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ABSTRACT.--Gases moving from refuse landfills through soil 
were studied in New Jersey. The gases, products of anaerobic de- 
composition of organic matter in the refuse, caused injury and 
death of peach trees, ornamentals, and commercial farm crops, and 
create possible hazards to life and property because of the eneranee 
of combustible gases into residences. Rel~lediaI measures are 
described. 

THREE REFUSE LANDFII~LS in 
New Jersey have been under study for 

the past 6 years because underground 
gases from the landfills have been mov- 
ing through the soil into adjacent areas 
and darnaging vegetation. 

The New Jersey Cooperative Exten- 
sion Service, charged with responsibility 
for  responding directly to the needs of 
the state's citizens, becomes involved 
with various lrinds of problems. One of 
these has been the underground genera- 
tion and movement of combustible gases, 
carbon dioxide, and the odorous gases of 
sulfur reduction. Altl~ough there a re  
many different sources for these gases, 
we have been working with those aris- 
ing from the decomposition of organic 
matter in colrl~nercial refuse landfills. 

The members of the Rutge~s-Cook 
College faculty who have been involved 
in t l~ese  studies include a specialist in 
environmental sciences, county agents, 
plant pathologists, entomologists, and 
soil scientists. In addition, whenever 
possible we Iiave involved the staffs of 
the state, county, and municipal health 
departments, the New Jersey Bureau of 
Solid Waste hfanagement, the federal 
solid waste management progran~s,  the 
owners and operators of the various re- 
fuse landfills, and the owners of the 
properties affected. 

The problems described in this paper 
include the death of peach trees in a 
co~~lmeucial peach orchard in Gloucester 
County, the death of ornamental vege- 
tation in Camden C o ~ ~ n t y ,  and damage 
to comlne~cial farm crops in Burlington 
County. All are  located in the south- 
western quarter of the state. In addition 
to the death of vegetation, the Camden 
County case involved a hazard to life 
and pi-operty because of the entrance of 
combustible gases into private resi- 
dences adjacent to the Iandfill. 

THREE LANDFILL CASES 
The three landfill cases we have fol- 

lowed most extensively during the past 
6 years a r e  in Classboro, Gloucester 
County; Cherry Rill, Camden County ; 
and Cinnaminson, Burlington County. 
All were brougl~t  to the senior author's 
attention by Rutgers County Agents re- 
sponding to complaints of vegetation in- 
jury and death from unknown causes. 
All three cases were associated with 
landfills where refuse had been deposited 
in worked-out sand and gravel pits. 

Glassboro 
The landfill in Glassboro covered 

about 6 acres. The refuse, which con- 
sisted of llousehold and industrial 
wastes, denlolition materials, and sewage 



slttdge, was deposited lo depths of %O to 
20 feet. A commercial peach orcllard 
abutted the landfill along about 1,000 
feet of its peripl~ex-y. The balance of the 
landfill was adjacent to scrub vegetation 
on land that  was apparently not servixig 
any commercial, agrierxlttlral, or resi- 
dential use. 

Landfilling a t  this site began in Feh- 
rrnary 1968. Refuse deposition along the 
nolltlieast line of the landfill adjacent to 
the peach orcl~ard was con~ple-led in 
1969, The peach trees nearest this line 
began dying during the sunzmer of 1971. 
Oerr first inspection of this site was 
made In September 1972. By that  time 
about 50 peach trees had died (fig. 
Combustible gases ant? cark~on dioxide 
were found, along with low oxygen ton- 
centvations, in the root zones of most of 
these dead peach "cees, The greatest dis- 
tance of these dead peach trees from the 
landfill was 70 feet. 

In March 1974, landfill gases were 
fourtd more than 80 feet from the land- 

fill, By then about 70 peach Irees had 
died. 'Yhe peach farmela brought the 
operator of the landfill (the Borongl~ of 
G1assbo1.o) into the Chancery laivision 
of the Superior Coetwt of New Jersey, 
and after a .week of testilnorzy the case 
was settled out of court to the plaintiff's 
satisfaction, 

The landtill and pexeh orchard were 
examined again jn the early sunrrner of 
1945. The landfilling xn;ils complete and 
appea1'ed to have an acleqerate cover of 
soil material. Sovne rnirio~ settlejt-ilent 
had taken place, causing surface water 
puddles to form, Nore than half of the 
mature peach Irees adjacent to the land- 
i'rll in 1971 had heexi rellrored as part of 
.the farming procedure and were re- 
placed in 1973-74 with ;lew trees, Eow- 
ever, the yollllg t ~ e e s  irt the row nearest 
the lzindfill died arid were replaced tvitI~ 
new trees. These too died, in the spring 
of 1975. 

No corrective measures have been 
taken to reduce the lateral movemerit of 

Figure 8,-Commercial peach orchard adjacen+ +o complefed refuss lendEli in  
Glassboro, N, J. Dead peach trees caw be seen in +he rows nearest the lawdBi'll 
in foreground, 





Figure 2,-Vertical gas venting pipes in piace along the periphery of #he 
landBili in Cherry Hill, N. J. Newly planted freer; for landscaping are also shown. 

also sigris of vandalism : soxmle tree.; h ; ~ d  
bee11 pullcd F~vonl the ground ; otliers liad 
limbb k,u.ok~xi ofT; and wjme haci ap- 
paren"rly beaa stolen. 'B'he holes left after  
tlie types had bccn pulled o r  d w  from 
"Le ground appeared l o  be ~ a t l i ~ r  siial- 
low, and the soil beneath tliedn appeared 
to be* very well sealed since watw pud- 
dles rernaitleci in 411ern sor-ne day;; aftca- a 
hemly ra in ,  Ex;~mination of these trees 
iudicated that  nlaaig of the dead t r w s  
clid ~1o9, lire because of poor. pla~~kitig 
plaactice, Only a limited number of t l ~ r  
4rees revealed the presewc of the com- 
bustible gases in ll~eia- root zorte. 

During the 1:ist half dozen years tlre 
vegetation in the baclryard of the Ilome 
has coxltinued to die until only "cmt 
vegetation near tlie home remains. I t  
will be interesting to see if the gas vents 
j~reventffurther gas intrusion into these 
adjacent lands and permit veget. cl t' ion 
growth again. We plan to periodically 
monitor these lolantings to see if the 
landfill gases present any future prob- 
lems. Perhaps the vertical vents will 
alleviate the probleni a t  this location. 

@innaminson in Bursington Coujnty 
A landfill in whiel? yefuse has been 

placed to depths of  80 f ~ e t  on about 100 
acres is operating on ~lae uortbern side 
of lJxlion 1,:tnding Koad. A 600-foot- 
long road 411ter.facia exists ),etwee7i1 the 
1andli!!l and the farm elaa llir southerly 
side of T'uion I,;ixldilta lioad., ' k c  dis- 
tx~zcc k~etwren the edge of Clze farm and 
-the edge of tlac Xandfi11 is 50 to 60 fcet. 
This space is occaapieci k ~ g r  Union Lmd-  
ing Road artil it:; rielat of way. Ap- 
patnently all sorts nf' refelse matwjals 
have been acccptctl by - I ~ P  landfill, which 
began operation aX)o~x"c%95~ 
In the snmr-taer of 1!)70 the fzrrnc;.. 

experier~ced diEculty in growing tonla- 
toes: in fields nearest the landfill. Very 
unpleasant odors, arising from the area 
of his field nearest Union Landing Road, 
wcre noted by the farmer during the 
spring plowing of 1971, At that  time 
we examined this field for possible prob- 
lerils associated with the landfill. In the 
fall of 1971 decomljosition gases were 
discovered 300 feet from tlie landfill. 
Since the spring of 1971 the farmer has 



not cultivated the  2 to  3 acres of his 
fields nearest Union 1,andillg Road. Tlie 
death of vegetation in the  field resulted 
in erosion of the  surface of the field, 
atxi a weed cox er crop developed, 

By the fall of 1971, the landfill op- 
crator had recognizeti t ha% his Iatldfill 
was the source of the farnlrr9s 1~rolt1e.11~~ 
I l e  then installetl a. BOO-foot-long, 10- 
foot-de~l,, 3-foot-wide gravcl-filled trrnrlr 
the total length of the ilaterf;~cc kjetweexi 
the XaxxtSfiil s211d the P'a~m. Tills did 110% 

seer11 to alleviate the prolslcwa?. App:zr- 
cnily the gases contilinned to flow from 
the Xar~dIiXl h c n c ~ ~ l l ~  tkc  trcrrcll rnto the 
Earn? field, 

'bn the  spying rlP 1972 soil t es i s  w e ~ e  
matte in thc  areas of the f a rm %l~t?rc  
regckatictn was und;ira~a:?:ed alld wlicre 
flae vcgclal ion h a d  hee~r killed l ~ g  thc  
lalidfii% gases, TLlc alatx.ienlt qtiality oC 
ktotl? soil arcas was fotrtid t o  be the  saiwre, 
In it!l;~r.ch 4!1'i:$ tlrc landfi11 operator in- 
stailed 4-inch plastic v ~ r t r c a l  \rcn"iin:: 
pipes aXoilg Ck~e total l e ~ ~ g i l l  o f  i81c~ laud- 

fill-farm field in"cerfaee. These pipes 
were put in1 Lo a depth of 30 to 10 feet 
on 20-to 23-foot centers. 

In April 1973 the  faa.r~~ea. ancl the  
landfill opera to^ developed an interim 
agreement ~ - e l a ~ i v e  to payments for  
danlapes claimed by the F;~rmer. and coy- 
receive artinns to be talcen hy the Xand- 
fill to  allcviaie the gas problem. Ita 
I>ecember 1974 the f;irmer noted areas 
far t l~ei-  fl-or~a the field wlter-e his  rye 
cover crop w;zs dying (fig. 3 ) .  A cX1~~li 
nf  the gz.orxiirl gases 1rn Shehe areas re- 
vealed the y~~esel ice of corr~bustibie gases 
tap ko 600 feet from (he nearest edge of 
the l:mtlfill, In summer of 1975, corn- 
busti\,ls. qases weye found Know than 
P" - 1 ,:,O feet froln the x ~ c a ~ c s t  edge of i h e  
lanclfill. At  I his tiraw l hey v e3.e d:amng- 
In:) cox,lrner*ci:ii eel-n aiid sweet potato 
crops. It appears "chat "tic rrrrtinlg pipes 
werbe rlot i'nnctloning p~opc1rly : although 
visual ex;ln~it~;ition i1idic.atc.d "cml gtoe~nd 
gases a r r  being veilted to b i ? ~  atanos- 
y1ies.e by t h r  pipes, Suggestions made 

Figure 3,---Rye plenHny in farm fieid adversely aRealted by Iawdfill gases 680 
Ceel from nearest edge of the landEli a+ Cit~neminson, N, J, 



"c improve gas-venting inclnde instal- 
ling pumps on the pipes to witlidraw the 
conibustible gases fm-om the lanclfill and 
venting from greater depths. 

As indicated above, we found landfill 
gases 180 feet from the landfill in the 
spring of 1971, 300 feet frona the land- 
fill in the fall of 31 9'31, 600 feet fronl the 
landfill in December 1974, and 750 feet 
this srxrnnser (1975). IZowever, the 
migration of these gases has not been 
constant, JhIeasurements talrerl a t  a num- 
ber of other times indicated that the 
gases had appa~exltly retreated toward 
the landfill. Their outward rnovenlent 
seenas to be a t  ar1 ui~even rate, depending 
upon various factors, Inany of which are 
riot understood. Incidentally, the consul- 
tant  hired by the landfill company re- 
ported that  tlae degree of migrating 
gases has decreased with time. Ob- 
viously our data conflicts with his. Sorne 
of this disagreement might be due to 
making measurements a t  different loca- 
tions and times. 

We will continue to follow this situa- 
tion and determine the ultimate fate of 
the laxldfill gases and vegetation growth 
in the  fields. Eight to 20 acres of the 
farm field are now involved in problems 
of poor or no vegetation due to the ad- 
verse influence of gases from the land- 
fill located to the north of the field. 

The landfilling directly north of TJnion 
Landing Road is nearly complete. Cons- 
pletion of the landfill will involve filling 
the westerly corner of this former. sand 
and gravel pit. This additional filling 
will bring the refuse in contact with the 
soil along Union La~lding Road for at1 
additional few hundred feet immediately 
~ppos i t e  the Hunter Farm. This includes 
an  area on which a farmhouse is located 
plus an additional few hundred feet im- 
mediately opposite the Hunter Farm 
comnlercial farm fields. I t  is possible 
that  the refuse will he located against a 
soil bank within about 100 feet of the 
farmhouse. 

This farmhouse has a dirt-floor cellar, 
which is used to store various farm 

crops derrirag the winter. Therefore we 
have set up permanent gas-sampling 
stations opposite the landfill area still to 
be filled. In addition to exposing this 
fan-nhouse to possible infiltration of 
landfill gases, another ~wivate Itonle and 
a t  least one light-industry buildillg will 
also be within ;i couple of hundred feet 
of "ihe refuse upon cobnpletic~n of "cae 
landfill. Unless adequate protective 
measures, s~sch as a gas barrier or  ade- 
quate rents oo both, are talieri to prevent 
the nlovelnent of landfill gases, i t  is pos- 
sible that  "chese buildings and additiotlal 
farm fields will in time become involved 
wit11 the conlbustible gases travelling 
u~lderground froni the landfill. 

GAS MEASUREMENTS 

All our underground gas measure- 
ments were made by adapting various 
gas-measuring equipment that was orig- 
inally designed for making safety checks 
and measuring combustion eEciencies. 
To determine whether or not foreign 
gases are  present in the soil atmos- 
pheres, it is necessary in most cases to 
first make a hole in the ground. Cur- 
rently we are using a comme~cial bar 
hole maker to obtain a 3-foot deep, 
inch hole. This comn~ercial instrument 
(fig. 4) incorporates a steel hole-rnaliing 
rod and driving weight in one con- 
venient unit. This same type of unit is 
used by nlost gas utility companies when 
searclling for leaks frona tlzeir under- 
ground pipelines, The l~andle of our hole 
nlalrer is electrically insulated to prevent 
a shock should i t  come in contact with a 
live underground electric wire. 

The sample is withdrawn from the 
bar hole by use of a 3-foot long 0 non- 
sparking probe. If desired, a noncon- 
ducting probe may be used, A rubber 
stopper is placed over the upper exid of 
the samglillg probe to help seal the bar 
hole from the ambient air. However, 
the nature of the sanzplirlg method fre- 
quently allows large quantities of am- 
bient a i r  to dilute the sample. 



Figure 4.---Bar hole maker i s  held by man on leff, Righa, road- 
ing an MSA Explosime+er to measure the consenfration of 
combusfible gases in a sample drawn f rom +he bar hole. 

The rwost corkvealient test for cllecking 
for the gases of anaerobic decomposition? 
of organic mattea. Is with a con~bustible 
gas meter, We pass our gas sample, 
which is drawn from the bar hole, 
through an  M.S.A. Explosimeter, an In- 
strument used by the gas utility corn- 
panies wllen cl~ecking for leaks in their 
landerground lines. The Wlleatstolle 
bridge principle is used in the i n s t ~ u -  
ment for determilling gas concentration. 
The combustible gases are  burned on a 
heated catalytic filament, tl~ereby chang- 
ing its resistance, This unbalances the 
bridge, giving a readi~ig on the gal- 
vanometeef. 

These combustible gas-measuring in- 
strunzent readings indicate the percent- 

age of the lower explosive limit of the 
gases for which the iilstrrm1en-i is cali- 
brated. The lower exl~losive l in~ i t  for 
metllane is a 5-percent dilution in air* 
However, i t  is possible to tell fron? the 
response of the meter whether or  not 
the combustible gas co~~centra t io~l  is be- 
tween tile lower and tapper explosive 
limits or above the upper explosive limit 
(1 5 percent methane in air).  By use of 
a dilwtion tube on the intake side of the 
meter, i t  is possible to theoretically de- 
termine the actual combustible gas con- 
centrations up  to 100 percent methane. 
I t  is also possible to sepam,ate heavy 
petroleum vapors from the lighter hydro- 
carbon gases by use of an activated 
cl-tarccal filter on the sampling line. 
Regular calibration is required. 



The earboaz dioxide and oxygen con- 
ct~ntratioms of the ground gases obtained 
from the bay holes are  analyzed by the 
Orsat method, normally used to aneasrarc 
the efficiency of f ossil-f uel-fired Eu~naees. 
In our field-test work we use the Bach- 
arach Fyrite carbon dioxide and oxygen 
indicators. In the carbon dioxide .in- 
dicator, the CO, is absorbed in a potas- 
sium hydroxide solution. In the oxygen 
indicator, a. chromous chloride solution 
is used. Carbon dioxide indicators are  
available for reading 0 to 20 percent 
and the 0 to 60 percent concentrations. 
The oxygen indicators are for  determin- 
ing O to 21 percent concentrations. 

Unpleasant ground gas odors are fre- 
quently an  indication of gases of ana- 
erobic deconiposition of organic matter. 

Thrse tanpleasant odors can often be 
checked for by 'j&ithd~;twing a soil 
sample Prom the ground and sn~elling 
the sample, 

We have occasionatly ixsed industt.ia1 
hygiene dry-tube indicators to clieckc for 
the possjhle presence of sulfur gases and 
earbon monoxicte. Kowever, in general 
we firid the field test Coy combusiil~le 
gases to be the easiest, quicliest, and 
simplest to make, Orar next most fre- 
quently used field clrecli is for carbon 
dioxide. Norr-uallg we would not expect 
to record the presence of combustible 
gases or carbon dioxide with these field- 
test meters if there were riot significant 
quantities of the gaseous products of 
anaerobic decomposition present in the 
soil gases. 




