-Tr chloroethane is considered a non-~arcinogen and was 
therefore placed in Category - III. Repeated exposure of experimental 

• I 

animals to th's compound has been associated with ;Liver toxicity. The 
risk assessme t was based on a subchronic : study tnvolving continuous 
inhalation of mice (McNutt et a.1., 1975). The endpoint 
considered wa hepatic toxicity. Pharmacokinetic • ~odeling was used to 
derive the or l dose in humans equivalent to the dose received in the 
mice by conti uousinhalation exposure. App:r;-opriatei uncertainty factors 
were applied to the dose received at· the LOAEI,, ! of 250 ppm,. and a 
health-based CL of 26 ug/L was derived. 

Comments are requested on the app_lica.tion 
modeling for calculation of equivalent doses with 
E:!Xposure. 

of pharmacokinetic 
,differing routes of 
i 
! 

i 
Addition lly, it should be noted that a carcinogenicity bioassay 

for l, l, 1-tri hloroethane (NCI, 1983) invol~ing or~l exposure of rats 
and mice sug ested an increased incidence of liv$r cancers in mice. 
Because of se ious data discrepancies, the NTP is ~urrently conducting 
an audit of his study. Based on NTP's conclusions when the audit is . . I 

completed, t e carcinogenicity status · of 1,1,l-Itrichloroethane may 
change in the future. 

TRICHLOROETHY 
! 

Trichlor ethylene is considered a. probab•.·le hum·ar'· carcinogen and was 
therefore pla ed in_ Category I. This. compound has been shown to cause 
liver cancer in mice. The risk assessment wa$ · based on a study 
involving ora exposure to mice (NTP, 1984) • The endpoint considered 
was hepatocel ular carcinoma and adenoma in . male :inice. The ~ml tistage 
model for h'gh to low dose extrapolation was! used to derive a 
health-based CL of 1.2 ug/L. 

VINYL CHLORID 

Vinyl ch oride is considered a human carcinogen and was therefore 
placed in Cat gory L . It has been shown to ±nduce l~ver cancer in rats, 
mice, hamster , . and humans. The risk assessment w~s · based on an oral 
exposure stud . by Feron et al. (1981). The endppint considered was 
hepatocellula carcinoma in female rats. The multi~tage model for high 

! ' 

! 
I 
i 
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to lbw dose extrapolation was used to der_ive a he-al th-based• MCL of O. 084 -_ 
ug/L. 

Commeri~s are requested . regarding. whether. rieoplast~c• . ri'.odules; ·• a 
possible precarcinogenic stage~- should· be cqmbined with fµIly de~elopeg • -
tumors for the purpos~sof rfs~ assessment. 

. . ·, 

.··' ''· 

- _ XYLEN;E:S 

_ Xylenei;. are considerec:t non2carcinogens and were .therefor~ placed in -
Category ±tr.· -• T!iese . compouri4s c_ause central nervpus system, iung -· and 

_ kidney toxicity in .hUI!lans and animals. 'I'hE! risk assessment was: based 6n a study· imrolving inhalation expostire of fema,le tats dur:in·g ges.tation: -
· (Mirkova - e_t al., - l983J. · The endpoints considere<l were embryonic and 
developmental _ tox;i.ci ty. · Appropriate. l,lncertairity fact.ors_ we:r;e · applied -to -
the NOAEL of 2 • 3 ppm, , arid a hea'l-th~based MCI.. of 44 ug /L W'as derived •. 
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· ~ppendix ·c · 
Derivation of Compound Specific P~Ls 

.. . 
This sec;:tiondescribes the derivation of the practical 

.. quanti ta.tion levels · ( PQLs) an. a compound by compounc;l. basis. · ... 
. · The sources of informaticm, which include a) the NJDEP PQL. 

study·, b) Department of Environment~! Sciences, Rutgers 
.. University (RUDES) methoci vaiidation study, and c) the ... 

u.s.EPA water supply Performance Evaluation stu.dyl7 have 
been. described in Section ·III .. c. · A general description· of 
·the· data is . provided below. · ·· 

a), · ·NJDEP PQL study - Sampl.e Results ·, . :-.. -· : ... _ ·._.-· 

·. · Re~ults are<presented representing the analy~is of 
~he·A-280.compounds'at 5· concentrations levels. Four 
replicates . were run at each. concentration level. •· ·. A 
totai of 6 laboratories·pa.rticipated in the study. The 
nlllllberof laboratories.reporting results.for each 
method are: · ·· · · 

·· U. S • EPA Meth.od 

· ·. S02 •. 1 <. 
• .. · .. 50·3. l. ·. 

·.·.··. · .. 524 .. l .·· ... ··.' .· 
60:8· (Aroclor 12.54) 

·· · ·· 608 . (:Chlordane). · 

Numbe:i:,- of Labc,.ratories 

4 
·.s 

.··•·1· 
3· ,' 
2· 

. .· . .· . .' . . .. _· . ·. _.:· : 

. The. following descriptions. and ·definitions were u~ed ,to< . 
;describe the. data: · ·· · · 

I • • • • • 

. · .. T:ru~ Value - Known concentration o·f the · sample . 

Mean"'." The average value reported fdr each sample 
· .. ·at.each concentration • 

.. %·. STD R~ps ... :The average•% standard deviation of the· 
four replicates in: each laborator.y. %· gTO .Reps was, ·· 

· use.d f.or: eyaluation of inciividual · labqratory :precision. 

% . Di:ff Mean>vs True .. The a.Verage of all· pa.rtic.ipa.t.ing . . .. 
laboratories percent difference of the laboratory 

·. reported meanfromthe• true value· as calculated below: 

% Diff. Mean V·S T:rue. = 
·(True Value - (Mean of 4 Reps}} x 100 

True.value 

·•i·'··,·01ff~ Mean vs True· was us~d.· fdr th~ ·•·~vc:tl:~at.ion of < 
· , .-c:1 .• ccu, r. a.QY• . .. ,,.x, .• . :~ _ ... , 



% STO Mea 
the labor 
level. .% 
interlabo 

I 

Represents the% standard d~viation of 
tory determined means at each concentration 
STD Mean was used for the: evaluation of 
atory precision. · · · I 

The acceptance criteria for each:value I 

Reps < 20% 
f~ Mean vs True< 40% 
Mean< 40% 

I 

i 
I 

I 
I 

b) NJDEP· PQL Study - MDLs 

c) 

d) 

The 
study wer 
B .. Analy 
Thevaria 

DLs reported by the laboratorie13 in the PQL 
determined using :40 CFR Part 136, Appendix 

es were spiked into a reagent water matrix. 
les used to describe the pata are: 

' . '. 

Mean - Av rage of all MDLs · reported: I 
Min - Mi:n'mu~orlowest MDL reported 
Max_ ... Max'mum or highest MOL reported 

Various f 
an estima 
the Ameri 
come from 
these fac 
where the 
MDL. 

- I 

ctors are applied to the averag~ MDL to get 
e of the PQL. The factor.of 3.3 comes from 
an Chemical Society. The factoi:'sof. 5 and 10 
the u~ s. EPA definition of: the PQL. · Using 
ors, a range for the PQLs;can b~ derived 
PQL s~ould be. '.between 3.3, and J,,0 times the 

. I 

Dept. of nvironmenta:1 Sciences, Ru,tgers University 
(RUDES} -- MDLs . •· . ·. . 1 ·· .. . 

MDLs 
specified 
determine 

. Only MDI.,s 
for thee 
performed 
Analytes 
matrices. 

. t 
reported by RUDES were determin~d as 
in 4 o CFR Part l.3 6, Appendix B. I MDLs were 
for U.S.EPA methods 524.!I .. , 502.~l, and 608. · 

determined by methods 524~1 + 6~8we:te used 
ab1ation of the .PQL because they were 
exactly as specified in the.methods~ 
ere spiked into two finished dr+nking water 

i 
I 

U.S.EPA -WS#l7 
i 

Resu 
Labor a tor 
Performan 
The follo 
describe 

ts are reported for U.S.EPA and
1
state 

es performance in the Water Supply• 
e Evaluation Study #17 (U~S.EPA!- WS#l7). 
ing descriptions and definitions were used 
he data: I 

I 
/.:, . 

to 



True Value -Known concentration of the sample. 

Mean - Average of results reported from each 
laboratories. 

# of Labs - Number of U.S.EPA and State Laboratdries 
participating in the study. 

# of.Labs outside+/- 20% and+/- 40% - The number. of 
laboratories with results outside+/._ 20% and+/- 40%· 
of the true value. 

No breakdown was provided by U.S.EPA with the results 
of WS#l7 to specify whetherGC or GC/MS methods were being 
performed. It is assumed that most of the laboratories were 
using the 600 series methodologies at the time·of this 
study •.... 

e) NJDEP Certified A.-280 Laboratories - MDLs Reported 
during Second Periodic Round of A-280 Testing 

MDLs were reported to the BSDW during the second 
periodic round of A ... 2ao testing by 15 certified 
Laboratories. The methods for determining these MDLs 
were not clearly defined. Some laboratories reported a · 
constant value for each analyte indicating that values 
report~dwere estimates and. not statistically 
determined. 

1) Benzene 
. ' ,· . ,·.- . . .'· . 

The PQL was determined to be 1 ppb for benzene. · 
Data fromRutgersUniversity, I)ept.·ofEnvironmental 
Sciences (RUDES), U.S.-EPA and the PQL study were 
available for this compound. 

a) NJ.OEP PQL study -- sainple Results 

sample analysis results from the.PQLstudy 
usingU.S.EPA methods 503.l and 524.l, given 
below, . show acceptable accuracy and · 
individual laboratory precision down to a 
concentration of 0.52 ppb... Interlaboratory 
precision was outside the acceptable limit 
(46% STD Mean~ 40% acceptance limit) at this 
concentration. At 1.29 ppband above, the 
results. indicate acceptableprecis,ion.and 
accuracy. The PQL, as indicated by the 
results of the PQL study could beset above 

. ,0.52 .ppb but bel?W 1.29 ppb.! 



·. Sample # Lab Mean 
(ug/1) 

%STD 
Reps 

• %DIFF! 
· Mean 

vs 
True 

! 

%STD 
Mean 

-----------~--- --~----------------------------------------------. . ' . ' . ' \ 

1 
2 
3 
4 
5 

b) 

d) 

6.33 14.9~ '27.201 
1.41 9.08 • 23.94 
0.66 14.92 38.52 
0.16 37.72 66.61 
0.05 25.55 203.33, 

PQL Study - MDLs 

23.71 
28.09 
46.39 
31.94 

100.00 

, . - . . , . I plication of the average MDLs from the six 
atories participating in the PQL study by 

appr pri .. at.e fa:ctor. s·., . sho.· wn belo.···W., in. •.·f;·.·icate tha_t the QL. should be set between 1. 06 - 3. 2 0 ppb~ 
. -. . . . 

' ' 

' ' \ 

· Mean. Min ·Max 
MDL ( g/1) 0.32 0.02 1.45 
3.3 x~DL 1.06 

5 X DL 1.61 
l.O X DL 3.20 

Dept· of Environmental Science, Rutg~rs University 
(RUD s·1 ... MDLs _ : . · j . 

• . • . . . . . . . I 

Resu 
indi 
benz 
and 
when 
meth 
lpp 

from RUDES us:i,ngmethod 524.1, GC/MS, are 
below. Results show a large variation in 

ata depending upon the matrix ahd it_isnot 
whether this matrix problem w9uld be 

stentlyobserved. These MDLs a;ewithin the 
observed in the PQL study. 

524.1 
surface water 

0.80 

I 
I Ground Water . 
I 0 .. 07 

I 
I 

ts from U.S.EPA WS#l7, given below, do not 
ate any problems with the,quantttation of 
ne within+/- 40% at conc~ntratj.ons of 2.8 
.s.ppb. The data quality:should also improve 
all laboratories use the new 500 series 
dology. This.indicates that qµ~ntit:ation cit 

mc1y be achievable. · 
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True 
Value 
(ug/1) 

Mean 
(ug/1) 

# of 
Labs 

# of Labs 
Outside 

. +/- 20% 

# of Labs 
outside 
+/- 40% 

-----------------------------------------------------------2.78 
5.80 

2) 

2.90 
6.21 

e) Conclusions 

37 
37 

· 11 
12 

4 
5 

Based on the results of the PQL study and the MDLs 
reported during the study, a PQL of l ppb was 
determined for benzene. MDLs from RUDES 
and data from U.S. EPA WS-17 support this 
conclusion. 

Carbon Tetrachloride 

The PQLwas determined to be l ppb for 
carbon tetrachloride. Data from Dept. of· 
Environmental Sciences, Rutgers University (RUDES), 
U.S.EPA and the PQL study were available for this 
compound. 

a) NJDEP PQL Study - Sample _Results 

Sample analysis results from the PQL study using 
U.S.EPA methods 502.1 and 524.L, given below, show 
acceptable. accuracy and precision at 
concentrations of 2.65 ppb and above. At 1.06 
ppb, both precision and accuracy were outside 
acceptable limits.. · A problem with guantitation of 
carbon tetrachloride sometimes exists due to peak 
overlapping with 1,1,1-trichloroethane on the 
primary GC column. The PQL, as indicated by the 
results of the PQL study, could be set above 1.06 
but below 2.65 ppb. 

Sample# True 
Value 

(Ug/1) 

Lab Mean 
(ug/1) 

%STD 
Reps 

%DIFF 
Mean 

vs 
True 

%STD 
Mean 

1 10.6 9.93 8.99 15.11 23.24 
2 2.65 1.89 5.47 28.59 23.24 
3 1.06 0.58 36.76 45.07 49.17 
4 0.21 0.12 28.60 46.02 51.32 
5 0.04 0.01 35.07 73.96 139.97 

C - 5 



b) 

c) 

d) 

PQLStudy - MDLs 

Mult'pication of the average MDLs 
labo atories participating in the 
appr priate factors, shown . bel.ow, 
the QL.could be set between 1.06 

frpm the six 
PQ~study by 
indicates.that 
- 3.20 ppb. 

. I . 

MDL 
3.3 

5 
10 

( g/1) 
X MDL 
X MDL 
x MDL 

0.32 
1.06 
1.62 
3.20 

Min: ---, .. -.. -, 
0.96 

. I 

i 
of Environmental Sciences, Rt~tgers 

rsity (RUDES) - MDLs' ' 

from• RUDES using methods 524.1, GC/MS, are 
below •. ·· Results show app~oxima-pe agreement 

en.the MDLs reported by RUDES apd the average 
eported in the PQL study.. A small yariation 

is o served in the, data depending up~:>n the matrix, 
and 'tis not known whether-a matrixjproblem would 
be c nsistently observed. ! . . . . · ..• 

Ground Wa..ter Surface Water 
od 524.1 o~.60 0.21 · 

1) 

I 

ts fromU.S.EPA WP#l7, given.below, do not 
ate any problems.withquantitation·of carbon 
chloride at 5.53 ppb (only 4 labs out of. 38 
outside 40% of the true value).: At 2 .5.1 ppb, 
er, approximately 25% (9·out ofj37) of the 
were outside 40% of the true value. · This . 
would indicate a range of: acceptable 
itation between 2.51 and 5.53.ppb. 

I 
' ' ' 

True 
Value 
(ug/1) 

# of Labs # o!f Labsl 
outside ! 
+/-- 20% 

# of Labs 
Outside 
+/- 40% 

2.51 
6.68 

.48 
• 37. 

37 
38 

C - 6 
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e) Conclusions 

Results. from the sample analysis in the PQL study 
indicated that the PQL can be set above 1.06 ppb 

· but below 2 • 65 ppb. · MDLs from .both the PQL study 
and RUDES indicate that the PQL could be set 
between 1.06 to 3.20 ppb. U.S.EPA results in 
WS'."'"#17 indicated that acceptable quantitation 
could be achieved around 2.51 ppb. Results should 
be improved with the use of the·soo series 
methods. · 

Based on these results the PQL was set at 2 ppb. 
This decision·was made mainly on the results of 
samples analysis in the PQL·study~ 

3) Chlorobenzene 

· The PQL was determined to be 2 ppb for . 
chlorobenzene •. Data from Dept. of Environmental-

. Sciences, Rutgers University, U.S.EPA and the PQL St'l_ldy 
were available for this compound. 

a) NJDEP PQL Study - Sample Results. 

Sample# 

Sample analysis results _from.the PQL studr using 
U.S.EPA methods. 502.l, 503.l and 524.1, given 
below, show acceptable accuracy and individual 
laboratory pl:'.ecisio:n: down to a concentration of 
L,58 ppb. Interlaboratory precision was outside 
the acceptable.limit (47% STD Mean> 40% 

· acceptance· limit) at this concentration range. At 
4.00 ppb and above,.the results indicate 
acceptable precision and accuracy •. The PQL, as 
indicated by the results of·the.PQL study could be 
set above 1.58 but.below 4 .. 00 ppb. 

True 
Value 

Lab Mean %STD 
Reps 

%DIFF 
Mean 

vs 
True 

. . 

%STD 
Mean 

-----------------------------------------------------------1 15.8 15.77 9~21 16.80 27.77 
2 4.00 3.10 9.47 29.75 35.31 
3 1.58 1.31 11.85 34.20 47.12 
4 0.32 0.31 40.92 46.77 60.84 
5 0.06 0.10 38.45 165.92 146.88 
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b) NJDE PQL Study - MD Ls · · 

plication of the average ~Ls f}om the six 
atories participating in the PQL study by 
priate· factors; shown-below, 1~,icate that 
QL could be se:t in the range 1 .. o

1 
9 . - 3 • 3 o ppb. · 

' ' . 

MDL (ug/1) 
3.3 x MDL. ·.·s :,c MPL·-• 

l.O xMDL, 

Mean -----
o.33 
1.09 

,1 .• 65 
3.30: 

Min ------ .. ,·1·· 
T . Max 

I. 
. . . I ·. 

r 
Dept of Environmental Sciences~ Ru:t,ers, Univ. · 

' (RUD SL .. MPLS, '.· , : ·.· l .•· .. ', ·. 
from ,RUDES using method 524.1, ~C/M$., are 
below •.. ~esults show a s•a~·l v,-riatlon in 

ata depending upon t.he mat,rix a1:1~ . it is not 
whether this matrix· problem wollld be · .. 

cons stent~y . observ.ed. ·• Results ·are: fairly . 
cons stent with tho~e found in•the P1:L study. 

I • 

Surface Water Ground Water 
524.1 0.50 0.21 

•. r .•• •,. 

, .. on .. the results· of sample! analy is in the PQL 
, a PQL of 2 ppb was determined J · MDts from · 
• and the PQL study support th.ie c;:onclusibn. · 

.'• 

.· The PQL w s determined to . be C). 5 · ppb for chlordane • 
. ·. pata. frc>m· Dept. of.Env'ironmental Sciences) RutgeJ:"s 

Vhiversit . and the PQL. study were availab~e for th.is . 
compound. . _···· ... ·.· .. _ _ · · ·._.·. · .. ·.. . i> · · 1 · · · .· ·• · .. 

. . • a) PQL Study - Sample .Results . i · 
eanalysis results frpm·t~e PQLjstudy using 
PA;,method 608, given·below, show acceptable 

.acy and precision down to;a concentration of 
ppb. The fQL;· as indicated by ~he results of 
QL study. could .be, set. above. o. 06 but below .. . . . .. . .. . . . .. ,... I 

ppb. It .should be noted iphat oqly 2 
....• •·,.-:;, ,,'}., . .,",''' ·'.',;,'::,,.;ii,.:,' .. • . >. ,,;•,>-:..J/;,'/>: .... , '. ·;-,,:_j\ 

. \· 
. ' C ... 8 I 
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1 
2 
3 
4 
5 

laboratories reported results for chlordane and 
the sample matrix was reagent water. 

True· Lab Mean 
Value (ug/1) 

(ug/1) · 

1.18 
0.59 
0.16 
0.06 
a. 03 . 

1.23 
0.63 
0.19 
0.09 
o.05 

b) NJDEP PQL .. Study - MDLs 

%STD 
- Reps. 

3.07 
·2. 97 
2.71 
7. 61 · 
2.75 

%OIFF 
· Mean 

-VS. 
True 

·8.46 
5.17 

23. 2.9 
50.42 
66.67 

%STD 
Mean 

8.13 
0.80 

21.05 
22. 2·2 

. 20. 00 

Multiplication of the average MOLs ·from the four 
laboratories reporting MDts f.or chlordane in the 
PQL study by appropriate factors, sho'Wl'i below, 
indicate that the PQL could be set betwen 0.142 -
0.425 ppb. 

MDL (ug/1) 
3 .3 X MDL 

5 x MDL. 
10 X MDL· 

Mean 

0.043-
0.142 
0.213 
0.425 

Min 

0.014 

c) Dept. of Environmental Sciences, Rutgers 
University (RUDES) ... MDLs 

Max 

0.077 

MDLs from RUDES using method 608, are. given below. 
Results show_a variation in_ the data depending_ 
upon the matrix. Thes.e MDLs · are also higher than 
the average MDL reported by the laboratories 
participating in the PQL study and indicate that 
the matrix may affect_quantitation. · 

MDL Method 608 
(ug/1) 

Surface Water 
o .141 (ug/1) 

C - 9 
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. 5) 

5 .1) 

d) Cone usions 

. Resu 
MDLs 
ppb. 
that 
Ther 
wate 
a PQ 

Dichlorob 

The PQL.w 
dichlorob 
nature. 
study and 

a) 

ts from the PQL study sample analysis and 
indicate that the-PQL could be $et around 0.2 
The results fromRutgers·university indicate 

the sample·matrixmay affect qu~ntitation. 
fore, the factor of ·3.3 times the surface 

MDL from RUDES (.465} was used1to.determine 
of o. 5 ppb. I 

I 
I 
I 

s determined to be 5 ppb for eat:h· of the 
nzene isomers due to their.simiiar chemical 
ata was available on each isomer from the.PQL 
on the 1,4-dichlorobenzen~ fromjthe u.S.EPA. 

! lorobenzene ! 

I 

NJDEP PQL Study ... Sample Analysfs 

sample analysis results from the PQL study 
using U.S.EPAmethods 503.1 and[524.l, given 
below, show acceptable acpuracy 1 down to a· 
concentration of 2. 85 ppb'. Ind.j.vidual . 
laboratory precision was outside acceptance 
limits at. 15.5 ppb (22% STD Rep~> 20% 
acceptance limit) but was: acceptable atl.55 
c1nd 2.85 ppb. · Interlaboratory precision was 
outside the. acceptable liinit (STD Mean> 40% 
acceptance limit)at all concentration 
levels. The results would. indicpate that 
acceptable accuracy could be ac~ieved at 2.85 
ppb and above, but with a lot Pt variation 
between laboratories. Results of the PQL 
study do not provide clear guidance to set a 
PQL for this .. compound. 

·sample# rue 
alue·• 

( g/1) 

Lab Mean 
(ug/1) 

%STD 
· Reps. 

·%DIFF 
.ean 

vs 
True 

%STD 
Mean 

I 
_.,.., ..... ____________ ------------~---------------------------------

l 
2 
3 
4 
5 

. . . - - . I . 

5.5 
2.85 
1.55 
0.22 
0.05 

14.98 
3.05 
1.42 
0.46 
0.80 

C - 10 

21.99 
15.15 
19.68 
29.38 
8.35 

34.02 
~6.10 
49.47 

l~l.82 
1813.92 

45.13 
46087 
49.47 

127. 66 
191.12 



b) NJDEP PQL study - MDLs 

Multiplication of the average MDLs from the six 
laboratories participating in the PQL study by an 
appropriate factor, .. shown below,. indicate that the 

· PQL Should be set between 5 • O 2 ..; 15 • 2 o ppb. 

Mean Min.· Max· 

MDL (ug/1) 1.52 0.14 4.40 
3.3 X MDL 5.02 

5 X MDL 7 •. 60 
10 X MDL 15.20 

5.2) 1,a-Dichlorobenzene 

.. a) NJDEP PQL study .- Sample Analysis 

Salllple analysis results from the PQL study 
us-ing u.s. EPA methods 503.l and 524. 1,. 
given below, show acceptable accuracy and 
precision down to a concentration of ·2.58 

.ppb. At the next lowest concentration, 0.52 
ppb, precision. and ac.curacy were not · 
acceptable. The PQL, ·· as indicated by the 
results of the PQL study could.be set between 
O • 5·2 - 2 • 58 ppb. . 

sample# ·True· 
.Value 
(ug/1) 

·. Lab Meari 
(ug/1) 

%STD 
Reps 

%DIFF 
Mean 
vs 

True 

%STD 
Mean 

-------------~-----~-~-------~-----------------~---------~-~ 
.1 
2 
3 
4 
5 

25.8 27.49 17.68 12.42 12.25 
6.45 6.03 13.56 21.78 26.45 
2.58 2.24 11.38 17.96 20.12 
0.52 0.35 34.25 52.39 78.99 
0.10 0.03 43.08 86.34 192.03 

b) Multiplication of the average MDLs from the six 
laboratories participating·in the PQL study by 
appropriate :factors, shown below, indicate that 
the PQL could ·be set between 2.74 - 8.33 ppb. 

C -II 



\ 

'·, (~g/1) ••.. 
k MDL ·• 

·. X, MDL 
·x'.MDL 

· '0.83 
2.74 

.· :4.16 
8 •. 33 

icl:,.lorobenzene . 

I 
I 

Min .... J. Max 
-. -·-

·' 

3.20 

a)' NJDEP PQL study ? sample ~nalysf s· > . .· ·.. . ·. ·. 

Salli~le ap•ly$1s ~esultsi f~pm tll~ PQL stJ.1~Y 
u,sing U,S.EPA methods 503.l and1524.l, given 
_below, show ac:::ceptable acpurac]Y'\ down to ,a . 
concentration of. 1 36 ppb. · Interlaboratory . · 
precision· was outside the, accep~able limit · 
(46% STD Mean >.40%.accep;tance. 11.imit) at 3.4. 
ppb but was acceptable at:· 13. 6 ppb or 1·. 36 · 

· .·· ppb. At 13 • 6 ppb ·· individu.al · 1al::,pratory . ·· 
.·. f;;c~:;:n>w:6% 0~.~:!::a!!~~f!:tft. 1 i;~;~\,Jt, . 

a$. in.Qicated Jpy ac:;:cepta:t>le accu~acy could be 
set around l.36 _ppb. ! .. · I · 

I . I . 
.. . • ·. t ' .. : 

tab Mean · . ··%STD %DlIFF .· 
fug/ll Reps. . · Mkan . . . . • Ys . 

·. .· .. . .. 

. ·%STD 
Mean 

· --~~-----.----~---- ----~---~~ ... ..;~-;;;,~--i--------L-~--:~:: __ ..;~---~--~-
·1.·. 
.2' .• 3 
4. 
5 

/ il 6. ·. 14.62 24.33( •. ·3b .. 76 34, •. 32, .. 
3 4 ' . , 3 L6 . lh,4 6] . 3~. 6'.l . ·•. 4 5 8 0 
l 3 6 · · 1. 09 13 • 1t 1~ • 66 ... 18 • 54 

·. (). 27 . 0.26 26.80i .. 73.91 100.88., 
· o. os' ·. ·: · .· o. 1.s s.sJ.;• •. 3:0·~~ 9.s· .1:s8 .18 · · 

i 
I 
I 
I 

plication: of the: average ~DLs f~om. the six : ·' 
atories· participating in :the PQ~ study· by··• .. ·. 
prlate.facto:J;"s,· shown below, in~icate.that · 
QL, could be set -between,· 2,i.84 - 8.64 ppb. , 

.(ug/1) 
.xMOL 
.X MDL 

· .. X:MDL. 

.·.· • ·· · M~an · · ·.·.. · ' .·. Min. I . . · .. · · .. Max · . -
0.86· 

·2.84 
4· .• 32 
a·~.•64. . '. >>:'"--:',/•;,:_, 

:c ..:. 12 

0.17 



c) U.S.EPA - WS#l7 

True 
value 
(ug/1) 

Results from U.S.EPA - WS#l7, given below, do not 
indicate any problems with the quantitation of 
1,4-dichlorobenzene within+/- 40% at 
concentrations.of 3.64 and 776 ppb. It should be 
noted that only the 1,4 isomer was used in WS#l7 

·· and therefore no problems were observed• due to 
coelution of the isomers. 

Mean 
(ug/1) 

# of Labs # of Labs · 
outside 
+/- 20% 

# of Labs 
outside 
+/- 40% --.... -.-----------·--------~--------------------------------------

3.64 
776 

. 3 .5.5 
739 

31 
32 

.• 13 
14 

4 
2 

5. 4.) Conclusions 

Results for all three dichlorobenzene isomers 
i.ndicate that acceptable accuracy (within +/- 40%) 
can be achieved between.1.5 and 3 ppb. Precision 
in both the individual laboratories and 
among laboratories is quite variable.. This _ 
problem is probably due to poor resolution on the 
primary GC' column and would.indicate that the PQL 
should be above the low end of acceptable 
accuracy. Method detection limits reflected the 
problems observed w:j,th quanti tat ion.. The highest 
average MDL was 1.52 for 1,2-dichlorobenzene. 
Using a factor of 3.3 times this MDL yields a PQL 
of 5. 02. The PQL was set at 5 ppb for the 
dichlorobenzenes. 

1,2-Dichloroethane 

The PQL was determined to be 2 ppb for 
1,2-dichloroetha.ne. Oat.a from Department of 
Environmental Sciences, Rutgers University and 

· u.s.EPA were available for this compound. 

a) Dept •.. of Environmental Sciences, · Rutgers. 
University. (RUDES) - ~DLs 

MDLs from RUDES using method 524.l are given 
below. ·The results are fairly consistent and do 
not indicate a matrix problem. Multiplication of 
the average MDL.by the appropriate factors 
(3~3-10) indicate that the PQL can range from 2.56 

. ..·. - 7 7 6 ppb •. 
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surface Water 

i 
I 

I 
i 
I 
I 
i 
I 

Ground Water 
MDL Met od 524.l 0.83 I o. 12 

I 
I 

b) U.S. PA • WS#17 

';['rue 
Value 
(ug/1) 

Resu 
·indi 
quan 
ppb. 
+/~ 
howe 

_+l• 

Mean 
(ug/1 

----------------1.51 · 
5.38 

· 1.77 
5.39 

. i 
ts from U.S.EPA WS#l7, given bejl.owi do not 
ate that any problems-exist with the 
itation of l,2~dichloroethane ~°r 5.38 
Only a of the . laboratories were outsid.e · 

0% of the true value. At' 1. 51 :ppb, 
er, 24% of the laboratories were outside 
0% of the true value. 

· # of Labs # of Labs 
Outside 
+/- 20% i 

# of Labs 
Outside. 
+/- 40% --------.------.-~------~----------~-----~:~-----------~--;---.-

33 
37 

12 
4 

8 
3 

c) Cone usions 

7) 1 

With 
· the. 
RUDE 
indi 
of 3 

impr 
The 

no information available from tl;l.e PQL study, 
Q:L.for 1,2-dichloroethane·was d~termined from 

MDLs ·and U.S.EPA WS#l7 data. The RUDES data 
ated an average matrix MDL of 0178.· A factor 
3 times the average MDL.would be 2.56 ppb. 
EPA dataindicated that quantitationwa.s 
cult at 1.51 ppb. Results can ~e expected to 
ve with the use of the 500 series methods. 
QL was set at 2 ppb. ' I 

The PQ:L. w s determined to be 2 ppb for ! · 

1,1-dichl roethylene. Data from RUDES and the U.S.EPA 
were avai able for-this compound. I 

a) .- MDL 
i 
I 

from RUDES using method 524.1, GC/MS, are 
below. The results are consistent 

ating no matrix effects. 'A factor of 3.3 
the average MDL would be. 1.2 ppbu 5 times 
be 1.78, and 10 times·would beiJ.55. 

! 

i t 



. . 
MDL Method 524.1. 

(ug/1) 

surface Water 
0.37 

Ground Water 
0.34 

b) U.S.EPA WS#l7 

Results from U.S.EPA WS#l7, given.below, indicated 
difficulty with the quantitation at both. 
concentration levels tested. At 2.38 ppb, 31% of 
the laboratories were outside the+/- 40% 
acceptance.limits. At 4.75 the·numbez- outside 
this limitdropped to 24% outside the acceptance 

. limits. 

True 
Value 
(ug/1) 

Mean 
(ug/1) 

# of Labs -. # of Labs 
Outside· 
+/- 20% 

# o.f Labs 
· outside 
+/- 40% 

2.38 
4.75 

3.10 
6.28 

c) conclusions 

32 
33 

19 
15 

10 
8 

Since the PQL study did not include· 
1,1-dichloroethylerte, the PQL of 2 ppb was based 
upon the RUDES and U.S.EPA data. The RUDESMDLs 
indicated the the '.PQL should·. be around 1. 2 to 3. 55 
ppb. The results fr.om U. s. EPA. WS# 17 indicated 
that quantitation of 1,1-dichloroethylene 
is difficult around 2. ppb. Quantitation is 
expected to improve with. the use of .. the 500 series 
methods. The PQLwas set at 2 ppb. 

8) ·trans-1, 2-Dichloroethylene · 

The PQL was determined to be 2 ppb for 
trans-1,2-dichloroethyiene. -Data was only available 
from Dept. of Environmental Sciences, Rutgers 
University (RUDES). · 

a) RUDES 
.. 

MDLs from RUDES using method 524.1, GC/MS, are 
given below. Results show a variation in the 
data depending upon the matrix and it is not k_nown 
whether this matrix problem would be consistently 
observed. The average MDL is 0.52 ppb and 3.3 
times this value would be 1.72 ppb. 
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9) 

MDL Met od 524.l 
(u /1) 

Surface Water 
0.86 

Gr~und Water 
0.18 

Very little information is available i. for 
tran -1,2-dichloroethylene. Since i1:s chemical 
natu e is similiar to 1,1-dichloroetl;lylene, a PQL 
of 2 ppb was used. · I 

I 

Meth lene Chloride I 

The PQL w 
chloride. 
Rutgers U 
this comp 

a) 

cone 
lowe 
and 
prob 
meth 
stud 
indi 
set 

I s determined to be 2 ppb for me1=,hylene . 
Data from Dept. of Envirbnmentcll Sciences, 

iversity and the PQL study were! available for 
und. I 

PQL study .. Sample Results 

e analysis results from the PQL.study using 
PA methods 502.1 and 524.1, giv~n below, show 
tabl1:a accuracy and precision·ati 
ntratiotis of 0.91 ppb and above1. At the next 
t -concentration . level,·· o .18 ppb i,. precision 
ccuracy were outside acceptable limits. One 
em associated with the quantitaf:.ion of 
lene chloride, but not evident in, the PQL 

• . . - e • - I is blank·contamination., The·PQL, as 
ated by the results of the PQL ~tudy could be 
bove 0.18 but· below o. 91 ppb. 1 

l 
sample.# Lab Mean 

(ug/1) 
%STD 

·Reps' 
%pIFF 
Mean 

%STD 

l 
2 
3 
4 
5 

b) 

Mean 
I 

IVS 
True ____ ,;.._.,.;. ....... _ ..... ~----------~-.:.--------L·~----~-----~ . . . . . . . . .. · . . . . . . . . . . I 

. ll. 

.38 

.91 

.18 

.04 

11.03 9.15 24.02 
2.51 9.73; ~2.03 

I 

1.10 12.62i 34.58 
0.45 27.23 1~7.§1 
0.37 23.97 ~t7.87 

I 

NJDE .PQL Study - MDLs ! 

I 

13.76 
20.46 
33.05· 
61.27 
74. 22 .. 

'1 I - - ( .f plication of the average MDLs f::i:-om the five 
atories participating in the PQ:f,i study by 
priate factors, shown below, in(!iicate that 
QL cpuld be set between 1 •. 12 - l-41 ppb. 
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Mean Min Max 

MDL (ug/1) 0.34 0~07 1.00 
3.3 X MDL 1.12 

5 X MDL 1. 70. 
10 X MDL 3.41 

c) Dept. of Environmental Sciences, Rutgers 
University (RUDES) - MDLs 

MDLs from RUDES using method 524.1, GC/MS, are 
given below. Results show a small variation in 
the MDLs .depending upon. the matrix and· i.t is not 
known whether this matrix problem would be 
consistently observed. Results are·within the 
range observed. in the PQL study. 

MDL Method 524.1 
(ug/1) 

Surface W~ter 
0.45 

Groundwater 
0.81 

d) Conclusions 

10) PCBs 

. . .. 
Results from the sample analysis in the PQL study 
indicated that the PQL can be set between 0.18 ppb 
and o. 91 ppb. MDLs from the PQL study were 
between 1.12 - 3.41. ppb. MDLs from RUDES, using 
surface and groundwater matrices, indicate that 
the matrix may affect quarititation. Based on 
these results and the fact that.methylene 
chloride is a known laboratory contaminant, the 
PQL was set at 2 ppb. 

The PQL was determined to be 0.5 ppb for PCBs. Data 
from Dept. of Environmental Sciences Rutgers 
University- (RUDES); NJDEP Certified Laboratories, a,nd 
the PQL study were available for this compound. 

· a) NJDEP PQL Study - Sample Results 

Sample analysis results from the PQL study given 
below, with 3 laboratories reporting results, show 
acceptable accuracy and precision at 
concentrations of 0 .• 13 ppb and above. At the 
.lowest concentration, 0. 07 ppb, both individual 
laboratory precision and accuracy were outside 
acceptable . 1 imi ts. · u. S • EPA Method. 6 o 8 was used. 
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Sample# 

I 

for he analysis of the PCB mixture,! Aroclor 1254. 
One imitation to t}:le PQL study data!was that the 

es were prepared in reagent watjar and, 
fore, matrix problems which arel known to 
t· PCB quantitation, were not ob~erved. The 
as indicated by the results of the PQL study 
be set between o. 07 - o .13 ppbi. 

Lab Mean 
(ug/1) 

%STD; .. 
Repsf 

I 
i 

%.DIFF 
~ean 
i vs 

. True 

%STD 
Mean 

-----------------
1 
2 
3 
4 
5 

b) 

c) 

.97 

.49 

.32 

.13 
• 07-. 

0.92 
0.44 
o .. Jo 
0.14 
o. 09 · 

PQL study - MDLs 

7. 59t 
i3.83 
15. 10: 
11. OJ! 
29.56 

11..4. 69 
17.47. 

.!35.75 
• I 

31.86 
I 

45.64 
I 

I 
I 

16.04 
22.51 
39.15 
32.90 
24.00 

i Mult'plicationof the avera.geMOLs from the four 
labo atories reporting MDL$ in the ~QL st1.1dy for 

Resu 
the 

or 1254, by the appropriate fact.ors shown 
, indicate that the PQL could be set between 

- 1.59 ppb. 

-·Mean Min Ma.x 

MDL (ug/ll 0.159 0'. 060 0.252 
3.3 X MDL 0.525 

5 X MDL o •. 793 
10 X MDL L,59 

of Environmental Sciences, Rut~ers 
rsi.ty (RUDES) - MDLs . i 

·i 
from ;RUDES using method 608 for!the analysis 
oclors 1254 and 1242 are given below. 

c,, . ; I_ / ts show the MDLs to be within the range of 
QL study MDLs. No matrix problems were 
ent. The MDLs were slightly higher for 
or 1242 than'1254. i 

I 
! 



'. 

MDL Aroclor 1254 (ug/1) 
MDL Aroclor · 1242 (ug/1) 

surface Water 
0.131 
0.189 

Ground water 
0.173 
0;105 

d) NJDEP Certified A~280 Laboratories - MDLs Reported 
During Second Periodic Round of A-28_0 Testing 

e) 

. . 
MDLs were reported by 15 A-280 certified 
laboratories for a series of PCB.mixtures 
(Aroclors are mixtures of PCB isomers) during the 
second periodic round o.f A~200 testing. 
These laboratories were using U.S.EPA method 608, 
but their methods of determining the MOLs were not 
clearly· defined. This lack of a specified method 
For MDL determination was obvious from a 
consistently reported MDL minimum of -0.05 ppb and 
a maximum of 5 ppb which indicates that the 
were not statistically determined estimates. 
The means, however varied due to some laboratories 
determining the MDLs for the individual Aroclors. 
Average MDLs do·not show any major differences 
among the specific PCB mixtures. 

Aroclor 1016 
Aroclor. 1221 
Aroclor 1232 
Aroclor 1242 
Aroclorl248 

· Aroclor 1254 
Aroclor 1260 

Conclusions 

Mean 
(ug/1) 

0.84 
1.11 
0.92 
0.93 
1.04 
l. 03-
0~96 

Minimum_ 
(ug/1) 

0.05 
0.05 
0.06 
0.05 
0.05 
0: •. 05 
0.05 

Maximum 
·(ug/1) 

5 
5 
5 
5 
5 
5 
5 

Results from the sample analysis in the PQL.study 
indicate the PQL for Aroclor 1254 could be set 
above o. 07 ppb but below o. 13 ppb •. Two 
limitations to this data arethatonly three 
laboratories reported data, and there were no 
·matrix interferences such as these known to affect 

.. PCB analysis. Multiplication of the MDLs from ·the 
PQLstudy by specified factors indicate that. the PQLs could 
_be set between o .• 525 an 1.59 ppb •. RUDES data was within the 
range of MDLs reported in the PQL study. Based on these 
results, the PQL was set at 0.5 ppb for Aroclor 1254. Data 
from the A-280 certified laboratories and- RUDES did not show. -.. 
any major differences between the MDLs for the different 
Aroclors (PCB mixtures)., Therefore, ~he-: PQL fqr:. PCBs (each._.· 
individual .Aroclor) is 0.5 ppb. 
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11) Tetrachlo 

The PQL w 
tetrachlo 
from Dept 
Universit 
available 

a) 

Sample# 

s determined to be 1 ·ppb for 
oethylene orperchlorethylene ($>CE). Data 
of Environmental Sciences, Rutgers 
(RUDES), U.S.EPA and the PQL st:,udy were 

for this compound. : . I 
I 

. . ·. . ... I NJDEP PQL study - Sample Result$ 
I 

' ' ! 
Sample analy$ls results from th~ PQL study 
using U.S.EPA methods 502.1, 50~.l, and 

. 524.1, given below, show acceptable accuracy 
and precision at concentrations! of 2. 2.6 ppb . 
and above. . At the next lowest cboncentration, 
O. 4.5 ppb, both precision and accuracy were 

· outside acceptable limits 1. · Thei PQL, .as· 
indicated by the results of thelPQL study 
could be set between 0.45 2.26. 

Lab Mean 
(.ug/1) 

%STD 
Reps 

i 
i %DIFF 
I Jrlean 
:VS. 
True 

%STD 
Mean 

__ ,QIIIC,ca,,aa,- ... -----·-- ----~-----.-------------~--------~-~-- ... ·--+--~---------... 
1 2 .60 24.56 11.l~ J4.27 15.53 
2 ~65 4.95 7.63 18.57 12.37 
3 .• 26 1.94 6oab jo.65 31.42 
4 .45 0.35 19.97 53.21 51.18 

I s .09 0.01 1a.19 68.91 102.04 
I 

b) PQL study - MDLs I· 
! 

plication of the average MDLs from the six 
atoriesparticipating in the l?QL study by 

I I_ I priate factors, shown below, indicate that 
QL could be set between 0. 63 and 1. 8.8 ppb •. 

1 

Mean Min Min --
MDL (ug/1) 0.19 Oo02 0 .• 59 
3.3 X MDL 0.63 

5 X MDL 0.94 
10 X MDL 1.88 



c) Dept. of Environmental Sciences, Rutgers 
University (RUDES) - MDLs 

MDLs from RUDES using method 524.1, GC/MS, are 
given below. Results are within the range of MDLs 
reported in the PQL study and no matrix problems 
are indicated. 

MDL Method 524.l 
(ug/1) 

d) U.S.EPA - WS#l7 . 

surface Water 
0.34 

Ground water 
0.20 

Results for U.S. EPA WP#l7, given below do not 
indicate any problems with quantitation of PCE 
down to 2 .18 ppb_ (only 2 labs out of 37 reported 
results outside+/- 40% of the true value). This 
would indicate that quantitation could be achieved 
below 2.18 ppb. 

True 
Value 
(ug/1) 

Mean 
(ug/1) 

# of Labs # of Labs 
Outside 
+/- 20% 

# of Labs 
· outside 
+/- 40% ----·---------=--------------------~-------------------------------

2.18 
8. 74 

2.64 
8.06 

e) Conclusions 

34 
38 

10 
4 

2 
1 

Results from the sample analysis in the PQL study 
indicated that the PQL can be set above 0.45 ppb 
but below 2.26 ppb. MDLs from the PQL study 
indicate that the PQL could be set between 0.63 -
1.88 ppb. Data from RUDES is within the range of 
the MDLs reported in the PQL study. U.S.EPA 
results in WS#l7 indicated that quantitation is 
easily achieved at 2. 18 ppb. These results would, 
be expected to improve.with the use of the 500 
series. Based on these results, the PQL for PCE 
was set at 1 ppb. 
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12) 1 2 4-'l'r'chlorobenzene 

13) 

There wee no data available on l,~,4-tr:iJchlorobenzene 
from the Department of Environmental Sci~nces, Rutgers 
Universi y, U.S.EPA or the NJDEP. PQL stuqy. The PQL 
for 1,2,4-trichlorobenzene was, therefor~, based on the 
dichloro enzenes which. are the most. stru<1turally 

. similiar compounds to_it, and set·at 5 i;,~b. 
I 

I 

T.he PQ;L as· qetermine.d to be 1 ppb fc,r i 
1,1,1-tr'chloroethane._ Data from Rutgers University, 
U.S.EPA ndthe PQL study were available :for this 
compound. . · · i 

a) 
i 

NJD P. PQL Study - Sample Analysis · 
I 

• I 

results from the PQI)study using 
U.S.EPA_methods 502.l_and_524.l,_gi"ien_below, show 
acc·ptable accuracy down to a concen,tration of 
0.15 ppb. Precision (individual and 
int rlaboI"atory) was outside the acqeptable limit 
at his concentration level and at q.74 ppb range. 
At .85 ppb and above, the results indicate both 
ace ptable· precision and accu:rracy. !The PQL, as 

· · ind· cat.ed by the results of the PQL !study could be 
set above 0.74 but below 1.85 ppb. 

I 

Sample# True 
alue 

(ug/1) 

Lab Mean. 
(ug/1) 

%STD 
Reps 

JDIFF 
:Mean 

%STD 
. Mean 

i i vs 
. [True __ mo_..;._..,.._.;__..,,..~------------;;..--.. --.. _..;__.,. __ ..., _ _:...,_, ____ .Ji.;_.;, _____ ;;.._..,..,,...,_ 

1 7.39 6.47 9.6] :33.32 57.02 
2 L 8 5 1. 5 8 7 •. 6 2 !2 2 • 8 4 2 4 • 9 4 
3 0.74 0.48 30.64 134.46 46.36 
4 0.15 0.17 53.98 ·!23.79 36.28 
5 0.03 0.05 8.54i ljSl •. 87 99.85 

b) PQL Study ... MDLs 

Multipication of the average MDLs 
labo atories participating in the 
appr priate factors, shown below, 
the QL could be set between 1.25 
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fr;om the five 
PQ!L study by 

·in~icate that 
- i3. 78 ppb. 
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• I 
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Mean Min Max 

MDL (ug/1)· 0.38 0.06 1.28· 
3.3 X MDL 1.25 

.5 X MDL 1.89 
10 x MDL 3.78 

c) Dept. of Environmental. Sciences, Rutgers 
University (RUDES) - MDLs 

MDLs from RUDES using m~thod 524.1, GC/MS, is 
given below.· Results show close agreement between 
the MDLs reported by RUDES,. using method 524.1, 
and the average MDL· reported in the PQL study •. 
These results do not indicate any matrix problems. 

MDL Method 52.4 • 1 
(ug/ll 

surface w~ter 
0~31 

Ground water 
o. 2·7 

d) ·. U.S .EPA - .WS#l 7 

True 
value 
(ug/1) 

Results. foru.S.EPA WS#l7, given below,· indicate 
that the laboratories were having some difficulty 
with the quantitation of 1,1,l-trichloroethane at 
2 •. 64 ppb ( 19% of the laboratories. results were 
outside +/-40% of the true value). 

Mean 
(ug/1) 

# of Labs # of·Labs 
outside· 
+/- 20% 

# of Labs 
Outside 
+/- 40% -------------~----------------------------------------------------

2.51 
5.53 

2.48 
5.39 

e) .. Conclusions . 

37 
38 

20 
15 

9· 
4 

Results from the sample analysis in the PQL study 
indicated that· the PQL can be set above o .• 74 ppb 
but below 1.85 ppb. MDLs from both.the PQL study 
and RUDES indicate that the PQL could be set 
between 1.25 - J.78 ppb. U.S.EPA results in WS#l7 
indicated that there was some difficulty in 
quantitation at 2.64 ppb. · Results should be 
improved with the use of the 500 series methods. 
Based on these results.the PQL was set·at 1 ppb. 
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! I . . 
This decision was made mainly :on thel results of 

e-analysis.in the• PQL study. 

14) Trichloro 
i 

The'. PQL w S' determined to be, 1, ppb for 1 
··, •. ' ' ,.-_ ,' ' 

trichloro thylene. Data from Dept.. of _ En~ironmental . · 
scJ,ences utgers univ~rsity, u.s.EPA. and, ~he PQL study .· 
were abl:e. for this- compound. , _ ·· -. -. I -.. ·· 

_ a)_ . PQL study - sample Resu1;ts · .•.•. l: · ... _ · 
e anal.ysis results from. t.~e. PQL stud.y. using 
PA, metho.ds 502.1, 503.1., and 52l · .• l,- giver1 

Sample # ·· 

, show acceptable accuracy down to a _ · 
ntration o.f o. 35 ppb •. · Precision (both . 
iciUal and · ill.terl~boratoryJ was: putside ,· . . . 
table limi'\;s, at this lteve:1. - A~I l.75 ppb both 
atpry precision and accur,aqy· were . acceptable. 
Qt, as ,i.ndicated by the r~suitsjof the PQL 

c~uld be .. set above O. 35 '.but betLow l. 7 5 - ppb. 
I 

_ Lab Mean 
.. (ug/1) 

%STD: -
·Reps/. 

I 

,b:rFF' - i ·.· - ·M~an 
·vs I . . . . . . 

True --- I • • 

%STD· 
Mean 

---~:--•~-----·-.--- -~,_-,-,--~~~--~---~-----------------~·-·------r·-~-~·~--;~---·---~-
-' 1 7.$' 18.45 ·9.27'.· 91.27,· 18~04 

2 4.38 3.70 4.58'. 191.27 16-.07 
3 1 .. 75 1.42. 7.25i2: 2:7.26 34.~7 
.4 ·• 0-.35- .0.27 21.291 • '29-.2L _ 40.;,6 . 
5 0.07 . 0.04 · .. · 3'.l.90: · 64 .. 42 - il0.29 

• I 

NJPE · PQL Study - MDLs ·. ! 
i· 

Mult'pication·of theaverageM~Ls frplll th~ six 
1abo atories participating in :the PQJLstudy by . 
appr pr;Late facto·rs, ·- sho.Wri bcal:Ow, _,incil1

· icate.d. ·.that, 
-the Qr.,· could, :be set betwen 1. ,2 5 . 3 • 79 ppb. 

·1 ; ·, 

DL(Ug/1). 
.3 X MDL 

5 x MOL 
10 X·MDL 

.. _ Mean 

·o.3a 
1.25 
1.89' 
3.79 

Min 
ii ,' 

·1-· 
·I 

. • . I 
,. I 

I ,, 

I 
1, 

Max· 

. 2. 76 

.• 



c) Dept. of Environmental Sciences; Rutgers 
University (RUDES) - MDLs 

MDLs from Rutgers University using method 524.1, 
GC/MS, are given below. Results show a small 
variation in the data depending upon the matrix, 
and it is not known whether this matrix problem 
would be consistently observed. RUDES MDLs are 
within the range reported in the PQL study. 

MDLs Method 524.1 
(ug/1) 

Surface Water 
0.60 

Ground Water 
0.28 

d) U.S.EPA - WS#l7 

True 
Value 
(ug/1) 

Results from U.S.EPA WS#l7, given below do not 
indicate any problems with quantitation of 
trichloroethylene down to 1.74 ppb (only 1 lab out 
of 26 was outside acceptable accuracy limits). 
This would indicate a range of acceptable . 
quantitation below 1.74 ppb. 

Mean 
(ug/1) 

# of Labs # of Labs 
Outside 
+/- 20% 

it of Labs 
· Outside 
+/- 40% --------------------------------------------------------------

1.74 
5.53 

1.70 
5.39 

e) Conclusions 

36 
38 

10 
7 

1 
2 

Results from the sample analysis in the PQL study 
indicated that the PQL can be set above 0.35 ppb 
but below 1.75 ppb. MDLs from both the PQL study 
and RUDES indicate that the PQL could be set 
between 1.25 to 3.79 ppb. U.S. EPA results in 
WS#l7 indicated that acceptable quantitation could 
be achieved·down to 1.74 ppb. Results should be 
improved with the use of the 500 series methods. 
Based on these results, the PQL was set at 1 ppb. 
This decision was made based on the results of 
sample analyses in the PQL study. 
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· 15) Xylenes 

The PQL w 
three xyl 
Departmen 
Universit 

16) 

· The MDLs 
are given 
results d 
whether t 

MDLMetho 

Applying 
reported 
between 1 
highest M 
3.3, woul 
at 2 ppb. 

The PQLw 
Data from 
Universit 
for this 

a) 

., acce 
stud 
and 
chlo 
top 

' s aetermined to be 2 ppb for each of 
ne. isomers. Data was only avai~able 

of. Environmental Sciencei:;, Rutgers 
(RUDES) • . . . I 

I 

the 
from the 

- . • ., ._! . eported by RUDES using me:thod 5~4.1,. GC/MS, 
below. MDLs show small variatipns·in the 
pending upon the matrix, and iti is not known 
is problem would be consistently observE!d. 

. . f 

surface Water 
524 .1 (ug/1) 

-xylene 
- and_ 1, 4~xyiene . · 

0.35 
0.75 

I 

iround.Wa.ter 

. o. 20 

I 
0.22 

I 
I . actors (3 , 3-10) to the average .of the MDLs 

y RUDES indicated that the PQL bouldbe set 
25 and 3.80 ppb. Multipld,.catio~ of the 
L reported (0.75 ppb) by the sm~llest factor, 
yield 2.4s· ppb •. The PQL was, ~herefore, set · 

s determined to be 5 ppb for vinyl chloride. 
Department of .Environmental Sci~nces, .Rutgers 

I . • , U.S.EPA and the PQL stu~y wer~ available 
ompound. · 

PQL.Study - Scimple. Results 
I . 

eanalysis results from the PQL!study using 
PA methods 502.l and. 524.ll., given below, show 

, . I). I table accuracy at a concentration of 5.08 
At the two concentration levels above arid 
5.08 ppb, accuracy was outsideiacceptable 

s. In:terlaboratory precision was outsi.de the 
tance limits at each concentration level 
ed. Variations in in.terla. boratory precision 

I . o ccuracy are due to the fact tha1: vinyl 
ide is so volatile and it is very difficult 
epare standards and samples. I 

'i 
idual laboratory precision was Jjust outside 
cceptable level (23.32% >' 20%) at s.os ppb . 
• 72 and so. 8 ppb, .individual laboratory 
sionwas acceptable. The· PQL, as indicated 
e r.esults of the PQL study should be. set• 
d5 ppb. 
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Sample# · True 
Value 

(ug/1) 

Lab Mean 
(ug/1) 

%STD 
Reps 

%DIFF 
Mean 
vs 

True 

%STD 
Mean 

-----------------------------------------------------------1· 
2 
3 
4 
5 

50.8 55.73 17.99 62.39 80.85 
12.72 12.62 7.50 42.99 58.07 
5.08 3.94 23.32 34.78 49.48 

·1.02 0.85 51.77 54.92 65.60 
0.2 0.24 26.17 82.7 78.86 

b) NJDEP PQL Study - MDLs 

Multipicatiqn of the average MDLs from the five 
laboratories participating in the PQL study by 
appropriate factors, shown below, indicate that 
the PQL could be· set between 2.18 - 6.60 ppb. 

MDL (ug/1) 
3. 3 X MDL 

5 X MDL 
10 X MDL 

Mean 
0.66 
2 .18 
3.30 
6.60 

Min· 
0.04 

Max 
2.24 

c) Dept. of Environmental Sciences, Rutgers 
University (RUDES) - MDLs 

MDLs from RUDES using Method 524.l, GC/MS, are 
given below. Results show small variations in the 
results depending upon the matrix,. and it is not 
known whether this matrix problem would be 
consistently observed. 

MDL Method 524.l 
(ug/1) 

d) U.S.EPA - WS#l7 

Surface Water 
1.51 

Ground Water 
1.08 

Results for U.S.EPA WP#l7, given below, indicate 
the difficulty with the quantitation of vinyl 
chloride. Results range from 46% of the labs 
outside acceptance limits at 1.51 ppb to 26% of 
the labs outside acceptable accuracy limits at 
12.7 ppb. Accuracy and precision are. expected to 
improve when using the 500 series methods 
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True 
Value 
(ug/1) 

·Men 
(ug 1) 

# of Labs # of Labs 
Outside 
+/- 20% 

# of Labs 
Outside 
+/- 40% 

-------------- ---------------------------------------------1.51 
6.74 

12.7 

e) 

2 .12 
8.42 

16.5 

Resu 
indi 
MDLS 
that 
ppb. 
quan 
will 
the 

24 
26 
27 

19 
14 
15 

11 
9 
7 

ts from the sample analyses in the PQL study 
ated that the PQL can be set around 5 ppb. 
from both the PQL study and RUDES indicate 
the PQL could be set between 2.18 and 6.60 

U.S.EPA results in WS-17 indicated that 
itation of all tested concentration levels 
be difficult. Results may be improved with 
se of the 500 series methods. 

on these results the PQL, was set at 5 ppb •. 
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TECHNOLOGICAL· IBlL!TY .AND COST 

A. Summarv 

i 
I ·l 
I 

. . . I . . 

Two technol gies, packed aeration· towers· tdir stripping} and····. 
granular activat d ~arbon contactors {GAC contabting) cc:1n. remmre 
from drinking w ter the "A-280" chemicals cur\rently monitored. 
Specifically, ·. trichloroethylene . , . tetrachloroethylene, 
1, 1-dichloroethyl ne, carbon tetrachloride, vi~yl chloride, · cis-
and trans ... 1, 2..:.d · ch~oroethylene, . 1, L, 1 ... trichlorqethane, xylenes, 
benzene; chlorob. nzene, .· · dichlorohen.zerie ( s) ; methvlene chlo·ride, 
li2-dichloroethan , trichlorobenzerie (s), polychlorinated b;i.phenyls 
('PCBs) a.nd chlor ane can he removed with, c!-ir stiippi-ng and/or GAC 
contacting. Ther is insufficient data to draw I a c:onclusion . for 
methyl ethyl ket · ethylene · glycol,. kerosene,! formaldehyde . and 

·· n-hexane. · · I · · 
Theoretical. models of · the . air stripping p~ocess ·. along with 

·. ·laboratory, benc s·cale . and pilot .studies accurately ·. predict 
performance ,of f · 11 ' scale.·. air . stripping. tpwers. I . When . towers · are 
engineered and o erated .·. to standards, removal efficiencies better · . . . . . . . • . . . . . .. . , .· • I . . . . . . . 
than 99% have be n achieved. These rnode~·:s are1 based. in part on 
the behavior• of ideal dilute solutions. Performance should 
approximate pre?i tions_as solutions becom~ moreldi~ute as- they <:10 
when concentratio s are less than 100 parts per h1ll1on. · : . · · 

On the· 
available to. 

. '.· . .· i 

hand,. theoretical models a\re not. generally 
·ict · single or multi-conta1t1.inant removals by GAc· · 

- I . .. 

contacting. · · Ftil s~ale systems have the 'best qhance .. for success · 
· ·. when · hased · on· pi; ot ,systems tested. in the field •. I Complex mixtures 

.· of· contaminants nd. naturally occurring organics( make predictions .. 
more difficult a ·· well as · the nature of ;GAC. and its ability to 

.. adsorb and· .. desorb organics· selectiyely ., .· . I · 
y, both air stripping and · GAt contactors have ·· . 

·been .. · <i:esigned, . constructed·. airict operated·. t:o achieve 
reductions of O ganics. . Reductions have been I achieved to the 
l,im:i. ts of ~nalyt- cal; detectability, which.: may ~e less .. thart qne · 
part per billion.. · Air strippers and GAC don:tactprs in use in New 

. Jersey vary wide y in ·.size. The · smallest, serv~s fewer than_.· ioo 
people with a · c pacitv of · 2-00. gallops per mipute (gprnl. . The 
1arg,est, present y under c-onstruction, cbqld serve• over 5.0, 000 
people. with a ca acity o.f 3,. 680 gpm. (5,.2 ,nillio~ gallons per day·.· 
(m.gd)) • .• . I . 

: .· I st:a:tewide estimates indicate• that a total of about 
fifty to sevent million dollars (1986$) wotjld be needed by 

·. approximately . on .·. nundred and twenty public I community ·water 
supplies to prov'de treatment for organics'noted 1 above. Estimated 
rate increases c u·ld range from about $01. 05 ~ct $0. 96 per · 1,000 
gallonsof treat d water. These cost estimates.are conceptual.and 

-, are only - for •. "stripping . by a packed : ae·:I?at~on .•·tower~-.. Tp:ese _ .· 
es~~-~,a.ted are sed on data _ provided by sup~liers .a~d NJDEP. 

:•:, .. :.;_..,.,,. .-... - "I "· ... , .. ·, ·•• .. ' .... ,..,.., ...... . 

I 
I 

j 



Cost estimates must increase with site and system improvements, 
air emission controls, disposal of spent carbon and local zoning 
requirements. 

The effected supplies typically rely on groundwater as _their 
source of water. They are located in all areas of New Jersey. 
While trea.tment is feasible and practicable, costs of alternatives 
may determine if treatment is employed. It must be noted that 
noncommunity public water supplies and private individual well 
supplies are not included in the description of impacts. 

In summary, treatment with air stripping and. GAC contacting 
is both feasible and practicable for organic carcinogens and non-
carcinogens for which MCLs are recommended. However, 
investigations should be continued to determine the feasibility 
and practicability of treatment for organics as they are 
recommended for regulation. 

B. Feasibilitv of Treatment of Carcinogens 

The nature of the organic compound determines the treatment 
technique. sOme organics are readily . volatilized and some are 
readily adsorbed. To evaluate the technological feasibility of 
treatment · to achieve recom:rrten_ded maximum contaminant levels, 
available literature and actual field studies were utilized. 
Laboratory, bench scale, pilot and field stud-ies for all of the 
volatiles· except for xylenes, polychlorinated biphenyls (PCBs) and 
chlordane are summarized by Love et al. in a U. s. EPA publication 
entitled "Treatment of Volatile Organic Chemicals in Drinking 
Water" . (March 1984). For xylenes, PCBs and chlordane, the 
following three reference sources were used: U.S.EPA's "Review of 
Treatabili ty Data for Twenty-Five Synthetic· Organic Chemicals;" 

·u.S.EPA's "Carbon Adsorption Isotherms for Toxic Organic 
Chemicals". by Dobbs and Cohen; and Draft Reports by Abrams and 
Medlar for NJDEP' s Special Water Treatment Study. Feasibility 
data were not summarized for the remaining chemicals: methyl 
ethyl ketone, ethylene glycol, kerosene, formaldehyde and 
Ii-hexane. The reported removal efficiency for specific treatment 
process are noted in Table 1. Air stripping and GAC contacting 
are preferred treatment techniques. 
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Table 1 

I 
1"·' 
i 
i 
I 

Tre tment Technolo ies-For voe 
I 
I 

Redµction 
. . 

._ Air Stripping _ 
' . . ' 

1?acked Aeration Towe:rs 
· .. Mttltiple Tray J\.e:r:- ti1on 

. Dif fus.ed Aeration 
·spray Aeration 
Air Lift Pumping 
cc1,scade Aeration·. 

GAC Contacting_ 

. . . 

. i I 
Reported Removal Eff-~ciency 

!90~99:. ~% 
40~90!% 
iT0-92i% · 
:75-90%. 

· '40-97:%, .· 
. . I 

i40-80:% 

·I 
!-

Granular Actbrate C:arbon Contactors (GAC) 
_Powered Acti~rated Caibon -Addition 

· Synthetic Resi..n C ntactors 

Other Treatment tions 

Point of Use GAC 

Ref. u.s.EPA Bri ffng·Materials, 1985 • 

. Henrx' s Constantsi 
\ 

... · Mo~t of the · A..-280 organics under con~·ider~ifion are generally 
volatile. Many-· o.f . these compounds are am.enabl¢ to aeratfa:m. If 
present in groun .. w:ater supplies, _ their goncen~ration ·_is usually 
less than .. one h ndred parts pe.r billion. , If. }:?resent · in . surface 
water supplies, ·_ heir concentration· is 'usually i.~wer •. · Henry's Law. 
for ideal dilut ~ol.utions - is approp:tiaif:e foJ calculatlng the 
amount of a comp und that rg.ay transfer frdm the \water to the, air •. · 
Henry•' s Law · in gez:ieral describes the transfeq::- process with a 
constant called Heriry is. Constant. . The higher j t~e ·Constant_·- :t:he 
greater, the air ·. cpncentration will be relat~ve to· the . water _ 
concentra.tion fo a specific compound. : These; calculations are · 
essen~ial ; f<;>r th. _desi~n of t~eatnt~nt · proc~~ses·,.; The _ calculations 
are s1mpl.1f1.ed w en the organics dissolved• 1:n th.~ water are at low 
concentrations, - o 1not react wi-t:h other :disso,l~ed compounds - and 
are. allowed · to re.ach equilibrium with; cleaµ air· at · normal . 
temperatur.es and pr~ssur:es. These_ condit~ons e4:n be- approximated 
iri actual pr_acti e-~, _ The_ref?_re_, the p-erfor?tancel of ai:C: · strippers-•· 
may be pr~d1.cte • -: A . s1.mpllf1.ed mathemati:cal · ·rxpress1.on of the 
ai.r ... water equilibrium- for a compound folloW:s: . ·_ .- · -· _ ·. _· _. 

. :· . . . ; . ': . ' . ' 

Cg = li*Cl . · : -· · · ! . , - . . . · · -

Cg = at1ion in the air (gas) of comp.ob.nd A (ug/l.) 
Cl = ation in the water (liquid) of pompound A: (ug/1) 
H = Ass · Henry's_ Constant (partit:iJon co:effficient 

?ttm-,. m) .[:.-· 
I 

D-4 

" 

... ' 



Packed aeration towers provide treatment by bringing clean 
air into contact with contaminated water. The tower is filled 

• with an inert packing media. water cascades down and forms a thin 
film on the packing. A continuous flow of fresh air passihg over 
the film of water helps vaporize the organics from 'the water into 
the air.. The relative ease of stripping is portrayed on Table 
2. For organics that are weakly air-stripped,· such as. 
1, 2-dichloroethane, a combination. · of air stripping and GAC 
contacting makes reduction . feasible. Two organics, ch1ordane and 
PCBs have.· very low H values-~ It is not feasible to air strip 
either of these chemicals. These compounds are readily adsorbed 
onto carbon. · 

Carbon Isotherms 

Similarly, most · of the A-280 organics are adsorbable onto 
granular activated carbon (GAC) . The GAC is typica1lv kept in a 
cylindrical contactor through which contaminated water flows.' GAC 
is specially treated carbon that has an enormous internal surf ace 
area on which organic molecules in the water ca.n be adsorbed. 

The balance or equilibrium between the adsorbed . organics and 
those remaining in solution can be . upset. Changes in water 
quality alter the equilibrium. Ideal conditions require that 
water temperature remain . constant and that equilibrium be 
reached. Then the capacity of a particular organic to be adsorbed 
by a specific GAC may be ·measured. The· mathematical relationship 
between the. amount .of organic compound in the water· and the amount 
of organic compound. adsorbed is described by a carbon adsorption 
isotherm. · 

ease of adsorption by GAC contacting is The relative 
portrayed on Table 
combination of air 
chloride which is not 

3. Weakly adsorbed organics may require· a 
stripping and . carbon adsorption. ,rinyl 
feasible to adsorb is readily air stripped. 

Air Emissions · 

Packed. aeration towers may emit unacceptable concentrations 
of volatile organic contaminants. into the air. The present rules 
of the Bureau of Air Pollution Control require state of the art 
control if more than·.1 pound per hour of TVOS is emitted. TVOS is 
an acronym for toxic volatile organic substances which are defined 
by the Bureau of Air Pollution Control ... ·. This may necessitate the 
use of yapor phase carbon· to adsorb the organics being endtted. 
Costs for air stripping may double if vapor phase carbon treatment 
is required. · 

Breakthrough 

GAC adsorbs organics selectively and may release subsequently 
what was previously a.dsorbed. GAC has a limited capacity to 
adsorb a speci:l;ic organic. . . This may r~sult in .the organic. 
breaking through the contactor and reentering the drinking water. 
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Table 2 
R lative Ease of Removing Selecte~ 

Volatil Cpemicals from Water bv Air Stripping 

READILY 
Air Strippability 
MODERATE 'WEAKL'¥ NOT REF. 

Benzene 
- -_ ·, ... 

Carbon Tetrachlor · de. 

Chlordane 

Chlorobenzene 

p-Dichlorobenzene 

o-Dichlorobenzene 

m...;bichlorobenzene 

1,2...;Dichloroetha:n: 

X· 

X 

X 

X 

X 

X 

X 

I 
I 

X 

1,1-Dichloroethyl ne X 

Cis-1,2-Dichloroe hylene X 

Trans--1,2-Dicplor ethylene X 

. Ethylene Glycol 

Formaldehyde· 

Kerosene 

Methyl Ethyl 

Methylene 

. . : ( __ · ___ . -- ·._ -· . --kR . . __ i ... ---- .· 

-· - • .. - - - - -- --NR · · - : -- --- . -
I 

I 
I 

·_.· ---- - ---- ~- NR -- - -- --

X 

3,9 

1,9 

6,9 

10,9 

6,9 

10,9. 

10,9 

1,9 

6,9 

7,9 

1 

4,9 

N...;Hexane. 

Polychlorinated 

Tetrachloroetl1yle e 

L,l,1-Trichloroet 

1,2,4,-Trichloroe 

X 6,9,12 

X 

Trichloroethylene 

5,9· 

-4,9 

10,9 

·2,9 

1 



Table 3 
Relative Ease of Removing Selected 

Volatile Chemicals from. Water by GAC Contacting 

ORGANIC CHEMICAL 
Carbon Adsorbabilitv 

RRADILY MODERATELY WEAKLY NOT 

Benzene 

Carbon Tetrachloride 

Chlordane 

· Chlorobenz ene 

p-Dichlorobenzene 

o-Dichlorobenzene 

m-Dichl6robenzene 

1,.2-Dichloroethane 

1,1-Dichloroethylene 

Cis-1,2-Dichloroethylene 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Trans-1,2-J?ichloroethylene x 
Ethylene Glycol -------- · · - ------NR --- - -------

Formaldehyde .·• .·. --- ---- -- - --NR .·. --------- -- ·. · 

Kerosene . - - ----- .. · .... - - NR ----------. - · 

Methvlene Chlor~de X 

Polychlorinated Bipheny1s 

Tetrachloroethylene 

1,1,1-Trichloroethane 

1,2,4-Trichlorobenzene 

Trichloroethylene 

Vinyl Chloride· 

Xylenes Ortho, Meta, Para 
. . : 

.·NR = Not Reported 

X 

X 

X 

X 

X 

X 
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. . ., . 
To control. this otential. problem utilities 
and replace the carbon. The. frequency of 
will significant! atfectcosts. · 

Other ,Chemicals 

I 

wil)l. · have to· monitor 
rep;acing - the· carbon 

I 
I 

'' ' ' ·.' '' :. " ': . .:: - ,' ' ' 

. There a.re s me • organics such as methY:l eth~l ketone that may . 
be· neither stri pable. nor adsorbable. _ 'As s~ch . chemicals are 
considered· for r gulation in drinking water, appropriate treatment.· 
te~hnologies will have to be investigated •. ·· . i · · 

i ·· .. ! 
i 

I . r.·· ,. 
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C. Impact 

The latest compilation (February 1987) of laboratory results 
submitted by purveyors and taken · by NJDEP· · for public community 
water supplies · has been reviewed and compared to the recommended 
maximum contaminant levels that the N. J. Dririkirig Water Quality 
Institute has considered adopting, prior to the final vote o.f the 
Institute. This includes results from December 1984 to November 
1986 •. The summary below indicates that about 120 purvevors have 
reported organics above what the Institute has considered 
recommending as MCJ,s. This amounts to about 20% of the 630 public 
community water suppliers. It must be noted · that exceeding the 
recommended MCL was the only criteria used to determine if a 
purveyor was affected. Secondly, the capacity of. the facilities 
needed - to create the contaminated wellfield was estimated from 
historical information and the experience of Bureau of Safe 
Drinking Water (Division of Water Resources). staff. I,astly, the 
population that may be expected to share in the cost of 
improvements· was estimated to be the entire service area and not 
just those served by the wells and treatment facility. 

Estimated Impact on Public Community Water Supplies (PCWSJ 

Total Number of PCWS 
Total Estimated PCWS Pop. 

Service Area Population 
Less than More than More than 

5000 5000 and , 50<,000 
less than 

57 
70,000 

50,000 
53 

890,000 
9 

2,040,000 

D. Practicability of Treatment for Noncarcinogens 

The practicability · of achieving the .recommended MCLs was 
considered for the following non.carcinogens: chlorobenzene, 
trichlorobenzene, 1, 1, 1-trichloroethane, .1, 1-dichloroethylene, 
cis- and trans-I, 2-dichloroethylene and xylenes. Maximum 
contaminant levels are · not recommended for the following 
noncarcinogens: ethylene glycol, kerosene, methyl. ethyl ketone 
and n-hexane. In general., practicability ·. was considered -by 
estimating the size and cost of hypothetical treatment facilities, 
namely air strippers for various capacities and contaminant 
concentrations (Abrams · and Medlar, 1986} • Table 4 summarizes 
available data for a hypothetical one mgd air stripper with. a 
hypothetical influent concentration . of 100 ppb for each 
noncarcinogen. In, summary, for noncarcinogens noted, available 
studies - and limited field data indicate the practicability of air 
stripping, even for the not so strippable dichlorobenzenes and 
trichlorobenzene. · A brief discussion · of each of · the 
non.carcinogens follows. 
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Table 4 
ir Strip er H othetical 

for Noncarcinogens: 
($1986) 

Non-Carcinogens Estimated Tower 
Height (ft.) 

; fstimated Tower · 
Diameter (ft.) 

Chlorobenzene 

o-Dichlorobenzene 

m~Dichlorobenzene 

1~1-Dichloroethyl ne 

Trans-1,2-Dichlor ethylene 

Cis-1,2-Dichloroe hylene 

Ethylene Glycol 

Methyl Ethyl 

n-Hexane 

1,~,1-Trichloroet ane 

Trichlorobenzene 

.Xylenes 

Ref: Abrams, 198 

not calculated:. 

5 

5 

14 

7 

7 

No 

No 

No 

10 

No 

6 

i 
! 

data availab:).e 

data availabte 

data a.vailable 
I 

I 

i 
data available 

L Assµme Plant Design Capacity is 1 MG.D 

2. Use Construe ioh Cost Index,·ENRCCI4229 
I 

5 

5 

5 

5 

5 

5 

5 

3. Assume Efflu nt Concentration, Level I, Drinking Water 
Guidance (NJ EP;, 1986) 
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Chlorobenzene - Pilot scale studies reported by Suffet, 1981 
indicate the reduction of chlorobenzene with GAC and with resins. 
They also report what appears to be- desorption. Aeration studies 
{Love, 1983) reported by U.S.EPA indicate that air stripping is 
feasible. U.S. EPA' s reported value for the Henry's Constant is 
0.19 units. 

Trichlorobenzene, Ortho- and Meta- Dichlorobenzene Pilot 
scale studies reported by Suffet, 1981 indicate that GAC can 
adsorb the trichlorobenzene completely. However, they also report 
an increase in concentration (desorption) after treatment by 
resins. Desorption is a concern with organics that are weakl v 
adsorbed. Dobbs and Cohen, U.S.EPA 1980, have provided laboratory 
values for GAC adsorption from isotherm data. 

U.S.EPA {Love, 1983) has conducted aeration studies and reported 
values for Henry's Constants that indicate the practicability of 
air stripping for trichlorobenzene and dichlorobenzenes. Because 
these organics are weakly strippable, both aLr stripping and GAC 
contacting may be considered practicable. 

1,1,l~Trichloroethane Pilot and field studies by Love, 1983 
for air stripping and carbon adsorbing of this compound indicate 
the feasibility of treatment. Air stripping is practicable and 
avoids the problem of desorption. 

1,1-Dichloroethvlene Theoretical, pilot 
studies reported by Love, 1983 indicate that 
readily stripped and adsorbed. 

scale 
this 

and field 
compound is 

Cis- and trans-1, 2 Dichloroethylene - Despite the difficulty of 
separating the isomers, pilot and field studies cited by U.S. EPA 
and reported by Love, 1983 inaicate that the compounds are 
amenable to GAC adsorption and · air stripping. Since the compound 
is weakly adsorbed and readily stripped, air stripping is 
practicable. Both isomers have the same Henry's Constants for all 
practical purposes. 

Xylenes - The three isomers, ortho, meta and para-xylene, have 
been the ·subject of various field and pilot studies. U. S .EPA 
Review, 1984 has reported on carbon adsorption tests. Dobbs, 1980 
has i,ndicated that para-xylene is weakly adsorbed. Ortho-xylene 
was traced through a lime softening plant in Florida (Berkowitz, 
1978). - An industrial plant reportedly uses GAC to reduce xylene 
in its wastewater (Berkowitz, 1978). Nevertheless the value for 
the Henry's Constants would make air stripping more feasible. 

E. Estimated Statewide Cost to Achieve Maximum Contaminant 
Levels 

Cost 
typically 
classified 

estimates to provide 
found in New Jersey 

as carcinogens 

treatment 
have been 

such as 
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TABLF. 5 

Estimated Number of .Public Community Wate'ri Supplies 

Reporting A-iso Organics Exceeding Recomme;nded MCLs 
I ! 

Estimated Numb r 

COUNTY #SUPPLI 

Atlantic 10 
Bergen 13 
Burlington 7 
Camden 4 
Cape May 5 
Cumberland 3 
Essex 9 
Gloucester 6 
Hudson 0 
Hunterdon 4 
Mercer 2 
Middlesex 3 
Monmouth 1 
Morris 16 
Ocean 13 
Passaic 4 
Salem 0 
Somerset 4 
Sus.sex 11 
Union 2 
Warren 1 

Totals 118 

of Packed·Aeration Towers 

0.037 ~GD 

8 
2 
5 
1 
3 
0 
0 
2 
0 
3 
2 
1 

4 
11 

0 
0 
4 
9 
2 
1 

58 
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Need.ea for Treatment 
I 

• 9[5 MGD 

2 
20 

2 
13 

2 
6. 

22 
5 
0 ( 

·1 
0 

16 
1 

13 
2 

14 
0 
0 
2 

10 
! 0 ·-'--
131 



tetrachloroethylehe, · carbon te.trachloride, methylene chloride, and 
1,2:-dichlor6ethane'which have been detected in. New·Jersey's water 
supplJes in low concentrations canbe removed with packed. aeration 
towers~ Noncarcinogens such as · 1, 1,1..;.trichloroethane, ·. trans-
l, 2-dichloroethylene :arid 1, 1-dichloroethylene have alsb .·. been 
detected · and ·may· also be removed by packed aeration towers. ·. Table 
s · indicates . the number of supplies in .each .· County ·· .that have 
reported carcinogens arid, noncarcinogens. . The table< gives an 
estimate of the number of •Packed ·Aeration Towers needed by 'county 
and. by plant ca,pa.city •. . Plant · capacities were . estimated · to be . 
o •. 037 mgd, 0.95 mgd or multiples· tp.ereof depending on the.· 
estimated capacity of. the wellfield... The .. total number. of plants 
needed may·• exceed . the· number of supplies. This · is because one 
supply may . need several plants to treat different . wells. 
Estimates noted below are· based on costs for treatment facilities 
with ·. only ···. packed aeration towers. . While an estimate has.· b~en 
provided, ·unique· 'site conditions and· distribution system 
improvements will increase cost estimates. In addition, stringent: 
New Je-rsey ai:r poliution regulations may signi.ficantly increase 
costs. ·• · Thert';:!fore, actual · costs may be .. i:nore than estimated' costs~ 

· The Statewide· estimate . to provide< treatment to. mee.t. recommended 
drinking water objectives i,s · from 50 to 70 million dollars. This 
estimate is presented in Table 6. · · 

Table 6 · 

ESTIMATED<COST OF .A PACKED-AERATION TOWERl 
· f1986$-l . . 

. . . . 

Estimated.· Plcmt Capacity. 
Estimated Capital Cost . , 
Estimated Ann.u.al Operation · 

0.037 rrigd ·. 0~95 mgd. 
·$-as, ooo $325, ooo< · 

Arid Maintenance Cost·· · . ·. .. .· 
Estimated Cost Per 100{). Gallons . 
Fbr TJ?eatmerit Only o •. 19 

. ' -- . . ' 

1. Costs are based on U.S~:E:PA Pr9posed Rules, 1985 ~nd NJOEP · 
studies. (Abrams,. 1986) • . 

'Estimated·· Total Statewide· Costs 
. . 

Estimated Number of Aii,Strippe:rs Needed 

Estimated Capacity - Q •. 017 mgd ··· 60. - 90 
Estimated Capacity 0.95 mgd 130 190 

. . .·_ .· _ .... ·;· . . . . 

Estimated Total Statewide Costs = 50 - 70 mi.Ilion dollars 



wat~r Rates in New Jersey 
·: . . . . . . •. . i . 

The cost of water varies widely in New Jer~ey. Typic:S.1 water 
rates for purveyo s as of 1984 ranged from a lowj of 0.56 per 1000 _ - ·_ 
gallon in Trento , __ tc;, betweem -2 and _ 3 doll~rs pef' _ 1000 - gallon for--,- -._ 
Jersey. City, Tom River and_- several-.other: utili;ties. Generally, __ _ 

_ smaller __ water tili ties~ especially those _ telying · only on 
-_ -groundwater, wil. h~ve -lower charges _because t.Hey may only have 

been required to rovide. chlorination. ! I · 
i 

Existing Facilitiesi - _: -Ii 
--

·_;. . . ··1 .. , . 
Reported de ign -and cos_t _ data .t:o !_ const:i,tuct and operate 

existing water - t eatment plants designed tO remove organics. have 
been - tabulated - f r. :plants in New Jersey. -__ Not jall of them_ have 
been· designed _ ·_- meet what the Institute 1 - has considered 
recommending as MCLs. Under certain ! operating. conditions, 
however, all ptan s are capable of achievir;ig th~lstringent levels, 
below analytical etectability., - -- ' _- i 

- ' ' ' ' ' ! 
_- Hidden Costs 

The cost of obtaining local zoning anJ-plan4ing approvals has 
to be considered. On the -other hand, the :preseiljCe of a treatment 

- facility will p ovide some assurance -to i those: that rely on a 
·contaminated sour e of supply.. Treatment ifacilf.jties -_ de-signed to 
remove volatile - rganics often generate · waste bYi;products such as 
spent granular ct:Lvated carbon., The jcarhoinj manufa~turer is -
typically respons · ble for removing spent c:arbon~ r Some purveyors, 
to avoid future_ iab_ility froin landfilling i spent1ca.rbon-, have paid 
for ca_rbon regene at1.on._ · 

F. _ Cori_clus-ion 

It is techn 19.gically •feasible-_ and ·pr!acticaple _-- to remove the 
_ A,,.280 . volatile nd-, readily a.9-sorl>able qrganfc'S to -· recommended 

MCL' s. , ·-Specif· cally ,. trichloroethylene, te-i;:racnloroethylene, 
1, 1-dichloroethyl ne ,. carbon tetrachlorid~, vi;qyl _chloride, cis 
and. ·trans...,1, 2,-<i' ch;Loroethyle~e, _-1, 1,1-trichlor<j>etbane, xylenes, 
benzene, chlorob i1z.ene, dichlorobenzene.(sl ·,. -methylene ch];oride, 
1,2...;;dichloroethan , _ trichlorobenzene (s), PdBs an~ chlordane can be 
removed _ wi.th air :,.stripping , arid/or granular: j activated carbo.n , 
contacting~-- ' The e ls insufficient data -th draw! a co.nclusion for ·--' 
methyl _ ei:hyl · ket ne ,. __ ethylene glycol, keroi;;ene/ i formaldehyde, - a11d 
n,-hexane.- · · - · -
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DISSENTING OPINION 

First .of. all I would like to say ·that a lot jof fine work by 
I 

some very dedicat d people went in to this report. I Nothing that I 

say below should e construed to minimize their efforts. 

Also, please beir in mind that this re~ort d~als with only 
I 

twenty~two chemic ls. They are only a small fractjion of the more 
' I . 

than 700 chemical already identified in U.S~ dri~king water sup-
' 

plies. There are maJy other extremely dangerous ~rtd harmful con-

taminants that ha e yet to be addressed. 

LEGISLATIVE GOALS I 
I 
I 

With r~espect to the non-carcinogens, tne dir~c tive was" ... to 

develop maximum c ntaminant levels (MCL's) .at whidh no adverse 

physiological eff cts would be expected to riesult jfrom a lifetime 

of exposure." 

With respect to the carcinog~ns (cancer-c~usdrs)i the directive 
I •. , 

was '' ..• the maxim contaminant levels for ¢.arcinojgens ... shall 

permit cancer in o more than one in one mLllion p
1
ersons ingesting 

that chemical for. a lifetime." 

I believe th gqals for dealing with the nori~carcin-0gens and 

the carcinogens a e backwards. I realize ttlat thdre is no safe 
' • I 

I 

level for carcino ens, but I certainly woulq have preferred a goal 

of no cancers in 1lifetirne from carcinogens in drjinking water and 

one in one millio physiological effects in a lifeitime from non-

carcinogens in dr'nking water. 

I don't know where it got. started, but the on!e in one million 
I · .. I 

cancer risk seems to have become an "acceptable" riisk~ In my 

opinion, it an acceptable risk. I ask 

one in one million···• is S,our 
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. 

. 

child, or mother, or father, or even yourself? 

I believe. our Legislators wrote the· 1aw. this way- becaus:e they 
, ' ' . . ' . 

were led to pelieve that this was the be.st that can be reasonably 
' , ' ' 

expected. When a basic premise is faulted, tqe entire structure 

built .on that premise is severely weakened .. 
, . . . . 

It must also ·be realized that the one in one-million can~ers 
. .. . ·', ·. .·' . . . · ... · 

goal is f o; each chemical that is a knm;n carcinogen and. is n,o t the 

overall effect ()f all the car~iriogens, or possible carcinogens, 

found in drinking water. 

The ref ore;. since. this first report deals' with eleve.n (11) known 

carcinc6gens at this time, the overall cancer leve-1 suggested by . ·, 

these gQals·, ·for just these particular . chemicals, could _be almost · 
·: - .. ' . ·. ",. . . . .. 

eleven (11) in a million and. still meet the requirements of the 

directive~· The -next question is, what about the · many carcinog.ens · to 

be addressed in the future? _O( eyen grec}.ter concern is the fact 

that: the one in one ·rrtJllion risk.is based upon a single carcinogen: 

acting _alone. There is no knowte,dge of,: or consideration given to 

the many carcinogens acting 'in concert. , There is: afs:o no knowledge 

,' of the likely synergistic effects~ Or the,' effects, of "initiators''' , 
, ' ' 

-which. can g·rf:a tly increase the carcino8enicfty of a chemical-. 

I believe that our Legislatorswouldhav.e been happy to accept 
' ' ' 

a more stri~ge~t level of carcin-0geµs as.a goal if th~y weFe re~ 
. . . . 

quested to do so .. There· is ample evidence that we must become far ·· 

more diliger1 t a~ou.t removing car
0

cinogens from our environment. The 

fact th~t u ... the· c~·rrent lifetime cancer incidence in the U.S .. 

is approximately one in three individuals (American Cancer Society~ 

1985)" is a compelling -reason why we must change our views and stop· 

trying to 111c1.ke the unacceptabl~ acceptable. 

}5::>~hp,uld bf :r~,t,ed tpa t ?tz.rI!,~f.cl/~; -~.?~.~~·~tr.a\~-:~.~, ~.{,;~~e-



water in Woburn, assachusetts had its disasterou~ effects on those 

least able to def nd themselves~- the children. The "one in one 

million for a lif time'.' can have a different connotation when a 
i 

child's life is s uffed out before even reaching~ double digit age. 

DETECTION 

· The Health-b sed Level of a contaminant is the· maximum contami-

nation level set orth in the goals. For ca.rcino~ens, it is one 
. I cancer in a milli n and for non-carcinogens it 1s :no physiological 

effects in ime. 

It is true at.many of the minimum detection levels available 
I 

to us today are a ave the Health-based Levels. It mt.ist be re-

membered that the Health-based·Levels are levels arrived at by 

using the best av ilable information for that particular chemical 

acting alone to c use the maximum adverse health effect permitted 
I 

under the law as resently written. 

It is very u fortunate tha.t we do not have r~liable detection 

levels for many o these chemicals at concentratiQns beneath the 
. . I 

Health-based cont mina tion levels. In fact, in most instances, the 
i 
I 

confirmable minim m detection levels areconsider~bly above the 

Health-based cont mirrntion levels. 

Under these ircumstances I strongly believe.that when the 

Heal th""based cont mina tion level is lower than· th~ confirrnable 

minimum detection level, the Health-based contamination level should 

become the maximu contamination level to b~ perm~tted in our drink-
, 

ing water. In th s wayj whenever a contaminant is] detected and 
. . ' ! . 

that level of det ction is above the Health..;based :Level, it would 

trigger defensive actions with respect to the wat~r supply_. As far 
! 

. as L am concerned the ultimate ac.curacy of that a1nc3.lytical deter-
I ! 

I. 

rnination is• total y immaterial !3,S long as, the conctentr?tion ·of· the 
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contaminant is "likely" to be at or above tq.e Health-based Level. 

Aft·er arriving at- reasonably supportable Heal th-

based Levels, instead of viewing them as the maximums to be allowed 

as directed by the statute, the levels were subjugated to existing 

analytical techniques. Furthermore,- they did not use the minimum 

detectio·n levels of these techniques but adopted levels at which· 

the average laboratory could comfortably reproduce the analytical 

results. This was called the Prac.tical Ql..lantitation Level (PQL). 

Having adopted this ra tion,ale, the Heal th-based Level in most 

cases was abandoned to the Practical Quantitation Level even if it 

meant that the recommended maximum contaminat:i,.on levels were no 

longer related to maximum health risk levels, but to the practicali-

ties of analytical chem"is try. This new rationale resulted in 

maximum contamination levels which were 7, 21, 38 and even 60 times 

higher than the Health-based Levels. 

It is my conten~ion that eVep though, in many instances, no 

analytical techniques exist which can detect these chemicals at or 

below their maximum Health-based Levels, the.Max.imum Contaminant 

Level (MCL) · must be set at the Health-based Level so that if any: 

confirmable detection occurs which is at.or above·the Health-based 

Levels, it would indicate_ that the water is unfit to drink and 

treatment should be initiated as soon as possible. 

It should also be noted that the new minimum detection levels 

recently developed by Rutgers University, known as the 502.1 method, 

compares .very favorably with. Heal th-bas.ed Levels and, in some 

• ·cases, have minimum detection levels beneath the Health'-based Levels. 
. . 

In consideration of all the above, I believe that to ·recommend 

Maximum Corttaminant Levels (MCL's) which are higher than the Health-

based Levels is unconscionable. 



CONTAMINATION SOL TIQNS I 

·' ' 
It has been learly. established that ·t}!te use )of simple. 

technoiog. ies. (air stripping and activated carbon Jdsorption) will 
' • I 

. reduce the :levels of ;thes~ c~ntaminants to l~vels !beneath the 
. . , . . I . 
, . . • I . ! 

minimum detection' levels of . all our present: sciehq.e. 

However, we 

it mus.t always 
. .. . 

. system .. .To do 

taminants from .th 

. -I 

hould never permit air sttippini to be used alone~ 
•. '· ... ·· . . . . . ·' 1. . 

. us.Jd in conjunctioh with a carb9n adsorption. 
... , . I 

erwise would be the eq1.iiv4Tertt •:qf. moving the con-
. i 

I 

wa·ter we drink to the air we brfeathe. · . This must ! ' . i 
.! 

nbt be allowed to o~cur. .. ' 

. ) 

. ' . ' : y . 1 · '' .· ·. ' 

A cos·t analy is •.for using thes~. technologies 1to remove both the·-· 
' , 

carcinogens: and t. e non"."carcino.gens 
. . ; ·_. ! 

from our water: for. the. entire 

State would cost 

ments and operati 

/. 

nly• approximately $70-milti·on id capital invest . ..:• 
. . ·• •.•. · . . . . .' . . . . ' , i ' • ·~ • ·, . ' '·. ' 
g expenses of approximatel~ $2 ~~llion per year. 

. ' i . 

· These.figures·are for the entire state's dr{nking\water supplies 
! 

that' are. pre.sentl ~o.htaminated with. these ~hemicals. . :1 ' ' 
The. cost ana ysiB suggests that the above figures could result . . •. . . . i . ·· .•.. ' .· .. 

·· iri' an ·additional. xpense {if it is borne by the us;ers alone) of 
' ·I ' l 9 

from approxima tel $.28 to $144 per hot1seho1d: per ~ear. · . (The varia-

tio,n is · due 

Siz·e -of the 

Not Only do 

.. , I • I . 
/ 

factors, the most- import.an~ ·.of whithis• the.· 
:· ' 
: . ' t 

being se.rved by a paltticul~r water supply.) 
i 

. s~,ncere1y believe that every ·ho:usehold. would -be 
. j . 
. ·'· 

willing to ~ay th Se.costs in ~rde~ tb be a.ss~redlthat the water 
. ' ,.. '· ' • i 

they ar·e drinking is·: free _from defe~table•'. cJrcinoJens and non-: 
! ·• •j • 

carcirio.gens, but 

be reclaimed 

per~uaded tb put 
' ' . 

population.would 

.. who 

aiso believe th~t a good (part oir· this inoney can. 
i 

the polluters and thaf our ·Legisllators could be 
i · . 'l· , ·· . 
'. ! 

bond issue on the ballot so thait the entire 
i . i ' 

hare the expense.for ~he.JnfortJnate·few ... because 

. water may 
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Please, let us not forget that the Health-based Contamination 

Levels are not levels at which exposure to that chemical is safe. 

There are no safe levels for carcinogens. Our Health~based Levels 

are the maximum levels of exposure to "limit" the additional cancers 

produced to one in one million for each of these chemicals. 

Unfortunately, none of the above takes into account that we not 

only drink our drinking water, we also.bathe in our drinking water .. 

Skin absorption through bathing,. which can be .. substantial, has not 

been included in this investigation. 

If we want to change the American Cancer Society sta.tistics 

that one in three of uswill develop. cancer, then we mu.st stop 

accepting that one cancer in one million for each and every thing 

we do, or each and ~very thing_ we are exposed to, is an acceptable-

risk. 

We must stop accepting the unacceptable! 

In the law,. there is the concept of the "prudent man". This 

.concept states that if someone sets into motion a chain of events 

that causes death or injury to. his fellow man, the law evaluates 

· whether a prudent man could have foreseen the outcome of this actions. 

If it is adjudicated that a prudent man could have foreseen 

such an outcome~ then that person is held responsible for the out-

come of his actions. 

He cannot say in his defense that he killed only one in two 

hundred-fifty million and, therefore, that is an· acceptable risk. in 

our society. Is su·ch a defense acceptable? Of course not! 

To knowingly allow a chain of events 'to occur which will 

knowingly cause death and/or injury to others is, in effect, giving 

out licenses to kill with impunity. 

Let us be prudent men. Let us not give licenses to anyone to 
. . . 

·kill or injure his fellow man uncler any banner. 
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I repeat ... et us not accept the unacceptable! 

• 

Frank Livelli 
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