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Maywood Chemical Works (MCW) of Maywood, New Jersey, generated process 
wastes and residues asmciated with the production and refining of thorium and 
thorium compounds from monaxite ores from 1916 to 1956. MCW supplied rare 
earth metals and thorium compounds to the Atomic Energy Commission and 
various other government agencies from the late 1940s to the mid-1950s. Area 
residents used the sandlike waste from this thorium extraction process mixed with 
tea and cocoa lcaves as mulch in their yards. Some of these contaminated wastes 
were also eroded from the site into Lodi Brook At the request of the U.S. 
Department of Energy (DOE), a group from Oak Ridge National Laboratory 
conducts investigative radiological surveys of properties in the vicinity’of MCW to 
determine whether a property is contaminated with radioactive residues, principa!ly 
u?l~, derived from the MCW site. The sutvey typically includes direct measure- 
ment of gamma radiation levels and soil sampling for radionuclide analyses. The 
survey of this site, on the North Right of Way of Interstate 80 at bdi Brook, Lodi, 
New Jersey (L.J077), was conducted during 1988 

Results of the survey demonstrated radionuclide concentrations in excess of the 
DOE Formerly Utilized Sites Remedial Action Program criteria. The radionuclide 
distriiutions are typical of the type of material originating from the MCW site. 
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RESULTS OF THE RADIOLOGICAL 
SURVEY AT INTERSX’ATE 80, NORTH RIGHT OF WAY 

AT LODI BROOK, LODI, NEW JERSEY (LJ077)* 

INTRODUCTION 

b 1916 to 1956, process wastes and residues associated with the production 
and refining of thorium and thorium compounds from monazite orea were generated 
by the Maywood Chemical Works (MCW), Maywood, New Jersey. During the latter 
part of this period, MCW supplied rare earth metals and thorium compounds to 
various govemmeut agencies. In the 1940s and 195Os, MCW produced thorium and 
lithium, under contract, for the Atomic Energy Commission (AEC). These activities 
ceased in 1956, and, approximately three years later, the 30-acre real estate was 
purchased by the Stepan Company. The property is located at 100 Hunter Avenue 
in a highly developed area in Maywood and Bsxhelle Park, Bergen County, New 
Jersey. 

. 

During the early years of operation, MCW stored wastes and residues in low- 
lying MWB west of the processing facilities. In the early 19309, these areas were 
separated from the rest of the property by the construction of New Jersey State 
Highway 17. The Stepan property, the interim storage facility, and several vicinity 
properties have been designated for remedial action by the U.S. Department of 
Energy (DOE). 

The waste produced by the thorium extraction process was a sandlike mate- 
rial containing residual amounts of thorium and its decay products, with smaller 
quantities of uranium and its decay products. During the years 1928 and 1944 to 
1946, area residents used these process wastes mixed with tea and cocoa leaves as 
mulch in their lawns and gardens. In addition, some of the contaminated wwtcs 
were apparently eroded from the site into Lodi Brook and carried downstream. 

Lodi Brook is a small stream flowing south from Ma>wood with its headwaters 
near the Stepan waste storage site. Apprcximately 150 it after passing under State 
Route 17, the stream has been diverted underground through concrete or steel 
culverts until it merges with the Saddle River in Lodi, New Jersey. Only a small 
section near Interstate 80 remains uncovered. %rn the 1940s to the 1970s when the 
stream wan being diverted underground, its course was altered several times. Some 
of these changes resulted in the movement of contaminated soil to the surface of a 
few properties, where it is still in evidence. In other instances, the contaminated 
soil WEIR covered over or mixed with clean fllE, leaving no immediate evidence on the 
surface. Therefore, properties in question may be drilled in sea& of former stream 
bed material, even in the absence of surface contamination. . 

As a result of the Energy and Water Appropriations Act of Fiscal Year 1984, 
the property discua+ed in this report and properties in its vicinity contaminated 
with residues from the former MCW were included as a decontamination research 

*The s~my WM performed by members of the Measurement AppIications and 
Development Group of the Health and Safety Research Division at Oak Ridge 
National Laboratory under DOE contract DEAC05-840R21400. 
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and dnzl~pment project uzrder the DgE Formerly Utilized Sites Remedial Action 
Program. As part of this project, D8E is couducting radiological surveys in the 
vicinitr of the site to identify properties amtaknaki with r&dues derived fium 
the MCW. The principal radionuclide of concern is thorium-232. The radiobgical 
w dimmed in this report are part of that efFort and were conducted, at the 

request of DOE, by manben of the M esmvanent 
Group of the Oak Bidge National Laboratory, 

Applications and Development 

A radiological survey of the public North Right of Way of Interstate 80 at Lodi 
Brook, Lodi, New Jersey, was conducted during 1988. The survey and samplingof 
the ground suxfaoe were carried out on March 10 and May 3,1988, and the follow-up 
subst&ce investigation was performed on June 9,1988. 

SThWEY METHODS 

The radiological survey of the property included: (1) a gamma scan of the 
entire property outdoors, both at the surface and one meter above the surface, (2) collection of surface and subsdace soil samples, and (3) gamma profles of 
auger holes. The survey methods followed the plan outlined in Reference 1. No 
indoor swey mewuxements were performed. 

Using a portable gamma scintillation meter, ranges of measurements were 
recorded for areas of the property surface and one meter above the surface. If 
the gamma readinga were elevate-d, a biased soil sample waas taken at the point 
showing the highest gamma radiation level. Systematic soil samples were taken at 
xuious locations on the property, inespective of gamma radiation levels. 

To d&e the extent of possible subsurface soil contamination, auger holes were 
drilled to depths of approximately 3.2 m. A plastic pipe was placed in each hole, 
and a NaI scintillation probe was lowered inside the pipe. The probe was encased in 
a lead shield with a horizontal row of collimating slits on the side. This collimation 
allows meaxuement of gamma radiation intensities resulting from contvnination 
within smaZ fractions of the hole depth. Measurements were usually made at 1!5- 
or 3O-cm intervals. If the gamma readings in the hole were elevated, a soil sample 
was scraped Corn the wall of the auger hole at the point showing the highest gamma 
radiation level. The auger hole leggings were used to select locations where further 
soil sampling would be useful. A split-spoon sampler was used to collect subsur- 
face samples at knm depths. In some auger holes, a combination of split-spoon 
sampling and sidewall scraping was used to e&ct samples. A comprehensive de- 
scription of the survey methods and mst 
reporL2 

rumentation has been presented in another 

SURVEY RESULTS 

Applicable federal guidelines are summa&4 in Table l.s The normal back- 
ground radiation levels for the northern New Jersey area are presented in Table 2. 
These data are provided for comparison with awep results presented in this sec- 
‘ion. All dire& measurement results presented in this report are gross readings; . . . . _ - .- 

- ackground radiation levels have not been subtracted. Similarly, background con- 

i  
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s 
flntra:ions have not been subtracted from radionuclide concentrstions measured in 
en~menkl Mmples. 

Gamma Radiation Levels 

Gamma radiation levels measured during a gamma scan of the surface of the 
property are given in Fig. 1, with corresponding measurem a.& one meter above 
the s&ace where indicated. Gemma exposure rates over the major portion of 
the property ranged fi-om 5 to 11 pR/h. Oncmeter read&~ were between 7 and 
15 pR/h; the normal background level at one meter is 8 pR/h for the northern New 
Jersey area (Table 2). The highest gamma levels were found in an eastern comer 
of the Right of Way, just west of the exposed section of Lodi Brook; measurements 
ranged from  13 to 25 pR/h at the surf&x and lb )cR/h at ORS meter above ground 
(Fig. 1). Three other areas of elevated gamma readings were round on the site. Two 
were east of the Lodi Brook, reading 12 and 13 pR/h. The third was east of the 
closed parking area, readbig 13 pR/h. 

Systematic and Biased Soil Samples 

Systematic and biased soil samples were taken from various locations on the 
property for radionuclide analyses. Locations of the systematic (S) and biased (B) 
samples are shown in Fig. 2, with results of laboratoq analyses provided in Ta- 
bIe 3. Concentrations of radium, thorium, aud uranium in these samples ranged 
from 0.60 to 2.4 pCi/g, 1.0 to 21 pCi/g, and ~0.81 to ~11 pCi/g, reqxxtirely. All 
systematic samples and biased radium samp!es were near or above normal back- 
ground levels for the northern New Jersey area (Table 2). Biased samples BlA, 
B4A, and BSA&C were above DOE guidelines for 232Th (Table 1). 

Auger Hole Soil Samples ar,d Gamma Logging 

Varying thickuesses of subsurface soil were sampled from depths of 15 to 305 cm 
in auger holes (A) drilled at two separate locations indicated in Fig. 2. The re- 
sults of anal ses of these samples are given in nble 3. Concentrations of “%a, 
23zTh, and 2’sU in soil samples ranged f&m 0.67 to 2.05, 0.73 to 7.3, and 0.88 to 
<8.2 pCi/g, respectively. All auger samples were below DOE guideline values for 
thorium, though most were above normal background for the northern New Jersey 
area (Tables 1 and 2). 

Gamma logging was performed in each auger hole to characterize and further 
define the extent of possible contamination. The logging technique used here- is not 
radionuclide specific. However, logging data, in conjunction with soil analyses data, 
may be used to estimate regions of elevated radionuclide ccwzentrations in auger 
holes when compared with background levels for the area Following a comparison 
of these data, it appears that any shielded scintillator readings of 1000 counts per 
minute (cpm) or y akr 
of 22sRa and/or 

g merally indicate the pnxence of elevated concentrations 
2 lTh. Data from the gammp pro&s of the logged auger holes are 

gaphically represented in Figs. 3 and 4. R.lrzdin~ in auger hole 1 were elevated 
from the surface to 1.4 m , with a m&mum or 2618 cpm at 0.8 m . Elevated readinga 
in hole 2 extended kom 0.15 m  to 1.2 m , with a maximum of 1750 cpm at 0.3 m . 
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The ueaa of elevakd gamma readinga axrespond to the greatest c0nceattation.s of 
tbrlionuclidu shown in Table 3. 

SIGNIFICANCE OF FINDINGS 

M-k taken on the North Bight of Way of Interstate 89 at Lodi Brook 
indicak that the 
the 232Th and 2 5% 

roperty contained residual radioactive material primarily from 
U deeay chains, with slight contamination from 12’Qa These 

radionuclide distributions are typical of the tp of material originating &om the .. 
MCW site. The concentration and extent of 23 Th on this property were in excess of 
the applicable DOE criteria (Table 1). As shown in Fig. 2, ihis material wss found 
at sample locations Bl, B4, and B5, con&tent with the eIevated gamma radiation 
measurements in those areas. Results of this radiological ariaessment indicate that 
the property contains residual radioactivity derived from MCW in concentrations 
that exceed remedial action guidelines. . 
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lhble 1. Applicable guidelinea for protection against radiation. 

Modeofotpoave lhpomm condition9 Guideline x&e 

FWkmuclide amcen- 
trktions in 8oil 

. 
Msxiwrm permissible con- 5 pCi/g averaged over the 

centration of the foUow- first 15 cm of soil below 
the surface; 15 pa/g when 
averaged over Xi-cm thick 
Boil18yer2morethan15an 
below the surface 

22om 

noRa 
226& 

Tteferena 3. 

nble 2. Background radiation levels for the 
northern New Jersey area 

Type of radiation measurement 
or sample 

Radiation level or 
radionucljde concentration 

Gammaexposumatlmahove 
sound eurfaa W/h) 

8’ 

Concentration of radionuclida, 
~II $~&Wd 

n*u 
=%a 

l R&ena 4. 
‘Referula 5. 

0.9’ 
0.9’ 
0.9’ 
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Table 3. Concentrations of radionuclides in soil at 
Interstate 80, North Right of Way 

at Lodi Brook, Lodi, New Jersey (LJ077) 

Sample* 
Radionuclide concentration (pa/g) 

226&,b 22qp. 226u’ 

i:f: 

ii; 
S2A 
S2B 

ii:; 
E 
B2C 

EE 
B3C 

BBt; 
B4C 

iti: 

El 
BSC 

EE 
B5F 

t:t 
AlC 

i:i 
AlF 

6: 

O-15 

gi 

&15 
15-30 

O-15 
15-30 

&15 
15-30 

&15 

iE 
O-15 

15-30 

iE 
69-75 

9-15 
1630 

i&i 
75-85 

go-?5 
75-90 
90-105 

Ezz 

Ezz 
165-185 

systeza6tic sampl& 

1.1 f0.05 2: 
2:1 

EX’ 
*0:2 

1.2 f0.02 
1.8 f0.06 
1.0 f0.06 

Biased mmpl& 
2.0 f0.2 9.5 f1.2 
2.1 fO.12 11 f0.14 
i%R3 4.0 f0.2 

0:76&0:2 E E-3 
0.92f0.02 4:1 *oh 
0.75f0.07 
0.77fO.l t-07 2% 
1.3 f0.07 8:s *0:2 
1.3 f0.4 
1.2 fO.l % 

7:9 
:til 
*0:1 

4.6 f0.2 

t: 2 
1:1 fo:o? 5.4 f2 
Auger aample@ 

1.3 10.1 6.0 f0.2 

i-i4 ~~~ 
1:r *0:10 
1.1 f0.03 
0.99fO.W 

:EK! . . 

<3.5 
a.7 

4.3 f2 
c2.1 
Cl.9 
<0.81 

4.7 fl 
2.7 f0.7 

<2.0 
<2.7 
~3.2 
<2.6 
<0.95 

0.99fl 
<ll 

<7.0 
3.0 f3 

<8.0 
<1.4 
<6.0 
~2.5 

% 
<3:5 

2.1 f2 

1.8 f3 
c4.5 

7.2 f3.9 
~2.4 

4.0 a.3 
6.7 f2.2 

~8.2 
2.9 f2.6 
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Table 3. (Continued) 

Samplea 
Radionuclide concentration (pCi/g) 

226&b 222m’ 286ub 

A11 
AlJ 
E 
AlM  
AlN 
AlP 
A2A 
A2B 
A2C 

2: 
A2F 
A2G 

iiF 
A W  
A2K 

Ef 

EE 
215-225 
225-245 
245255 
275-290 
290-305 

60-75 
105-120 
120-135 
135-150 
150-165 
165-185 
18!&195 
19.5-215 
215-225 
225-245 

22 
15-30 

1.4 fO.O1 
;.i72Ag9 

0:67fO:Ol 
0.77*0.008 
0.82&0.007 
0.76~kO.02 
1.3 f0.06 
1.34f0.03 
1.14f0.06 
2.05f0.03 
1.3 fO.O1 
1.5 M .02 
1.6 :kO.Ol 
1.4 f0.009 
1.31f9.02 
;.;5&&7 

1:2 *o:O4 
1.3 fO.l 

1.95f0.02 
1.08f0.02 
1.63f0.64 
0.73f0.03 
l.O1fO.O1 
1.36f0.03 
1.02f0.03 
5.5 f0.29 

:T$:*E 
1:25f0:94 
2.6 f0.02 
1.2 f0.006 
1.1 f0.02 
1.2 f0.02 
1.03f0.03 
0.96f0.01 
3.2 f0.09 
4.3 fO.09 
3.7 f0.4 

:: 4:: 
3:2Of0:2 
1.16f0.4 
p303;.? 

<218 ’ 
<6.3 
<4.9 

2.9 f0.56 
6.43f1.2 
2; gl.;g 

0:88&O& 
1.9 f0.27 
1.81iU.46 
1.43f0.49 

<7.0 
~6.8 
c4.5 

‘Locations of soil samples are shown on Fig. 2. 
‘Indicated counting error is at the 95% confidence level (f2a). 
eSystematic samples are t&m at locations irxspective of gam m a expo- 

-Biased samples are taken from  areas shown to have elevated gamma 
expo6ure rates. 

‘Auger samples are those taken from  holes drilled to further de&e the 
depth snd extent of radicective material. Holes are drilled where the surface 
m ay or may not be contam inated. 
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