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PREFN:E 

Asserrbly Concurrent Resolution No. 134, passed by the New Jersey Asserrbly 
on oecerber 16, 1982 and by the NeN Jersey Senate on June 20, 1983, petitioned 
"the C.overnor's Science Advisory Carmittee to assess ard evaluate·knC1Nt1 environ­
mental and econCl'Tlic effects of acid deposition upon water, wildlife, marine-_ 
I ife, vegetation, property, recreation, and agriculture in New Jersey and to 
consult with appropriate persons and groups in other affected states in order to 
ascertain the effects of acid deposition on a regional basis." It is also 
requested that the ccmnittee "within 18 months of the effective date of this 
concurrent reso I ut ion, report i ts findings and reccmrenda ti ons to the Governor 
and the Leg is I ature, acccrrpanying the sane with \\hatever proposa I for State, 
regional, or federal action it may dean appropriate." 

w, i I e the C.overnor' s Science h:Jvi sory Carmi ttee (GSAC) was fonru I at i ng its 
mode of response to the Concurrent Resolution, the Cannittee learned that 
Governor Kean desired an interim report on the subject before the Decerber 4-5, 
1983 meeting of the Coalition of Northeastern Governors (roEG} that Governor 
Kean, as 1983 O,ainmn, was to host at the iVeadowlands Hilton Hotel. Governor 
Kean had placed 11 acid rain 11

, as acidic deposition is popularly cal led, on the 
meeting agenda and was to deliver a speech on the effects of acid rain and on 
the need to adopt a regional abatement strategy. 

CfiAC, thus joined _with the Clean Air Crunci I (CIC) to hold a J:XJbl ic hearing 
on "The Effects of Iv:. id Ra in in New Jersey" on October 17, 1983 in the State 
MJsellTl, Trenton. Dr. Donald F. Nelson of GSA.C and Dr. Paul J. Lioy of CIC acted 
as cochainnen of the hea_ring. Experts in various aspects of the acidic deposi­
tion problen fran New Jersey and surrounding states were invited to testify at 
the hearing. Testirrony fran the f'.X.Jbl ic was also received. A report by the sane 
ncfTle as the hearing was written and forwarded to Governor Kean in mid-Noverber, 
1983 and rrede public at the ©EC meeting. 

At the beginning of 1984 C13/C fomed a panel of experts fran within New 
Jersey to make an in-depth study of acidic deposition in New Jersey in response 0 

t0 the Caicurrent Resolution. The panel began its oork in February. The New 
Jersey Department of Envirormental Protection offered staff support services to 
the panel through John C. Elston, O,ief, Bureau of Air QJal ity Management & 
Surveillance. ll.Jring 1984 the panel rrerbers have given rruch time~in the spirit 
of public service in order to prepare this report. It has been peer-reviewed by 
nine experts in the diverse fields encoopassed by acidic deposition, revised by 
the pane I , and f i na I I y approved by CJ:!,'1C. 
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INTRD.CTIOI 

Acidic deposition is the camination of acidic precipitation in the form 
of rain, snow, and fog ard the dry deposition of acidic aerosols and gases frcm 
the aurosphere. The tenn "acid rain", used in the popu I ar press, actua I I y 
refers to only one ccnponent of the acidic deposition phenanenon. A nurber of 
harmful effects have been r:urported to result fran acidic deposi_tion, including 
the acidification of lakes ard streams with a consequent alteration of their 
biota; decreased growth rates in sane agricultural crops and trees; corrosion 
danage to bui !dings, bridges, monunents, and other exposed metal I ic ard stone 

, structures; increased dissolution of toxic metals in surface waters and, in a 
fe11 cases, ground waters; ard increased breathirg difficulties caused by acidic 
aerosols for people suffering frcm lurg disorders such as asth'na and errphysana. 
HoNever, the causa I re I at i onsh i p between these prob I ens and acidic deposition 
is stil I a st.bject of intense debate and research. 

Acidic deposition is both an old ard a new problem. Statements that "the 
air is ful I of acid and sulphureous particles" can be found in the I iterature 
as early as 1738. In the mid-nineteenth century, Smith in England gave a 
remarkably accurate and encoopass ing characterization of the effects of acidic 
deposition (Smith, 1852, 1872). In fact, it was Smith 'Aho first used the 
phrase "acid rain". In the century fol lowing Smith's seminal studies concern 
about acidic deposition grew slcmly as did the nurber of studies devoted to it. 
The work of (xjen ( 1968) in SNeden and the subsequent report to the United 
Nations Conference on the t-lman Envi rorment (Bo Ii n, 1971) did rruch to focus 
world-wide concern on the problen. Shortly after that Likens and his associ­
ates d,:-ew attention to the problem occurring in the eastern U,ited States 
(Likens et al., 1972). Thus, as a problen having wide recognition, it is only 
sanew,at over a decade old. 

The past decade has seen an increasing nurber of studies of the acidic 
deposition µ,enanenon and, rmre recently, a nurber of irrportant reports sUTTIBr­
i zing the status of present knowledge have appeared. Prani-nent arong tt,ese are 
two National Research Counci I reports, "Atmosp,ere-Biosphere Interactions: 
To.vard a Better Understandirg of the Ecological Consequences of Fossil Fuel 
Carbust ion" (t--R:, 1981), "Ac id Deposition: Atrmspher i c Processes in Eastern 
North hrerical' (!\RC, 1983), the Envirormental Protection ,Agency report "The 
Acidic Deposition Aienanenon and Its Effects: Critical Assessment Review 
Papers" (Altshuller and Linthurst, 1982 ), the U.S./Canada Work Group #2 
report "Atrmsph~ric Science ard Analysis" (l.JS/Q\G #2, 1982), ard the yearly 
National Acid Precipitation Assessment Progrc:TT1 reports (NA.PAP, 1982, 1983). 
This cmmittee has made considerable use of these reports as wel I as the 
original I iterature. 

In spite of the rapid growth of knowledge concerning acidic deposition the 
carplexity of the problen leaves rruch left to be learned. Nevertheless, the 
overal I out I ines .of the problen are knCM11. Figure la presents the geographic 
distribution in North ,America of the mean value of p-i of precipitation, w,i le 
Figures lb ard le present the geographic distribution in North Arerica of the 
annual wet deposition of sulfate and nitrate (anions of sulfuric ard nitric 
acids, respectively). As stated in the second National Research Council report 
(~, 1983), "There are no knC1M1 natura I causes that can account for either the 
distrirut'ion or the value of acidity in eastern North Arerica". Hotvever, 



anthropogenic sources of the precursor carpounds, sulfur dioxide (SO ) and 
various oxides of nitrogen (t-0 ), that result fran foss i I fue I cCJ1DUst~ on in 
electric power generation, man~facturing, and transportation are wel I knOW1. 
Figures Id and le map the state-by-state and province-by-province anthroPoc,;:Jenic 
emissions of so2 and f\O in North Anerica. The geographical pattern of emissions 
in Figures Id and le, i~ conjunction with the prevai I ing westerly winds, offers a 
hard-to-refute mesoscale explanation of the origin of acidic deposition. The 
first National Research Council report (t-RC, 1981) fourd 11 the circtmStantial 
evidence for their [anthropogenic emissions] role overw,elming". This Panel 
concurs in these judgements. 

lv1 examination of these Figures reveals that, of the thirty one states 
contiguous to or east of the Mississippi River, New Jersey is the twenty third 
fran the top of the I ist of emitters of ~ 2 and seventeenth from the top of the 
I ist of emitters of t-0. Wien balanced against New Jersey 1s ranking as the 
seventh rrost populous 'hate within these thirty one states and against New 
Jersey's substantial industrialization, these emission figures testify to the 
successful emissions abatement instituted in New Jersey over the last two 
decades. However, part of this abatement has resulted frcm the New Jersey 
uti I ities' choice of irrporting a substantial portion· (37%) of this state's 
consuned electrical power fran out-of-state. A truer ranking should include the 
emissions frcm this generated power in Nev-, Jersey's tota I. In spite of the 
emission abatement, Figure la shows that New Jersey's average p--f value of preci­
pitation, about 4.3, is only sane'Mlat better than the worst state-wide average, 
about 4.1, in O,io. This attests to the regionalization of the problem and the 
consequent need in any abatanent strategy of considering the entire eastern part 
of the United States as wel I as eastern Canada. 

The first National Research Council report (l\RC, 1981) pointed out the 
agreenent between studies in both the United States and Scandinavia that there is 
a critical pH value of precipitation below Vvhich acidification of sensitive 
waters (those having a smal I buffering capacity) occurs within a decade or t"M>. 
This critical value is around 4.6. Based on this value and p-i values occurring 
in the eastern United States, the report concluded that a 50% reduction in acidic 
deposition (a rise of 0.3 pH units) was needed to protect the nunerous sensitive 
waters in this region. 

The second Nat iona I Research Counc i I report (f'RC, 1983) addressed the 
question 'Mlether a 50% reduction in deposition could be accoo-pl ished by a 50% 
reduction in emissions. Such a conclusion cannot be taken for granted because of 
the many nonlinear processes that occur in the atrro~phere. A nonlinear process 
is one in 'Ahich the outJ:X,1t or result of the process i·s.not I inear in, that is, is 
not proportional to, the arrount of an input substance. Thot.gh adnitting that the 

.data base was sketchy, the report (f\R:, 1983) concluded that deposition was 
proportional to emission, or rrore precisely, "that there is no evidence for a 
strong nonlinearity in the relationships between long-tenn average anissions and 
deposition." Thus, on the basis of this report, a 50% reduction in deposition 
would be expected to result fran a 50% reduction in emission men considered on a 
regional basis over a period of a·year or so. A 50% reduction in deposition.in 
New Jersey 'M>Uld cause the µ-f value of wet deposition to rise fran about 4.3 to 
4.6. 
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FIGURE 1a Annual mean value of pH in precipitation weighted by the amount of 
precipitation in the United States and Canada for 1980. SOURCE: U.S✓Canada Work 

Group # 2 (I 982). 
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FIGURE lb Spatial distribution of mean annual wet deposition of sulfate weighted 
by the amount of precipitation in North America in 1980 (mmoles/m2 

). SOURCE: 
U.S./Canada Work Group #2 (1982). 
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FIGURE 1c Spatial ~i~tri~uti~n of mean annual wet deposition of nitrate weighted 
by the amount ofprec1p1tation m North America in 1980 (mmoles/m2). SOURCE: 
U.S./Canada Work Group #2 (1982). 

~GURE 1d Representative values of SO2 emissions in the United States and Canada 
m 1980 (thousands of metric tonnes). SOURCE: U.S./Canada Work Group #38 
(1982). 
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FIGURE 1e Representative values of NOx emissions in the United States and 
Canada in 1980 (thousands of metric tonnes). SOURCE: U.S./Canada Work Group 
#38 (1982). 

However, stooies p.ibl ished since issuance of the second National Research 
CDuncil report (~, 1983) have raised questions about the linearity conclusion. 
Though there is no doubt that "what goes up canes dOYKl 11 wien the entire g I oba I 
surface is considered·, the percentage reduction in deposition may differ frcm the 
percentage reduction in emissions depending on the distance of the receptor from 
the source as detennined by the chemical. processes in the atrmsphere during 
transport. Though the newer studies have not quantified the nonlinearity, they 
do suggest that the dcminant nonlinearity will act to lower the percentage 
reduction of deposition below the percentage reduction in emissions for the 
eastern United States. 

Rain naturally has sane acidity as a result of the carbon dioxide carponent 
of the atrmsp,ere an:f natural emissions of sulfur coo-pounds. However, at p-i 
values of rainfal I of 4 to 4.5, typical of rruch of the northeastern United States, 
the acidity of rain can be easily 10 times higher than,acidity of rain in remote 
areas of the oorld. Thus, anthropogenic emissions of SO and l'O have caused a 
very large change in an irrportant property of our atrrosphere. s'fnce our atrros­
phere is such a pervasive influence on our environnent, it seems eminently 
reasonable that the increased acidity will lead to sane changes in our environ­
ment in time. This very general consideration along with the goal of preserving 
our environnent leads naturally to a desire to reduce acidic deposition and hence 
its so2 and ~x emission precursors. 

In many quarters, however, it is felt that an emissions reduction strategy 
camot be based solely on such general reasoning and that the specific adverse 
effects of acidic deposition rrust be detennined in order to evaluate properly a 
cost/benefit tradeoff. It is toward this end that many present stooies of acidic 
deposition are aimed. The proof of cause and effect in a scientifically 
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convincirg rramer, however, is a difficult task for tv:o major reason.s: (1) an 
adequately carplete characterization of any ecosystem an a state u,d1sturb~ by 
acidic deposition (the "baseline") is not knOM1 a~ {2)_ any ecosys~em contains a 
myriad of const;ituents and interactions and so attr1but1ng a spec1f1c effect to a 
specific cause is very difficult. 

Nevertheless it is the purpose of this report to asserrble al I the avai table 
i nfonnat ion conce1rn i rg the effects of acidic.deposition. in New Jersey, to draw 
those cone I us ions that, based on the exper I ence and ~ uclgenent or the pane I , 
appear warranted scientifically, and to make recoomendat,ons of actions that are 

deaned needed. 
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Acidic deposition is primarily generated fran emissions of sulfur dioxide, 
nitrogen oxide, and organic species w,ich, in turn, largely result frcm the 
cart>ustion of fossil fuels. A fraction of these emissions is converted in the 
atroosphere to sulfuric, nitric, and organic acids and various salts of these 
acids. These materials fonn aerosols W'lich are deposited by wet and dry mech­
anisms on fores ts, I akes and cities both I oca 11 y and many mi I es dOYA1Wi nd. New 
Jersey is both an emitter of these precursors and a recipient of acidic deposi­
tion generated by the emissions of neighboring states. This report attffil)ts to 
assess the dcrmge that acidic deposition may be doing to New Jersey's ecosy­
stems, its water supply, its marmade structures and the health of its citizens. 

Eini ss ions 

The history of sulfur oxide (!:O ) enissions for New Jersey and for severa I 
neighboring states is sunnarized bel&r. Sulfur dioxide (S02) accounts for rrost 
of the SO enissions. 

X 

SOX Bni ss ions, Thousands of Metric Tons /yr 

1950 1960 1970 1978 1980 

N. J. 1188 452 536 294 253 

N.Y. 772 1296 1021 954 857 

Penns. 881 2145 2103 1725 1835 

Oiio 813 2664 2837 2829 2401 

33 Eastern 
States 10,784 18,853 23,492 21,742 21 , 436 

New Jersey's reduction in SO emissions began in the 1950's with the switch 
fran coal to natural gas and oi12, and continues to the present as a result of 
strict environnental regulations. It should be noted, however, that New Jersey 
irrports a substantial cl'TlOUnt of its JX>'Ner, partially acc~nting for the current 
1cm level of enissions. QJr nearest neighbors with major emissions have shCMf'l 
decreases in so

2
_ eT1issions fran the 1970 levels, l?rgely a result of the 1970 

Clean Air Act. "New York State has recently passed legislation to reduce its S02 
emissions by an additional 245,000 metric tons per year by the 1990

1
s. This 

legislation is specifically intended to help counter the damages fran acidic 
deposition. 'Miile sane of the southeastern states, due to their rapid grCJNth 
and industrialization, continued to increase their emissions through 1980, the 
carb i ned €flli ss ions of 33 eastern states have shCMn a reduction of about I 0% 
since 1970, and srn,ey.,hat rrore than that since the peak year of 1973. 
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Nitrogen oxide (1'1:'x) emissions increased quite rapidly 1..p to 1978 '(Si) 
Table belo.v). 

"°x Bni ss ion, Thousards of ~tric Tons/yr 

1950 1960 I 970 1978 1980 

N.J. 257 329 489 449 368 
N.Y. 448 697 908 826 617 
Pems. 435 927 990 1017 941 
Olio 453 872 I 058 1160 1038 

33 Eastern 
States 6,386 10,817 15,300 17,609 15,060 

Autanotive and other transportation enissions account for about 40% of the. 
~x emissions. These enissions were redu~ed between 1978 and 1980 by about ,·s%,· 
as a result of control on power generation and industrial enissions and auto. 
emissions. As mig_ht be anticipated fran its small size, high industrialization, 
and heavy autanot1ve usage, New Jersey has the highest level of N) emissions 
per year per square mile of any of the states in the U.S. x 

The generation of organic acids in the atrmsphere is poorly l.l"lderstood. It 
is know, that they are related to hydrocarbon enissions (wiich have decreased 
over the past decade in New Jersey), but the relationship is obscure. Since 
organic acids appear to be a significant but not daninant influence on precipi-: 
tation acidity and since their sources and effects are not wel I know,, they,. 
have not yet been studied to the same extent as have sulfuric and nitric acids.: 

Deposition 

Acidic deposition occurs in dry fonn and in wet fonn as in rain or snowfal I.! 
~et depos_i ti on is readi ly measured, 'Mlereas dry deposition ( the irrpact ion and! 
!ntercept1on of aerosols and gases frcrn the atrrosphere) is significant but there I 
1s a lack of agreenent on 'Mlether the measurements are representative of forestedi 
areas, open fields, etc. Wet deposition rronitoring is, therefore, the rrost: 
widely used technique in measuring acidic deposition. 

There are two wet deposition sites operated by the New Jersey Department of:: 
Envirormental Protection (DEP) that have sufficiently accurate records to permit;'. 
estimates of the annual wet deposition rate. O,e site is at Washinoton Crossing!, 
State Park in Mercer County ard the other is at Mi I lvi I le in Curberland County. ; 
At 2these sites wet deposit ion has been estimated · at 24-27 kg/hectare/yr of;• 
so4 ion with a corresponding average precipitation pi of 4.3. A similar 
level is found across our northern border in New York State. A recent study of 
the data fran rroni tors in the eastern l.hi ted States operated by the Nat iona I 
Atrrospheric Deposition Progran (NilOP) indicated that the average deposition rate 
was 23.1 kg/ha/yr in 1980-1981, with a corresponding p--1 of 4.35. Hence New· 
Jersey, based on the I imited rmnitoring within the State, is experiencirg wet 
deposition with acidity similar to other parts of the northeastern U,ited States. 
For cmparison, the roost polluted regions in the eastern lhited States received 
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40 kg/ha/yr, ~ith an average rainfal I p-1 of about 4.0, and the least pol luted 
reas in the northeast received 15 kg/ha/yr with a p-1 of 4.7. Th~ industrial­

~zed area of New Jersey close to New York City is indicated to receive 30 
kg/ha/yr and above. 

There is no I ong tenn record of wet deposition in New Jersey, but it is 
aµparent fran the history of sulfur dioxide and nitrogen o?<ide emission~ th~t 
acidic deposition has been occurring for dec~es. _Indeed, with t~e. reduct1~n. in 
snissions both in New Jersey and in our ne1ghbor1rg states, ac1c::t1c depos1t1on 

uld be expected to have been declining slightly over the past decade, but there fs no critical evidence of such a reduction in New Jersey. 

The danage to New Jersey fran acidic deposition was assessed in the follcm­

ing ways: 

I • 

2. 

3. 

The literature was reviewed for the types of danage that acidic deposi­
tion has done or has the potent i a I to do within New Jersey and in 
adjacent areas. 

The pertinent data within the Department of Environnental Protection on 
air and water quality were studied and evaluated. 

Continuing acidic deposition research w,ich is being carried out in New 
Jersey has been incorporated in the report. In several cases, the 
research is being directed by panel rrerrbers. 

As was observed in an NR: report (r-.R:, 1981), 11 in many respects .TTlc!". is now 
operating on nature's OM1 scale." This poses the danger t_h~t our act_1v1t1es can 
cause a long tenn alteration in our environrent. The ac1d1ty of rainf~I I_ (a~ 
other acidic deposition) is a case in point. Fran 90 to 95% of that ac1d1ty 1n 
the eastern U,ited States arises frCJ'Tl anthropogenic sources(~, 1983~. A rran­
rmde change of that rragnitude in such an irrportant and pervasive er:1v1rormental 
influence is bound to cause significant a Iterations in sane part 1o_ns of our 
environrent in time. Thus, based on this very general cons1derat1on alone, 
reduction of Emissions that cause the acidity is a sound goal. 

,~ It was found that the danage resulting fran acidic depositi~n !s extrare!Y 
difficult to detennine. Acidic deposition d_oes not occur alone; 1t 1s always tn 
conjunction with other factors. For exarple, the health effects can be the 
result of a carbination of the acidic aerosols an:i the other pol_l~tants. -.~kes 
and strec111s can be acidified by natural causes, as ~I I as by ac1d1c depos1t1on. 
Forests suffer frCJ'Tl diseases, pest infestations and air pollution. The effects 
of acidic deposition rTUst be separated fran the variety of ~irTUltaneously occ~rr­
irg influences. _ In short, there are many confounding variables, the h1stor1c~I 
natura I base I i ne is often poor I y know,, and thus proof of cause a"? e~fe~t Is 
very difficult. The lack of data specific to New Jersey also f!8kes 1t d1ff1c~lt 
to estimate danage in the state. The conclusions, then, contain sane uncertain­
ties, but they do reflect the experience and judgement of the panel. 
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Sunnary of KncMfl and Suspected Effects of Acidic Deposition in Ne.v Jersey 

Sul fate aerosol concentrat1ons _average 10~11 t.r;1/m3 in the at,rosp,ere and 
reach levels of 30-3~ 9:l9lm dur,rg stagnation episodes in the slJ1Tner. The 
i;,resent level_s of ac1d1c aerosols pose no threat to healthy adults. There 
1s a ~tent1a_l threat of t8Tl)Orary pulrronary irrpainnent to adolescent 
asthnat1cs during surrner aerosol peaks. 

Grourd and. surface wa_ters with p-f rruch be I ow· 5. s can, under sane c i rcun­
stances, dissolve toxic metals fran soi Is and surface Ii tter. In a stldy 
by the. New Jersey ~ol og_ica I Survey, about 14 per cent of the danest i c 
wel Is in on~ c_mm.m1ty in Ocean County have shONn lead concentrations 
above the d~1nk11'9 water standard of 50 ppb. Recent infonnation frcm the 
U:S. C,eolog_ical Su~ey indi~ates that lead fran solder and copper fran. 
J?lpes used m _danest 1c pl_urb1ng systems may be leaching into the tap water; 
in hanes. This ~roblen 1s currently under study. In northern New Jersey 
Clyde Pot~s~ Spl It ~ck and Clinton reservoirs are near neutral but hav~. 
low al~al m,_ty. Limited analyses shON that the rmtal content of these 
waters 1s quite low at the present time. 

Pinelands' gr°l:'nd waters are acidic and have low alkalinity with sulfate 
often ~he danmant anion. Pre I imi nary data indicate that the sulfate 
adsorption of the soils is low, ard the soils are probably saturated with 
sulfate. W,!reas hydr~en ion is generally the major cation in surface 
water, the maJor cation 1n ground water is often calciun. 

SLrface waters in the Pinelands have long been acidic (pH 3.5 - 4.5) as ' 
data_ tak~n over nearly 30 years confirm. The acidity is largely due to the 
carb1~at1on ?f the low ~ffe~ing capacity of the soil and to organic acids 
(fulv1c~ hum1c, and tann1c acids) fran decaying vegetation. This results in 
the tvp1ca! brow,-colored waters of the Pinelands. The organic acids are 
effectrve m carplexing toxic alU11inun ions. As a consequence, Pinelands 
ecosystems appear to be adopted to the acidity in as m.Jch as the waters 
s~Pr?<>rt many kinds of_acid-toleran! organisn:15 including fish. Acidic depo­
s1t1on has been fal I 1rg on the P1nelands in gradually increasing cffl)unts 
over the last several decades. Th~s acidic deposition has been estirrated 
to ha~e lowered_ the~ in the Pineland's waters by an additional 0.1 to 0.2 
i:tl units. M 1nvest1gation of the acidity of M:Donald's Branch and Oyster 
Creek waters has indicated a p-1 decline of perhaps 0.2 to 0.26 p-i units 
over the 24 years and 13 years respectively during mich data tiave been 
gathered. The p-1 data are scattered such tha·t the data base could al so be 
interpreted as irrplying no decline has occurred over the years. Assigning 
causes to smal I overal I declines in p-1 in a natural system subject to 
f I oods, drOttj, t, fires, and hunan act iv i ty becanes high I y prob I ema t i ca I 
but the large fire in 1963 and the increasing acidic deposition w,ich 
occurrE:d fran the 1950 1 s to the mid-1970's have probably played significant 
roles 1n the pi trends. Any s~tle_ effects of continued acidic deposition 
~t the pr~sent leve!s on aquatic biota aoo on the terrestrial ecosystems 
m _the. Pmelands w111 probably be difficult to discern, but continued 

mon1tor1ng appears to be a prudent course. 
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1here are several lakes on the Kittatinny Ridge in northwestern New Jersey 
with p-f ranging fran 3.5 to 4.5. TYtO of these lakes, Lorg Pine Pord and 
Crater Lake are severely stressed, containing only yel ION perch, one of the 
roost acid-t~lerant fish. Al I of the lakes have high clarity ard contain 
Sphagnum, an acid-tolerant rross, at the_ lake edges. '1!1e.se. lakes s~a~e 
characteristics with systems elsev.here vk\1ch have been ac1d1f1ed by ac1d1c 
deposition. Continuing research in lakes on the Kittatinny Ridge indicates 
that the rrost acidic lakes are characterized by increased. levels of such 
trace elements as lead in the "Nater colum ard in various organisms. 

There are lakes in the Highlands of north-central New Jersey w,ich are near­
ly neutral in acidity tut 'Ahich have low t:uffering capacity. These lakes 
could in the future, becoo,e acidified. The streclTIS and rivers in this area 
gener~I ly seem to have sufficient wffering to prevent a serious decline in 

p-1. 

Ore study has noted a reduced growth rate in about two-thirds of the pitch 
pine and short leaf pine in the Pine lards. However, no such effect was 
observed in vk\ite pine in this study. Given the relatively smal I rurber of 
trees scll"Pled ard the possibility that drought and other stresses may have 
contributed to the growth reduction, this study shculd be considered sugges­
tive rather than conclusive. Other conifers have suffered similar reduc­
tions in growth rate in New Ergland and as far sout~ ~s Georgi~-. Th~ cause 
of the reduction in grONth rate is unkncmn, but ac1d1c depos1t1on 1s sus­
pected of being one of a rurber of interacti!19 factors. A survey on oaks, 
one of the predcminant species in the State, 1s urderway. 

Experimental evidence obtained in various parts of the U.S. indic~tes that 
rainfall of J:i-1 4.0 does not generally have an adverse effect on agricultural 
crops. In particular no adverse effect has been found on New Jersey crops 
frcm presently occurring acidic rainfall~ 1?-1t, of course, _not all crops or 
varieties have been studied. 1!1e. trad It Iona I . use of-_ I une to pr_od_uce_ a 
maxim.m crop yield provides add1t1onal protection against any ac1d1 fymg 

effects on the soil. 

Toe avai !able data give no irdication of consisten~ changes in acidity 
I eve Is nor e I enenta I coopos it ion of soi Is frcrn sect Ions of northern New 
Jersey over the past several decades a~cribable to acidic deposition. No 
generalization can be rrade of other sections of New Jersey. 

Ervirorrrental exposure probably has a major ir.pact on ~xpos~ metal 7, 
al toys ard stone of b.Jildirg structures ard cultural or h1stor1cal _arti­
facts. However, weathering of these materials is not well tnders~ood and 
the added ·carponent due to acidic deposition is. ~ot well_ ?elmeated. 
Docunented materials darrege in New Jersey due to ac1d1c depos1t1on has not 
been es tab Ii shed. nor has any econcmi c cost of the rreteri a Is dc1T1age been 

attenl)ted. 

Sulfate aerosols are primarily responsible for limiting the visibility_in 
New Jersey to 10-15 miles. Toe major visibility irrpainnent occurs a~ high 
relative hunidity durirg peak concentrations of sulfate aerosols in the 

sLITl'OO r rron ths . 
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The data base relating acidic deposition to recreational activities within 
the state is limited or non-existent. The panel did not feel the estimation of, 
this potential secon:fary type of danage was possible. 

Likewise the panel felt there was insufficient econanic 
erent types of danages to warrant attEfT'Pting estimation of 
state of a reduction in acidic deposition. 

data on the di ff .. 
the va I ue to thei 

I 

I 
~ 

The panel thought it interesting that the many rmnths of review and stuc:fyl 
of the infonnat ion on New, Jersey uncovered no new or rmre serious set of danagesl 
or adverse effects than revealed in the one-day hearing held jointly by the! 
Clean Air Council an:f the C.Overnor's Science A:fvisory Ccnmittee in Noverber,· 
1983. 

Recarmenda t ions 

Although kn0'M1 adverse effects of acidic deposition in New Jersey are, to 
date, not extensive, acidic deposition nust nevertheless be regarded as a threat 
to our ecosystems, to our historical and cultural artifacts, and p:>ssibly to the. 
heal th of sCJ'Tle of our citizens. It is, therefore, in our best interest to 
rmnitor these potential threats for the purpose of developing a finn baseline of 
infonnation and an estimation of future trends. A smal I arrount of research is 
underway in New Jersey surveying danage to lakes, streams, groundwater, forests, 
crops and materials. A study of the heal th effects of sunner air pollution 
peaks on adolescents is also un:ferway in New Jersey. This research is obviously 
irrportant to our knowledge of the acidic deposition phenanenon within the state. 

Cl.Jr rmre specific recarmendation are as follows. 

1. Continue rTDnitoring precipitation p-i and acidic deposition. Reinstitute the 
measurement of cll"bient concentrations of sulfate and nitrate aerosols as a 
measure of the future health threats and other adverse effects fran acidic• 
deposition. ~asurements should include hydrogen ion concentrations on fine 
particulates as the hydrogen ion has been sh0'M1 to be the essential "health 
stress indicator". 

2. Study possible strategies for red.icing emissions of acidic deposition 
precursors. ~ 11 sea I e dispersion fl'Dde Is cou Id be used to i dent i fy the 1 

strategies v.hich \\Ollld result in the largest reductions in wet and dry· 
deposition in New Jersey. Since effects found by the panel are not over-· 
whelming, no recarmendat ion for a further genera I reduct ion in sulfur· 
dioxide emissions for New Jersey in the absence of a regional or national 
progran is felt to be justified at this time. 

3. Expand the study of forests and urban trees to I earn 'Mlether the reducecf 
growth rate observed in sane conifer species in the Pine lands occurs else­
'Mler.e in New Jersey. Detennine 'Mlether the reduced growth is caused by: 
acidic deposition, other pollutants or natural causes. Studies shoul_d· 
include other irrportant species within the state, such as oaks. Evaluate 
forest soi Is thro1.ghout the state to detennine the potential for the loss. 
of nutrients throt.gh leachiNJ and for the rmbilization of toxic metals due 
to acidic deposition. 

14 

l in 4
0 

of. 

ff­
the 

er, s. 

to 
eat 
the 
to 
of 
is 

ts, 
ion 6. 
sly 
te. 

7. 
the 
5 a 
die 
ine 
Ith 

8. 

on 
:he 
Jry 
~r-
fur 
nal 

iced 
se-

by 
,uld 
,ate 
055 
due 

Evaluate surface and ground waters throughout the state in areas identified 
as potentially susceptible to acidic deposition, principally in the Pine­
lands, the Highlands and on Kittatinny Ridge. This progrc111 should inclu:Je 
water chemistry measurements an:i estimates of the status of aquatic can­
rrun it i es, including their p-i and trace element tolerance. A study of major 
ion cheni stry inc I udi NJ hydrogen ion f I ux thro1.9h susceptible watersheds 
should also be undertaken to clarify the relationship of acidic deposition 
to soi I, groundwater and surface water acidity. Consider various approaches 
for treatment ard/or management of severely acidified lakes on Kittatinny 
Ridge. 

Req;.,ire routine testing of potable water supplies to include such parcrneters 
as p-f, toxic metals and sulfate concentrations. The New Jersey Safe Drink­
ing Water Act of 1984 establishes a rrechanism for rronitoring the water 
qua Ii ty of a I I reservoirs and cromerc i a I we 11 s. The act es tab I i shes a 
DrinkirYJ Water Quality lnsti tute vJiich shal I, c1TDng other duties, make 
recarmendations concerniNJ 'Mlich contaminants should be tested. The panel 
strongly advises that the lnsti tute include p-i and toxic metals 'Mlich are 
soluble in acidified water c1110ng the parcmeters for 'Mlich testing is 
required in both treated and untreated waters. The panel also recmmends 
that sulfate concentration be similarly monitored in the untreated water to 
aid in establishing a possible influence of acidic deposition. 

Maintain an inventory of cultural and historic artifacts subject to damage 
by acidic deposition. Aiotographic, chemical and dimensional studies should 
be used to establish the present conditions of these artifacts in order to 
docunent future change or damage. 

Assist the health studies being carried out in New Jersey on adolescents 
during air pollution peaks by monitoring sulfate and ozone levels especially. 
Institute studies of the effect of acidic aerosols in the range of actual 
peak concentrations occurring in New Jersey on elderly people and on those 
with chronic lung disease. 

Al I ocate funds to carry out the expanded research progrc111 w, i ch has been 
reccmnerded herein. Areas specifically needing errphasis are (1) a further 
assessment of the health effects on adolescents _and the elderly with 
chronic lung disease w,ich can arise fran acidic aerosols, (2) the delinea­
tion of the role of acidic deposition on forest decline, and (3) detennina­
tion of the effect of acidic deposition on lakes, streams, and ground water 
in susceptible areas. Al though no detailed cost estimate has been made, 
the recarrnended research could cost in the order of 2.0 mi 11 ion dollars/­
year for 3 to 5 years. This v.ould include funding for DEP to coordinate 
the significantly expanded acidic,deposition research in New Jersey. 
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RiY'SICAL, 0Bv11CAL ~ ~LO:;ICAL A5R:CTS OF /:CIDIC CEFOSITIO'I 

A. M\Jffi A-IYSICAL ~ Oi6\11CAL RU :ES.SES IN'\OL.vB.1 IN .ACIDIC DEREITIGJ 

1. Sources of Acidic C,ases in the Atmosµ,ere 

In any assessment of the acidity of precipitation, it is irrportant to 
recognize that rairPNater would be acidic even if the atrmsphere -were unpolluted. 
c.arbon dioxide, a natural constituent of the atrmsphere, dissolve~ in water to 
fonn carbonic acid. The equilibriun concentration of carbonic acid in rainrvater 
VvOUld be such as to rrake its pH value equal to approximately 5.6, as opposed to a 
value of 7.0 that 'M:>uld be classified as carpletely neutral. \\hen one adds in 
the effect of natural sources of sulfur, 'Mlich vary widely in space and time, 
unpolluted p; values in the range 4.5 - 5.6 are obtained (O,arlson and Rodhe, 
1982). Hov.ever, there are also natural substances, such as arrnonia, that tend to 
increase the pH. It is probably irrpossible to find a location on earth \\here the 
atmosphere can be thought of as carpletely unpolluted, but several recent inves­
tigations of pH values in remote areas (e.g., Galloway et al., 1982) shON values 
of 4.8 - 5.0. 

The primary anthropogenic sources of acidic gases in the atrmsphere are the 
large quantities of sulfur and nitrogen o~ides that are discharged fran the 
cari:ustion of fossil fuels, such as coal, oil, and gas. The sulfur oxide (g)) 
0T1issions cane about because sulfur is usually found as an ingredient in oil a~ 
coal, although in widely variable clTlOunts. Nitrogen oxide (f\O) emissions result 
fran any high-terrperature carbustion processes involving air.x Although nitrogen 
and oxygen are the principal natural constituents of air, it is only at ·the high 
terrperatures associated with carbustion that they conbine into nitrogen oxides. 

Table I gives estimates of annual emissions of g) for states in the eastern 
half of the country. Husar (1985) believes that emissfons for 1950 -were probably 
rruch higher than those show, in the table because of the existence of categories 
of sources, such as ra i I roads, that were not considered. He addi t iona I ly 
believes that g:,2 source strengths in New Jersey and elsewiere in the Northeast 
were probably fairly high even during the 19th century. \\hen viewed frcm the 
standpoint of emissions density (emission per unit area) as shOYJn in Table 2, the 
northeastern states and those in the Olio Valley rank highest. In 1978, New 
Jersey had the seventh highest g) emissions density in the United States. Table 
3 gives a county by county breakijow, of SO emissions in New Jersey. It should 
be noted that the figures given in this table do not agree precisely with anal­
ogous figures for 1980 given by Gsdmandtner (1981 Lin Table 1. The New Jersey 
figures carpi led by the DEP are believed to be the most reliable. Al though 
the annual emissions have increased with time in rrost cases, they have not 
increased nearly as rruch as has the use of electric pc:mer. The reason for this 
is primarily the·gradual transition to fuels that are IOY.er in sulfur content 
(Gschwandtner et al., 1981), primarily natural gas and low-sulfur oil. The 
figures for New Jersey, Connecticut, and Delaware are particularly notevvorthy 
exarples of this trend. Nevertheless, fossi I-fueled electric uti I ity plants are 
now and are projected to remain the largest sources of sulfur dioxide (S02) ,· 
emitting rmre than four times as rruch as industrial, ccmnercial, autamtive, ard 
residential sources carbined. 

j 

I' 

· Table 4 gives estimates of annual Emissions of flO for states in the eastern !: 
half of the country. Wien viewed fran the standJ:S(>int of Emissions density 
(emission per unit area) as sh<Mn in Table 5, the northeastern Atlantic coastal !] 

i 
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! I I ii ,~i TABLE 2 

i'' I 
ESfl~ll:S ({, ~ EMISSIOS OF SUL.A..R OXICES 

i 1i ill 
HNJ6J... EMIS~ICNS DENSITIES OF 9JLRR OCIDES (10 kg yr ) (Gsct?Nandtner, 1981) 

(kg lfll- yr-1) (GschNandtner, 1981) 

:11111 , 1'/ I 

·,:!!1/ 1950 1960 
:11'111 

1970 1978 1980 
111[!11, 1950 1960 1970 19 78 1980 

iili ii' 
Alabana 126.2 557.3 888.6 728.2 821.2 
Arkansas 38.0 23.8 36.0 114. 1 92. 1 Alabana 944 4168 6646 5446 6142 

I I I Connecticut 127.6 219.4 288.1 101.7 65.2 Arkansas 276 173 262 829 4858 
/1 ! Delaware 95.7 178. 1 202.8 170.9 99.2 eonnecticut 9834 (6) 16907 (7) 22201 (5) 7836 5024 

I , 

District of Colurbia 29.4 Delaware 17960 (4) 33414 (1) 38063 (1) 32061 (1) 18616 35.0 70.9 15.9 13.4 
I Florida 203.9 309.9 873.4 622.6 993.3 District of 
I 

I,! 
Georgia 108.9 180.0 372. 6 641. 2 761.7 C.Oluri:>ia 169070 200904 407038 91344 77059 
111 ino-is 789.5 2227.5 2290.0 1586.8 1334. 1 , Florida 1344 2043 5757 4104 6547 

11 ' Indiana 484.0 1673.2 1762.8 1678.3 1821.5 (jeorgia 714 1180 2443 4204 4994 

1/ I 1 
Iowa 157.6 331. 0 336.3 349.6 298.2 111 inois 5403 (10) 15245 (9) 15672 (9) 10860 (10) 9130 

' I Kentucky 102.7 573.0 11 63. 1 1207.8 1016.7 Indiana 5148 17797 (6) 18750 (6) 17851 (3) 19374 
•Louisiana- 211 . 2 199.8 288.8 326.5 276.0 lcwa 1081 2270 2306 2397 2045 
Maine 34.3 49.7 74.4 59.9 86.0 Kentucky 981 5475 11114 11541 (9) 9711 
Marylard 362.3 370.0 424. 7 324.4 306.6 Louisiana 1680 1589 2297 2597 2195 

; I 
Massachusetts 822.2 340.9 522.5 365. 1 312.5 Maine 398 577 865 696 997 
Michigan 469.7 986. 1 1380. 5 1014. 7 822.7 Marylard 13220 (5) 13502 (10) 15500 (10) 11840 (8) 11187 

I , 

Minnesota 367.9 355.9 409.5 344. 1 236.2 Massachusetts 38436 (2) 15935 (8) 24425 (4) 17070 ( 4) 14608 

I 
Mississippi 42.5 37.2 72. 4 248. 1 250. 5 . Michigan 3114 6538 9153 6728 5454 
Missouri 649.2 529.7 1004.9 1186. 8 1180.4 Minnesota 1689 1634 1880 1580 1084 

!I I New Hc1Tpsh i re 63.0 26.5 87. 1 61.5 84.3 Mississippi 344 301 586 2007 2027 
,, I 

111 I New Jersey 1188.3 452. 1 535.8 294.0 253.3 Missouri 3596 2934 5566 6574 6538 
11, 

i!I New York 772.0 1295.7 1021.3 953.9 856.7 New Harpsh i re 2615 1099 3614 2551 3499 

111 
North Carolina 278.3 211. 6 483.6 510.9 546.4 _ New Jersey 58539 (1) 22273 ('4) 26396 (3) 14483 (7) 12478 

I!, Olio 812.6 2663.7 2837.3 2828.5 2401.1 New York 6022 (9) 10088 10288 7427 6682 

I/ 
Pennsylvania 880.8 2145.4 2102.8 1725. 2 1834.5 North Carolina 2043 1553 3550 3750 4011 

11 

Rhode lslard 61. 3 79.5 54.6 19.4 13.8 0,io 7609 (7) 24943 (3) 26568 (2) 26486 (2) 22483 
South Carolina 40.4 105.3 168.0 265.3 295.8 Pennsylvania 7500 (8) 18269 (5) 17906 (7) 14691 (6) 15620 
Tennessee 88.3 663.8 897.4 1056.4 976.6 Rhode. I s I and 19486 (3) 25288 (2) 17352 ( 8) 6174 4386 
Texas 830.4 817.3 1050.0 1157.3 1 l58. 2 South Carolina 502 1308 2088 3305 3675 
Venmnt 3.7 7.8 11. 7 7.9 6.2 Tennessee 807 6065 8199 9652 8925 
Virginia 143. 1 155.6 431. 0 326.4 327.5 Texas 1199 1180 1516 1671 1672 
West Virginia 321.3 481.2 889. 1 952.8 986.8 VemX>nt 149 313 470 317 249 
Wisconsin 196.8 548.2 293.3 602.3 1031.9 ) Virginia 1353 1471 4076 3087 3096 

- West Virginia 3532 7682 14192 15209 (5) 10847 
10784.1 18852.6 23492.1 21741 .6 21435.6 ) Wisconsin 1353 3768 2016 4140 7094 

Note: Nurbers in parentheses indicate nunerical ranking of 10 highest anissions 
densities (D.C. excluded). 
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'I I' TABLE 3 T,68L.E 4 

I eITl~TES ~ ~ 5'v11SSIGJS OF NITRnN OXICES 
I CD.MY BY CD.MY I N\t1:N1tR( OF 9Ji EMI SS 106 IN NEW JERSEY Cl.RI~ 1 98 O (10 kg yr-1) (Gschwandtner, 1981) ,, 

PS DE-rm.11NID AUl1 EM SS106 11\NENRRIES CDIPILID /! 

1 I/! i1/i' 

BY 11-E NEW J ER.5EY DEP~ OF ENVI FDM:NTAL PRJTECTI~ 

.!11 ,1,1 1950 1960 1970 1978 1980 i I} ,:11 I, 1,, 

J.. 
ti,/ l/i

1 

lf'OJSTRIAL HIG-Wt\Y 011-ER TOTAL· 06 Alabana 156.6 279.2 377. 6 429.7 480.5 ',Ii Iii i 5\,11 SS I Cl'JS EMISSICNS 5'v11SSICNS EMISSI~· • year) Arkansas 104.0 105.0 174.9 197.4 197.2 ·II I I ( tons per year) (tons per year) (tons per year) (tons per y I I CD.NTY Connecticut 91. 9 127.8 183.4 166. 1 121.6 
I 

Delaware 18.0 46.5 65.3 64. 1 47. 1 At I antic 2479 306 3519 6304 ) District of Colurbia 28.9 31. 8 52.9 30.4 19.9 Berge~ 12008 1751 5487 19246 l Florida 187.4 292.0 501.4 105·. 3 588.0 Burlington 2048 599 2001 4648 3 Georgia 15 5. 1 206.4 361. 5 498.6 448.3 Carden 5849 850 3329· 10028 } I 11 inois 544.0 813.3 1025.6 1036. 1 912.0 
Cape May 57677 135 837 58649 ) Indiana 268.9 531. 0 523.3 545.5 701.3 G.nberland 12374 237 3114 15725 ) Iowa 132.3 196.0 280.7 291.4 290.9 Essex 17747 1389 6479 25615 7 Kentucky 132. 1 253.7 451.4 511. 2 482.0 Gloucester 17578 312 1357 19247 2 Louisiana 292.1 486.2 923 .4 1447.3 842.2 

11 Hudson 7973 759 4190 12922 6 Maine 38.6 44.6 68.8 69.5 53.9 1/ 

I 
11 1-lanterdon 6769 158 1289 8216 D M3rylard 98.8 202.3 271.2 284.9 225. 1 
'' Mercer 18904 591 2895 22390 6 Massachusetts 149.2 231. 5 326.7 331.4 230.0 

i I 
Mick:flesex 23928 1104 3784 28816 4 Michigan 289.0 532.7 768.3 765.6 625.9 I 

M>nrouth 1567 938 2459 4964 362.0 338.8 
11 5 Minnesota 150.3 217.6 302.5 I'· 

LI 
11/ 

Morris 1632 817 2466 4915 9 Mississippi 83. 1 137.0 164.9 247.0 258. 8 . I:'! Ocean 1312 · 575 3462 5349 7 Missouri 180.4 267.2 385.3 311. 4 314.9 1

'.1

1

11 

II Passaic 1199 866 2712 4777 28.2 57.8 60.6 75.5 ,·!/ 8 New Hcrrpsh i re 16.6 Salem 22166 115 1167 23448 -4 New Jersey 256.6 329.4 488.8 448.8 368.3 

I 
Sanerset 3157 333 1254 4744 8 New York 447. 9 · 697.4 908.4 825.7 616.5 Sussex 36 194 1188 1418 :0 North Carolina 174.4 263.5 496.0 536.9 586.5 

111 

Union 16049 1180 4191 21420 15 0,io 452.8 871. 8 1057.9 1159.8 1038.4 
.,1 I 

Warren 4780 161 1254 6195 Penr:isylvania 435.1 926.6 989.5 1017.2 941.2 I 

111 . Rhode I s I and 30.4 41. 0 43.8 39.5 33. 1 
5 South Caro I i na 79.7 136.6 215.6 272. 5 236. 1 11 ltJTAL 309,036 Temessee 150.1 305.1 424.3 533.6 469.2 

106 Kg/yr 
r Texas 786.1 1302.9 2313.9 3012. 1 2307.7 

lUJ"AL EQJt\L TO: 280 X Ve~nt 10.2 12.4 29.9 23. 5 , . 22.4 

J Virginia 167. 1 268.8 398.7 395.6 367. 1 ,1 

280 x 10: Kg/yr carpares with the 1980 emissions 
West Virginia 108. 1 204.2 ,.31 5. 1 419.8 410.3 

I 
Note: for New Jersey of Wisconsin 178.4 269.4 413 .·5 429.3 381.4 

:1, 253 x 10 Kg/yr listed in Table 1. 
6386.0 10817.2 15299.6 17609.4 15059.7 

1/i 
I ~ , 
/ii 
i'/ 
l'I ,, 

'I 

.:111 I 

lH __ 
--:;-~_ -_ 
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iii. 
':1 

1: 

~ I 
I ,, 

,, 

'I I 

Ii"' [1,' 
11,·11 

1111 

I 

I 
I 

Alabana 
Arkansas 
Connecticut 
Delaware 
District of 

Columia 
Florida 
Georgia 
111 inois 
Indiana 
lo.va 
Kentucky 
Louisiana 
Maine 
Weryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
New Hcl'Tl)sh i re 
New Jersey 
New York 
North Carolina 
Olio 
Pennsylvania 
Rhode Island 
South Caro I i na 
Tennessee 
Texas 
Vennont 
Virginia 
West Virginia 
Wisconsin 

TABLE 5 

~ EMISS~~ ~ITIES OF NI~ ()(IDES 
(kg kn- yr-) (GschNandtner, 1981) · 

1950 

1171 
756 

6311 (LI) 
3378 (10) 

165891 
1235 
1017 
3723 (6) 
2860 
1044 
1262 
2324 

449 
3604 (8) 
6973 (3) 
1916 
690 
672 
999 
690 

12639 ( 1) 
3487 (9) 
1280 
4240 (5) 
3705 (7) 
9670 (2) 

990 
1371 
1135 
409 

1580 
1725 
1226 

1960 

2088 
763 

9851 (4')' 
8726 (5) 

182598 
1925 
1353 
5566 (lO) 
5648 (9) 
1344 
2424 
3868 

518 
7382 (8) 

10823 (3) 
3532 

999 
1108 
1480 
1171 

16226 (1) 
5430 
1934 
8163 (6l 
7890 (7) 

13048 (2) 
1698 
2788 
2170 

499 
2542 
3260 
1852 

1970 

2824 
1271 

14137 (3) 
12249 (5) 

304180 
3305 
2370 
7019 
5566 
1925 
4313 
7346 (9) 
799 

9897 (7) 
15272 (2) 
5094 
1389 
1334 
2134 
1397 

24080 (1) 
7073 ( 10) 
3641 
9906 (6) 
8426 (8) 

13910 (4) 
2679 
3877 
3341 
1162 
3723 
5·030· 
2842 

1978 

3214 
1435 

12803 (3) 
12031 (5) 

174790 
4649 
3269 
7019 ( 10) 
5802 
1998 
4885 

11513 (6) 
808 

10397 (8) 
15490 (2) 

5076 
1662 
1998 
2833 
2515 

22110 (1) 
6429 
3941 

10860 (7) 
8662 (9) 

12240 (4) 
3387 
4921 
4349 

944 
3741 
6701 
2951 

1980 

3593 
1433 
8350 
8839 

114229 
3657 
2939 
6241 
7459 
2295, 
4604 
6700 

627' 
8211 

10749 
4149 
1555. 
2092 
1743 
3138 

18140 
4799 
4304 
9723 

', 8014 
10528 

2932 
4285: 
3331 

898 
3471 
6547 
2621, 

Note: ~rs in parentheses irdicate nurerical ranking of 10 highest emission! 
densities (D.C. excluded). 
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states, Olio, and Pemsylvania rank highest. In 1980, New Jersey had the highest 
r..p emissions density of any state in the United States. Table 6 gives a county 
f:1txcounty breakdOW1 of r..o emissions in New Jersey. It' should.be noted that the 
figures given in this taf>le do_. not agree precisely with analogous figures for 
1980 given by Gsdmandtner (1981) in Table 4. 0, a nation.vide basis, emission 
rates increased by rrore than a factor of two between 1950 and 1970, but have 
leveled off since then, and even decreased slightly. New Jersey and surrounding 
states reflect this trend. 8nissions by rrobi le sources appear to be responsible 
for about 40 percent of the I\O in roost of the northeastern states, but. represent 
only about 25 percent of the fl>tal in O,io and 111 inois. fndustrial sources and 
electric ut i Ii ti es are the major rana ini ng contributors. ' 

2. O,emical Reactions 

The principal acid corrponents of precipitation are generally nitric and 
sulfuric acids. Lesser arrounts of hydrochloric acid am low rrolecular weight 
organic acids (i.e., fonni c and acetic) are present as \\e II. The acidic c~ 
pounds may arise fran one or a cam i nation of the fol I owing: 

Canpounds fonred in the gas p,ase and incorporated as gases into cloud 
droplets or precipitation (Schwartz, 1984). 

Canpounds present on particles around w,ich cloud droplets nucleate or 
wiich are scavenged by precipitation during its fall (GiJI et al., 
1983). 

Canpolllds fonred in the liquid phase (in clouds or precipitation) from 
incorporated gases (O,ameides am Davis, 1982; Graedel and Goldberg, 
1983). These fonmtion reactions may involve dissolved or undissolved 
trans i ti on rreta I coopounds or soot (Ma rt in, 1983) functioning as 
catalysts. 

In order to assess any acidic deposition reduction strategy, it is necessary 
to know vvhich of the processes above are significant and w,ich species control 
those processes. 

a. Nitric acid 

Nitric acid (1-W3 ) is generated in the atrmsp,ere by a gas p,ase reaction 
involving nitrogen dioxide (N:>2 ) emitted from coot>us..t ion processes, 

"°2 + a-f +l-ffi3 

1-f\O is very soluble in water, and is readily incorporated into droplets. 
lkll ike tie so2-H/l\ pair, oxidation of l\02 to nitric acid in solution appears 
uni i kely because of the very low so lubi Ii ty of I\O (and a I so of I\O). If this 
sunnise is correct, one would anticipate a higher iitrate concentration in rain 

25 
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TABLE 6 

CD.MY BY 01N1Y I N\f'8+l1tR{ OF Kl. EMI SSl°'5 IN. NEW JERSEY ElRI N:i 198 0 
. AS DET'E™INID FKM EMfssl~ lf'-.NENTDRIES CIJv4Pl'l.ED · 

BY THE NEW JERSEY DEPARTM:NT OF ENv'I RNIENTAL PRJTECTIGJ 

lro.5TRIAL HIG-WL\Y an-ER lOTAL 
EMISSIOS EMISSIOS ev11SSI0'5 EMISSIGJS 

.. 

CD.NTY ( tons per year)· (,tons· per yeacl · · ( tons per year) ( tons per yea, 

At I antic 1460 8785 2185 12430 
Bergen 19'039 30707 10123 59869 
Burlington 7924 .· 171149 3630 29003 
Ccrrden 7521 17478 4805 29804 
Cape May 23252 3079 988 27319 
Qnberland 4185 4040 2307 10532 
Essex 29904 19940 11107 60951 
Gloucester 12832 9198 2378 24408 
Hu:tson 13523 9479 7027 30029 
1-tJnterdon 6684 4891 1456 13031 
Mercer 14402 11738 3818 29958 
Middlesex 15067 29063 7567 51697 
MJrmouth 1658 19818 4426 25902 
MJrris 2141 16195 4537 22873 
Ocean 121-4 10229 2474 13917 
Passaic 2012 12896 5215 20123 
Salen 10036· 3873 1412 15321 
Sanerset 3021 9397 2729 15147 
Sussex 33 2871 1198 4102 
Union 14963 17509 7147 39619 
Warren 6320 5349 1578 . 13,247 

1UTAL 549,283· 

lUTAL EQJL\L TO: 498 X 106 Kg/yr 

Note: 
. 6 

This coo-pares wit~ 368 x 10 Kg/yr listed for 1980 New Jersey 
emissions on Table 4. 
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1 
7 
2 
9 
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3 

r 

in the sunner than in the winter, since o-t is rruch rmre abun::tant in the surmer 
such a relationship is, in fact, seen in the rather sparse data wiich are avail: 
able (Galloway and Likens, 1981). 

b. Sulfuric acid 

_Sulfuric acid (H2S04 ) can be formed in the atrmsphere by gas phase 
chemistry. Although several sulfur-containing ccnpounds rray act as sulfuric acid 
precursors, sulfur dioxide {S02) appears to be the species of primary interest in 
the northeastern United States. Its gaseous reaction sequence is: · 

502 + a-1.+HS03 

HS03 + 0 2 ~ 503 + l-02 

503 + H20 ~ H2S04 

The su I fur i c acid fonred has a very I ow vapor pressure and wi 11 prorrpt I y 
condense to form.sulfuric acid droplets, which in turn may be scavenged by water 
droplets. 

The I imiting step in the above reaction sequence is the initial reaction 
sin~e S02 rrust. coopete with other atmospheric trace gases for the scarce GI 
radicals, and since G-1 concentrations at night, in winter, or on heavily overcast 
days are very low. · 

Sulfur dioxide is very soluble in water and can undergo equilibrillll trans­
fonnat ion within the droplets as wel I as in the gas phase. 

+ -
SO2(aq) + H2O ~H + HS03 

HSO;(aq) ~H+ + so~-

At acidities typical _of New Jersey raindrqps, rmst of the dissolved SO will be 
in the bisul fite (HS03) fonn. 2 . 

Severa I routes for bi sulfite oxidation in atrmspher i c drop I ets are known. 
Tvvo involve the oxidizers hydrogen peroxide (H20 2) and ozone (0

3
): 

HSO; + H2O2 ~I-ISO; + H2O 

Hso; + o3 ~ Hso; ..o2 

Depenging on the acidity of the solution, the sulfate may be ~resent as bisulfate 
(f-004 ) ion, or rmy rapidly be transfonned to the sulfate (504 ) ion. 
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. i: Three catalytic processes, involving dissolved iron [Fe{l 11 )], dissolved · 
manganese [M'l(II)], and carbon [CJ (soot), are also knOM1 to oxidize bisulfite 
ions in solution. The catalysts are present on aerosol particles absorbed into 
the water droplets. The details of the catalytic reactions are not understood, 
but they may be expressed schematically as: 

'3 d ' ,;' ~-.-

f-60; + Fe( 111) -+HSO; + Fe( II) 

HSO; + M,( II)~ HSO; + Mi( I) 

HSO; + C ~ HSO; + C 

Other possibi I ities for bisulfite oxidation include reactions with organic 
carpounds and with sol id catalytic metal particles. 

The irrportance of the possible solution processes for bisulfite oxidation 
depend on the concentrations of the reactants (many of w,ich are urmeasured in 
cloud or rain droplets) and on the droplet p-f. O,e carparison of these processes 
was made by Martin (1983), mo constructed the graph shOM1 in Figure 2a. The 
curves in Figure 2a were calculated by choosing typical concentrations for the 
reactants, and thus apply only to droplets of that chosen cooposition. H2o2 is 
seen to daninate the bisul fi te oxidation, except at p-f levels of 5 and above, 
v.here ozone oxidation of bisulfite is controlling. Given the enonrous range of 
concentrations that have been measured in clouds and rain, other equally 
plausible scenarios can be put forward. In Figure 2b developed by Dr. Graedel, 
the carpeting bisulfite oxidation rates are shoVvn for a situation "'1ere H20

2 
is 

reduced by a factor of five below that used for Figure 2a (this is typica_T of 
winter conditions) and iron and manganese concentrations are increased by a 
factor of one hundred (typical of rain near industrial areas). In this case, 
the metal ion interactions play significant roles in the oxidation. 

The rate of oxidation of bisulfite to sulfate is thus expected to vary with 
season of the year, with the presence and chemical reactions of at least five 
different oxidizers fran different sources, with the atmospheric m:>isture 
content, and with the intensity of solar radiation. The variation in rate could 
easily be a factor of ten or rrore, a variation that translates directly into ; 
variations in distance fran the source of s:>

2 
before oxidation occurs. Winter 

studies of rain chemistry in the northeastern lhited States (Camerota et al., 
1983) shON only about twenty percent as rruch sulfate as during the surmer. Since 
SO· Emissions are thought to be relatively constant throughout the year, tt:iis 
i~lies a substantial decrease in the oxidizing ability of the atmosphere during 
the winter months. 

c. Hydrochloric acid 

te 
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The evidence stggests that hydrochloric acid (I-Cl) is incorporated into 
droplets frcm the gas phase rather than being fanned in the liquid phase, since 
f-CI is very soluble in vvater, is present only at very low concentrations in the 
gas phase, and is not kncwvn to be generated efficiently by any solution chemistry 
process applicable to the atrmsphere. 
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d. Organic acids 

In certain areas of the v.orld wel I rerroved fran sources of gaseous sulfur 
and nitrogen carpounds, the Ji-f of rain is control led by the presence of organic f~r · 
acids (Keene et al., 1983). The principal sources of these acids are not knoM'l. ,ic 
I~ the I iquid phase, organic acids can be readily fonned by a variety of oxida-. \11: 
t1on proce~ses. The rmst I ikely acid precurs?rs are the aldehydes, which are :f~e 
generated m the atroosphere by gas phase chmucal reactions. It appears that 

3 
t 

org~nic ac!ds will be relatively unil11)0rtant in northern lhited States precipi- ~~­
tat1on (Quang et al., 1984), but unti I additional infonnation is available it it 
is irrpossible to rule out organic chemical influences on acidic precipitation. on. 

3. Dispersion of Air Pollutants, Part1·cularly as 0 elated to "" t' l"\i '-(Ues I ons ons 
Surrounding Acidic Deposition 

The meteorologi_cal effects that influence the transport and dispersion of 
plunes over large distances are well-kn01M1, but not readily quantified. Plunes 
a~e carried horizontally by the wind flow at the altitude \\here they are located. 
Wmd patterns often vary greatly with height, hence plunes released at different 
altitudes may travel at different speeds and in widely different directions. 
Systematic vertical air nntions that are associated with large-scale weather 
patterns (e.g., low and high pressure systems) can cause plunes to ascend and 
descend as they travel. Turbulent (non-systematic) air rmtions, 'Ahose magnitudes 
are affected by wind, sunshine, the presence of physical obstructions, and'other 
factors, cause plunes to gradually spread as they travel. Terrperature inversions 
(regions of the atrmsphere in mich tmperature increases with height) above a 
plune I imit its vertical expansion. Ph.mes lying above inversions tend to be 
I imited in their interaction with the ground. The height and intensity of 
inversions often vary greatly with time of day, thereby illl)Osing a 2LJ-hour 
periodicity on the behavior of plunes. 

A nurber of experimental studies have been done to investigate plune 
behavior on scales of several hundreds of miles, and mathematical models have 
been developed (see, for excl'll)le, Heffter, 1980; Draxler and Taylor, 1982). Such 
models, in conjunction with models for the chemical and µ,ysical processes.that 
take place within the plune, have been used in studies of both wet and dry 
deposition. 

4. Mechanisms by Wiich Acidic Materials Are Deposited onto the Ground 

Sulfur and nitrogen oxides and their related carpounds may exist in plunes 
in gaseous, I iquid, and/or sol id fonn. In none of these three forms do these 
materials readily "fal I out" of the atrrosphere. In fact, in the absence of 
depos i t ion mechan i sms , these cm-pounds have been shOM1 to rema in a i rborne for 
thousands of mi I es. 

In the case of we_t deposition ( that is, deposition in the fonn of rain, 
snow, or fog), the pollutants beccme incorporated into ice crystals or droplets 
of water, and fall out of the atnnsµ,ere together with the larger, heavier water 
droplets or snowflakes. In order for this to occur, the pollutant materials 
nust be transported to scme region of the atroosµ,ere in vklich condensed water 
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exist~, ?rd they nust bee~ incorporated into the condensed water. Often, once 
ass«:><= 1 at I on occ~rs, chem, ca I re~c ~ ion~ in the aqueous p,ase may occur. Thi 5 

entI~e process IS kl10M1 as prec1pItat1on scaveOJing, and may occur in one or a 
ccrrc1nat1on of the following ways (Pruppacher and Klett, 1978). These inclu::le: 

a. 

b. 

c. 

Nucleation - The reaction of I iquid droplets or ice crystals fanning 
around pollutant particles because of the particles' thenrodymmi c 
a ff i n i ty for water • 

Diffusio~ - The migration of a pollutant toward a I iCJ,Jid droplet or ice 
~ryst~I 1n r~spa~se to the fact that the pollutant concentration in the 
mmed1ate v1cin1ty of the droplet or crystal is lower than in the 
surrounding area. This occurs for pollutant gases or for particles 
less than a few _tenths of a micrcmeter in diameter. For pollutant 
gases or for particles\ less than a fe.v tenths of a micraneter in size 
the pollutant may migrcate toward a I iquid droplet or ice crystal i~ 
r7sJ?O~se to the fact that the pollutant concentration in the irrmediate 
v1cm1ty of the droplet or crystal is lower than in the surrounding 
area. 

lrrpaction - This occurs for pollutant droplets or particles larger than 
about one micrcmeter. Incorporation into raindrops or ice crystals rmy 
occur as the result of col I isions. 

These processes may occur within the clouds themselves or in the region beneath 
the clouds \\here precipitation is falling. Lazrus et al. (1983) indicate that 
nnst attachnent occurs near the bases of clouds. 

Deposition of pollutant material in particulate or gaseous form (dry deposi­
tion) usually occurs through direct attachnent of the pollutant to exposed 
surfaces at or near the ground. The rrechanisms by ooich this occurs are similar 
to. processes ( 2.) and ( 3.) above, except that the capturing occurs. on I eaves, 
soi I, water, snovv, etc. The rates at ooich deposition onto various materials 
occur~ have been studied by a nurbe~ of investigators. SUTTTBries of this ¥JOrk 
are given by Seh'nel ( 1980), C,arland ('1979), and Chamerlain ( 1980). 

5. Visibi I i,.ty Reduction as a Manifestation of Acidic Materials in the 
Atrmsphere · 

~e chenical and physical processes described in this report lead to the 
fonnat1on of a~rosols v.hose sizes often I ie in the 0.1 - 1.0 micraneter range. 
In fact, studies have shOM1 that a large portion of aerosols found in the 
n?rtheastern U.S. 'Ahose sizes I ie in this range are carposed of sulfates and 
nitrates. Because these aerosols are so nunerous in the atrrosµ,ere and because 
the i ~ sizes I i e in the same range as the wave I engths of vis i b I e I ight, they are 
part1c~larly effective in reducing visibi I ity. We observe this visibi I ity 
reduction as a milky haziness that is pervasive in the northeastern Lhited 
S!ates. Trijonis and Yuan (1978) and others have shOM'l that sulfate concentra­
tions and visibi I ity are closely related in the northeast. However at least 
part of this relationship can be attributed to the fact that the same 
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g ica I conditions that produce high sulfate concentrations a I so tend to increase 
hunidity and concentrations of other pollutants that affect visibi I ity. 

B. CLIM'\101.LCY OF NEW JERSEY AS IT RELATES lO PCIDIC DER:61TIGJ 

1. Wind Patterns 

Surface winds in New Jersey most often blON fran the northwest in winter and 
fran the southvvest in surmer (U~S. Dept. of Carmerce, 1981). Hoy.ever, because 
there are certain preferred_ wind .directions associated with precipitation, 
average surface wind conditions during precipitation events tend to be rrore 
southerly and easterly than the overal I average valuese It has been sho.M1, 
however, that the winds that are most relevant to acidic precipitation are those 
at cloud level (see for exarple L.azrus et al. [1983]). Wind directions tend to 
becane more \\esterly with increasing elevation. At heights of 5000-10000 feet, 
typical of rain-producing clouds, wind directions usually range from southwest to 
northwest. Hovvever they rrey be fran the northeast durirv;J intense coastal stonns. 
Wind speeds at those elevations usually I ie in the range 5-50 miles per hour, 
with an average of about 25 miles per hour. 

2. Precipitation Type, Intensity and UJration 

New Jersey receives abundant prec i pi tat i on. A I so, wien averaged over many 
years, unifonn arounts occur throughout - the year. This precipitation can be 
considered to have - three main origins: coastal stonns, fronts, and air mass 
instabi I ity. Precipi tat.ion fran coastal stonns occurs primarily in the fal I and 
winter, is generally widespread, and may last for one or two days. The air that 
reaches New Jersey during these stonns usually has traveled for a considerable 
distance over water, ard is not heavily laden with pollutants. Cold fronts and 
wann fronts usually arrive frcm the north, south or west. Air associated with 
frontal precipitation often originates fran the area of the GJlf of Mexico, and 
has taken a path over the southern and/ or centra I U.S. before it reaches New 
Jersey. This air may be heavily pol luted. It should be noted here that the 
origin of the air associated with a given stonn or front is not necessarily the 
same as the origin of the. stonn or front itself. As these weather systens move 
fran place to place, air continuously rroves through them. Frontal precipitation 
occurs around the year, but occurs most often in winter and spring. Air rrass 
instability occurs w,en the air is heated from below or cooled from above. It is 
manifested in the fonn of showers or thundershowers. Showers that are produced 
by air rrass instabi I i ty occur- rmst frequently in spring and sum1er. The air in 
these showers has similar origins to that found in frontal precipitation. 

C. Sl.MJARY OF EX I STI f\C CB.5ERVATIQ\JS IN NEW JERSEY 

1. Observations of Wet a,!1d Dry Deposition 

Measurements of acidic deposition are usually made by collecting in a 
nonreactive container the wet or dry material that falls out of the air. The 
cmposition of this rmterial is then analyzed in a laboratory. The device that 
is used for obtaining the sarples is an autorretic wet/dry collector. It consists 
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_ moisture sensor. Wien no I iquid rroisture is present, ttie container for wet 
, deposit ion is covered, and dry depos i t ion is co I I ec ted. Wien rain begins, the 

l 
l 
t 

i 
i 

moisture sensor causes the cover to move, thereby exposing the container for 
collecting wet deposition and closing the other container. 

Wien measurements of acidic deposition are coopared to each other, it is 
necessary first to ascertain the sarrpl irv;J procedure. In New Jersey, sarples are 
taken on a daily, weekly, and event basis. In the case of a daily (weekly) 
scfTPle, the collected rraterial is rerroved for analysis at a fixed time• each day 
(week). IA.Jring the course of a day or week, significant wind shifts and other 
meteorological events may occur, and the collected sarple represents a ccrrposite 
of all of that period's conditions. In event Sclll)I ing, the material is renoved 
for analysis at the conclusion of a particular event (usually an individual 
precipitation occurrence). Although event sanpling is the greatly preferred 
method fran the standpoint of interpretation of results, it is difficult to 
irrplement in that it is labor 0intensive. As a result, event Sclll)I ing is 
currently accarpl ished only at the Washington Crossing State Park site. No 
continuous sarrpl ing of stonns is conducted. 

I Figure 3 i I lustrates the current acidic precipitation rronitoring sites in 
! · New Jersey and vicinity. Informal measurements have been made in New Jersey for 
' aboUt ten years by Dr. David Letcher at Trenton State College and by Dr. Eileen 

Brennan at Cook College. In 1978, the first station affiliated with the National 
Atrrospheric Deposition Progrc111 (t-roP) went into operation in New Jersey. Since 
that time, other sites have been established. At present, there are five 
rronitoring stations in New Jersey at w,ich the NADP protocol is used. Site 
locations in adjoining states are also shOVvn in Figure 3. Of the New Jersey 
sites, three are operated by the New Jersey Department of Envi~ormental 
Protection (NJDEP) and two are operated by the U.S. Department of Energy. Of the 
three NJDEP sites, only observations fr001 Washington Crossing State Park are 
reported to f\W:>P. 

Figure 4a shOJVs event precipitation p-i recorded at Washington Crossing State 
Park during 1983. Sane correlation exists with precipitation volune with lowest 
p-i values generally occurring during surmertime convective stonns. However; 
within this seasonal pattern, large short-tenn variabi I ity exists, reflecting the 
differing orig,ins of the air during precipitation events. Reiss (1982) studied 
the relatior:iship between pH and the trajectory of the air frcrn w,ich the 
precipitation fel I. He fourd that lowest p-i values in New Jersey were associated 
with trajectories that had passed over the Olio Valley. The sc111e trajectories 
were also associated with the highest sulfate and nitrate concentrations. 
Figure 4b shows seasonally-averaged pH values, weighted by precipitation armunt, 
rreasured at Washington Crossing State Park for 1982 and 1983. Sunner rain 
events, in addition to beif9 fewer in nurber, are also roore independent of each 
other in the sense that they are not produced by a_ single long-persisting 
weather situation. We should, therefore, not be surprised to see variabi I ity, 
even in seasona I ly averaged p-i va I ues. This var i abi I i ty rmkes the ident if i ca­
! ion of trends and cycles difficult. Similar problems occur in the analysis of 
ion concentrations derived fran rainfall measurements. 
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In addition to p-f, an inportant parcmeter to gauge acidic deposit i ori is ,,to 5 to . 
define the rate, or mass loading of acidic contanination per given area over 0

0ver 
time. Lhits for loading are usually expressed as kilograns/hecta,:-e_/year year . 
(kg/ha/yr). In 1982, the rate at w,ich sulfate in rainfall was deposited at :i at 
Washington Crossing State Park was about 24 kg/ha/yr. This can be coopared to :i to 
wet sulfate loadings of 11-20 kg/ha/yr that were suggested by the U.S. - Canadian dian 
Work Group on lrrpact Assessment ( I 981 ) as being "protective for the majority of' y of 
surface waters". In a rTX>re recent study of acidic deposition in the northeastern tern 
United States, C,orhan et al. (1984) estimated that wet sulfate loadings of 14-16 4-16 
kg/ha/yr oould be needed to raise p-f levels to the damage threshold range of e of 
4.6-4.7. Available wet sulfate loading in the New Jersey area is sunrarized in din 
Table 7. 

TABLE 7 

\AJEr DEro51TIGJ LQAOlt\G IN NEW JER.5EY Ar'-0 VICINllY 

Manhattan 
O,ester 

Millville 
West Point (NewYork) 
Washington Crossing 

Wet Loading 
Kg of so,

1 
ha/yr 

45 
32 
37 
30 
27 
25 
24 

Time Period (yr) 

1980 
1980 
1981 
1982 
1983 
1983 
1983 

For the time periods shONn, the O,ester and J\Aanhattan sites received the J the 
highest annua I deposition. This may be due to their proximity to nearby earby 
industrial areas of New Jersey and New York City or to elevated values during the g the 
1980-82 period. It would seem fair to say that rrost of New Jersey receives 24-27 24-27 
kg/ha/yr but that near the industrial area close to New York City, the deposition it ion 
·is probably 30 kg/ha/yr or rrore. 

Gorham et al. ( 1984) corrpi led data showing the concentration of various rious 
cooponents of wet deposition cCIJl)ared with sulfate deposition. Hydrogen, nitrate trate 
amoonia, and calciun. ions were plotted for al I NADP sites in the eastern United 1nited 
States. These data show that the hydrogen ion concentration is a better etter 
indicator of sulfate deposition than either the nitrate concentration or any of ny of 
the other ion or carbination. of ion concentrations. Weekly hydrogen and nitrate trate 
ion concentration data from the Washington Crossing State Park site have been· been 
p I otted in a s imi I ar way and carpared with Gorham's corre I at ions in Figures Sa es Sa 
and Sb. The data indicate that the caJl)Osition of the wet deposition at this this 
site is quite similar to the average corrposition for the eastern Lhited States. :ates. 
The pH to sulfate· loading 'relationship for 1983 is also ii lustrated in Figure Sa. ·e Sa. 
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Table 8 gives concentrations of other ions found in precipitation, •as as 1 

measured in New York City and New Jersey. In a 11 cases, average ion ° ion :~ 
concentrations at the urban New York City site are hig,er than those ir, the the , ,~ 
surroundif"9 areas. :,.. ,,.. 

+ Hydrogen (Hl 
Sodiun (Na) + 
Potassiun (Kl+ 
Ca I c i un ( C-:a) ++ 
Magnes i un (fv'g 2 
011 or ide (Cl) 

TABLE 8 

CJTHER IGJ.S Rl.N) IN PRECI PITATl(J\J IN 
ftiV 'ifflK CITY #o NEW JER.5EY (ueq/f!li) 

Manhattan 

(8/81-8/82) 

107 
41 
2.9 

42 
17 
42 

Cook Co I I ege 
New Brunswick, 

N. J. 
(11/81-8/82) 

76 
28 

2.2 
14 
6.2 

23 

O,ester, 
N.J. 

(9/78-9/79) 

94 
21 

2. 1 
·12 

9. 1 
18 

Sulfate is deposited not only in rainfall but also in dry fonn. Measure­
ments of dry deposition of sulfate have been difficult because of the long 
exposure times needed to obtain a proper sarple. Such measurements taken as part 
of N,6DP are therefore of questionable accuracy. N,ADP recently reduced the status 
of. its measurements of dry deposition to a voluntary activity for its 
participants. It is generally believed, hov.ever, that the c11Dunt of sulfate 
deposited via dry deposition is of the same order of magnitude as that deposited 
through precipitation. 
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2. Other Air Q.Jal ity Observations that Relate to the Acidic Deposition Q.Jestion ;tion 

In addition to the observations of deposition cited above, routine observa­
·tions are made in New Jersey of the major precursors of acidic deposition, 
including sulfur dioxide (S0

2
) and nitrogen oxides (t,.O ), sulfate and ozone (see 

Table 9) . As shONn in Figure 6a, SO levels in Ne~ Jersey's industrial and 
heavily urbanized areas decreased greatfy fran 1969 to the mid-1970 1s, a period 
during wiich air qua I ity regulations were made rrore stringent. Since that time, 
so

2 
levels have remained constant or drifted slightly higher. O...tside those 

areas, increased stringency has largely been balanced by growth in the rurber of 
sources. Table 9 shows that 502 concentrations in the state are well belcm the 
Nati ona I ATb i ent Air Q.Ja I i ty Standards (~). It shou Id be noted, however, 
that rruch of the so

2 
found in New Jersey's air does not originate frcm nearby 

sources. The so
2 

concentrations shCM/11 for Atlantic City in Figure 6a, for 
exarple, probably reflect the influence of rrore distant sources, \\hi le the excess 
of the Newark concentrations over those for Atlantic City represents the con­
tribution of sources that are local to the Newark area. Seasonal variation of 
so2 is given in Figure 6b. so2 levels are highest during the winter rronths and 
lcmest in surrner. The 1cm slJTTTler values are the result of enhanced photochemical 
conversion to sulfate that takes place at higher terrperatures and sunshine 
levels. 
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Sulfur Dioxide 
3-Hr., Max. 
24-Hr., Max. 
Annua I Avg. , Max. 

3-Hr. Peaks, averaged 
over all state rmnitors 

24-Hr. Peaks, averaged 
over all state monitors 

Ann.Ja I Avg. , ave raged 
over all state rronitors 

Nitrogen Dioxide 
Annua I Avg. , Max. 

Anrua I Avg. , averaged 
over all state monitors 

Ozone 
I-Hr., Max. 

I-Hr. Peaks, averaged 
over all state roonitors 

T,6Bl.E 9 

New Jersey Air Q.Ja I i ty Surmary 
1983 

Cbserved Concentration 

0.17 ppn 
0.085 pµn 
0.011 ppn 

0.085 ppm 

o.os ppm 

0.009 ppn 

0.037 ppn 

0.03 pµn 

0.28 ppn 

0.20 ppn 

Average l'urber of Days with Hours ,Above O. 12 ppn = 13 

Sul fate** 
2 4-Ar. Peaks 

24-Hr. Means, averaged 
over all state roonitors 

30-35 ug/m3 

IO ug/m3 

0.5 ppn 
o. 14 ppn . 
o. 03 ppm. 

0.05 ppn 

0.12 ppn 

* N¥QS is the National ATbient Air Q.Jal ity Sta~ard. The I isted stardard is 
the primary standard to protect heal th with an adequate margin of safety .• 

** Data is for Sumler, 19~1. Note, there is no N¥QS for sulfate. 
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Figure 7a shONS hON concentrations of nitric oxide (t-0) and nitrogen dioxide 
(I\O ), the t'M> predaninant oxides of nitrogen, have varied since 1970. Again, 
·nc~eased stringency of air quality regulations during that period resulted in a 1 raci.Jal decline in concentrations, but a leveling off has occurred during the 
gast feN years. Still, l\02 concentrations are below the N¥QS even at the roost 
P 11uted sites. Figure 7b sho.vs the seasonal behavior of t-0 and l'O concentra­
r:ons. The two gases vary inversely with respect to one another, reflecting the 
fact that a series of photochemical processes in the atrrosphere procfuce l\02 at 
the expense of l\O. These processes operate rrost efficiently at the h ig,er 
tarperatures and sunshine levels that exist during the sunner roonths. 

As mentioned earlier, no reliable measurements of dry sulfate deposition are 
vailable. However, sane indication of trends in dry sulfate deposition can be 

~btained by examining the _arrount of sulfate present in_ suspended partic~late 
matter. Since sulfate particles are roost canmnly found ~n the O.I - I-~ ~1cro­
meter size range, it would be of greatest value to examine the corrpos1t1on of 
particles mose sizes lie specifically within that range. Oily recently, during 
the ATEOS project (Lioy et al., 1983), have such measurements been _made. 
Hcmever, during the nine-year periocf, 1970-1978, analy~is of sulfate ~nd n,tr~te 
collected by high-volune sc1Tplers was conducted (Nat 1onal Aeranetr1c Sc1Tpl 1ng 
Network). High-volune sarrplers collect a very wide range of particle sizes, and 
the mass of collected material is dcminated by particles that are several micro­
meters or larger .in size. A sarrple of the results of the high-volune sarrpler 
measurements mich were analyzed for sulfates and nitrates are shOM1 in Figure Ba 
and Bb. With the I imited data available, a smal I but perceptible dOY.nWard trend 
is discernable in the early 1970 1s fol lowed by increases in 1977 and 1978. 
These data seem to para! lei New Jersey's _effort_ in red~cing ~ 2 ~issions in the 
early 1970's but are over-shadowed by increasing up.v1nd ermss1ons thereafter. 
The nitrate data sho.v a general increase throughout the period, reflecting growth 
in the rrotor vehicle population and industry. It is interesting that trends in 
both data sets better reflect the regional so2 and j\O inventories (Table l and 
Table 4) than the New Jersey ones. This is becausexsulfates and nitrates in 
particulate form are rarely anitted directly into the atrrosphere; they ~re gener­
ally fonned as a result of chanical conversion of so2 and~. The arrount of 
time needed for this conversion to take place varies widely,xdepending on the 
particular source, terrperature, sunshine, and the presence of other atroospheric 
po 11 utants that participate in the chemi ca I reactions. Thus, the time I ag 
between SO and r'O emission into the atrrosphere and subsequent su I fate and 
nitrate fo~_fion ir0icates a regional contribution to New Jersey's air. 

Finally, ozone is of interest because it is photochemically reactive. In 
the sumer rronths high I eve Is of ozone are sanet imes found in New Jersey. As 
Tab I e 9 shCM's, the N¥QS was exceeded on 13 days during the sllTTTler of 1983 and 
the average of the peak values was 0.20 ppn. 

Visibi I ity, described earlier in this report· as having a strong inverse 
relationship to sulfate concentrations, has been routinely measured for many 
years by the National Weather Service. Although the measurements are sani­
quantitative in nature (Reiss and Eversole, 1978), they provide perhaps the only 
irdication as to the magnitude of sulfate concentrations in earlier decades. 
Figure 9 shows the nature of long-tenn visibility trems at Newark. Visibilities 
have increased as SO and [\Q concentrations have decreased, irx:licat ing that 
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decreases in concentrations of those precursor gases have probably resulted in 
i decreases in sulfate concentrations. \\hereas the mean annual midday vi sibi Ii ty 

in New Jersey is about 15 miles, mean visibi I ities in sane rmre pristine areas of 
, the United States (e.g. Utah) are in the neighborhooct of 80 miles. · 

I 
I 
l 
l 
l 

J. 
! 
I 
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D. 
CAPS IN ClR KtOILEIXE OF WETEOR:>~ i CAL ASPECTS OF IC ID IC DER)S ITIGJ 

The largest gap in our knowledge of the meteorological aspects of acid 
deposition seans to be in accurately' specifying the three-dimensional rmtion of 
the plune. A basic problem in this regard is that routine observations of the 
u~r atmosphere are taken only once every twelve hours at locations that are 
often up to severa I hundred mi I es apart. This greatly I imi ts the accuracy of any 
analysis that can be done and the spatial and terrporal scale of rmtions that can 
be depicted. There are also gaps in our ability to couple these models, crude as 
they are, to the moctels that depict the chenical and physical processes that take 
place within the plune. · 

Another problen in our understarding is that it has been only relatively 
recently that a widespread network of unifonnly-calibrated observations of 
atrrospheric deposition has cane into existence. Thus, the observational data set 
is sti 11 very srral I, considering the carplexi ty of the phenanenon that is being 
observed. 

E. 50..RCE FWX/ DEFCE IT I Q\J RELAT I o-JSH I PS 

If a reduction in preciphation acidity is sought, it is of interest to 
determine w,at reduction in precursor anissions wi I I achieve the desired 
precipitation acidity reduction. This question was addressed in a National 
Research C:Ouncil report (1983), w,ich chose to address reductions only in oxides 
of sulfur, rather than in those of both sulfur and nitrogen. The f'.R: cCJTmittee 
was unable to find evidence contradicting a hypothesis that reduct-ions in SO 
emissions would lead to proportionate reductions in sulfate deposition ove~ 
spatial scales of the order of a thousand miles and with time averages of a year 
or roore. This result has been tenned the 11 1 inearity hypothesis," and has been 
the basis for a nurber of ca 11 s for the reduction of su I fur oxide eni ss ions. 
Because of./the central role of this hypothesis in potential legislation, it is 
worth excmining it in sane detai I, particularly as it pertains to New Jersey. 

"Everything that goes up nust cane dowi. 11 The·key question, as pointed out 
by Sctmartz (1983), is not w,ether the acidic rmterial canes do'Ml, but ¥there it 
does and in mat fonn. The issue intrinsically involves discussions of spatial 
scale, since in order for an enitted rrolecule to contribute to rainfal I acidity 
it rrust be oxidized to its acidic form, incorporated into atrmsp,eric water 
droplets, and fal I to the ground before being carried by the wind past the region 
of interest. For New Jersey, therefore, it is of interest to knON Yklether so2 
and f\0

2 
can be oxidized arx:f incorporated in the time available between 'Ahen they 

are m11tted in the midwest arx:f in neighboring states ancrW1en they are carried 
'· out over the At I antic Ocean. 
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The data aval I able fran New Jersey rmasuranents are not detailed enoujl ,_;r l nor' ·· 

long enough to use for this exani"nation, but suitable data exist fran ~ York, "ork, 
Pen'lsylvania, and other sites in the northeastern Uiited States. In the sunner lnmer 
rmnths, chanical studies of rains~~ I ittle dissolved S02 c~red with_s~l,fa~e, ·ate, 
suggesting that the supply of ox1d.1zers (H20_2, o3, ete.) 1s not a I 1m~tat1on ,tion 
(Pena et al., 1982; Dana, 1984), and sulfllte levels in precipitation are are 
relatively high. In contrast, sulfate deposition at Wiiteface ~u,tain, NY NY 
(about as far as New Jersey fran the rrajor mid.Yest sulfur sources) in the winter ~ter 
is only about twenty-five percent of the surmer deposition (Canerota et ~I., al., 
1983), a pattern consistent with measurements throughout the northeastern tJna ted ii ted 
States (Dana, 1984). Sane of this difference may be due to seasonal differences inces 
in meteorology, but rrost of it rrust be a result of rruch longer time scales (and (and 
thus spatial scales) for S02 oxidation during the winter nnnthse. In addition, :ion, 
ten to twenty percent of the dissolved sulfur in winter rain is unoxjdized. zed. 
Both of these statistics indicate a shortage of oxidizers in the winter. · 

The~ cannittee based its long tenn lllinearity" hypothesis on a correla- •ela­
tion between SO anission throughout the region east of the Mississippi River uver 
with sulfate deifosition at a site in New Harpshire. This correlation could not f not 
be perfonned in a scientifically rigorous manner and, as a result, its validity idity 
has been contested. Lipfert (1983) states "The range of elasticities .•.• 
indicate that no conclusions on I inearity or proportionality can be rrade. 11 ide." 
Willians (1983) says "It is clear that the decision of how to weight regional ional 
emissions in the irrlex j!etermines the sign and the statistical significance of :e of 
I icear dependence of SO deposition on 9:?2 emissions," and "further analyses of is of 
Sll- data should be don: separately for tt'le yearly records of depositions during .Jring 
wa~ and dur i rg coo I seasons. " . . 

The discussion above deroonstrates that the basic existence of "linearity" in 111 in 
the northeastern United States remains in dispute and that, in any case., non- non­
I inearities are wel I established for tirre and space scales shorter than the one ~ one 
year, one thousand kilcmeter scales considered by the 1\1,t\S cannittee. ln1inter- 1ter­
pret i ng this hypothesis fran an act ion s tardpo int, sever a I quest ions ~an be n be 
presented and discussed: 

I. t>oes rrore recent evidence substantiate this hypothesis? 

There is no significant ne,., evidence on distance scales as large as a as a 
thousand miles or time scales as long as a year. 0, shorter distance ~ance 
and time scales, however, a nUTDer of new results are of interest. ·est. 

2. \\hat are the effects \\hen shorter time scales are considered? 

Evidence fran several sources indicates that strong seasonal :depen- epen­
dences exist in the S( IV) (i.e., sulfur dioxide) to S(VI) · (i.e., i.e., 
sulfate) -transition. In sunner the transformation seems to. occur occur 
within a few. hundred ki lcmeters if clouds are present (Pena et al. t al. 
1982; Dana, 1984}. In winter, 10-20% of the S(IV} in rain is n is 
unconverted over distance scales of several hundred kilaneters (Pena et na et 
al. 1982; G.iiang et al. 1984; Dana, 1984), probably because of a of a 
shortage of oxidizers (O,aneides, 1984; Seigneur et al., 1984). 
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3. 

4. 

5. 

Seasonal patterns in the precipitation ~h~istry ~r~ inportant because 
many of the potent i a I effects of ac 1d I c depos It I on are seasona 11 Y 
dependent. For exarple, sane lakes receive rruch of their input as a 
result of spring snONnelt. The chemical characteristics of the snON, 
'M'lich are established by winter deposition, are thus very irrportant. 
\\here growth of vegetation is involv~ (trees, crops, e~c.), the 
precipHation chemistry duri1"9 the gr~1rg season may ~ 1rrportar:,t. 
Thus the winter and spring periods w,1ch appear potent 1al ly cruc1a I 
are 'also the periods men atrrospheric oxidation over d-istances of 
several hundred kilareters is only partly effective. 

Wiat are the effects wien shorter space scales are considered? 

Even under surrner day I ight conditions, the conversion o! ~( IV) to S~VI) 
takes a nurber of hours, depending partly on cloud cond1t1ons, and 1s a 
strong function of the interplay of concentrat,ions of di f!erent emit-
tants (Pena et al., 1982; !'RC, 1983, p. 141). In an actn1ttedly pre-. 
I iminary model study, Seigneur et al. ( 1984) find that "f?r . t~e 
conditions considered, reductions in SO and 1'0 ••. lead to s1gn1 f1-
cant ly I ess reduct ions in acid I eve Is in 1t~e pres~nce of ~ I ouds." In a­
typica I result, on tirre scales of t~n to f1f!ee~ hours (distance scales 
of 400-600 km), a reduction of 50% 1n so2 em1ss1ons produced only about 
a 35% reduction in droplet sulfate. 

Is sulfate V\hat one wishes to reduce or is acidity YA,at one wishes to 
reduce? 

Although sulfuric acid is, on average, the primary source of precipita­
tion acidity, other acids play non-negligible roles. In sum,er, 
sulfuric acid contributes about 70% of the acidity at Htbbard Brook, 
t'-1-1, for exarrple (Galloway and Likens, 1981) .. Thus, a_SO% red~c!ion_in 
SO emissions even if reflected proport 1onal ly in prec1p1 tat 1On 
su~fate would

1 

reduce acidity by about 35%. In the winter, nitric acid 
is pro~rtional ly rrore irrportant: in this season a 50% S02 r~~cti~n, 
if reflected I inearly in the droplets, oould r~uce the prec1p1tat!on 
acidity by about 20%. It is therefore _v~ry 1rrpo~t?nt _to detenrnne 
v-Aiether the deleterious effects of ac1d1c prec1p1tat1on are due 
primarily to hydrogen ions or sulfate ions. As . s7en. in Figure I, 

.- 'prec i pi tat ion in New Jersey is genera I ly rmre ac 1d I c m the sumier 
months. 

\i\hat are the effects of other atrrospheric contaminants? 

rvtany of the irrpacts proposed for atrrospheric precipitation involve, as 
wel I, p:,I lutants other than sulfate. For exarrple~ ozone ~s thought to 
be involved in forest damage (Cowling, 1984) and 1n materials degrada­
tion (Graedel et al., 1984). Cowl i'"9 cautions that it wou_ld be 
foolhardy to believe that the acid rain/air p:,1 lution pr~blem w111 be 
solved once lower sulfur emissions are mandated. Wiat 1s ~ee?ed, he 
says, is "an integrated policy involving_ controls_ on amss1ons_ of 
sulfur dioxide, oxides of nitrogen, vol at I le organic ccrrpounds, and 
heavy metals." 
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EFFECTS OF ,ACIDIC DEREITIOJ OJ SOILS 

lmRD.CTI°" 

Acidic deposition upon reaching the land surface, has the potential for 
·r,ducing chemical, physical and biological changes within the soi I body w,ich, in 
~urn, may affect the entire ecosystem including changes in plant and animal 

pOpUlations, plant growth, and groundwater ccnposition, arong others. rv'ost of 
the state has always been under an intense, natural leaching envirorment - one 
vt,ich has induced irrpoverished chemical levels within a majority of soi Is. This 
irrpoveristment is wel I exerrpl ified by the gray-colored soils of the Pinelands as 
well as in isolated locations in Kittatinny Mountain. There are, however, other 
extranes as exmpl ified- in the I imestone valleys of Warren and Sussex Cou,ties in 
vt,ich the soils have a rruch greater potential for withstanding possible negative 
effects of acidic deposition. 

Before addressing the prob I an of acidic deposit ion and soi Is, it is first 
necessary to define the tenn soi I. Engineers, agroncmists, geologists and others 

.· tend to have their (JM'1 concepts as to the term soi I . For the purposes of this 
' discussion, soi I is defined as. the natural material at the earth's surface (wiich 

is genera I ly 2 to 5 feet deep but may range between extranes of a few inches to 8 
or rrore feet) \i\hich has been altered and transfonned frcm parent material to a 
naturally generated body. Figure 10 shows a vertical sect ion of an idealized 
soil with an organic surface layer underlain by various layers (horizons) ¥Klich 
grade dow-M'ard to the underlying bedrock. 

In appraising the long-term effects brought about by acidic deposition, soi I 
investigators have relied heavily on the fol IONing criteria: a) cation exchange 

, of the soi I, including cation exchange capacity (CEC) and saturati,ng cations of 
the exchange ccnpl ex; b) degree of acidity (p-1 I eve I) of the soi I w, i ch, 

, indirectly, is a reflection of the ratio of certain saturating cations; c) nature 
of the organic I itter v..here the forest cover remains intact; d) anion exchange; 
and e) other factors, including the trace elerrent status, general ·chemical 

. ccnposition, mineral carposition, particle-size distribution, soi I structure, 
; soil drainage, and the microbiological activity of the soil. 

The problan of possible negative effects of acid precipitation on the soil 
sys tan has be~n discussed per i phera I ly for scme years but there have been few 
in-depth stl.r:fi es. Likens et a I. ( 1979) and others reviewed the overa 11 question 

· of acid precipitation and shONed that in recent decades there has been increasing 
acidity over wide a~eas. Yklile there have been sooie factual staterrents concern­
ing acid precipitation on plants, fish population, etc., the overall effects of 
acid precipitation· on soi I remain rrore uncertain. Overrein, Seip ard Toi Ian 
(1980) state "a· nmber of studies have yielded evidence in support of the 

, theoretical assurption that acid precipitation I ike any ;other change in climate 
may result in changes in the properties of soi I e.g. decreases in Jj1 and base 
saturation. At present it is difficult, however, to draw any definite conclu­
sions on the time required for the reactions and intensities." The Soi I Science 
Society of .American under the aegis of CAST (1984) published a position paper on 
acid precipitation. From an agricultural standpoint, the question of acid 
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precipitation inducing soi I changes was not alanning. This report s'tatetj tedi- •1' 

"short-tenn consequences of such losses [cations fran acid precipitation] ar~ 3re 
insignificant because of the reserve supplies of cations. O,ronic loss~s- over ver" 
several decades could lead to nutrient deficiencies but this has not been een 
denonstrated. 11 

Krug and Frink (I983b) point out that the effects of acid precipitation on on 
soils cannot be considered in generalities alone. Instead they state that it is is 
necessary to consider individual soil properties on a site by site basis. They heY. 
also bring out the irrportance of regional climate on evaluating JX)ssible negative ive 
effects of acid precipitation on soils. 

1 • Cat ion Exchange ( Base exchange) 

Cation exchange capacity (CEC) is a chanical term used to character!ize the the 
acid neutralizing capacity of the soil. First observed in England in the 1850s, Os, 
cation exchange has cane to be recognized as one of the roost irrportant reactions ons 
in soi Is. Certain materials such as clays and organic matter (hl.lTl.Js fo~) have. 1ave 
high cation exchange capacities but sands tend to have extremely low: values ues 
(Table 10). ' 

Cation exchange capacity is loosely defined as the sun of the catiohs that :hat 
the exchange mechanism of the soi I can adsorb. ()Jantitatively it is generally illy 
expressed as milligram equivalents per 100 grcms (meq/l<D3) of soil. In order to· to 
i I lustrate this point Figure 11 shows, in idealized fonn, potassium (K) existing :ing 
under three different conditions. The crystalline fonn of potassiun in silicate :ate 
rock is virtually insoluble. The exchange mechanism as shO'M1 serves as the the 
"storehouse" for potentially available potassiun (as wel I as other: ions). 1s). 
Potassium in solution is in a soluble and highly mobile state and can be taken up' up 
by plants or leached into the groundwater. . In addition to potassiun, the the 
elements sodium (Na), calcium (Ca), magnesium (tvy), hydrogen (HJ, alumirn:.m (Al) :Al) 
and others such as iron, manganese and the annonium ion rray also occupy the the 
cation exchange carpi ex. Lhder acid leaching Na, K, Ca an:J MJ tend to ;be re- re­
placed by Hand sane Al - a reaction w,ich signifies soil irrpoverishnent. The The 
reaction is shCJ1M1 gra,:i'lical ly in Figure 12. As leaching proceeds (goirg from from 
right to left in the diagran), the Na, K, Ca and ~ on the exchange carpi ex )lex 
decrease in quant i ty w, i I e H and Al show a corresponding increase. If, for for 
exanple, the Na, K, Ca and Tv'g make up 60 percent of the exchangeable cations, the the 
soi I V\IOuld be 60 percent base saturated or, putting it another way, the soi I ,oi I 
V110uld be 40 percent hydrogen (and aluminum) saturated. In depicting the leaching ling 
potential of a soil it is necessary to consider both the cation exchange capacity :ity 
together with the quantity and ratio of the saturating cat i onse 

2. Soi I Acid i ty 

The pH measurement is of critical irrportance in characterizing the degree of e of 
acidity of soil. The pH level will indirectly give sane indication as'to the the 
degree of leaching that has occurred. It is universaily expr~sed on a2~ scale~ 
as shCJ1M1 in Figure 12 \\here, as the percentage of Na, K+, Ca T and~ on the the 
exchange carplex decreases, there is a corresponding general decrease in pH value alue 
and vice versa. 
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TABLE 10 

CATICJ.J EX~E CAPPCITI ES OF VARla.JS SOIL CD'vR]\JENrS 

~AATERIAL 

Organic matter 

Sand 

Si It 

Clay 
kaolinite 
i 11 i te 
glauconi te 
chlorite 
vermiculite 
smectite (montmoril lonite) 
gibbsite 

CATICJJ FXG-tAN:'E 
CAPN:ITY (meq/1 00g) 

100-200 

1* 

1-3* 

3-15 
10-30 
20-30 
10-40 

100-150 
80-150 
ni I 

* Values for the sand - and si It - size particles may be rruch higher with 
greensand and shale material (Tedrow, 1966). 
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Figure 12, D1agra.m showing the relation of percent base satu.rcit1on to pH. 
Also shown are the hu.mlls tipes 1n relation to ac1d1tu level. 
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3. Organic Litter in Forest Soils 

The type of organic matter on the forest floor reflects, in part, the degree 
of soi I acidity. A century ago in Dem1ark P. E. lv\..11 ler found that the organic 
matter on the forest floor could be separated into two distinct biological types, 
depending upon the degree of plant nutrients in the soil matrix and the degree of 
hunification of the forest litter (Handley, 1954). The rrull type was considered 
to be a layer of wel 1-decooposed forest detritus lyi~--i-oosely on top of the 
mineral soi I horizons. Such a hurus type forms at the higher (although sti 11 
genera I ly acid) p-t I eve Is under high I eve Is of troph ism. \\hen the rru 11 type of 
hurus is present it generally signals a high level of vital activity within the 
soil with a consequent high growth rate of plants. Mor, on the other hand, was 
characterized by M.JI ler to be a "firm organic matterthat does not give under 
foot." The mor type of hl.lTl.Js is stro~ly acid and depauperate of plant nutri­
ents. Figure 12 shows the type of hUTUs form present according to soil acidity. 
\\here there is a transition between rrul I and rror it is generally designated as a 
nooer. If the pH values of the soi I drop rreasurably frcm acidic deposition or 
other causes, it would be expected that the hurus fonns would change accordi~ly. 
nus the character of hurus fonns can be used as indexes for possible degrading 
changes in soil systems. No organized studies have been made along these lines 
in New Jersey but casual observation over the past 35 years indicate no 
measurable changes in the hl.lTl.Js fonns in forested soils. 

4. M ion Exchange 

Soi Is have_ a c~.9c i ty3.f or adsorbing both cations (Na+, K+, ea2+, ~ 2+ etc.) 
and anions (Cl , SO«, P04 etc.). Cations bear a positive charge wiereas the 
anions bear a negative one. Anion exchange has been studied far less than has 
cation exchange and our knowledge of the f~nner 1§ rrore li~Jted. Mattson (1929, 
1931) am Toth (1939) dermnstrated that Cl , SJ4 and F04 adsorption shCtNs an 
approximate I inear increase as pH values of the soi Is decrease. The p-t effect on 
anion absorption has been ascribed to the neutralization of the hydroxyl groups 
by added cations. It should be stated, however, that these authors were dealing 
with low levels of saturation and, therefore, their data are of limited value in 
dealing with rmdern problems of possible excessive quantities of sulfur in the 
ecosystem. Mattson did speculate, h°'1Vever, that at low Jj-1 levels there is pro­
bably some destruction of certain mineral lattices. Wiklander (1964) pointed out 
that anion adsorption is also closely related to the nature of the soil colloids 
such as th~/clay mineral species, content of hydrous oxides, content of organic 
matte2_and pther facJors. The capacity of roost soils for adsorbirg anions such 
as SO~, Cl and No3 is quite low and these ions are, for the roost part, easily 
lost oy leaching. 

Kretdmer (1952) found that increasing the sulfate concentration in New 
Jersey soils had little, if any, effect on changing the rate of plant growth or 
the carposition of the plants. Kretchner too was working primarily with low 
levels of sulfur. 
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B. ICIDIC CEFOSITIGJ OJ NEW JERSEY SJI LS 

We now take up the problan of·sane probable effects of acidic deposition on 
New Jersey soils. With fe.v exceptions natural p; levels in New Jersey range fran 
aboUt 4.0 to 6.0. Fran Figure 13, it is apparent that rmst of New Jersey virgin 
soils have less than 50 percent base saturation under natural conditions and many 
t,ave only about 10 to 15 percent. Thus acidic precipitation with p-1 values of 
4.0 to 4.5 alone does not always signal alanning changes within the soi I. It . 
should be E3'1'p'las i zed, however, that a soi I can st i 11 be part i a I ly depleted of ! 
bases even though the pH values of precipitation are higher than those of the 
soi I. But the rmre acidic the precipitation (assuning soaking rains), the 
greater will be the rate of irrpoveristment of the soil. 

We now consider potential changes in New Jersey soi I properties resulting 
fran acidic deposition. Since only a few pre I iminary studies have been made on 
this carpi ex subject, roost of the fol IONing infonnation is professional judgnent. 
Figure 13 shows a map of New Jersey with 28 different kinds of soil. 

Very Acid Soi Is: 

This group includes soils with a natural p; range of about 4.0 to 4.2 - the 
most acidic soils of New Jersey. The major soils are r.attaraugus-Swartswood of 
the Kittatinny ~ntain, Rockaway of ~rris and Passaic Counties, Lakewood of the 
Pine lands uplands, St. Johns (a.k.a. Berry land) of the sWcmpS within the Pine­
lands, h.Jra of the Salem-Gloucester Counties area and Colts Neck of the red hil Is 
of Monmouth County. This group of soi Is constitutes the most ir'l)Overished sites 
in Ne.v Jersey. The soils, already in a depauperate state, wil I probably undergo 
feN additional changes under conditions as they are nON knCMn. These soils have 
low acid neutralizing capacities ( 1cm CECs [discounting the SWcll1='>' St. Johns 
soil]) but acidic deposition may induce sti II greater acidity in the nearby lakes 
and streans as wel I as ground water. Krug and Frink (1983) have pointed out that 
podzol ic soi Is (ashy gray-colored soi Is), such as the c.attaraugus-Swartswood and 
the Lakewood, have long been sl.bjected to a strongly acid environnent. They 
state "acid rain is widely believed responsible for acidifying soi I and waters of 
North Anerica and Northern Europe. Hovvever, factors canmnly considered to rmke 
landscapes susceptible to acidification by acid rain, are the sane factors long 
knOM'l to strongly acidify soi Is through the natural processes of soi I forrmtion." 
Joffe (1931) oµtlined the natural depletion of rutrients in such soils as I isted 
above. Jordafl (1966) found that the Lakewood soi I had a low pH and, through the 
use of lysimeters, established that the bases on the exchange carpi ex were ION in 
quantity and were rapidly rermved fran the soi I by natural leaching processes. 

Mx:lerately acid soils fonned on carbonate rock: 

This group of soils should be the least susceptible to acidic deposition. 
The group is made up of the Wallpack, Palmy'ra - 5cJ.,ires and Washington soils, all 
located in north.Nestern New Jersey. Even thou;:Jh these soils do not always have 
the highest µ-f values· at the surface, they contain carbonate rock and are 
alkaline at depth. Therefore, as drainage waters pass doW"'PNard through the soil,. 
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Fig. 13 The major soi Is of New Jersey. 
redrawn by B. Robichaud and 
1973. Rutgers University Press. 

SOIL NAME 

6:53 ."!. ~!~~~ ~-~ • •• • • • • • • • • • • • •• 9 a a D • a a a• a~ e e • e •·••1 j 

Cattaraugua-Sw artaw ood 
undifferentiated .•••••• ~ •••••••• •••·•·••••.,, 
Naaaau-Dutcheaa-CQaaayuna 
undifferentiated ...................... ·••.•••, 

~ Dunellen · 
~ e e. e. ■ e ■ e •·• ■ ■ ■ ■ 8 ■ e ■■ Cl ■ e ■ ■ e ■ ■ e e ■ ■ ■• e ■ ■ ■ ■ ■ ■ • ■ ■ e l11 

Anna■dale 
■ .... ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ • ■ ■ t> ■ ■ ■ G ■ ■ ■ ■ ■ C, ■ ■ ■ ■ ■ .. ■•■ ~ ■ ■ ■ ■ ■ ■ ■ ■ e 11 

EJ s......... . ......... ······································ 

~ Tidal Manhe• . . , 
~ ...•.•...•.....•..•...• _ •.............•.•...••. 

The map is from Tedrow (1962) as 
M. F. Buell in Vegetation of New Jersey. 
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···•· ...... 
...... 
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..... 

........ I Ill 

...... a. lffl1811!1219 * 
acfd adatal• * 
lhale & Hmemna* 

Umeatane* 

~•-* 
lhaJe* 

baaalt & dia.,_.* 
* 

lake depoa1ta* 

shale* 

!J18iE* 
timesmne* 
shale 

lhale 

basalt& diabasf 

sadlb• 

argilltte 

---♦ 
--♦ 
.... ♦ 

a.ta ,u.♦ 
and&gra,,et+ 

sift&...,. 

c,eenSllffla+ 

Glar.eand ... 

'1lldil" 

"' ........... 
allt loam. 

Blamrloan 

ahale loam 

silt loam 

SDlploam 

"8Vlllly loam 

SlQl'.rf ailt loam 

silt/ clay mn 
sandy loan 

9"8V911y loam 

k>am 

loam 

silt loan 

stCX¥ silt loam 

silty r.lay loam 

silt loam 

sandy loam 

loamy ea,d 

loamy sad 

loam 

"1M!IIY sandy loam 

siltltan 

aandj 

anly loam 

,aH ..... ... .,.... ....... Excll•••• ~---·-MIi c .. ■ollr rat• Special NII J.JiSD!lrtlee 

5.5 meclium moderate Limestone at 24 in. 

4.0 m•dlum-tow moderate Mor type humul 

4.5 medun moderate Limestone at some sites 

4.5 medium moder~t• Limestone at 24 in. 

4.2 medium moderate 

4.5 medium moderate 

s.o medun moderate 

6.0 -.ery high low Organic 

6.8 high very low Poorly drained silts 

4.5 medium-low rapid 

4.5 high moderate 

52 medium-high moderate limestone at depth 

4.8 high moderate 

4.6 high moderate Shale at 24 in • 

5.5 medium-high moderate 

4.8 medium-high moderate 

4.5 medium-high low Poorly drained silts 

4.8 medium moderate 

4.8 medium-low rapid 

4~5 medium-low rapid Water table at 2-3 ft • 

5.0 medium moderate Some poor drainage 

42 mediunHow rapid 

medkm moderate 

medium-high moderate Glauconite soil 

4~ very low very high Very dry sands 

4.0 variable moderate Water table at ..race 

4.2 low rapid 

6.on.s very high rldal marsh & sandb.-s 

* g1$Cial material + coastal plain material 

63 



'i I 

I ' j I 

the base formers (C-a and~ particuiarly) wi 11 be solubi I ized and the acids wi l''I 
be largely neutralized.· For practical p..irposes these soi Is have a nearly 
inexhaustable supply of calciun and rnagnesiun for neutralizing the groundwater. 
Toth and Ott (1969) found that quantities of calciun and rmgnesiun in the surface 
waters fran the I imestone areas were rruch higher than in the case of acid 
materials. They were even able to differenti-ate I imestone (calcitic) from 
dolanite areas by recording the calciun and rnagnesiun contents of the drainage 
waters. 

M:>derately to strongly acid soils: 

This is the largest area of soils within the state. Rather than a group of 
soils having similar properties in carrmn, this group constitutes a residue of 
soils after the very acid soils and the rroderately acid soils have been segre­
gated. This group, therefore, includes many soil varieties ranging fran shallow, 
rocky soi Is of the northern rrounta ins to the deep, sandy soi Is of southern New 
Jersey. It is believed that this group has greatest potential for sane negative 
changes if subjected to acidic deposifion for extended periods. But even within 
this group there are variations and special situations relative to possible soil ' 
degradation. For exarrple, the glauconite-bearing soi Is have higher cation 
exchange capacities than the nonglauconite sands. Also included with this group 
are clay deposits and peats with relatively high exchange capacities. 

In order to shON the wide range of soil properties in New Jersey, Table 11 
has been call)i led. Hazen soi I has a relatively high base saturation and pH 
va I ues. 0, the other hand the Lake\A/Ood, Rockaway and Swartswood soi Is are amng 
the rrost acid and depauperate in the state. · 

1. Acidic Deposition in Agricultural Areas 

Of the 4,813,440 acres of land in New Jersey, about 676,000 are harvested 
cropland, 59,000 are in pastured cropland and 127,000 are in pennanent pasture. 
Nearly al I of the 862,000 acres of cropland plus pasture in the state receive 
applications of lime ard fertilizer. Reccmrendations fran the New Jersey .A4Jri­
cul tural Experiment Station generally focus on rraintaining agricultural soi Is at 
a p-1 of 6.0 to 6.5 in New Jersey. During the 1980-1982 period, yearly purchases 
of agricultural I iming rraterials averaged 168,000 tons (NJ CO\, 1983). This 
value also inclldes- laYJn and garden sales. With this quantity of I irne being 
applied to cultivated and pastured areas, it is assuned that acidic deposition 
would have few, if any, negative effects on such lands. But I iming the soi I wi 11 
not reroove the poss ibi Ii ty of acidic deposit ion causing damage to aboveground 
plant parts. 

In addition to I iming rraterials there were about 198,000 tons (NJ CO\, 1983) 
of ferti I izer and ferti I izer materials sold within the state in 1983. It is 
calculated that fran that arount there was an equivalent 9f 250 tons of elemental 
sulfur in the fertilizer. Further, there are about 1000 tons of gypsun (C-aSo4 
2H O) applied to New .Jersey land each year, mainly for inprovir-YJ soi I drainage.· 
\\h~le gypsun and conventional fertilizers are in a near neut~al state, this does 
not address the problen of .the. ultimate fate of the applied sulfur. Sulfur 
materials thanselves are generally slightly acid in reaction but the potential 
for increased acidity is carpensated for by additions of limestone. 
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TABLE 11 

Selected chenical properties of sane New Jersey soils. Hazen typifies the 
moderately acid soils fonned on carbonate rock. Lakev.ood, Rockaway and 

Swartswood exerplify the very acid soils. 

Hazen 
gravelly loan 

Wei 1-dra ined 
I imes tone dr i ft i r. 

Sussex County 

~ CEC. I 
Base2 Sat. 

(me I 1 OOg) ( % ) 

. 13 Topso1 5.5 10 50 

Subsoi I 3 6.0 6 60 

Parent 
IJater i a I 7.5 5 100+ 

1 /C-at ion Exchange Capacity. 

2/Percent base saturation. ,, 

Lakewood 
sand 

Dry, Gray 
sands of the 
Pine Barrens 

pH CEC. I 
Base2 Sat. 

(me/100g) (%) 

4.2 3 10 

4.4 2 8 

4.6 2 8 

Rockaway 
stony loan 

Drift of 
the northern 

Highlands 

pH 

4.2 

4.2 

4.2 

SwartsYtOod · 
stony loan 

Drift of 
the 

Ki ttat i nny Mt. 

4.0 

4.8 

4.8 

3/The topsoil is ·generally up to I foot in thickness. The subsoil is generally I to 
I½ feet thick. 
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This pane I , focus i ng on ac id i c depos i t ion, has been concerned about ,, the ,. 
effects of increased auantities of sulfur on the ecosystem. This view is proper 
because with "high" concentrations of sulfur there may be negative react ions in 
the ecosystem but, on the other hand, small quantities of sulfur are neede<lfor 
plant and animal growth. Sulfur plays an irrportant function in plant and animal 
metabolism. tv'any soil areas of the world are actually listed as beirg sulfur 
deficient. OJltivated soils in hunid areas such as New Jersey generally have 100 
to 1500 ppn of sulfate present. Kretchner (1952) found that sulfur applications 
of up to 30 meq/ I~ of soi I did not have a depressirg effect on crop yields. 

2. Soils in Forested Areas 

Approximately 40 percent of New Jersey land is in forest, excluding urban 
areas with tree cover. Since forested areas rarely receive applications of I ime, 
some may be subjected to a degree of potential damage fran acidic deposition. 

3. Wind-BI own Cenent Dust 

In southwestern Warren·County and nearby areas there have been considerable 
quantities of dust blow, over the landscape frc:rn fonner local canent plants. This 
ground cement and limestone dust has had a neutral izirg effect on the soil acids 
and acidic deposition should irrpart no adverse effects to the soi Is in these 
areas for many years (Clucas and Tedrow, 1957). 

4. Soi I p-i Measurements CNer Time 

O,ly ·in the _last few decades has there been a "public-awareness" of acid 
rain. O,anging populations of animals (including aquatics) and plants, changes 
in ~ter chemistry and other poss ibi Ii ties have been discussed. The prob I en of 
possible changes in soil ~ has not, however, been so highly evident except in 
extreme cases. Profs. S. D. Faust, A. McIntosh,. S. Toth and T. Mc:Nevin of 
Rutgers Lniversity (unpublished manuscript, 1984) have investigated possible p-1 
changes in New Jersey soils over the past 35-year period. 

Soil sarples were collected fran 13 soils throughout northern New Jersey 
(Figure 14) and were analyzed by major horizon (A & B) for p-16 cation exchange 
capacity (CF.C), exchangeable bases (Ca, MJ, K, Na), and heavy metals (Fe, OJ, Ni, 
Zn, Mi, Cr, Pb, & Cd). Soi I excavations were conducted as close as poss ihl e to 
the original scrrpling sites of 1945-1947. UXl'l)clrisons were made between the 
analytical values of the new (1982-1983) and the originals. 

Based on the old records, the -new sarrples were obtained at locations as 
c I ose as possible to the orig i na I sarrpl eel sites. A-I, exchangeable bases and 
heavy metals were examined to detennine if the New Jersey soils had been amended 
in these irrportant characteristics. No significant difference was noted in the 
J:ti values of the new sanples and the value of the stored soils excavated in the 
1945-1947 period. Sane soi Is appeared to have lost smal I anounts c.a, K and Wg 
but other soi Is appeared to have gained slightly in these elerrents. No over .al I 
trend existed suggesting that at least for these soils no net leaching of Ca, K, 
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Soil Code 
Ann4ndale A 
Bermudian 8 
Collington C 
Colts Neck CN 
Dutchese D 
Evesboro E 
Hoos1c H 
Lakewood LS 
La~reneeville L 
Norton N 
Palmyra P 
Rockaway. R 
WhipJ>(lnV W 

Charaeteriet1e 
Ro4d cut 
Field 
Wooded roadeide 
Field 
Cultivated field 
Ro4d eut 
Road cut 
Wooded roadside 
Wooded area 
Wooded roadside 
Cultivated field 
Road cut 
Field . 

Figure 14. Location of eoil sample e1tee within New Jersey for pH etucl11. 
, CF Cli.tst, et a 1 , 1 gea > 
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and Wg occurred. Likewise, no trend was evident i~ the heavy metals. Because" -
of the limited nurber of sa-rples, and the uncertainty of the exact soil exca­
vation sites, the significance of the results is not as high as would b~ 
desireable. 

C. SOvE NAtl'LW\L FRBL8v1.5 IN ~I~ µ-i CJ-l,6l\[ES IN SO I LS 

Soi I chen i st ry i s a very carp I ex f i e Id Vih i ch i nvo Ives a rru I t i p I i c i ty of 
reactions. Unlike grinding up a mineral sarrple and detennining its~ value, the 
soil has natural seasonal ranges of p-1 values. Therefore, making projections by 
carparing p-1 changes in soi_ls over a short or long time period produces ~ny 
uncertainties. This was first brought out by Hennerl ing [a.k.a. Gem,erl mg] 
(1927), v..ho found wide variations in p-1 values of soils, depending upon the time 
of the year the sa-rpling was done. In order to expand on this problan of c~ 
parative soi I ·p-1 studies, Lgol ini (1964) fol lowed pi changes on a forested s1 te 
of the red shale soi Is near East Mi I I stone, New Jersey. Table 12 shows the 
variations recorded over a 1-year period. The uppennost horizon at this one site 
was found to vary as rruch as 0.9 p-1 unit during the year. 

TABLE 12 

SOIL A-1 VALUES AT VARIO.JS DEPTHS Af\D TIM: INJl:RVAlS 1957-1958*. 
D«\TA FfUv1 A RID 51-W..E SO I L AT EAST Ml LLSTa\E, ~ JERSEY. 

Depth Sept. Oct. Nov. Dec. Jan. Feb. March .Apri I May June July 

A 5. I 4.8 4.9 4.8 5. I 4.8 4.4 4.5 4.5 5.3 LI:. 8 
A 5.6 5.2 5.2 5.0 5.9 5.6 5.3 5.2 5.3 5.0 5.4 
0-3 11 4.8 4.6 4.8 5.0 5.6 5.3 4.6 s.o 5.0 5.0 5.2 
3-6" 5 .. 0 4.7 4.7 5.0 5.6 5.2 4.9 4.8 s.o 5.0 5.3 
6-12 11 5.0 4.7 5. I 5.0 5.4 5.0 4.9 4.9 4.9 4.8 5.2 
I 511 4.9 4. 5 · 5. I 5.0 5.4 4.9 4.7 4.7 4.9 4.7 5.2 
20 II 5.0 4.5 5.0 4.9 5.4 5.8 4.7 4.7 4.8 4.6 5.2 

*Data of Lgol ini (1964). 

• 
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4.1 
5.1 
5 -~: 
4J! 
4.11: 
4J, 
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-
Aug. 

4.7 
5.2 
s.o 
4.8 
4.8 
4.9 
4.8 

D. HE'AVY tvEfALS 

The nature of the parent material is a rmjor factor in determining the 
quantities of heavy metals present in soi Is. The earlier soi Is I ite~ature 
focused mainly on deficiencies fran a standpoint of crop growth and, accordingly, 
there was I ittle information regarding excessive and/or toxic levels in soi Is 
except near smelters, ore durps and coal-burning furnaces. 

Table 13 gives scrne approximations of heavy rretal co~tents in selected N~ 
Jersey soils. There is a tendency for a slight concentration of heavy met~ls 1n 
the clay fraction as COOl)ared to the total soil. The l~ad concentra!tons 1n the 
Squires and Annanda I e samples for tota I soi I are h 1gher than in the c I ay 
fraction. 

'Miile there have been dranatic increases of heavy metals in the soils from 
certain locations within the state, it appears that most of these incre~ses have 
been frcm industrial sources including sewage systems. For exarrple, soils along 
the lower Hackensack and Passaic Rivers have extrerrely high concentrations of 
heavy metals. 

Overal I if the objective is at least to partially stabi I ize certain heavy 
metals in .the soil, those with a high cation exchange capacity would have mo~e 
possibilities (Griffin et al., 1977). Further, it has been shOM1 __ that ther~ 1s 
an increase in solubility of heavy metals at lower pH leve_ls ~n the s~1~s. 
Therefore, soils with higher p--1 levels and greater acid neutral 1zat10~ capac1t1es 
should contribute lower arrounts of heavy metals to streams ?nd aquifers. But 
this is a short-term expediency rather than a pennanent solution to the problan. 
It should be arphasized, ho'Never, that characterizing the cmplex heavy metal 
reactions within the soi I is sti 11 quite speculative. 
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I S EFFECTS OF K:IDJC DEFOSITIGI GI ~ \IECETATIGI 

A. I NTRD.CTI°" 

Forest vegetation is potentially affected by acidic deposition through a 
large nurber of pathNays, including direct and indirect effects of wet and dry 
atrmspheric deposition on the leaves and stems, direct effects on root processes, 
and indirect effects on soil chemistry and microbiology. Furthernnre, acidic 
deposit ion may affect ecosysten processes within forests separately frcm the 
trees; changes in ecosysten processes not only will irrpinge on tree growth, but 
wil I also affect other aspects of ecosysten function. Because of this carplexity 
of interactions of forest vegetation with acidic deposition, it is extremely 
difficult to identify the mechanism(s) by which acidic deposition affects 
forests, artf to make predictions about the potential for darage in New Jersey. 

Concern about the potential irrpact of acidic deposition on forest vegetation 
has been generated because extrapolation fran knO'Ml and theoretically expected 
effects on soi I chemistry and soi I nutrient status suggests the I ikel ihood of 
damage, and because there have been increasirgly frequent observations of exten­
sive, LB1expl a ined dee I ine and death of trees in both North ATieri ca and Europe. 
In the atterpt to unravel the myriad possible effects of acidic deposition, 
nunerous studies have been undertaken involving laboratory applications of 
sirrulated acid rain, field experiments with sirrulated rain or acidified irriga­
tion water, and correlation of field-derived data with envirormental parareters. 
The rrost carprehensive, long-tenn studies of the interaction of acid deposition 
with forests have been conducted in Norway and SNeden; these studies have 
involved both analysis of field conditions and experimental manipulations 
(CNerrein et al., 1980; SW\, 1982). Despite the wealth of data frcm these 
various sources, it stil I ranains difficult to assess the current inpact of acid 
deposition on forests, and even rrore difficult to predict future trends. These 
di ff icul ti es derive not only frcm the carplexi ty of the interact ions involved, 
but also frcm the considerable uncertainty of extrapolating fran experimental 
conditions of very low pi to arrbient pi levels, frcrn laboratory sitrulations to 
field conditions, frcm studies of single response variab,es to ecosystems of 
great carplexity, frcm experimental effects on seed! ings to effects on mature 
trees, and fron rmdels based on I imited quantitative data for a smal I nurber of 
parameters. 

It is particularly difficult to use the existing data to assess current and 
potential darage to New Jersey forests. There are inadequate base I ine data on 
forest tree growth and rmrtal ity in the state to establish trerds, or to disen­
tangle the separate effects of air pollution, gypsy moth damage, drought, and 
other stresses. O,e recent study (Johnson et al. 1981) presented data suggesting 
a recent sharp decrease in the growth of pitch pines, shortleaf and loblolly in 
the Pinelands; however, the generality of the phenanenon and its relationship to 
acidic deposition stress are, at present, unknOIM'l. Furtherrmre, rmst of the 
published data on tree response to acidic deposition concern the growth of 
conifers but rrost of New Jersey's trees are hardwoods (primarily oaks). There­
fore, an assessment of the threat of acidic deposition to New Jersey's forests 
m.Jst rest on extrapolation fran data obtained in other areas, (particularly the 
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extensive work in Scandinavia and Gennany), and on other types of forest· 
camunities. 

In order to assess the potential of acidic deposition to damage the health 
of New Jersey's forests, it is first necessary to outline the pathNays by mich 
effects rmy occur, and the evidence that particular effects are irrportant. This 
information can then be used to assess possible risks to New Jersey's forests. 
The fol lowing survey of potential irrpacts of acidic deposition on forest 
ecosystems s irrpl y out I i nes the rrul ti pl e pa ti-mays without atterrpt i rg to review 
evidence for detailed mechanisms. · 

B. REVIEW OF ll-lE EFFECTS OF K:IDIC DEFOSITI~ O\J FmEST \IECETATICN 

1. Above-ground Effects 

Acidic deposition interacts with leaves and st"ems of trees as both dry 
deposition of gases and particles, and wet deposition of acidic substances dis­
solved in rain, snow and fog. The fol lowing I ist out I ines the direct effects and 
indirect effe~ts of such deposition. (lnfonnation is fran Linthurst 6 1983, 1984; 
Hutchinson and Havas, 1980; D1 Itri, 1982; and Drablos and Toi Ian, 1980; except as 
noted.) 

a. Danage to leaves 

There is evidence fran laboratory studies that treatment with acidic 
solu~ions causes the cuticle o_f many, but not al I species, to suffer degradation 
and increased rates of weathering. The degree of susceptibility to danage varies 
consi~erably anong species, ard is, in part, related to leaf rrorphology and 
surface structure. Virtually al I studies of cuticular damage have reported that 
no effect is observed mti I the pH approaches or fal Is below J.O. Foliar damage 
carparabl e to that observed in I aboratory stw ies has been observed on trees 
growing near point sources of air pol 1.ution, (primarily SO) but there is, as 
yet, _n~ good evidence of d~fje to field-grOM1 plants ffcm regional acidic 
~epos1t1on. There have been _I 1m1ted reports, fran laboratory studies, of changes 
m _chlorophyl I content ard in photosynthetic rate; hO'Aever, such studies have 
been thus far confined to herbaceous plants. 

b. Oiange in susceptibility to insects and disease 

There exists an extensive I iterature on the effects of air pollution on' 
plant pathogens and phytophagous insect populations; however, I ittle of this work 
can be specifically related to the acidic CCJ'Tl)Onent. The available infonnation 
suggests that the effects of air pollution on the infectivity and virulence of 
pathogens, and the population_ dynamics of insects, vary greatly with the parti­
cular pest; pl ant suscept ibi Ii ty to insects and pathogens shows no genera I 
response to air pollution or increased acidity. Danage to the leaf cuticr·e· is 
believed to be a critical variable, because of the irrportance of the cuticle's 
integrity ard wettabi Ii ty in disease processes. The avai I able Ii terature sug-
gests that, vi.hereas there is not I ikely to be any generality in the response of 
insect and microbial pathqgens to acidic deposition,· it is nevertheless I ikely 
that many disease and insect pathogens will be affected by acidic deposition in 
sane ways. 
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c. Reproduc t i ve bi o I ogy: seed product ion, seed genn i na t i on, and seed I i ng 
establ i stnent 

There has been little research on flo.vering and seed set processes in trees 
with respect to acidic deposition. Hooover, research on the effects of general 
air pollution has shCMn deleterious effects on cone developnent in conifers. 
Clearly, the confoundirg effects of oxidant gases cannot yet be separated fran · 
acidic carponents in evaluating the potential effects on seed set. 

Seed gennination has been sttdied in experimental situations with sirrulated 
acid rain.. Different species shON different responses: seeds of sane species 
(e.g., yellON birch, red maple) are inhibited at ION pH (3.0); others experience 
enhanced gennination (e.g., Ythite pine, \\hite spruce); and others shON no effect 
of rainfal I pH (e.g., eastern henlock). In sugar maple, sirrulated acidic rain 
had a stim.Jlatory effect on seed germinat_ion only in nutrient-poor soi Is. 

Seedl irg establ ishnent is expected to be rmre sensitive to acidic condi­
tions. Sane workers have fourx:f that species (e.g., sugar maple) vklose seeds are 
unaffected by sinulated rain of pH 3.0-suffer reduced grONth of the seedlings at 
this pH. However, the extensive sttdies of Wood and Bonnan (1974, 1977) on 
yellow birch ard sugar maple showed that, despite extensive loss of nutrient 
cations through soil and leaf leaching, seedling growth shONed no effect, or was 
enhanced even at very low p-1 (2.3). However, Raynal et al. (1982) found that 
injury of sugar maple seedlings could occur at a p-1 of 3.0 or less, dependirg on 
soil nutrient status; susceptibility to bacterial infection was an irrportant 
variable in determining the experimental outcane. Stinulation of seedling growth 
was attributed to N-ferti I ization fran the t-03 in the sirrulated rain. These 
results ii lustrate the fact that the carplexity of the interactions between tree 
growth and the soil and atmospheric envirorments is sufficiently great that 
prediction frcrn a sirrple set of assurptions is risky at best. 

d. Foliar leaching 

The loss of nutrient cations fran leaves because of leaching by acidic 
precipitation is generally considered one of the rrost irrportant effects on trees, 
and one of the rmst irrportant causes of potential deleterious effects on growth 
and survival. It has been extensively studied in laboratory ard field situa­
tions. Throughfal I in general shONs significant enrictnent of nutrient cations 
(Ca, ~, K, _ .. Na), sulfate~, ·organic acids and other organic molecules; there is 
a I so a I oss ·· or gain of H , depending on species. Con i fer and ha rdNood canopies 
have been fourd to behave quite differently; in general, throughfall fran hard­
wood canopies shONs an increase in pH over _gross precipi.tation, vi.hi le conifer 
canopies cause a decrease in pH. Conifers have been fourd to intercept more 
precipitation and acclJTUlate more dry deposition from irrpaction of aerosols 
than do hardwoods; they also show, in sane studies, higher cation concentra­
tions in throughfal I than deciduous species receiving thq sarre incident precipi­
tation. There is sane evidence that foliar uptake oJ N-14-N ~y enhance-through­
fall acidity (because the uptake process exchanges H for N-i u~· Representative 
changes in throughfall pH are those reported by Alcock ard Nbrton (1981), w-ao 

73 
r ...... -.~-----------------------~ 



' I 

:: i 

I,, 

I 
I I 

found that gross precipitation of mean p-1 5.8 declined ~o P:f LJ_.1_ under a _pine., 
canopy. Several studies have shCMn that throughfall that 1s _s1gn1f1cantly higher 
in p-t during the growing season in a chestnut oak forest 1s equal to o~ lower __ 
than open rainfall p-1 during the winter _(Hoffman e~ al.,_1980). :O,ere 1s sane 
evidence that at least in hardvvood canopies, there 1s an increase 1n the propor­
tion of weak '(probably organic) acids in throughfal I, altho~h total acidity is 
conserved (Hoffrran et al., 1980). 

The interaction of precipitation with leaf surf:3c~s-is par.UGUlarly_.in:po~­
tant in the dync111ics of sulfur accllT'Lllation and depos1t1on. Mayer and Ulrich (1n 
Hutchinson and Havas, 1980) have stressed the iITl)Ortance of leaves as sulfate 
filters in detennining both the acidification effects of precipitation and the 
ecosystem budgets of sulfur; they estirrate that dry depositiory is equivalent to 
wet deposition in arount. Other workers have reported similar findings, wjth_a 
range of 30-40 kg/ha/yr of total sulfur_depositi~n (90-120 kg/ha/yr as S04) 1n 
throughfa 11. The damnance of sulfate in the anaon_ ~e_t of thr~ughfa 11_ pre­
c ipi tat ion may strongly affect the irrpact of the prec1p1tat1on on soil nutrients. 

In slJ11Tlary, there is abundant evidence that rainfall is enriched in cat!ons 
as it passes through tree canopies, and that this enrichnent is fran a carb1na­
tion of cation loss fran leaf tissues and washoff of dry deposition on the leaf 
surfaces. If cation uptake frcm the soi I cannot balance this loss of nutrients 
fran the leaves, there could be deleterious effects on the plant. 

e. Other effects 

Although effects on drought stress have frequently been postulated, the~e 
has been I ittle 'NOrk done on this subject. One study of cuticular dcrnage in 
Scots pine reported a s I ight increase in the conductance of water through the 
cuticle';· however, the trees in this study were subject to a point source of S02 ,_ 
rather than regional acidic deposition, and· in any case., the effects observed 
were smal I. 

t-unerous studies have dE!llOnstrated that the heavy metal content of bolev.ood 
increments increases in trees exposed to point sources of these pollutants; 
recently, sane studies have suggested that similar phenanena may_occur in trees 
exposed to reg i ona I acidic precipitation. Baes arcl ~Laugh I in ( 19 _84) have 

· presented evidence of increased Al, Fe, and other metals in short I eaf pine trees 
exposed only to regional air pollution, and ~herbatskoy (pers. coom.) has 
presented similar data for spruce and sugar maple 1n Vemnnt. 

Analyses of foliar nutrient contents and root nutrient contents have 
suggested that loss of Ca and M;J may occur to a signi f!cant extent in trees 
showing stress; Al concentrations, .hovvever, are very variable, and no ~eneral 
patterns of increased levels of Al in roots can be_ f~rd t~at correlate wit~ the 
occurrence of tree decline or dieback. Hoy.ever, 1t !s ~v•d~nt ~hat analysis of 
"-ltrient and heavy metal balance in tree tissues 1s in its infancy, and no 
generalizations are yet justified. 
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2. Below-ground Effects 

Belo.v-ground effects include a carpi ex array of soi I and plant responses. 
M:Fee (1983) has sllTITBrized many of these (Table 14). 

a. Cation leaching 

The loss of nutrient cations, particularly Ca, Wg, Kand Na, results from 
the rrovernent of mobile sulfate and other anions in percolating soil water. The 
net loss of cations reflects a carplex balance between soi I structure and 
chemistry and the chemical and biological processes that detennine cation 
exchange capacity and minera I weathering rates. Exper imenta I studies have 
suggested that as the pi of the leaching solution falls, leaching increases at a 
faster rate than weathering, resulting in a decrease in base saturation; in sane 
studies, experimental acidic inputs have also increased nitrification, resulting 
in greater internal generation of H-f. Calcium and magnesium appear rmst 
sensitive to loss. A nurber of authors (Abrahamsen, in Drablos and Toi Ian, 1980; 
Johnson et al., 1982) have suggested that anion rrobility and sulfate fixation 
capacity are the critical variables in detennining the sensitivity of soil to 
cation loss. T~I inson (1983) pointed out that in low-p-1 soi Is, (usually 
considered resistant to acidic deposition) if H+ and Al saturate the smal I nurber 
of cation exchange sites, cations liberated frcm mineralized organic matter are 
subject to rapid loss before they can be reabsorbed by vegetation; studie_s of 
soil percolates in northern New England and in Europe support this contention. 
It has a I so been pointed out that if· sulfate is not imrobi Ii zed, it can cause 
cation loss without a si•gnificant change in soi I pH. 

Although there is no data frOTI New Jersey specifically addressing this 
issue, there is data fran the New Jersey Pinelands on nutrient inputs and outputs 
fran the soil. Wang (1984) estimated ecosystan nutrient budgets for a typical 
pine-oak upland site; his data are slJ11Tlarized in Table 15. 

Wang's studies demonstrated that in the. Pinelands, the mineral subsoi I has 
an extranely low capacity to supply nutrient cations through weathering, and that 
the nutrient cation stocks in the soil are also very low, carpared to ecosysteTis 
on soils with a richer carplenent of minerals. l'lJtrient cation input is derived 
chiefly· fran precipitation. The nutrient cation capital of the Pinelands 
ecosystens is stored primarily in the organic fractions - the I iving biomass and 
the organic ry:iatter of the forest floor. The ecosysten is highly ,efficient at 
retaining these nutrients, since water leaching through the soil contains very 
low quantities of cations, even after ION to rroderate-intensity fires (a ccmmn 
feature of this ecosystem). This ecosysteTI is thus an exarrple of the kind of 
sys tan in \\hi ch cat ion I each i ng induced by anion rrob i I i ty cou Id pose a major 
probleTI: although the sulfate levels currently found in the drainage water do 
not seem to be causing excessive leaching at present, a saturation in the soi I 
of anion adsorption sites cou Id cause a rapid I oss of the sma I I cation poo I 
ava i I able to the vegetation 

Seip and Di I Ion ( 1984) have referenced a nurber of studies in v.hich 
increased cation loss due to inc::reased sulfate flux has been demonstrated. 

75 



I.
 

II
 .

 

I 
11

. 

IV
. 

TA
BL

E 
14

 

11
-IE

 F
U

lc
N

flA
L

 
lfv

PP
CT

 O
F 

A
TM

JS
PH

ER
IC

 D
EF

OS
IT

IC
J-.

J 
CN

 L
IT

TE
R

 A
N

) 
SO

I L
5 

P
ro

ce
ss

 o
r 

p
ro

p
er

ty
 

D
ec

cr
rp

os
it

io
n-

-m
in

er
al

 i
za

ti
o

n
 

O
rg

an
ic

 m
at

te
r 

tu
rn

ov
er

 

M
ic

rc
t>

ia
l 

ca
m

un
i t

y 
dy

na
m

ic
s 

N
it

ro
ge

n 
m

in
er

al
iz

at
io

n
 

R
oo

t 
up

ta
ke

 

S
oi

l 
ex

ch
an

ge
 c

cn
pl

ex
 

C
la

y 
m

in
er

al
 

m
or

ph
ol

og
y 

E
xc

ha
ng

e 
ca

p
ac

it
y

 

B
as

e 
sa

tu
ra

ti
o

n
 a

rd
 

ex
ch

an
ge

ab
le

 a
ci

d
it

y
 

E
la

ne
nt

 
le

ac
hi

ng
 

A
l u

ni
 n

un
 

M
an

ga
ne

se
 

H
ea

vy
 m

et
a 

Is
 

N
ut

ri
en

t 
ca

ti
o

n
s 

S
u

lf
u

r 

P
ri

m
ar

y 
m

in
er

ia
l 

w
ea

th
er

in
g 

H
yp

ot
he

ti
ca

l 
ir

rp
ac

t 
o

f 
ac

id
ic

 d
ep

o
si

ti
o

n
 

D
ec

re
as

ed
 r

at
e 

o
f 

C
 m

in
er

al
iz

at
io

n
 a

s 
a 

re
su

lt
 

o
f 

so
i 

I 
ac

id
if

ic
at

io
n

 a
nd

/o
r 

as
so

ci
at

ed
 t

ra
ce

 
m

et
a 

I 
to

x
ic

it
y

 
Sh

i f
t 

fr
cr

n 
ba

.c
te

r i
 a 

to
oa

rd
 m

or
e 

ac
id

­
~ 

to
 I e

ra
n

t 
fu

ng
i 

D
ec

re
as

ed
 a

n
n

o
n

if
ic

at
io

n
 

D
ec

re
as

ed
 n

it
ri

fi
c
a
ti

o
n

 

T
ra

ce
 m

et
al

 
to

x
ic

it
y

 a
ss

o
ci

at
ed

 w
it

h
 s

oi
 I

 
ac

 id
 i 

f 
i c

at
 i o

n 

In
cr

ea
se

d 
fo

nn
at

io
n 

o
f 

hy
dr

ox
y-

A
l 

in
te

r­
la

ye
rs

 u
nd

er
 a

ci
d

 w
ea

th
er

in
g 

D
ec

re
as

e 
in

 C
EC

 a
s 

a 
re

su
lt

 o
f 

cl
ay

 a
lu

n
in

at
io

n
 

In
cr

ea
se

 
in

 
th

e 
CE

C 
o

f 
U

lt
is

o
ls

 a
s 

a 
re

su
lt

 o
f 

su
lf

at
e 

ad
so

rp
ti

o
n

 
D

ec
re

as
e 

in
 b

as
e 

sa
tu

ra
ti

o
n

 a
nd

 
in

cr
ea

se
 

i n
 

so
i 

I 
ac

 id
 i 

t y
 

In
cr

ea
se

d 
rm

bi
l 

iz
at

io
n

 a
nd

 
le

ac
hi

ng
 

In
cr

ea
se

d 
le

ac
hi

ng
 

In
cr

ea
se

d 
le

ac
hi

ng
 

In
cr

ea
se

d 
le

ac
hi

ng
 

lo
ss

 

R
et

a 
_i n

ed
 

th
us

 
re

du
ci

ng
 S

 
I ~

ss
 a

nd
 c

at
io

n
 

I o
ss

 

In
cr

ea
se

d 
w

ea
th

er
in

g 
lo

ss
 

sa
.R

:E
: 

~
F

e
e
 

(1
98

3)
. 

S
ee

 o
ri

g
in

al
 

fo
r 

re
fe

re
n

ce
s.

 

E
vi

de
nc

e 
(+

) 
C

on
fi

nn
at

io
n 

(-
) 

R
ej

ec
ti

on
 

+
 F

ra
n

ci
s 

e
t 

a
l.

, 
1

9
8

0
 

+
 L

ot
m

, 
19

80
 

+
 L

ot
m

, 
19

80
 

+
 F

ra
nc

is
 e

t 
a
l.

, 
19

80
 

+
 F

ra
nc

is
 e

t 
a
l.

, 
19

80
 

+
 A

le
xa

nd
er

, 
19

80
 

+
 M

ay
er

 
an

d 
U

lr
ic

h
, 

19
77

 

+
 J

ac
ks

on
, 

19
63

 

+
 S

aw
hn

ey
, 

19
68

 
+

 J
oh

ns
on

, 
19

80
 

+
 A

br
ah

am
se

n,
 

19
80

 
+

 F
ar

re
l 

e
t 

a
l.

, 
1

9
8

0
 

+
 S

tu
a~

es
, 

19
80

 
+

 B
jo

r 
an

d 
T

ei
ge

n,
 

19
80

 
-

L
in

zo
n 

an
d 

T
en

pl
e,

 
19

80
 

+
 C

ro
na

n,
 

19
80

. 
+

 A
br

ah
an

se
n 

e
t 

a
l.

, 
19

76
 

+
 M

ay
er

 
an

d 
U

lr
ic

h
, 

19
77

 
+

 B
ak

er
 e

t 
a
l.

, 
19

77
 

+
 M

ay
er

 
an

d 
U

lr
ic

h
, 

19
77

 
-

T
y

le
r,

 
19

78
 

+
 A

br
ah

an
se

n,
 

19
80

 
+

 O
v

er
re

in
, 

19
72

 
+

 M
ay

er
 a

nd
 U

lr
ic

h
, 

19
77

 
+

 S
tu

an
es

, 
19

80
 

+
 C

ro
na

n,
 

19
80

 
+

 F
ar

re
l 

I 
e
t 

a
l.

, 
19

80
 

:f: 
Jo

hn
so

n,
 

19
79

 
;G

je
ss

in
g

 ~
t 

a
l.

, 
19

76
 

-
Jo

hn
so

n,
 

19
79

' 
. 

·,
 _

__
__

__
__

 
-
-
-
-
-
~

~
-
-
-
-
-
-
~

-
-
~

-
-
-
-
-
-
-
-
-
-
-
-
-

--
-·

 
--

---
~-

-; 
/ 

IV
. 

P
ri

m
a

ry
 m

in
e
ri

a
/ 

w
e
a
th

e
ri

n
g

 
In

c
re

a
se

d
 w

e
a
th

e
ri

n
g

 
lo

ss
 

±. 
G

'j';
~';

.\'~
 ~

;_· 
;,

 ..
 1

9
7

6
 

I 
~
 J

oh
ns

on
, 

t9
7

9
 · 

~
I
Y

"
'i

:-
M

rl
=°

A
A

 
f 

1 
Q

8
3

 l 
_ 

S
e
e
 
o

ri
ai

n
al

 

~
 

_,
...

 
1

~
 

Q
J 

:::
, 

., 
I 

U
J 

r+
 

--
· ~ 

w
 

0
0

 

0
0

 

.N
 

'T
l 

--
· 

lC
 

-,
 

_,
, 

U
) .c
 -

• 
0 

·-3
-

U
) 

~
U

)
 

·, ., 
. - w

 . 0 N
 . N
 

0 . w
 

0 0 w
 

U
1 

fo
r 

re
fe

re
n

ce
s.

 

; E9
 I -i

=
 

lC
 

r+
 -U) QJ .a

n
 

. 
n ¾~
 

, 
-

-
a
,
 

r+
 

0 :::,
 

0 0 . 0 . 0 .r:
: 

0 . 

-E
> 

lC
 

r+
 

~"
E 

.c
 r

+
 

. 3
- --"'< (D , 
Q

J 
-
n

 
:::r

 

~
 - 0 . 0 0 N

 

0 U
1 

0 . 0 0
0

 

0 . 

_, lC
 

0J
 

_,
... 

U
) 

:r
 

.c
 (

D
 

. 
., 

3 
-~

 
-<

'~ 
, -.,

 
(D

 

(D
 

QJ
 

U
) 

(D
 

0 . 0 0 0 U
1 

0 . 0 0 0 . .r:
: 

-:
::

, 
'e.

"E
 

U
) 

r+
 

.c
 ~
~
 

"'<
 

-
,A

"
 

-"C
 ., (D
 

n -· "C . - 0 0 - N
 

0 . N
 

0 . N
 .....
 

0
0

0
 

_g
, 

lC
 
-
· --

I 
I 

I 
U

) -? 
~ 

-
w

-
0

0
0

 
3

n
 

0 
-
:
r
 

~
~
~
 

QJ
 

~
 

(D
 

Q
J C
'" - (D 

I~ 
IZ

 

w
-
-

W
 

.r:
: 

0 

...
.. 

0
0

 

~ 

~r
= 

!i
;~

~
 

~-
~ 

~~
- ~m;

 ~
 Fii 

.. 
~
 

-
1~1 

U
1 

i 
0

0
U

1
W

 

~
 

.....
, w

 '°
 

I 
u

, 
w

-
°' 

0 
'° 

IQ
 

~f
R

~ 
0

0
 

.r:
: 

-
fH 

-
z
 ~; m
 .. ~ 

°'
~

 



I 

, I 

, I 

! I I 

I 

! i 

I ' 

I ! 

'

1 

i J 

, I 

I l 
I I 

I i 

I I 

b. Metal toxicity 

Th~ increased soh.bif ity of metals at low p-1 has be f ently discussed 
as a maJor effect of sou acidification. In c.ennany en.drequble ev·,dence has 
b bt · ed b ur · h · · , cons, era 
e~-~. aedrn. y . rrc to support the. contention that afUTiinun has becane 

so , rz rn toxic armunts. Increases rn so!ubfe afuninun have been reported 
frcm nort_hern New Erg I and (Cronan and Schof 1.eld, 19791 rut have not been 
ob~erved •~ Norway. Johnson et al ~1984) ha~e pointed o~t that in strec111S in 
whr~h p-i rs control fed by strong mrneral acrd anions (i anthropogenical ly 
der!ved sulfate), solubi I ized al uni nun is in inorganic f .e.mereas in streans 
danmated by weak organic and carbonic acid acidity a~rm,. is organical fy 
~und and thus not in a fonn toxic to aquatic biota ~~~ect evidence of 
increased aluni_nun avai labi I ity is. fou~ in the tree-;ing st:nies of Baes and 
Sche:batsk?Y cited above. The brologrcal significance of increased soluble 
alunrnun rs harder to evaluate, however, since trees vary widely in their 
tolerance_ to alunin~, and_ some studies (e.g., for the declining red spruce), 
show_no drff~rences 1n ?l~rnun c~n~ent ~f healthy and declining trees. However, 
the rnteract1ons of acrdrc depos1t1on with heavy metals are increasingly being 
stressed as the I ikefy focus for forest inpacts (Mer, 1984). 

. fncreased_rrobi I ity ~f other heavy metal toxicants has been discussed. There 
1s sane eXJ?errrnen!al _evidence th~t increased percolate acidity rrobi I izes heavy 
metals~ thrs topic 1s the subJect of current research and I ittle is yet 
es tab I, shed. 

c. fnpacts on soil microbial processes 

. TI:1e effects of acidic deP?sition on organic matter decooposition and on the 
m1crob,1al carponents of the nitrogen cycle are of critical in,::x>rtance, in part 
~cause th~y are the control I ing_ variables for mmy aspects of ecosystem func­
tion, and 1n part because (as reviewed above} the apparent nitrogen limitation of 
many _forest types appears to be a critical variable in the assessrrent of acidic 
deposition effects. Many _studie~ ha~e sh?'M1 that Ythile nitrogen mineralization 
(~ele~se of r:"14 ~ran organic ccnb!natron) rs not ~-sensitive, autotrophic nitri­
f1cat10~ (oxrdat,on of f\1-14 ~o_l'03)_ is_hi~h!y sensitive. There is also consider­
able e~rdence that decarposrtron rs mhrbrted under acidic conditions. Thus, 
both field and laboratory studies suggest an increase in I itter and organic 
matter content and a decrease in nitrate availability in forest soils. There is 
also s~ evidence that blue-green algal populations in soi I and leguninous 
nodulat,on may decrease in acidified soi Is, thus resulting in a decrease in 
nitrogen fixation. 

There is virtually no infonnation concerning the potential effects of acidic 
depo~i!ion on mycorrhizae, despite the critical irrportance of these fungi in tree 
nutrrtron. However, an absence of nvcorrhizae has been observed in declining 
C,ennan forests. 

d. Direct effects on roots 

Research in Gennany has shOM1 that in declining forest stands. fine root 
gro.vth is seriously inhibited. Ulrich has related the loss of fine feeder roots 
to al uni nun toxicity. Al though there have not yet been JX,Jbl ished detailed 
stucfies of root growth in affected Pmerican trees, Siccc111a et al. (1982) report­
ed that dee I in i ng red spruce had roots that I ooked "unhea I thy. 11 Johnson et a I. 
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(in Linthurst 1984) found that roots of declining red spruce did not differ fran 
those of healthy trees in elenent carposition. Studies in Europe have suggested 
that tree roots in acid-sensitive areas have Ca and Tv9 inbalances. 

3. General factors 

The interaction of vegetation with atmospheric conditions is subject to 
several general influences wiich wi 11 affect the potential for acidic effects on 
the various factors described above. 

a. Elevation and aspect 

1l1e extensive studies lD"ldertaken in northern New &gland have shOMl that the 
armunt, fonn, and chemistry of precipitation entering a forest is strongly 
influenced by the elevation and aspect of the stand. In particular, the exposure 
to fog and mist appears to be irrportant, because these forms of atmospheric 
moisture usually have lower pi than rainfal I, and are in contact with the vegeta­
tion for longer periods of time. Sane scientists (e.g., M::>er, 1984) now believe 
that on I y hi gh-e I eva t ion stands a re I i ab I e to danage frcm ac id i c depos i t ion 
(primari'ly fran fog-drip). This factor should be considered for the ridges of 
northern New Jersey, but the elevations are nuch lower than those in northern New 
England, and therefore not likely to be strictly ccnparable. 

b. Ra infa 11 timing 

Lindberg et al. (inD'ltri, 1982) have shONn that the length and intensity 
of particular precipitation episodes carbine w.ith the length of the preceeding 
dry period to strongly affect the actual concentrations of chemicals on a leaf 
surface. They show that sulfate, for exafll)le, can reach 15 ppn· (ng/1) on the 
leaf surface, and 1.5 grams/1 as a potential concentration as the water fi Im on 
the leaf evaporates. Thus, leaves may be exposed, albeit briefly, to rruch higher 

··1evels of toxics and total acidity than is evident fran bulk precipitation 
rneasuranents. Their results support both the previously described need for 
better understanding of dry deposition processes, and a need for better quantifi­
cation of rainfall events and_their interactions with tree canopies. 

4. Tree growth and Survival 

The effects of acidic deposition on both above-ground and be I ow-ground 
factors are ultimately surrned in the extent to 'Mlich tree growth and survival is 
altered. Conversely, because tree growth is the end product of the nunerous 
factors discussed here, it is very difficult to unequivocally ascribe observed 
changes in growth in forest trees to acidic deposition. In Cennany, extensive 
die-back (death of part or al I of the tree canopy) and decline (a cmplex of 
s~tans variably including early loss of foliage, poor color, drooping of 
branches, abnonnal ly slow growth) of a variety of both coniferous and hardM>od 
trees is occurring on diverse sites throughout the country; it is estimated that 
up to 25% of the forest' area of West C,ennany may be affected (Cowl ing, 1983). In 
part because no specific stress can be found that is ccmmn to al I areas, the 
problem has been ascribed to air pol fut ion, possibly acting throt.gh sane ccnbina­
tion of oxidant gas effects~ nutrient irrbalance effects, physiological effects on 
photosynthesis and rretabolism, and soil aluninun toxicity effects. In hnerica, 
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extensive decline and die-back has been so far described only for red spruce 
(Johnson and Siccam, 1983) gr<111ing north of New Jersey; high-elevation popula-. 
ti ons (2,000 m) in the southern ,Appa I ach i ans are a I so experiencing severe . 
decline but IONer elevation stands are sti 11 vigorous. The S}1TPtoms of the 
corditi~n in spruce are not similar to those of the Ceman trees, and Al toxicity 
in the soil has been eliminated as a hypothesis. The only other case that has 
been described is the abrupt decrease in growth of short leaf and pitch pines in 
southern New Jersey (Johnson, in Linthurst, 1984). In this study, 60% of the 
sarrpled trees sh<111ed evidence of abrupt and prof onged decrease in increment 
growth since the 1950 1 s. However, no other S}111)toms of decline have been 
observed in these trees. For both the NaN England spruce and the New Jersey 
pitch pines, it is now thought that drought stress may be interacting with ac!dic 
deposition effects, and possibly other. stress factors, in causing the decl me; 
but no certain, or sirrple, hypothesis has seemed reasonable (Johnson, pers. 
coom.). A.Jckett (1982) has found that pitch and \\hite pines, and chestnut oak in 
southern New York have experienced a change in the relationship of gr<111th rate to 
climate, but the role of acidic deposition in this p,enanenon is at present 
entirely speculative. 

The roost extensive studies of tree growth have been conducted in Scandi­
navia, \'\here carprehensive studies of the effects of acidic deposition on forests 
have been continuing for a decade. Despite extensive sarrpl ing of forest trees 
(Norway spruce and Scots pine) throughout Norway and Sweden (6,150 increrrent 
cores examined in Morway alone), there is no evidence of growth reductions attri­
butable to acidic precipitation. Although in S~ieden there was sane evidence in 
early studies of poorer growth in areas classed as having rrore susceptible soil, 
subsequent analyses suggested a rrore cmplex relationship between soi I quality 
and soil processes, climate and tree growth, which could account for the observed 
growth patte·rns independently of the rainfa 11 acidity. Experimental studies 
within the Scandinavian research program have shONn that even with prolonged 
(4-7 yr) application of sirrulated rain and irrigation water, detrimental effects 
on growth are smal I or non-existent. In fact, many of the experimental studies 
have suggested that nitrogen is a I imiting resource in the Norway spruce-Scots 
pine forests, and the nitrogen content of the sirrulated rain is a- potent ferti-
1 izer. fvbdel ing studies have also suggested that nitrogen mineralization fran 
leaf I itter by acidic deposition has a greater effect on tree growth than any 
direct effect of acidity on the trees. 

Sane of the ftmerican oork has presented similar findings. 0:>gbi 11 (1977) 
scrrpled four species of trees in New England and Tennessee, and reported that 
a I though sane species showed reduced growth in recent decades, no reg i ona I or 
synchronized decreases in growth could be discerned. The oork of Wood and Bannan 
(1974, 1977) and i\ber et al. (in D'ltri, 1980) have also suggested that nitrogen 
I imitation and the rate of nitrification in I itter, are the most irrportant 
controls o~ the hardwood trees and forests in their studies. Nevertheless, there 
are nunerous studies of tree grONth with respect to po!nt ·sour~e~ of S02 and(-{) 
which show clear decreases in growth, in many cases without v1s1ble evidence 0¥ 
tree injury (Tani inson, 1983). Thus, the _studies of eastern Arerican forests 
suggest carplex and variable effects of regional air pollution on forest health. 

It is clear that· the effects of acidic deposition on tree growth remain an 
open question. The Norwegian scientists (Overrein et al~, 1980) concluded that 
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"It Is diffirult to forecast the ultimate results of the atrrosJ:fleric acidifica­
tion and related air pollutants on terrestrial systems and to judge the rate and 
even the direction of changes. In the rmre susceptible areas it seems, however, 
to be a question of proportion and time re<JJired rather than wiether any 
ecological effects appear or not." Linthurst (1983) concludes "At present there 
is no proof that acidic deposition is currently limiting gro.vth of forests in 
either Europe or the U, i ted States... It is too early to cone I ude that acidic 
deposition has not nor wi 11 not affect forest productivity." The recent dieback 
and decline of conifers in the northeast (including New Jersey's Pinelands) and 
various species in Gennany, although as yet not definitively I inked to air pol lu­
tion, pose a serious question for research and rranagmient decisions. 

5. INTERPRETlf'-G FffiEST Ot\TA 

The above review of factors mediating the irrpact of acidic deposition on 
forest vegetation has given a very brief and incCJll)lete sunnary of the carplexity 
of the problan. Cnrpl icating an application of this existing data-base to a 
particular region (i.e., New Jersey) is the fact that rrost of the research 
available to date concentrates on a very small nurber of species - Norway spruce 
and Scots pine in Europe, red spruce, pi-tch pine, shortleaf pine, ard northern 
hardwoods in North Anerica, and a fav other species in a small fraction of the 
literature. A slightly larger nurber of species have been studied with respect 
to point sources of air pollutants. Nevertheless, the fact that carparative 
studies have invariably docunented significant differences in behavior clllOng tree 
species, and that exanination of several response factors in a single forest 
stand has been accCJll) I i shed for on I y a f eN spec i es in a f f!N I oca t ions, makes 
generalization unreliable. 

The consensus of opinion concerning the effects of regional acidic deposi­
tion on forest vegetation appears to be that (1) no clearcut effects have been 
docunented in field situations, but (2) there are data suggesting that at least 
sane (prirrari ly conifer) species in the northeastern and high-elevation south­
eastern United States are suffering decreases in growth, and (3) in the recent 
die-back and decline of conifers in C,ennany and New England acidic deposition has 
been identified as one I ikely candidate clllOng other factors in a CCJll)lex of 
stresses, and finally (4) there is sufficient evidence that acidic deposition can 
affect processes irrportant to forest growth (such as microbial cycling of 
nitrogen, cation leaching fran both soils ard leaves, and direct effects on leaf 
and root morphology) to support the conclusion that negative irrpacts of acidic 
deposition are I ikely to occur in the future to s~ species in sane areas. 

C. ~ IN NEW JERSEY 

1. Cannercial Forest Land 

Tile most recent data on the forest resources in New Jersey is tt,e Tirrber 
Resources of New Jersey'survey (Ferguson and Mayer, 1974). This sumery is based 
on data collected in 1971-1972. Although these data are over a decade old, they 
at least provide an estimate of the nature of the forest resources in the state. 
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Forty percent (1.93 x 106 acres) of the_state's land area was classified as­
forested; another 14% (0.69 x 10 acres) was classified as urban forest land 
(including urban parks, watershed property, etc). As of 1971, forest lard (not 
including urban land) had decreased 12% since the previous survey in 1956; it is 
thought that a sanew,at smaller decrease of 7-9% will be observed in the tirrber 
resource survey schedu I ed to ~ undertaken next. year. Of the tota I ccmrerc i a I 
forest land, 62.6% ( 1.16 x 10 acres) is found in the eight southern counties 
that have sandy, poorly buffered, sensitive soils; these counties grow 54.2% of 
the total growing stock of 1,470.3 x 10 cu. ft. of carmercial wood produced in 
the state. The other likely sensitive areas are srmller: Sussex, Warren, 
Passaic, and l\ibrris counties, 'Ahich include the sensitive areas of the Kittatinny 
Ridge and the Highlands, together account for 24.9% of the forest land and 31.3% 
of the growing stock. The forests· can be classified into several major types by 
their dcminant species; although seven major types can be identified in the 
state, tV1.0 account for roost of the ccmnercial forest land. The yellow pine type 
(pitch pine and shortleaf pine; i.e., Pinelands forest coonunities) account for 
-about 25% of the forest land, and oak-hickory stands account for 40%. Other 
minor types include wiite pine-henlock stands, oak-gun stards ('Mlich includes 
Atlantic 'Ahite-cedar and SWcllp hardwoods) and northern hardwoods. 

Table 16 shows the distribution of major tree species by county, in temlS of 
the carmercial measure of wood volune. Conifers make up 18% of the total 
growing-stock volune. Table 16 shows that oaks are irrportant in al I counties of 
the state, w,ereas yellow pines (primarily shortleaf and pitch pine) are re­
stricted to counties within the Pinelands area. As of 1972, oaks were increasing 
in vo I une, 'Ahereas a 11 conifers except pitch pine were decreasing. I t is appa­
rent frcm Table 16 that the species rmst extensively studied in µ.ibl ished acidic 
deposition research - red spruce, sugar maple, yellow birch - are poorly repre­
sented• or absent fran the state. Oies tnut oak, as a meni::>er of the \\hi te oak 
group, was aTDng the species found by Puckett (1982) to have experienced changes 
in growth rate unrelated to climate. However, there have been no published 
regional studies of oak growth patterns, nor have any of the experimental stu:lies 
uti I ized oak species. Unpublished~ preliminary data from the RRAST progran have 
suggested that the oaks are not showing any change in growth unrelated to climate 
{Johnson, pers. carm.). Thus, without data on ejther the sensitivity of oaks to 
the various factors outlined above, or on growth rate changes during the past 
several decades, it is very difficult to judge wiether this large carponent of 
New Jersey's forests is faced with an irrmediate threat frcm acidic deposition. 

The data of Johnson and his colleagues on pitch pine and shortleaf pine have 
suggested that growth reductions in this species .. may be occurring. In the 
original study, approximately one-third of the 176 trees sarrpled in the central 
Pine lands showed no growth change. The data for the other trees were ·reported in 
tenns of diameter increment, rather than basal area increment; since dianeter 
increment normally decreases with tree age, it is unclear hON rruch- of the 
observed growth decrease was actually a normal growth trend. lhpubl ished, 
preliminary results of the RRAST research progran have suggested that pitch pine 
does show regional unexplained change in the relationship of growth to climate 
(Johnson, pers. ccmn.). Johnson and his co-workers have recently attributed the 
growth problans to an initiating drought stress, cmpounded by other continuing 
environnental stresses, possibly including acidic deposition. In the original 
study, the growth reductions were correlated with stream p-f, and the assurption 
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was made that the sardy, inert soi Is had I ittle effect on; the p-f of percolating 
rain.vater; hONever, the assUTpt ion. that strearrwater pi: sho.ved the effects: of 
acidic precipitation has been questioned (see section on Effects of Acidic 
Depos i t ion on Pqua t i c Bio ta). I f th is phenarenon described by Johnson i s 
verified in more extensive stooies of the species throughout southern New Jersey, 
and can be rmre definitively associated with acidic deposition, it wi 11 suggest a 
major threat to the carmercial forests and the forestry industry of the state. 

2. Potential Econanic Effects 

The econanic stakes involved are substantial. In 1972, growth of 
econanical ly-sized trees accounted for 56% of the total increase in tree volt.me; 
thg rest cane fran growth of saplings into econanic tree classes. Of the 11.4 x 
10 cu ft harvested at that_ time, 29% was from softwoods. Table 17 gives rror_e 
recent data for the dollar value of forest products in New Jersey. Cannercial 
forest land produced over $5 mi 11 ion dollars of raw 'M:>od value in 1977, nearly 
$89 mi 11 ion of manufactured product value, and errployed 4,500 people with an 
annua I payro I I of $42 mi I I ion. Al though the nurber of al'l)I oyees in the primary 
industry (cutters, mi 11 operators, etc.) is srml I, it is estimated that about 
30,000 errployees are involved in al I tirrber-based industries (Pierson, pers. 
ccrrm.). 

The forested areas of the state also have recreational value, 'Ahose econcmi~ 
irrportance is hard to quaitify. In 1983, the 30 state parks received 6.6 x 10 
day ~isitors and 0.22 x 10 overni~ht visitors; the 12 state forests received 1.3 
x IO day visitors and O. 28 x IO overnight users. The fees received for the 
overnight use represent a small fraction of the total econanic value generatec:t:by 
this use of state forested lands (widotti, pers. cmm.), and there are not data 
avai I able to adequately characterize this contribution to the state's econanic 
activity. The esthetic value of the forests to the visitors is undoubtedly even 
rmre irrportant - ard less quantifiable - than the econanic value. 

Trees in urban and suburban areas of the state are· subjected to nunerous 
stresses, of wiich acidic deposition may be a relatively minor carponent. The 
sensitivity of this tree population deserves rmre attention, however, because the 
-1 ON divers i ty of tree species, and the trend toward . an even I ONer divers i ty f n 
the future, creates conditions for a potentially disastrous loss of urban trees. 

D. COOlJS 10..JS 

I. The data base on forest responses to acidic deposition 'consists of 
laboratory and field experimental studles of a large variety of 
processes in smal I nurber of species, and scrne field analyses of tree 
grONth in an equa I ly sma 11 nurber of populations. C.onc lus ions at 
present rrust rest on extrapolation frcm studies of individual factors 
to ccnpl ex ecosystems and mode I I i ng of sys ten properties. The 
consensus is that this data base is not yet sufficient to warrant 
strong conclusions about the role of acidic deposition - as opposed 
to other cmponents of air pollution - in forest growth. 
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T.ABLE 17 

RH:ST FRD.CTS HARv'ESTED ~y IN f'EW JERSEY 

ftH\U\l_ 1VAUE AT VAWE 
\OLUvE STI.NP/CE FOINT OF ftlDED BY 

~ 
HAR\tEST8) VAU.E DELIVERr' rvm.JFPCTl.RER 

saWt irrber 22,910 M3F $1,489,150 $2,978,300 $44,674,500 

veneer 1,500 M3F 360,000 960,000 14,400,000 

fUlpNOod 27,000 Cds. 162,000 945,000 9,450,000 

furnace Po I es 8,000 Tons 16,000 256,000 2,560,000 

posts & Fencing 11,200 Cds. 224,000 2,448,000 4,480,000 

pi I irig 900 M3F 90,000 360,000 3,600,000 

FireM>od 85,000 Cds. 595,000 5,100,000 5, I 00, 000 

Landscape 2,144,600 Cu. Ft. 317,700 317,700 476,500 
Wood Otips 

O,ristrnas 143, I 00 Trees I ,576,000 I ,576,000 1,576,000 
Trees 

Mi see I I aneous 500,000 OJ. Ft. 250,000 500,000 2,500,000 

lOfAL $5,079,850 $15,441,000 $88,817,000 

Statistics for the L..urbe r and \'\bod Products Group for the Annua I Survey of 
Wanufacturers - 1975 shONs the fol lowing: 

~r o.f erpl oyees 4,500 
Payro 11 $ 42,000,000 
Value added by manyfacturer $ 85,900,000 
value of industry shiµnents $186,500,000 

1sawni I I, Pu I pni 11 , C:Opper STie I ter, Reta i I er, etc. 

2A total harvest in excess of 73,700,000 &J. Ft. plus 85,000 eds. of firewood is 
indicated. 

~ta Source: Forest Survey - 'Nev,, Jersey 1972 updated by Tirrber Drain Survey 1977 
( unpub I i shed). . 
Annual Survey of Manufacturers, 1975. 
Average Prices Paid for Products, 1977. 

Date carp_i led by the Bureau of Forestry, NJDEP. 
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2. Extrapolation: to. New Jersey is rendered_, parUcularly_ di.fficul t by the 
pa~city of data on the daninant species- (oaks). 

3. Results fran a study by Johnson of pitch pine growth suggests that a 
portion of the tree poJXJlations rrey be experiencirg up to 40% decreased 
stenwood growth; c i rcunstant i a I evidence associates prec i pi tat ion 
acidity with the decline. Given the relatively· gnal J rurber of trees 
sarpled, ard the possfbi I ity (suggested by Johnson) that drought and 
other stresses have contributed to the growth reduction, this origina_l 
report rrust be considered as a warning and a st irrulus for further 
research on this ~pecies. 

4. Extensive, long-tenn studies in Scandinavia have resulted in the 
conclusion that although no effects on tree growth are yet apparent, 
there is good reason to believe that in susceptible areas, effects wi 11 
eventually occur. The rapid onset of forest stress in C,ennany supports 
this conclusion, and reinforces the idea that acidic deposition-relatesJt 
stress may cause suc:kfen envirormental changes in systems that showed no 
previous inpac t. 

5. The follo,ving research is reccnmended to better evaluate the threat to 
New Jersey's forests: 

a. Research is needed to assess the sensitivity of New.Jersey's 
forest soils to acidification, to cation loss (i.e., anion 
rrobility) and to mobilization of soluble alunirun. 

b. More extensive research is needed on grCJNth pat terns of the 
daninant species in New Jersey, to determine if growth reduction 
trends are found throughout the state, and to better determine the 
relationships of growth trerds to climate, fire history, and other 
environnental factors. It is strongly suggested that such growth 
trend research be incorporated in the tini>er resources survey now 
beirrJ planned by the Bureau of Forestry.·· 

c. Research is needed to better describe the natural and anthro­
pogenic sources of hydrogen ion in soil system;. It is difficult 
to assess the irrportance of atmospheric deposition on forest soils 
w.t. thout sane information on the extent of i nterna I generation of 
H ( through organic ac id fome t ion, n i tr i f i cat ion, etc. ) . 

6. A rmnitoring progran should be undertaken to regularly assess foliar 
and root tissue nutrient contents of major species in the major 
forested areas. Such a rronitoring progran could give. evidence of 
inpending problems before they becane rranifest as extensive decline and 
death of trees. Given the possibi I ity that the problems in New 
England and· in C,ennany are indeed air pollution-related, a. rooni taring 
system to provide an early warnirg could be invaluable in. New Jersey. 
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EFFECTS OF J'CIDIC DERJSITIOJ o.J FMD.Cflo.J KRIOJLTLRE 

A. THE VALLE OF PRD..CTIO-J /Jffi.lOJLnJRE OF NEW JERSEY 

New Jersey in years past earned its nicknane of "the Garden State" and, 
although it has undergone extensive urbanization and industrialization, the State 
sti I I retains vegetation resources of significant irrportance. 

Production agriculture persists despite the pess1m1sm reflected in "New 
Jersey Trends" pub I i shed in I 9711. A roost irrportant characteristic. of New Je~sey 
agriculture is the diversity of crops g~ov,,n in the Stat~; sane 9 different f1 71d 
crops, 12 vegetable crops, and 5 fruit crops are raised for the ccnmerc1al 
market. In the rural counties in the southern part of the State are grCJM1 roost 
of the vegetables including asparagus, cabbage, lettuce, onion, peppers, sweet 
corn, sweet potato, ard tamto. These sarre counties contain apple _and peach 
orchards, blueberry bogs, stravberry fields, and potato fields. A :ield croJ?, 
either soybean, corn, w,eat, alfalfa, rye, barley, or w,ite potato, 1s grONn 1n 
every county with the exception of Passaic, Bergen, Essex, and Union. 

The estimated value of al I crops produced in New Jersey in 1982 (latest data 
available) was $288.7 million (Crop Reporting Service, 1983). Field crops were 
valued at $113.9 mi II ion (41.0% of total), vegetables at $95.7 mi II ion (32.9%) · 
and fruits and berries at $74.2 mil I ion (26. 1%). Soybean and corn were ranked as 
the roost valuable field crops at $22.5 mi 11 ion and $36.8 mi I I ion, respectively. 
In 1983 the average value of an acre of farmland in New Je~sey was the highest !n 
the nation, $3,148. By cooparison, the value was $793 in New York, $1,381 in 
Pennsylvania, $1,692 in Delaware, and $1,925 in California. 

In addition to agronanic crops, a significant carponent of production 
agriculture in New Jersey is represented by shrubs, trees, flONers, and grasses 
that are purposely planted and cultivated outdoors for arrenity (non-product) 
purposes. These hort i cul tura I species enhance the urban envi rorment from 
greenbelts to gardens, fran caneteries to city streets, fran rights-of-way !o 
rooftops, frcm parks to planters (Santarrour, 1978). The magnitude of this 
ccnponent is reflected in statistics relating to th~ nurser_y and turfgra7s 
industries in New Jersey. AccordirrJ to the Crop Reporting Service, 1,031 cert1-
f i ed nurser,·i es operated in 1982 on 11. 822 acres of I and and had a tota I sa I es 
volune of ··$110 mi 11 ion, placirg New Jersey in the nurber six position for the 
~ntire country. TY.O of the state's nurseries, P_rinc~ton __ and Sumybro?k, ~anked 
in the top 100 United States' nurseries. The d1str1but1on of nu~ser1es 1n New 
Jersey is as fol I ows: 399 in the northern part of the state, 338 m the centra I 
part, and 294 in the southern part, with an acreage o! 1,889 acres, 6,~66, ~nd 
3,569, respectively. A survey is currently unde_rway m Ne~ Jersey to 1dent1!y 
not only the certified nurseries wt al I rurs~r,es. The .'~ortance of ho~t1-
cul tural plantings is draratical ly i I lustrated by the finding that hosp1!al 
patients recover fran surgery rmre rapidly if they view trees rather than brick 
wa I I s ( U I r i ch , I 9 8 4) . 

Tate (pers. c~.) has recently estimated that there is an average of 80 
trees per street mi I e in New Jersey cit i e_s ard subu~bs. The roost cannon are 
Norway map I e, f I CJNer ing pear, red and pin oaks, s I Iver map I e fo 11 ONed by 
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1 it t I e-1 ea f I i nden, sugar and red rnapl e , .. and honey I ocust: ~I thoUJ~ the mag':' i tude 
of the turfgrass industry is only now being: docunented, 1t 1s· cur,ren~ly estnnat!d 
that sane 2 mi 11 ion hane I awns and 200 go If courses have a h 1gh inv!stment in 
turfgrass. Just as with agricultural crops and 'M>~Y plants-·, there 1~- a gr~at 
diversity arong the kinds of turfgrass _plantE:rl in _the· state··, and: breeding 
prograTIS continue to introduce many genetic variants into use to meet the par-

ticular needs of the state. 

B. A HISlORY OF 11-IE IM>.ACr OF AIR FOLUJrl{}.J ~ 11-IE NEW· JERSEY CRCFS HO 
~Al5 

To place the phenanenon o~ acidic prec~pita~ion in proper perspective; it is 
appropriate to review very briefly the maJor air pollutants that have affected 
vegetation of the state. In 1946 peach and corn crops in certai~ areas along the 
Delaware River sustained such acute danage fran a· suspected air· pollutant that 
the Legislature charged the Pgricultural Experiment Station to rra~e a study of 
the effect of industrial funes on agricultural lands- (Ass~ly B111 376). ~F 
emissions fran industrial processes involved with the fabr1cat1on of the atan1c 
barb were identified as the cause of the crop danage (Daines et al., 1952). In 
succeedirg years fluoride anissions fran other sources, includirg the.manufact­
urers of bricks and glass, an oil refinery, and a molybdend~ reduction plant, 
were also found to injure not only agriculture crops but various types of ever-
green trees and flowers (Brennan and Rhoads, 1976). 

In the 1950's episodes of sulfur dioxide injury to vegetation were carrron­
place, especially in the northern count~es in t~e spring of. the year. 
Agricultural extension agents fran the various counties often subn1tted plant 
scl'Tpl es with suspected SO danage to the Air Po I I ut ion Sta ff at the Experiment 
Station for diagnosis. ~ring flONers, scarlet hawthorne and crab~pple trees, 
and newly emerged conifer needles exhibited fol!ar intercostal lesions s)'fl'Pto­
matic of g) pollution (Leone et al., 1965). Smee 1970 SO . s)'fl'Ptans have ~t 
been observ~ on vegetation in New Jersey (Brennan and Rhoads, 1976), and !heir 
absence coincides with the. c;fecr~ase in so2 ani 7sions brought about by stricter 
regulations irrposed on burning high sulfur coal 1n New Jersey. 

•·-; 

In the f960's photochanical ly-generated air pollution emerged ?s a fonnid­
able threat to agriculture. Ozone toxicity s'yffptCJTIS were cmmon in rural and 
urban a·reas on many crops inc I ud i ng gr~pe, onion, potato, oats, squash, a I fa I fa. 
tarato, ard seal lions (Daines et al., 1960). \\here the marketable crop was the 
leaf as in spinach there was obvious reduction in value. However, Vlthere the 
prod~ct was the se;d, tlber, root or stem, the effect on ~ield co_uld not be 
predicted fran the arount of foliar injury. Field tests. with various potato 
cult ivars ccnmonly grCMfl in New Jersey revea I ed that fol 1age could _deve_l op a 
significant arount of foliar ozone injury (12-22%) without_ any resulting effect 
on yield; but \\hen 75% of the foliage was affected, then y1el~ was reduced 25_to· 
31% (Clarke et al:, 198.3)'. Currently field tests are be-!ng• _co~ucted with 
soybean cult ivars to detennine the effect of arrbient 0..3... on fol 1ar in1ury and seed 
yield and quality. Contrary to a predicted loss of zo-24% by the National Crop 
Loss Assessment Net'M>rk (~), the Wi II iams cultivar has aJ:>Parently su!f~red no 
yield loss during the past l years although 5-10% of the fol 1age has exh1b1ted o3 

S}fTPtans. 

\~en photochanical_pollution was first studied in California, PH-J (pero a-
cety!nitrate) was considered to be an irrportant phytotoxicant. In the e~I 
1960 s Vvhat appeared to be PH-J S}fll)tans was observed on a few leafy vegetable~ 
around the Carlstadt area, but they have not been noticed in New Jersey in the 
last 15 years. Recent PAA measurements made in New Brunswick support the view 
that current conce~tr~tions a~e not high enoL9h to cause plant injury (Lewis et 
a!., 1983). . It Is int_erest Ing that in Ca I i forn i a 'M'lere P.AN I eve Is are con­
s I stent ly higher than m New Jersey, injury has been recorded on herbaceous 
plants but never on trees in the field (Taylor, pers. cann.). 

Other i~~edients of photochemical SrTDg, e.g. r,.o, have not been found to 
. cause plant mJury at concentr~tions that occur in ahbient air in New Jersey. 

Howeve~, sane data accurulated 1n New Brunswick (Brennan et al., 1964) indicated 
!h~t high alde~yde levels (0.20 pµn) might correlate with a particular type of 
1n1ury to petunia plants. · 

. _Fol I0¥1ing Likens' pronouncement that rainfal I in the Northeast had beccme 
ac1~1c, scrrples frcm rain events were collected at several sites in New Jersey 
during 1973-1974, and p--f was detennined. ,About 75% of the measurements were 
between p--f 3. 0-4. 5, . a I thot.gh sane va I ues were as high as 7. 5. Agr i cu I tura I 
ag~nts and crop spec_, a I i ~ ts were contacted to detenni ne if any prob I an of unknown 
etiology was occurring 1n the State that might have been related to acid rain 
No such problem could be identified. · 

In 1980_ e><P:riments were initiated in the greenhouse to investigate the 
effec_t of acid .r~in on crop pl_a~ts,- One study evaluated the role of epicuticular 
wax.•~ determining the sens1t1v1ty of leaves to acid rain. A wax-reducing 
pest!c!d~ was fo~nd ~o enhance the wettabi I ity of cabbage foliage and its 
sen~1t1v1ty to acid rain (Blun and Brennan, 1982). A second study supported by 
N.~. DE~ in 1981 ev?luated the effect of a coobination of ozone exposures and 
a~1~ ra1,:1 on the yield of al f~I fa (cv Saranac). The, yield was found to be 
s1~1lar in plants exposed to smulated rain of r:f-f 3.0 and 5.6. There was no 
evidence for a synergistic interaction between acid rain and ozone treatments 
(Rebbeck & Brennan, 1984). 

C. AN KO\CMIC A5SESS\IB'IT OF AIR FOLLlJrlo.J 06A¥GE m VECET"ATI~ 

· The irrpact of air pollution on agriculture in tenns of econanics is diffi­
cul!. to :a~sess for_ two_ reasons (1) a sirll)le relationship does not exist between 
.fol 1ar _mJury (wi1ch 1s readily observed and measured) and marketable yield 
except. in leafy crops, and (2) yield loss rray or rray not equate to econanic loss, 
depending upon events that occur in the marketplace. Nevertheless estimates have 
been made: In 1970 scientists at Stanford Research lnsti tute (Benedict et al., 
1?71~ est1mat~ that cr~ps and o~namentals nationwide sustained a loss of $130 
m! 11 !on fran air pol lut1on and, in the Middle Atlantic States, a loss of $17.6 
m1ll1on (~.4% of the value of crops and ormrnentals). CNer 90% of the losses 
we~e attributed_ to_ ozone. These predictions were based on fuel consurption, 
point source ermss1on data, crop sensitivity arx:f market value. Actual on-site 
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surveys of vegetation injury were conducted in New Jersey in 1971 and 1972. 
Feliciano (1971} reported· a loss of $1.2 mi 11 ion ard Pel I (1972), a loss C?f 
$128,000. At that time, the relationship-between foliar injury and yield was. 
l.D'lknoMi and, therefore, assuned to fol low a "rule-of-thurb": if 1-5% leaf injury 
occurred, then a 1% loss was applied for that crop; 6-10% foliar injury, a 2% 
loss,. etc. • In the last fifteen· years estimates of nationwide losses have 
increased frcm $130 mi 11 ion to sane'Ahere between $1 and $2 bi 11 ion. By these, 
calculations soybean production in New Jersey is reportedly decreased 13.8% 
($5 million) and corn, 3% ($1 mHlion) because of o3 pollution (Heck et al., 

·1982). These predictions have not been confinnect A soybean field test in New 
Brunswick frcm 1981 through 1983 revealed no significant yield change in the 

. Wi 11 iams cul tivar due to ozone pollution. 

D. A LITERAllRE REVIEW OF PCIDIC PRECIPITATIOJ N-.o ITS EFFECT GJ ffiOPS AND 
~ALS 

The realization that rainfal I in the Northeast has a pi of about 4.0 
provided the stirrulus for investigations of the effect of acidic precipitation on 
vegetation. This sequence of events contrasts sharply with previous air pol lu­
tion research efforts 'Ahere the actual observation of plant danage preceded a 
study of its causes. The fonner is the rTX>re difficult approach because theoreti­
cally thousands of· plant species (3,000 in New Jersey) (to say nothing of 
cultivars/varieties} rrust be exanined to detect the small nurber that are likely 
to be susceptible to acidic deposition. The investigations are also carpi icated 
by the fact that acidic precipitation, uni ike the gaseous pollutants previously 
discussed, is not a pure substance nor is it chemically defined. Acidic rain is 
a carplex mixture in 'Ahich .not only is p-1 a variable, rut also its nitrogen, 
sulfur, •and heavy metal content, arx:I that of any nurber of other soluble airborne 
chemica Is. · 

In the earliest acidic precipitation experiments with agronanic crops and 
trees, researchers applied sirrulated rain to various plant species in search of 
sane char.acter i st i c visible S}'ffPtan, such as found with other po 11 utants. No 
direct . ·effect was observed unt i I pH was decreased to ~ 3. 5 or I ower, 
considerably below arbient levels (Linzan, 19&1). Later reports indicated that a 
fav foliar lesions could be observed on sane species (beet, swiss chard, soybean, 
green pepper and bluegrass) fol lowing treatment with sirrulated rain at p-1. 4.0 
( Lee et a I . , 1981 ) . . a, I y garden beet has been known to deve I op f o I i ar S}'ffPtans 
as a result of arbient rain. Evans (1984) rmde this observation on the cultivar 
Perfected Detroit V-904 fol lowing a rainfal I of pH 3.9 in Lo~ Island. However 
the phenanenon has not been confinned by any other researchers. 

To date National efforts to assess the inpact of acidic rain on vegetation 
have focused on the effect of sirrulated acidic precipitation (pH of about 4.2 
carpared to p-1. 5.6, the assuned value for.uncantaninated rain) on the yield of 
agricultural crops, usually in control led greenhouse experiments and less fre­
quently in the field. Irving (1983) has provided an excel lent review and 
analysis of research up to 1983. In control led envirorment studies of sane 34 
crop varieties (28 species), 17 crops exhibited no effect fran acidic rain, 8 had 
increased yi.eld, 6 had decreased yield, and 3 showed a variable response. Those 
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adversely affected were pinto bean, rrustard greens, broccoli, radish, beet, and 
carrot. In field studies of sane 14 cultivars (9 species) wiere sirrulated acidic 
rain treatments were added to arrbient rain, the majority of species again 
exhibited no effect, 6 had increased yields and 1 decreased yield (beet), and 3 
shONed a variable effect. 

Unfortunately, the dose-response data generated frcxn these experiments 
cannot be applied to the real world. This can be illustrated by examining data 
fran EPA-sponsored soybean tests in 'Ahich 4 different cultivars 'Aere exposed to 
sirrulated rain at p-i's rarging fran 5.3 (or 4.0) to 2.3 at four sites in the East 
and MidNest. The effect of increasing acidity on soybean yield was fourx:I to be 
variable: the Davis cultivar in Raleigh, North Carolina and the Wei Is cultivar 
in Argonne, II linois shcmed no change; the Beeson cultivar grown in Yonkers, New 
York shcmed an increase; and the hnsoy 71 cultivar grown in Long Island, New 
York, a decrease in yield. O,e might infer frcxn these results that the cultivars 
are differentially sensitive to sirrulated acidic precipitation, but as a review 
by Jacobson (1982) points out, many differences in methodology prevent a carpari­
son of results between locations. In fact, 11 points related to the general 
protocol limit the "relevance of experimental results to aTDient field conditions 
in agricultural regions with acidic rain." In her review, Irving (1983) reite­
rated many of these I imitations, including the use of rain sirrulant with a higher 
S0/N03 ratio than that found in arrbient air and also the failure to characterize 
the conditions urder mich plants were gro'Ml. Actually, if the experiments were 
repeated with a standardized protocol, the result would be only of acadB'Tlic 
interest to Ney., Jersey, since none of the 4 cultivars tested is irrportant to the 
New Jersey soybean industry. 

Evans of the Brookhaven National Laboratory who contritxJted the data on the 
Ansoy cultivar to the above study has continued with research on soybean. In 
1984 he reported the results of an experiment in 'Ahich he carpared the response 
of lmsoy and Wi 11 iams to sirrulated rain treatments. Seed yields of Allsoy exposed 
twice weekly to sirrulated rain of pH 4.1, 3.3, 2.7 were respectively 3.0, 9.0, 
and 12.8% below yields of plants exposed to sirrulate<;i rain of pH 5.6. A 
treatment-response function of seed yield versus rainfal I p-f for Ansoy was y = 
10.20 + 0.587 X and had a correlation coefficient of 0.96 (y = seed mass/plant 
and X is p-f of sirrulated rain). The seed yield of Wi 11 iams, on the other hand, 
was not influenced by p-f of the rain; the correlation coefficient between seed 
mass and· rain µ-I being only 0.038. These results are favorable for New Jersey 
agriculture .. since Wi 11 iams is a ccmronly-grown cultivar and hnsoy has not been 
planted in many years. 

In general, the results obtained by treating agricultural crops with acidic 
precipitation reaffirmed many of the principles dermnstrated earlier with gaseous 
po I I utan ts. 

... --------

Crop tolerance is the rule; and susceptibi I ity, the exception. 

lnterspecific and intraspecific variations occur in respect to foliar 
and yield response. 
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There is little evidence for a I inear response ft.B1ction. 

Year to year variation in response is observed with a given species, 
indicating the irrportance of grooth envirorment. 

, Field-gro'Ml plants tend to be less sensitive than chcrrber-grown plants. 

A significant anount of foliar injury does not always translate into a 
yield reduction. 

In addition to agricultural crops, the forest ecosystem has been the focus 
of acidic precipitation studies (reported separately in this docurent) but the 
man-selected and man-managed trees, shrubs, and grasses that carprise an irrpor­
tant carponent of urban vegetation have been, for the roost part, neglected. 
Since this "artificial" ecosystem has characteristics al I its ONll, inferences 
cannot be made frcm studies with the natura I forest ecosystem. Very often 
different species are involved, with genetic qualities uni ike those of plants 
that have undergone natural selection (Steiner and Tow,send, 1978), and with 
growing conditions grossly unlike the natural forests (Neely, 1978). In the 
artificial system trees or shrubs rray be released frcm the cc:rrpetition 
experienced in forests and may have the advantage of soi I management, but the 
stresses of constrained root and aerial space, physical damage, chemical injury, 
and drought ccme into play. How these affect plant response to acidic precipita-
tion is unknO'Ml. 

In past research with gaseous pollutants, synergistic or antagonistic 
effects have been observed on vegetation resulting frcm the interaction of two or 
more pollutants (Unsoorth and Onnrod, 1982). Acidic precipitation could also be 
involved in such interactions. In soybean charrber tests conducted at Yonkers, 
New York, the experimental design permitted researchers to CO'Jl)clre the effect of 
sirrulated rain treatments in the presence and absence of arrbient ozone. Although 
there was an increase in yield with increasirg acidity in the "clean" air 
charmer, there was no such increase in the arrbient air charmer; hence, the 
authors concluded that the presence of ozone negated po~ential gains in yield due 
to acid rain. - Troiano et al. ·(1983) suggested that the reduction in soybean 
yield reported by Evans et al. (1981) might al so have resulted frcm the interac­
t ion of sirrulated acid rain treatments with elevated concentrations of o3 or even 
SO 

2 
,- as suggested by the experiments of Irving and Mi I I er ( 1981 ) . I naS1TUch as 

New Jersey has ozone levels coo-parable to those occurri~ in lower New York 
State, plant response in this state could represent an interaction between acidic 
rain and ozone po I .I ut ion. Saranac a I fa I fa, a cu It ivar that is coormn ly grow, in 
New Jersey, was alternately exposed to arrbient levels of o3 and siITUlated rain of 
pl-I 5.6 and 3.0 in greenhouse experiments in 1981-82. Increased rain acidity did 
not reduce the yield of this particular cultivar nor did o3 and acid rain have a 
synergistic effect on yield (Rebbeck and Brennan, 1984). . 

Experience with air pollutants in general has rmde researchers aware that 
not only direct effects, but also indirect effects,_ can stem fran plant contc111i~ 
nation. If acidic precipitation conforms to that model, then it rray wel I affect 
plant-pathogen and plant-s}-1Tbiont relationships, and perhaps plant-pesticide and 
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plant-i_nsect_ interactions. At this writing the fe11 experiments that have been 
done_ with diseases ~f crop pl~nts have required an acid rain sirrulant of pi 3.2 
to influence the disease reaction (Bruck, 1984). A consensus has not been 
reach~ on the effect of acidic precipitation, even at p-f 3.2, on a s}fTbiont of 
legunm~us crops .. Shriner (1978) reported a decrease, and Heagle (1983) no 
effect 1n nodula!1on. Regardi~ pesticides, acidic precipitation could hav~ an 
adverse eff~ct either by rende~1ng a _chemica~ le~s effective cgainst its target 
~r r:oore_ toxic t~ the plant.. ~1ttle 1nfonnat1on 1s available except for a paper 
1nd1cat1ng that increased ac1d1ty causes increased loss of triphenyltin hydroxide 
fran leaf surfac~s (Troiano and Butterfield, 1984). Lastly, insect populations 
on crop plants might be affected, but no infonnation on this subject is at hand. 

In s~~y, it can_ be stated that experimental evidence obtained in various 
laboratories in the Ln1ted States indicates that rainfal I of pH 4.0 does not 
~eneral ly ~ave an adverse effect on agriculture crops. The standard practices of 
1~c~rporat1ng o':"er 150,000 tons of I ime/year into New Jersey soi Is tends to 
m1!1gate ~ny_ direct effect of rainfal I on soi I pH. Althot.gh experimental 
ev1der:1c~ 1nd1cates that _sulfur and nitrogen contained in rainfal I can have a 
~enef1c1a_l effect on agricultural crops that are nutrient poor, this condition 
1s_not likely ~o occur in New Jersey agricultural soils. There is insufficient 
ev1d~n~e a_t t~1s tim: to_ eval~ate the irrpact on agricultural crops of acidic 
J?rec1p1tat1on in cooi>inat1on with gaseous and particulate pollutants that occur 
in urban sta_tes of the Northeast. There is also insufficient evidence to 
evaluate the 1rrpact of acidic precipitation on iITl)Ortant ornanental plants of New 
Jersey. 
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EFFECTS OF /CIDIC l:EFOSITIGJ o-J CKl.N) WATER 

INTRD.CTI~ 

The potential effects of acidic deposition on ground water are influenced by 
the chemistry of the atmospheric deposition, the nature of the soil am geologic, 
material through 'Mlich precipitation infiltrates, and the dynamics of the subsur- • 
face flow system. · 

The concentration of atrrospheric contaminants and the anount of precipita-, 
tion fal I ing on the lam surface define the input of acidic deposition to the 
hydrogeologic environnent. The chemistry of atrrospheric deposition was discussed, 
in O,apter I. The susceptibility of soil or geologic material to acidic deposi-' 
tion is related to the reactivity of the material and to changes in the pH and 
alkalinity of the water rroving through the material (McFee, 1980). <:at ion· 
leaching fran these materials may cause changes in solution ca:rposition or p--f. 
The susceptibi I ity of soi I or geologic material to acidic deposition may be. 
measured by cation exchange capacity, base saturation, and sulfate adsorption 
capacity; the susceptibi I ity of surface or ground waters to acidic deposition 
ITlr!Y be measured by alkalinity. 

c.a t ion exchange capac i ty is the sun of exchangeab I e cat ions in a given 
quantity of soi I or geologic material. In roost soi Is, significant cation 
exchange capac i ty i s der i ved f rem organic rm t ter and c I ay, 'Ml i I e the cat i on 
exchange capacity of subsurface geologic material is derived primarily fran 
clays. The greater the exchangeable basic cations, the greater is the ability of· 
a rnediun to neutralize acidic deposition. 

Base saturation is the fraction of the cation exchange capacity derived from 
the basic cations. · Of the exchangeable cations within a soi I or geologic 
material, calciun, magnesiun, sodiun, and potassiun are basic cations, 'Mli le 
hydrogen ion.and aluninun are acidic cations. The larger the base saturation, 
the greater is the abi I ity of the mediun to neutralize acidic deposition. 

The capacity of a mediun to adsorb sulfate is an irrportant measurement in 
detennining the sensitivity of a material to acidic deposition. Cation leaching 
can occur only in the presence of mobile anions. Because sulfate is the daninant 
anion in acidic deposition, the mobi I ity or retention of sulfate may strongly 
influence !~aching of cations fran soi I am geologic material. Materials \o\tlich 
exhibit an abi I ity to adsorb sulfate are less susceptible to cation leaching 
(fv\:Fee et a I . , I 983). 

The dynamics of the ground-water flew system (direction and velocity of 
ground-water f I O'N as it moves through the saturated and unsaturated zones) 
influences the destination of acidified water. The rmst direct route of water 
movement is the infiltration of precipitation -directly to the water table. 
Precipitation interacts with soil and geologic tmterial as it rmves toward the 
water table. Depending upon the chemistry of the sol id material contacting 
prec i pi tat ion, minera I weathering, ion exchange, I each ing, . and cCl'll')I exat ion 
reactions may occur. Flow paths may pennit the recharge of surface-water bodies 
by ground-water flow. Trace metals dissolved in acidified ground water may be 
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transported to lakes and streclTls. Surface-water bcx:lies may act as reservoirs to .. , 
the ground water, pennitting acidified surface water to nnve into the ground 
water. Interaction between acidified water and geologic materials may dissolve. 
trace metals such as aluninun and manganese, causing a net export fran a basin. 
The flow path through w,ich precipitation moves ard the reaction time with soil 
and geologic material affect the chemical reactions that wil I occur. 

Because of the carplexities of subsurface flow systems, knowledge of surface 
water-ground water relationships is irrportant in understarding how acidic deposi-
tion may affect the quality of ground water. 

SUSCEPrl BI LI l'Y OF 11-IE H't'tRCXlDl..CC IC ENvl ~ 10 PC. ID IC DEFUS I TICJ'J 

The abi I ity of soil and geologic material to assimilate or neutralize acidic 
depos i t ion i s . cont ro I I ed by the chem i ca I call)Os i t ion, the react i ve surface area 
and the hydraulic properties of the mediun. 

Media containing carbonate minerals (such as calcite and dolanite) or 
organic matter exhibit a very high buffering capacity (McFee et al., 1983). 
Sandstones and shales exhibit mediun to low buffering capacity, and acidification 
of water bodies within these areas would be restricted to headwater streclTlS and 
sma I I I akes (Hendrey et a I . , 1980). Granitic gneisses (because of extreme I y 
slow reaction rates) and quartz sandstones exhibit I ittle or no measureable 
buffering capacity (Hendrey et a I., 1980). ' 

Soi I and geologic material 'M'lich contain neither carbonate minerals nor 
organi~ matter may leach major cations, iron and aluninun, 'Ahen exposed to acidic 
pore water. Cations may accurulate in the ground water or they may be exported 
fran the watershed (McFee et al., 1983). 

The reactive surface area of a material exerts a control on the assimilation 
of acidic deposition. lrrpenneable bedrock with few fractures or joints v..ould 
have mtnitna1 contact with acidic deposition .. Little change in the geochemistry 
of the water passing throt.gh the bedrock might be observed. Unconsolidated 
sand and gravel-sized aluninosilicate minerals would provide a significant reac­
tive surface area for acidic deposition. The geochemistry of the water passing 
through these materials may be significantly altered. 

The hydraulic properties exert additional controls over the ability of a 
mediun to assimilate acidic deposition. The flCM' characteristics of the mediun 
inf I uence the geochemi ca I reactions 'Ah i ch occur. . The permeab i I i ty of a med i llTl 
and the hydraulic gradient detennine the contact time between the mediun and the 
water percolating throt.gh it. For the sane gradient, the lower the permeability, 
the greater the residence time of water within the mediun. Slowly occurring 
chemical reactions such as those associated with chemical weathering are favored 
by long residence times (N. M. Johnson et al., 1981). The geochemistry of the 
pore water is more I ikely to be altered if such reactions occur. 

The thickness of the media through which acidified water passes also 
influences assimilation. Hydrogeologic un-its that are very thin provide less 
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vol~ o! media for interaction with acidified. water. 
assrm1lat1ve capacity of a small volune of media is less Caisequently, the 
water-bearing zone or aquifer. than that of a thick 

Severa I investigators have att ted to ma · • 
that may be susceptible to acidic d~ ·t· P regions_ of soil and bedrock 
to acidic deposition have been dete:n~ ~~- ~psbof soil :egions_susceptible 
capacity (Mc:Fee, 1980) and alkalinity ,an:'~;• ~ i measuring cation exchange 
al. (1980) identified regions predicted t ~• a ~ers, 1982). Hendrey et 
based on bedrock geo I ogy maps. 0 suscept I b I e to acidic deposition, 

In certain areas of northwestern ncf 
carponent of the subsurface eol a. north centr_al New Jersey, a major 
bedrock, which exhibit I ittle 1tJff;,Y; cons 1st~ of certarn types of crystal I ine 
I ine bedrock is primarily along . ~ tapa~ty. Ground water flow in crystal-
Acidified ground water may ss thr~o,~ s a ~ractures ard is fairly rapid. 
chanically, and the bedroc~ma tug cryS t all_ine bedrock relatively unaltered 
ground water. y ac as a condu,t for the roovement of acidified 

Unconsolidated sediments, such as si I ts and nd · · 
the geology in the New Jerse Coa . sa s, are a rraJor carponent of 
suscept i b I e to acidic depos iii on s~ 1 Pl a•;..; These geologic mater i a Is are very 
minera Is and have I ow base satura't i onc~~e ca/Y are hgenera I ly l_ow in weatherabl e 

1On exc ange capacity. 

Cl-f5\i11CAL ~15\6 IN\,OLVID IN 11--IE ftCIDIFICATIG.J OF QUW WATER 

The primary chanical process by wii h "d" · · 
water i nvo Ives the I each i ng of t. c ~ 1 1 c depos' t 'on may a I ter ground 
a tmospher i ca I I y-depos i ted trace ~t~ ~~s. e source of the . cations may be 
surfaces. or carponents of soil and mineral 

Atmospheric deposition may pro 'd · · · · 
zinc and other trace metals to the~• ea s1gnif1cant rnflux of. lead, cadniun, 
depos i t ion, the soi I water and grou~~ ~ur face. In areas sens' t i ve to acidic 
dissolution of trace metals (Hultberg and~; e1 :Y1 be low eno~h to favor the 
trace metals may dissolve in the .. en. a , 9~0)._ ~rev,ously deposited 
gr~und water. Significant concentr~~~~i•t;t1on as ,t rnf, ltrates. toward the 
this manner fran the land surface into th o tndrace metals may be transported in e grou water systan. 

Cations associated with mineral s f · 
adsorption react ions. Base cat i onsur s~~~s may be '~vo I ved in ion exchange and 
exchanged for hydrogen wiere the influx f as .d~alc,un ?"? ma_gnesiun may be 
cations as wel I as aluninun and other f ac, ,c depos1t1on ,s large. Base 
particular soi I horizon or eol ic t race metals may _be exported fran a 
deposition.. Cronan and Scho1iel~ ( 19;9)ati under the influence of acidic 
deposition on increasing the export of alun'enc:msirated the effect o_f acidic 
N. M. Johnson et al. (1981) also re r mun _r~ a subalpine env,ronnent. 
aluninun fran the soi I zone in the ra1 ~edB tha: ac1d1c wate:s release dissolved 
Experimental Forest, New Harpshi re). s roo watershed ( m the Hubbard Brook 

107 



Toe inf I ux of roob i I e anions and hydrogen ions is necessary for cation 
leaching to occur (Ulrich, 1980). In atrmspheric deposition in the northeaste_r~ 
United States, hydrogen ion is the daninant cat ion and sulfate. is the ~aninant • 
anion. Cronan (1980) pointed out that sulfate was the dcmmant anion for 
solutions infiltrating through strata affected by acidic deposition. He 
hypothesized the inportance of sulfate in leaching aluninun fran soil water to 
ground water. 

For cation leaching by sulfate to occur, the sulfate adsorption capacity of 
the soi I or geologic material should be low. Soi Is and geologic materials 
which exhibit an ability to adsorb sulfate may receive greater inputs of sulfuric 
acid fran atroospheric sources before significant p-f or percent base saturation 
changes occur. The capacity for different soils and geologic materials to adsorb 
sulfate is largely u,knO'M'l, althot.gh sorre soils (Ultisols, Oxisols, Alfisols) may 
exhibit sane sulfate adsorption capacity (McFee et al., 1983). 

Sulfate adsorption capacity increases w,en the aroount of aroorphous iron and 
aluniram oxides or hydroxides in a mediun is large (tvtFee et al., 1983). As p-i 
decreases, sulfate adsorption capacity tends to increase. However, the presence 
of organic matter decreases the sulfate adsorption capacity, even W1en the iron 
and aluninun oxide content is high (Mc:Fee et al. 1983; Johnson et al. 1979, 
1980). The concentration of sulfate in solution also affects the sulfate adsorp­
tion capacity of a mediun, that is, sulfate adsorption is concentration-dependent 
(Mc:Fee et al., 1983). 

If the abi I ity of a soi I or geologic material to adsorb sulfate is sur­
passed, there should be free roovement of sulfate (acccnpani ed by cat ions) to 
la,,ver,soil horizons and/or geologic strata. 

The transport of deposited trace metals to the ground water may be aided by 
the presence of soluble organic matter. In forested ar~as, inland ~s _or 
swarps, there is generally an abundance of soluble organic matter, pr1~r1 ly 
fulvic acids and hunic acids. The organic matter may act as. organic anaons, 
providing chemi ca I bonding sites for carp I exa ti on with trace meta I cat ions. 

In areas ooere atroospheric deposition of trace metals occurs, the fonnation 
of organo-metal I ic ccrrplexes may accelerate the transport of lead and other 
trace metal's to ground water. 

CB.5ER\l'ED EFFECTS OF /CIDIC DEFOSITIC1'J ~ anID WATER 

Little infonnation is available to docunent the effects of acidic deposition 
on ground water in the United States primarily because data collection prog~~s 
have not been established for this purpose. Docunented effects of ac1d1c 
.deposition on potable ground-water supplies have cane primarily frcm SNeclish 
research. In Sweden, long term data collection progrc111S have daronstrated 
regional changes in ground-water chemistry in response to acidic deposition. 
Hultberg and Wenblad (1980) exanined data for a period of 10 to 20 years frcm 
nine shallow wells (10 to 20 m) in sandy soils and bedrock areas. They observed 
a decrease in bicarbonate concentrations over time as 'Nell as an increase in 
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calciun and magnesiun concentrations. The observed increase in calciun and 
magnesiun may indicate that acidic deposition is affecting soi Is above the 
ground-water zone by leaching out base cations and replacing· them with hydrogen 
ions. 

In a study of ground-water quality near a sulfur point source, 1-ultberg and 
Wenblad (1980) indicated that acidification of ground water occurred as the 
result of high sulfur input (as sulfate and sulfur dioxide) to the soi I and 
changes in the ground-water hydrology. In soi Is containing abundant iron and 
organic matter, sulfur deposition accurulated as pyrite in the looer soi I 
horizons. After two consecutive dry years, the ground-water I eve Is dropped 
cons iderab I y. As a resu It, su If ide was oxidized to fonn su I fur i c acid, and 
heavy leaching of aluninun, manganese, calciun, magnesiun, silica, and sulfate 
occurred. 

Hultberg and Johansson. (1981) conducted a regional study on the occurrence 
of acidified ground water in an area of southwestern Sweden ooere acidified lakes 
have been docurented. In the province of Bohuslan, wel I depth was correlated 
with observed acidity in ground water; as depth decreased, acidity increased. 
Forty-nine percent of the sha 11 ow we I Is had a pH I ess than 5. 5, and a I uni num 
concentrations increased sharply as pH decreased. Copper fran water pipes was 
found in Sarr1Jles of tap water from 6 of 10 wel Is at greater than 1.0 rrg/ I 'Mlere 
the p-1 range was 5.50-5.95. Taste problems and diarrhea in young children have 
been attributed to the high concentrations of copper. Thirteen percent of the 
heme OW1ers CCJTt:)lained of corrosion of copper water pipes with several hones 
experiencing corrosion through the wal Is of the copper piping. 

Hultberg and Johansson (1981) studied the effects of lime treatment on two 
acidified lakes in southwestern Sweden. A I ime treatment applied to the lakes was 
calculated to last approximately 10 years, based on acidic deposition rates and 
the lake's hydrology. After four years of treatment, ho'Aever, there was a rapid 
decrease in pH and buffering capacity of the two lakes. A subsequent geochem-
ical study showed that an inflow of acidified ground water accounted for the 
re-acidification. 

EFFECTS OF J\CIDIC DEFOSITIGJ GJ an.N) WATER IN SClJTHffi\J NEW JERSEY (PINELANJS) 

A. Hydrogeochffilistry of the Pinelands 

1. Geology 

The New Jersey Pinelands lie within the Atlantic Coastal Plain physiographic 
province, 'Mlich is corrposed primarily of marine and marginal rmrine, uncon­
solidated quartzose gravel, sand, silt, and clay strata (Rhodehamel, 1979a). 
Figures 15a and 15b ii lustrate the location of the Pinelands' boundries, the two 
rmst studied watersheds (rvicDonalds Branch and Oyster Creek), and a profile of the 
areas' hydrology. M:>st of the region is underlain by the Cohansey Sand [up to 76 
m of quartz sand with local clay and gravel beds) of Tertiary age. The Cohansey 
Sand consists predaninant ly of I irmni tic quartz sarx::f with sma 11 aroounts of 
weathered feldspars and local lenses of kaol initic clay [Rhodehamel, 1979a). In 
minor parts of the uplands, the C.Ohansey Sard is unconfonnably overlain by 
thin (approximately 6.1 m) deposits of the Beacon Hi 11 Gravel (Tertiary age). 

I 
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Fig. 15a Location of longterm pH monitoring at McDonalds Branch and Oyster 
Creek in the Pinelands. Shading indicates watersheds. For cross 
section see below. 
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Fig. 15b Idealized cross section showing ground-water flow patterns in Pinelands 
region. 
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2. Soi Is 

The soi Is 'M'lich have developed on the Cohansey Sand are highly leached, 
extremely acid to very strongly acid (,:H ranging frcm 3.6 to 5.0) soils (Markley, 
1979). Upland soi Is are generally wel I drained to excessively wel I drained; 
soi Is occupying intennediate positions i11 the landscape and lowland soi Is are 
rroderately wel I drained to very poorly drained. 

The sand fractions of Pinelands' soils are corrposed .of greater than 90 
percent quartz, contain minor feldspar and less than one percent rruscovite 
(Douglas and Trela, 1979). Si It fractions of the soi Is are also dcminated by 
quartz and contain I imonite, scme feldspar and mica, or kaolinite and vermi­
culite. Predaninant clay minerals are kaolinite, gibbsite, and smal I anounts of 
rruscovite vi.hich alters through dioctahedral vermiculite to aluninun-interlayered 
venni'cul ite or aluninun-interlayered srooctite. The dcminance of quartz arx:J the 
smal I anount. of clay in the Pine lands' soi Is result in a low cation exchange 
capacity, ranging fran I to 14 meq/ 100 g, but generally wel I under 10 meq/100 g 
(Markley, 1979; Douglas and Trela, 1979). 

The sulfate adsorption capacity of the Pinelands' soils is not known. Sane 
sulfate adsorption is carrnon in Ultisols arx:J Entisols (Tv1c:Fee et al., 1983; Singh 
et al., 1980), but sulfate adsorption is reportedly low in Spodosols (Johnson and 
Todd, 1983). Pinelands' soils are roughly 35 percent Ultisols, 30 percent 
Spodosols, 20 percent Entisols, and 10 percent Histosols (highly organic soils) 
(Markley, 1979; Markley, 1971; Douglas and Trela, 1979). It is I ikely that the 
sulfate adsorption capacity of Pinelands' soi Is is low to rroderate. 

The effect that acid deposition has on soi Is is determined not only by soil 
chemical properties (such as buffering capacity, ,:H, sulfate adsorption capacity, 
and presence and carposition of weatherable minerals), but is also strongly 
influenced by soil physical properties (tv1cFee et al, 1983). Water flow is the 

roost iITlJortant p,ysical property that influences the effect of acid deposition on 
soils. Water passing through sandy, well-drained soils such as those found in 
the Pine I ands may be changed only s I ight ly; thus these soi Is may be de_scr ibed as 
11 sensitive" in tenns of soi I buff er i ng capacity (~tFee et a I , 1983). 

3. Surface and Ground Waters 

Surface.and shallow ground waters in the Pinelands are acidic (pH ranging 
frcm 3.5-5.5) ard have low alkalinity (fv\eans et al., 1981). They are low in 
total dissolved sol ids (TDS), with streams ranging fFom 20-35 rrg/I IDS and ground 
waters ranging frcm 25-100 rrg/I TDS. Surface waters are often brow,ish in color 
and contain considerable concentrations of dissolved organic carbon (up to 30 
rrg/ I soluble organic carbon). Ground-water qua Ii ty data collected by the U.S. 
Geological Survey (USG5) in \\harton State Forest in 1978 shcmed that shallow 
ground water (less than 50 feet deep) was acidic (~ 3~8 - 5.6), low in total 
dissolved solids (6.0 - 8I.0 ng/1), and low in trace rootals (see Table 18). 
Arsenic, cadniun, cobalt, lead, and nickel are the trace rretals of rmst concern 
because of their toxicity. The maxim.m concentrations are about 15 ug/I (15 
ppb); median concentrations are 5 ug/I or less. 
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5rATISTICAL SLfvMA.RY OF CRUO-WATER QJt\LllY IN 11-IE 
CCJ-W-..ISEY-KIRKWXD RR.,\i\TIGJ WllHIN WiARTGJ STAlc FmEST, 1978 

[O,emical constituents are reported as dissolved in 
rrg/1 unless otherwise noted] 

Nurber of Minirn.m Maxi rn.rn 
Sarp I es Median Value Value 

Alkalinity, Total 
(as CaCD) 

Solids, Res~due at 
35 I. 0 LO 10 

l80°C 38 23 6.0 81 
pH 38 4.6 3.8 5.6 
Color (Platim.rn 

cobalt units) 38 10 5.0 400 
Nitrogen, Nitrate 38 0.02 0 0.43 

. Ni t rogen, lmnon i a 38 0. 01. 0.01 0.23 
Carbon, Organic 37 1.2 0 18 
Calciun 38 I. 2 0.2 7.8 
Magnesiun 38 0.60 0.2 I. 9 
Sodiun 38 1.7 I. 2 7.5 
Potassiun 38 0.35 0.2 1.8 
Olloride 38 3.3 0.2 II 
Sulfate 38 9.2 0.4 45 

· Si I ica 38 3.45 I. I 9.3 
Arsenic (ug/1) 38 I .0 1.0 2.0 
Cadniun (ug/1) 30 2.0 2.0 5.0 
Cobalt (ug/1) 38 2.0 2.0 10 
Iron (ug/J) 38 20 10 7000 
Lead (ug/1) 30 2.0 2.0 13 
Manganese (ug/1) 38 30 10 230. 
Nickel (ug/ I) 38 2.0 2.0 IS 
Zinc (ug/1) 38 20 20 70 

(USGS, unpublished data) 
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4. Hydro I ogy 

The hydrology of the Pinelands region is strongly influenced by ground-water 
flow patterns. Rhodehc111el (1970) estimated that approxirretely 89 percent of the 
total annual stream discharge within the Pinelands is derived from ground water, 
i.e. water reaching streams first flows through soi Is and shallow grourd water. 

The pr inc i pa I ground-water reservoir in the ·Pine I ands is · the Ki rkwood-Cohansey 
aquifer wiich is prirrerily a water-table, or unconfined, aquifer. Variation in 

-precipitation causes fluctuations of the water levels within the aquifer system; 
the aroount of water stored in the aquifer at any given tine rs a function of 
precipitation frequency. The average water levels, ho~ver, provide a subdued 
image· of the topography sloping fran elevation highs toward low-lying areas and 
major streams. Depth to the water table varies fran about 18.3 m (60 ft) in the 
uplands to within centimeters·of the surface in the lowlands. 

Iv, average annual precipitation of 114.3 cm fal Is in the Pinelands, of wiich 
approximately 50 percent is lost through evapotranspirat,ion (Rhodehc111el, 1979b). 
The remaining water percolates rapidly through the sandy soi Is, recharging the 
ground water. Rhodehamel ( 1979b) · calculated a long-tenn hydrologic budget for 
the ·region: precipitation (114.3 an) = interception (15.0 cm) + evapotranspira­
tion fran undrained depressions (2.3 an) + evapotranspiration fran soi I and 
ground water (39.9 an)+ direct runoff (6.3 an)+ ground-water runoff (50.8 an). 

B. Potential Effects of Acidic Deposition on Ground Water in the Pinelands 

1. Consequences of sulfate rmbil ity on cation leaching from soil, ground, and 
surface waters. 

The fol lowing discussion has three purposes. Initially, we review the 
effects of acidic deposition on soil, ground, and surface waters in parts of the 
northeastern. United States (rerrerrbering that, in many ecosystsns, reactions 
occurring in the soi I zone may strongly influence ground and surface waters). 
Secondly, we briefly review the irrportance of the ground-water contribution to 
surface water in the Pinelands. Finally, we ccnpare the scant data available on 
soil, ground, and surface waters in the central Pinelands with published 
I iterature on acidic deposition effects and, based on these data, postulate 
effects that may be occurring in the Pinelands. 

Cronan- and Schofield (1979) carpared an acid-depositipn-affected forest soil 
in the Northeast (Mount Moosilauke, New Hcrrpshire) to an unaffected northwestern 
(Findley Lake, Washington) forest soi I (see Figure 16). They found that the 
anionic cmposition of the soil solution in northeastern forest soi I was 
daninated by sulfate, 'Ahereas the anionic CCJll)Osition of the northr.estern soi I 
was organic-anion daninated. In the Findley Lake soil, organic anions cmplexed 
aluninun in upper soil horizons. These carplexes were transported dO'Ml into 
IONer soi I horizons where organic anions were used up and aluninun was 
prec i pi ta ted. By contrast, in the Mount Moos ii auke soi I , wiere the so I ut ion was 
sulfate-daninated, the low p-f of the solution apparently caused aluninun to 
ranain dissolved. In a sul fate-daninated solution, because the charge balance 
nus t be maintained, \\hen su I fate rmves through the soi I so I ut ion, it rrus t be 
accarpan i ed by cations (in this case, hydrogen ion and ionic ah.mi nun). As a 
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Figure 18 Average trends of change in the ionic concentrations of free hydrogen. aluminum, 
fate, and organic anions (OA) as rainfall penetrates two contrasting ecosystems. both of w 
exhibit podzolized soils: the HiSO4-dominated soils of the Mount Moosilauk~subalpine 
and the organic acid-dominated soils of the Findley Lake watershed in Washington .. . 
The aluminum concentrations in each case actually represent the summed equivalents or 
three ionic species: AJ31

+. AJOfft+. and Al(OH)z +. The concentration of OA is indicated by 
shaded ponion of the bars in the so.z- + OA columns. A certain percentage of the alumi 
and OA equivalents may exist together in solution as complexes. Modified lrum Cronan & Scholiel~ 

result, aluninun was not precipitated in lower soils horizons tut was transported 
to ground water. 

N.M. Johnson et al." ( 1984) also discuss the effects that acidic deposition 
can' have on the chenistry of acid soils. They stress that the irrpact acidic 
deposition can have on a soil depends on both the anount of acid present and the 
type of acid anions present. They further state that "the kirrl of acid present 
has a profound effect on certain chenical reactions takirg place in the soil zone 
and in the waters draining the soi I." They ccnpare the chani stry of two streclllS 
draining watersheds with similar soi I types, developed on glaciated granitic 
terrain. Jamieson Creek, near Vancouver, British ColUTDia drains a natural, 
unpolluted area. Fal Is Brook, New Harpshire, by Call)arison, is located in an 
area 'M"lich has been affected by acidic deposition. 

The chenical analyses of these two streams are given in Table 19; Johnson et 
al. (1984) indicate that the headwaters of Jamieson Creek are acidified by 
organic acids and that farther dOYA1strean, these acids are replaced by carbonate 
alkalinity. fn Fal fs Brook, however, the pH of the strean is control fed by 
su I fur i c and nitric acids. They cone I ude that the source of hydrogen ion in 
Janieson Creek is frcm organic and carbonic acids, but that the source of at 
least half of the hydrogen ion in Fal Is Brook is fran acidic deposition. Johnson 
et al. further state that the difference in the kird of acid daninating each 
systen results in a change in dissolved aluninun speciation. In Janieson Creek 
(daninated by weak acids}, aluninun is present largely as organic carplexes., In 
Fal Is Brook, ho,,vever, because the p-f of the strean is controlled by strong acids, 
dissolved aluninun is present predcminantly as free alunirun, aluninun hydroxide 
and fluoride carplexes (Johnson et al., 1981). 
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Data on the effects of acidic deposition on ground-water qua I i ty in the­
Pine I ands are scarce. Rhodeha,,el (1970), however, estirrated that 89 percent of 
the surface water in the Pinelands consists of ground-water discharge. M 
idealized cross section of the ground-water flcm patterns in the Pinelands (see 
Figure 15b) provides an indication of the overwielming contribution of ground 
water to the surface water. 

Water enters the Pinelands ecosystan as precipitation. It passes through 
the forest canopy, into soils and ground water, and ultimately discharges to 
surface-water bodies. The water table in the Pinelands is the surface of the 
unconfined aquifer under atrmspheric pressure (~odeharrel, 1979b). _At various 
locations in the Pinelands, the water table is exposed at the surface 1n the form 
of swarrps, streans, and rivers. 

Because of the hydrology in the Pinelands and, specifically, the large 
ground-water ccrrponent of surface water, it is irrportant w,en consider!ng 
acidic-deposition effects on P.inelands' ground-water chemistry to also exanme 
soil- and surface-water chemistry. Data on both soi I and surface waters in the 
central Pinelands are now reviewed and corrpared to those data previously 
discussed fran the ·northeastern studies (Cronan and Schofield, 1979 and Johnson 
et al., 1984). Several Pinelands' ground-water analyses are then presented and 
related to surface-~mter chenistry. 

The concept that rmbile sulfate, men accarpanied by hydrogen ion, can cause 
cation leaching fran soils has appeared frequently in the literature (e.g., 
~Fee et al., 1980; Cronan and Schofield, 1979; Oiristophersen and Wright, 1981). 
The irrportance of the sulfate adsorption capacity of a soil with respect to the 
rmbi I ity of sulfate is clear. Laboratory experiments were conducted for the 
USG Son four major soil series in the Pinelands (Lakewood, Evesboro, Lakehurst 
and Berryland). The preliminary data indicate ·_that these soi Is_ have a relat!vely 
low sulfate adsorption capacity and that they are saturated with sulfate, 1.e., . 
further adsorption was not observed·with addit_ional sulfate inputs (Schuste~ and ' 
Uchrin, 1985). It appears that in the Pinelands hydrologic cycle, atrmspher1cal ly 
deposited sulfate rray pass through the sandy soils relatively unaltered, liber­
ating both acid and base cations to the soi I solution, shallow ground and surface 
waters, particularly during wet periods. 

Turner et a I. ( 1983) present data from soi Is and the soi I so I ut ion in 
rv1c:Donalds Branch basin (.see Figure 15a). The acid soi Is (predmiinantly Spodosols 
and Entisols) in the watershed have developed on quartz sand with minor gravel 
and clay lenses. The data indicate that aluninun concentration. in t_he soi I 
solution increases with depth in the soil profile and reaches a maxun.m 1n the C 
horizon (Turner et al., 1983). They found that aluninun was transported fran the 
forest floor into the A and B horizons and was associated with organic acids and 
probably sulfate. In the B horizon, organic matter was either deposited or 
metabolized. Al uni nun concentrations, however, increased through the B and C 
horizons. Turner et al. (1983) also noted that aluninun concentrations in the 
soil and surface waters were highest in the winter and spring (wet periods). 
Aluninun transport through the lower soil horizons was apparently dependent on 
rroisture fluxes and the concentration of mineral acids in the soil. The rmva-nent 
of aluninun through the Band C horizons in these Pine_lards' soils may be simi!ar 
to that described by ·Cronan and Schofield (1979) in the northeastern (ac,d­
deposition affected) soil. 
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A chemical analysis of strecin water fran rJcDonalds Branch is shOM'l in Table~ 
19. The strean has a ION p-1 (mean value of 4.2 fran ·1973 through 1981) ard low 
alkalinity (mean value of 0.01 meq/1 fran 1966 through 1981) (Smith and Alexander, 
1983). The chemical analysis.,.shOM1 in Table 19 ii lustrates that the anionic 
carposition of the solution ii daninated by sulfate (131 ueq/1) with organic 
anions contributing only 27 uaq/ I to the total anionic charge. The daninant 
cation ~n the solution is hydrogen ion (99 ueq/1). It appears fran this analysis, 
then, that this solution is daninated by sulfuric acid, not organic acids. It 
should be noted that there ar.e natural, as wel I as anthropogenic, sources of 
mineral acidity in this system.~ Processes such as iron oxidation, pyrite oxida­
tion, (Means et al, 1981) and .biological exchange contribute both hydrogen and 
sulfate ions to the system. Acidic deposition, however, contributes an addi­
tional, and probably a major, anount of hydrogen and sulfate ions to this system. 
A further discussion of McDona Ids Branch surface water appears in O,apter IV: 
,Aquatic Processes. 

A carparison of trends in stream chemistry at uses hydrologic Bench-mark 
stations to trends in S0

1 
emissions for a 10- to IS-year period was performed by. 

Smith and Alexander (198'3). Their study indicates that between 1965 and 1980, 
so

2 
emissions declined substantially in the northeastern United States 

(GschNandtner and Gschwandtner, 1983). Snith and Alexander reported that between 
1966 and 1981, sulfate concentrations in McDonalds Branch also declined (slope= 
-2.9 ueq/1/yr, significance level= 0.034), and p; shcmed no significant trend 
fran 1972 through 1981. They concluded that these analyses support the hypothesis 
that strean su I fate trends ref J ect reg i ona I trends in su I fur deposition rates. 

The I ack of I ong-tenn ground-water qua I i ty records for the New Jersey 
Pinelands prevents a similar trend analysis of ground water. However, carparison 
of ground-water quality to surface-water quality analyses may be useful. Because 
Mc:Donalds Branch surface water appears to be daninated by sulfuric acid and the 
soils are probably saturated wrth sulfate, it is probable that sulfate is being 
transported to ground water. Although there is a lack of ground-water data to 
confinn or dispute this hypothesis, typical shallCPN ground-wate~ analyses (Table 
20) indicate that the ground water, like surface water, is characterized by low 
p-1 and relatively high sulfate. CXX: in the ground water is low and contributes 
very little to the charge balance (less than 20 ueq/1); sulfate is the major 
anion, contributing 162 ueq/1 (MJI I ica 27S) ard 179 ueq/1 CM.JI I ica 525). For the 
cations, hydrogen ion contributes rruch less to the charge balance in ground water 
than in the surface water. In the grourd water, calciun is the major cation (80 
and 95 ueq/1 for the two wel Is) instead of hydrogen ion. 

Al though ground-water data do not exist at present for I ong-tenn trend 
analysis~ the chemical carposition of surface and ground waters is such that 
changes in chemistry frcm acidic deposition appear to be possible. It is 
irll)Ortant to remmt>er that ground water cannot be isolated fran soi I and 
surface waters. These carponents of the system are interrelated; acidic­
deposition-induced changes in soil waters may ultimately affect ground 
and surface waters. 
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Analys~s of strean water fran Jamieson Creek, British Colurbia ~II c 
Harpsh1re (source: Johnson et al., 1984) and tv1c:Donalds Branch' alebs resek, New 
Forest New J ( . ' . , anon tate _, ersey source. USGS). Analytical results are given in mil Ii r 
per I !ter (rrg/1) and microeCJ,Jivalents per I iter (ueq/1) 1 cxx:: me d. 9

1 clTIS 
organic carbon. • ans 1sso ved 

Oi6\11cAL 
(D\JSTllUENf 

H+ 

. ea2+. 

Na+ 

K+ 

~2+ 

N-f + 
4 

~ 2-
4 

~3 

Cl 

CXX: ( CY\ - ) 5 

J 
Al ,(total) 

SiO2 

JPMr em CR::9< 
JULY 23, 1982 

p-f= 4.71 
rrg/1 ueq/ I 

.02 19 

.29- 14 

.40 17 

. 13 3 

.05 4 

.05 2.8 

I. 0 21 

.03 .5 

.42 12 

4.8 34 

.30 n.d. 2 

3.9 

FALLS BFrnk ~ tnJAi..lE BIWo-1 
MAro-16, 1979 JAf\Ut\RY 24, 1980 

p-f 4.75 p-f 4.0 
rrg/1 ueq/ I r19/I ueq/ I 

.02 18 . I 0 99 

• 72 36 .6 30 

.43 19 I . 8 78 

. I I 2.8 .6 15 

. I 9 16 .4 33 

. 0 I .6 n.d. n.d. 

5.3 I_I 0 6.3 131 

I. 56 25 .09 1.5 

.62 17 2.8 79 

2.5 18 5.04 27 

.61 26-653 n.d. 

2.2 3.2 

1 Microequi'valents per I iter were calculated f 1 ran ana yses given in rrg/1. 
2 n.d. means "no data." 

3 A range was ~alculated !ran data given by Johnson et al. (1981) for Al 3+ and 
soluble alun1nun-hydrox1de, fluoride, and sulfate ccnplexes. 

4 No va I ue for CXX: was ava i I able; a value of 5. 0 rrg/ I tota I organic ·carbon 
reported instead. . is 

5 Th~ equivalent value for CXX: was calculated as organic anion (CY\-) contribution 
us Ing CXX: and p-f, a methocJ described by 01 iver et a I . r 1983). 
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Analyses of ground water fran shal '"" ( less than 50 ft) wel Is fran the M.111 ica 
River basin in Wiarton State Forest (source: L5GS). Analytical results arf 
given in mi I ligrc1115 per liter (ng/1) and microequivalents per I iter (ueq/1) 
CXX:: means dissolved organic carbon. 

d--llMICAL. 
CCNSTITUENr 

H+ 

Ca2+ 

Na+ 

K+ 

Wg2+ 

~+ 
4 

2-
!=04 

N)3_, 

Cl 

Fm; 
ro:' (0\-)3 

Al 

MJLLICA 27S 
APRIL 25, 1978 

p--1 = 4.5 

ng/1 ueq/ I 

.03 31 

I. 6 80 

I. 5 65 

.3 7.7 

.4 33 

0.0 0.0 

7.8 162 

.09 I. 5 

3.0 85 

0 0 

I. 8 18 

n.d. 2 

3.2 

MJLL I CZ\ 52S 
FEBRJc\RY 16, 1978 

p--1 = 4.9 

rrg/ I ueq/ I 

• O I 

I. 9 

I. 2 

.6 

.8 

0.0 

8.6 

.09 

2.6 

1.2 

n.d. 

5.4 

12 

95 

52 · 

15 

66 

0.0 

179 

I. 5 

73 

20 

II 

1 

2 

Microequivalents per I iter were calculated fran analyses given in rrg/1. 

n.d. - means "no data". 

3 The equivalent value for CXX: was calculated as organic anion (06t-) contril:x.Jtion 
using CXX: and p--1, a method described by 01 iver et al. ( 1983). 
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,. 2. Trace metal contanination 

As industr i a I activity i~ the state has increased over the years, the 
atrrospheric deposition of sane trace metals of anthropogenic origin has occurred. 
Because the solubility of sane trace metals increases with decreasing p-f, the 
potent i a I exists for contaninat ion of acidic grourd waters. The presence of 
trace metals such as lead, cadniun, copper and aluninun in ground water is of 
particular interest because of possible toxic effects on I iving organisms. 

Trace metal rmbi I ization in the soi I solution or in ground water may be 
increased by several mechanisms. If the alkalinity of the ground water is 
decreased by acidic deposition, as has been observed in SNeden (that is, sulfate 
replaces bicarbonate as the .dcminant anion), pH may decline, resulting in 
increased solubility of certain trace metals (ie., aluninun, copper, and cadniun) 
and elevated concentrations of these metals in ground water. A second mechanism 
by wiich trace metal concentrations may be increased in ground water and/or the 
soil solution is through increased deposition of these metals to the land or 
vegetative surfaces. If the atrrospheric deposition of trace metals is increased, 
these metals may be carplexed by natural organic corrpounds or solubi I ized by 
mineral acidity which may increase the concentrations of these metals in 
solution. · 

Lead deposition (fran atrrospheric sources) to· the forest floor has increased 
substantially during the twentieth century and may be 5 to 10 times greater than 
levels of 100 years ago (Johnson et al., 1982). However, lead fran autoontive 
emissions has been decreasing since the late 1970 1s as the lead in gasoline was 
control led. Lead is strongly retained by the forest floor, especially in sone 
areas of the New Jersey Coastal Plain (see Figure 17). Disturbance of the soi I, 
within forested areas 'Ahere soi I lead content is elevated, can cause elevated 
lead levels in soil moisture and shallow ground water (Johnson, pers. coom., and 
U.S. C,eological Survey, LD1publ ished data). 

Certain areas in the Coastal Plain have experienced lead contamination of 
danestic water supplies, probably by leaching of lead fr001 plurbing systans by 
acidic ground water . .Approximately 14 percent of the sclTJ)les taken fran taps of 
danestic wel Is (in a portion of the New Jersey Coastal Plain) in Ocean County 
showed lead concentrations above the drinking water standard of 0.05 ng/1 (see 
Table 21). The average J:tl of ground water in the area is approximately 4.8. 
These wells have been shut down ard the hemes have been connected to thepublic 
water-supply system. Elevated lead concentrations have also been observed in 
localized areas in Stafford Township, Ocean County,, and fv1.akepeace Lake, Atlantic 
County; however, the cause of the contatninat ion is lfflknONn. These areas are 
within or near the area of greatest lead contamination· in forest I itter as 
described by Johnson et al. (1982). 

Recent unpublished data fran the USG S seems to indicate that lead from 
solder used in the danestic plurbing systems is leaching into the water. Table 
22 lists trace metal concentrations found in sarrples taken from household taps 
in the Beachwood Borough area. The data fran Beachwood BoroUJh indicates that 
a substantial reduction in trace metal concentration occurs Vvhen a household 
tap is pennitted to run until water in the pipes is flushed out. Although the 
standing water concentrations of lead, copper and zinc are within drinkirg water 
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Fig. 17 Estimated lead content of the forest floor in- the northeast' United States 
( Modified from Johnson et al., 1982. ) • Shows locations within the New Jersey 
Coastal Plain where studies have been conducted to determine the lead 
content of ground water. 

120 

. 
0 

-N 

N 
00 

co 
M 

0 ...... 
M 

0 
O'l 
Lt') 

"8 
1 
u 
n:, 
QJ 

co 

\0 - -

--·o 
NN.:::t -

>,-NM 
QJ 

- n:, n:,-n:, 
QJ QJ QJ QJ 
~ L. L. ~ 
Le(<(~ 

~ 

-n:, 
+-' 
n:, 

"'C 

a3 
.c 
Ill 

.c a. 
5 .__, 

"E n:, . 

~ 

i 
N 
u 
QJ 
L. a.. 
8 
L. u. 

121 

N 
N 

-...J -~ .__, 

C: 
0 

+-' 
n:, 
L. 
+-' 
C: 
QJ u 
C: 

8 

11 

+-' 
C: 
QJ 
:l 
+-' 

+-' 
Ill 
C: 

8 

,fC 
...... 00 . 
CO M N .:::t 

I.ON 

,fC 
M . 

r--..1.CMLn 
N ~ 1.0 --

...... .................. 
C: 
n:, 



:·, 

. ·Ii: ii I 

, ,I 

J,,1', 

Ii 
I :,I, 

I 'I 'i 

. !Ii. 
r1· ! 
, I 

1 ,' 

standards, there are significant reduct ions in the concentrations of leacf; 2·7 ~ 
ug/1 to 8.7 ug/1; copper 146 ug/1 to 63 ug/1 and zinc 163 ug/1 to 22 ug/1 'Ahen 
the water is penni tted to run. The data corrpares favorably with other areas 
where metal leaching fran plurbing systsns have been observed (Neff, 1984 and 
l..assovszky., 1984). Note that the J:f-1 of the water sarpled durirg the running 
periocls was belON 5. 

Previous investigators in.other soft-water areas have shOM1 a relationship 
between lead used in ph.rming systens and lead dissolved in tap water. Beattie 
et al. (1972) in GlasgON, Scotland shONed that lead concentrations in tap ~ter 
averaged 358 t.g/L in households \\here lead was used in the plurbing system. In a 
survey of tap water in Great Britain, M!tthew (1981) found that 7.8%, 34.4% and 
8.8% of the households in England, Scotland and Wales, respectively had lead 
concentrations greater than 50 ug/L. Karalekas et al. ( 1976) in a study of 
drinking water in the Boston area fourd that of 936 Scl'Tples collected, 15.4% 
exceeded the federal drinkirg water staroard of 50 ug/L. · 

In several states, elevated lead levels in tap water have been observed 
w,ere copper pipes connected with lead-tin solder have been used. In addition 
to Massachusetts, the states of Oregon, Washington, Wisconsin, Minnesota, 
Delaware,. ard New York have reported problaTIS of lead leaching fran household 
plurbing. Three states,. Oregon, Wisconsin, am Delaware have banned the use of 
lead-tin (50%/50%) solder in hane construction. The recoomended alternative in 
these states is a tin-antirmny (95%/5%) solder nonml ly containing less than 0.2 
percent lead (N.E. Wurrel I, 1985, personal carm.). 

Arthough conclusive evidence is not yet avai I able in New Jersey, it appears 
that lead used in hane plurbing systems may be a significant contributor to the 
elevated lead levels found in hanes in the New Jersey C.Oastal Plain. Because 
the ground water is soft and acidic, the dissolution of trace metals fran 
plurbing materials is favored. Further evidence to support the theory that plurbing 
materials are a source of lead in tap water is very low lead concentration 
in shal ION ground water in W'larton State Forest (U S G S, unpublished data). 
Thirty-eight wel Is less than 50 feet deep were sarrpled in 1978 and only 15 
sarples shONed lead concentrations above the analytical detection I imit. The 
average concentration of lead in the 15 scl'll)les was 5.5 J.XJ/ I and the maxirrum 
value was 13.0 ug/1 (see Table 18). 

The U S G S is conducting a systematic ground-water Sclll)I ing progrc1T1 to 
detennine the distribution of lead in ground water in the New Jersey Coastal 
Plain. The role of acidic deposition as it relates to the transport of lead to 
ground water is being investigated as part of this res~arch. 
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EFFECTS OF PCIDIC DEFOSITICN CN SURFACE WATER Q.JALllY 

A. I NTRD..CT ICN 

Wiereas the irrpact of acidic deposition has been docunented in various 
areas of eastern Canada and the northeastern Lhited States, I ittle is known 
about the effects of this envirormental phenanenon on the quality and chanistry 
of New Jersey's surface waters (Faust and McIntosh, 1982). In 1980, a series of 
water quality sh.dies were initiated in an effort to assess those lakes, rivers, 
streans, and reservoirs that may be succeptible to acidic deposition in New 
Jersey. A sunnary of these studies is given below. 

In any surface water, several factors, including the nature of the bedrock 
geology, physical and chanical properties of soils, and other watershed charac­
teristics will influence the sensitivity of water quality to acidic deposition. 
Sclll)I ing sites for New Jersey's waters were selected on the basis of its 
geology. Initially, i:rf and total alkalinity were detennined on 31 _rivers and 
strec111S and 32 lakes and reservoirs in northern New Jersey. Additional water 
quality analyses were perfonned on those waters that had alkalinities less than 
30 rrg/ I as eacn

3
• · 

B. D-113\i\l CAL A5PECTS OF SJRFJ\CE WATER.5 RECE IVI f'G /lC ID IC CEFOS IT IGJ 

Before presenting the general effects of acidic deposition on surface ~ter 
chanistry in New Jersey, a brief description is given of the sensitivity 
indicators: ~, a I ka I in i ty, acidity, and buffer capacity. These chani ca I 
paraneters are 8'Jl)loyed by rmst researchers and others to evaluate the effects 
of acidic deposition on surface water chenistry and quality. 

1. ~= 
filathanatical ly, this paraneter is equal to -log[H+], \\here [ ] represents 

the molar concentration. The p-i value (a logarithnic rurber) of f'.X,Jre water in 
equi I ibriun with gaseous CD is 5.65 at 25°C. Sulfuric and nitric acids frcm 
the ~tmosphere lower the ;;,2value of rain to approximately 4.0. Analytically, 
~ is a relatively quick and sirrple measurement (provided proper precautions are 
observed with calibration of the instrunents). 

2. Al ka I in i ty: 

Frequent reference is made in the acidic rain I iterature that total alkal in­
ity is a measure of the buffer capacity of a natural water. This, sirrply, is not 
the case. Tota I a I ka I in i ty (TAI k) is a measure of the acid neut ra I i zing capa­
city, in equivalents per I iter (eq/1), of a water. In most natural waters, the 
carbonate systan provides this neutralizing capacity: 

( I ) 
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mere Ct = mass balance or sun of rrolar concentrations of the three carbonat.e, 
species fran v.hic~ the total alkalinity is expressed: 

. - 2- - + 
TAik (eq/1) = [I-ID

3
] + 2[CD3 ] +[a-I) - [H) (2) 

mere TAik = the:sun of major acid neutralizing chenical species in a natural 
water. lnasrruch as the pH values of roost surface waters in New Jersey lie be!ON 
8.3, the total alkalinity is, 2pr al I int~nts and purposes, equal to the [I-ID1 ]. 
Any contributions of the [a> ] and [0-1] are nil. Consequently, the bicarbo­
nate alkalinity, reported fr~ently as rrg/1 (or ppn) as eacn3 , is the capacity 
of a natural water to neutralize acidic deposition. 

Another difficulty with reported alkalinities of natural waters lies with 
the incorrect analytical methodology often used for this· parameter. rv1ost 
researchers errploy a fixed pH endpoint of 4.5 when waters are titrated for 
alkalinity. This is incorrect and results in an overtitration with an error of 
considerable magnitude (Faust, 1983)e 

3. Buffer Capacity: 

Total alkalinity and pH values, considered individually, cannot give an 
accurate assessment of the irrpact of acidic deposition on a natural water. A 
trend of Jii values with time towards rrore acidic values does not necessari 1·y 
indicate that acidification is occurring. The same statement is val id for total 
alkalinity in natural waters. Rather, it is necessary to ccrrbine p-f and total 
alkalinity into the buffer capacity concept in order to assess accurate!~ and to 
calculate the capacity of a natural water's carbonate systen to resist the 
effect of acidic deposition (Faust and rv1clntosh, 1983). 

The buffer capacity (8) as originally defined by Van Slyke (1922) is the 
relation between the increment of a strong base or strong acid that causes an 
incremental change in the Jii value of the water. If one solution has two times 
the buffer value of another, then twice. as rruch base or acid is needed to change 
the p-f value by a given quantity. Consequently, the buffer capacity of a 
natural water is a direct measurement of havv rruch acidic deposition is required 
to lower the Jii value by one unit. In the carbonate systen cited above, the 
critical pH value is 6.3. Qice a natural water reaches this Jii value, its 
buffer capacity decreases rapidly to a minim.m value be loo p-f 5.0. Note that 
in this discussion, natural water assunes that other ions beside carbonates are 
1cm. 

4. Acidity: 

The total acidity (TAcy) of a natural water affected by acidic deposition 
is: 

(3) 
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, •;. This equation shows the presence of the two "strong" acids fran acidic 
deposition, H SO and 1-N), with natural acidity fran the ''weak" acid, H CD 
(CD2 acidity)~ 4 The sig~ificance of the latter in natural waters can2 b~ 
estimated by carparison of the cn2 acidity to the TAcy. W,enever the total and 
CD acidities have the sc111e value (usually expressed as rrg/1 or ppn as CaCD ), 
thi TAcy is the naturally-occurring, or carbon dioxide cm2, H2m3), acidi~y. 
Wien the TAcy is greater that the CD2 acidity, the difference represents acidic 
cOOl)Ounds other than H CD. Such ccrrpounds could be naturally-occurring organic 
acids (such as those ~ourd in the Pinelands of southern New Jersey), H2so4 and 
I-N)3 fran ·acidic deposition, and iron and other metal I ic ions. 

C. General Effects of Acidic Deposition on Surface Water O,anistry 

1. p-f of Fresh Water Systems 

Continued inputs of acidic deposition into a fresh water+ systen wi 11, of 
course, looer the pH value, with a concanitant increase of [H ], assuning that 
there is a I imited or non-renewable source of bicarbonate and carbonate 
alkalinity for neutralization. One of the deficient areas in current research is 
in the attainnent of a quantitative method for calculation of the rate of acidi­
fication of a fresh water systen. Qie possibi I ity is --:ro- use the 
buffer capacity concept cited above. The accuracy and precision of the concept in 
the prediction of acidification are seen fran the calculation of the time needed 
to exhaust a l~ke's neutralizing capability. For exarrple, it has been calculated 
that a mean (t1] of 70-100 ueq/1 in one meter (m) of rain results in a loading of 
70-100 meq H per square meter per year (Dil Ion et at., 1978). For a lake with 
an alkalinity of 500 meq per square meter, a depth of 10 "!ti a_~ specifying a pH 
of 7.0, this calculation yields a value of -0.211 eq p-1 m - (e~ivalents of 
acidity per pH unit per square meter). At a loading of 0.1 eq H per square 
meter per year, 2.1 I years are needed to lower the pH value to 6.0. Furthemnre, 
three add it i ona I years are needed to I ower the p-1 fran 6. O to 5. O. Thus, 5. 11 
years would be needed to lower the pH of this water fran 7.0 to 5.0, ,provided, of 
course, that there is no additional input of alkalinity. That is~ the value 
gives the precise equivalents of acid rain needed to lower the Jii value by one 
unit in a carbonate system. The 8-values are giv~n in Table 26. Fran the 
infonnation in this table and an estimation of the H loading to the watershed, 
a rough approximation of the time required for the given p-f reduction can be 
made assuning no neutralization is obtained as the rain water flavvs through the 
watershed to the lake. Actually calculating the rate of acidification of a lake 
due to acidic deposition is an exceedingly carplex problem requiring detailed 
data on the lake, the acidic deposition, and the neutralizing factors wiic_h are 
present in the watershed. 

2. Major Ionic Constituents 

A.II natural waters (pollution excepted) contain dissolved constituents from 
attendant geologic foir.iatio~ and+sedime~s. In terms of concentration, tQe 
"maiQr" ca_!ions are_Ca , tv'g T, Na , ~ K , wi~reas the major anions are HCD1 , 
SO , I\O , and Cl . I nasrruch as 9:>4 and l\03 are a I so cons_t i tuents of ac ia i c 
de&sitio~, it is terrpting to use these anions as indicators of historic trends 
in the acidification of fresh waters. This is extremely difficult for several 
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reasons: (a) there are many anthropogenic sources of 504 and l'D3 ; (b) thes~. 
+wo anions a re the encl prcx:luc ts of decarpos i_ ti on of organic carpounas co!"ta in i ~ 
sulfur and nitrogen; and (c) t~ese two. a!11ons do ~t react _co~servat 1vely. • .. n 
nat~ral waters subject to biological act1v1ty of various descr1pt1ons. That as, 
so - a1d t{) - may be used as electron acceptor~ in various biologica_l process~s 
a~ becare. (educed. Consequently, any historic tre~s to~rds an ll}_crease an 
their water concentration would be affected. Ho.vever, 1f S04 and t{)3 contents 
predaninate ard the p-t value of the water is "low" (less than 6.3) or r~i':'s 
11 t ON", then a qua I itat ive statement rray. be_ made about the effec! ~f ac ad! c 
deposition on the system. These two ions 1ncl1cate the presence of ac1d1c d~pps1-
tion. Table 25 gives the sulfate contents of several surface waters an New 

Jersey for the year 1981. 

3. Trace Elanents 

M.Jc~ conc~_p ha52been ffPressed about the release of such metallic ions ~s 
Al 3+, Pb+, Hg , Zn+,. Cd , etc., due to the acidification of waters. ~•s 
is a canplex · question and is incarpletely understood. Sources (pol lut1on 
excepted) are rrany in the geologies and. s~dirrents of lakE:s, streclllS~ and ~eser­
voirs. These elements may occur as def1n1te corrpounds, 1.e., relat•v~ly 1nso~­
ubl e carbonates and oxides, rray be absorbed onto the surface of var 1ous sedi­
ments iron oxides, organics, etc., may be chffilically bourd within the internal 
structure of clay mineral fraction of soils and sediments, or rray be chelated by 
organics in soils and sediment. The question of Vvhet~er or not the~e.elements 
are leached, exchanged, dissolved, etc., fran lake sedunents by th~ H ions fran 
acidic deposition is obviously carplex and poorly understood. an the fresh 
surface waters systems of New Jersey. 

D. EFFECTS OF PCIDIC DEro51TIGl (},I NEW JERSEY'S SL.RF/CE \AAlcR.5 

Before discussirg the effects of acidic deposition on surface waters in 
specific parts of New Jersey, the roles that several critical factors play 
within New Jersey are out I i ned be I ON. 

l. Geo I ogy: 

· Toe role of geology in determining a region's sensitivity to acidic deposi­
tion is largely dependent upon the chffilical charac_teristics ~f the weathe~ed 
bedrock and the soils lying above the bedrock. For instance, limestone terrains 
yield infinite acid-neutralizing capacity to cifidic _precipitatio~, Vt.hi le 
granites and related igneous rocks, their rretarmrph1c equivalents (gneisses and 
schists), and non-calcareous sandstones and shales yield minimal neutralizing 

·capacity. 

Efforts have been made to identify those areas w_i thin N~ _Jersey w:iere 
geological fonnations· are I ikely .to provide I ittle o~ no .n~utral 1z1ng ~ter1als 
to surface waters. Four such provinces have been 1dent If 1ed. These mclt.cle, 
fran north to south, (I) portions of the Va 11 ey ard Ridge Province, n~ly 
Ki ttat inny t--Aounta in; (2) the rretanorph ic rock upland~ of the New Jersey High­
lands Province· (3) most of the Piectoont Lowlands Provance; and (4) the unconsol-
idated si It, ~and, and gravel areas of the Coastal Plain Vt.hich under I ie al I of 
the Pinelands in the southern part of the state. 
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2. Soils: 

11
Ce_rtain r7s~ar~hers have advocated the use of soils data for detennination 

of ac 1~ s_ens It 1ve areas _(Ka~I an et a I., 1981). However, as Evans et al. 
(1981) 1nd1cate, W1en cons1der1ng acid transport from terrestrial to aquatic 
systens, several factors, includirg percent of land area covered with soil vs. 
ba~r7n rock, ~he anount of surface runoff vs. soil percolation, and the initial 
ac1~1ty of soi Is, ITUst be evaluated. In addition, the thickness of soils within 
a ~•yen w:3tersh~ rrust be considered. W,i le some of this information, such as 
ac ad I ty, 1 s ~v~ 1 .'able for New ~ersey' s soi Is, rrost of it is not; hence, assess­
ment of sens1t1v1ty based on soils data is difficult. 

3. Natural ly-OCcurring Organic Acids 

tv1os_t of th~ _sur~ace waters in southern New Jerse_y, especially in the Pine 
Barrens, are ac1d1c with pH values in the range of 4.0 0.5. These waters have 
a ye I I ow-brown ~o I or due to t_he I each i ng_ of iron and-hUTUs ( and other organic 
matter) _frcm s01 ls and decaying. vegetation. The organic rraterial, 'Mlen sus­
pended an water, relea_ses H ions frcm a strong acidic gro~ (carboxyl ic, 
pl<a=4. 2) and _a weak ac 1d group (µ,eno I i c, pKa=8. 7; Wi I son and Kinney, 1977). 
\\hat, then,. '!11ght ~ the effect of ~c !di c deposition on the pH va I ue of these 
already ac1d1~ _humc ~t~rs? Prel 1mmary evidence suggests that at current 
levels of ac1d1c depos1t1on, very I ittle effect would be observed. Several 
laboratory _expe~iments were conducted by the Environnental Science Departrrent, 
Rutgers Un1vers I ty, 'Mlereby aqueous solutions of hunic acid (25 ppn) were 
t!trated wit~ _di_lute sulfuric acid (p-1=3.24). The pH value of the aqueous 
m1xtu~e stab1 I 1z1ed at pH 3.8 despite the addition of a considerable quantity 
o! ?c1d. The n~t~ral ly oc_cu_rring humic _waters of t~e. Pine Ba~rens might respond 
s1'!11larly to ac1d1c depos1t1on. That 1s, the add1t1on ·of H fran the mineral 
acids. act to repress the ionization of the organic acids, thus minimizing the 
drop 1n pH expected for the addition of the mineral acid. If so, the pH values 
of t_hese wa_ters may have been lowered by at rrost o. 1-0.2 pH uni ts from the 
co~tan~ous input of acidic deposition. It is interesting to note that soi I 
s:1e~t1sts have long.reported on the "enomnus acidifyirg and ruffering capa­
c I ty of hurus mater I a Is (Krug and Frink, 1983), and this concept seems to be 
confinned by these analyses. 

. _Another "effect" of this naturally-occurring organic matter is its 
ab1 l1ty to chelate metals. It is ~II k~ t~t iron is bound to such organic 
matter. Should other metals, A:> , Zn , QJ +, etc., becane solubi I ized by 
deposition in the presence of this organic rratter, their chelation and transport 
is a distinct possibi I ity. 

4. Clay tv1aterials in Lake and Stream Sediments: 

Aluninosi I icate carpounds carprise a major portion of the soi Is and lake 
and str~an sediments. in New Jers~y. These corrpounds have originated fran eons 
of physical and cherncal weathering reactions. Their significance in a fresh 
water systan lies in their ability to provide neutralization of acidity through 
ion e~change reactions.. For _exarrple, current research on the water chffilistry 
of Wi1te Meadow Lake m Morris County, New Jersey (in a non-limestone area) 
strorgly suggests.that these reactions are occurrirg. 
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a. Northern New Jersey (Geologic regions of Valley Ridge, Highland and' • 
Piedront) 

I 

An initial study (Phase I) of the sensitivity of northern New Jersey's 
major lakes, streans, ponds, reservoirs, etc., to acidic deposition was under­
taken during 1980 - 1981 (Faust and ~t:lntosh, 1982). Determinations of Ji-I and 
total alkalinity were conducted on waters frcm -31 strec111S and rivers ard from 
32 lakes and reservoirs. In general, the data indicated that, w,i le roost of 
the region's streams and rivers have substantial neutralizing capacities 
(alkalinity) (Table 23), several lakes and reservoirs have I imited alkalinities 
(Table 24). Of the 32 lakes and reservoirs sarpled, 16 had alkalinities less 
than 10 ppn as c.am3 and 7 had p-i values less than 6.3. These data were based 
upon a one-time only sarrple collection. Thus, the water qua! ity is indicative 
only of the date of collection. 

An additional study (Riase 2) was conducted (July and August 1981) on those 
lakes and reservoirs in northern New Jersey w,ose alkalinities were less than 10 
pµn as eam3 and on streams and rivers wiose alkalinities were less than 20 ppm 
(Figure 18). In roost cases, the alkalinities were simi far to those ·in the 
initial study (Table 25). Exceptions were Sawni 11 Lake, mose alkalinity was 
4.7 and 12 ppn (two sarrples) and Mt. Hope Lake, with 5.9 and 15.5 ppn. Ji-I values 
rarged from 4.7 for Long Pine Pond to 7.3 for Green Pond. Note the high sulfate 
level in essentially al I the lakes and streams I isted in Table 25. · 

Calculation of bufferirg capacity indicated that tw:> lakes, Catfish Pond 
and Long Pine Pond, (Nos. 13 and 14 in Figure 18) were severely affected chani­
cal ly. ·That is, these two waters have no buffer capacity, since they have no 
alkalinity and p-f values of 4.8 and 4.7, respectively (Table 26). These pH 
values and elevated sulfate levels may have been the result of acidic deposition 
over many years. However, the lack of historical data on these two lakes prohi­
bits a finn conclusion on the cause of the acidic p-f values. In addition, 7 
lakes considered to be in the "threatened" category due to low ruffer capacity 
and alkalinities are Green Pond, Clyde Potts Reservoir, Split Rock Reservoir, 
Clinton Reservoir, Hank's Pond, Butler Reservoir and Lake Dem,ark. The four 
reservoirs supply drinking water to Newark (Clinton arx:f But I er), Jersey City 
(Split Rock) and fvbrristO'Ml (Clyde Potts). No brooks, streams or rivers.were 
found to be dangerously lo.v in alkalinity ard buffer capacity. However, five 
brooks in the second phase study had pH values of 6.0 arx:f below. 

Two intensive studies were conducted on seven lakes and ponds in northern 
New Jersey during 1982-84. In the first study, Clyde Potts Reservoir and \i\hite 
Meadow Lake in Morris County were sarrpled on a weel<ly.basis frcm Septarber 1982 
to fv1.arch 1983. There was a wide range of weather conditions and a considerable 
armunt of rainfall. For Clyde Potts Reservoir, the p-i values were renarkably 
stable, 6.91 to 7. 79, and alkal in Hy ranged frcm 8.0 to 13 ppn as earn . · An 
unknOW1 factor held these two chanical parcn1eters relatively constant; desiite a 
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TABLE 23 

pH AN) lUTAL Al.KAL. IN I lY OF STRfAV6 N-0 RlvERS 
SA/vPLED Cl.RI~ INITIAL FHA.SE 

SYSTEM 

\t\hippany River 
Harrmny Brook 
Mine Brook 
Jackson Brook 
Burnett's Brook 
Dawson's Brook 
India Brook 
North Branch Raritan River 
GI ads tone Brook 
Peapack Brook 
South Branch Raritan River· 
Turkey Brook 
Stony Brook (I) 
Trout Brook 
Rhinehart Brook 
Black River 
Big Flatbrook 
Stony Brook (11) 
Yard's Creek 
Ti I Iman' s Brook 
Van Carrpen's Brook 
Kanouse Brook 
Saddle River 
Hew i t t Brook 
Cooley's Brook 
Green Brook 
West Brook 
Cl i nton Brook 
Tributary to Pequanock River 
Bear Swarrp Brook 
Stag Hi 11 Brook 

[\l\TE SA,1Pl..8) 

6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/17/81 
6/19/81 
6/19/81 
6/19/81 
6/19/81 
6/19/81 
6/26/81 
6/26/81 
6/26/81 
6/26/81 
6/26/81 
6/26/81 
6/26/81 
6/26/81 
6/26/81 
6/26/81 
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FIELD pH 

7.3 
7.2 
6.7 
6.9 
6.9 
7.2 
7. 1 
6.9 
7.6 
7.4 
7.3 
6.6 
7. 1 
6.9 
6.7 
7.4 
7. 1 
6.6 
7. 1 
6.2 
6.6 
6.3 
8. 1 
7. 1 
6.5 
6.6 
6.9 
6.3 
7.5 
5.7 
6.3 

lDTAL AU<AL IN I lY 
ppn 

as c:am3 
61.1 
54.3 
40.4 
23.2 
55.9 
62.3 
36.4 
73.2 

105.9 
50.6 
42.2 
22.6 
39.7 
56.4 
41.1 
67.7 
31. 7 
18.4 
17.4 
6.9 
6. 1 

3-2.3 
171.6 
67.9 
38.6 
35.9 
44.4 
25.4 

120.7 
6.3 
7.4 
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TABLE 24 

pH AN) TOTAL ALKALINITY OF RESEJM)IRS HD LAKES 
S6MPI..ID a.RI~ INITIAL A-IA.5E 

SYSfEM l)l\TE SA\,1PL.8) FIELD pH TOTAL ALKALI NI lY 

Catfish Porn 
Long Pine Pond 
Fairview Lake 
Sawn i I I Lake 
Lake Marcia 
Steeny Ki 11 Lake 
Clinton Reservoir 
Clinton Reservoir 
Green Pord 
Green Pond 
Green Porn 
Splitrock Reservoir 
Spl itrock Reservoir 
Splitrock Reservoir 
Oak Ridge Reservoir 
Oak Ridge Reservoir 
Echo Lake 
Echo Lake _ 
Canistear Reservoir 
Charlottesburg Reservoir 
Lake Wawayanda 
Girard Lake 
GI en Lake 
Butler Reservoir 
Hank's Porn 
Lake Demerk 
Mount Hope Lake 
Wanaque Reservoir 
Shepard Lake 
OJpsaw Lake 
Greenwood Lake 
Upper GreenMJod Lake 
tv1acopin Reservoir 
Spruce Ru, Reservoir 
Round Valley Reservoir 
Mountain Lake 
Lake Mohawk 
Lake Hopatcong 
Clyde Potts Reservoir 

* Sarrple lost 

3/18/81 
3/18/81 
3/18/81 
3/18/81 
3/18/81 
3/18/81 
5/14/81 
6/03/81 . 
5/14/81 
6/03/81 
6/15/81 
5/14/81 
6/03/81 
6/15/81 
5/14/81 
6/03/81 
5/14/81 
6/03/81 
5/14/81 
5/14/81 
5/14/81 
5/14/81 
5/14/81 
6/03/81 
6/03/81 
6/03/81 
6/03/81 
6/03/81 
6/03/81 
6/03/81 
6/03/81 
6/03/81 
6/03/81 
6/15/81 
6/15/81 
6/15/81 
6/15/81 
6/15/81 
6/17-/81 
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5.3 
4.7 
7.8 
8. 1 
8. 1 
7.9 
5.4 
5.7 
6.5 
6.2 
6.9 
5.8 
6.2 
6.4 
6.4 
6.9 
6.6 
6.9 
6.5 
6.7 
7.0 
6.3 
7.6 
6.6 
5.7 
6.2 
6.5 
7.6 
7. 1 
7.0 
6.8 
6.5 
_6. 6 
7. 1 
7.6 
8.8 
8.5 
7~5 
7. 1 

ppn 
as eam3 

1.1 
0.3 
8.3 
4.7 

20.0 
* 

1. 2 
3.0 
6. 7· 
5.8 
7. 1 
5.4 
3.4 
6.8 

19.3 
25.6 
24.6 
23.1 
18.2 
16.6 
35.3 
18.9 
-53. 0 

7.7 
1.9 
6. 1 
5.9 

19.9 
17. 1 
30.8 
18.3 
20.0 
19. 8 
46.6 
63.3 

137 .4 
164.4 

40.8 
12. 6 

STR~ AND RJV£RS ,. YArl'a Creek 
2. T111••n'• Brook 
a. Bear Swaap Brook 

e~ 4. Stag H111 Brook 
~i ♦12 s. Ven Caapen'a Brook 

17 

• l.Al<£S AND R£S£RV01RS 

6. Cly4a Potta Raeervolr ,. Butler RaaervoJr 
e. Clinton ReaervoJr 
e. Hank'• Pana 
18. &raan Pana 
11. Lake Den11ark 
12. SplJtrock Reservoir 
18. Catf1ah Pona 
14. Long Plne Pon4 
1&. Fa1rv!aw le1ka 
16. Sawaa!ll Leake 
17. H011nt HoJ)e Lake 
18. Raaa_po Late 
,a. Veaton'a tUll Pond 
28. Union Lake 

♦ 21. Lake Ate1on 
22. Luke Oawego. 
28. Lake Lanape 

Shaaea area !nilcataa 11ne barrena 

Fla11r• 18. Loccat1on of S1tee Sup1•4 During Phuee 2 
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continuous exposure to acidic deposition. O:>nversely, Wiite Meadow Lake shONed~ 
a trerx:I towards I ONer p-i values ard a I ka I in it i es dur i rg the study. The p-1 of 
this lake was 9.44 in October 1982. This high p-f level was due to eutrophica­
tion of the lake. By February 1983, the p-f level was 6.87, ard the p-1 level 
stayed relatively constant at that level thereafter. -

A second short-tenn intensive study (August 19-83 to July 1984) was begun 
on seven lakes in northern New Jersey. Three lakes, Fairview, Sawni 11 and 
Marcia, are underlain with or I ie within I imestone geology. C'~tfish Pord was 
intensively sarrpled also, rut it is isolated fr~ I imest

1
o~e. The three oth~r 

lakes, Split Rock Reservoir, Clyde Potts Reservoir and ~.h1te rv'eadow Lake, I 1e 
outside of limestone geology. The intent of the seven lake st~y was to deter­
mine the cheni ca I factors contro I I i ng the ~ va I ues and to mom tor the concen­
trations of four trace elements: Al, G.i, Fb and Zn. The p-1 values- for the 
three I imestone lakes did not sh<JN any trend toward permanent acidification, 
with one exception. On March 31, 1984, a field p-l value of 4.55 rreasured in 
Sawni 11 Lake may have been due to melting of "acid ice." Alkalinity values 

' k Th 11 "h'r,hll rsnained relatively constant in the three la es. ere ~re no unusua y 1~, 
trace element concentrations in the three lakes. Occas1onally, the dissolved 
Al content exceeded . I 00 ppn, and .681 ppTI Al was measured in Fairview Lake at 
p-1 6.8. 

Results fran the three non-I imestone lakes were similar to the above. No 
trends toward permanent acidification were detected in 1983-1984. Th~re was 
an occasional "low" p-1· value; for exarple, a field value of 4.~ under ice was 
measured in Clyde Potts Reservoir on February 21, 1984. Lead and G:.t contents 
were low. However, there were several occasio_ns \\hen Zn conce~trations ranged 
frcm 20. to 45. ppb. Al concentrations ranged fran l 29 (Spl It Rock) ~o 533 
(Wii te fv1eadow Lake) ppb. Catfish Pond was included in this study prima~1 l_y. to 
determine the trace element concentrations in a lake tnat has becane ac1d1f1ed 
(p-1 range of 4.58-5.64). For this water, dissolved Al contents ranged !rem 78. 
to 557. ppb and Zn ranged fran 14. to 129. PID·. Both ranges were consistently 
higher than for the other six lakes. _Tabl~ 27 is_ a sunrary ?f the heavy rretal 
content of too drinking water reservoirs in ~rr1s County. Presunably, these 
metals were leached frcrn sediments in the reservoirs. None of the contents, 
hONever, exceeded drinking water standards of the NJDEP! 

TABLE 27 

SLMv\6RY CF H~W ~AL5 L.EPO-H> AU~.SBJll\iENTS 
I N 1W) 00 I f'.I< I r-,.c WATER RESERvO I RS IN NEW JERSEY 19 8 3-1 9 8 4 

RESER\OIR #SAlv'PLES p--1 Al Fb Cd Zn 
ppb ppb ppb ppb 

Split Rock 16 6.5-7.23 4-129 2-10 0.3-2 0.5-2.7 

Clyde Potts 17 5. 1-7. 42 24-400 0.2-5.7 0.1-1.8 1.5-43 
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b. Southern New Jersey (C\Jter Coastal Plain) 

kl approach ccmronly used to assess acidic deposition effects on surface 
water pH is analysis of long-tenn chenical trends in otherwise undisturbed 
surface waters. If a surface water p-1 trend is found, and it can be correlated 
with precipitation p-f, then a strong, albeit circunstantial, case can be put 
forth that atrrospheric inputs were responsible for the observed stream response. 
Al thoL9h such continuous I ong-term surface water p-f data sets are rare, New 
Jersey is fortunate that such records exist for two headwater streams in 
southern New Jersey (the Pinelands). The United States Cieological Survey 
(L5GS) has collected reasonably regular water quality data (including p-0 at 
Mc:Donalds Branch since 1958, and at Otster Creek since 1965 (beginning in 1979, 
the Oyster Creek data have been collected by the Ocean County Health Department). 
These data offer an unique opportunity to assess the direct effect of acidic 
deposition on Pinelands surface waters. 

The first such assessment of the Pine I ands data was provided by Johnson 
(1979a,b) \\ho used regression analysis to docunent trends in stream p-f prior to 
1979. He reported that stream p-1 declined significantly over the 20 yr interval 
for \\hich data were avai I able. The decline arrounted to about 0.7 p-f units. 
Johnson discussed and dismissed the role of several possible natural causes of 
the observed trend. Instead, he noted that measured precipitation p-1 in the 
early 1970s and in 1978:-1979 declined significantly froo, about 4.4 to 3.9 and 
concluded "the data collected to date are consistent with the postulation of an 
atroospheric source for the increased (stream) H+. 11 

"As previously noted, Pinelands surface waters are naturally acidic due to 
dissolved CD2(g), hunic and fulvic acids (carponents of highly colored waters), 
tamic acids, iron carpounds, and very little b.Jffering capacity. In addition, 
there are many natural watershed processes mich can both raise and IONer strean 
pH. Thus, the role of acidic deposition in control ling surface water~ in the 
Pinelands might not be as clear cut as suggested by Johnson (cf. errpirical 
estirrates of the buffering abi I ity of these hunic waters to strong acid 
addition). These considerations led Morgan (1984) to re-analyze the fvk:Donalds 
Branch and Oyster Creek data, including data through 1982. 

Al I of the data for both streams are depicted in Figure 19, and the relevant 
regression equations for Johnson's and IIJorgan's analyses are presented in Table 
28. For McDonalds Branch, Morgan fouro that \\hen 1979-1982 pH data ¥Jere added to 
those analyzed by Johnson, the significant doW11Nard trend no longer existed. 
Even if the 1958 data were oo,i tted, the trend was st i 11 not significant 
(r=-0. 12). In addi t ioni men the data were analyzed only for the interva I 
between 1971 ard 1978, \\hen there was docunented evidence for a drc1Tetic decline 
in precipitation p-f fran 4.4 to 3.9 (Yuretich et al., 1981; Johnson, 1979a) 
strec1T1 p-f did not decline significantly. In fact, the trend was tc:mard increas­
ing pi (Table 28). A recent analysis of these same data using non-paranetric 
trero analysis yielded similar results (J. Slack, USGS, pers. coom.). 
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McDonalds Branch 

pH 5 .. . . 
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4 •• 
• : • .:-: :i. •• . . .. . --~~ .. . ... . . . . . . · .. . . . . ....... . .· . . . 
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6 

pH 5 

4 

Fig. 19 

Oyster Creek 

. . . . . ... 

58 59 60 61 62 63 64. -65. 66 67 68 69 70 71 72 73 74 75 76 77 78 79 BO 81 82 

YEAR 

pH of McDonald's Branch and Oyster Creek from 1958 to 1982. 

·In Morgan's analysis of the ~ster Creek data, there was a slight disbre­
pancy between his and Johnson's results for the sane time period, but the conclu­
sion remained unchanged: strean pH declined significantly frcm 1965-1978. Even 
Yklen 1979-1982 data were added, the relationship, although considerably weaker, 
held. Several I ines of evidence, h~ver, led ~rgan to conclude that: the 
decline rray have had little to do with acidic deposition. For instance, if ,only 
data frcm 1969-1982 were exani ned (representing 92% of the entire data set and 
includi~ the interval fran 1971-1978 wien precipitation~ was know, to have 
declined), there was no significant relationship between p-i and time, and the 
trend was toward increasing, not decreasing, pH. Non-paranetric analyses of 
these data also failed to shON a consistent doW'lNclrd trend (J. Slack, uses, 
pers. cmm.). If the total p-i decline based on the regression analyses are 
examined over the indicated time intervals up to 1978, the ~4cDonalds Branch 
decline is estimated at 0.4 p-i unit and the Oyster. Creek decline is estimated at 
0.5 p-i unit. If all the data are exanined up to 1982, the rmst probable respec­
tive drops for the Mc:Donalds' Branch and Oyster Creek waters is 0.2 and 0.3 p-i 
u,it. Deel ines of 0.2 - 0.3 p-i units over many years in natural systems are 
obviously difficult to establish accurately and rmre difficult to assign causes. 
This is \\hy these declines are not statistically significant, or just barely so. 
Assuning no other factors affect acidity, declines of 0.2 pH unit are in I ine 
with mat might be expected frcm addirg acidic deposition to waters already 
acidified by organic acids but otherwise free of mineral acids. 
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TABLE 28 

~egress!on of J:ii_on time according to the relation: p-f=b 
regression coefficients, xis time in rronths n. th +rrDC, \\here m and bare the 
correlation coefficient, and pis the level ~f s!s .f~ nurber ~ Sa'll)les, r is the 
-n,e warm season is defined as May-OCtober· the c~T~ 1 icance. No means not significant. 
u.s. ~ological Survey (USGS) data were ~ovi season, as verrber-April. The 
the Oc~an County Health Department data ~re ~~v~~e~h~ W~~erNResources Division, and 
of Env I ronnenta I Protection both in Trenton NJ {Af y Moe eN Jersey Department , , • ter rgan 1984) 

. ~ 

n b m r p pH**. 

~na Ids Branch 

USGS 1963-1978 Data 
{Johnson) 

USGS 1963-1978 Data 
(Morgan) 

All USGS Data, 1958-1982 
(Morgan) 

USGS Data, 1971-1978 
(Morgan) 

Q'{ster Creek 

USGS 1965-1978 Data 
(Johnson) 

USGS 1965-1978 Data 
(Morgan) 

USGS + Ocean County 
Data, 1965-1982 
(Morgan) 

USGS + Ocean County 
Data, 1969-1982 
(Morgan) 

90 4.42 

90 4.40 

115 4.27 

55 4.06 

78 5.10 

78 4.80 

128 4.64 

118 4.45 

*95% Confidence Intervals of the Slopes 

-0.0022 * -0.22 0.05 

-0.0021±.0019 -0.23 0.05 

-0.0001±.0012 -0.10 NS 

0.0002±.0032 0.03 NS 

-0.0047 -0.56 0.01 

-0.0034±.0011 -0.42 0.01 

-0.0013:t.0009 -0.24 0.01 

o.ooos:t.0009 0.09 NS 

** pH decline calculated fran the regression equations time period of the data. over the entire 
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-0.4 

-0.4 

-0.2 

-0.7 
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-0.3 



I 

- . I 

~: I I 

1: I 

I 1: 

I I 
I !I 

I ·I 

l 
I 

. i 1 · 

l1 

\ I 

ii: 
. !1

1

1

1 

, . I ' 

I ' 

::I 11 I 

!·'. i,11: 

:·:1:r1 
::' ,11111 

I :I::[: 
I ,Ill 

,;:,I:! 
I ;II p 

11,;_111 
1,1: 

·'.( \\ 

In considering the data fran both ~ster Creek and McDonalds Branch fo~ the' 
periods 1963-78- ard 1965-78 respectively, ~rgan suggestdyeddthar the __ tr!ndd~~ ~ 

ed b Joh n may not have resulted fran a stea ec ine in ...,. • 
report y .. nso . . n Instead the apparent trend may have resulted 
increased ac1d1c_ depos1l~~~I~ in the mid 1960s fol lowed by a return to naturally 
fran unusually high p-11 t t· in the late 1960s ~rgan noted that elevated 
I ow and stab I e p-f · I eve s s a r ing . · A I th h both 
pH · th p·nelands is clear evidence of watershed disturbance. oug 

in e • ns idered undisturbed by hunan activity, he suggested that a 
wa~ers~~s are ~oas the one in 1963, could have accounted for the elevated pHf 
maJor !re, sue_ The 1963 fire burned over 65000 ha, or about 10% o 
v~lues /n t~~n;';~~~g~:ion including al I of the fi.'\c:Donalds Branch watershed. and 
t e en ire I - C, k watershed Significant leaching of base cations 
a(~t 

2,~2-?f Kt.t'{ ~~~~ f;e: least 3 y~ars fol lONing wildfire in _the Pineland: 
' •v~ ' Fonnan 1982 ) . Leaching of these cat i o~s tends to ra I se the p-1 o 

\~~~~~~tf:: water and shquld eventually_ result. in increased sur~r- wa~~r ~d 
Significantly elevated t-0 levels coin~1den~ ~

1
1th the e_levated in e 

1960s provided additional ~upport for this "fire hypothesis. 

· ed that his analysis did not shON that "acid In conclusion, "-'brgan stress ff t f e water p-f in the 

i~~t~t ~~: t ~iats.:,S ~ 0:~~~s 7°oop~:s~~ra~~ed o:;,, s~~e a~s is ~f ~ i s toe i ~ 
data II He erphasized that acidic deposition was just one of many_ ac_ors ~ 
carpietely natural) affecting surface wat;r p-1 am ~

1
til "a qu:'a\'e~ati~

09
e ~ :~d 

nd" f h d ogen ion flux through Pinelands soi s, groun , , . 
:~~ngi/ obt~i~ed, current and fu_ture effects of ~cid

11
deposition, even with 

cooplete precipitation p-f records, w111 be hard to ver1 fy. 
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EFFECTS CF ,Cl D DEFOS IT IOI OJ J'Q.lt\T IC B larA 

A. REVIB\I OF llE KtO\N EFFECTS OF PCIDIFICATIOJ OJ ~TIC BIITTA 

The manner in mich acidification exerts its influence on aquatic organisms 
is carplex, including both direct and indirect effects. Increased hydrogen ion 
concentration itself can be directly toxic to organisms by disruption of various 
physiological processes such as ion transport and enzyme function (Frmm, 1980). 
Acidification may also increase the solubility and, therefore, the concentration 
of various trace elements such as Al, Fe, Pb, and 1-g wiich can be directly toxic 
to many organisms. Ho'Aever, the roost disruptive effects of acidification, and 
the rmst difficult to predict, rray be indirect effects broUJht about by changes 
in the overall structure of the aquatic system. Because of the high degree of 
interaction clTlOng the biological and nonbiological ccnponents of the aquatic 
enviroF"JOOnt, a direct effect on one daninant species can affect virtually every 
other ITlefTDer of the carrrunity (Eriksson, et al., 1980). Thus, an understanding 
of the true effects of acidification requires rmre than knowledge of wiich 
organisms are sensitive to low pH or elevated trace element concentrations. It 
requires a soµ,isticated understanding of hM the entire ecosystem functions. 
\\hile the disappearance of fish may appear to be the rmst significant effect of 
acidification to the public at large, it may be merely a syrrptan of more funda-

_mental changes within other carponents of the aquatic system. Therefore, an 
appraisal of the effects of acidification on aquatic biota rust necessarily 
consider al I aspects of the aquatic envirorment. 

1. Microorganisms (bacteria and fungi) 

Microorganisms perfonn two critical functions in the aquatic system: they 
are primarily responsible for decooposition of organic matter, and they play a 
major role in several irrportant nutrient cycles. Studies on_ the irrpact of acidic 
deposition on microorganisms have, therefore, concentrated on these two 
functions. 

Sane investigators have reported that deccnpositional processes slON dowi as 
waters become acidified fran pH 6.5 to 6.0 (Hendrey, et al., 1976), although 
this phenomenon has not been universally derronstrated (Schindler, 1980; Kelley 
et al., 1984). There is some evidence that the microbial camunity shifts from 
one daninated by bacteria to one daninated by fungi (Grahn, 1977). If decarposi­
tional rates are reduced by acidification, the resulting accUTUlation of organic 
matter would have significant effects on a variety of essential chemical and 
biological processes within the aquatic system. 

Little is known about the effect of acidification on microbial nutrient 
cycling. There is some - evidence that sulfur reducing bacteria, such as 
Desulfovibrio and Desulfanonas, may act to buffer against acidification 'Ahen the 
primary source of acidity is H so4 (Schindler, et al., 1980). 0, the other hand, 
at least in areas affected 5y acid mine drainage, sulfur oxidizing bacteria 
increase acidity by the production of H2g)4. The role these organisms may play 
in lakes affected by acidic deposition, hO¥.ever, is presently difficult to 
evaluate because acid mine waters are chemically quite different fran the poorly 
buffered waters affected by acidic depositi'on. The irrpact of acidification on 
nitrogen cycling (in surface waters) is also poorly understood. Several studies 
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have indicated that soi I acidification rmy reduce nitrogen mineralization i 

(Francis, 1982; Novick et al., 1984). A simi Jar reduction in surface waters 
could severely I imit the avai labi Ii ty of this essential nutr.ient to primar:y 
producers. 

2. Periphyton 

The periphyton camunity consists of algae and associated organisr1;5 wiich 
1 ive attached to plants arx::i seairrent. In roost bodies of water~ particularly 
streans, these algae are major primary producers and serve as 1rrpo:tant ;food 
sources for many macroinvertebrates. Several responses by the per1~yton to 
acidification have been noted. Both carparative and exper11nental studies have 
reported a dramatic decline in periphyton species richness men the p-f fal Is 
below 5.0 (Alrrer et al., 1974; M.JI ler, 1980). This decline is accO'll)c)nied by a 
trend toward increased bi anass and reduced growth (Ha 11 et a I., 1980). Perhaps 
the roost drcrnat i c response of per i phyton to acidification is the formation of · 
solid mats of algae covering the substrate in s001e systems (Stokes, 1981). These 
mats may be several meters thick and rray essentially cut off the bottcm fran the 
rest of the lake. 

3. Aiytoplankton 

Nunerous studies have shOM1 that there is a dramatic shift in phytoplankton 
species coo-position and a reduction in species richness as acidification pro­
ceeds. These -trends are particularly evident 'Ahen p-1 drops below 5.0 
(Kwiatkowski and Roff, 1976). In general, species in acidified lakes are lost 
fran all phytoplankton groups, although sane groups are affected proportionately 
greater than others. tv1errDers of the phylUTI Pyrrophyta _(dinofl~g~I lates) appear 
least,. affected by acidification and often ccxne to dominate ac1d1c lakes. The 
O,lorophyta (green algae) and Crysophyta (crysophytes) have al~o been noted ~o 
increase in irrportance (Conroy et a I . 19?6). _ The gro~ 'M11 ch appears ~st 
severely and negatively affected is the Bac1I lar1op11yta_ (?1~tcms). M:lny s~ud1es 
have shCNvn a reduction in irrportance of diatcrns 1n ac1d1f1ed lakes relative to 
similar circumeutral lakes (Haines, 1981). 

. Despite changes in species carposition and richness, the irrpact of acidifi-
. cation on phytoplankton bianass and prodl;lc~ivity is_ not cl_ear. _R~~rts _of both 

reduced and increased bicmass and product1v1ty associated with ac1d1f1~at!on h~ve 
appeared (Kwiatkowski and Roff, 1976; Haines, 1981). M.J~h of ~h7 ~rrb1gu1ty with 
respect to this point may occur ~cause rrost of ~he_stud1ed ac1d1f1ed lakes were 
a I so severely nutrient poor. 1 t Is, therefore, d 1 ~f 1_cu It t~ separate the effects 
of acidification frcm I ow nutrient I eve Is. M Increase In water transparency 
also associated with acidification al lows phytoplankt~n growth to occur _at 
greater than normal depths. Acidification, then, rrey s1rrply lead to a spat1~I 
redistribution of phytoplankton growth and proouctivity with I ittle net change 1n 
amount. 

4. ftquatic Plants 

Most effects of acidic deposition on aquatic plants are indirect, including 
decreased carbon supply for photosynthesis, nutri~nt depleti_on, increased trace 
element concentrations and decreased rates of nutrient recycl 1ng. Peverly (1983) 
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,. specu I ates that these factors may beccrne I imi ti rY:J as the pH decreases during 
acidification, ard species rrore tolerant of low rutrient supplies and higher 
trace element concentrations may beccme daninant. Lakes susceptible to acidic 
deposition, soft water, low alkalinity, oligotrophic lakes, generally are charac­
terized by isoetids (qui I !worts), lilies, Nitella, Utricularia (bladderYt.Ort) and 
mosses (Pever ly, 1983). · 

The relationship between increased trace elenent activity in acidic lakes 
aro aquatic plants has been assessed by several investigators. Mi Iler et al. 
( 1983) found greatly elevated levels of lead,_ copper, and nickel in the isoetid 
vegetation of soft-water . lakes in central ~Ontario. \\hi le previous research 

., (Stanley, 1974) has shOM1 that elevated aluninun, zinc and copper in lake sedi­
ments rray result in a 50 percent reduct ion in root weight in Myrioµ,yl lun 
spicatum, whether or not elevated trace elanent levels noted in aquatic rracro­
phytes in acidic lakes ar~ resulting in toxic effects is not know,. 

Ole significant occurrence in sane acidifying lakes is the invasion of the 
bryophyte Sphagnun. Grahn (1977) reported that in five of six Swedish lakes with 
pH · va I ues between 4. 4 and 5. 4, Sphagnum rep I aced ccmrun it i es of Lobe I i a and 
lsoetes, tYPical species in soft-water lakes. The Sphagnun invasion of acidic 
lakes may have several deleterious consequences. Possessing a significant ion 
exchange capacity, Sphagnun may remove such cations as calciun, rragnesiun, and 
iron in exchange for hydrogen (Cl'y1110, 1963). In addition to adversely affecting 
primary production by limiting these essential nutrients, this phencmenon may 
increase acidity in_waters surrounding Sphagnun. Also, by forming dense mats, 
Sphagnun may phys i ca I I y e I imi na te other species and, act i rY:J as a barrier, may 
retard the exchange of rmterials between the sedirrent and water colum. Finally, 
the presence of Sphagnun in littoral areas represents an unfavorable habitat for 
certain benthic macroinvertebrates and fish species. 

5. Zoopl ankton 

l'k.merous field surveys have found that zooplankton species n..nbers decrease 
in acidified lakes \\hen ccnpared with similar circumeutral lakes. For exarrple, 
Sprules (1975) found 9 to 16 zooplankton species in Ontario lakes with p-1 levels 
above 5.0, but only I to 7 species in lakes with p-1 values below 5.0. Contrary 
to observations of other carponents of the aquatic _system, few new species appear 
to invade acidified lakes. The species found in acidified lakes are also found 
in circumeutral lakes. As acidification proceeds, shifts in species coo-position 
occur as non-acid to I erant fauna drop out.-

CI adocera tend to increase in irrportance in acidified lakes. Acidification 
generally results in a shift in daninance c1110ng the cladocera fran Daphnia to 
Bosrnina (Alrrer et al., 1974; Hobaek and Raddun, 1980). Daphnids often disappear 
carpletely fran lakes with p-1 levels below 7.0-5.0. Anong the two other daninant 
zooplankton groups in acidified lakes, copepods are pri_mari ly represented by 
rnerrbers of the genera Diaptarus, Cyclops and fv1esocyclops, and rotifers, by the 
genera Kereatella and Polyarthra (Roff and Kwiatk01Nski, _1977; fv1alley et al., 
1982). 

147 



I : 

I[: 

j: 

, I, 

jl, 

l·i 

I 

· iJl1: 
:,:11·1 :, ii 

: i' 

:,1: 

ii 
'1' 

6. Benthic Invertebrates 

~st groups of benthic invertebrates are sensitive to acidification ~t 
perhaps the rrnst dramatic effects ar: :ound ~n;J th~ mollusks. The calcareous 
shel I of these animals is highly sens1t1ve to d1ssolut1on wien the p-1 drops below 
7.0. Because it becanes increasin;,Jly difficult for mollusks to replace !he lost 
c:aco fe1-1 clans and snai Is are found in water below p-1 5.0, and rrnst disappear 
\\hen3'the µ-t drops below 6.0 (Cl<land and Kuiper, 1980). M>l lusks _are _valuable 
food sources for fish and other vertebrates (e.g. waterfowl) and t~e•r disappear­
ance fran acidified waters rray adversely affect vertebrate populattons. 

Studies have consistently shown that anong the crustacea several species of 
cfllJhipods (scuds), isopods (sow bugs)~ decaPo?s. (crayfish) and various other 
groups are negatively affected w,en pH 1s art1f1c1al ly_ reduced fran ab~ve 6.0 to 
below 4.0 (Costa, 1967; Malley, 1980; Havas and ~t~h~nso~, 1982; Schindler and 
Turner 1982). The primary negative effects of ac1d1f1cat1on have been reported 
to be ~ither direct rrnrtality fran higher acidity or indirect_rmrtal ity, result­
ing fran alternatives in associated c~emical par~ters (especially reduced CaCD3 
availability) or changes in food qual 1ty or quantity. 

In many aquatic systems, the benthic insects ar~ ~h~ si!"9le rrn~t irrportant 
invertebrate group, and studies of t~e e~fect of a~1d1f_1cat1on o~ insects have 
generally revealed reductions in species richness, d!vers1ty, and b1~ss ~Conroy 
et al., 1976; Haines, 1981); although there are particular insect species 1n each 
order that can tolerate very low p-1 (belON p-1 3.0). In general, E:phemeropte~a 
(rnayfl ies) appear to be roost sensitive to low pH values and are rar~ly found 1n 
w~ters belcm p-1 5.0. Diptera (true flies), Coleoptera (beetl_es_J, Hem1ptera (true 
bugs), and Megaloptera (alderflies) appear to be least sens1~1ve and_P!ec~ptera 
(sto~eflies), Trichoptera (caddisflies) and O:Jonata (dragonfl 1es) ~xh1b1t inter­
mediate sensitivities (Bell and Nebeker, 1969; Bel I, 1971). Studies have shown 
that rrarbers of the least sensitive orders may dcminate comrunities in 'Mlich they 
were fairly insignificant prior to acidification (Weiderholm and Erikson, 1977). 

The underlying structure of benthic insect ccmrunitie~ also may be alte~ed 
by acidification. Intense fish predation is usually a maJ_or factor structuring 
insect camunities. Since fish populations are often dec1matoo as a result ~f 
acidification fish predation on the insects is lessened. Very often certain 
insect predat~rs such as odonates and coleopterans increase and re~lace fish as 
the daninant predators in these waters (Stenson et a~., !978; He~r1kson et al., 
1980). Thus, the organization of the insect carrrun1ty- 1s ~rast1cal ly altered, 
and nuch secondary production is shifted fran harvestabl_e (fish) to non-harvest­
able (insect) bianass. 

Annelids the last major group of benthic invertebrates, have not been 
studied as ex'tensively as the other groups. The limited data available suggest 
that ol igochaetes decrease draratical ly in acidified lakes (Raddun, 1980). 
Hirudinea· (leeches) are also rare belCM' r-tl 6 (Haines, 1981). 
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7. Fish 

a. Direct Effects 

Evidence o_f direct effects on fish includes both results of laboratory 
experiments and field observations. Haines (1981) speculated that at very ION pH 
I eve Is ( I ess than 3. 5) , resp i ra tory fa i I ure may be the rros t er it i ca I response. 
At higher pH's (4 to 5), failure of ion regulation due to increased gill rnerrbrane 
penneabi Ii ty may be the primary effect. Leivestad and M.mi z ( 1976) noted that 
brO'M'l trout (Salrro trutta) collected in highly acidic portions of the Tovdal 
River in Norway exhibited lower plasma sodiun and chloride concentrations than 
fish fran rrnre alkaline sections of the river. Apparently, exposure to increased 
hydrogen ion concentrations increased gill merrbrane penneability, with rrnre 
hydrogen ions entering and sodiun and other ions leaving. 

A major physiological irrpact of increased hydrogen ion concentrations on 
fish is reproductive failure. A variety of effects on reproductive processes 
have been suggested: abnonnal developnent of the ovaries due to disrupted calcium 
metabolism (Lockhart and Lutz, 1977); delayed or inpaired hatching of eggs due to 
disruption of critical enzymes (Peterson, et al., 1980); failure of adults to 
release eggs (Beanish, 1976) and reduced spennatogenesis. Reproductive behavior 
may also be adversely affected, as low p-i may prevent spa'M"ling, with exposed 
species actively avoiding spaw,ing in low ,:ii waters. 

Fie.Id observations in acidic lakes and rivers indicate that fish populations 
may be eliminated, with losses reported in Scandinavia (Wright et al., 1976), 
c:anada (Harvey, 1980) and the United States (Schofield, 1976). 'Mii le direct 
acute rrnrtality has been observed in streams in association with rapid changes in 
pH because of snownelt, loss of fish from affected lakes is I ikely to be gradual, 
resulting frc:m effects described earlier. 

Differences in pH tolerance amng species have been suggested by studies in 
Canadian I akes (Nat i'ona I Research Counc i I of C.anada, I 981 ) , w i th ye I I ON perch 
(Perea flavescens) and purpkinseeds (Lepanis gibbosus) rmst tolerant (surviving 
at p--1 levels as low as 4.2) and bluntnose minnONs (Pirrephales notatus), least 
tolerant (eliminated at µ-I levels of 5.7). Fish populations close to their 
tolerance limits are typically srmll, probably representing a final stage prior 
to extinction in acidifying lakes (Beamish, 1974; Harvey, 1975). 

The structure of fish populations in acidic lakes typically may reflect the 
failure of recruitment, with significant decreases in young age classes. Shifts 
in age-class structure rmy result frc:m mortality of larval fonns, spav.ning 
failures or decreased egg maturation. 

Data of the effects of acidification on growth of fish are mixed, with both 
increased (due to reduced coo-petition for food) and decreased (due to metabolic 
stress) growth of exposed populations (Nat iona I Research Crunc i I of C.anada, 
1981). 
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b. lrdirect Effects 

Acidification of surface waters may result in increased trace element, 
activity; both enhanced accurulation of these elements and toxicity may occur. 
Perhaps the greatest concern has been the increased activity of mercury in acidi­
fying lakes, since methylmercury is rapidly accurulated by aquati~ biota and may 
reach high levels in tissues of large fish. ~levated concentrat1ons_of mercury 
have been noted in fish franacidicwaters (Dillon et al., 1984: Hames, 1981; 
Kelso et al., 1982). 

Other trace elements may be found in increased levels in fish in acidifying 
waters. Fraser ard Harvey (1982) foun:t substantially increased levels of man­
ganese in bones of ~i te suckers (Catostarus ccmrersoni) frCJTI acidified lakes 
in Ontario. Kelso et al. (1980) found increased lead concentrations in w,ite 
suckers frcm acidic Ontario lakes and suggested that both mercury and lead migh~ 
be mob i I i zed frcm I ake sediments under acidic conditions. Al though zinc and 
other elements may be mobilized fran sediments under acidic conditions (Schindler 
et al., 1981), significant accUT1.Jlation may not occur because these elements are 
essent ia I. 

Increased toxicity of. trace elements due t~ acidificatio~ has be~n hypo­
thesized primar.i ly for alumnun (Cronan and Schofield, 19~9; Mm~z and Le1vestad, 
1980). Wii le the critical level of exposure to aluninun w, 11 vary between 
systems, I eve Is between I 00 and 200 ppb a I uni nun are genera I ly thought to be 
chronically toxic to fish. 

Data on enhanced toxicity of other trace elements are I imited. However, 
since such elements as cadnium and mercury are highly toxic to fish, any 
increased activity of these substances in acidifying waters may be expected to 
have deleterious effects on exposed biota. 

8. EFFECTS OF .PC ID I FI O\T I Q\I <l'I NJJ«\T IC CDvM..N IT I ES 

1. Northern New Jersey 

Faust and iVclntosh ( 1982) reported that the areas of northern New Jersey 
potentially susceptible to acidic deposition included the Highlands area in 
north-central New Jersey and Kittatinny Ridge i_n northwestern New Jersey (See 
Figure I for location of susceptible surface waters). Each area will be dis­
cussed separately. 

a. Highlands 

Surface waters of greatest concern in the Highlands include a rn.1ri::>er of 
lakes and reservoirs with sane of the irrpoundnents serving as water supplies for 
New Jersey rrunicipal,ities. Apparently no systanatic survey of the biota in the 
area's lakes arid reservoirs has been undertaken, although various relevant 
reports do exist. For exarple, fisheries surveys coopleted during the early 
1950's by the New Jersey Department of Fish an:t Game identified various gcme 
species in sane of the lakes in the Highlands region. In addition, sane 7ys!ErnS, 
such as Green Pond, are routinely survey~ by consultants for lake assoc1at1ons. 
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Several of the reservoirs in the Highlands provide water for the city of Newark; 
four, Echo Lake, Canistear, Oak Ridge and Clinton Reservoirs, were recently 
reported by an outdoor sports writer to be excel lent sites for largermuth bass 
and pickerel fishing. Since largerrouth bass (Micropterus salrroides) populations 
may be stressed by~ values between 5.0 an:t 5.5 (National Research Council of 
Canada, 1981), populations in ION-alkalinity systems I ike Clinton Reservoir may 
be at risk, even though current µ-i values are typically above 6.0 (see Table 3). 

b. Ki ttat inny-Ridge 

Surface waters of concern atop the ridge include a nurber of smal I lakes and 
at least one strean originating fran these lakes. As is the case with the 
Highlands, I ittle background biological data have been collected fran affected 
systems. Continuing study by ~tgers Uiiversity personnel is focusing on six 
lakes atop the ridge: Blue Mountain Lake, Catfish Pond, Crater Lake, Long Pine 
Pond, Lake Success and Sunfish Pond (Figure 20). Five of these systems I ie on 
National Park Service land and one (Sunfish Pond) I ies in WorthirY;Jton State 
Forest. Al I the lakes are clear-water and moderately to highly acidic (Table 
29). Only Blue Mountain Lake has denonstrated any measurable alkalinity. 
Values for calciun and magnesiun in the lakes are generally lower, and, for 
sulfates, higher than data generated earlier for other surface waters in northern 
Nevv Jersey (Faust and iVclntosh, 1982). 

The six lakes are characterized by widely varying biological coorrunities. 
Although thorough biofogical surveys are not an objective of the current study, 
sCJTie preliminary conclusions can be reached. Two of the lakes, Crater Lake and 
Long Pine Pond, appear particularly stressed, with only ye 11 ow perch, amng the. 
fish, knOM'l to survive. Reductions in the diversity of benthic invertebrates and 
aquatic plants are also apparent in the rrost acidic lakes. Sµ,agnun is present 
in varying quantities at all sites. 

Current research is focusing on the activi_ty of the trace elm,ents aluninun, 
cadniun, lead, mercury and zinc in the six lakes. Initial results (Table 30) 
indicate that elevated concentrations of aluninum, lead and zinc occur in the 
water colurn of al I lakes except Blue fvbuntain, with the highest values occurring 
in the rrost acidic systems. 

In it i a I ana I yses of aquatic pl ants frcm th_ree of the I akes (Tab I e 31) shCJN 
highly variable results, with levels of zinc consistently exceeding those of lead 
in plants frCJTI Catfish Pond, mile in rrore acidic Crater Lake, the reverse 
occurs, with lead greatly exceeding zinc. Data may indicate that changes in the 
biological availability of lead in the sediments of Crater Lake ITBY have occur­
red. Further analyses will indicate ~ether or riot increased lead activity is 
noted in other ccnpartments of the acidic lakes. 

\\hile historical data on the water chemistries of the lakes are largely 
lacking,· it is likely· that acidic deposition has contributed to the high 
acidities noted. 

Van Car-pen's Brook, a trout production stream originating in Blue M:>u,tain 
Lake and Long Pine Pond, is characterized by alkalinities of less than 10 rrg/1 as 
CaCD3 (See Table 29). Following a heavy March snow, decreases in p-f of nearly 2 
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Fig. 20 Map of upper Delaware showing location of six study lakes. 

TABLE 29 

RAf\CE OF WATER OfBv1 I STRY PAPA\£T'ERS DETER\11 I NED IN SIX SllDY LAKES 

lUfAL ALKALINITY 9JLFATES CALCILM M\O'~ESILM 
SYSTEM p-1 (rrg / I ~ CaCD3) (rrg/ I ) (rrg/ I) (rrg/ I ) 

Blue fvb~ntain 
Lake 5.3-6.2 2.5-4.2 1,2.5-22.2 3.6-4.2 1.1-1.4 

Lake Success a 4.0-5.15 ~ 7.9-16.0 3.0-3.8 0.6-0.8 

Cat f i sh Pondb 4.1-4.9 ~ 9.3-13.6 3.2-4.6 o. 7-1.0 

Sunfish Pondb 3.8-6.6 t-{) 9.3-13.0 3.4-4.3 0.6-0.8 

Crater Lake a 3.8-4.9 N) 12.5-21.9 4.2-5.1 0.8-1.0 

Long Pine Pondb 3.6-4.7 ~D 9.3-14.5 I. 7-2.0 0.4-0.5 

a based on three scrrpl ing dates from 5/84 through 10/84 

b based on five sarrpl ing dates from 9/83 through 10/84 

N) = None Detectable 
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TABLE 30 

10TAL Tiw:E ELEM:NTS ·(ug/1) IN WATER SANPL.ES CDLLECTED ~ SIX STtDY LAKES 
IN f.lAY #0 ,AlOJSJ", 1984. VAU.ES REPRESe-JT 11-IE fW\Cc OF SIX CE'ERv11N4\TIGJS. 

SYSTEM p-1 RAt<E ALLMlr-.1..M C/011LM I...EPO z,r-c 
Blue fv1ountain 5.3-6.2 26-85 0.05-0.4 o. 1-0.9 8-31 

Lake Success 4.0-5.15 50-100 0.05-0.5 0.9-7.1 23-55 

Catfish Pond 4. 1-4.9 79-139 0.1-0.7 0.7-2.6 36-95 

Sunfish Pond 3.8-6.6 72-195 0.05-0.2 0.5-2.3 29-36 

Crater Lake 3.8-4.9 106-306 0.5-0.7 1. 3-4. 3 49-68 

Long Pine Pond 3.6-4.7 287-508 0.05-0.2 1.6-3.6 46-68 

TABLE 31 

TRPO: EL.BvENT aK:ENT'RATI o-.JS ( ug /g DRY VE I CHT) IN SELECT8) ,AQJl\TI C 
~ ffirM SllDY LAKES. NJ.i8ER OF SA/'IPLES GIVEN IN PARENTI-ES I 5. 

SYSTEM SPECIES L..EPD Zlf'C 

Catfish Pond Utricularia sp. 39.5-110.7 81 . 5-270. 0 
(p-1=4.1-4.9) (Bladderwort) (n=7) (n=7) 

Myr i ophy I I um sp. 7.3-13.2 55. 1-82.2 
(Water Mi I foi I) (n=2) (n=2) 

Brasenia sp. 20.0-52.7 283.3-369.7 
(Water Shield) (n=3) (n=3) 

N},nphaea sp. 3.6-:?l.6 33.8-49.1 
(\\ti i te Water Lily) (n=6) (n=6) 

Long Pine Pond Utricularia sp. 249.7-278.2 97.6-104.0 
(~3.6-4.7) (Bladderwort) (n=2) (n=2) 

I soetes sp. 171. 7 533.9 
CO.Ii I lwort) 

Er i ocau I on sp. 13.9-236.0 33. 1-96. I 
(Pi pewort) (n=4) (n=4) 

Crater Lake Potarmgeton sp. 40 I • 2-487. 9 48.8-98.8 
(~3.8-4.9) C PondNeed) (n=3) (n=3) 

Eriocaulon sp. 457.8 158. I 
(Pipewortl 
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units, ranging bebveen 4.3 and 4.5, were noted at several sanpl ing sites a·long. 
the brook. Al though the irrpact of such short-tenn influxes of acidity on the 
native trout are unknOM1, it seems probable that the stress adversely affects 
either adu It trout or their eggs. · 

MJre study of the nature of biological ccmrunities present in affected or 
potentially affected surface waters in the Highlands and on Kittatinny Ridge is 
needed, particularly in those watersheds where delayed responses to acidic 
deposition may occur. 

2. Sruthern New Jersey 

Assessment of direct effects of acidic deposition on Pine I ands aquatic 
organisms is presently difficult for several reasons. First, there are few 
historical records of Pinelands aquatic biota, and those that do exist (e.g., 
Fooler, 1906; Stone, 1911; Boyer, 1916) are primarily general cOOl)ilations of 
species found in the entire region. Since docunentation of long-tenn changes 
requires cOOl)rehensive, site-specific historical data, confinnation of any 
trends, despite rruch recent work on Pinelands aquatic coorrunities (e.g., 
Pinelands Carrnission, 1980; Ehrenfeld, 1983; MJrgan et al., 1983; Tvorgan, 1983; 
Hastings, 1984), is not possible. Continued study of Pinelards aquatic biota 
wi I I al low for such docunentation in the future. 

A second factor is that Pinelands surface waters are naturally quite acidic. 
pH levels normally observed in the Pine lands are at or belON those found in 
regions with docunented acidification effects on the aquatic biota (e.g., The 
Mirondacks, Ontario, Scandinavia). Thus, the docunented biotic changes in other 
inpacted regions cannot be used to infer potential acidic deposition related 
changes in the Pinelands. Aquatic camunities in the Pinelands naturally consist 
of many of the acid tolerant species Vlhose presence is evid~nce of acidic deposi­
tion effects in other regions (cf. MJrgan et al., 198_3; MJrgan, 1983). 

Lastly, assessment of acidic deposition irrpacts in the Pinelands is carpi i­
cated by other sources of disturbance that affect-pH. ,Agricultural and residen­
tial developnent of Pinelands watersheds typically results in significantly 
elevated surface water p--1 (Pinelands Ccmnission, 1980; MJrgan, 1984). In other 
regions affected by acidic deposition, cooparative studies of surface water of 
varying pH have been effective tools in docunenting the effects of acidification 
(e.g., Wright and Henriksen, 1978; Watt et al., 1979). Because both elevated pH 
frcm developnent and reduced p--1 frcm acidic deposition may act sirrultaneously on 
Pinelands surface waters, there is considerable uncertainty as to the true p-1 of 
an undisturbed water body. Thus, carparative studies within the Pinelands are of 
I imited value in docunenting the effects of acidification. 

Despite these difficulties in daronstrating direct effects of acidification 
on Pinelands aquatic organisms, the potential threat to these organisms is very 
real. AlthoUJh Pinelands species, by their very nature, are adapted to low p-f, 
this does not mean they prefer high acidity. Their abi I ity to exist in the 
Pinelands may sirrply indicate that these species are not as severely affected by 
low p--1 as other species, and so they predcminate. Tests of p--i tolerance on acid 
loving organisms similar to those found in the Pinelands consistently show a 
lower tolerance I imit of about pH 3 (Bell and Nebeker, 1969; Bel I,· 1971). 
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Alth~~h the average pH of precipitation in the Pinelands is about 4 o the ..J..1 f 
spec If I c events may scmet imes approach 3 o In add• t • • ' . t-" • 

0 

·d· t by . . • • 4- ion, concentrat ,on of 
ac, ' _Y evapotransp1 rat 10n could further increase H concentration Th e;t 1nththepHse natur_al ly acidic waters, precipitation events could significan~fy 
r uce e organisms encounter, at least over the short term Such I f 
high acidity may be particularly significant for the biota e;pecial l~i;e:ho 
occu~ during_ cr~tical I ife history periods (e.g., during breedi ) They 
continued ac,~ inputs into the envirorment, even for these na~r~I I a~~d 
tolera~t ~pec,es, c_ould lead to massive disruption of aquatic ccmn./·t· 
Detenninat1on of \\h1ch particular species would be roost severe! af ni ies. 

, fur!her acidifi~ation rrust a~it detai_led acid tolerance tests andybett:~cti~fo~~ 
mat1on on how P1nelands aquatic camun,ties are structured. 

11 
:ol~ale _disrup~ion of these aquatic canrunities Y-Ould have ranifications 

we yo t~,s particular ecosystem. The Pinelands harbor man 5 cies found 
no\\here else 1n the _State and possibly the nation. Sane exclll)le~ or these rare ;';1 er;;~ngrred aquatic plants, fish, clTplibians, and reptiles are listed in Table 
be. 

1 
in_e ::3nc1s algal and macroinvertebrate ccmrunities are too poorly known to 

c assified as rare and endangered, but many rnenners of these ccmrunities are 
prob~bly also largely rest~ic~ed to the Pinelands. Loss of even a few of these 
species thrOUQh atrmspher1c induced acidification would greatly diminish the 
value of the P1nelands ~s a natural resource for the State and the country Such 
andn evenkt Y-Ould be part1c~larl~ tragic in view of the extensive efforts r;cently 
u erta en to preserve this unique ecosystem. 

155 

I 
I, 



'i 
'1 
ii 

.i. I 
I 

ii. 

TABLE 32 

lHREATENID AN)~ ~IS\15 IN ll-lE NEW JffiSEY PINELAIDS 
ftS ~~INID BY lHE NEW JERSEY DIVISIOI OF FISH, CA\£~ WILDLIFE 

(AFTER PINEI...AN:5 CIM.11SS1~ 1980) 

~TIC rvw:roPf-fYTES 
Sensitive-joint-vetch 

Aeschyncmene virginica 

Roo mi I k\.veed 
Asclepias rt.bra 

Pine Barrens reedgrass 
Ca I aTIOVi I fa brevipi Ii s 

Barratt 1s sedge 
Carex barratt ii 

Rose-colored tickseed 
C:Oreopsis rosea 

Knotted spike rush 
Eleocharis equisetoides 

Resinous boneset 
Eupatoriun resinosun 

Crested yet ICMI orchid 
Habenaria cristata 

Southern yellow orchid 
Habenaria integra 

New Jersey rush 
Juncus caesariensis 

Loesel 's twayblade 
Li par i s I oese I i i 

Boykin's label ia 
Lobe I ia boyk in ii 

Canby' s lobe I ia 
Lobel ia carbyi 

Ha i ry I udv i qi a 
· LudNigia hirtel fa 

Yel I01JV asµ,odel 
Nartheciun americanun 
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Floating heart 
~oides cordata 

Hirst's panic grass 
Pan i CUll hi rst i i 

Narrow panic grass 
Panictm hemi tamn 

Slender rattlesnake root 
Prenanthes autumalis 

Armed meadow beauty 
Rhexia aristosa 

Capitate beakrush 
Rhvnchospora cephalantha 

Slender beaked rush 
Rhynchospora i nmda ta ; 

Knieskern's beaked rush 
Rhynchospora knieskernii 

Long's bulrush 
Sc i rpus r org n 

Slender nut rush 
Sc ler ia minor 

Sclerolepis 
Sclerolepis uni flora 

Hunped bladdenM>rt 
Utricularia gibba 

f>ti.~p I e b I adderwort 
IJtricularia purpurea 

'Ahite-flowered bladder'IM>rt 
Utricularia ol ivacea 

Reef ined bladdenM>rt 
UI tr icul aria resupi nata 

Yel lo.,v-eyed grass 
Xyri s f I exuosa 

,1~1··_,!~--- -----

* 

T.-68LE 32 ( cont i nued) 

ll-lREAll:NB) ~ ~ AO..L'\TIC CK'ANIS\1S IN ll-lE NEW JERSEY PIN:LAM)S 
ftS DET'E™ll'ED BY ll-lE NBV JERSEY DIVIS I GJ OF FI SH, C'A\iE AN) WI lDL I FE 

(AFlFR PINELAH)S CDvMISSIGJ 1980) 

Fl9-f 
lroncolor shin~r 

Notropis chalybaeus 

Yel ION bul I head 
lctalurus natal is 

Pirate perch 
Aphredoderos sayanus 

M.JC:f sunfish 
Acantharchus panotis 

Blackbanded sunfish 
Enneacanthus chaetedon 

Banded sun f i sh 
Enneacanthus obesus 

Swarrp darter 
Etheostare fusifonne 

AVffilBIAl'E 
Eastern tiger salamander 

Arbystana t. t igr intm 

Eastern rrud salamander 
Pseudotriton m. rrontanus 

Pine Barrens tree frog 
Hyla andersoni 

Southern gray tree frog 
Hy I a chrysosce I is 

REPTILES 

* 

Wood turtle 
Clemnys insculpta 

Bog turtle 
Clerrmys rruhlenbergi 

Although these species are not officially designated as threatened or endangered, 
their distribution in New Jersey is severely I imited and rmstly restricted to 
the Pine Barrens. My alteration in the Pinelands envirorment would therefore 
threaten these species within the state. 
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~ ' EFFECTS OF K:.IDIC DEFOSITIGJ OJ MAN-MADE ~TERIALS 

A. · I NTlID.CT IGJ 

The degradation of mater i a Is \\hen exposed to the air is dependent on the 
presence of rro i sture, reactive gaseous constituents, and airborne particulate 
rratter. The gaseous rrolecules include nitric acid and its precursors nitric 
oxide (~) and nitrogen dioxide (~2), hydrochloric acid, and sulfuric acid and 
its precursor sulfur dioxide (SO ). The particulate matter may include sol ids 
such as soot or liquid droplets o2i heterogeneous cooposition. It appears likely 
that the soot particles will catalyze the degradation reactions. The rroisture 
and reactive ingredients can be provided by condensation of water vapor on a 
hunid day, fol lowed by adsorption of reactive molecules fran the gas phase. 
Alternatively, rain \\hich contains reactive rmlecules may provide large quanti­
ties of reactive species. 'Mlere rain is trapped and held, however, such as in 
bridge supports or statuary with horizontal surfaces containing depressions, the 
potential for damage is severe. 

No rigorous studies of materials darage in New Jersey resulting frcm acidic 
deposition have been perfonned. As described in other sections of this report, 
however, New Jersey is situated dOYtONind of rrajor industrial areas and is thus 
expected to be subject to effects similar to those occurrirg in nearby states. 
Present infonnation is insufficient to assess the irrpact of lorg-range transport 
in causing materials dc111age in New Jersey. Very fet-1 field studies have been 
conducted within the state, and only one active corrosion rronitoring site 
(O,ester, Morris County) has been established. 

B. FOTENTIALLY SUSCEPrlBL.E Mt\TERIALS 

1. Metals and Alloys 

The atmospheric corrosion of metals and alloys is an electrochemical process 
governed by the properties of the materials involved and by the transport of 
moisture, oxygen, and reactive trace gases to the surfaces. The presence of 
moisture is crucial to the corrosion process (A1ipps and Rice, 1979), and thus 
rain is potentially very significant, particularly if it contains acidic· ccm­
ponents and if the surface topography of the materials is such that the rain is 
retained rather than al lowed to run off. The rraterials of concern are those used 
in construction, architecture, or electronics. These include iron, steel, 
aluninun, zinc, copper, bronze, silver, nickel, and tin. 

~"ost metals oxidize upon exposure to the air, and many fonn mixed surface 
films that contain chloride, nitrate, carbonate, and sulfate salts. Sulfide and 
hydroxide salts are also seen on scrne materials. The~e findings indicate that 
degradation of metals involves the carpi ex interactions of a variety of contani­
nants. Field studies of matched sarples in 'Mlich shielding frcm rain is assessed 
suggest that exposure of materials to atrmspheric trace gases is responsible for 
a greater portion of materials degradation than exposure to precipitat,ion (Yocom 
and Baer, 1984). 
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2. Masonry, Stone ard Warble 

Stone carposed primarily of calciun carbonate ( I imestone, marble, etc.) or· 
stones v.hose rrortar is calciun carbonate are vulnerable to damge frcm atroos..;;. 
pheric acidic carponents. Althou;i~ the c~anical transfo~t!on ~rocesses are.not 
understood, the principal product 1s calc1un sulfate, m1ch 1s highly susceptible 
to erosion fran surfaces (Ciauri and Holdren, 1981). 

Concrete is not at tacked to any significant degree by su I fur-containing 
gases, but is susceptible to crackirg induced by the ~hl?ride ion. ~loride ~y 
be delivered to the concrete surface as a result of ramfal I, particle deposi­
tion, sea salt deposition, or road salting. The last process appears likely to 
be the rrost irrportant in the majority of New Jersey locations. 

3. Organic Materials (Rubber, Paints, Polymers, Fabrics) 

Organic materials are genera·, ly resistant to chemical reactions with the 
inorganic species responsible for airborne acidity (Yoccm and Baer,. 1984~. 
Interactions scmetimes occur if inorganic pignents and extenders are contained 1n 
paint fomulations - the reaction of gaseous ~ydrogen sulfide with lea? oxide 
pignent is an exarrple. Sane rubber fomulat1ons, pol')1'Tlers, and fabrics are 
materials that are degraded by exposure to oxidants and sunlight, but there is 
not definitive evidence of degradation resulting fran exposure to acidic precipi­
tation (Shaver et al., 1983). 

C. X::IDIC PRECI PITATl(]'.J EFFECTS 

The assessment of the irrpact of acidic deposition on materials is carpi i­
cated by the difficulty of separating several potential processes: deposition ~f 
acidic gases on dry surfaces, deposition of acidic gases on wet s~r!aces, de~s~­
tion of acidic particles on dry or wet surfaces, and depos1t1on of ac1d1c 
materials in rain or snow. Further, for any field measurements progran it is 
difficult to isolate specific ·effects attributable to acid deposition wien the 
effects of other atroospheric processes are operating at the sane time. The 
manner- in 'M'lich these effects interact, am the responses of the materials to 
these interactions are not wel I understood. New Jersey's heavily industrialized 
envirorment as well as the surroundirr;J area's similar industrial makeup, very 
likely add'manv air contcrninants that carplicate efforts to isolate aci~ic 
deposition effects. · Few definitive experiments have been perfonned to examine 
the different processes: one is thus forced to assess damage due to exposure to 
the atrrosphere rather than danage due to acidic deposition. 

1 • Met a I s and Al I oys 

The ch€fTlical ccrrposition of the surface films fomed on rretals and alloys 
indicates that a variety of atrrospher i c gases rrust interact with the meta I I i c 
surfaces, as do the results of several laboratory experiments (Rice et al., 1981; 
Graedel et al., 1984). ATorg the materials to wiich this conclusion applies are 
copper, iron, silver, palladium, aluminum, and zinc. Limited statistical studies 
tend not to reveal correlations of da,,age with trace gas concentrations, but 
rather with humidi.ty. There is no satisfactory evidence that major changes in 
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the concentrations of acidic gas~s or of ions in precipitation wi 11 have any 
ef:ect on _ra.tes of metal ~~radat1on. The rates of degradation are knCJM1 to be 
quite sens1t1v? to the hum1d1ty. however, suggestirg that the presence or absence 
of a water f I ln:1 ?n the _surfaces provides the I imitation to the degradation 
process. In a _l1m1ted series of laboratory experiments designed to sirrulate sane 
of th? carplex1ty of urban atmosµ,eric envirorments, a statistically significant 
relat1onsh1p between steel corrosion and sulfur dioxide concentration was found 
(Haynie et al., 1976). 

2. Masonry, Stone ard Marble 

. Although ~he deterioration of marble and concrete over a numer of decades 
1s well establ 1shed, cause ard effect relationships for each of these materials 
are not. Th7 degradation of calciun carbonate-type stone may occur by a nurber 
of atmospheric. processes, and t~e predcmin~nt mechanism may be site-speci fie 
(O,e~ and_Cast1 I lo, 1984). As with metals, 1t appears that degradation of these 
materials 1s generally better correlated to factors other than ani>ient trace gas 
concentrations. 

3. Organic ~1a ter i a Is 

Organic materials appear to suffer no significant effects attributable to 
acidic deposition. 

D. ECDOv\lC lr..f>UO\TIO\IS 

. A draft EPA reP?rt on the sane topic as this report (Yocom and Baer, 1984) 
mc!udes the fol l~1ng carrnents: "Without exception, al I of the generalized 
est1mates_of mater1~l damage costs related to al I types of air pollution existing 
at the t11re of this report are of questionable value. The reasons for this 
include the fol lowing: 

It is usually not possible to isolate the specific portion of damage 
and therefore the associated costs created by a given air pollution 
effect. 

Unrealistic or irrproper scenarios of use, repair, and replacement of 
materials susceptible to air pollution danage. 

1rcffi1:>lete knowledge of substitution scenarios \\here rmre expensive 
material systems may replace rrore susceptible materials. 

lmdequate knowledge of the exposure conditions of susceptible 
materials, for exarrple, coexistence of pollutants with other 
envirormental effects such as rmisture and terrperature, and the 
physical aspects of exposure such. as orientation and degree of 
sheltering." 

If the econanic irrpact of acidic deposition on materials cannot be quanti­
fied, however, it is surely of concern in such applications as exposed steel 
(galvanized or not), other metal I ic roofirg materials (such as copper), and 
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cultural and historic artifacts (such as bronze statues, historic buildings. ,, 
constructed with susceptible rmterials, etc.). Even if the exact relationship of 
materials danage to acidic deposition were kno'Ml, it would be difficult to assign. 
a value to the damage caused to cultural and historic artifacts. A beginning, 
havvever, would be to asserrble a list of such artifacts in New Jersey, together 
with an assessment of their current condition. A pre I imi nary I i st appears at 
the erd of this section. 

A fu I I understanding of the magn i tude · and causes of acidic deposition 
effects wi 11 require separating the effects of pollutants fran the effects 
produced by unpolluted rain and of separating the effects of rain-supplied 
reactants fran those of gas-phase reactants. These are difficult problems, and 
it is reasonable to anticipate that several years wil I be needed to solve them. 

·, 

SELECTID NEW JER.5EY ART I FPCTS RJ1lNT IALLY Sl.BJECT 10 
PCIDIC DERJSITIO\I DE(R4{)c\TIO~ (PRELIMINARY') 

Masonry Structures 

I. Essex County Courthouse (c. 1900), Newark 
National Register file 

2. Hunterdon County Courthouse, Flemington 
Part of the Flemington Historic District. J-1,485-NJ-771 

3. Trenton Battle Monunent (1891) - includes bronze·reliefs 
National Register file 

4. New Jersey State House, Trenton 
Part of State House Historic District 

5. World War I fv\emorial, Atlantic City 
Nat i ona I Reg i st er f i I e 

"-'1eta I Structures 

I. Finns Point Rear Range Light ( 1876), Pennsvi I I e Township 
National Register file, HAER 

2. l.J.Jcy, The ~1argate Elephant, Margate City 
National Register file, HABS-NJ-816 

3. NeN Harrpton Pony Pratt Truss Bridge (c. 1868), Lebanon and Washi~ton 
Townships 

4. Statue of Liberty (1886), Jersey City 
National Register file 
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EFFECTS OF >C.IDIC DER)SITICN CN HJIN-.J 1-EALTii 

A. INTRD..CTICN 

This report surmarizes the evidence of the health effects of inhalation of 
acid sulfates. The conclusions of this report are based on animal experiments 
and epideniological and laboratory studies of acid su~fates in hunans. The 
primary focus of this report wi 11 be on the effects on the respiratory system. 
Another potent i a I hea I th consequence of acidic deposition is toxicity of trace 
metals, since acidic deposition may increase the solubi I ity of these metals in 
water sources and this may lead to higher levels of consUTption of trace metals. 

Acid rain, as rain, is uni ikely to be associated with adverse heal th 
effects, and no direct injury to skin or rrucous merrbranes, such as conjunctiva, 
has been reported. However, the constituents of acid rain, in aerosol form, 
carbined perhaps with ozone, might cause injury to the lurg 'Ahen inhaied. 

A distinction should be made between two types of sulfur oxides in the 
atrmsphere -- particulate oxides and gas µ,ase. oxides. Particulate oxides are 
oxidized fonns of sulfates associated with particulate matter. These particles 
can be· carried great distances in the atmosphere and are the oxides usually 

· associated with acidic deposition. Gas µ,ase sulfur oxides, such as sulfur 
dioxide (S02), are generally formed locally and have a rmre I imi ted range of 
travel. 

A large fraction of g) gas that is emitted into the air is ultimately 
transfonned into particulate 2sulfate carpounds. O,e of these particulate can-­
pounds is sulfuric acid (H2g)4). The primary pollutant in acid rain is thought 
to be particulates containirg CCJll)Ounds such as sulfuric acid and its salts. 
This revie.v wi 11 focus mainly on the heal th effects of H g)

4
, al thol.lJh the 

effects of SO will also be described. Very little work on thi health effects of 
nitric acid ahd its sarts have been done, but fortunately the nitrates occur jn 
smaller concentrations in the atmosµ,ere than do the sulfates. 

B. RESPIRA1{RY SYS1E\1 

The major target of atrmsµ,eric pollutants is the lll'lQ 'Ahich is susceptible 
to injury by air pollutants because of the large surface area exposed. The 
effects of air pollutants depend on their physical fonn (e.g. gas versus 
particles), interaction with other pollutants, and the physiological character­
istics of the lung. 

The pattern of deposition· of particles in the lurg depends on the size, 
shape, and physical properties of pa·rticles irhaled. , Particles greater than I 
un in diameter tend to be deposited in the upper airways and never reach the 
alveoli. kl 'irrportant function of the nose is to hunidify the inhaled gas. 
Particles \\hich absorb water can grow fran less than l un in diameter to up to 4 
un in dianeter and thus enhance upper airway depositia,. About 25% of particles 
less than 1 un in size are deposited in the- upper and middle airways (tracheo­
broncheal region) and these are carried up,.rard by the rrucoci 11 iary blanket and 
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eventually expectorated. Particles less than 0.2 un in diameter may reach the 
alveolar spaces. The primary mechanism of reroval of these particles is inges-
·tion by resident alveolar macrophages, phagocytic eel Is nonnal ly present in the 
alveoli. 

1. Health Effects of Particulate Sulfur Oxides 

a. iVethods of study 

The health effects of particulate sulfur oxides have been studied in several 
ways including short-tenn toxicologic studies in anirrals, exposure of heal thy 
subjects and patients with lung diseases to the carpounds, and epidaniologic 
sh.dies in populations. The effects on the respiratory systan are usually 
assessed by measurements of pulrmnary function tests. It should be noted that 
men abnonnalities of pulrmnary function are noted following exposure, sub­
stantial injury to the respiratory tract is usually present. It is l.ikely that 
I ess severe injury, such as edema and inf I mmat ion of the exposed m.Jcous mem­
branes, are not detected using this approach. Therefore6 low-level injury of the 
respiratory system may not be detected usirg present approaches. 

Most studies of H2S04 have shown effects on the lung at concentrations 
higher that those encountered in the atrrosphere in New Jersey. For exarrple, 
the 24-hour peak sul faJe level in the atmosphere in New Jersey in the surme~ 
of 1981 was 30-35 ug/m and the 24-hour mean average for the state was 10 ug/m 
(see Atmospheric Processes Section). These levels of H2so4 cause no detectable 
disease in healthy adult animals or hunans as a result of short-tem1 exposure. 
Thus, the arbient levels of H29J4 in New Jersey would not be expected to produce 
·pulrronary dysfunction based on the findings of published studies. It is unkn0M1, 
however, 'Vlhether low-level exposure may cause disorders not measurable by pulm:>­
nary function testing Y.hich may constitute a health problan.· 

b. Animal studies 

The effects on the lung of exposure to sulfates has been shOM1 in animal 
and hunan studies. These effects have been deronstrated at levels as I ittle as 
2-5 times those observed in peak atmospheric concentrations (NIB-5 conference, 
1984). This I eaves Ii tt I e margin of safety and suggests there are potent i a I 
effects of exposure to sulfates. 

Acute toxicity of sulfur oxide has been estimated by mortality studies in 
experimental animals. The result~ suggest that fairly high leve_ls o: aeros~ls of 
sulfuric acid (about 20,000 ug/m ) are needed to cause rrortal I ty in previously 
healthy animals {,Am:tur et al., 1;r52). It appears that concentrations of· acid 
sulfate aerosols up to 1,000 ug/m are largely unsuccessful in altering respira­
tory function in previously healthy animals with acid sulfate aerosols (Greenberg 
et al., 1978; Greenberg, 1982). There is sane variation in sensitivity arong 
anirmls; in particular, guinea pigs are more sensitive to sulfur oxides than 
other species (Mdur et al., 1978, 1978a). There also appear to be differences 
in relative irritancy of sulfur oxide aerosols in term; of altering pulmonary 

mechanics in animals. Sulfuric acid generally appears to be rrore irritating than 
any of the su I fate sa Its. For excll"p I e, guinea pigs show increased airway-
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resistance in response to ION levels of sulfuric acid; those levels of sulfur 
oxides do not increase airway resistance (Ardur, 1977; Corn et al., 1972). 

Oironic exposure to sulfuric acid and sulfates has resulted i·n changes in 
respiratory mechanics in animals (Alarie et al., 1973, 1975). However, the 
effects are I ess certain than those fo 11 owing acute exposure, and the observed 
results depend on the duration of exposure, particle size, and chemical cooposi­
tion of the aerosols inhaled at low concentrat1ons. 

c. 1-i.man stl.dies 

There are several factors Vlhich may affect the response of hunans to inhaled 
H2s:>4. The dose and duration of exposure are obviously irrportant. In addition, 
age, presence or absence of lung disease such as asttma, nose vs. rmuth breath­
ing, ard exercise will influence the response to inhaled H SO. It is apparent 
!hat H2S04 has toxic effects in the hunan respiratory syst~. ~ntrol led studies 
1n hunans of the pulmonary effects of H SO ~ve shO'M"'I no effects in normal or 
as thnat i c adu I ts at concentrations of 1i- uff 1m (Avo I et a I . , 1979) or I oo ug/mj 
(Utell et al_., _19~1; Sackner and Ford, 1980). However, adult asthnatic subjects 
have shown3s1gn1f1cant effects after acute exposures at concentrations of 500 and 
1,000 ug/m (Utel I et al., 31981). In adolescent asthnatics, exposure to H SO in 
concentrations of 100 ug/m during exercise caused bronchoconstriction (Koini~ et 
al., 1983). Although these studies differ in- clinical characteristics of the 
subject~, particle size, and c~n~entrations of H2SO used, it is apparent ·that 
asthnat1cs are m.Jch more sens1t1ve to the effecls \,f inhaled H SO than non­
asthnatics. None of these short tenn studies have shown, however~ t~at broncho-
provocation can be induc~ at levels of H SO present in "worst case" atmospheric 
conditions, e.g. 75 ug/m. 2 4 

Studies in hunans shoo that exposure to SO may also cause respiratory 
dysfunction, although so2 appears to be less pote~t on a per weight basis than 
H2SOij. In healthy subjects, studies using so2 have shOM1 a consistent effect on 
r~sp1ratory. and cardiovascular function at exposure levels of 5 ppll - (1,300 
tg/m ). This effect can be potentiated by mouth breathing and increased levels 
of exercise .. For exarple, breathing so2 causes bronchoconstriction in healthy 
adult~ at concentrations· of 1. 0-2. 5 ppn (Lawther et a I., I 97~; Sne 11 ard 
Luchsinger, 1969). In addition, new studies have indicated that H is the rmst 
important factor in achieving any physiologic response and the total dose is rrore 
irrportant than the sarrple peak level (Nle-fS·conference, 1984). 

Concent~ations of S01 of less than 1 ppn ha_ve caused bronchoconstriction in 
sane asthnat1cs (Shepparaet al., 1980, 1981). Cold dry air may potentiate the 
response to S02 since levels of 0.5 ppn have caused bronchoconstriction in the 
presence of a cold dry environnent (Bethel et al., 1983). These observations 
suggest a heightened responsiveness of asthnatics to SO. These leve~s of 
exposure in the laboratory are considerably higher than ~evels of SO in the 
ambient atmosphere i_n New Jersey. The observed con·centrations of SO iJ arbient 
air in New Jersey have been measured as 0.17 ppn (3-hr. maxirnm)~ 0.085 ppn 
(24~hr. maxim.m), and 0.009 ppn (annual average for 1983 for rmnitors around the 
state) (see Atmospheric Processes Section). It thus appears that the highest 
levels of SD2 in arbient air in New Jersey are at levels be ION those causing , 
PJlmonary function changes fol lowing short-term exposures in asthnatics. 
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Although the evidence indicates that asttmatics are rrore I ikely to be 
sensitive to H2S04 and so2 than non-asttrretics, there may be a subset of 
non-asttmatics, \\ho are at risk. Recent data sho.vs that the distribution- of 
measured airway reactivity in the general population is unimodal (Cockcroft et 
al., 1983). Presurably, anyone with increased airway reactivity could be 
regarded as possibly at increased risk -- this could arbitrarily be set as the 
upper 10% of the nonnal population in tenns of airway reactivity. 

d. Epidemiological studies 

The epidemiological evidence irrpl icating particulate sulfate ccnpounds in 
the aggravation of respiratory S}'111)tans is arrbiguous (Holland et al., 1979; Shy, 
1979). Sane studies have found a positive association between sulfates and 
mortality and rrorbidity (Thibodeau et al., 1980; Detels et al., 1981; Knelson et 
al., 1978) \\hi le others have shONn no significant correlations between the two 
(Scn.ving and MacDonald, 1976). These studies have been criticized for problems 
with experimental design making it difficult to ascertain with certainty any 
associations between rrortality and rrorbidity and individual pollutants (Ware et 
a I., 1981). 

Although these negative studies have been criticized for problems with 
experimental design .(Ware et al., 1981), a recently J:X,Jblished study (Oaappie and 
Lave, 1982) has taken into account all the original objections of these studies, 
and reanalysis of the data has shown a relationship between arrbient sulfate 
levels and respiratory rrortality. Recent data fran a carefully conducted French 
study show a direct relationship between irrpaired pulmonary function in children 
and adults and SO levels (Groupe Cooperatif PN\R:, 1982a, 1982b). A recent 
study conducted it Canada shovved a significant relationship between acute 
hospital adnissions for respiratory diseases and o

3 
and SO levels in the 

atroosp,ere (Bates and Sizto, 1983). More irrportantly, this relationship involved 
not only adnissions for asthna but other acute respiratory disease categories. 

It nust be noted that these recent ~pidenol ogic studies i·nvolve rrorbidi ty 
due to exposure to a mixture of pollutants, e.g. sulfates and ozone. It is 
difficult to separate the effects·of sulfates alone since the l~vels of sulfates 
and ozone are t€1'll)Oral ly related. Sul fate levels of 30-35 ug/m are observed in 
New Jersey during the sunner months dur i rg periods of stagnant high pressure 
systems. Peak ozone I eve Is occur during the same meteoro I og i ca I conditions ahd 
can reach levels of 18-20 ppn Of 1.5 times the crri::>ient standard for ozone. 

C. TRPCE fvETAL I NTDX ICATI Q\J 

A potential indirect health effect of acidic deposition is trace metal 
intoxication. This problem has been studied less thoroughly than the effects of 
inha I ed products of sulfates, and · researchers are atterrpt ing to detennine the 
extent to 'Ahich acidic deposition predisposes to heavy metal intoxication. 
Acidified water is known to be capable of dissolving toxic metals to a greater 
extent than non-acidified water. Toxic metals such as lead, mercury, cadnillTl and 
aluninun can be leached out of soils and rocks by acidified water. In addition, 
acidified water can enhance leaching of trace metals fran pipes and conduits in 
the water supply. No direct relationship has yet been established between acidic 
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deposition arrl ,the degradation of .drinki~ water. t:ie~e~thel_ess, · trace _metal 
intoxication is a potential problem resulting frcm ac1d1f1cat1on of ground and 
surface water used for drinking. The effe~ts O! acidic deposi_tion -~ gro~nd 
water in New Jersey is discussed else'Ahere in this report. This section w, 11 
review the problem of trace metal intoxication and acidic deposition. 

1. Overview of Trace Me.ta I Toxicity 

rv\an has always been exposed to trace metals through natural concent~ations 
in soil and water. Large scale mining and certain occupat!o~s cause a variety ~f _ 
toxic meta I poi son i ngs. f.Jeta I I i c constituents of pest I c I des a"? therapeut ! c 
agents are an additional source of hazard~u~ exposure. The burn,~ of fos~• I 
fuels containrng trace metals and the add1t1on of tetraethyl lead in ~aso! me 
have now made envirormental pollution the major source of trace metal po1somng. 
Trace metals cannot be easily metabolized and rray persist in the body and exert 
their toxic effects on a variety of physiologic functions. The trace metals of 
leading concern are lead, mercury, cadniun and aluni~un. These rrx:tal_s·_cause a 
variety of toxic effects in hunans, and roost of the illnesses are 1ns1d1ou~ ar:1<1 
are difficult to diagnose because of the subtleties of their erfects. ~IS IS 

a problem in epidemiological studies since there is no eas, ly recognizable 
disease produced by trace metal intoxication. 

2. Lead 

Lead enters the aquatic system fran atmospheric precipitation, street run­
off, industrial discharge, and corrosion of lead in pipes-and plurbing systems. 
Corrosion of lead is facilitated by water of low pH (less than 6.5). The overall 
incidence of lead concentrations above the drinking water standard of SO ppn 
throughout Ne,v Jersey is not known. Hovvever, approximately 14% ~f d<:'118stic wells 
in parts of Ocean C:Ounty shovved concentrations of lead above this standard (Lord 
and Kish Section on Ground Water Processes). Elevated levels have also been 
found in 

1

local ized areas of Stafford Township and in Atlantic and Sussex counties 
(Lord and Ki sh, pers. cmm.). The source of lead levels_ is not fully -~stab! ished, 
but the low pH in the ground water makes it easier for the ~t7r to dissolve the 
various possible lead sources. The knCMn wel Is above the dr1nk1ng water st~nda~d 
for lead have been shut dO'Ml. A recent survey of seven lakes ard reservoirs ,n 
northern Nev.t Jersey did not shON elevated lead levels (Faust, pers. cmm.). 
Arong the water supplies surveyed were Split Rock Reservoir mich serves Jersey 
City and Clyde Potts Reservoir v-hich serves ,VorristCMfl. Ther7 are no_ d~ta on 
lead levels in blood or urine in exposed populations to detenn,ne the 1nc1dence 
of lead contcrnination. · 

3. Mercury 

fv1ercury,poisoning fran en~irormental pol l~tion _has ~cane a problem as a 
result of increased concentration of mercury in soi I, air, and water due to 
greater use of mercury in industry and agricu_l ture. However,. the e_ffect of 
acidic deposition on the increased concentrations of mercury 1s· conJectur~I. 
Studies in several countries including the United States have shO\M'l a correlation 
between elevated levels of mercury in fish a~ the_ aci~ity of lake and _streclll 
habitats (arA, 1984). No cases of mercury _mtox1cat_1on fran consurpt ,_on ~f 
contaninated freshwater fish has been reported 1n the United States. An ep1dem1c 
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of mercury poisonirg fol lowing consurption o.f contaminated fish in Japan 
(Minanata disease} was due to industria I contanination (McAlpine ard Shukuro; 
1·9ssJ. Several lakes in acid-sensitive regions in the United States have yielded 
fish with mercury concentrations above the public health standards (arA, 1984L 
There are no available data on mercury contcmination in freshNater fish in New 
Jersey. 

4. Alunirun 

Aluninun is leached fran watersheds as acidity of water increases and pH 
drops below 6.0. Sarples fran sane acidified wer Is in this country have been 
found to contain levels of aruninun as high as 1.,700 ug/1 a content w,ich 
represents a substantial portion of an inc:Hviduar 's daily intake (arA, 1984). No 
restrictions have been placed .on aluninun concentrations in drinking water or 
foods. Little is knOM'l about the toxicity of alunirun fran drinking water in 
th i s country. Pat i ents undergoing rena I. di a I ys i s may deve I op an encepha I opa thy 
due to aluninun intoxication (Alfrey et al., 1976), and water containing rrore 
than 50 ug/f of aluninun is thought to be LBlsafe for dialysis treatment. Sane 
sarples of surface water in New England contained greater than 0.10 p,:m (OTA, 
1984). A carprehensive survey of aluninun concentrations in New Jersey drinking 
water is not avai table, but aluninun concentrations in New Jersey surface waters 
have been quite variable with scme sarrples above 0.10 ppn (100 ug/1) (Section D). 

5. Other Meta Is 

C-adniun occurs in nature in association with lead and zinc. Extract ion of 
these ·ores pol lutes the envirorment. C.Oal and fossi I fuels contain cactnrun,. and 
their camus ti on re I eases the e I ement into the env i rorment. Drinking water 
nonnaJly does not significantly contribute to cadniun intake. The New Jersey 
standard for cactnhm in drinking water is 0.01' ppn. Shel I fish, animal I iver and 
kidney may have concentrations greater than 0.05 pµn, even under nonnal circun­
stances. Another potential source of increased cadniun intake is meat and rice 
contaninated with cadniun. There is Ii tt le evidence that cadniun corrosion fran 
pipes or conduits exists (OTA, .1984). · Sarrples frcm Split Rock Reservoir ·and 
Clyde Pot ts Reservoir in northern New Jersey showed cadniun concentrat i ans of 
0.~01 pp-nor less in a survey conducted in 1983-84 (Faust, pers. cmm.). These 
low levels represent a minimal fraction of the anounts known to cause chronic 
health effects under industrial exposure conditions. However, cigarette ·smoke 
is a I so a major source, """,ard even sma I r anounts in drinking water may raise a 
srroker's daily intake above reccrnnended levels. C-actniun in drinking water, 
however, is not thought to represent a threat to hunan health. 

Copper deficiency is a more wides.pread problan than copper toxicity. Acidic 
waters have been shOM1 to be capable of corroding copper fran pipes in household 
distribution systems, and elevated copper levels have been reported in several 
drinking water scl'Tpl es in New York State and in New England (arA, 1984). No 
carparabl e data fran water supplies in New Jersey are ava i I able. The hazard: to 
the general population fran currently observed copper levels appears quite srml I. 

It is apparent that we rrust continue' to be vrgi lant about lead levels in 
drinking water and that we: need to understand the variabi I ity of aluninun levels 
in the water fran reservoirs. The levels of other toxi·c metals seem to be low, 
but, of course, bear· watchrrg. 
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GLCESARY 

A horizon - The surface horizon of a mineral soil having maxirrun organic 
matter accurulation, maxirn.m biological activity and/or eluviation of 
materials such as iron and aluninun oxides and silicate clays. 

Acid A coopound, w,ich w,en dissolved in water, usually gives a pH value 
less than 7.0 

Acid rain Acid rain refers only to the wet portion of acidic deposition. 

Acid soil - A soi I with a preponderance of hydrogen and aluninun ions in 
proportion to hydroxyl ions. Specifically, soils with a p-f value less 
than 7. 0. For roost pract i ca I purposes a soi I with a pH va I ue I ess 
that 6.6. (The tennis usually applied to the surface layer or to the 
root zone unless specified otherwise.) 

Acidic deposition The transfer of acidic coo-pounds fran the atrrosphere to 
the ea·rth' s surface. These corrpounds may be wet or dry. Wet 
deposition consists of dissolved sulfuric and nitric acids in rain, 
cloud droplets, and snON. Dry deposition consists of acidic ccnpounds 
in gaseous or particle fonn. · 

,4£isorption The attraction of ions or coopounds to the surface of a sol id. 
Soi I colloids adsorb large armunts of ions and water. 

Aerobic (i) Having rrolecular oxygen as a part of the environnent. (ii) 
Growing only in the presence of molecular oxygen, as aerobic 
organisms. ( i i i) Oc:curr i ng on I y in the presence of rro I ecu I ar oxygen 
(said of certain chEfTlicc1I or biochanical processes such as aerobic 
deccnpos it ion). 

Aerosol - My suspended sol id or I iquid particle in the atrrosphere. 

Alkaline soil Precisely any soi I that has a p-f value greater than 7. Practi-
cally, a soi I with a pH of greater than 7 .3. The tenn is usually 
applied to surface layer or root zone but may be used to characterize 
a horizon or a sarrple thereof. 

anaerobic (i) The absence of molecular oxygen. (ii) Living or functioning 
in the absence of air or free oxygen. 

Mion M ion with a negative charge. 

Anion-exchange capacity - ·The sun total of exchangeable anions that a soil can 
adsorb. Expressed as mi I I i equ i va I ents per 100. gram; of soi I ( or of 
other adsorbing rraterial such as clay). 

ftq.lifer A fonnation that contains sufficient saturated penneable material 
to yield significant quantities of water towel Is and springs. 
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B horizon - A soil horizon usually beneath the Av.hich is characterized by ona 
or both of the fol lowing: (1) an accurulation of silicate clays, iron 
and aluninun oxides, and hurus, alone or in carbination; (2) a blocky 
or prismatic structure. 

Base saturation - A measure of f~e d~ee to \\hich the soil is saturated with 
exchangeable cations; Ca , ~ , K+, and Na+. 

Buffer capacity - A measure of the resistance of a water to alter its p-f value 
Wlen a strong acid (eg. sulfuric or nitric acids frcm acidic 
deposition) or a strong base is added. (See Olapter IV) •. ; 

Buffer ccxrpounds (soi Is) The clay, organic matter, and coo-pounds such as 
carbonates and µ,osphates v.hich enable the soi I to resist appreciable 
change in p-j. 

Cat ion M ion with a positive charge. 

Cation exchange capacity The sun total of exchangeable cations that a soi I 
can adsorb. Sanetimes cal led "total-exchange capacity11

6 "base-exchange 
capac i ty11 , or "cation-exchange capacity". Expressed in mi I I i equ i va­
l ents per 100 gr ans of soi I ( or of other adsorbing mater i a I such as 
c I ay). 

Carbining weight - The fomula weight of an ion divided by the charge. 

Dry deposition The transfer of acidic ccxrpounds in gaseous or particle fonn 
fran the atrrosphere to the earth's surface. 

Eutrophic Having concentrations of nutrients optimal (or nearly so) for 
plant or animal growth. (Said of nutrient solutions or of soi I 
solutions.) 

Gram equivalent Otherwise known as equivalent weight, 'Ahic:h is defined as 
the mass in grams of one equivalent. One equivalent of an acid, for 
instance, is the quantity of the acid Ylhich will supply or donate one 
~le of hydrogen ions. (Ex. 1 rmle of H2 so4 furnishes 2 moles of 
H. This means that I rmle of H2 so4 is really the sane quantity as 2 
equivalents of H2 so4.) 

Hurus That rmre or less stable fraction of the soil organic matter remaining 
after the major portion of added plant and animal residues have deccnr 
posed. Usually it is dark colored. 

Hydrau I i c equ i va I ent 
direction. 

01ange in static head per unit of distance in a given 

Leaf cuticle - The waxey or fatty layer on the outer wall of the leaf surface 
ce 11 s; it fonns an irrpenneab I e I ayer preventing water I oss through 
the leaf surface. 
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Leguninous nodul at ion _ N" t f" . . . . 1 ~ogen- 1x1ng nodules on pea or bean plants. 
Nitrogen f1xat1on .•s the transfortretion of nitrogen gas (N) in the 
atmosphere to chmucal ly-bound forrrs available to plants. 2 

Mor - Raw hlJ'J':'s; a type of forest hurus layer of unincorporated organic 
~ter~al, u~ual ly matted or conpacted or both; distinct frcm the 
mmer~al soi 1, unless the latter has been blackened by washing in 
organt c matter. 

M.JI I A hUTUs-rich layer of forested soi Is consisting of mixed organic and 
mineral matter. A rrul I blends into the upper mineral-layers without 
an abrupt change in soil characteristics. 

Mycorrh i zae - Certain groups of fungi 'Af1 i ch invade root tissue and fonn a 
rrutual ly beneficial association; these fungi are irrportant in assisting 
the plant to obtain mineral nutrients fran the soil. 

Organic acid kly acid that contains a carbon atcxn bonded to at least one 
carbon_or. hydrogen atan (e.g., acetic acid, H

3
CX:(O)OI). 

Oxidant gas - Any qas 'Af1ich ·is able to give up an electron in an oxidation -
redu~tion reaction (a reaction in 'Mlich an element th2t loses 
electrons is oxidized, and an element that gains electrons is reduced). 

Particle - lvly sol id or I iquid substance suspended in the air. 

Penneab i I i ty A rreasure of the ability of a porous mediun to transmit water. 

p-1 A logarithnic rreasure of the hydrogen ion concentration (-log[~,+]). A 
p-j value of 7 represents neutril ity; values above 7 represent 
basicity; values below 7 represent acidity. A p-j value change of one 
unit· represents a change of acidity by a factor of 10 and a p-1 value 
change of 13 represents a change of acidity by a factor of 2. 

Soi I rmrphology - The physical constitution, particularly the structural 
properties, of a soi I profile as exhibited by the kinds, thickness, 
and arrangenent of the horizons in the profile, and by the texture, 
structure, consistency, and porosity of each horizon. 

SoU series - The basic unit of soi I classification being a subdivision of a 
fcl'Tli ly and consisting of soi Is Mich ar,e essentially alike in al I 
major profile characteristics except the texture of the A horizon. 

Sul fate adsorption - The abi Ii ty of the soi I to adsorb sulfate. The capacity 
of soil to absorb sulfate increases with high iron and aluninun oxide 
content, and decreases with high organic matter content. 

Throughfall Precipitation 'Af1ich passes through the canopy of a plant ccmrunity 
and fal Is to the ground. It is usually altered in both annunt and 
ccnposition frcm precipitation fal I ing directly on the ground. 
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Total acidity - A measure of the base neutralizing capacity of a water. It is" 
the sun of a 11 conpounds that can be neutra Ii zed by a base such as 
NaCl-I (see O,apter IV). 

Total alkalinity - A measure of the acid neutralizing capacity of a water (see 
O,apter IV). 

Total dissolved sol ids Total quantity of rmterials dissolved in a given 
quantity of water, such as sod iun ch I or ide (NaCl). 

Virgin soil - Soil that has never been plONed or dug up or otherwise disturbed. 
+ . 

Volune weighted pi First calculate the volune weighted [H 1 as fol lcms: 

Volune weighted [H+] = the sun of the volune of rain fall for each 
event in a given time period rrultipl ied by 
the respective [H+] for each event divided by 
the tota I volune of ra i nfa 11. 

Li Vol. weighted [H+] = 
[H+]. V. 

I X I 

V. 
I 

The negative logarithn of this vol. weighted [H+] i~ the vol. weighted 
pH. Thus, if for a rronth the volune weighted [H ] at a New Jersey 
monitor was 100 mrols/1 iter, the volune ·weighted ~ oould be 4 for 
that rronth. 
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U,its 

ppn 

rrg/1 

parts per mil I ion -- a unit of concentration. 

mi I I i gr ans per· I i ter -- a unit of concentration based to measure 
dissolved substance~ in water. 1 pµn = 1 rrg/1 sin~e 1 liter of water 
weights 1,000,000 rrg. 

micrograns per cubic meter -- unit of concentration. 

meq/lOOg mil liequivalents per hundred grarrs -- a unit of concentration used to 
measure cation exchange capacity in the soil. 

un a unit of length equal to one mil I ionth of a meter. 

eq eq.,ivalent 

rneq one thousandth of an equivalent. 

hectare 2.5 acres. 

meq/1 milliequivalent per liter, the concentration value in milligrams per 
liter divided by the cmbini~ weight. For a magnesiun concentration 
of 10 rrg/ I, the ccni>ining weight oould be the fomula weight (24.3) 
divided by the charge (2), or 12.15. Mi 11 iequivalents per I iter is 
expressed by dividi~ the concentration (10 rrg/1) by the cmbining 
weight (12.15) resulting in a value of 0.82 mi I liequivalents per I iter. 
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